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SECTION 1. COMPREHENSIVE INTRODUCTION

- INPUT/OUTPUT CONTROL

BN
L] The I1IBM 2030 communicates with I/0 dev1 es through Channels.

] v The Channel is a phy51cal part of the CPU, but functionally.
‘separate. .
The Channels are.connected to, and communicate with, the I/0
control un;ts V1; a standard ‘interface.

Egach 1/0 device attached to a channel mast have an associat-
ed control .unit.

The transfer' of .information between the Wwhen an I/0 device is -attached to the
2030 processing unit and an 170 device is IBM 2030, a conttol unlt must be used. The
by I/O control circuits and micre programs. control unit can be separate from, or con-
These contmol circuits and micro programs, tained within the I/0 device.. Each device
together, are called channels. Existing could have its own control tnit, or several
Cchannel ‘circuitry is located in the CPU, devices can be controlled by one control
but in actual, operation, the channels are unit. The control unit acts as a buffer
completely separate units. . - and compensates for a difference in the
: ) . —-—-rate of flow of data, or the time of occur-
. rence of events, when trahsferring informa-
» tion between the 2030 and an 1/0 device.
4 ) Figure 1-1 shows the concept of data flow
A channel is connected to an I/0 control between the CPU and I/0 dev1ces.
unit by a cable containing 34 signal lines.
‘The 34 signal lines, and the sequence in .
which they become active and inactive, ) " The channel itself can- have many I/0
constitute the standard interface. By dev1ces physically connected to it but only
using a standard set of lines and signal one I/0 device can be operational with the
sequences, the same 1/0 control units and channel at any one time. To ensure that B
devices can be used on most models of * only one control unit and device is select-

System/360., - . ed, each is given a unique address. .
: ) : . .

-

.

1/O Devices ontrol Units

1
' Caord - Single |
Punch 1 Unit i

Cord P4 ] ) ]
‘ Reader 1| s . Central Processing Unit

*Standard Interface N

T f Sing!

o ; i Single |
. Printer "‘_" Unit ‘

- j‘_ l ; . =]

Figure 1-1. CPU to %/0 pevice Data_path

&
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CHANNELS

5

The IBM 2630;has two -basic types of channels:

1. Multiplexor

2. ‘Selector (one or ‘two)

e

e A console'subchannel is also aVSilabngﬁor the 1050 attachment. -

s

Thg two channel types used by the 2030
perform the same function. They differ -
however, in the method by which they obtain
their objectives: .
1. The multiplexor-channel is basical-
- ly a microprogram routine. It can
~ sustain operations with several -1/0
deVices at a timé on a time shared
basis. . :

The selector channel is a high-
speed channel. It%@peggtes with

INSTRUCTIONS

3 -

. 6ne I/0 device until a complete
data record has been transferred.
It does not use micrdprogram,

* routines to accomplish. data trans-
" fers.:

The console subchannel operates only -’
with the 1050 attachment. It uses the |
microprogram routines of the multiplexog
‘channel to accomplish many‘of-its func-'
tions. The circuits for the console are
also located in the 2030 frame.

: s T . . o
¢ The CPU uses four inStructions %¢ communicate with a channel:

. -
" Start. 1/0
Test I/0 - __

~—

Halt I/0

Test Channel

i

The start 170 lnstructzbn~is used by the
CPU to initiate all I/0 dperations. Test
1/0 is the CPU's means of obtaining.infor-
mation;regarding the status of a particular
*1/Q control unit and device. The halt I/O
instruction is issued by thé CPU to discon-
mect a particular I/0 control unit and
“device from the channel The test channel
instruction involve’s,onfy a channel and the
CPU. It is used to determine the status of
the,channel.

These four instructions specify only the
address of the. channel, 1/0 control unit,
and device. For the test I/0, halt is0,
and test ghannel instructions, this is
suffikient. The channel must, however,
obtain-operating information to execute a

start I/0 in§t{§:§ion. It gets this infor-
.mAtian from a channél address word (CAW) at
location 72 [ hex 48) and a channel command"

word (CCW), located in CPU main storage.
Ther.CAW consists of:
- #

t

1. A §torage protection key for the I/0
opegation. ) . ’

2. A command address, designating the
location in main storage where the
associated first CCW is located.

- i “

* The CCW consists of:

1. The specific command to be executed by
the I/0 unit. .. . i
LR ‘ e
2. A data address that specifies the area.
" of/ core storage to be used for the data
transfers. <

3. A count that spécifies the number of
data transfers, in she form of bytes,

r that are to be maie

Vs

L. Five flag bits that may extend or modi
fy the basic command.

b
&

A separate CCW is necessary for each
command the channel is to perform. For
example, a read, write, rewind instruction
to a tape drive is actually three separate.
commands and therefore would require three
separate CCW's to execute the commands. ;

R G
4 +




©  basis.

I/0 INSTRUCTIONS

'

The start I1I/0 1nstruc;10n selects the channel,

and dev1ce. K .
§ H
The channel
cally by the standard 1n7%rface.
After executing the insgyuction,
ending status and causé¢s an interrupt.

1

Wwhen the CPU issues a start I/0 instruction

" to a channel, the channel selects the I/0
. device and control unit by executing an

initial selection sequence. -

3 . Y <
The channel issues the 1/0 command to
the control unit during tqs initial selec-

‘tion sequence, and electrlcafly connects
the control unit to the interface. The:
control unit decddes the command and raises
control lines to the I/0O device.

~

A control unit that is electrically
connected to the channel can operate in
either burst mode, or data interleave
(byte) mode. = When operating in burst mode,
the control unit remains electrically con-
nected to the channel after initial selec-
tion, until a complete data record has been
transmitted. . When operating in byte mode,
the control unit disconnects from the chan-
nel after initial selection and between
each data byte. Whén’a control unit is
connected to a selectbr channed, it always
operates in pupst mode. This is because a
selector channel is a high speed channel
that operates w{EP -one I/O device at -a

t?lme .
¥

.

Wwhen a control unit is, connected to a
multiplexor channel, it operates in either
burst or hyte mode, depending on the design
of the control unit. Normal data transfer
from the I/0 unit to the multlpléxor chan-
: nel is_in byte.mode. The control unit may
‘force burst mode operation. Normally, the
low speed contral units operate, in byte
mode -and high speed units in burst mode.

Interpediate spged units have a switch that
can be set to efther byte or purst mode.
The selector chanhel overrides the switch:
setting and §grces butst mede. When the
channel is opetating :in byte mode, it may
service sevefal I/C0 units on a time-shared.:
It must disconnect from one I/0 <
. device before it can operate with another
"-devige. This means that the control unit
-must initiate a,
time it reguire

when a channel '&nd control unit have
transferred the number of bytes required by
3

FIGURE

\,.2
322

ction sequence each “
vice from the channel.

control unit,

control uhxtv'and dev1ce are connected electrl—

the control unit presents

the I/0 command, the control uhit sends its
channel-end and device-end status to the
channel. These may be sent together or
separately, dependin§ on the control unit.

Pl

The control unit always sends channel-
end status to the channel at the end of the

- data transfer portion of a command.

Channel-end may‘{k\alone or accompanled by °
other status bi Device-end is sent when-.
the control unit is in a position to accept
another command. - .

A Wwhen a channel receives ending status,‘
it may- ez;her accept the status/or it may.
command the control unit to hold (stack)
the status. Once the channel responds to
channel-end;status with either an accep-
tance respoase or a stack responseé, the
control®unit disconnects from the channel.
Figure 1-Z illustrates a basic selector
channel data transfer.

4 .

When a channel accepts the-control unitg:
device end status, it will either obtain ~
new operating information (a new CCW), or
initiate on I/0 interrupt of the current
program.

If the channel must obtain a new CCW
because of the presence of the command
chaining bit in the CCW, it must wait until
it receives device~end status from the I/0
“device- control unit.

& -

An 1/0 interrupt causes the status of
the interrupting ‘channel and I/0 unit to be
slaced in the channel status word (CSW) and
4 xecut1on of the 1/0 interrupt pregram

“-

Note: The CPU can begin the execution of

‘- an 1/0 interrupt only after it has =
comp&eted the execution of the instruc-
tion it is currently executing when it
receives the interrupt.

-

flowchart of

.i Refer tafFigure 1-3 for a
the four channel and 1/0 instructions.

»
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Channel, Physically Co\ B
nected to Confrot Unit. ) - 5
“Wants to Send Data and '

Punch a Card. e

Chnl Sends Adr~QOut
and Sel-Out.

CU DecoBes Address
and Waijts for Sel-Out
4

)

AP
——— e

CU Roises Op~lh.
Chnl Cancels Adr-Out .
CU Sends Address.

No Answer

Can

» You Do Some
trol
Control Unit . Work For

Off Line ot
Power Off

Chal Sends Cmd-Out.
CU drops Adr-in and
Sends Zero-Status. .

-——r ey

. You Punch,
“ Sotne Cards’

“For Me

Last Unit On Ling

Sends Select=In .

I'm Already “Working .
. (CU Sends Busy Status) .

e

Tha;nks a Lot, I'm Ready.
(Service-Out to.CU) ~

Channel Cancels Ag-
dress-Out anc Drops Cif

{'m Ready Too, Send Me
Sotething. (CU Sends

'—Sei;vice-!n) . B

,CU Sends Status

-
t
H
L
1)
'
'

Y Just Con™s. T Deter-
mine Rezson, o lense Cmd
s Sent .}

Chni Sends Service-
Ot and Deto.

‘Bere it ie, Stort
Punching.

CU ond Device
Present Ending * }
Status. Y

.

T .
Service—Jn andSer. ice~ -
Out Excheroe | .

0y

]

Y

«

/,C'K , I'mGoing to CféaD

Qg ond Go Home
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Y « ( .CPU Issues 1/O In%"
., L i i struction to Chonnel /

%
Fa

4

0

. Sforff
or Test-1/0
Instruction

7 7, E . Channel Begins Se&cﬁon‘
Halt 1/0 : of Unit Specified by 1/0 1 ’

“

No

{Test Chnl) N Instruction

J

. ” Yes

| Channel and CPU Execute Channe! Executes Halt

b © Start 1,0 Start-
Command. N 1/0 Interface Sequence ;

or Test-1/O

Channel Obtajns a CCW ,gf ;‘d’r’:’s’d' Channel Sends Zero Com-
from Core Storage .mand to 1/O Uit

Count Flags

.
w®

Y

<, PU P dshh)' Lo ' N ‘
. (Yilelif Irr:‘;::cﬁown Channel Issues Con'rnami 17 . 1 Controt Unjt Sends Status
- to 1/Q. Device Control Uniti B L

- f to Chafinel

I

Control Unit . o 1 Channel Accepts Status

Decodes Command . . “and Steres It Inthe CSW

g

. | _Control Unit Dis:onnecrs»
Control Unit Sends . . | " From the Channel
Status to Chennel -

-

'

.-

-

. .. Part2

» - v I o
Figure 1-3. 1r0 InstEu*ctions (Part 1 of 31 .
‘ 29 : :
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()
I —
A

.
Does C7cnne| S Yes

———e e
Accep& Status -

————
“ This Chnl.-End.Stafus. |
4 MPX Ghnl Aluays Stacks I
p) End Stat
| EJ|Ce,An,,.\ ? U‘sg 77“——} —

,‘ Control Unit Disconnects |

I |

“Does Chgnnel
Execute Stack
* Sequence.

| From The Interface ..

‘ "“'i[' o
- TN

[ Control Unit Disconnects : Selector

From Interface But Holds - Chonnel _
Status. v | S -

T T B . .Unit Status Held in

Does CPU Unit Status and Channel .

Alow Control > : Address F’loc’i ir Unit Address is in
Unit to Send " ., Interrupt Buffe- + Locol Store.,

. Status [ — S

~ . © | Yes
S~ —

'
'
|
I

No

~

. ) Channel Requests
Does CPU ™ Control Unit Captures Interrypt
“ ' <

Issue | Interfacg and Sends

Status.

///Does CPE) N

Execute

o Interrupt
/4 J
Yes

CSW Stored

Figure -1-3. I/0 Instructions (Part 3 Qf

i

.

INPUT /OUTPUT I NSTRJC’“ION _EDR’VLAT

o The four I/O instxuctions hhve tne SI format ima 52 bit
word.

’ : . =M
- H .
The 1/0 instrucﬁion format is as follows:
. 4

R : +—- 1ows:
: B 10012100 (9C) Start 1/0
Op. Code| Ignored | o 10011101 (9D) Test 1/0
E S S 10011110 (9E) .Halt I/0

B1+D1=1/0 Channel and Device Address + 10011111 (9F) Test channel

* BITS 0-7: An eight-bit field giving the ~ BITS 8 - 15: These eight bits are not Used
‘operatipn code of the instruction as fol- and are ignored.

-~

. Séét;sn 1 1-7




-
BITS 16 - 19: A four-bit field ‘which
de31gnates a 32-bit"general purpose reg<
_.ister in local storage. A zero in the Bl
i field is used to'indicate the absence of a
base register component, and a value of

zexro is used in forming the address regard- .

less of the contents of general register
zero. "

.

BITS 20 - 31: A 12-bit fleld ‘which holds a
1teral vaiue known as_the dlsplacement.

The contents of the general purpose
register designated by Bl is added to the
value of D1. This forms the channel and
unit address. In the resulting 32-bit-
summary: . '

1/0 CONTROL WORDS
+ Four control‘wo

Channel Addte s Word (CAW)
2. Channel Command\Word (CCW) |
3. Channel Status Word (CSW)

4. I/0 New-and" old P gram Status Words

? 1.

!/ ”‘ /'.u.‘

COMMAND ADDRESS ‘ﬁd'RD (CAW)

[t

© 111

Bits 0-20: Igﬁored{

. . ‘
BITS 21 - 23: These three 'bits for channel
address are assigned a$ follows:
000 - Multiplexor Channel
001 - 010 Selector Channels 1 & 2 (011—110
SeleEtor Channels 3-6, are

»~

invalid on, the 2030)

N - Unused

. ) NS ’

BITS 24 - 31: These eight bits ‘define the
anit number to a maximum of 256 units, eac¢h
unitthaving a unique address.

¥

%

s are common to I/0 op=2rations:
} Start I/0 Only
-

(?sy)

~

e The CAW is a 32-bit word located in main storage 72 - 75

(48=4B hex).

. It provides
(CCW) to be us¢d in the I1/0 opératlon.

It prov;des
operatioh.

the 1I/0 protectlon

-~
+

the address of the flrst Channel-Command wWord

-

Y sto be.useg in the I1/0

It is automatacally read out wben the instruction start I¥O

is given.

The CAW is a 32-bit word stored in the
"fiked location 72-75 in main memory. The
CAW is loaded into the channel by the N
‘instruction start I1/0 and specifies tHe
address of the first control word. The CAW
has the following format:

" —

»

T -7
3|4 718 31]
1170 Protectzon{Key:Zeros |CCW.Address |

[ G- F R ]

. [ !
BITS 0 - 3: A foqz—blt I/0 pxotectxon key
which is compared: with the four-bit storage
key ob:§1ned from the storage-protect stack
‘when a Main storage location is addressed.

-

1-8

" BITS 4 ~ 7:
* 2ex0S.

H

If the protection key and the storage key
do not compdre, the protection key is not

zero, }and the operation is ;INPUT, the
address is violating a protected area.

- This causes the channel to generate an I1/0
.interrupt,

with the protection-check indi-
cated in the channel status of the asso-
ciated CSW.

.

=
%
.

This four-bit %ield must be

S~ .
BITS 8 - 31: A 24-bit field which defines
the address of the first control word used
in the I/0 operation.
this address must not be a Transfer-zﬂ-
Channel command. S

The CCW specxfipd in

\

*

3

Y ' r ‘ - . B . R . P
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CHANNEL COMMAND WORD (CCW)
)

e The CCW is a 64-bit word located in a main-storage area
- designated by the‘program.

¥

L s
It contains conl:.rol sinformation specifying:

1. Type of operation (command code).
2. Main sto“tage arey to be used (data addtess_and byte
count).. ) Sy )
3. Action to be takem-upon completion ¥ operation (Flags).
. Accessed only“-«dpi‘fi_'ﬂ”; the start I1/0 microprogram when
initiating the ‘1/0 operation or chaining from one CCW to
another. h .

¥

Used'as a basis to form the unit-control word (for multi-
plexor channel only). L i

* L . R . B
The address contained in the CAW is the - - " Fiure 1-4" shows the CCW command code
address in main storage of the first CCW to . format. Bits marked x and M have the sig-
be used in an 1/0 operation. This CCW is-a - nificance:. oo P
64~-bit word and specifies the operation to %= .ignored kY
be performed. Because the CCW must be . m = modifier
located on a double word boundary, the :
three low-oyder bits of its address must be> ,
Zeros. ! - B k U P Sty St B

L 101 23 656 7
4

. r‘; ) l'
e
=4 - -—

The infbrma’tion contdined in the ccWw - pr—m———— ‘,--:.--'4 .....
" defines: . A | Invalid
| Sense
[

e ———— = e {

~ ;
xxxx 0000}

1. The operation'to be perfo - =

The main-storage aregit > ¥sed.’ b

The action*to be taken sdn completion . |Transfer in channel

of the operation. : b- ‘ .~ ¢

. . Read Backward |m m
_The format o”a COW is: v b ey, g
v T ~= -—<- ’ |Write e m

748 31132 o - e .
C Data . i |, ‘Fl <1, IRe,‘adg ) BLE

| Adirews. | "} -= . $-- - {

- sl L - . 4 |Control imm meamwmi 1]

A : t ——— b e ——ypd

ot

x

s ah s
]

x

Command |
Code |-
|

A

Figyre 1-& Command Code.

The medifier bits of the cosmand code
specify to the 1/0 unit the detail ‘condi-
. tions under which the operation is to be .
BITS 0 - 7: Command Code. _These eight executed. It covers such conditions ae
bits specify one of the following six chan- " recording-denmsity, parity, and byte sige.
nel commands: ‘ . .The meaning of ‘the modilier bits s on

s - oL v thestype of I/0 device. \ = .. -~

Read Backward y i P

Read * _ , BITS 8 -~ 31: Data Address.  These 24 bigs

Control : specify Ehe location of an eight-bie :

Sense . - in main storage. It is the first loocation .

Transfer-in-Channel ’ referred to in the area defined by the COW.

: : \ -, The locatiom is the starting address from

Each-of the six commands, with the . $hich data is to be fetched or the starting
exception of Transfer-in- Channel™ (TIC), address of the locations where data-is to
initiates the 1/0 operation. The TIC com be stored. -~ . _ L
mand JSCW contains the address of another ) : . L DR ,
CCW 2n bits 8 - 31. The remaining bits (32 BITS 32 - 36: Flags.' Five flag bits modi-
~ 63) are ignored. S . ‘fy the basic CCW command : ) : .

- CONTMNUED ON.
| Frame BOY

s

!




b -W;;-\ ;

Bit 32, -Chain Data. CD.
fies chaxn data addresses. It allows a
channell to obtain ‘the data address and
count .from the next CCW after the CCW
in whxch it appears has been €Eully

. executed.

Bit 33, Chain tommand (CC). This bit
specifies chain command. .'It dllows the
‘channel to obtain and execute the ‘next
CCW 1f'£he CCW in which it appears is
successfully executed. N
Bit 3ud;suppress Length Indicatlon
(SLI). | This bit allows the channel to
ignore _ncottect length Lndicatlons
when an 1/0 device sigmals the_end ofl
an operation before- the number of bytes
,apecifxgd by the CCW €ount have been: '
transferred, oy vice Versa.
Bit 35, sixp.
channel to bypass storing 1
matLOn in main stotaqe

This bit alliws‘the e
put 1nfor-

%

© e

. |
' 9 L <, -
:ﬁ‘ | | 'j ﬁ ‘ !r": {
cuANNEL bTATU woapﬂ(co~ A
- T

|

This bit speci- -

64~ bxt word loéated dt ma1n storaqe word loéa—

‘Bit 36, Program Controlled Interrupt
CI). 'This'forces the channel to

~ attempt "an interrupt of the major pro-

- gram It is used by programmers to
force an interrupt to the major program
during the execution of a chain of
CCW's. It allows the CPU to find out
how the operation is going, and to
initiate other action if the conditions
warrant it. .

[P
BITS 37 - 39: These three bits musf be
zero. If they do not ‘contain zeros, the
operation is: terminated with a proqram

‘error indication.

. \
BITS 40 - 47: These eight bits are not

used and are ignored.

BITS 48 - 63: Count’. = This.16-bit field
def1nes the number of byte storage loca-
tions in the area defiﬁed by the CCW.. The
¢count in conjunction with the data address
specifies tpe comp&ste ‘storage area used- by
the, current CCW. A T

.}!

o

It desd#xbes the StdtUa,Of ﬁhe 1/0 operatlon Just comp;eted.

\

JIt xdentifles the 1/0 proteitlon key, tne last CCW address

used plus exgh
staggs‘dt end txme\ R
.. I

9
of an [/0 operation when t%e 1/0 inte
6n) is taken.

the residual count, and channel -and uni¢
t

.
‘ \
4

;upﬁlon (for t

i
"It s sEOted 1n*ma1n- torage locatlon 6& at the complet10‘=

~operat

v

During | h£‘1ﬁ&tnhtton of an’l/o 1nstruct10n,

the status

portioneof the‘fsw may be stored in main- storage storage 6

and 69 (44 and

u5 hex) due to the I/0 instruction: belng

te]ect d,_of\xf an meedmaie operatibn has been perfogme

s : .
: \ . F

when the’ I/O oporatxon sequence 'is complet-
ed at the'upxt ag 1nterrupt1on to the CPU
program is generated. The in errhpt1on
mforms the proqram that the peratlon
“‘g:itiateq b the start 170 instruction has
‘en completed.  The CPU, in qc¢ept1ng ¢yhe
nterrdptiop alao storesy j iz
ry.location, a channel-s
"~ 6u=bit chan}xel stape // g
aunft and operatiohe
‘and descrlc“i

at the
It is

txi a ney CsW is’

S

oh (f;rt nterp{eta-:f

n\‘!"

-stored,

pm———pm————

‘_Status

i —

Bits 0.- 3z Protectxon Key. ‘This four-
bit keéy is the same as the protection
key described preV1ously under Command

Addtess word (CAW). . -

@

7/

<

N

~

"

5

H

. .
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These four bits must be zero.

Bits U-7:

Bits 3- 31: Command Address.
Identifies” the last ccw address used
plus- Clqht

§

Bits 32- M7- Status. Tllb arca dcflnes
the conditions in the 1/0 device and
channel that caused the storing of the
CSN \

'
&

-

BROGRAM STATUS. WORD *(PSW)

.

Four PSW's are aﬁuorlated with input/out

Current PSW .

Initial Proqrdm Load: PSW
170 old PSW '’

I70 new PSW.

Thv bit pOblflonh in-‘a BSW which -are utllf"'

ized in~an. I/0 operation are 113t9d with’
;‘their fungtlon > . -
System mask:
. i
s Multiplexc

Bits 0-7:

Bit 0 Channel, Mask

Bit 1/ Seléctor Ghannel 1 Mask

’Hit,ﬂ >010(tur Channel / Mauk

Biy
16~31:

‘e

!- 7 are,-not used., Vo

Bitg Interruption Code (1/0 oxd
PSW) '

v

Bits.- .‘iu— h: conditions Code ()

Thn =.yf;h'm maisk bits
he f

o, 1, dnd 2 pr0v1d0
acility to prvvunt all 1/0. 1nterrup~
@Jnn‘ occurring when the. dpproprldte bit "ig
-zgro. - This gives the possibility of pre-
venting 170 interrupts from one channel .
while allowing 1,0 lntOrIUpf" on another
qunnﬁl. H . :
Thé 16 bits which form the 1ntprrupt10n
code (PSW 16-31) are stored in the 1/0 old
PSEW in mdxn storage 56 when. an 170 intér-"
ruption is accepted by thu CPU. The inter-
ruption codé¢ in this > contains the.
channel and-unit.address which caused the
xnterrupt. The «<hannel and un1t address
occupy PSW bit . posxtlonh 21+ 31%
16. - 20 are made “zero. Becau e only the

~

chdnnel and unxt caunan the xnterrupt are -

PSW bits .

i

, - Bits 32-39 indicate the condltlono
detected by the I1/0 unit or its con-
trol unit and are” sent via the- interface
in a. status byte.
Bits uQ- 47 indicate the oondltlons
detected by the channel.

' i -
Bits ua 63 Count. ‘This- area contdins
the residual count for the I‘St CCW
used.

5.

put operatlon

4
. 3 N A S
- s~ R .

- y},»»
1dent1f1ed in the xnterruptlon code, the |
Program mudt now refer to the.status field
~ of the CSW to determine the cause of the
,1nterrupm‘ :

. "
@

The condltlon code is set - atter the
Jinitiation of an 1/0 1nstruct10n and
‘informs the program if the 1/0- instruction -
was succes fully started 6r if it was
rejected. The' I/O instruction could be,:""
rejected because the’ channel or unit were-
unavailable or Shsy. The ¢ondjtion-code
settings for each of the four 1,0 instruc--
tlon" are:

|Halt | not
Jworking |
+ .
|Stdrt IéVail—“ lcsw .
|I1/0 Abl 7 |stored
fotm e -
|Tést ; |csw -
- IChannellwotkihg |ready

.

~¢
|work1ng|not

-4
lavall— |C§w |work1nq|nd£
|ablc s tored ]

Sectibﬁ 1
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The meanings of the condition codes are:

~

Unit and channel availa-
ble

Available
Busy Unit or channel busy

Channel status word
ready for test or inter-
ruption

CSW ready

Channel status word
stored ik

CSW stored

Data transmission
stopped. Unit in halt-
reset mode - .

Halted

Unit or channel not

Not oper’
) operational

L

Unit Br channel not

Not working
' working

Data transmission
stopped

Stopped

Wworking Unit or channel working

The condition code also may be changed
by LOAD PSW, SET SYSTEM MASK, and by an
interrupt.

*
*

»
Current PSW

The fi€lds of the current PSW are scatt=red throughout local

storage and CPU-registers

~

The current PSW fields .and locations are:

System Mask: Located in local storage
K24. NI&\ig also in CPU latches.

R ~ A
Storage Protect Key: Located in:fdur

_high-order bits of locgl storage loca-

tion K25 and Qiregister. This.is the
storage protect key for CPU operation.
It is not the same as the 1/0 storage
protect key sin the CAW.

T . .
AMWP: Located in the foqur low-order
bits of local storage location K25.

y

TN
N

Instruction Length Code (ILC): Located
in the four low-order bits of local
storage Ku.

Condition Code (CC): Located in four
hlqh °td€f bits of local storage K27.

.

Psw bit: Located at blt 1 of local
storage location K4.

Instruction Counter- (IC): Located in.
lpcal storage locations K17 and K18
when the PSW bit is on. It is in the
IJ-registers when the PSW bit is off,

’

»~




Initial Program Load (IPL) PSW

The IPL PSW is loaded from the first input record on IPL
operations. .

1
After the first three records have entered the CPU the IPL
Psw enters local storage as the current PSW

O NEW PSW o

Lobated at main étorage location 120 (hex 78). -

The 1/0 new PSW enters localfstorage on 1/0 Lnterrupts as
the current PSW. {

. IMO 0ld_PSW .

S

Located at main storage location 56 (hex 38).

The current PSW is loaded into the 1/0 214 PSW location
durlng 1I/0 interrupts. =

UNIT CONTROL NORD (UCW)

The UCW is actually:é subchannel of the multiplexor channel.

Refer to subchannels under the multlplexor channel functlon-
al units for a deg/glptlon of the UGW.

f‘i‘; &

~ "Section 1
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FUNCTIONAL UNITS

LOCAL STORAGE ..

. The contents of the CPU data flow registers are stored in
local storage when a channel microprogram routine is bei

executed. :

Two local storage positions serve as the multiplexor channel

interrupt buffer.

Local storage also contains the K- addreasable byte posi-

t1ons .

A channel breaks into the CPU microprogram
at various times. For this reason the
channel's microprogram must store the con-
tents of the CPU data-flow registers in
local storage. This allows the channel

isters. § Wwhen the channel is finished with
the the ¥PU data-flow registers, they are
restored to theiT original state ‘from the
informations; that was stored in local stor-
age.

.micropriiram to use the CPU data-flow reg-f

Local storage also serves as storage for
other channel operating information. This
information is stored im the K-addressable
byte locations. The K-addressable byte
locations also contain some of the current
PSW. .

The K- addressable byte utlllzatlon is as
follows e -

‘KO (hex 88) is the Interrupt Buffer
(IB) for the address of a MPX channel.
I/0 unit that is requesting an inter-
rupt. :
K1 (hex 89) stores the T-register .
during MPX channel operations.
K2 (hex 8A) stores the R-register
during MPX channel operations.
K3 (hex 839 is the interrupt buffer .
for the status of @ MPX channel 1/0
“4s$ requesting an interrupt.
! )7 contains the current PSW
instruction length counter (ILC) in »
the,. four low-crder bits. Bit 1 serves
as thHe PSW bit. The’ instruction coun-

ter .¢IC) is in local storage at K17 ==

and ‘K18 when the PSW bit is on.

K5 (gex 8D) holds the unit gress of
the I/0 unit _operating on s lectOr
channel 1.

K6 (hex 8E) holds the hxgg-order
address of selector channel 1} next-CCW
address.

during selector channel microprogram

.

XX EXEEXEXEX

K7 (hex 8F) holds the low-order of
selector channel 1 next-CCW address. .
K8 (hex 98) serves as temporary stor-
age for the unit address of a unit on

-

‘the- MPX channel.

K9 (hex, 99) /is used by the console
subchafinel o store unit status.

K 10 (hex 3#) through K15 (hex 9E) is
CPU workin storage.

K16 (hex A8) is instruction counter
unavailable.

K17 (hex A9) holds the high-order byte
of the instruction counter when it
must be stored in local storage.

K18 (hex AA) holds the low-order byte

0f the Instruction Counter .(IC) when

it must be stored in local storage.

K19 (hex AB) is not assigned.

K20 (hex AC) stores the R—reglster
during selector channel microprogram
routines.

K21 (hex AD) contains the addresses of

an 1/0 unit operating on selector /
channel 2.

K22 (hex AE) holds selectgr channel 2

next-CCW address high-order byte.

K23 thex AF) ‘holdssseletctor channel 2

next- CCd‘address low-order byte.

K74 (hex B8) .contains the current PSW
system ﬁask.«

K25 (hex B9) contains the current PSW

storage. protect key and AMWP.

K26 (hex BA) is not assigned

K27 (hex BB) ,contains the current PSy
condition register and program mask.

K28 (hex BC) is not assigned.

K29 (hex BD) stores the S-register

during selector channel microprogram .

operations.

K30 (hex BE).stores the U-register

@

operations.

K31 (hex BF) stores the V-register
during selector channel microprogram
operations. = N

. .mh .

/ o
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" that has been successfully started, .
“channel continues. to operate with the I/0

THEORY OF OPERATION

* -The I/0 instruction I-cycles are -named S1I format. I<cycles.

, After reading out the instruction the CPU reads out the

. channel address word (CAW). '
-

The channel mlcroprogram reads out the CCW and begxns its

execution. .

When the execution of the CCW is complete the channel either
obtains ‘new operating information or attempts to interrupt

the CPU program.

An I/0 1nterrupt loads the CSW with the required informa-

thn.

Before issuing an I/0 jinstruction, the CPU
program loads the CAW with the address of
the CCW to be-.executed, and loads the CCW
with the required information. Also the
CPU must be in the supervisory state before
isSuing any I/0 instructions. These are
pg;v1leged instructions that may be issued
in the supervisory state only, or a program
error results.

Dur1ng 170 I-cycles the instruction
reads out normally. The 1ns§ruct10n code
enters the G-register. The B-field and
D-field specify the channel and device
address. The channel address enters the
U-register, the device address enters the
V-register.
reads out the CAW.
enters the high
the CCW address
During the read

The storage protect key

enters the IJ-registers.
out of the CAW, the PSW is
interrogated tp determine if the CPU is in
the supervisory state, and the CCW address
is checked to ensure that it is on a double
word boundary.

When the CAW has been read out, the
channel microprogram program reads out the
CCW, the channel selects the desired 1/0
device and issues a command. The I/0
device responds with status. After this is
accomplished, the channel microprogram
analyzes the status byte received from the
I/0 device during 1n1txal*select10n, and
sets the PSW conditio ‘code;* The channel
microprogram then bra iches 5ILCPU I-cycles.

‘2' : =

In the case of a start I/o «instruction

the’

When this is complete, the CPU

order of the U-register and.

basis with
or constantly

device either on a time-share
other 1/0 devices and the CPU
with the-I/0 device until the entire record
pecified by the CCW count is transferred.

étihls depends on the channel and I/0 device
"Whose address the start I/Q instruction
specifies. In most case the CPU begins the
execution of the next, instruction.. The
channel and CPU operate concurrently on a
time-share basis. It is possible for the
CPU to be executing aj prdgram while all
three channels are operating concurrently,
all on a time-share bb51s.

|

When an I/0 deV1ce‘has completed the
execution of a CCW, 1t sends an end signal
" to the channel. The channel in turn either

obtains new operating!information or
attempts to generate dn interrupt to the
CPU program. The CCW flag bits determine
if the channel is.to dbtain new operating
information. The current PSW system mask
determines whether or not a particular
channel can generate an interrupt.

When the CPU executes an interrupt,
does so at the end of the execution of
current instruction. An I-0 interrupt
consists of: /

Storing the cérrent PSW at the 1/0 old
PSW.
Loading the dsw with the required
information. |
Loading the f/o new PSW into the cur-
rent PSW locations in 1ocal storage and
- corresponding registé . The CPU now
executes the 1/0 prog am defined by the
I/0 new Psw. ;

Section. 1 i-iS
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The IBM System/360 I/0 1nterface prOVldeS a uq

SECTION 2. -1/0

INTERFACE °

form method

of attaching I/O equipment to the Systen/360./

This interface consists of 34 data and contrqﬂ kines.

Up to eight input/output control units may be attached to

one System/360 channel.

\Most control units can accommodate, one irn
al}houqh some can accommodate more than/y

\\
The 1npuk/output interface prov1des a unl,f
form method of ‘attaching input/output (I/¢ )
control units to IBM System/360 channelsk

" The interface can accommodate up to eight

control units with addressing capablllg'es

for up to 256 I/0 devices. This meang/that
some control unlts can control a s1nq (
device and some can control a numé/y

\
\

- \ <

* The interface, con51st1ng of 3“ 11nes,
establishes requirements for suénal trans-
fers. between control units anq/the servic-
ing channel. Therefore, xnteﬁface lines
provide a common informat n;format and
signal sequence for all inpu¥soutput devi-
‘ces. Figure 2-1 categorizes interface
lines according to their general functions.

- Except for signals that establish prior-
ity among .control units, all interface ’
signals are sent over a common bus. Any
interface signals that the channel gener-
ates is available to all control units,
although only one control unit may be ser-

;viced by the channel at any given time.

After a control unit is selected

' remains logically connected to the channel

until it transmits or receives the required
information or until the channel 51gnals
the controluunlt to disconnect. .

.

The rise and fall of signals transmitted
over the interface a terlocked with the
corresponding responses.f This interlocking
makes the interface applicable to a wide
variety of circuits and data rates, and-
permits the .cconnection of control unit$§ rof
different c1rcu1t speeds and data rates.
4

Each-:control unit contains an address
card that designates its interface address;
no two control units on the same interface
can have identical addresses. To begin an
I/0 operation,. the channel must transmit
the address of the desired unit. During
the selection sequence, the selected con-

(4 .
9

put /output device
ne device.

/ .
/ W

trol unlt must identify itself by transmit-
ting its address to the channel.

A similar identification procedure is
necessary if the control unit initiates the
signal sequence: the control unit must
identify itself by .transmitting its ‘address
before it can indicate, the purpose of the
sequence.

~ Inbound Tags (3 Lines)’

* Address-In
Status~In
Service=In _

Bus-Out (9 Lines)

Bus-Out Bit Positions
P,0,1,2,3,4,5,6,7

Bus-In (9 VLines)

Bus-In Bit Positions
P,0,1,2,3,4,5,6,7

Outbound Tags (3 Lines)

Address=Out
Command-QOut
Service=Out

Scan Controls (4 Lines)

Select- O
Hold~= Out

Select=In '
Requesf InJ
lnferlocki(z Lines)

OperatMnal O yt memeeeeep
Operational-In

Special Controls (4 Lines)

Suppress-Out
Clock=-Out
Metering-Out

\ “&—— Metering~In

Eigure 2-1. Interface Ling;

Section 2
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Interface adapter circuits located in
each control unit must:

1. Convert ipterface-line seqﬁences and

. coded commands to control lines neces-
sary to operate the control unit. 1In

INTERFACE LINES

>

\7 e ' Interface lines are divided into five types:

£

-~ - __._ _Bus lines

> . Scan—coentrols. ...

turn, the control‘uni; controls the
desired 1I/0 device. :
Establish communication between the
control circuits in the unit and the
interface.

- Tag lines
Interlock lines
Special controls

Figure 2-2 shows channel aNd control unit’
connections to the interface. Observe that
the select lines (select-out and selec
connect serially through each control uhit
for the purpose of establishing priority,
other lines connect in parallel.

-\ Pr10r1ty -is assigned to the different
contrQ; unlts on the channel during instal-

’

CPU Channel Control Unit 1

* 1ation.

~in) -

.. Contro| Unit 2

i
@ @
P

S

The - customer establlshes priority
of control units by evalfiating the type of
channel involved, the data rates of the
control ‘units. to be aﬁtached; and the type
of operations to be performed. The-Highest
prlorlty control unit can receive 'the most
service from: the channel, whereas the low-
est prlorlty’bontrol unit receives the
least service from the channel.

K

. Control Unit 3 Terminator .

7

4

In
Lines

74

)
Select
Out |

AVA
D -

4o - -
Select

o= =0

In

Highest Priority ¢

E]——Receuver @--Dr?ver

Interface Connections

-— Terminator

Figure 2-2.

2-2

Lowest Priority

Second Highest
Priority
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SCAN fcom-nox.s (FIGURE' 2-3).

.

Select-out, hold‘bﬂt, and select-zn are controlled by the
-’channel.v

«

3

-

Request-ln is controlled by the control unit.

. Y

The scan controls are’ 1ndependent of processinq unlt non-1/0
operations.» 1 s

-

3,

iThe putpose of the scan controls is to establishslnitlal
communxcatxon between the channel and aftached controlx
units. . } ¢ . : : KF

«

i

The scan-controls establish contact between the channel and
the c0ntrol ynits on a przorzty basis.

B

Operational-In to Channel

Address-In to Channel

Select<Qut and ) .
Hold-Out D . : (Not) Service-Out
———————————— . o ————— ,

"

¢
»

C.U. Wants Channel

Valid Address
on<Bus-In .

A

(Not) Select-Out ~ e
P ——————————

- : . ) ) (Not) Comimand-Out
- End~of-Signal : Address-in -] S
Sequence ' —

: ' t Priority C.U. o B
i ) bowest Priority | Propagate Select-In to Channel * ¢ -

-

.

Select~Out and Hold-Qut - |- . L% 5“ o

* C.U, does not want.Chgnnel . T A o ., ]E, ) B
- : R . ) 2 d ) . 12 i -
: - ~ ' — Propagate Select-Out to Néxt C.U.

(Not) Lowest Priority C.U. :

* Time delay duration dependent upon control unit .

Figuref2—3. Scan Controls ﬁ$~ <

The primary objective of. scannlng is to The sequence.in'wbich select-out and =

Qestabllsh a connection with a control unit.” hold-out 4is presented to the control units’
During initial selection any control unit is.called p rity. The first cencrol unit .
that receives$ select—out and hold-out at . to compare-equal the ect-out l;ﬁe:

theé same time compares” its address to the ™ to the next .control unit in line. To e ,
one on bus-out. An equal compare is the ° . »_further define prlorlty, the first control -
first part of any selegqtion sequence. ‘f unit that can receive select-out has the .
Scannlngfgthen, is, thzsghocess of present- : hlghest prlorlty, the last, the lowest. In
ing select-out and hpld-out in an éstab- - - reality, there are- two‘%ays to establish @ .
lished sequence umtil a ‘control unit in- - Jprlorlty.,\The method presented-here is the » N

dicates that its address compares equal. ‘élmplest and is used prlmarlly for clarity.

3+
[

e

. ‘ . -
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Reader . “Printer . . g . 4 ‘Tape Drive

1/
0)

/

B

-

Chanpel

Interface —[

Interface Physical ?cm‘ﬁecf?on

PR

Printer

Channel :
Interface

Electrical Equivalent

ra

]
i
[
]

Channel -
s . |Interface b oo o

Select = In Ad%ed (Dotted Wire)

-

Ul

<

Reader -

; Select - Out

Channel 42 i ] i
Interface S"'C' ‘_Q @ i @

Select - In Wiréd To Chcmge Bi q*g!)/

- N © e - ~
Figure, 2-4. Sglect~Ih} Select-Out Ptiority.Confrolk-
. .y - . o )

For thxs example, con51dér four- con;rok assume that the des1red order Qf priorxty
units positioned by. the customer ‘in this : 1s. s \ ‘ . )
. sequence: _ . . . o ) < Ao e
o S : ) o R Tape Drive (hﬁghést pﬂiority)
1. Reader (close§t.td the processing unit) 2. Printer
2. Printer® L T 3. Réader
& N T . i
3. Punch : A _ 4. Bunch (lowest priorle) ' -

4. Tape Drive (farthest from the _process- To establish thlS prlqr1txc the CE mgst
1ng unit) ) <~ connect the tape drive . tp the{system inter-
‘ ) face first, then connect the:tape drive to

,jgﬂéx the system to operate éffibigptly, the printer, the prlnter to t s reader, -and




o
‘ -, [FIGURE | FRAME |
T |24 'ZTMW

N CN \
- the reader to 'the punch. The putput of the
punch 'is connected to a terminator.

Dlsregardlnq, then, the physical loca-
tion of the units, they are electrlcally
coupled 1n the desired priority sequence.
“That is, t flrst control unit to, receive -

. select-out is the’ tape drive: If thlS unit
\compares addresses and finds them equal, it
‘connects to the interface. Select-out is
prevented .from reaching®the other control
units by the selection logic. This pre- -
vents two or more units from connecting to

the interface at the same time I1f the,
unit compares addresses and fi ds them.
unequal, it propagates the select-out s;g-
~nal to the.next control -unit in line. This
indicates that the hlghest priorxty unlt
- does ‘not require service and Others are

m* free to use the interface. .

To complete the: process of- establlshlng
prlorlty, each unit must be jumper w1red
internally for "high-priority." This term
means that each control unit, as it
. receives select-out; attempts to compare
_addresses.
out-to be passed along ta the next control
unlt 1f the addresses compare unequal._ﬁ

) Uslng the same cabllng sequence, thls
przorlty can be -altered by jumper wiring a
control unit internally for a condition

SELECT- QUT

‘called low prxorlty.
. wiring essentlally shorts out the select-
out signdl directly to the next control

This wiring also causes select- .

Low-priority jumper~

unit and picks up the selection pulse on ™
its return path te the processing unit.

- This return line is called select+-in for
physical identification only.
'Electr1cally, it is.the select-out line on -

its geturn path to the processing unit. .
Thus, if any one of the four units in the -
example is w1red for "low priority” its:
p:iorlty would change to the last in the
series.. .Figure 2-4 shows the prlnter )

.dltered from the ‘number 2 position to the
ﬁnumber 4 position simply by changing the
ﬂjumper/w1r1ng from hlgh-praorlty to low-

pxlarlty e

“

.

Con51der1ng only one Unlt wired for low
prlority,‘these are the p0951b111t1es' 'y

Uq1t'1 (Tape ‘Drive) hlghest or lowest
Unit. 2 (Printer) . 2nd highest or lowest
Unit 3° (Reader) 3rd highest or 1lpwest
Unit 4 (Punch) no change

\ .,

Except for the first’ unlt, altering two or °

‘more coOntrol units offers unlimited
,prlorlty arrangements.

The first unit can
only be flrst or last, not 2 or 3.

N

’

The select-oﬁt line connects each cdntral unxt in series.

control- un1t prlorxty is determlned by the order that the
selectrout kine goes through the control unit logic.

Lk

The selectwout 11ne pggyldes the sdﬁn leop
n

© that allows the chan tenrogate each
conerol un;t in priority se %mce. I

»
a

When an I/O control unit receives- the
select-out 51gna1,~1t must either raise its
operational-in line in response to it -
(request service) or immediately propagate
. the .Select-out’ 31gna1 to the next control
unit 1n the series.
has propagated select-out, it cannot ralse
}ts operatlonal-ln line until the next - '
1ncom1ng select-out line to the control |
unit rises. -9 L } .

The channel must hold seject- out ‘active
qntll it receives a signal ©R either the ]

t-in or the address -in.:1
sele t-out is transfetred to’ th

S

80

Once:a-Contfo¥ uni¥’ - «

" . the channel).

.Channel's scan loop..

unit w1th the lo@;st prlorlty. ‘the control

unxt either:

t

1. raises its operational-in line, and
later, its address-in- line; initiating -
a signal sequence with the channel or.‘

propagates the .incoming select- -out to o

the channel (select—ln).
1f a COﬂtIOI*ﬂhlt <onditions - IR

operational-in when the incoming select-out

is active, it does not transfer seleqt—out

to the next cantrdl unit (or select—ln to

By conditioning operatzonal-

in, the control unit interrupts the ~

Then, _the control

unit transmlts an address’ byte on bus-in ’

‘llnes -and conﬂltlons address-in.

i

/i ."“.
Section 2" -




The control unit must hold operational-
in active until communication with the
channel is complete. The c¢hannel can drop
‘select-out after receiving address-in, or
. can hold select-out active through the'
complete I/0 operation. n no case can-the
control unit cancel operational-zn before
the channel dreps select-out.

.
.

SELECT-IN

Seléct-ln is the select—out line s return
channel., .

'g‘ The select-in ‘signal notlfles the channel
,unlt has decode&‘the address - sen‘ out.,

r

’

-

The contral unit prov;des an optlon of
connecting its selection logic in -series on
either the select-out or select-in line

- (see Figure 2-2). Descendlng-order priori-. .
ty from thé channel can be established on
the select-out- line, and the remaining
control uRits' can maintain the descending-
order prioxit} to the channel on the -
select-in 10g{c.. For clarity, assume that
the 'selection logic is cgnnected to the .
select-ouc line. v

e Lo o

REQUEST~IN- <«
Request-in allows a control t toi

ic
that it needs service.: )

At_the'chgnnel, requeé;—iq initiatés}the polling seguencde.

"X

A control unit conditions the request~1n
line to indicate that it will initiate a
signal sequence when select-out polls that
unit again.~ The chanhel need not condition
select-out to scan the attached control )
units until the request\in line indicates"
that a control unit” requires servicing.
This operation allows the ‘sontrol unit with
the highest priority to receive attention
in & minimum amount.of time after the -
request-in.line +s conditioned. ' To illus-
trate the function of tequest—;nﬁ(consider
the fbllowing example. - - . .-

N

2-6 < <2

~

A}

‘definition of the select-in line is the

-

.
o 2 R
. .' _‘» c.
N oo .
o . .

-

path to the

that no control

Select-in is a line|/'from the lowest
priority control unit to the chafnel.
is the outgoing select-out line of that
control unit and provides a return path. to
the channel for the select-out szgnal. The

It~

same as that of a select-out line ccmzng
from any control unit. ' >

F 4

f
. "'
| .

te to the channel

i

s
el

Assume that the highest interfaee prior-
ity 1s assigned to the I/0 device with .-
highest data rate and that the device with
the sloWest data rate has the lowest prior-
ity. ' The unit with the lowest priority &an
wait lofigest for service; so, each time .
that the request-in line is conditioned,
that unit is the lagt to be polled.
Because the I1/0 devxce with the highest
priority can wait the least period of time
for service each request-xn indication
causes that unit go be“polled first.

&

* \.. ’ » ' o
. . .

FRAME
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-
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HOLD-0UT

‘. -
. A

. Thé hold-out signal controls the effect of“select~out.

¢ ¥h

This 51gnal allows addltlonal channel controI over the poll—,
. ing operatlon. ) . | v

B - - .

The. channel condltlons the hold—out llne to .-and cancels hold-out, no control:unit can-
_all cohtrol units'in parallel to allow . make‘use of‘select—out.' A unit can only-
‘seiect—eut to perform,ltS‘functlon in a ’ propagate the incoming select-out to thHe

- control unit. The hold-out line allows the . .next unit. Therefore, the channel can

" chanrel- to -cancel the effects of select—out : 1nterrupt the polllng sequence and cause .
at each control unit at the same time: 1If. . “'select-out to fall 'ih all uﬁlts in the

the channel.is’ holdlng select out active : .shortest p0551b1e time.. |

1

¢
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‘The bus lines carry information. between t e\cﬁhnnel and all
attached control units.

BUS LINES

There qre nxne[bus in llhes and n1néthgToy€§11nes. ,

The ba51c unit bf 1nfocmat1on in the System/;%b the 8-bit
byte, may be bnansmltteé/over the bus lines.

A parlty;plg is added to the 8- b1t byte when necessary to
maintain o parity. )

N
(Not).Op‘er'g'ioncxl'lﬂ‘
(Not) Select-In  *
Address-Out
(Not) Staﬁﬁ{n

3 Data on Bus<DubLines

Address Valid on Bus-Out *

Service-Out L e - "
. Data on BusxOut Lines . . - N \\‘\\‘
1 (Not) Service-Out

o~
> Address, Status, or Data
1000s - ﬂ ' : Byte Valid on Bus-In

Address=In .|
‘Status=In : .- : ) .10 (Notl Command-Qut .|

~Service-In

f Figure 2-5. fBus-Lihgé

Informatlon s tran m;tted over the inter- position 0, and intervening bits are in

face from the channel to_a control unit -on. - descending order from p051t1on 1 to posi-

bus-out, and from a gqntrol unit to the - - tion 6.

chammel on bus-in. .FIqure 2-5 shows the Co
"different condition essary to have .

information on bus- d bus-out at the When a byte transmitted over the inter-
4. correct time: : -Bus-in and bus-out each face. consists of fewer thap: eight bits, ‘the

contain eight info tion lines and.aghe . bits must be placed in, the highest-numbered

line for odd: parlty Thus the basic unit . bit positions of the bus (low area): Any

‘of information in-the System/360, tﬂé 8-bit  unused lines of - the 'bus must include the

-

byte, can be transmitted over the. inter= low-numbered positions of the bus. Thus,
face. - : * . if 4 paper tape reader- reads S5-channel -
< ‘ © tape, bus~in positions 0; 1, and 2 are-
Informatlon on the in and the out bus is always zero.  The patlty bit of any byte
4 arréngpd so that bit position 7, on a bus .must appear in the parity position (P).
always carries the ﬁowest order b1t ‘within The byte formed by the nine’ bits must
an"'8-bit byte. The\hlghest order bit is 5n ‘always ' contain odd parlty.

i
.

i .

-

A

Bl4

Cqmmond'-O,ut — — ' . .Command Valid on 8us-Out o T -
Data on Bus<Out Lines R - r - - .
Address-in | . - s : R o . 7, . :
— — — | ) » . )
Service-In | o . A : ) .
- Data Valid on Bus-Out A . .
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Bus- out transfers 1nformatlon from the channel to a controlg\

unit. . . i !

o
¥

The information 'can be elt:her data, control, or ad‘ss

information. ,

Tag llnes 1dent1fy the bus-out data.

.

Bus-out consists of eight data lines and one parlty line.

‘The nine bus-out lines transfer information
from the channel to control units. The
‘channel conditions .an out- bound tag line.

to identify the type.of data transmitted on
bus-out lines. For example, when the
address-out tag and bus-out lines areb
active concgrrently, the informatj n the
bus-out lines desxgnates an addr

Tag lines control the period duxlng‘
which bus-out lines contain valid informa-

BUS-IN
. 1//
P

{
.

tion. When the address of-an I/0 device is.
transferred, the information on bus-out
lines is valid from the rise of address-out

to the rise of one of the follow1ng.

operational-in, select-in, ‘or status-in.
when information other than an address is
txansferred, sighals on bus-out lines are
valid, from the rise of the identifying
outbound tag to the £3ll of the respondlng
inbound tag.

.
.o

Bus-in transfers 1nformat1on from a control unit to the

channel.

Bus-in information can be either data, addresses, or con-,

trols.

Inbound tag lines identify the information on bus-in.

Bus-in consists of eight data lines and.one parity line.

The nine bus-in lines transfer information
from the selected control unit to the chan-
nel. The control unit conditions an
inbound tag line to identify the type of
information transmitted on bus-in lines.
For example, when the status-in tag and
bus-in lines are active concurrently, the
bus+in lines contain a status byte.

. -

Tag; linés control the period during
which pus in lines contain valid informa-'
tzogg +Signals on bus-in lines ‘are consid-
Z7gred valid from 100 nanosecorids after the
‘rlse‘of the identifying inbound tag to the
rise of the respondlng outbound tag.

N . \- . .
The primary obJectlve of scanning  is to' i
estag;;z: a. connection with a control ‘unit.
Any coO ol unit that receives select-out’
and hoxd;out at the same time compares; its
address to the ore on bus-out. qagl \
% .

\5;

Select-out, hold-out, and select-in are
controlled by the channel. :

Request-in is controlled by the control
unit. :

The scan controls are independent of
processing unit non-I/0 operations.

The purpose of the scan controls is ta
‘establish initial communication between
the chanpel and attached control units.
The scan conhrols;éstablish clhtact
between the chanpel and the control
units on a priority basis.

- A ; -

compare is the first part of any selection

sequence.- Scanning, then, is the process

‘of presenting select-out and hold-out in an

established sequence until a control unit
1nd1cates that its address compares equal.
‘\ H .
N - .
’ Section 2 2-9
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OUTBOUND TAG LINE

® - There are ih;ee outbound tag lines:

"‘;u' Address-oOut

2. Command-oOut

*

.-3. Service-oOut

-These lines control the basic communication between the
channel and a control unit.
Nﬁatwo of these lines can be active at the same time.

!
. !
b4 ’ i

Each of the outbound tag lines has a basic These signals have a positive sequence
purpose: B depending on the operation involved. Exam-
o ’ : ple: Initial ‘selection share-cycle, ending -
‘Address-out The data on.the bus-out ’ , procedure. It is .as much the sequence| that
- lines is an. address. ' i governs the operation as the exact name or
e ’ . ’ .« 7 purpose of the line. These sequences must
.. % Command-Out . The data on the bus-out : be-thoroughly understood to become com-
Coes ‘ '£;~ lines is a command. =~ - pPletely familiar with the operation of the gy

s

L .o . interface. '
. Service-out Responds to data received . - i
: : from the control unit on.a-
‘read operation, and indi- -
cates data being sent to -
the control unit on a
wiite'operqtion.

o

P

&

ADDRESS-OUT |
The'baskc‘funcfion of .address-dut is +to indicate to a con-
trol unit that the information on busf?ﬂt is an address.

- * ) Wt Ly - !
Address-out can also be activated at fkhe same time
selecdt-out is-.deactivated to disconnect ‘a selected

.control unit. from the interface. T - al

The channel transmits a sigpal over the . until it receives operational-in,
‘ address-out line (Figure 236)° to indicate: select-in, or status-in. Select-in'
« either of two conditions: ‘ | ~~_ indicates that no control unit decoded
o o P e ! /) the address. This-occurs when .the
. o : < i -~ specified control unit is. off-line.
"l. Address-out initiates selection of an |  _Status-in- indicates that the designated

1/0 device causing “all attached control control unit is busy and cannot be
_units to attempt to ‘decode the address - ‘intefrupted &0 execute another opera-
.'on the -Jbus-out lines. Because each +. ' - ‘tion. The channel responds to the -
contral unit'agggess_is different, only status-in reply by cancelling select-
one ‘unit can 4 de the address. If out. ° It then waits for status-in to
. “the control unit that recognitéS‘th g : fall, and cancels address-ouyt;
"address is not busy, it must respond by 0 tional-in indicates that the "
conditioning‘operatiopal;in when | - ‘c§§:Sb{&unit,has decoded thé address.
.. Select-out is cpnditioned to the con- | ’ ’ o
f‘trol‘ unit. -, . oo

. ® ‘2. Address-out causes a .control unit to

- N . _ .disconnect from the interface. Thée
Address-out precedes the rise of . - channel: . oo ce
select-out by 400 naposeconds. ' The . : : :

- channel must hold address-out active = . a. Conditions the éele;t-out line,;
' FIGURE [ FRAME
2% _[en)

: St
\ .

i—lo—g (6/69% = - Lt N

{

~J/




. . N -
Receivegoperational-in from a . tror unit allows operatlonal—“ in to
control unit, ) fall.

Conditions the address out line (or The control unit must cancel operational-in
allows address-out'to remain within 6 microseconds after receiving the
active),_ then after 250 ns, interface disconnect indication.” The 170
: i operation proceeds to the normal end, but
Cancels select-out and holds no data is transferred across the inter-
address~out active until the con- face.

t .

Address=Out
(Not) Select-Out
Operational=In -

Disconnect from Interfate*

Operational-In

Select-Out**

Address-in

Control Unit
Decodes Address

(Not) Address-Out***

Address-Out

w /.
Decode Address on Bes-Out

- A - =
Data on Bus-Out - : ) . ﬂ.

L

* Control Unit must drop op=-in within 6 usec.
** Select-out rises a minimum of 400 ns after address-out
*** Rise of Op=in causes address-out to fall.

1

’ I

w W

Figure 2-6. Address-Out,

-

1

2

-‘
iI\

E 3

.

N
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COMMAND-OUT
4 r"‘{“ ' - ’ ¥
* The basic function of command~out 1s to indicate to a con-
trol unit that the information on bus-out is a command.
Command-out also is used to 1nd1cate "proceed” .at the ehi of
1n1t1al selection.

‘
In response to status- in éommand-out signals a control unit
to "stgck™ ‘its status. -
——t

In response to serv1ce—1n,

'

command-out indicates "stop”

Command-Qut

Decode Command Byte
- . . on Bus=Out
Address-In . - ) ¥

iy

Initial Selection Sequence
T )

\

Service=In

Commmand=-Qut

I

- Status=In

~

Cor;wnond-Oul

Stock Status
LA

~Figure 2~7. Command-Out

v

LI ”

The_channel conditions the co@ngﬂ -out' line
(Flgure 2-7) to respond to a ‘signail on ‘an
inbound tag line: During the.inifial sel-
ection sequence, the‘channeig ctivates
command-out to reply.to address-in, indi-
cating that a command byte i$ on the bus-
out llnes. This command bytd.specifies- the

I/0 opera . to be performed. Only at *
this"peifit in the initial'-selection - -

sequence does command-out cause ;Qe select-~ -
t

the selected control unit to “"stack®

A command-out response to service-in
means "stop", and causes ‘the contpol unit
to terminate the operation and reset.
Whether during the initial selection
sequence or at the end of the operation, ’
the command-out reply to status-in causes
(hold)
the status data. The contro® ‘unit.can
present the stacked status only if ‘ '
suppress-out and address‘out are down ‘when
select-out’rises at the contxol unit.

o
(]
h

v

<

ed control unit to decode the by on. hus~
out lines. After the initial selectian
sequerice, the ommand-out response to °
address-in means proceed. :

CONTINUED ON

rrame COI
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e iervoce-l.n

Skctqs-ln )
T
, .

':11 e (Fiqure;
“se vLcevout

. sense_qperations,

,”cha nel accepts.the information on bus-in.

|

| oo
,F\;R\u.c'z,—oum

i

]

i‘,\ ‘ ; : < 4. . . T Lo .
» . Thgs pasic funct1qéwof service=out is to indicate to a con-

unit that data hab been reéelved OE,A\ be1ng sents

f

§ responds to* serV1ce in pn road or wrlte opera- s
, a d to btatus 1n dur1ng a status ‘sequence. i

'

\‘ Channel Has Data Byte o;;"SQ,s-Ouf

%
H

! =
e 3
ﬂervice-Out

™ br Received Byte.on Bus-in; Pr&ge’d .
N ; AN

- .

.

End the

Not Suppress Out

Operation

A
{

Suppress-Out ¢~

Chained
ration

S;wice-Out

-
”Hmal ‘Selection

0
|

“r

Fi$hte ?-Q. Service-oOut

\ : K 3

Se#Vlce-out 15 "d line from the channel to
all attached control units ‘and is used to.
qnal the selected device 1n necognltlon
4 signal on the service- in‘or status~in
»2-8). A sxgnal on “the
ixne hpdlcates to the selected
device that the channel hasaccepted the -
information~on bus-in .or has prov1déh on
bug-out the data requested by serV1ce—1n.

|

When service-out is sent in response to
service-in during read, read- backwards, - or
or to status-%n, the
ser iqe-out'signal‘must rise after the

hese cases, the rise of service-out =
inducates that the information on bus-in
has\been received. . :

. Initiate. the Opetation

When service-out - 1s sehta%n respdnse to
_service-in during a write:- or ®Bentrol opera-
tloq, the rise of service-out indicates

“that the channel has provided the requested

information: on bus-66t. 1In this case, the
signal-must rise after the information is
placed on the bus. vice-out must stay
up.'until the fall of §:e associated
sefvlce—ln or status-in s1gnal Service- -
out cqnnot be up concurrently wlth ‘any

+

while suppk@ss out is up indicates to the
¢ontrol unity that the.operation is being
chained. Se Suppress-Out for further
details. he §tatus 1s accepted by the
channel. .

§ection£§v_




"INBOUND TAG LINES

There are three inbound tag lines

~. 4
Addl%ég— In
S}.-atus- In -
Sétvice~[n
Th@qo ilnes Lontrol the basig, communleatlon betwepn a
control unlt and t he channel

o

No two ot the<e 1ine$ can be active at-the same time,

L}

<

_ . Lot : ; ' - -
». Al N N . o M -

Each of these lines has 'a anlo basic . unit is ready to. regceives

purpnse‘ . /‘j;> ‘ SR . ddtd. )

Addreas In The,data on she bus-in - ’ The control unit uses the inbound. tug
lines is* an address. - lines to erpOnd to 'signal’ sequefice ‘devel-.
oped by the channel. For anmple duran
Status-1In # . The data on the bu ~in ' an initial select ion sequence the channel
h lines® is status informa- activates address-out. The control unit
AR .- tion. A . that is selected responds with address-in.
C The channel then sends command-out. When
ervice-In - The information the bus-in '~ the control unit receives the command, it
¢ lines is data on a read . sends.5tatus-in. The chahnel responds with
‘. Operation.. On a write . service-out. when the control unit is
operation, this line indi- ready to send or rocelvo data, it dctivates
cates that the control- T servic P-xn. * ) - -

T

€

’

ADDRI:.S.‘;—

& B — -
Address-in édentifiow;th« information ,on th&‘puq—in lines
@ control unit -ad. Igess. h . B )
o . : . B I
When the channel. 1<1c‘m 1f l("—) tho gontrol ,unity, it r("‘pcmdu
with com mand-out . . D

. .
Address-In

Decode Address Byte on Bus-In

* »
Operational-In

.

/
Figure 2-9. Address-In -

1S
<%

»

. . . ) C )
Address-in is a line from all attached o ’ Dhring data transfer cycles, the channel
control units to the channel (Figure 2-9)., - identities the, control unit when ‘address-in
It 15 used to signal the channel that the is recnxved. The channel,cdn then select
address ot ‘an 1/0 unit is on bus-in. The . the' correct intformation to R;oceed with
channel responds to dddrvua-in with - uddta transfer. o
command-out. RR

"

P L 4 . L * . . . - : - : - .
buring the initial selection sequence, . Address-in remains active until the rise
the-channel checks, the address received, - 6f command-out . It must then fall in order
againsgt the address initid§{y‘%ont out. If ‘that . command-out can fall.
thiey aré equal, the operdtidn can proceed. . °
It not, the channel brdn&hes to-an error
routine. o

2-14
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STATUS-IN
By b -~
Status-in identifies the information on *he bus-in lines as
a status byte.

U] The line must remain active until the chanhel responds.
Address-Out '

Busy Sequence

&

Status=In

Decode Status Byte on Bus-In

Operational~In

Figure 2-10. Status-In

-

*«, A control unit activates the status-in line Service-out, indicating that the chan-
kx%o indicate to the channel that a status . nel accepted the status.
ytg is on the bus-in lines' (Figure A-10). .
The status byte has a fixed format and C. :
contalngwp&ts describing the current status Command-out, indicating that the chan-
at the confral\ynlt. nel has stacked the status.

"~ C .
. S If status-in is the control unit's reply
Status-in must remain Gp.until the chan- to address-out during initial selection, it

nel responds with: ' \\”%vkmwhﬂtxﬂth, must remain up until select-out falls. »
. * ) ° B

.

e T
SERVICE-IN -,
~ £

BN <. & - F
On a réad operatlon,~serv1ce*1ﬂ {rdidates that data iffready’i
on the’ bus-ln lines. s : ‘

On a write operation, service-in indicates that the control
unit is ready to recelve data.

This llne remains actlve until the rise of either command-
out or service-out.

3 .
O\{rpu? Operation Request that Channel Transmit
Operational-in

a Dota Byte on Bus-Out *
Service=In

Request that Channel Accept
the Data Byte on Bus=~In

Input Operation .
!

) X
.Figure 2%l11. Service-In

.

A controdl;unit activates the service-in on the bus-in lines (read, read
line (Figure 2-11) to: backward, and sense operations).

1. sSignal the channel that a data byte is 2. Request that the channel transmit a

Section 2 2-15
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data byte on the bus-out lines (write
or control operations).

The channel responds to service~-in with:

INTERLOCK LINES

There are two interlock lines:

Operational-in
Operational-out

These  lines permit only one control unit

municate with the channel.

Iy

x

"The interlock lines provide additional
control of the interface. .They are used to
gate other signals, reset all control units
and signal ;he\channel that a unit is
_selected.

Service-out, when data is accepted or
transmitted.

Command-out, to stop data transfers and
end the operation. =

>

\

[
"

at a time to com-

All outbound lines are . Controlled by operataonal out. -

To reset all thg control units, the channel drops ;

operatjonal-out and suppress-out.

. Operational-out originates at the channel
when the processing unit is power-on-reset.
It stays up as long as the channel is oper-
able. The operational-out ‘line enables all
control units on the interface to communi -
cate with the channel (providing the cor-
rect ‘signal sequences are maintained). If
operational-out is down, all 1nterface
signals become fineffective.

The fall of operational-out resets con-
trol units on the interface either selec-

s

tively or concurrently, depending on the
status of suppress-out, -a special contral
line (Figure 2-12). If the channel drops
operational-out while a control unit is

operating on the interface, the control

unit is reset. If the channé€l wishes to
reset all control units on the interface,

- the suppress-out and operational-out lines

are both dropped (for a period of at least
6 microseconds to ensure a complete reset).

.3
T
-
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4

b . .
. ¢ g .

LS

.

(Not) Suppress-Out

(Not) Operoﬁondl -Out

Figure 2-12. Operational-oOut

OPERATIONAL- IN

»

ed. R

Reset all On-Line

Control Units

.Operational-in signals, the channel that a device is select~
A

When select-out falls and the sxgnal seguence is completed,

operational-in is dropped.

To initiate an interface signal sequernce, a
control unit conditions operational-im\yhen
the incoming select-out line is’ up.
same time, the control unit blocks select-
out from reaching the next comtrol unit.

"No other control unit can connect to the

interface while operat10na1 inl

éf;n operatlonal-ln is rais
particular signal sequence, it
until all required information
transmitted between the *channel
device. Operational-in drops at’ the same
time as, the transfer of the last'’ byte of
information, if select-out is down.-"

At the -

- ever,-

.

Signals on bus-in and on the inbound tag
lines are 31gn1f1cqnt only when
operational-in is up, except in the case of
the control-unit-busy selection sequence.
When operational-in is down, the :channel
disregards any signal, on.these lineg. How- .
post control units are interlocked so
that no signals ‘are placed on any' inbound
lines when operational-in is down. This is
necessdry to prevent erroneous indications
to the channel when another control unit
first raises its operational-in line.

Sectioen 2 2-17




SPECIAL_CONTROLS

CLOCK-OUT|

|
. |

|
Clock-out designates when a control unit is allowed to

’changf to CE mode.

o
Clock:
halt or wait condltxon.

L]

A control unit can switch to CE mode only
when the System-360 processing unit is
halted or waiting. The clock-out line
indicates that the processing unit is not
halted or net waiting, and could address
any control unit. Therefore, a control
unit is prevented from changing in or out

(Not) CPU in Wait Condition

-

(Not) CPU in Halt Condition

out indicates that the proce551ng unit is not in a

'

of CE mode unless the clock out line is
down. The.clock-out line prevents the
setting of the CE mode latch by the CE key

switch. Clock-out 'is raised by the channel -

when the conditions are as shown 1n Flgure
2-13.

e

- ClocksQut. z;- ¢

# (Not) CE CPU Meter Recording Time

Figure 2-13. Clock-Out

METERING-OUT

time.

4
The channel raises the metering-out line to
all control units whenever the processing
unit customer usage-meter is recording
time. Metering-out causes customer usage-
meters: to register time in each control
unit that is not in the disabled state (CE
mode) .

Metexih7-out enables the control unit usage-meters to record

2

.

2




METERING-IN
4

Y # B

Metering~1n 1ndigates to the channel that éhe control unit

is recording ‘time.

. i

4

P
4 -

o

&\
\
~

A control unit transmlts metering~in to the

channel when the customer meter on the
control unit-is reconding time. Metering-
in causes the customer meter that records
use of the processing unit to accumulate

time even though the processing unit may be

in the halt or wait condition..

SUPPRESS-OUT

“~

The supptess-out line has ;hese functxons-

~“suppré35 %tatus
. Suppress data transfer
~ Chain command cont;cl
Selective reset.

»

Execute Cycle to Transmit

Control Unit has Assembled Status Data

“. .Select-Out
. phbdib bt S

| [

(Not) Suppress=Out

Previously Stocked
Status

I

\Service-In

Status Byte to Channel

[

Service~Out

Suppress-Out

—Suppress-Ou

Block Service-
In to Channel

Suppress-Out
Service-Out
- Status-In

Chained Operation

S:.vppnn-Ovt
(Not) Operational-Out
Operational-~In

A Selective Reset

Figure 2-14. Suppress-Out,

The suppress-out line (Figure 2-14)

connects’' the channel to each control unit. .

Suppress-out is used alone or with an out-
bound tag line to provme ‘the following
special functions.

.

-

SUPPRESS STATUS; When a control unit. ends
an 1/0 operation, it transmits a status
hyte on bus-im lines and conditions the
'status-in tag line to the channel. The
status byte indicates whether-errors were.
R ; . ‘ N
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Form Y24-3362-2
FES Y24-0510

encountered in performing the operation and
signals the channel that the operation is
complete. A channel may respond to status-
in with command-out, causing the contrpl
.unlt to stack the status data.

When select-out rises at a control unit
holding stacked status data, that control
unit will not capture the interface to

‘present the status byte if suppress-dut is.
active. The channel must condition
suppress-out at least 250.nanoseconds
before the control unit receives select-qut
to ensure that the stacked status data is
not transmitted. The rise of suppress-out
after a control unit begins a status cycle
does' not interfere with the transmission' of °
the status byte. If a control unit condi-
tions request-ln to offer status data, and

~suppress-out rises before the control unit j

receives select-out, suppress out drops
. request~in, = - ;

4 < ” -~
'SUPPRESS DATA TRANSFER- For ‘noneyclic
I// dévices (buffered I/0 devices, not-
'applicable to tape) that ean wait for data
‘transfers thhout lndlcatlng an overrun °

.

A

2-20  (6/69)

]
condltlon, suppress out blocks service-in.
The channel must condition. suppress-out at
least 250 nanoseconds before the previous

service-out tag drops to ensure that the

subsequent request for data or offer of
data will be suppressed. .

CHAIN COMMAND CONTROL~ To indicate a
chained command,  the channel conditions *
suppress-out after ‘the selected control
unit -begins the cycle to transfer the
status bybe and before the channel responds
" to status-in .with serv1ce-out. ".The active
‘ State.of the suppress-out line-and ,the
service-out response to ‘status-in combine:
to hold 'selection of the control uni¥fand
the I/0 dévice. The next command from-the
channel must be directed to that confrol
.unit and:1/0 .device.
SELECTIVE'RESET' If the cha& 1 cond1t1ons
| suppress-out attleast 250 narnioseconds
before allow;ng operatmonal-out to fall and

’

‘‘séconds aftex’ operatlonal-out rises’ agaln,p'

‘on¥y the I/0O device présently operating
“on the intdrface is reset. .
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** Pepending on the- chcn):el controllmg ‘the. operation, selec;-ou?

N . ’ .
INITIAL SELECTION SEQUENCE - .

.

During the initial selection sequence,. the’ channel selects a
control unit and specifies the operation to be performed. '

This sequence is the same for
txons.

The interfate signal sequence in which the
channel selects a control unit and I1/0 o
device 'and specifies an operation to be
performed is ca
sequence (Figure 2-15), Regardless-of the
unit selected .or' the operation desigpated,
the’ 51gnal sequence in the initial selec-
tion is’ standarg

|

I

| .
N [ 3 v
Operational -Qut -

.

2o ~
" Address-Out

u

Select-Out ***

Opérc:iiomal«lﬂll

T
- A o
_ Address~in
1

-
Command-O0t*
i

‘ ulim
© Status=In ‘f L ‘ ) ri—-l

Service=Out* j . 4 -[
e

A multiplex‘channel will respond to status=in with either - R
.command-out or service-out. Normally, a sélector chonnel
“will rego’ond to’statusrin yith only service-out.

*

<,

might drop during the initial selection sequence or rémain
“active after.the sequence is complete,

Operational -in canpot .
drop unhl seiec'-ou? is |mochve. v i

bbbl Selecf Out and Hold< ﬂut up fogether. .
Figure 2- 15. In1t1a1 Selection SequenceL

. -

The channel begins the initial selection
Sequence by ‘transmitting an address byte on
the bus-out lines and raising address-dut.
The -address byte selects the unit to exe-
cute the operation. Each ¢ontrol unit .
attached to-the -interface attempts to -
decode the ‘address, but, because all inter-
face addresses are different, only one unlt
can 1nt.erpx:et the coded byte.‘

when selecc—out is actzve at the control
unit that - successfully decodes the address
“byte,

e N

v -
: .

led the initial selection -

that controP unit conditions ‘either:

1.

.2\.

" incoming. select-out

“on-bus-in and raises status-in.

‘61 conttol units. and opera-

e .

Status in, indlcating that the selected
unit is Busy and cannot execute another -
operat;on, or

P : &

Operatlonal 1n, indicatang thét thé{&
desxgnated unit will complete the ini-
tial-selection sequence. HoweVer, the
operational-in response to address-out
does not commit the control unit or ‘the.

,channel to perform an operatlon.

\ .
e

If no control un1t decodes the address

“byte (specified control unit is ogf-line,_*

the address byte is invalid, etc. the
control unit with the Jawest pr orﬁty pro-
pagates select-in tgesh hannel ‘when its
conditioned. .The
select-in or status-iin reply to" ‘addre'ss-out
causes the channel tof cancel address-out
andgtermxnate the selectlo sequence. )

When opetat1onal-1n causes the channel
to cancel address~out, the sqlected control
unit transmits an addfess byte on bus-in
lines dnd conditions the address-in line.
The: channel compares this address to’the
address it placed on the bus- -Qut- lines to
ensute that the right @evice has answered.,

Af\ter checkzng the address, the channely

"responds toaddress~in by transmitting a

command byte and condltionlng c¢ommand-out

to the control unit. . The command byte

designates one of seven" operations (read,

read backward, write, control, sense, test
170, or no-op); and establishes conditions
to control executlon of the operatlon.

.. The control un1t must then drop address—

;1n, and- after command-out falls, the

control unit places its status lnformatxon .
If - ‘+the I/0
device is available, ‘the status byte is- -
zero. If the channel accepts this status
byte, it responds with service-out. This

. signal comgletes the initial selection

:sequence.

When a control unit that does&not kave

.Operatlonal-ln up requires servxce,uztv"

raises its request~in line to the ‘channel. -

'The next time selec%-out rises at any

con-
trol unit requiring-service 2nd no.1/0 w
selection is being attempted by the Channel
(address-out down), the .control unit places
the address of.the devxce on-bus-in. It

1then signals on. both the’ address- in and the"

.
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©

T 4 - ' ] *
.operational-in lines, and removes the \ + unit, indicating proceed. After address-in
request-ln szgnal. Tt drops, the channel responds by droppxng the
\ command-out signal. The remainder of t .
When the channel recognlzes the address, sequence is tlie same as a channel-znxt;ﬁted
a commahd-out signal is sent to the control  initial selectlon sequence.
. ! o . ) . , )

a

DATA TT(ANSFER

."“, A w v - ‘.Q "‘P . "
b 4 N

. contf”l unit can seﬁgﬂdata to, or reqaest data %rom the.
* . channel. . . . )

".

- Yy v

service-in4and servicejout ére the'controlliné tag- lines.’

4 . . :
e o . JR—

Data transfer may be requested by a control channel, ;service-in is raised. ‘The channel
unit afteér a selection sequence. To trans- pldces the data on bus-out and 31ghals with
mit to “the channel, the dontrol unit places servlce-out. The channel maintains the

a data byte on bus-ln and raises service-: validity of bus-out until serwice-in falls.
in. * The tag and “the’, data ‘on bus-in must be - Wh service-in falls, the. channel responds
heldvuntxl an outbound- tag is-raised in = | by roppzng servxce-out.

\ response, To request data from the . " .

‘/"

END >'O'PE:_RAT"ION

Y PN g ' . . - . . T . R
_An operation is completed when the control un1t "and dev1ce "\_
present ending status to the channel. ) ‘
"The channel acknowledges receipt of the status byte w1th
service-out br command-out.‘. s

!-. - . - N - x -
O R ) oo

When any I1/0 operati’i, except test-I/O and . If the. cbannel conditions suppress-out

no-op, has proceeded to its normal end, the 250" .nanoseconds before select-out rises at

‘control ‘unit assembles and -transmits a .’ the’ contrbl unit holding stacked status ..

" second. status byte to the channel, The - data, the control unit does.'not transmit

meaning- and. format of this status byte are - the status byté again until suppress-out

;Sent;cal to the purpose and format of the drops. When the channel. cancels suppress-
atus byte transmitted dur1ng the initial out, and selegt-out to the unit is active, -

selection sequence. _ - - the control unit sends its address, and

. - . - . : S 're-transmlts the‘status byte to the

.

Y i ’ . channel. |
To acknowledge recelpt of the status ;
byte, the chdnnel: conditions either - N : - . .
-service-out or commang-out. Service-out - If the channel does not condition

i

indicates thadt the.channel has accepted the, suppress-out before select-out rises at the .
status data and résets the operation. . control unit holding stacked status data, r
Command-out causes the control unit to the control unit- initiates.another cycle to
stack the status : byte, S ‘e ‘ ttansmlt the status byte again.' X .
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SECTION 3. MULTIPLEXOR CHANNEL

® . .o

e The IBM 2030 multlplexor cnannel shares data—flow reglsters

’

. w1th the CPU. - .

”

““The multlplexor channel con51sts malnly of mzcroprbgram -

'routxnes. :

.

.

The multlplexor channel can sustain operations wzth several :

I/0 devzces~at once on a data 1ntet1eav1ng basis.

The basjic IBM ZOJO,multlplexor channel has 32 subchannels.

B

" The IBM 2030 multiplexor channel.is basi-

.cally a microprogram that uses the CPU
data-~flow registers to perform the multi-
plexor channel functions (Figure 3-1). The
1/0 1nstruct1tns issued to the multiplexor
.channel (Start 1/0, Test I1/0 Halt I/Q, and
‘Test Channel)| are a11 executéd by the chan-
nel micropro am.,

IdA - .

The multxplexor channel mey operate in
either one of “two modes,’ BUR$T or BYTE
mode.. In burst mode, .the channel selects

. and operates with one I/0 deche, only,
>unt11 the entire 'CCW orichain of. CCW's is
executed.
.the channgl selects and oper&tesvw1th a

" device until one, twQ or fouq bytes have
been transferred.. The channel has no con-
trol over its mode of operation, nor in the
case of byte mode, does it d&termxne the
number of bytes to be transferred on each
selection of ah 170 device. :Both of these
conditions are determined by , the 1/0 device
involvead-. b :

. i

The basic IBM 2030 multiplexor channel
operates under control of 32 subchannels.

' The subchannels malntaln the\operatlng

* information for each cew beldg executed by
the - channel.

v

Upon the 1n1t1at10n of an I/0 operation-
by the CPU, the channel microprogram reads
out the Channel Address Word (CAWY.

Besides readzng Qut the CAW, this routine
also checks the PSW to insure that it spe-
.cifies superV1sory state.

L}

If the PSW’ does not’ spec1fy supervisory
state, a program 1nterrupt occurs.’ If the
PSW is in supervisory state,”the channel
begins the executlon of the 1nstruct10n. :

When executlng exther a‘%est channel, a
halt I/0O, or test.I1/0 1nstruct10n, the
channel executes “the. ‘entire”instruction

before réturning the CPU to I- cycles. When

FPGURE| FRAME
AL )

. before the execution.is complete, but only

In byte or_.data interleave mode, -

A Y

executxng a start I/0 1nstruct10n the chan-,
nel allows the CPU to return to I-cycles L
after the selected. I/0 control unit and )
device have dlsconnected from the channel -
as in the case of byte-mode devices.

. i

’ L
4

. Whenever the CPU returns toé. executing
‘pﬁher instructions, the" operatlng informa-
“tion for a selected device is stored in the

subchannel. When the device requires ser-
vice, the channel breaks .into the current
microprogram routine, stores the CPU d
flow register information in. lécal sto pge,
obtains the operating information from the
subchannel, and operates with the device
until it disconnects from the channel.
When the I/0 control unit disconnects from
the channel, the channel updates the sub-
channel information, @and allows the CPU to
continue the executiop of the current-PSwW
instruction.

‘O

When the entire CCW.- seqyence spec1f1ed
by .thé start I/0 instruction has been .com-
pleted, the channel interrupts the current.
PSW instruction sequence if allowed to do
S0 by. ‘the current PSW system mask. The
channel then stores the required informa-
txoq in the Channel Status Word (CSW) .
Aftex’ the CSW has been generated, the 1/0

new PSW takes the place of the .current PsW.

The. CRU now executes the I/0 new PSW
instruction sequence. :

N
.

The I/O program will normally prevent .
other I/0 1nberrupts by masklng them- of £
with the system mask. It will normally
interrogate the CSW and execute some type.
"of error routine if the CSW indicates the
instruction was not executed co:rectly
Otherwise, the I/0 program will normally

allow the CPU to begin the execution of any’

pending I/0 instructions-and then return
the CPU to processing the PSW instruction -
sequénce that was discontinued by the 1/0 -
1nterrupt..

3
.

Section 3 ° 3-1-

Sta tus

Decode

MWWWWMWMWMM”MWWWMWMMWWW

'y

. MPX Interfac

A Bus

Next

Address .

A ‘
Register

Control

. Register
Tl

v

iTq Machine Contral Points

. Figure 3-1. Multiplexor

From External Intefrupt




v

-

.

\. o ¢ L -

%

e

~

a

-.'éingle or shared subchannels.

v
L

"‘register entry. ’

DATR FLOW

-

\

J All data between the MPX chanhnel and cPU maxn storage must

~ pass through the R-register.

.

. . _ 4
e ‘.The. LD-registers maintain the count.

[

. Because the MPX channel uses the CPU reg- - -

isters to.accomplish its objectives, the
MPX- data flow is quite sxmilar to normal .-
‘CPU data flow.

Oon 1nput operations the channel rece1ves
The MPX channel micropro-

data on bus-in.

"' gram puts. the bus-in: information into the

R-register by specifying the R*reglster as .
the destipation and bus-in-.as the A-

The data- goes ‘thrdugh the

A-register and Arithmetic Logic’' Unit (ALU).

Any parity errors are corrected in the ALU, .

and a. channel .control check is set if -+~
running in process mode. . If running in

FUNCTIONAL UNITS

SUB CHKNNELS

[

‘

‘The -UV-registers maintain the data address’

“.stop mode, an A-register er%or is set. The

~

. Operating information necessary to sustai

operation is contalned in a subchannel.

- main storage into the R-register.

data enters the R-register’from the ALU.
It is then stored in ma1n storage by al
store. cycle. R

Oh output opetatxons datg is read out of
From the
R-register the data (control data or record
data) enters the bus- out register which L
conditions the bus out lines d1rect1y.

' Durxng both input and’ output operatxons,

‘th V-registers-maintain the data addresd!
wh11 (the -re st‘x\ma1nta1ns the count.

*

a single I/0

The MPX channel may have up to 22“ sub nannels.

'A MPX channel subchannel 1s a doubl
Controlled Word (UCW). .

_UCW'S.are stoxegjin MPX storage.”

by the microprogram frem the

/
‘»

‘The high speed of the-IBM 2030 CPU and the

slow speed of many I/0 devices makes it

" desirable to have a chanrnel .that can

operate several 1/0 devices at a time. The
multiplexor channel fulfills this require-
ment. By-having many subchannels, each of
which contains.a current record of one I/0
operation, the multiplexor -channel is-able
to read or write from several low-speed I/0
devices|at a time. When an 1/0 device .
requests service, the multiplexor channel. .

selects- the subchannel associated.with that

1/0 device and services the 1/0 device
under control of:the subchannel. The, ‘IBM

2030 has 32 subchannels as a standard: fea-"

ture and may have up to 224 subchannels as-

optaonal features.

§he first 8 subchannels can be either
. The remain-

‘ing subchannels are all sgngle.

word called a“Unit
- ™ . .

- P

l . Ny

A shared |,
subchannel can be used by more than-one 1/0
device. Shared, subchannels are normally
used by multiunit control uqxts, such as
tape or disk drives which control several
I/0 devices. When several 1/0 devices
shatre a subchannel, only one of the I/0
devices can operate at_ any given time.

A subchannel contains the necessary- \
information that is feeded to sustain: chaﬁ-
nel operation with a particular I/O device:
Unit Control Words - (UCW) serve as the MPx
channel‘subchannels.‘ e

~ /A basic IBM ZQJO'has 32 .UCW's storedAini
a portion 'of auxiliary storage called MPX }
storage. The'UCW's remain in ‘MPX storage |
when not being used for channel operation. :
They" aré fetched~from the MPX storage when*"
\ ‘
section 3 ' 3-3

1




’

UNIT CONTROL WORD
. : . ucw
000 .. 001 _ . 100 -

and .

Srotus R

Chanrel | OP; : , " Data
Address

W

Flags High ~ R High

' Channel Status Byte
~ Count Zero (1050 Only)
-.Channel Control Check
- dnterface Coatrol Check
- First Status Received Coded ex- - Skip

planation O -
below .-
(No! Name) . I
Incorrect Length
Program Check
Protection Check

- Active

3

Handling Data; Expecting Data.
Device Instructed to Stop; Expecting Status.
Status Stacked at Control Unit, .
Status Is in Interrupt Buffer (IB).

Figure 3-2. Unit Control Format

needed,-
After ‘they have been used and updated,

and, placed 'in the: CPU registers.
they

are restored intol the MPX storage.

't

1
|

Figure 3-2 shows .the UCH format.

isters during E-phase of a start I1/0
instruction. Thel address of the first CCW
is fetched from the CAW. Adding 8 to this
address generates | the. next CCW addressg
whlch becomes part of the UEW. —

~ - 4 : v

The data address ahd count are fet ghed
from the first CCW and placed ip the UCW.
Because the 2030'.storage addresp is a maxi-

mum of 16 bits long, only 2 bytes are need-

ed in-the UCW for 'the data address. The
same holds true fo__phe next -CCW address.

The op~and-flag byte in the UCW is now -

' generated from thé CCW command byte and
flag byte...

The 5. flags are transferred
intact. The command is compressed to two
necessary bits: bit-6 -indicating input when
0, and . output when 1, and bit-7 indicating
crement or decrement data address. Bit-5

is the active bit for the UCW, and is 'set

CSW p ionfof -an I70 1nterrupt or test 1/0

.//iﬁstru op. s L] p

7o

dur1ng sﬁz;t I/0 and reset by ‘the’store

-

O

,I

s \_ E“

/

1
.
/

The ~ .
“initial UCW.is generated in the CPU reg-

,.Op. and Flags Byte

- Chain Data Address (CDA)
- Command Chaining (£C)
~ Suppress Lengrh Indncahon (SLI)

@

- Program Controlled In?errupr (PCJ)

- Output (Write)
- Decrement Data Address -

The status byte contains information
necessary to generate.the CSW. It is kept
current during an I/0 operation, and with
some interchange of bits, becomes the chan-
nel status byte in the CSW. Bits-3 and-4
are not®used in the CSW. One is replaced
by the PCI flag, and the other is unused in

~the CSW. Bits 3 and 4 have meaning only
when the active bit (5) is on.

¢ Bit~3 only indicates the device status
~byte has been'qpeued in the device. -

Bit-4 alone 1nd1cates that status in,
not serV1ce— in, uld be sent.by the.1/0
_device next. If no it is an error.

.

When bit-3 and bit-4 are on together, a
«Channel End (CHE) type of unit status (UCW
is active) has been stored in the IB and
the multiplexor-interrupt latch turned on.

. ) . >

Both bits 3 and 4 -off (0), indicate the
channel is expecting data and has not yet
come to the end of the specified count.

1
>

All other positions in the status and
op—and-flags bytes have the same meaning -as
they do in the CCW flags byte and. the CsW
channel status- byte.

-

.




Form Y24-3362-2
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STORAGE (SUBCHANNEL STORAGE)

32 double words. used to store unit control words
in the basic CPU (8K maln storage)

‘4

Each double word, or Ucw, is associated with a control unit
or device attached to the multiplexor channel interface.

The UCW address 1s developed from the I/0 device address by
‘microprogramming. . s

The XH and XL latches in the FB reglster are used to

dlstlngulhh between local storage‘and up to 3 MPX -
) storage areas in auxiliary.storage. An XXH latch is.
. used. when more than 3 MPX areas are available.

*

UCW 31 is a551gned to the console subchannel.

Figure 3-3 shows UCW address aevelopment.

MpPX orage is a variable- size‘portion of subchannel UCW's can be shared by up to

I P auxiliary core storage. It is organized in 16-1/0 devices. The limitation is§ due to

areas of 256 bytes, each containing 32 UCW's addresszng. s C
numbered 0 through 31. The number of- these ' * ’
areas present in the 2030 depends on the Single subchannel UCW's are used by 1/0
size of main storage. devices which do not have a bit in position
. 0 of their address. There are 24 single
g . . subchannel UCW's in the baslc MPX storage
. o (8K main storage CPU's) with up to 224.
UCW's 0 through 7 are used by multi- single subchannei’ UCW's available Qn the
device control units., These eight UCW's 2030. When 224 UCW's are available,' none
are called shared subchannels, and devices may be shared. Any of the first 8
that use them must have an address that subchannels,-not used by multi-device
oontains a bit in position 0 (for example, control units, may be used by a single-
x '80', x '90'). Each of these shared device control unit.

r
v

SINGLE SUBCHANNEL - ' . ’ SHAREDéUBCHANNEL

Ia. 1 OT I 0 [ —[ —l V£Register
Muit
Nof Used to Detegnine

V=Register

UCW Address.

XXH XH XL ‘ 45 6 7 : z e

[o]oloT {o]ofl]nlllxllx,[x] . T-Register [ l olllol lx] T-Register
_ ) .

Address of Byte, Within UCW, = . " Addvets of Bye, Within

Determined By the Micfo-progmm. . ! - UCW, Determined by
" .- Micro-progrom.. -

- - * .
P . . * Set to Zerp.
o - - . - °

. - . : . . I . °
: Figure 3-3. Conversion of 1/0 Bevice Address to MPX Storage Address

>

v

~,3 .
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UCW address 31 is reserved for use by
the console subchannel. When this addre
is detected during a start I1/0, a branch
is takeén to the console subchannel
.microprogram.

The addrefs of each UCW is developed
from the I/0 device address. The
development is done by microprogramming.

XXH, XH, XL latches~-These three laﬁches

‘are set to indicate which MPX storage area

fs to be accessed for a particular UCW.
When the three latches are all OFF, they
may be binarily represented at 000. This
bit conflguratlon indicates that a .
subchannel in the MPX 0- area is to be used. )
The XH and XL latches may represent a bit ¢
val 0 to 2 (binary 00 to 11),
ind%ﬁgégzg MPX 0 through-2 areas of MPX
storage. This crange provides enough storage
for the total standard number of UCW's
posgible (96). When the special feature of
224 subchannels is installed, a third latch
(XXH) is used to. 1ndlcate a blnar§ range
from 000 to 110. - Doa
. The IVO-device address is stored in -the
V-register during I-cycles. The.bits in
the V-register are then transferred te the
T-register, and the XXH, XH, and XL atiches.
This transfer is accompllshed in one of two
ways, as determined by position 0 of the

- V-register.

do
. If position 0 of the V-register is a
zero, a single subchannel UCW is indicated.:

" Position one is transferred. to the XH

latch; position two is transferred to-
the’ XL latch.  The XXH latch is set by
position 0 of the V-register if 224
subchannels arfe available. These latches

'MPX CHANNEL MICROPROGRAM o .

The MPX channel mltroprogram performs all

functions. : . . S

The MPX microprogram may be entered from ‘four dlfferent

sources-:
>
1.
2.4
3.
7“.

fThetlio instructijons.
The store CSW routine.
MPX share requests.

;gL.

-The MPX microprogram has exits for: o

.

"Selector channel 1/0 instfuctions:
Consele subchannel 1nstruct10ns.‘
Return’ to the- CPQ m1croprogram.
Load PSW. . .

1.

2..

3.
u.

'All multlplexor-channel operatlons are

’performed under control of the channels -

mlcroptogram. The CPU may enter the MPX
channel microprogram by means of a normal
microprogram branch, as-on start 1/0 -

l.lnstruct1ons. ‘'or the CPU. may be forced into

' the MPX channel microprogram by the MP{N\*)
stacking latch.as on MPx*share-cycles.

. bytes in the UCW selected.

Ci6

[ 4

oo o o900 °

determine which of the three MPX storage
areas will be used. If XH anc L are both
off, one of the first 32 UCW' 11 be
addressed The two optional ' storage
areas are addressed by either. XH only or
XL only being on. This also meams that a
device address with 01l in bit positions
0, 1, and 2 would be invalid because

this would cause local storage to be
addressed. Validity checklng is done by
the mlcroprogram

Next, the 3-bit of the V-register is
transferred to the 4-bit position of.the
P-register. Then, the 4-, 5-, 6-~, and 7-
bits are transferred to the 0-, 1-, 2-,
and 3-bit positions of the T-reglster.
Now one out of a possible 244 UCW's has
been selected. Bits-5, -6, and -7 of the
T-reglster are now set to a\constant by
the microprogram, thus ths m-reglster
contains the address of one byte of the
proper UCW. -

.

4

If posatlon 0 of the V—reglster is A 1,,
a shared- subchannel UCW is indicated. In
this case positions 1, 2, and 3 in the
V-register are transferred to positions 1,
2, and 3 in the T-register. The XXH,
XH, and XL latches are turned off (set to
0) and positions 0 and 4 of the T-register
are set to 0. Positions 4, 5, 6, @and 7 of
the V-register are not used.

,

° 090 cocooam o" o0

Again, bits-5, -6, and -7 of the T-
register are set to address one of the 8

- Device addresses. 00 through 1F are valid
on a basic Model 30. By adding two more
MPX storage areas, device addresses- 20
through 5F are also valid.

the MPX ‘channel

.

'

-

The four entries.t¢ the microprbgram P
-point out the four basic uses of the micro-
program. The four I/0 1nstructlons. ‘Start
1/0, Test 1,0, Halt I/0 and -Test channel
‘enter the channel program from I-cycles:.
Start 170 uses the majority of micro steps,
while the test-channel 1nstructxon uses
very few. .

i

-

-




A forced branch to the second entry
point, is caused by a multiplexor share-
from some 1/0 device. ‘This entry consists
of the store CPU register routine, plus -
several other routines, which perform ‘the
share operation.

A forced entry into the MPX channel
microprogram is accqmplished when a share-
request sets the WX-registers to the
address of a channel microprogram word. To
be able to return the CPU to its present
operating state, the address in the WX-
registers is stored in the MPX channel read
only back up address register (ROBAR). The
branching conditions of the last addressed
CPU micro program word are also stored in
the MPXgchannel. These are stored in the
buffer festore latches. .

The third entry is used when an I/0.
interrupt causes a store old PSW, store
CSW, load new RSW, operation. The store
CSW portion the I/0 interrupt is
performed by the multiplexor channel micro-
program, if the multiplexor channel caused
the interrupt. -

The fourth entry is another forced
branch caused by the initial program load
{IPL) key in the console. The routine
entered by this branch sets up a dummy CCW
and start I/0 to cause IPL.

The MPX channel exits are:

1/0_INTERFACE CONTROL

-

1.  When the program is entered from I-
cycles, the channel address is tested.
A selector channel address causes a
“branch to the selector channel
microprogram. .
2. If the device address on a basic
machine calls for UCW 31, a branch to
the console subchannel micrpprogram is
taken. . .
3. At the end of either a storp CSW or an
- IPL operation, the program pranches to
‘the load PSW routine.
4. An I/O instruction for the/multiplexor
channel will return the CPU to I-cycles
‘on completion. °* . )
5. A microprogram trap, cauﬁed by a share-~
request, returns the CPUlto the micro
word that was interrupted by the trap
if no other share requestsnare pending.
Several new microprogram statements are
introduced by the multiplexor channel.
These instructions control the FA and FB
registers, gate data through the channel,
and allow the microprogram to branch on
multiplexor channel signals.

* Data passes from bus-in to the FI-bus,
and from the MPX bus-out register to bus
out.. The FT-bus is a group of signals from
the interface and channel, put together to
form a byte that can read ont o e A~bus_
for testing. o ’
~ - .

The status bus’'is made up’of sifgnals

used to control microprogram branching.

. Out-bound lines are controlled By:iatchas in the FA and FB

registers.

In-bound lines are sensed by the microprogram or used to

reset latches in the FA register.
L

Some of the latches in the FA and FB
registers are used to control the outbound
interface lines. Microprogramming sets
these latches, and either the inbound
interface lines or microprogramming can -
reset the latches. '

The inbound lines are either sensed
directly,by the microprogram, or mixed
togegger.first, and then sensed.-

T . ’
-« .
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FA-REGISPER

. The FA-register is comprised of five latches

(Figure 3-uJ.

. It controls the tag-out and bus-out interface lines.

T e It controls polling.

The FA-registér latches are turned on by
microwords that specify FA in the CS field.
The value of the CK- field selects a speci-
fic FA-register latch or latches. @

The five FA-register latches are:

Command-start latch
Service-out latch
Command-out latch
Address-out latch
Bus-dut-control latch

COMMAND-START: This latch turns on when a
microword CS-field specifies FA. The
command-start latch is controlled by the
parity-bit position of the CK-field. Wwhen
it is 1, the latch turns on. When it is 0,
the latch turns-off.

When the command start latch is on it
prevents the MPX-channel trom polling
(selecting) any unit that is requesting
service from the ‘MPX channel . This
includes the cansole subchannel. It does
this by holding the FT3-bit MPX Share Reg
line at a negative level. It also prevents
the MPX stacking latch from turning on by
holding the MPX Share Reg lzne at a posx-
tive—devel. .

’SERVICE-OUT This latch activates the
service-out tag line. It is turned on when
a microword specifies FA in the CS-field
and CK = 1 or 9 (CK SAL bit-3). It is
turned on alone when CK = 1, It is turned
on with the bus-out control latch when

CK = 9.

The MPX channel microprogram turns on
the service-out latch in response to either
service-in or. status-in. Once the service-
out latcp turns on, it remains on until the
inbound tag 1ine (ezthe;fserv1ce-1n or
status-in) falls. ! ¢

1vates the
It is

COMMAND—OUT. This latch
~ command-out tag line. -!en it is on.

LFIGURE

-

turned on by a microword that specifies FA
in the Cs-field and CK = 2, or 10. (CK SAL
2 bit). wWRen CK = 2, it is turned on
alone. When CK= =10, it is turned on with
the bus-out control latch. The command-out
latch is turned on by the MPX channel
microprogram in response to either address-
in, service-in, or status-in. It turns off
t\ the initiating inbound tag-line falls.

ADDRESS-OUT:
address- out tag line.
activate address-out.

This latch controls the
It is turned on to

The address-out latch is tprned on by a
microword that specifies FA in the C3S field
and CK = 4 or 12 (CK SAL bit 1). It may be
turned on alone (CK = & or with the bus-
out control latch (CK = 12). It is reset
by- the microword that specifies FA in the
Cs field when the CK SAL 1 bit is off (0).

BUS OUT CONTROL: This latch turns on when
the microword CS-;;eld specifies FA and the
value of CK is 8, 9, 10, or 12 (CK SAL bit
0). The bus- odt control latch allows the
contents of the R-register to enfer the
bus-out register . The bus-out register,
in turn, conditions the standard 1nter£ace
bus-out lines.

The bus-out control latch is always
turned on with a tag-out control latch
(CK = 9, 10 or 12¥. It remains on until
the associated tag-out latch turns off.

The bus-out register latches remain on
until the next time the bus-out control
latch is turned on at which ¥ime any bus-
out register latches that are not
conditioned to turn on by the R-register
contents turn off at Tl time. <

Once the R-register contents enter the
bus-out register, the R-register is aveila-
ble for other functions.

-
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CK Field

Deuode A ~~K)*

CKSALBIF )~

CK=lorg -
* Turnedton Alone .

When CK = 1. Turns
on'with Bus - Out *
_CTRL chch When
CK = 9

CK SAL 2 Bit
When C| 2, turns

On Alode,  When
=10 (A), Turns @ @

on With'Bus-Out

. CTRL"Lorch., ,

‘CK SAL Bit 1 .
* When CK = = 4, orns
on alone. When

CK =12, Turmson’
With:Bus ~ Out

CTRL Latch, W
Resets Witht (FA »K) |

Field When® .

CK SAL 1 Bit is off.

CJﬁ SAL Blj 0

Turns on with Tag-Out

CTR ‘Latch (CK = 8 9,
12)

Reason/
Use . . .

Prevents MPX
Gon® From Polling
(Selecting).any unit

" "Requesting Service

From MPX Channel

(including Conisole)
Acfi’vaves Service

Out Tag, Line, in
Response to Either
Service - in or,

Status - in.

Activates Command
Qut Tag Line in [
Resporse to Either .
Address-in, service~in,
‘or*Status - in. |
Turns off when

initiating Tag - Line Falls.

- Activates Address

Qut Tag Line.

Allows Conrenﬁ of
R. Reg. to enter Bus- \

. Out Reg. A=

FA

©

:Register~
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hold latches.

MPX CHANNEL INTERRURT: -

Fa—azsxsrsn‘

. The FB-register is comprlSed of 11 polarlty hold latches

(Figure 3-5).: K

' The FB-register 1atches are turned on or off by a microword
that specifies FB as the CS- f1e1d destination, -

.

L

The CK-field selects a spe01fic FB-register latch or gxoup

of latches.' e

The FB-register controls the operational-.
out and suppress-oéut interface lines. It -
also contains the IO and external mask
latches associated with the current PSW and
the XH and XL la¥ches' associated with
aux&lxary storage. o

The FB+register is a gtroup of polarlty
These latches turn on or off
when & microword specifies FB as the CS .
field destxnatxon. The eleven FB- teglster.
latches areg: '

1. vMult1p1exOm channel 1nterrupt 1atch.
Operational-out control latch
Suppress-control latch ”~
Multiplexor operation latch
Multiplexor channel mask’

Selector channel 1 mask
Selector channeliz mask
XXH-latch .
XH-latch

XL-1latch

This latch is
turned by the MPX channel to, indicate
,the MPX interrupt buffer (1B9 is full.
This meéans that an I/0 1nterrupt is '‘pend-’
inq. S o

%haé‘

The MPX channel 1nterrupt latch turns on
when a microword C$ field specifies FB and
CK ="12 and parity bit on  (CK SAL bits 0, 1-
and parity). It turns off ‘when ' CS is FB
CKv= 12, ‘and CK parity bit is off. - -

3

OPPRATIONAL—OUT LONTROL LATCH' This latch
(FAO51) coﬁtrols ‘the operational-out inter-
face ling -in conjunction with a § usec )
51nq19-shwt It is turned ok by a ‘microword
that nﬁe01fies FB in the C5 field when

CK = 5,71 (CK SAL bits 1, 3 and P). It is
tJrned off by a microword that specifies- FB
iA. the €S tx@ld when CK=5, (pquty bit -
off). e

The 6 user*sxngle shot is actlvated by
the m)eroprogram to cause operational-out.
to fall 'during a System reset, recycle . .
reset or power=on reset. -

QUPPRLbG CONTROL LATCH" This latch is
under mieroprogram control as one of. the’
controls for the quppress out line It is.
tugned on by -the MPX. channel to Lndlcate‘

the channel is. command chalnlnq or to- cause. :

a. selcctlve reset.

~for channel functions.

" fhultiplexor-channel nmask,
‘1 mask,

LATCHES:
. 'program routines to addresJ one of thé 7.
\MPX storage- areas. .

The suppress-control latch is turneéd on
by a microwdrd that specifies FB in the.
CS-field when CKv= 10, 1(CK SAL bits 0, 1
and P). It is turned off by a micrdword
that specifies FB in the CS—fLeld when
CK =10, 0 (parlty bit’ off).

MULTIPLEXOR OPERATlON LATCH: This latch
defines that portion of a MPX shareée-request
cycle when the CPU registers.are being used.
It is controliled:by
microprogram. It is turned on after the
CPU.has been stored and turned off before
the CPU is restored.

The multlplexor—operatlon latch is used
to tell when to spec1fy channel errors and
when to specify CPU errors. All errors.
that ocdéur when the #tch is on arée charged
to the multiplexor channel. <"

The mdltiplexor—operation latch is

turned on by a:microword that specifies FB°

as the CS-field destindtion w1th CK =6, 1
(CK SAL bitg 1, 2-and P). CIt is turned off
when (o3 destxnatlon is FB and ‘CK=6,0. .

I/O AND - EXTERNAL—MASK LA CHES' The - - .
selector-channel
selector-channel 2 and external-

mask latches are conditioned'to sets to'the

centenns of ‘the current Psw sysqem mask., o

Ihe PSW‘sxﬁtem mask byte is transferredf
"into four FB-register Iatches during PSW-

load. .Hére they provide actlve control of
170 and- external interrupts. - Bits 0,-1,
and 7 of .thes R- regaster are used to set the
mask latches, after the system ma$k has -
been ‘read into the R-register. The . .
microword that sets the PSW system mask

from the R-register into the FB-register ..

specifies FB as the .CS field destination’

and CK = 3, 1 (CK SAL bits 2, -3.and P). A
microword to reset these latches specifieg?;
FB in thé C%—fleld w1th CK =3, 0 (pa(lty
bit of ). . :

XL AND XXH AUXILIARYVuTORAGE ADDRESS
These latches are uged by micro-

XH,

i “
. The XXH(’XH and XL 1atches are. condl—
tioned by the S- register contenta. as well -
as - a mxcroword ‘that spec1f1ea FB as’ the

>

FIGURE FRAME

S

INFY

R 4 _ ,
- e -
@ ‘I’ ' 'I’ ‘I’ | ‘ll
. e . v A 4 .

;.
L5

1
-~

.




IS » ) 3 . 1
Cs~-field destination when CK = 9, 1 (CK SAL When XXH, XH, and XL are all off, the first
bits 0, 3 and P). XXH turns on when the .32 UCW's of MPX storage are selected.
S-register-0 datch is on. XH turns on when . '
the S-register-1 latch is on. ' XL turns on e
when the S-register-2 latch is_on. These The use of the XXH latch is ‘optional and
latches are reset by a miecroword.'with FB in is used for auxxdlary storage addressing on
the CS-field, and CK = P 0 is selected. systems that require more thﬁh 96 UCW's.

)

Fiad S
- =

FB Name ' CK Field i Reason
| Decode (CS = FB)\ ) Use

T MPX »/w ' - Vo « MPX Interrupt
Channgl 1, . Buffer (1B is Full.)
Interrupt ! (1O Int. Pending)

Operational ' " Controls OP-Ovut
Out Control . f : Interface Line With
Latch R 6 usec S.S.

Suppress’ ; i ) Controls On State
Control H ( ~ ~ of Syppress - Qut.
Lateh , f Indicates Channel is

1 chaining commgﬁds or
to cause selective Reset.

Multiplexor © Defines when to

Operation Specify Channel Errors

Latch : ] ) © and when to specify CPU Errors.
; (On - Channel Errors, Off = *

CPU Errors) *

{1:O and External = CK SALS Provides Active
Mask Latches) . 2,3,E (on) Control of 1. O and

o : ©2,3,P.(on) - - E’xternci Interrupts.
MPX : _ Bits O, 1, 2, and 7 of
SX1 : B‘Regxster are used to
SX2 . Set the Mask Latches.
External . - :

XXH Latch : CK SALS S Register O on
. ©0,3,P ion: (optional) used when addressing
0,3,P (0ff)} . more than 96 UCW's
S ) - . - -
XH Latch C ) S Register 1 on
Used to Address - F
One of 7 MPX gfor Areas
XL Lufch S ' . ) S Reg:ster 2 on.
Used to Address One
of 7 MPX Stor. Areas

. S

When XXH, XH, &XL&ed!dffhfwﬂB?UCWs
are addressed., ¢

%

Figure 3-5. FB Register

"- ‘
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P

 POLL CONTROL

- i " [y
. The initial-selection sequence uses the command-start and
start-select-out latches to control select-out.

Automatic response to Request In uses the Select Out Request

and Select Out Interlock latches.

.

The multiplexor channel automatically polls
the multiplexor channel interface in
response to request-in, if both thé
command-start and select-out interlock
latches are off. Select-out is sent over
the interface to the unit“that sent
request-in. When this unit receives
select-out, it sends back address-in and '
operational-ln. . ‘

ADR-1 and OP-1I turn on the select-out-
interlock latch, whiQh then’ resets the
select-rgquest latch, and select-out is
dropped. Another request-in will not be
detected until select-out-interlock is
reset. Select-out interlock is reset when
the control unit that has captured the

" interface drops ‘operational-in.

Request-in can -now bé?responded to, as
long as command-start is off.

The initial selection sequence brings up
Select-Out as follows: When the
microprogram. has arrived at the point in an
I/0 instruction where it needs the inter-
face, it captures the polling circuits by
turning on the command- start latch.

Turning on the command-start latch pre-
vents a request-~in signal from turning on
the sélect-request latch, and also prevents

e multiplexor sharg—request signal fxom
being generated.

OPERATIONAL INTERLOCK . \

e  Synchronizes Op-I signal to CPU timing.

Reset every T1 time. .

.

The start-select-out latch generates the
Sel-0 signal during initial selection.
This latch is turned on when both Adr-0 and
Bus-0 are generated. When the address-out
and bus-control latches turn on, their
outputs are ANDed to turn on the start-
select-out latch.

This latch has three resets. Adr-I will
Wet the latch. Also, if Adr-O is down,
the Sel-I or-status-reset signal will reset

it;\status reset is a combination of STA~I,‘

not CMD-O and not SRV-0, or Recycle reset.
/  circuit timing prevents a conflict
between request-in and the turn on of
command-start. If request-in comes up
during the micro step before the word that
turns on command-start, a forced ROS branch
prevents execution of the picroword that
turns on command-start until after the

share-request operation.

If Req-I rises during the micro step:
that turns on the command-start latch, the
command-start latch is allowed to turn on.
The latch clamps off the Reqg-I signal
befote'it can turn on the select-out
request latch or set the MPX share-reguest
stacking 'latch. Req-I will not be honored
unt;l command—start is turned off.

¥

- -

Used in development of SVI and STI direct branch signals for

the status bus.

The opetational~interlockjlatcb is turned
on at T2 time if the Op-I interface line is
‘up. It is reset every T1 time. Its output
is used to force up SVI and STI direct-
branch signals when Op-I is down.. Refer to
Dirqct Branch Signals for development of
SVI ‘and STI signals.
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FT-BUS

) ‘ : ] Eight selected signalls which can be géted to the A-bus.

There is no parity bit.
The MPX channel uses 5 of the bus 1in§s.

x H
The ‘FT-bus is made of eight selected ? "Hold-in latch (direct data
signals put together to form a byte of i channel) ) .
information, with no parity, which can bé Multiplexor-operation latch
gated onto the A-bus for testing by the MPX Mul®plexor-share-request signal
channel 'microprogram . Two micro steps are (provided command start is off).
needed to test signals on the FT-bus. The Initial-program-load latch (CPU).
first step masks the FT-bus for the signal Select-in interface signal -
to be tesged. The second step branches on ’ Select-out (for diagnostic use)
the results of the first step. a i . Multiplexor channel interrupt
- “latch
Five of the eight FT-bus signals come ‘

from the MPX channel circuits. The eight .o :
signals which make up the FT-bus are: . The multiplexor share request signal is

. a combination of request-in and not command
FT-0 Suppress-out (diagnostic use only) start. ‘

4 . Ce

DIRECT-BRANCH SIGNALS

Direct branching is done ﬁ\S'MPX channel signals where
speed is a factor. T o :
| .

Two bf thé sighalsESVI and STI, aré'developed Qy the channel
to provide the high-speed-data loop, with a high speed entry
and pxit. ‘ . . o -

-Five signals from the MPX channél are sent sT1 svf L
to the CPU status bus for direct, branch 1 1 Op-in is down.
control of microprogramming.. These signails 0 1 Service-in and Op-in are up (No
are sent to the status bus rather than the ’ SRV-0 or CMD-0)
FT-bus because ‘direct branching is faster. 1 Status-in and Op-in. are up (No
’ R SRV-0 or CMD~0) .~
The signal names are: = 0 None of the above, usually Op-in
- up and neither service-in or
OPI (operational~in interface signal) T status-in are up.
“AI (address=-in interface signal) -
SVI (service-in signal) : . s ) ) : .
STI (status-in signal) The INT signal is brought up by the MPX
INT (interrupt signal) : . chahnel if the multiplexor channel inter-
: ) rupt latch is on and the multiplexor-mask
SVI and STI%%re signals developed by MPX latch if off. This signals the CPU that a
channel circuits for use by the high-speed- multipléxor channel 1/0 interrupt should be
data loop. taken. ' o C

The status-in (STI), service-in (SVI)
branch indicates these conditions:

N




FI-BUS

FWX-~ RVGISTER

b . . 3 :
-;*xgj i$ a nine-position register,

The FWX- te;T§ ers store the contents of
WX-registers w
interrupted by the
This is when the chanrel is operating
data 1nterleave mode axa%

requlres‘serv1ce.

FI ih a microword is the désignati

(ROBAR) i
Stores the contents of the WX- %eglc
ing MPX share cycles. 5 { .
Fu is a six-position register, parity and
: |

paf
T 4

i
5

the
the CPU microprogram|is
eﬂk&multlpiexor channel

-an I7/0 unit -
The chéhnel is in d

|
i

I

LOAD LATtﬂ

The -load
request to be sent
latches
released.
switch n
load lat

Turned on by load key.

ity does not exist..

.Share Pulse.

orc%s trap to IPL mlcroprogramfwhen a trap of higher

n for bus-in.

/

ter register (ROAR) dur-

3 ;hrough.7.

ity-and 0 through 7.

This pulse occurs when an 1I/0

unit requests service on the MPX channel

-and no higher priority for ROS control

exists.

The>last microword effthe MPX channel

‘routine must gate: the FWX-register contents

into the WX-registers so the CPU program-
can contlnue»from the point it was discon-
7 tinued. .

*
prior-

Turned off by C -> LOAD microstatement when 1/0 phase of IPL

is completed without errors.

Turns on load lamp on console to indicate
| é .

\
Holds suppress out on for the duration of

latcb<turns on and causes a load
fo the priority stacking
when -the console load key is

Two latchES,,' dch: eliminate
oise, control the#turn on of the
ch.

‘ : .
Because the load key' also causes a sys-

tem reset, the load request' is not honored
until after the system-reset request-has
been honored, and a system reset executed.

' Then the load request is honored,

r
|

and a

trap to the IPL microprogram is taken.

IPL.

its state.

When the I/O portion of the IPL micro-
program has been completed with no errors,
the 2030 executes a micro step ctontaining
C => LOAD in the CK field. This causes the
load latch to turn off. The IPL is now
complete except for loading the IPL-PSW
from main storage address 0000 into the
current PSW, which sets up the initial
machine conditions and branches the macro-
program to the first instruction.

»

The IPL latch has an indicator on the
console which indicates if the IPL I/0 -
operation has been successfully completed r
or not. .

.

.
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START I/O\T/O-COMMANDS)

e The IBM 2030 issues all operating commands to its channels
and 1r0 units with a start I/0 instruction.

- U-register).

" unit -address,

- The channel ax}d I/o unit addresses are desz.gnated by the

start I/0 ingtruction.

The start® I/0 instruction is an SI-format
instruction. The four- B-field of the
start I/0 instruction contains the high-
order address of a general purpose register
(LOCAL STORAGE). The D-field of the X
instruction contalns a dlsplacement. When
the B-field of the start I/0 instruction is
zero, the D-field enters the U- and V-
registers as the channel address and the
respectively. (four high-
order bits enter the low order of the

When the B-field is not zero,
the contents of the general purpose |
register, referenced, by the B-fleld‘ adds
to the contents of the D-field. 'The result
appears in the D-ffeld and enters the U-and
V-registers as the channel and unit~_°
addresses, respectively. .

When the CPU recognizes an instruction
as an I/0 instruction, it branches the
microprogram to the I/O routine. (QC001)
This routine reads the Channel Address
word. (CAW) and checks the problem - state
bit in the current PSW. It initiates a
program interrupt if the bit is‘on ; I/0
instructions are pr1v11eged instructions
and may be‘'issued in the superv1sory state
only.

When the start I/0 instruction is not
being executed as the result of an execute
instruction, the microprogram stores the
contents of the IJ-registers in two K-
addressable byte locations in local .
storage. These are K17 (A9) .and K18 (AA).
The microprogram turns on the PSW bit, bit
1 of KU(8C), to indicate that the instruc-
tion counter is stored in local storage and
not in the IJ—reglsters. .

4

If- start I/O is being executed as a
result of an execute instruction, the 1J-
regzsters are’ already stored injlocal
storagetand is %perefore not stored by the.
microprogram. et

‘ H x:‘ ]
whether 3% not the,I/o 1nstruct10n is
being executeq as.a xesult of an execute
instructldn, the mfcroprogram reads out the
éaw. R .

on start ;/b 1nstruct10ns the entire caw

reads out- ,@y .

3

1. The CCW address enters the IJ reg-

isters.

i
.,

The microprogram checks tHe CCW address
to insure that it' is on the correct
boundary (multlﬁle of 8),,and that the
high order is zero.

The- mlcroprogram places the memory
protect tag in the high order of the
U-reglster if the memory- protect fea~-
ture is present in the CPU. ’

The mzcroprogram checks the first CAW
byte to insure that it is zero if
memory-protect is not installed in the
CPU or that the four low-order bits are
zero if memory-protect is installed in -
the CPU. e .

When this is accompllshed, the mlcropro-
gram initiates a progtem interrupt if any
errors occurred.

Assume that no errors have occurred, the

microprogram resets the multiplexor channel
XH, XH, and XL latches and branches to the
start I/0 routine associated with the chan-
nel addressed by the start 1/0 lnstructlon,
in this case, the multiplexor channel start
170 routine (QC001). .
r

The multiplexor channel start I/0O rou-
tine reads out the CCW under microprogram
program control. It checks the command
byte for a Transfer-In-Channel (TIC) com-
mand before reading the rest of the CCW.
Af ter determ1n1ng that the data address of
the ¢CW.is valid, the count is not zero,
and the three low~order bits of the flag
byte are zero. The microprogram sets the
PSW condition code to zero loads the UCW
associated with the unit address with the
required 1nformat10n and selects the I/0-
unit. . )

The UCW address is determlned by the
address of the I1/¢Q control unit ‘and device
which is in the V-register. If bit zero of
the V-register is on, it indicates that the
control unit to be selected controls multi-
ple I/0 devices. Multiple-unit control
units operate with e device at a time and
always use one of the first 8 UCW locations
for a subchannel.

Section 3_'3f15
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Because the basic IBM 2030 has 32 UCW's,
‘the unit “address, is checked to detérmine
that it does not\;kceed a value of 31.
the' address i& exactly 31, it indicates
that the cogsole is being requested. - See
section 5 for g descrlptlon of 1050 opera-
t10n5 ’ . .- o4

<

If
/-

. Assume the unit address is valid and is
not phe address of the console.” The micro

_program tests the interrupt buffer . 'status.

» . After. the
. ¢control unit

If the status is zero, the mlc:oprogram
resets the interrupt latch.

0

~ The micro program nowstarts the initial
selection of the 1/0 control unit and
device. It sets the unit address in the
R-registe™and turns‘on the address-out -
latch with the 1nstruct1on FA= K12, 1.

This imstruction “also turns on the bus-out
control. latch. Thus, the address of the
desired unit is placed on thé standard
interface. The addrebsed control unit

responds to address-out with either status-"

in ‘or. operational-in. | Status-in, in this"
case, indicates that the control unit is
busy. Assume the .control unit .is. nog busy
and responds with operational-in.

The rise of operational-in allows the
mxcroprogram to reset the address~out .
latch. - . - . B
channel drops address-out, the
places the address of the
device on bus-in and raises
The channel compares the
to the address received in

selected 1/0
address-in.
address sent

‘return and initiates an address mismatch

error if they are not identical.

VASsume the addresses match,. The channel

- microprogram places the CCW command byte in .
- the R-register,

and turns on the command-

MULTIPLEXOR SHARE-CYCLE .
. A multipiexor sharé—cycle: -

1.
age. . u‘

out latch and bus-out cont%ol,latch.
resets address-in at the .dbntrol "unit.
When address-in falls, the channel
microprogram reads out the CCW count and.
high-order data-~address, placing them in
the D, L, and U registers for later ;use.

. é v “,»
v % L h

" The control unit next - presenﬁ% its sta-
tus to the channel. When the channel
mlcroprogram recognizes.the rise of staﬁﬁs-
in it tests the status. :

If the status is 0, as 1t is 1f the/
control and 1/0 device axe jn'a position te
execute 4 CCW, the microprogram loads.fhe
UCW with the £CW command apd next-CCy: - .-
address. The mlcroprogram now responds to
status-in with service-out' (FA = K1, .
The microprogram now sets the UCW channel
status to 0 and places the memory*protect
key in the Q- reglster.. It also turns on
the H-register-6 .latch, which prevents
myultiplexor share-request traps.- (The
command~start latch also performs this same

This

s —{1
>

function’ by clamping off any requests from
‘other control units).

:When. Op~1n falls at the channel, .
su;nalfs the cpu’ by actlvatlngl both the
service=in and status- in di branching
condltlons.‘ wnen thée microprogram recog--
nizes this condition,
the count and datasaddress. The micropro-
gram also places’ the multiplexor protect
key in the Q-register, resets the multi~
plexor operational latch, " ‘resets the
H-register-6. latch, and returns the program

- to I-cycles. - .

The CPU now proceeds with program ‘execu-
tion, while the multiplexor chantel, the
sélected 1/0. control unit, and dev;ce exe—
cute the CCW command.

Stores the contents of the CPU reglaterslxn 1ocal stor--

Connects the requesting I/0 unit to the interface.

Loads the unit's UCW ‘into the CPU data-flow registers.

4.
and the -channel.

cr

Figure 3-6 shows the MPX share-cyélelconqept;[

-

.

-

controls the transfer of 1nformat10n between an 170 unit

i

[FIGURE

it loads the UCW with
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& 1/O Control Unit
Activates Request-In

Assume
1. No MPX Share
Cycle Mask
2. Command Start
is Off.

The Chonnel Allows the . |
Control Unit to Raise |
Operational ~In by/v'Ach

vating Select-Out .-

90000000

Wait for 2030 to Take
Multiplexor (MPX})
Trap.* ’

Mask Off (Prevent)
Anymore MPX ROS -
. Reguests. (Turn H6'ON).
Store CPU Register

Contents in Local|
Storage .~ ’

Wait for Requesting
Unit to.Present Address-
In. v

If Neither Status=In or Load Requesting Units
Service-In are Up and UCW Into the CPU .
Op-~Ip is Down Take the 1 - Registers.
“Both" Leg Out. )

Status=In or
Service-In.

[

- «
Service-In

-| Service-In Only. Ser-

vice=In Is Active.

\ .

5

xecute Status Routine . .

Update UCW : .

Unit on MPX

Channel RequeW
Service .

F
Restore the CPU Register
to Yheir Original Con~

ditions. .

. Any
Unit on MPX
Channel Requesting
Service
3

Reset MPX Share
Cycle Mask

C Retum 'to Original
Microprogram Routine .




e

To send 1nformation to the chahnel or - z
receive information from the chanhnel, an
I70 control unit initiates multiplexor
share-requestg®ycles. .A multiplexor share:
cycle consists
microprogram rougine, executing thé multi-
plexor share-request microptogram routine,
" and returning to/ the bziginal microprogram
.routine.s . ,
. 'An I/0 unit activates its request-in
line to initiate share-request cycles. -
Request-in actiivates the .FT bus-3 line, '
multiplexor share-request. This turns on
‘the. select-out-request latch, activating
select-out. - It also turns on the multi-

" plexor. channel stacking latch in the CPU.

This forces the microprogram to branch to
the- mu1t1plexor channel microprogram (trap)
at’ ‘the end of the next CPU cycle that has
no ROS write instructions pending: -t
(allow-write latch off). Also, to branch
to the multiplexor channel trap, no higher

priority stacking latches may be On and the

H-register-6 Iatch must be Off.’

Assume that tnese‘reguiremEntsfare_met;
The IBM 2030 starts executing the '

y'l.

. HUL&IPLEXOR CHANNEL ROS REQUEST

.

X -rebeives request-in. L

f breaking into the present .

. .. The- multiplexor (MPx) channel requests ROS controk when it - .r,“ . L

'Il'll |I
Ruky :

-multiplexor.trap. The trap storés the
contents of the CPU data-flow registers in
Jocal storage, loads the I/O units UCW into
the CPU registers, and connects the 1/0
unit td the standard interface (turns .on
operati 1-in). , The multiplexor trap also
contains:a data. foop which .controls the -
,-transmission of information between an I/0~

device and\multlplexor channel. .

o Y R

. " Once an I/O.unit-captures the ‘interface, :_
it may hold'it forthe transmission of one
‘byte of informatxon, ‘several ‘bytes, or for

o comple;e recor As long as an'I/0 unit
* keeps its operational-in line active, it

has control of the interfage and is thus
connected to the channel. / The multiplexor
channel stays-in its‘datafloop as long as.
an I/0 unit- keeps 1ts ope ational-ln

. active, L. .

/

gt I I... o

s

When the 1/0; unit deactivates
operational-ifi, the IBM 2030 resumes execu-
tion of the microprogram routine that was
discontinued by the multiplexor share- .

request. ‘\\
Y

s

~

,»‘>>;

>

. -
-

1

¥

. The CPRU alIows the MPX channel to take ROS control following
a cycle which has no write cycles pending and when there are
no hlgher-pt1ority requests for. ROS control. -

>
"

2.

) »~f o‘-*The MPX - channel stores the ROAR in ROBAR (wa-reglster) .- g Y

before it assumes ROS control.:

A

e . The MPX channel stores the X6 and X7 branch conditions 1n_ o

- its X6 and X7 buffer 1atches.,

. When the channel receivesvtequéstéin-from a

control unit, it generates a request for
ROS control. This request_ turns on the MPX
‘channel stacking latch‘at T3 time if the-
allow-write latch is off and there are no
higher-priorlty requests for ROS control.

+ When the MPX channel stacking latch
turns on, it: : R

- -, -

1., Stores the Read-Only Address Register
(ROAR), contents in the MPX channel
ROBAR‘(FWX-register).

~address of the first ROS word of the
MPX channel microprogram routine ’
(address 010 in hexadecimal).

3. Stores the X6 and X7 branch'conditions

in their respective MPX channel buffer

. - . - ~ T
; '

conditions the ‘X-register to set to the

- _is. turned on by the any- priority-pulse.A

-

-

latches on.the next CPU cycle.
4. Prevents the set of ‘the control

register on the next cycle..

Normally, a ROS word is actually execut-
ed (control register set) one CPU cycle = .
after it is addressed. ‘When the first MPX
channel m1Ctoprogtam word is addressed,’ the
control register “is preveqted ‘from setting
by the any-priority-pulse. This creates an-
inactive cycle as far as the execution of a = ..
'm&croprogram word is concerned. You might & _-
also notice ‘that the W- register is 'not set.
to a particular address. ~The W-register is.
‘allowed to reset tou zero at. its normal- set~,
time (T1), and the W-register parity latch

‘e

.
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e H-register-6 latch turns nffﬁ "-This also

. routlnean

u~ local st age. e '

AT

Although the any-priorityrpulse becomes:

‘does® not per~
"is turned off

“active for a second time, it
form any function because it
at T3 time by the H=6-ldtch lthh 1s¢turned
on by the first MPX channel croprogram
word. /‘ . ) |, \

" The x6 anH x7 branch condﬁtlons are.
h stored in buffer latches'becpuse the branch.

conditiqns of the last major microprogram -

. e . L
‘ SR

|

I

[N
|

¢ Ty ety
N : j

MULTIPLEXOR TRAP . & H

N

Allows the -I/0 unit to cpnnec

¢

e

storage. “ _ ; ro,
1.’
2.
S 3.

“Count .into L-and D-rpg1sters.
, Pata address into. UV-registers.
© op: and flags into G—keglster.

Senvices the 1/0 unit. iﬁ a0

C \1:
Updates the UCH.. . \’ ! -

X Turns of f. the H—reglster~6 1atch.?

PN

i value.l' P S
. .. R

e v:‘_.

B

" turns ‘on thé H-register-6 1atch. This
prevents the 'réequest-in sign: 1ls on the-
“multiplexor ‘hannel from inif 1at1ng any
multiplexor haze—tequest traps until the
" allows. break-in by h1gher pr dklty trap
7;« : s
%tores tbe -
registers jin

The,multipiexor trap now
-contemnty_ of - the CPU data-flo
N |

When the'I _~control unitwrecelves
select-out, it adtivates its operational—-in
line, places: 1ts address and the addregs of
_the 1/0 device| on bus~in,vah "activates
address-in." When thé microprogram detects
the rise of adaress—in, it ;stores the unit
address in local. storage and#determines )
from the unit address xhe aﬁ ress’ of the
assocxated Ucwr : . . .

FRAAKE
DA%

F lGURE

e See Flgure 3 7. - U ’ :; ' -
R » ) 4 v
ord of the mLIt;plexor trap

RN

3.

s

word may: be dynamzc conditions, sucg as the
z-buSozero. ’These4c¢¥ditions would not -be .
‘present when this microword is executed
which is upon-the resumption- of the major .
.microprogram. - Therefore, the X6 and X7 '~

- branch condltions are stored in the MPK .
" chdnnel X6 and %7 buffer latches and are-

:gated to the X-bus when ‘the major mictopto—"
cgram is resumed. .

.- Turns on. H‘register-a 1a#ch. masking off the 1nitiatxon of
Sny fu;ther multiplexor §hare traps from. other 1/0 un;ts.-

to the 1nterface. 'l'

-
Stores the contents of the CPU data ~flow reg1stérs in- local

Loads the JUCW’ operatlng information 1nﬁo CPU reglster3°’

Restores'the CPU data-flbw reglsters to- thelr or1g1na1

. Restarts the mcrop&ografns at the point it wag dz.scontinued.

The mxcroprogram now’ proceeds to load
“the CPU data-flow reg ister with the UCW
operatlng 1nfotmation. microprogram
Loads the G—register w1th the ncw opp e
and-flag byte. . - -
Séts the Q-register with the .
‘mu)tiplexor memory—protect tag. M
Loads. the L and Dwregisters w1th the = -
TUCW counts -

Loads the U- and.v—registers with the
’ _ucw data‘address. JER . .

2.

t.t‘ s ™
PO -

After the 1/0 un;t'deactzvates address-

-in as” a result of command-out, it activates i~

service-ln.. I1f the I/0 unit is executing

-ap imput coW it .will also place informatﬁcn \k;

on bus—zn at this txme.

R




Activate £T3 (MPX Share
| Request)

| Tu! On MPX Stocknng
Latch -

T

. Wait fpr 2030 to ’oke
MPXArdp.

S?\ \l s

<. }Activo'e_Se|ect.-Ouf_
- and Hold=Out:  * -~

1

Turn On H—R&guster—é .
Latch.

(Prevent onymore MPX -
ROS Reqjesfs)

"]
Store the' CPU Data Flow
Registers in Local Storage:

Wait -for ‘Control Unit -
to 'Present’ Address-irr.

I -

{ Establish Units UCW- -
and Conditich XXH,XH
and XL Latchés:

) l

»R!:adouf UCW Op and
Flag Byte to: G Regls'er
Turn on MP)( Op Lo'ch

\

Tum On Comma;id-Our
ond Command Start
Lotches, - .

This Begi fs thé Se’lectionb
Of the Unit tha-! Has Re- 10001007 0.
quest- 1n Up. . (G3 u(}d -G

Set G- Reglst‘er to:

60ON)*

AN

Set GRegister with UCW
[Op- and -Flag Byte, with
G5 0.
G XXXXOXX

. G5 1s Set to Zero to In-

dicate the /O Micro-
program Was Eptered By
Way Of a Share Cycle,

7

. N . R
This Allows the R-Register
Confents 16 Enter the Bus-
Ouf Register.

(i

with UCW Count, * -

Load Urand V-Registers *
with UCW Data Addrets.

LLéad L and D’-Régisfers‘

After Command-Out Falls, .
the |,'Q Control Unit Ac- fa o =
|tivates Service=In.

Inpu¥ Opération

PR 3

Control Unit Also Puts fn-
formation On Bus-In for
Input Operdtions.

«

tood Buszin Infom\anom

-
into R-Regnsfer -

) Tum On Service-Out and
Bus-Out- Latches .

Service- Ixtl,a‘lix'd»bio “céw Flags (Part 1 of 3.

:re' ,Cyclé s




If Neither Statds-In or ™
Service-in are” Up and
Op-Inis Down Take the-
"Both™ Leg Out . '

'

v

v

1 - Neither : 7 Status=ln |
A SR Servicefln

Service~lIn

She \ ‘ . Branch to
otus=in j Dota Loop

< See Endin§ Proced“ure)

-

> “Decrement Data
Address ON

Subtract 1.From Low=
Order Data Address. : O
B o . : . ’ 1 ) ] Update UCW Status

N .
N ~
N -
L -

Ag to : ‘ - e .

_ Address. . - . T ' o : . : I -—
g . -Update UCW -Count

| From L and D-Registers *

Update UCW Data

-

k:Adifess'Erom uy Regi_s.- k
Cters. e

: : ' . - i - - -l Restore Q-Register From

Local Storage. -
. (szigge Protect Ke{)‘

Condition the C;lcnn_el te' e : C o ’ l o A l -

. |Respond with Command- ' e ] . R C : " Turn Off
FQUt-to the Néext’ 1 - - : o - A © | -MPX Op Latch

1 Service=In ; o T

1(Set G3.and GB o 1Ly

&

v

Update Higrh Dcta
Address. ~

B

[

. ) .
e
. .
. 3 4
.

A . .

3 H O D

. f’ B IR B 5 ®
. " . .
v Yy - o
. - N o~

Figure 3-7. .MPX Share Cycle: Service-In and
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When the croprogram detects .the rise
of service-in, ‘it .reads put the “core’
storage positlon referenced the UCW data
» address,. ‘pPlaceis the information in the-
R-register, and decrements . the ‘low-order
count (U-reglsxet) by one.# -The fnicropro-
: gram now -determines “if the. skip flag is qn
AmmwrMpx Share L and acts accordingly. (refer to Multiplex-
Request - ; © or CCW Flag ggerations-for skip.)

-Assume that skip is not specified by the
UCW flag. The microprogram determines if.
. the operation is- input or output. . For
input operatijons the microprogram loads the
‘R-register with bus~in information, writes
this information .into the core-storage
-'position referenced by the UCW data :
address, and actxvates .service<out. If the
operatlon is an output operation, the
- L 4_'m1croprogram turns on-the service-out and -
- bus-out - lasgheSa The bus-out latéh loads
"the bus-out .register with the R-register
1nformat10n. Thus, a byte has been trans<.
ferred between the CPU and the I/0 unit.

_|_ “Restore CPU-Registers
* From Local Storagé. -

‘ The mlcroprogram now~updates the data
address. It modifies the data addrdes -1

. for read-backward opetatxons,yand +1-for’
all other’ operatlons., .o

Another MPX-Share
. :Request

o
be

‘The microp ogram now samples the
operatlonal iny service-in and status-in
lines. - As long as. operatlonal in'remains
active, the 1/0 unit remains connected to -
'=l_ © the-interface and to the channel. Because
o the CPU actually becomes. theJmultxplexor '
‘channel for multiplexor operatiohs, it must
continue. functloning as a-multiplexor chgn- -
% nel until - operat10nal-1n falls. . - o

(};Qf&m'“°?”9;;i> . . When the 1/0 #nit holds the channel for
{ero~program . transmissions of multiple bytes of data the '

B “
Resrore“k-keg“nster '
g :

. Restére WX -Registers

¥

A

\Qf - e

>f§}¥ :

*

T S . microprogram executes only the data-1oop -
Figure 3-7.. MPX Share Cycle- Service-In portlon of thé multlplexor trap. This"

cT ..and - No CCW Flags (Part 3 of 3) . ‘ . . -
_‘"",."%. ‘11 R . .
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.consists of either sending or receiving
information as'specified by the UCW Op
. byte, and updating the count and data
addresses which are in the LD and UV-
registers, respectively.

An I/0 control unit may keep its
operational-in lipe active for one byte,
several bytes, or for the entire record
specified by the Ugw‘count. If
operational-in remaips active, service:
cycles must occlr dt\a specified rate, or
an interface chec§ will occur after a time-
out sequence. \

To follow this description, assume the
I/0 unit has requested ‘service several -
times and now deactivate;ﬁits operational-
. in line. When operational-in falls, it
forces both the service-in and status-in
branching conditions. (not interface
signals).

with the updated count and data-address
from the LD- and Uv—reglsters, o
respectively. It also sets the Q~register
with the original storage-protect key.
When this is accomplished; command-start
turns off to allow further share-requests
before the microprogram restores the CPU
registers to their driginal value.

ORIGINAL MICROPROGRAM 'RESUMPTION

"-0(* ThevROBAR enters the ROAR.

The H-register-6 (H6) latch turns off .~

This signals the miﬁroprogr&m to
update the unit control word in MPX storage

The multiplexor microprogram tests the y

~ FT bus for the rise of request-in before

returning the CPU to the éxecution of. the
original microprogram . If the micropro-
gram determines that request-in is active
during the test for request-in, select-out
and hold-out are activated if command-start
is off and the microprogram tests for the
rise of address-in. When address-in .
becomes active, the microprogram reads out’
the UCW associated with the I/0 unit that
is sending the request-in signal and exe-
cutes the data loop. In this case, the
microprogram did not have to store the
CPU-registers in local storage,; because
this. information was already in local stor-
age from the previous request-in.

When a microprogram determines, that it -
has honored all outstanding request-in and
service~-in signals on the multiplexor chan-
nel, it turns off the H-register-6 latch
and gates the back-up read- only ‘ddress
register (ROBAR; FWX-register) ipte the’
ROAR. This allows the 2030 to return to
the e¢xecution of the microptogram that was
discontinued by the multlplexor share-
Tequesit. S

o
{

The X-6 and X-7 buffer latches condltlon the X~bus X-6 and

. X=7 llnes. .
) . R

"To return the CPU to its originali micropro-
gzam.after a multiplexor ROS trap, the
multiplexor ROS trap has, as its last.

- instruction; ‘an instruction to transfer the
- contents of the FWX register to the WX

‘ register. The last multlplexor trap ROS
word also turns off H6. .

v

Durlng T3 time of the. ROS word that

o specifies WX=FWX, the SALS become effec-

'tive. ‘The SAL outputs allow the FWX reg-
-ister contents to’ condition the‘w~and X~
> buses. .

v . T

At . Tl time of, the next CPU cycle, the
Ww-and X-bus COndltlQnS set into their )
‘reSpective registers. This addresses the

. tore buffer latch turns on.

.-

i

before the executlon of the multlplexor ROS
trap. Remember that al®hough this ROS word
was addressed, its execution was prevented.
because the CD- registers did not set.
puring this same CPU cycle, the GD- .
registers for the last ROS word of the
multlplexor ROS trap are set, thereby

executing ‘the mcroprogram mstrucclon.

R

At T4 time of this-cycle, the ROAR res-
"This latch
gates the X-6 and X-7 buffer latches"
(holding.branch condition) onto the X-bus 6 -
and 7 lines. The executing of the original
microprogram is now at the point at which
the- mult;plexor-share-request discontinved
.1t, .

.

lagt original program ROS word dddressed,

v

. . ) P
3 . < T

~
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" ate status bytes.

ENDINE PROCEDURE"

. A control unit-may present three tyﬁe&f ending status:

= -

lrl.Channel—end7 data—,t;a“rierv complete..

2.Device-end; CCW-executldn is complete.

-

3.Control unit-end; control unit was, busy but.is now free.

‘When a channel receives ending status, it may obtain a new -

CCW or cause an interrupt.

-

To cause an interrupt, the channel puts the unit address
Status in the interrupt buffer and turns on the interrupt

“latch. ’ o

and

.

4 ~ -

If the intérruﬁt buffer is‘full, the channel Queues (stacks)

the status if -not.command chaining.

%

. i (G .
The channel always queues Jdevice-end status when not command

-chaining. |

See Figu;é!3—8u

An I/0 control|unit signals the” channel
when it has executed the data transfer .
portion of:-a CCW command. It also signals
the channel when the selected I/0 device
has fully executed the CCW command. These
two signals are channel-end (bus-in bit 4)-
and device-end  (bus-in bit 5). <Channei-end
and device-end are status conditions ‘and:
are, therefare, identified as such by the
status-in tag line. ; \ E

Channel-aend and dévice-end status .may )
“occur in the.same status byte-or .in separ-
This; depends on the CCW
command and the I/0 unit involved.

. .
. Besides these two types of ending sta-
. tus, a control unit may also present con-
-trol unit-end status.
becomes free after it has been busy to a -
-new command, or when it finds unusual sta-
tus after presenting its previous status,.

.::A control unit may breseng endihg stath§
three different ways: - ’ -

1. .During initial selection.
Puring 1 2

It-does this when it-.

1

Immediately following a de ycle.
{This is the case for devices.that hold
operational-in 'up until an entire
record is transmitted.)

3. By raising request in and raising
status-in after address-in falls.

Ending status may appear alone in a status
byte or it may be accompanied by some other
status such as unit-check status or status-
modifier status.

. When the channel receives ending status,
it may either request the CPU to interrupt
the current instruction sequence and store
the required information in the Channel
Status Word (CSW) por it may obtain a new
CCW and start its execution. _This depends
on the.UCW flag bits, and the type of
status the channel receives. For example,
when a -UCW op-and-flag hyte contaips the

. command ¢haining bit, the UCW status is

status-next or zero, and status-in.is not
unit-check, unit-exception, control unit-
end, or busy status, the channel obtajins a
new CCW.” This is explained in CCW Flag

Operations. - :

L
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© 1B (88)

,

Pyt UCW status into

V -register
Tum on V3.

v |

Redd out UCW

" Op-and - flag byte,

Turn on'V 4

L

Turnon 52 .
If UCW is Active

Read out actual un
Address from MPX

i

Stofage (98)

Put unit address
Into U -register

MPX_ channel™

Interrupt latch
On

Yes {18 full)

. Turn on MPX channel
Interrupt latch

;
" Read oy UCW I -
Status Byte
“a

s UCW activé
(520h)

Put unit status
Into R ~register

Store R = register

-1s unit stdtus zero

Set R ~register = *
10001001, Store T

Rreqister iy 1B (58

Activate command = out

urnon S6

(Stack stotus, FA=K2)

s
UCW status
Byte bits 3and 4
On

Activate commorﬂ-oﬁf
FA=KD)

... ®|(Stock sf;u/w

} |

»

1l I

Activate service out
Reset S -register

Store V ~register in
UCW status byte

Reset command
’ Start latch /

ister in

ICW low order eount

] éD-regiﬂer in

e

]

Store U -register in
uew high order

Dato address

x

Data addrdls

Store V ~register in
| UCW low order

|

Restore CPU
Q -register

Reset MPX

Operation latch

An‘yl .

Shofe requests

N quling

Pestore CPU
Cegisters

-y

K]

r

o

Figure 5-8. Status Routine with No CCW ?lags

A

- Any

Waiting

Share requests

To follow'this .descriptjon, assume the
channel receives request~in. The control
.unit presents' status-in in response to
command-out with no bits on bus-out ]
(proceed). When the channel recejives ~

" request~n, it stores the CPU-registers in

local storage, polls (selects) the unit,
and loads. the units UCW into the CPU reg-
isters. The control unit now presents
status-in.

. £

Hhéd;th ;multiplexor microprogram gééog-
‘nizes the tise of statuS-in, it tests the

“G-register to determine if the 63 and G6
‘latches are on.
‘in the UCW op-and-flag byte during the

‘multiplexor share cycle in which the count

These conditions are -set

reduces to zero., Assume both G3 and G6 are
on. The microprogram reads out the UCW
status bygé and ‘begins to assemble a new
status byte in the V-register. The micro-
program next reads out the UCW Op-and-flag
byte and turns on S2 if the UCW is active.
The microprogram now reads out the unit
address from lobél storage K8 (hex 98) and
places it in the U-register. The micropro-
gram now tests the FT-bus to determine if
the multiplexor channel interrupt latch is
on (IB full).: If the IB is full, the
microprogram activates command out. If the
IB is full and the UCW i% active the chan-
nel®ust determine if the IB contains the
channel-end status of the device now pre-
senting status. If this condition does
exist the channel microprogram turns Sé ©On.
S6 on indicates device end type of status.

When Op-in falls in response to command-
out, the channel microprogram updates the
UCW and restores the CPU registers. If S6
is on when Op-iqffa;ls the channel does not
update the UCW. When a control unit
receives command- out, it queugs (holds the
status in its status regigter) and deacti-
vates operational-in.: ‘i .

Assume the IB is not full."' In this case
the microprogram places the unit's asddress
in the IB (K0). When this is accomplished,
the microprogram branches on S2 on (UCHW
.Active).. If the UCW is active, it means
+that the status now being presented is the
first status received from the I/0 unit for
the ‘command sequence it is presently exe-
cuting. In this case the microprogram
places the status in the IB (K3) and acti-
vates service out. when operational-in
falls, the microprogram restores the UCW
using the contents of the V-register for
the UCW status hjyte. :

. When S2 ig off (UCWmnot active), it
means that the unit ;s presenting status a
second time, normally device-end status.
In this case the mictoprogram sets the 18
‘%;atus (K3) %9 0 and, having tyrned on the
IB-full latch, activates | out. This
stacks the status at the control unit.

This is necessary to prevent multiple data
path control units that are connected to
two channels from starting an operatiom on
a second channel while the control unit has
an inserrupt waiting in the multiplexor-
channel. Wwhen operational-in falls, as a
result of command out, the microprograse
restores the CPU registers to their origi-
nal state. Remember that if a UCW is not
active when the channel receives status-in,
~the same 1/0 unit has presented status one
time previously; therefore the UCW was

updated as a result of the. previous status--

in and does pot have to be updated a second
time. ' ’

The last microword of the multiplexor
trap contains an instruction that turns off
the H-register-6 (H6) latch and allows the
read-only back-up address-register contents
to enter the read-only address register.
This branches the microprogram to the point
it was discontinued by the request-in.

)

CONTINUED ON
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\~> (: \ . : o "
tl{»le*or c nﬁ/el sm u-p an 1ntertupt when it .
recei endifhg staws, and command chaLni,.nt; 45" not %peci-,
. tied by the UcW; v R B
e, N L
'rozset up an intexrupt, ,the muItiplexor channeh. turns of 41,;3"
1&ertupt latch. - , , .

At the end of the cutrent PSW- tﬁe CPU hpnors the mu f ipl
or,. channel ﬂntertupt. C e . < . s

The I/o inte:rugt microprogram routinex
4* .
) 1. St.o:;es the curtent PSH 1n the 170 old.PSW 1g cation. '
T2, Generates the Csw.r o » . A
~.3. ﬁ Logds the is0 new. PSW into the cu‘g}:;gx,.,’
10caL sm’mage. . : 3

0 Fgees the ucu by, resetting t-he ACTIVE b1t

The CPU executes the 1/0 proqram under cont,rol of thé’l/o
new PSW. - { BT . -
' B . : : ’ AN
. L ™ “ . " - ot ¢ L ’ ’ e T v .
Thymulﬁ;iplexor channel initlates an 170 °  “multiplexor channel . intefrupt:latch.. The
dnter:‘upt when it receives ‘ending status CPU executes the I/0 in¥errupt at the end
from a* controi unit, and; the 'UCW op-and- ., .0of the current E-phase if 1/00 :mterrupts
flag ‘byte Bit 1 is off (not command & are not masked. ‘ _
; cha:,:lnind;i‘k~ ‘It does this by tunninq on the L .
w . p " - . SO .
. ,{/ Lo : lNTERRUPT Reoussr S

Problem-Progra

Tilul T

; g : ‘ . fSe? Up K0=MI;X.'I'nterrupT Buffer Un. Addr."
LB o ‘t:md K3=MPX Interrupt Buffer Un. Statys = *

. L

' MPX, STAT, ROUTINE

w

b

LR

: v Progr. : . .

Slovq PSW and Reasan -Form -CSW and S'om It
Of lnkerruﬁg) | (Chan gnd Unit Cond.)

v

v —
u Progr: Autom.'Int.

" Ingpect PS8 Csw
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B S An 1/0 1ntexrupt causes: the CPU to: .
1. stcontihue the execution aof the

* program beingy executed under control of
the current*Psw s .

o

& o N
e scoré Lnformatxon in the CSW.

»

Lodd " the I/o new Psw from main stotage
"-‘location 120 . (hex 78) into tbe cutrent
‘PSW locat1ons, ‘ . s .
u.f Execute the new ;/ﬂ PSW program.

 The CPU cannot ‘honor an xnterruphrrequest

until’it has completed -the execution 6f tlie

current instruction. Also, the current PSW
system-mask bit that corres onds to the
t¢hannel requestinq the 1nt rpupt, must be s
On.‘\\j . N «

‘Psw TORE

) The PSW store mxcroprogram stores the current Psw in the 1/0

old PSW*locatlon. .

o . : o v
.The last E-cycle R®S word of each -
gnstructxon branches the mlcroprogram to
the' interrupt microprogram routine if an
1nterrupt exists (1nt9rrupt latch on). .

]
.

" The first Rés word of the xnterrupt
Foutine. has the iffstruction Tegt

with: both ‘X6 and Xi branch indlcatozs set .
to 1. This instrudt

mine khp source of the interrupt:

kxt@rnal or timer Lnterrupts prewent
bot the X6 and X7 branChes (X6 = 0,
x7 = 0). | v
2.} 
: he X7 branch (XB s 4, X7 0).
_3, Selector chann@l 2 1nt0rIUpL prevents
‘ the X6 branch® (x6,= 0, X7 = 1), o
Multiplexor channel allows both xs and
X7 branches (xe =1, x7 = 1).

Assume there 1% a multlproxor channel
interrupt.. n"ucroprogram ‘now reads out
’thg unit address from local- qtorage, places

it in the L-register), and sets the U-

register-fo the address of the. multxplexo?/

chanfel.: After the S4 latch is turned on
to ind§cate an 1/0 1nterrupt, the

microprogram stores' the current PSW in the"
toraqe location,

170 old PSW location (main-s
56, address 38).°
»

ioRgFis a' test to deter-

Seléctor channel 1 intorrupt prevents -

; When the CPU 'ha completed the execute

f phase of the curren 1nstruct10n. the CPU
‘interrupt circuits hobor the multiplexor
channel interrupt. The\interrupt micropro-
gram stores the. current W in the 1/0 old
PSW location, (main-storage, positioh 56),

, loads the channel status woxd (€SW, main-
storage location 64) with the required

information, and loads the I/O new PSW into

local storage: and CPU reqisten@ as the
current PSW. After this is accomplished,
‘the,CPU returns”to I-cycles and stdrts the
‘execution of the.progtam controlled by the
contents of .the! I/0 new PSW. ‘At soiie later

_time, .the proggam must load the .I1/0 0ld PSW -

into the current PSW, to return to the
~original program. Figure 3- ~9 shows theé
general cdhcapt of an 1/0 1nterrupt.

o
P

"

'y‘ The lntertupt code is the first item
stored in the'I/0" old" PSW. Because this.is
-an I70 interrupt, the addrésses of the
channel and 1/0 unit, chusxng the. xnter-
rupt, are stored as the 1nterrupt code. ’
The ' m;crbprogram next reads out the )

T'.storagenprotect key and system mask and

stores them -in their raspect1ve positlons
‘in the 1/0- old Psw

v e

N

) The Instructxon Length Code (ILC) condl‘

"tion code (CC), and™program mask are not
contained in one byte in the current PSW.

“Therefore, the microprograim must detérmine
what the ILC #s by testing the two high-

" order bits (0-and’'1) of the G-register
which contains the op code of the la
executed instrugtlon. The mlcroprgqgam
also decodes the four-p051t10n condition
register (local storage K27) ‘into two bits.

-

.After; this is accomplished, ‘the
microprogram assembles -the program mask,
condition code, ‘and instruction length code
into one byte and stores this byte ih the.
1/0 old PSW. The current PSW is now fully
stored in the I/0 old .psw locatlon. The

mxcroprogram now stores the requlzed infor-

mation in the CSW, located at mdin-storage
igcatlon 64 (hex u0).‘ >

) . s . . =

o

-

hardd
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CSW_STORE

cycle.

)

. The CSW store nucreprogram is part of the test I/0 execute

The G-3 latch being on 1dent1f1es thxs rout;ne as a part of

an interrupt routine.

The'fir§E microprogram word of this routine

turns on the G-register 3 and 7 ;atches.
The G-register-7 latch makes the I/0 inter-
rupt appear as a test 1/0 instruction. The
microprogram determines the difference
between a true test I/0 instruction and a
1/0 1nterrupt by branching on the G3 latch
which is-on for 1nterrupts.

The first objective of this routine is

. to determine if the UCW associated with the

unit requesting-the interrupt is active::
The micropragram determines the address of
the unlts UCW by testing the V-reglster

From PSW Store
Routine .

Set G-Register to:
00010001, (G3 and G7
ON).

l

Determine Units UCW
Address.

Turn On Command Start
tatch.

{ Read Out Units Status
| From Interrupt Buffer
(K3 CPU) Into D~

L Register. I

. ) .
! Reset Command S.art. |
L P ]...\L—_— —

[

[ Assemble CSW Channei_—!‘
Statul Byte In the U- f .

Register, - _J .
R —
Put UCW Next CCW

[ p

|

i Address Into CSW Next !
[ cCw Loconon N
i

) —

F’u! UCW Coun? Inro !
 CSW Residual Count
Location,

Figure 3-10.

<

CSW Store; UCW Active

i

7330

“

o

which contains the unit address.. After
setting the T-register and the XXH, XH, and
XL latches, the microprogram reads out the
units UCW op-and-flag byte and tests'it for
the active bit On. TIf the UCW active bit
is on, the unit's first status is in the
interrupt buffer. In all probability, ;his
status will be chanrfel-end status eithe
alone or with other status.

If the UCW active bit is ggf, the unit
has presented status a second timé. 1In all
probability, this status will be device-end
status, either alorie or with other status.

[ 1

Put High Order Four
Bits of Q-Register Into
CSW Protect Tag
Location.

[

Put U-Register Contents
Into CSW Channe :
| Status Location. ¢

[

{' Put D-Reﬁfster Contents T
I
t
1

Into CSW Unit Status
Location!

This Sets UCW Not [
Set UCW Op-and-Flag -

L Byte to Zero. ‘ FBK12,0 —;

! ‘Reset Multiplexor . @ A
Interrupt Lcrch

L e

 load New PSW and
\_ Return'to I-Cycles.
\\___.____—_-___/
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UCW ACTIVE =~ - o
. \\\

. When the UCW is actibﬁg the CSW store microprogram:

- Assembles a CSW chaﬁhgl-status byte.
Ibads the CSW 1ocatidﬁgwith the required information.

N

Reséts the multiplexor-interrupt.latch.

-

. The hﬁ;t status is obtained from“the in;erruptﬁbuffer.

_Figure 3-10 shows the CSW store routine when the UCW is
active.: ' B '

IS
.

Op-and-Flag Byte UCW-Status Byte

qCl’mir\ Data Address (CDA) Count Zero ( 1050 én‘y)

Chain Command (CC) ., Channel Control Check

" T3 A
Suppresssendth Indi%aﬁpn (St Interface Control
i R

SKIP First Status Received

Program Controlled Interrupt (PCI) Bit Not Named:

Active Incorrect Length

Output Program Check

Decrement Data Address Protection Check

vFiggre 3-11. UCW Status

When the interrupt microprogram determines
that the UCW is active, it reads out the
‘unit status from the interrupt buffer
(local storage K3) and puts it in the D-
register. The microprogram next assembles
the CSW ¢hannel status byte in the U~
register.” It.does this by combining parts
-of the UCW 'oprand-flag ’and channel-status
bytes. 'Figurg 3-11 shows the format of the
UCW op~and-fl8g byte, and the UCW channel
status byte. . o -

B #
The CSW store rowtine

w loads the CSW
logation with its réquire;

information:

is set to zero and-the ‘two low-order
bytes set with'the UCW next CCW
address.

1. The high orded of th%&rext ccW address

Handling Dota; Expect data \ .
Device Told to Stop; Expect Statu \\.
Intefrupt Stacked : s
Interrupt In I8

3 //
= *

o

i

The residual count ‘positions set to the
value of the UCW'count.

The memory-protect-tag ‘position sets to

the‘contents of the Q-register.

. 3

The channel-status position sets to the
contents of the U-register.

J.

¥

The unit-status position sets-to the
contents of the D-register.‘

When this is accomplished, the microprogram
sets the UCW op-and-flag byte to zero,
,turns off the multiplexor-interrupt latch,
and proceeds to load the 1/0 new PSW into,
the current PSW.

FIGURE

A

-
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UCW NOT ACTIVE

*
second interrupt for a CCW.

An I/0 units UCW is not’active when the I/0O unit initiates

%,_f

%
&
a

The multiplexor channel executes a test .I/0 sequence with

the I/0 unit td obtain the units status.

‘The CSW store routine ﬁgts,thg entire C3W to zero

N

and then

stores the unit's status in the unit status position of e;

CSW.

T

When a contrdfh unit initiates two inter-
rupts durin execujpgon of a CCW, the-
UCW will not .aetive Yor the second
interrupt.; This is because thd”Ucw op-and-
flag byte is set to zero during, the first
interrupt. r example, suppose a control
unit initia ~an interrupt by presenting
channel-end status alone. When the CPU i
-executes this.interrupt, it ®ets the UQW to
inactive. Therefore, when tHe CPU ex tes
an interrupt ipitiated by device-end status
from the control unit, the. UCW is inactive.

Because the multiplexor channel always
stacks the status from a control unit whose
UCW is not active and because it does not
store the units status in the interrupt «»
buffer, the CSW.store routine selects the

. unit to obtain its status.

Figure 3-12 shows the gemeral sequence
of events ‘for the CSW store routine when
the UCW is not active.

After the microprogram captures polling
the multiplexor channel by turning on
the:command-start latch, . it reads out the
addre§$>g§ the unit that requested the
interrupt ogm the interrupt buffer. The-«
microprogramiputs the address on bus-out -
and activatéiéa\ cess-out. Address-out
activates select-outs._ The I/0 unit decodes
‘the address on bus-ou <§ngactivates
operational-in. L

i e .

B

»

The multiplexor channel and the I/0 unit

- continue the initial selection sequence

with the channel issuing a*command-out that
is zero. The control unit decodes this as .
a test I/Q. B '

When the channel receives status-in
during this initial selection sequence, the
CSW store routine puts the status in the
D-register and activates the multiplexor
channel.service-out line. i s

o

Whegn the CSW store routine determines
that the IvO control unit has disconnected
from the channel by deactivating :

operational-in, it allows the channet
resume polling. ° RN

to

After setting the IJ-register to the
address of the CSW, the CSW store routine

'Sets the R-register to zere and stores the

R-register at every position in the CSW.
This sets the entire CSW to /zero.

The CSW store routine addressés the unit
status position-of th® CSW a second time
and stores the contents of the D-register
(unit status) in ‘this position. This com-
pletes the CSW store portion of the I/0
interrupt execution. .

FIGURE

A2
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CFrom‘PSW Store Rﬁuﬁne)

Set G-R,gisfergfo:
| 00010001 (&3 énd G7
ON), :

-
¥
i
H ¢
i

Determine Unifszddress . l

H
'
£

Turn On Command’Start
Latch, L

oo
. -«

Read Out Units Address
From the V-Register Into

R-Register. .

Y

Activate Address-Out
and Bus-Out FA=K12,0

1}
Tuffn On Séfiecfme
Latch. "

Turn Off Address-O\(f. l

Wait

-
Put Status In the
Register.

s
1

. Activate Service-Qut

(Accept Status).

Wait

[ Reset Command Start; I

[

Set 1J -Register to CSW

Address.
l

L L‘Ser R-Register to Zero. I ‘

[

Set Entire CSW to Zero. J

I

Put Unit Status In CSW - |
From the D-Register, . |

Does

Address-In Match

~Address-Out

3

[V ’ ane?{gcef(:omro!

FA=K10,0

. i
Set R to Zero. Turn On ;
Command-Out and Bus- 2 7
Out Latches

AN

Figure 3-12. CSW Store; UCW Not Activp’
(* : ]
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Load I/O New ‘PSW and
Return to {-Cycles.

*.I
*

5

v

. . b. . . .

. . 4

3



y

o
o
®
®
®
o
®
®
°
‘o
o
®
®
X
o

5

.

NEW PSW_ LOAD
- . v .

The I/O new PSW loads 1nto the current PSW Jlocal storage

locations.

.
At the same time the I/0 -new PSW loads into
local storage certain latches a55001ated
w1th the PSW turn on. ~

T

1. The mask latches turn on when the
system mask reads out of the 1/0 new
PSW and into local storage (K24).

2. The malfunction-suppress latch turns omn
if the machine~ check mask-bit is 0
(off). . .

3. The ASCII latch turns on if ASCII is
designated by the I/0 new PSW.

The Q-register sets with the. informa-
. tion in the PSW protect key area.

CCW_FLAG OPERATIONS-

Five CCW flags modify the CCW Operatien.

a
. 3

The CCW contains flve flag bits. These’
bits and their locations in the de are:

blt 32-CD ; chain data address.
bit 33-CC; chain command. .
bit 34--SLI; suppress {ength indica-
tion.

4. bit 35-SKIP; skip data.

5., bit 36~ PCI; program control interrupt.

"

With the exception of the CC-bit and SLI
independently of each other. The CC-bit
and SLI bit do not take effect if the CD
-bit is on... - y

- The time, in relation to the CCW execu-
tiom, that a flag bit takes effect varies
as follows: .

1. The CD -bit takes effect when the count
reduces to 'zero.

.

’.

The instruction address enters the IJ-
registers and does not enter the local
stoérage. The two-bit new PSW CC decodes
into four bits and enters the condition
register (local storage K27). If, during
this load new PSW routine, the microprogram
determines that the hlgh order of the
instruction address. is not. 0, it stores
this byte at local storage K16. It also
turns on the S-register two latch if the:
low-order byte of the instruction address
is - not an even nymbered address (p051t10n\7
of that J- reglster is on.

:

when thif PSW is fully loaded, the
microprogram branches to I-cycles, and
starts the executlon of the I/0 program.

The CC—bit.tqy%s effect when a control
unit sends device-end status and no
error conditions exists in the channel: °
or device.

~~

The SLI-bit takes effect to cause the
channel to ignore any wrong length
records. This allows command chaxnxng
to occur despite any mismatch of speci-
fied record length vs actual record-
length.

©

The SKIP-bit takes effect during the
executxon of a CCW.

The PCI- b1t takes effect after its

associated CCW is lodded into the CPU -
registers and the UCW.

-

_ Section 3




CHAIN .DATA ADDRESS (CD)

. The CD bit takes effect when the count reduces to zero.

e It allows the channel to fetch the count, data address, and ’
flag byte from the next CCW. é
. CD allows the channel to gather information from storage

positions that are not adjacent or to place input informa-

tion into storage locatlons that-are not adjacent.

When the chaln—data flag bit of the CCW

is on, it is an indication to the channel
to fetch the count, data address, and flag
byte from the next CCW when the count in
the UCW is reduced to zero. This permits
. the channel to use core storage locations
that are not adjacent positions, in the
execution of a CCW. This linking together
of déta address is called data chaining.

Data chalnlng is controlled by the
G-reqister -0 latch. This latch turns on
. whenithe UGW loa into the CPU registers
and the _UCW op-and- flag CD bit is on.

Durlng any data loop cycle in whlch the
work;ng count has -been reduced to zero, a
test is-made by the data loep microprogram
to- determine if the CD flag is on (G0=1).
If this condition exists, the (CD routine
is entered for the purpoge .gf obtaining
replacements for the workxng count, data
address and flags from the| next. CCW.

This microprogram routxne reads out the
next CCW-address from the UCW and' places ‘it
in the IJ- registers. The CD microprogram
uses the IJ-registers to read out jportions
of the next CCW. The microprogram checks
the cominand byte of the next cCW. If it.is
a transfer-in-channel command,. the micjo-
program adds eight to the transfex-in-
channel' command addtess and begins to read
out the next CCW.

S

Assume the CCW command is not ‘a

f'multlplexor share cycle.

- ﬁ:ap)..

1. Reads the CCW count into the LD-
. register. -

2. Reads the CCW data address into the
UV-registers. .

3. Reads the CCW flag byte inté& 'the high
positions (0-4) of the Grregister.

s
4, Determlnes the next cew address and

stores it in the UCW.

)

The CPU registers now contain new o,
multlplexor channed operating information.
_The microprogram returns to-the Gata loop
entry STI, SVI branch.If operational-in is
inactive, the microprogram begins to store
the UCW and restore the'CPU as it does whien
operational-in. falls at the end of a normal

%

. <, ’ q -
/ . . .
% d

If operational-in is still.active at the
.end of the CD routine, the microprogram ;
waits for operational-in to fall or. . .
service-in ‘or status-in to rise. When one -
of these :conditions oceurs, the micropro--
gram ‘branches to' the assoc1ated routlne.,.'

B

A program-check occurs Hurlng the CD A
routine if the new-CCW count is zero. the. '
data address is. invalid, the three low= | :
order bits of the flag byte are not zero,”

_ror the next CCW- addtess is zero (memory

. transfer-in-channel command: In this case,

the microprogram: . .
 COMMAND CHBINING s ‘ \ o]
" command chaining allows the channel to execute several o L T &

commands on an I/0 device with one start I/0 instruction.

] Command chaining is spec;f;ed by the CCA4 chain data address‘ o,
flag bit off and the command chaxning flag blt On. :

When the channel successfully executes a ch w1thou£ ertog§ o o
and receives its associated:device-end status, the channel - - - .’ " -
reads out the next CCW and begins its executxon. - o n T

¢

e The presence of status-modifler status along with dev1ce end ) I .
status requires the channel to Qypass the next ch in favor . - U
of the CCW. following it. : :

P4
. - - s
s B ¢

'

v
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- . is held 1n Gl. !

/ :
—

The channel suspends polling while command chaining.

. The channel activates subp;ojﬁlout while command chaining.

The multiplexor channel may execute a
series of CCW's that apply to one particu-
lar control unit,and device. When,the
execution of one CCW is complete, the chan-
nel reads out the 'next CCW in ascending
order and begins its execution., This link-
ing together of CCW's 1s called” command

chaining.

Command chaining is ‘controlled by the:
CCW flag byte. Command-chaining is speci-

fied when CCW flag byte chain-data- address .

bit (CD ; bit 0) is off and the chain com-
mand bit “(cG; bit 1) is on. This condition
turnms on theé UCW command- chaining bit when
‘the channel generates the UCW associated
with ®he.CCW. . The UCW command chaining bit
is bi® 1 of the ucw op—-and-flag byte, and

A
~

Figute 3-13 shows the format of the a
-UCH. Notice that the last two bytes of a
UCW contain the addréess of the next CCW.

. This information is. put ‘into the UCW by the

channel microprogram at the start of every -
CCW execution. : . . - .

chaxnlnq, 1t -ignores the command chaining
specification. That is, it sets up an
1nterrupt if the multiplexor interrupt
latch is off (IB empty) or stacks the sta-
tus at the control unit if the IB 1§ full.,

Another alternative ‘that may occur is ,
‘the channel may be required to bypass the /
next CCW and execute the CCW following it.
This"’ condition occurs when the’ channé% .
‘receives status-modifier status alongiwith
device-end status and command chaining is
specif1ed by the UCW.

The channel does-not’ read out and begln

'the execution of the next CCW until it

receives dev1ce—end status from the I/O
device. If the channel receives channel-
end alone, -it responds to the I/0 unit with'
service-out along with suppress-out. The
channel waits for device-end status before

beginning the command chaining routine.
. 4 4

’

When the channel spcc’bssfully ‘executes a’

- CCW that has specified command chaining,

the channel reads out the next CCW and.
- begins its execution. - . :
If the chagnel does not auccessfully
CCW that has specif;ed command

-

execute a.
‘ UNIT CONTROL WORD

ucw -
100

, 000 " " o001 010 on

When the channel receives. device-end
status and begins to read out the next CCHW, .
it act1vates*suppress-out. This is the
chaqnel s indication to an I/0 d&vice that
it is command cha1n1ng. The channel also
suspends: polling while ‘it is obtalnxng a
new-CCW. =

Figure 3-14 shows the

) general logic flow
of the command- chaining

equence. -

Channel Op- ¢ | ST
-. . | and Count
Statos * | Flags - !V iow

High-... | High -

&;fq
Address
| : Low

: 4 " - N

"Channe! Status Byte

@

s . » .
0 - CountsZero (1050 Onty)
‘Ghannel Control Check
Interface Control.Check .
Fm!, S'ufus Received Co ‘Hex-i - 3+ Skip | ¢
plun?:nbrn
bby_ %=

4 - fNo Nome) =
5 =" lncorrect l.engrh
- Pr{)gmm Check

.7~ Protection Check-

.5 ~ Active
6 ~ Output (W

Hondllng D:lm, Expeehng Data, . v
| Device nstructed Stop; Expec'mg Sfalus
- :§tatus Stacked at i
;5 ;

Figure 3-13: Unit contro \WOtd Format.
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Op. and Flags Byte

0 - Chain Data Address (CDA)
Command Chaining (CC)
Suppress Length lnducahon (SLI)

Program Confro”ed lnrerrupt (PC!)

7 - Decgemenf Duta Addres




/O Unit Presents
'Statys, UCW Specifies
Command Chaining
(Glis ON)

Igrpre Commund and
_ Chdining. Execute
JNormg! S?al;ps Routine.

A:sy Channel Status Ex-
* cept Bit 4,

-Control-Unit-End

(Bit 2), Busy (Bit 3)
Unit Check (Bit 6) Unit
Exception (Bit'7).

Tum On Suppress-Con-—{
trol Latch (FAO51)

. (Activate Suppregs- -
Ou). .

e~ - - J .‘ . ) . R . - - o

- l - g . v ‘ - N

,Load Next CCW Ad- -1 . ; e

dress From UCW Into 1= | | Device-End Mo gy o -

* Registers. ttention. Device-End and
- r <Attention Status .

Put Unit Address Into lgnore Command Chain-

V-Register From Local T ' lsng. 'Execut,e Normal
Storage (K8). . RN . R ) . tatus Routine-. -,

Attentioh

¢, su,
1 UACT. -

_SKIP, and

Igﬁoé ‘Command-Chain-\ . -. > i - - Ry
ing. Execute Normal o Set ucw Op-and-Flag
Status Routine.. . . Byte to: 01110100,

l
; FA=K1,1
i
« | Also Turns On &mmand
.1 Start Latch (FAOTT),
| T .

Turn On Suppress-C»on.-'
‘trol Latch (FAOST). - :
(Activate Suppress=Out). |- o
£ : . '

1

‘FB=K10,1

Indicption to Control
Unit. That Channel Js |
Chc!hmg i

N

LAcrivute’Seryice-Out. }‘ '(_

This Allows"the Channe

_‘f&Bvlvpa?sQne Complete . \

Add 8 to U-Regufer
Confenfs

4.

A=K1,1

- Activate Ser{iéetbuf"
* and Tuin On C d

Start Latch (FAON).

The Command Start °
Latch ON Prevents -
Polling.

This Tufns Off UCW

Store V-Regusfer In -

R

Status Byte Bit 4, -

UCW Sfatus Byfe




FB=K10,0 . -

. Reset Suppress-Out
Control Latch,

: Turn Off Command
l . .| = Start Latch,

R l : S o © . Update UCW Gount and
Read Out'CCW Corh- - i . o . R «Dup?:Aeddresg', mountane
mand Byte. Check for o' * 7 - e : : . -

WRAP, - ' ' ' A

,Résfore CPU Storage
Protect Teg.

"~ . Jum Off MPX Op-

O

o~

0

-

4

’

or Invalid
nd Byte.

Did Opkln Fall 3
>

G

At

L ¥ .
. . .

I
|

i -
. § S Same As for First CCW.,
f Read Owt New CCW: © | - ’

Select 7Q:Unit, Exe-.
*cute NewlCCW. ;. -

E

< Any MPX- «
Share Re- _
gbesrs |

..i

Restore R-Register Turn |, .
Off H6. Restore WX- " - . . R i .
- Reg[isfers. . . - R

CPU Returns to Execution\
_Of Original Micro- )
N 'Program.” 4

\

T . S
" Command Chaini
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'SUPPRESS LENGTH mnxcnnoui (SLI)

i

The SLI-bit allows the\channel to ignore incorrect'ﬁenqth
conditions that occur when a unit whose UCW count is. Not

zer§\activates status 1ﬁ\ ~

wThe SLI bit is effei}zve:only if the cDh b1t 1% off.,

Figure 3-15 shows hgy the SLI- bit functions. Co

Py
- .

v -
- - .

The, SLI bit is blt -2~of a CCW flag byte.,
When the .£hannel generates a UCW from the
CCW information, bit-2 of ‘the UCW op-and-
flag byte becomes the SLI- bzt. SLI*is held
in the G-register 2 latch (G2) .during
subsequent channel operations. . .

The SLI-blt ‘is- effective Qply if the UCw
CD -bit (bit~ 0 of the op—and-flag byte) is
&f. R R P <.

To understdnd the éunctlon of ‘the SLI—‘

bit first consider - théwchdnnel's operation

when the SLI-bit is off. ! In . this case,
when an I/O deV1de preieﬁts status in to

¢

. vl/O Unit Preqm End-
- ing Storus. R ]

; Are G3 and
Gé.Latches
.- both ON,

- -
the chqnnel and the 1/0 unlts' UCW count is
Not zero, the incorrect length bit ©f the
UCW channel-status byte turns on. his
condition is subsequently placed in the
CSW, and: prevents .command cha1n1ng from
occurr1ng 1f CC is specified., .

'

'

When a UCw has its~ SLI b1t on, thxs
‘condition is suppressed. The .channel

- responds to the status in,with service-out

and 1n1t1ates an interrupt if not command-!
chaining, “or it begins the c nd=chaining
:sequence if the CC-bxt of theépcw op—and-

'flag bit is on.‘. ‘-f

<
.

No CDA and Count Is

Tum On UCW Status-

(ﬁll 5)

Turn On UCW Status .
Incomct-Length Bit-2

Obtain-a [New CCW. -
and Beginll__u-Execuﬁon.

Incstrect- l.engrh Bn

(&tﬂ .

1’[ |

.

; Figure 3-15. }SLI-Eit_thqtions

| .. Ex8cute Normal Stalus ‘, -
Rouhne ot




SKIP , ‘ .
Vo A . 4

14
ol

{‘ The SKIP-bit is effectlve only on input operatlons. .-

¢°  The SKIP-bit does’ not become -a part of the UCW op-and_flag
: byte for output operations.

&t is effect1Ve during the ch—exbcutlon.' 1

o

It suppresses the’ transfer of information to storajg 5 : .
.‘Q" .
nput :

&

.
: ™

The SKIP-bit allowg the channel to store spec1f1c “,Kf
records in CPU storage. g

Fléure 3-16 shows how the SKIP-bit modlfles an input

operation. .\\* ' o

The SKIP-bit, bit-3 of the CcCW flag byte

and ‘UCW op—and—flag byte allows the channel -
to receive data ‘form a unit but not store
the data in CPU storage.

v

b

et

- When the channel receives service-in and’
. the. SKIP- bit is on (G-register 3 latch
on)y the. channel does function normally
except for the,data lpop. Instead of exe-
cuting the “data loop, the chanmnel updates

. the count and responds with serglce~out.

‘ This continues until the count is exhausted
-at which time the normal status sequence
takes place.

1/O Unit.Presents Ser-
vice=In On an Input
Opqrchpn -

B

3

‘/
N -

" g
' B

»

. [ Norma| Datg i.o'ap.} ] l Activate S-eryicé-o‘ut..

b
.- -~

Mo o [ " Updafe Count.

.

“

: /8N Normul ChunnefOpero-
N non Rewmes . .

DR 2 *
. Flgure 3.16. Sk{ngit Functions .’

s
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PROGRAM CONTROLLED INTERRUPT (PCEI)+

¢ The PCI-bi£ allows the program to initiate an interrupt. .

The PCI~b1t ‘sets up an 1/0 1nterrupt.wh=n the 1nterrupt

latch %s off (IB empty).

When the CPU executes .an interrupt ' “initiated by«the PCI-
bit, the PCI-bit becomes: part ,of the‘channel status byte

that is stored in the CSW.
The “program-controlled interrupt bit is ks
bit-4 obf-the CCW flag byte. It also '
becomes bit-4 “in t UCW op-anhd-flag
that is generated from the CCW. The PCI-
bit in a CCW initiates an on-the-fly inter-
rupt without, .in"dny other way, effecting
the channel operation. It may be used by
the program to initiate an ;nterrupt at- any
point. in"a chain of CCl's to determine how
the operation is progressxng. For example,
the multiplexor channgl may be executing a
chain of ten CCW's. Normally no interrupts
will occur until after the tenth CCW is
executed. By ‘'the use of the PCI- blt the:
‘program can force an 1nterrupt at any point

byte

4

in the chain to determine thestatus of the

operatlons up to that pOthu
‘ J

- The PCI-blt takés effect tqo times: .

It takes effect durxng the execution of
the CCW in whlch Lt occurs, (Figure
3-17) . : ; o

It takes effect during the csw store
,routlne of an I-0 1nzerrupt. In this

‘This occurs. whether or not the 1nterrupt
'was caused by&the PCI blt. .

ﬂ,pletéd.

. . ’ N .
chse the PCI-bit*does .not 1h¥21ate any
_ action but becomes bit-0 of the
-channel-status byte’ that is stored in
the CSW. -Remember the main purpose of "
ah I/0 1nterrupt is to generate the.
CSW. The _CSW is then 1nterrogated by!\\K
‘the I1/0 program and action is taken
according, to the’ condltlons fnund in
the CSW. . oy

When the CPU executes an’ 1nterrupt 1n1-u
tiated by the multlplexor channel, it - “
resets the PCI-blt in the UCW. assoclgted
with the unit that initiated the interrupt.

Durlng the course of chalnlng (CC or
CD), the PCI-bit is propagat d to thé new:
UCW if it is present in the gcw just com -
This will be the case when the TPU-
has not executed the PCI-initiated inter- .
rupt, or the PCI-bit has been unable to -
initiate ‘an interrupt. The latter condi-
tion occurs when a burst mode device is
operatlng on the multlplexor channel.

t
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Q\lormal ‘CSW Read-Ou;,

L 1/O Unit Selecifin. ]

PCI Bit ON
Does Service-In Rise ’

Read Out Unit Address
~ From: Local Storage (K8).

ls Multip xor
“Channe| lnferrupf

. I..:h OFF

" Put Unit Address Into 18
" (Local Starage KO) ’

Turn Onv Multiplexor
| Channel Interrupt Latch,

‘,&

[

N |
[ ’ Updore UCW «

ormal Chcnnel Opero-
tion Resumes

-

Figure }?]17 PCI-Bit Operdtlon
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NNEL (TIC) COMMAND
SR
\dinvolve any 1/0

START 1/0 TRANSFER-IN-
< i 4 .

The'TIC command‘does n

The channel obtalns the’ ch referenced by the TIC CCW data

address.
~A TIC CCW

}Two TIC cC

!‘ e

The transfer-i -channel (TIC) command is—
a command to the channel and does not .
involve any 1/ dexice operation. It is a
command fo the .channel to obtain and exe-
cute the CCW whose high order bYte location
'is referenced’ by the TIC CCW daQa address.

nd is used only in a chain
of commands and may: ‘not be the first com-
mand of the chain. Also twe TIC commands
in succéssion ause a program check.

The TIC.c

The TIC command is used malnly %n con-
junction-with the séarch command.

ﬁgr example, loo}c at’*ghe following chain
W's. , o . ' .

-} o :
Lo
«) .

- ccwl, Search .

' CCW2,TIC (data address.is -address of CCW1)

v"‘ N ’ ~ .
S A
INITIAL_PROGRAM LOAD (IPL) -

. - ‘\‘ ~ :

T \ . s - :~ ’ . .
‘The purpose of IPL is to initiate processing ‘after power is
‘turned on or when the" contents of stora;e ar€ unsuitable for

-further processing.

“IPL is started by selecting an 1nput device and»pushxng the

S Load button. : I

i A . | .

- The IPL procedure resembles a4 start-1/0
instruction in which the selected .1/0

. device and a' zero-protection-key is' speci-
fied. The CCW. for this instruction has a
read command, zero-data- address, E byte‘
count of 24, the command-chain flag on, thé
SLI flag on, and a command -address of zero. .

*

The IPL routine reads new information -
“into the first three double words of stor-
‘age. The remainder of the IPL program.can
be plaged in any degired locatlon of stor-
age. ' : . L

The IPL pr cedure is started by select~
ing a channelwith console sthch G.and an
1nput device with the HJ connecting switch-
es’ and pushin the Load button. This caus-=

f

annot be the f1rg§ CCW in a° chaln'

's 1n succession cause a program‘check.

=3 "

-~

device Qperatlon.,

<

N

‘ ) . P ) )
"' . . : 'c . . ! . w - . “ ' . ‘ . : . ,.( /. .
- . . . A . . ) IR . o TR

*

Write

»

- CCW3,

T
-

CCW1 is . a search. (If the search is not
successful, CCW2 causes CCWl to be. executed
again. This loop will continue until the
search is successful. When this happens,
the 1/0 device presents status-modifier
status- along with channel-end status. This
,allows the channel to bypass the TIC CCW.
~and execute the write CCW.

S

w2
-

Command Chaining to. a TIC command begins

- the same way as for any other CCW command.
When the TIC command is recognized durlng
the CCW check sequence its data address is
placed in the I J registers. 'he channel
now reads out the CCW' addressed by the I J
~ registers and executes a normal CCW
“cheéck, CCW load operation.

LI . o *
- .

&

w

»

es a system reset; turns on the Load ,light,
_and initiates a read operation from the
selected 1nput devxce.

-

The system reset stops the CPU and sus-
pends all instruction processing, interrup-
‘tions, and.timer ppdatlng. It' also resets
all channelsA§nd on-line control units and
170 devices. Ihe conténts of the General
and Floatlng-Poxnt regxsters remain -
unchanged. : .

) Followlngwéhe system reset, the selected
input- dev&ceﬁstarts reading. The first 24 :
‘,bytes read enter storage locations 0 To 23,
- Storage-protection and possible incorrect- .
length errors are ignored. The double-word

. read into location eight is used as the cCW
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for the next input command. When.chaining
is specified in this ccw, the operation
proceeds with the CCW in location 16. The
double}yord at locatiom 0 becomes the IPL
PSW. i P
#

After the input operation is completed,
.the channel and device address is stored in
the IPL PSW interrupt code (bits 21 to 31,
of the first double word in storage). Bits
16 to 20 are zeros, and bits 0 to 15 remain
unchanged. The CPU then fetches the IPL
PSW from location zero as the current PSW
‘and changes from the stopped to the
operating state. Operatxon proceeds ‘unde
control of this new PSW and the Load ligh
turns off. If the I/O operations and PSW-

loading are not satisfactory, the CPU stops‘

-and the Load light remains on. The MPX
channel's execution of the IPL routine is -
the same as its-execution of a start I1/0
routine with tHe-exception of the initial

. ~/Betup and the ending procedure.

When the load key is pressed, it causes
a system reset. When the load key is -
released the load-key. latch (KC 041) turns
on. The output_ of the load-key latch turns
on the load-indicator latch (KC 0%1). The
output of this latch turns on the load-
request Stacking latch (KM 062). If no

- higher priority stacking latches are on,

the load-request stacking latch generates
an IPL pulse which in turn forces the first

‘micro word address of the IPL routine (002)

into the ROSAR .(WX-registers).

The IPL routine first generates a CCW

. and places it in main storage locations
T0-7.0

A read command is placed in byte 0, a
count of 24 (hexadecimal 18) enters byte 7,
and_ the CC and SLI flags enter byte 4.

Alsd during this routine the channél and
unit address enter the U and V-register
from the HJ switches respectfively and all
of the H-registers latches with the :

- ¢

) -

© instruction.

‘stop, mlcgoprogram\word 6FF.

"command-out.

Form Y24-3362-2
FES Y24-0510 -

' exception of the Hé latch (MPX hold) are
. turned on to prevent any but MPX traps.

«

‘The channel nér reads out this CCW from |
storage locations®0-7, and checks it-for
validity the same as for a start 1/0

When this is complete t#e
channel microprogram loads the CCW into the
CPU data flow register while selecting the
unit specified by the HJ-switches. From

_thig point the channel and 1/0 device oper-
ate normally until the unit- deactivates

operational-xn. -

When op—xn falls. the channel exits from
the data loop and updates the UCW as for .a
start I/0. When this is complete the chan-
nel micro program does  not attempt to res-
tore the CPU as for a start I/0 but enters
the IPL wait loop, microprogram word 682.
IPL MPX share requests are handled by the
chanqel in the same way as for start 1/0.
operations. When the selected device pre-
sents status-in, the chagnel tests-the
status for device-end or channel-end sta-
tus. Any other status results in an IPL
When the
status is good (channel-end or device-end)
the channel resets the PL latch and H-
registets’ latches. Wwheh :Op-in falls, the
channel stores the.unit and channel address
into the interrupt code location of the IPL
PSW (main storage byte locitions 2 and 3.
When this is complete, the channel loads
the IPL PSW into the current PSW locations,
after which the CPU begins executing
1nstruct;ons under contro} of the: IPL PSHW.

If for some reason, a device other than
q@e device specified by the HJ switches
presents status, the ,channel issues
This fesponse stacks the
status at the control unit.: The 2030
enters the IPL wait 1oop until the next -MPX

- share request.
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. are masked off by the PSW system mask.

Form Y24-3362-2 *
FES Y24-0510 .
TEST 1/0

It does not ‘require a CCW. R

. 4
The object of a test 1/0 instruction is to store a” Ciw.

The supervisor- program issues test 1/0 instructions to .

obtain status from 1/0 devices

b4

The supervisor program issues the test

I instruction to obtain the status of a

particular I/0 device. The main use of the
* test I/D instruction is to obtain the sta-

tus of I/0 devices when channel interrupts

: The test 1/0 instruction,has the same
format as a start 1/0 instTuction and its
execution is begun in the same manner as
-the start I/O instruction. » After the CAW
has been read out the channel differenti- .
ates between a start I/0 and test 1/0 and

* .begins the test 1/0 routine.

. B e
In order te execute a test I/O-instruc-

" tion, the channel first determines if the
UCW associated with the specifief device is

ACTIVE or AVAILABLE.
ing its active bit
(UCW AVAILABLE: When the UCW is not active,

it peans that ‘either the 1/0 device
involved has status stacked or the I/0

. device is free to perform other opera_tioné..

. Wheh the ,UCW is available (ACTIVE bit
off) the channel must execute an initial
selection sequehce with the 1/0 devige
involvea and issue zer® command. When the
device responds to command-out with status-
in,. the channel tests the .status for a z§ro
'condition. If the status.is zerc the.
channel sets PSW condition code 0 and
returns to I-cycles. when the status—ts——
‘not zero, the channel puts the status in
the D-register and activates service-out.
After the IA0 device deactivates . -
operational-in, the channel sets the entire
CSW o zero, addresses the CSW unit-status

byte location a second time and places the -

unit status, now in the D-register, into :
this byte location. When this is complete
the chamnel sets PSW condition code 1 and
returns the CPU to I-cycles. .
~When the channel receives status-in in
response to address-out (control unit

"~ busy), it puts the status in the D-register

-and activates service out. When. status-iry
falls, the chdnnel sets the GSW to zero and
- then sets the CSW unit status byte with the
D-register contents (status-in). wWhen this
is complete the chanr el sets PSW condition

cede 1 and returns the CPU to I-cyclés.

Y

3-44  (6/69)

f‘\:

when the channel interrdpts .,
are masked: off by the PSW system mask. *

© WUCW ACTIVE: ohen the UCW 18 active it

It does this by read- ~
ing out the UCW op-and-flag byte and test- |

&

means one of three things: <

1. The subchannel (UCW) is busy eithe

~ with the specifigd device 'o‘anotbot
devide. .
The subchannel - has an interrupt condi-
tion waiting in- the interrupt buffer.
This may"be an interrupt from the spec
ified 1/0 .device og another 1/0 devicey.
Status is stacked at the 1/ device.

' 3

2.

‘3.

When the UCW.is ACTIVE, éhe channel reads
| out the UCW channel status byte and tests
‘it to determine if bit 3 is on or off. .
“Wheri bit 3 is off it indicates that the
‘specified device has not presented status
and is therefore working. In this case the
channel sets PSW condition.code 2 and
returns the CPU to I-cycles. _ !

If bit 3 is on, indicating a device
associated with the UCW has presemted sta-

' tus, the channel reads out the UCW hi-order

data address and compares this address with
address in the' V-register(I1/0 control-unit-~
and device-address). An equal comparison
means that the device specified by the test
I/0 instruction has presented status.

. o ..
Note: Durin§ status-in MPX sharercycles,
.the address of the unit presenting status
is placed in the UCW data address.

This comparison is necessary because a UCW
may be associated with more than one 1/0
device and the channel might have received
status from another device sociated with
‘the same UCW as the I1/0 device specified by
the test 1/0 instruction. _If this §s so,
the channel sets condition code 2 in the
.PSW (subchannel working) and retarns:the .
CPU to I-cycles. ) - .

Assume bit 3 of the UCW channel status
byte is ©n, and *he address in the -UCW data
address'is the addre s of the I/C'device
.specified by the te . 170 instmuction. In
this case t channel must find out where
the status is. . The status may be in the
interrupt buffer or ‘it may be stacked ap
the 1/0 contge] unit.

- -
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when the status is in the IB, the
channel puts the status in the D-register
and generates the CSW from the UCW and the
unit status tha® is now in the D-register.

After storing the CSW, the channel turns

off the MPX interrupt latch (in FB-regq),

sets the UCW op~and-flag byte to zero and
returns the CPU to I-cycles.

When the status is not in the IB, the
channel executes an initial selection
sequence with the I/0 device specified by
the test I/0 instruction. When the I/O
device presents status to thé channel in

‘ /™
HALT 1/0

_ response to Command-out the channel exe-
[ cutes the cSW store routine, storing a full
" CSW:

1. protect key

2. Next CCW address
3. Unit status

4. Channel status

After storing the CSW the channel sets the
PSW condition code to 1 and returns the CPU
to I-cycles. . ~

[ The halt I70 instruction discontinues operation between a

particular I/0 device and the channel.

. The channel executes the halt I/0 instruction before return-

ing the CPU to I/cycles

. The halt I/0 instruction does not require a CCW. ' . 1

.

. The channel issues a halt I/0 (stop) to an I/0 device by ‘ .
activating the address-out tag line while the device has its N

. operational-in active, and select-out is down.

The halt I/0 instruction is issued by the
supervisor program to discontinue operation
between a particular I/0 -device and the
channel. Response of I/0 devices to a halt
I/0 instruction varies from one device to
another and is covered in the Field Engi-
neering manual of instruction.for that
device.

The channel begins the execution of a
halt I/0 instruction in the same manner as
the start I/0 instruction. That_is, -the
PSW i{s checked to insure that the CPU is in
supervisory state, and part of the CAW is
regd out. This occurs before the channel
majes the test to determine which I/0
i ruction is being issued to the channel.

When the channel recognizes the halt I1/0
instruction, it discontinues reading out
the CAW and branches to its microprogram
routine that develops a UCW address from
the I/0 control unit and device address.
The channel now reads out the UCW op-and-
flag bytg to determine if the UCW is
active.

UCW ACTIVE. When the UCW active™bit is on,
it indicates that the CPU _has ndt executed
an interrupt (stox CSW) initiated by
the I/0 device as !‘ted with the UCW.
Therefore,; the channel must read out the
UCW status byte and test bits 3 and 4 to
determine if the I/0 device has an inter-
rupt waiting in the interrupt buffer. This
is the case when both bits 3-and 4 of the
OCW gtatus byte are on. :

&

#wWhen an I/0 device has an interrupt
waiting in the interrupt buffer, it is not
operating with the channel. Therefore, the
channel does not execute the halt I/0
interface sequence, instead the channel
sets the PSW condition code to zero and
returns the CPU to I/cycles.

, G

When the 1/0 device does not have an
interrupt waiting, the channel selects

the device, and activates address-out
after the I/0 device has activated
operational-in and address-in. Address-out
and operational-in both active at the same
time while select-out is down at the 1/0
device means halt I/0 (STOP).

The halt 1/0 interface sequence is:

Channel activates address-out and bus-

1.

. out. &
2. Channel actxvates gél k ang hold-
. out. -~
3. The I/0 dev1ce actxvates opetﬁpional-

in.

4. The channel ivates address-out.
5. The channel deactivates select-out.
6. The I/O device activates ‘address-in.
7. The channel activates address-out.

The /0 devide deactivates operational-
ﬁi“ﬁn and address-in. .
r9.~—The channel deactivates address-out.

(

When the.incerface sequgnce is conplete.
‘the channel turns off the UCW op-and-flag
byte CC and CD bits, and sets th;\ucw
status byte. to 1009%000 (88).

S g 5"
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The channel now sets the UCW op-and-flag
byte to zero, sets the PSW condition code
to 1, and returns the CPU to I/cycles

1

UCW NOT ACTIVE: The halt I/0 routine for
an available UCW is the same as for an
active UCW with this exception: The channel
does not have to test the UCW status byte
for bits 3 and 4 On (interrupt waiting in
IB). This is because, for a UCW to become
available, the 1/0 device must have had an
interrupt executed by the CPU and, there-
fore, cannot have an interrupt waiting 1n
the I.B.

TEST_ CHANNEL

When the channel finds the UCW avajila-
ble, it executes the halt 1/0 interface-
sequence, sets the UCW status to 10001000
(88), stores all zeros in the CSW, sets the
PSW condition code to 1, and returns the
CPU to I~qyc1es.

The channel does not set the UCW op-and-
flag byte to zero for an available UCW,
because it is already zero.

e Executed to determinhe the status of a particular channel.

. Sets a conditidn—code in the PSW.

. The condition-code set indicates the status of the addressed

channel.

The test-channel command determines the
status of a particular channel. It is

' executed only with the CPU in the monitor

state and has no effect on the channel.
The test-channel command sets a condition-
code in the PSW that indicates the current
state of the addressed channel.

The test-channel operation begins like a
start-1/0; however, when the addressed
channe{ is selected, a microprogram branch

occurs. to the test-channel routine. In’
this routine the channel is checked for a
busy status or an interrupt condition, and
a condition code is set. ‘

Cohdition codes for the test-channel
instruction are: o

Code 0 - Channel available.
Code 1 - Interrupt condition in
channel,

.

-
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1. Byte location 129:

MPX ERRORS

° The MPX channel ean-present four types of errors to the CPU: -

1. Channel-control check (CCC)
2. Interface-control check (ICC)
3. Memory-protection check (MPC)
4. Program check (PC)

e The Error routine:

1. Logs the error for CCC and ICC errors.

2. Clears the interface

Form Y24-3362-2
FES Y24-0510,

ERROR_HANDLING - °

3. Gets a CSW stored with the error informatlon

~

When an error occurs that is chargeable to
the MPX channel, the. channel makes every

.attempt' to disconnect the 1/0 device from

the interface and store either a partial
CSW or a full CSW.
occurs before a unit becomes connected to
the interface. In«this case, the-channel
must merely store the CSW. The time at
which & CSW is stored depends on when the
error occurs. In some cases the CSW is
stored by the MPX error routine, but in
othrer cases the MPX error routine creates a
condition that makes the I/0 device ini-
tiate an interrupt, which is handled in a
normal manner. °

The MPX error routine must also log the
error when a channel-control or interface.
control check occurs. The MPX log area is
bytes: 129, 130, 131 of main storage

_ (hexadecimal addresses 81, 82, .and 83)«

The MPX error  routine stores the following
inforiatiop in the log locations.

:

The MPX ¥rror rou-
_ tine loads byte 129 with either the
contents of the machine. check register

. or the contents of fhe L-register which

. is-the catalog n r. The contents of
. the machine-check: ister enter byte
129 when the MPX error routine-is
entered from the -machine -check trap
{channel~control checks).
L) of the L-register’ (catalog aumber)
" . enfer byte 129 on ihterface control
checks. The catalog number is formed

iR

el
g

In some cases an error

The contents

2.

device in

in the L-register ‘whenever a program,
or interface control check occurs. It =
indicates where the error occurred (at

_‘what microprogram word).

Byte 130: Byte 130 is the indicator
byte. The four high-order bits serve
as a counter of the number of errors-
logged by the MPX error routine. It is
updated each time an error is logged.
Bit 4 is turned on by the first error.
It indicates that at, least one error
has occurred. //When the MPX error rou-
tine stores the catalog number in byte
129, it turns bit 5 on. When bit 5 is
off the contents of the machine check®
register is in byte 129. Bits 6 and 7
together inform you of when Op-in :
Pecomes inactive. When an error occurs
when op~in is down, the MPX error rou-
tine sets both bits 6 and 7 off. Wwhen
op-in falls only after the MPX error'
routines executes a halt I/0 sequence,
the error routine sets bit 6 off and 7
on. If op-in falls only after a
selective reset by the MPX error
routine, the error routine sets bit 6
on bit 7 off. When op~in-doesn't fall
after all efforts of the MPX.error .-
routine to disconnect the I/0 deyice,
the error routine sets both bits 6 and
7 on. {

Byte 131: Whenever the MPX efror rou-'
tine logs an error it stores the
address of g. I/0 control unit and
e location 131. :

Section 3 (6/69) 3-47




ERRORS WHICH ARE NOT PROGRAM CHECKS
* These errors are: ' .
1. Channel-control checks

2. Interface-control checks -
3. Protection checks

Bor these errors the MPX error routine:

1. Logs the error (no logout on pfotection-checkS).
2. Clears the intérface when possible and.cgggtgs,an inter-

rupt.

Channel-control checks, interface control
checks and protection checks are all han-
dled in a similar manner by the MPX error
routine. The basic difference between
these three checks is their cause.

CHANNEL CONTROL CHECKS: When the MPX errxor
routine is entered from the machine check
trap a channel control check has occurred.
These are the same type of errors detect®d
by the CPU for CPU errors but when the H-6
latch is on, the MC trap branches to the
MPX error routine. A channel cont rol-check
- causes the contents of the machine check
register and not the catalog number to be
stored at byte 129 (81).

EX

sy
i
t,

-3

MPX ERROR ROUTINE . - N

U Stores the L-register contents at byte 129(81).

y ‘ st
. Stores the unit address at byte 131(83) .
. - .

¥
2

INTERFACE CONTROL CHECKS: These errors are
detected by microprogramming only. An
interface control check indicates an inval-
id response, slow response or no response
from an I/0 device to a tag-out signal. A
catalog number is stored at byte 129 (81)
for interface control check. :

4

PROTECTION CHECKS: These etrors indicate

that an address outside of the protect key

area has ‘entered the MC-register. These

errors are detected by error checking cir-

cuits only and cause a catalog number of

1111 1111 to be stored at byte 129 (81).
-

This is

either a catalog number or the contents of the machine-check

(MC) register..

° ~

Updates the high-order of the indicator hyté, byte 133(82).
. .

Sets bit 4 of ‘the éndicator byte on. |,
% < i
Sets bit 5 of %he_indicator byte on i/f

stored at byte 129 (81).

{ /f ¥

Attempts to clear the intetfaéej TN

-«

the caeaiog number is

Either stores the CSW channel and unit Status or creates an

interrupt.- R

After logging’ bytes 131, and 129, d* MPX
error routine sets up the L and S register
to log byte 130 (bits 0-5). Before doing
so, however, the Error routine attempts to
clear the interface.

-If op-in is down to begin with, the MPX
error routine sets both bits 6 and 7 of the
indicator byte OFF. Otherwise the error
routine.executes the halt I/0 interface
‘Ssequence (activates address-out). If op~-in

. fallse:s a result of this, the error roy~ "
.tine Sets indicator byte bit 6.0ff and bit

- S

3-‘5.;'5f \;;

+

7 on. 1f op-in dves not fall, the error
routine activates suppress-put and deacti-
vates op-out: (selective reset). If op-in
falls as 3 result of this, the error rbu-
tine sets indicator byte bit 6 on and bit 7.
off. 1If op-in still doesn't fall the exrur

routine sets indicator byte bit 6 and bit 7

both on. .

- When the interface is OK (op-in was" down'
to begin with or fell as.a result of the °*
halt 1/0 sequence) and. the MPX operations
latch is on, the error routine stores the.

*

of
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error condition in the UCW status byte from

the U-register, and sets the UCW op-and-
flag byte skip, output and active bits on.
This causes the channel to respond to the
next service-in associated with the UCW,
with command out: This means stop and
causes the I/0 device to present status,
initiating an interrupt. After storing the

_ utw op-and-t%ﬁg byte the error toutine

"~ ‘branches to

. I/0 interface sequence.

‘normal CPU restore routine.

The error routine is initiated when op-
in does not fall in response to the Halt
This routine
determines whether the error occurred
‘during execution of the first CCW. If so,

’ unlt status alone is stored in the CSW.

- - kY
-

. TFIGURE ; FRAME

When op-in does not fall in response to
the halt I/0O interface sequence and the
error occurs on the second or later CCW,
the eérror routine tests the interrupt
buffer. If the IB is full the error
routine branches the CPU back to the
machine check trap. ff +»e IB is.not
full, the errur routin- :Zores the I/0

‘device address in the IB, sets the IB
“gtatus byte to 00010000 (Busy), and turns

on the MPX interrupt latch. When this is

‘accomplished the error routine sets the

UCW status byte with the error code and
sets the 'UCW op-and-flag byte skip, active
and output bits on.

LOGOUT PROCEDURES: Information to the CE
and programmer, ‘'about .errors that occur
within the channel, is provided by a logout
. of error oriented data. The logout area
fcr the multiplexor channel is main storage
bytes 128, 129, and 130 (hexadecimal 81,
82, 83). 1Interface and channel control
éhecks are the only errors that cause -
logout.

In addition. to error logout, the
controls of the system take steps necessary
to set up information to bé stored in the
CSW, through immediate or interrupt means.
They also attempt to free the interface of
an offending unit (force op~in down). If
the interface is not free, an interface
disconnect is attempted to remove the unit.
if this does not work, a‘selective reset
is givgn. When this fails, no further
action is taken and manual intervention .
is necessary.

Folldwing logout and interface reset, an
attempt is made to store a CSW immediately
if the error is during, start I/O interrupt
or a programmed test-I/0. If this is
possible. regular ptocesszng is resumed.

.
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Some situations exist in handling
interface and channel control checks making
it impossible to guarahtee notification of
the CSW storage mechanism.
This unqueueablé interrupt situation forces
a CPU machine check trap.

On an intermittent error, detecting a
machine check causes .a hardware forced
microprogram trap to the machine check
control program. This routine determines

which system element was using the data

flow at the time:the error occurred.
Control passes from this routine to the
error microprogram for the system element
indicated (CPU, multiplexor, or selector
channel). Error traps are not allowed for

- the time necessary to clear error conditions

and perform the logout. The machine check
register is recorded as soon as possible
il the routine, and the)first-error latch
Any errors detected from this
time until the error routine is completed,
stop the system. At the end of the error
routine, the first-error latch is reset.
Microprogram recovery, with a reasonable
amount of information supplied concerning
the nature and extent of the malfunction,
is possible if the time between errors is
more than the length of time for the error

routlne . .

For more information on machine chécking
and error logging, refer to Chapter 2 in
the FE Maintenance Manual, form 225-3390.

CHANNEL CONTROL CHECKS (FIGURE 3-18): Any
machine check trap identified as a channel
error is a channelcontrol check. A chan-
nel control check causes the contents of
the machine check register to be stored at
byte 129 (hexadecimal 81).

multiplex channel,

when the H-6 latch is on, the machine check
trap branches to the multiplexor check rou-
tine.

action:

1. ,An interlock latch sets to prevent
" further traps until the microprogram
progresses far enough to be useful.

The H-register indicator latches are g

inspected to determine if the error
occurred under CPU, selector channel,
ox,-ultipleth channel control.

A branch is then taken to futther han-
‘dle these condttions.

.
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This is the only
source of channel control check errors in the
These errors use the same
" checking circuits as the CPU hardware, but

This check routine takec the following

.
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Machine Check Detected): -
: In Hardware

Multiplexor

Store Apparent Unit
Address And MC or Cat.
No. In Logout Area

Check For
Error Source

CPU

Selector .

MPX Channel Interface
Disconnect If Required

Store Logout Indicator
Bits

~

Short CSW Store Set
Condition Code To 1

Return To | Cycles

MPX
Operational
Latch On

l .

-

Interface Was Selective
Reset With MPX Latch On|

I

" | Set UCW Stans To CCC

l?q &

*

Interface Reset OK Jo~
MPX Share With MPX '
Op Latch On

Set UCW Status To CCC
Set MPX Interript Latch
On

¥

Set Up For Stop OF Unit
On Next Interfoce -,

R &

Unqueuvsable Interr:=s |
Condition )

Enter CPU Mochine
-\_ Check Trap Routine

.

ROS Restore To s
Interrupted Progrom.-

|
|
|
|
{

)

g | *.

P

¥
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If machine check traps are not allowed (PSW
Bit 13 = 0) no trap will occur even though
one of the machine .check latches is set on,
and operation will continue.

“"long.

- delay in interface response.

v
Form Y24-3362-2
FES Y24-0510

face signalling sequence. These sequence
timeouts are microprogram count loops,
approximately 128 or 256 control cycles
The timeouts check for excessive
Each data

- sequence (service-in, service-out) is timed
out to approximately 30 seconds. This long
delay time allows for tape gaps that can
exist as a result of tape programming.

INTERFACE CONTROL CHECKS (FIGURE
These errors are detected by micro-

3-19):
programming only and are caused by an

excessive time lapse in an expected inter-

MPX Channel Detects
IcC

Store Apparent Unit
Address And MC or Cat.
! No. In Logout Area

1

MPX Channe! Interface . )
Disconnect If Required Set UCW Status To ICC Unqueueable Interrupt
] Condition .

Set MPX Interrupt Latch
On

Y

Store Logout Indicator Bits

" Operational
Latch

Set Up For Stop of Unit

On Next Interface

R“P""!?_ . In Machine Check Register
Restore ROS From Backup

ROSAR :

Continve. Interrupted »
Program

Set "A" Register Check

Short CSW Store Set
Condition Code to 1 ;l -

I Interface Was Selective

- “th
( Retum to I Cycles > Reset Wit NI«PX Latch On
. e

Set UCW Stratus to ICC

‘ Interface Reset OK In

MPX Share With MPX
Latch On

3
v
|
)

®
@
®
®
@
®
o
®
®
@
®

Y

®Figure 3-19. Interface Control Check ¢
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*Intefface,control checks are stored in
the CSW formed at the end of a start I/0 % .
execute cycle, or as a result of an I/0

' interrupt. ‘A catalog number is stored at
byte 129 (hexadecimal 81) for interface . MPX Channel Trrerface
lcon}:xjol CheCks': Disconnect If Required

PROTECTION CHECKS (FIGURE 3~20): A

protection check occurs when the key )

assigned to a subchannel does not match the ; MPX
protection key assigned to a section of ° - - -Operational Latch
main storage into which data is to be : ;
stored. A protection check ends the
operation on the subchannel, stores the CSW
channel status, and sets the protection L T
check,b:.i.vt. If the error is c'letected.befqre . étij,ﬁiﬁvé;‘}ff:'. ‘ _ f,'g; ;g:;f Error in
completion of the start I/0 instruction, '
the CSW is "short stored" (status only) and i I : ) . I

condition code 1 is set. If the error is ( Retum Tolecl_es)‘ Set Up For Stop of Unit

detected after completion of the start I/0 On Next Interface
instruction, an I/0 interrupt is taken and - Resporse
the CSW is stored. The CSW unit status has :

. no meaning in this instance. . ) ’ . : I

: : - - " | Restore ROS From Backup

Continue Interrupted

.

PROGRAM CHECKS

o Program checks are caused by:
. Invalid caw :
2. Invalid' ccw
3. Memory wrap

Program checks are detected by microprojramming and by error
checking circuits - o

o The MPX error routine does not log program check errors.

Program checks (Figure 3~21) are not logged error ‘routine stores the channel status in
by the MPX error routine and for the most the CSW, sets condition code 1 and returns
part the interface is already clear. Two the CPU to I-cycles. :
types of. program checks require the MPX -0 -
- error routine to clear the interface, : If a program check occurs during command
invalid address or memory wrap during MPX  chaining , the MPX error routine executes a ;
.channel operations. 1In these two causes - test]/0 sequence with the I/0 device o
.the error routine tries to clear the inter- involved and issues a command out vhen the g -
+ face as for channel control, interface device activates status-in. This allows e
control and‘'grotect checks, and gets a CSW  the device to initiate an interrupt. .
stored in the same way. - .  Besides this the error routine sets the UCwW __48
: ’ - status with the program check bit, and sets.
When other program checks occur during the UCW op and flag bits 3, 5, and 6 on. -
' ‘initial set-up of an I/0:instruction, the 1 : , g '

L B FIGURE] ]
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Detected. . N\ : s e .
ProgmmChec‘k L T L ;

Start 1/O .dIChain., Data Chain
' Data Chain

Cpmmand Chain

' ‘ 18
Store CSW Channel » Available ' Store Program Check

Status (Program Check) : ' Bit In UCW Status

Store Catalog No. of i Load IB with i o ) .

" Error Exit |n9CSW Unit Unit Address . ] Send Terminate 1/0 | Set UCW Op and Flag
Status S [ Command fo Unit “| Bitt To Stop Unit On

A ) l Next Service Request ,

. L [ . Place Catalog Number
in 18 Status { Non-Zero) |
Set Condition Code 1 in 1B Status ( Non-Zero)

J i When Unit Refurrfs Statys, Return To Data . )
' [Mloed UCW Status Byte, Quéve Status at Unit Loop Branch

Go to Nexr a | Program Check, and Set -
“CPU Instruction $3,54,=11 I

Lood UCW  Statué Byte
|

Set UCW Acfive Bit On.
Stop Unit On Request For
Dota Service

Determine
Return Path ®

Return To
ROS Restore

" @ Figure 3-21. Program Check

r
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SECTION 4. SE LECTOR CHANNELS
. ) B ’ ) ‘

COMPREHENSIVE INTRODUCTION

. IBM 2030 may "have a maximum of 2 seléctor channels.
. Selector channels take one memor
M2, 1.5 microseconds M2-I) of CPL

cy;le d2 0 microseconds
of I/O data.

time to handle each byte

- Each selector channel has assocxated!teglsters that contaln
I/0 operating information, such as:

Count :

Data Address
command

Flags

Channel Status
Protect Key~

Priority asszgnment, with all channels requestlng service,
uvarantees: ) .,

. =

i

:50% of the time.

ﬁglector channel 1,.
25% of the time.

Selector channel 2,

T

20‘

-

.1'.!‘
-

[

¥

.

.3. Multiplexor channel,

NOTE:

25% of the time.

Model M2 has a 2.0 microsecond memory cycle and Model

M2-I has a 1.5 microsecond memory.cycle.

.

The IBM 2030 may have up to two selector
channels. A selector channel is a high- .
speed channel that takes one memcry cycle
of CPU time to hahtlle each byte of data and

. does not disturb the' contents of the CPU
"registers. It contains registers that hold
the Channel Command Word (CCW) for the
entire data transfer portion’of an I/0 -
opération. The $elector channel also
contains a clock to provide timing during a
selector share cycle.

Figure 4-1 shows the general data flow
of a selector channel. When the selector
channel is_addressed by a start 1/0 com-~
mand, its reglstgrs are ‘loaded with the
operating informgtion of thg CCW, under -
‘microprogram coptrol. After a selector

. Channel has initfally selected the correct
I/0 control unit, also under microprogram
control, it waits for a service-in from
_that control unit whxle the; CPU is pxocess-

.ing ather information. ‘ when the selector

. channel- recelve§ga serviceqih from the
.control unit, a‘service- out is returnqd

., 1mmedxate1y if:/

.~

~
on an of tput operatzon, the GR register
is fuil and a data byte can be sent.
-
24

1.

Oon
is

an“lnput operation, the GR reglster
empty and ready to recexve data.

If @ service-in. is recelved wh1le GR is

empty for an output operation or-full for
-an lnput operatxon, the: selector channel:

L FIGURE | FRAME
le-A [Roy

Waits for the present storage cycle to

be completed.

Assumes control of core storage.

Handles the data.

Updates the count and data addzess.

Responds with a service out. .
6. Returns storage control to the CPU
Prxorxty assignment . for storage cycles
or ROS cycles (multiplexor changel) is -such .
(that selector channel 1 has priority fxfty
percent of the time; selector channel 2 has’
priority twenty-five of the time: and the
multiplexor channel has priority twenty-
five percent of ‘the time. This priority
takes effect quly when all three channels
are requesting s/p:a cycles at the same
time. Any-time a cha 1 does not use a -
cyc¢le, the cycle may be used by the other

channels according to their przoriixes. A

Any cycles not used b‘ the I/O channels are(

utilized by the CPU.- : ‘ qf‘ .

when' any channel requests aﬂstorage .
‘5§ycle, it has priority over the CPU, and
i1l be honored as soon as thé CBY finishes

the current cycle. Selectot share cycles, "\

which -are:storage cyecles, can xnterrup; a
multiplexor channel that is using ROS ©
cycles to hgndle data. Once a storage
cycle has been started; -other reques;s will

not be honored untxl the storage cycle 1s. L

- complete.

' All registers associated with selector
‘channel 1 are identified by a prefix G.

* Section % |
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All registers associated solely with selec-
tor channel 2 aré identified .by a prefix H.
For example, the GR register is the data
‘register of selector channel 1, and the HR
register is the data register for selector
channel 2. A single micro program is used
for both selector channels. The micro
program always uses the G prefix. The
controls are gated to selector channel 1 if
Sx-1 gate is on, . and to selector channel 2
if SX-2 gate is on. s '

A A R I
", . - - . *

o

&

Because selector ehannel i and selsctor
channel 2 are identical in Operation,
‘except for the register used, the fcliowing
descriptions are foy selector channel 5.
Apply the descriptioms to selector chanrie]
2 by mentally inserting a prefix &, where
there is prefix G in the descript ion.

»
)
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FUNCTIONAL-UNITS

GA REGISTER (TAG LINE CONTROL)

controls out-bound tag lines.

Controls the gating of information to out-bound bus lines.
« . -
Sets under microprogram control during Initial-selection
sequence; and under hardware control dur-ing_ data handling
sequence.

Sets outbqund gaq responbe to inrbound tag 11ne -,

o

y 3
s

B 13
The GA register is 4 four-position register field. The €35 field must be GA=K (Gate CK
that convrols ‘the out-bound tag kinmes and field bits to GA register) where the value
the out-bound bus lines. These:latches of the CK field may be from 0 to 15 with or
turn on under microprogram control or in without the parity bit.
‘response to an- 1n~b0und tag line, or combi- . :
nations of both. T ) E &
° Figure 4-2 shows the ¥our GA register
The mioraproqram turns- on the GA reg- . latches and the conditions that turn themr
ister latches urider control of the CS on.

.

-

“

LATCH NAME AND PURPOSE TURN ON CONDITIONS RESETS

v

Bus-out cantrol; gate the GO 1. Gate K to GA, and PI, I. Not service=in, not status—
\\ register 10 Bus-out. . CK Sal 0 bit, in, and not address<out .
2. Output operagion, GR full, 2. Gate K to GA, and Pl and
and service~in apd not ser-~ cpPu T,
vice out, 3. Machine reset .

@

Adifrass Out; raise the Gate K to GA, and P1, CK Sal 1 . Gate K to GA, and P1, CPU
addspss-out tag line . bit, and CPU T2 pulse. : - T1, and not halt 1/0.

£ ] ' : .- Not poll-control, not Op-in,

- Toe e . ’ * and'not Halt 1/0.

. . + Op~-in, select-out, and not
d—' Halt 1/0O.
L . Machine reset .-

i 3.

C rr)\lv;md OW; raise H\p . . Gate K to GA, ond P, CK . Gate K to G'A and P,
e cofﬁm%mdmm tog line. ‘;i 5al2 bit and CPU 12 pulse. CPUTI,
S Service~in, status stop con- . Not address-in, not service-
’ “ ' dition, and nov check stop in, and not status-in,
\ mode Machine reset .

&
- T

Service QOut; raise the . GateK to GA, and PI, CK . Gate K to GA, and Pl, and
service-out tag line . ) Sal 3 bit, (VRN
. Channel-end ulone and” . Not address-~in, .not service-
command chaining., in, and not status-in.
Service signal and not set - 3. Machine reset. ~
bus~in to GR.

e N
- Figure 4-2. GA Register

- ', B
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GB_CONTROLS
. Turngg on under microprogram control.

e S field is GB = K.

» - . ’
The GB controls a er 16 general-purpose -

,controls which provifle a variety of func-
qions\fn the selector channel.

) . The microprogram turns on the GB con-
trols under control Qf the CS fleld. The
Ccs field must be GB = K, where K i's equi-
valent to the value of the CK field. The
value of the CK field (K) can be 0 to 15,

with or without the parity bit (P). The.
P-bit is used 'as an additional control -bit.
The CK field, when used for these controls,
can be odd or even parity since this fleld
is not individually parity checked.

‘'Figure 4-3 shows the GB controls and the
purpose of each.

Figure u 3.,>GB Controls

e

BO3

B
P A 1 “CK FIELD .
g GB NAME DECODE* . - REASON
"o, " Set Program Check KO * Zero Count Except for TIC, Memory Wro;), Three Low. vi-r
. Order Flag Bits Not Zero, First CCW is a TIC, Two
JIC's in Succession, CCW Not on Word Boundones, ) )
or Invalid Command. ' e
1. $X2 Selection KI'0or1) | 0=5X1,1=5x2 - A
2, Operational ~Out Reset K2 ¢
3. Reset PC1 | K3
4. Set Selector Interrupt K4
5. - Set Channel Control Check| K5 . A Machme‘ Check Trop when H-Register 5
‘ Latch is On Indicates Hardware Failure : !
. during selector channel chaining or inter- ) o &
rupt routine. | ’
- &
6. " Set GR to Zero K6 :
‘ - - - — =
7. Not Used K7 ' =
8. Count Ready~Not Zero | K8 ’ . '
9. Channel Reset K9*(0or 1) 0 = Reset Everything Except Poll Control.
. . 1 = Reset Everything Including Poll Control.
10. Suppress-Out K10*{0or 1) | 0 =Reset, 1 =Set
1. * Poll Control 1K1 0 = Reset, 1 = Set
12, Reset Select-Out” K12 '
13. 7| Set Channel Busy K13
14, Set Halt 1 /O Latch ‘ K14
! 15. Set Interface Control | K15 = Address Mismatch, No Response, Time Out,
Check L, : Unit Busy on Chaining.- .
o . : -1 .
*(Oor1) Refen to the CK ﬁiald Parity Bit. C c | s
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GC_AND GD REGISTERS
: . === .
. Both are nine-position registers.

¢  They keep a count of the data transfers.
They are initialy set to the value of the CCW count.
They are decremented»evefy selector channel 1 share cycle.

They alw‘x§,set from the GU and GV registers.
. o
2
These nine-position registers (See Figure - During selector share-read cycles
4-1) maintain a count of data transfers . (data-transfer cycles between main storage
during the I/0 operation on selector chan- . " and selector channel), the GC and GD
nel 1. The GC register maintains a high- registers contents are gated into the modi- -
- order count, while the GD register fier, modified minus one, then set into the
maintains the low-order count. © GU and GV ‘registers e
The GC and GD registers set to the value _ ‘

of the CCW count during the CCW. loading During T1 time of selector share write
sequence. They actually set from the value cycles, this modified count is transferred
of the GU and GV registers, through which from the GUV registers to the GCD reg-
the count must pass before entering the GC isters. - :
and GD registers. T ’

GE REGISTER (CHANNEL STATUS)

Set by error conditions during channel opexation;
Reads out under microprogram‘cont;ol.

Controls premature ‘ending of I/O operations when errors are
detected. ) :
N . . 2 - . . . N : N
’ . . . : R . :
- v - . ‘M-“—-—.—__._
The GE register contains six.latches which 6. Interface control check, :
are set by error conditions which occur ’
when loading the channel with the ccW, or . <
by error conditions during a channel opera- Program controlled interrupt (PCI) is
tion. . ‘ inserted on the GE-bus from the GF reg-
’ ister. ! .

1. Incgrrect length - se s
) The GE register and the PCI flag bit is
Program check -~ read out on the GE bus to the GJ assembler

. ’ when channel status is being stored in the
Protection check CSW. The latches in the GE register-detect

B . errors associated with channel operation”
Channel data check : and provide premature ending of 1/0 opera-.

< : tions as required, when errors are detect-

Channel control check P ©ed. . :

GF_REGISTER (FLAG_REGISTER)

Five-position register. '

Set when the CS field of a microprogrém instruction is GF =

: Set with CCW flag information.




¢

This five-position register (See Figure 4. skip, bit 3.

4-1) sets with the CCcW flag information °

during the CCW loading sequence under ) )

microprogram control. The five flag bits Program control interruption (PCI),
are: : : \ . bit 4. .

1. Chained data (CD), bit 0. . ,
2. Chained command (CC), bit 1. The flag byte of the CCW enters the GF

register when the CS field of a micropro-
3. Suppress length indication (SLI), gram instruction is GF = GR.
bit 2. T

GG_ (COMMAND) REGISTER

* Set under microprogram control, CS is GG = GR.

. Four latches will set to the four low order bits' of the Cccw
‘command code. . ’

The four latches are decoded into control lines:

1. Read backward. ) !
2. Input.

3. Output.

v

This four-position register sets with the It sets under microprogram control; the
four low-order bits on the CCW command code CS field of the microprogram instruction is
ggich specified the commands: - GG = GR.- . )

‘
Codet
.

’

“\._¥. Read : : .
2. Write ) - The output of the GG register latches is
: : decoded to furnish control signals:

3. Sense - )
. ) 1. Read backward.
4. control"” - 2.. Input. :

5. Read backward -, o 3. output.

GH CONTROLS v
¢ ,Turned on under micéoprogram control.
e Cs field is GH=K.

. General purpose controls used

1 for diagnostic rm'.crop;ggrams,
and. for various channel micro-program controls. /

GH=K provides 16 possible controls (GK
field equals 0 through 15) used for diag-
nostic purposes and ;orzmicro program con-
trol of the channel. sSde Figure 4-4. The"
GH controls are additional general-purpose
controls similar to the GB controls.

)

FRAME
[OA
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NAME REASON’

$X1-SX2 Machine Reset Used by diagnostics only

Set Diagnostic Mode and Used by‘ diagnostics only
Tag Control

Reset Diagnostic Tag Control W by diagnostics only

Channel Svm;h Used to Switch Microprogram Control
' to Other Channel

Set Chain Detect . Used During a PCI Interrupt

»

Set Count Ro{:dy-Zero Used by Diagnostics Only .

el

Set Select-Out

. Chain Reset . Used to Reset Various Latches and Set
Poll Control When Starting o Chain

¢
Gpga ion

e

Note: 3,5,6,8,9,10,14 and 15 Bits Not Used.

Figure 4-4. GH Controls

GI BUS v
e Nine bus lines.

. connects bus-in to the GR register

‘Connects bus-in to the channeléqphg;oi‘circuits.

The GI bus is a set of nine lines connect- uith the status-italine to provide control
¥ng: bus~in to the GR register and the 7 unit and device tus for the channel.

annel-control ‘circuits. Entry to the GR . :
register is under microprogram control (CS : : '
field is GR=GI), or in the case of data . A parity check is made.on bus-in to
transfer, under hardware control. Entries determine if address and status information.
to the channel control circuits are ANDed from the cg?trol‘unitﬂhas valid parity.

\

. .

GJ_BUS
e A nine-position bus that provides access to the A—tegister.

° Information is put on the bus under microprogram control.

‘The GJ bus is a nine-position bus;geceiving All information is placed on the GJ bus
information from both .selector-channel 1 » under microprogram control, as specified by -
and selector-channel 2. It provides an the CK field in the microword which names
additional access to the A-register for GJ as the A-register source.

information from the selector channels. {

N

-

BO6
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) 1
GJ ASSEMBLEB (SELECTOR CHANNEL 1)

i

Amnine~position agsembler accepting inputs from the follow-

ing sources under microprogram control:

Gckrégister
+.GD register
“‘GEfbus
GK register .
GO register (diagnostic)
Channel tags (diagnostic)

Cﬁsnnel controls (diagnostic)

P;Qvideé an input to the GJ bus for information transferred
b%tbeen selector channel 1 and the A-rejister.

s h " N

s The GJ assembler is a nine-position gate to
“the GJ bus for the following information
(specified by the CK field) when the micro-
program names GJ as the A-register source:

.3 R i
K1 is GJ'= GC

- ‘ .

K2is GJ = GD

K3 is GJ = GK
N
\)\’\
¥ P '\T\ _ ‘«

o Lo
) GK REGISTER'.QMEMORY PROTECT KEY)

. Set by microprogram; Cs is GK = GR.

. Loaded from CAW (Loc 48 hex).
»

P

cycle.

f

The GK register is a five-position memory-
protect register. It is set under

microprogram control from the GR register,
. when the CS field of a microprogram -
.instruction is GK = GR. - i

 J

.

The memory-protect register (GK) is
optional on the IBM 2030. When the memory-
protect feature is installed on the 2030,

*

-~

—

K4 is GJ = GE.
X6 is GJ = Controls (diagnostic)
K7 is GJ =‘Tags (&iagnostic)

K8 is GJ = Go (éiagnostic) ‘
The output of the GJ asseﬁbler (the GJ

bus) provides one of the inputs to the
A-register : AN

. Output compared against the storage key read odt_whqn it is
- addressed by the data-address during a selector-share input

selector channel 1 will contain the GK
register. The output of the GK register
compares to the storage key of main storage
that is addressed by the data address. °
during a selector-share-input cycle. 1If
the keys are not equal, and the protect key
(GK) is not zero, the l6cation in memory is
not changed, and a protection-check is
indicated in the subsequent I/0 interrupt.

Section 4 4-9




GO_REGISTER - Sy

0
. T

A nine-position tégister used as a buffer register fog bus-
out information. .

Input to GO register is from GR register.

Frees GR for other operations durlng information transfer ow
bus-out.

\

Spts during address-out, command-out, or service-out.

The GO register is a nine-position register address, or a data byte to an I/0 control
used to.supplement the GR register during unit or device and receive a reply. -During
information transfers on bus-out. output data cycles, when service-out latch-
Normally, any information in the GR reg- es up the data byte in the GO register, a - °
ister feeds through the GO register latches share-request is generated to pre-fetch the'’
to the bus-out control gate, however, when next data byte from storage and place it in-:
the addreSSqout, command-out, or service- the GR register thus enabling’ faster chan- i
out tag is ralised by the selector channel, nel data rates. Similarly, during data

the information contained in the GR chaining, while the last data byte is.held
register is latched up in the GO register. in the GO register, the GR register is used
This releases the GR reg;ﬁter for other to read out the chained cCW and load it -
selector-channel operations for the time into the channel.

period required to send a command, an

GR_REGISTER (DATA REGISTER)

Nine-position register.

Intermediate storage for information transferred between
selector channel 1 and main storage. é

May be set by:

1. Main storage output.

2. Microprogram.

3. Bus-in information.
The GR register (See Fxgure 4-1) is a nine- " "Whenever main storage is addressed and
position regzster that is similar to the - *  GR is specified, or durlng Selector
R-register. It is intermediate storage for: Channel data cycles.

all information transferred between N
selector channel 1 and main storage.

From the I/0 interface bus-in lines.

Like the R—register, the GR-register
latches may be turned on by several condi-
tions: o By microprogram, set GR to zero.

i\

[FIGURE [ FRAME
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N

'GR, GS, AND GT BUSES : .

Three buses for address, status, error, and control 1nforma—
tion to the A-register.,’ i} . 3

i
S

GR bus: interface address and status.

GS bus: status and control condit%pns.

GT bus: in-bound tags and control information.

i

v

'The GR, GS, and GT buses prOV1de a- function All“entries to the A-register from these
similar to the GJ bus, whereby the micro- bus are under microprogram control. .
program is used to test for information g Vi : C e
concerning the interface and the selector
channels. Figure 4-5 shows. several es
and the functions provided. e -

Direct Input to A Regm'er o

GS Bus . GT Bus

None. None

GR Full Select In

Chain Detect' . . Service-in Not Seryice-Ouf
Not Used Poll Control. or Halt I/O Stop
Interrupt Condition Channel Busy 4

CD Address fn

1=Chnl 1, 0=Chnl 2 Status In

Not Used ; SX1 Interrupt Latch

Chain Request ] Op-In

Input to GJ Assembler
.

GE Bus  Diagnostic Controls Bus Diagnostic Tags Bus

None None None
PCl B - Count Ready, Not Zeg;o Input ’ .w
Incorrect Lerrgth SLI Flag Su;;press:,Out
Program C@l'\e;:k Output i SX1 ROS Reéyest
P}otect?:on Check . Count Ready, Zero .Address Out ‘
‘CFonneJ Daig Check . Not Used Command Out
Channel Control Check o} iCC Flag ‘ Service Out
Interface (;aMro! Check ) ’RE‘;& Bockwotd Bus~Out Cor:tro|

Not Used Skip Flag Operational Out

Figure 4<5. Buses




‘GU_AND GV_REGISTERS

K E Both are nine-position registers. ..

They maintain the data add{ess;
,.(

These registers hold the address during
‘'selector channel 1 operations. GU contains
the high-order address and GV the low :
order. A count also enters these reg-
isters, momentarily, during the initial
loading of the CCW into the channel reg--
isters, and during selector- share cycles,
after it is decremented by the modifier.

.The GU andadveregister latches are set
from the output of the modifier. During

GW, GX REGISTERS

selector share cycles (data transfer
between the selector |channel and main
storage) the Gggigg\év register contents
enter the MN register to address main stor-
age. During the write portion of the ‘
selector-share cycle, the contents of MN is

~modified and set into the GU and GV reg-
isters. - e

v

] Two registers combined to serve as a back-up RQAR to store
contents of WX registers during a selgctor-channel ROS

request. o

Stores location of last microprogram word addressed.

Used during CcC chaining, .CD chaining, or’

interrupts.
_

The GW and GX re¢fisters contain fifteen
latches (combified) and are used as tempora-
ry storage for the ROS afidress in the WX .
registers. when the selector channel makes
a request for ROS .control and breaks into
the CPU microprogram routine, the location
of the last microprogram word addressed is
put into the GWX registers. Wwhen the
selector-channel operation requiring ROS is
completed, the contents of GWX.are returned
to the WX registers under microprogram .
control (gate GWX to WX). The CPU program
now starts at the location (address) where
the interruption occurred. ' '

A selector channel ROS request is ini-
“tiated when: L . :

< g

B

LR Lo
selector- channel

The CC (command chaining) flag bit is
on and the end of present operation:has’
been reached with no errors or unusual
conditions. . N - : BREE

1.

The CD (data chaining) flag bit is on
and the count has gone to zero for the
‘present operation, and no errors have
been detected in the channel. B

. /"v\\
P . EE N |
3. A Selector-channel interrupt '
ccurs.. o R ey -

‘4 These are the dhly,times when the :GWX
i registers are used as the,back—u9 RoAR.

S
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MODIFIER.

2

¢ Modifies #1, -1, or 0.- V R

. Count always modifies -1 during the read portion of a

selector-share cycle.

~ﬁod1ficatioh is always 0 on initial loading of‘;he ch‘

The modifier oﬁtput
the modifier
ation.

It may modify the data address +1 or

parity is determined independently from
data output providing a check on modifier oper-

~1 during the write

portion of a selector-share cycle (+1 for a read operation,

-1 for a read-backward operation).

Information sent through the modifier is
modified +1, -1, or 0. The modifier is
shared by both selector channels (see Fig-
ure 4-1). It receives information from:

1. The GC and GD registers; selector chan-
‘"nel ‘1 (count)z ' . l»i )
o ‘ | |
‘ N

The HC and HD registers; selector chan-
_hel 2 (count) ‘

! \ < |

The MN register; both selector bhaﬁnels
(data address). . |

i

The GR registér; selector channeh 1
.. (loading of the ccw). !
, ”)“
The HR register; selector channel 2
(loading of the ccw. - L
During initial loading of the CCW into
selector-channel 1, the modifier ccepts -
information from the GR register and pro-
vides an unmodified output to the
registers. '

s

During selector-share read cycles, the

modif ier receives the count and modifies it

by ~1. This ocutput then enters the GU and
GV registers. ‘

During selector-share write cycles, the
modifier receives the data address from the
MN register and modifies it +1 or -1

according to the command the selector' chan~

nel is executing. During the early part of

“this cycle, the modified count is trans-

ferred from the GU and GV registers into .
the GC and GD registers. Near the end of
this cycle, the modifier output (data
address) then enters the GU and GV reg-
isters.

The input to the low order%af_uli
fier is' labelled the GHQ 1nput."Th;

FIGURE | FRAME
&-A | Q0L
RA2, |

GU and GV

order is the GHP input. 'The low-order
output is GHZ, and the high-order is GHY.

.

'Note that the modifier output parity
bits are developed independent of the

.results of the data modification. Similar-

ly, the high order carry-in is developed.
independent of the results of the low order
modification. This provides a means of
checking the modifier and also reduces the
time required for results to propagate
through the modifier.

-

Exclusive OR's control the modifieé\b;i.
outputs (GHY and GHZ). A GHY or GHZ bit~ s
on when the exclusive-OR output is minus.

This occurs when the inputs are both of the

same level (both plus or both minus). See .

Figure 4-6.

The carry-in line of the low-order $;di-A
fier-citcuit becomes plus whenever either
+1 or ~1lrmodification is required. The
high-order carry-in line becomes plus when

there is a carry from the low order of the

modifier; the GHQ (low-order) input has all:
8 bits on for a +1 modification and all © -
bits off for a -1 modification. R

Each bit has an‘AND-ok-Inverter ?AoI)

associated with it. This AOI may furnish a .@

carry to the next succeeding position. A
carry is indicated by a minus from the

AOI's for the-odd bits, and by a plus from
the A0I's for the even bits. ) ;

«

An exclusiGe-OR's output will be minus
when its input is either:

1. »gﬂo' = '1 and no éarry entry.’

* e

modi~- ~2. GHQ = 0 and a carry entry.

&

et
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HCARRY IN - ‘ -
ErT: Ce7enm

-L6 BIT

H7 BIT
H+1. MOD

+6 BIT

-L6 BIT

L5 BIT

-L3 BIT

T 1 BT

S HOBIT,

+L OVERFLOW

-L0 BIT

-

»

Figure u4-6. 40, +1 Modification




- ;_;“xing,are coupled so that cl

2

Circuit Objectives

Assume a read command and a selector-read
cycle with a count of seven in -the GC = GD

registers. , >
1. Turn on -1 modification Gqéﬁ\\

Selector Read Cycle °

Activate reverse GHQ Parity
Mod-1
GHQ. 7-Bit

2.

Generate GHZ Parity
Reverse GHQ Parity
Not GHQ P-bit

” Generate GHQ carry-in.
Mod-1

Decondition GHZ 7-bit
© Carry=In
GHQ 7-bit

CLOCK (SELECTOR CHANNEL) -
: ) ]

L]

Condition GHZ 6-bit. S
No carry from bit 7 (GHQ 7-bit
with-1 mod prevents a carry)
"'GHQ 6-bit -~ AT .

Condition GHZ S5-bit.
No carry from bit 6
GHQ S5 bit -

GHZ bits 4, 3, 2, 1, and 0 are not’
conditioned.
No Carry

No GHQ 4, 3, 2, 1, or 0 bits

GHY bits 0 through 7 are not condi-
tioned ’
No GHQ carry-out
: e
No GHP bits 0 through 7

L}

Four latches advanced in sequence by a 2 megacycle oscilla-

tor (M2) or a 2.667 megacycle oscillator (M2-1I).

Co ¢
Latch outputs provide basic clock pulses P1, P2, P3, and P4.

Basic pulses ANDed to furnish select
and T4. .

or timings T1, T2, T3,

Clock runs only during selector read/write cycles.

The clock used to develop timing pulses

for selector channel operation is a four-
stage latch ring (Figure 4-7.). A 2 :
megacycle oscillator (M2) or a 2.667 mega-
cycle oscillator (M2-I) supplies the input
pulses to the ring. This is the same

' oscillator that drives the CPU clock. « The
clock latch outputs are fdur 500 nanosecond
(M2), or 375 nanosecond (M2-1), basic puls-
es designated selector P1, P2, P3, and Pu4.
These four pulses are then ANDed together
to provide the four 250 nanosecond (M2) or .
187.5 nanosecond (M2-I) timing pulses
designated selector T1, T2, T3, and T4.
These T-pulses are used to time all selec-
tor channel read/write operations.

N

k-1 on, gates
on clock-2 and gates off cléck<y (see Fig-
ure 4-7). Clock-2 on, gates on clock 3 and
gates off clock 1.
it gates clock-1 on

The four latches compris%gz the clock

and.clock-3 off. Each
latch, in‘conjunction_with the oscillator
pulses,, turns on and off in sequence. This

. ‘8equence is repeated until the cleck is
stopped. . L e

RS

CEY

When clock-4 comes on;

ey,

' F"GURE‘I'FRA’ME' L

~'Selector read/write cycles.

"if there are no other share-requests.
-selector clock continues to run if another

The timing relationship'between the &
clock P-pulses and the selector T-pulses i
shown in Figure 4-8.
of the P-pulses is necessary to satisfy the
AND conditions which develop the T-pulses’’ =
(Figure 4-7).

.

The selector clock runs only dufing

At this time
the CPU clock is stopped long ‘enough to
complete the information. transfers ‘to or
from the selector channels. At the compl e~
tion of selector readswrite cyclés,: the CPU
clock is restarted. : ‘ i ;

" The selector clock is started noggally

by an SXl-or SX2- share-request (Figyre
4-9). The share request, (not) allow-
write, and T3 pulse turn on the selector.
share-cycle latch. ' With this latch on, the
Sel = i ned on
stopping the CPU clock and starting the
selector clock. The selector clock runs
for two cycles (read and write) and stops
The -

SHare-request is regeived before the end of
T3 time of the selector write cycle.
Coa TmlN e Y :‘w‘g-tz”ﬁ-‘ el el )

¥
.
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_ Selector Share Hold Latch
(Not) Sel P3 Latch —
Sel P4 Latch )

(Not) Delayed Osc

. ‘M.achim Resef
(Not) Delayed Osc

belayqd Osc ~{ Clock 2
(Not) Sel P4 Latch ’

——FLm~-

Machine Reset
- Osc

(R Sel P1 Latch
(Not) . Delayed Osc

“Machine Reset
' (Not) Delayed Osc

Delayéd Osc } S
(Not) Sel P2 Latch o Clock 4
__Machine Reset

[ 7 s B

1

~_Sel P Latch

! i

v

i-16




p~————— Se lector Read/Write Cycle ———*
l¢———— 1 Clock Cycte ~+—-— 1 Clock Cycle , ——
I

I
I

T

‘12

T3

T4
P
Note ‘I = 500 ns Mod 2, 375 ns Mod 2 |
" Note 2 - 250 ns Mod 2, 187.5 ns Mod 2. |

AR

- "Figure 4-8. Selector Clock Timings

.

" CPUR-Cycle |- CPUW-Cycle | Sel R-Cycle | Sel W-Cycle | CPU R-Cycle -
Line Name ' TI T2 | T3 T4 TV T2 T3 T4 T1 (T2 1 T3 T4 T1 T2 113 | T4 | T1 | T2 13| T4

CPU Clock

~Allow Write Latch (CPU)

SX1 Share Request

SX1 Share Cycle Latch

Selector Share Hold Latch

Selector Clock */ i
i 4 [«
~.=ESXI Read Cycle Latch

L3

)

sX1 R/W Control Latch

SXI Write Cyckulatch

>

o
.

*.
i , .
. v -

Yoo

\I E
S \ :

\ 1 R

?iguxe 4-9. Selector Clock Start and Stop 3equence

. e : -

‘

_.Section 4
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 , START I/Oz COMMANDS TO CONTROL UNITS.

T e A selector cnannel start. I/O 1nstruction has five phases.'

1. Read and load the channel address word (CAW).‘

S

2. Selects a channel.’

”

3. Loads the CCW into channel registers and selects an I/O

control unit and device.

Vid

4. Executes the CCW command.

. 5. End the oéetation,

During I«cyﬁles of ‘a start I/0 instructibn,
the control'unit and device address enter
the V-regis$ter. The channel address enters
‘the U-register. , Because this is a .
description of seaector channel 1 start i/o
operation,' the contents of tbe U-register
'is 00000001. »

A selector channel start 1/0 instructioﬁ
is initialized under ,microprogram control. Y

When the. 2030 tegegnizes an instruction as
a start I/0 instrgiction during I-cycles, it’
branches the microprogram to the I/0 rou-
tine. This routin€ reads gut the. CAW and
then branches to thé selector channel
‘microprogram rdutine, which*reads the ccw
‘out of core stérage and lgadg it into sel-
g,ector channel registers. : This microprogram
‘mout;ne also controLs the, initial selection

o .

. ’ N
L,

i P .

: b .

?

‘REAB-AND LOAD CHANNEL ADDRESS WORD (cawf

sequence of a control unit and device.
After completing the initial selection
sequence, the microprogram returns to I-
cycles of the next instruction, while the
selector channel, the selected c0ntrol
unit, and device execute the. CCW' command
“overlapped with CPU processing., ‘Whenever
the control unit requires service from the
channel,. it raises service-in. The channel
stops the CPU clock, honors the request for
service using its own clock and re isters,
and restarts the CPU clock. o

When the’ channel has transferred a
complete record between the IBM 2030 and an
1/0 device, the control unit presents end-
ing status to the channel. This-generates
an I/0 interrupt unlegs the CCW specifies
command chaining. R

'/r\

/ .

" The safme. microprogram routine reads out the CAW for multi-

plexor and’ ae;ector channel opetations.
Check for ﬂbnitor state.
Check validity of CCW address.

N Place cCcw address 1n 1J regiater. f
ol

‘store\caw memory protect key in GK reglster.

The' CAW is one word located in main
storage at location 72(48Hex). It reads
out of storage under microprogram control.
.This microprogram is common to multiplexor
channel operations and selector-channel
"operations. Besides reading out the CAW, .
this routine also tests the current PSW to
- be sure the 2030 is in monjtor state. This
18 necessary becduse a start I/Q instruc-.
tion is privileged and must be issued only
in monitor state.

BI6

*

N

-~

The microprogram routxne reads out: the

current PSW monitor Bit from loca) stcraqe“rﬁa-

If the 2030 is not.in monitor state, the.

microprogram branches to an error routine.*

.

The microprogtam now stores the contents

s

of .the instruction counter (IJ register): in,
.:local storage and places the address of CAW
when-a

“byte 4 (4B Hex) in the T-register. .
start I/0 instruction s being executed,

-the 1nstruction counter has previously en

o

|
(!w

k]

.

Tl y.- « e . . - . B . - . . v 4

.

Lo e

R
s
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. stored by the Execute instruction.
“mémory is addressed from the T-register,

~of the U-register.
~valid for the IB

. three and returns tg/ I-cycles.
.channel address is

‘selector channel 1.
. channel 1 registers: (G prefix) to be loaded
by the microprogranu

- busy.
‘the current PSW condition code to- t
returns to I-cycles. a

"select-out or an operatiqnal-in.

When

the Yow order of the CCW address reads ol
of storage and into the J-register and i
checked to see that the CCW is on a double

‘word boundary (3 low-order bits are 0). W

The T-register decrements by one each cycle

and reads out the remainder of the CAW. .

Byte -3 enters the I-régister. In the IBM

2030, byte 2 is checked for all bits zero ' *

because storage size does not permit ‘
. . . o

a
N

' _CHANNEL SELECTION

s Test for valid channel address.

e Turn on selector chahnel 1 gate.

-Turn on poll control.
- Store unit address in local storage.
' Store next CCW address in local storage.

Set protect-key in GK register.

This phase of :the gelector-channel
microprogram determines which selector-
channel registers to.load by examining the
channel address in theqthree low order bits
If [this address is not
203¢/, the microprogram
SW Londition code to
If the
alid, the microprogram
‘ ' This is
a description of gelector~channel 1 start
I/0 operation; tlerefore, -

sets the current

b
- selector-channel-1 (SX1) gate'is turned on
by the statement GB=K1,0. .
‘on, any .subsequent m1cro'words affecting

With SX1 gate

selector channels will be directed to-
This allows selector -

The mlcroprogram now tests the GT lines
to determine if the addressed channel is -
If it is busy, the microprogram sets
and

\

3

' assuming the channel address is ‘'valid

- and the addressed channel is not busy, the
. microprogram attempts to capture polling,
* . that "is, not to honor any request-in sig-

pals. If polling is not captured within
768 microseconds (M2) or 576 microseconds
(M2-I), a time-out error occurs. Poll
control cannot be turned on if there is a
. After

" I/0 PSW. :
addressed channel, this local storage posi-

‘the storage-protection,

~equal and the

addresses greater than-t ytes.

low order bits of byte.l (memory ptotect
byte) are checked for zero bits. B

When the CAW read out is complete, the
microprogram reads out the command byte. of
the CCW and branches to either-the
selector-channel fetch-CCW microprogram

routine or the multiplexor—channel fetch- . .

ch microprogram routine.

3

setting on poll control, the microprogram :
stores the V-register, (unit address) in
local storage _.forflater use in a command
chaining and setting the interrupt code of
When selector-channel 1 is the

tion is addressed by the statement K3CPU.
It is K21CPU for selector channel 2.

The m;croprogram also stores the addresa
of the next CCW in local storage for later
use in command or data chaining and CSW -
store. The statements for storing this
address in selector-channel 1- local storage
is K6CPU and K7CPU. - They are KZZCPu and
K23CPU for selector-channel 2.

3

&

‘The four

B

“If a-2030 has the méﬁb;y-protéct feature -

stored in the GK regxster.
the start I/0 chain is an input CCW, the
storage protection kéy (GK) is compared .
with the storage key that+is read out with
each data storage cycle. If they are not
protect key - is not’ |
zero, the 1ocatxon in storage ¥is not - :

‘changed, and a protection-check is 1ndicat~

ed in the subsequent. I/o interrupt.

The ‘microprogram documents Specify v

locations. K5, K6, and K7., If SX2
gate is on, the cont;giségn@pmat—'
ically address locat K21, K22,
and ‘K23. ¢ s

Section 4
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' When any CCW in
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INI‘I"AL SELECTION AND CCW IOAD

Check for a valid TIC on a TIC command (if the first CCW is

a TIC, a program check occurs).
Check for a valid command (not zero).

Check for a valid count (not zero).

B
& .
»”

Load the CCW count into the GCD registers. -

Check for a valid flag byte (three low order bits zero).

Place the flag byte into the GF register.

Select the I/o§control unit and device.
Place the command into the GG register.

Send command-out.

Load the data address into qpe GUV registers.
4

This phase of the microprogram routine
"performs two major functions:

It loads the CCW information intthe

channel registers.

1.

-

It selects an I/O control unit and .

device. L

.The CCW reads out of main storage into
the GR register. The flag byte reads into
the GR register and then into the GF reg-
ister.. The count reads out, enters the GR
register and then the GUV registers momen-
tarily. = The microprogram now reads out the
unit address from local storage and Places
‘it into the GR register., The count in the
GUV registers enters the GCD registers. At
Pl -time of the next' cyc¢le, bus-out control
1is raised gating the contents of the GR
register to the bus-out interface lines. .
During this same cycle, the unit address is
placed ifnto the R-register for comparing
with.the address from.the device. At T2
time of this cycle',_the address-out-latch
is turned on. This séts the GO register
latches with the contents of the GR reg-
.ister. At T2 time of ‘the next microword,
the select-out latch is turned on, taisxng
the hold—out tag line.

\th While doing this, the m;croptogram test&
e

count to insure that it is not zero,

" even on operations that do not requite-a
It also checks the validity, . zgr
of the CCW address (high order byte must be

data transfer.

00). and tests the flag byte to insure that
- this three low order bits are zero. .If .
either the command is invalid, the count is
not zero, the data-address is invalid, or
the three low order bits of the flag byte,
are not zero, the microprogram branches to
an.error routine (set'grogtam check) .

Y

»

when the control unit raises
operational-in, the address-out latch
resets, dropping address-out. The control
unit- waits for address-out to fall at its-:
input, raises address-in, and places its
address and the address of the selected
device on bus-in. when.&he channel
receives address-in, the microprogram plac-
es the bus-in informatiqn into the GR-
register. The microprogram then compares

the R-register contents to the GR-register

contents. If they do not match, an
incorrect control unit ¢r device has been -
selected and a mismatch error occurs
(interface-check latch is turned.on ¢
GB=K15). . v

=]

If thete were mo -errors, the, CCW command
byte now reads auq of storage into:the GR
register and-iae _gated to bus-out..  Also at
-this time, the low order four bits of the
command byte are placed ihto the G6 ~
register. The microprogram then turns on
the GA register command-out latch, raising
command-out. When the control unit resets
address-in, the chinnel command-out latch
is reset. Wwhile this is taking place, the
microprogram places the data address into
ithe GUV registers and teste for status-in
from the control unit. - .

Next. the microprogram tests_for zero
.status and turns on the service-out latchg
raxsxng service-out. If the status is
4 the microprogram sets the count- .
y~not-zeto latch and the current PSW
condit1on code to zero, and returns to " .
I-cycles of the problem program while the
selector channel executes the CCW comsmand.
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SELE(;TOR SHARE. CYCLE "', ‘ \
'Stops the CPU clock and takes one sto;age cyele. i

‘" Controlled only by selector~-channel clockgand registers; it
does not involve any microprogram routine - Vel

" Does .not disturb the contents of any CPU registers.

v
e .

3 ' ' ' : ‘ . 3.
A selector-share cycle is 2 microseconds: For input, a selector share cycle is
(M2) or 1.5 microseconds (M2-I) long. It initiated by the rise of~ service~in, which
consists of a 1.0 microsecond (M2) or a .75 signals the arrival of a byte of data. For
mjcrosecond (M2-I) read cycle and write output, a byte of data is pre-fetched from
.cycle. & selector- share cycle is " storage and placed into the GR register .
performed under control ef the selector "' providing the count "is ready and not zero,
channel clock and registers with no micro- and-the GR register is free to accept the

. «aprogramming ipvolved. . data .
k']
o

Input Selector-Share Cycle : \

Reaa,(Read Backward and Sense commands.
3

t Control unit places- information on bus-in and taises"
service-in. ‘ .

The information enters the GR—xegistet if the GR register\is
not in use. ‘

After the information has entered the GR register, the Jel—
ector channel raises service-out.

The selector channel stops the CPU clock and starts ;9@' »
selector clock at the end of the current\microword or;” if ‘&
storage cycle is in process, at the end of that read/write’
or read/compute/write cycle. ) p R

Selé&::; channel stores the input information, and updates
the count and data address. . Sy ’

' Selector channel stops selector’clock and starts CPU clock.

o , . . s

Figure 4~10 shows the timifg sequence of At T3 time ‘of the CPU write or. unmask
an input selector-share cycle. To follow * cycle the selector-share-cycle latch turns
- this timing chart, assume that the GR-full on providing positive ‘indication that-the
latch is off when service-in rises. This channel will assume, bontgol of core storage
indicates that the information on bus-in at the end of the write tycle. At T4 time -
-may enter thé GR register immediately. of the same cycle, the selector<share-hold -
o ’ ‘ o latch turns on. This latch.stops the CPU.
- ' ., - clock at the 'end.of Tu tlme and starts the
"The rise of -the serviqe~ nand not s selector - cloek N v ut
service-out line activates the . } “\'.’.,z“
-SX1-share-request 1 .the set bus-~in ) 2 e ' g R
to GR pulse. ter/a delay of 125 ' With the selector-share~cycle lateh on, .
nanoseconds, tH® GR-full latch turns on, " |the GUV.registers (data-address)- are gated
and service out is sent to/the I/O device \to the MN registers and at selectdr. T1--
to indicate that albyte of data has been' =~ | time, this address is set into the reg-
accepted. The SX1- are-yequest line: ‘isters. Also at selector T1 time, th
remains on until a selectpr-share-cycle is
initiated. It is an indfcation that the " selecto

SX1l-read-cycle latch turns on rindicatinq a
g read gycle,, and a selectér read-
channel will assume. control of core storage # {call. is‘generated and sent to main storage.
at the end of the present tead/urite or ‘. The sX1 read cycle: gates the GCD registers’
read/compute/write seguehce. E . ' i(count) to the GHP and GHQ buses (moditier
‘ eht;y). N %

\ [ : \ 5 .
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SIGNAL NAME

CPU R~Cycle

CPU W-Cycle

" Sel. R-Cycle

“Sel. W~Cycle

I 12| 13| T4

2l

Service-in

T1] 712|131 14

T2 [13]r4

Gate Bus-In to GR .

Set Bus-In to GR

]

SX1 Share Request

Allow Write Latch

©

GR Full Latch

Service Gut

Gate GUV Into MN

Share Cycle Latch

Selector Share Hold Latch

B

CPU Clock

Selector C lock

SX1 R-Cycle Latch *

| GHP & GHQ = GCD (Count)

®

.GUV = GHY "& GHZ

SX1 R/W Control Latch

Co(;m_Ready and Not Zero Latch

SX1 W-Cycle Latch

GHP & GHQ = MN'

GCD = GUV (Count).,

GUV = GHY & GHZ (Data Address)

4
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During the read. cycle, the modifier
subtracts one from the count and places
~this modified count on.the GHY and GHz
buses. At T4 time of the selector read
cycle this modified count is placed into
the GUV registers. - At the same time, the
decremented count is tested for a zero
value. If ‘it is zero, the :
count-ready-and-not-zero latch is reset.

At T3 time of the read cycle, the sx1
read-write’ control ;latch turns on. The
purpose of this latch is to eliminate
timing conditions during the transition
from a selector read cycle to a selector
write cycle. The 'latch is reset at T3 time
of the write cycle.

The AND condition of SX1 read-write
control latch and T1 time provides the

.reset for the SXxi- read-cycle latch and the
‘set for.the SXl1-write-cycle latch.

This*
condition also sets the contents of the GUV
registers (modlfled count) 1nto the GCD
registers. . ..

The SX1—wr1te—cyc1e latch, when on,
gates the contents of MN (data~address) to
the GHP and GHQ buses. The modifier then
updates the data~address either +1 or -1
(-1 for a read-backward operation). At T4
the write cycle, the modified data-
address is set into the GUV registers. Jf
at this time the new count is zero, the
count- ready—zero latch is turned on.

If service-in rises before the end of .T3.
time of the write cle; -the selector-
share-hold latch remains -on and the
selector channel proceeds with another
share cycle. If service-in does not rise
before the end of T3 time, the selector-
share-hold latch turns off at T4 time and
the CPU clock restarts at the end of
selector T4 time. |’ e

i

L v
""Circuit Objectives

]
Initiate a selector-$hare cycle._

VA control unit raises service-~in to
1nd1cate a reguest for service. -

a.

b. Store bus-ln 1nformat10n in GR reg-

ister.

(1) Generate the gate!’ bus—ln to GR
line. Input, count ready and n&f
- zero, not poll control and SX1 R/W
control. :

(2) Generate the set bﬁs—in to GR. line

(a) Serv1ce—1n not setv1ce-out del-
ayed

Not Selector Channel 1 wrlte
- cycle

(b)

(c) GR-full latch off

(d) Input <

(e) Ccount ready not zero. :

(3) Place Bus-in lnformation into GR
reqlster.

(a) Bus-in information

(b) Gate bus-in. to-GR

<

(c) Set bus~in to GR

c. Raise ser%gce—out

*?(1) Generate service signal

«(a) Set bus-in to GR delayed 125
nanoseconds.

Il

(2) Turn on GR-full latch

(a) Input

¥

(b) Serv1ce 51gnal

»~

. (3) Turn on serv1ce-out latch
\.(a) SerV1ce sxgnal
(b) ‘(Not) set bus—ln to GR
d. Generate selector channel 1 (sX. 1)
‘share request
(1) Serv1ce-1n ‘not service-out, not
Halt-1/0, and count ready not zero'
(This, generates. SX1 share~request ‘

until GR-full. comes on and servic
out is glven).

Input operation, GR full, and count
ready not zero (This holds SX1
shareé-request on after service out
is given). .

Output operatidén, GR not full,
count ready not zero. This holds
5x1 share-req on after service out
is given). Y

Request a selector-share cycle

B

2.

'Stop CPU clock at the end of a write
or ummasked cycle and start the :
selector share "cycle.

a.

() Turn on selector—share-czcle latch
(a) 'sSX1 share request
*

(b) Not selector channel 2 (SX2)
share request or not SX1 write |

Section.4 .- 4-23"




.cycle (thzs is part of the1prxor— , (b) sSelector-1 read cycleflatch'bn;

:"ity coptrol.. Assume the lines .
‘are n active). \\ d. Generate selector read-call

' b (1) SX1 R/W control latch off .
(c) Allow-write latch off (turned off

at CPU write T2 time). ) - (2) SX2 R/W control latch off //;ﬂ_y ‘

¥

(d) Selector-share count-3 latch off - _‘ (3) Sel T1 time . ;E

or not H6 (part of priority
control) €. Generate selector auxxliary read call

(e) '‘CPU T3, Sel T3, or not oscillator (1) SX1 R/W control latch off S
. pulse’fip case CPU clock is off) . !
» . . (2) SX2 R/W conttol latch off )
(2) Turn on selector-share-hold latch e
. - - . . (3) Sel T2 time ; s‘ o 3; .

(a) Selector-share-cycle latch on . ‘

. N ///zf. Turn on SX1 R/W control 1atch
(b) CPU T4, Sel T4, or oscillator .
pulse (in case CPU clock is, off). N (1) SX1 neadvcyc1e~latch on

a

(3) Turn off CPU clock 2) Sel T3 time

- . . - ’ 3
. y R A ’ d ol

(a) Selector-share-cycle latch (on) g. Place decremented.eount into GUV
pulls down the clock-start line. registers ’

»

(b) CPU clock continues to the end of (1) GHY and GHz buses (modifie:‘outpuif

CPU T4 time then stops
(2) Selector read cycle

(&) Turn on selector channel clock ]
’ (3) Sel T4 time

(a) Selector-share-hold latch and not
osc. pulse turns on Sel-Pl1 latch h. If Count is decremented to zero turn
off count ready and not ze¥® latch

(1) sx1 reﬂ?ﬁeycie

(2) GHYZ zero (count equals zero)

3. Execute selector-share read cycle.
a. Turn on read-cycle latch

(1) sXl-share-cycle latch on ,
_(3) Sel T4 time

(2) Sel T1 Time
Turn on channel control check latch

(3) sXl-read/write (R/W) control latéh if modifier parity check or carry-out -
off ‘ ‘ o check is detected during the selector

read cycle.

b. Address core storege :
(1) sX1 modifier check T

(1) Generate gate GUV to MN
‘ (a) Modifier parity even, or mismatch

(a) Selec;or-shate—cycle latch on ’ between CHQ carry-out and GH2
: carry-out

(3) sXl-read/write
) (b) sel read cycle

(b) SX1 R/W control latch off ! .
‘(c) Sel T4 time

" (2) Generate Set GUV to MN

. K P ‘. . s
» R - . .
. . . . v \ : . .
- [ . .

- (2) Turn on channel control latch if
(a) Selector T1 time: even parity in M or N register

" (b) SX1 R/W control off " (a) MN register parity check

c. Decrement Count _ * (b) T3 time of selector read cycle

s

(1) Gate GC and: GD reglsters to the GHP j If a channel control check was
and GHQ buses 4 detected, reset count ready and not
zero latch (This latch normally stays

(a) GC, GD register output - : on feor the complete data transfer).

Co4
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k. Status stop condition ‘ f. Reset GR-full latch

(1) channel control check S
: (1) Input
(2) Interface control check

(3) Channel data check : (2) SX1 write cycle

(4) Protection check » ] (3) sel T2 time '

() Program check ‘ vg.' Turn on count ready and zero latch

Execute selector write cycle '(1) Count ready and not zero\latch off
a. Turn on SX1 write cycle latch : ‘ (2) sxl‘wiite cycle ’ | .

(1) SX1 R/W Eon;rol latch on . i “(32 éél f“ time

(2) sel T1 time S (4) Not status stop condition

Place count into GCD registers * h. Reset selector-share-cycle latch
(1) Generate GC and GD sets ) (1) Not SX-1 share request

(a) Sel T1 time ‘ (2) Sel T3 time

N

(b) SX1 R/W control (3) Allow write latch off

(2) Place count into GCD registers . 1. Reset selector-share-hold latch
iy
(a) GC and CD sets - (%) Sel T4 time

(b) GUV Qutputs . - (2) Selector 1 share cycle latch off
| €., Update data-address Y Selector 2 share cycie latch off

(1) Gate MN register to the GHP and GHQ j. 'Place updated data-address.in GUV
' buses ‘ - registers

(a) MN register outputs ‘ (1) GHY and GHZ bus information
i i (modifier output)
(b) SX1 write cycle R . .
’ . . (2) '"GU and GV sets
d. Generate selector write~call
’ : ' (a) SX1 write cycle
(1) SX1 R/W control latch on : , .
(b) Sel T4 time
(2) sel T1 time
k) Stop selector clock and start CPU
€. Generate auxiliary write-call clock . :

°

(1) sX1 R/W control latch on (1) Selector-share-hold latch off

(2) gel T2 time g ¥ (@) Clocks-start line up.
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' Qutput Selector-Share Cycle.

'@ Write and control commands.

. A share-request is initiated by the GR-full latch off; .
information in the GR-register has been transmitted to an
I1/0 control unit. - ’

Selector channelwiﬁitiateé a selector-share cycle upon com-
pletion of initial selection. .
3 4 .

When service-in rises: ’

?

0000 0O

1. The bus-out control laté¢h turns on to gate the GO-
; register to bus-out. - ’

v

2. Service-out rises (after a delay of 125 ns).

v

o

»

s
«

3. Sérvice-oqt latches up the GO register and frees GR for
another byte of data. . . .
i

{ .
4. GR-full latch turns off.
When the GR-full latch ts off:
[ 4 .

1. A selector share-request is generated and the CPU clock |
stops. The selector clock starts when the present CPU
R/W or R/C/W sequence is complete. .

. : e .
Data address enters the MN register, and selector read
call is sent to memory.- ;

.

Data from memory enters GR register, and if service-out’
is reset, the data feeds from GR into the GO register.

Modifier updates the count and data address. i
C ¢

' The selector clock stops and CPU clock starts.

Figure 4-11 shows output selector-share cycle timing.

a

'For output operations, the selector out control latch which.gates the GO- [
channel attempts to have a byte waiting in register information to bus-out. After a
the GR and GO registersg (same byte in both delay of 125 nanoseconds, the channel
registers) before a.control unit raises 4 resets the GR-full latch and raises
service-in calling for that byte. Because service-out. This identifies the informa-
of this requirement to look ahead, the tion on bus-out as data (either record data
selector channel initiates a selector-share ‘or control data). Service-out also allows
cycle immediately following the initial the GO-register latches to latch, holding ™
selection of a control unit. the -data on bus-out until service-out
" - - falls. This allows the channel:to reset .

When the selected control unit raises the GR-register and load it with new data
service-in, requesting a byte of while maintaining data on bus-out.
information, the channel turns on the bus- ~

a

Ve

0000000000 am

i o -
i
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Figure 4-11. Output Selector Share

Cycle

-~

7 , .
%
Initial Selection Selector Share Cycle CPU Cycles CPU Cycles Se¢lector Share Cycle CPU Cycles
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When the GR-full latch is off, and the (a) Allow write latch off (turns off
count ready and not zero latch is on, it .at T2 time of a write cycle). .
initiates a selector-share request. A ;
selector share-request may also be initjiat- (b) Not SX2 share-request, or not SX1
ed by service-innot service-out, count - write cycle - .
ready and not ze¥o, and not halt I/0. The . .
GR-full latch turns off at the same time (c) CPU T3 time .
the channel raises service-ou¥. If the ’
GR-full latch turns off before the end of ™~ (@ sx1 share-request.
T3 time of either a CPU write cycle, an : .
unmasked cycle, or a selector-share write (3) Turn on selector-share-hold latch |
cycle, the selector-share cycle begins at .
the end of T4 time. (a) Selector 1 share-cycle latch on : .
A selector-share cycle consists of a one (b) CPU T4 time.
microsecond read cycle (R-cycle) and a one
microsecond write cycle (W-cycle). For (4) Stop CPU Clock . .
M2-I,, the read and write cycles are .75 : . .. '
» micrbseconds long. (a) Selector-share-cycle latch on .
R prevents the CPU clock from
During the R-cycle, the data address starting another’ cycle. .
enters the MN register, addressing re
storage. The information in the ¢cgre- (5) Start selector Clock
storage position addressed enters the\GR-
register (does not become stable until (a) Selector-share<hold latch on. ‘
W-cycle). Also during the R-cycle, the . ‘ : - ‘
count enters the modifier, is decremented (b) Oscillator pulse.
by one, and enters the data-address . )
registers (GUV). .b.. Place data-address in MN-register. . .
During the W-cycle, the co&nt'entera the (1) Generate Gate-GUV-to-MN Register
count registers (GCD) from the data-address A
registers while the data address enters the (a) Selector 1 share cycle latch on
« Mmodifier from the MN register. The data
address is modified by plus one. Also, (b) SX1 R/W control latch off .
during a selector-shaje W-cycle, the GR X . _
information regeneratés the addressed core- (2) Generate MN register set pulse ’
storage position. At the end of the Ww- : & ' o ' o
- cycle the updated data~address enters the (a) Sel T1 time
data-address registers (GUV) from the : . . ' &. ,
modifier. The 2030 returns to CPU cycles, {b) SX-1 R/W control latch off * N/
.at the end of a selector-write cycle unless - . ) i i
either selector-channel 1 or 2 has a c.’ Exgcute.selector share read cycle.
; .request for service by the end of'selector . "
write cycle T3 time. . (1) Turn on SX-1 R-cycle latch

‘(a) SX-1 share &ycle latch on.
Circuit Objectives : '

s
o0

, (b) SX-1 R/W control latch off.
.

.

1

1. Load GR-register with the first output (c) Selector T1 time.

byte.
(2) Modify count by minus one.

a. Stog CPU clock and start selector .
clock ) - (a) Generate -~ 1 MOD GHPQ (
(1) Generate SX1 share-request SX1 read cycle
» - - .
(a) Output operation , ~ (b) Place count (GCD register) on GHP

.-and GHQ buses (modifier input).

(b) GR-full latch off
GCD register output
(c) Count-ready-not zero latch on '
‘ ‘ (turned on by GB=K8,1 of start . 8Xr1l R-cycle latch on
I/0 microprogram routine).
(3) Turn on SX-1 R/W control latch
. A

(2) Turn on selector-1 share~-cycle .
latch ) (a) sX-1 R-cycle latch on o

v
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(b) Selector T3 time.
) Pléce storage data in GR register
(a) Generate gate detectors to GR
line.
Output operation
SX-1 R/W control latch og

1

(b) Place storage data jn GR reg-
ister.

Storage data out
Gate detectors to GR
(Memory) data feady
(5) Place count in GUV-registers.
(a) «Generate set-GV and se;~GU lines
S§1e¢t0r4Tu time
8*1 read cycle
4. Execute seleétﬂ; share write cycle.
(1) Turn on SX-1 W-cycle latch.
(a) SX-1 R/W, conbxol latch on
(b) Seléctor'Tl ﬁime
(2) Turn off SX-I'R~cyc1e latch
(a) Selector T1 time
(b) SX-1 R/W control latch on

(3) Place count (GUV registers) in GCD
registers.

(a) Generate GC and GD set lines.
'8X-1 R/W control latch on
Selector T1 time

(b) Place GUV-register in GCD reg-
ister

GUV~register output
' GC and GD set lines

(4) Modify data address plus one
(assume a write CCW).

(a) Generate + 1 Mod GHPQ line
sxi write cycle

Not SX1 read backwarad

(b) Place MN register on GHP and GHQ
buses (modifier input buses).-

MN register outputs
SX1 write cycle
(5) Regenerate core storage.

x

(a) Turn on store-GR latch
{

SX1 R/W control

Sel T1 time

(6) Place modifier output in GUV~-
register.

GHY and GHZ buses (modifier

output)

(c) SX-1 write cycle N

(a)

(b)‘Selector T4 time

(7) Turn off R/w.control latch
(a) SX-1 W-cycle l@tch on
(b) Selector T3 time

(8) Turn off W/cycle latch. )

(a) SX-~1 R/W control latch off

(b) Not selector Pl time

e. Stop selector clock and start CPU
clock )

(1) Reset éelectoz-share-hold latch
(a) Selector T4 time
(b) Selector 1 share-cycle latch off
(turned off at selector W-cycle
T3 time.
(c) Selectoéfz share-cycle latch off
(2) Selector clock stops and CPU clock
starts at the end of selector W-
cycle T4 time. .
2. Honor a request for service.
‘a. Service-in rises.
b. Generate SX1 share requeat
(1) Service~in not service-out
(2) count-ready-not-zero latchﬂon"
(3) Not halt 1/0 instruction

C.. Place Go-registet contents on bus-
out. . .
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Form ¥24-3362-2
FES Y24-0510

(1) Turn on bus-out control latch‘
(a) Halt I/0 stop latch off
(b) Outpug operation
(c) GR-full latch on
(d) service-in not servicé out
(e) Not sx1 stat&s stdp condition
(2) Place GO-register on bus-out.
(a) GO-register output
(b) Bus-out control latch 05
d. Raise Service out.

(1) Generate service signal

P4 .
(a) Bus-out control latch delayed 125
nanoseconds ) ﬁ

(2) Turn on-service-out latch

-

- v
Channe; Share Priority

\a) Not Set bus-in to GR

(b) Service s%gnall .
(3) Turn off GR-full la}ch
f(a)'putppt operation ;

(b),Servicé'signal
() aom,ém share request line.

(a) GR-fuil latch off

(b) oOutput op;xation

{c) Count-ready-not zero latch on
(5) set Eo—regisé%x latches

(a) Setvice—but '

’ Note: The GR-register contehts’may

now' beé changed with no effect on
bus-out.

Determines which channel can originate a shq;e.cycle.

With all
allow:

Selectoi‘channel 1, 50% of the time.
Selector channel 2, 25% of the time.

The multiplexor channel 25% of the time.

The priority assignment of' the channels
is fixed by circuit design and cannot be
changed. Selector-channel 1 has the
highest priority followed by selector-
channel 2, then the multiplexor channel.

The priority circuits are effective only
when more than one channel requests service.
With all channels]requesting service,
selector-‘channel 1l assumes control and
turns on the Sxi1 share-cycle cycle-latch
(Figure 4-12). selector-channel 1l is
prevented from taking two share cycles if
the SX2 share-request line is active.

The counting circuit in Figure 4-12
determineq multiplexochhannel priority.
#Mith all channels requesting service, three
selector-channel cycles may be taken before
the multiplexor channel obtains priority.:
In the following example, selector-channel
1 and multiplexor channel request service
simultaneously. Note that
for either selector channel steps the
counting*latchgs.oxﬁb{er to Figure 4-12,

4-30  (6/69)

<hannel s fequeatinq service, priority citcuits,,xklﬁ

Counting latches
by CPU T1 pulse.

(CNT 1,2,3) ware reset -

‘ Selector-channel 1 assumes ity
because the third counti rlatch
active. This condition fates the

turn-on of ‘the selector-channel 1 shar

cycle latchy. -
After three selector-channel write
cycles, the active output of the third
counting latch combines wi’th multiplexor
. Bhare request to degate the turn-on of
“either s ector-channel share cycle
atch. Multiplexor channel now has

a write cycle '“ﬁﬁrequests a storage

N cio

priority. L=

B

only éne channel
cle, it has priority
request is honored at
write or unmasked cycle.

FIGURE'| FRAME |
432 |

In all inst&n&es‘w

over the CPU and the
the end of the cp
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Form Y24-3362-2 .
. FES Y24-0510

>,

SX1 Write Cycle ]

© $X2 Write Cycle ~—f

4 -

£

MPX Share Réquest Hold 7$X1 Share Request
. L sre Request .

‘ F——-SX\SMre Cycle :
(Not) SX2 Shars Request ——e—ad

—~—

MPX Share Request

r-— $X2 Share Cycle

8X2 Share Request ——

(ot

- )

®Figure 4-12. Channel Priority

5
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‘Form Y24-3362-2

FES Y24-0510

CCW ENDING PROCEDURE T

]

.

¢ ' The ending procedure is initiated Yy ending status presented

by a control unit.

1

Endlng stat s may xnitiate a tequeat fbr a new ccw or a

request fo
) =

A control unit may present ending status to
the channel: :

during initial selection.

when the number of bytes spec by
the CCW count have been trans or
when the device cannot send or agcept
more data (c@pnnel end status).

when an I/0 device has completed the -
execution of a CCW, -and is ready to
accept a new command (device-end
‘status).

puring initial selection, a control unit
may present channel-end and device-end
status to the channel to indicate a command
that requires no data transfer.

A control unit presents channel-end

" status to the channel when the number of

.

bytes specifieéd by the CCW count have been
transferred, or when it cannot send or
accept any more data. A control unit may

‘4’ .also present device-end status at this

e

G

time. This is the case when the'1/0 device
48 in a position to accept a new command.
Tape units and file-control units are. - goo
examples of 1/0 devices that keep pace with
‘ the dagta trapsferred on. the. interface.

“ A"control unit may present device-end

'itatus to the channel when a selected

device psompletes the execution of a CCW at
some time after the control unit has pre-
.,sented channel-end status to the channel.

“For exdmple, a-buffered device in an output

. operation presents channel-end status when

the data transfer is complete, operates on
tgg data.-in the huffer, and presents
device-end“to the channel when the CCW
execution is complete.

E
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an interrupt (a new CCW if command chaining).

The channels resbond €o status-in in
different ways, depending-on whether the

. command-chaining, bit of the CCW is on or

off. If the CCW specifies command chain-
ing, the channel initiates a request for
the ROS chaining microprogram routine.
This routine loads the next CCW into the
channel registers and goes through ‘an ini-
tial:selection sequence.after. which the
intertupted microprogkam is restarted at
the point where it was dis%gntinued.

» i
)\‘

When the channel receives ending status,
and the CCW does not’speci y command chain-
ing, the channel activates’
interrupt-ROS-request. This causes a trap
to a selector ¢hannel migroprogram which'
turns on the SX-1 interghipt latch in the
channel. It actepts the device status if

he channel~busy 9atch is on, or stacks the
status back to the control unit .if the,
channel busy latch is.off. Now, if the
current PSW has the I/0 interrupt mask-bit
for this channel gset 'to one, the channel
calls for an 1/0 interrupt. When the CPU

honors this request for an interrupt, it

stores- ' the current PSW (presently in, local‘

storage) in the 0ld-I1/0-PSW location, loads

the Channel Statuys Word (CSW) with the
required information, and loads the PSW
from the I/O-new-PSW location into the
current PSW location in local storage.

When the channel teceives ending status,
and the ccW specifies command chaining, the
channel proceeds with the chaining only if
no etrors have been detected to this point
in the operation. If any check latches are
on, the channel generates
1ntérrupt-nos—request as described earlier.

Refer to CCW Flaq Operations for a
description of command chaining.
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I/0 INTERRUPT

. The selector channel initiates an interrupt when it receives
ending status, and command chaining is not specified by the.

CCW.

U To initiate an interrupt, the selector channel must first
turn on its interrupt latch under microprogram control. It

breaks into (traps) the microprogram to do this.
program address is forced by hardware into the WX registers)

(A micro-~

. At the end of the current PSW E-phase, the CPU honors the

selector-channel interrupt.

U The I/0 interrupt microprogram routine:

&

1. Stores the current PSW in the I/0 old PSW location.

2. Generates the channel status word

(CSW).

3. Loads the I/0 new PSW into the current PSW locations in

local storage

] The CPU executes the I/0 interrupt program under control of K

! the 1/0 new pow

The selector channel initjiates an I/0
interrupt when it receives ending status
from a control unit, and the GF- register

CC-latch is off (npt command chaining).

An 1/0 interrubﬁ is a discontinuance of

‘the program (instruction sequence) con-
. trolled by the currént PSW,

and the execu-
tian of a new program sequence, which is
under control of a new PSW. 1In this case,
the new PSW is the I/0 new PSW located at
main storage position 120 (78 Hex). The
CPU cannot honor an interrupt request until
it has completed the execution of the cur-
rent instruction (G-register). Also, the
current PSW system mask bit that corres-

:ponds to the channel requesting the inter-

rupt, must be on. <

To initiate an interrupt, the selector
channel must turn on its interrupt latch.
It does this under microprogram control.
Therefore, it must obtain ROS control and®

break into (trap) the current microprogram. °

A break in the microprogram can occur at
the end of any CPU cycle if no write cycles
are pending (the allow-write latch off).

When the selector-channel interrupt trap
microprogram routine is complete (remember

FIGURE

)

<
this routine only turns on the selector'.
channel interrupt latch and accepts or *
stacks the device status), the microprogram
restarts at the point it was discontinued
by the selector channels request for ROS
control. (The contents of GW GX is gated

_-to the WX reqisters)

¢

. When the CPU has completed the execute
phase of the current instruction
(G-register), it honors the selector-
channe}” interrupt provided the system mask
bit for the channel is on. It does this by
storing the current PSW (located in local
stotage in the' 170 old PSW location (main

bdorage position 56 or 38 Hex), loading the

nnel status word (CSW, main storage
lbcation 64. or 40 ‘Hex) with the required
information, and loading the I/0 new PSW
into local storage as the current PSW.
After this is accomplished, the CPU returns
to I-cycles and starts the execution of the
program controlled by the currenht PSW, :
which is in this case.the I/0 new PSW. At
some later time, the program must load the
I/0 01d PSW into local storage as the
current PSW, to return to the original
program. Figure 4-13 shows the general
concept 0f an I/0 interrupt.

y Section 4 ‘;33A




Selector Channs! Requests Interrupt Rom Contrsl - o ., Program Tests for Interrupt
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I/O Old PSW .

L Selector Channel

Interrupt Trop (H5)

Tum On Selactor
Channel Interrupt Latch

[

*
A

Store. Current PSW in] . {Load 1/6 New Psw] Execute Oj’zy Load Current PSW
1/0 Old PSW 7 intd’ Current PSW ] 1/O New psw from 1/O Old Psw




o
®
®
®
®
®
®
®
@
"'y
®
®
®
®
®
®
®
e
[
®

o

Sglector Channel Interrupt ROS Request

. The selector channel requests ROS control when it receives
ending-status and thé CCW does not specify command chaining.

The CPU allows the selector channel to take ROS control
following a cycle which has no write cycles pending and when
there are no higher priority requests for ROS control.

¢ . , '
. The selector channel stores the ROAR in its back-up ROAR
(GWX~register) before it assumes ROS control.

The selector channel stores the X6 and X7 branch conditions

in its X6 and X7 buffer latches.

To initiate an I/0 interrupt, the
selector channel must first turn on the
selector-channel-interrupt latch. This ‘s
accomplished by the '
selector-channel-interrupt microprogram

" routine (interrupt trap).

‘When the channel receives ending status
from a control unit, and the GF-register CC

‘latch is off, it generates a request for

ROS control. This request turns on the
selector channel stacking latch at T3 time
if the allow-write latch is off and there
are no higher priority requests for ROS
control.

When the selector channel stacking latch
turns on, it:

1. Stores the read-only addresé register
(ROAR) contents in the selector channel
back-up ROAR (GWX-register).

Conditions the X-register to set to the
address of the first ROS word of the
selector-channel-interrupt microprogram
routine.

Stores the X6 and X7 branch conditions
in their respective selector-channel
buffer latches on the next CPU cycle.

Prevents the set of the control
register on the next cycle (dead
cycle).

FIGURE
1 & VA

Figure 4-14 shows the 'timing sequence of .~
the transition period from the current - -
microprogram routine to .the selector chan-
nel microprogram routine. Notice that the
ROS address of the last migcroprogram word

addressed, not the riext microprogram word. |

address, is stored in GWX. Normally, a RO
word is executed (control register set) one .
CPU cycle after it is addressed. Wheén the' .
first selector—channel*interrupt mcropro-—1
gram word is addressed, the control reg-
ister is prevented from sétting by the.’ 5
any—pruotity pulse. ﬁhxs creates an inacr1
tive cycle as far as the execution of a i
microprogram word. Tne WX-register is }
conditioned to set to the address of the |
first ROS word of the selector channel 1
interrupt microprogram routine. The W~ !
register is allowed to reset to zero at its
normal set time (T1) and the W-register
parity latch is turned on by the any-
priority-pulse. The x-register four bit iﬂ
cond1tioned to turn on. ) |
S |
The k6 and X7 branch conditdons are . |
stored in buffer latches because the branch’
conditions of the last major microprogram -
word may be dynamic conditions, such as the -
2-bus-zero. . These conditions would not be

present when this microprogram is executed -

which is upon the resumption of the major
microprogram. Therefore, the X6 and X7
branch conditions are stored in the’
selector channel X6 and X7 buffer ldtches
and are gated to the X-bus when the major
mlcroprogram is resumed.
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Dead Cycle Sel. ROM Sel. ROM

SIGNAL NAME

T T2 13 T4 TH 12 T3 T4 T T2 13 T4

Status In

.

Status In Delay

—t

Device Interrupt CondIﬁon

SX1 Interrupt ROS Request

b

2
1 Allow Write Latch

Selecrg;ROS Rquuest,

&

Selector Stack Lafch

~

Selector Chain Pulse

"

; JiAnd Peoity Byl
(Lo e B e N

-quée 4 on X Register Bus

.

.

t Bockbp ROAI{

.

Set X Register

o

CROS Go Pulse .

‘Backup Set X6 and X7 . -

Normal Entry’

‘ _SX1.Gate .

e s e e - e L

H5 Latch

Priority Latch

SALl's Good - - ' I :
S T 0 7
Control Register Good /. |

]

.

|

|

|
|I
I

|

|

|

I

|

[

|
L.
I
|-
|

‘- T

‘i A,Vq\ i

|

!

I

I

!

I

1

!

|

i

I

[

{

|

I

|

|

|

| s
I_

Any Priority Latch - . 7

22 | Selector 1 Trop . . 4,8] 7

O _."..____.._i_.__.__

.

N Figure 4-14. Selector Channel Interrupt; Trap 'fiming .
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Circuit Objectives

»

1. cControl unit presents ending status.

a. 'Status-in
b. Bus-in bit & (channel-end)

€. Bus-in bit 5 (device—end)

2. Turn off count Yeady and not zero

latch.

a. Status-in, hot service-out delayed
" 375 ns ~

(1) Not poll control
(2) Not set count ready
(3) Not share-~request

(4) Not R/W control

3. Generate selector channel ROS request

a. Generqtendevice:inﬁer;&ptfcoqditigp
.(1) Status-in
‘2 )7 Channel-end
3) Not cc
g. Generate interrupt cqndition
(1) Status-in
(2) Device*interrupt condition
Sc} Generate SXl inteffupt ROS request

(1) status-in,
- 375 nanoseconds

I73) le,interrupt latch off.

(3) Interrﬁpt condition.

(4) Halt I/0 stop latch off.

(5) H6 off {MPX CHANNEL NOT YORKING)
Generate selector-ROS-request
SX1 inte}rupt ROS request.

Assume ROS Control

a. Turn on selector—chain-requestﬁlatch
(1) Selector ROS req‘*st ‘ <
(2) Not H-register-5 bit‘

(3) Not suppress A reg. check lateh

f

not service-out delayed +

b.

C.

d.

g.

(1) Selegﬁor-chain pulse -

(4) Not allow write latch

(5) T3 pulse
Generate selector chain pulse (KM0B81)
H-register-5 latch off
Selector cﬁain reguest latch on
Prjority latch off
No higher priority latches on
Generate any-priorily pulse

Place address of first
selectox—channel-inte;rupt microwocrd
on X-bus- and W-bus (ROS address 008).
(1) Condition X-bus & line
{a) Selector-chain pulse
(b) Any-priority pulse
(2) Condition W-bus parity bit line
(a) Any-priority-pulse

(b} Not gate-switches-to-wX latch
(

() Not 1401 modé
- e. ~ Place ROAR }nbczigck-up ROAR’

(1) set X-register contents into GX
register ~

(@) X-register output

- 2
(b). Selector-chain pulse

(c) Tu pulse

(2) set W-register contenfs into Gw
register
po—
(a) W-register output - oL
{b) Selector-chain pulse

. 4

(c) T puls:;' .
A-and-X-buses set into the WX
régister at T1 time. This addresses
the first selector~channel-,intertupt
ROS word which is an instruction to
turn on the H-register-5 latch.

Turn on the any-priority latch
(1) Any-priority pulse

(2) T1 time

Section 4 4-37
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o Turn on selector-chanmel | trap latcoh

(1) Selector-crain puise
X1 interrupt RUG Tegueat
CC ROS reqguent. -
T time /
This latch will stay irn .ts jre-

sent state until the rneyt selector
channel RIE reguest.

Nt e:

i. Set selector chamnel 3¢ arnd x° x;:s«:
latches
(1) Xéwdata
(2) X7 data
(3) Selector-chair pulse
(%) ;1, t ime

j. Tarn on priority latch
L

Selector Channel I‘;rrupt Trap Microprogran

. This trap is executed as a8 result of & comtraol
(not inatiaei

tation of status-in or address-in

It turns on the interrupt latch for statum-;» ;’d LT I § O

It checks the status during IPL.

R 7 S TR SR T
.

T s e i
i

ee i S vate 2w e t oMo Fa oy
ary P LYy l*v‘»”““'ﬁ

Fricgity m%a% om

"‘ﬂ e & i

ey apry
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Freeirity Wi e
1. .

crecLister Lk o bmin et raet L om

iw oL twe EEW oy en iater b b
tteg ¥ (rme gyeie after §he
weieTv o CVERYE, (ETE€F T T Wic oy
Promran cal/e the W reqgizter me
the 7 bus Sewtirat o

P -

TrHe epecution o f the ne e g

ChE vt oyt @ F PULR WG CF O i oM take

beguy, '

ULt T emen -
LT S et N

i

It stores the unit address for address-ir. -

Figure 4-15 4% a flow chart of the
selector-channel-interrupt microprogram
(trap) routine. The selector channel
requests the CPU to execute this microgro- -
gram routine for one of two reasons:

.

The channel has received status~-in from
a control unit (not initial status).

The channel has received a request for
selection from a ¥ontrol upit
(request-in, select-out, address-in).
In both cases, the micropr !&&%’t-&f!’iﬁ on
the H-register-5 latch which ?Lv. fies the
microprogram as one associated with the
selector channel. The H-regimteg- L Patch
also prevents the other selector chénnel or
the multiplexor channel from obtaining ROS
control while it is on . The Bicroprogram
also resets the select-out latch when it is
being executed for either reason. wWhen the
E—xeg{utet-s latch turns on, it generstes
the Selector-channel gate for the selector

1

.| FIGURE | FRAME
Pe—

1&AS JOON,

ci8 .

CLEND®L T®gUeRt inGg The eRec oy of this
¢

R CTOREOGIam (5X] gate of Tk, gate .

When the melector-cRarinelsirt erragm ) g
RICTUPTOGTI AR 8 Deing e ied av a tesu t
Of & CORATOl VNIt prTemerntat i of statue-
i, and the UDW execut iorn wes nem & tepult
of initial program load (PLithe
nicroprogram:

1. hooepta the mtatus from the commpe)
anit {f the crannel is busy, and stecks
it if the channel s nem ey
TEINE On the ReleCYOTr-irM erTUIR et oF
ssncCiated with the selector ctanre]
mKing the FUE reguoest. "

ToTTE off the H-register-y latch,

Allows the CPU Lo resame thw sweciop
of the criginel microprogrem.

Reguest-in Cannot tUIT of the select-out
latgr a8 long as the irterrwpt istom

CONTINUED O

Frame DOI




Temains on. Therefore, select-out remains 1. Places the un1t statqs into the R-«
inactive, apd status-in remains active - zeglster.,
until the CPU stores the CSW at which time .
the interrupt latch is turned off by ) S, o »
* microprogram word specufylﬂg channel- reset..; ®heck channel status..
v ' ., E St ‘ ’

When the selector-interrupt trap micro- _ Turns off the H-register-5 latch.

program is being executed. ag a result of - ’ ’ ) : C

status-in, and the CCW was executed as a h )

result ‘of 1IPL, the mlcroprogram. L Returns to the IPL-qperatgbn.
. E : y . b

Place Status
in 'GR Register

ey

Turn On 1/O Interrupt -
Lotch GB =K4, |
Service Outge «

_._._1 .
Restore R ~F
Register.

Restore ROAR

3

K3

A . 3 B
N A . . | .
. L e

<

Retum 15 &
'Ongmul
Mi gra

.

l.g

Figute 4-15: Selector Channel Interrubt Trap Flow Charf
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~ Original Microprogram Resumption

The backup ROAR enters the ROAR (The
.transfetred.to the MX registers). |

The H-reglstet~5 latch turns off.

The X-6 and
X-7 lines (The interrupted microprogram dynamic’ branchxng

.conditions).

- t,

To return the CPU to its original mictopro--

. gram after a selector ROS trap, the selec-
tor ROS trap mic¢roprogram has as its last
© instruction™an instruction to transfer the
contents of the GWX register to the WX

register.
also turns. off the H—reg;sget—i latch.

The .last ROS word of the selector trap
microprogram specifies WX=FWX. Because the
‘H-register-5 latch is on, the FWX portion
of ‘the instruction is decoded as GWX.,6 The
SAL output for this instruction becomes
‘. good prior to T1 time of “the last word, and

gates the GWX reégister contents to the W
and X buses. . . .

At Tl;timetof the.last;wo;d, the W-and
X-bus conditions set into their respective

.

1
170 INTERRUPT EXECUFION

Store current
.

The last selector trap ROS word -

GWX registers are
&3 -

X-7 buffer latches condition the X-bus X-6 and

réq1Fters./ This addresses the last origi-
nal 'program ROS-word addressed before the

" execution of the selector interrupt ROS

trap. Remeémber that although this ROS word
was addressed, its execution was prevented.
because the control-register did not set.
During the same CPU cycle the control-
register sets for the last ROS word of the
selector ROS trap thereby executing the:

" microprogram 1nsttuctxon.

. At T4 of this cycle, the ROAR—restote—
buffer latch turns on. This latch gates
the X-6 and X-7 buffer latches (holding
branch condition) onto the X-bus 6 and 7
lines. The éxecution of the original

. microprogram is now at the point at which-
. the selector ROS trap d;scontinued it.

~

in 1/0 old PSW location.

Store required information in .CSW location.

. Load new I/0 PSW into local storage, maklng it the current

PSW

The last E-cycle ROS word of each instruc-
tion branches the microprogram to the
interrupt microprogram routine if“an inter-
rupt existsy

The first, ROS word of the interrupt
routine has the instruction: Test Interrupt

with both X6 and X7 branch indicators set
to 1. This instruction is a test to deter-
mine the source of the interrupt:

External or timer interrupts prevent
both .the X6 and X7 branches (xs-o,
X7=0).

Selector-channel 1 interrupt prevents
the X7 branch (X6 = 1, X7 = 0).

selectOt-Chaqnel 2 interrupt prevents
the x6 branch (X6 = 0, X7 = 1).

4-40

4. Multiplexor cnanpel allows both X6 and
X7 branches (X6 =1, X7 = 1). .

Assuming a selector-channel 1 interrupt,
the microprogram branches to ROS word 112.
The microprogram turns on the associated
gate (SX-1 or SX-2) and reads out the. unit
address from local storage, places it in
.the L-register, and sets the U-register to
the address of selector-channel 1. After

. turning on the S4 latch to indicate a.
selector-channel interrupt, and setting the .
_Q-register to zero to deactivate memory

protect, the microprogram stores the cur-

_rent PSW in the I/0 old PSW location

Hex address 38).
The interrupt code is the first item
‘'stored in the I/0 old PSW. . Because this is

an I/0 interrupt, the addresses of the
channel and I/O. unit causing the interrupt,
are stored as the interrupt code. The

(main-storage location 56,

D02

-

N

- \ : S e . . .
90000000 00

.
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]

. .
. *
s

L)

. old PSW location.

1. bit 32--CD;

_/2. bit 33--CC;

micrbgrogram next reads out the storage
protect key and system mask and stores them
in their” ‘respective positions in the I1/0
old PSW. ‘The microprogram then takes the
current instruction counter and stores it

" in the low order two bytes of the I/0 old

PSW. RS

The instruction lenqth code (ILC),
condition code (CC), and program mask are
not contained in one byte in the current
PSW. Thexefore, the microprogram must
determine what the ILC is by testing the
two high-order bits (0 and 1) of the. G~ '~
register which contains the command code of
the last executed instruction. Both the
current condition register, and the program
ymask are located in local storage (K27CPU).
The microprogram also reads these out and -
.decodes the four~position condition
register into two bits. After this is

.accomplished, the microprogram asSembles

the program mask, condition code, and
instruction length code into one byte and
stores this byte in the 1/0 old PSW. The
current PSW is now fully stored in the I/0
The microprogram now
stores: the required information in the
channel status word (CSW), located at main
storage location 64, Hex. address 40.‘

. The CSW store'portion of the I1I/0 inter—
rupt begins on CAS page QQ. - The first-ROS -
word of this phase, tur ‘on the.G-register
G3 and &7 latched. This'fakes the 1/0

fhter:upt appear as a test I/0 instruction. -

Thé microprogrs: ‘determines. the difference -
between a true test I/0 instruction and an
170 intexrupt by the conditjon of the sS4
'latch.'qh
After branching on the Sk laﬁch, the micro-
program determines which selector channel
has initiated the interrupt, and turns on
the associated gate (SX1 or SX2).  When
this is accomplished, the mlcroprogram
stores the requlred informatxon 1n the csw-

'«

‘1. Count from the GCP reglstgrs. N RN

"2. Memory- protect key from the GK reg-

ister:

+

Ty

CCW_FLAG OPERATIONS = A

e Five ccW flags modifyhthelccw‘operation.

. e /
The CCW contains five flag bits. These /

bits and their locations in the CCW are:

chain data address.

chain oommand.
e

4.-

ich is on for 1/0 1nterrupts. . .;

Unit status from the GR—registér if the ,-
channel is busy, or from the device if’
the channel is, not busy.

_Cbannel stgtus from the«GE registe;. -
2 : ) . ' o
., Next CCW address, from local storage.

When the CCW is stored, the microprogram
resets the channel that initiated the
intexrrupt. The microprogram now starts
loadims the I/0 new PSW into local storage
as the current PSW (CAS page D5).

At the same time the I/O new PSW loads
into local storage, certain 1atches asso~
ciated with the PSW turn on: . . :
1. The mask latches turn on when the sys-

tem mask reads out of the I/O new psw
and into local storage (xzn).

‘The malfunction-suppress latch turns on
if the machine—check mask-bit is 0
(off).

The ASCII latch tutns on if ASCII is
designated by the x/o new PSW.

The Q-register sets with the, 1nforma-
. tion in the "PSW protect key arga. ’

‘The instruction .address -enters the, IJ-
registers and does not enter local storage.
The two-bit new PSW CC decodes into four
bits and enters the condition register (K27
CPU). 1If, during this load new PSW
routine, the microprogram determines that
the high order of the instruction address
.is not 0, it stores this byte at Ki6 CPU. .

It also turns on the S-register-two latch ®

if the low-order byte of the instruction
address is not an even numbered address
(position 7 of the J registet is oN)."~

. .When this PSW is fully loadeﬂ, the
mlcroprogram branches to I~ cycles,- and
starts the execution of the I/o interrupt
program.

. - - v
& .

4

3. bit 34=-SLI; suppress length indication

4. bit 35--SKIP; skip data.

+ e

5. bit 36--PCI; pfogram‘control interrdpé.
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ing the operation an' incorrect length

situation arises; that is, the control
unit sen#& status-in and the count is
not zero, or it sends an additional.

service-in after the count has reached
zero. ' e

The flag bits function independently of -
‘each other except that the CC and SLI flags
. do not take effect if the CD flag is on.

The time, in relation to the CCW execu-
tion, that a fiag bit takes effect,. varies
as follows: S

| . )
R The SKIP-bit takes effect during the

execution of a CCW specifying input
#® (read, read backward, ‘or sense).

The CD bit takes effect when the count 4.

reduces to zero.

The CC-bit takes effect when a control
unit sends ending status and the CD bit 5. The PCI-bit takes effect after its~

is off. : : associated CCW is loaded into the sel-
) ector channel registers, and the system
- mask allows I/0, interrupts.

.

.y :
L » .

The SLI bit takes effect any time dur-

o

CD FLAG BIT

The CD-bit takes effect when the count in the GCD registers
. reduces to zero. , :

It allows the selector channel to fetch the,count, data

address, and flag byte from the, next CCW. Aen e

' CD allows the selector channel to gather output information'
from the storage pogitions that, are not adjacent or to place
input information into storage locations that' are not adja-
cent. ' o

' , .
) i : .

»

~ Irfput Record

4]5 6]7[5[9']10"”

Y

. CCW3 -
300 | 301] 302] 303 [304

CPU.Storage  # -

Count = 3, Data Address 100
Count = 2, Data Address 200
Count =5, Data Address 300

‘ ccw 1 Read.Operation
» CCw 2,

ccwW 3"
J

Figure 4-16. Data Address Chaining (GD)

¢

o
hd . - |
|

Chaining data addresses is.controlied by

When the chain-data flag bit of the CCW
the CD latch of the GF-register. .This

is

it is an instruction to the channel

to fetch the count, data address, and flag
byte from the next CCW when the count in
the count register is reduced to zero.
This permits the channel to ‘use core-
storage locations that are not adjacent in
the execution of a command (two or more
chained CCW-s). This linking together of
data addressesis called chaining data
addresses. Figure 4-16 illustrateés the
principles of cﬂginfng data addresses.
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latch turns on whenever the CCW loads into
the selector channel registers and the
CD-bit of the CCW is on' (in a logical one
state). R . .

During the selector share cycle in which
the count becomes zero, the count-ready-
zero latch turns on. This latch on,
together with the CD latch, generates a -
selector chain ROS request. This is a

request for the CPU to trap into the cur-

D04

r. .




¥

. .
."

rent microprogram routine and execute the

.selector chain microprogram routine.

The selector chain microprogram routine
stores the contents of the R-, 8-,'V-, and
U-registers into local storage and reads
out the next CCW address from local stor-
age. It then reads out the next CCW from
storage and loads the count into the count

"registérs (GCD), the CCW flags into the

selector-channel’ flag register (GF), and
loads the CCW data address into the selec-
tor channel data address registers (GUV).
dt also determines the next CCW address and
places it in local storage. After this new
CCW information is loaded into the selector
channel registers, the microprogram res-
tores the R-~, S-, V- and U-registers to
their original state, and the microprogram
continues at the point where it was discon-

" tinued by the selector chain ROS request.

A program check occurs if any part of
the CCW (command code, data address, flag,
or count) is invalid. .

" circuit Objectives'.

Y .
Assume the CD-latch’in the GF-register
turned on when the CCW was entered into
selector channel registers. This specifies

that data chaining will take place when the

CCW count- goes to zero, if no channel
checks have been detected.

1. Recognizt a count of zero.

a. Count reduces to 0 on selector share
read cycle.

b.’ Couniifeady-notfzero latch resets
(1) sel Ta‘gimb n
(2), SX1 read cycle T
(3) GHY & GHZ = Zero (modifiér output)
c. Count«ke;;y~zero 1§téh turns on
(1) sX1 write cycle
(2) Selector T4 time
(3) Count-ready-not-zero latch éff}
(4) Not status-stop condition
2. Reqhest a se1ecth ROS trap.
4. Generate Selector ROS REQUEST
e ]i) Generate CD chain request.
. (a) cp-latch on |

(b) Count-ready-not-zero latch on

N
“ () GR-full latch off =
(2) Generate\SXl.chaih S Request
A (a) CD chain request/ip
(3) Generate selector ROS request
(a) SX1 chain ROS Request
3. Exécute Selector -chain micgopfogtamg
m.a.» %urn op'H—register 5 latch.

b.’ Store contents of CPU registers R, S,
U, and V. ) . )

k20 CPU

(1)’Stoze R-register in local storage =

(2) Turn off latches thag‘wer§ on due

. to previous operations and turn on
_ poll control v

(a) GH=K13 (Chain-reset)’

(3) Storeﬁévrggister in’locgl storage

(a) K29 cpU |
() Res ‘

(4) Store V-register invlocai storage
(a) K3L1§pu | |
(b) R=v "’ A \

(5) Store U-regiétet in locai storage

S

(a) K30 CPU
(b)) R=U

‘. Update next-CCW-address.

(1) Read oét low-order of next CCW-
© address} T
(ay K? cPU. -+
(2) Increment it by 8 and replace in
K7 of local storage. 'Load low .
ordek address 4n V-register.

(a) RC=R+K8L

el N
(3) Read out/ﬁzgh order of next CCW-
address | ‘ -

(a) K6 CPU
(4) Update high order of next CCW
address and replace in Ké of local
storage. Load high order address
in U-register. . i

(a) RC=R+C (this adds 1 if an address

carry occurred when the low order
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d.

.of the next CCW address was
updated)
Fetch next CCW.
(1) Read oqt op byte and check for 'a
transfer~in-channel (TIC).
: 1t is not

(2) Read out flag b§te

(3) Place flag byte in GF register

(a) GF=GR
(4) Read out low-order count

(5) Place lo