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A 
ac 
acv 
addr 
ALD 
alg 
ALS 
AMWP 
AND 
arith 
AS 
ASCII 

atn 
Aux 

B 
BCD 
B-cycle 
BSM 
BTU 

CAR 
CAW 
CB 
CBA 
C-bit 
cc 

CCC 
ccw 
c-cycle 
CD 
CDR 
CE 
chan 
char 
chk 
chnl 
CI 
CLA 
CLI 
elk 
clr 
CLT 
annd 
cmi;:t 
COAR 
core 
corrun 
ccmp 
compl 
cond 
corrn 
CP 
CPU 
CSL 
CSU 
ct 
ctr 
cu 

AND <logic block) 
alternating current 
active 
address 
automated logic diagram 
algebraic 
arithmetic and logic section 
bi ts 12 -15 of P SW 1 
AND circuit (logic) 
arithmetic 
auxiliary storage 
American Standard Code for 
Information Interchange 

attention 
auxiliary 

base address (field) 
binary coded decimal 
base address cy_cle 
basic storage module 
British Therma 1 Unit 

channel address register 
channel address word 
circuit breaker 
channel tackground activity 
carry bit 
chain comroa:· • ...i; condition code 

compute clock 
channel control check 
channel command word 
control cycle 
chain data 
channel data register 
channel end; customer engineer 
channel 
character 
check 
channel 
command immediate 
carry look-ahead 
compare logical immediate 
clock 
clear 
circuit level test 
command 
compute 
command address register 
common 
communications 
compare 
complement 
condition 
correction 
main clock pulse 
central processing unit 
control storage load 
core storage unit 
count 
counter 
control unit 

eye 
co 

D 
DAC 
DAR 
dbl 
de 
DDC 
DE 
dee 
decond 
deer 
Diag 
DIR 
div 
dly 
DM 
DOR 
Dply 
DR 
Dsply 
dvd 
dvr 

EA 
EA-cycle 
EBCDIC 

EC 
ECAD 
ef 
End Ex 
EOB 
EPO 
E-phas e 
Eq 
EXOR 
excpn 
exec 
exp 
ext 
extn 

FEMDM 

FEMM 

FE TOM 

FF 
FL 
fltg 
FP 
FPA 
FPR 

GPR 

hex 
HI 
hsmpx 

Abbreviations 

cycle 
carry zero 

displacement (field) 
disk attachment control 
data address register 
double 
direct current 
direct data channel 
device end 
decimal 
deconditioned 
decrement 
diagnostic 
direct in register 
divide 
delay, delayed 
diagnostic monitor 
direct out register 
display 
driver (logic block) 
display 
dividend 
divisor 

effective address 
effective address cycle 
extended binary coded decimal 

interchange code 
engineering change 
error check analysis diagram 
effective 
end execute . 
end of block 
emergency power off 
execute phase 
equal 
exclusive OR 
exception 
execute 
exponent 
external 
extension 

Field Engineering Maintenance 
Diagram Manual 

Field Engineering Maintenance 
Manual 

Field Engineering Theory of 
Operation Manual 

flip-flop <logic block) 
flip latch <logic block) 
floating 
floating point 
floating point arithmetic 
floating point register 

general purpose register 

hexadecimal 
high 
high-speed multiplex channel 

vii 



H/stop 
HW 
Hz 

IE 
IC 
ICC 
I-cycle 
IF 
I-fetch 
IL 
ILC 
incr 
info 
inh 
insn 
int 
intch 
intv 
intvn 
inv 
I/O 
IPL 
IR 
ISA 
I-time 

KB 
kva 

LCW 
LO 
log 
LS 
1th 
LUA 

mA 
Man 
MAP 
MAS 
max 
MC 
MDM 
MFCM 
MHz 
min 
MMSK 
mped 
mplr 
Mplx 
mply 
npx 
MS 
IPS 

N 
neg 
no 
No-Op 
nonn 
ns 

OE 
oflo 
O/L 
op 
oi;:nd 

viii 

hard step 
hardware Cf unne 1) 
Hertz (cycles per second) 

interruµ. .tuffer 
instruction counter 
interface control check 
instruction cycle 
interface 
instruction fetch 
incorrect lengL~ 
instruction length code 
increment 
inf orrr-ation 
inhibit 
instruction 
interrupt 
interchange 
interval 
intervention 
invert 
input/output 
initial program loading 
interrupt request 
invalid storage address 
instruction time 

keyboard 
kilovolt ampere 

line control word 
lcw 
logical 
local storage 
latch 
load unit address (switches) 

milliamperes 
rr:anual 
maintenance analysis procedure 
microprogram automation system 
maximum 
irachine check 
Maintenance Diagrams Manual 
Multi-Function Card ~achine 
n;egacycle 
minimum 
Trap (Mask) Priority Register 
multiplicand 
multii:_:lier 
multiplexer 
rr:ultii;:ly 
multiplexer 
ma in storage 
millisecond 

inverter (logic block) 
negative 
nuxrber 
no operation 
normalize 
nanosecond 

exclusive OR <logic block) 
overflow 
overload C console) 
operation 
operand 

OR 
OS 
osc 

p 

PC 
Pch 
PCI 
PFR 
PG 
PIW 
PLB 
pos 
poss 
pr gm 
pr gm chk 
pri 
pr iv 
PR-KB 
prot 
Prt 
PS 
PS.A 
PSW 
pt 
pty 
Pwr 
PZR 

QB 
quot 

RC 
Rdr 
re comp 
reg 
req 
reqd 
res 
rgen 
rmdr 
rms 
RPQ 
RR 
RS 
Rst 
rt 
Rtn 
R-W 

s 
SAR 
SC 
SC 
SCR 
SCT 
SCh 
SDR 
SDSD 
sel 
seq 
serv 
sgnf 
SI 
SL 
SLD 
SLI 

OR circuit <logic) 
operating system 
oscillator (logic) 

parity bit 
parity check 
punch 
program controlled interrupt 
punch feed read 
parity generation 
priority interrupt wait 
print line buffer 
positive 
possible 
program 
program check 
priority 
privileged 
printer-keyboard 
protection 
printer 
power supply (number) 
protected storage address 
program status word 
point 
parity 
power 
possible zero remainder 

quotient bit 
quotient 

read clock 
reader 
re complement 
register 
request 
required 
reset 
regenerate 
remainder 
root mean square 
request for price quotation 
register-to-register operation 
register-to-storage operation 
reset 
right 
return, routine 
read-write 

sign bit 
storage address register 
shift counter 
scratch (register) 
silicon controlled rectifier 
system configuration table 
subchannel 
storage data register 
single disk storage drive 
select 
sequence 
service 
significance, significant 
storage immediate operation 
shift left 
simplified logic diagram 
suppress incorrect length 
indication 



SLT 
SMS 
spl 
SR 
SRETL 

SRP 
SS 

st 
STPO 
S'IP1 
STP 
sul:::t 
SVC 
SW 
sys 

TB 
T-cycle 
TD 
Temp 
TH 
TIC 
tmr 
tgr 

solid logic technology 
standard modular system 
special 
shift right 
screened resistor etched 
transistor logic 

serial reader punch 
storage-to-storage operation, 

single shot 
start 
storage protect register 
storage protect local storage 
storage protect 
subtract 
supervisor call 
switch 
systero 

terrrinal l:oard 
timer cycle 
time delay <logic) 
t e1q:eratu re 
thermal (console) 
transfer in channel 
timer 
trigger 

TP 
T/R 
T/XC 

ucw 
UDT 
uf lo 
un 
unobt 
usec 

WC 
wd 
WLR 

x 
X-cycle 

test point 
tilt/rotate 
true/criss- cross 

unit control word 
unit definition table 
underflow 
unnormalized 
unobtainable 
microsecond 

write clock 
word 
wrong length record 

index (field) 
index cycle 

The following symbols are used with 
micrcword statements: 

$ OR 
- Minus 
+ Add 

*- Complerrent AND 
o Exclusive OR. 
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Safety 

CE SAFETY PRACTICES 
All ~·ustomer. Engineers are expected to take every safety pre
caution possible and observe the following safety practices 
while maintaining IBM equipment: 

1. You should not work alone under hazardous conditions or 
around equipment with dangerous voltage. Always advise 
your manager if you MUST work alone. 

2. Remove all power AC and DC when removing or assem
bling major components, working in immediate area of 
power supplies, performing mechanical inspection of power 
supplies and installing changes in machine circuitry. 

3. Wall box power switch when turned off should be locked 
or tagged in off position. "Do not Operate" tags, form 
229-1266, affixed when applicable. Pull power supply cord 
whenever possible. 

4. When it is absolutely necessary .to work on equipment hav
ing exposed operating mechanical parts or exposed live 
electrical circuitry anywhere in the machine, the following 
precautions must be followed: 
a. Another person familiar with power off controls must 

be in immediate vicinity. 
b. Rings, wrist watches, chains, bracelets, metal cuff links, 

shall not be worn. 
c. Only insulated pliers and screwdrivers shall be used. 
d. Keep one hand in pocket. 
e. When using test instruments be certain controls are set 

correctly and proper capacity, insulated probes are used. 
f. Avoid contacting ground potential (metal floor strips, 

machine frames, etc. - use suitable rubber mats pur
chased locally if necessary). 

5. Safety Glasses must be worn when: 
a. Using a hammer to drive pins, riveting, staking, etc. 
b. Power hand drilling, reaming, grinding, etc. 
c. Using spring hooks, attaching springs. 
d. Soldering, wire cutting, removing. steel bands. 
e. Parts cleaning, using solvents, sprays, cleaners, chemicals, 

etc. 
f. All other conditions that may be hazardous to your 

eyes. REMEMBER, THEY ARE YOUR EYES. 
6. Special safety instructions such as handling Cathode Ray 

Tubes and extreme high voltages, must be followed· as 
outlined in CEM's and Safety Section of the Maintenance 
Manuals. 

7. Do not use solvents, chemicals, greases or oils that have 
not been approved by IBM. 

8. Avoid using tools or test equipment that have not been 
approved by IBM. 

9. Replace worn or broken tools and test equipment. 
10. Lift by standing or pushing up with stronger leg muscles -

this takes strain off back muscles. Do not lift any equip
ment or parts weighing over 60 pounds. 

11. All safety devices such as guards, shields, signs, ground 
wires, etc. shall be restored after maintenance. 

KNOWING SAFETY RULES IS NOT ENOUGH 
AN UNSAFE ACT WILL INEVITABLY LEAD TO AN ACCIDENT 

x 

USE GOOD JUDGMENT- ELIMINATE UNSAFE ACTS 
229-1264-1 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Each Customer Engineer is responsible to be certain that 
no action on his part renders product unsafe or exposes 
hazards to customer personnel. 
Place removed machine covers in a safe out-of-the-way 
place where no one can trip over them. 
All machine covers must be in place before machine is re· 
turned to customer. 
Always place CE tool kit away from walk areas where no 
ona can trip over it (i.e., under desk or table). 
Avoid touching mechanical moving parts (i.e., when lubri
cating, checking for play, etc.). 
When using stroboscope - do not touch ANYTHING - it 
may be moving. 
Avoid wearing loose clothing that may be caught in machin
ery. Shirt sleeves must be left buttoned or rolled above the 
elbow. 
Ties must be tucked in shirt or have a tie clasp (preferably 
nonconductive) approximately 3 inches from end. Tie chains 
are not recommended. 
Before starting equipment, make certain fellow CE's and 
customer personnel are not in a hazardous position. 
Maintain good housekeeping in area of machines while per
forming and after completing maintenance. 
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Chapter 1. Reference Data and Diagnostic Techniques 

Section 1. Reference Data 

This section contains charts, listings, and 
diagrams giving general information for 
diagnosing system failures .. 

1 .. 1 CORE STORAGE (FIGURES 1-1 THROUGH 1-17) 

Hex Decimal 
Address Address Length Purpose 

0 0 Doubleword Initial program-loading 
PSW 

8 8 Doubleword Initial program-loading 
CCW1 

10 16 Doubleword Initial program-l_oading 
CCW2 

18 24 Doubleword External old PSW 

20 32 Doubleword Supervisor-call old PSW 
28 40 Doubleword Program old PSW 
30 48 Doubleword Machine-check old PSW 
38 56 Doubleword Input/output old PSW 
40 64 Doubleword Channel-status word 
48 72 Word Channel-address word 
4C 76 Word Not used 
50 80 Word Timer 
54 84 Word Not used 
58 88 Doubleword External new PSW 
60 96 Doubleword Supervisor-cal I new PSW 
68 104 Doubleword Program new PSW 
70 112 Doubleword Machine-check new PSW 
78 120 Doubleword Input/output new PSW 
80-9F 128-159 _______ ......................... Diagnostic scan-out area, 

beginning at address 
128. 

Figure 1-1. Perrra.nent Storage Assigmr.ents 

16K Systems 

Add rs Usage Aux Stor Array 

7FFF Control 2048 32K 
4000 Storage Bytes 

3FFF Program (see 
0000 Storage text) 

24K Systems 

Add rs Usage Aux Stor Array 

BFFF Control 2560 16K 
8000 Storage Bytes 

1---
5FFF Program (see 24K 
0000 Storage text) 

Note: Addresses 6000-7FFF are not 
-- available in the 24K M2-I storage 

array. 

32K Systems 

Add rs Usage Aux Stor Array 

BFFF Control 3072 16K 
8000 Storage Bytes 

I---
7FFF Program (see 32K 
0000 Storage text) 

48K Systems 

Add rs Usage Aux Stor Array 

FFFF Control 4096 32K 
cooo Storage Bytes 

BFFF Program (see 
Storage text) 

8000 (High) 
r---

7FFF Program 
Storage 

4000 (Mid) 32K 

3FFF Program 
Storage 

0000 (Low) 

Figure 1-2. Addressing Ranges for 
Program Storage, Control 
Storage, and Auxiliary Storage 
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Program Storage Control Storage Auxiliary Storage 

System Array Addrs Range Array Addrs Range Addrs Range 

Size Size Bytes (Decimal/Hex) Size Bytes (Decimal/Hex) Bytes (Decimal/Hex) 

16K 32K 16,384 0-16, 383 32K 16,384 16,384 - 32,767 2,048 Ox 00-7xFF 
Low 0000- 3FFF High 4000- 7FFF 
half half 

24K 24K 24,576 0-24, 575 16K 16,384 32,768 - 49, 151 2,560 Ox00-5xFF and 
All 0000-5FFF All 8000- BFFF 8x00-BxFF 

32K 32K 32,768 0-32, 767 16K 16,384 32,768-49,151 3,072 OxOO-BxFF 

All 0000-7FFF All 8000-BFFF 

48K 32K(1) 49, 152 0-49, 151 32K(2) 16,384 49, 152-65,535 4,096 OxOO-FxFF 
All 0000-BFFF High COOO-FFFF 
Plus half 
32K(2) 
Low . 
half 

Notes: 1. Program storage is always located in the low-order area of the composite core-storage array(s). For 
example, program storage for the 48K system is all of the low-order 32K unit plus the low-order 
16K bytes of the high-order 32K unit. 

2. Control storage is always the high-order 16K bytes of the composite core-storage array(s). 
3. The notation Ox00-7xFF, etc. in the AUX STOR AD DRS RANGE column is defined in section 1.2. 

Figure 1-3. Core-Storage Allocations and Addressing Scheme 

1 .• 1. 1 TRAP ADDRESSES 

When a microprogram trap occurs, the 
control-storage address of the routine is 
forced into the storage address assembler. 
The trap microprograms are located at the 
following fixed locations. The trap 
addresses given are relative to 
control-storage address 0000, and this 
location is 4000 for 16K systems, 8000 for 
24K or 32K systems, or COOO for 48K 
systems. 

Trap 
Addr1ess 
0010 
0240 
0220 
0280 
0210 

0170 
0140 
0180 
01:00 
0110 
01EO 
0120 

Trap Routine 
CSL 
System reset or IPL 
Machine check 
FE trap 
storage-wrap error. or storage 
protect violation 

Channel high priority 
File chaining 
Channel low priority 
2540 reader 
2540 punch 
Communications channel bit service 
Communications channel character 
service 

1-2 (7/69) 

1.1.1.1 Address Stop/Match 

It is not possible to address stop at the 
first word of a trap because trap addresses 
are forced directly to the storage address 
lines, and the address match function 
refers to the contents of the M-register. 
To address match on a trap, make the match 
on the address of the second word of the 
trap. The address of the second word of a 
trap is normally the trap address +2. An 
exception is the storage-wrap and 
storage-protect violation trap, where the 
first word can be a direct branch. The 
appropriate MAS listing should be used, in 
this case, to determine the address to be 
matched. 
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1778 
SAR 

SAR BITS 2 BITS 

FROM CPU 

3 
HIGHEST BSM 

B2A2 
SAR BITS 
TO 2ND BSM 

SAR 
BITS 

4 

B247 
SAR 
BITS 

5 

Not used in this decode 
X = Can be 1 or 0 

B19B 

x 

DEC 

B19B 

x 

DEC 

0-16 

1 or 0 Bit must be as specified 
to select this decode. 

-----OXX 

J 

SAR BITS 1 9 10 11 12 13 14 

B198 B19B 

x y 

DEC DEC 

0-B 0-16 

B198 B19B 

x y 

DEC DEC 

0-8 0-16 

}sAR BITS 2-8 
-0--0XX 

H J K 

B19B 3B22 D 
SAR I 

y BITS 0 
D 

DEC E 

B 
0 
A 

0-16 R 
D 

BK 

12K 

16K 

B19B 6329 
y 

DEC 

6329 

0-16 

-1--0XX} 
SAR BITS 2-B 

-1--lXX 

L M 

D 
I 
0 
D 
E 

B 
0 
A 
R 
D 

BK 

----lXX SAR BITS 1 9 10 11 12 13 14 

N 

D B19B 
I 
0 y 
D 
E DEC 

B 
0 
A 
R 0-16 
D 

12K 

16K 

B19B 

y 

DEC 

0-16 

OOXX--- } SAR BITS 

10XX--- 2- 8 

8198 8198 

y x 
DEC DEC 

0-16 8-16 

B19B B198 

DEC 

0-16 8-16 

SAR BITS 

} 1 9 10 
11 12 
13 14 

B197 
AUX 

y 

DEC 

X------
'--..,---) 

0141 
SAR BITS MAIN 

AUX 2-B 

CTRL 

4649 

s 
0 
u 
R 
c 

D E 
R 

I 
v 
E 
s 

X+Y 

11XX--- 1 9 10 11 
J 

SAR BITS 

12 13 14 

SAR BITS 
2-8 

01XX---J 

Terminator P.N. 5803007 in Highest BSM Location B2A3 



ADDRESS BITS = 12, 13, 14 ADDRESS BITS = 1, 9, 10, 11 

000 0000 

BIT 12 = 0 
0 0 1 0001 
0 1 0 0010 

BIT 9 = 0 

0 1 1 0 0 1 1 

\.. 
B2C2 B2D2 

BIT 1 = 0 

0 1 0 0 
0 1 0 1 
0 1 1 0 

BIT 9 = 1 

0 1 1 1 

B2D4 1.,1 

1 0 0 0 
1 0 0 1 
1 0 1 0 BIT 9 = 0 

1 0 1 1 

B2T2 

BIT 1 = 1 

1 0 0 1 1 0 0 
1 1 0 1 1 0 1 
1 1 1 0 1 1 0 
1 1 1 1 1 1 1 

BIT 12 = 1 BIT 9 = 1 

""- B2C4 B2T4 
1.....1 

Figure 1-5 .. Core-Storage Y-Decodes 
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2 

0 
1 

B2U2 

ADDRESS BITS = 3, 6, 7, 8 ADDRESS BITS = 2, 3, 4, 5 

16 

0,000 0000 

BIT 6 = $ 0,001 8 0 0 0 1 

0,010 0 0 1 0 BIT 2 = ' 
0,011 16 0 0 1 1 

B2E2 B2R2 

BIT 3 = $ 

16 

0,100 1 0 0 0 

BIT 6 = 1 0, 101 1 0 0 1 

0,110 1 0 1 0 
BIT 2 = 1 

0, 111 16 1 0 1 1 

B2E2 B2S2 

16 

1,000 0 1 0 0 

BIT 6 = $ 1,001 0 1 0 1 
1,010 0 1 1 0 

BIT 2 = $ 

1,011 16 0 1 1 1 

B2E4 B2R4 

BIT 3 = 1 

16 

1,100 1 1 0 0 

BIT 6 = 1 1, 101 1 1 0 1 
1,110 1 1 1 0 

BIT 2 = 1 

1, 111 16 1 1 1 1 

B2E4 B2S4 

Figure 1-6. Core-Storage X-Decodes 
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1.2 AUXILIARY STORAGE MAPS (FIGURES 1-7 
THROUGH 1-17) 

Depending on the program-storage capacity 
of the system, there are from eight to 
sixteen 256-byte modules of auxiliary 
storage. Module 0 is used for CPU 
functions (general registers, etc.) and 
for storage of addresses and information 
relative to the integrated I/O attachroent 
features. Module 2 is used for 
multiplexer-channel unit-control words. 

Modules 1 and 3-7 are used for operations 
involving the integrated attachment 
f.eatures. Modules 8-15 are reserved for 
special features. The 24K system <modules 
6 and 7) is an exception (Figure 1-7). 

See Part 2 of 2 

0 

F 

0 

0 

0 4 8 c 

CPU AREA 

Note: Three hexadecimal digits in the 
first, third and fourth positions of the 
storage address register are used to 
address auxiliary storage (the second hex 
character is not relevant). 

MODULE (256 Bytes Each) 

F 1 
0 

256 Bytes --------- - - - -
PUNCH ROW IMAGE (1XOO - 1X77 Incl) 

120 Bytes 

PFR ROW IMAGE (1X78 - 1XEF Incl) 

.£_~ ~ _ E A __ J!_Ep_§R~0'1._LQ90~T __ 

MPX UCW'S 

AND/OR ICA UCW'S AND LCW'S (16 AND 24K MACHINES) 
(ICA UCW'S AND LCW'S FOR 32 AND 48K MACHINES ARE IN 
MODULES 8 AND 9 RESPECTIVELY) 

2 

F 256 Bytes 

0 

READER TRANSLATE TABLE 

F 256 Bytes 

0 

F 

0 

F 

0 

F 

0 

PUNCH CHECK (4XOC - 4X84 Incl) 
PFR READ (4XOO - 4X9F Incl) 

160 Bytes 

READER ROW IMAGE (4XAO - 5X17 Incl) 

120 Bytes 

READER READOUT (5X18,_-_5_X_B_7_1 __ nc_l) _____ --f 
1_60 Bytes 

1052 TRANSLATE TABLE (5XB8 - 5XF5 Incl) 

PUNCH ERROR LOGOUT 

PUNCH TRANSLATE TABLE 
(PUNCH TRANSLATE TABLE FOR 24K MACHINES 

256 Bytes IS MODULE 8) 

PRINTER TRANSLATE TABLE 
(MODULE-7 NOT AVAILABLE FOR 24K MACHINES) 

(PRINTER TRANSLATE TABLE FOR 24K MACHINES IS 
MODULE-9) 

256 Bytes 

3 

F AND G DIAG (401E - 401F) 

4 

5 

6 

7 

Figure 1-7. Auxiliary Storage Map (Part 1 of 2~ 
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BIT SIGNIFICANCE 

CODE ROUTINES USING 0 1 2 

A ETRP-S 
CMD NOT 
REJ READY 

STACK STACK 
B ETRP-S, ECOL-R SEL SEL 

1, 2, 3 1, 2, 3 

STACK STACK 
c EXFR-R CDA SEL SEL 

1, 2, 3 1, 2, 3 

D EXFR-R CMD NOT 
REJ READ't1 

STACK STACK 
E EPCH-R CDA SEL SEL 

1, 2, 3 1, 2, 3 

Note: PCCL byte for 1403 translate table is kept in 
auxiliary storage 7x00 (9x00 for 24K machines). 

3 4 

EQUIP VAL 
CHECK CHECK 

READ 

EQUIP VAL 
CHECK CHECK 

PFR 
READ 

5 

CT 
STOR 

CT 
STOR 

Figure 1-7. Auxiliary Storage Map CPart 2 of 2J 

6 7 USED FOR 

UN-
USUAL PUNCH SENSE 
CMD 

STACK SEL 

READER FEED WLR 
INDICATOR 

UN-
USUAL READER 

CMD 
SENSE 

PFR PUNCH 
COUNT WLR INDICATOR 
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ox 

1X 

2X 

3X 

4X 

5X 

6X 

7X 

ax 
9X 

AX 

BX 

ex 

DX 

EX 

0 2 3 4 5 6 7 8 9 A B C D E F 
G.P. REG 0 FLOATING POINT REG. 0 

G.P. REG 1 H 
2311 

G.P. REG 2 FLOATING POINT REG. 2 

G.P. REG 3 J 

G.P. REG 4 FLOATING POINT REG. 4 

G.P. REG 5 1052 K 

G.P. REG 6 AL TEA/DISPLAY FLOATING POINT REG. 6 

G.P. REG 7 MESSAGE L 

G.P. REG 8 -R- KO K1 K2 K3 - - - -
G.P. REG 9 -R- K4 KS K6 K7 

- - - -
G.P. REG A KB K9 KA KB 

- - - -
G.P. REG B Al B c D KC KD KE KF 

G.P. REG C p M 1403 ucw 

G.P. REG D M 2540 RDR UCW 

G.P. REG E M 2540 PCH UCW 

ox 

1X 

2X 

3X 

4X 

5X 

6X 

7X 

ax 
9X 

AX 

BX 

ex 

DX 

EX 

G.P. REG F E N M G 1052 ucw FX FX 

0 2 3 4 5 6 7 8 9 A B C D E F 

A----1403 UNIT ADDRESS 

B----READER UNIT ADDRESS 

C----PUNCH UNIT ADDRESS 

D----1052 UNIT ADDRESS 

E----H1SAVE 

G----1052 SENSE 

N----2311 ADDRESS 

H----MULT/DVD TABLE (X1) AND 

ALT/DIS REGS BACKUP 

J----MULT/DVD TABLE (X4) AND 

ALT/DIS BACKUP+ FLPT SAVE 

K----MULT/DVD TABLE (X16) 

L---- MU LT/DVD TABLE (X64), FLPT SAVE 

M---- NATIVE KEY KKKKOOOO 

P---- COMMU. Q-EXIT POINTER 

R----BURST CHANNEL BUFFERED 

DEVICE ADDRESSES. 

K-ADDRESSABLE AREA 

K0-88- CHANNEL 1 INTERRUPT BUFFER 
Kl-BA- STANDARD INTERFACE, NEXT CCW ADDRESS 
K2-8C- CHANNEL UNIT ADDRESS BUFFER 
K3-8E- STATUS/ACTIVE BYTE FOR 2311 OR CHANNEL 1 
K4-98- 2311 NEXT CCW ADDRESS 
K5-9A- 2311 SENSE OR PREVIOUS OP AND MASI< 
K6-9C- 2311 SENSE OR FILE ADDRESS 
K7-9E DIAGNOSTICS, AL TEA/DISPLAY BAL BACKUP 
KB-AB- SYSTEM MASK -A9- CPU KEY AND AMWP 
K9-AA- EXECUTE INSTRUCTION COUNTER---- I REGISTER BACKUP 
KA-AC- U REGISTER BACKUP Q FLPT SAVE DURING INSTRUCTIONS 
KB-AE- G REGISTER BACKUP 
KC-BB- P REGISTER BACKUP 
KD-BA- CHANNEL 0 INTERRUPT BUFFER 
KE-BC- ADDRESS OF STRAIGHT MULT/DVD, FLPT SAVE 2540 REGS BACKUP 
KF-BE- ADDRESS OF SKEWED MU LT/DVD, FLPT SAVE OR CAW KEY 

2540 REGS BACKUP 

Figure 1-8. Auxiliary Storage Module 0 (Part 1 of 2) 
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STANDARD DEVICE ADDRESSES 

INTEGRATED LOC BURST CHANNEL LOC 
1403 -------------------OE B4 1443 or 1445 ------------------OB 84 

2540 R DR-----------OC B5 2540 RDR -----------·-----·-----OC 85 

2540 PCH -----·-----OD B6 2540 PCH -------------------------OD 86 

1 052 -------------------1 F B7 1403 --------------------------------OE 87 

2311 -------------------9X F5 1404 or 2N D 1403 ---------OF 94 

Note: 2520 ---------------------------------15 95 

The text preceding the -BCPL- Routine contains information on punching cards to recon
figurate the system to other than the standard assignments. 

Figure 1-8. Auxiliary Storage Module 0 (Part 2 of 2) 

ox 
1X 
2X 
3X 
4X 
5X 
6X 
1X 
ex 
9X 
AX 
BX 
ex 
DX 
EX 
FX 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

Punch Row Image 

r 

PFR Row Image 

(See Figure 1-21) 

L 
C DB EA} Read Error Logout 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

Figure 1-9. Auxiliary Storage Module 1 

Ox 

1x 

2x 

3x 

4x 

5x 

6x 

7x 

Bx 
9x 
Ax 
Bx 

Cx 
Dx 
Ex 
Fx 

xO 
ucw 

ucw 

ucw 

ucw 

ucw 

ucw 

ucw 

ucw 

. ucw 
ucw 
ucw 
ucw 
ucw 
ucw 
ucw 
ucw 

x2 x4 x6 x8 xA xC xE 
0, Addrs 000 UCW 16, Addrs 010 

or 080* 
1, Addrs 001 UCW 17, Addrs 011 

or 090* 
2, Addrs 002 UCW 18, Addrs 012 

or OAO* 
3, Addrs 003 UCW 19, Addrs 013 

or OBO* 

4, Addrs 004 UCW 20, Addrs 014 
or OCO* 

5, Addrs 005 UCW 21, Addrs 015 
or ODO* 

6, Addrs 006 UCW 22, Addrs 016 
or OEO* 

7, Addrs 007 UCW 23, Addrs 017 
or OFO* 

8, Addrs 008 UCW 24, Addrs 018 
9, Addrs 009 UCW 25, Addrs 019 

10, Addrs OOA UCW 26, Addrs 01A 
11, Addrs OOB UCW 27, Addrs 01 B 

12, Addrs OOC UCW 28, Addrs 01 C 
13, Addrs OOD UCW 29, Addrs 010 
14, Addrs OOE UCW 30, Addrs 01E 
15 Addrs OOF UCW 3'L._Addrs 01F 

Ex~mple: Unit control word 27 is located at position 88 in 
auxiliary-storage module 2. The unit address is 01 B. 

* These eight MPX UCW's may be used for single-address 
subchannels orshared subchannels. 

Figure 1-10. Auxiliary Storage Module 2 
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READER TRANSLATE TABLE (Address 30xx) 

TEN~ 0 1 2 3 4 5 6 7 s 9 A B c D E F 
ox 40 F1 F2 F3 F4 F5 F6 F7 FO 61 E2 E3 E4 E5 E6 E7 ox 

1X 60 01 D2 D3 D4 D5 06 D7 DO Al A2 A3 A4 A5 A6 A7 1X 

2X 50 Cl C2 C3 C4 C5 C6 C7 co Sl S2 S3 S4 S5 B6 B7 2X 

3X 6A 91 92 93 94 95 96 97 70 Bl B2 B3 B4 B5 B6 B7 3X 

4X F9 31 32 33 34 35 36 37 E9 21 22 23 24 25 26 27 4X 

5X D9 11 12 13 14 15 16 17 A9 E1 62 63 64 65 66 67 5X 

6X C9 01 02 03 04 05 06 07 B9 41 42 43 44 45 46 47 6X 

7X 99 51 52 53 54 55 56 57 B9 71 72 73 74 75 76 77 7X 

BX FS 79 7A 7B 7C 7D 7E 7F EB 69 EO 6B 6C 6D 6E 6F BX 

9X DB 59 5A 5B 5C 5D 5E 5F AB AO AA AB AC AD AE AF 9X 

AX cs 49 4A 4B 4C 4D 4E 4F SB so SA BB BC BD SE BF AX 

BX 9B 90 9A 9B 9C 9D 9E 9F BB BO BA BB BC BD BE BF BX 

ex 3B 39 3A 3B 3C 3D 3E 3F 2B 29 2A 2B 2C 2D 2E 2F ex 

DX 1B 19 1A 1B 1C 1D 1E 1F 6S 20 EA EB EC ED EE EF DX 

EX OS 09 OA OB oc OD OE OF 4B 00 CA CB cc CD CE CF EX 

FX 5S 10 DA DB DC DD DE OF 7B 30 FA FB FC FD FE FF FX 

0 2 3 4 5 6 7 B 9 ABC DEF 

UNITS 

Figure 1-11. Auxiliary Storage Module 3 
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0 2 3 4 5 6 7 8 9 A B c D E F 

ox The PC area of auxiliary storage is used ox 
for two purposes: 

1X PUNCH CHECK/PFR 1X 

1. The column form of the data read at the PF R brushes READ 
2X is placed in PC during a read command to the punch 2X 

with PFR. In this case, PC has the same format as RO 
3X and is in auxiliary storage positions 4x00 through 4x9F. 3X 

PC can be used for the column form of the PFR read 
data because on a read command to the punch, cards are l F G 4X 4X 
not fed and PC is not needed for punch-image checking 

5X purposes then. 5X 

6X 2. The punch image form of the preceding record sent to be BX 

7X 
punched is in PC during a write command. The PFR punch 
image is ORed with the punch image form if a PFR 7X 
write command is used. In this case, the PC area is com-

ax prised of auxiliary storage positions 4xOC through ax 
4x83. 

9X 9X 

AX AX 

BX BX 

ex READER ROW IMAGE ex 

DX DX 

EX EX 

FX FX 
0 2 3 4 5 6 7 8 9 A B c D E F 

Figure 1-12. Awciliary Storage Module 4 
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0 2 3 4 5 6 7 8 9 A B C D E F 

ox Reader Row Image ox 

1X 1 1X 

2X 2X 

3X 3X 

4X 4X 

5X 5X 

6X 6X 

7X 7X 

BX Reader Readout Area BX 
(Refer to Figure 1-lB) 

9X 9X 

AX AX 

BX I 40 7E 4C 5E 7A 6C 7D 6E BX 

ex 5C 40 5D 7F 00 00 FO 7B 4A 6F E2 E3 E4 E5 E6 E7 ex 

DX EB E9 6B 4F 7C 25 00 00 60 Dl D2 D3 D4 D5 D6 D7 DX 
1052 Translate Table 

EX DB D9 5B 5A 60 15 16 20 4E Cl C2 C3 C4 C5 C6 C7 EX 

FX CB C9 4B 5F 50 05 l Punch Error Logout FX 

0 2 3 4 5 6 7 B 9 ABC DEF 

Figure 1-13. Auxiliary Storage l<!odule 5 
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PUNCH TRANSLATE TABLE 

0 2 3 4 5 6 7 8 9 A B C D E F 

OX B9 89 BA BB BC BO BE BF 9B 99 9A 9B 9C 90 9E 9F OX 

1 X 09 49 4A 4B 4C 40 4E 4F 5B 59 5A 5B 5C 50 5E 5F 1 X 

2X 79 29 2A 2B 2C 20 2E 2F 3B 39 3A 3B 3C 30 3E 3F 2X 

3X F9 09 OA OB OC OD OE OF 1B 19 1A 1B 1C 10 1E 1F 3X 

4X 00 A9 AA AB AC AD AE AF BB 91 92 93 94 95 96 97 4X 

5X BO C9 CA CB CC CD CE CF DB 51 52 53 54 55 56 57 5X 

6X 40 21 6A 6B 6C 60 6E 6F 7B 31 CO 33 34 35 36 37 6X 

7X EO E9 EA EB EC ED EE EF FB 11 12 13 14 15 16 17 7X 

BX B1 A1 A2 A3 A4 A5 A6 A7 BO AB B2 B3 B4 B5 B6 B7 BX 

9X 01 C1 C2 C3 C4 C5 C6 C7 DO CB 02 03 04 05 06 07 9X 

AX 71 61 62 63 64 65 66 67 70 6B 72 73 74 75 76 77 AX 

BX F1 E1 E2 E3 E4 E5 E6 E7 FO EB F2 F3 F4 F5 F6 F7 BX 

ex AO B1 B2 B3 B4 B5 B6 B7 90 BB BA BB BC BO BE BF ex 

DX 60 41 42 43 44 45 46 47 50 4B DA DB DC DD DE OF DX 

EX 32 69 22 23 24 25 26 27 30 2B 7A 78 7C 70 7E 7F EX 

FX 20 01 02 03 04 05 06 07 10 OB FA F B F C FD FE FF F X 

0 2 3 4 5 6 7 B 9 A B C D E F 

Figure 1-14. Auxiliary Storage Module 6 
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ox 

1X 

2X 

3X 

4X 

5X 

6X 

7X 

ax 

9X 

AX 

BX 

ex 

DX 

EX 

PRINTER TRANSLATE TABLE (FOLDED, DUALED, BLOCK DATA CHECK) 
NON MCS CSL LOAD (REFER TO SECTION 1.14) 

0 1 2 3 4 5 6 7 a 9 A B C D E F 

04 25 26 27 2a 29 2A 2B 2C 2D 2E 2F 30 1a 2E 00 

16 19 1A 1B 1C 1D 1E 1F 20 21 22 23 24 30 00 00 

22 OD CE OF 10 11 12 13 14 15 16 17 1a 00 17 00 

OA 01 02 03 04 05 06 07 oa 09 QA OB OC QC OB 00 

00 25 26 27 2a 29 2A 2B 2C 2D 2E 2F 30 1a 2E 00 

16 19 1A 1B 1C 1D 1E 1F 20 21 22 23 24 30 00 00 

22 OD OE OF 10 11 12 13 14 15 16 17 1a 00 17 00 

OA 01 02 03 04 05 06 07 oa 09 OA OB oc oc OB 00 

16 25 26 27 2a 29 2A 2B 2C 2D 2E 2F 30 18 2E 00 

22 19 1A 1B 1C 10 1E 1F 20 21 22 23 24 30 00 00 

00 OD OE OF 10 11 12 13 14 15 16 17 1a 00 17 00 

OA 01 02 03 04 05 06 07 oa 09 OA OB oc oc OB 00 

16 25 26 27 2a 29 2A 2B 2C 2D 2E 2F 30 1a 2E 00 

22 19 1A 1B 1e 1D 1E 1F 20 21 22 23 24 30 00 00 

00 OD OE OF 10 11 12 13 14 15 16 17 1a 00 17 00 

OA 01 02 03 04 05 06 07 oa 09 OA OB oc oc OB 00 

0 2 3 4 5 6 7 a 9 A B C D E F 
AN CHAIN - 1234567a90#@/ STUVWXYZ&, %JKLMNOPOR-$ * ABCDEFGH I+. a 
POSI Tl ON # - 00000000000 0 0 00 1 1 1 1 1 1 1 1 1 111 1 1 11 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 3 

1234567a9ABCD EFO 1 2 34 5 6 7a 9ABC DEFO 1 2 34 5 6 7"8 9ABC DEF 0 

Figure 1-15. Auxiliary Storage Module 7 

ox 

1X 

2X 

3X 

4X 

5X 

6X 

7X 

ax 

9X 

AX 

BX 

ex 

DX 

EX 

FX 

XOX1X2X3X4X5X6X7XaX9XAXBKCXDXEXF XO X1 X2 X3 X4 X5 X6 X7 xa X9 XA XB XC XD XE XF 
ox 
1X 
2X 
3X 
4X 
5X 

Start/Stop UCW's 

Synchronous UCW's 

Start/Stop UCW's 

6X ....,_...,....,,....,...,.....,....,_,.....,....,,....,...,.....,....,_,.....,.....,,....,....,....,.,....,....,.....,....,,....,.~ 
7X """'._'-"''"""'-""'-".__-'-""""""'"""'-""-'1.__""'-" ......... '"""'-""-'1......._-........__-...... 
ax 
9X 
AX ...._...,....,....,. __ .,...., __ ..,....,....,.__,,....,. __ ..,....,,....,._...,...,.....,.....,....,,....,.~ 
BX ~-'-""""""'"""'-""-'1......._-'-'-'-'-........,.""'--........__...-.. ........ """"-........ ..-..........,. 
ex 
DX 
EX ....._ ......... __...._....,. ___ ,,,_....,......,....,,....,. __ ._........,.....,....,,....,....,...._..,....,....,.....,. 
FX 

"'-'-"~""-tj:.....4.""'--'-''"""'-""-" ......... ""'-'-''"""'-""-'1'--'-""'-...__'"""'-""'-"" 

Figure 1-16. Auxiliary Storage Module 8 
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1X 
1X 
2X 
3X 
4X 
5X 
6X 
7X 
ax 
9X 

Start/Stop LeW's 

Synchronous LCW's 

Start/Stop LCW's 

AX ..,__,....,. __ .,....,....,......,....,,....,. __ _,.....,.....,....,....,...,_,......,....,.......,.....,,......,...,....,.....,..t 

BX 
ex 
DX 
EX 
FX 

--------..--------..---.................. --........ _._ .................. __ ._.... 

........ ....,......,....,.,..... __ .,...,.....,.....,...., ....... __ ,.......... __ ..,...... ....... __ ,.....,. ___ ..,.....,~ 

Figure 1-17. Auxiliary Storage Module 9 



1.3 2540 READER/PUNCH (FIGURES 1-18 THROUGH 1-23) 

BYTE 0 2 3 4 5 6 7 8 9 A B C D E F 

A 

D 

D 

R 

E 

s 
s 

5 x 10 

5 x BO 

5U 5L etc 

13U 13L 

21U 21L 

29U 29L 

37U 37L 

45U 45L 

53U 53L 

61U 61L 

69U 

77U 77L 78U 78L 79U 79L BOU 

U = Upper half of a card column. 
L = Lower half of a card column. 

1U ll 2U 2L 3U 3L 4U 

12U 

20U 

28U 

36U 

44U 

52U 

60U 

68U 

76U 

SOL 

1 U corresponds to data-record byte 1 ; SOL corresponds to data-record byte 160. 

Hole patterns in a column : Upper -- 12 11 0 1 2 3 
Lower -- 4 5 6 7 8 9 

Correspond to bit patterns in RO: 0 1 2 3 4 S 6 7 

t t 
0 0 for either upper or lower. 

4L 

12L 

20L 

28L 

36L 

44L 

52L 

60L 

68L 

76L 

Figure 1-18. 2540 Readout Area cf Aux. Storage (160 Bytes of Column Form> 

0 2 3 4 s 6 7 8 9 A B c 0 E F 
I I I _j _J_ _L _l_ _j_ I I --'-.,. .,. T T T T T T T "'T "T T T 

4FAO 9's B's 
I I I L _L _L _l_ I I I 

T "'T T ,. 
' "'T T T T T .,. 

BO B's 7's 6's 
I -'- --'- _L -'- _j_ I l I --'- _J 

"'T l T "'T T T I I 

co 6's S's 
I I ...1 ...1 ...!. -1 I --'- _j_ --'-T ' I I I T I I I 

DO S's 4's 3's 
_l _L _j L _l_ ...1 _L I 
T T "'T "'T I I .,. "'T "T I I 

EO J's 2's 

I I I I _J_ I 
T I I I T "T I I ·r 

1 's O's 
_j_ _L _J_ _L --'- --'- _L _J 

I T T I I 
,. .,. ,. I 

sooo O's 11's 12's 
_j_ _l _j_ ...1 I _L -'-
T "'T T I T I I T .,. I I 

10 12's 

-'- __J_ __L . I I _J ,. ..,. I I I I I ..,. .,. "T ..,. I I 

Figure 1-19. 2540 Reader Row Image. Auxiliary Storage 
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0 

2 

3 

4 

s 

6 

CJ) 7 
z 
w 
I-

s 

9 

A 

B 

c 

D 

E 

F 

0 

40 

60 

so 

6A 

F9 

09 

C9 

99 

FS 

OS 

cs 

9S 

3S 

1S 

OS 

5S 

2 

F1 F2 

01 02 

C1 C2 

91 92 

31 32 

11 12 

01 02 

S1 S2 

79 7A 

S9 SA 

49 4A 

90 9A 

39 3A 

19 1A 

09 OA 

10 DA 

3 4 s 6 

F3 F4 FS F6 

. 03 04 OS 06 

C3 C4 cs C6 

93 94 9S 96 

33 34 35 36 

13 14 1S 16 

03 04 OS 06 

S3 S4 5S S6 

7B 7C 70 7E 

SB SC 50 SE 

4B 4C 40 4E 

9B 9C 90 9E 

3B 3C 30 3E 

1B 1C 10 1E 

OB oc OD OE 

DB DC DD DE 

UNITS 

7 s 9 A B c D E 

F7 FO 61 E2 E3 E4 E5 E6 

07 DO A1 A2 A3 A4 AS A6 

C7 co S1 S2 S3 S4 SS S6 

97 70 Bl B2 B3 B4 BS B6 

37 E9 21 22 23 24 2S 26 

17 A9 E1 62 63 64 6S 66 

07 S9 41 42 43 44 4S 46 

S7 B9 71 72 73 74 7S .76 

7F ES 69 EO 6B 6C 60 6E 

SF AS AO AA AB AC AD AE 

4F SS so SA SB SC SD BE 

9F BS BO BA BB BC BO BE 

3F 2S 29 2A 2B 2C 20 2E 

1F 6S 20 EA EB EC ED EE 

OF 4S 00 CA CB cc CD CE 

OF 7S 30 FA FB FC FD FE 

Figure 1-20. 2540 Reader Translate Table, Auxiliary Storage--30xx 

1-16 (7/69) 

F 

E7 

A7 

S7 

B7 

27 

67 

47 

77 

6F 

AF 

SF 

BF 

2F 

EF 

CF 

FF 



Auxiliary Storage Module 1 

0 

7 
8 

E 
F 

0 8 F 

Punch Row Image 
( 1 X00-1 X77) 

1 

PFR Row Image 
(1X78-1XE7) 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

CJDIBJ JEJAI Reader Error Logout 

"C" - Reader*lndicator Byte (10FO) "D" - Sense* Indicator Byte (10F1) 
Chain Stkr Stkr Count Cmd Not Equip Val 

Data Sel Sel Read Star Feed WLR Rej Rdy Check Check 
1,2,3 1,2,3 

0 2 3 4 5 6 7 0 2 3 4 

"B" - Punch Old Stacker (10F2) 

I I I I I 
0 1 2 3 4 5 6 7 

"E" - Punch Indicator Byte (10F4) "A" - Punch Sense Byte (10F5) 

Chai~ Stkr Stkr PFR Count PFR Cmd Not Equip Val 
Data Sel Sel Read Stor Count WLR Rej Rdy Check Check 

1,2,3 1,2,3 

0 2 3 4 5 6 7 0 2 3 4 

* Reader and sense indicators reset on SIO decode (error). 

Figure 1-21. 2540 Sense Indicator Bytes 

Unusl 
Cmd 

5 6 7 

Unusl 
Cmd 

5 6 7 
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Chnl Status Flags & Op 

0 - Secondary Bit 
1 - Incorrect Length 
2 - Program Check 
3 -- Protection Check 
4 - Not Used 
6- Not Used 
6 - Interface Check 
7 - Int. In Int Buffer Bit 

.J>.fila...f..9..dWL _ 
Unit Status at Count Field Next CCW Address 
Interrupt Time 

0 - Chain-Data (CD) Flag 
1 - Chain-Command (CC) Flag 
2 - Suppress-Length-Indication (SLI) Flag 
3 - Skip Flag 
4 - Program-Controlled-Interruption (PCI) Flag 
6 - Active Bit 
6-0p o* 
7 -Op 1* 

*With Active Bit= 1, Op-0 & Op-1 Decode as follows: 

00 - Count Zero Expecting Channel End 

01 - Output 

10 - Read Forward 

11 - Read Backward 

Figure 1-22. 2540 Reader-ucw Forreat 

Chnl Status Flags & Op 
Data Address 

-units'tat"Us 'it -
Interrupt Time 

Count Field Next CCW Address 

0 - Secondary Bit 
1 - Incorrect Length 
2 - Program Check 
!3 - Protection Check 
4-Not Used 
6 - Not Used 
6 - Interface Check 
7 - Int. In Int. Buffer Bit 

0 - Chain-Data (CD) Flag 
1 - Chain-Command (CC) Flag 
2 - Suppress-Length-Indication (SLI) Flag 
3-Skip Flag 
4 - Program-Controlled-Interruption (PCI) Flag 
5 -Active Bit 
6-0P O* 
7 - OP 1* 

*With Active Bit-1, OP-0 & OP-1 Decode as Follows: 
00 - Count Zero Expecting Channel End 
01 -Output 
10 - Read Forward 
11 - Read Backward 

Figure 1-23. 2540 Punch-UCW Format 
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1. 4 ,STORAGE PRCTECTION FEATURES (FIGURES 1-24 THROUGH 1- 26) 

Y-Axis 

~ 0 2 3 4 5 6 7 

1 Program storage keys, 0-48K 
2 (24 blocks) 

X-Axis 
4 

3 X=0-3, Y=0-5, Z=0-3 

5 Channel operations keys for 32 subchannels 
6 X=4-7, Y=0-7, Z=0-3 ?,__ _______________ _, 

0 
1 
2 

Z-Axis ~t------------------r 
(Data) 5 Communications keys for 32 subchannels 

6 X=4-7, Y=0-7, Z=4-7 7.._ ________________ _ 

P Parity 

Figure 1-24. STPl Allocations Map 

0 2 
0000- 2000- 4000-

0 07FF 27FF 47FF 
0-2K 8-10K 16-18K 

0800- 2800- 4800-
OFFF 2FFF 4FFF 
2-4K 10-12K 18-20K 

1000- 3000- 5000-
2 17FF 37FF 57FF 

4-6K 12-14K 20-22K 

1800- 3800- 5800-
3 1FFF 3FFF 5FFF 

6-8K 14-16K 22-24K 

Y-Axis** 
3--4 

6000- 8000-
67FF 87FF 
24-26K 32-34K 

6800- 8800-
6FFF 8FFF 
26-28K 34-36K 

7000- 9000-
77FF 97FF 
28-30K 36-38K 

7800- 9800-
7FFF 9FFF 
30-32K 38-40K 

5 
AOOO-
A7FF 
40-42K 

A800-
AFFF 
42-44K 

8000-
87FF 
44-46K 

8800-
8FFF 
46-48K 

6* 
COOO-
C7FF 
48-50K 

C800-
CFFF 
50-52K 

0000-
07FF 
52-54K 

0800-
OFFF 
54-56K 

7* 
EOOO-
E7FF 
56-58K 

E800-
EFFF 
58-60K 

FOOO-
F7FF 
60-62K 

F800-
FFFF 
62-64K 

* These columns are shown for reference only. The storage locations repre
sented are never used for program storage, and thus are not subject to the 
storage protection feature. 

**For systems with less than 48K bytes of program storage, the locations 
above the installed program storage are not protected. 

Figure 1-25. STPl Allocations for Program Storage 

0 2 3 4 5 6 7 
4 00-07 20-27 40-47 60-67 80-87 AO-A7 CO-C7 EO-E7 

( 1) (5) (9) (13) (17) (21) (25) (29) 

5 08-0F 28-2F 48-47 68-67 88-8F A8-AF C8-CF E8-EF 
(2) (6) (10) (14) (18) (22) (26) (30) 

- X-Axis 10-17 30-37 50-57 70-77 90-97 80-87 00-07 FO-F7 
6 (3) (7) ( 11) (15) (19) (23) (27) (31) 

7 18-1F 38-3F 58-5F 78-7F 98-9F 88-8F 08-0F F8-FF 
(4) (8) (12) (16) (20) (24) (28) (32) 

Note: For channel operations, bits 0-3 (Z-axis) are used for a maximum 
of 32 keys (shown in parentheses). 

For communications channel operations, bits 4-7 are used for a 
maximum of 32 keys. 

Figure 1-26.. STPl Allocations for Channel and Corrrounications Channel Operation 
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1.511400 COMPATIBilITY FEATURE (FIGURES 1-27 THROUGH 1-33) 

0 

2 

3 

4 

5 
6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
A 

B 
c 
D 

E 

F 

0123456789ABCDEF 

BCD - to - EBCDIC 

Conversion Table 

EBCDIC - to - BCD 

Conversion Table 

Tape Functions K·Addressable 

File Functions Half Words 

EBCDIC-to-BCD 

Conversion Table 

Module 0 

0123456789ABCDEF 

Punch Image Buffer 

(Row Form) 

J 
PFR Image Buffer 

(Row Form) 

I Read Col in Error • Log Out 

Module 1 

0 
1 

2 

3 

4 

5 

6 

7 

8 
9 

A 

B 

c 
D 

E 
F 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

A 

B 

c 
D 

E 
F 

0123456789ABCDEF 

Tens Conversion - Decimal to Hexadecimal 

Index ~ 
Reg 
Add rs 

I-----" 

Hundreds Conversion 
Decimal to Hexadecimal 

Unassigned and Memory Bias Factor 

Tens Conversion- Hexadecimal to Decimal 

Operation Code Decode 

Module 2 

0123456789ABCDEF 

Punch Check Buffer 

(Row Form) 

or 

PFR Buffer 

(Column Form) 

t--~~~~~~~~~~~~~~~~~~~--1 

Read Card Image Buffer 1 

(Row Form) 

Module 3 

Figure 1-27. 1401/1460 Compatibility Features Aux. Storage Map (Part 1 of 2) 
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0 

2 

3 
4 

5 
6 
7 

8 
9 
A 
B 
c 
D 

E 
F 

01234 567 89ABCDEF 

Read Card Image Buffer 1-Row Form Continued 

~ 

Reader Buffer (Column Form) 

I This area is shared by Reader Buffer (Column 4 1 Form) and Read Card Image Buffer 2 (Row Form). I 
The latter function is used during run in. 1 

Read Card Image Buffer 2 
I 
I 

(Row Form) I 
I 

Module 4 
T 

0123456789ABC~EF 

0 
1 
2 
3 
4 

5 
6 

7 
8 
9 
A 

B 

c 
D 

E 
F 

0 0 Read Card Image Buffer 2 (Row Form), (Cont.) T 1 1 
2 2 
3 3 

File Tables 

4 4 
5 5 1443 Print Translate Table 
6 6 
7 7 
8 8 
9 9 
A A 

1403 Print Translate Table 

B B 

c c 
D D Working Storage 

E E 
F F l Punch Col in Error-Log Out 

Module 5 

0 

0 1 2 3 4 5 6 7 8 9 A B c D E F 

Console Printer Translate Table 

Punch Translate Table 

Punch Mask 

Unassigned 

Punch Translate Table 

Module 6 (Module 8 if 24K) 

1 2 3 4 5 6 7 8 9 A B c D E F 

Console Printer Translate Table 

Punch Data Buffer 
(Column Binary Form) 

Punch Mask 
Working 1 Unassigned Storage 

Module 6 (Module 8 if 24K) for 2540/1442 Applications 

Figure 1-27. 1401/1460 Compatibility Features Aux. Storage Map (Part 2 of 2) 
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1. 5..1 AUXILIARY STORAGE MODULE 0 (1400 
COMPATIBILITY) 

ROWS: 0-3; BCD to EECDIC Conversion Table: 
These 4 rows provide the constants for 
translating the 64 possible BCD 
ccnf igurations to the appropriate EBCDIC 
l:ytes. 

Rcws. 4-7 and C-F; EBCDIC to BCD Conversion 
Tab1e: These 8 rows provide a 128 
character table that contains a ECD code 
ccrres ponding to each EBCDIC character. 
EBCDIC to BCD translation is required 
during the execution of instructions such 
as Bit Tests, Move Zone .and Move Nu:rreric. 

Rows 8 and 9, Bytes 0 through 7; TaEe 
Assignments: The utilization of the tape 
ccntrol and initial load bytes in auxiliary 
storage module 0 is as follows. 

80 

:ait Use 
0 Last Command Write or WTM 

1-3 Last 1400 tape unit addressed 
(initialized to 000). 

4-7 '!ape Control Unit Address 

81 0-1 '!ape density for 1400-mode tape 
drive 1: 
00=200 bpi on 7-track tape 
drive 

01=556 bpi on 7-track tape 
drive 

10=800 bpi on 7-track tape 
drive 

11=9-track tape drive 
2 If on, a backs~ace was the last 

operation performed on 
1400-mode tape drive 1 
(initialized to O >. 

3 If on, an end-of-file ccndi ticn 
is outstanding on 1400-:rrode 
tape drive 1Cinitialized to 0). 

4 Used internally 
5-7 system/360 unit address 

assigned to be 1400-:rrode tape 
drive 1. 

82-86 Same as l:yte 81, for 1400-mode 
tape drives 2 through 6. 

87 Last status byte received from 
tape-control unit (initialized 
tc 40 >. 

88-8F Refer to K-addressable 
halfwords. 

90 Tape sense byte 0 

91 Tape sense l:yte 1 

92 Tape sense byte 2 (tape track 
in error) 

1-22 (7/ 69) 

93 Tape sense byte 3 

94-95 Tape 0-STAR backup location 

96 0 Temporary command information 
1 1400 tape drive 1 EOF-block bit 
2 1400 tape drive 2 EOF-block bit 
3 1400 tape drive 3 EOF-block bit 
4 1400 tape drive 4 EOF-block bit 
5 1400 tape drive 5 EOF-block bit 
6 1400 tape drive 6 EOF-block bit 
7 Temporary command information 

97 MCS control; Print Character 
Counter Length (PCCL) 
Bit significance 

0 Unassigned 
1 240 character 
2 120 character 
3 80 character 
4 60 character 
5 48 character 
6 40 character 
7 16 character 

Rcws A and B, bytes 0 through 7 are used 
for disk file functions: 

AO-Al 

AO 

Al 

Bit Compatibility Mode Use 

1400 Drive-0 Assignment 

0-3 Must be set to 0000 
4-7 Modular addresses O to 

19,999=0000 
Modular addresses 20K to 
39,999=0010 
Modular addresses 40K to 
59, 999=0100 
Modular addresses 60K to 
79, 999=0110 
Modular addresses SOK to 
99,999=1000 

0-3 systenV360 File Select 
Addresses: 
File 0=1000 
File 1=0100 
File 2=0010 
File 3=0001 

4-5 Not used 
6 Compare Disable. 6=0; compa.re 

disable is inactive. A 
successful address compare on a 
1400-series indelible address 
.(I/A) must ·Occur before an I/A 
read or write can be executed. 

6=1; compare disable is 
active. Read or write with I/A 
is executed without first doing 
an address compare on the 
1400-series indelible address. 
This bit should be set to 1 
only when initializing a disk 
pack in 1400 mode. 

7 Module overflow detection. 
7=0; nodule overflow detection 
is active. The 1400-program 



module value, within each 
disk- control field, is compared 
against a module value that is 
present in auxiliary storage. 
If the module values disagree, 
a coded stop occurs with 60 
displayed. In addition, 
Unequal Address Ccrr.pare is set. 
Correct module values must be 
set in auxiliary stcrage 0 
locations AO, A2, etc. 

7=1; module-overflow 
detection is inactive. (Most 
user applications set bit 7 to 
1.) 

A2-A3w A4-A5, A6-A7 and B6-B7 represent 
1400 drives 2, 4, 6, and 8 respectively. 
Assignments follow the sarre structure 
format as AO-Al. Compare disal:::le and 
module-overflow detection need only be set 
in the Al tyte. 

BO-BS Disk Error information for 
diagnostic use. 

Rows 8 through BL-Eytes 8 through F, 
K-addr essable Halfwords: 'Ille 16 
K-addr es sable halfwords of auxiliary 
storage module 0 are used as fallows for 
1401/1460 and 1440 compati:tility mode. 

KO 

Kl 

K2 

K3 

K4 

KS 

K6 

K6 

88-89 

8A-8B 

8C-8D 

8E-8F 

98-99 

9A-9B 

Bias constant. Refer to 
Figure 1-30 for correct 
value. 

working storage 

B-STAR tackup for local 
storage VO,Vl 

A-STAR backup for lccal 
storage UO ,U1 

~orking storage 

~orking storage 

9C (Integrated Attachment Printer) 
0 132 print position 1403 
1 Channel 9 
2 Channel 12 
3 Invalid channel 
4 Secondary bit 
5 Device end 
6 Print wordmark operation 
7 Printer error 

9C (Channel Attached Printer) 
0 132-position 1403; or 

greater than 120 positicns 
if 1443. 

1 Channel 9 
2 Channel 12 
3-7 Device address 

K7 

K8 

K9 

KA 

9D 

9E 
9F 

A9 

AA 

AB 

AC 

AD 

0 

1 

2 
3 
4 

5 

6 
7 

0 
1 
2 
3 
4 
5 
6 
7 

0 
1 
2 
3 
4 
5 
6 

7 

0 

1 

2 
3 
4 

5 
6 
7 

Forms command 
1403 Printer Cintegrated 
Attachrrent Only) 
On Channel (Integrated 
Attachrrent Only) 

Go to Set Up after Rmt/Rst 
(Integrated Attachment 
Only) 
From General Stop loop 
(Integrated Attachment 

Only) 
Last CMD Skip or Spc Sup. 
Forms After Cmd 

Reader-1 address 
Reader-2 address 

Sense switch A (last card) 
Sense switch B 
sense switch C 
Sense switch D 
sense switch E 
Sense switch F 
Sense switch G 
Sense switch A for second 
serial reader punch 
High-compare result CU) 
Unequal-compare result C/) 
Low-compare result CT> 
Equal-corrpare result CS) 
Inquiry clear indicator(*) 
overflow indicator CZ) 
Inquiry request indicator 
(Q) 

Not used 

Not move or load 
instruction (PR-KB) 
H-Typehead installed 
CPR-KB) .. 
Secondary bit CPR-KB) 
Load mode CPR-KB) 
Stop message being 
performed (PR-KB) 
Reader error 
Punch error 
Printer error 
Unassigned 

0 48K* 
1 24K, 32K* 
2 16K, 32K, or 48K* 
3-7 Initialized to 1* 

*High-order byte of highest 
storage address 
initialized to 3F,5F,7F, 
or BF. 

1442/1443 Status 
0 Skip G:tv:WM check 
1 Channel end only 
2 Last card on 
3 Column binary mode 
4 Print operation 
5 output command 
6-7 OO=R/W, Ol=Test I/O, 

10=Sense, 11=Control 
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KC 

AE 
AF 

B8 

B9 

BA 

1-24 (7/69) 

0-7 Previous file o~eraticn 
0 .Read back check interlock 
1 Recalibrate sequence bit 
2 Unequal-adaress compare (X) 
3 Access busy <~> 
4 ~rang-length record Cw> 
5 Any disk err condition CY) 
6 Disk error CV> 
7 Not ready (N) 

O I/O check-stop switch 
1 Net used 
2 Expanded print-edit feature 
3 Period-corrma inversion 

(World Trade only) 
4 Column binary feature 
5 No punch tuffer 
6 Model-G err-ulation 
7 51-column cards 
Usage of bits 5, 6, and 7 when 
using 2540 as 1442: 
5 Simulate read and punch in 

san:e card 
6 Select read-error card to 

pocket .R2 
7 Use 2540 as 1442 
0 Alternate read rrode 
1 120-print position printer 
2 Tape erase Cini tialized 

off) 
3 Alternate 9-track tape 
4 Tereporary Status 
5 Channel printer 
6-7 Sterling feature (World 

Trade only) 

0 

1 

2 

3 

4 

5 

6 

7 

system/360 tape drive 0 is 
a 9-track unit 
System/360 tape drive 1 is 
a 9-track unit 
System/360 tape drive 2 is 
a 9-track unit 
System/360 tape drive 3 is 
a 9-track unit 
systerr/360 tape drive 4 is 
a 9-track unit 
System/360 tape drive 5 is 
a 9-track unit 
System/360 tape drive 6 is 
a 9-track unit 
Systern/360 tape drive 7 is 
a 9-track unit 

KD BB 0 

1 

2 

3 

4 

5 

6 

7 

O=O tape drive 0=800 bpi 
density 0=1--1600 bpi 
1=0 tape drive 1=800 bpi 
density 1=1--1600 bpi 
2=0 tape drive 2=800 bpi 
density 2=1--1600 bpi 
3=0 tape drive 3=800 tpi 
density 3=1--1600 bpi 
4=0 tape drive 4=800 tpi 
density 4=1--1600 bpi 
5=0 tape 5=800 bpi density 
5=1--1600 tpi 
6=0 tape drive 6=800 bpi 
density 6=1--1600 bpi 
7=0 tape drive 7=800 bpi 
density 7=1--1600 bpi 

KE-KF EC-BF Working Storage 

1.5.2 AUXILIARY STORAGE MODULE 1 (1400 
COMPATIBILITY) 

Rows 0-7(7): Punch Image Buffer, Crow 
form) 

Rows 7(8)-E: PFR Image Buffer, Crow form) 
Row F: (F6-FF) Logout area for card read 

errors. 

1.5.3 AUXILIARY STORAGE MODULE 2 (1400 
COl-JPATIBII.ITY) 

Row O; Tens Conversion Constants: This row 
provides tens conversion for translating 
BCD to EBCDIC. OA through OF contain 
invalid digit values. 

Rows 1, 2, and 3; Bvtes 0 and 1; Index 
.Register ~ddresses: These three halfwords 
give the addresses for the index registers 
for the tens character zones A, B, and AB 
respectively. 

Rows 1-A, Bytes 8-F; Hundreds, Thousands 
and Bias Conversicn Tatle: The values in 
this table are determined by the sizes of 
the 1401/1460 or 1440 being emulated and 
the size of the 2025 program storage area. 
Entry into the table is according to 
hundreds and hundreds zones (thousands). 
Thus, the result from the table solves 
hundreds, thousands, and bias translation 
sirrultaneously. The halfword at 16 is an 
extension of the table and is used to 
translate the / character. 

Row B; Hexadecimal-to-Decirral conversion 
Table: This row gives the decimal 
equivalent of the second crder hex digit 
value. 

Rows C through F; Operation Code Decode 
~: These four rows provide the 
translation of 1401/1460 and 1440 operation 
codes to a bit significant form that is 
usable by the 2025. In the chart (Figure 
1-28), the 1400-series op-code is shown in 



parentheses. Code 34 is used to indicate 
an invalid 1400-series op- code. Code 06 is 
used to indicate a No-op. 

1.5.4 AUXILIARY STORAGE MODULE 3 (1400 
COMPATIBILITY) 

Rows 0-9: Punch Check Buffer Crew form) or 
PFR Buffer (column fonn). 

Rows A-F: Read Image Buffer 1 (row form). 
Part.ial; remainder of buffer area is in 
module 4, rows 0 and 1 .• 

1.5.5 AUXILIARY STORAGE MODULE 4 (1400 
COMPATIBILITY) 

Rcws 0-1: Read Image Buffer 1 (row form) 
cx:mt inued from module 3. 

Rews 2-B: Reader Buffer (column form). 
Rcws A-F: Read Image Buffer 2 (row form). 

Partial; remainder of buffer is in module 
5w rows 0 and 1. Rows A and B are shared 
with the column form buffer. 

1. 5. 6 AUXILIARY STORAGE MODULE 5 (1400 
CCMPAT IBILITY) 

Rcws 0 and 1: Read Image Buffer 2 (row 
form). Continued from module 4. 

Rcws 2 and 3: Disk File Tables, conversion 
tables for cylinder and head decode. file 
cp-code conversien, etc. 

Rows 4-7: 1443 Translate Table 
Rews 8-B: 1403 Translate Table 
Rcws C-E: working storage 
Row F: CF6-FF) logout area for card punch 

errors. 

1.5.7 AUXILIARY STORAGE MODULE 6 (8 IN 24K 
SYSTEMS--1400 CC~PATIBILITY) 

Rows 0-3: Console Printer Translate Table 
Rews 4-7: Punch Translate Table 
Row 8: Punch ~ask 
Rcws 9-B: Unassigned 

-Rows C-F: Punch Translate 'I-able. 

Differences fer 2540/1442 aFFlicaticns: 
Rews 4-D: Punch Data Buffer (column binary 

form) 
Row E: Punch Mask 
Row F: Working Storage and Unassigned. 

1.5.8 LOCAl S'IORAGE (1400 CCMPATIBIIITY) 

The 64-byte local storag~ is divided into 
six zones that are used in the same general 
nanner in the 1400 mode as in System/360 
mode. 

Zone O, 
Zone 1, 
Zone 4, 
Zone 5, 
Zone 6, 
Zone 7, 

CPU Mode; 
2311 Mode; 
Backup area; 
Undefined; 
2540 Mode; 
Channel Mode; 

16 bytes 
8 bytes 
16 bytes 
8 bytes 
8 bytes 
8 l::ytes 

Local storage is used when operating in 
1401/1460 or 1440 compatibility mode for 
intermediate storage for factors unique to 
this mode of operation. Example: I-STAR, 
A-STAR, B-STAR, OF-register and A-register. 
In addition, local storage is used for 
problem-program factors and microprogram 
factors, Also, data stored in local storage 
is used by control words to perform some 
problem-program functions. 

1.5.8.1 Zone 0 (1400 Compatibility> 

Zone 0 is addressed when the Model 25 is 
operating in CPU node. There are 16 l:ytes 
within the zone- 0 area addressed by X-lines 
0-7 and Y-lines O and 1. Not all bytes 
have assigned functions. 

AS/BS 
Decode 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
c 
D 
E 
F 

§yID ~ X Assigned Function 
UO 0 0 A-Address Register 
Ul 1 0 A-Address Register 
VO 2 0 B-Address Register 
V1 3 0 B-Address Register 
GO 4 0 Working Register 
Gl 5 0 Op-Register 
DO 6 0 Status Indicators 
Dl 7 0 A-Register 
IO 0 1 I-Address Register 
Il 1 1 I-Address Register 
TO 2 1 Working Register 
Tl 3 1 working Register 
PO 4 1 Working Register 
Pl 5 1 Working Register 
HO 6 1 Working Register 
Hl 7 1 Working Register 

1.5.8.2 Zone 1 (1400 Compatibility> 

Zohe 1 is addressed when the Model 25 is 
operated in 2311 mode. There are 8 l:ytes 
within the zone-1 area addressed by X-lines 
0-7 and Y-line 2, as fellows. 

AS/BS 
Decode 

8 
9 
A 
B 
c 
D 
E 
F 

Sym ~ ! 
IO 0 2 
Il 1 2 
TO 2 2 
Tl 3 2 
PO 4 2 
Pl 5 2 
HO 6 2 
Hl 7 2 

Assigned FUnction 
Count Register 
Count Register 
Data Address Register 
Data Address Register 

1.5.8.3 zone 4 (1400 Compatibility> 

zone 4 is used as the tackup area for all 
modes of operation except 2311 mode. There 
are 16 bytes within the zone-4 area 
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addressed by X-lines 0-7 and Y-lines 3 and 
4. 

For the CPU mode operation the backuF 
area can te addressed ty setting rrode 
register bits 5, 6, and 7 to 1, O, O. For 
operation in 2540 or channel mode (MMSK 
bits o. 2, 3, or 4 on), the low-order 8 
bytes of zone 4 can be addressed. None cf 
the bytes of the tackup area can be 
addressed when operating in 2311 rrode (MMSK 
bit 1 on). 

All 16 bytes of the backup area can be 
addressed manually by console s~itches c 
and D. Assignrrents are as follows. 

AS/BS 
De<Dtde ~ ~ ! Assigned Function 

0 UO 0 4 High-order Level-1 BackuF 
aaar 

1 U1 1 4 Low-order Level-1 Backup 
aaar 

2 VO 2 4 High-order Level-2 Backup 
addr 

3 Vl 3 4 I.ow-order Ievel-2 Backup 
aadr 

4 GO 4 4 High-order Level-3 Backup 
addr 

5 Gl 5 4 Low-order Level-3 Backup 
add:r 

6 DO 6 4 High-order Machine-Check 
Backup Addr 

7 Dl 7 4 Low-order Machine-Check 
Backup Addr 

8 IO 0 3 High-order CPU Branch and 
link Backup Address 

9 Il 1 3 Low-order CPU Branch and 
I.ink Backup address 

A TO 2 3 S:E;are 
B Tl 3 3 Spare 
C PO 4 3 Workarea 
D Pl 5 3 Workarea 
E HO 6 3 ~crkarea 
F Hl 7 3 Workarea 

1-26 (7/69) 

1.5.8.4 Zone 6 (1400 Compatibility) 

Zone 6 is addressed when operating in 2540 
mode CNMSK tits 3 or 4 en). There are 
eight l:ytes in the zone-6 area addressed by 
X-lines 0-7 and y-line 6. Also, zone 6 can 
te addressed when in CPU mode by setting 
the mode register bits 5, 6, 7 to 1, 1, 0 
respectively. 

AS/BS 
Decode 

0 
1 
2 
3 
4 
5 
6 
7 

§.Y!!! ~ X Assigned Function 
UO 0 6 Reader Image Buff er Address 
U1 1 6 Reader Image Buff er Address 
VO 2 6 Punch Image Buff er Address 
Vl 3 6 Punch Image Buff er Address 
GO 4 6 Reader/Punch Status 
G1 5 6 Stacker-Select Information 
DO 6 6 Punch Count 
Dl 7 6 Read Count 

1.5.8.5 zone 7 (1400 compatibility> 

Zone 7 is address when operating in channel 
mode CMMSK bits 0 or 2 on). There are 8 
bytes in the zone-7 area addressed by 
X-lines 0-7 and Y-line 7. The functional 
assignments for these bytes are: 

AS/BS 
Decode Sym ~x Assigned Function 

0 uo 0 7 
1 Ul 1 7 
2 VO 2 7 Data Address Register 
3 Vl 3 7 Data Address Register 
4 GO 4 7 
5 Gl 5 7 Data Register 
6 DO 6 7 Status Register 
7 Dl 7 7 Word Separator 



Sequence of Operation for Combination Operations Is Print, Read, and Punch 

1400 
Operation 

Read(!) Starts as 21, and during read ending routine (LRDR) is changed to 20. In case of error 
(and the 1/0 Stop switch is on,) the code remains 21 and display stop occurs. 

Print(£) Starts as 22 and is reset to 00 at the end of the normal print routine (MPRT) 
before return to LOPD and ICYC. 

Print, Read (;i) Starts as 23 and is changed to 21 at end of the print routine. Routine branches back 
to ICYC VALADR 0, is decoded as a 1 Op and executed. 

Punch(~ Starts as 24 and is changed to 20 during punch ending routine (LPCH). 

Punch Col Bin (4C) In case of error, code remains 24 and a display stop occurs. 

Read, Punch (§.) Starts as 25 and is changed to 24 at read ending (LRDR). In case of error (with 1/0 
Stop switch on) code remains 25 and display stop occurs. No error routine branches 
back to LOPD, performs punch op and is changed to 20. 

Print, Punch (§) Starts as 26 and is changed to 24 at end of Print routine. Routine branches back to 
ICYC VALADR 0 and is decoded as a punch op. Operation is then the same as a 
4 op and is changed to 20 at the ending. 

Print, Read, Starts as 27, changes to 25 at end of print operation. 25 causes a read op, at end of 
Punch (1) read op code changes to 24 and causes a punch op. At end of punch op, code 

changes to 20. All error limitations for the various operations apply. 

Punch Feed Starts as 24. The d-modifier causes the op code to change to A4, then a normal 
Read (iR) punch routine is started. At the end of the punch routine the code is changed to 

28 and a punch feed read operation is performed. At end op code changes to 20. 

Read Column Starts as 21. Changes to 20 during read ending routine (RDREND). Error handling 
Binary (lC) same as for Read op. (Validity not checked.) 

Figure 1-28. Op-Code Information (1400 Compatibility) 

WITH WORDMARK NO WORDMARK WITH WORDMARK NO WORDMARK 

4567 0123___.. 

+ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

0000 Blank & Blank & -- ? I * 0 ? I :j: 0 

0001 I I A J 1 A J 1 

0010 B K s 2 B K s 2 

0011 c L T 3 c L T 3 

0100 D M u 4 D M u 4 

0101 E N v 5 E N v 5 

0110 F 0 w 6 F 0 w 6 

0111 G p x 7 G p x 7 

1000 H Q y 8 H Q y 8 

1001 I R z 9 I R z 9 

1010 1) {> 

1011 $ # $ # 
1100 J:I * % @ J:I * % @ 

1101 [ J v : ~ ]_ v : 

1110 < ; \ > < ; \ > 
1111 * /::,. #t ~ t /::,. ti+- ~ 

Figure 1-29. 1400 Defined Characters 
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0 2 3 4 5 6 7 8 9 A B 

c (?) (A) (B) (C) (0) (E) (F) (H) (.) 

1C 18 OB 1F 1 2 16 2A 34 B1 34 34 02 

D 
(!) (K) (L) (M) (N) (P) (Q) 

10 34 29 90 80 06 34 1E F1 34 34 34 

E 
(/) (S) (U) (V) (W) (Y) (Z) (,) 

34 05 19 34 20 OE OF 34 13 17 34 04 

F 
( 1 ) (2) (3) (4) (5) (6) (7) (8) (9) (#) 

34 21 22 23 24 25 26 27 06 06 34 14 

Notes: 

1. The 1400-series operation code is shown i,n parentheses. 

2. The code 34 is used to indicate an invalid 1400-series operation code. 

3. The code 06 is used to indicate a No Op (no operation). 

4. Notice that several 1400-series special features, such as Branch if 

Bit Equal (Wop code), Divide(% op code), etc. are standard with the 

compatibility feature. These 1400-series operations can be made invalid 

c 
(a) 

15 

34 

(%) 

1B 

(@) 

1A 

by inserting the invalid code (34) in the corresponding table location, if desired. 

Figure 1-30. 1400 Operation-code Decode Table 

4 

5 

6 

7 

c 
D 

E 

F 

0 

00 

30 

20 

40 

3A 

2A 

1A 

OA 

40 

40 

11 

40 

31 

21 

40 

01 

1. 3 4 

40 40 40 

40 40 40 

40 40 40 

40 40 40 

32 33 34 

22 23 24 

12 13 14 

02 03 04 

5 6 7 8 9 

40 40 40 40 40 

40 40 40 40 40 

40 40 40 40 40 

40 40 40 40 40 

35 36 37 38 39 

25 26 27 28 29 

15 16 17 18 19 

05 06 07 08 09 

A 

40 

40 

40 

10 

40 

40 

40 

40 

Figure 1-31. EBCDIC-to-BCD Translate Tatle (1400) 

1-28 (7/69) 

B c 

3B 3C 

2B 2C 

1B 1C 

OB OC 

40 40 

40 40 

40 40 

40 40 

D E F 

34 34 34 

34 34 34 

34 34 34 

34 34 34 

D E F 

30 3E 3F 

20 2E 2F 

10 1E 1F 

OD OE OF 

48 45 5C 

40 46 50 

49 4F 56 

40 44 5F 



~ 16,3B4 24,576 32,76B 49,152 
0 

Bias File Bias File Bias File Bias File 
Constant Table Constant Table Constant Table Constant Table 

16K 01BO 0000 21BO 2000 41BO 4000 B1BO BOOO 

12K 1120 1000 3120 3000 5120 5000 9120 9000 

BK 20CO 1FOO 40CO 3FOO 60CO 5FOO AOCO 9FOO 

4K 3060 2FOO 5060 4FOO 7060 6FOO B060 AFOO 

2K 3830 3700 5B30 5700 7B30 7700 BB30 B700 

1.4K 3ABB 3900 5AB8 5900 7ABB 7900 BABB B900 

Bias Constant: Located in byte BB-B9, (KO) in Module 0. 

File Table Address: Developed from bias constant during file routine. 

Figure 1-32. Storage Bias Constant Values and File Table Addresses (1400 Con:patibility) 

AUXILIARY STORAGE MODULE 2 

6 7 8 9 A 8 C D 
1X 8+044C 8+0888 8+07DO B+03E8 

2X 8+0C1C 8+0834 8+044C 

3X 8+0C80 8+0898 8+0480 

4X 8+0CE4 8+08FC 8+0514 

5X 8+0048 8+0960 B+0578 

6X 8+0DAC 8+09C4 8+05DC 

7X 8+0E10 8+0A28 8+0640 

ax 8+0E74 8+0A8C 8+06A4 

9X B+OED8 8+0AFO 8+0708 

AX B+OF3C 8+0854 8+076C 

Note: 8=Halfword bias constant in KO (Module O; 88-89) 
See previous figure for value. 

Hundreds/Thousands/Bias Conversion 

AUXILIARY STORAGE MODULE 2 

0 1 2 3 4 .5 6 7 8 9 A 8 C D E F 

oxlool0Aj14j 1Ej2aj32j3cl4615ol5A101l01101! 01! 01I01 l 

Tens Conversion 

E F 
8+0000 

8+0064 

8+00C8 

8+012C 

B+0190 

8+01F4 

8+0258 

8+028C 

8+0320 

8+0384 

Figure 1-33. Decimal-to-Hex Conversion 
Tables (1400 CcreFatibility) 
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1.6 PR-KB (PRINTER-KEYBOARD) FIGURES 1-34 THROUGH 1-38 

BCD Bijts 

2 

2 1 

4 

4 

4 2 

4 2 1 

8 

8 

8 2 

8 2 1 

8 4 

8 4 

8 4 2 

Space 

2 

3 

4 

EOB 
5 

Note 2 

6 

7 

8 

9 

Cancel 

0 
Note 2 

# 

A B BA 

@ & 

a 

k b 

c 

u m d 

v n e 

w 0 

x p 9 

y q h 

z 

$ 

1111111111111111111111111111111111111!lll~~ll~ll1111111111111~1~ 
1!lillilllllii!lli lliiliillllliiiilliil ~IEN~ liiiilillliililllill 

8 4 2 1 !illllilillllllililllililililllllllililll iililililililiiillillfliliililllilliilllil 
LOWER CASE 

A B BA 

Space ¢ + 

? J A 

s K B 

T L c 

u M D 

% v N E 

w 0 F 

x p G 

y Q H 

z R 

llilllllililllilill illillilllllliHllllli!ll llf ll'IA 
llllllJf f liililillilif ~~N~ illf f lfl~1 

iiii111 llllllll!llf Ii 1111111'1!!. 11liiiri 
UPPER CASE 

Note 2: Alternate coding key must be pressed for EOB and Cancel 

Figure 1-34. Input Code f rorr: Keyboard (PR-KB) 

1-30 ( 7/69) 

The keyboard code 
characters are sent 

to the CPU in 8-bit 
form as fol°lows. 

Bus-In KB 
Bits Bits 

0 :} See 
Note 

2 B 1 
3 A 
4 8 
5 4 
6 2 
7 

Note 1: 

x=1} Uppercase 
x = 1 

x = 0} 
x=O 

Lowercase 



EBCDIC Bits 0123: 
Bits 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 
4567: 
0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

sp 

sp 

sp 

Sp 

sp 

sp 

Sp 

sp 

h 

i 

3 

1 

2 

0 

& -

n I 
0 b 

0 s 

2 @ 

NL I 

6 k 

6 s 

q y 

r z 

$ 

$ 

7 @ 

5 I 
6 & 

4 -

- sp & 

8 sp n 

sp 0 

# sp 0 

@ sp 2 

8 sp 5 

# sp 6 

# sp 6 

y H Q 

9 i r 

¢ ! 

# $ 

@ < * 
8 ( ) 

# + ; 

9 I --, 

- - @ & --"" 0 

I 8 a j I 1 

b b k s 2 

s # c I t 3 

@ @ d m u 4 

I 8 e n v 5 

k # f 0 w 6 

s # g p x 7 

y y h q y 8 

z 9 i r z 9 

¢ : @ $ - 0 - # $ # 
% @ e n u 4 

e n v 5 -
> = e p u 6 

? " e n v 5 

Note: Blocked areas show normal decoded Characters using 1052 key boa.rd Input 

% > 
A J 

B K 

c L 

D ~ .. 
E N 

F 0 

G p 

H Q 

I R 

% > 
¢ ! 

E N 

E N 

E p 

E N 

Figure 1-35. EBCDIC Output with Resulting PR-KE Graphics 

? 0 

1 -
s 2 

T 3 

,u A 

v 5 

w 6 

x 7 

y 8 

z 9 

? 0 
: # 
u 4 

v 5 

u 6 

v 5 
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...... l'lj 
I I-'· w l.Q 

(\.) 

~ 
CD 

~ 

' I-' 

°' I 
\0 w - °' • 

t-3 
I-'• 
~ 
rt 

' ~ 0 

it 
~ 
(') 

& 
CD 

-"C 
!:tl 
I 
~ 
b:I -

TILT/ROTATE CODE 

EBCDIC Upper EBCDIC 
Char Hex T1 T2 R5 A2A R2 R1 Case Char Hex T1 T2 R5 A2A R2 R1 

¢ 4A 0 0 0 0 0 0 1 f 86 0 0 0 1 0 0 
4B 0 0 0 0 0 0 0 g 87 0 0 1 1 0 0 

< 4C 1 1 1 1 1 0 1 h 88 0 0 1 0 0 1 
( 40 1 1 1 1 1 1 1 i 89 0 0 0 0 0 1 

+ 4E 1 1 0 1 1 0 1 j 91 1 0 1 1 1 1 

I 4F 1 1 0 1 1 1 1 k 92 1 0 0 1 1 0 

& 50 1 0 0 1 1 1 0 I 93 1 0 1 1 1 0 

! 5A 1 0 0 0 0 0 1 m 94 1 0 0 1 0 1 

$ SB 1 0 0 0 0 0 0 n 9S 1 0 1 1 0 1 

* SC 1 1 1 1 0 0 1 0 96 1 0 0 1 0 0 
) so 1 1 1 1 0 1 1 p 97 1 0 1 1 0 0 

; SE 1 1 0 1 0 0 1 q 98 1 0 1 0 0 1 

I SF 1 1 0 1 0 1 1 r 99 1 0 0 0 0 1 

- 60 0 1 0 1 1 1 0 s A2 0 1 0 1 1 0 

I 61 0 1 1 1 1 1 0 t A3 0 1 1 1 1 0 

6B 0 1 0 0 0 0 0 u A4 0 1 0 1 0 1 

% 6C 0 0 0 1 1 1 1 v AS 0 1 1 1 0 1 

- 60 0 1 1 1 1 1 1 w A6 0 1 0 1 0 0 

> 6E 1 0 0 1 1 1 1 x A7 0 1 1 1 0 0 
? 6F 0 1 0 1 1 1 1 y A8 0 1 1 0 0 1 
: 7A 0 1 0 0 0 0 1 z A9 0 1 0 0 0 1 

# 7B 1 1 0 0 0 0 0 0 FO 1 1 0 1 1 1 
@ 7C 0 0 0 1 1 1 0 1 F1 1 1 1 1 1 1 

T 70 1 1 1 0 0 1 1 2 F2 1 1 0 1 1 0 

= 7E 1 1 0 0 0 0 1 3 F3 1 1 1 1 1 0 

" 7F 1 1 0 0 0 1 1 4 F4 1 1 0 1 0 1 

a 81 0 0 1 1 1 1 0 5 F5 1 1 1 1 0 1 

b 82 0 0 0 1 1 0 0 6 F6 1 1 0 1 0 0 
c 83 0 0 1 1 1 0 0 7 F7 1 1 1 1 0 0 

d 84 0 0 0 1 0 1 0 8 F8 1 1 1 0 0 1 
e 8S 0 0 1 1 0 1 0 9 F9 1 1 0 0 0 1 

Note: For alphabetic characters, only the lowercase is shown. The tilt/rotate code for an uppercase alphabetic character is the same as the corresponding lowercase 

character. 

Upper 
Case 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
(' 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Table EBCDIC Table EBCDIC 
Addr Char Hex Addr Char Hex 

50BB Space 40 DB - 60 
B9 = 7E 09 J 01 
BA < 4C DA K 02 
BB , 5E DB L 03 
BC 7A DC M 04 
BO % 6C DD N 05 
BE 

, 
70 DE 0 06 

BF > 6E OF p 07 
co * 5C EO Q DB 
C1 ( 40 E1 R 09 
C2 ) 50 E2 $ SB 
C3 

,, 
7F E3 ! 5A 

C4 Space 00 E4 - 60 
C5 Space 00 E5 New Line 15 
C6 0 FO E6 BKSP 16 

(Not used) 
C7 # 7B E7 Space 00 
CB ri 4A EB + 4E 
C9 ? 6F E9 A C1 
CA s 

* 
EA B C2 

CB T EB c C3 
cc u E4 EC D C4 
CD v E5 ED E C5 
CE w E6 EE F C6 
CF x E7 EF G C7 
DO y EB FO H CB 
01 z E9 F1 I C9 
02 , 6B F2 4B 
03 I 4F F3 ---. 5F 
04 @ 7C F4 & 50 

05 LF 25 F5 H. Tab 05 
(not used) (not used) 

06 Sjlace 00 
07 Space 00 

Figure 1-37. PR-KB Translate Table (Keyboard Code to EBCDIC) 
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SENSE BYTE UCW 

Auxiliary 

Storage 
Address 

I 
I 
I 

8 9 A B c D E F OXF7J 
r----~~...-~~--~~----..--~~-~~--~,---~~~~~~--r~~-~~~~~~---t 

Sense 
Byte 

. 1-lntervention Required 
2-(Not Applicable) 
3-Equipment Check 

i=}(Not Applicable) 

7-

*At Interrupt Time 

Channel 
Status 

Flags & 
Op 

Data Address 
-u~-i---

Status* I Count Field Next CCW Address 

0-Chain Data (CD) Flag 
1-Chain Command (CC) Flag 
2-Suppress Length Indication (SU) Flag 
3-Skip Flag 
4-Program Controlled Interruption (PCll Flag 
5-Active Bit 
6-0p 0 i 
7_ 0 P 1 ~Note 1 

0-Secondary Bit 
1- Incorrect Length 
2-Program Check 
3-Protection Check 
4-0 Count Bit 
5-Channel Control Check 
6-lnterface Check 
7-PR-KB Interrupt in 1.8. 

FF~i:; Applicable) 
3-Busy 
4-Channel End 
5-Device-E nd 
6-Unit-Check 
7-Unit Exception 

Note 1: With Active Bit=1 Op-0 and Op-1 
Decode as Follows; 

01 -Write 
10 - Read or Sense 
11 - Write with ACR 

Figure 1-38. PR-KB Sense Byte and Unit central Word -- ucw Format 
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1. 7 CON.'IROL WORDS (MICRO) FIGURES 1-39 THROUGH 1-46 

Set/1Reset 

Arithmetic/ 

Constant 

Storage 

Move/ 

Arithmetic 

Branch 
Unconditional 

Branch on 
Mask 

Branch on 
Condition 

0 

0 

0 

0 

0 

1 

1 

1 

1 2 

0 R 

e 

s 
e 

t 

I 
s 
e 

t 

0 CD-

Fld 

0 

1 RCS 
RAS 

scs 
SAS 

1 CD-

Fld 

0 

0 RPO 

2 

0 Mask 

0 

1 BC-
Fld 

0 

3 4 5 6 

K CS-Field 

H 
i 
g 
h 

0 0 1 2 

AS-Field 

1 0 1 2 

AS-Field 

0 1 2 

AS-Field 

1 0 1 2 

3 4 5 6 

AS-Field .---

s 
T 
I 
x 

1 0 2 

AS-Field 
.---

s 
T 
I 
x 

1 0 2 

F i-gure 1-39 .. Control-Word Alignment 

7 8 9 10 11 12 13 14 15 

K-Low K-High 0 

3 0 1 2 3 1 2 3 

K-Field CC-Field 1 

3 0 1 2 3 0 1 2 

B BS-Field M MC-Field 0 
y a 
t i 
e n 

s s 
e t 
I 0 

e r 
c 

t 
3 0 1 2 0 1 2 

BS-Field CC-Field 1 

3 0 1 2 3 0 1 2 

RPl 0 

7 0 1 2 3 4 5 6 

L RPl RPO 1 
s 
I 
E 
x 
t 

3 1 2 0 5 6 7 

L RPl T 
s e 

I s 
E t 

x 
t 

3 1 2 3 4 5 6 
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..... l-1:j 
I I-'• 

w 
~ m 

WORD KHIGH SET/RST SOURCE FIELD B SOURCE ORK LOW FIELD K HIGH FIELD 

TYPE - CD 
..J 

' ~ 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0 0 0 = RST KHIGH 0000 = S REGISTER ALL MODES WHEN MMSK ADDRESSED FOR A LINK 0 

°' I 
\0 .i:: 1 =SET OBIT 0010 = MMSK REGISTER ALL MODES OR RETURN FUNCTION, THE 1 BIT 2 BIT 3 BIT - 0 

f 
0100 =MODE REGISTER ALL MODES B SOURCE DECODES ARE FOR 
0110= BC FACILITY ALL MODES LOCAL STORAGE 

Cf) 
CD 
rt 

' ~ 
1000 =DR REGISTER ALL MODES 

0000 = U REGIST.ER 
1001 =RPO FACILITY 2540 MODE 0010 = V REGISTER 

CD 
en 1011 =DIAB FACILITY 2311 MODE 0100 = G REGISTER 
CD 
rt 

1011 = R FACILITY 2540 MODE 0110 = D :REGISTER 
1011 =GA FACILITY CHNL MODE 1000 =I REGISTER 

~ 
0 1100= DIAC FACILITY 2311 MODE 1010 = T REGISTER 
11 

°' 
1101 = PRA FACILITY 1403 MODE 1100 = P REGISTER 
1101 =FIA FACILITY 2311 MODE 1110= H REGISTER 

i 1101 =RP FACILITY 2540 MODE 
0 
11 

°' 
1101 = CSETF FACILITY COMM MODE WHEN USED AS THE K FIELD 
1101 =GB FACILITY CHNL MODE 

1-3 1110= FIB FACILITY 2311 MODE BIT 8"' K LOW BIT 0 
"< 
tO 
CD 

1111 = CPF FACILITY CPU MODE BIT 9 = K LOW BIT 1 
1111=PRB FACILITY 1403 MODE BIT 10= K LOW BIT 2 

0 1111=TA FACILITY l052 MODE BIT 11 = K LOW BIT 3 
1111=FIC FACILITY 2311 MODE 
1111=P FACILITY 2540 MODE 
1111 = CCTRL FACILITY COMM MODE 
1111 = GC FACILITY CHNL MODE 

WHEN THE MMSK REGISTER IS ADDRESSED BY THE SET/RST SOURCE FIELD, CONTROL 
WORD BIT 11 = 0 INDICATES A LINK OR RETURN FUNCTION. BIT 11 = 1 INDICATES NO 
LINK OR RETURN FUNCTION. 



tv 
0 
tv 
U'1 

-....J 
' °' \D 

I-' 
I 

w 
....J 

-~ 
0 
Ii 
0. 

WORD 
TYPE 

0 1 

0 0 

FUNCTION 
DECODE 

2 3 

0 0 
0 0 
0 0 
0 0 
() 0 
0 0 
0 0 
0 0 
--·----......................................... 

0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
------------------------
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
-------------------·----
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

A-SOURCE FIELD FIELD 

4 5 6 7 8 9 10 11 

0000 = uo} 0000 
0001 = U1 0001 
0010 = VO\ 0010 
0011 = V1 0011 
0100 = GOJ 0100 
0101 = G1 0101 
0110 = DO~ 0110 
0111 = D1; 0111 
1000 = 10 ~ ~ 
1001 = 11) 1001 
1010 = TO~ 1010 
1011 = T1; 1011 
1100 = po\ 1100 

JlQl = P1 } 1101 
1110 = H01 1110 
1111 = H1 1111 

THE FUNCTION DECODE IS A COMBINATION OF CONTROL 
WORD BITS 2, 3, 12, 13, AND 14. 

THE -A- SYMBOL INTHE FORMULAS UNDER COLUMNS 12, 13, 
AND 14 CAN BE ANY OF THE LOCAL STORAGE BYTE SOURCES 
LISTED UNDER THE A-SOURCE FIELD. 

THE SYMBOL ):( IN THE FORMULAS UNDER COLUMNS 12, 13, 
AND 14 INDICATES AN EXCLUSIVE -ORO FUNCTION. 

THE$ SYMBOL IN THE FORMULAS UNDER COLUMNS 12, 13, 
AND 14 INDICATES AN OR FUNCTION. 

THE *-SYMBOL IN THE FORMULAS UNDER COLUMNS 12, 13, 
AND 14 INDICATES A COMPLEMENT AND FUNCTION. 

FUNCTION WORD 

DECODE TYPE 

12 13 14 15 

000 Z=A +KL -l'JOO 1 
001 Z=A*-KL 

010 Z=A*-KH 
011 Z=A*-KK 
100 Z =A +_KH 
101 Z =A tl KL 
110 Z =A):( KH 
111 Z =A J:l KK Xof. 

--------·-------·----------·----·-·-·--
000 A= 0 +KL 
001 A=A*-KL 
010 A= A*-KH 
011 A= A*-KK 
100 A =O+ KH 
101 A= A tl KL 
110 A= A):( KH 
111 A= A tl KK 
--------------·-----·------·-------------
000 A= 0- KL 
001 A= 0$KL 
010 A= 0$KH 
011 A= 0$KK 
100 A=A- KH 
101 A=A +KL 
110 A=A+ KH 
111 A =A+ KK 

000 A=O-KL 
001 A= 0$KL 
010 A =O$KH 
011 A =0$KK 
100 A =0- KH 
101 A =A- KL 
110 A=A-KH 
111 A=A-KK 



...... l"J:j 
I I-'· 

w ~ 00 
11 
('D 

-.J 

' ... 
°' I 
\0 .i:-- tv 

I 

en 
rt 
0 
11 
llJ 

lO 
(!) 

~ 
0 
11 
OJ 

~ 
0 
11 
OJ 

1-:3 
"< 
I'd 
(!) 

tv 

WORD 
TYPE 

0 

0 

STORAGE 
CONTROL 

2 3 

00= READ CONTROL 
01 =READ AUX OR 

PROGRAM 
10 =STORE CNTL 
11 =STORE AUX 

OR PROGRAM 

BIT 11 DETERMINES IF THE 
AUXILIARY STORAGE AREA 
OR THE PROGRAM STORAGE 
AREA IS ACCESSED FOR BIT 
2, 3 DECODES OF 01 and 11. 
THIS IS ONLY TRUE WHEN 
INDIRECTLY ADDRESSING. 

WHEN NO ACCESS TO STORAGE 
IS DESIGNATED BY THE MODI
FIER CONTROL FIELD. BITS 
2 and 3 INDICATE THE UPDATE 
VALUE. 

BITS VALUE 
2,3 

00 0 
01 +OR -1 
10 +OR -2 
11 +OR -2 

DATA REGISTER ADDRESS 

4 5 6 7 

THIS FIELD MAY ADDRESS LOCAL 
STORAGE FOR A BYTE OR HALFWORD. 
BYTE SELECTION OF LOCAL STORAGE 
IS LIMITED TO THE ODD ADDRESSES. 
HALFWORD SELECTION IS LIMITED TO 
EVEN ADDRESS 

EXTERNAL FACILITY ADDRESSING 
IS ALWAYS DONE IN BYTE MODE. 
THEREFORE ONLY THE EXTERNALS 
WITH ODD ADDRESSES CAN BE 
ACCESSED. 

LOCAL STORAGE DECODES 
0000- uo 
0001 - Ul 
0010- VO 
0011 - Vl 
.0100- GO 
0101 - Gl 
0110- DO 
0111 - Dl 
1000- 10 
1001 - 11 
1010- TO 
1011 - Tl 
1100- PO 
1101 - P1 
1110 - HO 
1111 - H1 

ALL EVEN ADDRESSES CAN BE 
USED AS ADDRESS REGISTERS IN 
THE FIELD DESIGNATED BY CON
TROL WORD BITS 8, 9, 1'0, and 11. 

ADDRESS REGISTER OR K FIELD 

8 9 10 11 

FOR INDIRECT ADDRESSING 

THE ADDRESS REGISTER SELECTED 
BY THIS FIELD IS A HALFWORD 
LOCAL STORAGE REGISTER 

BIT 11 DOES NOT ENTER INTO 
THE ADDRESSING OF THE LOCAL 
STORAGE REGISTER. BUT DOES 
INDICATE THE FOLLOWING 

BIT BITS MEANING 
11 2,3 
0 01 READ AUXILIARY 
1 01 READ PROGRAM 
0 11 STORE AUXILIARY 
1 11 STORE PROGRAM 

FOR DIRECT ADDRESSING 

THIS FIELD CONTAINS BIT CODES 
THAT FORCE THE ADDRESS REG
ISTER M1 TO SPECIFIC VALUES 

THESE VALUES ARE -

BITS FORCED M1 
8,9, 10, 11 VALUES 

0000 88 
0001 BA 
0010 8C 
0011 8E 
0100 98 
0101 9A 
0110 9C 
0111 9E 
1000 A8 
1001 AA 
1010 AC 
1011 AE 
1100 B8 
1101 BA 
1110 BC 
1111 BE 

12 

000 
001 
010 

011 

100 

101 

110 

111 

MODIFIER CONTROL 

13 14 

NO UPDATE 
DIRECT ADDRESSING 
NO ACCESS, PLUS 
UPDATE. 
NO ACCESS, MINUS 
UPDATE. 
LOCAL STORAGE 
DATE REG, ACCESS, 
PLUS UPDATE 
LOCAL STORAGE DATE 
REG, ACCESS, MINUS 
UPDATE 
EXTERNAL DATA REG. 
ACCESS, PLUS UPDATE 
EXTERNAL DATA REG, 
ACCESS, MINUS UPDATE 

FOR K ADDRESSABLE 

AUX MO = 00000000 
CTRL Mo=yooo11 

DEPENDENT 
ON STORAGE SIZE 

WORD 
TYPE 

0 



N 
0 
N 
U1 

...... 
I 

w 
\.0 

0 

0 

WORD 
TYPE 

1 

1 

FUNCTION 
DECODE 

2 3 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
.. _ ............................................. 

0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
--------------------·--
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
-----------------------
1 1 

1 1 
1 1 

1 1 
1 1 

1 1 
1 1 

1 1 

A SOURCE FIELD B SOURCE FIELD 

4 5 6 7 8 9 10 11 

0000 = uo 0000 = uo 
0001 = U1 0001 = U1 
0010 = VO 0010 = VO 
0011 = V1 0011 = V1 
0100 = GO 0100 = GO 
0101 = G1 0101 = G1 
0110 = DO 0110 = DO 
0111 = D1 0111 = D1 
1000 = 10 1000 = 10 
1001 = 11 1001 = 11 
1010 = TO 1010 = TO 
1011 = T1 1011 = T1 
1100 = PO 1100 = PO 
1101 = P1 1101 = P1 
1110 = HO 1110 = HO 
1111 = H1 1111 = H1 

THE FUNCTION DECODE IS A COMBINATION OF 
CONTROL WORD BITS 2, 3, 12, 13, AND 14-

IF THE FUNCTION DECODE IS EQUAL TO 00111, 
THE A-SOURCE FIELD ADDRESSES AN EXTERNAL 
FACILITY. 

IF THE FUNCTION DECO~E IS EQUAL TO 01111, THE 
B-SOURCE FIELD ADDRESSES AN EXTERNAL FACILITY. 

THE SYMBOL -A- USED IN THE FUNCTION DECODE 
FORMULAS, REFERS TO ANY OF THE LOCAL STORAGE 
SYMBOLS UNDER THE A-SOURCE FIELD. 

THE SYMBOL -B- USED IN THE FUNCTION DECODE 
FORMULAS, REFERS TO ANY OF THE LOCAL STORAGE 
SYMBOLS UNDER THE B-SOURCE FIELD. 

THE SYMBOL -C- REFERS TO THE ADDER CARRY 
(S3) LATCH 

THE SYMBOL)::{ INDICATES AN EXCLUSIVE-OR 
FUNCTION. 

THE SYMBOL-$- INDICATES AN OR FUNCTION. 

THE SYMBOL-*- INDICATES AN AND FUNCTION. 

THE SYMBOL-@- INDICATES AN ADD/SUBTRACT 
DECIMAL FUNCTION . 

FUNCTION WORD 
DECODE TYPE 

12 13 14 15 

000 B=AX t1 B 1 
001 B = AXH +BL 
010 B=AXL$BH 
011 
100 B=A+B 
101 B=AH+BL 
110 B =AL+ BH 
111 EXT= B 
---··--------------------------------------------------
000 B=AX 
001 B =AXH 
010 B =AXL 
011 B = 0 (STOP) 
100 B=A 
101 B =AH 
110 B =AL 
111 B =EXT 
-------------------------------------------------------
000 A=A t1 B 
001 A=A+B 
010 A=A$B 
011 A=A*B 
100 AC= A+ B + 1 
101 AC=A + B 
110 AC=A+B +C 
111 AC=AL+B+C 
______________________________ ,.. ________________________ 

000 A=A-B+1 

001 A=A-B 
010 

011 
100 AC=A-B +C 

101 AC= 0- B + C 
110 AC= A± B + C 

111 AC= A@B + C 
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REPLACEMENT BITS FOR THE MO-REGISTER 

2 3 4 5 6 7 8 

REPLACEMENT BITS FOR THE M1-REGISTER 

9 10 11 12 13 14 

WORD 
TYPE 

15 

BITS 2 THRU 7 OF THIS CONTROL WORD CONTAIN 
THE VALUES THAT ARE GATED TO BITS 2 THRU 7 OF 
THE MO-REGISTER WHEN THIS WORD IS EXECUTED 

BITS 8 THRU 14 CONTAIN THE VALUES THAT ARE GATED 0 

WHEN THIS WORD IS GATED INTO THE CONTROL 
REGISTER, BIT 5 OF THE CONTROL REGISTER IS 
FORCED TO A 1. THE REPLACEMENT VALUE FOR 
THE MO-REGISTER BIT 5 POSITION IS GATED FROM 
THE STORAGE DATA BUS BIT 5 POSITION. 

TO BITS 0 THRU 6 OF THE M1-REGISTER WHEN THIS WORD 
IS EXECUTED 

WHEN THIS WORD IS EXECUTED, THE ADDRESS OF THE NEXT 
SEQUENTIAL CONTROL WORD IS STORED IN THE I-REGISTER 
OF LOCAL STORAGE ZONE 4. 



tv 
0 
tv 
U1 

..... 
I 
~ 
..... 

(JI -

WORD 
TYPE 

0 1 

1 0 

BRANCH 
CONTROL 

2 3 

C0=4WAY BR-
01 =SWAY BR 
10= 2WAY BR 

(A SOURCE 
NOT ZERO) 

11=16WAY BR 

A SOURCE FIELD 

4 5 6 7 

BIT 5 = 0 MEANS STRAIGHT 
A-REG GATING. 

BIT 5 = 1 MEANS CROSS 
A-REG OUTPUT 

-·--------------------·------·--·-------------·--·--
WHEN THIS CONTROL WORD IS READ 
INTO THE CONTROL REGISTER. BIT 5 
IS FORCED TO 1. THIS RESTRICTS 
THE FACILITIES THAT CAN BE 
ADDRESSED BY THE A-SOURCE FIELD 
TO THOSE THAT HAVE AT LEAST BIT 
5 = 1 IN THEIR A-SOURCE DECODES. 

BECAUSE BIT 5 IS FORCED IN THE 
CONTROL REGISTER, THE TRUE 
STATUS OF BIT 5 IS TAKEN FROM 
THE STORAGE DATA BUS OUT, FOR 
A-REG GATING. 

EITHER DECODE LOCAL 
IN CONTROL STORAGE 
STORAGE. REGISTER 

OOOOOR 0100 GO 
0001 OR d'101 Gl 
00100R 0110 DO 
0011 OR 0111 Dl 
1000 OR 1100 PO 
1001 OR 1101 P1 
10100R 1110 HO 
1011OR1111 Hl 

EXTERNAL FACILITIES HAVE 
THE SAME ADDRESSING RESTRIC-
TIONS. 

REPLACEMENT BITS FOR REPLACEMENT BITS FOR WORD 
M1-REGISTER MO-REGISTER TYPE 

8 9 10 11 12 13 14 15 

BIT 9 CONTAINS THE BITS 12, 13, AND 14 
O= LS REPLACEMENT VALUE FOR CONTAIN THE REPLACEMENT 1 
1 =EXT BIT 1 of the VALUES FOR BITS 5, 6, 

Ml-REGISTER. AND 7 OF THE MO REG. 

BIT 10 CONTAINS THE 
REPLACEMENT VALUE FOR 
BIT 2 OF THE Ml 
REGISTER. 

BIT 11 CONTAINS THE 
REPLACEMENT VALUE FOR 
BIT 0 OF THE Ml 
REGISTER 



I-' "%j 
I ..... 
~ 'B tv 

WORD BIT WORD 
TYPE CONTROL A SOURCE FIELD REPLACEMENT BITS FOR THE M1 REGISTER TYPE 

~ 
-....] 

" ~ 
O'\ I 
~ 

~ 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1 OC= BITOOR 4 BIT 5 = 0 MEANS STRAIGHT O= LS BITS 9--14 CONTAIN THE REPLACEMENT VALUES o= 
°' . 01=BIT1 OR 5 A-REG GATING. 1=Ext FOR BITS 1--6 OF THE M1-REGISTER TEST 

tlJ 10 =BIT 2 OR 6 BIT 5 = 1 MEANS CROSS FOR 
11 11=BIT3 OR 7 A-REG OUTPUT. 0 
OJ 
~ 

................................................................................................................................................. -----------
(') 
::J" 

0 
::s 

WHEN THIS CONTROL WORD IS 1= 
READ INTO THE CONTROL REGIS- TEST 
TER, BIT 5 IS FORCED TO 1. THIS FOR 

() RESTRICTS THE FACILITIES THAT 1 
0 
::s 
OJ 

CAN BE ADDRESSED BY THE A-
SOURCE FIELD TO THOSE THAT 

..... 
rt HAVE AT LEAST BIT 5 = 1 IN THEIR 
..... 
0 
::s 

A-SOURCE DECODES . 
BECAUSE BIT 5 IS FORCED IN THE 

8 
CONTROL REGISTER, THE TRUE 
STATUS OF BIT 5 IS TAKEN FROM 

OJ 
(I) THE STORAGE DATA BUS OUT, FOR 

- A-REG GATING. 
~ 
0 
11 
0.. 

EITHER DECODE LOCAL 
IN CONTROL STORAGE 

1-3 STORAGE REGISTER 
"< 
tO 
(1) 

OOOOOR 0100 GO 
0001 OR 0101 G1 

°' 0010 OR 0110 DO 
0 
11 

00110R0111 D1 
10000R 1100 PO 

....i - 1001 OR 1101 P1 
1010 OR 1110 HO 
1011OR1111 H1 

EXTERNAL FACILITIES HAVE 
THE SAME ADDRESSING RESTRIC-
TIONS. 



1. 8 ~XTERNAL DECODES 1 ~NEMONICS 1 AND 2540 Punch Mode 
ADDMSSING (FIGURE 1-4 7) 

AS-Field 
This section summarizes the detailed bit Decode Ext to CPU CPU to Ext 
definitions of external facilities. 0000 
AS-decodes follo~ed by asterisk ( *) can be 0001 
tested with the Branch on Condition or 0010 STPO STPO 
Branch on Mask words. 0011 STP1 STP1 

0100• DYN 
0101* s 

CPU lt-bde 0110* MMSK 
0111* BA 

AS-Field 1000 RPD1 
Decode Ext to CPU CPU to Ext 1001 RPD2 
ocoo SW.l!E 1010 RP2 
0001 S~CD 1011 RP1 
0010 STPO STPO 1100* 
0011 S'IP1 STP1 1101* RS 
0100* DYN SM 1110* RPS 
0101* s 1111* PS PO 
0110* MMSK 
0111* BA JO 
1000 JI 1403 Mode 
1001 XIN'I JA 
1010 TIM AS-Field 
1011 Decode Ext to CPU CPU to Ext 
1100* DR 0000 
1101* 0001 
1110* MC 0010 STPO STPO 
1111* BB MW 0011 STPl STP1 

0100• DYN 
0101* s 

2311 Disk Mode 0110* MMSK 
0111* BA 

AS-Field 1000 
Decgd§ Ext to CPU CPU to Ext 1001 PCCL 
0000 TGRI 1010 PRT 
0001 EBI 1011 PRI PRO 
0010 STPO STPO 1100• 
0011 FOB FEBO 1101• PRC 
0100* DYN 1110* PRS 
0101* DASI 1111* PRD PR 
0110* MMSK 
0111* EA 
1COO CHI !052 (PR!)B) Mode 
1001 CLI MS 
1010 TC AS-Field 
1011 SDI TGRO Decode Ext to CPU CPU to Ext 
1100* FGA 0000 
1101* FFI FFC 0001 
1110* DS FBO 0010 STPO STPO 
1111* FOP FOP 0011 STPl ST Pl 

0100• DYN 
0101* s 
0110* MMSK 
0111* BA 
1000 
1001 
1010 TI 
1011 TR 
1100* 
1101* TD 
1110* TT 
1111• TU TE 
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CO!!!filUCli£a tions ~ode 

AS~Field 
DeSBde Ext to CPU CPU to Ext 
ocoo 
0001 
0010 STPO S'IPO 
0011 STP1 STP1 
0100* DYN 
0101* s CADR 
0110* MMSK 
0111* BA PARCK 
1000 
1001 LADR 
1010 DAIN 
1011 LAIN DAO UT 
1100* IACCN 
1101* LASTAT DILOUT 
1110* DIIIN 
1111* GS TAT LAO UT 

2540, Reader Mode 

AS-Field 
Decode Ext to CPU CPU to Ext 
ocoo 
0001 
0010 STPO STPO 
0011 STPl ST Pl 
0100* DYN 
0101* s 
0110* MMSK 
0111* BA 
1000 RPDl 
1001 RPD2 
1010 RP2 
1011 RP1 
1100* 
1101* RS 
1110* PRS 
1111* PS PO 

Ch~nel Mode 

AS-Field 
Decgde Ext to CPU CPU to Ext 
0000 
0001 
0010 STPO STPO 
0011 STP1 STP1 
0100* DYN 
0101* s 
0110* MMSK 
0111* BA 
1COO 
1001 
1010 
1011 
1100* GS 
1101* GT 
1110* GD 
1111* GB/IN GB/OUT 

Note: The GA and GB external facilities 
cannot be displayed directly, but can be 
displayed in GP, GS, or GT external 
facilities. GB/IN and GB/OUT have the same 
external decode .. 

1-44 (7/69) 

2560 MFCM Mede 

AS-Field 
Decode Ext to CPU CPU to Ext 
0000 MFD3(MFD3)** 
0001 MFD1 MFSS 
0010 MFD4 (STPO) ** 
0011 MFD2( S'IPl) ** MFPU 
0100* DYN 
0101* s ~FHS 

0110* MMSK 
0111* BA ?J.FPRl 
1000 MFR1 
1001 MFD5 ?J.FPR2 
1010 MFR2 
1011 MFD6 MFPR3 
1100* MFS 
1101 MFD7 MFPR4 
1110* MFT 
1111 MFD8 MFPR5 

* These fields may be tested with Branch 
Condition or Branch on Mask control 
words .. 

**Fields in parentheses apply to 2540 
Emulate operation .. 

External Field Definiticns, CPU Mode (EXT 
to CPU) 

Console Address Switch 0 (SWAB) 
MDM 4-35 

0000 0 Switch A bit 0 
1 Switch A bit 1 
2 Switch A bit 2 
3 Switch A bit 3 
4 Switch B bit 0 
5 switch B bit 1 
6 Switch B bit 2 
7 switch B bit 3 

cons ale Address Switch 1 (SWCD) 
MDM 4-35 

0001 0 switch c bit 0 
1 switch c bit 1 
2 switch c bit 2 
3 switch c bit 3 
4 Switch D bit 0 
5 Switch D bit 1 
6 Switch D bit 2 
7 Switch D bit 3 

Storage Protect 0 ( STP 0) 
MDM 4-41 

0010 0 STPO bit 0 (QO) 
1 STPO bit 1 (Ql) 
2 STPO bit 2 (Q2) 
3 STPO bit 3 (Q3) 
4 STPO bit 4 (Q4) 
5 STPO bit 5 (Q5) 
6 STPO bit 6 (Q6) 
7 STPO bit 7 (Q7) 

on 



Storage Protect 1, Manual Only (STP1) 
MDM 4-41 

0011 0 
1 
2 
3 
4 
5 
6 
7 

STPl tit 0 
STP1 bit 1 
STP1 tit 2 
STPl bit 3 
STPl tit 4 
STPl bit 5 
STPl bit 6 
STPl tit 7 

Dynand.. c Ccndition :Register C DYN) 
MDM 4-40 

Z=O (DC Bit 0) 
Storage wrap latch 
OVFL (overflow) CDC Bit 2) 
Adder carry (DC Bit 3) 
Not hold in CDir Ctl feat) 
Check disable switch 

0100 * 0 
1 
2 
3 
4 
5 
6 
7 

DYN Reg bit 6 (HZ=O) (DC Bit 6) 
DYN Reg bit 7 (LZ=O} (DC Bit 7) 

status Register Cs> 
MDM 4-16 

0101* 0 so True/Compl latch 
1 Sl Z=nonzero Call arith ops) 
2 S2 Z=nonzero (log, dee. & binary 

ops) 
3 S3 ALU 0- l:it carry 
4 S4 Invalid decimal digit 
5 S5 (general purpose) 
6 S6 Not execute (MDM 4-40) 
7 S7 Not except ion al condition 

4-40) 

MMSK Register, Bits 0-7 (MMSK) 
MDM 4-15 

0110* 0 
1 
2 
3 
4 
5 
6 
7 

MMSKO Channel high trai: 
MMSK1 2311 disk control trap 
MMSK2 Channel low traF 
M~SK3 2540 reader tra{: 
MMSK4 2540 punch trap 
MMSK5 Comm chnl bit service 
MMSK6 Comm chl char service 
MMSK7 1evel 1 priority held 

Branch Conditicns (BA) 
~DM 4-40 

0111* 0 Chnl 0 interruption latch 
1 Mode bit 0 
2 Mode tit 1 
3 Mode bit 2 
4 IPL latch 
5 LS zone bit 0 
6 IS zcne tit 1 
7 LS zone bit 2 

CMDM 

Direct Control In (JI) ** 
~M 4-41 

1000 0 Dir In bit 0 
1 Dir In bit 1 
2 Dir In bit 2 
3 Dir In bit 3 
4 Dir In bit 4 
5 Dir In bit 5 
6 Dir In bit 6 
7 Dir In bit 7 

External Interruption (XINT) or Dir ctl ** 
MDM 4-41 

1001 0 

1 
2 
3 
4 
5 
6 
7 

Timer interruption <Int Timer 
feature} 

console interruption 
Ext Int or Dir Ctl sig-in, bit 
Ext Int or Dir Ctl sig- in, bit 
Ext Int or Dir Ctl sig-in., bit 
Ext Int or Dir Ctl s ig-in, bit 
Ext Int or Dir Ctl sig-in, bit 
Ext Int or Dir Ctl sig-in, bit 

Timer Count (TIM) ** MOM 4-41 

1010 0 0 
1 0 
2 0 
3 0 
4 Timer count bit 4 
5 Timer count bit 5 
6 Timer count bit 6 
7 Timer count bit 7 

1011 Unassigned 

Diagnostic Register (DR) 
MDM 4-13 

1100* 0 
1 
2 
3 

Disable stop on error 
Force all A-Reg ALU entries on 
Force stor-data parity bits on 
Block actual, gen. pseudo I/O 

trap requests 
0 

2 
3 
4 
5 
6 
7 

4 
5 
6 
7 

Force external entry to A/B-Regs 
PSW Restart Latch 
Turn on diag-branch latch 

1011* Unassigned 

Error Register (MC} 
MDM 4-10 

1110* 0 
2 
3 
4 
5 
6 
7 

File cont~ol check 
Storage address check 
Control word parity latch 
Storage data parity latch 
ALU error lat ch 
A-Reg parity latch 
B-Reg parity latch 
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So~-stop Branch Conditions (BB) 
MDM 4-40 

1111* 0 
1 
2 
3 
4 
5 
6 
7 

Not soft stop 
Integrated I/O request 
Not chnl O Int Crrasked) 
Not Ext Int (masked) 
Set IC latch 
Instruction step latch 
Not chnl 1 Int (masked) 
Not comm chnl Int Crrasked) 

* These eight fields tested with Branch en 
Condition or Branch on Mask control 
words. 

** The active level is minus. 

External Field Definitions, CPU Mode CCFU 
to EXT) 

0000 Unassigned 

0001 Unassigned 

storage Protect O 
MDM 4-41 

0010 0 STPO bit 
1 STPO bit 
2 STPO bit 
3 STPO bit 
4 STPO bit 
5 STPO bit 
6 STPO bit 
7 STPO bit 

Storage Protect 1 
M:CM 4-41 

0011 0 STP1 bit 
1 STPl bit 
2 STPl bit 
3 STP1 b:it 
4 S'IPl tit 
5 STPl bit 
6 E'IPl bit 
7 STPl bit 

System Mask (SM) 
MDM 4-50 

(STPO) 

0 CQO) 
1 ( Ql) 
2 (Q 2) 
3 ( Q3) 
4 (Q 4) 
5 (Q5) 
6 (Q6) 
7 (Q7) 

(STPl) 

0 
1 
2 
3 
4 
5 
6 
7 

0100 0 Chnl 0 rrask 
1 Chnl 1 mask 
2 Chnl 2 rrask 
3 Ignored 
4 Ignored 
5 Ignored 
6 Ignored 
7 Ext Int mask 

0101 Unassigned 

0110 Unassigned 

1-46 (7/69) 

Direct control -1 (JO) 
MDM 4-92 

0111 0 Dir BUS Out bit 0 
1 Dir Bus Out bit 1 
2 Dir Bus Out bit 2 
3 Dir Bus Out bit 3 
4 Dir Bus Out bit 4 
5 Dir Bus Out bit 5 
6 Dir Bus Out bit 6 
7 Dir Bus Out bit 7 

1000 Unassigned 

Direct Central -2, Timing (JA) 
MDM 4-92 

1001 0 0 
1 0 
2 Sig Out bit 2 
3 Sig Out bit 3 
4 Sig Out bit 4 
5 Sig Out bit 5 
6 Sig Out bit 6 
7 Sig out bit 7 

1010 Unassigned 

1011 Unassigned 

1100 Unassigned 

1101 Unassigned 

1110 Unassigned 

MW Bits (2) Of AMWP Bits (MW) 
MDM 4-50 

1111 0 
1 
2 
3 
4 
5 
6 
7 

0 
0 
0 
0 
0 
Machine check mask 
Wait state latch 
0 

External Field Definitions, 2311 Disk Mode 
(EXT to CPU) 

Tag Register In (TGRI) 
MDM 4-46 

0000 0 Set difference 
1 Set Cylinder 
2 Set head 
3 Control 
4 Not 2311 trap latch 
5 Machine check 
6 Storage protect check 
7 Storage wrap check 



File Bus In (FBI) 
MDM 4-46 

0001 0 Cyl a a a rs 128 
1 Cyl add rs 64 
2 Cyl add rs 32 
3 Cyl addrs 16 
4 Cyl add rs 8 
5 Cyl add rs 4 
6 Cyl add rs 2 
7 Cyl add rs 1 

2311 Storage Protect. Key (STPO) 
MDM 4- 41 

0010 0 STPO bit 3 (FQO) 
1 ETPO bit 1 (FQ1) 
2 STPO bit 2 (FQ2) 
3 S'IPO bit 3 (FQ3) 
4 STPO bit 4 (Q 4) 
5 STPO bit 5 (Q5) 
6 STPO bit 6 ( Q6) 
7 STPO bit 7 (Q7) 

File Out Bus CFCB) - Diagnostic 

Set Set 

0011 
Central 
0 Write gate 
1 Read gate 
2 seek start 

Cyl 
128 
64 
32 
16 
8 

Hd/Dir Difference 
Frwd 1 Not 128 

3 Restr hd reg 
4 Erase gate 
5 Sele ct bead 
6 Return 000 
7 Head adv 

4 
2 
1 

x 
x 
x 
Head 
Head 
Head 
Head 

Not 64 
Not 32 
Not 16 

8 Not 8 
4 Not 4 
2 Not 2 
1 Not 1 

Note: Eit 2 can also be Clock 
Thrcugh K and D .. 

Dynamic Ccndition Register (DYN) 
MOM 4-40 

0100* 0 
1 
2 
3 
4 
5 
6 
7 

z=O 
Storage wrap latch 
OVFL Coverf low> 
Adder carry 
Not hold in (Dir Ctl feat) 
Check disable switch 
DYN Reg tit 6 (HZ=O) 
DYN Reg bit 7 (LZ=O) 

Disk Attachment Status In (DASI) 
MDM 4-46 

0101 0 Compare home address 
1 Skip 
2 Selected or any gated attention 
3 Erase gate 
4 Unusual condition 
5 Status modifier not short search 
6 Control unit end 
7 Control unit busy 

MMSK Register,. Bits 0-7 (MMSK) 
lIDM 4-15 

0110* 0 MMSKO Channel high trap 
1 ~MSK1 2311 disk control trap 
2 MMSK2 Channel low trap 
3 MMSK3 2540 reader trap 
4 MMSK4 2540 punch trap 
5 MMSK5 Comm chnl bit service 
6 MMSK6 Comm chnl char service 
7 MMSK7 Level 1 ~riority hold 

Branch Conditions (BA) 
:tfil.M 4-40 

0111* 0 Chnl 0 interruption latch 
1 Mode bit 0 
2 Mode bit 1 
3 Mode bit 2 
4 IPL latch 
5 I.S zone bit 0 
6 LS zone bit 1 
7 I.S zone bit 2 

Counter 1 High in (CHI) - Diagnostic 
MDM 4- 46 

1000 O counter position 32,768 
1 Counter position 16, 384 
2 Counter position 8,192 
3 Counter position 4,096 
4 Counter position 2,048 
5 Counter position 1,024 
6 counter position 512 
7 counter position 256 

Counter 1 Low In CCLI) - Diagnostic 
MDM 4-46 

1001 0 counter position 128 
1 counter position 64 
2 Counter position 32 
3 Counter position 16 
4 counter position 8 
5 counter position 4 
6 counter position 2 
7 counter position 1 

Terminating Conditions (TC) 
MDM 4-46 

1010 0 Data check in count ** 
1 Track overrun ** 
2 No record found ** 
3 Missing address n:ark ** 
4 Data check ** 
5 Overrun ** 
6 Track condition ** 
7 0 
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Serial izer/Deserializer In (SDI) - Diag .. 
MDM 4-46 

1011 0 Read l:uffer position 128 
1 Read buffer position 64 
2 Read tuffer position 32 
3 Read buffer position 16 
4 Read l:uffer position 8 
5 Read buffer position 4 
6 Read tuffer FOSition 2 
7 Read buffer position 1 

File Gated Attention (FGA) 
MDM 4-46 

1100 * 0 
1 
2 
3 
4 
5 
6 
7 

Module 0 *** 
Module 1 *** 
Module 2 *** 
Module 3 *** 
Wrong length record 
Unit Exception ** 
Flag Bit 6 
Selected index hold 

File Flags In (FFI) 
MDM 4- 46 

1101* 0 
1 
2 
3 
4 

5 
6 
7 

Cha in data (CD) 
Command chain (CC) 
cc or CD and not unusual condition 
Status modifier 
Program-controlled interruption 

(PCI) 
Interruption latch 
Interrupt condition 
Suppress length indicator (SLI) 

Disk Status CDS) -- This register is 
multiplexed f cr diagnostic uses (~DM 
4-345) .. 

1110* 0 
1 
2 
3 
4 
5 
6 
7 

Nondiagnostic 
Ready ** 
on line ** 
Unsafe ** 
0 
Trap gate latch ** 
End of cylinder ** 
low compare 
Seek incomplete ** 

Diag Addr 0 
0 Write l:uf fer 128 
1 Write tufter 64 
2 Write buffer 32 
3 ~ite buffer 16 
4 Write l:uf fer 8 
5 Write buffer 4 
6 Write tuf fer 2 
7 Write buffer 1 

1-48 (7/69) 

Diag Addr 1 
0 Test unit exceFtion 
1 Read Op 
2 Erase Op 
3 Scan Op 
4 Space count Op 
5 Home address Op 
6 Home address or RO Op 
7 Count Op 

Diaq Addr 2 
0 Key Op 
1 Data Op 
2 RO Op 
3 Count, key, or data Op 
4 count or key Op 
5 Write check Op 
6 Standard index 
7 Bit ring inhibit 

Diag Addr 3 
0 CYC code position 1 
1 CYC code position 16 
2 CYC code position 17 
3 CYC code error latch 
4 Unequal compare 
5 Bit ring 7 
6 Write clock bit 
7 Write data bit 

Diag Addr 4 
0 Zone A 
1 Zone B 
2 Zone 1 
3 Zone 2 
4 Zcne 3 
5 Zcne 4 
6 HA field 
7 Count field 

Diaq Addr 5 
0 Key field 
1 Data field 
2 Flag bit 0 
3 Flag bit 6 
4 Flag bit 7 
5 counter decode O 
6 counter decode 1 
7 Counter decode 2 

Diag Addr 6 
0 counter decode 3 
1 Counter decode 4 
2 Counter decode 5 
3 counter decode 6 
4 Counter decode 7 
5 Counter decode 8 
6 Counter decode 9 
7 Count = 000 



Fi le Op Register (FOP) 
MDM 4-46 

1111• 0 Search high 
1 f<l'.ul tiple/trac k 
2 search high or equal 
3 count 
4 :Key 
5 Data 
6 Read 
7 Write 

* These eight fields tested with Branch 
on Condition or Branch on Mask cont rel 
words. 

** Any of these bits turn on DASI bit 4. 

*** Any of these bits turn on DASI bit 2. 

External Field Definitions, 2311 Disk Mode 
<cro to EXT) 

0000 Unassigned 

0001 Unassigned 

2311 Storage Protect (key (STPO) 

0010 0 S'IPO bit 3 (FQO) 
1 STPO bit 1 (FQ1} 

2 S'IPO bit 2 (FQ2) 
3 STPO bit 3 (FQ3) 
4 STPO bit 4 
5 STPO bit 5 
6 STPO bit 6 
7 STPO bit 1 

File 1400 Emulator Bus cut (FEBO) 

0011 0 FEBC bit 0 
1 FEBC bit 1 
2 FEBO bit 2 
3 FEBC bit 3 
4 FEBC bit 4 
5 FEBO bit 5 
6 FEBO bit 6 
7 FEEO bit 7 

0100 unassigned 

0101 Unassigned 

0110 Unassigned 

0111 Unassigned 

1000 Unassigned 

Module Select Register 

1001 0 Module select 
1 Module select 
2 Module select 
3 Module select 
4 0 
5 0 
6 0 
7 0 

1010 Unassigned 

Tag Register Out (TGRO) 
?IDM 4-349 

1011 0 Set difference 
1 set cylinder 

CMS) 

0 
1 
2 
3 

2 set head and direction 
3 Control 
4 0 
5 0 
6 Trap gate 
7 Control single shot 

1100 Unassigned 

File Flags Out (FFO) 

1101 0 Chain data (CD) 
1 Command chain CCC) 
2 Suppress length indicator (SLI) 
3 Skip 
4 Program-controlled int (PCI) 
5 0 
6 0 
7 0 

File Bus Out (FBO) 
?ID~ 4-349 

Set 
Control Cyl Hd/Dir 

1110 0 Write gate 128 Frwd 1 
1 Read gate 64 

**2 Seek start 32 
3 Rstr hd reg 16 
4 Erase gate 8 
5 Select head 4 

**6 Return 000 2 
••7 Head adv 1 

i\'* Timed Operations 

File Op Register (FOP) 

1111 0 Multiple/track 
1 Search high 
2 search equal 
3 count 
4 Key 
5 r:ata 
6 Read 
7 Write 

x 
x 
x 
Head 8 
Head 4 
Head 2 
Head 1 

Set 
Difference 
Not 128 
Not 64 
Not 32 
Not 16 
Not 8 
Not 4 
Not 2 
Not 1 
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Ext§rnal Field Definitions, 2540 Punch Mode 
(EX'l: t.9 CPU) 

0000 

0001 

Unass-igned 

Unassigned 

Storage Protect O 
MDM 4-41 

0010 0 STPO ~it 
1 S'IPO bit 
2 STPO bit 
3 STPO bit 
4 STPO bit 
5 STPO bit 
6 STPQ bit 
7 STPO bit 

Storage Protect 1 
MDM 4-41 

0011 0 STP1 bit 
1 S'IP1 bit 
2 STP1 bit 
3 STP1 bit 
4 STP1 bit 
5 STP1 bit 
6 STP1 bit 
7 STP1 bit 

(STPO) 

0 (QO) 
1 (Ql) 
2 (Q2) 
3 (Q3) 
4 (Q4) 
5 (QS) 
6 (Q6) 
7 (Q7) 

(STP1) 

0 
1 
2 
3 
4 
5 
6 
7 

Dynamic Ccndition Register (DYN) 
MOM 4-40 

X=O 
Storage wrap latch 
OVFL Coverf low> 
Adder cari:y 

0100• 0 
1 
2 
3 
4 
5 
6 
7 

Not hold in (Dir Ctl feat) 
Check disable switch 
DYN Reg l:it 6 ( HZQ=O) 
dyn Reg bit 7 (LZ=O) 

Status Register (S) 
MDM 4-16 

0101• 0 so True/Comp! latch 
1 Sl Z=ncnzero Call arith 
2 S2 Z=nonzero Clog, dee. 
3 S3 ALU 0-bit carry 

ops> 
& bin 

4 S4 Invalid decimal digit 
5 SS (general purpose) 
6 S6 Not execute 
7 S7 Not exceptional condition 

1-50 ( 7 /69) 

ops) 

MMSK Register, Bi ts 0- 7 ( MMSK) 
MDM 4-15 

0110* 0 
1 
2 
3 
4 
5 
6 
7 

MMSKO Channel high trap 
MMSKl 2311 disk control trap 
MMSK2 Channel lcw trap 
MMSK3 2540 reader trap 
MMSK4 2540 punch trap 
MMSKS Comm chnl bit service 
MMSK6 Comm chnl char service 
MMSK7 Level 1 priority hold 

Branch Conditions (BA) 
ll.DM 4-40 

0111* 0 Chnl 0 interruption latch 
1 Mode bit 0 
2 Mode bit 1 
3 Mode bit 2 
4 IPL latch 
5 LS zone bit 0 
6 LS zone bit 1 
7 LS zone bit 2 

Diagnostic R/P Conditions 1 (RPD1) 
MDM 4-43 

1000 0 R/P tens AR A 
1 R/P tens AR B 
2 R/P tens AR C 
3 R/P tens AR D 
4 R/P tens AR E 
5 Punch address check 
6 Punch overrun latch 
7 Punch sync check latch 

Diagnostic R/P Conditions 2 CRPD2) 
MDM 4-43 

1001 0 R/P units AR A 
1 R/P units AR B 
2 R/P units AR c 
3 R/P units AR D 
4 R/P units AR E 
5 Reader address check 
6 Reader overrun latch 
7 Reader sync check latch 

Reader/Punch Data In 2 (RP2) 
MOM 4-110 

1010 0 Col 1 RD2 punch check, data 
1 Col 2 RD2 punch check, data 
2 Col 3 RD2 punch check, data 
3 Col 4 RD2 punch check, data 
4 Col 5 RD2 punch check, data 
5 Col 6 RD2 punch check, data 
6 col 7 RD2 punch check, data 
7 Col 8 RD2 punch check, data 

in 
in 
in 
in 
in 
in 
in 
in 



Reader /Punch Data In 1 (RP1) 
MDM 4-110 

1011 0 Ccl 1 RD1 PFR data in 
1 Col 2 RD1 PFR data in 
2 Col 3 RD1 PFR data in 
3 Col 4 RDl PFR data in 
4 Col 5 RD1 PFR data in 
5 Col 6 RD1 PFR data in 
6 Col 7 RDl PFR data in 
7 Col 8 RDl PFR data in 

1100 * Unassigned 

Reader Branch Ccnditicns (RS) 
MI::M 4- 43 

1101* 0 
1 
2 
3 
4 
5 
6 
7 

Not gate read complete 2540 
Not rdr intervention Crdr ready) 
Unit exception gate reader 
Reader check 
Reader validity check 
Reader device-end ChardtNare) 
Reader status request 
Not 1400 unit exception 

Reader/Punch Branch Conditions (RPS) 
MDM 4-43 

1110* 0 Reader punch on-line 
1 2540 rdr trap req (data avail, 

CSL) 
2 Net 1400 time cut 
3 2540 Pch Trap Req/Diag Stacker 
4 Punch brush CI. 
5 Punch decode 
6 Reader se lee t latch 
7 Punch select latch 

Punch Branch Ccnditions CPS) 
MDM 4-43 

1111* 0 
1 
2 
3 
4 
5 
6 
7 

Not punch intervention Cpch ready) 
Not 4-bit mod pull-on 
PFR unit exception gate 
Punch equipment check 
Punch PFR validity 
Punch device-end (hardware) 
Punch status request 
0 

* These eight fields tested with Branch on 
Condition or Branch on Mask centre! 
words. 

External Field .. Definitions, 2540 Punch Mode 
(CPU to EXT) 

0000 Unassigned 

0000 Unassigned 

Storage Protect.0 (STPO) 

0010 0 STPO bit 3 CQO) 
1 STPO bit 1 (Ql) 
2 STPO bit 2 (Q2) 
3 STPO bit 3 (Q3) 
4 STPO bit 4 (Q4) 
5 STPO bit 5 (Q5) 
6 STPO bit 6 (Q6) 
7 STPO bit 7 (Q7) 

Storage Protect 1 (STPl) 

0011 0 STP1 bit 0 
1 STP1 Ht 1 
2 STPl bit 2 
3 STP1 bit 3 
4 STP1 hit 4 
5 STP1 bit 5 
6 STP1 bit 6 
7 STP1 bit 7 

0100 Unassigned 

0101 Unassigned 

0110 Unassigned 

0111 Unassigned 

1000 Unassigned 

1001 Unassigned 

1010 Unassigned 

1011 Unassigned 

1100 Unassigned 

1101 Unassigned 

1110 Unassigned 

Punch Data Out CPO) 

1111 0 Pch data cols 1. 9, 17, etc. 
1 Pch data cols 2, 10, 18, etc. 
2 Pch data cols 3, 11, 19, etc. 
3 Pch data cols 4, 12,, 20, etc. 
4 Pch data cols 5, 13, 21, etc. 
5 Pch data cols 6., 14,, 22, etc. 
6 Pch data cols 7,, 15, 23, etc. 
7 Pch data cols 8, 16, 24, etc. 
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External Field Definitions, 1403 ~ode (EXT 
to CPQ) 

0000 Unassigned 
0001 Unassigned 

Storage Protect 0 (S'IPO) 
~DM 4-41 

0010 0 S'IPO tit 0 CQO) 
1 STPO bit 1 (Ql) 
2 STPO tit 2 (Q2) 
3 STPO tit 3 (Q3) 
4 STPO bit 4 (Q4) 
5 STPO tit 5 (QS) 
6 STPO bit 6 (Q6) 
7 STPO tit 7 < C7> 

Storage Protect 1 (STPl) 
MDM 4-41 

0011 0 STPl tit 0 
1 STPl bit 1 
2 STPl l::it 2 
3 STP1 bit 3 
4 S'IPl tit 4 
5 STPl bit 5 
6 S'IP1 bit 6 
7 STP1 tit 7 

Dynamic Ccnditicn Register (DYN) 
MDM 4-40 

0100• 0 
1 
2 
3 
4 
5 
6 
7 

X=O 
Storage wrap latch 
OVFL (overflow> 
Adder carry 
Net hold in (Dir Ctl feat) 
Check disable switch 
DYN Reg tit 6 (HZ=O) 
DYN Reg bit 7 (LZ=O) 

status Register < s > 
MOM 4-16 

0101* 0 so True/Compl latch 
1 Sl Z=nonzero (all arith ops) 
2 S2 Z=nonzero (log. dee. & 

ops> 
3 S3 ALU 0-l::it carry 
4 S4 Invalid decimal digit 
5 SS (general purpose) 
6 S6 Not execute 
7 S7 exceptional condition 

1-52 (7/69) 

bin 

MMSK Register. Bits 0-7 (MMSK) 
MDM 4-15 

0110* 0 MMSKO Channel high trap 
1 MMSKl 2311 disk control trap 
2 ~MSK2 Channel lcw trap 
3 MMSK3 2540 reader trap 
4 MMSK4 2540 punch trap 
5 MMSK5 Comm chan tit service 
6 MMSK6 Corrm chan char service 
7 MMSK7 Level 1 priority hold 

Branch Conditions (BA) 
MDM 4-40 

0111* 0 Chnl O interruption latch 
1 Mode bit 0 
2 Mode l:it 1 
3 Mode bit 2 
4 IPL latch 
5 LS zone tit 0 
6 LS zone bit 1 
7 LS zone tit 2 

1000 Unassigned 

1001 Unassigned 

1403 PLBAR Data In (PRT) 
MOM 4-207 

1010 0 PLBAR 128 
1 PL BAR 64 
2 PLBAR 32 
3 PL BAR 16 
4 PL BAR 8 
5 PLBAR 4 
6 PL BAR 2 
7 PLBAR 1 

14 03 PIB Data In (PRI) 
MDM 4-208 

1011 0 PLB 128 
1 PLB 64 
2 PlB 32 
3 PLB 16 
4 PLB 8 
5 PLB 4 
6 PLB 2 
7 PLB 1 

1100• Unassigned 

1101* unassigned 



sense/Status Conditions (PRS) 
MDM 4-44 

1110 * 0 
1 
2 
3 
4 
5 
6 
7 

Device-end 
Print ready 
Channel 9 
Channel 12 
Initial ready 
Hammer check 
Parity check 
Print request 

1403 Diagnostic Conditions (PRD) 1 

MDM 4-202 
1111* Diagnostic Decode 1 

0 PCC TR 128 
1 FCC TR 64 
2 PCC TR 32 
3 PCC TR 16 
4 PCC TR 8 
5 PCC TR 4 
6 FCC TR 2 
7 PCC TR 1 

Diagnostic Decode 2 
0 Print Central 
1 Print Scan 
2 PSS Gate 
3 Home Gate 
4 SS3 'IR 
5 Print Comi;:are 
6 I.ast Scan 
7 Sync Check Latch 

Diagnostic Decode 3 
0 Carriage Busy 
1 Space Drive 
2 Skip Drive 
3 Carriage Settling 
4 carriage Brush Reg 8 
5 Carriage Brush Reg 4 
6 carriage Brush Reg 2 
7 carriage Brush Reg 1 

Diagnostic Decode 4 
0 PLC 
1 PI.B Cl 
2 PLB C2 
3 PI.B C3 
4 MCS Mode 
5 Addr Ed Off 
6 El Emitter 
7 Channel 1 Latch 

* These eight fields tested with Branch on 
Condition or Branch on ~ask control 
words. 

External Field Def in it ions., 1403 Mode (CPU 
tc E:X'li> 

0000 Unassigned 

0001 Unassigned 

Storage Protect 0 (STPO) 

0010 0 STPO bit 0 (QO) 
1 STPO bit 1 (Q1) 
2 STPO bit 2 (Q2) 
3 STPO bit 3 (Q3) 
4 STPO bit 4 (Q4) 
5 STPO l:it 5 (Q5) 
6 STPO bit 6 (Q6) 
7 STPO J:it 7 (Q7) 

Storage Protect 1 < STP1) 

0011 0 STPl bit 
1 STPl bit 
2 ST Pl J:it 
3 STPl bl.t 
4 STPl bit 
5 STPl bit 
6 STPl bit 
7 STPl bit 

0100 Unassigned 

0101 Unassigned 

0110 Unassigned 

0111 Unassigned 

1000 Unassigned 

0 
1 
2 
3 
4 
5 
6 
7 

Print Character Counter Length (PCCL) 

1001 0 Spare 
1 Spare 
2 PCCL 120 
3 PCCL 80 
4 PCCL 60 
5 PCCL 48 
6 PCCL 40 
7 PCCL 16 

Note: If 00, 40, or 80 is specified by 
the PCCL=AS Move/Arithnetic word, a 
graphic-set length of 240 is set. A count 
of 48 applies to all printers without MCS. 

1010 Unassigned 

1403 PLB Data out (PRO) 

1011 0 PLB data out 128 
1 PLE data out 64 
2 PLB data out 32 
3 PLB data out 16 
4 PLB data out 8 
5 PLB data out 4 
6 PLB data out 2 
7 PLB data out 1 

1100 Unassigned 
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1403 Carriage Data Out (PRC) 

1101 0 Skii;: 
1 Carriage control 8 
2 Carriage control 4 
3 Carriage control 2 
4 Carriage control 1 
5 0 
6 Set carr-busy if 6-7 beth 
7 set carr-tusy if 6-7 both 

1110 Unassigned 

1403 PLEAR Data out CPR) 

1111 0 PLB AR data out 128 
1 PLB AR data out 64 
2 PI.B AR data out 32 
3 PLB AR data out 16 
4 PI.B AR data out 8 
5 PLB AR data out 4 
6 PLB AR data out 2 
7 PLB AR data out 1 

Ext~n.s:!l Field Definitions, Console 
Prin-ter-Ke~board Mode (EXT to CPU) 

ocoo Unassigned 

0001 Unassigned 

Storage Protect 0 (S'IPO) 
MOM 4-41 

0010 0 STPO bit 0 (QO) 
1 STPO bit 1 (Ql) 
2 STPO bit 2 (Q2) 
3 STPO bit 3 (Q 3) 
4 STPO bit 4 (Q4) 
5 STPO bit 5 ( Q5) 
6 STPO bit 6 (Q6) 
7 S'IPO bit 7 (Q7) 

Storage Protect 1 (STPl) 
MDM 4-41 

0011 0 STPl bit 0 
1 STPl bit 1 
2 STPl bit 2 
3 STPl bit 3 
4 S'IP1 bit 4 
5 STPl bit 5 
6 S'IPl bit 6 
7 S'IPl bit 7 

1-54 (7/69) 

en 
on 

Dynamic Condi ti on Register CDYN) 
~DM 4-40 

0100• 0 
1 
2 
3 
4 
5 
6 
7 

Z=O 
Storage wrap latch 
CVFL (overflow) 
Adder carry 
Not hold in (Dir ctl Feat) 
check disable switch 
DYN Reg bit 6 CHZ=O) 
DYN Reg tit 7 (LZ=O) 

Status Register ( S) 
MOM 4-16 

0101* 0 
1 
2 
3 
4 
5 
6 
1 

so True/compl latch 
Sl Z=nonzero (all arith ops) 
S2 Z=nonzero Clog, dee, & bin ops) 
S3 ALU 0-bit carry 
S4 Invalid decirral digit 
SS (general puri;:ose) 
S6 Not execute 
S7 Not exceptional condition 

MMSK Register, Bits 0-7 (MMSK) 
MDM 4-15 

0110* 0 
1 
2 
3 
4 
5 
6 
7 

~~BKO Channel high trap 
~MSKl 2311 disk control trap 
MMSK2 Channel low trap 
z..'.MSK3 2540 reader trap 
MMSK4 2540 punch trap 
MMSKS Corm: chnl bit service 
z..'.MSK6 Comm chnl char service 
MMSK7 Level 1 ~ricrity hold 

Branch Conditions (BA) 
MDM 4-40 

0111* 0 Chnl 0 interruption 
1 Mode bit 0 
2 Mode bit 1 
3 Mode bit 2 
4 IPL latch 
5 LS zone 0 
6 LS zone 1 
7 LS zcne 2 

1000 Unassigned 

1001 Unassigned 

10 52 Data In CTI) 
MOM 4-73 

latch 

1010 0 Uppercase store latch Cbits 0-1) 
1 Uppercase store latch Cbits 0-1) 
2 KB bit B 
3 KB bit A 
4 KB bit 8 
5 KB Ht 4 
6 KB bit 2 
7 KB bit 1 
P KB bit C 



1052 Tilt/Rotate Register CTR) 
MDM 4-74 

1011 0 Tilt bit 1 
1 Tilt bit 2 
2 Rotate bit 5 
3 Rotate bit 2A 
4 Rotate bit 2 
5 Rotate bit 1 
6 Cppercase character 
7 Function cycle 

1100* Unassigned 

PRKB Diagnostic Branch Conditions (TD) 
MOM 4-75 

1101* 0 
1 
2 
3 
4 
5 
6 
7 

0 
0 
Read/write share latch 
New line latch 
Key switch (On), CE mode 
Shift cycle latch 
Lowercase decode 
Uppercase decode 

PRKB Branch Conditions (TT) 
MDM 4-71 

1110* 0 
1 
2 
3 
4 
5 
6 
7 

Attn Request key 
Not-ready to ready 
Intervention required 
Alter/display 
Keyboard check 
Alternate coding key 
PRK B request 
Logout latch 

PRl<B Branch Conditions (TU) 
MDM 4-71 

1111* 0 
1 
2 
3 
4 
5 
6 
7 

Read latch 
Write latch 
~icroforce (Int Stkd) 
Alter/disi;lay active 
Cycle interlock latch 
Data ready latch 
Initialize printer 
Printer l:usy 

* These eight fields tested with Branch on 
condition or Branch on Mask control 
words. 

Exterpal Field Definitions, Console 
Print~r-Keytoard Mode (CPU TO EXT) 

OCOO Unassigned 

0001 Unassigned 

Storage Protect O (STP 0) 

0010 0 STPO bit 0 CQO) 
1 STPO bit 1 (Ql) 
2 STPO bit 2 (Q2) 
3 STPO bit 3 (Q3) 
4 STPO bit 4 (Q4) 
5 STPO bit 5 (Q5) 
6 STPO bit 6 (Q6) 
7 STPO bit 7 (Q7) 

Storage Protect 1 (ST Pl) 

0011 0 ST Pl bit 0 
1 STP1 bit 1 
2 STPl bit 2 
3 ST Pl bit 3 
4 STPl bit 4 
5 ST Pl bit 5 
6 STPl bit 6 
7 STPl bit 7 

0100 Unassigned 

0101 Unassigned 

0110 Unassigned 

0111 Unassigned 

1000 Unassigned 

1001 Unassigned 

1010 Unassigned 

1011 Unassigned 

1100 Unassigned 

1101 Unassigned 

1110 Unassigned 

PRKB Data out ('IE) 

1111 0 TE bit 0 
1 'IE bit 1 
2 TE bit 2 
3 TE bit 3 
4 TE bit 4 
5 'IE bit 5 
6 TE bit 6 
7 'IE l::it 1 

External Field Definiticns, Communication 
Mode (EXT '10 CPU) 

0000 Unassigned 

0001 Unassigned 
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stora9e Protect O (STPO) 
MOM 4- 90 

0010 0 STPO bit 0 (HQO) 
1 STPO bit 1 (HQl) 
2 STPO bit 2 (HQ2) 
3 STPO bit 3 (HQ3) 
-4 STPO bit 4 (Q4) 
5 STPO bit 5 (QS) 
6 STPO bit 6 (Q6) 
7 STPO bit 7 (Q7) 

Stora9e 1 (STP1) 
MOM 4-41 

0011 0 ST.Pl hit 0 
1 STPl hit 1 
2 STP1 bit 2 
3 STP1 hit 3 
4 STP1 bit 4 
5 STP1 bit 5 
6 STP1 bit 6 
7 ST Pl bit 7 

Dynamic Condition Register (DYN) 
MDM 4-40 

0100* 0 
1 
2 
3 
4 
5 
6 
7 

Z=O 
Storage wrap latch 
CVF1 (overflow> 
Adder carry 
Not bold in (Dir Ctl Feat) 
Check disable switch 
DYN reg bit 6 (HZ=O) 
DYN Reg tit 7 ( LZ=O) 

Status Register (S) 
MDM 4-16 

0101* 0 
1 
2 
3 
4 
5 
6 
7 

SO True/comp! latch 
Sl Z=nonzero (a 11 ari th ci;:s> 
S2 Z=nonz era (log., dee, & bin ops> 
S3 ALU 0-bit carry 
S4 Invalid decimal digit 
SS (general purpose) 
S6 Not execute 
S7 Not exceptional ccnditicn 

MMSK Register, Bits 0-7 (MMSK) 
MOM 4-15 

0110• 0 
1 
2 
3 
4 
5 
6 
7 

~MSKO Channel high traF 
MMSK1 2311 disk control trap 
~MSK2 Channel low traF 
MMSK3 2540 reader trap 
~MSK4 2540 punch trap 
~MSKS Comm chnl bit serv 
MMSK6 Comm chnl char serv 
MMSK7 level 1 priority hold 

1-56 ( 7/69) 

Branch Conditions (BA) 
MDM 4-40 

0111* 0 Chnl 0 interruption latch 
1 Mode bit 0 
2 Mode hit 1 
3 Mode bit 2 
4 IPL latch 
5 LS zone bit 0 
6 LS zone bit 1 
7 LS zone bit 2 

1000 Unassigned 

1001 Unassigned 

Data In (DAIN) 
MOM 4-47 

1010 0 Sync data in bit 0 
1 Sync data in bit 1 
2 Sync data in bit 2 
3 Sync data in bit 3 
4 Sync data in bit 4 
5 Sync data in bit 5 
6 Sync data in bit 6 
7 Sync data in bit 7 

Line Address In CLAIN) 
MDM 4-47 

1011 0 Comm line address in bit 0 
1 Comm line address in bit 1 
2 Comm line address in bit 2 
3 Comm line address in bit 3 
4 Comm line address in bit 4 
5 0 
6 0 
7 0 

Line Adapter Conditions (LACON) 
mM 4-47 

1100* 0 
1 
2 
3 
4 
5 
6 
7 

Sync 
IA Enable lat ch 
Sync Clock Ind. 
Even/odd parity 
Leased/switched 
Interface A/B 
Test Mode latch 
Transmit latch 
Req to send lat 

Start/Stop 
LA Enable latch 

Even/ odd parity 
L'S'D/SW'D NETWORK 
Bit overflow 
Recv bit buffer 



Line Adapter Status (LASTAT) 
MOM 4- 47 

1101* 0 
1 
2 
3 
4 
5 

6 

7 

Sync 
Clr to send off 
Data set rdy on 
Sync Char trap 
Char overflow 
Char phase 
1-sec timeout 
trap 

3-sec timeout 
trap 

Sync chain trap 

Start/StOF 
Clear to send off 
Data set ready on 
TC type II/I 
Type TTY/IEM 
'Iransrri t latch 
Transmit line 
trigger Cmrk/sp) 

Line quiet; recv 
line (mark/space) 

Telegr line ad:Ftr 

Dial In (DILIN) 
MOM 4-47 

1110* 0 
1 
2 
3 
4 

5 
6 
7 

Not P~r Indicator en (PwI) 
Not Al:andon Call and Retry (ACR) 
Not Present Next Digit (PND) 
Not Digit Present (DPR) 
Not call Reqst (CRQ) ; er Net Diag 

NBRB ( if DPR on) 
Not Dia 1 NBR 4 ( diag) 
Not Diag NBR2 (diag) 
Valid address; dial NBRl (if DPR 

on) 

General Status (GS'IA'Il 
MOM 4-47 

1111* 0 
1 
2 
3 
4 
5 
6 
7 

Sync trap 
Start/stop chain trap 
Start/stop Data set ready trap 
Dial trap 
Start/stop char trap 
'Iiroecut update trap 

Timeout remettter 

* 'Ibese eight fields tested with Branch on 
Condition or Branch on Mask ccntrcl 
words. 

External Field Definitions, Communication 
ModEt (,CPU TO EXT) 

OCOO Unassigned 

0001 Unassigned 

Storage Prctect 0 

0010 0 ~'!PO bit 
1 STPO l:it 
2 S'IPO bit 
3 STPO tit 
4 STPO bit 
5 STPO tit 
6 STPO bit 
7 S'IPO l:it 

(STPO) 

0 CQO) 
1 (Ql) 
2 (Q2) 
3 (Q3) 
4 (Q4) 
5 ( Q5) 
6 (Q6) 
7 (Q7) 

storage Protect 1 (STP1) 

0011 0 STPl bit 0 (QO) 
1 ST Pl bit 1 (Ql) 
2 STP1 bit 2 (Q2) 
3 STPl bit 3 (Q3) 
4 STPl bit 4 (Q4) 
5 STPl bit 5 (Q5) 
6 STPl bit 6 (Q6) 
7 STPl l::it 7 (Q7) 

0100 Unassigned 

Communications Adptr Diag Register (CADR) 

0101 0 Bit trap check 
1 General trap 
2 First priority-check trap 
3 
4 
5 
6 
7 

0110 Unassigned 

comrrunicaticns Parity Check (PARCIO 

0111 0 Data l::it 0 
1 Data bit 1 
2 Data bit 2 
3 Data tit 3 
4 Data bit 4 
5 Data bit 5 
6 Data bit 6 
7 Data bit 7 

1000 Unassigned 

Line Adapter Diag Register <IADR) 

Sync Start/StOQ 
1001 0 Sync Diag ctls Adpt Grp Test Ocs 

1 Gate A-Reg DAIN Adpt Grp Test Ocs 
2 Gate B-Re\DAIN 
3 Gate 'IRCR o DAIN 
4 Gate Diag Stat-DAIN 
5 Recv data rr.ark diag 
6 select diag cleck 
7 Diag clock 

1010 Unassigned 

Data Out ( DAOU'I) 

1011 0 Cata out bit 0 (sync> 
1 Data out bit 1 (sync> 
2 Data out bit 2 <sync) 
3 Data out bit 3 <sync) 
4 Data out bit 4 C sync> 
5 Data out bit 5 (sync) 
6 Data out bit 6 (sync) 
7 Data out bit 7 (sync) 
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1100 Unassigned 

Dial out (DILOUT) 

1101 0 Diag 1 
1 Diag 2 
2 Direct pres ept (DPR) 
3 Call request (CRQ) 
4 Dial digit NBR8 
5 Dial digit NBR4 
6 Dial digit NBR2 
7 Dial digit NBR1 

1110 Unassigned 

Line Address out CLAOUT) 

1111 0 LAOUT tit 0 
1 I.AOUT bit 1 
2 IAOUT tit 2 
3 LAOUT bit 3 
4 IACU'I tit 4 
5 
6 
7 

External Field Definitions, 2540 Reader 
Mode (,EXT TO CPU) 

0000 Unassigned 

0001 Unassigned 

Storage Protect 0 

0010 0 STPO bit 
1 STPO bit 
2 STPO bit 
3 STPO bit 
4 STPO bit 
5 STPO bit 
6 STPO bit 
7 STPO bit 

Stora9e Protect 1 

0011 0 STP1 bit 
1 STP1 bit 
2 STP1 bit 
3 STP1 bit 
4 STP1 bit 
5 STP1 bit 
6 STP1 bit 
7 STP1 bit 

1-58 (7/69) 

(S'IPO) 

0 (QO) 
1 (Ql) 
2 (Q2) 
3 (Q3) 
4 (Q4) 
5 (Q5) 
6 (Q6) 
7 (Q7) 

(STP1) 

0 
1 
2 
3 
4 
5 
6 
7 

Dynamic Condition Register CDYN) 

0100* 0 
1 
2 
3 
4 
5 
6 
7 

Z=O 
Storage wrap latch 
CVFL (overflow> 
Adder carry 
Not hold in (Dir ctl Feat) 
Check disable switch 
DYN Reg bit 6 CHZ=O) 
DYN Reg bit 7 (LZ=O) 

Status Register (S > 

0101* 0 
1 
2 
3 
4 
5 
6 
7 

SO True/comp! latch 
Sl Z=nonzero (all arith ops>' 
S2 Z=nonzero Clog, dee, & bin ops) 
S3 ALU 0-bit carry 
S4 Invalid decirr-al digit 
SS (general purpose> 
S6 Not execute 
S7 Not exceptional condition 

~MSK Register. Bits 0-7 (MMSK) 

0110* 0 
1 
2 
3 
4 
5 
6 
7 

MMSKO Channel high trap 
MMSK1 2311 disk control trap 
MMSK2 Channel low trap 
MMSK3 2540 reader trap 
M~SK4 2540 punch trap 
MMSK5 Comr: chnl bit service 
MMSK6 Comm chnl char service 
M~SK7 Level 1 priority hold 

Branch Conditions (BA) 

0111* 0 Chnl 0 interruption latch 
1 Mode bit 0 
2 Mode bit 1 
3 Mode bit 2 
4 IPL latch 
5 LS zone bit 0 
6 IS zone tit 1 
7 LS zone bit 2 

Diagnostic R/P Conditions 1 (RPD1) 
MOM 4-43 

1000 0 R/P tens AR A 
1 R/P tens AR B 
2 R/P tens AR C 
3 R/P tens AR D 
4 R/P tens AR E 
5 Punch address check 
6 Punch overrun latch 
7 Punch sync check latch 



Diagnostic R/P Conditions 2 CRPD 2) 
MOM 4-43 

1001 0 RIP units AR A 
1 RIP units AR B 
2 R/P units AR c 
3 RIP units AR D 
4 RIP units AR E 
5 Reader address check 
6 Reader overrun latch 
7 Reader sync check latch 

Reader /Punch Data in 2 (RP2) 
M:CM 4-110 

1010 0 Col 1 RD2 punch check 
1 Col 2 RD2 punch check 
2 Ccl 3 RD2 punch check 
3 Col 4 RD2 punch check 
4 Col 5 RD2 punch check 
5 Col 6 RD2 punch check 
6 Col 7 RD2 punch check 
7 Col 8 RD2 punch check 

Reader /Punch Data In 1 (RPl) 
MOM 4-110 

1011 0 Col 1 RDl PFR dat in 
1 Col 2 RDl PFR data in 
2 Col 3 RDl PFR data in 
3 Col 4 RD1 PFR data in 
4 Col 5 RDl PFR data in 
5 Col 6 RD1 PFR data in 
6 Col 7 RDl PFR data in 
7 Col 8 RDl PFR data in 

1100* Unassigned 

Reader Branch Ccnditicns (RS) 
MDM 4-43 

data 
data 
data 
data 
data 
data 
data 
data 

in 
in 
in 
in 
in 
in 
in 
in 

1101* 0 Not gate read complete 2540 
1 Not reader interventicn (rdr 

ready) 
2 Unit exception gate reader 
3 Reader check 
4 Reader validity check 
5 Reader device end (hardware) 
6 Reader status request 
7 Not 1400 unit exception 

Reader/Punch Branch Conditions (RPS) 
MDM 4- 43 

1110* 0 Reader punch on-line 
1 2540 rdr trap req (data avail, 

CSL) 
2 Not 1400 timeout 
3 0 
4 Punch brush CL 
5 Punch decode 
6 Reader select latch 
7 Punch select latch 

Punch Branch Conditicns CPS) 
MDM 4- 43 

1111* 0 
1 
2 
3 
4 
5 
6 
7 

Not pch intervention Cpch ready) 
Not 4-bit mod pull-on 
PFR unit exception gate 
Punch equiprrent check 
Punch PFR validity 
Punch device end (hardware) 
Punch status request 
0 

* These eight fields tested with Branch on 
Condition or Branch on Mask control 
words. 

External Field Definitions, 2540 Reader 
Mode ( CPU 'IQ EXT) 

0000 Unassigned 

0001 Unassigned 

Storage Protect 0 

0010 0 STPO bit 
1 STPO bit 
2 STPO bit 
3 STPO bit 
4 STPO bit 
5 STPO bit 
6 STPO bit 
7 STPO bit 

Storage Protect 1 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

0 STPl bit 
1 STP1 bit 
2 STPl bit 
3 STP1 bit 
4 STPl bit 
5 STPl bit 
6 STP1 bit 
7 STPl bit 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

Unassigned 

( STPO) 

0 (Q 0) 
1 (Ql) 
2 (Q2) 
3 (Q3) 
4 (Q4) 
5 (Q5) 
6 (Q6) 
7 (Q7) 

(STPl) 

0 
1 
2 
3 
4 
5 
6 
7 
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1110 Unassigned 

Punch Data out (PO) 

1111 0 PO l:it 0 
1 PO bit 1 
2 PO l::it 2 
3 PO bit 3 
4 PO l:it 4 
5 PO bit 5 
6 PO bit 6 
7 PO bit 7 

Exter!l:al Field Definitions, Channel Mode 
(EXT- TO CPU) 

0000 Unassigned 

0001 Unassigned 

Stcrage Protect 0 (STFO) 
MDM 4-90 

0010 0 STPO bit 0 (GQO) 
1 STPO bit 1 (GQl) 
2 STPO bit 2 (GQ2) 
3 STPO bit 3 (GQ3) 
4 STPO bit 4 (Q4) 
5 STPO bit 5 (Q5) 
6 STPO bit 6 (Q6) 
7 STPO bit 7 (Q7) 

Storage Protect 1 (S'!Pl) 
MDM 4- 41 

0011 0 STP1 bit 0 
1 STPl bit 1 
2 STP1 bit 2 
3 S'IP1 bit 3 
4 STPl bit 4 
5 S'IPl bit 5 
6 STP1 bit 6 
7 STPl bit 7 

Dynamic Condition Register (DYN) 
l'nM 4-40 

0100* 0 
1 
2 
3 
4 
5 
6 
7 

z=O 
storage wrap latch 
CVFL <overflow> 
Adder carry 
Not hold in (Dir Ctl Feat) 
Check disable switch 
DYN Req bit 6 (HZ=O) 
DYN Req tit 7 (LZ=O) 
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Status Register (S) 
MDM 4-16 

0101* 0 
1 
2 
3 
4 
5 
6 
7 

so True/compl latch 
Sl X=nonzero (all arith ops> 
S2 Z=nonzero Clog, dee, & bin ops) 
S3 ALU 0-bit carry 
S4 Invalid decimal digit 
SS (general purpose) 
S6 Not execute 
S7 Not excepticnal condition 

MMSK Register, Bits 0-7 (MMSK) 
MDM 4-15 

0110* 0 
2 
3 
4 
5 
6 
7 

MMSKO Channel high trap 
MMSK2 Channel low trap 
MMSK3 2540 reader trap 
MMSK4 2540 punch trap 
MMSKS conrr. chnl bit service 
MMSK6 Comm chnl char service 
MMSK7 Level 1 Friority hold 

Branch Conditions (BA) 
NDM 4-40 

0111* 0 Chnl 0 interruFticn latch 
1 Mode tit 0 
2 Mode bit 1 
3 Mode l::it 2 
4 IPL latch 
5 LS zone tit 0 
6 LS zcne tit 1 
7 LS zone bit 2 

1000 Unassigned 

1001 Unassigned 

1010 Unassigned 

1011 Unassigned 

Channel Branch Conditions (GS) 
MDM 4-45 

1100* 0 Data chain request latch 
1 Buffered device latch 
2 Burst latch 
3 Channel Farity-errcr latch 
4 Initial select latch 
5 Channel 1 interrupt buffer latch 
6 Spare 
7 Suppress control latch 



Channel Branch Conditions (GT) 
MCM 4-409 

Address in 
Not select in 
service in 
Status in 
Operational in 
Not request in 

1101* 0 
1 
2 
3 
4 
5 
6 
7 

Channel identification latch 
Channel diagnostic latch 

Channel Diagnostic Register (GD) 
MDM 4-411 

1110* 0 Operational out 
1 Service out 
2 Address out 
3 Command out 
4 0 
5 Select out 
6 0 
7 Suppress out 

Channel Bus In (GB/IN) 
MDM 4-405 

1111* 0 Channel bus in tit 0 
1 Channel bus in bit 1 
2 Channel bus in bit 2 
3 Channel bus in bit 3 
4 Channel bus in tit 4 
5 Channel bus in bit 5 
6 Channel bus in bit 6 
7 Channel bus in bit 7 

* Thes e eight fields tested with Branch 
Condition or Branch on ~ask control 
words. 

External Field Definitions. Channel Mode 
(CPU TO EXT) 

OCOO Unassigned 

0001 Unassigned 

Storage Protect 0 (S'IP 0) 

0010 0 STPO bit 3 CQO) 
1 STPO bit 1 (Ql) 
2 STPO bit 2 (Q2) 
3 STPO bit 3 (Q3) 
4 STPO bit 4 (Q4) 
5 STPO bit 5 (Q5) 
6 STPO bit 6 (Q6) 
7 STPO bit 7 (Q7) 

on 

Storage Protect 1 (STP1) 

0011 0 STP1 bit 0 CQO) 
1 STP1 bit 1 (Ql) 
2 ST Pl bit 2 (Q2) 
3 STPl bit 3 (Q3) 
4 STP1 bit 4 (Q4) 
5 STP1 bit 5 (Q5) 
6 STP1 bit 6 (Q6) 
7 STP1 bit 7 (Q7) 

0100 Unassigned 

0101 Unassigned 

0110 Unassigned 

0111 Unassigned 

1000 Unassigned 

1001 Unassigned 

1010 Unassigned 

1011 Unassigned 

1100 Unassigned 

1101 Unassigned 

1110 Unassigned 

Channel Bus Out (GB/OOT) 

1111 0 Channel bus out l:it 0 
1 Channel bus out bit 1 
2 Channel bus out bit 2 
3 Channel l:us out bit 3 
4 Channel bus out bit 4 
5 Channel bus out bit 5 
6 Channel bus out bit 6 
7 Channel bus out bit 7 

External Field Definitions, 2560 ~de (EXT 
to CPU) 

2560 External 3 CMFD3) (20 Mode Operation) 

0000 0 + SEC first PCB EJSEL 
1 - FCB4 to FCB5 FL 
2 + SEC PRE PCH REG SE L 
3 - FCB3 to FCB6 
4 + SEC read inject SEL 
5 - Card PRT ~AG strobe 
6 + Secondary hopper SEL 
7 + 100 micro SEC LW POT 
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2560 External 3 (MFD3) (2540 Emulator 
Operation> 

OCOO** 0 
1 
2 
3 
4 
5 
6 
7 

+ PRI hopper empty 
+ SEC hopper empty 
+ Punch check light FL 
Spare 
+ Punch status request 
+ Read check 
S:Fare 
Spare 

2560 External 1 (MFDl) 

0001 0 + Feed CB6 
1 + Feed CBS 
2 + Feed CB4 
3 - Feed CB3 
4 + Feed CB2 
5 Spare 
6 + Feed Clutch select 
7 - Motor ready 

2560 External 4 (~FD4) (20 Mode Operation> 

0010 + Ccrn kick SC9 EXP 
+ AFT PRT sea EXP 
+ PRE PRT SC7 EXP 
+ PRE PCH PRI SC5 EXP 
- Read cell 3 exposed 
- Cell 3 dark FL 

0 
1 
2 
3 
4 
5 
6 
7 

+ Input Sta ti on SCl EXP 
+ Feed CB1 

Storage Protect 0 (STPO) (2540 Errulatcr 
Operaticn) 

0010 **O + STPO l::it 0 (QO) 
1 + STPO bit 1 (Ql) 
2 + STPO tit 2 ( Q2) 
3 + STPO bit 3 (Q3) 
4 + STPO l:it 4 (Q4) 
5 + STPO bit 5 (Q5) 
6 + STPO bit 6 (Q6) 
7 + STPO tit 7 (Q7) 

2560 External 2 (MFD2) (20 Mode Operation) 

0011 0 + PRI first PCH EJ SEl 
1 - Allow COL emitter FL 
2 + FRI PRE PCH REG SEL 
3 - FCB1 to FCB2 FL 
4 + FRI read inject SEL 
5 + Read cell - 4- 9 EXP 
6 + Primary hopper SEL 
7 + Any punch DR 
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Storage Protect 1 (STPl) (2540 Emulator 
Operation> 

0011**0 + STPl bit 0 
1 + STPl bit 1 
2 + STPl bit 2 
3 + STPl bit 3 See Note 5 
4 + STPl bit 4 AAAD Routine 
5 + STP1 bit 5 *E60 Listing 
6 + STPl bit 6 
7 + STPl bit 7 

0100* same as in CPU Mode 
0101* same as in CPU Mode 
0110* Same as in CPU Mode 
0111* Same as in CPU Mode 

2560 Read Rows 4-9 (MFRl) 

1000 0 - PRE RD SEC SC2 EXP 
1 + 2540 RDR device 
2 + Card cede FL4 
3 + Card code FLS 
4 + Card cede FL6 
5 + Card code FL? 
6 + Card code FL8 
7 + Card cede FL9 

2560 External 5 (MFD5) 

1001 0 
1 
2 
3 
4 
5 
6 
7 

- Cell 1 dark FL 
- Cell 4 dark FL 
- Cell 5 dark FL 
- Punch CBl 
- Punch CB2 
- PCH INCR DR CEB 
+ PCH push clutch 
+ Cell 8 dark FL 

2560 Read Rows 12-3 (MFR2) 

1010 O + Diag feed check 

end 

SEL 

1 + 2540 PCH device end 
2 + Card cede FL12 
3 + Card code FL11 
4 + Card cede FLO 
5 + Card code Fll 
6 + Card code FL2 
7 + Card code Fl3 

2560 External 6 (MFD6) 

1011 0 + PRT gate SEL/TRAN RL 
1 - Cell 7 dark FL 
2 - COL emitter test FL 
3 + 2560 stacker SEL REQ 
4 + Corner kick MAG SEL 
5 - Pass print FL 
6 - Pass punch FL 
7 + PRE RD PRI SC3 EXP 



2560 Conditions 1 (MFS) 

1100* 0 
1 
2 
3 
4 
5 
6 
7 

+ Cycle run 
+ 2560 frimary 
+ Card in PRE PUNCH 
- SC7 DRK FL-CD in PRT 
+ 2560 fUnch execute 
+ 2560 read execute 
+ 2560 card in PRE RD 
+ Any feed CB 

2560 External 7 CMFD7) 

1101 0 - Punch fUSh CBl 
1 - Punch push FLl 
2 + SEC fUnch fUSh SEL 
3 + PRE FCH SEC SC4 EXP 
4 + PRI fUnch push SEL 
5 + PRE PCH PRI SC5 EXP 
6 - Cell 2 dark FL 
7 + Meehan cycle 

2560 Conditicns 2 (MFT) 

1110* 0 + Feed check 
1 - 2560 card print REQ 
2 + 2560 fUnch REQ 
3 + Print execute FL 
4 - 2560 read REQ FL 
5 - Run out REQ 
6 - 2540 RDR status REQ 
7 + PCB INCR DR CBA 

2560 External 8 ( lffD8) 

1111 0 + Read or punch check 
1 + Print tusy 
2 - 2560 ready 
3 - HOff er check 
4 - COL EM FL 
5 - RD strote INI.K FL 
6 + Read cell 12-3 EXP 
7 + Read CCI. EM 

* These fields roay l:e tested with Branch on 
Condition or Branch on ~ask central 
words. 

**These field definitions affly when 2540 
Emulate latch is on. 

Ext!¥nal Field Definitions, 2560 Mode (CPU 
to EXT) 

OCOO Unassigned 

2560 Stacker Select CMFSS) 

0001 

2560 

0011 

0 
1 
2 
3 
4 
5 Set STS latch 4 
6 Set S'IS latch 2 
7 Set STS latch 1 

see Note 1 

Punch Date (MFPU) C 20 Mode Operation) 

0 Set data BFR LCH12 
1 set data BFR I.CH11 
2 Set data BFR LCHO 
3 Set data BFR LCH8 
4 Set data BFR LCH9 
7 Set data BFR LCH1 See Note 2 
6 Set data BFR LCH2 

6&7 Set data BFR LCH3 
5 Set data BFR LCH4 

5&7 Set data BFR LCH5 
5&6 set data BFR LCH6 

5, 6& 7 Set data BFR LCH7 

0100 Unassigned 

2560 PRT Head Select (MFHS) 

0101 0 set head SEL latch 4 
1 Set head SEL latch 2 
2 Set head SEL latch 1 
3 
4 
5 
6 
7 

0110 Unassigned 

2560 Print Latches 1-8 (MFPR1) 

0111 0 Set print latch 1 
1 Set print latch 2 
2 Set print latch 3 
3 Set print latch 4 
4 Set f rint latch 5 
5 Set print latch 6 
6 Set print latch 7 
7 Set print latch 8 

1000 Unassigned 

2560 Print Latches 9-16 (MFPR2) 

1001 0 Set print latch 9 
1 Set print latch 10 
2 Set print latch 11 
3 Set print latch 12 
4 Set print latch 13 
5 Set print latch 14 
6 Set print latch 15 
7 Set print latch 16 
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1010 Unassigned 1110 Unassigned 

2560 Print Latches 17-24 (MFPR3) 2560 Print Latches 33-SS (MFPRS) 

1011 0 Set print latch 17 1111 0 Set print latch 33 
1 Set print latch 18 1 Set print latch 34 
2 Set print latch 19 2 set print latch 35 
3 Set print latch 20 3 Set print latch Sl See Note 3 
4 set print latch 21 4 Set print latch S2 
5 set print latch 22 5 Set print latch S3 
6 Set print latch 23 6 Set print latch S4 
7 Set print latch 24 7 Set print latch SS 

1100 Unassigned 
Notes: 

2560 Print Latches 25-32 (MFPR4) 1. MFSS--Decode sets stacker SEL interlock 
latch automatically as data is loaded 

1101 0 Set print latch 25 into stacker select registers. 
1 Set print latch 26 2. MFPU--If punch time FL is on, data is 
2 Set print latch 27 XFERED to data BFR reg. If punch time 
3 Set print latch 28 FL is off, data is ccrq;ared to data BFR 
4 Set print latch 29 reg. 
5 Set print latch 30 3. MFPRS--sets print latches 33 thru SS 
6 Set print latch 31 and turns on PRT REQ IN1K. 
7 Set print latch 32 
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ACCESSED BY 

EXTERNAL DISPLAYABLE SWITCH SWITCH SET/RESET 
MNEMONIC DEFINITION FACILITY c D WORD ONLY 

BA BRANCH CONDITIONS ALL MODES EXT TO CPU YES -- 7 
BB SOFT STOP BRANCH CONDITIONS CPU MODE EXT TO CPU YES CPU F 
BC EXTERNAL FACILITY ALL MODES -- -- - YES 
CADR COMM ADAPTER DIAGNOSTIC REG COMM MODE CPU TO EXT -- -- -
CCTRL START-STOP CONTROL COMM MODE -- -- - YES 
CHI COUNTER 1 HIGH IN-DIAGNOSTIC 2311 MODE EXT TO CPU YES 2311 8 
CLI COUNTER 1 LOW IN-DIAGNOSTIC 2311 MODE EXT TO CPU YES 2311 9 
CPF READ DIRECT ENABLE CPU MODE -- -- - YES 
CSFTF START STOP/SYNC COMM MODE -- -- - YES 
DAIN DATA IN COMM MODE EXT TO CPU YES COMM A 
DAO UT DATA OUT COMM MODE CPU TO EXT -- -- -
DASI DISK ATTACHMENT STATUS IN 2311 MODE EXT TO CPU YES 2311 5 
DIAB DIAGNOSTIC REG 2311 MODE -- -- - YES 
DIAC DIAGNOSTIC REG 2311 MODE -- -- - YES 
DILIN DIAL IN COMM MODE EXT TO CPU YES COMM E 
DI LOUT DIAL OUT COMM MODE CPU TO EXT -- -- -
DR DIAGNOSTIC REGISTER ALL MODES YES CPU c NOTE 1 
OS DISK STATUS 2311 MODE EXT TO CPU YES 2311 E 
DYN DYNAMIC CONDITION REGISTER ALL MODES YES -- 4 
FBI FILE BUS IN 2311 MODE EXT TO CPU YES 2311 1 
FBO FILE BUS OUT 2311 MODE CPU TO EXT -- -- -
FEBO FILE 1400EMULATOR BUS OUT 2311 MODE CPU TO EXT -- -- -
FFI Fl LE FLAGS IN 2311 MODE EXT TO CPU YES 2311 D 
FFO Fl LE FLAGS OUT 2311 MODE CPU TO EXT -- -- -
FGA FILE GATED ATTENTION 2311 MODE EXT TO CPU YES 2311 c 
FIA FILE INFORMATION 2311 MODE -- -- - YES 
FIB FILE INFORMATION 2311 MODE -- -- - YES 
FIC Fl LE INFORMATION 2311 MODE -- -- - YES 
FOB Fl LE OUT BUS-DIAGNOSTIC 2311 MODE EXT TO CPU YES 2311 3 
FOP FILE OP REGISTER 2311 MODE YES 2311 F 
GA CHANNEL SIGNALS CHAN MODE -- -- - YES 
GB CHANNEL SIGNALS CHAN MODE -- -- - YES 
GB/IN CHANNEL BUS IN CHAN MODE EXT TO CPU YES CHNL F 
GB/OUT CHANNEL BUS OUT CHAN MODE CPU TO EXT -- -- -
GC CHANNEL SIGNALS CHAN MODE -- -- - YES 
GD CHANNEL DIAGNOSTIC REGISTER CHAN MODE EXT TO CPU YES CHNL E 
GS CHANNEL BRANCH CONDITIONS CHAN MODE EXT TO CPU YES CHNL c 
GSTAT GENERAL STATUS COMM MODE EXT TO CPU YES COMM F 
GT CHANNEL BRANCH CONDITIONS CHAN MODE EXT TO CPU YES CHNL D 
JA DIRECT CONTROL-2 TIMING CPU MODE CPU TO EXT -- -- -
JI DIRECT CONTROL IN CPU MODE EXT TO CPU YES CPU 8 
JO DIRECT CONTROL-1 CPU MODE CPU TO EXT -- -- -
LACON LINE ADAPTER CONDITIONS COMM MODE EXT TO CPU YES COMM c 
LADR LINE ADAPTER DIAG REGISTER COMM MODE CPU TO EXT -- -- -
LAIN LINE ADDRESS IN COMM MODE EXT TO CPU YES COMM B 
LAO UT LINE ADDRESS OUT COMM MODE CPU TO EXT -- -- -
LAST AT LINE ADAPTER STATUS COMM MODE EXT TO CPU YES COMM D 
MC ERROR REGISTER CPU MODE EXT TO CPU YES CPU E 
MMSK MICROPROGRAM MASK REGISTER ALL MODES YES (0- 7) -- 6 NOTE 2 
MODE MODE REG (LS AND EXT ADDR NOTE 3 

CTRL) ALL MODES -- -- -
MS MODULE SELECT REGISTER 2311 MODE CPU TO EXT -- -- -
MW MACH CHK. WAIT STATE LATCHES CPU MODE CPU TO EXT -- -- -
p PUNCH SIGNALS 2540 MODE -- -- - YES 
PAR CK COMMUNICATIONS PARITY CHECK COMM MODE CPU TO EXT -- -- -
PCCL PRINT CHAR COUNTER LENGTH 1403 MODE CPU TO EXT -- -- -
PO PUNCH DATA OUT (READER) 2540 MODE CPU TO EXT -- -- -
PR 1403 PLBAR DATA OUT 1403 MODE CPU TO EXT -- -- -
PRA PRINTER SIGNALS 1403 MODE -- -- - YES 

Figure 1-47. External Mnemonics and Addressing (Part 1 of 2) 
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EXTERNAL 
MNEMONIC 

PRB 
PRC 
PRO 
PRI 
PRO 
PRS 
PRT 
PS 
R 
RP 
RP1 
RP2 
RPO 
RPD1 
RPD2 
RPS 
RS 
s 
SDI 

SM 
STPO 
STP1 
SWAB 
SWCD 
TA 
TC 
TD 
TF 
TGRI 
TGRO 
Tl 
TIM 
TR 
TT 
TU 
XINT 

NOTE 1 

NOTE 2 

NOTE3 

NOTE4 

NOTE 5 

DISPLAYABLE SWITCH 
DEFINITION FACILITY c 

PRINTER SIGNALS 1403 MODE -- --
1403 CARRIAGE DATA OUT 1403 MODE CPU TO EXT -- --
1403 DIAGNOSTIC CONDITIONS 1403 MODE EXT TO CPU YES 1403 
1403 PLB DATA IN 1403 MODE EXT TO CPU YES 1403 
1403 PLB DATA OUT 1403 MODE CPU TO EXT -- --
SENSE/STATUS CONDITIONS 1403 MODE EXT TO CPU YES 1403 
PLBAR DATA IN 1403 MODE EXT TO CPU YES 1403 
PUNCH BRANCH CONDITIONS 2540 MODE EXT TO CPU YES 2540 
READER SIGNALS 2540 MODE -- --
2540 SIGNALS 2540 MODE -- --
READER/PUNCH DATA IN 1 2540 MODE EXT TO CPU YES 2540 
READER/PUNCH DATA IN 2 2540 MODE EXT TO CPU YES 2540 
2540SIGNALS DIAG 2540 MODE -- --
DIAGNOSTIC R/P CONDITIONS 1 2540 MODE EXT TO CPU YES 2540 
DIAGNOSTIC R/P CONDITIONS 2 2540 MODE EXT TO CPU YES 2540 
READER/PUNCH BR CONDITIONS 2540MODE EXT TO CPU YES 2540 
READER BRANCH CONDITIONS 2540 MODE EXT TO CPU YES 2540 
STATUS REGISTER ALL MODES YES NOT 2311 
SERIALIZER/DESERIALIZER IN 

DIAG 2311 MODE EXT TO CPU YES 2311 
SYSTEM MASK CPU MODE CPU TO EXT -- --
STORAGE PROTECT KEY ALL MODES YES NOTE 5 
STORAGE PROTECT STACK ALL MODES (NOT 2311) YES NOTE 5 
CONSOLE ADDRESS SWITCHES A-B CPU MODE EXT TO CPU --
CONSOLE ADDRESS SWITCHES C-D CPU MODE EXT TO CPU --
1052 SIGNALS 1052 MODE --
TERMINATING CONDITIONS 2311 MODE EXT TO CPU YES 
PRKB DIAGNOSTIC REGISTER 1052 MODE EXT TO CPU YES 
PRKB DATA OUT 1052 MODE CPU TO EXT --
TAG REGISTER IN 2311 MODE EXT TO CPU YES 
TAG REGISTER OUT 2311 MODE CPU TO EXT --
1052 DATA IN 1052 MODE EXT TO CPU YES 
TIMER COUNT CPU MODE EXT TO CPU YES 
1052 Tl IT/ROTATE REGISTER 1052 MODE EXT TO CPU YES 
PRKB BRANCH CONDITIONS 1052 MODE EXT TO CPU YES 
PRKB BRANCH CONDITIONS 1052 MODE EXT TO CPU YES 
EXTERNAL INTERRUPT CPU MODE EXT TO CPU YES 

THE DR REGISTER IS SET BY THE SET/RESET WORD. EXECUTION OF A BRANCH 
WORD OR A RETURN WORD WITH BIT-7 OF DR ON SETS THE DIAGNOSTIC BRANCH 
LATCH. 

THE MMSK REGISTER 0-9 IS SET OR RESET BY THE SET/RESET WORD. 
FOR OTHER WORD ACCESSES AND DISPLAY, ONLY BITS 0-7 CAN BE 
ADDRESSED. 

THE MODE REGISTER IS SET BY THE SET/RESET WORD. THE ACTUAL BIT STRUCTURE 
OF THE MODE REGISTER IS NOT ALWAYS WHAT IS DISPLAYED IN THE CONSOLE 
INDICATORS LABELED MODE/ZONE REG. THE MODE BIT DECODE IS DISPLAYED 
IN BITS 2, 3, 4, AND THE LS ZONE BIT DECODE IS DISPLAYED IN BITS 5, 6, AND 7. 
THESE COULD BE THE FORCED DECODES CAUSED BY AN MMSK BIT BEING SET. 

--
--
--
2311 
PRKB 
--
2311 
--
PRKB 
CPU 
PRKB 
PRKB 
PRKB 
CPU 

THE $-REGISTER IS SET OR RESET BY THE SET/RESET WORD. IT CAN ALSO BE ACCESSED 
BY A BRANCH WORD. 
BITS 0-6 CAN BE DISPLAYED DIRECTLY BUT BIT 7 OF THE DISPLAY INDICATES THE 
STATUS OF THE S7 BRANCH CONDITION LINE. TO DISPLAY THE ACTUAL CONDITION 
OF THE S7 LATCH, THE BA FACILITY MUST BE DISPLAYED AND BIT OWILL INDICATE 
THE S7 LATCH STATUS. 

REFER TO ROUTINE AAAD IN THE MICROPROGRAM LISTINGS FOR STP DISPLAY DETAILS. 

Figure 1-47. External Mnemonics and Addressing (Part 2 of 2) 
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ACCESSED BY 

SWITCH SET/RESET 
D WORD ONLY 

- YES 
-
F 
B 
-
E 
A 
F 
- YES 
- YES 
B 
A 
- YES 
8 
9 
E 
D 
5 NOTE 4 

B 
-

NOTE 5 
NOTE 5 

-
-
- YES 
A 
D 
-
0 
-
A 
A 
B 
E 
F 
9 



1.9 LOCAL-STORAGE LOCATION DECODE 

Figures 1-48 through 1-53 give the local 
storage lccaticns designated ty the AS- or 
BS-field decodes for the various Oferation 
mcdes Sfecified ty the mode register or the 
microprogram mask CMMSK) register. The 
rocde register is used for normal 
operations. The MMSK register is used 
during rricrot:rograro trap routines. 

c 
AS/BS 0 Zone 
Field d 
Decode e 0 1 4 5 6 7 

0000 uo CPU ----- Backups Comm ~540 Chnl 

0001 U1 Chnl 

0010 VO 
0011 V1 
0010 GO 
0101 G1 
0110 DO 
0111 01 

1000 10 CPU Bal Backup 
1001 11 CPU 2311 CPU Bal Backup 
1010 TO Comm. Chnl Backup 
1011 Tl Comm. Chnl Backup 
1100 PO Lv 1 work area for 
1101 Pl I oca I-storage 
1110 HO zones 4, 5, 6, 
1111 Hl and 7. 

Note: The local storage areas are defined in the 
associated Figures. 

Figure 1-48. Local-Storage Zones for 
Systero/360 Operation 

Local-Storage Allocations, Zone 0 

AS or BS LS 
Field Area 
Decode Code Local-Storage Area 

0000 uo First operand address, 
high-order byte 

0001 Ul First operand address, 
low-order byte 

0010 VO Second operand address, 
high-order byte 

0011 V1 Second operand address, 
low-order byte 

0100 GO Operation code, byte 0 
0101 G1 Operation code, byte 1 

0110 DO Data 
0111 Dl High-order 8 bits, 24-bit 

2nd operand address 
1000 10 Instruction counter, 

high-order byte 
1001 11 Instruction counter, 

low-order byte 
1010 TO Working area (0 at start of 

I-cycles) 

1011 Tl Gen Register Addr (B, X, R) 

1100 PO Condition code 

1101 Pl Program mask and AMWP bits* 
1110 HO Data 
1111 H1 High-order 8 bits, 24-bit 

instruction counter, or 
first operand address 

Note 1: *USASCll, machine check, wait state, and 
problem state bits. 

~; Zone 0 is also used for integrated 2540 status 
and chaining, and console attachment 
functions between execution of CPU 
instructions. 

Figure 1- 49 .. Local-Storage Decodes when 
Mode Register Bits 5-7 are 
000: CPU Functions 
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Local-Storage Allocations, Zone 1 

AS or BS LS 
Field Area 
Decode Code Local-Storage Area 

1000 10 Integrated file attachment 
CCW count field, 
high-order byte 

1001 11 Integrated file attachment 
CCW count field, 
low-order byte 

1010 TO Integrated file attachment 
data address, 
high-order byte 

1011 T1 Integrated file attachment 
data address, 
low-order byte 

1100 PO Working area (Flags) 
1101 P1 Working area (Command) 
1110 HO Integrated file attachment 

next CCW address, 
high-order byte 

1111 H1 Integrated file attachment 
next CCW address, 
low-order byte 

Figure 1-50. Local-Storage Decodes when 
Mode Register Bits 5-7 are 
001: 2311 Disk Locations 

1-68 (7 /69) 

Local-Storage Allocations, Zone 4 

AS or BS LS 
Field Area 
Decode Code Local-Storage Area 

0000 uo Level-1 backup, 
high-order byte 

0001 U1 Level-1 backup, 
low-order byte 

0010 VO Level-2 backup, 
high-order byte 

0011 V1 Level-2 backup, 
low-order byte 

0100 GO Level-3 backup, 
high-order byte 

0101 G1 Level-3 backup, 
low-order byte 

0110 DO Machine-check backup, 
high-order byte 

0111 D1 Machine-check backup, 
low-order byte 

The following locations are shared between zones 
4, 5, 6, and 7. 

1000 10 CPU branch and link backup, 
high-order byte 

1001 11 CPU branch and link backup, 
low-order byte 

1010 TO Spare 
1011 Tl Spare 
1100 PO Level-1 working area 
1101 Pl Level-1 working area 
1110 HO Level-1 working area 
1111 Hl Level-1 working area 

Figure 1-51. Local-Storage Decodes when 
Mode Register Bits 5-7 are 
100: Address Backup 
Locations 



Local-Storage Allocations, Zone 5 

AS or BS LS 
Field Area 
Decode Code Local-Storage Area 

0000 uo Line control word (LCW) 
address, high-order btye 

0001 U1 Line control word ( LCW) 
address, low-order byte 

0010 VO Character service pointer, 
high-order byte 

0011 V1 Character service pointer, 
low-order byte 

0100 GO Line control word (LCW) 
0101 G1 Line control word (LCW) +1 
0110 DO Line control word ( LCW) +2 
0111 D1 Line control word (LCW) +3 

The following locations are shared between zones 
4, 5, 6, and 7. 

1000 10 CPU branch and link backup, 
high-order byte 

1001 11 CPU branch and link backup, 
low-order byte 

1010 TO Comm chnl branch and link 
function, high-order byte 

1011 T1 Comm chnl branch and link 
function, low-order byte 

1100 PO Level-1 working area 
1101 P1 Level-1 working area 
1110 HO Level-1 working area 
1111 H1 Level-1 working area 

Figure 1-52. local-Storage Deccdes when 
Mode Register Bits 5-7 are 
101: communications Channel 

Local-Storage Allocations, Zone 6 

AS or BS LS 
Field Area 
Decode Code Local-Storage Area 

0000 uo Reader image buffer address, 
high-order byte 

0001 U1 Reader image buffer address, 
low-order byte 

0010 VO Punch image card-image address, 
high-order byte 

0011 Vl Punch image card-image address, 
low-order byte 

0100 GO Punch trap count, 
high-order byte 

0101 Gl Not used 
0110 DO Indicators 

0111 D1 Reader trap count 

The following locations are shared between zones 
4, 5, 6, and 7. 

1000 10 CPU branch and link backup, 
high-order byte 

1001 11 CPU branch and link backup, 
low-order byte 

1010 TO Spare 
1011 T1 Spare 
1100 PO Level-1 working area 
1101 P1 Level-1 working area 
1110 HO Level-1 working area 
1111 H1 Level-1 working area 

Figure 1- 53. Local- storage Decodes when 
Mode Register Bits 5-7 are 
110: 2540 Reader Punch 
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1.lg C.QDE CCNVERSIONS (FIGURES 1-54 THROUGH 1-60) 

Hex Card Code Hex Card Code Hex Card Code Hex Card Code Hex Card Code 

00 12-0-1-8-9 34 4-9 67 11-0-7-9 9A 12-11-2-8 CD 12-0-5-8-9 
01 12-1-9 35 5-9 68 11-0-8-9 9B 12-11-3-8 CE 12-0-6-8-9 
02 12-2-9 36 6-9 69 0-1-8 9C 12-11-4-8 CF 12-0-7-8-9 
03 12-3-9 37 7-9 6A 12-11 9D 12-11-5-8 DO 11-0 
04 12-4-9 38 8-9 6B 0-3-8 9E 12-11-6-8 D1 11-1 

05 12-5-9 39 1-8-9 6C 0-4-8 9F 12-11-7-8 D2 11-2 
06 12-6-9 3A 2-8-9 6D 0-5-8 AO 11-0-1-8 D3 11-3 
07 12-7-9 3B 3-8-9 6E 0-6-8 Al 11-0-1 D4 11-4 
08 12-8-9 3C 4-8-9 6F 0-7-8 A2 11-0-2 D5 11-5 
09 12-1-8-9 3D 5-8-9 70 12-11-0 A3 11-0-3 D6 11-6 

OA 12-2-8-9 3E 6-8-9 71 12-11-0-1-9 A4 11-0-4 D7 11-7 
OB 12-3-8-9 3F 7-8-9 72 12-11-0-2-9 A5 11-0-5 DB 11-8 
oc 12-4-8-9 40 No Punches 73 12-11-0-3-9 A6 11-0-6 D9 11-9 
OD 12-5-8-9 41 12-0-1-9 74 12-11-0-4-9 A7 11-0-7 DA 12-11-2-8-9 
OE 12-6-8-9 42 12-0-2-9 75 12-11-0-5-9 AS 11-0-8 DB 12-11-3-8-9 

OF 12-7-8-9 43 12-0-3-9 76 12-11-0-6-9 A9 11-0-9 DC 12-11-4-8-9 
10 12-11-1-8-9 44 12-0-4-9 77 12-11-0-7-9 AA 11-0-2-8 DD 12-11-5-8-9 
11 11-1-9 45 12-0-5-9 78 12-11-0-8-9 AB 11-0-3-8 DE 12-11-6-8-9 
12 11-2-9 46 12-0-6-9 79 1-8 AC 11-0-4-8 DF 12-11-7-8-9 
13 11-3-9 47 12-0-7-9 7A 2-8 AD 11-0-5-8 EO 0-2-8 

14 11-4-9 48 12-0-8-9 7B 3-8 AE 11-0-6-8 E1 11-0-1-9 
15 11-5-9 49 12-1-8 7C 4-8 AF 11-0-7-8 E2 0-2 
16 11-6-9 4A 12-2-8 7D 5-8 BO 12-11-0-1-8 E3 0-3 
17 11-7-9 4B 12-3-8 7E 6-8 Bl 12-11-0-1 E4 0-4 
18 11-8-9 4C 12-4-8 7F 7-8 B2 12-11-0-2 E5 0-5 

19 11-1-8-9 4D 12-5-8 80 12-0-1-8 B3 12-11-0-3 E6 0-6 
1A 11-2-8-9 4E 12-6-8 81 12-0-1 B4 12-11-0-4 E7 0-7 
1B 11-3-8-9 4F 12-7-8 82 12-0-2 B5 12-11-0-5 EB 0-8 
1C 11-4-8-9 50 12 83 12-0-3 B6 12-11-0-6 E9 0-9 
10 11-5-8-9 51 12-11-1-9 84 12-0-4 B7 12-11-0-7 EA 11-0-2-8-9 

1E 11-6-8-9 52 12-11-2-9 85 12-0-5 BB 12-11-0-8 EB 11-0-3-8-9 
1F 11-7-8-9 53 12-11-3-9 86 12-0-6 B9 12-11-0-9 EC 11-0-4-8-9 
20 11-0-1-8-9 54 12-11-4-9 87 12-0-7 BA 12-11-0-2-8 ED 11-0-5-8-9 
21 0-1-9 55 12-11-5-9 88 12-0-8 BB 12-11-0-3-8 EE 11-0-6-8-9 
22 0-2-9 56 12-11-6-9 89 12-0-9 BC 12-11-0-4-8 EF 11-0-7-8-9 

23 0-3-9 57 12-11-7-9 BA 12-0-2-8 BD 12-11-0-5-8 FO 0 
24 0-4-9 58 12-11-8-9 BB 12-0-3-8 BE 12-11-0-6-8 F1 1 
25 0-5-9 59 11-1-8 BC 12-0-4-8 BF 12-11-0-7-8 F2 2 
26 0-6-9 5A 11-2-8 8D 12-0-5-8 co 12-0 F3 3 
27 0-7-9 58 11-3-8 BE 12-0-6-8 C1 12-1 F4 4 

28 0-8-9 5C 11-4-8 BF 12-0-7-8 C2 12-2 F5 5 
29 0-1-8-9 5D 11-5-8 90 12-11-1-8 C3 12-3 F6 6 
2A 0-2-8-9 5E 11-6-8 91 12-11-1 C4 12-4 F7 7 
28 0-3-8-9 5F 11-7-8 92 12-11-2 C5 12-5 F8 8 
2C 0-4-8-9 60 11 93 12-11-3 C6 12-6 F9 9 

2D 0-5-8-9 61 0-1 94 12-11-4 C7 12-7 FA 12-11-0-2-8-9 
2E 0-6-8-9 62 11-0-2-9 95 12-11-5 ca 12-8 FB 12-11-0-3-8-9 
2F 0-7-8-9 63 11-0-3-9 96 12-11-6 C9 12-9 FC 12-11-0-4-8-9 
30 12-11-0-1-8-9 64 11-0-4-9 97 12-11-7 CA 12-0-2-8-9 FD 12-11-0-5-8-9 
31 1-9 65 11-0-5-9 98 12-11-8 CB 12-0-3-8-9 FE 12. 11-0-6-8-9 
32 2-9 66 11-0-6-9 99 12-11-9 cc 12-0-4-8-9 FF 12-11-0-7-8-9 
33 3-9 

Figure 1-54. Hexadecimal/Punched-Card Translate Table 
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Zones and 9 

Twelve (T) T T T T T T T 
Eleven (E) E E E E E E E 
Zero (0) 0 0 0 0 0 0 0 

~ c 
9 9 9 9 9 9 9 9 

c 
iii 

Blank C9 D9 E9 F9 S9 99 A9 B9 co 6A DO 70 50 60 FO 40 

1 01 11 21 31 41 51 El 71 Sl 91 Al Bl Cl Dl 61 Fl -
2 02 12 22 32 42 52 62 72 S2 92 A2 B2 C2 D2 E2 F2 

3 03 13 23 33 43 53 63 73 S3 93 A3 B3 C3 D3 E3 F3 

4 04 14 24 34 44 54 64 74 S4 94 A4 B4 C4 D4 E4 F4 

5 05 15 25 35 45 55 65 75 S5 95 A5 85 C5 D5 E5 F5 

6 06 16 26 36 46 56 66 76 S6 96 A6 B6 C6 D6 E6 F6 

7 07 17 27 37 47 57 67 77 S7 97 A7 87 Cl D7 E7 F7 

s 08 18 28 3S 4S 5S 68 78 8S 9S AS BS cs DS ES FB 

18 09 19 29 39 00 10 20 30 so 9() AO BO 49 59 69 79 

2S OA lA 2A 3A CA DA EA FA BA 9A AA BA 4A 5A EO 7A 

38 OB 1 B 2B 3B CB DB EB FB BB 9B AB BB 4B 5B 6B 7B 

4S oc lC 2C 3C cc DC EC FC BC 9C AC BC 4C 5C 6C 7C 

58 OD lD 2D 3D CD DD ED FD SD 9D AD BD 4D 5D 6D 7D 

68 OE lE 2E 3E CE DE EE FE BE 9E AE BE 4E 5E 6E 7E 

78 OF lF 2F 3F CF OF EF FF BF 9F AF BF 4F 5F 6F 7F 

Note: Exceptions to sequence ore underlined 

Figure 1-55. New Program Card Code to Hexadecimal 
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Extended Binary-Coded-Decimal Interchange Code (EBCDIC) 

Bit Positions ------1•01 

LI ,----00---~ 

~23 
4567 00 01 10 11 

0000 NULL 

0001 

0010 

0011 

0100 PF RES BYP PN 

0101 HT NL LF RS 

0110 LC BS EOB UC 

0111 DEL IDL PRE EOT 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

Figure 1-56. EBCDIC Chart 

00 01 10 11 
15 & -~o_nk 

I 

" ' 
? ! : 

s ' 
# 

.__ * O/o l'{i 

( ) 
,...,,.... 

I 

+ ; - = 

* <l + I -

American Standard Code for Information Interchange (ASCII) 
Extended to Eight Bits 

Bit Positions -----76 LI •XS oo------. 
4321 00 01 10 11 00 01 10 11 

0000 NULL DCO 1> 0 blank 
0001 SOM DC

1 
! 1 

0010 EOA DC2 
II 2 

0011 EOM DC
3 * 3 

0100 EOT DC4 
STOP 1 4 

0101 WRU ERR % 5 

0110 RU SYNC & 6 

0111 BELL LEM ' 7 

1000 BKSP So ( 8 

1001 HT S1 ) 9 

1010 LF S2 * : 

1011 VT S3 + ; 

1100 FF S4 I ..::: 

1101 CR S5 - = 
' 1110 so s6 > 

1111 SI S7 I ? 

Figure 1-57. ASCII-8 Chart 

1-72 (7/69) 

~----11-------. 

00 01 10 11 00 01 10 11 

> < :j: 0 

0 i A J 1 

b k s B K s 2 

c I t c L T 3 

d m u D M u 4 

e n v E N v 5 

f 0 w F 0 w 6 

g p x G p x 7 

h q y H Q y 8 

i r z I R z 9 

~----10---~ ,.------11----~ 

00 01 10 11 00 01 10 11 

@ p p 

A Q a q 

B R b r 

c s c s 

D T d t 

E u e u 

F v f v 

G w g w 

H x h x 

I y i y 

J z i z 

K c k 

L \ I 

M :::J m 

N f n ESC 

0 .__ 
0 DEL 



DEF CARD CM6 
CHAR CODE BCD CM6 WM 

Blank c 40 00 
12-3-8 BAB 21 48 OB 

)::( 12-4-B BA84 4C oc 
[ 12-S-B BAB4 1 4D OD 
< 12-6-B BAB42 4E OE 

• 12-7-B BA8421 4F OF 
& 12 BA so 10 
$ 11-3-8 BB 21 SB lB 
* 11-4-B B B4 SC lC 
J 11-S-B B B4 l SD 1D 
; 11-6-B B B42 SE lE 
b. 11-7-B B B421 SF lF 
- 11 B 60 20 
I 0-1 A l 61 21 
I 0-3-B AB 21 6S 2B 
% 0-4-S A84 6C 2C 
v 0-S-S A84 l 60 20 
\ 0-6-S A842 6E 2E 

* 0-7-B AB421 6F 2F 
-15 2-S A 7A 3A 
# 3-S B 21 7B 3B 
@ 4-B B4 7C 3C 
: S-S S4 l 70 30 
> 6-8 B42 7E 3E 

" 7-S 8421 7F 3F 
? 12-0 BAB 2 co so 
A 12-1 BA 1 Cl Bl 
B 12-2 BA 2 C2 S2 
c 12-3 BA 21 C3 B3 
D 12-4 BA 4 C4 S4 
E 12-S BA 4 l cs BS 
F 12-6 BA 42 C6 B6 
G 12-7 BA 421 C7 B7 
H 12-S BAS cs BB 
I 12-9 BAS l C9 S9 
I 11-0 B S 2 DO 90 
J 11-1 B l Dl 91 
K 11-2 B 2 02 92 
L 11-3 B 21 03 93 
M 11-4 B 4 04 94 
N 11-S B 4 l OS 9S 
0 11-6 B 42 06 96 
p 11-7 B 421 07 97 
Q 11-S B S OS 9S 
R 11-9 B S l D9 99 

* 0-2-S AS 2 EO AO 
s 0-2 A 2 E2 A2 
T 0-3 A 21 E3 A3 
u 0-4 A4 E4 A4 
v 0-S A 4 1 ES AS 
w 0-6 A 42 E6 A6 
x 0-7 A 421 E7 A7 
y 0-S AS ES AS 
z 0-9 AS 1 E9 A9 
0 0 s 2 FO BO 
l l l Fl Bl 
2 2 2 F2 B2 
3 3 21 F3 B3 
4 4 4 F4 B4 
s s 4 l FS BS 
6 6 42 F6 B6 
7 7 421 F7 B7 
s s s FS BS 
9 9 s 1 F9 B9 

Figure 1-58. BCD-to-CM6 Conversion 

Colloting Graphics 
Sequence 8 Bit BCD 0 1 

00 blan~ blank 0 1 

01 0 1 

02 - X) 0 1 

03 ( c:: 0 1 

04 + < 0 1 

05 GM GM 0 1 

06 & &+ 0 1 

07 s s 0 1 

08 . 0 1 

09 ) ::J 0 1 

10 ; ; 0 1 

11 MC MC 0 1 

12 - - 0 1 

13 I I 0 1 

14 0 1 

15 % %( 0 1 

16 ws ws 0 1 

17 t ' 0 1 

18 SM SM 0 1 

19 1> 1> 0 1 

20 - 0 1 

21 @ @• 0 I 

22 'V : 0 1 

23 = > 0 1 

24 TM TM 0 I 

25 ¢ ~ 1 1 

26 A A 1 I 

27 B B 1 I 

28 c c 1 I 

29 D D 1 1 

30 E E 1 1 

31 F F I 1 

32 G G 1 1 

33 H H 1 I 

34 I I I 1 

35 i5 0 1 1 

36 J J 1 1 

37 K K 1 1 

38 L L I 1 

39 M M 1 1 

40 N N 1 1 

41 0 0 I 1 

42 p p I 1 

43 Q Q I I 

44 R R 1 1 

45 RM RM 1 1 

46 s s 1 I 

47 T T 1 1 

48 u u 1 1 

49 v v I 1 

50 w w I 1 

51 x x 1 I 

52 y y 1 1 

53 z z 1 I 

54 0 0 I 1 

55 1 1 1 1 

56 2 2 1 1 

57 3 3 1 1 

58 4 4 1 1 

59 5 5 1 1 

60 6 6 1 1 

61 7 7 1 1 

62 8 8 1 1 

63 9 9 1 I 

*BCD code for blonk is: 
C bit for odd pority 
C and A bi ts for even parity 

Figure 1-59. 

8 Bit Code BCD 
2 3 4 5 6 7 B A e 4 2 1 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 1 0 1 1 1 1 1 0 1 1 

0 0 1 1 0 0 1 1 1· 1 0 0 

0 0 1 1 0 1 1 1 1 1 0 1 

0 0 1 1 1 0 1 1 1 I 1 0 

0 0 1 1 1 1 1 1 1 1 1 1 

0 1 0 0 0 0 1 1 0 0 0 0 

0 1 1 0 1 1 1 0 1 0 1 1 

0 1 1 I 0 0 1 0 1. 1 0 0 

0 1 1 1 0 1 1 0 1 I 0 I 

0 1 I 1 I 0 1 0 1 1 I 0 

0 1 1 1 I I 1 0 1 1 1 I 

1 0 0 0 0 0 1 0 0 0 0 0 

1 0 0 0 0 1 0 1 0 0 0 1 

1 0 1 0 1 1 0 1 1 0 1 1 

1 0 1 1 0 0 0 1 1 1 0 0 

1 0 1 1 0 1 0 1 1 1 0. 1 

1 0 1 1 1 0 0 1 1 1 I 0 

1 0 1 1 1 1 0 1 1 1 1 1 

1 1 1 0 1 0 0 1 0 0 0 0 

1 1 1 0 1 1 0 0 1 0 1 I 

1 1 I 1 0 0 0 0 1 I 0 o·· 

1 1 1 1 0 I 0 0 1 I 0 I 

I 1 1 I 1 0 0 0 I 1 I 0 

I I 1 1 I 1 0 0 1 1 1 I 

0 0 0 0 0 0 I I I 0 I 0 

0 0 0 0 0 1 1 I 0 0 0 I 

0 0 0 0 1 0 1 1 0 0 1 0 

0 0 0 0 I I 1 I 0 0 1 1 

0 0 0 I 0 0 1 1 0 1 0 0 

0 0 0 I 0 1 1 1 0 1 0 1 

0 0 0 I 1 0 I 1 0 I I 0 

0 0 0 I 1 I 1 I 0 1 1 I 

0 0 I 0 0 0 1 1 1 0 0 0 

0 0 1 0 0 1 1 I I 0 0 I 

0 I 0 0 0 0 1 0 1 0 1 0 

0 1 0 0 0 1 1 0 0 0 0 1 

0 I 0 0 1 0 1 0 0 0 1 0 

0 I 0 0 I 1 I 0 0 0 1 I 

0 I 0 I 0 0 I 0 0 I 0 0 

0 1 0 1 0 1 1 0 0 I 0 I 

0 1 0 I I 0 1 0 0 1 1 0 

0 I 0 1 1 1 I 0 0 1 1 I 

0 1 1 0 0 0 1 0 1 0 0 0 

0 I 1 0 0 1 1 0 1 0 0 1 

1 0 0 0 0 0 0 1 1 0 1 0 
1 0 0 0 1 0 0 1 0 0 1 0 

1 0 0 0 I 1 0 1 0 0 1 I 

1 0 0 1 0 0 0 1 0 I 0 0 

I 0 0 1 0 1 0 1 0 1 0 I 

1 0 0 I 1 0 0 1 0 1 1 0 

1 0 0 1 1 1 0 1 0 I 1 I 

1 0 1 0 0 0 0 1 1 0 0 0 

1 0 1 0 0 1 0 I 1 0 0 1 

1 1 0 0 0 0 0 0 1 0 1 0 

1 I 0 0 0 1 0 0 0 0 0 1 

1 I 0 0 1 0 0 0 0 0 1 0 

I 1 0 0 I 1 0 0 0 0 1 1 

1 1 0 1 0 0 0 0 0 1 0 0 

1 1 0 1 0 1 0 0 0 1 0 1 

1 1 0 1 1 0 0 0 0 1 1 0 

1 1 0 1 1 I 0 0 0 1 I 1 

1 1 1 0 0 0 0 0 1 0 0 0 

1 I 1 0 0 I 0 0 1 0 0 1 

8-Bit Code--BCD Relations (7-
and 9-Track Tape) 
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CHARACTER CHARACTER 
IN STORAGE TO 1443 

& 
-
l 

I 
A 
J 
2 
s 
B 
K 
3 
T 
c 
L 
4 
u 
D 
M 
5 
v 
E 
N 
6 
w 
F 
0 
7 
x 
G 
p 

8 
y 
H 

CD Sent As 01000001 
<6) Sent As 11100001 

& 
-
0 
A 
J 
I 
l 
B 
K 
s 
2 
c 
L 
T 
3 
D 
M 
u 
4 
E 
N 
v 
5 
F 
0 
w 
6 
G 
p 

x 
7 
H 
Q 

CD 

@ 

CHARACTER CHARACTER 
IN STORAGE T01443 

Q y 
9 8 
~ I 
I R 
R ~ 

0 9 
=I= > 
? < 
~ * # : 

I 

1 
1 I 

@ # 
% -ll * 
* % 
: @ 
v ( 
( ) 
) --y-

> ""f:T 
\ + 

< ; 
; -
~ = 

+t+ * * 
,. 

6. ± 
Blank ~ 

Blank Blank 
¥ Blank 

Figure 1-60. 52- and 63-Character Typebar 
Decode (1400 Compatibility) 
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1.11 PROGRAM CCDES AND PSW (FIGURES 1-60 THROUGH 1-63) 

Condition Code 0 1 2 3 
Mask bit position 8 4 2 1 

Floating-Point Arithmetic 
Add Normalized S/L Zero <Zero >Zero Overflow 
Add Unnormalized S/L Zero <Zero >Zero Overflow 
Compare S/L (A:B) Equal A Low A High --
Load and Test S/L Zero <Zero >Zero --
Load Complement S/L Zero <Zero >Zero --
Load Negative S/L Zero <Zero -- --
Load Positive S/L Zero -- >Zero --
Subtract 

Normalized S/L Zero <Zero >Zero Overflow 
Subtract 

Unnormalized S/L Zero <Zero >Zero Overflow 

Fixed-Point Arithmetic 

Add H/F Zero <Zero >Zero Overflow 
Add Logical Zero Not Zero, Zero, Not Zero, 

No Carry No Carry Carry Carry 
Compare H/F (A:B) Equal A Low A High --
Load and Test Zero <Zero >Zero --
Load Complement Zero <Zero >Zero Overflow 
Load Negative Zero <Zero -- --
Load Positive Zero -- Zero Overflow 
Shift Left Double Zero <Zero >Zero Overflow 
Shift Left Single Zero <Zero >Zero Overflow 
Shift Right Double Zero <Zero >Zero --
Shift Right Single Zero <Zero >Zero --
Subtract H/F Zero <Zero >Zero Overflow 
Subtract Logical -- Not Zero Zero, Not Zero, 

-- No Carry Carry Carry 

Decimal Arithmetic 

Add Decimal Zero <Zero >Zero Overflow 
Compare Decimal (A:B) Equal A Low A High --
Subtract Decima I Zero <Zero >Zero Overflow 
Zero and Add Zero <Zero >Zero Overflow 

Logical Operations 

AND Zero Not Zero - --
Compare Logical (A:B) Equal A Low A High --
Edit Zero <Zero >Zero --
Edit and Mark Zero <Zero >Zero --
Exclusive OR Zero Not Zero - --
OR Zero Not Zero -- --
Test Under Mask Zero Mixed -- One 
Translate and Test Zero Incomplete Complete --
Input/Output Operations 

Halt 1/0 Int. Pending CSW Stored Stopped Not Oper 
Start 1/0 Available CSW Stored Busy Not Oper 
Test Channel Not Working CSW Ready Working Not Oper 
Test 1/0 Available CSW Stored Working Not Oper 

Figure 1-61. Condition-Code Settings 
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Interruption Code 

Dec Hex Binary Program Interruption Cause 

1 01 0000 0001 Operation 

2 02 0000 0010 Privileged operation 

3 03 0000 0011 Execute 

4 04 0000 0100 Protection 

5 05 0000 0101 Addressing 

6 06 0000 0110 Specification 

7 07 0000 0111 Data 

8 08 0000 1000 Fixed-point overflow 

9 09 0000 1001 Fixed-point divide 

10 OA 0000 1010 Decimal overflow 

11 OB 0000 1011 Decimal divide 

12 oc 0000 1100 Exponent overflow 

13 OD 0000 1101 Exponent underflow 

14 OE 0000 1110 Significance 

15 OF 0000 1111 Floating-point divide 

Figure 1-62. Program Interruption Codes 

0 7 8 ll 12 15 16 

System Key AMWP* 
Mask* 

0 Multiplexer channel mask 
1 Selector channel 1 mask 
2 Selector channel 2 mask 

Interruption 
Code 

31 32 33 34 35 

ILC cc 

13 Machine check mask (M) 
14 Wait state (W) 
15 Problem state (P) 

36 

3 Selector channel 3 mask 
4 Selector channel 4 mask 
5 Selector channel 5 mask 
6 Selector channel 6 mask 
7 Externa I mask 

32-33 Instruction Length code (ILC) 
34-35 Condition code (CC) 

12 ASCII mode (A) 

*A one-bit equals on, and permits an interrupt 

Figure 1-63. Program Status Word (PSW) 

1-76 (7/69) 

36 Fixed-point overflow mask 
37 Decimal overflow mask 
38 Exponent underflow mask 
39 Significance mask 

39 40 63 

Program Instruction 
Mask* Address 



1.12 CHANNEL COMMAND AND ADDRESS FORMATS (FIGURES 1- 6.4 THROUGH 1-68) 

Command for CCW 

1052 Reod Inquiry BCD 
Reod Reoder 2 BCD 

2540 

1442 Nl 

Write BCD, Auto Carriage Return 
Write BCD, No Auto Carriage Return 
No Op 
Sense 
Alarm 

Read, Feed, Select Stacker SS 
Read 
Read, Feed (1440compatibility mode only) 
Feed, Select Stacker SS 
PFR Punch, Feed Select Stocker SS 
Punch, Feed, S~ lect Stacker SS 

~ [DI Data Mode 

~ [0IEBCD1c 
01 R2 1 Column Binary 
10 RP3 '---'--------' 

'-----' 

M M M M 

Read x Eject and SS 1 
Read x Eject and SS! 
Read x Eject and SS2 
Read x Eject and SS2 
Write x SS! 
Write x Eject and SS 1 
Write x SS2 
Write x Eject and SS2 
Control Eject and SS! 
Control SS2 
Control Eject and SS2 
Sense Punch Diagnostic 
Sense Read Diagnostic 

X-0 means EBCDIC mode 
X=l means Column Binary Mode 

1403 or Write, No Space 
1443 Write, Space 1 Alter Print 

Write, Space 2 After Print 
Write, Space 3 Alter Print 
Write, Skip to Channel N After Print 
Diagnostic Read 
Test 1/0 
Sense 

Carriage Space 1 Line Immediately 
Control Space 2 Line Immediately 

Space 3 Line Immediately 
Skip to Channe I N Immediately 
No Op 

Type AA 
Type AB 

Type BA 
Type BA 
Type BB 

Read 
Write 
Control 
No Op 
Sense 

C H A N Channel C H AN Channel 

1 
0 
1 
0 
1 

1 0 

2400 Transfer in Channel 
Tape* Sense 

Read Backward** 
Write 
Read 
Control 
Mode Set 

1 1 1 7 
0 0 0 8 
l 0 1 9 
0 1 0 10 
0 1 1 11 
1 0 0 12 

*9 track op. forces 800 BPI and odd parity; also, it overrides 
7 track but does not reset 7 track. Load/Sys. Reset forces 
7 track to 800 BPI, odd parity, data converter on, translator off. 

Control 
C C C Codes Hex Dec 

REW 7 
OF 15 
17 23 
IF 31 
27 39 

7 Track 
D D Density 

200 
556 
800 
800 

8-Bit'Code 
2 3 

D 0 
D 0 
D 1 
1 0 
D 0 
D 0 

M M M 0 
M M M 0 
M M 0 0 
0 0 0 0 
0 0 M M 

0 0 
0 0 
0 1 
0 1 
c A 
0 0 
0 0 
0 0 

0 0 
0 1 
0 1 
c A 
0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 c c 
D D M M 

4 

0 
1 
0 
1 
N 
0 
0 
0 

1 
0 
1 
N 
0 

1 
0 
1 
0 
0 
c 
M 

M M M (Mode Modifiers) 2F 47 
37 55 
3F 63 

5 6 7 Hex 

OA 
02 
09 
01 
03 
04 
OB 

01 
09 
11 
19 

02 
00 
04 

OB 
13 
lB 

03 

08 
04 
oc 
01 
02 

**Overrides Data 
Converter On 

_ ~ _ 1_ ~ _Re~et_C~nd_i.ti~n _ _ _ ~ ~ _ '.'._ __ !- __ 
_ ~ _1 _ _! _N_i.ne_:t~cl:_o".!y ___________ x_ 
_ !. _o _ o_ _ _ _ _ _ _ _ _ _ _ _ '.'.. _ l5.. _ '.'.. __ 
_ 1 _ o_ .!. _________ '.'._ _ ~ _ '.'.. ~ _ 
_ 1_ _1 _ 0 _ ~e~t ~o~di!!_o~ _ _ _ ~ ~ X X 

1 1 1 x x x x 

Figure 1-64. Channel Command Codes 

Dec 

10 
02 
09 
01 
03 
04 
11 

01 
09 
17 
25 

02 
00 
04 

11 
19 
27 

03 

08 
04 
12 
01 
02 
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Command Data Address 
Code 

(8) 
00000000 

(24) 

Command Code 

01234567 
****0000 
mmmm0100 
****1000 
mmmm1100 
mmmmmmOI 
mmmmmmlO 
mmmmmm I 1 

*-Bit Ignored 
m-Modifier Bit 

Invalid 
Sense 
TIC 
Read Backward 
Write 
Read 
Control 

Flags 

0-CD 
1-CC 
2-SLI 
3-SKIP 
4-PCI 

Flags 000 Ignored Count 

(5) (3) (8) (16) 

Bit 32, causes the address portion of the next CCW to be used. 
Bit 33, causes the command code and data address in the next CCW to be used. 
Bit 34, causes a possible incorrect length indication to be suppressed. 
Bit 35, suppresses the transfer of information to main storage. 
Bit 36, causes an interruption as Program Control Interrupt. 

Figure 1-65 .. Channel Corrmand Word (CCW) 

CHANNEL ADDRESS WORD 

Key 0 0 0 0 Command Address 

0 3 4 

Figure 1-66 .. 

Mem 0000 
Prot 
Tag 
(4) 

0 3 4 7 8 

Unit Status 
0-Attention 
I-Status Modifier 
Z-Control Unit End 
3-Busy 
4-Channe I End 
5-Dcvice End 
6-Unit Check 
7-Unit Exception 

7 8 15T16 23T24 

Channel Address Word (CAW) 

Next CCW Address 

Channel Status 
0-PCI 

(24) 

I-Incorrect Length 
2-Program Check 
3-Protection Check 
4-Channel Data Check 
5-Channel Control Check 
6-lnterface Control Check 
7-Chaining Check 

Figure 1-67 .. Channel status word (CSW) 

1-78 ( 7/69) 

31 

Status Residua I Count 

Unit Channel Bits 48-63 form the residual 
count for the last CCW used. 

(8) (8) (16) 

31 32 47 4 8 63 



Halfword 0 
Byte 0 

Channel 
Status 

Byte 1 
Flags & Op 

\ 

Halfword 1 
Byte 2 J Byte 3 

Data Address 

Unit status1 Unit address 
at interrupt at interrupt 

Byte 1 (Flags and Op) 

Halfword 2 
Byte 4 J Byte 5 

Byte Count 

Bit Significance 

0 CDA (Data Chain in progress) 

Halfword 3 

Byte 6 J Byte 7 

Next CCW Address 

1 Chain Command (Chain Command in progress) 

~ 

2 SLI (Suppress Length Indication) 

3 Skip 

4 PCI (Program Controlled Interrupt) 

5 Active (On from time operation initiated at device associated 
with UCW until channel end has been stored in the CSWl. 

6 Op 0 (See note) 

7 Op 1 (See note) 

** With active bits on, bits 6 and 7 decode as follows: 

00 = Count zero, expect channel end (after initial selection; 
Test 1/0 or Interrupt (during initial selection). If 
latter, bit 3=0 means Test 1/0; bit 3=1 means interrupt. 

01 = Output 
10 = Read Forward 
11 = Read Backward 

Byte 0 (Channel Status) 

Bit Significance 

0 Secondary* 

1 I ncorrect Length 

2 Program Check 

3 Protection Check 

4 Channel Data Check** 

5 Channel Control Check 

6 Interface Control Check 

7 Interrupt in Interrupt Buffer* 

*Bits 0 and 7 indicate the following: 

00 = Handling data, expecting data 
01 = Handling data, expecting status 
10 = Status queued at I /0 device 
11 = Status in Interrupt Buffer 

** Channel Data Check can be set on only during input 
operations. The parity check is detected in the CPU 
A-Register, and no machine check occurs. 

Figure 1-68. Channel-UCW Format 
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1.13 INTEGRATED CCN.MUNICATICNS ADAPTER (FIGURES 1-69 AND 1-72) 

r-~-----------------------------------T---------,-------------------------------1 
I I I Code Assignrrent I 
I I ~---------.-----T--------T-----~ 
!Name !Mnemonic !EBCDIC !Hex IUSASCII !Hex I 
·--------------------------------------+---------f---------4-----4--------t-----~ 
I Start. cf Heading I SOH I SOH I 01 I SOH I 01 I 
I Start of Text I STX !STX 102 !STX I 02 I 
!End of Transmission Block I ETB IETB 126 IETB 117 I 
~-~-----------------------------------+---------+---------+-----+--------+-----~ 
jEnd of Text I ETX IETX 103 IETX 103 I 
!End of Transmission I EOT IEOT I 37 I EOT I 04 I 
I Enqui ry I ENQ I ENQ I 2D I ENQ I 0 5 I 
~-~-----------------------------------+---------f---------t-----+--------+----_, 
I Negative Acknowledge I NAK I NAK 13 D I NAK I 15 I 
ISynchrcnous Idle I SYN ISYN 132 ISYN 116 I 
p::ata Link Escape I DIE IDLE 110 IDLE I 10 I 
~--------------------------------------+---------+---------f-----+--------+-----f 
!Intermediate Block Character I ITB IIUS llF !US llF I 
I Even Acknowledge I ACKO IDLE (70) * 11070 IDLEO 110 30 I 
!Odd Acknowledge I ACKl IDLE/ 11061 IDLE1 11031 I 
~----------~---------------------------+---------+---------+-----t--------f-----~ 
I Wait Before Transmit I WABT I DLEC 7F) * I 107F IDLE? I 103F I 
!Mandatory Disconnect I DISC IDLE ECT 11037 IDLE EOT 11004 I 
!Stop Acknowledge I SAK IDLE. l106B IDLE; l103B I 
·--------.----------------------------+---------+---------+-----+--------+-----~ 
!Reverse Interrupt I RVI IDLE@ l107C IDLE< l103C I 
ITanporary Text Delay I TTD !STX ENQ I022D ISTX ENQ 10205 I 
!Transparent Start of Text I XSTX IDLE STX 11002 IDLE STX 11002 I 
~--------------------------------------+---------+---------+-----+--------+-----~ 
I Transparent Interrr.ediate Bleck I XITB IDLE IUS j101F IDLE US l101F I 
I Trans parent End of Text I XEI'X IDLE ETX I 1003 IDLE ETX I 1003 I 
I Transparent End of Trans. Block I XETB IDLE ETB 11026 I DLF ETB I 1017 I 
~--------------------------------------+---------+---------+-----+--------+-----~ 
!Transparent Synchronous Idle I XSYN IDLE SYN 11032 IDLE SYN 11016 I 
!Trans parent Block Cancel I XENQ IDLE ENQ. l102D IDLE ENQ I 1005 I 
~-~-----------------------------------i _________ i _________ i _____ i ________ i _____ ~ 
I* Hexadecimal representation Cno control or·graphic assignment) I 
L-------------------------------------------------------------------------------j 

Figure 1-69. Bisyncbronous Ccntrcl Character Chart 
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0 2 3 4 5 6 7 

Data Address I I 
Channel Status flags and Ops r--------. Count Next CCW Address 

Unit Status l l J 
Byte 0 Bit 0 

Byte 1 

Bytes 2 and 3 

Byte 2 

Bytes 4 and 5 

Bytes 6 and 7 

Byte 7 

Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bits 6 and 7 

0 0 

0 1 
1 0 
1 1 

Bit 0 
Bit 1 
Bit 2 
Bit 3 

Bit 4 
Bit 5 
Bit 6 
Bit 7 

Bit 7 

-· PCI CHK CHNL STATUS: also before channel status is presented acts to indicate that a pending interrupt 
- is for a PCI interrupt only and not a Channel End-Device End interrupt. 
- Incorrect length record check (I LC). 
- Program check. 
- Protection check. 
- Not used. 
- Not used. 
- Indicates whether the address of the UCW is in the interrupt Q table. 
- Interrupt pending bit. 

- Chain Data flag (CD). 
- Chain Command flag (CC). 
- Suppress Length Indication (SLI ). 
-SKIP flag. 
- Programmed Controlled Interrupt flag (PCI ). 
- Active Bit; on when commands are being executed or when interrupt pends in interrupt Q table. 
- Decoded as follows. 
- Count has gone to zero in count field and UCW is waiting for another data transfer request to respond with 

channel stop and set up to set ILC in CHNL. Status in GENO. 
- Write type command being executed. 
- Read type command being executed. 
- Set when a channel stop is given and will indicate to GENO to signal a possible I LC. 

- Data Address during command execution 

- Device Status at Command End. 
- Not set by ICA 
- Status Modifier 
- Not set by ICA 
- Not set by ICA -- Busy set by CC to SIO, TIO 

- Channel End l 
D 

. E d f Always presented together in ICA 
- ev1ce n 
- Unit Check 
- Unit Exception 

- Count Field 

- Next CCW Address 

- On when ICA UCW is not operational (tested in DCLA) 

Figure 1-70. !CA UCW Format 
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Byte Byte Byte Byte Byte Byte Byte 

o--1 -4 -5 

CRC 2 CRC 1 Receive Poll Index 

or Control Character State State Byte Store & Sense 

Accumulator LRC Buffer Hi Lo Control Transparent Byte 
Accumulator Time Fill Count 

0 Character Buffer Full 0 0 Sense Bit 0 Command Reject 
1 Receive Data Lost; Run DISABLE Command 1 ITB Mode Sense Bit 1 I nterven Required 

2 Timeout Control (DISABLE Command) 2 Poll Flag 2 

3 Unit Exception Remember 3 Transparent Stop 3 Sense Bit 3 Equipment Check 

4 '1' (Synchronous LCW) 4 Pad Flag (Xmit) bee/Data 4 Sense Bit 4 Data Check 
check for record receive 

5 5 Second Write Command 5 Sense Bit 5 Overrun 
Accepted Overrun Remember 

6 'O' High Priority Chain Flag 6 Transparent Stop TO Flag; 6 Sense Bit 6 Lost Data 
bee check 

7 Adapter 2/1 7 I TB Remember 7 Sense Bit 7 Timeout Complete 

LCW Byte 4 

BIT 
HEX 

0 

2 
3 
4 
5 
6 

7 

8 
9 
A 
B 

c 
D 

E 

F 

BIT 
HEX 
0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
c 
D 
E 
F 

4 

0 

0 

0 
0 

0 

0 
0 

0 

Figure 

0 2 

0 0 0 

0 0 0 
0 0 
0 0 1 

0 0 
0 0 
0 

0 

0 0 
0 0 
0 

0 
0 
0 

5 6 

0 0 

0 0 

0 
0 1 

0 

0 

1 1 

0 0 

0 0 
0 

0 1 

0 

0 

1-71. 

1-82 (7/69) 

7 

0 
1 

0 

0 

1 

0 

0 
1 
0 

0 

STATE HI DECODE 

3 
TRANSMITTING RECEIVING CONTROL STATE 

0 Monitor For Clear to Send Monitor For First Non-SYN DISABLE 
OLE Decoded, Not In Text Mode OLE Decoded, Not in Text Mode 

0 End (WRITE); Turnaround (POLL) Monitor For First Non-SYN, Poll Read ENABLE 
1 Not In Text Mode Receive First Non-SYN Not in Text Mode DIAL 
0 Transmit C RC-2 Expect CRC-2 PREPARE 
1 Transmit Pad Character Invalid Decode 

0 Xmit SYN Time Fill, Transparent Invalid Decode 

Stop 

Xmit OLE Time Fill, Transparent Invalid Decode 

Stop 

0 Transmit CRC-1 (or LRC) Expect CRC-1 (or LRC) 
1 OLE Decoded in Text Mode OLE Decoded, In Text Mode 

0 Xmit, SYN Time Fill In Text Mode SYN Decoded, In Text Mode 
1 Text Mode Text Mode 

0 ENO Decoded, in Poll Transmit Text Mode 

OLE Decoded Transparent Mode or OLE Decoded, In Transparent Mode 
Transparent Stop 

0 Xmit SYN Time Fill, Transparent OLE SYN Decoded, In Transparent 
Mode Mode 
Transparent Mode or Transparent Transparent Mode 

Stop 

STATE LO DECODE 

Control State; DIAL Step 1 

WRITE 
Receive Monitor 

READ 
DIAL Step 2 
POLL Write 
Invalid Decode 

POLL Read 
DIAL Step 3 

Invalid Decode 

ADPREP Monitor 

Invalid Decode 

Invalid Decode 
Invalid Decode 
ADPREP Control 
Invalid Decode 

Synchronous LCW Format 



Xmit-RTS Delay Count; 
Recv-End Delay Count 

Byte Byte Byte 
~"-'"~M~1~~----~2~-.i-4-~~ 3 

Bit Rec Xmt Timeout 
Update 
Trap Control 

Count Count Field & 
Ctr Out Bit Trap 

Field Char Asm/ 
Dism 

0 34 !i67 

\ 

Recv'g Character/Run Timeout 
(If Timeout Control) 

Receiving: ATS De:lay Control 

Transmit Receive 

Character 

Buffer 

LCW Byte 0 XMIT CONTROL 0 Character Buffer Full 

Byte 
4 

State State 

Hi Lo 

BIT 6 7 DECODE 1 Recv. Data Lost (Recv); Pad Control (Write) 
HEX 2 T.O. Control 
0 0 0 3 Poll Flag (IBM) 
1 0 1 Transmit Normal 4 'O' (Start/stop LCW) 

Byte 

-s 
Byte 

-s 
Byte 

-1 

LAC (IBM-1) IBM Poll Index Sense 
Prep Break Byte Store 
Count & 

or Backup Buffer 
Backup Buffer (Xmit IBM-1) Byte 
(Xmit TTY-1) 

0 Sense Bit 0 Command Reject 
1 Sense Bit 1 Intervention Required 
2 Unit Exception Status Remember 
3 Sense Bit 3 Equipment Check 
4 Sense Bit 4 Data Check 

2 0 Transmit Break 6 Telegraph Adapter Echo check or TTY 11 Break 5 Sense Bit 5 Overrun 
(TTY) Detected ( Xmit) 

6 TTY 11 Space Remem (Xmit) Stop Bit Error (Recv) 6 Sense Bit 6 Lost Data 
3 Transmit End 7 Data Bit Transfer Check (Xmit) 7 Sense Bit 7 Timeout Complete 

LCW BYTE 0 BIT COUNT FIELD DECODE 

RECEIVING TRANSMITTING 
BIT 0 2 3 TTY IBM IBM TTY TTY IBM IBM TTY 
HEX II II II II 
0 0 0 0 0 Pad Start Bit 
1 0 0 0 1 Normal Data Bit First Data Bit 1 B B 
2 0 0 0 Normal Data Bit 2 Normal Data Bit 2 
3 0 0 1 1 Normal Data Bit 3 A A Normal Data Bit 3 A A 
4 0 0 0 Normal Data Bit 4 8 8 Normal Data Bit 4 8 8 
5 0 0 1 Normal Data Bit 5 4 4 2 Normal Data Bit 5 4 4 2 
6 0 0 Normal Data Bit 6 2 2 3 Normal Data Bit 6 2 2 3 
7 0 1 1 Normal Data Bit 7 1 1 4 Normal Data Bit 7 1 1 4 
8 0 0 0 Last Data Bit 8 c c 5 Normal Data Bit 8 c c 5 
9 1 0 0 1 Stop Bit Stop 1 Bit (IBM-II.TTY-II) s s 
A 1 0 0 Xmit RTS Delay Xmit CTS Test 
B 0 1 1 Enable Dial DCD Test Normal Start Bit 
c 0 0 Recv. End Delay Transmit End 1 
D 0 
E 0 First Data Bit B B Transmit End 2 
F 1 Final Stop Bit 

Figure 1-72. Start/Stop LCW Format (Part 1 of 2) 
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LCW Byte 4 

STATE HI DECODE 

BIT 0 1 2 3 I BM XMIT/RECV TTY XMIT/RECV CONTROL STATE 

HEX 

0 0 0 0 0 Receive Monitor Receive Monitor Receive Monitor (DISABLE) 

1 0 0 0 1 Invalid Decode Read Data, TTY-I PREPARE Break 

2 0 0 0 ENABLE (Switched Network) 

3 0 0 1 Read Data Read Data, TTY-I I DIAL (IBM-I, TTY-II) 

4 0 0 0 Read LRC, I BM-I Invalid Decode PREPARE 

5 0 0 1 Read End IBM Read End TTY 

6 0 0 Invalid Decode Read FIGS H Remember, TTY-I 

7 0 1 1 Poll Read Read First Non L TRS, TTY-I 

8 0 0 0 Write Data Write Data, TTY-II 

9 0 0 1 Write Stop Write Stop 

A 0 0 Write LRC, I BM-I Break Data 

B 0 1 1 Write Prepend Write Shift Remember, TTY-I 

c 0 0 Write Shift Remember, I BM-I Write Data, TTY-I 

D 0 1 Poll Initial 

E 0 Poll Write Break Initial 

F Write End Write End 

STATE LO DECODE 

BIT 4 5 6 7 

HEX 

0 0 0 0 0 Control State; DIAL Step 1 

0 0 0 I BM Text in Downshift Mode: I BM POLL Write Step 3 

2 0 0 0 TTY Downshift Mode 

3 0 0 I BM Control, (Downshift) Mude 

4 0 0 0 DIAL Step 2 

5 0 0 I BM Text Out. Downshift Mode: POLL Write Step 2 

6 0 1 0 Invalid 

7 0 1 1 1 I BM, Control, Downshift Mode: POLL Write Step 1 

8 0 0 0 DIAL Step 3 

9 0 0 IBM-I Text In, Upshift Mode 

A 0 0 TTY-I Upsh ift Mode 

B 0 1 1 I BM-I Control, ( Upsh ift Mode) 

c 1 0 0 Invalid 

D 0 1 IBM-I Text Out, Upshift Mode; IBM POLL Write Step 0 

E 0 Invalid 

F I BM-I Control, (Upshift Mode) 

Figure 1-72. Start/Stop LCW Format (Part 2 of 2) 
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1.14 1403 PRINTER (FIGURES 1-73 THROUGH 
1-95.) 

Figure 1-73 shows the possible Start I/O 
ccrrmand byte configurations for the 1403. 
The legend for this figure is as follows. 

BITS BITS 0123 

i 0000 0001 0010 0011 0100 0101 0110 0111 

0000 c d b 

0001 c e 

0010 

0011 

0100 

0101 

0110 

0111 j 

1000 

1001 c e 

1010 c e 

1011 c e 

1100 c e 

1101 c e 

1110 c e 

1111 f 

Figure 1-73. 1403 Corrmand Byte Description 

Char in. 
Column 

b 

4567 

c 
a 
e 

f 

g 

h 
j 
k 

1000 1001 

c 

c 

c 

c 

\ 
c 

c 

c 

c 

Printer Command 
Sense 
Write with valid carriage-control 
No-Op 
carriage central with valid 

carriage-control modifier 
Load multiple character set (MCS) 

and fold 
Load multiple character set (MCS) 

and no fold 
Gate load 
Block data check 
Allow data check. 

1010 1011 1100 1101 

e 

e 

k 

I e 

e 

e 

e 

e 

e 

h 

g 

1110 1111 

2025 FEMM (7/69) 1-85 



I-' ltj 
I 

...,. 
co \.Q 
O'\ ~ 

(I) 
....J 

' ...... 

°' I 
\0 ....J 

.;: 
• 
() 

~ ...,. 
t! 

:t:ii 
Ii 
Ii 
ni 

~ 
(I) 
~ 
(I) 

t! 
rt' en 

""" 0 
Ii 

C/l 
"< en 
rt 
(I) 

~ 
w 
O'\ 
0 

"'d 
Ii ...,. 
~ 
g 
rt' 

::i:; 
(1) 

tO 
Ii 
('T) 
CJ) 

~ 
rt' 
ni 
rt' ...,. 
0 
t! 

"PCS-AN" ( 3 LEVEL SET-48 "A" GRAPHICS) 

Note I 1 2 3 4 5 6 7 8 9 0 , - P 0 R# $a) IS TU V W X Y Z ll • * 1 2 3 4 5 6 7 8 9 0 , - J K L M N 0 AB CO E F G H I + , * 
Rf. $"lo 

"PCS-HN" ( 3 LEVEL SET- 48 "H"GRAPHICS) 

Noter 1234567890,-POR=$'tSTUVWXYZ),*1234567890 -JKLMNOABCOEFGHI+.* 

Rf. $ ( 

"AN" 

Note fil 1 2 3 4 5 6 7 8 9 0 # ci) I S T U V W X Y Z f. , "lo J K L M N D P 0 R - $ * A B C 0 E F G H I + • ti 

"HN" 

Note m 1 2 3 4 5 6 7 8 9 0 ' I S TU V W X Y Z f. , ( J K L M N D P 0 R - $ * A B C 0 E F G H I + , ) 

"PN" PL I I (60 GRAPHICS) 

Note II 1 2 3 4 5 6 7 8 9 0 x y Is Tu vw I : ,= JK LM ND PO R- Z( AB CO EF GH I+,) "lo$ *#6.ci:>(;-i' ?> 

"ON" PL/ I (60 GRAPHICS- 45 PREFERRED) 

1 2 3 4 56 78 90 XY IS TU vw - .. 
$* '= J K LM ND PQ R- z ( 

( : #* 

? > a)* 

-, . f. '~ 
I : "lo~,< 

"RN" FORTRAN COBOL COMMERCIAL ( 52 GRAPHICS -4 7 PREFERRED) 

1 2 34 56 78 90 XY IS TU vw 'a) $ ~' . = J K LM ND PO R- z ( 
3ci) 

#a) 

ll a) 

E.. Q) 

"SN" TEXT PRINTING ( 84 GRAPHICS- 78 PREFERRED) 

, 2 3 4 5 6 78 90 f.. IS TU vw XY z' $* JK LM NO PQ R- ". 

"TN" TEXT PRINTING (120 GRAPHICS) 

Note I 1 2 3 4 5 6 7 8 9 0 = • IS TU VW X Y Z , # f. J K LM N 0 P Q R- " 

op qr st uvwx yzci:>' ?;±!$*°1oil 123456 7890-+() 

"XN" HIGH SPEED ALPHANUMERIC (40 GRAPHICS) 

AB co EF GH I+ . ) 

AB co EF GH I+ . ) 

AB CD EF GH I+ ab c d e f gh ij kl 

Note I Two full sets per cartridge arrangement 

Note n Four full sets per cartridge arrangement 

Note m Five full sets per cartridge arrangement 

Note ISZ' Six full sets per cartridge arrangement 

mn 0 p qr st UV wx y z a) • () -I 

l l l l ? !j; 'J"lo aj 

ABCDEFGHI+abcdefghij Itlmn 

Note ISl I 1 2 I 3 + 617 819 o I •• I A BI c o I EF I G HI I z I J KIL MIN a IP o IR* I$ s IT u Iv w Ix YI 

ODA· FIRST ARRAY 

ONA- FIRST ARRAY 

OAA ·FIRST ARRAY 

ONB- FIRST ARRAY (WTC Only) 



Note 1 

Note 1 

"PCS-AN"(3 LEVEL SET-48 "A" GRAPHICS) 

12 3 456 7 8 O,- PQR Jll$a) /ST UVW XYZ a.* 12 3 456 789 O,- JKL MND ABC DEF GHI + •* 
&$% 

"PCS-HN 00 (3 LEVEL SET-48 "H"GRAPHICSl 

123 456 789 0 1 - PQR • $• /ST UVW XYZ l •* 12 3 456 789 O,- JKL MND ABC DEF GHI + •* 
£.$( 

"AN" 

Note m l1 ul456,7891011+sTluvwlxv zlE.,%jJKLjMNDjPaRl-$+BcjDEF,GHII+ .111 
"HN" 

Note m 112 31456,78910• •jtsTluvwlxvzlE.' 1IJKLIMNOIPaRl-hlABC,DEF,GHII+. >I 

"PN" PL/I. I 60 GRAPHICS l 

Note II 123 456 789 oxv 1sT uvw I:_",= JKLMNDPQR -ZI ABCDEFGHI +. l $ &.a)<;""''?> 

Note I 

"QN" PL/I (60 GRAPHICS -45 PREFERRED l 

123 456 789 OXY /ST uvw -"S *•"' JKL MNO PQR -ZI ABC DEF 

<;# 

?>cil 

1-i'&. 

I:.,_ 

"QNC" PL/I 160 GRAPHICS -45 PREFERRED) 

123 456 789 Olll<il /ST uvw XYZ &..% JKL MNO PQR -h ABC DEF 

"RN" FORTRAN-COBOL-COMMERCIAL (52 GRAPHICS-47 PREFERRED l 

123 456 789 OXY /ST uvw 'ci)$ *•" JKL MND PQR -Z( ABC DEF 

j-/.ci)$ 

jtllci)$ 

Ela)$ 

&.a)$ 

"SN" TEXT PRINTING (84 GRAPHICS-78 PREFERRED) 

GHI 

GHI 

GHI 

+.) 

"•"' 
1:_ 
< ;..., 
• ? > 
)+( 

+.) 

Note I Two full sets per cartridge arrangement 

Note n Four full sets per cartridge arrangement 

Note m Five full sets per cartridge arrangement 

1 23 456 789 Of.. /STiuvwPtYZ, S* JKL MNOPQRj-" :jABCiDBF GHI +ab cde f qtii ij k lm11 opq rat uvw xy1 a)' I l-1 

"YN" HIGH SPEED ALPHANUMERIC (42 GRAPHICS-39 PREFERRED) 

123 456 789 OST ABC DEF GHI J KL MND PQR uvw XYZ *·· 
--~ 

--~ 
ODA· FIRST ARRAY 

ONA· FIRST ARRAY 

0 A A ·FIRST ARRAY 

ON8-F1RSTARRAY (WTC OnlY) 

Figure 1-75. Train Arrangements for system/360 (Printout Re~resentation> 
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5X 6X 

XO & 

) - HN Graphic . 

--- Non shaded- assigned in EBCDIC chart 

Characters printed are basic integrated 1403. 

Non-shaded graphics indicate the defined codes 

in the EBCD interchange code chart. 

Figure 1-76. AN and HN Graphics for Basic 1403 Attachment 

1-88 (7/69) 

B K 

c L 

D M 

E N 

F 0 

G p 

H Q 

R 

s 2 

T 3 

u 4 

v 5 

w 6 

x 7 

y 8 

z 9 



Command Byte 

0 1 2 3 4 5 6 7 Function 

0 0 0 0 0 0 0 1 Write and No Space After 
Print 

0 0 0 0 1 0 0 1 Write and Space 1 Line 
After Print 

0 0 0 1 0 0 0 1 Write and Space 2 Lines 
After Print 

0 0 0 1 1 0 0 1 Write and Space 3 Lines 
After Print 

1 0 0 0 1 0 0 1 Write and Skip to Channel 
1 After Print 

1 0 0 1 0 0 0 1 Write and Skip to Channel 
2 After Print 

1 0 0 1 1 0 0 1 Write and Skip to Channel 
3 After Print 

1 0 1 0 0 0 0 1 Write and Skip to Channel 
4 After Print 

1 0 1 0 1 0 0 1 Write and Skip to Channel 
5 After Print 

1 0 1 1 0 0 0 1 Write and Skip to Channel 
6 After Print 

1 0 1 1 1 0 0 1 Write and Skip to Channel 
7 After Print 

1 1 0 0 0 0 0 1 Write and Skip to Channel 
8 After Print 

1 1 0 0 1 0 0 1 Write and Skip to Channel 
9 After Print 

1 1 0 1 0 0 0 1 Write and Skip to Channel 
10 After Print 

1 1 0 1 1 0 0 1 Write and Skip to Channel 
11 After Print 

1 1 1 0 0 0 0 1 Write and Skip to Channel 
12 After Print 

Figure 1-77. 1403 Corrrrands (Write 
Operation with Various 
Carriage Functions} 

Command Bytes 

0 1 2 3 4 5 6 7 

0 0 0 0 1 0 1 1 
0 0 0 1 0 0 1 1 
0 0 0 1 1 0 1 1 
1 0 0 0 1 0 1 1 

1 0 0 1 0 0 1 1 

1 0 0 1 1 0 1 1 

1 0 1 0 0 0 1 1 

1 0 1 0 1 0 1 1 

1 0 1 1 0 0 1 1 

1 0 1 1 1 0 1 1 

1 1 0 0 0 0 1 1 

1 1 0 0 1 0 1 1 

1 1 0 1 0 0 1 1 

1 1 0 1 1 0 1 1 

1 1 1 0 0 0 1 1 

Figure 1-78. 

Command Byte 
0 1 2 3 4 5 6 7 

0 0 0 0 0 0 1 1 
0 1 1 1 0 0 1 1 
0 1 1 1 1 0 1 1 
1 1 1 0 1 0 1 1 
1 1 1 1 0 0 1 1 
1 1 1 1 1 0 1 1 
0 0 0 0 0 1 0 0 

Function ---
Space 1 Line Immediately 
Space 2 Lines Immediately 
Space 3 Lines Immediately 
Skip to Channel 1 

Immediately 
Skip to Channel 2 

Immediately 
Skip to Channel 3 

Immediately 
Skip to Channel 4 

Immediately 
Skip to Channel 5 

Immediately 
Skip to Channel 6 

Immediately 
Skip to Channel 7 

Immediately 
Skip to Channel 8 

Immediately 
Skip to Channel 9 

Immediately 
Skip to Channel 10 

Immediately 
Skip to Channel 11 

Immediately 
Skip to Channel 12 

Immediately 

1403 Cororrands (Independent 
Carriage Operations) 

Function 

No-Op 
Block Data Check 
Allow Data Check 
Gate Load 
Load MCS and Fold 
Load MCS and No Fold 
Sense 

Figure 1-79. 1403 Commands CNo Printing or 
Carriage Motion) 

7X00or 9XOO 

Not Block Block 
Set Length 

Data Check Data Check 
(Decimal) 

01 81 16 
02 82 40 
04 84 48 
08 88 60 
10 90 80 
20 AO 120 
40 co 240 
00 80 240 

Figure 1-80. PCCL Code for Different 
Character Set Lengths 
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Figure 1-81 shows the contents of the 
translate table for the basic attachment. 
The table is loaaea for aualed and folded 
AN or HN chains or trains. The table 
causes the same translation as the non-UCS 
translator in the 2821 control unit. The 
table is loaded in the preceding roanner 

da 7000 
0425 2627 2829 2A2B 2C2D 2E2F 3018 2EOO 
1619 1A1B 1C10 1E1F 2021 2223 2430 0000 
2200 OEOF 1011 1213 1415 1617 1800 1700 
OA01 0203 0405 0607 0809 OAOB OCOC OBOO 
0025 2627 2829 2A2B 2C2D 2E2F 3018 2EOO 
1619 1A1B 1C10 1E1F 2021 2223 2430 0000 Note: 

when the control storage is reloaded with a 
System/360 load. When control storage is 
loaded with a systan/360 load with :rv:cs, the 
translate table is unaffected. 

PCCL byte is shewn with tlock data check 
not set. 

2200 OEOF 1011 1213 1415 1617 1800 1700 
OA01 0203 0405 0607 0809 OAOB OCOC OBOO 
0025 2627 2829 2A2B 2C2D 2E2F 3018 2EOO 
1619 1A1B 1C1D 1E1F 2021 2223 2430 0000 

Graphics are folded and dualed 
aswith the I BM 2821 non-UCS 
translator. 

Graphic 

HN 

AN 

HN 

2200 OEOF 1011 1213 1415 1617 1800 1700 
OA01 0203 0405 0607 0309 OAOB OCOC OBOO 
0025 2627 2829 2A2B 2C2D 2E2F 3018 2EOO 
1619 1A1B 1C10 1E1F 2021 2223 2430 0000 
2200 OEOF 1011 1213 1415 1617 1800 1700 
OA01 0203 0405 0607 0809 OAOB OCOC OBOO 

01 02 03 04 05 06 07 08 09 OA 

1 2 3 4 5 6 7 8 9 0 

19 1A 1B 1C 1D 1E 1F 20 21 22 

J K L M N 0 p Q R 

OB oc OD OE OF 

# @ s T 

23 24 25 26 27 

$ A B c 

Figure 1-81. Printer Translate Table (Basic Attachment) 

1-90 ( 7 /69) 

10 11 12 13 14 15 16 17 18 

u v w x y z & % 

28 29 2A 2B 2C 20 2E 2F 30 

0 E F G H + ti 



Figures 1-82 through 1-94 shew several 
different versions of the translate table 
for different MCS chain or train 
a:rrangeroents .. 

characters in the other sets are printable 
positions.. 'Ihese positions are indicated 
l:y the heavy bar in the grai:;hic position 
code charts .. 

When preferred-character arrangerrents 
with MCS are used, only the last character 
set of the arrangement and unique 

PCCL byte is shown with block data check 
not set .. 

: da 7000 I Ida 7000 

I01FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I I 01 FF FFFF FFFF FFFF FFFF FFOF 1 OFF FFFF I 
1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I I FFFF FFFF FFFF FFFF FFFF FFOD OE10 FFFF I 

: OCFF FFFF FFFF FFFF FFFF 
I 

I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I FFOB FFFF FFFF I 
1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF1 OA01 0203 0405 0607 0809 FFFF FFFF FFFF I 

!DOFF FFFF FFFF FFFF FFFF FFOF 1 OFF FFFF I : OOFF FFFF FFFF FFFF FFFF FFOF 1 OFF FFFF I 

1
FFFF FFFF FFFF FFFF FFFF FFOD OE10 FFFF I I FFFF FFFF FFFF FFFF FFFF FFOD OE10 FFFF 

10CFF FFFF FFFF FFFF FFFF FFOB FFFF FFFF I I OCFF FFFF FFFF FFFF FFFF FFOB FFFF FFFF : 

::::: FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 1 0A01 0203 0405 0607 0809 FFFF FFFF FFFF 

FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 1 OOFF FFFF FFFF FFFF FFFF FFOF 1 OFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI I FFFF FFFF FFFF FFFF FFFF FFOD OE10 FFFF I 

: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI I OCFF FFFF FFFF FFFF FFFF FFOB FFFF FFFF : 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI I OA01 0203 0405 0607 0809 FFFF FFFF FFFF I 

: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI I OOFF FFFF FFFF FFFF FFFF FFOF 1 OFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I I FFFF FFFF FFFF FFFF FFFF FFOD OE10 FFFF 

1 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI I OCFF FFFF FFFF FFFF FFFF FFOB FFFF FFFF I 
I OA01 0203 0405 0607 0800 FFFF FFFF FFFF I ~0~02_ 020~ ~4~ 06~ ~8~9 _F~F_F~F~ F~F~ I ------ -- -- - - - --(Not Folded) (Folded) 

Graphic 

Graphic Position Code 

01 02 03 04 05 06 07 08 09 OA OB oc OD OE OF 10 11 12 13 14 15 16 17 18 

2 3 4 5 6 7 8 9 0 $ ll 

Figure 1-82. Printer 'I'ranslate Table for t«:: s: Numeric Arrangerc:ent; count Length 10 C Hex) 
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Graphic 

I da 7000 
1 04FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF: 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
I I 
1 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 1 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 1 

I OOFF FFFF FFFF FFFF FFFF FF2F 3018 2EFF1 
I 16FF FFFF FFFF FFFF FFFF FF23 2430 FFFF I 

I 220D FFFF FFFF FFFF FFFF FF17 18FF FFFF
1 

I FFFF FFFF FFFF FFFF FFFF FFOB OCOC OBFF 
1 

1 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 

I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 

: FF25 2627 2829 2A2B FFFF FFFF FFFF FFFF I 
I FFl 9 1A1 B 1 C1D 1 El F 2021 FFFF FFFF FFFF I 

I FFFF OEOF 1011 1213 1415 FFFF FFFF FFFFI 
Lo~ _o~~ _o~o~ ~6~7-o~~ _F~~ ~~ _F~~ 

AN (Not Folded) 

~aphic Position Code 

01 02 03 04 05 06 07 08 09 OA 

AN 1 2 3 4 5 6 7 8 9 0 

HN 

19 lA 18 1C 1D lE lF 20 21 22 

AN J K L M N 0 p Q R 

HN 

OB oc 
# @ 

23 24 

$ 

Figure 1-83 .. Printer Translate Table for MCS: 

1-92 (7/69) 

I 
1 da 7000 I 
I 
I 04FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 
1 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 

: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 

OOFF FFFF FFFF FFFF FFFF FF2F 3018 2EFFI 
: 16FF FFFF FFFF FFFF FFFF FF23 2430 FFFFI 

I 2 2 OD FF FF FF FF FF FF FF FF FF 1 7 1 8 FF FF FF I 
I FFFF FFFF FFFF FFFF FFFF FFOB OCOC OBFF I 

I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 
1 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 

I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 

I FF25 2627 2829 2A2B 2C2D FFFF FFFF FFFF I 
I FFl 9 1A1 B 1 ClD 1 El F 2021 FFFF FFFF FFFF I 
: FFFF OEOF 1011 1213 1415 FFFF FFFF FFFF I 
L o~o_! ~2~ _9~5-o~o~ ~o~ ~F~ ~~~ i:£F! J 

HN (Not Folded) 

OD OE OF 10 11 12 13 14 15 16 17 

I s T u v w x y z & 

25 26 27 28 29 2A 28 2C 2D 2E 2F 

A B c D E F G H + 

AN-HN Arrangement; Count Length 30 

18 

% 

30 

ti 

(Hex) 



Graphic 

: ~:~~0~627 2829 2A28 2C20 
1619 1A18 1C1D 1E1F 2021 

1
1
2200 OEOF 1011 1213 1415 
OA01 0203 0405 0607 0809 

10025 2627 2829 2A28 2C20 
11619 1A18 1C1D 1E1F 2021 

FF2F 3018 2EFF 
FF23 2430 FFFF 
FF17 18FF FFFF 
FF08 OCOC 08FF 
FF2F 3018 2EFF 
FF23 2430 FFFF 

12200 OEOF 1011 1213 1415 FF17 18FF FFFF 
10A01 0203 0405 0607 0809 FF08 OCOC 08FF 
10025 2627 2829 2A28 2C20 FF2F 3018 2EFF 
I 1619 1A18 1C1D 1E1F 2021 FF23 2430 FFFF 

12200 OEOF 1011 1213 1415 FF17 18FF FFFF 
OA01 0203 0405 0607 0809 FF08 OCOC 08FF 

10025 2627 2829 2A28 2C20 FF2F 3018 2EFF 
11619 1A18 1 C1D 1 E1 F 2021 FF23 2430 FFFF 
12200 OEOF 1011 1213 1415 FF17 18FF FFFF 
IOA01 0203 0405 0607 0809 FF08 OCOC 08FFJ 
- - - - - - - AN (F;id~)- - - - - - -

da 7000 
0425 2627 2829 2A28 2C20 FF2F 3018 2EFF 
1619 1A18 1C10 1E1F 2021 FF23 2430 FFFF 
2200 OEOF 1011 1213 1415 FF17 18FF FFFF 
OA01 0203 0405 0607 0809 FF08 OCOC 08FF 
0025 2627 2829 2A28 2C20 FF2F 3018 2EFF 
1619 1A18 1C1D 1E1F 2021 FF23 2430 FFFF 
2200 OEOF 1011 1213 1415 FF17 18FF FFFF 
OA01 0203 0405 0607 0809 FF08 OCOC 08FF 
0025 2627 2829 2A28 2C2D FF2F 3018 2EFF 
1619 1A18 1C1D 1E1F 2021 FF23 2430 FFFF 
2200 OEOF 1011 1213 1415 FF17 18FF FFFF 
OA01 0203 0405 0607 0809 FF08 OCOC 08FF 
0025 2627 2829 2A28 2C2D FF2F 3018 2EFF 
1619 1A18 1C1D 1E1F 2021 FF23 2430 FFFF 
2200 OEOF 1011 1213 1415 FF17 18FF FFFF 
OA01 0203 0405 0607 0809 FF08 OCOC 08FF 

HN (Folded) 

Graphic Position Code 

01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 

2 3 4 5 6 7 8 9 0 # @ S T u v w x y z & % 

19 1A 18 1C 10 1E 1 F 20 21 22 23 24 25 26 27 28 29 2A 28 2C 20 2E 2F 30 

J K L M N 0 p Q R $ A 8 C D E F G H + o 

Figure 1-84. Printer Translate Table for MCS: AN-HN Folded; Count Length 30 (Hex) 
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Graphic 

da 7000 
08FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
DOFF FFFF FFFF FFFF FFFF FF2F 3724 2E13 
35FF FFFF FFFF FFFF FFFF FF32 3330 3839 
2200 FFFF FFFF FFFF FFFF FF17 3115 3C3B 
FFFF FFFF FFFF FFFF FFFF 1434 363A 1816 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FF25 2627 2829 2A2B 2C20 FFFF FFFF FFFF 
FF19 1A1B 1C10 1E1F 2021 FFFF FFFF FFFF 
FFFF OEOF 1011 120~ OC23 FFFF FFFF FFFF 

_o~o 1- ~~ ~4~5 _D6~7 _o~o~ ~~ .!~~ ~~ J 
(Not Folded) 

Graphic Position Code 

01 02 03 04 05 06 07 08 09 OA OB 

2 3 4 5 6 7 8 9 0 x 

19 1A 18 1C 1D 1E 1F 20 21 22 23 

J K L M N 0 p Q R z 

Ida 1000 

I 0825 2627 2829 2A2B 2C2D FF2F 3724 2E13 
13519 1A18 1C1D 1E1F 2021 FF32 3330 3839 
I 2200 OEOF 1011 1208 OC23 FF17 3115 3C3B 
I OA01 0203 0405 0607 0809 1434 363A 1816 
I 0025 2627 2829 2A2B 2C2D FF2F 3724 2E13 
13519 1A1B 1ClD 1E1F 2021 FF32 3330 3839 
I 2200 OEOF 1011 1208 OC23 FF17 3115 3C38 
I OA01 0203 0405 0607 0809 1434 363A 1816 
I 0025 2627 2829 2A2B 2C2D FF2F 3724 2E13 

3519 1A1B 1C1D 1E1F 2021 FF32 3330 3839 
: 2200 OEOF 1011 1208 OC23 FF17 3115 3C38 

OA01 0203 0405 0607 0809 1434 363A 1816 
I 0025 2627 2829 2A2B 2C2D FF2F 3724 2E13 
13519 1A18 1C1D 1E1F 2021 FF32 3330 3839 
I 2200 OEOF 1011 1208 OC23 FF17 3115 3C3B 
I OAO 1 0203 0405 0607 0809 1434 363A 1816 I 

(Folded) 

OC OD OE OF 10 11 12 13 14 15 

Y I s T u v w 
16 

24 25 26 27 28 29 2A 28 2C 2D 2E 

A B c D E F G H + 

31 32 33 34 35 36 37 38 39 3A 38 3C 3D 3E 3F 40 41 42 43 44 45 46 

% $ # & @ < > 

17 18 

2F 30 

47 48 

Figure 1-85 .. Printer Translate Table fer MCS: PN Arrangement; Count Length 3C CHex) 
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:da 7000 da 7000 

1
20FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 2060 6E6F 7071 7273 7475 FF77 58FF 76FF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 4C67 6869 6A68 6C49 4A48 FF40 78 FF FFFF 

:FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 664F 5051 5253 5455 5657 FF65 4EFF FFFF : 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 6458 5C50 5E5F 6061 6263 FF10 12FF FFFF 

loo FF FFFF FFFF FFFF FFFF FF77 58FF 76FF 0060 6E6F 7071 7273 7475 FF77 58FF 78FF I 
l4CFF FFFF FFFF FFFF FFFF FF40 78FF FFFF 4C67 6869 6A68 6C49 4A48 FF40 78FF FFFF I 

l664F FFFF FFFF FFFF FFFF FF65 4EFF FFFF 664F 5051 5255 5455 5657 FF65 4EFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FF10 12FF FFFF 6458 5C50 5E5F 6061 6263 FF10 12FF FFFF I 

IFFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 0060 6E6F 7071 7273 7475 FF77 58FF 7 6FF I 
IFFFF FF FF FFFF FFFF FFFF FFFF FFFF FFFF 4C67 6869 6A68 6C49 4A48 FF40 78FF FFFF I 
IFFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 664F 5051 5253 5455 5657 FF65 4EFF FFFF I 
IFFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 6458 5C50 5E5F 6061 6263 FF10 12FF FFFF 
FF60 6E6F 7071 7273 7475 FFFF FFFF FFFF 0060 6E6F 7071 7273 7475 FF77 58FF 76FF I 

IFF67 6869 6A68 6C49 4A48 FFFF FFFF FFFF 4C67 6866 6A68 6C49 4A48 FF40 78FF FFFF I 
IFFFF 5051 5253 5455 5657 FFFF FFFF FFFF 664F 5051 5253 5455 5657 FF65 4EFF FFFF I 
I ~5~ ~C5~ ~E5F ~6~ 6~3_FF~F ~FFF FFFF ~4~8 ~~o_5~F_6~6~ ~6~ ~F~0_1~F~ FIF~ I 

(Not Folded) (Folded) 
Graphic 

Graphic Position Code 

01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 13 14 15 16 17 18 

19 1A 18 1C 10 1E 1F 20 21 22 23 24 25 26 27 28 29 2A 28 2C 20 2E 2F 30 

31 32 33 34 35 36 37 38 39 3A 38 3C 30 3E 3F 40 41 42 43 44 45 46 47 48 

49 4A 48 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 T 5A 58 5C 50 5E 5F 60 
p Q R & $ % I s T u v w x y z tl 1 1 2 3 4 5 6 

61 62 63 64 65 66 67 68 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 

7 8 9 0 - J K L M N 0 A B c D E F G H I + * 

Figure 1-86. Printer Translate Table for MCS: PCS-AN Arrangement; Count Length 78 (Hex} 
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da 7000 da 7000 
20FF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 12060 6E6F 7071 7273 7475 FF77 FF4E 76FF l 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 4C67 6869 6A6B 6C49 4A4B FF4D 7858 FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 664F 5051 5253 5455 5657 FF65 FFFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 16458 5C5D 5E5F 6061 6263 FFFF FF12 10FF 
DOFF FFFF FFFF FFFF FFFF FF77 FF4E 76FF I I 0060 6E6F 7071 7273 7475 FF77 FF4E 76FF I 
4CFF FFFF FFFF FFFF FFFF FF4D 7858 FFFFI 4C67 6869 6A6B 6C49 4A4B FF4D 7858 FFFF I 
664F FFFF FFFF FFFF FFFF FF65 FFFF FFFFI 1664F 5051 5253 5455 5657 FF65 FFFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FF12 10FFI 16458 5C5D 5E5F 6061 6263 FFFF FF12 10FF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 0060 6E6F 7071 7273 7475 FF77 FF4E 76FF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 4C67 6869 6A6B 6C49 4A4B FF4D 7858 FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF1 j664F 5051 5253 5455 5657 FF65 FFFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 6458 5C5D 5 E5 F 6061 6263 FFFF FF12 10FF 
FF6D 6E6F 7071 7273 7475 FFFE FFFF FFFFI I 0060 6E6F 7071 7273 7475 FF77 FF4E 76FF I 
FF67 6869 6A6B 6C49 4A4B FFFF FFFF FFFFI 4C67 6869 6A6B 6C49 4A4B FF4D 7858 FFFF I 
FFFF 5051 5253 5455 5657 FFFF FFFF FFFFI 1664F 5051 5253 5455 5657 FF65 FFFF FFFF I 
~5~5~o_:E5F~6~6~3~F~~F~FFF~ j~4~ :_c5~ ~5~60~1 ~2~ F~F_F~2_.20~ I 

(Not Folded) (Folded) 

Graphic 

Graphic Position Code 

01 02 03 04 05 06 07 08 09 DA OB DC OD OE OF 13 14 15 16 17 18 

19 1A 18 1C 1D 1 E 1 F 20 21 22 23 24 25 26 27 28 29 2A 28 2C 20 2E 2F 30 

31 32 33 34 35 36 37 38 39 3A 38 3C 30 3E 3F 40 41 42 43 44 45 46 47 48 

r 49 4A 48 4C 40 4E 4F }50 J 51 52 53 54 55 56 57 58 I 59 I 5A I 58 5C I 50 5E I 5F I 60 J 
[ p Q R & $ ( I I s I T u v w x y z ) T T T 1 2 T 3 415161 

61 62 63 64 65 66 67 68 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 

7 8 9 0 J K L M N 0 A B c D E F G H + 

Figure 1-87. Printer Translate Table for MCS: PCS-HN Arrangerrent; count Length 78 (Hex) 

1-96 (7/69) 



Ida 7000 I da 7000 
l 40FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF: 40E5 E6E7 ESE9 EAEB ECED FFEF 43E4 EED3I 

FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI A5D9 DADB DCDD DEDF EOE1 FF15 D6FO 44A31 
: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF1 E2CD CECF DOD1 D2CB CCE3 FFD7 D513 7473: 

FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI CAC1 C2C3 C4C5 C6C7 CSC9 D445 75A4 DS14 
: OOFF FFFF FFFF FFFF FFFF FFEF 43E4 EED31 I OOE5 E6E7 ESE9 EAEB ECED FFEF 43E4 EED3 1 

I A5FF FFFF FFFF FFFF FFFF FF15 D6FO 44A3 1 I A5D9 DADB DCDD DEDF EOE1 FF15 D6FO 44A3: 
I E2CD FFFF FFFF FFFF FFFF FFD7 D513 7473\ I E2CD CECF DOD1 D2CB CCE3 FFD7 D513 74731 
I FFFF FFFF FFFF FFFF FFFF D445 75A4 DS14\ I CAC1 C2C3 C4C5 C6C7 CSC9 D445 75A4 DS141 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI I OOE5 E6E7 ESE9 EAEB ECED FFEF 43E4 EED3 1 

FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF1 I A509 OAOB OCDO OEDF EOE1 FF15 06FO 44A3 I I 
I E2CD CECF DOD1 D2CB CCE3 FFD7 D513 74731 I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF1 

FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 1 CAC1 C2C3 C4C5 C6C7 CSC9 D445 75A4 DS14 I 
I FFE5 E6E7 ESE9 EAEB ECED FFFF FFFF FFFFI 1 OOE5 E6E7 ESE9 EAEB ECED FFEF 43E4 EED3 l 
I FFD9 DADB DCDD DEDF EOE1 FFFF FFFF FFFF I I A5D9 DADB DCDD DEDF EOE1 FF15 D6FO 44A3 I 
: FFFF CECF D001 D2CB CCE3 FFFF FFFF FFFFI : E2CD CECF OOD1 D2CE CCE3 FF07 D513 7473: 
Lc~c~ ~2~3_ ~4~5 _c~c~ £8~9 _F~~ £_F_:~ ~£F_j L ~~ _c~c~_C':_C~ ~6~~~~9 _D~4~ ~5~4_0~~J 

(Not Folded) (Folded) 

Graphic 

Graphic Position Code 

01 02 03 04 05 06 07 08 09 OA 'OB OC OD OE OF 10 11 12 13 14 15 16 17 18 

$ 

19 1A 1B 1C 1D 1E 1F 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 

31 32 33 34 35 36 37 38 39 3A 38 3C 3D 3E 3F 40 41 42 43 44 45 46 47 48 

< # 

49 4A 4B 4C 4D 4E 4F 50 51 52 53 54 55 56 57 5S 59 5A 5B 5C 5D 5E 5F 60 

61 62 63 64 65 66 67 68 69 6A 68 6C 6D 6E 6F 70 71 72 73 74 75 76 77 78 

> @ 

79 7A 7B 7C 7D 7E 7F 80 81 82 83 84 85 86 S7 8S 89 8A SB 8C SD SE 8F 90 

91 92 93 94 95 96 97 9S 99 9A 9B 9C 9D 9E 9F AO Al A2 A3 A4 A5 A6 A7 AS 

I & 

A9 AA AB AC AD AE AF BO B1 B2 B3 B4 B5 B6 B7 BS B9 BA BB BC BD BE BF CO 

C1 C2 C3 C4 C5 C6 C7 CB C9 CA CB cc CD CE CF DO D1 D2 D3 D4 D5 06 D7 08 

1 2 3 4 5 6 7 s 9 0 x y I s T u v w l : % * = 

D9 DA DB DC DD DE DF EO E 1 ] E2 ] E3 I E4 E5 E6 T E7 E8 E9 EA EB EC 1 ED EE EF FO 

J K L M N 0 p Q Rj-jzj( A B c D E F G H 1 I + ) 

Figure 1-88. Printer Translate Table for MCS: QN Arrangement; Count Length FO (Hex) 

2025 FEMM (7/69) 1-97 



Graphic 

Ida 1000 

1
40FF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 

I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 

I OOFF FFFF FFFF FFFF FFFF FFD7 8EFO FF5EI 
D6FF FFFF FFFF FFFF FFFF FFE3 E4EE 8F90 

I E2CD FFFF FFFF FFFF FFFF FF2F 0860 COBF I 

I 

FFFF FFFF FFFF FFFF FFFF 5FCB CCBE 302E I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 

I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 

I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFE5 E6E7 E8E9 EAEB ECED FFFF FFFF FFFFI 

I FFD9 DADB DCDD DEDF EOE1 FFFF FFFF FFFF 

~FFFF CECF 0001 0203 0405 FFFF FFFF FFFFI 
C1 C2C3 C4C5 C6C7 C8C9 FFFF FFFF FFFF -----------------

(Not Folded) 

I da 1000 

40E5 E6E7 E8E9 EAEB ECED FFD7 8EFO EF5EI 
I 0609 DADB DCDD DEDF EOE1 FFE3 E4EE 8F90 

I 
E2CD CECF 0001 0203 0405 FF2F 0860 COBF I 
CAC1 C2C3 C4C5 C6C7 C8C9 5FCB CCBE 302E 

I OOE5 E6E7 E8E9 EAEB ECED FFD7 8EFO EF5E I 
0609 DADB DCDD DEDF EOE1 FFE3 E4EE 8F90 

I E2CD CECF 0001 0203 0405 FF2 F 0860 COBF I 
CAC1 C2C3 C4C5 C6C7 C8C9 5FCB CCBE 302E 

I 
OOE5 E6E7 E8E9 EAEB ECED FFD7 8EFO EF5E 
0609 DADB OCDD DEDF EOE1 FFE3 E4EE 8 F90 I 

I E2CD CECF 0001 0203 0405 FF2F 0860 COBF I 

I 
CAC1 C2C3 C4C5 C6C7 C8C9 5FCB CCBE 302E 
OOE5 E6E7 E8E9 EAEB ECED FFD7 8EFO EF5EI 

I 
0609 DADB OCDD DEDF EOE1 FFE3 E4EE 8 F90 
E2CD CECF 0001 0203 0405 FF2F 0860 COBFI I CAC..!__£2C3 C4C5 C6C7 C8C9 5FCB ~BE 302E 

(Folded) 

~raphic Position Code 

l_.. 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 

19 1 A 1 B 1 C 1D 1 E 1 F 20 21 22 23 24 25 26 27 28 29 2A 2 B 2C 20 2E 2F 30 

31 32 33 34 35 36 37 38 39 3A 3B 3C 30 3E 3F 40 41 42 43 44 45 46 47 48 

49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 58 5C 50 5E 5F 60 

61 62 63 64 65 66 67 68 69 6A 6B 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 

79 7A 7B 7C 70 7E 7F 80 81 82 83 84 85 86 87 88 89 8A 8B ac 80 8E 8F 90 

< I 

91 92 93 94 95 96 97 98 99 9A 98 9C 90 9E 9F AO A1 A2 A3 A4 A5 A6 A7 A8 

A9 AA AB AC AD AE AF BO B1 B2 B3 B4 B5 B6 B7 B8 B9 BA BB BC BD BE BF CO 

> 

C1 C2 C3 C4 C5 C6 C7 ca C9 CA CB cc CD CE CF DO 01 02 03 04 05 06 07 08 

1 2 3 4 5 6 7 8 9 0 # @ I s T u v w x y z & % 

09 DA DB DC DD DE OF EO E1 E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE EF FO 

J K L M N 0 p Q R - $ * A 8 c D E F G H I ) + ( 

Figure 1-89. Printer Translate Table for MCS: QNC Arrangement; count Length FO (Hex) 

1-98 (7/69) 



Graphic 

I 
Ida 7000 
i40FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 

1ooFF FFFF FFFF FFFF FFFF FFEF A3E4 EEFF 
lo3FF FFFF FFFF FFFF FFFF FFD5 D6FO FFFF 
IE2co FFFF FFFF FFFF FFFF FFD7 43FF FFFF 
!FFFF FFFF FFFF FFFF FFFF FF73 0413 D8FF 
IFFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
IFFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 

1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 

1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFE5 E6E7 E8E9 EAEB ECED FFFF FFFF FFFF 

:FFD9 DADB DCDO EOE1 FFFF FFFF FFFF FFFF 

1 FFFF CECF 0001 D2CB CCE3 FFFF FFFF FFFF 
1 ~A~1 ~2~3 ~4£5 __E69 _C8~9 _F~F _F~F _F~~ 

(Not Folded) 

~ da 7000 
!40E5 E6E7 E8E9 EAEB ECEO FFEF A3E4 EEFF 
10309 DADB DCDD DEDF EOE1 FFD5 D6FO FFFF 

E2CD CECF 0001 02CB CCE3 FFD7 43FF FFFF 
CAC1 C2C3 C4C5 C6C7 C8C9 FF73 0413 D8FF 
OOE5 E6E7 E8E9 EAEB ECED FFEF A3E4 EEFF 
0309 DADB DCOD DEDF EOE1 FFD5 D6FO FFFF 
E2CD CECF 0001 D2CB CCE3 FFD7 43FF FFFF 
CAC1 C2C3 C4C5 C6C7 C8C9 FF73 0413 08FF 
OOE5 E6E7 E8E9 EAEB ECED FFEF A3E4 EEFF 
0309 OADB OCDD DEDF EOE1 FFD5 06FO FFFF 
E2CD CECF 0001 D2CB CCE3 FFD7 43FF FFFF 
CAC1 C2C3 C4C5 C6C7 C8C9 FF73 0413 D8FF 
OOE5 E6E7 E8E9 EAEB ECEO FFEF A3E4 EEFF 
0309 OAOB OCDD DEOF EOE1 FFD5 D6FO FFFF 
E2CD CECF 0001 D2CB CCE3 FFD7 43FF FFFF 
CAC1 C2C3 C4C5 C6C7 C8C9 FF73 0413 08FF 

(Folded) 

Grpahic Position Code 

01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 14 15 16 17 18 

19 1 A 1 B 1 C 10 1 E 1 F 20 21 22 23 24 25 26 27 2B 29 2C 20 2E 2F 30 

31 32 33 34 35 36 37 38 39 3A 3B 3C 30 3E 3F 40 41 42 44 45 46 47 48 

49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 5C 50 5E 5F 60 

61 62 63 64 65 66 67 6B 69 6A 6B 6C 60 6E 6F 70 71 72 74 75 76 77 7B 

79 7A 7B 7C 70 7E 7F BO B1 B2 83 84 B5 86 87 B8 89 8A BC BO 8E BF 90 

91 92 93 94 95 96 97 98 99 9A 9B 9C 90 9E 9F AO A 1 A2 A4 A5 A6 A7 A8 

A9 AA AB AC AD AE AF BO B1 B2 B3 B4 B5 B6 B7 BB B9 BA BB BC BO BE BF CO 

C1 C2 C3 C4 C5 C6 C7 CB C9 CA CB cc CD CE CF DO 01 02 03 04 05 06 07 08 
1 2 3 4 5 6 7 8 9 0 x y I s T u v w & @ $ * = 

09 DA DB DC DD DE OF EO E1 E2 E3 E4 E5 E6 E7 EB E9 EA EB EC ED EE EF FO 
J K L M N 0 p Q R - z ( A B c D E F G H I + ) 

Figure 1-90. Printer Translate Table fer MCS: RN Arrangement; Count Length FO (Hex) 

2025 FEMM (7/69) 1-99 



da 7000 
40FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
OOFF FFFF FFFF FFFF FFFF EEA8 FOE7 CAEA 
A7FF FFFF FFFF FFFF FFFF ECB3 B4E8 EOFF 
BEA9 FFFF FFFF FFFF FFFF FFB2 EFFF FFEB 
FFFF FFFF FFFF FFFF FFFF COFF E5E6 FFBF 
FFCB CCCD CECF 0001 0203 FFFF FFFF FFFF 
FFD4 0506 0708 D9DA DBDC FFFF FFFF FFFF 
FFFF DODE DEFO E1E2 E3E4 FFFF FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFE9 
FFC1 C2C3 C4C5 C6C7 C8C9 FFFF FFFF FFFF 
FFB5 B6B7 B8B9 BABB BCBD FFFF FFFF FFFF 
FFFF AAAB ACAD AEAF BOB1 FFFF FFFF FFFF 
A69D 9 E9 F AOA 1 A2A3 A4A5 FFFF FFFF FFFF 

Graphic 

Graphic Position Code 

01 02 03 04 05 06 07 08 09 OA OB oc OD OE OF 10 11 12 13 14 15 16 17 18 

19 1A 1B 1C 10 1 E 1 F 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 

31 32 33 34 35 36 37 38 39 3A 3B 3C 30 3E 3F 40 41 42 43 44 45 46 47 48 

49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 50 5E 5F 60 

61 62 63 64 65 66 67 68 69 6A 6B 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 

79 7A 7B 7C 70 7E 7F 80 81 82 83 84 85 86 87 88 89 SA SB SC 80 SE SF 90 

91 92 93 94 95 96 97 98 991 9A 9B 9C 90 9E 9F AO A1 A2 A3 A4 A5 A6 A7 AS 

2 3 4 5 6 7 8 9 0 & 

A9 AA AB AC AD AE AF BO Bl B2 B3 B4 B5 B6 B7 BS B9 BA BB BC BO BE BF co 
I s T u v w x y z $ * J K L M N 0 p Q R - " : 

Cl C2 C3 C4 C5 C6 C7 ca C9 CA CB cc CD CE CF DO 01 02 03 04 05 06 07 08 

A B c D D F G H I + a b c d e f g h i j k I m n 

09 DA DB DC DD DE OF EO E1 E2 E3 E4 E5 E6 E7 ES E9 EA EB EC ED EE EF FO 

0 p q r s t u v w x y z @ ( ) - I ? ! ; ¢ % ll 

Figure 1-91. Printer Translate Table fer MCS: SN Arrangement; count Length FO (Hex> 

1-100 (7/69) 



da 7000 
I 

20FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 
FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 
DOFF FFFF FFFF FFFF FFFF 6BOC 6863 2E78 I 
18FF FFFF FFFF FFFF FFFF 4E4F 5064 4C62 I 
2200 FFFF FFFF FFFF FFFF FF16 5176 6748 I 
FFFF FFFF FFFF FFFF FFFF 2417 494A 0823 I 
FF2F 3031 3233 3435 3637 FF70 695F 5E66 I 
FF38 393A 3B3C 303E 3F40 FF6F 5260 4D6C I 
5061 4142 4344 4546 4748 FF71 7360 6A75 I 
5C53 5455 5657 5859 5A5B FF72 746E 6577 I 
FF25 2627 2829 2A2B 2C2D FFFF FFFF FFFF I 

I FF19 1A1B 1C1D 1E1F 2021 FFFF FFFF FFFF I 
I FFFF OEOF 1011 1213 1415 FFFF FFFF FFFF I 
L o~o 2_ ~2 ~3 ~~5 _o~o~ ~o~ !_F ~ ~ F !_ F _F ~F !_ J 

Graphic 

Graphic Position Code 

01 02 03 04 05 06 07 08 09 OA OB oc OD OE OF 10 11 12 13 14 15 16 17 18 

2 3 4 5 6 7 8 9 0 I s T u v w x y z # & 

19 1A 18 1C 10 1E 1F 20 21 22 23 24 25 26 27 28 29 2A 28 2C 20 2E 2F 30 

J K L M N 0 p Q R A B c 0 E F G H + b 

31 32 33 34 35 36 37 38 39 3A 38 3C 30 3E 3F 40 41 42 43 44 45 46 47 48 

c d e g h k m n 0 p q u v w x y z 

49 4A 48 4C 40 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 58 5C 50 5E 5F 60 
@ ± $ * % t:I 2 3 4 5 6 7 8 9 0 + 

61 62 63 64 65 66 67 68 69 6A 68 6C 60 6E 6F 70 71 72 73 74 75 76 77 78 

--, =F + > < s. ?. ¢ • L _J r I 

Figure 1-92 .. Printer Translate Table for MCS: TN Arrangement; Count Length 78 (Hex) 

2025 FEMM (7/69} 1-101 



Graphic 

: da 1000 I 
1 02FF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 

: FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 

I DOFF FFFF FFFF FFFF FFFF FFOC FFFF FFFF I 
I FFFF FFFF FFFF FFFF FFFF FF21 20FF FFFF I 
: FFFF FFFF FFFF FFFF FFFF FFOB FFFF FFFF I 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 

I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 

I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFFI 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF I 

: FFOD OEOF 1011 1213 1415 FFFF FFFF FFFF 1 

1 FF17 1819 1A1B 1C1D 1E1F FFFF FFFF FFFFI 

I FFFF 2223 2425 2627 2816 FFFF FFFF FFFF I 
1 OA01 0203 0405 0607 0809 FFFF FFFF FFFFI 
L------------------~ (Not Folded) 

Graphic Position Code 

: da 7000 I 
1 020DOEOF101112131415 FFOC FFFF FFFF: 
I FF17 1819 1A1B 1C1D 1E1F FF21 20FF FFFF1 

: FFFF 2223 2°425 2627 2816 FFOB FFFF FFFFI 
I OA01 0203 0405 0607 0809 FFFF FFFF FFFF I 

I 0000 OEOF 1011 1213 1415 FFOC FFFF FFFF: 
I FF17 1819 1A1B 1C1D 1E1F FF21 20FF FFFF1 

l FFFF 2223 2425 2627 2816 FFOB FFFF FFFF: 
I OAO 1 0 203 0405 0607 0809 FFFF FFFF FFFF I 

I 0000 OEOF 1011 1213 1415 FFOC FFFF FFFF I 
I FF17 1819 1A1B 1C1D 1E1F FF21 20FF FFFF

1 

I FFFF 2223 2425 2627 2816 FFOB FFFF FFFF I 
I OA01 02 03 0405 0607 0809 FFFF FFFF FFFF I 

I 0000 OEOF 1011 1213 1415 FFOC FFFF FFFFI 
I FF17 1819 1A1B 1C1D 1E1F FF21 20FF FFFFI 

I FFFF 2223 2425 2627 2816 FFOB FFFF FFFF 1 

I OA01 0203 0405 0607 0809 FFFF FFFF FFFF I 
L-------------------~ 

(Folded) 

01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 

2 3 4 5 6 7 8 9 0 A B C D E F G H z K K 

19 1A 18 1 C 1D 1 E 1 F 20 21 22 23 24 25 26 27 28 29 2A 28 2C 20 2E 2F 30 

L M N 0 P Q R $ s T U v w x y 

Figure 1-93. Printer Translate Table for MCS: XN Arrangement; Count Length 28 <Hex> 

1-102 (7/69) 



: da 7000 

120FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
!FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
100FF FFFF FFFF FFFF FFFF FF78 FFFF FFFF 

1
FFFF FFFF FFFF FFFF FFFF FF51 76FF FFFF 

1
50FF FFFF FFFF FFFF FFFF FF77 FFFF FFFF 
FFFF FFFF FFFF FFFF FFFF FF4F FFFF FFFF 

1FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
IFFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
I FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
IFFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF 
IFF5E 5F60 6162 6364 6566 FFFF FFFF FFFF 
I FF67 6869 6A6B 6C6D 6E6F FFFF FFFF FFFF1 
I FFFF 5C5D 7071 7273 7475 FFFF FFFF FFFFI 
I ~52 535~ 5_§.5~ ~5~ ~5~ i:fF.£. £._FF£ ~'=£I 

Ida 7000 
l205E 5F60 6162 6364 6566 FF78 FFFF FFFF 
IFF67 6869 6A6B 6C6D 6E6F FF51 76FF FFFF 
l50FF 5C5D 7071 7273 7475 FF77 FFFF FFFF 
!5B52 5354 5556 5758 595A FF4F FFFF FFFF 
1005E 5F60 6162 6364 6566 FF78 FFFF FFFF 
1FF67 6869 6A6B 6C6D 6E6F FF51 76FF FFFF 
t50FF 5C5D 7071 7273 7475 FF77 FFFF FFFF 
l5B52 5354 5556 5758 595A FF4F FFFF FFFF 

1oo5E 5F60 6162 6364 6566 FF78 FFFF FFFF 
FF67 6869 6A6B 6C6D 6E6F FF51 76FF FFFF 

150FF 5C5D 7071 7273 7475 FF77 FFFF FFFF 
15B52 5354 5556 5758 595A FF4F FFFF FFFF 
loo5E 5F60 6162 6364 6566 FF78 FFFF FFFF 
I FF67 6869 6A6B 6C6D 6E6F FF51 76FF FFFF 
150FF 5C5D 7071 7273 7475 FF77 FFFF FFFF 

Graphic (Not Folded) 
I ~~2 ~3.§.4 ~5?_? ~7 _§_8 _§9_?A_ F~4F_ F£~ £F.£i:..1 

(Folded) 

Graphic Position Code 

O 1 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 

19 1A 1B 1C 10 1E 1F 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 

31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 40 41 42 43 44 45 46 47 48 

[ 49 I 4A I 48 I 4C I 4D I 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5F 60 

l l l l l l # - $ 1 2 3 4 5 6 7 8 9 0 s T A B c 

61 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F 70 71 72 73 74 75 76 77 78 

D E F G H I J K L M N 0 p Q R u v w x y z * 

Figure 1-94. Printer Translate Table for MCS: YN Arrangement; Count Length 78 (Hex) 

Chnl Status Flags & OP Unit Status Unit Sense Residual Count Next CCW Address 

CA CE CF 

0 - Secondary Bit 0 - Chain-Data (CD) Flag 0 0 - Command Reject 

1 - Incorrect Length 1 - Chain-Command (CC) Flag 1 Not Used 1 - Intervention Required 

2 - Program Check 2 - Suppress-Length-Indication (SU) Flag 2 2 - Not Used 

3 - Protection Check 3 - Skip Flag 3 - Busy 3 - Equipment Check 

4 - Channel Data Check 4 - Program-controlled-Interruption (PCI) Flag 4 - Channel End 4 - Data Check 

5 - Channel Control Check 5 - Active Bit 5 - Device End 5 - Block Data Check ) - Interface Check 6 - Input 6 - Unit Check 6 - Gate Load ** 6 
7 - Int. In Int Buffer Bit 7 - Output 7 - Unit Exception 7 - Channel-9 

(Channel 12) 
Not Sense Bits - these are stored 
here but stripped before a sense 
byte is presented to the channel. 

Figure 1-95.. 14 03 ucw Forrra t 

2025 FEMM (7/69) 1-103 



I 1.15 2311/DAC (FIGURES 1-96 THROUGH 1-118) 

..J 
0 
a: 
1-
z 
0 
(.) 

0 
<( 
w 
a: 

w 
l-a: 
~ 

:c 
(.) 
a: 
<( 
w 
(/) 

COMMAND 

SEEK 

CYL SEEK 

HEAD SEEK 

RECALIBRATE 

NOOP 

SET FILE MASK 

SPACE COUNT 

RESTORE (NO-OP) 

TEST 1/0 

SENSE 1/0 

RD DATA 

RD KEY-DATA 

RD C-K-D 

RD HA 

RD RO 

RD COUNT 

RD (IPL) 

WR DATA 

WR KEY= DATA 

WR C-K-D 

WR HA 

WR RO 

ERASE 

SCH ID EQ 

SCH ID HI 

SCH ID EQ OR HI 

SCH KEY EQ 

SCH KEY HI 

SCH KEY EQ OR HI 

SCH HA EQ 

*SCH K-D EQ 

*SCH K-D HI 

*SCH K-D EQ OR HI 

* File Scan Commands 

HEX 
M/TON VALUE 

07 

OB 

1B 

13 

03 

1F 

OF 

17 

00 

04 

06 86 

OE BE 

1E 9E 

1A 9A 

16 96 

12 92 

02 82 

05 

OD 

1 Q 
19 

15 

11 

31 B1 

51 D1 

71 F1 

29 A9 

49 C9 

69 E9 

39 B9 

2D AD 

4D CD 

60 ED 

** Go Issued unless S ace Count is the First Command of a Chain p 

Figure 1-96. Integrated File Commands 

1-104 (7/69) 

GO 

** 

x 
x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 
x 

x 
x 
x 

1 

OP REGISTER LATCHES SET FOR EACH COMMAND 
SEARCH 

SEARCHl l ·1 1 M HI EQ COUNT KEY DATA READ WRITE 

CMD BYTE POSITION 

0 1 2 3 4 5 6 7 

T x x x 
u x x x 
R x x x x 
N x x x 
E x x 
D x x x x x 

x x x x 
0 x x x x 
N 

x 
F 

0 x x 

R x x x 
x x x x 

Mfl1 x x x 
x x x 
x x 

R x 

E x x 
A x x x 
D x x x x 

x x x 
0 x x x 
R x x 

s x x x 
E x x x 
A x x x x 
R x x x 
c x x x 
H x x x x 

x x x x 
c 
M x x x x 
D x x x x 
s. x x x x x 

Go Issued to DAC for Indicated Cmds. 



TIC Command Code 

Decimal Hexadecimal Binary 
xa XB XXXX1000 

Positions Marked "X" are Ignored 

Figure 1-97 .. 2311/DAC Cperaticn Cede fer 
TIC Command 

No-Operation Command Code 

Decimal Hexadecimal Binary 

03 03 00000011 

Figure 1-98. 2311/DAC Operation Code for 
No-op command 

Set File Mask 

7 8 

Set File Mask Command Code 

Decimal Hexadecimal Binary 

31 1F 0001 1111 

Bo B1 Permit Write Commands 

0 0 All Except Write Home Address 
and Write Record Ro 

0 None 

0 Write Data or Write Key & Data 

All 

Data Address 

Specifies CPU Storage 
Location of the Mask 
Byte. 

Mask Byte 

Decimal 

19 

Recalibrate Command Code 

1 Hexadecimal l Binary 
13 00010011 

Figure 1-99. 2311/DAC Operation Code for 
Recalibrate Command 

Read IPL Command Code 

Decimal Hexadecimal Binary 

02 02 0000 0010 

Figure 1-100. 2311/DAC Read IPL Command 
Code 

Flags 000 Count 

31 32 36 47 48 63 

(0000000000000001) 

Permit Seek Commands 

0 0 All 

0 Seek Cylinder or Seek Head 

0 Seek Head 

None 

For the 2311, bits 2,5,6 and 7 of the mask must be zero. If these 
bits are not zero, the mask is considered to be invalid and a unit 
check signal is generated. A subsequent sense command indicates 
command reject. 

Figure 1-101. 2311/DAC Set File Mask Command 
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Seek Command Code 
Command 

Decimal Hexadecimal Binary 

Seek 07 07 00000111 

Seek Cylinder 11 OB 00001011 

Seek Head 27 1B 00011011 

Figure 1-102. 2311/DAC Operaticn Codes for 
Seek Comrrands 

Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 

00000000 
Binary 00000000 00000000 00000000 to 00000000 

11001010 

Hexadecimal 00 

Equivalent 00 00 00 to 00 
CA 

Figure 1-103. 2311/DAC 6-Byte Seek 
Commands 

Space Count Command Code 

Decimal Hexadecimal Binary 

15 OF 00 0 0 1 1 11 

Byte 5 

00000000 
to 

0000100·1 

00 
to 
09 

Figure 1-104. 2311/DAC Operation Code for 
Space Count Command 

Sense 1/0 Command Code 

Decimal Hexadecimal Binary 

04 04 00000100 

Figure 1-105. 2311/DAC Operation Code for 
Sense Corrrra nd 
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Read R 0 Command Code 

Decimal Hexadecimal Binary 

22 16 00010110 

Read RO Command Code Multiple-Track 

Decimal Hexadecimal Binary 

150 96 10010110 

Figure 1-106. 2311/DAC Read Track 
Descriftor Record (RO) 
Command Codes 

Read HA Command Code 

Decimal Hexadecimal Binary 

26 1A 00011010 

Read HA Command Code Multiple-Track 

Decimal Hexadecimal Binary 

154 9A 10011010 

Figure 1-107. 2311/DAC Read Home Address 
Command Codes 

Read Count Command Code 

Decimal Hexadecimal Binary 

18 12 00010010 

Read Count Command Code, Multiple-Track 

Decimal Hexadecimal Binary 

146 92 10010010 

Figure 1-108. 2311/DAC Read Count Command 
Codes 



Read Data 
Read Key and Data 

I Command Code I Data Address 

0 7 8 31 32 

------~--------~-~-------------------Specifies CPU storage locations to which key or key 

and data fields are to be transferred. After the 

command is executed, CPU storage contains: 

Read Count, Key and Date 

Command Code Data Address 

Flags 

Flags 

0 7 8 31 32 

-------~------------.....--~---------~--------
Specifies CPU storage location to 

which count key, and data areas 

are to be transferred. After trans-

000-

36 37 47 48 

Key Area 

• Specified 

Location 

000 

36 

Count 

63 

Specifies number of bytes to 

be transferred. May be less than 

entire data or key and data length. 

Data Area 

Count 

48 63 

Specifies number of bytes to be 

transferred to CPU storage. May 

be less than entire record length. 

''" Cl'U uoragooo""'""~ 

5 s_A_rea -----D-ata ? s Area 

Read Data Command Codes 

Decimal Hexadecimal Binary 

Read Data 06 06 00000110 

Read Key & Data 14 OE 00001110 

Read Count, Key & Data 30 1E 00011110 

Read Data Command Codes, Multiple Track 

Decimal Hexadecimal Binary 

Read Data 134 86 10000110 

Read Key & Date 142 BE 10001110 

Read Count, Key & Data 158 9E 10011110 

Figure 1-109. 2311-DAC Read Data, Read Key Data, and Read Count Key Data Command Codes 
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0 

Write Data Command Codes 

Decimal Hexadecimal Binary 

Write Data 05 05 00000101 
Write Key & Data 13 OD 00001101 

Write Data 

Write Key & Data 

Command 

Codes 
Data Address Flags 0 O O Count 

............. 
78 31 32 36 48 63 

Specifies CPU storage location The CCW count field specifies 

from which data or key and the number of bytes to be 

data fields are to be transferred. transferred. 

Figure 1-110 .• 2311/DAC Write Data and 
Write Key and Data Corrrrand 
Codes 

Write HA 

Command Code Data Address 

0 7 8 

Specifies CPU storage 

location from which five 

bytes of home address are 

to be transferred. 

Flags O O O }){f]}{}{j{j 
31 32 36 48 

Flag Byte Cyllnde~ Number Head ~umber 
0 2 3 4 5 .. Home Address 

Specified 

Location 

Write Home Address Command 

Decimal Hexadecimal Binary 

25 19 0001 1001 

Figure 1-111. 2311/DAC Write Horoe Address Command Code 
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Count 

Usually 5 

(0000000000000101) 

63 



Sense Byte 0 Sense Byte 1 

Bit 0 Command Reject Data Check in Count 
Field 

Bit 1 Intervention Required Track Overrun 

Bit 2 End-of-Cylinder 

Bit 3 Equipment Check Invalid Sequence 

Bit 4 Data Check No Record Found 

Bit 5 Overrun File Protected 

Bit 6 Track-Condition Check Missing Address Marker 

Bit 7 Seek Check 

Figure 1-112. 2311/DAC Sense Byte surrmary 

r----------------------------1 
!Search Home Address I 
!Equal Command Code I 
~-------T-----------T---------~ 
IDecimallHexadecimallBinary I 

r----------+-------+-----------+---------~ 
IMT Bit Off I 57 I 39 10011 10011 
~----------+-------+-----------+---------~ 
IMT Bit On I 185 I B9 11011 10011 
L _________ J. ______ J. ___________ J. _________ J 

Figure 1-113. 2311/DAC Operation Cedes for 
Search Home Aaaress Equal 
Comrrand 

Search ID Command Code 
Command 

Decimal Hexadecimal Binary 

Search ID Equal 49 31 00110001 

Search ID High 81 51 01010001 

Search ID Equal 

or High 113 71 01110001 

Search ID Multipule Track Command Code 
Command 

Decimal Hexadecimal Binary 

Search ID Equal 177 B1 10110001 

Search ID High 209 01 11010001 

Search ID Equal 

or High 241 F1 11110001 

Figure 1-114. 2311/DAC Search ID Corr.rr:and 
co a es 

Sense Byte 2 Sense Byte 3 

Unsafe Ready 

On Line 

Unsafe 

Selected Status 

Cyclic-Code Check On Line 

Unselected File Status End of Cylinder 

Seek Incomplete 

Record Identifier 

Flag 
Cylinder Head Rec. Key Cyclic 

No. No. 
Data Len. 

Check No. Len. 

Count Area 

Figure 1-115. 2311/DAC Identifier CID) 
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Field and Zone 
Initial Field State at End 

Command Command Sequence and Zone State of Command 

Read Count, Key and Data None Cl D4 
Read Key and Data None Cl D4 

After Search I D C4 D4 

Read Data None Cl D4 
After Search ID C4 D4 
After Search Key K4 D4 

Write Count, Key and Data Search Equal ID C4 D4 
Search Equal Key K4 D4 
Write RO D4 D4 
Write Count, Key and Data D4 D4 

Write Key and Data Search Equal ID C4 D4 

Write Data Search Equal ID C4 D4 
Search Equal Key K4 D4 

Search ID None Cl C4 

Search Key None Cl K4 
After Read or Search ID C4 K4 

Search Key and Data None Cl 04 
After Read or Search ID C4 D4 

Search Home Address None HA H4 

Read RO None HA D4 
After Read or Search Home Address H4 04 

Write RO Write Home Address H4 D4 
Search Equal Home Address H4 D4 

Read Home Address None HA H4 

Write Home Address None HA H4 

Read Initial Program Load None Cl D4 

Read Count None Cl C4 

Erase Search Equal ID C4 D4 
Search Equal Key K4 D4 
Write RO 04 D4 
Write Count, Key and Data 04 04 

No Operation None Reset Condition 

Figure 1-116. 2311/DAC Track Orientation Field and Zone State Summary 
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Record HA RO 

Field H c K D c K D 

Zone A 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 A B 1 2 3 4 1 2 3 4 1 2 3 4 

H Home-address area (including gaps) 

C Count area (including gaps) 

K Key area (including gaps) 

D Data area (including gaps) 

Zone Definition 

1 Pre-record gap (including address marker) 

2 Record 

3 Cyclic code 

4 Post-record gap 

A Constant gap of 12-ones bytes in the count field, or 28 all-zeros bytes 

in the home-address field. 

B The 4.9% variable gap between records. 

~ The index point immediately precedes the home-address area. 

* Location of the address marker. 

Figure 1-117. 2311/DAC Tradc Orientation 

I 
Status and 1/0 Addr.: 

I 

Flags and Op* 
Data Address 
Local Storage 
Zone 1 TO, T1 

Count Field 
Local Storage 
Zone 1 10, 11 

0 - Chain Data 

Next CCW Address 
Aux Store Mod 0, 
Location K4 

Aux-Store (Mod 0, Location 1<3) 
0 -Active 
1 - Came from SIO 
2 - Return to I-cycles 
3 - Performed Halt I /0 

1 - CC or CD and not unit check 
2 - CC or CD and not unit check 
3 - Skip 

4-15 - File 1/0 Address 
4-PCI 
5 - Microprogram set Interrupt Latch 

(Status in Interrupt Buffer) 
6 -Any Interrupt Condition 
7 -SU 

* Flags - - In file external register D (FFI) 
Op - - In file external register F (FOP) 

Note: Unlike UCW's for other 1/0 attachments, the 2311 UCW 
is stored in Local Storage, External Registers, and 
Auxiliary Storage. 

Figure 1-118 .• 2311 ucw Format 
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Section 2. Diagnostic Techniques 

This section of the manual descripes 
maintenance concepts, system failure and 
handling procedures, and maintenance 
program definitions. The Model 25 Field 
Engi.neering Maintenance Diagrams Manual 
{MDM), Y24-3529, contains detailed analysis 
routines and should be referred to on other 
than obvious failures requiring minimal 
diagnosis. 

1.16. MAINTENANCE CCNCEPTS 

Microdiagnostic programs are designed to 
reduce CE diagnostic time by taking 
advantage of the CPU speed and capability 
for self-diagnosis through the reloadable 
control storage feature. The programs are 
intended for use: 
1. During unscheduled ~aintenance 
2. During scheduled or deferred 

maintenance 
3. At installation 
4. Before and after EC installation. 

There are two general types of 
microdiagnostic programs: 
a. Resident 
b. Nonresident. 

The primary repair strategy for both 
types of programs is to replace an SLT card 
or cards shown on a fault list or logged 
out on the Console Printer-Keyboard 
(PR-;KB). 

In addition, looping capabilities are 
designed into the programs for scoi;ing and 
other diagnostic procedures. 

The entire strategy has been condensed 
into diagnostic technique flow diagrams for 
easy use by the CE and is included in the 
Medel 25 Maintenance Diagram Manual. On 
other than obvious failures requiring 
rrinimal diagnosis, the CE should refer to 
the diagrams and e~ecute the appropriate 
section or sections of these programs. 

Where the cause of failure cannot be 
located by microdiagnostic programs (such 
as in a channel attached I/O device) DMA4 
and the associated diagnostic programs 
already in existence will be used by the 
CE. The Model 25 macrodiagnostic package 
is as follows. 

3020 DMA4 Diagnostic Monitor 
310A Message Editor 
E108 DMA4 Expansion Section 
338F Meter Test 
34E1 Direct Control 

FFF O Disk Initializer 
3FE1 SEREP 
FOFE Disk Utility 
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3FCZ syt- 25/30 
F061 FRIEND 
C675-C67A File Function 
C678- File Scan 
C67C,C67D 2311 Diagnostic Text 

All other monitor-controlled 
macrodiagnostics presently released for I/O 
devices that can be attached to the Model 
25 standard interface channel will be 
functional on the Model 25. These decks 
and documentation will be shipped from the 
plant of control for the I/O control unit 
for device. 

Failures not detected by either the 
micro or macrodiagnostic programs must be 
located by use of the system environment 
program SYS-M30-B or possibly the customer 
problem program. 

1 .• 16.1 MALFUNCTION INDICATIONS 

a. customer Problem Program 
Malfunctions during execution of the 
customer problem program are indicated 
by console lights <see 3.0 system 
Failure Detection and Handling) and 
printed logout on the 1052 (see section 
1.17 .1.2). 

Malfunctions detected during 
execution of resident microdiagnostics 
cause a stop word or stop loop. These 
programs are executed automatically 
during system reset, CSL and IPL. 

b. Nonresident Micro/Macro Diagnostic 
Programs 
Malfunctions are indicated as follows. 
1. Nonresident/nonmcnitor-controlled 

microprograms cause a stop word or 
stop loop. 

2. Nonresident/monitor-controlled 
programs provide fault-locating 
information on the console 
printer-keyboard. 

3. Macroprograms under DMA4 Monitor. 
Error messages are determined by 
system configuration and memory 
size. These messages can be 
printed on the output printer 
defined by CE option (1052, 1403, 
or 1443). 

4.. System environment (SYS-M30-B) 
Error message printout is the same 
as DMA4 monitor. 

A successful reset is indicated by: 
a.. No console check 1 ights .• 
b. Manual light turns off then on. 
c. System light turns on then off. 



1.16.2 UNIT IDENTIFICATION 

Standard SLT nomenclature aFplies tc the 
2025 CPU. 

1.16. 3 MALFUNCTION ISOLATION 

The aim of the Model 25 Diagnostic Program 
Package CDPP) is to achieve a minimum DUI 
by high-resolution fault locaticn -0f an 
easily replaceatle component. The package 
provides effective malfunction isolation to 
the two general types of exposure: 

A.. Logic - malfunction in the basic CPU, 
integrated I/O attachments, channel., 
and CPU features. 

Resolution capabilities within the 
integrated devices are as follows. 

254 0 1. 

2. 

3. 
4. 

Chn1 1. 

2. 
3. 

4. 

140 3 1. 
2. 
3. 
4. 

5. 
6. 

1052 1. 

2. 

Hole-count test, read and 
pinch ( trush failures), 
Manual operations, including 
card transport paths~ 
Stacker select, 
PFR. 

Check Sel-out wraparound to 
Sel-in. 
Test address response, 
Test I/O; complete initial 
selection of all pcssible 
device addresses, section 
1.19.7). 
Single-cycle routine; corrunand 
to a particular address and 
loop. 

Print coi 1 checking 
Drum pulse response 
Hydraulic speed 
Carriage brushes/erritter/ 
mechanics 
Hammer fire, 
Frint quality. 

Manual intervention section: 
Function of all keys, 
End-of-forms contact, 
capability of repeatedly 
printing any key. 
Dynamic section: 
Atility to print characters 
for all tilt/rotate 
comtinations, 

End-of- forms contact. 

B. 2311 - Resolution is provided by 
macrodiagnostics .• 

Hard Core - for malfunctions that would 
prevent basic CPU functions necessary 
for execution of resident diagnostics, 
the following strategy will be used. 
1. Power, clock, etc. 

Normal CE repair Frocedures will be 
applied using console capabilities, 
power diagnostic techniques diagram 
in the maintenance diagram manual, 
etc. 

2. Memory 
A memory diagnostic techniques 
diagram for diagncsis and repair is 
provided in the maintenance diagram 
manual. 'Ihe caFabilities designed 
into the Model 25 such as SCAN 
STOR, TEST PATTERN, etc. are used 
in this strategy. 

A nonresident memory 
microdiagnostic is also provided 
for CPU with two memory modules. 

The recorrunended sequence for executing 
the DPP as outlined in the Maintenance 
Diagrams Manual provides for a building 
block approach to locating the failure. 
Each program basically builds on the 
successful execution of the previous lower 
level prograro. 

1.16 .4 REPAIR 

Repair will generally ccnsist of replacing 
the failing component (usually an SLT card) 
from on site or branch office stock. 

1.16.5 REPAIR VERIFICATION 

The micro- or macro-program where the 
failure was diagnosed should be reexecuted 
after the repair. successful execution 
will be considered a justification for 
returning to the custorrer problem-program. 

1.16. 6 INI'ERMITTENI' MALFUNCTION 

Intermittent failures as seen by the 
customer can take one of two forms: 
1. The failure is actually a solid 

hardware defect, but appears 
interrei ttent because that area of the 
logic is called on only to function 
occasionally. 

Microdiagnostic programs will be 
effective to a high degree on this type 
of failure because by design, they are 
capable of checking the majority of CPU 
and integrated I/O attachment logic. 

2. The failure is intermittent due to a 
degraded or marginal component. 

The looping capabilities designed 
into the micrcdiagncstic programs will 
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attack this type of failure effectively 
by exercising the logic unti 1 a pattern 
can be established .. 

other diagnostic capatilities that 
will also impact intermittent failures 
are CE Trap (See section 1 .. 18 .. 7) and 
1052 Logout (See section 1 .. 17.1 .. 3) .. 

1 .. 16 ... 7 PROTECTION OF CONTROL S'IORAGE, CSL 

Module 0 (first 128 control words) will be 
rrctected ty the resident CSL routine on 
all core loads .. 

Alter control storage from the 1052 will 
not be operative unless the CE key is on .. 

The enable control-storage store key on 
the CPU will not te operative unless the CE 
key is on .. 

1 .. 1~ SYSTEM FAILURE DETEcr~oN AND HANDLING 

The objectives of failure detection and 
handling procedures for the Model 25 are to 
rrcvide: 
a.. Assurance to the custoroer that the 

systero is functionally orerational .. 
b.. Sufficient indication and information 

to enable the CE to locate the failure 
rapidly and accurately .. 

A version of the SEREP program is also 
provided .. 

1 .. 17.1 ERROR HANDLING 

The M:>del 25 will corr€ to a hard stcr on 
second error, a second malfunction which 
occurs before the first malfuncticn has 
caused a machine- check interrupt to be 
taken (Figure 1-119) .. 

There are no special provisions on the 
Model 25 for continued operation in the 
rresence of a solid malfunction .. 

Error restart capatilities for such 
intermittent I/O failures as data checks .• 
punch checks, etc. are provided by the 
operating system used by the custcroer. 

Nonhardware-caused troubles (jams, 
fail ur:es, etc.) are normally net expected 
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to result in a customer-rerorted call. The 
Model 25 Functional Characteristics Manual, 
Form A24-3510, provides restart procedures 
for these situations; also consult the 
index in this manual for the specific area 
of interest. 

1 .. 17 .. 1.1 ~achine-Check and Channel Control 
Check 

Any of the following machine-check 
conditions (if the M-bit of the PSW is on), 
will cause the corresponding bit to be set 
in the error register (MC) and initiate the 
machine-check trap routine: 

O File Control Check 
1 Storage Protect Check 
2 Storage Address Check 
3 Control Word Parity Check 
4 Storage Data Parity Check 
5 ALU Error Latch 
6 A-Reg Parity Check 
7 B-Reg Parity Check 

The machine-check trap routine stores 
the following information into program 
storage starting at hex location 80. 

80 - Trap priority register CMMSK) 
81 - Branch condition register (BA) 
8 2 - Machine- check register (MC) 
83 - Error count* 
84-85 - Backup address (address of the 

microword) 
86-87 - Unused 

*Bits 1-2 of byte 83 contain the logout 
code: 00 for machine check or channel 
control check; or 11 f cr interface control 
check. 

If none of the 0 through 6 bits of the 
MMSK register is en (indication that an I/O 
trap is not in process), the logout area 
above is printed on the console printer. 
The machine-check interruft will then take 
place .. 

If an I/O trap is in process (any of the 
O through 6 bits of MMSK register on) when 
a machine- check trap occurs, the I/O 
operation involved will be terminated and 
then the I/C interrupt will take place. 
The logout area will be printed on the 
console printer-keyboard before any CPU 
instructions are executed. 



I /0 Indicates Error 

Complete Operation or 
Recognize Hangup 

Interrupt-Go to Super
visor Program 

Retry Operation 
Count Retries 

Supervisor Logs Statistical 
Error Data on Output 
Device 

System Down Call Cust
omer Engineer 

Refer to Diagnostic Tech
nique Diagrams in FEMDM 
and Repair 

Repair 

Notify Supervisor Program 

Continue Problem Program 

No 

Figure 1-119. 

Problem Program 

Stop Second Error Has 
Occurred 

If System Size and Con
figuration Permit 

Program Stop 

Yes 

Off Line Repair 

Storage 

Store Logged Data on Out
put Device Analyze Logged 
Data to Determine Course 
of Action 

Operator Restart 

Call Customer Engineer 

Refer to Diagnostic Tech
nique Diagrams in FEMDM 
and Repair 

Repair 

Maintenance Approach 

i 
Power and Cooling 

Power Drops Failure 
Indicates Circuit Breaker 
Fuse,Thermal 

Call CE 

Refer to Diagnostic Tech
nique Diagrams in FEMDM 
and Repair 

If System Size and Con
figuration Permit 

Operator Recover 

Program Interruption Go 
to Supervisor Program 
Routine for Invalid 
Operations 

Supervisor Program Noti
fies Operator, Indicates 
Cause 

Operator Takes Corrective 
Action 

Operator Retry 
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1.17 .• 1. 2 Interface Control Check 

When an interface control check is detected 
en either the multiplexer or selector 
channel, the following inforrration is 
stared in program-storage locations 80-87 
Chex). 

80 Trap priority register (~MSK) 
81 Branch conditions register (BA) 
82 Channel branch condi ti ens register 

(GS) 
83 Error count* 
84 Channel tranch conditions register (GT) 
85 Channel diagnostic register (GD) 
86 code byte 

Burst Channel 
OlXYYYYZ 

X=l if time out 
Z=l if status trap or chained to 

ccw. 
YYYYY=time out counter bits 

Byte Channel 
OOlX~~~Z 

X&Z=same as turst channel 
M=Misc. use 

87 Device address 

*Eits 1-2 of l:yte 83 contain the logout 
code: 00 for machine check or channel 
central check, or 11 for interface control 
check. 

1.17.1.3 1052 Logout 

The 1052 logout is a microprogram-supported 
function that prints out inforrration 
ccntained in the diagnostic logout area of 
program storage. (locations 80-87, 
hexadecimal). Existing problem programs 
are not affected by this logout Frovided 
they do not use this area. The format and 
contents of the diagnostic logout area are 
rr:achine dependent. A versicn of SEREP that 
acts on this information is available for 
use on the Model 25. 

In general, the function of such 
rracroprcgrams is provided l:y the 1052 
logout microprograrr:~ Subsequent tc 
execution of the 1052 logout microprogram, 
a System/360 machine-check or I/O interrupt 
is initiated. Existing restart procedures 
and prol:lem programs that do not act 
directly on the diagnostic logout area 
(such as BPS, DOS, OBR/SDR, etc.) are 
applicable to the Model 25 within the 
lirr:its of storage size. 

The Frogram-storage l:yte locaticns and 
contents of the diagnostic scanout area are 
given in section 1.11 .• 1.1. 
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1.17.2 CPU HARDWARE CHECKS 

The setting of the check control switch 
determines the action taken when a CPU 
hardware check occurs <see section 1.18). 

Checking is provided at the following 
points; an indicator for the conditions is 
located on the systerr central panel: 

1. A-Register Parity Check 
B-Register Parity Check 
These checks are not always activated 
l:ecause some external registers are set 
and reset by bit and do not carry 
parity. In the case cf a byte gated to 
A or B without parity, the check is 
disabled. Local-storage data is always 
checked. 

2. Storage Address Parity Check 
A parity check is made on all addresses 
used to access rrain storage except on 
the address after a Branch on Mask 
word. 

3. Storage Data Bus-Out Parity Check 

This check is made on all data 
requested f rorr storage. A control-word 
check occurs on all rrachine cycles 
except during the second cycle of a 
storage word. A storage data check may 
occur during the second cycle of a 
storage contrcl word. 

4. ALU Check 
Parallel logic is used in the ALU to 
detect an error between the A and B 
parity checks and the ALU output. 

Each bit position of ALU (including 
+6 circuit, complementer and decimal 
corrector) has two outputs. one output 
goes to the local store assembler and 
the systerr: rrask register; this output 
is displayed l:y the indicators. The 
other output goes to the Z=O test. 
Both outputs go to the Farity generator 
and the ALU check (2-wire check) 
circuit. 

5. Storage Protect Check 
This is a parity check on the data out 
of the storage-protect buffer CSTPl). 

1.17.3 CPU MICROPROGRAM CHECKS 

There are some cases during machine 
operation when a hardware failure that is 
not detected by hardware checks could 
occur.. In these cases, the microprogram 
can reach a state from which it must not 
continue: the microprogram branches to a 
stop word. '!he listings will describe the 
reason for reaching the stop word. 

Stop words in Model 25 mode are limited 
to the system reset diagnostic (BDIA), IPL 



routines. and unused control-stcrage 
lccations. 

1.17.4 CPU ATTACHMEN'I CHECKS 

This section describes sorre cafabilities 
for handling check conditions occurring 
within th€ integrated I/C attachrrent 
devices. For furtb€r information, consult 
the index in this manual for the Sfecific 
area of interest. 

1.17.4.1 2540 Attachment Checks 

1. Overrun--This check occurs when all ten 
traps that must te completed during 
each row have not occurred by the tirre 
the next row is ready to be read. 
Priority circuitry ensures that overrun 
will not occur unless there is a 
hardware failure. 

2. Sync Check--This check ensures that the 
shift registers receiving data from the 
1540 are in synchronisrr with each 
ct. her. 

3. Address Check--This check is en the 
address sent to the 2540 for each bit. 
It checks for a 2/5 code, and for an 
address greater than or equal to 90. 

Each of these checks will give a unit 
check to the status byte, with equipment 
check in the sense informaticn. Hardware 
checks in the 2540 unit will give the sane 
status and sense information to the program 
as the 2821. The rricroprogram interrogates 
the attachment hardware checks; the 2540 
unit checks combines this with the 
informaticn it may detect itself and places 
the result in the proper sense bi ts. The 
rricroprcgram forms the status and sense 
informaticn. 

1.17 .• 4. 2 1403 Attachment Checks 

1. Hammer Check--Equiprrent check sense 
bit. This check is made to determine 
if each harrmer driver that was 
requested to operate. did operate. 

2. Sync Check--Intervention-required sense 
bit. This check indicates that the 
chain or train and the printer controls 
are out of synchronisrr. 

3. p"rint BUffer Parity Check--Equipment 
check sense bit. This check is for 
correct parity on data read from the 
print buffer while printing a line or 
when receiving data frorr the CPU. 

The 1403 microprograII1 inte'rrcgates the 
hardware check information and sets the 
proper sense and status inf ormaticn. The 
rricroprogram also checks information for 
printability when loading the buffer. and 
signals data check for unprintable 
characters. This depends on the 
information loaded at CSL tirre into the 

module of auxiliary storage used as the 
print translator, or loaded by the UCS 
utility pro.gram UT048. The 1052 (PR-KB) 
printouts of the printer area of auxiliary 
storage are shown in Section 1.14. 

1.17.4.3 1052 Attachroent Checks 

The 1052 hardware checks the keyboard data 
for proper parity. The rricroprogram 
detection of a parity error would cause 
unit-check status and the equipment check 
sense l::it to te set. 

1.17.4.4 2311 Attachment Checks 

1. Data check--unit-check status--data 
check sense. This check occurs when 
data read frorr the file does not 
generate the proper check character. 

2. Overrun--unit-check status--overrun 
sense. This check occurs when the 
attachment requires service from the 
CPU and does not receive it soon enough 
to keep from losing data or causing 
improper operation. 

The 2311 attachment rricrcprogram checks 
the hardware signals from the 2311 for 
errors detected in the unit, interrogates 
the attachment checks and sets the 
appropriate status and sense information. 

1.17.4.5 Channel Checks 

1. Incorrect Length Check--occurs when the 
number of bytes contained in the 
storage areas assigned for the I/O 
operation is not equal to the number of 
bytes requested or offered by the I/O 
device. 

2. Program Check--occurs when programming 
errors are detected by the channel. 

3. Protection Check--occurs when the 
channel atteII1pts to place data in a 
portion of rrain storage that is 
protected for the current operation on 
the subchannel ; or, the protection key 
associated with the I/O Oferation does 
not match the key of the addressed 
main-storage locaticn, and the 
protection key is not zero. 

4. Channel Data check--indicates that the 
channel has detected a parity error in 
the inf orrraticn transferred to or from 
main storage during an I/O operation. 

5. Channel Control Check--caused by any 
nachine rralfunction affecting channel 
controls. This includes parity errors 
on ccw and data addresses and parity 
errors on the cont en ts of the ccw. 
(Logout is initiated.> 

6. Interface Control Check--caused by an 
invalid signal on the I/O interface. 
The condition is detected by the 
channel and usually indicates 
nalfunctioning of an I/O device. 
(Logout is initiated.) 
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The channel microprograrr is the i:ath 
through which all status l::ytes are set in 
the csw. Accesses for sense inf crrration 
are through the same path as for a read 
operation to the desired unit. 

1.17.5 SYSTEM CHECKS 

1.17 .• 5.1 Power Check 

If any cf the de supplies (except +24V 
control voltage) falls below its sensed 
cut put level, if a circuit l::reaker trii:;s, 
or if a thermal trip occurs, the machine 
sequences do~n to its norrral i:cwer-cff 
status and the power-check 1 ight turns on. 

A power-en sequence cannot occur until 
the power-check light is reset by i:ressing 
the i:ower-off key, and by correcting and 
resetting the condition that caused the 
Fewer- off sequence. 

1.17.5.2 low Temperature 

This light turns on when a temperature 
below 96±5 degrees is detected at the main 
storage array. When power is turned on 
initially, this light comes on and rerrains 
en until the array is at proper operating 
terrperature <atout t\oio z:rinutes.) .• 

1 .• 17.6 STATUS BYTES 

Because the integrated attachrrents Fresent 
the same status information as did the 
corresponding System/360 control units, the 
Medel 25 does not introduce any new status 
byte definitions. The only exception is 
chaining check (bit 47) which is not used 
on the Model 25. 

1.17. 7 EXTERNAL BRANCH CONDITIONS 

The following sections define the external 
facility bytes for the Model 25 diagncstic 
rricroprograms. 

1.17,. 7 .• 1 Int egratea Disk Attacrnnent 

CHI1-COUNTER HIGH IN (for diagncstic 
analysis) 

0 ctr Pos 32, 768 
1 Ctr Pos 16,384 
2 ctr Pcs 8, 192 
3 Ctr Pos 4.096 
4 Ctr Pcs 2, 048 
5 Ctr Pos 1,024 
6 Ctr Pcs 512 
7 ctr Pos 256 
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CLI--COUN~ER LOW IN <for diagnostic 
analysis) 

0 Ctr Pos 128 
1 Ctr Pos 64 
2 ctr Pos 32 
3 Ctr Pos 16 
4 ctr Pos 8 
5 Ctr Pos 4 
6 ctr Pos 2 
7 Ctr Pos 1 

SDI--SERIALIZER/DESERIALI ZER IN (for 
diagnostic analysis and comparing of 
home address ty Model 25 microprogram) 

0 Read Buffer 128 
1 Read Buffer 128 
2 Read Buffer 64 
3 Read Buff er 32 
4 Read Buffer 16 
4 Read Buff er 8 
5 Read Buff er 4 
6 Read Buffer 2 
7 Read Buffer 1 

FOB--FILE-OUT BUS (for diagnostic analysis) 

Set Set Set 
ctrl Tag Cyl Tag Head Tag Diff Taq 

0 Write Gate 128 Forward Not 128 
1 Read Gate 64 Net Used Not 64 
2 Seek Start 32 Not Used Not 32 
3 Reset Head 16 Net Used Not 16 
4 Erase Gate 8 Head 8 Not 8 
5 Select Head 4 Head 4 Not 4 
6 Return to 000 2 Head 1 Not 2 
7 Head Advance 1 Head 1 Not 1 

DS--Disk Status When Gated with Diagnostic 
Controls 

Gate Diag AddrO 
0 WR BUF 128 
1 WR BUF 64 
2 WR BUF 32 
3 WR BUF 16 
4 WR BUF 8 
5 WR BUF 4 
6 WR BUF 2 
7 WR BUF 1 

Gate Diag Addrl 
0 Test Unit Exec 
1 RD Op 
2 Erase Cp 
3 Scan Op 
4 Space Count Op 
5 HA Op 
6 HA or RO Op 
7 count Op 



Gate Diag Addr2 
0 Key Of 
1 Data Op 
2 RO Of 
3 Count or Key or Data Op 
4 Count or Key Cp 
5 WR CKD Op 
6 Standard Index 
7 Bit Ring Inhitit 

Gp.te Diaq Addr3 
0 eye Code Pos 1 
1 Cyc Cede Pos 16 
2 Cyc Code Pos 17 
3 cc Errcr 
4 Unequal Compare 
5 Bit Ring 7 
6 Write Clock Bit 
7 Write Data Bit 

Gate Diag Addr4 
0 Zone A 
1 zone B 
2 Zone 1 
3 Zone 2 
4 Zone 3 
5 zone 4 
6 HA Field 
7 Count Field 

Gate Diag Addr5 
0 Key Field 
1 Data Field 
2 Flag Bit 0 
3 Flag Bit 6 
4 Flag Bit 7 
5 Counter Decode 
6 coonter Decode 
7 Counter Decode 

~ate Diag Addr6 
0 Counter Decode 

0 
1 
2 

3 
1 Counter Decode 4 
2 Coonter Decode 5 
3 Counter Decode 6 
4 Counter Decode 7 
5 Counter Decode 8 
6 Counter Decode 9 
7 Counter = 000 

1.17. 7. 2 Integrated 

RPD=K (cs Decode) 

2540 

0 R/P Diagnostic Latch 

Attachrrent 

1 R/P Diagnostic Singleshct 
2 R/P Diagnostic Single Cycle 
3 R/P Reset Shift Register 
4 R/P Diagnostic Attachrrent Reset 
5 Unused 
6 Unused 
7 Unused 

RPD1--R/P Diag. Cona 1 
0-4 R/P Tens AR A-E 

5 Punch Addr Check 
6 Punch Overrun Latch 
7 Punch Sync Check I.atch 

RPD2--R/P Diag. Cond. 2 
0-4 R/P Units AR A-E 

5 Reader Address Check 
6 Reader Overrun Latch 
7 Reader Sync Check Latch 

1.17.7.3 Integrated 1403 Attachment 

PRD--Diagnostic Ccnditicns 
Diagnostic Decode 1 
0 PCC TR 128 
1 PCC TR 64 
2 PCC TR 32 
3 PCC TR 16 
4 PCC TR 8 
5 PCC TR 4 
6 PCC TR 2 
7 PCC TR 1 

Diagnostic Decode 2 
0 Print Control 
1 Print Scan 
2 PSS Gate 
3 Home Gate 
4 SS3 TR 
5 Print Compare 
6 Last Scan 
7 Sync Check Latch 

Diagnostic Decode 3 
0 Carriage Busy 
1 Space Drive 
2 Skip Drive 
3 carriage Settling 
4 carriage Brush Reg 8 
5 Carriage Brush Reg 4 
6 Carriage Brush Reg 2 
7 Carriage Brush Reg 1 

Diagnostic Decode 4 
0 P!.C 
1 PLB Cl 
2 PI.B C2 
3 PLB C3 
4 MCS Mode 
5 Addr HD off 
6 El Emitter 
7 Channel 1 Latch 

1.17.7.4 ~ultiplexer or Selector Channel 

GA--Channel Conditions Register 
O Selective Reset 
1 Selective Out 
2 Address out 
3 Command Out 
4 Initial Selection 
5 Select out 
6 Channel Reset Cdiagncstic) 
7 Spare 
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GB~Channel conditions Register 
0 Data Chain Latch 
1 Channel Identification Latch 
2 Burst Lat ch 
3 Set Buffered Device Latch or Reset 

Channel Parity-Error Latch 
4 Channel Diagnostic Latch 
5 Channel-1 Interruption Latch 
6 Spare 
7 Suppress Cut Control Latch 

GD--Channel Diagnostic Register 
O Operational cut 
1 Service CUt 
2 Address cut 
3 Command Out 
4 0 
5 Select out 
6 0 
7 suppress out 

GS--channel Branch conditions 
0 Oat a Chain Request I.atch 
1 Buffered Device Latch 
2 Burst latch 
3 Channel Parity-Error Latch 
4 Initial Select Ia tch 
5 Channel 1 Interrupt Buff er Latch 
6 Spare 
7 Suppress Control latch 
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GT--Channel Branch conditions 
0 Address In 
1 Not Select In 
2 Service In 
3 Status In 
4 Operational In 
5 Not Request In 
6 Channel Identification Latch 
7 Channel Diagnostic Latch 

Bits 0-5 of Sense Byte 1: These bits are 
common to all devices and are described in 
the Systere/360 Principles of Operation, 
Form A22- 6821. 

1.18 SYSTEM CON'IROL PANEL 

This section describes the controls and 
indicators on the systerr control panel that 
are unique to the Model 25 and/or 
fundamental to maintenance strategy 
(Figures 1-120 and 1-121). Other controls 
and functions are explained in the IBM 
Systern/360 .Model 25 FETOM, Form Y24-3527. 
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Note: 

The full view of Switch A shows control storage positions for 48K systems, 
the partial views of Switch A are used for 16K, 24K, and 32K systems. 

Switch A For 16K Systems 

Switch A for 24K and 32K Systems 

Figure 1-121. Control Panel Switches A,, B, c, and D 

1.18.1 CPU STATUS INDICATORS 

1.18.1.1 Address ~atch 

The address match indicator is turned on 
by: 
a. Address Match Latch - when the mode 

switch is in AS ADR STOP or MS ADR 
STOP. The CPU clock stops when the 
address match latch corres en. It is 
res et at Tl time. 

b. SAR Delayed Stop Match Latch - when the 
mode switch is in SAR DLY STOP. The 
instruction in progress is completed 
and the CPU enters a soft-stof state; 
the indicator is reset when the start 
key is pressed (clock start pulse>. 
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1.18.1.2 Alter/Display PR-KB 

Pressing the PR-KE alter display key turns 
this light on to indicate that the 
alter/display microprogram is waiting for 
an operator res~cnse en the 1052 
printer-keyboard. This light is turned off 
by pressing the start key, er after the 
operator has completed the required 
keyboard entry. 

Control storage cannot be altered from 
the 1052 unless the CE key is on. 

1. 18. 1. 3 CSL 

Pressing the control storage load key turns 
on this light and starts the CSL 



microprogram. The indicator is reset when 
the CSL routine is corrpleted. 

1.1a.1. 4 Allow ~anua 1 

The ALLOW MAN light teing on indicates that 
storage can be manually disflayed er 
altered from the CfU control panel. 

The ~ODE SW must te in the AS LATA or MS 
DATA positions and the CPU is not stopped 
after the first cycle of a storage word. 

1..18,.1.5 Trap 

When any TRAP is allowed to occur the trap 
light is turned on. 

1.1$.1.6 Clock Off 

The CLOCK CFF light is turned on when the 
CPU clock is not running. 

1.18.2 SYSTEM CHECKS 

1.18 .• 2. 1 Low Temgrature 

The LOW TE~P light indicates that the 
system is not yet up to minimum 
core-storage array operating terrrerature 
(96F±5F). When system power is turned on, 
this indicator lights and stays on until 
the specified operating range is reached 
(approximately 2 minutes, defending UfOn 
room te1q:erature). 

1.1s .• 2. 2 Power Check 

The PWR CHK light turns on if any de supply 
falls below its sensed output level (and/or 
circuit l:reaker or therrral sens er trii;). 
The machine sequences down to its normal 
power-off status,. 

Power restart cannot be activated until 
the power-check light is reset l:y pressing 
the power-off switch and/or resetting the 
tripped circuit treaker or manually 
Oferating the thermal-reset switch. This 
rrust be dcne ty a customer engineer. 

If no circuit treaker is tripped or no 
thermal indicator is set in the i;cwer 
tcwer. the reason for the power failure is 
a sensed low output f roro any of the de 
supplies (except the 24V de contrcl 
veltage). 

The power check light also turns on if 
any of the fuses F30 through F35 are open. 
These fuses are in the 1403 attachrrent.. 
The machine will not i::ower-off under this 
ccnditicn. The light will go off when the 
open fuse is replaced. 

1.18.2.3 PCH (Punch) 

The PCB indicator is turned on for the 
following error ccnditicns. 

• Hole-count check 
• Address check 
• Shift register sync check 
• overrun 
• PFR validity 
• Punch not ready at start I/O of a 

cowmand other than sense or No-op. 

1.18.2.4 RDR (Reader) 

The RDR indicator is turned en for the 
following error conditions. 

• Hole- count check 
• Address check 
• Shift register sync check 
• Overrun 
• Validity check 
• Reader not ready at start I/O of a 

command other than sense or No-Op. 

1.18 .2. 5 PRI' <Printer) 

The PRT indicator is turned on for the 
following error ccnditicns. 

• Print hammer check 
• PLB parity check 
• Printer not ready at start I/O of a 

command other than sense or No-Op. 
• Coil-protect check byi;ass switch in 

1403 CE area is on. 

1.18. 2 .• 6 CHNL (Channe 1) 

The CHNL indicator is turned on for a 
parity check on bus in er a 
microprogram-detected channel error. 

1.18. 2. 1 File 

The FILE indicator is turned en for a 
machine-check trap or a parity error 
detected during file oi;eration. 

1.18.3 CPU CHECKS 

1.18.3.1 control word 

The CTRL WORD light indicates that the 
control word currently in the c-register 
has bad parity when read f rem the storage 
data register. 

1.18.3.2 Storage Data 

The STOR DATA light indicates that the 
information contained in the storage data 
register contains bad parity .• 

1. 18. 3. 3 CSL Check 

This light is an indicaticn that the 
checksum roicroroutine bas detected a 
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difference between the checksurr central 
wcrd and the contents of control storage. 

1.18.4 OPERAToR•s CONTROL PANEL (OCP) 
INDICATORS 

1.18.4.1 Power On Key 

This key is backlighted in white to 
indicate that the system power-on sequence 
is completed. If the key glcws r;ink, the 
pcwer-on er r:ower-off sequence cannot be 
completed because of a rralfunction in a 
r:cwer sur:i:;ly or an I/C unit. 

1.18.4.2 Pluggable Indicators 

Refer tc IBM system/360 Model 25 External 
Field Definitions, Form Z29-2176. 

1 .• 18. 5 KEYS 

Only those keys that have special 
significance in the maintenance strategy 
are discussed here. Refer to the Medel 25 
FE'IQM. Form Y24-3527 for a comr:lete 
description of the console keys. 

1.18.5.1 control Storage Load 

This key is used to initialize the systerr 
when: 
1. Operating modes are to be changed (as 

frorr Model 25 mode to 1400 mode), 
2. The contents of control storage have 

been affected by a systerr failure, er 
3. The system is teing returned to the 

customer after extensive service <such 
as engineering change activity.) 

1.18.5.2 PSW Restart 

This key is used to restart an application 
using the IPL PSW, rather than the current 
PSW used when the system-reset key is 
r:re:;sed. 

1.1§.5.3 Control Address Set 

This key must te pressed to allow the CE to 
restart the microprogram at an address 
ether than that specified ty the normal 
control-storage addressing rreans. The CTRL 
ADR SET key is op er at ional only when the 
CPU clock is off. 

1.1S .• 5.4 Enable Control Storage Store 

This switch must te pressed and held during 
a store into the control storage area of 
core storage so that the control-storage 
store circuitry rena.ins activated. The 
storage or:eration is successful when the 
new information is displayed in the byte-0 
and byte-1 indicators. 
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This key is effective cnly when the 
use-meter key switch is in the CE position. 

1.18. 5. 5 Printer-Keyboard Alter/Display 

Although this key is available for customer 
use, it is used in maintenance strategy to 
control certain phases en the 1052 
diagnostics. 

1.18.6 Y.CDE SWI'ICH 

Only switch positions that are unique to 
the Y.odel 25 maintenance strategy are 
described here. Refer tc the Model 25 
FETOM, Form Y24-3527 for complete 
information. 

1.18.6.1 Y.ain Storage Address Stof 

With the switch in MS ADR STOP position, 
the machine stops at the completion of the 
microword in progress when the address in 
switches A, B, C, and D rratches the address 
of the core-storage location being 
accessed. The address-rratch indicator 
turns on. Byte-0 and byte-1 indicators 
display the address of the position of 
memory that was just accessed. The match 
occurs for addresses that specify either 
program or control storage. 

1.18.7 DIAGNOSTIC CONI'ROL SWITCH 

1 .18 • 7 .1 Stop 

When the switch is in this position and no 
hubs are wired on the CE back panel, the 
system stops every cycle. When a circuitry 
line is wired to the COND IN hub on the CE 
back panel, the system steps every cycle in 
which the line goes positive. 

1. .18. 7. 2 'Ira12 

This position forces a trap to the CE trap 
area of control storage. With the 
diagnostic control switch in the trap 
position and either (1) no wiring to the CE 
panel. or (2) a positive pulse to the IN 
hub of the CE panel, the rrachine-check 
latch is set and a trap is taken to 0280. 
If priority is not established in the trap 
routine, the trap to 0280 is repeated every 
other cycle. 'Ihe CE trap routine can be 
used to log inforrration en the 
printer-keyboard. 

1.18.7.3 scan storage 

With the switch in this position, all core 
storage positions are read and regenerated. 
When the check control switch is in the 
stop position, a farity error on storage 
data or a storage address causes a hard 
stop. 



This switch position is also useful in 
displaying sequential storage lccations 
when used with the mode switch in either 
the MS DATA or AS DATA positicn. with the 
rrcde switch in one of these positions, 
byte-0 and byte 1 indicators dis~lay the 
addressed location each time the start key 
is pressed. 

1.1§.7.4 Single Address ~s 

This position permits the CE to scan a 
single storage address set in switches A, 
E, c, and D ty pressing the control address 
set key and then the start key. 

1.18.7.5 Single Address AS 

This position permits the CE to repeatedly 
access a single auxiliary-storage locaticn 
set in switches A, B, c, and D by pressing 
the contrcl address set key and then the 
start key. 

1.18,. 7. 6 Test Fa ttern 

This switch position is used to exercise 
core storage with data set in switches A, 
E, c, and D. Switches A and B should 
contain the complerrent of switches C and D; 
i.e., ABCD = FFOO, OOFF, OlFE, or FEOl. 

The system must be placed in CE rrcde by 
the CE key for the test pattern positicn of 
the diagnostic control switch to be 
effective. 

Each storage aaaress is accessed fcur 
tirres bef ere a + 2 address update occurs. 
During these four accesses a readcut, 
store, readout, and store sequence is 
performed as follows CABCD = FFOO). 

~ cycle CJ;;:eration Data 
ocoo 1 Readout Unknown Clst tirre) 

2 Store (AB) FFFF 
3 Readout FFFF 
4 Store (CD) 0000 

0002 Same as address 0000. 

0004 1 Readout Unknown (1st tirre) 
2 Store (CD) 0000 
3 Readout 0000 
4 store (AB) F'FFF 

0006 same as address 0004. 

This pattern continues for the first 256 
bytes of storage and reverses every 256 
bytes. 

Addr ~ OQeration Data 
0100 1 Readout Unknown Clst time> 

2 Store (CD) 0000 
3 Readout 0000 
4 Store (AB) FFFF 

0102 Same as address 0100. 

0104 1 Readout unknown (1st time> 
2 store (AB) FFFF 
3 Readout FFFF 
4 Store (CD> 0000 

0106 Same as address 0104. 

This process continues for each program, 
control, and auxiliary storage location. 
The resident CSL area of control storage is 
read out and regenerated only. 

1.18.7.7 Load Program Storage 

When the switch is in this position, the 
data in switches A, B, C, and D is loaded 
into every halfword of program storage. 
When the control storage area of rremory is 
reached, the locations are accessed in 
sequence, l:ut the store lines are not 
activated. A storage scan should follow 
the load program storage to determine if 
the data is stored properly. 

1.18.7.8 Load Storage 

This function is sill'ilar to the load 
program storage operation except that all 
core-storage locations (program, control, 
and auxiliary, except the resident CSI 
area) are loaded with the data set from 
switches A, B, c, and D. 

The system must be put in CE mode with 
the CE key for the load storage position of 
the diagnostic control switch to be 
effective. 

To store into the CSL area, set the mode 
switch to M3 DATA. The data switches can 
then be stored into the CSL area in single 
cycle. 

1.19 MAINI'ENANCE PROGRAMS 

The maintenance prograrr package is designed 
to validate systerr and unit operation 
rapidly with a minimum of human 
intervention. The package is designed to 
progress from l:asic CPU-assurance 
microdiagnostics up thrcugh a system 
environment macrodiagnostic designed to 
exercise and test a majority of the system 
in a total system environment. The package 
provides failing-card locating information 
of high resolution for rapid repair. Refer 
to 2025 FEMDM, Form Y24-3529, page 1-1. 
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1.19.1 MACHINE LEVEL CONTROL (MLC) A.~D 
ENGINEERING CHANGES (EC'S) 

Reloadable control storage is the unique 
Medel 25 concept which requires definition 
tm.der this objective.. All IBM-sui;:i;:crted 
Medel 25 microprograms are provided with 
microprogram listings and punched-card 
decks. The listings and decks are 
generated by MAS (Microprogram Automated 
System). !VAS has the capability cf 
:p:cducing customiz ea listings and decks on 
rr.achine-feature sensitive microprograms. 

1.19.1.l FIELD MICROPROGRAM CHANGES 

Field microprogram changes are released by 
Field B/M•s and utilize existing Field B/M 
control procedures. These changes are 
accomplished with replacement core loads 
(in card form) and lists. The foregoing 
ai;:i;:lies tc all IB~-supported emulator and 
microdiagnostic microprograrrs. 

1.19. 2 FIELD CHANGE EXCEPTIONS 

The follo~ing exceptions exist relative to 
field changes to any machine-feature 
semitive microprogram core load. 
1. MLC determines field rrachine 

requirement for changed rricrci;:rcgrarrs 
(core load decks and lists). 

2. MLC requires field machine-feature 
history information to achieve (1) 
above. 

3. Field B/~'s of microprogram emulators 
cannot be prepackaged. 

1.19. 3 UNIQUE CCNSIDERATICNS 

Unique FE responsibilities fer field 
installation of a 2025 microprogram change 
are: 
1. Changes to microdiagnostic programs are 

applied to FE tapes or disks when the 
M25 diagnostic program package is 
maintained in either form in addition 
to card decks. Tape and file utility 
programs, FOFF and FOFE, are used for 
such updates. 

2. Changes to emulator microprograms are 
installed by replaceroent of the 
IBM-maintained customer emulator core 
load decks. The customer will be 
notified that affected custcrrer 
duplicated emulator core loads should 
be updated .. 

3. on emulator microprogram changes the CE 
loads appropriate EC level 
identification into a CSL protected 
area of control storage. This enables 
checking for emulation EC level and 
machine EC level corrpatibi li ty on CSL. 
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Check all micrcprograrrrring temporary 
fixes (~P!'F) to ensure that they are 
incorporated in the current EC. Any 
missing ~Pl'F must be added to the core load 
deck and recorded on the list before the 
customer is given the new deck. It is also 
necessary to alter the checksum in control 
storage fer the errulatcr affected. 

1.20 MULTISYSTEM CONFIGURATION 

The ~odel 25 cannot be the host processor, 
but can be a supplerrent in a configuration 
controlled ty a larger system having the 
channel-to-channel adapter feature. The 
direct control and external interruption 
features are provided on the Model 25 for 
the necessary intersysterr data and control 
lines. 

No unique maintenance features are 
provided or required on the Model 25 when 
it is operated in a roultisystem 
environment. 

1.21 1401/1460 AND 1440 COMPATIBILITY 
FEATURES 

These special features are implemented 
almost entirely by micrcfrcgramming. The 
maintainatility plan for this mode of 
operation assumes that the CPU, circuitry 
for integrated I/0 attachments, and the 
standard I/0 interface will be tested by 
the Model 25 diagnostic routines (resident 
and nonresident rr:icrodiagnostics, and the 
system/360 macrodiagncstic tests). No 
special 1400 compatibility diagnostic or 
function tests are i:;rovided fer these 

·features, and no special tools or test 
equipment are required. 

The 1401/1460 and 1440 ccmpatirility 
microprograms incorporate the following 
maintenance features. 

• Resident CPU microdiagnostic (BDIA) and 
checksum tests, 

• FE trap ( 64 bytes beginning at 
control-storage address 0280), 

• Resident card-reader microdiagnostic 
(when the card reader is the only input 
device>, 

• Machine-check trap and 1052 logout, and 
• 1052 alter/display. 

The minor additional circuitry required 
for 1400-mode operation of 2311 and 2540 
devices is tested using the 
microdiagnostics for these attachment 
features. '!he 1400-rr.ode test in the CPU 
nonresident diagnostic must be initiated by 
a control address to the starting address 
of routine S14H in the diagnostic. 



1.22, MODEL 20 MODE FEA~URE 

The r.'bdel 20 mode feature is irr_t:lerrented 
alrrost entirely ty microprograms. It uses 
the normal Model 25 CFU hardware and I/O 
devices, exceft for the 2560 MFCM 
attachment feature that can be added 
Sfecifically for ~odel 20 mode operations 
when required. 

The rraintainal:ility plan for this mode 
assumes that the CPU and all I/O devices 
(except the 2560) are tested by the Model 
25 diagnostics (resident and nenresident 
rricrodiagnostics, and the System/360 
macrodiagnostic tests). ~he 2560 
attachment is tested ty nonresident 
microdiagnostics, and the 2560 is tested ty 
Irr_t:ulse Check Routines CICRs) and Medel 20 
Machine Function Tests CMFTs). Refer to 
2025 MDM, Form Y24-3529, page 1-1. 

The Model 20 Mode feature rricrefrograrrs 
incorporate the following maintenance 
features. 

• Resident CPU microdiagnostic (BDIA) and 
checksum tests, 

• FE traf ( 64 tytes teginning at 
control-storage address 0280), 

• Resident card-reader microdiagnostic 
(when the card reader is the enly infut 
device)., 

• Machine-check trap and 1052 lcgcut, and 
• 1052 alter/display. 

Operation of these rraintenance features 
under Medel 20 Mode is the same as for the 
basic 2025 except for rrachine check trai;:, 
which is descrited in the following 
section. 

1. 22.1 l".ACHINE-CHECK TRAP ANC 1052 LOGOUT 

With the check control switch set tc 
PRCX::ESS, detection of rrachine check will 
cause a machine- check trap to -be taken. 
This microprogram stores status inf crrraticn 
in a part of the protected first 144 bytes 
of program storage. This logout area is 
also printed out on the 1052 
frinter-keyboard. The format of the logout 
is identical to that presented fer Model 25 
rrcde operation, and operation is similar 
except that after the logout, the rrachine 
step:; instead of initiating an interrupt. 
(See Sections 1.11.1.1 and 1.17.1.2.) 

1.22.2 DIAGNCSE INSTRUCTICN 

The Diagnose instruction (Of-code 83) is 
provided for use with the ICR and machine 
function tests. This instructicn can 
ferform several functions as specified by 
the Dl field of the instruction. Fer 
example, it is used to store the contents 

of the six diagnose op switches (auxiliary 
storage locations OOFC through OOFE) into 
frogram storage at locations OOFC through 
OOFE. 

The diagnose instructicn permits a 
diagnostic program to use special 
diagnostic microprogram routines in 
conjunction with normal rrachine 
instructions. A complete description of 
diagnose actions is given in the 2560 test 
descriptions, IDOOl in Vol. 44. 

1. 22. 3 CE TRAP 

With the diagnostic control switch in the 
trap position, and any desired signal wired 
into the CE test panel, a microprogram trap 
is entered when the chosen signal goes 
positive. ~is function is the same for 
Model 20 rrode as it is fer Model 25 mode. 

1.22.4 CE TEST PANEL HUES 

The function of the CE test-panel hubs 
(sync, switching, and match) is the same 
for ~odel 20 and Model 25 rr.edes Csee 
Section 1. 2 3). 

1 .• 22. 5 CE DISPLAY CABLE 

This pluggatle service aid provides similar 
information en the Model 25 o~erating in 
Model 20 mode as is provided on the Model 
20 system. The 2560 attachrrent feature 
pluggatle display charts are included in 
the publication, Model 25 External Field 
Definitions, Forrr: 229-2176, available with 
the CPU. 

1.22.6 PROGRAMMING ERRORS 

Prograroroing errors, such as invalid 
op- code, addressing error, specification 
error, etc., are detected by 
microprograrorr:ing during execution of the 
instruction. on the Model 20, such errors 
are indicated by stofping the system and 
displaying an error code in the I-register. 
However, when in Mode 1 20 rrode on the Model 
25, the error code is printed on the 10 52 
to provide a corresponding identification 
of the error.. See MOM 5-604 for a summary 
of error codes. 

1. 22. 7 LOCAL S'IORAGE ZONE AND EXTERNAl MODE 
FOR 2560 

In 2020 mode (mode register bit 1 on), 2311 
data operations cannot cverlap other 
operations. Therefore, local storage zone 
1 is shared by the 2311 and 2560. External 
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TEST GND 1403 PCH RDR FILE 1 2 

0 0 0 0 0 0 0 0 

SYNC 

Figure 1-122. CE Panel 

mode 6 and local storage zone 1 are 
assigned for use with the 2560. 

3 +OUT 

0 0 

AND 

For local storage zone 1 to be altered 
er displayed when it is being used for a 
2560 operation, switch c must be set at the 
latel 2311. External rrode f cr 2560 can te 
altered or displayed l:y setting switch C to 
the label 2560. 

1.23 C.E PANEL 

The CE test panel (Figure 1-122) is located 
on the A-gate back panei between beards Cl 
and C2. 

Some of the uses of the the panel are to 
provide: 
1. Sync points for scoping. 
2. An AND function for varicus diagnostic 

purposes (scope sync, rronitcr, etc.). 
3. Capability to stop the system under 

CE-selected conditions. 
3. Capability to stop the system under 

CE-selected conditions, 
4. Capal:ility to trap into a reserved 

microprogram area under CE-selected 
conditions. 

The plugs will accept either a banana 
plug connector or a tare wire. 

The sync portion of the CE test panel 
has the following reeanings. 

TEST: This lamp is provided to check 
status of latches, etc. A +3V input to 
A2E6B12 turns the lamp on. 

~ (Ground}: This plug is provided to 
re du ce l: re aka g e of D 0 8 pins • 

140l: +3V print control 
RDR: +3V reader clutch 
PCH: +3V punch clutch 
FILI: +3V share cycle. 

The AND huts provide a 3-way positive 
input AND circuit with both plus and rrinus 
outputs when the three inputs are positive. 
Input lines Cl-IN, 2-IN. 3-IN) f lcat 
positive when not plugged to a signal. The 
functions of the hubs are: 

.L.m= 
l....m= 

Input to 3-la y positive AND 
Input to 3-way positive AND 
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-OUT 

0 

GATE OUT IN 

0 0 0 

MATCH COND 

Input to 3-way positive AND 
Positive AND plus output 
Positive AND minus output. 

The MA'ICH OU'I hub is positive at T7 time 
when the storage-address register contents 
match the setting of the console address 
switches, and the MATCH GATE hub is 
i;:ositive. Because the address match 
circuits are sarr.pled at T7, the ~ATCH GATE 
input must occur l:efore T7. 

A positive pulse to the COND IN hub 
causes either a stop or a trap depending on 
the setting of the diagnostic control 
switch. 

1.23.1 STOP POSITION 

A positive input pulse will stop the clock 
and cause a hard stop. 

1. 23. 2 TRAP POSITION 

A positive input pulse will stop the clock 
and cause a trap to control-storage address 
0280. A 64-byte area starting at address 
0280 is reserved for CE rricroprograms. 

This area allows the CE to enter 
microprograms for diagnosing unusual or 
intermittent failures that do not respond 
to the primary microdiagnostic maintenance 
strategy. If desired, a rrcnitor 
microprogram can l:e created and executed 
without affecting the custorr.er problem 
:r;:rogram. 

The system stops every cycle if the 
diagnostic control switch is placed in 
either stop or trap positions without the 
CCND IN hut teing wired .. 

1.24 POWER AND COOLING 

1.24.1 FAILURE DE'IECTION, INDICATION, AND 
ISOLATION 

The power system on the Model 25 features 
comprehensive circuit protection and 
failure detection facilities. Each de 
power supply has an overcurrent-sensing 



circuit treaker. An overcurrent ccndition 
on any supfly causes the associated circuit 
breaker on that supply to triF 
rrechanically, and the CB-trip light to turn 
on (light DS1 on the fOwer central 
chassis). The fower- check 1 ight on the 
system console turns on, and a norrral 
pcwer-off sequence occurs. certain key 
power supplies have direct cvervcltage 
detecticn. These are PS-1 C-6), PS-3 
(-12)• PS-8 (+12), PS-10 (+6), and PS-11 
(+6). Detection of an overvoltage 
ccnditicn in these supplies causes the CB 
for the respective supply to trif, and the 
power-off sequence to occur as described 
previously. 

A voltage-sensing systerr deterrrines that 
all de voltages are on and are supplying at 
least a certain minirrurr outFut. Failure in 
any de sufply causes power to be sequenced 
off and the power-check light en the system 
ccrsole to l:e turned on. 

Thermal sensing switches are provided on 
logic gates. core storage, and fOWer supply 
areas. When any of these thermal switches 
senses a temperature in excess cf its 
specified limit, a normal power-off 
sequence is initiated and a therrral trip 
light on the power control chassis is 
turned on. The therxra 1 trip prevents 
sutsequent power-on sequence until the 
conditicn that caused the thermal trip is 
corrected and the therrral-trip reset switch 
en the power control chassis is actuated. 

A power system diagnostic strategy has 
been developed based on the fower supply 
failure detection system. This strategy 
consists of a guided step-by-stef 
evaluation of the power systerr tased en 
visual indications to isolate power system 
failures. To this end, a series cf power 
system diagnostic strategy diagrams have 
been developed. These are included in the 
fizst Fart of the FE maintenance diagram 
manual for ready access by the custcrrer 
engineer. 

1. 24. 2 COOLING FACILITIES 

Cccling facilities for the Model 25 consist 
of a nurrter of tlowers that force air past 
the component parts. '!here are three 
blcwers fer the power supply tower, three 
blGWers for each SLT gate, three blowers 
for each core storage unit, and cne blower 
fer the 1403 hammer driver toard. Each 
blower pulls air through an air filter to 
rrinimize dust accumulation. Warmed air 
exits through the grille at the tcp cf the 
Medel 25. 

1. 24. 3 WARM-UP 

The core storage units are the only devices 
in the Model 25 requiring a warm-up period. 
The temperature of these units must be 
maintained at frorr 96F±5F C35.6C±2.8C) to 
120F±3F (49C±l.7C). If the temperature is 
below the limit, the low temp light on the 
system console turns on. If this light is 
on, correct operation of the core storage 
unit is not guaranteed. If the temperature 
is atove the limit, a normal power-off 
sequence occurs and the thermal trip light 
on the power control chassis turns on. 
Thermal trip prevents subsequent power-on 
sequence until the condition that caused 
the thermal trip is corrected and the 
thermal trip reset switch is actuated. 

core storage temperature is controlled 
by maintaining the array inlet temperature 
at 105F±3F (40.4C±1.7C). An SCR-controlled 
heating element provides the necessary 
heat. After initial adjustrrent, the 
temperature is monitored by a thermistor in 
the array inlet air strearr. The thermistor 
controls the SCR that supplies power to the 
heating elerrent. The warxr-up period varies 
depending upon the ambient temperature when 
the Model 25 power is turned en. 
Generally, the warm-up period takes about 
two minutes. 

1.24.4 CONVENIENCE OUTLETS 

Two convenience outlets provide 115 volts 
60 Hz, single phase at a maximum of 15 
amperes C 200, 220, or 235 vol ts at 8 
amperes for 50 Hz). Fer 60 HZ machines, an 
isolation transformer provides the correct 
voltage. For 50 Hz machines, the 
convenience outlets are powered either from 
the line or the adaption autotransformer. 

A pair of convenience outlets are 
mounted on each side of the power supply 
tower to rrinirrize the necessity for using 
ext ens ion cords. 

1. 25 MAIN S'IORAGE DIAGNOSTIC AIDS 

1.25.1 X ANDY DECODE NUMBERING SCHEME 

The numbering scheme used to identify the X 
and Y decode drivers makes it possible to 
identify the active circuit by knowing 
which bits are present in the storage 
address register. See Figure 1-123. 
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SAR Bits 9 10 11 12 13 14 

RD WR 1 0 1 

,-------, 
I I 
I I 
I *DVR I 
I I 

~ 

X-Decode ALD Representation 

SAR Bits 2 3 4 5 6 7 8 

RD WR l 0 1 

1------, 
I I 

I *DVR I 
I : 

~ 

Y-Decode ALD Representation 

Figure 1-123.. X and Y Decode Drivers 

X-Decode: The X-decode drivers use storage 
address register bits 1 and 9 tc 14.. Three 
syrrbols are used in the ALDs to show the 
ccnditicns necessary to activate a decode 
driver. They are: 

1: 

0: 

This bit is not used to ccntrol this 
driver .. 
This bit roust be present in order to 
activate this driver. 
This bit roust not be Fresent in 
order to activate this driver. 

Therefore, the S-decode driver Sfecified 
in Figure 1-118 is activated when bit 12 of 
the storage address register is on. bit 13 
of SAR is off, and tit 14 of SAR is on. 
The status of bits 9, 10 and 11 will not 
affect this driver .. 

Y-Derode: The Y-decoae drivers use SAR 
bi ts 2 to 8 and are shown in the AL:Cs in 
the same way as the X-decode drivers .. 
Therefore, a Y-decode driver SFecified as 
in Figure 1-118 is activated when SAR bits 
3 and 6 are on and bits 7 and 8 are off .. 
Bits 2. 4 and 5 will not affect this 
driver. 

1.25 .. 2 SCOPING STORAGE 

Use an oscilloscope with a 25- tc 60-
nanoseccnd rise-time. The DuMont 766H the 
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Tektronix* 561 S and 453 are oscilloscopes 
that meet these SFecificaticns. Use the 
oscilloscope probe ground near the point 
being probed. Use read-call 01 C-B2A3D11 
for an oscilloscope sync point. 

1.25.2.1 Scoping X and Y Source-Terminating 
Resistors 

When storage problems cannot be easily 
diagnosed from the console by card 
substitution, scoping the X and Y 
terminating resistors may provide 
information that will assist in locating 
the troul:le. When a failure is common to a 
large block of storage and cannot be easily 
isolated to a particular X- or Y-line, 
scoping the X and Y terminating resistor, 
while using the Medel 25 diagnostic scan 
functions CMDM starting at Diagram 1-100), 
may indicate where the trcuble might be 
found .. 

Because of SLT packaging, and because 
the array plugs into an SLT large board, a 
current probe can be used in very few 
places to check or observe the drive 
currents. However, all X and Y drive 
current comes f rorr a grcuF of four 
resistors, two for the X-lines Cone for 
read and one for write) and similarly for 
the Y-lines. The resisters are mounted on 
the swing-open side of the store gate and 
are connected to the current sources via 
twisted wire cabling. 

An indirect indication of array current 
is possible by rroni taring any of the yellow 
wires (for example, the yellow wire to pin 
U4B12 for Y read current). If a current 
probe is available this can be done 
directly on the back panel, or 
al terna ti vely with a voltage :r;robe always 
on the yellow side connection of the 
resistors; the latter method will require 
the opening of the resistor gate (Figure 
1-124). 

Figures 1-125 through 1-130 show the 
waveforms for rrai n storage control and 
drive lines during a specific condition. 
A variety of situations is represented by 
these oscilloscope photografhs. Because 
these waveforms will occur only when a 
specific address er grcu:r: of addresses is 
accessed, they will be mixed in with nany 
correct waveforms. Under these conditions 
they can be difficult tc distinguish from 
incorrect patterns.. An attempt should be 
made to locate the failing addressees) and 
put the 2025 into an address loop while 
scoping is perforrred. Refer to Chapter 2. 

* Trademark of Tektronix, Inc. 



To Card 
4649 
C-B2U4 

Twisted 
Pair 

{

U4 Bl;ellow 

U4 
Dl2 Black 

53 

Twisted 
Pair 

Twisted 
Pair 

{

U
4 

Yellow 

D06 

u 4 B08 Black 

53 

{

U
4 

Yellow 

G07 53 

U4 o-------_. 
G09 Black 

{

U
4 

Yellow 

J06 53 
Twisted 
Pair 

U4 o-------------_. 
J09 Black 

Y Read 
53 

53 Y Write 

X Read 
53 

53 
X Write 

NOTE: All the black wires are grounded in card 4649, 
pins Dl2, B08, G09, J09 being internally grounded. 
Some machines have yellow wire grounded. 

Figure 1-124. x ana Y source Resistors 

L1 Ir' Read Cal 1 ·(Sync) ~ 
o-

o. 
0 

.J 

-

~ 

l 

:.l t._ 
'\ 

LL!i 

I\ 

100 ns/Div. 
2V/cm 

Figure 1-125. 

b - Read Call (B2A3Dl 1) 
- Start Write Cycle (BlC4JlO) 

-r- J 

~ 
- Store Byte 0 (B 1A3B13) 

v - Read Echo (B 1D5D05) 

storage Controls 

0-

0-
Sense Bit 0 (Bl G2D09) 

L..:::l::==:::±:i~l:::!..l~:t:=C==::l:=:;:t::::::jt:::::::t -1 Changing to l 

11 111 -Bit 

100 ns/Div. 
2V/cm 

11 111 -Bit 

Figure 1-126. Read Cycle Controls 

Read Call 
(Sync} 

- Read Call (B2A3Dll) 

0- t-....P-+-..+-+-b"""T'--t--1-""T"--I- Reset Byte 0 (B 103B 12} 

0 - l=::±=:±:::::l::::::t:::::'.'.:L.li:t::=:5;t::=::1==::t:=:1 - Gate In Byte 0 (Bl D4D06) 
(Equivalent to 

100 ns/Div. 
2V/cm 

Equivalent 
to Strobe 
on Read 

Strobe on READ) 
(No Strobe on 
Store Cycle} 

Figure 1-127. Store Cycle controls 

0-

- Read Call (B2A3Dl l) 
[2V/cm] 

1-----+-----t--T---tt-----i--;---,---r-~ - X Current Read (B2U5B07} 
Source [lOV/cm] 

~t:tt~-f+i4""""'~~~~~~~:±;!;!*~- Y Current Read (B2U4Bl2) 
Source [IOV/cm] 

IOO ns/Div. 

Figure 1-128. X-Y Read current Source 
Driver at the Resistor 
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- Read Call (B2A3D11) 
2V/cm 

- X Write Current Source (B2U5D06) 
lOV/cm 

0 -~~!!:!+W;!;j;±t;!:~±!i'~f*+'f""~~:!;!:!:!;I- Y Write Current Source (B2U4D06) 
lOV/cm 

100 ns/Div. 

Figure 1-129. X-Y Write current at 
Resistors for looping and 
scanning procedures. 

1.25.2.2 Scoping Inhibit Drive ~errrinating 
Resistors 

Inhibit drive current can be checked in the 
same way as read or write currents by 
:E=rcbing the current-limiting resistors 
ass:>ciated with each inhibit driver. 

The z inhibit driver source is 
essentially two NPN transistors in 
parallel, each transistor having a 70-ohm 
wire-wound resistor in series with the 
erritter. These resistors are mounted on 
the swing-open side of the ESM gate. The 
black and red wires are returned to the z 
driver card. The yellow wire is corrrron 
-30V.. A r;air of resistors is, therefore, 

corrrnon to each particular bit position and 
is also corrmon to the 0-8K segment A and B, 
and 8-16K segment A and B. 

The current prcbe can be used on the 
yellow wire, and the voltage probe at the 
red or black side of the resistors. The 
resulting waveforms of a correct inhibit 
driver are shown in Figure 1-130. 

Approximately 760 mA is shared between 
the 70-oh~ resisters (380 nA through each). 
The voltage swing should be approximately 
26V at the read and black wire side of the 
resistors. 

Substitution of the sense amplifier/Z 
power card can deterrrine the failing 
location. 

1,.25.2.3 Array sense Line Checking 

Two methods may be used for checking array 
sense/inhibit lines. 

Figure 1-131 identifies the method to be 
used with the array plugged to the main 
storage SLT board. It is possible to meter 
the connections between sense line input 
pins and the inhibit 1 ine pin. 

Figure 1-132 identifies the method to be 
used with the array rerrcved from the 
machine. (The removal procedure is 
described in Chapter 4 cf this manual.) 

- Read Call (B2A3D TT) 
(2V/cm) 

0- -------+-_,t---+-_-t-_______ -Z lnh ibit Res is tor 

100 ns/Div. 

(lOV/cm) 
(Inhibiting a Zero) 
(Line Inactive for a One) 

-Y Write Current Source (B2U4D06) 
(lOV/cm) 

Figure 1-130. Z-Inhibit Driver (Writing a zero) 
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I 
I 
I 
I 
\ 
\ 

.... ,, 

' 

B 1 Board B2 Board 

Array Pins 

" ( 

'... 

--------------

..... ,, '---------------J 

There is one SA & Z driver card for each bit. 
Location of SA & Z driver and connector cords 
is given on ALO 's MD512-MD782. 

NOTE: 
Resistance measured between two sense I ine pins is 
about 5.5Q and between sense line pin and inhibit 
pin about 2.8Q. 
Measurements token using Simpson (260) 
meter. 

Sense/Inhibit 
Triple Twist Lines 

Figure 1-131. Main Storage Array Measurements 

s 
s 

SA In 0-8KA 

SA In 0-8KA 

Inhibit 0-8KA 

SA In 0-8KB • 
SA In 0-8KB • 
Inhibit 0-8KB 

• 

SA In 8-16KA • 
SA In 8-16KA • 
Inhibit 8-16KA 

• 

SA In 8-16KB • 
SA In 8-16KB 

• 
Inhibit 8-16KB • 

Measure Pins 
on the SA& Z 
Driver Cords 
(5804648) 

Dll 

012 

B12 

B09 

BlO 

B07 

G04 

GOS 

J05 

GOS 

G09 

JlO 
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View of B side of Array (Plugs into Bl Board) 

Diode X Return Card Diode Board l 
Board 2 

B D B D 

8-16K 0-SK 
The Logics will call a sense line: P2 J2 
-SA IN 0-Bits 0-SK A. 
+SA IN 0-Bits 0-SK A. 
The sense amp gate will define the 

NOTE: block, i.e. Al or A2. In this case 
In practice the sense/ it is A2. Refer to ALD MM632. 
inhibit triple-twist lines 

G J G J from the array are routed 
between the diode board 
at the top of the array to 

Byte l ~ edge connectors in Bl 

Note: Board 

The measurements expected when probing P2 J2 

at the SL T Board Connectors for open X or B2 

Y windings or diodes are as follows: 

Forward ~ 
Bias 3.6KQ approx. 

B D PO 0 PO 10 B D 

Reverse 

Bl 1 Bias 100 K Q or greater 

DC resistance is measured with the decode P4 J4 
driver cards for the suspect line unplugged. Byte 0 

~ Measurements taken using Simpson (260) 
meter on x l ohms range. 

Inhibit Bl J4 D02 MD702 

Sense Bl J4 B02 MD5 l 2 
Inhibit 

Bl J4 B03 
8-l6K Al bit PO 

0-SK Al Bit 0 

0-8K Al bit I 

Figure 1-132. ~ain Storage Array Line Measurements 
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1.25.2.4 Array X and Y Drive Line Checking 

With the aid of MDM 4-27 (Part 4 cf 5) and 
AID pages 1".08 60-?·i:D891, any of the 136 
Y-array wires or the 128 X Csecticns 0-8K 
er 8-16K) array wires can be ascertained. 

SAR tits 2-8 select the Y-lines (SAR bit 
8 being the least significant). SAR bits 
9-14 select the x-lines (SAR bit 14 being 
the least significant). SAR bit 1 selects 
the 0-8K or 8-16K section of the array; the 
8-16K section is selected when tit 1 is a 
1. SAR bit 15 is ignored. 

The f cllowing example illustrates 
checking the continuity of any array drive 
line without first having to unplug the 
array. 

If an open Y-drive line is sus~ected, 
determine SAR bits 2-8. If, for exarrrle, 
they are 1011111, then reference to MCM 
4-27 (Part 4 of 5) shows the Y-drive line 
to be 138, c-side. This particular drive 

line can be traced to storage logic pages 
MD412 and MD452. 

The continuity of array drive line 138 
is checked ty placing the leads of an 
ohrrmeter tetween C-B2E2J02 and C-B2S2J04. 
The forward resistance is usually between 
3.6 kilohms and 4.0 kilohms (that is, two 
array diodes in series). The de resistance 
of the array line itself is approximately 
12 ohms. The reverse resistance is 
normally greater than lOOK ohms. 

The X-lines have forward resistance of 
3.6 kilohms, which is measured with the 
5808198 cards still plugged in. The 
forward resistance is similar to that of 
any Y-line when these cards are removed. 

1.26 lCCAL STORAGE DIAGNOSTIC AIDS 

Figures 1-133 through 1-141 sho-w the 
waveforms for local storage (LS). Figures 
1-140 and 1-141 show bad waveforms. 

Pl Time 
(Sync) 

uo = uo + 11 [6093] 

0 - pt+++tt++t-t-fi~~w.+-....,~~-~~~~~~ - P 1 Time (A-B 1L7B10) 

0- - XO Address Line (A-B 1 E6D09) 

40 ns/Div. 
2 Volts/cm 

Xo Address Line 

Figure 1-133. LS-Addressing (Pl-Time Access) 
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Pl Time {Sync) 
Adr Line is 
Good Before 

0 - 14+1+1-H+tf-l+l~ioti+ot...+t+fotifiol-.tt+~..+1-""'4.....+ ..... ......i - P 1 Ti me (A-BI L7B 10) 

0- -XI Address Line (A-BIE6B10) 

Line 

40 ns/Div. 
2 Volts/cm 

Figure 1-134. LS-Addressing CP3-Time Relationship Between X and Read Line) 

Read Line 
is Active 
Too Soon 

0-~----...,~~~~-.----ir-:ao-r--....... --~__,~ ...... ~ 
- L. S. Read Line (A-BI E5B09) 

i---w-~~-+t----+~..,.....-t---+-+---1,.....--1 -L. S. Bus Bit I (A-BI E7D04) 
[1st Bit is False Turn On 

Due to Read Disturb 
on Sense Amplifier] 

40 ns/Div 
2V per cm 

Figure 1-135. LS Bit output (2 Successive Zeros at Pl and P3 Tiroe) 
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Pl (Sync) 

Pl Access Data is l 
P3 Access Data is 0 

0-'3"t"H"f"l"tt'~ts;i1i;i.-. ............ ~111111111=•1111;11;j~tti;;j;:&:a;i=*t - Pl T imc (A-Bl L7B 10) o_ ..... _.,. __ ,..._ __ ..,_..,... __ .,. __ ..._,_, 

O-~~~~H+-t-++-t4H+~~~~~~~~:z:I- +LS. Bus BitO (A-BlE7B02) 

L. S. Read Line 

40 ns/Div 
2V/cm 

- L. S. Read Line (A-Bl E5B09) 

Figure 1-136. LS Bit Output (Pl Access Data is 1, P3 Access Data is 0) 

P8 Time 
(Sync) 

0 - f"'Tttft+H~ttf:t:tS;:t;;t:ttlifit*:t&:t:tttl;tt:!l:;::tt!:l:i;t:t!;tl - P8 Ti me (A-Bl L7B05) 

0- -LS. Read Line (A-BlE5B09) 
[Reflection Caused 

by Write Line] 

l--+-~~~~~.+--l~-l--+.--7'1~=1-L.S. Write Line (A-BlE5D09) 

Reflection 
on LS. Read 
Line Caused 
by Write Line 

L.S. Write Line 

40 ns/Div 

2V/cm 

Figure 1-137. IS Write Line (P8-Tirr.e> 
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0-

o-

0-

L.S. Pl 
Access 

L.S. P3 
Access 

100 ns/Div. 

2V/cm 

Setting 1 
into A-Reg Bit 0 
at Pl 

Setting 0 
into B-Reg Bit 0 
at P3 

-L.S. Read Line (A-B 1 E5B09) 
1-L.S. Pl Access 
0-L. S. P3 Access 

Figure 1-138. AB-Assembly Data From Local storage 

1st Cycle 2nd Cycle 

Pl 

STH U U+2 [7018] 

U Reg= 0000 

- L.S. Read Line (A-BlE5B09) 

Write 
Line 
Reflection 

.!::ll"--t'"7"~..-....&..\::_,.L-t.,._..-1===,,,_-"W''--I.,._~~-' - L. S. Bus Bit 0 (A-B 1 E7B02) 

(Data Al I 0' s) 

200 us/Div 

Figure 1-139. Storage Word CWT-2} 
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Read line 
is Active 
Too Soon 

O-r='\---r--,'"1-.::-r--r,..'T""--..-_,,~..,_7""1,_.111\1 
~LS. Read Line (A-BlE5B09) 

i----w.---.-~+---+-..... -+----+-....... --ii----i-L.S. Bus Bit l (A-BlE7D04) 
[1st Bit is False Turn On 

Due to Read Disturb 
on Sense Amplifier] 

40 ns/Div 
2V per cm 

Figure 1-140. Bad waveforms (Read Line Set Too Early--Zero Delay) 

Read Line 
Should 
Never Appear 
as a Spike 

0- ,-..r-r;~-:::=-~~---..-..--.,~...,.-...,_.....,_ L.S. Read Line (A-BlE5B09) 
[Read Line Shou Id Never 
be a Glitch] 

XO Address Line (A-B 1 E7D04) 
[Address Lines are Shorter 

in Duration than Normal] 

.1--illi--+---t--t--t--1-L.S. Bus Bit 1 (A-BlE7D04) 

Address Line 
Good for Too 
Short an Interval 

100 ns/Div 

2 Volts/cm 

Figure 1-141. Bad Waveforms (LS Address Line Reset Delay Bad--Zero Delay) 
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Chapter 2. Console and Maintenance Features 

Section 1. Basic Unit 

2.1 STORAGE PROTECT KEY--DISPLAY 

For the storage key to te displayed, the 
M-register must be set to the 2,048 bytes 
associated with the CPU storage key. For 
the protect key associated with an MPX ucw 
er ICA UCW to te displayed, the M-register 
must be set to the UCW auxiliary storage 
address. Therefore, a manual display of 
auxiliary storage rrust be dcne to see the 
f rctect key used ty an SIC~ a rranual 
display of main storage must be done to see 
the CPU storage key. 

After the manua 1 display, turn the rrode 
switch to AIU/EXT position and dial 
switches CD to 03 (CPU roode external decode 
3). Pressing the display switch gates the 
storage key into byte 1. 

The selector channel key can be 
displayed by using auxiliary storage 
address XX88 and following the preceding 
display procedure. 'Ibis is possible since 
MPX UCWs cannot be used when channel burst 
mode is defined. 

There are two exceptions to this display 
t:rocedure.. The M-register does net have to 
be set up to display the effective file 
protect key. This is possible because the 
file key is stored in hardware (not STP 
local storage). To display the effective 
file protect key, dial 12 in switch CD and 
dial ALU/EXT. 

To check the protect key associated with 
the integrated 254 0. 1403, er 1052 ucw, 
refer to the auxiliary storage map for 
module 0 to determine which byte to 
display. During data transfer, the i;:rotect 
key is stored with the storage key read 
from STP local storage. 

2.2 PATCH CARD GENERATICN 

This procedure can te used to make a patch 
card for entering a rricroprograrr into the 
FE trap area. The system must have the 
System/360 emulator loaded. Enter the 
f cllcwing data into the locations 
specified. make the punch ready, set IC to 
0058., press the start key. The replace 
Card will punch in EBCDIC format. This 
replace card can be inserted bef cre the end 
card of a CSL deck or you can make up a 

standalone deck in the following manner. 
1. Five card loader 
2. Four cards frcro the 360 emulator CSL 

deck for cs module addresses 0100, 
0140, 0180, OlCO (card nuxr.bers 6, 7, 8, 
and 9) 

3. The replace card 
4. The end card, blank in column 3. 

If the loading device is on the channel, 
use the following. 
1. One- card channel loader 
2. Four cards frcro 360 CSL deck 

addresses: 0100~ 0140, 0180, 01CO 
(card nurrbers 6, 7, 8, and 9). 

3. The replace card 
4. The end card, blank in column 3. 

0048-00000 0050 
00 4C-00000 0000 
0050-0100 0068 

2000 0050 
0058-9DOO OOOD 
005C-4770 0058 
0060-9COO OOOD 
0064-47FO 0064 
0068-0280 
006A-10 
006B-20 

006C-xxxx xxxx 
--etc. 

2. 3 DEBE-2 

CAW 
Spacer to align boundary 

C<l-1,punch 
!est I/O clear status 
Wait fer clear status 
Start I/O pWlch 
Wait 
FE trap address 
10 Cntrl, 20 Aux, 80 PGM 
No. of halfwords to enter 
hex 

Ctrl words up to 128 hex 
chars 

Load DEBE-2 from a card reader. When the 
machine goes to wait state, press the 
interrupt key. DEBE- 2 types out ENTER PROO 
ID - xx. The correct response to this 
message is listed as follows. 

CCSPACE card-to-card 80/80 using units ooc 
and OOD,. 

CPSPACE Card-to-printer 80/80 BCD units 
OOC and OOE. 

CTSPACE and-to-tape 80/80 using OOC as the 
card reader. A request will be 
typed for a tape address. 

TCSPACE Tape-to-card 80/80 using OOD for 
the card punch. A request will 
be typed for a ta~e address. 
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TtSPACE Tape display) tape-to-printer hex, 
using OOE for the printer. A 
request will l::e typed for a tape 
address. 

TPSPACE Tape-to-printer BCD using OOE for 
the printer. A request will be 
typed for a tape address. 

TTSPACE Tape-to-tape. Address will be 
requested. 

WTSPACE Write tape mark. 
RWSPACE Rewind tape. Address will be 

requested. 
SRSPACE -space records on tape (f crward) 

address and nuroter cf reccrds to 
be skipped will be requested. 

SF SPACE Forward space file en tape. 
Address will te requested. 

BSSPACE Backspace records en tape. 
Address and numter of records to 
backspace will be requested. 

A request for a tape address is in the 
form MMXXX. The MM refers to the mode set 
command for 7-track tapes. Type 00 fer 
9-track tapes. 

To put DEBE-2 onto a self-loading tape, 
change the last card of the DEBE-2 deck 
cclumn 8 to 12-8-4 punches, load the deck, 
and at IPL wait,. alter storage lccaticns 
04AO and 04Al to the address of the tape 
drive you are using to l::uild the DEBE tape. 
Then, press the interrupt key. tEBE-2 will 
lead itself onto the tape. You may then 
load DEBE by loading directly f rcrr the 
tape. 

DEBE ccw are as follows. 

Reader ccw location 
Punch ccw location 
Print ccw location 
Tape in location 

lBEO 
lOFO 
1140 
1228 
1318 Tape put ccw location 

Reader ccw 
Punch CCW 
Pr:int CCW 
Tape read ccw 
Tape write ccw 

4200 lCFO 0000 0050 
4100 lCFO 0000 0050 
0900 1D40 0000 0084 
0200 1DC8 2000 2710 
0100 1DC8 2000 0018 

2.4 I/O EXERCISER ROUTINE WITH V~RIABLE 
DEIAY 

This program loop will operate the reader 
or any I/C device at a repetiticn rate 
determined by the setting of ccnsole 
switches ABCD. Any value up to 7FFF may be 
used. This routine is useful when trying 
tc duplicate intermittent I/O failures that 
seem to occur due to the tirre frequency at 
which the I/C device is operated. The 
channel and device address is in locations 
0408-0409 and 0410-0411. The ccw comrand 
cede is in location 0428. Eighty columns 
of data are read into or written from 
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storage starting at location 0600. Start 
the program at 0400. 

0400-0203 0048 
0406-9000 oooc 
040A-4770 0406 
0 40E-9COO OOOC 
0412-8300 0AD4 

0416-0000 

0418-4820 0416 

041C-4620 041C 
0420-47FO 0406 

0424-0000 0428 
0428-0200 0600 

2000 0050 

0424 Move CAW 
Test I/O reader 
wait for clear status 
Start I/O reader 
Store switches ABCD in 

0410 
Locations for switch 

bytes 
store switch amount in 

reg 2 
Branch on count reg 2 
Branch to read next 

card 
Spare CAW 

CCW read and feed 

2.5 CCNSOLE INQUIRY PROGRAM 

Load the program using the console 
alter/display routine. Set IC to 0424 and 
press start. The system will enter wait 
state. Press the request key. The proceed 
light should come on. Key in up to eighty 
characters. Press EOB and ALT if less than 
eighty characters. The information entered 
should be typed tack. The system will 
enter wait state. To repeat, press the 
request key etc. 

0400-9180 0044 
04 04-4 710 0 40C 
04 08-4 7FO 041C 
040C-9COO 001F 
0410-4 770 040C 
0414-9000 OOlF 
0418-4 720 0414 
041C-8200 0440 
0420-47FO 0420 
0 4 2 4- 5 810 0 4 4 8 
0428-5010 0048 
042C-4 7FO 041C 
0430-0AOO 0450 

6000 0050 
0438-09000450 

0000 0050 
000-800 0000 

0000 0420 
0448-0000 043 0 
008-000 0000 

0000 0400 

TM attention on 
BC SI/O if attention 
BC enter wait 
SI/O to console 
BC CC is not 'zero 
TI/O clear interrupt 
BC hranch busy 
LPSW enter v.ia. it 
BC wait loop 
Load CAW start here 
Store CAW 
Unconditional branch 

CCW read inquiry 

CCW write chained 

PSW rrcblem 
Stored CAW 

PSW I/O new 

2. 6 1401 EMULATOR CSL DECK 

This procedure can be used to make a system 
overlay card for entering auxiliary storage 
module 0 control data intc the 1401 
emulator CSL deck. The system must have 
the 360 emulator loaded. Enter the 
following data into the lccations specified 
via the console alter/display routine. 
~ake the punch ready, set IC to location 
0058, and press the start key. The 



cont ig ura tion card wi 11 be fUnched 
continuously in EBCDIC forrrat. It shculd 
be inserted before the end card of the 1401 
emulator CSL deck. 

Note: When a blank is specified key 40: 

0048-0000 0050 
004C-OOOO 0000 
0050-0100 0068 

2000 0050 
0058-9D00 OOOD 
005C-4770 0058 
0 060-9C 00 OOOD 
0064-47FO 0064 
0068-7 040* 

006A-2 0 

006B-1E 

00 6C-XXXX XXXX 
etc .. 

CAW 
Zeros to align boundary 

ccw-punch 
Test I/O clear status 
wait for clear status 
Start I/O punch 
wait 
*9040 to be used on 24K 

systems 
20- Enter auxiliary 

storage 
Nurrber of halfwords to be 

entered 

Enter 120 hex characters 

2.7 1403 BUFFER LOAD MICROLOOP 

This routine repetitively loads one buffer 
position ~ith data. 
1. Manually set I/C to the desired buffer 

address. 
2. :rtanually set Tl to the desired data 

character. 
Hex Address Hex Word Statement 
0280 2484 Set Mede K=8 
0282 4F8F PR=10 
0284 2004 
0286 0000 
0288 4BBF 
028A 8280 

Set PRA K=20 
No-Op 
PRO=Tl 
Br to 0280 

2.8 SOFT-STOP lOOP--SINGLE CYCLING 

At present, the Model 25 does not allow an 
operator to single cycle through the 
sc~-stcp loop. This happens because the 
start key resets the sof t-stcf latch and 
the micrclcop exits to I- cycle. This is 
corrected by blocking the reset cf the 
sc~-stop latch ty the start switch with 
the diagnostic stop switch. 

The procedure to allow single cycle and 
stay in the loop is to place the diagnostic 
switch in the stop position. Nothing can 
be wired to ' condition in• on the CE panel 
at this time. Exits such as integrated 
requests., instruction step frintcut, etc., 
will be capatle of taking the microprogram 
out of the soft-stop loop. If an I-cycle 
exit is desired, the operator rrust place 
the diagnostic switch tack to process 
position. 

2.9 STORAGE SCAN 

An operator may be confused when scanning 
auxiliary storage if the diagnostic switch 
is in scan, load storage, or test pattern 
position. The storage unit ignores the 
second hex digit of the auxiliary storage 
address when auxiliary stcrage is addressed 
(OXOO). In scan mode, advance the storage 
address by +2 each eye le. As a result, 
addresses 0000, 0100 ••• 0FOO access the same 
auxiliary storage location 0000. If one 
syncs on ADDR match or dces an AS ADDR stop 
on any auxiliary storage address, the 
machine will stop sixteen times because it 
access es each location sixteen times. 

2.10 WORST- CASE STORAGE SCAN DEFINITION 

The purpose of the test pattern switch is 
to scan memory and exercise it with a 
worst-case pattern. The pattern can be one 
of the following combinations and must be 
dialed in switches ABCD: FFOO, OOFF, 01FE, 
FE01. 

During the first scan, switch CD is 
stored in the first four-bytes of storage. 
AB in the next four bytes, and the pattern 
switches repetitively in this manner. This 
same pattern flips every 256 addresses C if 
ADDR 0000 has a FFFF stored in it, hex 
address 0100 will have 0000). 

Each address of storage is accessed four 
times before a +2 address update occurs. 
During the first access, the contents of 
that location are read out. The second 
access stores the ccmplerrent of that 
location in place of the original data. 
Then, this corr.plerrent data is read out, and 
finally, its complement (the original data) 
is stored back. 

For Example: 
1st Cycle 
2nd cycle 
3rd Cycle 
4th Cycle 

ADDR 0000 
Read Out FEFE 
store 0101 
Read Out 0101 
Store FEFE 

This process ccntinues f cr each address 
of main storage, auxiliary storage, and 
control storage. Only the protected area 
of control storage remains unchanged. 

2.11 MS ADDRESS STOP PROCEDURE DURING IPL 
OR CSL 

A condition exists when trying to 
MS-address stop during IPL and CSi because 
both the device address and the SAR stop 
address cannot be in switches ABCD. To 
bypass this condition, the following 
procedure should be followed. 
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~S-Address StoF Procedure 
During IPL - 1,. Set MCDE SW to MS ADDR 

S'IOP. 
2. Set ABCD sw to CI'RL STOR 

ADDR OADA .. 
3. Press CONTROL STORAGE 

LOAD. 
4. Press START. 
5. Set ~CDE SW to Single 

Cycle Mode. 
6. Set BCD SW to the Load 

Device Add r .• 
7. Press START sw three (3) 

tirres. 
8. Set MODE SW to MS ADDR 

S'IOP. 
9. set ABCD sw to the desired 

MS Addr Location. 
10.. Press START. 

During CSL - 1. set MCDE SW to Single 
Cycle Mode .. 

2.12 PSW 

2.. Set ABCD SW to the Load 
Device Addr. 

3. Press CONTROL STORAGE 
ICAD. 

4. Press START 3 times. 
5.. Set MODE SW to MS ADDR 

STOP .. 
6. Set ABCD sw to the desired 

MS Addr location. 
7.. Press START. 

2 .• 12.1 PSW RESTART 

The function of the PSW restart switch is 
to per form a PSW restart; this 1reans 
leading the restart PSW from locations 
OC00-0007 of main storage (initial PSW). 

2.12.1.1 Procedure 

1. Press PSW RESTART. 
2. Press SYSTEM RESEr. 
3. Note: In this case,, it is not 

necessary to press the start key to 
begin program execution. If the 
systerr-reset switch is pressed without 
pressing the PSW restart switch, the 
current PSW 1r1ill rerrain effective. 

2.12.2 DISPLAY CF CURRENI' PSW 

The current PSW is displayed from local 
storage or auxiliary storage locations by 
setting switches A, B, c, and D, the rrode 
switch as shown in the following, and by 
pressing the display key. 
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current Mode Switches 
PSW Field Switch A1 B1 C1 & D 
Condit ion code MOD/LS PO 
Program mask & AM~"P MOD/LS IO,IO 
System mask AS Data OOA8 
CPU key and AMWP AS Data 00A9 

Not.e: The condition code in PO is coded 
as follows. 

CC PO High 
0 0 
1 5 
2 2 
3 7 

2.13 CONI'ROL STORAGE LOAD FAILURE DETECTION 

Conditions: Loading f rc1r 2540 integrated 
unit, a single card at a time, any core 
load deck .. 

2.13.1 DESCRIPI'ION 

This test can be used tc troubleshoot a 
failure to CSL, especially on systems where 
the 2540 is the only prograrr load device. 
It tests the BCPL. BDIA, BCHK, BSYS, BPSW, 
and BSWI rr~croprograms, the CSL latch, the 
reader start, feed, and the data transfer 
circuits. It also allows the CE to check 
the contents of the first bootstrap card 
that contains a microprcgram to start the 
next bootstrap cards and the control 
program to load. 

The BNSR routine is contained on the 
first two of the five native bootstrap 
cards. The native bootstrap routine (BNSR) 
is entered at address 0100 from either the 
handloaded native bootstrap :routine, or the 
resident control storage lead routine 
(BCPL).. Card number one is loaded into 
control storage starting or the BCPL 
routine.. Address 0100 is branched to and 
card number two is loaded into the 
addresses following these occupied by card 
number' one <this data fer1rs the BNSR 
routine>. The information contained in 
cards number three, four, and five of the 
native bootstrap is loaded into auxiliary 
storage to form a translate table which is 
used to translate the re1raining CSL deck 
into the hex characters that are to be 
loaded into the ccntrol storage area and 
certain auxiliary and program storage 
locations. 

The CSL procedure, up to the first 
actual control storage card, is shown in 
MDM 5-19. The handload procedure is 
covered in the descriptive text preceding 
the BCPL routine. 



2 .13. 2 PRCCEDURE 

1. Set switches A, B, c, and D to EEOC. 
2. Press SYSTE~ RESEI'. 
3. Press CONTROL STORAGE LOAD (CSL) 

The CPU should te in a lcof with the 
systerr light on. If this does not 
occur, it indicates a failure in the 
perrranent CSL routine. 

~ake certain that the CSL light is 
en. It may te necessary to restart in 
single-cycle mode tc deterrrine that the 
perrranent CSl microprogram does not 
contain errors and that it ccrrectly 
executes each statement. 

4. Set switches A, B, c, and D to 407A 
(807A for 24K, 807A for 32K, C07A fer 
48K). 

5. Set the mode switch to AS ABR STOP. 
6. Place the core load deck in the reader 

and press the reader start key. The 
reader will feed one card and stop with 
the address match light en. 

1. Press the CPU start key and a seccnd 
ca rd should feed. 

8. At this time, the first bootstraf card 
has been read at first read. The 
contents of this card should now be 
stored in control storage lccations 
4100 to 4177 as follows. 

9 RON 0100-CC05 2040 2F53 3CC9 2007 
8 Row OlOA-4606 5EEF DEOC 5A9F 5360 
1 RON 0114-6931 C496 5B3F F020 6348 
6 Row 011E-8122 73C8 736A F08C 0D04 
5 RON 0128-2407 2004 2E08 2FFF C48A 
4 Row 0132-5404 7F48 05FD C4B4 4406 
3 RON 013C-5469 2E63 2E4D 2F45 2F1B 
2 Row 0146-8152 794A FOFB 2210 F4D6 
1 Row 0150-6EF3 2785 2265 5E:CF r:r::56 
0 RON 015A-5ADF 5B9F 6340 6301 C4E2 

11 Row 0164-CA6D FE77 5ECE 8180 5ECD 
12 RON 016E-1CFB C4F8 2C83 8180 81 ?C 

To check whether this card read 
correctly, set switches A, B, C., and D to 
address 4100 (8100 for 24K machine, 8100 
for a 32K machine, C100 for a 48K machine), 
set the diagnostic control switch tc SCAN 
S'IOR and the mode switch to MS CATA. Press 
CTRL ADR SET and then press the CPU start 
key. Each depression of the start key will 
cause the next consecutive halfword to be 
displayed. In this way it can be 
determined if the card reads correctly. A 
further depression of the start key should 
cause the remaining tootstraf cards and the 
central Frogram to te read. 

If the alter/display routine has not 
been disturted, display the tootstrap card 
on the PR-KB: 
1. Turn the mode switch to MS DATA (single 

cycle mode). 
2. Press SYSTEM RESET (reset CSL) .• 
3.. Turn the mode switch to PROCESS. 
4. Press PR-KB AL'IER/DISPIAY. 

5. Type DC 0100 on PR-KE (bootstrap card 
will be typed out en the PR-KB). 

After the first feed cycle, the above 
read-in area should have all bits on in 
each byte. Because on the first feed cycle 
the card did not fass the first read 
trushes and nothing was read, all bits will 
be on (inverse logic). If all bits are not 
on at this time, it means not data was 
transferred. 

2.13.3 READER CHECKS DURING CSL 

If a reader check occurs during control 
storage load, it is not necessary to reload 
the whole CSL deck. Add the 5 bootstrap 
cards to the CSL deck prior to the card 
that caused the reader check and try to CSL 
again. In this way, it is possible to 
complete a CSL in increments on a reader 
that is giving intermittent reader checks. 

2.14 CHECKSUM ROUTINE--BCHK 

The checksum routine CBCHK), is entered 
upon completion of the resident CPU 
microdiagnostic (BDIA). These routines are 
executed whenever the CSL, system reset, or 
load keys are pressed. 

The checksum routine performs an 
Exclusive OR on the contents of control 
storage with the exception of locations 
0002-000D and 0280-02BF. 

Locations 0002-0000 contain the 
handloaded identificaticn labels of the 
individual core loads. When a CSL 
operation is perf crreed, an identification 
label is selected from this area and placed 
in location OEC4 where it becomes pa:ct. of 
the area that is subjected to the Exclusive 
Or result to be zero. 

The handloaded labels are: 

Address 
0002 
0004 
0006 
0008 
OOOA 
oooc 

La tel 
*E60/*E61 (Model 25 mode) 
*E62 
*E63 
*E40 (1401/1460 node) 
*E50 (1440 mode) 
*E20 (Model 25 mode). 

2.15 INITIALIZING PROCEDURE--CHECKSUM 

Effective from the microprogram level 
EC128226 and later, the initialization 
Frocedure should be as follows. 

Checksum: 

A. Do hand load as per instruction in BCPL 
routine. 
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B. CSL the emulator deck in CE mode. 

c. At the completion of CSL (when the CSL 
light goes out>. the lcgcut shculd be: 

1.. For *E60 err.ulator: 
EC level 

8226 OE60 OBAD 0000 
8226 OE60 OBAD XXXX 

XXXX = (OBAD) (YYYY) 

where YYYY is the checksurr Frinted 
on the first page of the associated 
listing as well as punched in 
columns 21-24 of the header card 
(first card) of the CSL deck. 

Store the checksum YYYY into 
location 0002 of contrcl stcrage. 

2... For *E40 emulator" 

8226 OE60 Otad 0000 
8226 OE60 0 ad XXXX 
0000 

Again XXXX should be the result of 
Exclusive ORing Obad and YYY, where 
YYYY is the checksum printed on the 
first page of the associated 
listing as well as punched in 
columns 21-24 of the header card 
(first card) of the CSL deck. 

store the checksum YYYY into 
location 0008 of control storage. 

3.. For *ESO Emulator: 

Same as Item 2 exceFt that the 
second halfword of the first two 
lines of the logout should be OESO 
instead of 0E40 and the checksum 
YYYY should be stored in OOOA 
instead of in 0008. 

D For this procedure to be verified. the 
~eek should be CSLed again and the 
following logout should occur (the same 
logout should occur from this point on 
whenever the deck is CSLed): 

*E60 
*E40 

*E50 

8226 OE60 YYYY 0000 
8226 Oe40 YYYY 0000 
0000 
8226 Oe50 YYYY 0000 
0000 

E. If the fourth halfword of the lcgout in 
It em D is nonzero when the logout 
occurs: 
1.. After the deck is CSLed, it 

indicates that either the CSL deck 
is tad (the actual checksurr. of the 
deck is different f rem YYYY) ,, or 
YYYY might be entered erroneously. 
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2. After the systerr reset or load 
button has been pressed with the 
XSL deck resident in core. it 
indicates either that the control 
storage has been altered or 
possitly a core storage failure. 

2.16 SYSTEM CCNFIGURATION--CSL 

Nonstandard address of integrated attached 
devices or selectcr channel buffered 
devices: 

A. For *E60 emulator: 

The CSL deck contains a set of standard 
addresses as defined in the AAAB 
routine <auxiliary sterage module 0 
assignment map). 

A system configuration card is needed 
only when a system is using nenstandard 
addresses. Such a configuration card 
can be punched as per instruction in 
the BCPL routine and inserted in the 
CSL deck prior to the end card (last 
card of the deck with blank column 3). 

B. For *.E40. *E50 eroulatcr: 

Ref er to Appendix A - system 
initializer card of the SRL manual of 
IBM 1401/1460 and 1440 Compatibility 
Features. Form A24-3512. 

On every EC UFdate of the CSL decks, it 
is imFortant for the systems with 
configuration to have the system 
configuration card removed from the CSL 
decks being replaced, and inserted into 
the new decks. 

c. Figure 2-1 shews the I/O devices having 
standard addresses. 

r------------------T----------------1 
I DEVICE I STANDARD ADDRESS I 
·------------------+----------------i 
11443 or 1445 I OB-84 I 
..------------------~----------------i 
12540 Reader I OC-85 I 
1------------------+----------------I 
12540 Punch I OD-86 I 
·------------------+----------------i 
I 1403 I OE-87 I 
1------------------+----------------i 
11404 or 2nd 1403 I OF-94 I 
·------------------~----------------~ 
12s40 I 15-95 I 
L------------------i----------------1 
Figure 2-1. Standard Address of Devices 



2.17 BCPL ROUTINE 

The BCPL routine is norrrally resident in 
central storage, and is used to load the 
initial record of either the channel er 
native toctstrap routines. 

If the BCPI routine has been altered, 
the approfriate hand-load information must 
be entered to be sure of correct CSL 
o~eraticn. Switch settings for CSL: 

Switches 
A, B=CC 
A, B=DD 
A, B=EE 
A, B=FF 
Switches 

CSl from 
CSL from 
CSl from 
CSL from 
c, D set 

channel 
integrated 2560 
integrated 2540 
integrated 2311 
to actua 1 unit address 

2.17.1 PRCCEDURE FCF PUNCHING CSL CARDS 

Refer tc BCPI routine in *E60 nicrcrrcgram 
listing. 
Colymns 
1-2 Contain starting address tc be 

loaded. 

4 

5-68 
69-72 

73-77 
78-80 

Contains code inf orrraticn: 
Hex 80 = Data is for program 
storage. 

Hex 40 = last CSL card of deck. 
Hex 20 = Data is for auxiliary 

storage. 
Hex 10 = Data is for control 

Storage. 
Contains the number of halfwords 
to :te loaded. 
Contain the data. 
Cfticnal, can te used for any 
inf orma ti on. 

*NNN9 <where N is core load ID>. 
XXX (three digit nurrber indicating 
sequence of patches>. 

WAF~ING 

Do not punch cards to lead into 
auxiliary module 1, 3, 4. 

2.17.2 RESTRICTIONS WHEN PUNCHING CSL CARDS 

Columns 
1-2 

3 
4 

All addresses should be even: 
Control Storage - These addresses 

should te in the range of 
0000-3FFF only. 

Auxiliary Storage-The 2nd hex 
character in colurrn 1 shculd te 
a zero. 

Program Storage - The address rrust 
te in the range of the system. 

Coded inf orrration 
Count Field - If a count of 0 is 

indicated, 257 halfwords will be 
loaded. 

5-68 
69-72 

73-77 

Data Field - Can be anything. 
Optional - Can be used for any 

information. Not used by CSL. 
*NNN9 (where N is core load ID; 

e • g • , E6 0 , 1 CO , 3 O 0 , et c. 
78-80 XXX (three digit indicating 

sequence of fatches>. 

When a full deck is being loaded with 
replace cards, the replace cards should go 
just before the end card. When loading 
rei;:lace cards only, it is necessary to put 
the control storage cards (normally 4) for 
module OlXX in the deck. order of the 
cards is: bootstrap cards, control storage 
cards for module OlXX, replace cards, end 
card. 

2.17 .• 3 EXAMPLE OF PUNCHING AND LOADING A 
REPLACE CARD 

Assume that the device address for the 1403 
on the burst channel needed to be changed 
to -OAO. 

The standard address f cr the 1403 on the 
turst channel is -OE- and is located in 
auxiliary storage rrodule O, at address 
-87-. 

The card to change this would te punched 
in the following manner. 

ColumnCs> 
1 <Hex 00) 
2 (Hex 86) 

3 <Hex 20) 

4 (Hex 01) 

5 (Hex OD) 

6 (Hex OA) 

69-72 (e.g. 0086) 

73-77 (e.g. *E609) 

78-80 (e.g. 0001) 

This addresses module O. 
Although the change is 
for address 87, the hex 
address represented by 
colurrn 2 must te even. 
This indicates that 
inf orrration is for 
auxiliary storage. 
This indicates one 
halfword to be loaded. 
This refresents the 
device address of the 
2540 :r;:unch that must be 
reloaded because of the 
addressing restriction 
imposed by column 2. 
This represents the 
device address replacing 
the standard address for 
the 1403 on the burst 
channel. 
This indicates the 
beginning address of 
patch. 
This i ndi cat es that 
patch is for *E60 core 
load. 
This indicates the first 
patch to the deck. 

A CSL must be performed to load this 
reconfiguration card into the system. The 
reconfiguration card must precede the end 
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card, and must be present in that fcsition 
f cr all CSLs using that particular core 
load deck .• 

Each time a new EC level deck is 
received, all reconfiguration cards in the 
deck being replaced rrust be rencved and 
inserted in front of the end card in the 
new deck,. 

2.18 METERING SWITCH (CE SWITCH) 

The metering switch enatles operation of 
one of two use meters. It is oferated by a 
rerrovable key. Two positions of the 
metering switch are: 

1. Normal. Enable process rreter, disatle 
CE meter. 

2. ~· Disatle process rreter, enable CE 
meter. 

The 2025 console is provided with two 
direct-reading meter counters that record 
operating time: a customer rreter and a 
customer engineer meter. The position of a 
key switch determines whether the custoner 
ireter or the CE meter is operating.. The 
customer engineer holds the key for this 
switch, and when he is perf orning either 
scheduled or unscheduled maintenance in the 
PCU. he sets the switch to cause the CE 
l[leter tc oi;:erate. Cne of these meters 
(determined by key switch setting) ci;:erates 
when: 
1,. The CPU clock is running and the CPU is 

not in the wait state, er not in the 
soft-stop loop,. 

2. The metering-in signal is Uf on an I/O 
channel. 

3. Any file is selected. 

The last two conditions de net cause the 
rreter to run if the hard-stop latch is set.. 
The meter, when started, is forced to 
o~erate for a mininurn of 400 milliseconds. 

The system indicator is en when either 
rreter is running. 

Not.1e: The use-meter key switch must be 
in the CE i;:osition to permit any alteration 
of the contents of control storage .• 

2.19. DISPLAY O:PERATIONS 

Any core-storage locations can be displayed 
from the system control panel. The 
fcsition cf the mode switch specifies the 
source of the information to be displayed, 
as follows. 
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MS DATA core storage (program storage or 
cont.rol storage, defending upon 
the aqdress being used) 

AS DATA Auxiliary storage 
MOD/IS Arithmetic modifier and local 

storage 
ALU/EXT Arithmetic-logic unit and external 

facilities 
c c-register (control register) 
B/A B-register and A-register Cthe 

inputs to ALU and core storage) 
w W-register (storage-address 

register backui;: register). 

Only those data-flow components the 
operator needs to display are discussed. 
Other functions of the rrode switch Cc, B/A, 
and W) are used by the customer engineer, 
as is the control-storage area of main 
storage. 

2.19.1 PROGRAM STORAGE DISPLAY 

Press the stop key and wait until the 
manual light comes on. Set the mode switch 
to ~B DATA. Set switches A, B, c, and D to 
the program-storage address to be 
displayed: for 16K systems, this address 
is from hexadecimal 0000 through 3FFF; for 
24K systerrs, this is 0000-SFFF; for 32K 
systems, 0000-7FFF; and for 48K systems, 
000-BFFF. Press the disflay key. The 
addressed halfword is displayed in the 
byte-0 and byte-1 indicators,. 

2.19.2 CONI'ROL-STORAGE DISPLAY 

This procedure is identical to the display 
of program storage except that switches A, 
B, c, and D are used to address a 
control-storage location. For 16K systems, 
this is hexadecimal 4000-?FFF; for 24K or 
32K systems, 8000-BFFF; and for 48K 
systems, COOOO-FFFF. 

The procedure for displaying control 
storage is intended only for customer 
engineering use. 

2.19.3 AUXILIARY-STORAGE DISPLAY 

Press the stop key and wait until the 
manual light comes on. Set the mode switch 
to AS DATA. set switches A, c, and D to 
the auxiliary-storage address to be 
displayed. (Switch B is not used.) This 
address is from OxOO through 7xFF for 16K 
systems; OxOO-SxFF and 8xOO-BxFF for 24K 
systems; OxOO- BxFF for 32K systems, and 
OxOO-FxFF for 48K systems. 

Normally, only the general and 
floating-point registers, and the MPX ucw 
areas of auxiliary storage, are displayed 
ty the user. 



2.20 STCRE OPERATIONS 

Informaticn can te manually stored into any 
core-storage location. A halfwcrd (two 
bytes) is always affected. If a single 
bytes is to be changed, the rerrainder of 
the halfword must te reentered. The stcre 
operaticn must be preceded ty a display 
OFeraticn of the location to be altered. 

For all store operations, the manual and 
the allow-manual lights :must be en. 

Note: Storage into a contrcl-stcrage 
location requires that the use-meter key 
switch te in the CE position. 

2.20.1 PROGRAM-STORAGE STORE 

Tc alt er the contents of a halfword in the 
program storage: 
1. Set the mode switch to MS DATA. 
2. Turn switches A, B, c, and D to the 

lo cation to te altered. 
3. Press the display key. The byte-0 and 

byte-1 indicators show the present 
contents of this halfword location. 

4. Set the data halfword into switches A .• , 
s. c, and D. If only part of the 
halfword is to be changed, the 
unchanged FOrtion must te included as 
part cf the two tytes. 

5. Press the store key. Th byte-0 and 
byte-1 lights indicate the new 
infcrreation that has been entered into 

the location specified in step 2. 
6. Repeat steps 2 through 5 for each 

halfword to be changed. 

2.20.2 CONTROL-S~ORAGE STORE 

This function is identical to the program 
storage store procedure, except that 
control-storage addresses are used, the 
use-meter key-switch must be in the CE 
position, and the enable control storage 
store key rrust te pressed. 

2.20.3 AUXILIARY-STORAGE STORE 

To alter the contents of a halfword in 
auxiliary storage: 
1. Set the mode switch tc AS DATA. 
2. Set switch A, c, and D to the address 

of the location. (Switch B is not 
used.) 

3. Press the display key. 
4. Enter the new data into switches A, B, 

c, and D. 
5. Press the store key. 
6. Repeat steps 2 through 5 for each 

halfword to be changed. 

Note: Except for changes to the general 
and floating-point registers and for 
customer engineering diagnostic pirposes, 
undisturbed after it has been initialized 
using the CSL procedure. 
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Section IA. PR-KB Procedures 

2. 21 ADDRESSING, CONSOLE PRINI'ER-KEYEOARD 

The integrated console printer-keybcard 
attachment is addressed as if it were 
connected to channel O. 'Ihe 16-bi t address 
developed from the I/C instruction 
identifies the attachment and the 
printer-keyboard. The device address is 
net limited ty the .usual channel-0 UCW 
addressing requirements because the 
attachment has its own UCW that is not 
device-address dependent. In theory, the 
frinter-keytcara may have nay aadress froro: 

Binary Hex 
cooo 0000 00 

to to 
1111 1111 FF 

In practice, the integrated PR-KB is 
assigned an address of lF to standardize 
with other System/360 usage. This 
addressing makes use of one cf the 
channel-0 sutchannel addresses and prevents 
its use for the channel. If channel 
ccnfigurations require use of the 
subchannel, the PR-KB address can be 
changed l:y the customer engineer. 

Under no condition should an address 
assigned to any other I/O device be 
assigned to the console printer-keyboard. 

2.22 PROGRAM-CONTROLLED OPERATIONS 

2. 22.1 CHANNEL CCNMANDS 

Valid commands for PR-KB operaticns are: 

Code Bits 
0123 4567 
0000 0001 
ocoo 0011 
0 coo 0100 
0000 1000 
ocoo 1001 

0000 1010 

Command Name 
Write 
No-Op 
Sense 
TIC 
Write with ACR 

(Automatic Carrier Return) 
Read 

Any command code (issued to PR-KB) with 
a bit structure other than those listed, 
results in unit- check status (bit 6) and 
conmand reject sense (bit 0) indications. 

2.23 CONSC!E PRINTER MANUAL ALTER/DISPLAY 

This facility provides for altering or 
displaying the contents of: 

• auxiliary storage 
• control storage 
• program storage 
• pr int buffer (display only>. 
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Two advantages provided by this facility 
are: 
1. Current I/C OJ;eraticns (data transfers 

and chaining) do not overrun, as they 
might if alter/disi;:lay ci;:erations were 
initiated from the system console. 

2. The console printer i;:rcvides a printed 
copy specifying the operation (alter or 
display), the locaticns Cs> accessed, 
and the data used. 

2.23.1 SETUP 

To initiate an alter or disi;:lay Oferation, 
the operator must first press the PR-KB 
alter/display button (en the CPU console) 
and wait for the rroceed light and the 
alter/display light to turn on. If the 
printer-keyboard is busy executing another 
operation, these lights do not turn on 
until that operation is ended. 

When these lights turn en, the operator 
types a two-character sequence. Depending 
on the desired operation, these characters 
(called the operation characters) can be: 

First Characters s12ecifies 
a alter ere ration 
a display operation 

Second Character s12ecifies 
a auxiliary storage 
c *contrcl storage 
p program storage 
b **print buff er 

*Can be dcne only in CE rrcde. 
**Display only. 

2.23.2 ADDRESSING 

Next, the operator rrust tyi;:e an address 
for: 

Area 
auxiliary storage 
control storage 
program storage 

Address Format 
<lowercase* hexadecimal) 

xx xx 
xx xx 
xx xx 

*Ui;:percase characters can be used if they 
do not differ from the lowercase 
character. 

The four-digit hexadecimal address for 
control storage is typed as it afpears on 
the microprograrr listing: i.e .• , 0000 
through 3FFF only. 



2.23.2.1 Execution of Alter or Cisflay 

After the operation character and address 
have been typed. the console printer 
advances to the teginning of a new line. 

1. 
The 

For a display operation: 
keyboard is locked and printing begins 
starting with the contents cf the 
specified address. After 16 
hexadecimal digits (4 halfwcrds) have 
been printed, the console printer 
stops, the keyboard unlccks, and the 
proceed light turns on. At this point 
the operator has two choices: 
a. successive tlocks cf 4 halfwords 

can te printed by pressing the 
spacetar (or any other valid 
character) after each block is 
printed. 

b. This particular pass of the 
alter/display routine can be 
terminated ty pressing either the 
ECB key or cancel key. This causes 
a return to the beginning cf the 
routine, allowing the operator to 
initiate another alter er display 
operation. 

2. For an alter operation: 
The keytcard is unlocked and the data to be 

stored can be typed iumedia tely. 
However, it is good practice to first 
verify the address in the typed input 
message. 

2.23.2.2 End Operation 

Either the ECB key or the cancel key Cin 
conjunction with the alternate ceding key) 
can be used to end an alter or display 
oi:eraticn, except when the keyboard is 
locked during a display printout. Pressing 
either key causes a return to the beginning 
of the alter/display routine so that the 
operator can perform another display or 
alter operation. 

An alter or display operation is 
nonnally ended ty pressing the EOE key 
after the required data has been typed. If 
the cancel key is used to end an alter 
operaticn, the last character is stored 
only if it completes a byte. (~his is 
explained later in this section.) 

An exit is not rrade frorr the 
alter/display routine until: 
1. the ECB key or cancel key is operated 

to end the current alter or display 
operation; then 

2. the CPU start key is pressed. 

Therefcre, the operator can perform as 
rrany alter and/or display operations as 
desired without exiting from the routine. 
Until the exit is accorrplished, CPU 
instruction processing is stofped. 

CPU instruction processing is resumed 
when, after an exit is made from the 
alter/display routine, the start key on the 
CPU console is pressed. 

During an alter operaticn, data is 
altered on a byte basis. For example, 
assume that the byte data to be entered is 
af, tut that the operator types sf instead 
of af. The characters sf are stored. The 
operator must then presS-either the EOB or 
the cancel key to return to the beginning 
of the routine for a retry of the entire 
operation. 

If the error is noticed before the i is 
typed, the l::yte is not stored. If the 
cancel key is then operated (before the i 
is entered) , a return tc the beginning of 
the routine is made, and the operation can 
be retired if desired. In either case, the 
entire manual operation rrust be repeated to 
store the af. If the operator types one 
too many characters (such as aff for the 
foregoing example), the operation is not 
repeated. 

2.24 MESSAGE FORMATS 

The microprograrr. initiates a line feed and 
carrier return after sixteen halfwords have 
been printed on a line Cf er either alter or 
display). Data is column-justified, and 
blanks are provided between halfwords for 
either display or alter data. Also, the 
routine provides offsetting of two spaces 
at the left margin if an odd-starting 
address is specified for alter or display 
of main, auxiliary, or control storage (see 
following formats). 

All input typing is lowercase (uppercase 
can be used if the uppercase character does 
not differ frorr the lowercase character}. 
All output printing of hexadecimal alpha 
characters is in uppercase. In the 
following formats, x represents any valid 
hexadecimal digit. 

2.24.1 ALTER STORAGE 

The second operation character can be a 
<auxiliary),£ <ccntrol), er£ <program). 

Note: Valid only if in CE mode. 

Input message: aa xxxx 
Address------t 

Input data: 
Codd address) : xx xxxx xx (EOB) 
(even addresses): xxxx xxxx xxxx ••••• xxxx 

xxxx (EOB) t 
Carrier rtn after 16th halfword-------J 
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2. 24 .• 2 DISPLAY S'IORAGE 

The second operation character can be a 
(auxiliary>. Q Control), er£ (frograrrf. 

Inpltt ,message: dp xxxx 
Address------t 

Output data: 
(odd address): 
<even address) : 

xx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx 

2. 25 E.RRCRS 

The error message, INVALID CHAR, is printed 
if any one of the following CFeratcr errors 
is made .. 

1. An cperation character is other than: 
First character: a or d 
Second character: a, c, p~ er t 

2. A character other than a valid 
hexadecimal digit is typed for an 
address or input alter data. 

3. A key other than EOB or cancel is 
operated while the alternate coding key 
is pressed. 

A keybcard check causes a return to the 
beginning of the alter/disi;:lay rcutine. 

The error message, INVALID ALCR, is 
printed if the program, control, or 
auxiliary storage address is invalid for 
the system. 

~: Address checking is performed by 
the alter/disflay microprogram (not by 
storage-wrap checking circuits in the 
hardware). 

The valid address toundaries for the 
various systems are as f ollcws. 

System size: 16K 
Program Storage Address Range: 
Control Storage Address Range*: 
Auxiliary Storage Address Range: 

System Size: 24K 

0000-3FFF 
0000-3FFF 

Ox00-7xFF 

Program Storage Address Range: COOO-SFFF 
Central Storage Address Range*: 0000-3FFF 
Auxiliary storage Address Range: OxOO-SxFF 

and 8 xOO-ExFF 

System Size: 32K 
Program Storage Address Range: 
Control Storage Address Range*: 
Auxiliary Storage Address Range: 

System Size: 48K 
Program Storage Address Range: 
Control Storage Address Range*: 
Auxiliary Storage Address Range: 
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0000-7FFF 
0000-3FFF 

OxOO-ExFF 

0000-BFFF 
0000-3FFF 

OxOO-FxFF 

* The four-digit hexadecirral address for 
control storage is typed as it appears on 
the microprogram listing; i.e., 0000 
through 3FFF. 

The following are examples of the 
invalid-address error message.· 

1. If the address typed in the input 
message is invalid, the error message 
is printed after the ccnscle printer 
advances to a new line. 

Input message: dF 4000 
Invalid address (16K) ••• t 

Data: INVALID ADDR 
Error message ••• t 

Input message: aa 8000 
Invalid address (16K) ••• t 

Data: INVALID ADDR 
Error wessage ••• t 

2. If an invalid address is encountered 
during the alter or display operation 
(such as storage wrap), the error 
message begins begins on the same line 
with the data. 

Input message: ac 3FFE 
Assume 16K system •••••• t 

Data: xxx INVAIID ADDR 

Note: First two bytes are valid. 
Error message applies to addresses 
l::eyond this point. 

Input message: df 3FFF 

Data : xx INV AL ID ADDR 
2 blanks for odd addr.t 

2. 26 LOGOUT 

The PR-KB logout is a rricrci;:rogram function 
that prints Cin hexadecimal notation) the 
information area cf program storage. This 
typeout is initiated for each machine check 
(when the machine-check rrask bit is the 
current PSW, tit 13, is set to 1). Problem 
programs are not affected by this logout. 
The SEREP problem prograrr is used to 
interpret and print information from the 
logout area (refer to Figure 1-116). 

Subsequent to the PR-KB logout, a 
System/360 machine-check interruption is 
initiated. Existing restart Frocedures and 
f roblem programs that de net act directly 
upon the diagnostic logout area (such as 
BPS, DOS, CLTEP, etc.) are afplicable to 
the Model 25 within the limits of core 
storage. 



The Frcgram storage tyte locations and 
contents of the diagnostic lcgout area are 
as follcws. 

Address 
Decimal) 
130 

128 

Bit Contents 
Machine-check (MC) register 

0 File control check 
1 storage protection check 
2 Storage address check 
3 control-word parity latch 
4 Storage-data farity latch 
5 ALU error latch 
6 A-register Farity latch 
7 B-register Farity latch 

~icroprogran rr:ask CMMSK) 
register 

0 Channel high traF 
1 2311 disk control trap 
2 Channel low traF 
3 2540 reader trap 
4 2540 punch traF 
5 Conmunicaticns tit service 
6 Communications character 

service 
7 Level-1 priority hold 

132-133 Address of control word at 

129 

131 

which the nachine check 
occurred. 

Branch condition (BA) 
register 

0 Channel-0 interruft 
1 Mode l::it 0 
2 Mode bit 1 
3 ~ode tit 2 
4 IPL latch 
5 I.S zone bit 0 
6 LS zone bit 1 
7 IS zone bit 2 

count of rrachine-check 
errors Clow-order 6-bits; 
2-7): 

Bits 0 1 
0 O=~achine Check 
1 l=Interface Control 

Check 

2. 27. SUGGESTED RESTART PROCEDURES FOR 
INTBGR.ATED PR-KB 

An I/O error ca uses an interrufticn 
ccnditicn. The condition causing the 
interruption is indicated in the csw 
(Channel Stat us Word) • The CSW Ca 
dcublewcrd) is located in CPU main storage 
locations 40 through 47 Chexadecirr:aD. Eit 
38 of the csw, when on, indicates a 
unit-check condition. This bit is bit 6 of 
the byte at main storage address 44 
C hexadecimal>. 

When unit-check is detected by the 
program, a sense co:rrrrand should be executed 

for the PR-KB. Sense infornation sent from 
the attachment provides more detailed 
information concerning the cause of the 
unit-check. As a result of program 
analysis of the sense information, an error 
message should be 1rade available to the 
operator to indicate the condition. 

The fallowing inforrration describes the 
minimum actions that should be performed 
when the prograrr detects unit-check status 
in the csw. 

The actions are related to particular 
sense indications that can occur. These 
bits are analyzed by the frcgram. The 
choice of action(s) to be taken by the 
operator must be established at the 
install at ion. 

2.27.1 CO~MAND REJEcr (SENSE BIT 0) 

Provide an operator message and exit from 
this error-recovery procedure. command 
reject occurs because of a frcgramming 
error and indicates that a command not 
valid to the PR-KB was received at the 
attachment. 

2.27.2 IN!ERVENTION REQUIRED (SENSE BIT 1) 

The PR-KB enters a not-ready condition 
(intervention-required light en) tecause 
one of the following has occurred. 
1. The not-ready key is Cferated. 

(Possitle operator error). 
2. The PR-KB has run out of forms. 

The intervention-required light on 
indicates the operator should: 
1. load new forms if the PR-KB is out of 

forms and then press the ready key, or 
2. press the ready key if the PR-KB is not 

out of f orirs. 

2.27.3 BUS-OUT CHECK (SENSE BIT 2) 

Not used for PR-KB operations. 

2.27.4 EQUIPMENT CHECK (SENSE BIT 3) 

Provide an operator message to indicate 
failure to read the input rr:essage and do 
one of the following .• 

1. If there is no additional error 
recovery procedure, ccntinue operation 
but consider the PR-KE inoperative. 

2. If there is an additional error 
recovery procedure defined, exit to it. 
If the additional error recovery 
procedure fails, continue the operation 
but consider the PR-KB inoperative. 
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Equipment check is indicated for read 
q:eraticns cnly, and it indicates that bad 
parity was detected on a bit fattern sent 
f rem the key toard to the CPU.. The read 
command operation, however, is net 
terminated until its normal ending point, 
even if equipment check occurs .. 

2 .. 27. 5 SENSE BITS 4, 5, 6, AND 7 

Net used for PR-KB operations .. 

2. 28 EXTERNAL 'IO CPU FACILI'IIES ( 1052) 

2. 28.1 TI (1052 DATA IN) 

This location is accessed by a rrcve werd 
with AS-decode=A.. TI is set to the 
keyboard bit pattern when a character key 
is operated. The contents of TI are then 
moved to the A-register, in the CPU, where 
a Farity check is made on the byte. 

Bit 
0 
1 
0 
1 

2 
3 
4 
5 
6 
7 
p 

~ 
UC 
UC 
UG 
UC 

:KB 
KB 
:KB 
KB 
KB 
:KB 
KB 

bit 
l:it 
bit 
tit 
bit 
tit 
bit 

B 
A 
8 
4 

Value 
0 
0 
1 
1 

2--
1 
c --

signifies 
lowercase 
Lowercase 
Uppercase 
Uppercase (Beth 0 and 1 

are set to a value cf 
1 for an UFFercase 
character .. ) 

Bits 2 through 7 
represent the character 
bit pattern frcrr the 
keyl:oard .. 

Bit C is set er reset to 
maintain odd Farity .. 

2.28.2 TR (1052 TILT/ROTATE REGISTER) 

This register can l:e tested (diagnostic) to 
determine if a correct translation frcxr the 
EBCD interchange code l:it pattern to the 
tilt/rotate code has been n.ade. A move 
wcrd with AS-DECCDE=B can te used tc rrove 
TR contents to local storage where the bits 
can be tested. A branch word cannot be 
used to test TR directly. 

Bit 
0 

2 
3 
4 
0 
1 
3 
4 
5 
6 

7 

~ 
Tilt l:it 1 
Tilt bit 2 
Rotate tit 5 
Rotate bit 2A 
Rotate bit 2 
Tilt tit 1 
Rotate bit 5 
Rotate l:it 2A 
Rotate bit 2 
Rotate tit 1 
Uppercase 
Character 

FUnction Cycle 
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Signifies <when bit=l) 
Bits 0 through 7 
are coded to cause the 
desired function or 
tilt/rotate magnet 
activation. 
Bits 0 through 7 
desired functicn or 
tilt/rotate magnet 
acti vaticn. 

2.28.3 TD (1052 DIAGNOSTIC BRANCH 
CONDITIONS) 

A branch Con condition er en mask) word 
having an AS- decode=D can be used to test 
the contents of the 'ID-register. 

Bit 
0 

Signifies (when bit is on> 

1 
2 
3 

RD-WR Share Latch 
New Line Latch 

4 
5 
6 
7 

Key Switch On CE Mode 
Shift Cycle Latch 
Lowercase Decode 
Uppercase Decode 

2.28.4 TT (1052 BRANCH CONDITIONS) 

A l:ranch Con condition er en mask) word 
with AS-decode=E can be used to test the 
contents of TT. Bits in TT are set/reset 
ty circuit conditions in the 1052. 

Bit !\lame 
0 Attention 

1 Not-ready to 
ready 

2 Intervention 
Required 

3 Alter/Display 

4 Keyboard check 

5 Alt coding key 

6 1052 share 
request 

7 logout latch 

Signifies 
(when bit value = 1) 
The request key has 

been q;erated. 
Ready key pressed and 

f crced not-ready to 
ready request. 

The 1052 is out of 
forms or the 
net- ready key has 
been operated. 

The alter /display key 
en the CPU console 
has been operated. 

A farity check was 
detected on a bit 
t:attern sent from the 
1052 keyboard to the 
CPU A-register. 

The alternate-coding 
key is in its 
OFerated position. 

On when the 1052 
requests service for 
status or data 
transfer. 

Branch bit to test if 
logout latch is on or 
Off. 

2.28.5 TU (1052 DIAGNOSTIC BRANCH 
CONDITIONS) 

A tranch Con condition or rrask) word with 
AS-decode=F can be used to test the 
contents of TU. TU contains the :Cit values 
set into 'IA by the microprogram or 1052 
hardware. 



Eit~ 
O Read latch 

1 Write latch 

2 lv'i croforce 

3 

4 

5 

6 

7 

latch 

Alter/display 
active 

Cycle inter
lock latch 

Ready latch 

Initialize 
printer 

Printer busy 

Signifies 
(when tit value = 1) 
A read operation 

(comrand, er read 
portion of 
alter/disflay> is in 
progress .. 

A write operation 
(corrrrand, write 
portion of 
alter/disflay, er 
logout) is in 
progress .. 

Cn if status is queued 
at the 1052 
attachrrent .. 

An alter /display 
operation is in 
progress .. 

Cutput cf cycle 
interlock latch used 
to check if 1052 is 
in the process of a 
print cycle .. 

Used to check if 1052 
is in ready 
ccnditicn. 

on when in uppercase 
and initializing 1052 
to lowercase .. 

On -when 1052 is 
perfonning some 
operation and until 
ready for ancther 
operation .. 

2 .. 29 CPU ~O EXTERNAL FACILITIES (1052) 

2 .. 29 .. 1 TA 

A set/reset -word -with CS-decode=F is used 
to set/reset tits in TA.. TA bi ts are 
set/reset to signify the conditions 
descrited for the same bits in the 
TU-register descri:r;tion.. Setting bit 6 of 
TA causes the testable TU bit-6 condition 
of initialize printer.. Resetting TA l::it 6 
causes a pulse to reset a 1052 
share-request condition .. 

Bit 7 of TA (not testable in TU), when 
set, causes a force-share-request pulse; 
tit 7, when reset, causes a reset of the 
attention latch .. 

Bit 5 is set to indicate that the TA 
diagnostic singl eshot is set.. Bit 5 is 
reset when the 'IA attachment is reset 
(normally under diagnostic control). 

2 .. 29 .. 2 TE (1 0 52 DAT A OUT) 

A move word -with A5-decode=F can be used to 
set a bit pattern in this register.. TE Can 
8-bit register) is set with the EBCDIC bit 
pattern from the CPU during a print 
operation. 
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Section IB. 1403 Procedures 

2. 30 ADDRESS! l\'G, 1403 FRINTER ATTACHMENT 

The one-tyte unit address of the 1403 used 
with the printer attachrrent centre! is set 
into auxiliary storage ty the CSL rcutine. 
This address is used to select the J;rinter 
prior tc each command. 

The integrated 1403 is nonnally 
addressed OE for compatibility with other 
SysteIII/ 360 us age. This permits the maximum 
interchange of prograrrs when required. 
This addressing makes use of one of the 
channel-0 subchannel addresses and prevents 
its use for the channel. If channel 
ccnfiguraticns require the use of the 
subchannel, the 1403 address can be changed 
by the customer engineer to any address 
between 00 and FF that is net used by 
ancther channel-0 device. The integrated 
1403 has its own subchannel CUCW) that is 
net dependent on the address assignrrent. 

2.31 COMMANDS, 1403 FRINI'ER ATTl\CHMENT 

The following corrmands are fer a write 
operaticn with various carriage functions. 

Command Byte 
0 1 2 3 4 5 6 7 
0 0 0 0 0 0 0 1 

0000 1001 

0001 0001 

0 0 0 1 

1000 1001 

1001 0001 

1001 1001 

1010 0001 

1010 1001 

1011 0001 

1011 1001 

1 1 0 0 0 0 0 1 

1 1 0 0 1 0 0 1 

1101 0001 

1101 1001 

1 1 1 0 0 0 0 1 
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Function 
Write and No Space After 

Frint 
Write and Space 1 Line 

After Print 
Write and Space 2 Lines 

After Print 
Write and Space 3 Lines 

After Print 
Write and Skip to Channel 

1 After Print 
Write and Skip to Channel 

2 After Print 
Write and Skip to Channel 

3 After Print 
Write and Skip to Channel 

4 After Print 
Write and Skip tc Channel 

5 After Print 
Write and Skip te Channel 

6 After Print 
Write and Skip to Channel 

7 After Print 
Write and Skip to Channel 

8 After Print 
Write and Skip te Channel 

9 After Pr int 
Write and Skip t c Channel 

10 After Print 
Write and Skip tc Channel 

11 After Print 
Write and Skip tc Channel 

12 After Print 

The following commands are for 
independent carriage operations. 

Command Byte 
0 1 2 3 4 5 6 7 
0 0 0 0 1 0 1 1 
0 0 0 1 0 0 1 1 

0 0 0 1 1 0 1 1 

1 0 0 0 1 0 1 1 

1 0 0 1 0 0 1 1 

1 0 0 1 1 0 1 1 

1 0 1 0 0 0 1 1 

1010 1011 

1011 0011 

1 0 1 1 1 0 1 1 

1 1 0 0 0 0 1 1 

11001011 

1 1 0 1 0 0 1 1 

1 1 0 1 1 0 1 1 

1110 0011 

Function 
Space 1 Line Immediately 
Sr:;ace 2 Lines 

Immediately 
si:;ace 3 Lines 

Immediately 
Ski i:: tc Channel 1 

Irrrrediately 
Skip to Channel 2 

Irrrrediately 
Skip to Channel 3 

Irrrrediately 
Skip to Channel 4 

I rrrredi at ely 
Skip to Channel 5 

I rrrredi a tel y 
Skip tc Channel 6 

Immediately 
ski i:: tc Channel 7 

Immediately 
Ski i:: t c Channel 8 

Immediately 
Ski i:: t c Channel 9 

Irrrrediately 
Skii:; tc Channel 10 

Immediately 
Ski i:: te Channel 11 

Immediately 
Skip t c Channel 12 

Irrrrediately 

The following comr:ands are for 
operations that cause no printing or 
carriage motion. 

Coromand 
0 1 2 3 
0 0 0 0 
0 1 1 1 
0 1 1 1 
1 1 1 0 
1 1 1 1 
1 1 1 1 
0 0 0 0 
* Valid 

Byte 
4 5 6 7 
0 0 1 1 
0 0 1 1 
1 0 1 1 
1 0 1 1 
0 0 1 1 
1 0 1 1 
0 1 0 0 

only with 

2. 32 CHECKS (1403) 

Function 
No-Op 
Elo ck Data Check* 
Allow Data Check* 
Gate Load* 
Load MCS and Fold* 
Load MCS and No Fold* 
Sense 

MCS feature. 

several kinds of checks are i:;erforroed while 
the printer is operating. 

2.32.1 PLB PARITY CHECK 

The data tits in the data register are 
checked for proper parity when the data is 
written into the buffer. The check bits 
are not included in the parity check. 



2 .. 32. 2 HAMMER CHECK 

This check occurs if the harrrrer drivers and 
ccmpare circuitry do not operate properly .. 
Each of the conditions detected sets the 
hamner check latch.. In addition, unique 
combinations of check bits (C1, c2. and C3) 
are set tc indicate which error causes the 
hammer check.. The check planes can be 
analyzed to help correct the errcr-causing 
ccnditicn.. Listed here are the error 
conditions detected and the check flanes 
that are set. 

Hammer driver on but no 
COmfare-- PIC, C2 

Compare but harrmer driver did 
not turn on--PIC, C1, C2 

Compare with FIC already 
on--PLC. C1, C2, C3 

Hammer driver on with PLC 
already on--PLC, C2, C3 

No compare at last scan--PLC, C3 
Any d:.her comtinations of PLC with C1, C2, 
or C3 indicate failures in the check 
circuitry.. The FIC tit alone indicates 
proper operation. 

2.32.3 CCIL-PROTECT CHECK 

This check occurs when a conditicn cccurs 
that may cause damage to hammer coils and 
drivers.. The +60V return tc the harmer 
ccils is cpened ty turning off the 60V 
control contactor. This contactor is 
controlled by a reed relay.. If nc check 
exists, the reed relay is picked and the 
+60V control is present. 

A coil-protect check can cccur f cr 3 
reasons. 
1. The hammer check circuitry detects that 

a harrrrer driver is on tut shculd net 
be. This is detected for each hammer 
driver when printing is taking i;lace. 

2.. A Sfecial current sense reed relay 
assembly detects that +60V central 
airrent of at least 3 amps is being 
drawn by the harrrrer coils at a tirre 
when no hammer drivers should be on. 
This detects any harrrrer ccil current 
that cccurs when no printing is taking 
place. 

3. The special current sense reed relay 
asserrtly is checked during printing to 
see if the reed relay picks if a harrrrer 
driver is on. This ensures that the 
check as stated in iterr 2 is cferative. 

The check in item 1 can be blocked by 
ci;erating the coil protect check byi;ass 
switch S3. This switch tlocks setting the 
coil-protect check latch due to a banner 
check.. This switch should te used only if 
it has been determined that a false errcr 
is causing the check. Eliminating this 
check may delay detecting a ccil-frctect 
check until printing is complete. This 

switch causes the printer attention light 
on the console to light. All of the 
preceding checks can be prevented from 
dropping the +60V central by operation of 
the current-limit switch S4. This switch 
opens a short circuit acrcss a 100-ohm 
resistor in the +60V line to the hammer 
coil returns. With this resistor in the 
circuit, a maxinun of 600rrA can be drawn 
through any one circuit. This limited 
current prevents damage tc haromer coils and 
drivers even if they are on all of the 
time. A relay cperated by the switch 
tlocks the coil-protect check from dropping 
the +60V control. 

2.32 .. 3.1 Hammer Driver coil--Fuses 

There are four 6-amp fuses in the 2025: 
F30, F31, F32 and F33. Their purpose is to 
protect the banner coil return wiring in 
the 1403 and the 1403 signal cables. Under 
certain power-down conditions, these fuses 
may l:low l:ecause all of the hammer drivers 
may be on for up to 50 milliseconds.. The 
poY4er-down condition that rr.ay cause this 
~rotlem is the loss of one of the logic 
voltages that control the addressing matrix 
to the hammer drivers. Another condition 
that may blow one or rrore cf the fuses is a 
short on one of the hammer coil return 
lines in the 1403. 

After the fuse has blown, coil protect 
checks occur. Print ready is off, print 
check is on, and the chain motor is not 
running because +60V CTR1 is turned off. 
If this condition occurs only when printing 
is attempted, the S3 switches should l:e 
turned on. If the coil protect check no 
longer occurs, cne or more of the fuses is 
prol:al:ly tlown. 

The power-check light is also turned on 
if any fuse (F30 through F35) is open. A 
power-down condition does net occur. The 
light is turned off when the open fuses are 
Leplaced. Because these fuses have ceramic 
cases, it is necessary to check them with a 
meter or test light. 

2.32.4 SYNC CHECK 

This check occurs when the PCC counter gets 
out of step with the chain or train. This 
is detected at horre gate tine, which is 
generated l:y an extra drun FUlse from the 
chain or train, and indicates that the PCC 
should contain a count cf hex 01 (non-MCS). 

A resync circuit is used to resync the 
PCC automatically at MCS Home, except if a 
sync check could cause an iwproperly 
printed line. A reset is given to the 
printer-in-sync latch just before the 
home-gate tirr.e, unless a blcck-reset latch 
is on. The l:lock-reset latch is set when a 
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frint line starts and is reset by the next 
MCS home gate that occurs when printing is 
not taking place. 

2. 32. 5 ADDITIONAI CHECKS 

Additional checks such as forms check etc., 
occur due to conditions in the frinter. 

2. 32 .• 5 .• 1 Forms Check 

This light indicates paper feed trouble or 
that the carriage-stop key has been 
operated. This light must be turned off 1:y 
the check-reset key tefore the print start 
key is effective. 

2.32.5.2 End Of Forms 

When an end-of-forrrs conditicn cccurs, 
unit-check (status tit 6) is sent to the 
channel at the next initial selecticn. 
sutsequently, intervention required (sense 
bit 1) is sent during a sense Oferaticn. 
Also, the printer- ready 1 ight turns off and 
the printer end-of-forms light turns on 
when the end->-forrrs conditicn cccurs. 

To reset the printer, press the frinter 
start key. The remaining lines of the form 
are then printed under prograrr ccntrcl. 
(~he operator does not press the start key 
for each remaining line to be frinted. He 
fresses the start key only once.) 
Alternately, the single-cycle key can be 
used. In this case, one line of i;:rint 
ocrurs for each operation of the 
single-cycle key. 

When a hole is sensed in channel 1 
(either s:i;:ace or skip to or _ty channel 1) 
of the carriage tape, the operation is 
terminated with the end-of-forms light on. 
Therefore, you must provide a carriage tafe 
with a hole in channel 1 fer i:rq::er ending 
of the printing operation. If there is no 
hole in channel 1, printing continues even 
thcugh there are no forms in the printer. 
(Printing does not occur for any corrrrand 
f cllcwing one in which the channel-1 hole 
is sensed.} 

To make the printer ready after channel 
1 has been sensed, correct the end-cf-forms 
ccnditicn and press the 1403 start or 
single-cycle key. 

2.33 SUGGESTED RESTART PRCCELURES FOR 1403 

An I/O error causes an interruption 
condition. The condition causing the 
interru:i;:tion is indicated in the csw 
(Channel Status Word). The csw Ca double 
wcrd} is located in CPU main storage 
locations 40 through 4 7 Chexadecirral). Bit 
38 of the csw, when on, indicates a 
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unit-check condition. This bit is bit 6 of 
the byte at rrain storage address 44 
C hexadecimal). 

When unit-check is detected by the 
program, a sense comrrand shculd be executed 
for the 1403 that caused the unit-check. 
Sense information sent from the 1403 
attachment provides more detailed 
information concerning the cause of the 
unit-check. As a result of program 
analysis of the sense inf crmation, an error 
message should be made available to the 
operator to indicate the condition. 
Depending on installation procedures, the 
error message can be printed out. 

The following information describes the 
minimum actions that should be performed 
-when the prograrr detects unit-check status 
in the csw. 

The actions are related to particular 
sense indications that can occur. These 
tits are analyzed by the frogram. The 
choice of action(s) to be taken by the 
operator rrust be established at the 
install at ion. 

2.33.1 COMMAND REJECT (SENSE BIT 0) 

Provide an operatcr message and exit from 
this error recovery procedure. Command 
reject occurs because of a probable 
programrring error and indicates that a 
corrmand or a command sequence not valid to 
the 1403 was received at the 1403 
attachment. 

2.33.2 INTERVENTION REQUIRED (SENSE BIT 1) 

The printer enters a net-ready condition 
(ready light off) because one of the 
following has occurred. 

1. The 1403 stop key is pressed. 
(Possible operator error.) 

2. A mechanical interlock, ·such as the 
print unit, is open. (Possible 
operator error.) 

3. A forms check. When the forms-check 
light is on, :i;:aper feed trouble has 
occurred or the carriage-stop key has 
been pressed. The :i;:rcgram should 
provide an operator rressage and exit 
from this error recovery procedure. 
The operator should then perform one of 
the fellowing. 
a. Correct the not-ready condition, 

accept the reccrd, and allow the 
application program to proceed 
without further retries of the 
command, or 

b. Correct the not-ready condition and 



restart the program from a logical 
restart point. The logical restart 
point should be deterrrined at the 
installation and specified to the 
opera tor. 

4. End of forms. If an end-of-forrrs has 
occurred, the end-of- forms 1 ight is on 
and the ready light is cff. Tc reset 
the printer. press the printer start 
key. The renaining lines of the form 
are then printed under Frograrr control. 
(The start key is pressed only once.> 

When a hole is then sensed in channel 1 
of the carriage tape (either space tc, er 
skip to or l:y channel 1., the operation is 
terminated with the end-of-forrrs light on 
and the ready light off. Printing does not 
occur f cr the line at which the channel-1 
hole is sensed. Therefore, a carriage tape 
with a hole punched in channel 1 should be 
on the carriage. If there is nc hole in 
channel 1, printing continues even if no 
forms are in the printer. If nc 
skip-to-channel-1 command is issued, lines 
are printed (after the last form> until the 
channel-1 punch is sensed. 

The program should provide an operator 
rr:essage and exit from this error recovery 
procedure when the end-cf-forrr-s indicaticn 
is detected. The operator should then 
perform a forms runout (as just described) 
and satisfy the requirements of the 
application program. 

5. Sync check. This condition can occur 
whenever the print chain er train is 
out of synchronism with the print 
circuitry. Depending upcn when the 
sync check occurs, one of the following 
conditions exists. 
a. The sync check occurred during a 

print operation and one line was 
printed. 

b. The sync check occurred during 
printing and two lines were 
printed. Provide an operator 
message and exit frorr this error 
recovery procedure. The operator 
should then: 

c. Ccrrect the not-ready ccnditicn 
(press the check-reset key and then 
the start key) and allow the 
application program to proceed 
without further retries cf the 
ccrrmand, or 

d. Correct the not-ready ccnditicn 
<Fress the check-reset key and then 
the start key) and restart the 
program froro a logical pcint. 

6. Coil-Protect Check. A ccnditicn 
occurred that could cause possible 
damage to the print-harrrrer coils er 
harorrer-driver circuits. A coil-protect 
check resets the printer tc a not-ready 

condition, turns on the print check 
light, and turns off the power (+60V 
ctrl) to the hammer coils. Depending 
upon when the coil-prctect check 
occurs, one of the following conditions 
exists. 
a. The check occurred when no printing 

was in prcgress Cno line was 
printed) .• 

t. The check occurred during a print 
operation Cone line was printed). 
The line may be only partially 
printed. 

c. The check occurred during carriage 
motion. '!he carriage motion may 
not have been completed. 
Provide an operator message and 
edit frorr this error recovery 
procedure. The operator should 
then: 

d. correct the not-ready condition 
(press the check-reset key and then 
the start key) and allow the 
applicaticn program to proceed 
without further retries of the 
command, or 

e. Correct the not-ready condition 
(press the check-reset key and then 
the start key> and restart the 
program from a logical point. 

7. The single-cycle key is pressed 
(possible operator error). 

2.33.3 BUS-OUT CHECK (SENSE BIT 2) 

Not used. 

2.33.4 EQUIPMENr CHECK (SENSE BIT 3) 

Equipment check indicates that a 
program-resettable malfunction is detected 
in the printer controls. 

Provide an operator rressage and exit 
from this error recovery procedure. The 
operator should then: 
1. Accept the record and indicate that the 

application program is to proceed 
without further retries of the command, 
or 

2. cause the applicaticn program to 
restart from a logical point. 

If the error persists, call the customer 
engineer. 

2.33.5 DATA CHECK (SENSE BIT 4)--MCS ONLY 

Data check i ndi ca tes that a data char a ct er 
sent to the printer does not compare 
equally with data loaded in the MCS tatle. 
Print does not occur for the print position 
for which the unrr.atching code applies. The 
remainder of the line prints correctly. 
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Data check nonnally indicates irrfrcfer data 
in the data record sent to be printed, tut 
the res tatle may have teen loaded 
irrt:roperly. 

Provide an operator message and exit 
from this error recovery procedure. The 
ot:erat or should then: 
1. Accept the record and indicate that the 

applicaticn program is to proceed 
without further retry of the command, 
or 

2. cause the application program to 
restart from a logical i:;cint. 

2.33.6 SENSE BIT 5 

Not used .• 

2. 33. 7 SENSE BIT 6 

Net us ed. 

2 .33 .8 CHANNEL 9 (SENSE BIT 7) 

The carriage trushes sensed channel 9 
during the previous carriage space. Accei;:t 
the record and indicate that the program is 
to proceed without further retries cf the 
ccrrmand. local installation practices may 
indicate ether action to te taken. 

2.34, USE ~ETER (1403) 

The use rreter for the integrated 1403 
printer is conditioned when the t:rinter is 
ready and a write operation is performed. 
The meter remains conditioned until the 
carriage space or restore key is Cferated. 

The use meter records tirre when it is 
ccnditicned and the CPU customer use meter 
is operating-.-

2.35 RESETS (INTEGRATED 1403) 

A FOWer-on reset places the integrated 1403 
in a reset state; all 1403 check circuitry 
is res et, and the 1403 is placed in the 
not-ready state. A systerr reset t:laces the 
1403 in the same condition as a power-on 
reset, except that if the 1403 is ready 
when the system reset is given, it rerrains 
ready after the system reset is completed. 

System reset should not be given while a 
printer operation is in progress because 
the results of the operation are 
unpredictable. 
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2. 36 EXTERNAL TO CPU FACILITIES ( 140 3) 

2.36.1 PR! (PRINT LINE BUFFER DATA-IN) 

This 8-bit register is used during 
diagnostic operations to provide· data from 
the PLB to the CPU data flow. 

A move word with AS-decode=B is used to 
move data from PRI to lccal storage. 

2.36.2 PRI' (PRINI' LINE BUFFER ADDRESS 
REGISTER DATA-IN) 

This 8-bit register is used to send PIB 
addresses to the CPU data flow during a 
diagnostic operation. 

A move word with A5-decode=A is used to 
move the address f rorr PRT tc local storage. 

2.36.3 PRS (1403 SENSE/STATUS CONDITICNS) 

The AS-decode=E for a move or branch Con 
condition or on rr,ask) wcrd accessing this 
external facility. Bit significance is: 

PRS 
Bit Name 
-0- Device-end 

1 Print ready 

2 Channel 9 

3 Channel 12 

4 Initial ready 

5 Harrmer check 

6 Parity check 

7 Print request 

Significance if Bit On 
Device-end has occurred. 
The printer is in the 

ready state. 
A channel-9 punch has 

been sensed in the 
carriage tape during a 
Sface (net skip) 
operation. 

A channel-12 hole has 
been sensed in the 
carriage tape during a 
Sface (net skip) 
operation. 

The Fri nter has gone 
f rcrr the not-ready to 
the ready state. 

A hammer check has been 
detected. 

A parity check has been 
detected during a PLB 
readout or store. 

Set on when device-end 
occurs for a command, 
or when the printer 
goes from the 
net-ready to the ready 
state, or if 
channel-end was queued 
by the channel, or if 
the diagnostic request 
gate latch is on and 
the f rinter clock is 
at time 7-0. 



2.36.4 PRD CDIAGNOS'IIC CONDI'IIONS) 

The AS-decode=F in a move er a branch Ccn 
conditicn or on mask) word accesses this 
diagnostic external. 'I·he diagnostic 
conditions listed here are defined by the 
settings cf PRE tits 0, 1, and 2. See the 
PRB description in the CPU tc External 
Facilities (1403). For exarrt:le, if PRB 
bits o. 1, and 2=000, diagncstic deccde 1 
will be usea when FRD is addressed. 

2. 36.. 4. 1 Diagnostic Decode 1 

Hex. the 8-bi t PRD register ccntains the 
i;rint character counter data-in; i.e., 
chain po si ti on. 

2.36.4.2 Diagnostic Decode 2 

PRD 
Bit Na,me 
~0- Print control 

latch 
1 Print scan 

latch 

2 PSS gate lat ch 

3 Home gate 
latch 

4 SS3 trigger 

5 Print compare 

6 Last scan 
latch 

7 Sync check 
latch 

Significance if Eit Cn 
Printing is cccurring. 

If bit-0=1, this bit 
is turned en every 
time a PSS pulse 
occurs. 

Set on ty PSS pulses 
from the printer. 

Set en when hcrre pilse 
is detected. 

The operaticn is in 
sutscan 3. 

The PCC and PIE data 
rratch. 

Print complete has 
occurred and the last 
scan (for checking) is 
in progress. 

The chain or train and 
FCC were out of 
synchronism at home-gate 
tirre. 

2.36.4.3 Diagnostic Decode 3 

PRD 
Bit Name Significance if Eit On 

0 Carriage :tusy An i:rrroediate carriage 
command is in 
progress. 

1 Space drive On for space or skip 
operations. 

2 Skii;: drive en for skip operations. 
3 carriage The carriage is in the 

settling 15. 7 us carriage 
settling interval. 

4 Carr trush 1 Bits 4-7 disi;:lay the 
5 Carr brush 2 contents of the 
6 Carr brush 4 carriage brush 
7 Carr trush 8 register. 

2.36.4.4 Diagnostic Decode 4 

PRD 
Bit Na roe 

0 PIC 
1 PlB Cl 
2 PLB C2 
3 PI.B C3 
4 ~cs mode 

5 Space extended 

6 El emitter 

7 Channel 1 

Significance if Bit On 
Print line comi;:lete. 
Bits 1-3 indicate check 
conditions as a result 
of a print operation. 
A chain with an MCS 

erritter is installed 
on the printer, or a 
train has operated the 
MCS switch on a 
1403-Nl. 

The outi;ut of the hammer 
driver being addressed 
is ever 40V. 

The cut i;:ut of the 
magnetic emitter in 
the i;:rinter that 
indicates the carriage 
has moved one space. 

A channel-1 J;Unch has 
been sensed in he 
carriage tape during a 
carriage operation. 

2.37 CPU 'IO EXTERNAL FACILITIES (1403) 

2.37.1 PRC (CARRIAGE CONTROL REGISTER 
DATA-OUT) 

A move word with AS-deccde=D is used to set 
tits in PRC. 

PRC 
Bit Name 
-0- Skip 

1 Carr Ctl 
2 Carr Ctl 
3 Carr Ctl 
4 Carr Ctl 

5 Not used 
6 
7 

8 
4 
2 
1 

Significance if Bit On 
Bits 0-4 are set to the 
value of the modifier 
bits in the command to 
be executed. This 
setui;: indicates to the 

printer the number of 
si;aces to be spaced or 
the channel to which 
to slii;. 

If bits 6-7 are 11, a 
printer-busy condition 

and an immediate 
carriage control 
operation are 
indicated. 
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K
Bit 

0 
1 
2 
3 
4 
5 
6 
7 

Name and Significance if Set/Reset 
Bit = 1 (when K-Bi t = 1) 
Set single-cycle mode latch 
Reset single-cycle rrode latch 
Not usea 
Set diagnostic gate latch latch 
Reset diagnostic requires gate latch 
Set diagnostic decode-2 latch 
Set diagnostic decode-3 latch 
Set diagnostic decode-4 latch. Bits 

5-7 Cdiag decodes 2-4) are set to 
allow the various diagnostic modes 
used in the FRD external. If bits 5, 
6, and 7 are all off, diagnostic mode 
1 is specified. The diagncstic 
deccae latches remain on until 
another PRE set word is given. If 
neither tit 5, 6, nor 7 is on, the 
diagnostic decode 1 ccrres en. 

K- Name and Significance if Set/Reset 
Bit Bit = 0 (when R-Eit = 1) 

0 Not used 
1 Set single-cycle clock run latch 
2 Not used 
3 Not used 
4 Set diagnostic PSS pulse latch (set PSS 

gate} 
5 Reset diagnostic PSS pulse latch 
6 Not used 
7 Not used 

2-22 (7/69) 

2.38 MCS TABLE--UTILITY PROGRAM 

Utility Prograrr Nurrber 360P-UT-048 is 
availatle to load the table. In addition, 
the prograrr gives the crticn cf using 
folding and tlocking data checks. 
Diagnostic functicns are also Ferformed to 
ensure that the data cards are correct. 



Section l C. 2311 /DAC Procedures 

2.39 ADDRESSING--2311 DISK STORAGE DRIVE 

From one to four 2311 DASDs can be attached 
tc channel 1 through a single integrated 
attachment. The addresses f cr these units 
ccrsist of three parts: 

• Channel address 
• control unit aadress 
• Device address. 

The channel acdress is always 01. The 
control unit address can be any address 
within the range of 8 through F Chex). The 
device address can be 0 through 3 Chex). 

The DAC is liroitea to the ccntrcl of cne 
tc fcur 2311 disk storage drives connected 
directly to the control unit interface in 
the CPU. No additional 2311s can be 
attached to the systerr through the channel 
because cf the data transfer rate of the 
channel. The 16 address bits develcFed 
f rcro the I/C instruction identify the DAC 
and the disk drive for the operation. 

The Fregraro views the disk attachment as 
if it is a channel with an attached central 
unit and disk drives. The sixteen bits of 
the IIO address are assigned as follows. 

Channel Numter (Bits 16 to 23) 
01 Hex (Channel 1) 

Control-Unit Number (Bits 24 to 27) 
8-F Hex (Assigned at Installation) 

Eit 28 set to 0 for system compatibility 

Device Nurrter (Bits 29 to 31) 
000 Unit 1 
001 Unit 2 
010 Unit 3 
011 Unit 4. 

For example, a systerr with fcur 2311s 
with the central unit address assigned as 9 
would have the following addresses: 

2311 
0 
1 
2 
3 

Channel 
Address 

01 
01 
01 
01 

Control Unit 
and Device Address 

90 
91 
92 
93 

If fewer than four 2311s are attached, 
the device address for each can be any 
value in the range 0-3, providing each bas 
a different device aaaress and all have the 
same control unit address. In the previous 
example, if only twc 2311s were attached, 
the addresses could be 90 and 91, 91 and 
92, or 90 and 92, etc. 

In any case, twc Cor rrcre) different 
addresses cannot be assigned to the same 
2311. 

The 2311 control unit address must be 
different than of any ether device attached 
to channel 1 through the standard I/O 
interface. 

2. 40 CPERA'IICN COMMANDS, DAC 

Figure 2- 2 1 is ts the channel commands 
recognized by the DAC f cr central of the 
attached 2311 units. These commands are 
presented to the DAC in the first byte of 
each channel corr:rrand wcrd (CCW) from the 
~recessing unit. Any other command 
configuration exceFt that of the 
transfer-in-channel command is considered 
invalid by the DAC. 

Single Multi-
Type Command Name Track Track 

Control No Operation 03 --
Recalibrate 13 ----
Restore 17 --
Set File Mask 1F --
Seek 07 --
Seek Cylinder OB --
Seek Head 18 --
Space Count OF --

Sense Sense 1/0 04 --
Read Read Home Address 1A 9A 

Read Count 16 92 
Read Record Zero 16 96 
Read Data 06 86 
Read Key and Data OE BE 
Read Count, Key and Data 1E 9E 
Read IPL 02 --

Write Write Home Address 19 --
Write RO 15 --
Write Count, Key and Data 10 --
Erase 11 --
Write Data 05 --
Write Key and Data OD --

Search Search Home Address Equal 39 89 
Search ID Equal 31 81 
Search ID High 51 D1 
Search ID Equal or High 71 F1 
Search Key Equal 29 A9 
Search Key High 49 C9 
Search Key Equal or High 69 E9 

*Search Key and Data Equal 2D AD 
*Search Key and Data High 4D CD 
*Search Key and Data Equal or High 6D ED 

*Used with File Scan feature (standard). 

Figure 2-2. DAC Commands 

The commands are chained to execute the 
desired sequence of events. The 
transfer-in-channel command (Figure 2-3) is 
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used to repeat search commands until the 
desired area is lccated. A read er write 
command is then given for the desired data. 
Each of the chanr.el ccmmands is acted upon 
in the same manner as a control unit 
ccnnected tc a Eystem/360 channel. The 
usual status is retur~ed after 
initialization and at the completion of the 
ccmnand. sense infcrmaticn is developed 
for unusual conditions and is available 
through the sense ccrrmand. A parity error 
that occurs during the transfer of the CCW 
causes a nachine check. 

TIC Command Code 

Decimal I Hexadecimal } Binary 

X8 l X8 Jxxxx1000 
Positions Marked "XX" Are Ignored 

Figure 2-3. Operation Code for TIC Corr-mand 

2.41 SENSE CONDITIONS, CAC 

Six bytes of sense-conditions information 
ar.e provided by the DAC tc ccm~letely 
identify the setting of unit-check. These 
six bytes are transferred to the system by 
issuing a sense ccmmar.d (Figure 2-4). 

Sense Byte 0 Sense Byte 1 

Bit 0 Command Reject Data Check in Count 
Field 

Bit 1 Intervention Required Track Overrun 

Bit 2 End-of-Cylinder 

Bit 3 Equipment Check Invalid Sequence 

Bit 4 Data Check No Record Found 

Bit 5 Overrun File Protected 

Bit 6 Track-Condition Check Missing Address Marker 

Bit 7 Seek Check 

Figure 2-4. Sense-Byte summary CDAC) 
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2. 42 T·RACK QRIENTATION 

Figure 2-5 shews the relaticnshi~ of the 
fields and zones to the track format and 
Figure 2-6 shews the initializing states of 
fields and zones and the command sequences 
required tc perf crm a data command. 

Record 

Field 

Zone 

Field Definition 

H Home-address area (including gaps) 
C Count area (including gaps) 
K Key area (including gaps) 
D Data area (including gaps) 

Zone Definition 

Pre-record gap (including address marker) 
Record 

3 Cyclic code 
4 Post-record gap 
A Constant gap of 12-ones bytes in the count field, or 28 all-zeros bytes 

in the home-address field. 
The 4.9% variable gap between records. 

Notes: The index point immediately precedes the home-address area. 
* Location of the address marker. 

Figure 2-5. Track Orientation 

Sense Byte 2 Sense Byte 3 

Unsafe Ready 

On Line 

Unsafe 

Selected Status 

Cyclic-Code Check On Line 

Unselected File Status End of Cylinder 

Seek Incomplete 



Initial Field and Field and Zone State 

Command Command Sequence Zone State at End of Command 

Read Count, Key and Data None C1 04 

Read Key and Data None C1 D4 
After Search ID C4 D4 

Read Data None C1 D4 

After Search ID C4 D4 
After Search Key K4 D4 

Write Count, Key and Data Search Equal ID C4 D4 
Search Equal Key K4 D4 

Write RO D4 D4 

Write Count, Key and Ddata D4 D4 

Write Key and Data Search Equal ID C4 D4 

Write Data Search Equal ID C4 D4 
Search Equal Key K4 D4 

Search ID None C1 C4 

Search Key None C1 K4 

After Read or Search ID C4 K4 

Search Key and Data None C1 D4 
After Read or Search ID C4 D4 

Search Home Address None HA H4 

Read RO None HA D4 
After Read or Search Home Addrs H4 D4 

Write RO Write Home Address H4 D4 
Search Equal Home Address H4 D4 

Read Home Address None HA H4 

Write Home Address None HA H4 

Read Initial Program Load None C1 D4 

Read Count None C1 C4 

Erase Search Equal ID C4 D4 
Search Equal Key K4 D4 
Write RO D4 D4 
Write Count, Key and Data 04 D4 

No Operation None Reset Condition 

Figure 2-6. Track Orientatien Field and Zone State Summary 

2. 43 TRACI< INITIALIZMION (DEFECTIVE-TRACK 
DE'IERMI NATICN) 

The following procedure must be followed by 
track-initialization prograrrs fer the IEM 
2311 files. This procedure is intended to 
write home addresses en each track and tc 
analyze the condition of the recording 
surface. The program should be written to 
handle the tracks in cylinder mode to 
reduce running time. 

1. Read home address. Verify that the 
track has not been previcusly flagged. 
This step must te typassed by operator 
action when initializing the recording 
surface for the first time. Unless 
specifically optioned by the cperatcr, 
no program should change the flagging 
of a previously flagged alternate or 
defective track. 

2. write home address and record zerc (RO) 
with a maximum-length data field on all 

tracks. 'Ihe data Fattern should te 
hexadecimal 5 5. 

3. Read home address and RO of each track 
to ensure that the data can be 
recovered successfully. If an error 
occurs, go to step 7. 

4.. Repeat step 2, using a data pattern of 
hexadeci ma 1 0 O. 

5. Repeat step 3. If an error occurs, go 
to step 7. 

6. Rewrite horre address and a standard 
length record 0 on all good tracks. 
Read and verify that these records can 
te recovered successfully. If an error 
occurs, go the step 7. The surface 
analysis is new corrFlete. 

7. When an error occurs, an analysis of 
the sense information must be made. If 
the error is a data-check in the count 
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field an/or a data- check, an attempt is 
made to reread the horre address and RO 
ten times on the track in question. If 
a data check (also includes a 
count-field data check) occurs a second 
time on the track, the track must be 
flagged as defective. Tc tc stef 8. 
other errors should be handled as 
defined in Section 2.44. If all ten 
rereads are successful, return to the 
program at point of exit. 

8.. Assign an alternate track. 

9. Write home address and RO on the 
defective track. set the hcrre-address 
flag tyte to hexadecimal 02. The home 
address is the physical address cf the 
defective track. The RO count field 
contains the address of the alternate 
track. The content and length of the 
data-field length (DL) shculd be keft 
to a rrinimum <tut greater than zero) to 
avoid spanning the track defect. No 
other records should be written on the 
track. 

10 .. Read-check the horre address and RO. If 
a data check (also includes a 
count-field data check) er rrissing 
address marker and no-record f cund 
errors occur, go to step 14. Other 
errors should be handled as in Section 
2. 44, Error Recovery Procedure, DAC. 

11. Seek the alternate track. 

12. Write home address and record zere en 
the alternate track. Set the 
home-address flag byte to hexadecimal 
01. This home address is the fhysical 
address cf the alternate track. The RO 
count field normally contains the 
address of the original defective 
track. Surface analysis must be 
completed on the alternate track 
candidates tefore they can be assigned 
as alternates .. 

13. Continue initialization on next track. 

14. Track flogging requires a perfect 
recording surface f rorr the index foint 
to the end of record zero. If attempts 
to write home address and RO indicate 
that this area is defective, the 
recording medium (disk packJ must be 
repaired. 

The basic requirerrent is ene fass 
through the test (steps 2-5). J.\n option 
shruld l:e provided to increase the number 
of tests to 255. 
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Additional requirerrents for programs 
that write the home address and RO area 
(and in particular, Surface Analysis, 
Diagnostic, and other track utility 
frograms such as UT069, UT098, and DASDI) 
are as fallows. 

1. Unless specifically er:tioned by action 
of the operator, no program should 
change the flagging cf a freviously 
flagged alternate or defective track. 

2. Specific acticn by an Cferator should 
l:e required to unflag a track. 

3. Provision must be made to flag or 
unflag individual er grour:s of tracks. 

4. Operating frograrrs that have provisions 
for dynarrically flagging tracks must 
perf orrr the 14 steps given previously. 

2.44 ERROR RECOVERY PROCEDURES, 2311 DAC 

2.44.1 ERRCR MESSAGES, 2311 DAC 

The following two error rressages should be 
included in the operating environment of 
all DAC users. 

~essage 1 (should be printed en all 
uncorrectable errors). 
a.. ~essage code 
b. Error type-read, write, or control 
c. Unit designaticn, cell number, cylinder 

numl:er, head number and head position; 
i.e. , device address es and seek 
address. 

d. Channel designation 
e. Status and sense bytes sent to CPU 

Iv'.essage 2 (should be printed periodically, 
upon completion of a run, or in response to 
operator request). 
a. Unit designaticn 
l:. Number of entries into error routine 
c. Number of uncorrectable errors. 

2.44.2 ERROR CONDITIONS TABI.E, 2311 DAC 

This section gives the recommended 
corrective acticn for the error conditions 
that may occur when using IBM 2 311 uni ts 
attached to the Systerr~360 Model 25 through 
the disk· attachment control The recovery 
procedures are listed in the Action column. 
These are given in detail fellowing the 
Error Condition Table (Figure 2-7). 



Sense Bit and Name Explanation Error Type Action 

Byte 0, bit 0 (Command Reject) The DAC has received an invalid command code. Program error 1 

Byte 0, bit 0 (Command Reject) and The DAC has received an invalid seek address. Program error 1 

byte 0, bit 7 (Seek Check) 

Byte 0, bit 0 (Command Reject) byte 1, The DAC has received an invalid sequence of commands. Program error 1 

bit 3 (Invalid Sequence) 

Byte 0, bit 0 (Command Reject) and The DAC has received a command that violates the Inhibit Program error 1 

byte 1, bit 5 (File Protected) Write portion of the File Mask. 

Byte 0, bit 1 (Intervention Required) The specified 2311 unit is: Equipment error 2 

1. Not on line, or 
2. Not available for use due to cover interlock open, file 

motor off, etc. 

Byte 0, bit 3 (Equipment check) and An unusual condition has been detected in the DAC or the Equipment error 2 

file unit. The condition is indicated by sense-byte 2. 

Byte 2, bit 0 (Unsafe) or A file malfunction has been detected. 

Byte 2, bit 4 (Cyclic Code Check) or Circuitry used to generate the cyclic-code check did not function 
properly. 

Byte 2, bit 3 (Selected Status) or Microprogram decode of the status byte yielded self-contradictory 
results. 

Byte 2, bit 5 (Unselected Status) The status line from the files is on, but no file has been selected. 

Byte 0, bit 4 (Data Check) The DAC has detected an error in the data field received from Equipment error 8 

the file. 

Byte 1, bit 6 (Missing Address Marker) The DAC has received: Equipment error 5 

1. Two index points without an intervening address marker, or 
2. Two successive count fields with equal bit conditions in 

bit 0 of the flag bytes. 

Byte 0, bit 5 (Overrun) The DAC access to main storage was suppressed longer than one Equipment error 3 

byte time on the 2311, or a chained CCW was received too late 
to be properly executed. 

Byte 0, bit 6 (Track Condition Check) 1. A Search, Read, or Write command was attempted on a Program error 6 

flagged defective track (track-condition bit 6 was set to 1 ). 
Exceptions: HA and RO operations. 

2. Command chaining and multitrack code signals indicate that 
operations from an alternate track are to continue on the next 
higher-order track. 

Byte 0, bit 7 (Seek Check) The 2311 has been unable to complete the Seek because: Equipment error 4 

1. The access mechanism failed to reposition properly, or 
2. The home-address-compare failed after automatic head 

switching on a multitrack operation 

Byte 1, bit 0 (Data Check in count The DAC has detected an error in the count field received from Equipment error 8 
Field) and byte 0, bit 4, (Data Check) the 2311. 

Byte 1, bit 1 (Track Overrun) The index point was detected before writing was completed Program error 1 

Byte 1, bit 2 (End of Cylinder) An end-of-cylinder was detected before the CCW command Program error 1 
chain was completed while in multitrack mode. 

Byte 1, bit 4 (No Record Found) and Two index points were detected while executing a chain of Program error 7 

not byte 1, bit 6 (missing address CCWs with no intervening Read or Write operation on the or 
marker) data field of any record, or Read HA or Read RO CCW. equipment error 

Note: This could be an expected condition on Search 
command chains. 

Byte 1, bit 5 (File Protect) The DAC has received a Seek, a multitrack Read, or multitrack Program error 1 . 
search that violated the Seek File Mask. 

Byte 1, bit 4 (No Record Found) Home address or RO cannot be found on the track. Equipment error 9 
and byte 1, bit 6 (Missing Address 
Marker) 

Figure 2-7. Error Condition Table 2311/DAC (Fart 1 cf 2) 

2025 FEMM (7/69) 2-27 



Action Recovery Procedure 

1 Exit with Program Error indication. 

2 Repeat original sequence once. 

If the error condition still occurs, print Message 1 for the operator and/or customer engineer notification. This is considered an uncorrectable 
error; the recovery procedure depends on the application. 

3 Repeat the original sequence ten times if the error persists. 

After ten unsuccessful retries, print Message 1 for the operator and/or CE notification. 

4 Issue a Recalibrate command. 

Seek to the original address. 

Repeat the original sequence ten times if the error persists. 

Print Mesaage 1 and exit with the error indication. 

5 Repeat the original sequence ten times if the error persists. 

After ten unsuccessful retries, the error is said to be "hard". At this point, the hard-error recovery procedure may be employed at the 
user's option. 

Print Mesasge 1 and exit with the error indication and option information. 

6 If this is an alternate track, use the defective-track address, plus 1, in the Seek command. (This is found in the ID field of the RO count 
area.) Resume the operation after searching to the desired track position. 

If this is a defective track, use the alternate-track address in the Seek command. (This is found in the ID field of the RO record.) Resume 
the operation after searching to the desired track position. 

7 Issue a Read Home Address command to verify that the correct track has been reached. (Correct cylinder is sufficient on multitrack 
operation.) 

If the correct cylinder (and/or track) is found, perform Action 1. 

If the incorrect cylinder (and/or track) is found, perform Action 4. 

8 Repeat the original sequence sixteen times if the error persists. 

After sixteen unsuccessful retries, issue instructions to Recalibrate, and then Seek to the original cylinder. Repeat first two steps sixteen 
times if the error persists. 

After sixteen unsucceesful retries of second step (a total of 256 entries for the data), the data-error is said to be "hard". At this 
point, the hard-error recovery operations may be employed at the user.s operation. 

Print Message 1 and exit with the data-error indication and option information. 

9 Issue a Recalibrate and then a Seek to the original address. 

Repeat the operation that failed. 

Repeat the first two steps twice if the error persists. 

Issue a Read HA to a different track in some cylinder. 

If the Read HA is successful, return to the original track and perform Action 3. 

If the Read HA is unsuccessful after two tries and causes the same error indication, print Message 1 for operator and/or CE notification. 

Figure 2-7. Error conditicn !able 2311/DAC <Part 2 of 2) 
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Section 1 D. 2540 Procedures 

2.45 ADDRESSING, INTEGRATED 2540 ATTACHMENT 

The integrated 2540 attachrrent is addressed 
as if it were connected to channel O. The 
sixteen-bit address developed from the I/0 
instruction identifies the attachrrent and 
the reader or punch unit. The device 

. address is not limited by usual channel-0 
ucw addressing requirements tecause the 
attachment has its own UCWs that are not 
device address dependent. In theory, the 
attachment may have any address from: 

Binary Hex 
0000 0000 00 

to to 
1111 1111 FF 

In practice, the integrated 2540 is 
assigned an address of OC for the reader 
and OD for the punch, to standardize with 
other Systern/360 usage. This addressing 
makes use of two of the channel-0 
subchannel addresses and prevents their use 
for the channel. If the channel 
ccnfigurations require the use of the 
subchannels, the 2540 addresses can be 
changed by the custorrer engineer. 

Under no condition should an address 
assigned to any other I/C device be 
assigned to either the 2540 reader er or 
:r;unch. 

2.46 ERROR FECCVERY RCUTINE--INTEGRATED 
~ 

This prccedure is included at the beginning 
of the Native Punch 'Irap Routine CETRP). 

For examining punch-check :r;roblems, the 
f cllowing procedure can be fcllcwed. 

1. SAR delay stop at the address labeled 
PCH CHK in this routine. 

2. When PCE CHK is detected the processor 
will stop with the punch attention 
light on. 

3. Display of error logout (auxiliary 
storage 50F6-50FF) can be performed 
using 1052. The bit significance of 
the error logout is as follows. 
AR 50F6 50F7 50F8 50FF 
BIT 01234567 01234567 01234567 01234567 
Col 1--8 9--16 17--24 73--80 

When bit=l, that column is in error. 

4. ~anually clear logout area after 
analysis is completed. 

5. The punch irrage for a card in error is 
located in auxiliary storage 400C 
through 4083. The f crrrat for this area 
starting at address 400C is 10 bytes, 
for the 12 row cf the card, the next 10 
bytes for the 11 rcw etc. A tit teing 
a zero in this area designates a hole 
in the card. 

The registers are used as follows. 
GC=Trap count 
V=Auxiliary storage address modification 
D05=1 norrral write indicatcr 
D07=1 12-row punch 

2.47 ERROR RECOVERY ROUTINE--INTEGRATED 
READER 

The reader check logout format is as 
follows. 

AUX ADR 
BITS 
COL 

10F6 
01234567 
1 'IHRU 8 

10F7 10FF 
01234567 01234567 
9 THRU 16 73 THRU 80 

The format for the row form in auxiliary 
s.torage (4FA0 thrcugh 5017) is as follows. 
The first 10 bytes, row 9 of card; the next 
10 bytes, row 8 of the cards; etc. A bit 
teing zero signifies a punched hole. 

2.48 2540 RESTARrS FROM ERROR CONDITIONS 

The 2540 uses the flexible System/360 
command set; therefore, different external 
error conditions can each require different 
restart procedures, depending on whether 
the 2540 operation is reading, punching or 
PFR. If the :E=rog rarr prcvides some 
:r;rograrnmed message to indicate the 2540 
sense conditions (such as PR-KB typeout), 
the operator can use this message to 
determine which Sfecif ic restart procedure 
he should follow. To locate the error card 
for read-check and validity-check errors, 
the operator should be farriliar with the 
with the type of processing used by the 
program; that is, whether the program is 
reading and stacking each card with a 
single corrmand, or delaying the stacker 
selection until the data from the card is 
analyzed. 

Figure 2-8 shows the various 2540 error 
indications and aFpropriate restart 
:i:::rocedures for standard operations, and for 
PFR operations. 
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Indications 

Reader Feed Stop Light (Only) 
Sense Bit 1--lntervention Required (Only) 

Note: If read check/bit 3 or validity 
check/bit 4 indications accomp
any feed stop/bit 1, follow pro· 
cedure for read check or 
validity check. 

Reader Feed Stop Light 
Reader Check Light 
Sense Bit 1--lntervention Required (Only) 

Read Check Light 
Sense Bit 3--Equipment Check 

(If card is read and stacked with single 
command.) 

Read Check Light 
Sense Bit 3--Equipment Check 

(If stacker selection is delayed.) 

Validity Check Light 
Sense Bit 4--Data Check 

(If card is read and stacked with single 
command) 

Restart Procedures 

1. Remove cards from stacker R 1. 

2. Open hopper joggler gate and remove cards from hopper. 

3. Open covers and remove any jammed cards from read feed. Reconstruct any damaged cards. 

4. With joggler gate still open, press reader start key to clear feed. 

5. Remove cards just run out into stacker R 1, place them and any reconstructed cards, in proper 
sequence, ahead of cards removed from hopper, and replace this deck in hopper or ahead of 
cards in file feed magazine. 

6. Close joggler gate. 

7. Press reader start key. 

This combination of error indications accompanies a 2540 read clutch failure; there may be 
cards in stacker R 1 that have not been read. Restart the job from the last checkpoint. 

1. Remove cards from stacker R 1. Determine (perhaps with aid from programmed message) 
which was last card read into processing unit, and correct any off-regisfration punching 
in it. Place this corrected card in stacker R 1. 

2. Open joggler gate and remove cards from hopper. 

3. With joggler gate open, press reader start key to clear read feed. 

4. Remove cards from stacker R1 and place them ahead of cards removed from hopper. Place 
this deck in hopper or ahead of cards in file feed magazine. 

5. Close joggler gate. 

6. Press reader start key. 

1. Remove cards from stacker R 1. 

2. Follow steps 2-6 of preceding procedure, correcting any off-registration punching in first 
card run out into stacker R 1. 

1. Remove cards .from stacker R 1. Determine (perhaps with aid from programmed message) 
which was last card read into processing unit (this card may be in another stacker) and 
correct any errors in this card. Place the corrected card in stacker R 1. 

2. Open joggler gate and remove cards from hopper. 

3. With joggler gate open, press reader start key to clear read feed. 

4. Remove cards from stacker Rl and place them ahead of cards removed from hopper. Place 
this deck in hopper or ahead of cards in file feed magazine. 

5. Close joggler gate. 

6. Press reader start key. 

Figure 2-8. Restart Procedures--Standard and PFR Operation (Part 1 of 3) 
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Indications 

Validity Check Light 
Sense Bit 4-Data Check 

(If stacker selection is delayed.) 

Punch Feed Stop Light (Only) 
Sense Bit 1-lntervention Required Only) 

(If the 2540 is not performing PF R 
operations.) 

Restart Procedures 

1. Remove cards from stacker R 1. 

2. Open joggler gate and remove cards from hopper. 

3. With joggler gate open, press start key to clear read feed. 

4. Locate and correct invalid character(s) in first card in stacker R 1. 

5. Place corrected card ahead of cards in stacker R1. Place all cards in stacker R1 ahead of 
cards removed from hopper. Place this deck in hopper ahead of cards in file feed magazine. 

6. Close joggler gate. 

7. Press reader start key. 

1. Remove cards from stacker P1. 

2. Remove cards from hopper. 

3. Open covers and remvoe any jammed cards from punch feed. 

4. Press punch start key to clear punch feed. 

5. Discard last card punched (2540 will repunch this card automatically). 

6. Replace blank cards in hopper and press punch start key. Last card will be repunched 
automatically and 2540 enters ready status. 

Figure 2-8. Restart Procedures--Standard and PFR Operation (Part 2 of 3) 
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Indications 

Punch Feed Stop (Only) 
Sense Bit 1-lntervention Required (Only) 

(If 2540 is performing PF R operation.) 

Punch Check Light 
Sense Bit 3-Equipment Check 

(If 2540 is not performing PF R operation 
and using stacker P1 .) 

Punch Check Light 
Sense Bit 3-Equipment Check 

(If 2540 is not performing PFR operation 
and is not using stacker P1 .) 

Punch Check Light 
Sense Bit 3-Equipment Check 

(If 2540 is performing PFR operation.) 

Restart Procedures 

1. Remove cards from stacker P1. 

2. Remove cards from hopper. 

3. Open covers and remove any jammed cards from punch feed. Press punch start key to clear 
feed. 

4. Any card removed or run out from between punch station and punch check brushes should 
be reconstructed, because it has been punched but not punch checked. 

5. Place reconstructed cards and cards run out into stacker P1 in proper sequence ahead of cards 
removed from hopper, and place this deck in hopper. 

6. Press punch start key. 

7. Reconstruct internal data in the system as necessary to restart at the Start 1/0 instruction 
that caused the first card removed or run out to be read at the PFR station. 
Note: In some programs, reconstruction of internal data may not be provided for. In that 

case, restart the job from the last checkpoint. 

1. Remove cards from hopper. 

2. Press punch start key to clear punch feed. 

3. Remove last four cards from stacker P1. The last two cards are blank; the first two should 
be discarded. 

4. Replace blank cards and cards removed from hopper in hopper. 

5. Reconstruct internal data in the system as necessary to restart at the Start 1/0 instruction 
that caused the first card removed from stacker P1 to be punched. 
Note: In some programs, reconstruction of internal data may not be provided for. 

In that case, restart the job from the last checkpoint. 

1. Examine and correct, if necessary, error card, which is last card in stacker P1. (2540 auto
matically routes error cards to stacker P1.) 

2. Place this card in appropriate stacker. 

3. Press punch start key. 

4. The 2540 will force the card following the error card into stacker P1, also. Place this card 
in the appropriate stacker. 
Note: Because the error card and the card following it are both directed to stacker P1, the 

program can correct a non-PFR punch check without operator intervention by 
repunching both cards and directing them to appropriate stackers. The operator 
can then discard all cards in stacker P1 at the end of the job. 

1. Remove cards from punch hopper. 

2. Press punch start key to clear feed. 

3. Remove last four cards from stacker P1. The last two cards are correct; pre-punching in 
the first two must be reconstructed. 

4. Place the two reconstructed cards, the two correct cards, and the cards removed from the 
hopper, in that sequence, in the hopper. 

5. Reconstruct internal data in the system as necessary to restart at the Start 1/0 instruction 
that caused the first reconstructed card to be read at the PF R station. 
Note: In some programs, reconstruction of internal data may not be provided for. 

In that case, restart the job from the last checkpoint. 

Figure 2-8. Restart Procedures--Standard and PFR Operations (Part 3 of 3) 
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2. 49 JAM REMOVAL 

Fer a descrifticn of how card jarrs can be 
cleared from the 2540, refer to IEM 2540 
Component Description and Cferatinq 
Procegures, Form A21-9033. 

2.5q EXTERNAL TO CPU F'ACILITIES (2540) 

2.50.1 RPl (READER-PUNCH DATA IN) 

Bits are shifted into this register during 
reading from read staticn 1 er f rcrr the PFR 
brushes. A move word with AS-deccde=B is 
used to move the contents cf RPl tc 
auxiliary storage. 

2.50.2 RP2 (READER-PUNCH DA~A IN) 

The same as RPl, but for the read staticn 2 
and plnch check trusbes. A move word with 
AS-decode=A is used to rrove the ccntents of 
RP2 to auxiliary storage. 

2.50.3 RS (READER BRANCH CONDITIONS) 

A rranch (on condition or on mask) word 
with AS-decode=D is used to test the 
following conditions. 

Bit: 0 
Name: Not gate read corrplete 
Valye: 0 
Siqn,ifies: No cards in read feed, er a 

card is passing read staticn 2. 

Bit: 1 
Name: Reader ready 
Valge: 1 
Siqn.if ies: The reader is in the ready 

state. 

Bit: 2 
Narr~: Reader unit excepticn gate 
Value: 1 
Signif.ies: All cards have been run out cf 

the read feed and end-of-file is en. 

Bit: 3 
Narre: Reader check 
Valu,e: 1 
Signifies: A hole-count, shift-register, 

or address check occurred in the 
reader. 

Bit: 4 
Narr§: Reader validity check 
Valu.e: 1 
SIQiiif ies: ~ore than one punch was 

detected in rows 1-7 of a single card 
column during reading in data mode 1. 

Bit: 5 
Name: Reader hardware DE 
Value: 1 
SI'Qriifies: Device-end is set on because of 

either an overrun condition or a 
not-ready to ready transition. 

Bit: 6 
Nawe: Reader status request 
Value: 1 
Signifies: set on for channel-end or 

device-end. 

Bit: 7 
Name: 1400 unit exception 
Value: 0 
SiqnitieS: The last card has passed the 

read station 2 and end-cf-file is on. 

2.50.4 PS (PUNCH ERANCH CONDITIONS) 

A tranch Con condition er en mask) word 
with AS-decode=F is used to test these 
conditions. 

Bit: 0 
Name: Punch ready 
Value: 1 
SIQi1Ifies: The punch is in the ready 

state. 

Bit: 1 
Name: Not 4-tit mod pull on 
Value: 0 
SIQiiifies: A normal run-in has occurred 

(two feed cycles). 

Bit: 2 
Name: PFR unit exception gate 
Value: 1 
SI'Qriifies: The last card has passed the 

punch station and end-of-file is on. 

Bit: 3 
Name: Punch check 
Value: 1 
SI'Qriifies: A hole count, shift register, 

or address check occurred in the punch. 

Bit: 4 
Name: PFR validity 
Value: 1 
Signifies: More than one ptmch was 

detected in rows 1-7 of a single card 
column of a card read at the PFR 
brushes. 

Bit: 5 
Name: Punch hardware DE 
Value: 1 
Signifies : Dev ice- end is set on because of 

either an overrun condition or a 
not-ready to ready transition. 
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Bit: 6 
Narr~: Punch status request 
Value: 1 
SICjiiifies: Set on for channel-end or 

device-end. 

Bit: 7 Net used 

2.50.5 RPS (READER AND PUNCH BRANCH 
CCNHTICNS) 

A t:ranch Con condition or on rr.ask) word 
with AS-decode=E is used to test these 
conditions. 

Bit: 0 
Narr§: Availatle 
Valye: 1 
Signifies: The 2540 is on line. 

Bit: 1 
~: Data a vai lab le CC SL) 
Value: 1 
S"IQii1fies: A branch conditicn during a CSL 
operation with the reader. Indicates to 
the rnicroFrogram to perform the same action 
as that occurring during reader traps. 

Bit: 2 
Valge: 1 
Siqn,if,ies: 1400 time out. 

Eit: 3 
Narr.e: 2540 P ch Trap Rqst 
Value: 1 
STQnities: Punch trap request or stacker 

conditions when using microdiagnostic 
*500. 

Bit: 4 
Nam;\: Punch brush CL 
Valqe: 1 
Sig9ifies: card at prepunch check brushes. 

Bit: 5 
Name: Punch decode D 
Value: 1 
SI<iii'Ifies: Diagnostic function. Indicates 

that data is teing sent to the punch 
out of PC in single-cycle OFeration. 

Bit: 6 
Nam§: Reader select D 
Valye: 1 
Signifies: Same as bit 5 but fer data from 

the reader brushes to RPl and RP2. 

Bit: 7 
N~rr~: Punch select D 
Valu;e: 1 
Signifies: Same as tit 6, cut for data 

frorr PFR and punch check brushes to RPl 
and RP2 .. 
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2.50.6 RPDl (DIAGNOSTIC READER/PUNCH BRANCH 
CONDITIONS) 

A branch (on condition er en mask) word 
with AS-decode=8 is used to test these 
conditions. 

Bit: 0 
Name: Tens AR A 
Value: 1 
SIQilif ies: Address for brushes or punch 

magnets. 

Bit: 1 
Name: Tens AR B 
Value: 1 
Signifies: Same as bit O. 

Bit: 2 
Name: Tens AR c 
Value: 1 
Signifies: same as bit o. 

.fil:t: 3 
Name: Tens AR D 
Value: 1 
Signifies: same as bit 0. 

Bit: 4 

~= Tens AR E 
Value: 1 
Signifies: Sarre as bit o. 

Bit: 5 
Name: Pch Address Reg Check 
Value: 1 
SiQ!iif ies: Address check in diag op. 

Bit: 6 
Name: Pch overrun check 
Value: 1 
SIQilifies: Punch over~un in diag op. 

Bit: 7 
Name: Pch shifting reg sync check 
V.alue: 1 
Siqnif ies: Shift register check in 

diagnostic operation. 

2.50.7 RPD2 (DIAGNOSTIC READER/PUNCH BRANCH 
CCNDITIONS) 

A tranch (on condition or on mask) word 
with AS-decode=9 is used to test these 
conditions. 

Bit: 0 
Name: Unit AR A 
Value: 1 
SIQnif ies: Address for brushes or punch 

magnets. 

Bit: 1 
Name : Uni ts AR B 
Value: 1 
SIQnifies: Same as bit O. 



Eit: 2 
Narre: Units AR c 
Valqe: 1 
signifies: Same as tit o. 

Bit: 3 
Name: Units AR D 
Val ye: 1 
Signifies: Same as bit o. 

.fill::.: 4 

~= Units AR E 
Value: 1 
signifies: Same as tit o. 

Bit: 5 
Narre: Reader address reg check 
Value: 1 
Signifies: Aadress check in diag op. 

Bit: 6 
~: Reader overrun check 
Value: 1 
SIQiiifies: Reader overrun in diag op. 

Bit: 7 
Nam§: Reader shift reg sync check 
Valge: 1 
Signifies: Shift register check in 

diagnostic operation. 

2.51 CPU TO EXTERNAL FACILI~IES (2540) 

The following are set en or cff by rreans cf 
a set/ reset word in which the cs decode has 
the value listed. 

2. S..1. 1 R K (CS DECCDE 

Bit: 0 
Nam~: Reader check 
Valge: 1 

E) 

Signifies: Set on to indicate a hole-ccunt 
error in reader. 

Bit: 0 
Name: Reader check 
Val9e: 0 
Signi~: Reset reader sense byte. 

fil.:!i: 1 
~: Read feed 
Valqe: 1 
Sig9ifies: Signals reader to feed cards. 

Bit: 2 
Nam~: Read select stacker R2 
Value: 1 
SIQiiif.ies: Sets up for stacker selecticn 

in R2. 

Eit: 3 
Narre: Read select stacker R3 
Valqe: 1 
Signifies: Same as tit 2, but for stacker 

R3. 

Bit: 4 
Name: Validity check 
Value: 1 
Siqilif ies: Set on when rrcre than one hole 

is read from columns·l-7 of a single 
card column in the reader. 

Bit: 5 
~: Sense set reader 
Value: 1 
Siqilif ies: Sets reader-check light on if 

bit O is on. 

Bit: 6 
~: Reader status latch 
Value: 1 
Siqilif ies: Set at channel-end or 

device-end so that reader can request 
to present status in channel OIB. 

Value: 0 
SIQ!iif ies: Reset reader status and reader 
queued latches. 

Bit: 7 
Name: Reader queued 
Value: 1 
SIQi1If ies: Blocks attachment from sending 

reader status to channel OIB (Interrupt 
Buff.er). 

Value: O 
SIQrrif ies: Reset reader device-end. 

2 .• 51. 2 p K (CS DECODE F ) 

Bit: 0 
Name: Punch check 
Value: 1 
SIQi1Ifies: Set on to indicate a hole-count 

error in the punch; turns punch-check 
light on. 

Eit: 0 
Name: Punch check 
Value: 0 
SIQ!iifies: Resets punch sense byte. 

Bit: 1 
Name: Punch feed 
Value: 1 
Sicinifies: Signals the fUnch to feed 

cards. 

Bit: 2 
Name: Punch select stacker P2 
Value: 1 
SICjiiifies: Sets up for stacker selection 

in P2. 

Bit: 3 
Name: Punch select stacker P3 
Value: 1 
Signifies: Sarr:e as bit 2, but for stacker 

P3. 
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Bit: 4 
Narre: PFR validity check 
Valge: 1 
Sign;if,ies: Set on when more than one hcle 

is read by the PFR brushes. f rcrr 
columns 1-7 of a single card column. 

Eit: 5 
~: Punch restart gate 

( PFR write and feed comd) 
Valye: 1 
Sign,if.ies: Prevents rerun-in cf 3 cards; 

provides for norrral run-in cf 2 cards 
after a PFR write and feed command in 
which a feed check occurred, or a feed 
check and a punch check occurred 
simultaneously. 

Bit: 6 
Name: Punch status latch 
Valye: 1 
Signifies: Set at channel-end er 

device-end so that punch can request to 
present status in channel OIB. 

Value: 0 . 
Signifies: Reset device-end, punch status, 

and punch queued latches. 

Bit: 7 
Nam~: Pch queued 
Valge: 1 
Signifies: Blocks attachrrent f rcrr sending 

punch status to channel OIB. 

2.51.3 RP = K (CS DECODE D) 

Bit: 0 
Narr.§: Unit-exception status reader 

accepted. 
Valye: 1 
Signifies: Indicates to reader circuits 

that reader ready can te turned off 
<i.e., the last card has been read and 
stacked on an end-of-file o~eraticn and 
unit-exception status has then been 
accepted by channel 0). 

Bit: 1 
NarrQ: 1400 latch 
Value: 1 
Signif-ies: ca uses a delayed feed fer 1400 

operations. Value 0 not used. 

Bit: 2 
Narr§: Reader card interlock 
Value: 1 
Sig9if ies: Set on when any 

accepted by the reader. 
device-end is sent, for 
channel OIB. 

Bit: 3 
Name: Reader machine check 
Value: 1 

corrrrand is 
Resets when 

the command, to 

SIQiiities: Machine check occurred during 
reader trap microprogram. Value O not 
used. 
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Bit: 4 
Name : Punch c.ommand interlock 
Value: 1 
SIQilifies: same as bit 2, but for the 

punch. 

Bit: 5 
Name: Punch rr.achine check 
Value: 1 
SIQilifies: Machine check occurred while 

microprogram was in a punch trap. 
Value 0 not used. 

Bit• 6 
VaI~e: 1 
SIQiiifies: Reader device-end. 

Bit: 7 
Value: 1 
SIQiiif ies: Punch device-end. 

2. 51.4 D K (CS DECODE 9) 

Bit: 0 
Name: R/P diagnostic latch 
Value: 1 
SIQnif ies: Allows other diagnostic 

external lines to function. 

Bit: 1 
Name: R/P diagnostic singleshot 
Value: 1 
SIQiiifies: Sirr.ulates reader or punch scan 

impulse to start read or punch Ci. e., 
shifting into RP1 and RP2 or out of 
PO). 

Bit: 2 
Name: R/P diagnostic single cycle 
Value: 1 
SIQilifies: Allows bits to be shifted one 

at a time through RPl and RP2 or PO. 

Eit: 3 
Name: Diagnostic reset shift reg <reset) 
Value: 1 
Signifies: Simulates a machine reset. 

Bits: 4,5,6,7 Not used 

2.51.5 PC (CARD-PUNCH DATA OUT) 

Bits are set into this 8-bit register from 
P (punch image area of auxiliary storage). 
From PC the tits are then shifted out to 
the punch magnet latches during punching. 
A storage word with AS-decode=F is used to 
load PC from the punch-irrage area of 
auxiliary storage. 



Section 1 E. Channel Procedures 

2.52 MULTIPLEXER CHANNEL DEVICE ADDRESSING 

The mul tii;:lexer channel address .<eight 
high-order bits of the 16-bit address> is 
00 hex. Device addressing en the 
rrultiplexer channel depends upon how a 
device and its control unit operate with 
the channel. The Model 25 multiplexer 
channel has 32 subchannels, each cf which 
is associated with an individual device 
address. For devices that have their own 
central unit self-contained, and fer 
ccntrol units that operate two or more 
devices simultaneously (such as the 2821), 
individual subchannel addresses are 
assigned to each device. These addresses 
are designated with a 0-bit in the 
high-order position of the device address. 
All of the 32 subchannels can be assigned 
to individual control units using the 
addressing sho~n in Figure 2-9. 

Subchannel Device Address 
(UCW) Binary Hex 

0 0000 0000 00 
to to to 
31 0001 1111 1F 

Figure 2-9. subchannel Addresses 

For a third class of control units that 
can operate two or more devices of which 
only one can operate at a time, a single 
subchannel can be used with a special 
addressing scheme. The first eight 
subchannels also can te addressed and 
operated as shared subchannels. In this 
case, the 0-tit position of the device 
address is set to 1. The rerraining three 
bits of the high-order cyte are used to 
designate the subchannel instead of the 
normally used three tits in the low-order 
byt~. The bits of the low-order byte are 
then used to designate the device address. 
The comparatle addresses for use of the 
subchannel as individual control unit and 
as shared control unit are shown in Figure 
2-10. 

In assigning device addresses, be 
careful that a single subchannel is not 
addressed by both its individual address 
and by its shared address. If this were to 
hai;pen, the operation data in the ucw could 
be accessed by both device ci;:eraticns and 
result in transmission errors for both 
devices. In addition these addresses 
shruld not te assigned to any of the 
integrated I/O devices assigned tc channel 
0 in a rranner that would prevent the use cf 
a UCW as either in<li vi dual or shared. An 
example of this lockout would be the 

addressing the 2540 Reader as 01 and the 
2540 Punch as 9X. Any atterrpt to use 
either of these addresses for channel 
devices would result in cperating either 
the reader or punch of the 2540. The 
channel UCW-1 could not be used for the 
channel tecause the 2540 is selected first. 
The integrated I/0 devices have their own 
UCWs. 

Individual Shared 
C.U. Address C.U. Address 

ucw Binary Hex Binary Hex 

0 0000 0000 00 1000 xx xx ax 
1 0000 0001 01 1001 xx xx 9X 
2 0000 0010 02 1010 xx xx AX 
3 0000 0011 03 1011 xx xx BX 
4 0000 0100 04 1100 xx xx ex 
5 0000 0101 05 1101 xx xx DX 
6 0000 0110 06 1110 xx xx EX 
7 0000 0111 07 1111 xx xx FX 

Sharn Bit~ :!=:J IJ T UCW Address Bits 
Device Address 

Figure 2-10. subchannel Addresses 
Individual and Shared Control 
Unit 

2. 53 SELEC'IOR CHANNEL DEVICE ADDRESSING 

The selector channel address (eight 
high-order tits of the 11-bit address> is 
01 hex. Device addressing en the selector 
channel may in theory be any of the 256 
possible bit corrbinaticns. The addressing 
is limited at two points by the integrated 
disk storage devices that are also assigned 
to channel 1 and addresses 9X (Hex>. The 
value of X ranges from 0 to 3 for the four 
possible disk drives. The remaining 
addresses have no special significance in 
the processing unit, and rray be assigned as 
required l:y the prog~am for the selector 
channel devices. 

2.54 CHANNEL AND UNIT ADDRESSING 
RESTRICTICNS 

No more than one addressing bit structure 
can be assigned tc a si;:ecific I/O unit. 
Also, the same unit address may not be 
assigned to two or roore devices. 

2.54.1 CHANNEL 1 

When the BURSTCH (selector channel) core 
load is loaded, device addresses 00 through 
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FF are valid. Integrated 2311 units 
hcwever, can be Ox-Fx and consume sixteen 
of these 256 possible address corrbinaticns. 

2.54.2 CHANNEL 0 (EXCEPT 16K AND 24K 
SYSTEMS WITH BCTH THE ~PX CHANNEL .AND ICA 
FEATURES) 

When the standard interface channel feature 
is installed and the BYTECH (rrultiplexer) 
ccre load is containea in control storage 
on 32K and 48K systerrs, the f cllowing 
device aaaresses rr.ay te usea. 

usage 
Device 
AddJ;e§.S 
00-lF 

20-3F 

MPX Channel single-unit adapter 
(SUA) addresses 

Co~munications attachment 
addresses* 

40-7F 
80-FF 

Invalid (conditicn code 3) 
MPX channel multiple-unit adapter 

(f.'.UA) addresses 
00-FF Integrated 1052, 1403, and 2540** 

* If the Integrated communications 
Attachment CICA) feature is net 
installed, USE Of these aadresses 
results in condition code 3. 

** Althcugh these integrated attachment 
features can use any aaaress (00-FF), 
they should be assigned an address 
outside the ranges allocated for the MPX 
addressing capabilities cf these 
facilities are not decreased. 

0 7 8 

0 SUA 00 or MUA 8x SUA 10 

1 SUA 01 or MUA 9x SUA 11 

2 SUA 02 or MUA Ax SUA 12 

3 SUA 03 or MUA Bx SUA 13 

4 SUA 04 or MUA Cx SUA 14 

5 SUA 05 or MUA Ox SUA 15 

6 SUA 06 or MUA Ex SUA 16 

7 SUA 07 or MUA Fx SUA 17 

8 SUA OB SUA 18 

9 SUA09 SUA 19 

A SUA OA SUA 1A 

B SUA OB SUA 1B 

C SUA OC SUA 1C 

D SUA OD SUA 10 

E SUA OE SUA 1E 

F SUA OF SUA 1F 

*(Except 16K and 24K Systems 
having both MPX and ICA 
features) 

F 

Figure 2-11. *Auxiliary Storage Module 2 
(Channel) 
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Figure 2-11 is a map of auxiliary 
storage module 2 shewing single-unit 
addresses and multiple-unit addresses 
(inside the figure>, and the corresponding 
UCW addresses (figure cccrdinates), for 
systems except 16K and 24K systems having 
l:oth the MPX channel and ICA features. 

Eight ucws (00-07) can be used either l:y 
SUA or MUA device addresses. Thirty-two 
subchannels are available (Figure 2-12). 

MUA SUA 
Device Device Corresponding 
Add rs Add rs UCW Address 

Bx 00 00 
-- 10 08 
9x 01 10 
-- 11 18 
Ax 02 20 

-- 12 28 
Bx 03 30 

-- 13 38 
Cx 04 40 
-- 14 48 
Ox 05 50 
-- 15 58 
Ex 06 60 
-- 16 68 
Fx 07 70 

-- 17 7B 
-- 08 80 

-- 1B 88 

-- 09 90 
-- 19 9B 
-- OA AO 
-- 1A AB 

-- OB BO 

-- 1B B8 
-- oc co 
-- 1C C8 
-- OD DO 

-- 10 DB 
-- OE EO 

-- 1E E8 

-- OF FO 
-- 1F F8 

*For all versions except the 
Combinational Versions 
of ICA and MPX Channel 
and 16K or 24K Program 
Storage 

Figure 2-12. *UCW Allocations (Channel> 

The device address is used to develop 
the ucw address (except for 16K and 24K 
systems having both the rrultiflexer channel 
and ICA features) as shown in Figure 2-13. 



For single-unit addresses (SUA), A=O, B=O, 
C=O for MPX, and C=l for ICA: 

Device Address 

UCW Address 

For multiple-unit addresses (MUA), A=l, and 
E, F, G. and H are ignored: 

Device Address 

A B c D E F 

0 0 0 

UCW Address 

* Except for 16K and 24K systems having 
both the multiplexer channels and ICA 
features. 

G 

0 

H 

0 

Figure 2-13. *UCW Formulation (Channel) 

2.54.3 CHANNEL 0 (16K AND 24K SYSTEMS WITH 
BO'lll THE MPX CHANNEL AND ICA FE~TURES) 

When the standard interface is Cferated on 
16K and 24K system as a multiplexer channel 
(BYTECH loaded), the following device 
addresses are used. 

Device 
Address 
00-07 
08-0F 
10-17 
18-1F 
20-27 
28-7F 
80-FF 
00-FF 

Usage 
Invalid* 
MPX channel SUA UCWs 
Invalid 
MPX channel SUA UCWs 
Comrr:unications UC.Ws/LCWs** 
Invalid 
~PX channe 1 MUA UCWs 
Integrated 1052, 1403, & 2540*** 

* Invalid addresses cause setting of 
condition code 3. 

** If the ICA feature is not installed, 
these addresses are invalid. 

*** Unit addresses for these devices should 
not be assigned in the ranges reserved 
for the MPX channel er ICA feature. 

Figure 2-14 gives the UCW allocations 
for the multiplexer channel and integrated 
communications feature for llK and 24K 
systems having both these features. 
Multiple-unit addresses (80-FF) and the 
corresponding single-unit addresses C18-1F) 
are mutually exclusive. Sixteen MPX 
subchannels are available with this system 
configuration. 

MUA SUA 
Device Device Corresponding 
Add rs Add rs UCW Address Feature 

9x 1S co MPX 
Cx 19 cs Channel 
9X 1A DO 
Dx 1B DS 
Ax 1C EO 
Ex 1D ES 
Bx 1E FO 
Fx 1F FS 
-- OS 40 
-- 09 4S 
-- OA 50 
-- OB 5S 
-- oc 60 
-- OD 6S 
-- OE 70 
-- OF 7S 

(UCW) LCW 

-- 20 so 00 lntegr. 
-- 21 SS OS Comm. 
-- 22 90 10 Attach. 
-- 23 9S 1S (ICA) 
-- 24 AO 20 
-- 25 AS 2S 
-- 26 BO 30 
-- 27 BS 3S 

Figure 2-14. MPX and ICA UCW Allocations 
for 16 K and 24K systems 

Figure 2-15 represents a map of 
auxiliary storage module 2 for 16K and 24K 
systems having both the MPX and ICA 
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features. It shows the SUA, MUA, and ICA 
device addresses and the corresfonding ucw 
addresses. 

0 7 8 
0 ICA ICA 

1 ICA ICA 

2 ICA ICA 
3 ICA ICA 

4 SUA08 SUA 09 

5 SUAOA SUA 08 

6 SUAOC SUAOD 

7 SUAOE SUA OF 

8 ICA ICA 

9 ICA ICA 

A ICA ICA 

B ICA ICA 
C SUA 18 or MUA 8x SUA 19 or MUA 9x 

D SUA 1A or MUA Bx SUA 18 or MUA Bx 
E SUA 1C or MUA Cx SUA 1D or MUA Ox 

F SUA 1E or MUA Ex SUA 1F or MUA Fx 

*Auxiliary storage module 2 for 16K and 24K 
systems with both the MPX and ICA features 

F 

Figure 2-15. *Auxiliary Storage Mcdule 2 
(Channel) 

The algorithm used to tuild ucw 
addresses from device addresses for this 
system configuration differs from other 
versions., as shown in Figure 2-16. 

2.54.4 ASSIGNING INTEGRATED 1052, 1403, 
2311, AND 2540 DEVICE ADDRESSES 

The microrrogram assemtler system (MAS) 
assigns the device addresses shewn in 
Figure 2-17. These standard addresses are 
placed in fixed auxiliary storage locations 
by the CSI deck. 

The device addresses for the integrated 
attachrr.ents can te anywhere within the 
range of 00 through FF. 'Ihe address to be 
used for any integrated attachment can be 
changed by changing the contents of the 
auxiliary storage location specified for 
that device in Figure 2-19. 

MAS inserts FF in the auxiliary storage 
location for any of these optional 
attachment features not selected in the 
Far.ticular core load. 

Putting FF in the auxiliary stcrage 
location for devices not included in the 
core load inhibits the use cf FF as a 
device address for any device on the same 
channel. 

If FF is desired as a valid device 
address, the CE or SE must reflace the FF, 
inser.ted 1:y ~AS for all attachment features 
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not included, with any unused device 
address. This can be done by punching a 
card with the beginning data address, 
length of data field, and data to be loaded 
and by inserting the card in the ~AS core 
load deck. The detailed instructions for 
preparing additional CSL cards are 
presented at the beginning of the BCPL 
microprogram routine. 

For single-unit addresses (SUA), A=O, B=O, 
C=O for MPX, and C= 1 for I CA: 

Device Address 

UCW Address 

For multiple-unit addresses (MUA), A=l, and 
E, F, G, and H are ignored: 

Device Address 

A B F G 

0 0 

UCW Address 

* For l6K and 24K systems having both 
the MPX and ICA features. 

H 

0 

Figure 2-16. *UCW Formulation (Channel) 



Standard AS-Location 
Device of Device 
Address Address 

ChnlO 1052 Printer- 1F 0084 
Keyboard 
2540 Reader oc 0085 
2540 Punch OD 0086 
1403 Printer OE 0087 

Chnl 1 2311 Disk 0090 0084 
Storage 
Drive (con-
trol unit 
address) 

Figure 2-17. Standard Integrated 
Attachrrent Device Addresses 
and AS-I.ocaticns 

2. 55. MUI.TIPI.EXER-CHANNEI. UNIT CONTROL WORDS 

A UCW (unit control word) ccntains the 
infonnaticn necessary to sustain an I/O 
cperaticn for a device. !he ucw format for 
Channel-0 devices operated through the 
standard I/O interface is shown in Figure 
2-18 and Figure 1-68. 

Byte 
0 1 2 and 3 4and 5 6 and 7 

Chnl Flags Data Address Cnt Next CCW 
Status and Op Address 

Unit Status Unit Addrs 
at I nterru pt at Interrupt 

Note: Fields in this figure are defined in the associated text. 

Figure 2-18. Channel-0 ucw Format 
(Standard I/C Interface) 

The number of ucws available fer devices 
attached to channel O via the standard I/O 
interface depends upon: 
1. the ~rogram-storage size, and 
2. the optional features installed on the 

system. 
Fer 16K and 24K systems with t:oth the 
multiplexer channel and integrated 
communications attachrrent features,, 16 UCWs 
are availatle for the multiplexer channel. 
For all other systeres, 32 UCWs are 
available for the multiplexer channel. 

These UCWs are in additicn tc the ucws 
allocated for the integrated 1052, 1403 
2540 reader, 2540 punch, and communications 
lines. 

The follo~ing definitions afply to the 
111cst corrrnon usage of the UCW bits <Figure 
2-18). Refer to the rr.icroprcgrarr listings 

for exceptions during execution of various 
channel roicrofrograro routine. Unless 
otherwise noted, the bit value is 1. 

2.55.1 CHANNEL STATUS (EYTE 0) 

Bit ~eaning 

O *Secondary 
1 Incorrect length 
2 Program check 
3 Protection Check 
4 **Channel data check 
5 Channel control check 
6 Interface control check 
7 *Interrupt in interrupt buffer 

*Bits 0 and 7 indicate the following. 
0 7 Indicate 
0-0 Handling data, excepting data 
0 1 Handling data, excefticn status 
1 0 Status queued at I/O device 
1 1 Status in IB (Interruft Buff er) 
** Channel data check can be set on only 

during input cperaticns. The parity 
check is detected in the CPU 
A-register, and no rrachine check 
occurs. 

2.55.2 OP-FLAG (BYTE 1) 

Bit Meaning 
O CDA (data chain in progress) 
1 cc (command chain in frogress) 
2 SLI (Suppress Length Indication) 
3 SKIP 
4 PCI (Program Controlled Interruption> 
5 *Active 
6 **Op 1 
7 **Op 2 

* The active tit is on from the time that 
an operation is initiated at the device 
associated with the UCW until 
channel-send of the Cferation Ci.e., 
such as for the last command of a 
command chain) has been stored in the 
csw. 

** Op-0 and Cp-1 signify (when the active 
l:it=l) : 

§___]_ Indicate 
0 0 Count zero (expecting channel-end) 
O 1 Output command <write or control) 
1 0 Read forward command <read or sense) 
1 1 Read backward command (read backward) 

2.55.3 DATA ADDRESS (BYTES 2 AND 3) 

Two l:ytes are used to maintain the current 
data address for the corrrrand operation: any 
System/360 Model 25 program-storage 
location can be Sfecified with a tYJO-byte 
address. 
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When status (channel-end) is t=resented 
by the device for the operaticn, the unit 
status byte is Flaced in the high-order 
address l:yte location. The device address 
is placed in the low-order address byte 
lccation. (The data address is no longer 
needed at that time.) 

2.55.4 COUNT (BYTES 4 AND 5) 

These two tytes contain the current count 
for the operation. 

2.55.5 NEXT CCW ADDRESS (BYTE 6 AND 7) 

These two bytes contain the address of the 
next ccw. 

2.56 SELECTCR CHANNEL CCNTROL INFORMATION 

The inf orrraticn necessary to sustain an I/O 
operaticn on the selector channel is kept 
either in the IS-register reserved for the 
channel cu. v. G, and D in zone 7) or in 
K-addressable auxiliary storage locations. 

The channel status, op-flag byte, count, 
and data address are kept in the and data 
address are kept in the channel 
IS-registers. 

The next ccw address is keFt in 
K-addressatle auxiliary storage because 
this information is needed only if corrrrand 
chaining er data chaining is performed. 

2.56.1 CHANNEL STATUS (IS ZCNE 7 REGISTER 
GO) 

Eit 
0 
1 
2 
3 
4* 
5 
6 
1** 

Meaning 
Program-control interruption 
Incorrect length 
Prcgram check 
Protection check 
Channel data check 
Channel control check 
Interface control check 
Initial status received. 

* This bit is meaningful only when the 
burst latch is on. When cff. this bit 
indicates that the channel is handling 
data, expecting data. When on, it 
indicates that data transfer is ccrrFlete 
and channel-end has teen presented by 
the I/C device. 

** Channel data check can te set on only 
during input operations. '!be t=arity 
check is detected in the CPU A-register; 
no machine check occurs. 
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2.56.2 OP FLAG (LS ZONE 7 REGISTER Gl) 

Bit Meaning 
0 CDA (chain data in progress} 
1 cc C command chain in progress> 
2 SLI (suppress length indication) 
3 Skip 
4 PCI Cprograrr. controlled interruption) 
5* General purpcse 
6** Op 1 
1** Op 2 

* This bit is used to stcre various 
indications and conditions at different 
points in the rricrofrcgram routines. 

** When the burst latch is on, the Op-1 and 
Op-2 bits have the following 
significance. 

.£ l 
0 0 
0 1 
1 0 
1 1 

Meaning 
Count zero (excepting channel end) 
Output command (write or control) 
Read forward corrmand (read or sense} 
Read tackward command (read backward) 

2.56.3 DATA ADDRESS (LS ZONE 7 REGISTER V) 

TWO bytes are used to maintain the correct 
data address for the corrrrand operation; any 
System/360 Model 25 program storage 
location can be Sfecified with a 2-byte 
address. 

When channel-end status is presented by 
the device for the operation, the unit 
status is placed in the high-order 
address-byte location (the data address is 
no longer needed at this tirrie). 

2.56.4 COUNT (IS ZONE 7 REGISTER U) 

These two bytes contain the current data 
count for the operation. 

2.56.5 NEXT CCW ADDRESS (AUXILIARY STCRAGE 
LOCATION 008A) 

These two bytes contain the address of the 
next ccw. 

2.57 CHANNEL ERROR-HANDLING PHILOSOPHY AND 
LOOOUT 

Error conditions that can be detected by 
the Model 25 channel interface are: 
1. Incorrect Length 
2. Program Check 
3. Protection Check 
4. Channel Data Check 
5.. Channel Control Check 
6. Interface Control Check. 
These error conditions are discussed in the 
System/360 Principles of Operation. 



2.57.1 CHANNEL STATUS BYTE 

Channel status tits, stored in the CSW for 
Medel 25 channel operations, are defined as 
follows .. 

Incorrect length (Bit 41): This condition 
is tested at channel- end time. The 
suppress incorrect length flag causes this 
indication to te suppressed. 

Proqra.m Check (Bit 42): All prcgrarr checks 
(except when the data address used exceeds 
the installed program storage capacity) are 
detected by the rricroprograrr. 

Program checks caused by attempting to 
address a program storage lccaticn abcve 
the installed capacity are detected by 
circuitry. 

Prct,ecti;on Check (Bit 43): lJ circuitry 
test is roade for this condition. In the 
Model 25, a protection check can occur only 
when data is teing stored into ccre 
storage; that is, only when a read er sense 
is being executed. 

Channel Data Check (Bit 44): This 
condition is detected by setting a 
circuitry latch whenever the ~us-in is 
being stored or gated into local storage or 
core storage. If incorrect parity exists 
during such an operation, the channel data 
check bit is set on. 

If the latch is set when unit status er 
unit address is l:eing gated into local 
storage (because of incorrect parity), an 
interface control check is indicated. 
Also, see Section 2. 57. 2. 2 for errors that 
ar:r:ly tc the integrated attachments. 

Channel control checks can occur only 
when the CPU check control switch is in the 
process position. When this switch is in 
the disable position, the check is ignored. 
When in stop, a hard stop occurs in the 
microprogram step in which the error 
occurred. The appropriate error lights are 
turned en. 

Channel Central Check (Bit 45): This error 
indicates that a mactine check occurred 
during a channel-high or channel-low 
priority trap (~~SK tit 0 or 2 on). 

Interface Control Check (Eit 46): Except 
as noted in the Channel Data Check section 
Cunit status or address), this cenditicn is 
detect ea ty microprogramming. 

Chaining Check (Bit 47): This indication 
is not us ea on the ~odel 25. 

2. 57. 2 LOGOUT 

The channel perfonns a logout for two types 
of errors: 
1. Channel Control Check Clogged 

synchronously on the 1052), and 
2. Interface Control Check (logged 

asynchronously in rrain storage). 

2.57.2.1 Channel Control Check Logout 

The channel rricrcFrcgrarr initiates a logout 
en the 1052 only on channel control checks. 
A channel control check is a machine check 
while in a channel high or low priority 
trap. 

The logout is as follows, When a channel 
control check trap occurs, this routine 
stores into the prograrr storage starting at 
hex location 80 and pr in ts out on the PR-KB 
(console printer-keyboard) through the ALDP 
routine, the following information. 

80 
81 
82 
83 
84-85 

Trap priority register CMMSK) 
Branch condition register (BA) 
Machine- check register (MC) 
Error Count 
Backup Address. Address of the 
microword where the machine check 
occurred. 

Trap Priority CMMSK) Register 

Bit 0 
1 
2 
3 
4 
5 
6 
7 

Channel high pricrity trap 
2311 Disk Control trap 
Channel low pricrity trap 
2540 Reader trap 
2540 punch trap 
Communication bit service trap 
Corrmunication character service trap 
Level-1 priority held. 

Branch Condition (BA) Register 

Bit 0 Channel- 0 Interrupt Latch 
1 Mode Bit O 
2 Mode Bit 1 
3 Mode Bit 2 
4 IPl Latch 
5 LS Zone Bit 0 
6 LS Zone Bit 1 
7 LS Zone Bit 2. 

~achine Check (MC) Register 

Bit 0 
1 
2 
3 
4 
5 
6 
7 

File Cantrel Check 
Storage Protect Parity Check 
Storage Address Parity Check 
Control VJord Parity Check. 
storage Data Parity Check 
ALU Error Check 
A-Register Parity Check 
B-Register Parity Check. 

Machine-check trap occurs only if the 
M-bit (bit 13) of the PSW is on. 
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Because the logout latch is set here. no 
CPU instruction is executed before the 
printout of the logout area is ccrrFleted. 

Any Frevious PR-KB operation in process, 
such as alter/display dist:lay, instruction 
step address typeout. or nornal 1052 
functions. are terminated. 

When a machine check or channel control 
check is detected. ~~SK bit 9 is set and 
rerrains set until the check is subsequently 
logged out on the 1052. If a seccnd 
rr:achine check or channel control check 
occurs while MMSK-9 is still en. the CPU 
clcck is stofpea with the appropriate error 
light on. 

Hardware forced 
machine-check trap 
to BMCK routine 

Set logout latch 

Channel control check on 
an integrated attachment 
or a CPU machine check 

Yes 

Yes 

Yes 

Hard stop with error 
lights on 

Reset tags ·out and clear 
1/0 interface 

Load interrupt buffer 

The flowchart in Figure 2-19 shows the 
channel control check OFeraticn. This 
check can occur only when the check control 
switch is set tc the frccess FOSition. 

2.57.2.2 Interface Control Check Logout 

The channel performs an asynchronous logout 
in main storage when an interface control 
check is detected by the microprogram. The 
following information is legged. 

Yes 

Yes 

Microprogram • detected 
interface control check 

Store 00 unit status, 
store Interface control 
check channel status, 
set CC1, and return 
to I-cycles 

Select device, queue unit 
status at device, and leave 
channel status in channel 
or subchannel 

Return from channel trap Return from channel trap 

Figure 2-19. Channel Control Check Flowchart 
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Stcrage 
Location 
80 

Contents 
Trap priority register CMMSK) 
Branch condition register CEA) 81 

82 
83 

84 
85 
86-87 

GS channEl External conditions 
Error count (6 Eits 1 2-7; Bits O, 

1=11) 
GT channel external ccnditicns 
GD channel External conditions 
Unit identificaticn halfwcrd. 

~rap Priority (~~SK) Register 

Bit 0 
1 
2 
4 
5 
6 

7 

Channel high priority trap 
2311 Disk Control traf 
Channel low priority trap 
2540 Punch trap 
Communication Bit service trap 
Ccrrmunications character service 

trap 
I.evel-1 priority hold. 

Branch Condition (BA) Register 

Bit 0 Channel-0 Interrupt I.at ch 
1 Mode Bit 0 
2 Mode Bit 1 
3 Mode Bit 2 
4 IPI I.a tch 
5 LS zone Bit 0 
6 LS Zone Bit 1 
7 IS Bit 2. 

GS Channel External Conditions 

Bit 0 
1 
2 
3 
4 
5 
6 
7 

Data chain request 
Bufferea device latch 
Channel-1 burst latch 
channel parity-error latch 
Initial selection latch 
Channel-1 interruption latch 
Spare 
Suppress control latch 

GT Channel External Conditions 

Bit 0 
1 
2* 
3* 
4 
5 
6 
7 

Address in 
Not select-in 
Service-in 
Status-in 
Operational-in 
Not request-in 
Channel identification latch 
channel diagnostic latch 

* Service-In and Status-In conditions from 
the interface are detectable in GT only 
if neither Command-Cut nor Service-Out 
have yet teen trought up in response to 
service-In or Status-In. 

GD Channel External Conditions 

Bit 0 
1 
2 
3 
4 
5 
6 
7 

Opera tiona 1-cut 
service-out 
Address-cut 
command-out 
Spare 
Select-out 
Spare 
suppress-out 

Unit Identification Halfword 

Byte 0 
Bits 
0 1 2 
000 
0 0 1 
0 1 x 
1 0 0 

Meaning 
Integrated 1052, 1403, or 2540 
Multiplexer channel 
Selector channel 
Integrated communications attachment 

If bits 0-2 indicate the MPX channel 
feature, bits 3-6 are used for various 
functions under microprogram control. 

If bits 0-1 indicate the selector 
channel feature, bits 2-6 are used as a 
timeout counter for interface sequences. 

Bit 7 is used to indicate whether any 
unit or channel status rray be stored 
directly in a CSW, or whether the 
interruption rr:ust be put in the interrupt 
tuf fer and subsequently cleared by an I/O 
instruction or an I/O interrupt. 

Byte 1, for the selector channel or 
multiplexer feature, contains the current 
device address. 

GA (Channel Conditions) 

A set/reset word with CS-field=B is used to 
set or reset bits in GA. The set/reset bit 
in the set/reset word is ignored whether 
the bits are to be set or reset. The K-bit 
values determine which tits are set or 
reset. If a K bit=l, the corresponding bit 
in GA is set; if a K bit=O, the 
corresponding bit in GA is reset. 

Eit Meaning 
-0- Selective reset. Drops 

operational-out for 6 microseconds. 
1 Service-out 
2 Address-out 
3 Command-out 
4 Initial selection (Inhibits 

low-priority traps during an initial 
selection sequence. That is, data 
or chaining traps for channel O, 
chaining or status traps for channel 
1.) 

5 Select-out 
6 Channel reset (diagnostic). Resets 

channel latches. 
7 Spare 
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2.58 STANDARD INTERFACE HARDWARE 

The standard interface hardware is 
identical for the multiplexer or selector 
versions of the channel. The function cf 
the channel (multiplexer or selector) 
depends entirely upon the rricro~rcgrarr 
(EYTECH er BURSTCH). 

Figure 2-20 is a surr~ary cf GA- and GB
register definitions. 

GA Register GB Register 

KHO 8 Not Op-Out (Set Only) Data Chain Request Latch 

KH1 4 Service-Out (Set/Rst) Chnl ID Latch 
(Chnl 0 if O; Chnl 1 if 1) 

KH2 2 Address-Out (Set/Rst) Burst Latch 

KH3 1 Command-Out (Set/Rst) Set Buffered Device Latch 
if 1; Reset Chnl Par-Error 
Latch if 0 

KLO 8 Initial Selection (Set/Rst) Channel Diagnostic Latch 

KL1 4 Select-Out (Set/ Rst) Chnl 1 Interrupt Buffer 

KL2 2 Diagnostic Chnl Reset Not Used 

KL3 1 Not Used Suppress-Out Control 

Figure 2-20. GA- and GB-Register 
Definitions 

ijote: All of the GA and GE latches rray 
be displayed in one of the GS, GC, GT, er 
GE/IN channel external displays (see Figure 
2-21) .. 

Display Bit GS=C GT=D GD=E 

0 Data Chain Reg Latch Addrs-1 n Op-out 

1 Buffered Dev Lat NotSel In Serv-Out 

2 Burst Lat Serv-ln Ad rs-Out 

3 Chnl Par Ck Lat Stat-In Cmd-Out 

4 Initial Selection Op-In Spare 

5 Chnl 1 IB Not Reg In Se I-Out 

6 Spare Chnl ID (Sel) Spare 

7 Supp Ctrl Latch Channel Diag Suppress Out 
Lat 

Figure 2-21. Display of GA and GE External 
Facilities 

2.59- EXTERNAL 'IO CPU FACILI'IIES (CHANNEI.) 

2. 59.1 GS (CHANNEL BRANCH CONDITIONS.) 

A branch Con condition or rrask) wcrd with 
AS-decode=c can te used to test the 
following conditions. Unless otherwise 
ncted. a tit must te on (set to 1) for the 
meaning to be applicable. 
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GS 
Bit 
0 
1 
2 

3 

4 

5 

6 
7 

On If 
GBO=l 
GB3=1 
GB2=1 

GA4=1 

GB5=1 

GB7=1 

Meaning 
Data chain request latch 
Buffered device latch 
Burst latch (used only for 
channel 1; signifies that a 
burst operation is in 
progress>. 

Channel parity-error latch. A 
parity error has been detected 
on a byte received bus in. 

Initial selection latch. 
Blocks channel-low priority 
traps. 

Channel-1 interrur:tion latch 
Con to indicate that channel 1 
has status to present to the 
CPU). 

STP trap inhibit latch. 
sui;;press contrcl latch. 

Indicates that a command chain 
is in progress and that a new 
CCW is being fetched by the 
channel. 

2. 59 .• 2 GT (CHANNEL BRANCH CONDITIONS) 

A l:ranch Con condition or mask) word with 
AS-decode=D can be used tc test the 
following conditions. These bits are in 
in-tags for the I/O interface. 

GT 
Bit Meaning 
0 Address- in 
1 Not select-in 
2* Service- in 
3* Status-in 
4 Operational-in 
5 Not request-in 
6 Channel identification latch 
7 Channel diagnostic latch 

* Service-in and Status-in conditions from 
the interface are detectable in GT only 
if neither command-out nor service-out 
has yet been brcught UJ; in response to 
service-in or status-in. 

2. 59 .• 3 GD (CHANNEL DIAGNOSTIC REGISTER) 

A branch Con condition or on mask) word 
with AS-decode=E can be used to test these 
l:its (from channel to interface). 

GD 
Bit 
0 
1 
2 
3 
4 
5 
6 
7 

On If 
GAO=O 
GA1=1 
GA2=1 
GA3=1 

GA5=1 

GB7=1* 

Meaning 
Operaticnal-Out 
service-out 
Address-Out 
command-out 
Saved GB/IN Bit 1 
Select-Out 
Not 1400 word separator 
Suppress-out 



* suppress-out is also testable if the 
inter:ruftion tuf fer latch is on. 

2 .. 59 • 4 GB/ IN (CHANNEL BUS- IN) 

is the same decode used for the bus-in 
lines. The specific operation determines 
whether data is tc be received into the 
l:us-in (GB/IN) from the interfacef or set 
into the bus-out (GB/OUT) frorr the CPU. 

A tranch Con condition or on mask), 
star.age, or move word with AS-deccde=F can 
be used tc access these bits. Eits 0 
through 7 of GB/IN corresfond tc bits 0 
through 7 of the interface bus-in lines. 

2.61 HANDICAD ROUTINE FOR CHANNEL 

2.60 CPU TC EXTERNAL FACILITIES (CHANNEL) 

2.60.1 GB/OUT (CHANNEL BUS-OUT) 

When the BCPL Routine has been altered or 
destroyed and a CSL from a card reader on 
the channel is not possible, the handload 
routine as shown in Figure 2-22 must be 
entered. 

A storage or move word with AS-deccde=F can 
be used to set the tus-out register. This 

r---..-~-T-----~---------------T----------------------------1 

I Addr I Word I Statement I Comment I 

r-~---+------+---------------+----------------------------1 
I 0010 I 3210 I SE'I MMSK K=81 I Bleck trafS I 
I 0012 I 2610 I SET EC K=01 I Set logout latch I 

I 0014 I 2C07 I PO=O I Zerc cut switch I 

·------+------+---------------~----------------------------1 
I 0016 I 2413 I G0=0$K01 I Start setuf of addr 0100 I 

I 0018 I 51AF' I 'IO=SWCD I sv;cn equal device addr. I 
I 001A I 802C I BR I Eranch tc location 002C I 
·------+------+---------------+----------------------------~ 
I 002C I 2486 I SET ~CDE K=38 I Set channel mode, PCU zone I 
I 002E I 2507 I GO=O I Finish setup of addr 0100 I 
I 0030 I 2B08 I SET GA K=40 I Set service out I 
r----....-+------+---------------+----------------------------~ 
I 0032 I C9B3 I BR IF GT4=1 I Branch on OP-IN I 

I 0034 I 4FAF I GB/CUT=TO I Send device address out I 

I 0036 I 2B04 I SE'I GA K=20 I Raise address out I 

I 003. I 2B44 I SET GAK=24 I and select out I 
I 003A I C9BA I BR IF GT4=0 I Wait for OP IN I 
I 003C I 2B40 I SE'I GA K=04 I Reset address out I 
·-~---+------+---------------+----------------------------~ 
I 003E I CDBE I BR IF GTO=O I Wait for address in I 

I 0040 I 2B23 I 'I1=0$K02 I Build read command I 

I 0042 I 4FBF I GB/CUT=Tl I Send cut read co~rnand I 
·------+------+---------------+----------------------------~ 
I 0044 I 2B42 I SE'I GA K=14 I Raise command out I 
I 0046 I FDC6 I BR IF GT3=0 I ~ait here for status I 
I 004 I 5FBF I Tl=GB/IN I Read status I 

r------+------+---------------+----------------------------1 
I 004A I C4CA I BR IF ZNZ I I.cc1: here if invalid stat I 
I 004C I 2B48 I SET GA K=44 I Set service out I 
I 004E I FDCF I BR IF GT3=1 I wait for I 
I 0050 I EDCE I BR IF FI'2=0 I data I 
I 0052 I SFFF I Hl=GB/IN I Get dat~ byte I 
I 0054 I F05B I BR IF G07=1 I ER if bcotstrap reading I 
·------+------+---------------+----------------------------~ 
I 0056 I 7F48 I STE Hl AS, G+ll Not boot info, stor in aux I 
I 0058 I F05E I BR IF G07=0 I Unccnditicnal tranch I 
I 005A I 6F48 I STE dl cs, G/11 Put boot in cntrl storage I 
r-~---+------+---------------4----------------------------~ 
I 005C I 055D I Z=G1 K50 I Check if all data in, I 
I 005E I C4CC I BR IF ZNZ I if not, get more. I 

I 0060 I 8100 I BR I Branch to bootstrap I 
L ______ i ______ i _______________ i----------------------------J 

Figure 2-22. Handload Routine for Channel 
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Section IF. ICA Procedures 

2. 62 NONOPERATIONAI IINES 

All ICA lines are in a nonoperational state 
at shipment. If an I/O instructicn is 
issued to a line, a condition code of 3 
Cnonopera tional> is set. 'Io rrake the lines 
c~erational, refer to microprogram routine 
GASN or the Model 25 Installation 
Instructions. 

2.63 STATION SELEC~ION FEATURE 

If the Station Selection feature is 
installed (check the f rcnt cf the 
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microprogram listing for ADPREP), line 
addresses must te entered into storage via 
patch cards at !CPL tirre. Refer to 
microprogram routine GASN or the Model 25 
Insta lla ti on Instructions. 

2.64 JUMPER OPTIONS 

Refer to logic pages HAOOO for the 
jumpering options associated with the ICA 
and related data sets and/or modems. 



Section 2. Features 

2 .. 65. STORAGE PRO'IEC'I KEY--DISPLAY 

Refer tc section 2 .. 1. 

2 .. 66 MUlTIPlE CHARACTER SET 

This feature allows the use cf frint chains 
er trains of other than 48-character size .. 
The printer translate tatle must be loaded 
with utility prograrr UT048 when the MCS 
feature is installed .. 

2 .. 67 EXTERNAL Ill'IERRUP'IION 

This feature allows the Medel 25 tc resfcnd 
to signals froro an e~ternal device er 
another CPU.. An external interruption also 
can occur from the interruft key en the 
system control panel (standard on the Model 
25) or from the interval tirrer (sfecial 
feature) .. An external interruption can 
occur only when PSW bit 7 (systerr rrask) is 
set to 1. The sFecific interruFticn 
sources identified by PSW bits 24-31 are as 
follows. 

Interruption 
Code Bit 

24 
25 
26 
27 
28 
29 
30 
31 

External Interruption cause 
Interval timer 
Interru~ key 
External signal 2 
External signal 3 
External signal 4 
External signal 5 
External signal 6 
External signal 7 

The interval-tirr.er and interrupt.ion-key 
lines are available from within the CPU. 

2 .. 68 2560 PROCEDURES 

2 .. 68.1 HANDLCAD ROUTINE FOR 2560 

When the BCPL routine has been altered or 
destroyed and a CSL from the 2540 is not 
fossitle, the handlcaa routine as shown in 
Figure 2- 23 must te entered manually.. For 
bootstrap inf orrraticn, refer to the AKXXX 
logic pages. 
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r-~---7------7---------------,-----------------------------, 

I Addr I Word I Statement I Cemment I 
r-----+------+---------------t-----------------------------1 
I 0010 I 3210 I SET ~MSK K=81 I Eleck all trafs I 
r-----+------+---------------+-----------------------------~ 
I 0012 I 2610 I SE~ BC K=Ol I Set logout latch I 
r------+------+---------------+-----------------------------1 
I 0014 I 2C07 I PO=O I Zero handload flag register I 
r-----+--~---+---------------+-----------------------------i 
I 0016 I 2413 I G0=0$K01 I Euild high half CS addr 01001 
r-~---+------+---------------4-----------------------------i 
I 0018 I 80AC I ER I BR to OOAC I 

r-~~-+------+---------------+-----------------------------1 
I OOAC I 240E I SET ~CDE K=70 I Put in rrod/20, 2560 mode I 

r-----+------+---------------+-----------------------------i 
I OOAE I 2F04 I SET ~FA K=20 I Select sec. feed (Note 1) I 

r------+------+---------------+-----------------------------1 
I OOBO I 2507 I Gl=O I Lew half cs addr G=OlOO I 

r-----+------+---------------t-----------------------------1 
I OOB4 I DABS I BR IF ~FT5=0 I ER to OOE8 if NPRO req. I 
r------+------+---------------+-----------------------------i 
I OOB6 I FD33 I ER IF P12=1 I BR if not ready I 
r------+------+---------------+-----------------------------i 
I OOB8 I 2F10 I SE~ MFA K=Ol I Set read ex. I 

r-~---+------+---------------+-----------------------------~ 
I OOBA I DAC6 I BR IF ~FT5=0 I Check NPRO I 
r-~---+------+---------------4-----------------------------i 
I OOBC I CAB9 I BR IF MFT4=1 I BR on no data available I 
r-~---+------+---------------+-----------------------------i 
I OOBE I 58FF I Hl=~FRl I Read 1/2 byte I 

r------+------+---------------+-----------------------------i 
I OOC I SAEF I HO=~FR2 I Read the other 1/2 I 

r--~-+------+---------------+---~------------------------i 
I OOC2 I 4EF3 I Hl=HOXH-HlL I Put two 1/2 bytes together I 
r------+------+---------------t-----------------------------1 
I OOC4 I 6F48 I STB Hl cs, G+ll Stere theff I 
r-~---+------+---------------+-----------------------------i 
I 00C6 I 2B14 I SE~ MFC K=21 I Rst NPRO, and rd. e:x. I 
r---~-+------+---------------+-----------------------------1 
I OOC8 I OSSD I Z=G1 K50 I Check fer 80 l:ytes I 
r------+------+---------------+-----------------------------i 
I OOCA I C4B4 I BR IF ZNZ I If not 80, go to OOB4 I 

r-----+------+---------------4-----------------------------i 
I OOCC I 8100 I BR I BR to bootstrap addr 0100 I 
r-~---~------i _______________ i-----------------------------1 
I Note 1: To use the primary feed, rer:lace this word with I 
l2F80. The start key rrust be fressed at the end to complete! 
lthe CSL (last card). I 
l-----------------------------------------------------------J 
Figure 2-23. Handload Routine for 2560 
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Chapter 3. Preventive Maintenance 

Section 1. Basic Unit 

a. Perform the following maintenance every 
26 weeks: 
1. Test lamps using the lamp test key 

on the console. Replace lamps as 
necessary. 

2. Check blowers and replace filters 
every 26 weeks. Filters may 
require more frequent replacement 
de~nding on cleanliness of 
environment. 

b. Replace coil protect relay, part 
25 32227, under the following 
c:>ndi tions. 
1403 Model 2 or 7 
Every 18 months based on average usage 

of 2 to 2.5 million lines per month. 
14 03 Model Nl 
Every 12 months based on average usage 
of 5 to 5.5 million lines per month. 

This schedule should be adjusted 
proportionally for any deviation from 
average usage. 

c. Run usage meter test every 6 months. 
d. 1052-7: Refer to the Selectric I/() 

Keyboardless Printer FE Maintenance 
Manual, Form 225-3207; 1052-1053 
Keygoard R!:.!nte-!:_K.§ 
Instruction-Maintenance Manual, Form 
225-3179. 
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Section 2. Features 

I/O DEVICE MAINTENANCE 

Scheduled maintenance for I/O devices is 
included in the naintenance nanual for the 
particular device. 
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Chapter 4. Checks, Adjustments, and Removals 

Section 1. Basic Unit 

4. 1 CPU TI MI NG 

Timing for the CPU is developed from a 
cryst.3.l controlled oscillator. The CPU 
clock is located in board position B2-C4 
and D4 on the A-gate. 

4.1.1 SPECIFICATIONS 

1. Oscillator frequency: 5. 56 MHz ± • 033. 

2. T-Puls es (Figure 4-1 and 4-2): 
a. Width--180 ns +25/-10 ns, measured 

from the 1 .. 2V level of the leading 
or rising edge to the 1.9V level of 
the trailing, or falling edge. 

b. Level--each pulse has a down level 
of 0.49V to 1.06V, and an up level 
of 2.68V to 3.33V. 

c. Overlap--adjacent T-pulses are 
overlapped by 90 ns +25/-10 ns as 
measured from the 1.2V level of the 
rising pulse to the 1.9V level of 
the falling pulse. 

d. Skew--the skew between TO pulse and 
T2 pulse (and subsequent alternate 
pulses) on the transmission line is 
+30/-25 ns, as measured from the 
1. 9V level of the falling pulse to 
the 1.2V level of the rising pulse. 

3. Clock Pulses On the Boards: (applies 
t::> nets driven by line receiver-power 
driver): 
a. T-pulses--(180 ns) have +20/-40 ns 

tolerance as measured from the 0.3 
volt level of the rising pulse to 
the 1.8 volt level of the falling 
pulse. 

b. P-pulses--(90 ns) have +20/40 ns 
control tolerance as measured from 
the 0 .• 3 volt level Of the rising 
pulse to the 1. 8 volt level of the 
falling pulse. 

4.2 CORE STORAGE ARR~Y TEMPERATURE CONTROL 

4.2.1 COOLING 

The BSM (Basic Storage Module) provides the 
SLT cards with forced air cooling with fans 
operating at 208-volts ac 60-cycle single 
phase, or 220-vol ts ac 50-cycle single 
phase. 

4.2.1.1 Specification 

The maximum temperature anywhere within the 
BSM must not exceed 133FC55C). 

4.2.2 HEATING 

A heater, fan, and associated control 
circuitry provide a wide temperature range 
by maintaining the core array at a fixed 
elevated temperature. The heater element, 
control circuits, temperature adjustment, 
and temperature sensing devices are 
packaged in a complete heater subassembly 
that is part of the BSM. 

1. The array inlet temperature must be 
maintained at 105±3F(40.4±1.7C). 

2. The low temperature light on the 
console must go off when the array 
inlet temperature exceeds 
96±5F(35.6±2.8C). 

3. The thermal trip mechanism (normally 
closed switches) operates at over and 
under temperatures of 120±3F and 
96±5F(49±1.7C and 35.6±2.8C). 

4.2.2.2 Heater Adjustment 

Do not attempt to adjust the array inlet 
temperature if the machine ambient 
temperature is greater than 95F(35C). 

1. With power on, allow five minutes for 
warm-up. 

2. Carefully insert a nonmetallic 
thermometer (part 5392366 or equivalent) 
through the array cover access hole and 
into the rear of the heater plenum. 
The thermometer should extend about 
3.25 in. (82,6 mm) into the unit and 
the tip should be slightly downward. 

3. The heater adjustment potentiometer is 
adjusted from the front of the heater 
box. Turn the potentiometer clockwise 
to decrease the temperature or 
counterclockwise to increase the 
temperature until a stabilized 
temperature of 105 ±3F(40. 4±1. 7C) is 
indicated. Allow about three minutes 
for the thermometer to record properly. 

4. Remove thermometer. 
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OSCILLATOR 

TO - Pulse 

Tl 

T2 180 + 25/ -45 ns 

T3 

T4 

T5 ---f---+--~'' -1 
! c...-----

·---- 90+25/ -22 ns 

T6 

Tl 
TB 

T9 

P3 - Pulse 

P4 

P5 

1~----

I 
1..,.--i- 90+2 / -40 ns 

Figure 4-1. CPU Timing Pul s 

+2.68 v to +3.33 v 

+l.9 v 

+.49 v to + l.06 v ---------' 

~------ 180 ns +25/-lOns-----.-i 

Figure 4-2. T-Pulse 
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4.3 SCHMOO CURVE (MAIN STORAGE) 

4. 3. 1,. EXAMPLE OF SCHMOO CURVE PROCEDURE 

Figure 4-3 shows an example of a typical 
four-point schmoo procedure. It is used 
for plotting the optimum storage strobe and 
voltage operating point. A no-failure 
voltage and strobe setting is selected as a 
starting point. The voltage is varied over 
its range up and dc:wn to a point of 
failure., and varied from that failing point 
into the no-failure range (1 in Figure 
4-3). The no-failure points are determined 
at tour different strobe settings by 
running the worst- case patterns (Section 
4.3.4.1) with the diagnostic control switch 
set at TEST PATTERN. Switches A, B, c, D 
must equal FFOO, OOFF, OlFE, or, FE01. 

Once the no-failure voltages have been 
plotted,, the optimum strobe setting for a 

33 

31 

Strobe 25 

Voltage-High 31 

Voltage-Low 25.5 

35 45 

32.5 32.5 

25.5 25.5 

single ·BSM is a point where the difference 
between the upper and lower BSM limits is 
greater than 5.0 volts (2 in Figure 4-3). 
At a strobe setting ± 10 ns from optimum, 
the difference between the high and low 
voltage setting must be greater than 3. 0 
volts (3 in Figure 4-3). 

For a double BSM, the difference between 
the upper and lower BSM limits at optimum 
strobe must be greater than 3.6 volts. At 
a strobe setting ±10 ns from optimum, the 
worst-case diagnostic must still run 
successfully. In both cases the strobe 
setting must be between 35 ns and 55 ns. 
It should be the earliest setting that will 
meet requirerrents, and 35 ns should be used 
if possible. 

55 

32 

26 

Optimum Strobe 35 ns 

Optimum Voltage 29.0 volts 

Cl 
c:: ·e 
Cl) 

en 
~ 
0 29 > 

l 
-10ns~+ 10ns 

I 
~t 

I 
l 
l:!l 
0 
> 

LO 

27 l 
25 

25 35 45 55 

Strobe in Nanoseconds 

Figure 4-3. Schmoo Curve Example (Single BSM) 
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4 .3 .• 2 WHEN TO SCHMOO 

A four-point strobe and a two-point strobe 
schmoo procedure are given. The four-point 
strobe schmoo procedure should be used only 
when 3.n array is replaced. '!he two-point 
strobe schmoo procedure should be used only 
under the following conditions. 
1. When any one of the fallowing cards is 

replaced or identified as a trouble 
area. 
a. sense amp, part 58004648 
b. Source driver, part 58004649 
c. Strobe, part 58007237 
d. Clock., part 58001762 

2. An intermittent problem exists and 
i3 desired to increase the failure 
t> isolate the trouble within the 
memory area .• 

3. O!l a new memory installation. 

4.3.3 SERVICE CHECKS 

Refer to Section 4. 3. 6, Checkout 
Procedures. 

4.3.4 WORST-CASE PATTERNS 

it 
rate 

The worst-case test patterns are run from 
the console by the customer engineer as a 
diagnostic to test the storage unit for a 
failing condition. The test is done with 
the diagnostic control switch set to TEST 
PATTERN, and the check control switch set 
to ST::>P. 

4.3 .• 4.1 worst-case Test 

Eadl test should be run for approximately 
fifteen seconds with switches A., B, c,, and 
D set as follows. 

AB CD Test De scri pti on 
1st Test 0 0 FF Checks worst-case zeros 

(adds noise to cores) 
2nd Test FF 0 0 Checks worst-case one's 

(subtracts noise from 
cores) 

3rd Test 0 1 F E Checks parity. bits 
4th Test FE 0 1 Checks parity bits 

4.3.5 FOUR-POINT S'IROBE SCHMOO PROCEDURE 

Note: For measuring critical voltages., use 
Weston• 901 Cor equivalent) 

1. Set the -30 voltage CXYZ) to -29 volts 
±0. 5 vol ts .• 

2. The schmoo timing points are taken at 
25 ns, 35 ns., 45 ns, and 55 ns. 

*Trademark of Sangamo Electric Co.,, U.S.A. 
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3. Refer to logic MD008 for instruction on 
how to set the strobe card. The strobe 
card is part 5807237 and is plugged in 
B1E3. 

4. start the schmoo at a setting of 35 ns. 

5. Run worst-case patterns (Section 
4.3.4 .• 1) at -29 volts. If failures are 
noted Cstor data light turns on), lower 
the voltage until a running point can 
be found. To restart the test after 
failure, press CHECK RESET then START. 
If no running point can be found, 
consult memory strategy diagrams in the 
20 25 Maintenance Diagram Manual CMDM). 

6. Increase voltage in one volt increments 
and run the worst-case patterns until a 
failure occurs. 

7. Decrease the voltage in one-half volt 
increments and run the worst-case 
patterns until no failure occurs. 
Record this voltage as the upper 
voltage limit for this particular 
strobe setting. Figure 4-3 shows an 
example that can be used as reference 
for this procedure. 

8. start at running point found in step 5, 
repeat steps 6 and 7 in the opposite 
direction, and record the setting found 
in step 7 as the lower voltage limit 
for this strobe setting. 

9. Repeat this procedure, beginning at 
step 5, using strobe settings of 25 ns, 
40 ns, and 55 ns, and plot these values 
on a graph (Figure 4-3) • 

10. The optimum strobe setting for a single 
BSM is at a point where the difference 
between the upper and lower BSM limits 
Con the graph) is greater than 5.0 
volts. At a strobe setting ± 10 ns 
from optimum., the difference between 
the upper and lower BSM limits must be 
greater than 3. O vol ts. 

For a double BSM, the difference 
between the upper and lower BSM limits 
at optimum strobe must be greater than 
3.6 volts. At a strobe setting ±10 ns 
from optimum, the worst-case diagnostic 
must still run successfully. In both 
cases the strobe setting must be 
between 35 ns and 55 ns. It should be 
the earliest setting that will meet 
requirements, and 35 ns should be used 
if possible. 

11. Set the voltage midway between the 
upper and lower limits (steps 7 and 8) 
for the optimum strobe setting. 



4.3.6 CHECKOUT PROCEDURES 

1. Check to see if all logic voltages are 
within tolerances, that the array 
heater is operating, and that the array 
temperature is properly adjusted 
(Section 4 .2 >. 

2. Measure the voltage on B1U2D07 
(referenced to B1U2D08) using a Weston 
901 meter Cor equivalent). The 
sense-amplifier voltage is set to -18 
volts ± 0.1 volt accuracy (see decal) 
by means of the potentio:rreter on the 
card located in B1U2. 

At EC 799307, 16K and 32K BSM sizes 
have the -18V set at -17.6V. The 32K 
BSM renains at -18V. 

CAUTION 

This is a critical, highly regulated 
voltage that is set under controlled 
conditions at the factory before 
shipment. The voltage setting should 
be changed only when the card that 
generates it is replaced. It should 
then be set using a Weston 901 meter 
C:>r equi va.lent). In case of array 
replacement, this voltage should not be 
touched .. 

3. Changing any memory card should not 
change the timing more than 5 ns. 

4. The optimum strobe setting of the 
System/360 Model 25 memory should fall 
between 35 to 55 ns .. 

4 .. 3.6.1 Scoping Main Stora~ 

Refer to Section 1 .. 31 for main storage 
diagnostic information and scope waveforms. 

4.3. 7 TWO-POINT SCHMOO PROCEDURE 

Note: Use a Weston 901 meter (or 
equivalent) when measuring the -18 voltage. 
The -18 volt supply should not be changed, 
and should measure as follows. 

8K C16K bytes) -17 .. 6 volts 
12K C24K bytes> -17.6 volts 
16K C32K bytes) -18. O volts 

1. Record the voltage at which memories 
are set. 

2. Vary the voltage 2 volts above that 
voltage .. 

3. Run the worst-case patterns (Section 
4. 3. 4) • 

4.. Vary the voltage 2 volts below value 
recorded in step 1. 

5. Run the worst- case patterns. If 
machine does not fail at this voltage 
setting, restore the voltage to that 
recorded in step 1.. (This indicates 
that memory is within operating schmoo 
tolerance; return to routine in )MOM.) 

6. If machine fails during steps 3 or 5 

(indicated when STOR DATA lights on 
console>, measure the -18 volt supply 
between, BlU2D07 and B1U2D08 (1'-10999) to 
ensure it is not grossly in error. 

If the spread from high to low 
operating limits is still below 4 
volts, a memory component failure is 
indicated. Set the voltage and strobe 
as recorded in step 1 1 indentify the 
circuit failure, and re-schmoo the 
memory (starting at step 2). 

7. Vary the -30 volt supply 0. 2 volts 
toward the voltage recorded in step 1. 

8. Repeat the worst-case pattern that 
failed in step 6. 

9. If failures continue, repeat step 7 an:l 
step 8 until no failure is detected and 
record the voltage setting used in this 
step. 

CAUTION 

Do not exceed -35 volts. 

10. Set the voltage 4 volts from the limit 
recorded in step 9 toward the original 
setting (step 1). 

11. If the worst- case patterns run at 
voltage setting in step 10, set the 
voltage midway between the high and low 
operating limits. 

12. If the worst-case patterns do not run 
at the voltage setting in step 10, 
increase the strobe timing on the 
failing BSM, 5 ns. 

Note: 'Ihe failing BSM can be 
identified by the higher address-bit of 
the failing address. O=lower BSM, 
which is adjacent to power supply; 
!=higher BSM, which is adjacent to 
console. 

13. Repeat procedures starting at step 1 
and attempt to establish a 4-volt 
spread from the high to low operating 
limits. 

4. 4 MAIN STORAGE REPLACEMENT 

4.4.1 REMOVING THE 0-32K UNIT 

1. Ensure that power to the system is off. 
2. Disconnect the wires from terminal 

blocks TB12-L and u. These are the 
terminal blocks at the heater box. 
Label the wires if necessary. 

3. Remove the power-input cable from LBC-1 
(mounted on top of CSU frame). Number 
the wires if necessary. 

4. Remove the ribbon cable connectors from 
B1A3,, B1A2,, and B2A2. Remove the cable 
clamp and cables. 

5. Lift the storage unit free of its 
hinges and remove. 

6. Replace in the reverse order. 
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4. 4. 2 REMOVING THE 32-64K UNIT 

1. Ensure that power to the system is off. 
2. Dis connect the wires from terminal 

blocks TB12-L and u. These are the 
terminal blocks at the heater box. 
Label the wires if necessary. 

3. Remove the power-input cable from LBC-1 
and 2 <mounted on top of the BSM 
frame). Number the wires if necessary. 

4. Remove the riboon cable connectors from 
BlA2, B1A3 and B2B2. (These are cables 
from the adjacent 32K unit.) Remove 
the cable clamp and cables. 

5. Lift the storage unit free of its 
hinges and remove. 

6. Replace in the reverse order. 

4. 4. 3 ARRAY CHANGING 

To remove the array from either storage 
unit: 
1. Ensure that power to the system is off. 
2. Viewing the core storage unit from the 

ca rd side, remove the outrigger by 
loosening the screws on the BSM frame 
and array. Lift the outrigger up to 
remove. 

3. Open the two side doors <right and left 
side of array). 

4. Disengage the four locking screws in 
the array cover and remove the cover. 

5. Loosen the two screws on the underside 
of the cross member that separates the 
Bl and B2 card areas. These screws 
hold the sense cable clamp and the 
array to the frame. 

6. Remove the top cover (Bl board card 
area) and unplug the sense cables. 

7. Remove the two screws holding the 
heater plenum to the array. 

8. Remove the six screws (four on card 
side, two on opposite side) in the 
bracket holding the heater plenum to 
the BSM frame. 

9. Viewing the BSM from the front, place 
one hand beneath the heater plenum to 
the BSM frame <located immediately 
above the terminal blocks). The heater 
can now be lowered down away from the 
array. 

10. Using the diode board stiffeners and/or 
the u-shaped bracket (not diode 
boards)J pull the array out by rocking 
it up and down slightly until it comes 
free from the large board. Cover the 
top of the array ( c- side) and carefully 
feed the sense cables down through the 
card area as the array is removed. 

11 .• Replace in the reverse order. 

4.q.4 CHANGING DIODES 

If diode or drive-line trouble is suspected 
in storage, follow the storage address 
lines in storage logic through the 
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read/write drivers and eventually to the 
pin numbers on the array diode cards. 

The logic shows the layout of the array 
diode cards and diode pack. The removal 
procedure is: 
1.. Extract the array f ram the logic 

boards. 
2. Place the array carefully on a flat 

work area. 
3. Unsolder the four diode-pack pin 

connections, taking care not to apply 
excessive heat or to damage any land 
pattern. 

4. Extract the defective diode-pack and 
replace it with a tested spare. 

5. Inspect the card for damage. 
5. Inspect the card for damage. 
6. Replace the array. 

Note: Diode card location on array ALO 
page MD007. Diode-pack location on diode 
card ALD page MD007. Diode-pack pin 
location on ALO page MD007, Note 2. Diode 
cards land patterns on AID pages 
MD860-MD890. 

4 .• 5 LOCAL STORAGE 

Two delay lines are used in the local 
storage CB150 stack) circuit C01A-B1E2). 
The tolerance on the delay lines is ± 4. 5 
for the 90 ns delay line and + 3.0/-2.0 for 
the 30 ns delay line. The 30 ns delay line 
controls the sense amplifier gate pulse (LS 
Read Line), and the 90 ns delay line 
controls the bit timing pulse (LS Write 
Line> and the width of the x- and Y-address 
lines. 

4.5.1 SCOPING LOCAL STORAGE 

Refer to section 1.32 for local storage 
waveforms. 

4.5.2 INITIAL DELAY LINE SETTINGS 

The initial settings for the two delay 
lines are: 
LS Read Line -- 30 ns 
LS Write Line -- 90 ns. 

4.5.3 DELAY LINES (LOCAL STORAGE) 
ADJUSTMENT 

1. Store the following arithmetic into an 
unused portion of control storage CFE 
trap area). UO=UO + Ul Chexword 6013) 
followed by an unconditional branch 
back to this word. 



Example: 
Hexword 
Address 
- 0280 

0282 

Hexword 
6013 
8270 

2. Sync the scope on word type 3 
CO 1A-B1G7BO 5). 

3. Scope and record the duration from the 
103 fall -LS ADDR XO to the 103 fall 
-LS READ LINE (ALD-CC131). Refer to 
Figure 4-4,. 

-LS ADDER XO 
(A-BlJ3D09) 

-LSADDR Xl 
(A-BlJ3B 10) 

1'1Q% 
---~N '\. _______ _ 

I 1-· -------
-LS READ LI NE 
(A-BlJ2B09) 

1 I 

:11 
I 
I 
I 
I 
~ 

I 

T\'_oo_~~~~~----
1 

I 
I.-- 27 ns to 37 ns 
I 

Figure 4-4. LS Address Lines and Read Line 

4. Scope and record the duration from the 
103 fall of -LS ADDR X1 to the 103 fall 
of -LS READ LINE. Refer to Figure 4-4. 

5. Take the average of the durations 
recorded in steps 3 and 4. The average 
of these two durations must fall 
between 27 ns to 37 ns. If the average 
d::>es not meet this requirement., plug 
the appropriate jumpers to increase or 
decrease the delay. 

6. Scope -LS ADDR XO and +IS WRITE LINE 
using the same sync as in step 2. 
'Ihese two signals must be coincident 
fur a minimum of 70 ns from the 103 
p~int of the rising edge to the 103 
point of the falling edge (Figure 4-5). 

7. scope +LS ADDR YO to ensure that the 

+LS ADDR YO (A-B lJ2D02) 

-LS ADDR XO (A-B 1J2D09) 

90% 

c\90% 

same coincidence holds true as in step 
6 (Figure 4-5). If not, the delay line 
value must be increased to satisfy this 
requirement. 

Note: In Figure 4-5, points E and F 
must fall inside points A and B, and c and 
D, for a minimum of 70 ns. The +LS WRITE 
LINE may fall outside address pulses if 
there is no second address selected. 

4.5.4 LOCAL STORAGE/STORAGE PROTECT CARDS 

Machines with the storage protect feature 
use a local storage card in the storage 
protect circuits (the cards are identical). 
If the local storage card is suspected to 
be failing., it can be swapped with the 
storage protect card. 

Ref er to Appendix A for detailed 
operation and circuit specifications. 

4.6 SCR CIRCUITS 

There are three spare indicator SCR 
circuits for use as replacements for 
defective SCR light drivers. The load 
inpit pins, wire number and cable position 
on the SCR boards in cable part 2532050 are 
as follows. 

Location 
A2A2B10 
D1N7B10 
C2N7D09 

Wire No. 
19 
39 
57 

Cable Position 
20 
20 

9 

The wires 19, 39, and 57 are connected 
to the SCR in the respective paddle card. 
The console- end of these spare wires are 
taped back in a group. Figure 4~6 shows 
the point from which continuity can be 
checked to find the correct spare wire at 
the console-end of the cable. 

10% 

F ,--, ,.-------------- ,-, 
I I j 10% ~I __ ' .___' _,___ +LS WRITE LINE (A-BlJ2D09) / / 1 E !\ \ \ 

: 10% I 
I I 
I I 
------ 70 ns min. ------

Figure 4-5. Local Storage Address Lines and Write Line 
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Spare Pos 
Boards 
/0.., Dl 

21 17 13 9 
000000 

Spare Pos. 
Board CZ 

19 15 11 8 6 4 2 

000000000 
11a I 14 I 10 

20 16 12 

COMPONENT SI DE 

B02 

4.8 OPERATIONAL OUT--SINGLESHO'I' 

The system/360 standard interface contains 
a singleshot (A-E1G7) with an adjustable 
potentiometer on it to adjust the 
operational-out signal. 

4. 8.1 ADJUSTMENT 

scope A-E1G7D12 and adjust the lower 
potentiometer on A-E1G7, while pressing the 
system reset key, to obtain a negative 
pulse of 8. 0 us +1/-0 us. 

4.8.2 CHECKOUT PROCEDURE 

-----------------002 Operational-out singleshot is checked in 
routine 3 (YM03) in the channel 
microdiagnostic *600. See instructions in 
routine YM03 for adjustments. 

Figure 4-6. SCR Card Cable-Connecting 
Terminals 

4 .6.1 REPLACEMENT 

Connect the signal to the input pin of the 
spare circuit to be used. Replace the wire 
to the indicator lamp with the spare cable 
1 ead to be used. 

4. 7 srsT.EM RESET, IPL11 OR CSL--SINGLESHOT 

The CPU contains a singleshot that is 
activated when the system reset. IPL, or 
ICPL switches are pressed. Its purpose is 
to prevent switch l:ounce noise from 
stopping the CPU clock. 

4. 7.1 ADJUSTMENI' 

1. Turn the process switch to single cycle 
and press the system reset key. 

2. Adjust the s ingleshot (logic PF 251> to 
30 ms ±5 ms. using the upper 
potentiometer (Figure 4-7). 

SS Input 
A-A2H7B02 

SS Input 
A-A2H7D04 -1 

±sms~ 
Figure 4-7. System Reset, IPL or CSL 

(Singleshot) 
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4.9 2540 ATTACHMENT 

The optional 2540 attachment consists of 
two SLT boards located in the A-gate. E2, 
and E3. Three leading-edge time delay 
cards are located at A-E3DS, A-E3ES, and 
A-:-E3E4. 

4.9.1 SPECIFICATIONS 

The 2540 attachment clock is driven from a 
1 .• 667 megahertz oscillator located in the 
A-E3 board. This provides a 4.8 us clock 
cycle for communication with the 2540 and 
the attachment in the CPU. 

The timing for the three leading-edge 
time delay cards are as follows. 

Location 
A-E3D5 
A-E3E5 
A-E3E4 

Timing 
150 us, 
2.2 ms, 
5 .5 ms,, 

4.9.2 ADJUSTMENTS 

+20/-0 us 
+50/-50 us 
+0/-100 us 

The adjustments for the three leading-edge 
time delay cards are made using the 
following routines in the nonresident 
microdiagnostics. 

card Location 
A-E3DS 
A-E3E5 
A-E3E4 

Microdiaqnostic 
VM07 (Reader-Punch) 
VM08 (Reader-Punch) 
VM20 (Reader-Punch) 

4. 10 PR-KB (10 52-7) --SINGIESHOTS 

Logic 
RT015 
RT021 
RT041 

The PR-KB attachment circuitry is located 
on the A-gate, A2 board. The circuitry 



contains two singleshot cards having two 
adjustable singleshots per card. 

4.10.1 SPECIFICATIONS 

The singleshots must be adjusted so that 
when the input signal goes from its 
negative level to its positive level, the 
output of the singleshots will go to a 
negative level for the following durations. 

Nmnber : SS 1 
DUration: 28.0 ms (+15.0 ms/-1.0 ms) 
Lo91tion: A-A2G7D04 ( PF021) Upper Pot. 

NumQer: SS2 
Durqtion: 500 ns ( +100 ns/-100 ns) 
Location: A-A2G7D06 (PF021) Lower Pot. 

Number : SS3 
Duration: 4 O. O ms (±153) 
Location: A-A2 H7D06 (PFO 21) Lower Pot. 

4 .10 .• 2 AnJUSTMENT 

Refer to TYDD diagnostic routine *110. 
This describes the procedure to adjust and 
check the PR-KB sing leshots. 

4.11 2 311 READ CLOCK ADJUSTMENT 

The 2311 read clock card is located in the 
B-gate in E3-board, JS-socket. This 
adjustment procedure makes use of the write 
clock signal as an input to the read clock 
to allow the adjustment to be made without 
using a disk drive. 

Note: Use a Tektronix* 453 oscillcscope 
or eq"UI valent. 

SCOPE SETUP 
Chan 1: B-E3J5J10 (FA 111) 
Chan 2: B-E3J5G02 (FA 111) 
sync: Minus Internal Chan 1 

1. Jllmper B-D3M5D05 to ground COOS pin). 
This resets the chain-end and NTO-OP 
latches (FA 651). 

2. Jumper B-E3J3B04 (FA 109) to B-E3K6B09 
(FA 111). This feeds write pulses into 
the read clock. 

3. Jumper B-E3J5G04 (FA 111) to ground 
(DOS). This forces the read clock to 
use the long time constant. 

4. SYNC minus <-> on Channel 1. This is 
the 800 ns write pulse (Figure 4-8). 
Make certain that points A and B are 
exactly 8 divisions apart. If they are 
not, adjust the scope until they are. 

5. Dis play Channel 2 and adjust 
potentiometer on B-E3J5 (FA 111) until 

*Trademark of Tektronix, Incorporated 

the 103 level of the rising clock pulse 
is 640 (+0 ,-5) ns from point A. 

6. Remove all jumpers. 

A B 

---E3J5Jl0 

E3J5G02 

Figure 4-8. Read Clock Traces 

4.12 DAC--SINGLESHOTS 

4.12.1 SPECIFICATIONS 

Recalibrate Time Out SS1 
Recalibrate Time Out SS2 
Head Conditioning SS 
Index SS ( 2) 
Control Tag SS 

4 .12 .2 ADJUSTMENI'S 

16 ms (± 53> 
16 ms (± 53) 
60 us ( ± 53) 
400 ns <± 53) 
1. 0 us (minimum> 

All singleshot adjustments for the DAC are 
made while using microdiagnostic *300, 
routine 6. First, load *300, set switches 
ABCD to 0106, press and release SET IC,, and 
press and release START. This forces a 
loop on routine 6. For the adjustment to 
be performed, the sense switch specified in 
the adjustment must be on. Only one 
section sense switch can be on at any one 
time. 

4.12.2.1 Head Conditioning Singleshot 
(FAl.31) 

1. Turn section sense switch 2 on. 
2. sync the scope on 01B-E3G7D12 

(negative>. 
3. Look at the output on E 3G 70 04 and 

adjust to 60 us ± 53. 

4.12.2.2 Index and Delta Index Sinqleshots 
(FA131) 

1.. Turn section sense switch 3 on. 
2. Sync the scope on 01B-E3G3D12 <neg). 
3. I.Dok at the output on E3F2D13 and 

adjust to 400 ns ± 53 by varying the 
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l:ottom potentiometer. 
4. Look at the output on E3F2B13 and 

adjust to 400 ns ±53 by varying the 
bottom potentiometer. 

4.12.2.3 Control Tag Singleshot CFA225) 

1. Turn section sense switch 4 on .. 
2. Sync the scope on 01B-E3F2D02 

(negative) .. 
3. Look at the output on E3F2D12 and 

adjust to one microsecond (minimum) by 
adjusting the upper potentiometer. 

4 .• 12. 2. 4 Recalibrate Singleshots CFA611) 

1.. Turn section sense switch 5 on. 
2. Sync the scope on 01B-C3C2B10 

Cnega ti ve>. 
3. Look at the output on C3C2D11 and 

aajust to 16 ms ± 53 by varying the 
upper potentiometer. 

4. Sync the scope on 01B-C3C2D13 
(negative). 

5.. I.Dok at the output on C3C2D12 and 
adjust to 16 ms ± 53 by varying the 
lower potentiometer. 

4.13 DAC--TIME DELAY CIRCUITS 

4 .. 13.1 SPECIFICATIONS 

The DAC contains two time-delay cards that 
have two delay circuits on each card .. 
These delay circuits are pluggable in 
increments of 5 ns with a maximum of 125 ns 
delay per circuit. 

These circuits are plugged at 75 ns and 
125 ra in the 2025 DAC. 

4 .13 • 2 CHECK 

1.. Loop *300 routine 05. 
2. Scope delays as indicated in Figure 

4-9. 
3. Refer to ALD ZZ016 for card plugging if 

necessary .. 

4.14 1403 ATTACHMENT (FIGURE 4-10) 

An optional integrated printer attachment 
may be provided in the CPU. This 
attachment is capable of operating either a 
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Chan-1- Sync + Int. 
018-D3 G2 802 

Chan-2- Display 
018-D3 G2 D13 

Chan-1- Sync + Int. 
018-D3 G2 D13 

Chan-2- Display 
018-D3 G2 802 

Chan-1- Sync + Int. 
018-D3 G2 D02 

Chan-2- Display 
018-D3 H2 802 

_3vl_/ 
H15 ~b0ns1-

_3vl_V 
t 

\'------
\~_ 

.3V 1) \ 
f /-125 :"J 0ns~ '---------

.3V j_y \~-
f 

\_ 

Figure 4- 9. DAC T irne Delay 

1403-2, 1403-7, or 1403-Nl printer. The 
attachment is housed in the CPU frame on 
the A-gate. Three boards. B3 • C3, and D3, 
contain the control logic. A fourth board, 
H-Pl, contains hammer, magnet, and 
indicator drivers, including associated 
interface circuitry for the printer. The 
H-Pl board is located in the power tower. 

The integrated printer attachment uses 
SLT circuits of the 30 nanosecond group for 
all areas except for the hammer and magnet 
drivers, and interface to the printer. The 
hammer and magnet drivers are mounted on 
SLT cards and use discrete transistors 
capable of providing the current necessary 
to operate the printer. The hammer driver 
and the switch level set cards contain SLD 
modules of the 100-nanosecond group. 

The print buff er consists of 168 
positions of 13 bits. Of the 13 bits, nine 
are used for data and parity. The 
rerraining four bits are used for checking 
purposes. 

4.14.1 TIMING (FIGURE 4-11) 

The attachment clock for the 1403 11.odel 2 
or 7 is an eight-point clock controlled by 
a 720-KHz oscillator having a ± 0.13 
stability. 'Ihe clock runs only during 
printing and produces 11.1-microsecond 
pulses. 

The attachment clock for the 1403 Model 
Nl is an eight-point clock controlled by a 
1667-KHz oscillator having a ±0. 033 
stability. The clock runs only during 



printing and produces 4.8-microsecond 
pulses. 

The timing pulses necessary during 
loading of the l::uf fer from the CPU are 
provided by the microprogram. 

4.14.2 SINGLESHOT ADJUSTMENTS (FIGURE 4-12) 

Refer to Section 4.18 for MCS feature. 

Name of Unit or Item Model 2 Model 7 

Cartridge Type Chain Chain 
Number of Print Positions 132 120 
Max. Printing Speed (LPM) 610* 610* 
Chain Motor Speed (RPM) 3600 3600 
Chain Velocity (IPS) 90.3 90.3 
Time Required for Type to move .001" 

(Microseconds) 11.1 11.1 
Settling for Calibration of Print-Timing 

Dial with Print Density Lever set at C 20 20 
Timing Disk Speed (RPM) 750 750 
Time Required to Print One Line with 

Single Space (Milliseconds) 98.3 98.3 
Carriage Interlock Time 21.4 21.4 
Carriage Type (Speed) Dual 33 in./sec Single 33in./sec 

75 in./sec 

*750 (LPM) with MCS feature **1419 (LPM) with MCS feature 

Figure 4-10. 

-1 
Osc 

Osc Trigger 

IBM 1403 Reference Chart 

1
~0.600 us ( 1403 Model Nl ) 
l 1 .388 us (1403 Model 2 or 7) 

4.14.2.1 PSS (B3E3D04) PR262 

Adjust to 15 us +5 us/-0 us, with the 
printer idling and T-casting closed. 

Model N1 

Train 
132 
1127** 
3600 
206.0 

4.8 

--
1714 

53.2 
20.7 
Dual 33 in./sec 

75in./sec 

Clock 0-1 

Clock 1-2 

~~n~~~~~~--Jn~~~~~~~ 

~~~n~~~~~~~--'n~~~~~~-
Clock 2-3 ~~~~n n~~~~~ 
Clock 3-4 ~~~~~n n~~~-
Clock 4-5 ~~~~~--Jn n~~-
Clock 5-6 
~~~~~~~n n~~ 

Clock 6-7 
~~~~~~~~n n_ 

Clock 7-0 '--~~~~~~~n r 
Figure 4-11,. Print Clock 
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Name Location Length Tolerance 

PSS 83 E3D04 15us. +5, -0 
Strobe Delay 83 M2D04 250ns. Note 1 
Home Gate 83 F3803 340us. ± 20us. 
(Model 2, 7) (Upper) 
Home Gate 83 F3803 160us. ± 15us. 
(Model N1) (Upper) 
Coil Protect 83 D3803 3.5ms ±350us. 

(Upper) 
Coil Protect 83 C4803 1.5ms ± 150us. 

(Upper) 
Coil Protect 83 D3D10 2.0ms ±200us. 

(Lower) 
Coil Protect 83 C4D10 5.0ms ±500us. 

(Lower) 
Single Space 83 L6B03 5.5ms Note 2 
Double Space 83 F3807 9.8ms Note 2 
Triple Space 83 L6D10 13.8ms Note 2 

Note 1: This value is given as a starting point - see 
Buffer Adjustment 

Note 2: These values are given as a starting point. 
The exact value varies with each printer and 
must be obtained by using the procedure out-
lined in Diagnostic Section * 420, Routine WESS. 

Figure 4-12. 1403 Singleshots 

4.14 .• 2 .. 2 Home Gate (B3F3B03)-(Upper) PR252 

ModQl 2 or 7: Adjust using diagnostic 
routine WE06 in Section *400. This 
provides a range of 320 to 360 
microseconds. 

Model N1: Adjust using diagnostic routine 
WE06 in Section *400. This provides a 
range of 145 to 175 microseconds. 

4 .1'& .2 .• 3 Coil Protect PR691 

Adjust using diagnostic routine WE26 in 
Section •400. The diagnostic fires the 
singleshots. and the resulting waveforms 
can be observed on the oscilloscope. 

4.14.3 Delays (Figure 4-13) 

Name Input Output Length 

Carriage Settling Delay 83 H7D02 83 H7D13 See 4.14.3.2 
Speed Limit 83 J2005 83 J2D13 See 4.14.3.1 

Figure 4-13.. 1403 Delays 

4.14.3.1 Speed Limit Delay PR262 

Adjust using diagnostic routine WE29 in 
Section * 400. 

1403-2 or 1403-7 without MCS: A minimum of 
46 print scans must be taken before the 
last scan is allowed. This gives a maximum 
speed of 610 lines per minute. 
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1403-2 or 1403-7 with ~S: A minimum of 35 
print scans are taken before the last scan 
is allowed. This gives a maximum speed of 
750 lines per minute. 

1403-Nl without MCS: A minimum of 45 print 
scans must be taken before the last scan is 
allowed. This gives a maximum speed of 
1127 lines per minute. 

1403-Nl with MCS: A minimum of 30 print 
scans must be taken before the last scan is 
allowed. This gives a maximum speed of 
1419 lines per minute. 

4 .• 14.3.2 Carriage settling Delay CPR742) 

Adjust using diagnostic routine WE51 in 
Section •420 after setting the single-space 
singleshot. For the 1403-2 or 1403-7, this 
will give a combined single space and 
carriage settling range of 20.4 to 21.4 ms. 
For the 1403N1 this gives a combined single 
space and carriage settling range of 20.6 
to 20. 9 ms. 

4 .. 14 .• 4 BUFFER SERVICE CHECKS 

Refer to Section 4.14.6. 

4.14.5 BUFFER ADJUSTMENT 

1. Set all voltages are specified in 
Chapter 5. 

2. Initially set Vsl to +3V with respect 
to ground (PR551) using the upper 
potentiometer. 

4.14.5.1 Vxy Adjustment 

1. Estimate the temperature of the room. 
Measure Vxy C01A-C3L2D11) with respect 
to ground. 

2. Set Vxy using the lower potentiometer 
ofC3L2 to the appropriate value with 
respect to the room temperature: 

60F (15.6C) 
70F (21.lC) 
80F (26 .• 7C) 
90F (32.2C) 

+1.6V 
+1.5V 
+1.4V 
1.3V 

Note: If air conditioning ducts or 
floor cutouts allow air colder than room 
temperature at the input to Gate-A in the 
C-board area, use the Vxy setting for the 
next lower temperature. If such cooling 
conditions are present, check Vxy after the 
gates have been closed to verify that the 
voltage is at the desired value. It may be 
necessary to readjust for the proper 
setting. 



4.l(f.5 .• 2 Strobe Mjustment 

1. Attempt to write all bits in the buffer 
<Diagnostic Routine WE15, section 
*400); disregard any errors. 

2. sync the scope on '-0 x+4x Strobe SA' 
(PR551) ( 01A-C3L2B04) • 

3. Observe the output of the PLBl sense 
amplifier, '-0 PLB sense 1' CPR561) 
CO 1A-C3K2B02). 

4. Adjust the strobe delay singleshot in 
01A-B3M2 until the sense amplifier 
oot put appears. Adjust the singleshot 
potentiometer to obtain an output pulse 
of maximum width. If the maximum width 
occurs over a range, adjust the 
potentiometer to the center of the 
range. 

4.14.5.3 Vsl Adjustment 

1. IDop on the 1403 buffer voltage routine 
OiE16 in Section *400), set sense 
s~itches to continue after errors, and 
print an asterisk <*> only on errors. 

2. Adjust the upper potentiometer on C3L2 
clockwise until an error message prints 
(or until a print check occurs). 

3. Adjust the potentiometer clockwise 
until the error conditions show up and 
set the Vsl .1 volt more negative than 
the high failure level of Vsl. 

Note: The range between the failure 
points should be at least .3V. A range 
of less than .• 3V may indicate a bad 
component such as a sense amplifier. 

4. The buffer should now be adjusted 
properly to track effectively over its 
specified operating temperature range. 
If any of the buffer components (sense 
amplifier,, driver, etc.) are replaced, 
the Buffer Adjustments procedure 
(Section 4.14.5) must be repeated to 
obtain optimum operation. 

4.14.6 BUFFER CHECKOUT PROCEDURES 

Loop the ripple print routine to test 
accuracy of buff er adjustments. 

4. 15 2 5 60 ATTACHMENT 

4.15.1 BLOCK FEED CHECK JUMPER 

When the block feed check jumper is 
installed, all 2560 feed checks are 
prevented. To scope the feed and feed 
check circuitry: 
1. Set up a short instruction loop 

according to the type of feed check, 
using MFT 72. 

2. connect the block feed check jumper (MF 
506), and load blank cards in the 
selected hoppers. 

Control and check circuitry can then be 
scoped as desired. Sync signals are FCB 1 
to 6, trailing edge., or those signals that 
initiate a feed cycle. 

4.15.2 ADJUSTMENTS 

4 .15. 2 .1 Sing le shots 

The monitor-controlled 2560 diagnostic 
coreload *820, routines UM35 and UM36, 
describes the adjustment of all singleshots 
in the 2560 attachment feature for both 
print and nonprint 2560s. 

4.15.2.2 Feed Cells 

Refer to the publication., :r.t:>del 25 
Pluggable Display and External Field 
Definitions, and plug the display cable in 
the location that brings the signal, 'any 
feed cell dark,' to the indicator lights. 
Adjust the feed cells as described in the 
2560 FEMM. 

4.16 INI'EGRATED COMMJNICATIONS ATTACHMENT 

4.16.1 TIM:OOUT OSCILIA'l'OR 

The timeout oscillator contains t~ 115-ms 
singles hots. The singleshots are running 
continuously: adjust each one to 115 ±5ms 
while scoping the output pin. See ALD page 
HA064. 

4.16.2 TIMEOUT CLOCK SINGLESHOT 

The 350-ns timeout clock singleshot is 
stai.ted every 460 ns., and should be 
adjusted to 350 ±35ns while scoping the 
output pin. See ALD page HA064. 

4.16.3 SYSTEM RESEI' SINGLESHOTS 

There are two 5-microsecond system reset 
singleshots. One is started by the system 
reset switch on the console (Note 4 on ALD 
HA064). The second is used by the ICA 
microdiagnostics and can be scoped by 
looping the entire section or any routine 
in *700 (Note 5 on ALD HA064). 

4.16. 4 A-CLOCK SINGLESHOT 

There is one 2. 5-micro second A-clock 
singleshot per start/stop base board.. The 
singleshot runs continuousl¥ and can be 
adjusted while the output pin is being 
scoped. See ALD HA137 for EIA boards 
CB-Xl). See ALD HA337 for TI.G boards 
(B-Yl). 
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Section 2. Features 

4.17 EXTERNAL INTERRUPTION AND DIRECT 
CON'l'ROL FEATURES 

The external interruption and direct 
control features are combined here because 
installation of the direct control feature 
requires that the e xte rna 1 i nte rru pti on 
feature also be installed. The external 
interruption feature,, however, can be 
installed without the direct control 
feature. 

Both features are plugged on board 
Al-A3. 

4.17.1 SPECIFICATIONS 

Signals on the direct control interface are 
of three types: 
1. The direct-control bus-out and the 

direct-control bus-in lines carry 
static levels that remain on the lines 
until changed by the CPU program or by 
the external equipment. 

2. The timing-out, read-out, write-out, 
and external bus-in lines carry pulses. 

3. The hold-in line may carry either a 
pulse or a static signal. 

These signals are shown in Figures 4-14 
and 4-15. In these figures,, all pulses are 
coraidered positive and the up-level is 
considered a logical one. 

When the CPU power is off, all outputs 
to the outbound busses or tag lines must be 
at a logical zero. 

4.17.2 AnJUSTMENTS 

Although circuit adjustments cannot be made 
to these features, the circuit cards of any 
given type must operate satisfactorily in 
any socket location specifying that type. 
Selection or interchange of cards to obtain 
satisfactory performance is unnecessary and 
should not be done. 

4.U INTERVAL-TIMER ADJUSTMENT 

The singleshot located at A-A3J7 must be 
adjusted as follows. Scope the signal at 
A-A3H3D05 CCT011). Adjust the singleshot 
to give a 10-millisecond ± 10% positive 
going pulse at this point for 60-cycle 
machines, or an 11-millisecond ± 10% 
positive going pulse for 50-cycle machines. 
It is not necessary to have the CPU clock 
running to make this adjustment. The 
singleshot must be functioning all the time 
power is on. 

4-14 (7/69) 

4.18.1 SERVICE CHECK AND CHECKOUT PROCEDURE 

To test the interval-timer feature, first 
run microdiagnostic *200. Timer switch 
must be on to run this test. Next place 
the machine in single-cycle mode and press 
system reset. Display the interval-timer 
register; it must be zero. Now alternately 
press start and then display the 
interval-timer register. Each time this is 
done, there is a 503 chance that the 
register will be advanced.. Each time it 
does advance, it is increased by only one 
count. When a count of one has been 
reached, turn the interval-timer switch 
off. The interval-timer register should 
continue to advance. When all bi ts of the 
C-register are on (interval-timer register 
equals 15 >, press the start button ten more 
times. '!he value in the interval timer 
must not change. 

Leaving the interval-timer switch off 
and the machine in sing le-cycle mode, press 
system reset. Display the interval-timer 
register; it must be zero. Press start ten 
times. The interval-timer register must 
still be zero. 

4.19 STORAGE PROTECTION FEATURE ADJUSTMENI' 

Figure 4-16 shows the time relationship of 
the STP1 local storaqe compared to the CPU 
word type 2. A delay line is used to 
adjust the S'IP local storage read line. 
This delay line has a tolerance of + 3 to -2 
nanoseconds and can be adjusted by using 
the following procedure. 

1. Store the storage word 5210, followed 
by an unconditional branch back to this 
word, into an unused portion of control 
storage. 

Example: 
Address Contents 

0280 5210 (FE Trap Area) 
0282 8280 

2. Sync on word type 2 (location OlA -
B1C7B03). 

3. Scope and record the duration from the 
10% rise of • YO ADDR LINES STP1. to the 
10% fall of 'STP1 READ LINE' (ALO -
XQ007). 

4. The duration (Figure 4-17} must be 
between 27 ns and 37 ns. If this 
requirement is not met, the delay line 
must be plugged to satisfy this 
condition. 
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Minimum overlap after data change. 100 nsec. no maximum specified 
Minimum duration 500 nsec. 
Maximum including transition 1000 nsec. 
Minimum down level between pulses not specified 

Figure 4-14. Direct Control Signals Originating Outside the CPU 
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Minimum duration is 500 nsec. 
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Leading edges coincidental within skew tolerances 
Leading edges coincidental within skew tolerances 
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Overlap start Write Out to change D. C. P. O. 100 nsec. (MIN) 
Overlap change of D. C. P. 0 to finish of Write Out 100 nsec. (Ml N) 
Earliest time to sample hold I ine during read direct. 
Minimum down time between pulses is 500 nsec. 

Direct Control Signals Originating within the CPU 



TO TO TO 

+Word Type 2 
____,/ \ _ 

TS T4 

+ Read Latch 

+ Inhibit Store 

----- Must be negative before T7 time to al low store. 

T7 

+ Store Byte 0 & 1 _____________ _ 

Figure 4-16. STPl Time Relationship to Word Type 2 
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27 nsec to 37 nsec delay 

Figure 4-17. STPl Read Line Delay 
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5.1 GENERAL INFORMATION 

Electrical power requirements for the 2025 
processing unit and integrated input/output 
attachment features.. including the 
associated I/O devices. are supplied 
through the 2025 processing unit. 

The ac service into the 2025 processing 
\lllit is 208/230v. 60 amps. 3-phase. 60 Hz 
ac for domestic rcachines. For World Trade 
machines. provision is made for 50 Hz. 
195/22 0/235V .• delta input. or 50 Hz. 
380/ 408V. Y-input. 

The de supplies are ferroresonant for 
all levels. 

The de supplies are sequenced. The ac 
power to the 2311 disk drives and the 2560 
MFCM is also sequenced. 

Some of the power supplies and 
associated components are used only with 
cert.ain integrated I/O attaclments. Where 
possible. these components are specified in 
feature groups. and are installed only when 
the associated features are installed. 

The fallowing is a listing of the power 
sui:pli es by group. 

Basic Power Group: 
+3 50A 

-3 Gl 30A 
+6 @ 40A 

+ 12 @ 13A 
-12 @ 13A 

-30 @ SA Core storage 
7.25V ac @ 2Console indicators 

41V ac @ Meter power pack 
115V ac @ 15A Convenience outlets and 

1052 motor 
+24 @ 4.SA sequence circuitry 

Ferrotransf armer Tl Supplies: 
+48 @ 3A Console typewriter. 

communications 

Power requirements supplied from the 
processing unit for integrated I/O 
attachment devices are as follows .• 

1403/2540 Power Group: 

-6 @ 4A 
-20 GI 4A 

1403 Power Group: 

+6 @ 16A 
+60 @ 20A 

Hammer drivers 
Hammer drivers 

Chapter S. Power Supplies 

2311 Power Group: 

-36 @ 2A 

2560/Communications Power Group: 

+3 @ 45A 
+6 @ 32.Pi 

2560 Power Group: 

+20 @ lA 

5.2 INPUT POWER 

Input power for domestic installations is 
208 volts ±103 or 230 volts ±103. 60 ±.5 
hertz, 60-amperes three-phase four-wire 
(the fourth wire is equipment ground) 
shielded cable. The shield and ground wire 
are bonded to the input line filter case at 
the cable entry point. 

Input power for World Trade 
installations is 200. 220,, 235/380, or 408 
volts ±10%, 50 ±.5 hertz. 60-amperes 
three-phase five-wire shielded cable (the 
fourth wire is neutral for a WYE system and 
not used on DELTA, and the fifth wire is 
equipment ground. The shield and ground 
wire are bonded to the input line filter 
case at the cable entry point. An 
autotransformer is provided for 200 volts, 
235 volts, or 408 volts, 50 hertz inputs. 

Power supply logics YA 011, YA 092, and. 
YA 101 show input connections to voltage 
sensitive units and YA 031 shows the power 
on/off sequence. The 20 25 power supply is 
described in detail under Power Supply in 
the IBM 2025 FE Theory of Operations 
Manual., Form Y24- 3527. 

5.3 POWER CONVERSION 

Ferroresonant regulators feeding full -wave 
bridge rectifiers are used to transform the 
systems ac input voltage to the de voltage 
required by the series regulators and the 
special power requiranents. The special 
power requirements do not require close 
regulation. 

5.4 AC OUTPUTS 

5.4.1 CONVENIENCE OUTLETS 

For domestic machines, two convenience 
outlets provide 115 volts,, 60 hertz., single 
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phase, at a maximum of 15 amperes for the 
CPU. For World Trade, two convenience 
outlets provide 200. 220, or 235 vol ts at 8 
amperes for the CPU. Integrated units can 
draw up to 8 amperes per unit. The 
convenience outlets for the CPU and the 
integrated attachments cannot exceed a 
total of 15 amperes .• 

5 .4 .. 2 BLOWERS 

The CPU has three blowers in the power 
supply tower, three blowers per SLT gate, 
and three blowers in each M2-I unit. These 
blowers require 208 or 230 volts., 60 hertz, 
or 220 volts at 50 hertz, single phase. 

5.5 DC OUTPUTS 

The power system of the 2025 supplies de 
outputs as shown in Figure 5-1. 

All de voltages must be within the 
tolerances indicated in Figure 5-1 
(excluding transient noise) at any card 
socket in the CPU. 'Iheref ore, each power 
supply must maintain its output voltage in 
accordance with its individual performance 
specification. The distribution tolerance 
must not exceed ±23 within the CPU and 
devices with reference established at the 
point of the external entry into the 
devi.ce. 

Supply Rating Maximum Current Power Su~ly Tolerance Setting 
Permitted (Avg.) Location o. at Circuits ±0.5% 

+12V 13A 11. 7 A 8 ±4% 12.24 
-12V 13A 13.0 A 3 12.24 
- 3V 30A 30.0 A 6 3.01 
- 6V 4A 4-0 A 1 6.24 
+ 3V 45A 42.0 A 2 3.12 
-30V 8A 8.0 A 12 (Per Mem Spec) 

(9.0A at 34.5 V) 
***+ 6V 40A 47.0 A 10 ±4% 6.02 

+60V 20A 20.0 A 14 ±10% N/A 
+ 6V 16A 15.5 A 11 +4% 

-7% 6.02 

-30V 2A 2.0 A 4 ±4% 36.72 

-20V 4A 4.0 A Developed ±10% N/A 
from T1 

+24V 4.2A 4.2 A Developed ±15% N/A 
from T3 

+48V 3A 3.0 A Developed ±10% N/A 
from T1 

+ 6V 32A 30.0 A 5 ±4% 6.24 
+ 3V 50A 50.0 A 9 ±4% 3.01 
+20V 1.0A 1.0 A Developed ±10% N/A 

from T7 

5.5.1 MARGINAL CHECKING JACK RECEPTACLE 
(p1) 

A jack receptacle (P1) located on the 2025 
relay panel provides +12 volts for marginal 
checking the 2540 Clogic YA 241). 

5. 6 POWER ON/OFF SEQUENCING 

See timing power supply logic YA 031. 

5 .• 6.1 POWER ON/OFF OF CPU AND. INTEGRATED 
I/O UNITS 

5.6.1.1 +6, -3, +3, and -30 Voltages 

The +6, -3, and +3 voltages must be within 
a sensed percentage of their rated level 
prior to bringing up the -30 volts used by 
storage. 'Ihe -30 volt supply must be down 
to or below a sensed level before removing 
+6, +3, or -3. Whenever the +6 volt supply 
is between +5 .4 vol ts and +2 .o volts for 
more than 100 ms, -30 volts should be 
dropped to less than -10 volts. Any loss 
of the +6 volts should result in the 
removal of -30 volts from the BSM (basic 
storage modules). 

5. 6.1. 2 + 6, +3, - 3, and +60 Vol taqes 

The +6., +3, -3, and +60 volts direct must 
be up within a sensed percentage of their 
rated level prior to applying the +60 volts 

Position Feature 

PS-TB1-2, TBH> Basic 
PS-TB 1-2, TB1-5 Basic 

*A-LBA1 Basic 
PS-TB1-5, TB1-2 1403, 2540 
PS-TB1-2, TB1-5 2560, Comm 

**M21LB Basic 

*A-LBA1 Basic 
N/A 1403 

TB25-15, 13 1403 
PS-TB1-2, TB1-5 2311 

N/A Basic 

N/A Basic 

N/A Basic 

PS-TB1-2, TB1-5 2560, Comm 
*A-LBA 1 Basic 
N/A 2560 

*See logic page YA251 **See logic page YA271 *** +6V@ 50A on machines with EC133539 

Figure 5-1. DC outputs 
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corE.rolled output to the 1403. This makes 
the three-phase ac power available for the 
motors.. The +60 volts controlled must be 
down to or below a sensed level before 
removing other de voltages used by the 
1403. 

5.69 1.3 2311 DC Power 

The first de power on the 2311 is the +6, 
+ 3., and -3 volts; then the ac power-on 
control line is activated. 'lbe first step 
in power-off is to deactivate the •power-on 
con:. rol' line, remove ac power, and finally 
remove de voltages. The 2311 heads 
extended prohibit sequence down unti 1 the 
heads retract or an EPO occurs. 

5.6 .• L.4 2540 DC Power 

The -20 volt de power to the 2540 is 
applied at the same time as the -30 volts 
is supplied to main storage. 

5.6.1.5 2560 AC Power 

The ac to the 2560 is applied after the de 
voltages and removed before the de 
voltages. 

5. 6. 2 POWER ON/OFF TO CHANNEL CONTROLLED 
I/O UNITS 

A maximum of eight I/O control units can be 
cont rolled by the CPU channels. These 
units are powered up after all CPU and 
integrated I/O units have been sequenced 
on. The channel controlled I/O units step 
their power on one at a time. When the 
last I/O unit has completed its power-on 
sequence Wlder remote control and the 
memoi:y temperature is alx>ve the low limit., 
the system power-on reset lin~ is 
deactivated and the system power-on light 
is turned on. 

Power off occurs in the same sequence as 
power on, with the following exception: if 
the 2311 heads are extended at the time of 
power off, the power-down sequence is 
prchibited until the heads retract or an 
EPO occurs. 

5.7 EMERGENCY POWER-OFF (EPO) 

Operation of the emergency-pull switch 
removes primary power within two seconds 
from the CPU and every I/O control unit 
attached to a channel simultaneously, and 
without stepping down. An emergency 
power-off can cause the data in main 
storage to be lost. Operation of the 
emergency-pull switch sets a mechanical 
latch within the switch mechanism that must 
be manually reset before power can be 
restored. 

5. 8 OVERCURRENT,, UNDERVOLTAGE, AND 
OVERVOLTAGE SENSE 

When an overcurrent or an overvoltage 
condition occurs on de power supplies with 
an overcurrent CB, the following events 
take place. 
1. A circuit breaker is tripped and the CB 

trip light is on. 
2. A normal power-off sequence is 

initiated. 
3. A power-check light is energized on the 

console. 

The de power supplies not provided with 
an overcurrent CB are fused for overcurrent 
protection. I.oss of the supply outputs 
when system power is on initializes a 
normal power-off sequence and turns on the 
power-check light on the console panel. 
Loss of the +24 volt supply causes a random 
power off and does not light the power 
check light. 

Loss of any de supply <except the +24 
volt) below its se.i.sed rating initiates a 
normal power-off sequence and lights the 
power-check light on the console panel. 

The 20-volt, 24-volt, 36-volt, 48-volt, 
and 60-volt de supplies do not require 
overvoltage circuits. 

5.8.1 SYSTEM-RESTART/POWER-CHECK LIGHT 
RESET 

system restart can not be accomplished 
without first pressing the power-off bltton 
to res et the power- check 1 ight. Inability 
to reset the power-check light indicates 
the power failure is caused by an 
overcurrent, overvol tage., or thermal-trip 
condition. The system power-off hltton 
must be pressed after resetting the 
condition at the power tower. 

5. 9 THERMAL SENSING 

Thermal sensing switches are provided on 
logic gates, main storage, and power supply 
areas. Whenever any of these thermal 
switches senses a temperature in excess of 
their specified limit, the following 
occurs .• 
1. A normal power-off sequence is 

initiated. 
2. The thermal-trip 1 ight on the power 

tower is turned on and remains on until 
the condition is corrected and the 
thermal reset switch is actuated. 

3. The power- check 1 ight on the console is 
turned on. 
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5 .• 10 SERVICE CHECKS AND CHECKOUT PROCEDURES 
(FIG.URE 5-2) 

Continued problems with the 2025 power 
supplies could be an indication that: 

1. Line in use is out of specification. 
The voltage must be within ±103 of 
rated input line voltage.. (See 
Physical Planning Manual, Form 
C22-6820,, for complete requirements .. ) 

2.. Transformer taps set for wrong line 
voltage.. If the voltage is ever 
changed, the correct Feature Bill of 

Material should be ordered through 
Plant Field Engineering. These B/~s 
contain complete instructions for the 
2025 conversion as well as the correct 
voltage nameplate tags. The voltage 
nameplate must always reflect the 
voltage for which the machine is wired. 
When the B/M is ordered and installed, 
Machine Level Control Department is 
advised of the change in the machine 
voltage wiring. 

3. On thermal failures, check blowers and 
filters for sufficient air flow. Room 
temperature can also be a factor. 

Logic Page Descripton Part Number EC133201 EC133323 EC133539 

YA011 Switching Instruction for Input Voltage 2542161 
YA021 Machine Layout Data (Door Side) 2542162 2543021 2470741 
YA022 Machine Layout Data (Gate Side) 2542163 2470739 
YA031 Power "On" - "Off" Se_g_uence 2542164 
YA041 Component Data Location Chart 2542165 2543022 
YA042 Component Data Location Chart 2542166 2470747 
YA043 Terminal Location Chart 2542167 
YA061 Connector Reference Chart 2542168 
YA071 External Cable Connections 2542169 2470740 
YA072 External Cable Connections 2542170 
YA091 AC Power Control 2542171 2543023 
YA092 Control Transformer and Conv. Outlet Power Dist. 2542172 
YA101 AC Distribution 2542173 
YA111 AC - Distribution to 1052 and Blower Circuits 2542174 
YA131 1403 AC - Control and Distribution 2542175 2470732 
YA132 Solid State Switch and 1403 Motors 2542191 
YA141 1403 +60 V Control and Disteibution 2542176 2470733 
YA151 System Power Control 2542177 
YA161 System Power Control 2542178 
YA171 EPO and PWR "On" Control for 1/0 Control Units 2542179 
YA181 Voltage Sense Circuits CB Trip Sense Circuits, Over 2542180 

Temperature Circuits 

YA185 Lall'lQ_Su.QQ!y_and Time Meter Circuit 2542181 
YA191 Ferro Mid Pack Tl T2, and Power Supplies PSl, PS4 2542182 
YA201 Ferro Mid Pack T6, T7, and Power Supplies PS2, PS5, 2542183 

PS11, PS12 

YA211 -3 V - Power Su.£.e!y_ and Distribution 2542184 
YA221 +3V - Power Supply and Distribution 2542185 
YA231 +6 V - Power Supply and Distribution 2542186 
YA241 +12V, -12V- Power Supply and Distribution 2542187 
YA251 DC Distribution to Gate "A" 2542188 
YA261 DC Distribution to Gate "B" 2542189 
YA271 DC Distribution to Gate "C1 ", Gate "C2" and 2542190 

Gate 01 H01-A_lHammer Driver Boarctl_ 
YA112 2539396 
YA182 2470789 

Figure 5-2. Power supply Logic Pages 
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5.11 MID-PAC POWER SUPPLY 

5.10.1 MID-PAC TROUBLESHOarING PROCEDURES 

The following procedure is recommended for 
troobleshooting the Mid-Pac power supply. 
Only the most probable conditions are 
indicated. 

5.11.1.1 High Voltage 

Either a defective amplifier card or a 
shorted series regulator power transistor. 
To determine which of these is causing the 
high voltage, remove the amplifier card and 
press the power-on key just long enough to 
determine whether voltage is present. 
Voltage being present indicates that one or 
more ~f the power transistors (normally 
clamped to 0-volts with the amplifier 
removed) is shorted. If no output voltage 
is present., the amplifier card is probably 
defective. It may be necessary to 
disconnect the output cable and remove the 
overvoltage card. Never remove the 
overvoltage card with the de output cable 
connected to the module if power is to be 
applied to the machine. 

5. 11.1,. 2 Low Output Voltage 

Low out put voltage usually is caused by a 
defective amplifier card. 

5.11.1. 3 DC Module Circuit Breakers 
<Individual Tripping> 

Either a shorted series regulator power 
transistor, or a short in the logic wiring 
(load). To determine which condition is 
causing the circuit breaker to trip, remove 

the amplifier card. If the circuit breaker 
trips with the card removed, the power 
transistor is shorted. If the circuit 
breaker does not trip with the card 
removed, the short is probably somewhere in 
the load circuits. 

CAUTION 

The CPU should not be running when tools or 
scopes are plugged into the convenience 
outlet. 

If necessary, normal processor operation 
may be interrupted to utilize the 
convenience outlet by: 
1. pressing STOP. 
2. connecting tools. 
3. pressing START. 

5 .• 11. 2 SERVICE CHECKS AND CHECKOUT 
PROCEDURF.S 

5.11.2.1 Mid-Pac DC Outputs 

All de voltages must be within rated 
tolerances when measured anywhere in the 
CPU Logic area such as memory uni ts and 
logic gates. Refer to Figures 5-1 and 5-2 
for a chart and reference of the Mid-Pac 
power system,. 

Measure and monitor the output voltage 
at the designated test point for the 
applicable power supply. Vary the red 
knurled knob of the potentiometer on the 
SMS card until the meter reads the 
specified voltage. Use a Weston 901 meter 
or equivalent. 
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Chapter 6. Locations 

See Figure 6-3 See Figure 6-2 

See Figure 6-10 

See Figure 6-3 TB 9 

Figure 6-1. E-Gate (Connector Rack ) 
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Chapter 6. Locations 

See Figure 6-3 See Figure 6-2 

See Figure 6-10 

See Figure 6-3 TB9 

Figure 6-1. E-Gate (Connector Rack) 
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Distribution 
W1 & W2 

W3&W4 

W5&W6 

PS13 

25A 

See Figure 6-7 

Figure 6-2. DC Distribution and Power Supplies 
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W3&W4 
W5&W6 

PS13 

25A 

See Figure 6-7 

Figure 6-2. DC Distribution and Power Supplies 
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Double 
Fan Unit 

and Primary 

Systems 
Control Gate 

See Figure 6-4 

~ 

Column 2 

J20 (AC) and J21 (DC) 
to 2560 (not Shown) 

Figure 6-3. Left side 

See Figure 6-6 and 6-7 

~ 
C2 Gate Cl Gate 

DC Distribution 1403 Signal 2311 Signal 

J1 -J8 
and J24 
1/0 Control 
Connectors 

R eservl!d for 
Communications 
Feature 

Channel 

CPU to 2540 
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Double 
Fan Unit 

and Primary 
Power Control 
See Figure 6-5 

Systems 
Control Gate 

See Figure 6·4 

---------------Column 2 

J20 (AC) and J21 (DC) 
to 2560 (not Shown) 

Figure 6-3. Left Side 

See Figure 6-6 and 6·7 

-------------C2 Gate Ct Gate 

DC Distribution 1403 Signal 2311 Signal 

J1-J8 
and J24 
1/0 Control 
Connectors 

Reserved for 
Communications 
Feature 

Channel 

DCO-DC3 
DCto2311 

Reserved 
for 2560 

CPU to 2540 
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PS1----------...L 
-6V @4A 
( 1403-2540) 

+3V @45A 
(Comm. Feat. 
& 2560) 

PS3------~ 
-12V @ 13A 
(Basic) 

Air----------:-
Filter 

See Figure 6-5 

I 

Figure 6-4. Power Supplies (Left Side) 
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See Figure 6·3 See Figure 6-6 and 6-7 



PS1------' 
-6V@4A 
( 1403-2540) 

Area 

+3V@45A 
(Comm. Feat. 
& 2560) 

PS3------...; 
-12V@ 13A 
(Basic) 

Air--------
Filter 

See Figure 6-5 

PS4 

Figure 6-4. Power Supplies (Left Side) 
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Area Reserved for 
PS5 +6V@ 32A 

See Figure 6-3 

+3V@50A 

See Figure 6-6 and 6-7 



Air Filter 81TB1 CB1 K1 Ground Bus 

K4 TB3 

Figure 6-5. Fuses (Lower Left Side) 
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Air Filter 81TB1 CB1 Kl Ground Bus K12 

K4 TB3 

Figure 6-5. Fuses (Lower Ief t Side) 
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(Logic Y A(l43) 

16K Machine 

~ 
LJ 

32K 
Control 
and 
Data 

16K 
Control 

~ 
LJ 

32K Mach ine 

~ 
LJ 

24K Machine 48K Machine 

Figure 6- 6. Main Storc;.ge Uni ts (Pin Side) 
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Cl Gate 

C1-TB12U 
(Logic Y A043) 

16K 
Control 

32K 
Control 
and 
Data 



(Logic Y A043) 

16K Machine 

~ 
LJ 
24K Machine 

32K 
Control 
and 
Data 

16K 
Control 

Figure 6-6. Main Storage Uni ts (Pin Side} 

6-6 (7/69) 

~ 
LJ 
32K Machine 

~ 
LJ 
48K Machine 

C1 Gate 

c1:rn12u 
(Logic Y A043) 

16K 
Control 

32K 
Control 
and 
Data 



Connectors 

Diode Card 2 

Diode Card 1 

Access Hole for 

Black Wire to 
Pin J06 on 
SA Z-Driver 

Yellow Wire (-30v) 

to Pin J07 on SA Z-Driver 

70ohms 

Red Wire to 
..,.,....._-o----\ Pin G07 on 

70ohms SA Z·Driver 

Bi t SA Z -Driver 

B1G2 

B1H2 

B1J2 

B1K2 

B1L2 

B1M2 

B1N2 

B1P2 

B102 

B1R 2 

B1S2 

B1F4 

B1G4 

B1H4 

B104 

B1R4 

B1S4 

B1T4 

Y Read 

X Write 

53ohms 53ohms 
Yellow 

From To 
Black (Ground) 

Y Read B2U4B12 
Y Write B2U4D06 From To 

X Read B2U4G07 Y Read B2U4D12 
X Write B2U4J06 Y Write B2U4B08 

X Read B2U4G09 
X Write B2U4J09 

Figure 6-7. Main Storage Components (Card Side ) 
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Connectors 

Diode Card 2 

Diode Card 1 

Access Hole for 

Black Wire to 
Pin J06 on 
SA Z-Driver 

Yellow Wire (-30v) 
to Pin J07 on SA Z-Driver 

Red Wire to 

,.._--c~"'"'·~ ------.1 vv~--o--~ Pin G07 on 
70ohms 70ohms SA Z-Driver 

From To 
Y Read B2U4B12 
Y Write B2U4D06 
X Read B2U4G07 
X Write B2U4J06 

Figure 6-7. Main Storage Components (Card Side) 

From 

Y Read 
Y Write 
X Read 
X Write 

Bit SA Z-Oriver 

B1G2 

B1H2 

B1J2 

B1K2 

B1L2 

B1M2 

B1N2 

B1P2 

B102 

B1R2 

B1S2 

B1F4 

B1G4 

B1H4 

B104 

B1R4 

B1S4 

B1T4 

Y Read 

Y Write 

X Read 

X Write 

53ohms 

To 

B2U4012 
B2U4B08 
B2U4G09 
B2U4J09 
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Array Matrix 

Array Gates 

and Controls 

Timing and 
Interface 

Sense Amps and 
Z-Drivers 

Figu r e 6- 8 . Main Storage Components <car d Side) 
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Volt. Reg. 
and Control See Figure 6-7 



Array Matrix 

Array Gates 

and Controls 

Fan 3 

Sense Amps and 
Z-Drivers 

Figure 6-8. Main Storage Components <card Side) 
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Volt. Reg. 
and Control 

Fan 1 

See Figure 6-7 
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Figure 6-10. Logic Gate A (Card Side) 
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Figure 6-10. Logic Gate A (Card Side) 
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Figure 6-11. Logic Gate A (Pin Side ) 
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Figure 6-11. Logic Gate A (Pin Side) 
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Bleeder Resistors---
R 18 to R29 

1403 Control Panel 
See Figures 6-14 and 6-15 

A 1 Gate (Hammer Driver Gate) 
See Figu res 6-14 and 6-16 

PS 14, +60V @ 20A 

Cl Gate Heaters C2 Gate 

Figure 6-12. Right Side (Behind Logic Gates) 
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Area Reserved for PS 5, + 6V @ 32A; 
PS 2, + 3V @ 45A; T7 Mid Pac (2560/ 
Communications Feature) 

Tl Mid Pac 



Bleeder Resistors""'· --
R 18 to R29 

1403 Control Panel 
See Figures 6-14 and 6-15 

A 1 Gate (Hammer Driver Gate) 
See Figures 6-14 and 6-16 

PS 14, +60V@ 20A 

Cl Gate Heaters C2 Gate 

Figure 6-12. Right Side <Behind IDgic Gates) 

6-12 (7/69) 

Area Reserved for PS 5, + 6V @ 32A; 
PS 2, + 3V@ 45A; T7 Mid Pac (2560/ 
Communications Feature) 

T6 Mid Pac 

T2 Mid Pac 

Tl Mid Pac 



•• • •• 
9 " 

T2 · TB1 T6 · TB1 

Figure 6-13. Power Supplie s (Right Side) 

T6·TB2 

T2 -'TB2 

Single 
Fan Unit 

82 • TB1 

Filter 
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Figure 6-13. Power Supplies (Right Side) 

T2-TB2 

Single 
Fan Unit 

82 -TB1 

Filter 
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See F igure 6-15 

1403 Coil Pro t ect 

Check Bypass 

Sw itch 3 

TB25 01 H- A 1 
Hammer Driver 

Board 

Hammer Filter 

Driver 
Fan Unit 

1403 Current 

L imit Switch 4 

HDTB1 PS14 

TB2 

Figure 6-14. 1~03 controls <Right Side) 
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See Figure 6-15 

1403 Coil Protect 
Check Bypass 
.Switch 3 

TB25 01 H-A1 
Hammer Driver 
Board 

Hammer Filter 
Driver 
Fan Unit 

HDTB1 

Figure 6-14. 1403 controls (Right Side) 
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1403 Current 
Limit Switch 4 

PS14 
TB2 

PS14-F1 



K5 K4 KB 

Figure 6-15. 1403 Control Panel (Open) 
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Figure 6-15. 1403 Control Panel Copen) 
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See Figure 6-14 See Figures 6-14 and 6-15 

Figure 6-16. Hammer Driver Gate (Open) 

6-16 (7/69) 



See Figure 6-14 See Figures 6-14 and 6-15 

Figure 6-16. Hammer Driver Gate Copen) 
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A.l LOCAL STORAGE CARD AND STORAGE 
PROTECTION CARD 

A.1.1 FUNCTIONAL DESCRIPTION 

A 64 X 10 self-contained functional 
three-dimensional storage-array card 
(including word drivers, storage elements , 
bit drivers, sense amplifiers and a voltage 
reguLi.tor) is used for local storage and 
storage protection. When the storage 
protection feature is present, the two 
cards (Figure A-1) can be swapped for 
diagnostic purposes. 'Ihe inputs to the 
storage unit are an ax by SY matrix. 

Appendix A. Special Circuits 

Two modes of operation are poosible: 
1. A write operation, or 
2. A nondestructive read operation CNDR). 

The NDR operation is accomplished by 
supplying a valid addres s Cone X- and one 
Y-line selected), and sampling the output 
by conditioning the sense amplifier gate 
on. (If minimum access time is not needed, 
the sense amplifier gate can be left on at 
all times.) The write operation requires a 
valid address input, 10 data inputs , and a 
bit driver timing pulse (timed w'rite 
instruction), all of which must be 
coincident. All signal input and output 
lines are compatible with SLD/SLT circuits . 

Figure A-1 .. Local Storage and Storage Protection Card 
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A.1 LOCAL STORAGE CARD AND STORAGE 
PROTECTION CARD 

A.1.1 FUNCTIONAL DESCRIPI'ION 

A 64 X 10 self-contained functional 
three-dimensional storage- array card 
(including word drivers, storage elements, 
bit drivers, sense amplifiers and a voltage 
regul~tor) is used for local storage and 
storage protection. When the storage 
protection feature is present, the two 
cards (Figure A-1) can be swapped for 
diagnostic purposes. '!he inputs to the 
storage unit are an ax by 8Y matrix. 

Appendix A. Special Circuits 

Two modes of operation are poosible: 
1. A write operation, or 
2. A nondestructive read operation CNDR). 

The NDR operation is accomplished by 
supplying a valid address Cone X- and one 
Y-line selected), and sampling the output 
by conditioning the sense aroplifier gate 
on. (If minimum access time is not needed, 
the sense amplifier gate can be left on at 
all times.) The write operation requires a 
valid address input, 10 data inputs, and a 
bit driver timing pulse (timed write 
instruction), all of which must be 
coincident. All signal input and output 
lines are compatible with SLD/SLT circuits. 

Figure A-1,. Local Storage and Storage Protection Card 
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8 X Lines 

Sense 
Amps 

:z /I .----
Bit 1 

~ 
8 Y Lines 8Y 8Ylines t---

Drivers ~ 8 Bit 2 

L/0 7 4.,__ 
t---

Bit Bit 3 

Drivers 4..,__ 
Bit 1 t----1 

~ Bit 4 
Bit TP 

~~ 1-----1 t------1 Bit 2 Bit 5 1--

~ -~ Bit 3 t------1 
Bit 6 i---

I- 4~ 

Bit 4 10 t-----' 
Bit 7 1--

1-- 4~ 
Bit 5 t---

Bit 8 i---

1-- 4..._, 
Bit 6 I---

Bit 9 1--

~~ 1-- 4~ 
Bit 7 I----

Bit 10 1-----1 

1-----1 4~ 
Bit 8 v ..._____.. 

1-----1 

1-----1 
Bit 9 

1-----1 

Bit 10 
1-----1 v 1-----1 - 1-----1 

$. A. Gate 

(Read) 

Figure A-2. Local Storage and Storage Protection Addressing 

A.1.2 CIRCUIT OPERATION (FIGURE A-2) 

An address is selected in the array with 
the c~incidence of a positive Y-line and a 
negative X-line. This condition selects 10 
storage cells., one in each bit or plane. 
Selection of a cell causes current to flow 
in either the bit-one sense zero-line or 
the bit-zero sense-one line, depending on 
the st ate of the storage cell. The 
differential sense amplifier, when gated., 
pr011ides an output indicative of the 
polarity of the input. 

For the selected cell to be written 
into, the bit-one or bit-zero driver is 
turn·ed on, depending on input data. The 
cell is left in the appropriate state when 
the bit driver is turned off. 

A-2 ( 7/69) 

Because the array module cannot be 
powered directly from +6 volts, circuitry 
on the card provides the proper levels (+2 
volts and approximately 3.25 volts}. 

There are two parts to the regulator 
circuitry: 
1. a two-volt shunt regulator, and 
2. a series-dropping resistor. 

The regulator amplifier absorbs the load 
change while a resistor in parallel with it 
conducts the major portion of the airrent. 
The series-dropping resistor provides a 
voltage drop from +6 volts to approximately 
3.25 volts. The storage latches are 
connected (all in parallel} between +2 
volts and 3. 25 vol ts. 



Bl/SO 

T4 

+2Y 

+Y Sel 
T5 

+2Y 

T6 

Figure A-3. Basic Storage Cell 

BO/Sl 

T3 

-X Sel 

of Tl and T3 is 2.8 volts while the base of 
T2 and T4 is 2. 2 volts. 

A.1.2.1.2 Read Operation: To read 
information from the cell requires the 
coincidence of x- and Y-voltage pulses. 
The x-voltage at the base of T6 is 
decreased from 2.6 volts to .7 volts while 
the Y-voltage at the base of T5 is 
increased from 0 volts to 1.7 volts. Thus, 
T6 is turned off and T5 is turned on. Due 
to the state of the flip-flop, T3 is 
enabled and the sense current, which is 
determined at the emitter of TS, flows to 
BO. In the case of a 0 being stored, the 
state of the flip-flop is reversed and T4 
is enabled. 

A. 1 .• 2. 1. 3 Write Operation: To write into 
the cell requires the coincidence of X, Y, 
and either BO or Bl. Assuming a 1 is 
stored in the cell and a 0 is to be 
written, transistor Tl is on and transistor 
T2 off. The base of Tl and T3 is at 2. 8 
volts. The x- and Y-lines are pulsed as 
previously indicated for a read cycle. BO 
is decreased from 5 volts to approximately 
1.5 volts.. With the collector voltage of 
T3 reduced to saturation level., the enabled 
transistor T3 conducts all of its emitter 
current through the base and pulls down the 
collector voltage of transistor T2, which 
in turn tends to turn off transistor Tl. 
As Tl turns off, its collector voltage 
rises and turns on T2. At the completion 
of this process a steady-state condition is 
reached with Tl off and T2 on. Thus, the 
saturating flip-flop is in its opposite 
condition and the 0 is stored in the cell. 

A .• 1. 3 STORAGE MODULE 

The storage module is a one-half inch by 
one-half inch module consisting of a single 
substrate with twenty-three SLT 
input/output pins and eleven interstitial 
Cf eed through) pins. 

Two 64-bit chips arranged in an SY bf 8X 
by 1-bit configuration are mounted on the 
substrate making the module organization 64 
by 2 bits. Nominal power dissipation per 
module is approximately 275 mw. 

A.1. 2.1 Cell A.1.4 PERIPHERAL CIROJITS (FIGURE A4) 

A.1. 2 .. 1.1 Steady-State Operation: In 
Figure A-3 .• the inboard transistors Tl and 
T2 form a direct-coupled saturating 
flip-flop. Under steady-state conditions,, 
one transistor is saturated with a 
collector voltage of approximately 2 .• 2 
volts While the other is cut off with a 
collector voltage Of approximately 2.8 
volts. Assuming a 1 is stored in the cell,, 
transistor Tl is on and T2 off. The base 

X-Drivers: The X-driver is similar in 
configuration to the SLD100 AOI circuit 
except that it is clamped out of 
saturation. The driver input is a two-way 
AND circuit. '!here are four drivers per 
module and four load resistors per R-pack. 

Y-Drivers: The Y-driver is a saturating 
emitter follower. It has one input and 
cannot be used as an AND circuit. There 
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are fq ur complete circuits per module 
including load resistors. 

Bit Drivers: A one and a zero driver is 
required for each bit. The bit-1 driver is 
identical to the X-driver. The bit-0 
driver is slightly different in that an 
input diode is used to clamp the output 
down level to a higher voltage. The 
bit-one driver is used as an inverter for 
the data input to the zero driver. 

Sense Amplifier: The first stage of the 
sense amplifier is a gated differential 
amplifier followed by a level translating 
PNP stage and a saturating inverter. There 
are four bit dr'ivers and two sense 
amplifiers on a stacked module. 

Voltage Regulator: Plus-two volts is 
defined by a shunt regulator consisting of 
a differential amplifier and an emitter 
follower that drives the common emitter 
output transistor. The larger versions 
have two emitter followers. The reference 
voltage is generated by a resistor divider. 

Cel1 and Drive Circuit: See Figure A-4 for 
a representation of the drive circuits with 
a cell. 

A. 1. 5 PIN ASSIGNMENTS 

Card (?in assignments for the communicating 
lines and power connections to and from the 
storage card are as follows. 

A-4 (7/69) 

Y-Inputs 
0 D02 
1 B03 
2 B04 
3 D04 
4 BOS 
S DOS 
6 D06 
7 B07 

In 
DlO 
D07 
D13 
Dll 
G03 
G02 
JOS 
GOS 
G08 
J07 

Data 
-1-

2 
3 
4 
5 
6 
7 
8 
9 
10 

Bit T. P. D09 
S. A. GATE B09 
+2.0 Test Pin B02 
+3.2 Test Pin B13 

X-Inputs 
0 J09 
1 G10 
2 J10 
3 Jll 
4 G12 
s J12 
6 G13 
7 J13 

Out 
BlO 
B08 
B12 
D12 
G04 
J02 
G07 
J04 
G09 
J06 

+6 B11,G11 
GND 008 ,J08 
Not Used D03,J03,B06,G06 



,-- -------1 
1 

I 
I 
I 
I 

-Bit 1 In I 

Bit 1 Drv. I 
I 

I I 
.---1:>1-~o-~~l-KI I 

I I 
I I 
I I 
I I 
I I 
l ________ _:-_j 

,--------, 
l+6V I 

I --~'__.-----c:i----------c---
1 

Figure A-4. Composite View of Circuits 

4004 ,----------, 
I +6V I 
I I 
I I 
I I 
I I - Bit 
I I Out 

i 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I l 
I I 
L _________ _J 

- S. A. Gate 
Read 

,----- ------1 
I X Drv. +6V I 
I I 
I I 
I I 

I 
I 
I +X In 

+X In 
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A- or B-Register Parity Check 1-116 
A-Clock Singleshot (ICA) 4-13 
AB-Assembly Data from Local Storage 

(Waveform) 1-138 
AC Distribution and Primary Power 

Control 6-3 
AC Outputs 5-1 
Access Hole for Measuring Temperature 

(Location) 6-7 
Address Backup Locations, Local Storage 

Decodes when Mode Register Bits 5-7 
are 100 1-68 

Address Match 1-122 
Address Match (Indicator) 1-122 
Address Stop, MS, Procedure During IPL 
or CSL 2-3 

Address Stop/Match 1-2 
Addresses 

File Table (1400 Compatibility) 
Standard, Integrated Attachment 
Devices 2-41 

1-29 

Subchannel 2-37 
Trap 1-2 

Addressing 
1403 Printer Attachment 2-16 
2311/DAC 2-23 
2540 Attachment 2-29 
Console Printer Keyboard 2-10 
Core-Storage Allocations and 1-2 
External 1-43 
Local Storage and Storage 
Protection A-2 

LS (Pl-Time Access) 1-135 
Multiplexer Channel Device 2-37 
Ranges for Program Storage, Control 

Storage and Auxiliary Storage 1-1 
Restrictions, Channel and Unit 2-37 
Selector Channel Device 2-37 

Adjustments 
A-Clock Singleshot (ICA) 
Buffer (1403) 4-12 

4-13 

4-12 
4-12 

4-10 
4-6 
(DAC) 

Carriage Settling Delay (1403) 
Coil Protect Singleshot (1403) 
Control Tag Singleshot (DAC) 
Delay Lines, Local Storage 
Head Conditioning Singleshot 
Heater, Storage Array 4-1 
Home Gate Singleshot (1403) 4-12 
Index and Delta Index Singheshots 

{DAC) 4-9 
Interval Timer 
Mid-Pac 5-5 

4-14 

Operational-Out Singleshot 4-8 
PR-KB Singleshots 4-9 
PSS Singleshot 4-11 
Recalibrate Singleshot (DAC) 4-10 
Speed Limit Delay (1403) 4-12 
Storage Protection 4-14 
Strobe (1403 Buffer) 4-13 
System Reset, IPL, or CSL 
Single shot 4-8 

System Reset Singleshots (ICA) 4-13 

4-9 

Index 

Timeout Clock Singleshot {ICA) 4-13 
Vsl {1403 Buffer) 4-13 
2311 Read Clock 4-9 
2540 Attachment Clock 4-8 
2560 Feed Cells 4-13 
2560 Singleshots 4-13 

Air Filters (Location) 6-4, 6-5 
Allow Manual 1-123 
Allow Manual (Indicator) 1-123 
Alter/Display 

Errors 2-12 
Key, Printer-Keyboard 1-124 
Manual, Console Printer 2-10 
PR-KB 1-122 
PR-KB (Indicator) 1-122 

Alter Storage 2-11 
ALU Check 1-116 
AN-HN Arrangement, Printer Translate 
Table 1-92 

AN/HN Folded, Printer Translate Table 1-93 
AN/HN Graphics for Basic 1403 

Attachment 1-88 
Arithmetic Constant Word (Word Type I) 1-37 
Array 

Changing 4-6 
Gates and Controls {Location) 6-8 
Line Measurements, Main Storage 1-134 
Matrix (Location) 6-8 
Measurements, Main Storage 1-133 
Sense Line Checking 1-132 
X and Y Drive Line Checking 1-135 

ASCII-8 Chart 1-72 
Attachment Checks {See Checks, CPU 

Attachment) 
Auxiliary Storage 

Addressing Relationships Between Program 
Storage, Control Storage and 1-1 

Display 2-8 
Maps 1-6 
Maps, 1401/1460 Compatibility 

Features 1-20 
Module 1-6 
Module 0 1-8 
Module 0 (1400 Compatibility) 1-22 
Module 1 1-9 
Module 1 (1400 Compatibility) 1-24 
Module 2 1-9 
Module 2 (Channel) 2-38, 2-40 
Mo~ule 2 (1400 Compatibility) 1-24 
~odule 3 1-10 
Module 4 1-11 
Module 4 (1400 Compatibility) 1-25 
Module 5 1-12 
Module 5 (1400 Compatibility) 1-25 
Module 6 1-13 
Module 6 (8 in 24K Systems-1400 

Compatibility) 1-25 
Module 7 1-14 
Module 8 1-14 
Module 9 1-14 
Store 2-9 
2540 Reader Row Image 1-15 
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2540 Readout Area (160 Bytes of 
Column Form) 1-15 

30XX, 2540 Reader Translate Table 1-16 
Al Gate (Hammer Driver Gate) (Location) 6-12 

Backup Locations, Address 
Bad Waveforms 

1-68 

LS Address Line Reset Delay Bad-
Zero Delay 1-139 

Read Line Set too Early--Zero 
Delay 1-139 

Basic Storage Cell (LS) 
BCD-to-CM6 Conversion 
BCHK, Checksum Routine 
BCPL Routine 2-7 

A-3 
1-73 

2-5 

Bias Constant, Storage, (1400 
Compatibility) 1-29 

Bisynchronous Control Character Chart 1-80 
Bleeder Resistors Rl8 to R29(Location) 6-12 
Block Feed Check Jumper 4-13 
Blowers 1-129 
Branch on Condition Code (Word Type 

6 or 7) 1-42 
Branch on Mask Word (Word Type 5) 1-41 
Branch Unconditional Word (Word Type 4) 1-40 
Buffer Adjustment, 1403 4-12 
Buffer Load Microloop, 1403 2-3 
Bl-TBl (Location) 6-4, 6-5 
B2-TB1 (Location) 6-13 

Carriage Settling Delay (1403) 4-12 
CAW, Channel Address Word 1-78 
CBI (Location) 6-5 
CCW, Channel Command Word 1-78 
CE Display Cable (Model 20 Mode) 1-127 
CE Panel 1-128 
CE Test Panel Hubs 1-128 
CE Test Panel Hubs (Model 20 Mode) 1-127 
CE Test Panel (Location) 6-9 
CE Trap 1-128 
CE Trap (Model 20 Mode) 1-127 
Cell, Basic Storage (LS) A-3 
Chain Arrangements for System/360 

(Printout Representation) 1-86 
Chaining Check 1-118 
Channel 

Address Word (CAW) 1-78 
Checks 1-116 
Command and Address Formats 1-77 
Command Codes 1-77 
Command Word (CCW) 1-78 
Connector Location 6-3 
Control Check Flowchart 2-44 
Control Check Logout 2-43 
Control Check, Machine Check and 1-114 
Control Information, Selector 

Channel 2-42 
Device Addressing 2-37 
Error Handling Philosophy and 

Logout 2-42 
External Facilities 2-46, 2-47 
Handload Routine 2-47 
Logout 2-43 
Mode 1-44 
Mode (CPU to EXT) 1-61 
Mode (EXT to CPU) 1-60 
Status Byte 2-43 
Status Word (CSW) 1-78 

X-2 (7/69) 

Channel UCW Allocations 2-37 
UCW Format 1-79 
UCW Formulation 2-39, 2-40 

Channel-0 UCW Format (Standard I/O 
Interface) 2-41 

Channel 9 (1403) 
Check 

2-20 

Channel Control 1-114 
Coil Protect 2-17, 2-19 
Control Switch 1-116 
Forms (1403) 2-18 
Hammer 2-17 
Interface Control 
Machine 1-114 

1-115 

Sync (1403) 2-17, 2-19 
Checks, Adjustments, and Removals 
Checks 

CPU Attachment 1-116 
CPU Hardware 1-116 

4-1 

CPU (Indicators) (See Indicators, 
CPU Checks) 

CPU Microprogram 
Reader, During CSL 
System 1-118 
1403 2-16 

Checksum Routine--BCHK 
CHNL (Channel) 1-123 

1-116 
2-5 

2-5 

CHNL (Channel), Indicator 
Circuit Breakers, DC Module 

1-123 
5-5 

Clock 
CPU 4-1 
Off (Indicator) 
1403 Attachment 
2540 Attachment 

1-123 
4-10 
4-8 

CM6, Conversion to 
Code Conversions 
Coil-Protect 

BCD 
1-70 

1-73 

Check 2-17, 2-19 
Relay, Replacement 
Singleshot (1403) 

Command 

3-1 
4-12 

Byte Description, 1403 
Codes, Channel 1-77 
Reject (PR-KB) 2-13 

1-85 

Reject, 1403 2-18 
Word, Channel (CCW) 1-78 

Commands 
Integrated File 
PR-KB 2-10 

1-104 

1403 Printer Attachment 
2311/DAC 2-23 

Communications 
Adapter, Integrated 
Connector Location 
Mode 1-44 
Mode (CPU to EXT) 
Mode (EXT to CPU) 
Power Group 5-1 

1-80 
6-3 

1-57 
1-55 

2-16 

Compatibility Feature 1401/1460 and 
1440 1-20, 1-126 

Condition Code Settings 1-75 
Configuration, System--CSL 2-6 
Console Inquiry Program 2-2 

2-1 Console and Maintenance Features 
Console Printer-Keyboard Mode (CPU to 

EXT) 1-55 
Console Printer-Keyboard Mode (EXT to 

CPU) 1-54 



Control Address Set Key 1-124 
Control Character Chart, Bisynchronous 1-80 
Control Panel, Operators, Indicators (See 

Indicators Operator's Control Panel) 
Control Panel Switches A, B, c, and D 1-122 
Control Panel, System 1-120, 1-121 
Control Storage 

Addressing Relationships Between Control 
Storage, and Auxiliary Storage 1-1 

CSL, Protection 1-114 
Display 2-8 
Enable Store, Key 

Control Storage Load 
(See also CSL) 
~ailure Detection 
Key 1-124 

1-124 

2-4 

Control Storage Store 2-9 
Control Tag Singleshot (DAC) 
Control Word 1-123 
Control-Word Alignment 1-35 
Control Words (Micro) 1-35 
Convenience Outlets 1-129 

4-10 

Conversion Tables, Decimal-to-Hex, (1400 
Compatibility) 1-29 

Conversions, Code (See Code 
Conversions) 

Cooling, BSM 4-1 
Cooling Facilities 
Core Storage 1-1 

1-129 

Allocations and Addressing Scheme 
Array Temperature Control 4-1 
Plug Chart 1-3 
X-Decodes 1-5 
Y-Decodes 1-4 

CPU 

CSL 

Attachment Checks (See Checks, CPU 
Attachment) 

Checks (Indicators) (See Indicators, 
CPU Checks) 

Hardware Checks (See Checks, CPU 
Hardware) 

Microprogram Checks 
Mode 1-43 

1-116 

Mode (CPU to EXT) 1-46 
Mode (EXT to CPU) 1-44 
Status Indicators (See Indicators, 

CPU) 
Timing 4-1 
Timing Pulses 4-2 
2540 (Connectors) 6-3 

(See also Control Storage Load) 

1-2 

Cards, Procedures for Punching 2-7 
Cards, Restrictions when Punching 2-7 
Check 1-123 
Check, Indicator 1-123 
Deck, 1401 Emulator 2-2 
Indicator 1-122 
Key 1-124 

CSW, Channel Status Word 
CTRL ADR SET, Key 1-124 
Current Probe 1-130 

1-78 

Cl Gate (Location 6-3, 6-6, 6-12 
Cl-TB12L (Location 6-6 
Cl-TB12U (Location) 6-6 
C2 (Location) 6-15 
C2 Gate (Location) 
C2-TB12L (Location) 
C2-TB12U (Location) 

6-3, 6-6, 6-12 
6-6 
6-6 

DAC 
(See also 2311) 
Commands 2-23 
Sense Byte Summary 2-24 
Singleshots 4-9 
Time Delay 4-10 

Data Check, 1403 (MCS Only) 2-19 
DC Distribution and Power Supplies 6-2 
DC Outputs 5-2 
DEBE-2 2-1 
Decimal-to-Hex Conversion Tables (1400 
Compatibility) 1-29 

Delay 
Carriage Settling (1403) 4-12 
Lines, Local Storage, Adjustment 4-6 
Line Settings, Initial, Local 

Storage 4-6 
Speed Limit (1403) 4-12 

Delays, 1403 4-12 
Device Addresses, Standard 2-6 
Diagnose Instruction (Model 20 Mode) 1-127 
Diagnostic 

Aids, Local Storage 1-135 
Aids, Main Storage 1-129 
Control Switch 1-124 
Techniques 1-112 

Diode Card 1 (Location) 6-7 
Diode Card 2 (Location) 6-7 
Diodes, Storage Array, Changing 4-6 
Direct Control 4-14 
Direct Control Signals Originating Outside 
the CPU 4-15 

Direct Control Signals Originating Within 
the CPU 4-16 

Display 
Auxiliary Storage 2-8 
Cable, CE (Model 20 Mode) 1-127 
Control Storage 2-8 
Current PSW 2-4 
GA and GB External Facilities 2-46 
Operation, Storage 2-8 
Program Storage 2-8 
Storage 2-12 

Double Fan Unit 6-3 
Drivers, X and Y Decode 1-130 

E-Gate (Connector Rack) 6-1 
EBCDIC-to-BCD Translate Table (1400) 1-2~ 
EBCDIC Chart 1-72 
EBCDIC Output with Resulting PR-KB 
Graphics 1-31 

Emergency Power-Off (EPO) 5-3 
Enable Control Storage Store Key 1-124 
End-of-Forms (1403) 2-18, 2-19 
EPO, Emergen9y Power-Off 5-3 
Equipment Check 

PR-KB 2-13 
1403 2-19 

Error 
Conditions Table, 2311/DAC 2-26 
Handling 1-114 
Messages, 2311/DAC 2-26 
Recovery Procedures, 2311/DAC 2-26 
Recovery Routine, Punch 2-29 
Recovery Routine, Reader 2-29 
Register (MC) 1-114 

Errors, Alter Display 2-12 
Errors, Programming (Model 20 Mode) 1-127 
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External 
Branch Conditions 1-118 
Decodes, Mnemonics, and 
Addressing 1-43 

Facilities, Channel 2-46 
Facilities, 1052 2-14 
Facilities, 1403 2-20 
Facilities, 2540 2-33 
Field Definitions 1-44 
Interruption 2-49, 4-14 
Mnemonics and Addressing 1-65 

Fan Unit, Hammer Driver (Location) 6-14 
Fans, Gate A, Gate B (Location) 6-9 
Fans, Main Storage (Location) 6-8 
Feature 

Model 20 Mode 1-127 
Storage Protection 1-19 
1401/1460 and 1440 Compatibility 1-20, 

1-126 
Feed Cells, 2560 4-13 
File 

Commands 1-104 
Indicator 1-123 
Mask, Set Command, 2311/DAC 1-105 
Table Address, Storage Bias Constant 
Values, (1400 Compatibility) 1-29 

Filter, Air (Location) 6-4, 6-5, 6-7, 6-13 
Forms Check (1403) 2-18 
Four-Point Strobe Schmoo Procedure 4-4 
Fuses, Hammer Driver Coil 2-17 
Fuses, Lower Left Side (Location) 6-5 

GA and GB External Facilities, Display 2-46 
GA- and GB-Register Definitions 2-46 
Gate A (Location) 6-9 
Gate B (Location) 6-9 
Graphics, AN and HN for Basic 1403 
Attachment 1-88 

Graphics, PR-KB 1-31 
Ground Bus (Location) 6-5 

Hammer Check 2-17 
Hammer Driver 

Board, OlH-Al (Location) 6-14 
Coil-Fuses 2-17 
Fan Unit (Location) 6-14 
Gate (Al) (Location) 6-12 
Gate (Open) 6-16 

Handload Routine for Channel 2-47 
Handload Routine for 2560 2-49, 2-50 
HDTBl (Location) 6-14 
Head Conditioning Singleshot (DAC) 4-9 
Heater Adjustment, Storage Array 4-1 
Heaters (Location) 6-12 
Heating, BSM 4-1 
Hexadecimal/Punched Card Translate 
Table 1-70 

Home Address 
Equal, Search Command, Operation Codes, 

2311/DAC 1-109 
Read, Command Codes, 2311/DAC 1-106 
Write, Command Code, 2311/DAC 1-108 

Home Gate Singleshot (1403) 4-12 

ICA 
A-Clock Singleshot 4-13 
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Jumper Options 2-48 
Lines, Nonoperational 2-48 
System Reset Singleshots 4-13 
Timeout Clock Singleshot 4-13 
UCW Format 1-81 

ID, Search Command Codes, 2311/DAC 1-109 
ID, 2311/DAC Identifier 1-109 
Identifier (ID), 2311/DAC 1-109 
Independent Carriage Operationb 1-89 
Index and Delta Index Singleshots 

(DAC) 4-9 
Indicators 

CPU 1-122 
CPU Checks 1-123 
Operator's Control Panel (OCP) 1-124 
Pluggable 1-124 
System Checks 1-123 

Inhibit Drive Terminating Resistors 
(Location) 6-7 

Inhibit Drive Terminating Resistors, 
Scoping 1-132 

Input Code from Keyboard (PR-KB) 1-30 
Inquiry Program, Console 2-2 
Integrated Communications Adapter 

(Figures) 1-80 
Integrated Communications Attachment (See 

ICA, Communications Attachment) 
Integrated File Commands 1-104 
Interface 

Control Check 1-115 
Control Check Logout 2-44 
Hardware 2-46 

Intermittent I/O Failures 2-2 
Intermittent Malfunction 1-113 
Interruption Codes, Program 1-76 
Interruption, External 2-49 
Interval Timer 4-14 
Intervention Required, PR-KB 2-13 
Intervention Required, 1403 2-18 
I/O Control Connectors 6-3 
I/O Device Addresses, Standard 2-6 
I/O Exerciser Routine with Variable 
Delay 2-2 

I/O Units, Channel Controlled, Power 
On/Off 5-3 

IPL, Read, Command Code, 2311/DAC 1-105 

Jam Removal (2540) 2-33 
Jumper Options (ICA) 2-48 
Jl-J8 and J24, I/O Control 
Connectors 6-3 

Jl7, AC to 1403 6-3 
Jl8, AC to 2311 6-3 
Jl9, AC and DC to 2540 6-3 
J20 (AC) and J21 (DC) to 2560 6-3 

Keyboard to EBCDIC Translate Table 
{PR-KB) 1-33 

Keys 
Control Address Set 1-124 
Control Storage Load 1-124 
Enable Control Storage Store 
Printer-Keyboard Alter/Display 
PSW Restart 1-124 

Kl {Location) 6-5 
K4 (Location) 6-5, 6-15 
KS {Location) 6-15 

1-124 
1-124 



KS (Location) 
K9 (Location) 
KlO (Location) 
Kll (Location) 
Kl2 (Location) 

6-15 
6-15 

6-15 
6-15 
6-5 

LBCl (Location) 6-6 
LBC2 (Location) 6-6 
LCW Format, Start/Stop 1-83 
LCW Format, Synchronous 1-82 
Left Side 6-3 
Light Drivers, SCR 4-7 
Light, System-Restart/Power-Check, 

Reset 5-3 
Lights (See Indicators) 
Lines, ICA, Nonoperational 2-48 
Load Program Storage (Position of 

Diagnostic Control Switch) 1-125 
Load Storage (Position of Diagnostic 
Control Switch) 1-125 

Local Storage 
Address Lines and Write Line 4-7 
Decodes when Mode Register Bits 5-7 
Are 000: CPU Operations 1-67 

Decodes when Mode Register Bits 5-7 
Are 001: 2311 Disk Locations 1-68 

Decodes when Mode Register Bits 5-7 Are 
100: Address Backup Locations 1-68 

Decodes when Mode Register Bits 5-7 
Are 101, Communications Channel 1-69 

Decodes when Mode Register Bits 5-7 
Are 110: 2540 Reader Punch 1-69 

Delay Line Adjustment 4-6 
Delay Line Settings, Initial 4-6 
Diagnostic Aids 1-135 
Location Decode 1-67 
Zone and External Mode for 2560 1-127 
Zone and External Mode for 2560 

(Model 20 Mode) 1-127 
Zones for System/360 Operation 1-67 
Zone 0 (1400 Compatibility) 1-25 
Zone 1 (1400 Compatibility) 1-25 
Zone 4 (1400 Compatibility) 1-25 
Zone 6 (1400 Compatibility) 1-26 
Zone 7 (1400 Compatibility) 1-26 

Local Storage/Storage Protect Cards 4-7 
Local Storage and Storage Protection 
Addressing A-2 

Local Storage Card and Storage Protection 
Card A-1 

Locations 6-1 
Logic Gate A (Card Side) 6-10 
Logic Gate A (Pin Side) 6-11 
Logic Gates A and B (Open) (Locations) 6-9 
Logout 

Channel 2-43 
PR-KB 2-12 
1052 1-115 
1052 and Machine Check Trap (Model 20 

Mode) 1-127 
Loop, Soft Stop--Single Cycling 2-3 
Low Temperature 1-118 
Low Temperature (Indicator) 1-123 
LS Address Lines and Read Line 4-7 
LS Addressing (Pl-Time Access) 

(Waveform) 1-135 
LS Addressing (P3-Time Relationship 

Between X and Read Line) (Waveform) 1-136 

LS Bit Output (Pl Access Data is 1, P3 
Access Data is 0) (Waveform) 1-137 

LS Bit Output (2 Successive Zeros at Pl 
and P3 Time) (Waveform) 1-136 

LS Write Line (PB-Time) (Waveform) 1-137 

Machine Check and Channel Control 
Check 1-114 

Machine Check Trap and 1052 Logout 1-127 
Machine Check Trap and 1052 Logout (Model 

20 Mode) 1-127 
Machine Check Trap Routine 1-114 
Machine Level Control (MLC) and 

Engineering Changes (EC's) 1-126 
Main Storage 

Address Stop 1-124 
Array Line Measurements 1-134 
Array Measurements 1-133 
Components (Card Side) (Locations) 6-7, 

6-8 
Diagnostic Aids 1-129 
Replacement 4-5 
Schmoo Procedure 4-3, 4-4 
Units (Pin Side) (Locations) 6-6 

Maintenance 
Approach (Flowchart) 1-115 
Concepts 1-112 
Preventive 3-1 
Programs 1-125 

Maps, Auxiliary Storage 1-6 
Marginal Checking 5-2 
Mask, File, Set Command, 2311/DAC 1-105 
Match, Trap Address 1-2 
MCS Table--Utility Program 2-22 
Meter Power Pac 6-2 
Meter, Use, 1403 2-20 
Metering Switch (CE Switch) 2-8 
Microprogram Changes, Field 1-126 
Mid-Pac (Locations) 6-12 
Mid-Pac, Power Supply 5-5 
Mnemonics, External 1-43 
Mode Switch 1-124 
Model 20 Mode Feature 1-127 
Module, Auxiliary 1-6 
Module O, Auxiliary Storage 1-8 
Module O, Auxiliary Storage, (1400 
Compatibility) 1-22 

Module 1, Auxiliary Storage 1-9 
Module 1, Auxiliary Storage, (1400 
Compatibility) 1-24 

Module 2, Auxiliary Storage 1-9 
Module 2, Auxiliary Storage, (1400 
Compatibility) 1-24 

Module 3, Auxiliary Storage 1-10 
Module 4, Auxiliary Storage 1-11 
Module 4, Auxiliary Storage, (1400 
Compatibility) 1-25 

Module 5, Auxiliary Storage 1-12 
Module 5, Auxiliary Storage, (1400 

Compatibility) 1-25 
Module 6, Auxiliary Storage 1-13 
Module 6 (8 in 24K Systems--1400 
Compatibility) Auxiliary Storage 1-25 

Module 7, Auxiliary Storage 1-14 
Module 8, Auxiliary Storage 1-14 
Module 9, Auxiliary Storage 1-14 
Move/Arithmetic (Word Type 3) 1-39 
MS Address Stop Procedure During IPL 
or CSL 2-3 
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MS ADR STOP, Position of Mode Switch 1-124 
Multiple Character Set {MCS) 2-49 
Multiplexer Channel Device Addressing 2-37 
Multiplexer Channel Unit Control Words 2-41 
Multisystem Configuration 1-126 

New Program Card Code to Hexadecimal 1-71 
No-Op Command, 2311/DAC, Operation 

Code 1-105 
No Printing or Carriage Motion 1-89 
Numeric Arrangement, Printer Translate 

Table 1-91 

Op-Code Information {1400 
Compatibility) 1-27 

Operation-Code Decode Table, 1400 1-28 
Operation Code for TIC Command {2311) 2-24 
Operational-Out Singleshot, Adjustment 4-8 
Operator's Control Panel (OCP) Indicators 

(See Indicators, Operator's Control Panel 
(OCP) 

Orientation Field, Track, and Zone State 
Summary, 2311/DAC 1-110 

Orientation, Track, 2311/DAC 1-111 
Outlets, Convenience 1-129 
Overcurrent Condition 1-129 
Overcurrent Sense 5-3 
Overvoltage Condition 1-129 
Overvoltage Sense 5-3 

Parity Check 
(See Also Checks, CPU Hardware) 
PLB (1403) 2-16 

Patch Card Generation 2-1 
PCCL 1-90, 1-91 
PCCL Code for Different Character Set 

Lengths 1-89 
PCH {Punch) Indicator 1-123 
PCS-AN Arrangement, Printer Translate 

Table 1-95 
PCS-HN Arrangement, Printer Translate 

Table 1-96 
Permanent Storage Assignments 1-1 
Plug Chart, Core Storage 1-3 
Pluggable Indicators 1-124 
PN Arrangement, Printer Translate 

Table 1-94 
Power and Cooling 1-128 
Power Check 1-118 
Power Check/System-Restart Light Reset 5-3 
Power Check Indicator 1-123 
Power Conversion 5-1 
Power Group 

Basic 5-1 
1403/2540 5-1 
2311 5-1 
2560 5-1 
2560/Communications 5-1 

Power, Input 5-1 
Power On/Off Sequencing 5-2 
Power On/Off to Channel Controlled I/O 

Units 5-3 
Power On Key 1-124 
Power Supplies 5-1 

Left Side (Locations) 6-4 
Right Side (Locations) 6-13 
Service Checks and Checkout 
Procedures 5-4 
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Power Supply 
Logic Pages 5-4 
Mid-Pac 5-5 
Protection 1-128 
Troubleshooting (Mid-Pac) 5-5 

PR-KB (Printer-·Keyboard) 1-30 
(See Also Printer-Keyboard, 1052) 
Commands 2-10 
Logout 2-12 
Restart Procedures 2-13 
Sense Byte and Unit Control Word--UCW 

Format 1-34 
Singleshots 4-8 
Translate Table (Keyboard to EBCDIC) 1-33 

Preferred-Character Arrangements 1-91 
Preventive Maintenance 3-1 
Print Clock 4-11 
Printer-Keyboard 1-30 

(See Also PR-KB, 1052) 
Alter/Display Key 1-124 

Printer Translate Table (Basic 
Attachment) 1-90 

Printer Translate Table for MCS 
AN-HN Arrangement; Count Length 

30 (Hex) 1-92 
AN.-HN Folded; Count Length 30 (Hex) 1-93 
Numeric Arrangement; Count Length 

10 (Hex) 1-91 
PCS-AN Arrangement; Count Length 78 

(Hex) 1-95 
PCS-HN Arrangement; Count Length 78 

(Hex) 1-96 
PN Arrangement; Count Length 3C 

(Hex) 1-94 
QN Arrangement; Count Length FO 

(Hex) 1-97 
QNC Arrangement; Count Length FO 

{Hex) 1-98 
RN Arrangement; Count Length FO 

(Hex) 1-99 
SN Arrangement; Count Length FO 

(Hex) 1-100 
TN Arrangement; Count Length 78 

{Hex) 1-101 
XN Arrangement; Count Length 28 

{Hex) 1-102 
YN Arrangement; Count Length 78 

{Hex} 1-103 
Probe 

Current 1-130 
Voltage 1-130 

Program Codes and PSW 1-75 
Program Interruption Codes 1-76 
Program Status Word (PSW) 1-76 
Program Storage 

Addressing Ranges, Control Storage, and 
Auxiliary Storage 1-1 

Display 2-8 
Store 2-9 
STPl Allocations 1-19 

Programming Errors 1-127 
Programming Errors (Model 20 Mode) 1-127 
Protection of Control Storage, CSL 1-114 
Protection, Storage 1-19 
PRT (Printer), Indicator 1-123 
PSS Singleshot 4-11 
PSW (Program Status Word) 1-76 

Display 2-4 



Restart 2-4 
Restart Key 1-124 

PSl, -6V @ 4A (1403-2540) (Location) 6-4 
PS2, +3V @ 45A (Comm. Feat. and 2560) 

(Location) 6-4, 6-12 
PS3, -12V @ 13A (Basic) (Location) 6-4 
PS4, -36V @ 2A (2311) (Location) 6-4 
PSS, +6V @ 32A (Comm. Feat. and 2560) 

(Location) 6-4, 6-12 
PS9, +3V @ SOA (Basic) (Location) 6-4 
PSlO, +6V @ 40A (Location) 6-12 
PSll, +6V @ 16A (1403) (Location) 6-12 
PS12, -30V @ BA (Location) 6-12 
PS13, 7.25V AC @ 25A (Location) 6-2 
PS14, +60V @ 20A (Location) 6-12 
PS14 - Fl (Location) 6-14 
PS14 - TB2 (Location) 6-14 
Punch 

(See Also 2540) 
Error Recovery Routine 2-29 
ucw Format, 2540 1-18 

QN Arrangement, Printer Translate 
Table 1-97 

QNC Arrangement, Printer Translate 
Table 1-98 

RDR (Reader), Indicator 1-123 
Read Clock Adjustment, 2311 4-9 
Read Clock Traces 4-9 
Read Count Command Codes, 2311/DAC 1-106 
Read Cycle Controls (Waveform) 1-131 
Read Horne Address Command Codes, 

2311/DAC 1-106 
Read IPL Command Code, 2311/DAC 1-105 
Read Track Descriptor Record (RO) 

Command Codes, 2311/DAC 1-106 
Reader 

(See Also 2540) 
Checks During CSL 2-5 
Error Recovery Routine 2-29 
Row Image, 2540, Auxiliary Storage 1-15 
Translate Table, 2540, Auxiliary 

Storage--30XX 1-16 
UCW Format, 2540 1-18 

Reader/Punch, 2540 1-15 
Readout Area of Aux. Storage, 2540, 

(160 Bytes of Column Form) 1-15 
Recalibrate Command, 2311/DAC, 
Operation Code 1-105 

Recalibrate Singleshots (DAC) 4-10 
Reference Data 1-1 
Removal 

Storage Array 4-6 
0-32K Storage Unit 4-5 
32-64K Storage Unit 4-6 

Replace Card, Example of Punching and 
Loading 2-7 

Replacement, Main Storage 4-5 
Resets, 1403 2-24 
Resistance, Array Drive Line 1-135 
Resistor Gate (Location) 6-7 
Resistors 

Bleeder, Rl8 to R29 (Location) 6-12 
Inhibit Drive Terminating 

(Location) 6-7 
X and Y Source 1-131 
X and Y Source--Terminating, 

Scoping 1-130 

Restart Procedures 
PR-KB 2-13 
Standard and PFR Operation (2540) 2-30 
1403 2-18 

Restart, PSW 2-4 
Restarts from Error Conditions, 2540 2-29 
Right Side (Behind Logic Gates) 6-12 
RN Arrangement, Printer Translate 
Table 1-99 

Rl8 to R29, Bleeder Resistors, 
(Location) 6-12 

Scan, Storage 2-3 
Scan Storage (Position of Diagnostic 
Control Switch) 1-124 

Schrnoo Curve Example (Single BSM) 4-3 
Schrnoo Curve Procedure 4-3, 4-4 
Schrnoo Procedure, Two-Point 4-5 
Schrnoo, When to 4-4 
Scoping 

Inhibit Drive Terminating 
Resistors 1-132 

Storage 1-13 0 
X and Y Source--Terminating 
Resistors 1-130 

2560 Feed 4-13 
SCR Card Cable-Connecting Terminals 4-8 
SCR Light Drivers 4-7 
Search Home Address Equal Command, 
Operation Codes, 2311/DAC 1-109 

Search ID Command Codes, 2311/DAC 1-109 
Seek Command, 6-Byte 2311/DAC 1-106 
Seek Command, 2311/DAC Operation 

Codes 1-106 
Selector Channel Control Information 2-42 
Selector Channel Device Addressing 2-37 
Sense Amps and Z-Drivers (Location) 6-8 
Sense Bits (PR-KB) 2-13 
Sense Bits (1403) 2-18 
Sense Byte and Unit Control Word--UCW 

Format, PR-KB 1-34 
Sense Byte Summary, 2311/DAC 1-109, 2-24 
Sense Command, 2311/DAC, Operation 

Code 1-106 
Sense/Inhibit Connectors (Location) 6-7 
Sense Indicator Bytes, 2540 1-.17 
Sense Line Checking 1-132 
Sequencing, Power On/Off 5-2 
Set File Mask Command, 2311/DAC 1-105 
Set/Reset Word (Word Type O) 1-36 
Single Address AS (Position of Diagnostic 
Control Switch) 1-125 

Single Address MS (Position of Diagnostic 
Control Switch) 1-125 

Single Fan Unit (Location) 6-13 
Singleshot 

A-Clock (ICA) 4-13 
Coil Protect (1403) 4-12 
Control Tag (DAC) 4-10 
Head Conditioning (DAC) 4-9 
Home Gate (1403) 4-12 
Index and Delta Index (DAC) 4-9 
Operational-Out, Adjustment 4-8 
PSS 4-11 
Recalibrate (DAC) 4-10 
Strobe Delay (1403 Buffer) 4-13 
System Reset (ICA) 4-13 
System Reset, IPL, or CSL, 
Adjustment 4-8 
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Timeout Clock {ICA) 4-13 
Singleshots 

PR-KB 4-8 
1403 {Chart) 4-12 
2560 4-13 

SN Arrangement, Printer Translate 
Table 1-100 

Soft-Stop Loop--Single Cycling 2-3 
Space Count Command, 2311/DAC 
Operation Code 1-106 

Special Circuits A-1 
Speed Limit Delay (1403) 4-12 
Standard Address of Devices 2-6 
Standard Integrated Attachment Device 
Addresses and AS-Locations 2-41 

Standard Interface Hardware 2-46 
Start/Stop LCW Format 1-83 
Station Selection Feature {ICA) 2-48 
Status Byte, Channel 2-43 
Status Bytes 1-118 
Status Word, Channel {CSW) 1-78 
Stop {Position of Diagnostic Control 

Switch) 1-124 
Stop Position (CE Panel) 1-128 
Storage 

See also Main Storage, Control Storage, 
Local Storage, Program Storage 

Address Parity Check 
Array Changing 
Assignments, Permanent 1-1 
Auxiliary 

Module 0 1-8 
Module 1 1-9 
Module 2 1-9 
Module 3 1-10 
Module 4 1-11 
Module 5 1-12 
Module 6 1-13 
Module 7 1-14 
Module 8 1-14 
Module 9 1-14 

Bias Constant Values and File Table 
Addresses (1400 Compatibility) 1-29 

Cell (LS) A-3 
Controls (Waveform) 1-131 
Core 1-1 

Allocations and Addressing 
Scheme 1-2 

Plug Chart 1-3 
X-Decodes 1-5 
Y-Decodes 1-4 

Data (Check Indicator) 1-123 
Data Bus-Out Parity Check 1-116 
Local 

Location Decode 1-67 
1400 Compatibility 1-25 

Maps, Auxiliary 1-6 
Protect Check 1-116 
Protection 

Addressing A-2 
Adjustment 4-14 
Card A-1 
Features 1-19 

Protect Key-Display 
Protect/Local Storage 
Removal, 0-32K Unit 
Removal, 32-64K Unit 
Scan 2-3 

X-8 (7/69) 

2-1 
Cards 
4-5 
4-6 

4-7 

Scoping 1-130 
Word (Word Type 2) 1-38 
Word (WT-2) (Waveform) 1-138 

Store 
Auxiliary Storage 2-9 
Control Storage 2-9 
Cycle Controls (Waveform) 1-131 
Operations 2-9 
Program Storage 2-9 

STPl 
Allocations for Channel and Communi-
cations Channel Operation 1-19 

Allocations for Program Storage 1-19 
Allocations Map 1-19 
Read Line 4-17 
Read Line Delay 4-17 
Time Relationship to Word Type 2 4-17 

Strobe 
Adjustment (1403 Buffer) 4-13 
Card (Storage) 4-4 
Delay Singleshot (1403 Buffer) 4-13 
Optimum (Storage) 4-4 

Subchannel Addresses, Individual and 
Shared Control Unit 2-37 

Switch 
Diagnostic Control (See Diagnostic 
Control Switch) 

Metering 2-8 
Mode 1-124 

Switches 
A, B, c, and D, Control Panel 1-122 
Thermal Sensing 1-129 

Sync Check (1403) 2-17, 2-19 
Synchronous LCW Format 1-82 
System 

Checks 1-118 
Checks {Indicators) 1-123 
Conf iguration--CSL 2-6 
Control Panel 1-120, 1-121 
Reset, IPL, or CSL (Singleshot) 

(Figure) 4-8 
System-Restart/Power-Check Light 
Reset 5-3 

Systems Control Gate 6-3 
S3, 1403 Coil Protect Check Bypass 

(Location) 6-14 

T-Pulses 4-1, 
TB3 (Location) 
TB9 (Location) 
TB18 (Location) 
TB25 (Location) 
Temperature 

4-2 
6-5 
6-1 

6-4 
6-14 

Access Hole for Measuring (Location)6-7 
Control, Core Storage 1-129, 4-1 
Low 1-118 

Test Panel, CE (Location) 6-9 
Test Panel Hubs, CE (Model 20 Mode) 1-127 
Test Pattern 2-3 
Test Pattern (Position of Diagnostic 
Control.Switch) 1-125 

Thermal Sensing 5-3 
Thermal Sensing Switches 1-129 
Thermal Switch S7 (Location) 6-4 
TIC Command, 2311/DAC, Operation 

Code 1-105, 2-24 
Tilt/Rotate Code (PR-KB) 
Time Delay, DAC 4-10 

1-32 



Timeout Clock Singleshot (ICA) 4-13 
Timer, Interval 4-14 
Timing Pulses, CPU 4-2 
TN Arrangement, Printer Translate 

Table 1-101 
Track 

Descriptor Record, Read (RO), Command 
Codes, 2311/DAC 1-106 

Initialization (Lafective Track 
Determination), 2311 2-25 

Orientation Field and Zone State 
Summary, 2311/DAC 1-110, 2-25 

Orientation, 2311/DAC 1-111, 2-24 
Train Arrangements for System/360 

(Printout Representation) 1-87 
Translate Table, PR-KB Keyboard to 

EBCDIC 1-33 
Trap 1-123 

Address Match 1-2 
Addresses 1-2 
CE (Model 20 Mode) 1-127 
Indicator 1-123 
Position (CE Panel) 1-128 
Position of Diagnostic Control 

Switch 1-124 
Routine, Machine-Check 1-114 

Two-Point Schmoo Procedure 4-5 
T7 Mid-Pac (2560/Communications Feature 

(Location) 6-12 
T6-TB1 (Location) 6-13 
T6-TB2 (Location) 6-13 
T6 Mid-Pac (Location) 6-12 
T2-TB1 (Location) 6-13 
T2-TB2 (Location) 6-13 
Tl Mid-Pac (Location) 6-12 
T2 Mid-Pac (Location) 6-12 

ucw 
Allocations (Channel) 2-38 
Format 

Channel 1-79 
Channel 0 (Standard I/O Inter-

face) 2-41 
ICA 1-81 
PR-KB 1-34 
2311 1-111 
2540 Punch 1-18 
2540 Reader 1-18 

Formulation (Channel) 2-39, 2-40 
Multiplexer Channel 2-41 

Undervoltage Sense 5-3 
Utility Program--MCS Table 2-22 

Voltage Probe 1-130 
Vsl Adjustment (1403 Buffer) 
Vxy Adjustment (1403 Buffer) 

Warm-Up, Core Storage 1-129 
Waveforms 

AB-Assembly Data from Local 
Storage 1-138 

4-13 
4-12 

LS-Addressing (Pl-Time Access) 1-135 
LS-Addressing (P3-Time Relationship 

between X and Read Line) 1-136 
LS Bit Output (PI Access Data is 1, 

P3 Access Data is O) 1-137 
LS Bit Output (2 Successive Zeros 
at Pl and P3 Time) 1-136 

LS Write Line (PS-Time) 1-137 
Read Cycle Controls 1-131 
Storage Controls 1-131 
Storage Word (WT-2) 1-138 
Store Cycle Controls 1-131 
X-Y Read Current Source Driver at the 
Resistor 1-131 

X-Y Write Current at Resistors for 
Looping and Scanning Procedures 1-132 

Z-Inhibit Driver (Writing a Zero) 1-132 
Waveforms, Bad 

LS Address Line Reset Delay Bad--Zero 
Delay .1-139 

Word Type O, Set/Reset 1-36 
Word Type 1, Arithmetic Constant 1-37 
Word Type 2, Storage 1-38 
Word Type 3 (Move Arithmetic) 1-39 
Word Type 4 (Branch Unconditional) 1-40 
Word Type 5 (Branch on Mask) 1-41 
Word Type 6 or 7 (Branch on Condition 

Code) 1-42 
Worst-Case Test, Main Storage 4-4 
Write Home Address Command Codes, 

2311/DAC 1-108 
Write Operation with Various Carriage 

Functions 1-89 

X and Y Decode Drivers 1-130 
X and Y Drive Line Checking 1-135 
X and Y Source Resistors 1-131 
X-Decodes, Core Storage 1-5 
X-Read Resistors (Location) 6-7 
X-Write Resistors (Location) 6-7 
X-Y Read Current Source Driver at the 
Resistor (Waveform) 1-131 

X-Y Write Current at Resistors for Looping 
and Scanning Procedures (Waveform) 1-132 

XN Arrangement, Printer Translate 
Table 1-102 

Y-Decodes, Core Storage 1-4 
Y-Read Resistors (Location) 6-7 
Y-Write Resistors (Location) 6-7 
YN Arrangement, Printer Translate 

Table 1-103 

Z-Inhibit Driver (Writing a Zero) 
(Waveform) 1-132 

Z-Resistors (Location) 6-7 
Zone State Summary, Track Orientation 
Field, 2311/DAC 1-110 

Zone 0 (1400 Compatibility) 1-25 
Zone 1 (1400 Compatibility) 1-25 
Zone 4 (1400 Compatibility) 1-25 
Zone 6 (1400 Compatibility) 1-26 
Zone 7 (1400 Compatibility) 1-26 
Zones for System/360 Operation, Local 
Storage 1-67 

OlH-Al Hammer Driver Board (Location) 6-14 
6-Byte Seek Commands, 2311/DAC 1-106 
8-Bit Code--BCD Relations (7 and 9-Track 
Tape) 1-73 

52- and 63-Character Typebar Decode 
(1400 Compatibility) 1-74 

1052 1-116 
(See Also PR-KB, Printer-Keyboard) 
Attachment Checks 1-116 
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External Facilities 2-14 
Logout 1-115 
PR-KB Mode 1-43 

1400 Compatibility Feature 1-20 
1400 Compatibility, 52- and 63-Character 
Typebar Decode 1-74 

1400 Defined Characters 1-27 
1400, EBCDIC-to-BCD Translate Table 1-28 
1400 Operation-Code Decode Table 1-28 
1401 Emulator CSL Deck 2-2 
1401/1460 and 1440 Compatibility 
Features 1-126 

1401/1460 Compatibility Features Auxiliary 
Storage Map 1-20 

1403 1-85 
Addressing 2-16 
Attachment, AN and HN Graphics for 1-88 
Attachment Checks 1-116 
Attachment Clock 4-10 
Buffer Adjustment ·. 4-12 
Buff er Load Microloop 2-3 
Checks 2-16 
Coil Protect Check Bypass, Switch 3 

{Location) 6-14 
Command Byte Description 1-85 
Commands 2-16 
Connector Location 6-3 
Control Panel {Location) 6-12 
Control Panel {Open) 6-15 
Controls {Right Side) {Locations) 6-14 
Current Limit Switch {Location) 6-14 
Delays 4-12 
Diagnostic Conditions {PRD) 1 1-53 
External Facilities 2-20 - 2-22 
Mode 1-43 
Mode {CPU to EXT) 1-53 
Mode {EXT to CPU) 1-52 
Power Group 5-1 
Reference Chart 4-11 
Resets 2-20 
Restart Procedures 2-18 
Signal {Cables) 6-3 
Singleshots {Chart) 4-12 
Use Meter 2-20 

2311 1-116 
{See Also DAC) 
Connector Location 6-3 
Disk Mode 1-43 
Disk Mode {CPU to EXT) 1-49 
Disk Mode {EXT to CPU) 1-46 
Power Group 5-1 
Read Clock Adjustment 4-9 
Signal Cables {Location) 6-3 
UCW Format 1-111 

2311/DAC 1-104 
Addressing 2-23 
Error Conditions Table 2-26 - 2-28 
Error Messages 2-26 
Error Recovery Procedures 2-26 
Identifier {ID) 1-109 
Operation Code 

No-Op Command 1-105 
Recalibrate Command l-105 
Search Home Address Equal 

Command 1-109 
Seek Commands 1-106 
Sense Command 1-106 
Space Count Command 1-106 

X-10 {7/69) 

TIC Command 1-105 
Read Count Command Codes 1-106 
Read Data, Read Key Data, and Read 

Count Key Data Command Codes 1-107 
Read Home Address Command Codes 1-106 
Read IPL Command Code 1-105 
Read Track Descriptor Record {RO) 

Command Codes 1-106 
Search ID Command Codes 1-109 
Sense Byte Summary 1-109 
Set File Mask Command 1-105 
Track Orientation 1-111, 2-24 
Trac~ Orientation Field and Zero 
State Summary 1-110 

Write Data and Write Key and Data 
Command Codes 1-108 

Write Home Address Command Code 
6-Byte Seek Commands 1-106 

2540 1-116 
{See Also Reader, Punch) 
Addressing 2-29 
Attachment Checks 
Attachment Clock 
Connector Location 
External Facilities 
Jam Removal 2-33 
Power Group 5-1 
Punch Mode 1-43 

1-116 
4-8 

6-3 
2-33 - 2-36 

CPU to EXT 1-51 
EXT to CPU 1-50 

Punch-UCW Format 1-18 
Reader 

Row Image, Auxiliary Storage 
Translate Table, Auxiliary 

Storage--30XX 1-16 
UCW Format 1-18 

Reader Mode 1-44 
CPU to EXT 1-59 
EXT to CPU 1-58 

Reader/Punch 1-15 

1-108 

1-15 

Readout Area of Auxiliary Storage 
{160 Bytes of Column Form) 1-15 

Restarts from Error Conditions 2-29 
Sense Indicator Bytes 1-17 

2560 
Connector Location 6-3 
Feed Cells 4-13 
Feed Scoping 4-13 
Handload Routine 2-49, 2-50 
Local Storage Zone and External Mode 

{Model 20 Mode) 1-127 
Power Group 
Singleshots 4-13 

2560 Mode 1-44 
CPU to EXT 1-63 
EXT to CPU 1-61 
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