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2. 0 APP tr CABLE DOCUMENTS 

The following documents form a part of this specific:ation. 
to the. extent specified herein. 
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2.1 Functional Specification 

8$2052 

8820 s 3 

. 882046 

88206 7 

882045 

8820 76 

882051 

882059 

882068 

Inte~rated File Adapter 

Integrat.ed Communications Adapt,er 

Integrated Line Prin.t:er Adapter (S/N 4 thru .11) 

Integrated Card Rea4er.Adapter (S/N 4 thru 11) 

Integrated Reader-Pllllch Adapter 

Integrated Card Reader· Adapter .(S/N 12 and beyond) 

Basic Data Channel 

Power System 

1300 Main Storage 

2. 2 Other Reference Documents 

881803 TTL High Speed Ground Rules 

881805 • TTL Medium Speed Ground Rules 

881828 TTL1-TTL2 Interface GI'owid Rules 

881879 Final Assembly, Type MSC70 Module . 

881986 Printed Circuit Board Design Guide 

882019 A.C. Power Requi~ements for Equipment 

882020 Environmental Re-tuiremen'ts for Equipment. 

890500 7200/7300 Proc~ssor Machine Feature Index 

882038 7300 Processor Test Specification 

Midwest Operations Quality Assurance Man·ual 

' ,:&iifi'''' \ll . , ...... - .. ~ 

c--~• 400HA 



88.ZOOO 
ENGINEERING SPECIFICATION .._,. 10 of 

3~0 REQUIREMENTS 

The 73.00 Processor shall meet: the requirements as stated. 
within this Section. 

The 730.0 Processor shall support the Main Storag·e facility 
referenced in Section 2 .1 and. shall conform to the 
Address, Data and Control Signal conventions as describ~d 
within that applicable document. 

3.1 Generai Description 

For• 400HA 

The Memorex 7300 Processor shall be defined as a 
mi~ro-program· controlled, I/O oriented,·Busines3 Dat~ 
Processor as shown in Figure 1. 

The; Central Processing Unit shall provide "multi-state" 
proc·essing and shall consist 4:>f five functional wiits 
designated as .Control. Storage, Arithmetic Logic Unit, 
Register File, Register Option and Timing/Control., 
Operations within ·the CPU shall be performed, primarily, 
in 16-bit parallel mode. 

The 7300 Processo1· cabinet shall house the processor 
elements which, in addition to the Central Processing 
Unit and Main .Storage, shall include Integrated Adap·ters 
for commun;i.cating with Disc Drives, Line Printers 7 
Card·Equipment, and variou~ Terminal devices with the 
latter including a Keyboard/Printer for manual entry and 
"hard copy" display of data. Binary data entry and 
display shall also be possible from the 7300. System Control 
Panel which shall.be raounted on the front of the 7300 
Processor Cabinet . 

. Communications with Disk Drives and Terminal devices shall 
be handled by the rntegrated File Adapter ( IFA), and the 
Integrated Communications Adapter, (ICA), respectively. 
Commtinication with other types of I/O equipment. shall be 
effected by means of I/O Channe'I(s}, either ·via adapters 
within th.e 7300 Pr()Cessor cabi11et or through compatible 
external controllers. · 

See Figure 1 for t~e 7300 Processor Block Diagram. 

See Figure 2 for the approximate. placement of Processor. 
elements within the 7300 Cabinet. 



~ 882000 

Eq·u;pment Group 
EN.GINEERING S?ECIFICATiON 11 ·Of 

3. l.1 

.... _ .,..,. ..... 

Processor Organization 

The Cen·tral Processing Unit shall be .capable of assuming 
any one .of ten unique "states" as determined by the 
output of a Resource Allocation NetWork. 

Eight of these Processor States, designated 0 through 7, 
shall be unique by means of the assignment of registers 
within the RegisLr File .. This assignment of Registers 
shall be accomplished such that normal Micro-command 
execution in one of th~se Proce~sor States shall not 
affect the contents of .those registers assigned to the 
remaining Processor States. Thus, the implementation 
of Processor States 0 through 7 shall be atcomplished 
pl,"imari ly by means of partitioning the Register Fi le. 
For each of these:~ eight Processor States, the registers 
assigned, and normally reserved exclusively for their use, 
shall be referred to as "Dedicated Resources". All other 
re~ources within the CPU for which no exclusive assignments 
are made, shall be commonly available to all these 
Processor States and shall be referred to as "Common 
Resources". 

Figure 3 depicts the flllldamen tal partitioning of the 
Register File. 

The ninth state of the Central Processing Unit, designate~· 
Console State, shall be unique as a result of functional 
assignment to a portion of Control .Storage. The. Console 
State shall access its assigned portion of Control Storage 
in conj un<;tion with certain switch set tings on the / 300 
System Control Panel. In addition, logic within the 
Timirig/Control area shall be reserved for Console State 
usage in the case of operations which shall not oe Micro­
command controlled, namely Control Storage Read and Control 
Storage Write operations. 

The ten.th state of the Central Process·ing Unit, designated 
Null State, shall be unique to the extent that it shall 
control CPU operation in the absence of resource utilization 
on the part :>f the other· nine Processor States. The 
Null State shall ~equire usage of the Timing/Control logic 
only, for the purpos·e of resynchronizing resource require·­
ment requests for Processor.States 0 through 7 and the· 
Console State. 

The minimum- duration .of any one Processor State -shall be 
an 800 n/s interval during which the execution of a 
maximum of ei·ght micro-commands shall be possible. This 
interval shall be referred to as a "major cycle". (The 
number of Micro-commands which may b~ executed. during a 
major cycle sh.all be dependent on the nature of the 
Micro-command:... thems.elves, up to a maximum of ei.ght) . 
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The maximum du:rati.on of any one Processor State shall be 
determined acco~ding to the occurrence of resource 
utilization requests, the priority of all such requests, 
and the ability (ULnder Micro-command control) of a. 
Processor state to utilize consecutive major cycles. The 
maximum duration of any one Processor State shall always 
be equal to an integral number of major cycles. . The 
maximum duration· of~ major cycle shall be determined 
according to whether a ~·fain Storage reference is required, 
whether the Error Correcting Code (ECC) Featµre is present 
when a Main Storage reference· occurs and whether the 
associated Processor State ·has met all the criteria fo~ 
corlsecutive cycle operation. As a result, the maximum 
duration 6f one major cycle shall be 1.2 u/s, with all 
100 n/s increments . from 800 n/s through 1/2 u/s being. 
~ossible as determined by the combination (s) of the 
conditions previously mentipned and as depicted in the 
following chart. . . 

nr
ECC Feature Present 

rr=Main Storage Reference 
~onsecuti ve Cycle Mode t .. To.ta! Maj or Cycle Interval l 

No No No '{Eu I .EJ. l E2 l E3 I E4 I ES I E6TI?f • 8 u/s 

No No Yes jEO I El I E2 E3 I E4 i ES f E6 j E7j EB j E9 f LO u/s 

No Yes No· jEO I EcYf El E2 I E3 I E4 1 ES I E6j E7 I .9 u/s 

No Yes Yes jE O I E 07 I E 1 E 2 I E 3 I E 4 I Es j. E 6 j E 7 1 E 8 I E 9 f 1. 1 ti/ s 

Yes Yes No IE o I E <Y I E CP E Jl I E 2 l E 3 l E 4 I Es j E 6 I E 7 f . I. o u/ s 

Yes Yes Yes jEo I EcYf Ect' El I E2 i E3 j E4j ES/ E6 I E7 j ES ( E9f 1.2 ulsi 

NOTES: 1. EO, .EO"', EO.v, andl. El through E9 represent minor cycle 
intervals of 100 n/s each. 

2. EO through E7 provide Micro-command execution.· 
3. ES and E9 provide hardware operations associated with 

Consecutive Cycle Mode operations. 
· 4 !' EOI provides a hardware idler associatt:d with Main 

Storage reference cycles~ 
5. EO" provides a harc;lware idler associated with Main 

· Storage reference cycles in the presence of the ECC 
Feature. 

Figure 4 depicts the flllldamen tal .timing sequence involved 
in a Multi-State Operation involving Processor States O 

. through 7 ,· without priority,, and using minimu.m interval 
major cycles ·each. 

-----------------------------------------------------------------------..... 
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·Register Fi le 

The Register. File shall be divided into four major groups 
designated as follows: 

·Basic Register File 
Extended Register File, Group I 
Extended Register File, Group II 
Extended Register File, Group III 

Three of these major group::; shall be further parti tioneci 
for the purpose of creating dedicat~d resources corresponding 
to Ptocessor States 0 through 7. For a diagram depicting 
Register File organization~ see Figure 3. 

a. The Basic Register File shall consist of 256 16-bit 
registers ~~h].ch are general purpose and under Micro­
command control only. These 256 registers shall be 

idivided into 8 sets of 32 registers each, corresponding 
to the 8 Processor States having 32 Registers each. 
Logically, these registers shall be arranged in .a matrix 
of 8 columns by 32 rows. :-.iormal ~Iicro·-command execution 
shall oe con£ine·d to t~e colwnn ·corresponding to the 
Processor State of the CPU. A special mode of Micro­
command executiori · referred to as "Boundary· Crossing 
Mode" shall p1ermi t any Processor State to reference· 
the re gis te rs in other Processor: State columns .. 

b. The Extended Register File, Group I, shall consist of 
116 18-bit registers which are special purpose and 
under hardwarE~ as well as Micro-command conti.)l. 
Eight of these registers shall be allocated, one each 
to Processor States 0 through 7 and shall be designated 
as "F Re~isters" with only the right·-most 16-b:its being 
us~d. T e con1ents of the appropriate F Register shall 
be read in advance of the major cycle(s) allocated to · · 
a Processor-state, shall be available for. Micro-command 
modification during the major cycle(s) allocated to 
a Processor State· and, if altered by Micro-command, 
.shall be updated in the appropriate F Register after 
the completion of the major cycle allocated to a . 
Processor State, all under hardware control. The 
remaining eight· of these Registers shall be allocated, · 
one each to Processor ~tates 0 through 7 and shall be 
designated as "Pu Register:;''. The c·ontents of the 
appropriate Pu Register shall be. ha,rdware contr.olled 
in a manner similar to that previously described ·for 
the P Register. 
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However, the purpose of the Pu Register ~hall be related 
to Control Sto·re Address, Overflow/Link status and 
Skip/Control Store Parity Error. Status. For a diagram 
depicting the timing relationships of the hardware 
controlled.sequences for F and Pu, see Figure 4 •. Logically, 
the registers within this Group are arranged in a matrix 
o.f 8 columns by 2 rows. Normal ~Iicro-command execution · 
shall be confined to the c~lumn corresponding to the 
Processor State of the CPU. A special mod~ of Micro­
command execution referred to as "Botmdary Crossing Mode" 
shall permit any Processor State to reference a single 
register in other .Processor State colunms per major cycle. 

NOTE:\ Special conventions shall a~~ly when addressing 
Pu by means ·of Micro-commands. Moreover, the left-most 
2 bit positions of Pµ which relate to Skip/Control Storage 
Parity Error status shall be reserved primarily. for 
hardware control. 

c. The Extended ·Register File, Group II shall consist of 10 
16-bit registers commonly available to all Processor States. 
Two of these registers, designated "Tie Breaker iTl", and 
"Privileged Mode, (fMl", shall be under Micro-command control 
only and shall serve as general purpose, common resource 
registers. ·The remaining eight of these· registers shall be 
under 

1
hardware as well as Micro-command control and shall 

serve 'as varying, special purpose, common resource registers. 
Micro-command control of the special purpose. registers within 

; this group must meet special conventions as determined by 
the varying hardwat·e con trolled functions performed at the 
inputs and/or outputs of these registers. 

d. The Extended Register File, Group III shall consist of 
a maximum of 64 16-bit registers, architectually a part 
of the Register' File but physically a part of the . 
Inte-grated Adapters and I/O Channels within the 7300 
Processor. (It is not.within the scope of this document 
to describe the actual numbers, widths or fwictions of 
the registers wi thi:n this Group. Such information shall 
be provided by the appropriate d0cuments· in Section 2.1). 
For the directly addressable maximum, these 64 registers 
shall be divided into 4 sets of 16 registers each, 
corresponding to Processor States 0 through 3, having 
16 registers each. Logically, these registers shall be 
arranged in a matrix of 4 columns by 16 rows. Micro­
colllilland execution shall be unconditionally confined to 
the colunm corresponding to the Processor Sta:te of the CPU. 

NOTE: The Regi_ster Address, Data and Control signal 
conventions for communicating with the Extende.d Register 
Fi le, . Group II I are provided in. Section 3. 2 ~ 4. 

!------------------------·~~~------·-·------------------------------------__. 
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Register Op.ti on 

The. Register Option shall pr·ovide the "leans for enhancing 
the 7300 Process6r by accomodatin~ ~~e following Selectable 
Register Features: 

Relocation and Protection Feature 
Basic Storage Protection Feature 
Job Accounting Feature . 
Error Correction Code Feature (Registe~ Set) 

Each of these Selectable. Register Features shall be supported 
within the Register Optlon through the implementation of a· 
separate group of special purpose ·registers. However, the 
Relocation and Protection Feature and the Basic Storage 
Protection Feature shall be mutually e-xclusive. 

As a result 6f the highly· specialized and dynamic 
ftmctional requirements on the part of all of these 
features, the. opE~rations within the _Register Option shall 
occur primarily under hardware control. Micro~ command 
access to the registers within the Register Option shall 
be effected only by means of special Main Storage reference· 
cycles and shall be allowed. for all Processor States. 

a. The Relocation and Protec::tion Feature shall consist of· 
a Segr.1cnt Tag File.,. a Segment Table, a Protection 
Matrix and an Address-Mode Register. · · 

The Segm~nt Tag File shall consist of 259 4-bit Tag 
Registers corresponding to left-most extensio~ . to 
all 256 registers irt the Bas it Register Fi le and 
the Parity Error (PE),- Console Address (CA), and 
Console Data· (CD) Registers ·in the Extended Register 
File, Group II. The Segment Tag File shall provide 
expansion of Main Storage Address· capabilities from 
65,536 bytes to 1,048,·s16 bytes. · 

The· Segment Table shall consist of 16 registers, each 
containing 32 bits of logical significance. Segment 
Table entries shall provide Main Storage ·Address 
reloca~ion and Main Storage protection bas~d on the 
partitioning Clf Main Storage into a.maximum· of 16 
segments·, (Eac:h Main .Ctorage Segment shall contain 
256 bytes minimum and 65,.536 bytes maximum). 
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The Access Protection Matrix shaU consist of 16 
16-bit registers and shall provide read and write 
protection for each Main Storage segment on a 
Processor Stat~ basis. · 

The Address-Mode Register shall be a 16-bi t register 
and sh al 1 provj.de con tro Is for both the re location 
and protection mechanisms on a Processor State basis. 

b. The Basic Storage Protection Feature shall consist of 
· 3 16-bit registers referred. to as "Bounds Registers". 
This option shall provide Main Storage Protection ,in 
Pages of 256 bytes each, during Main Storage write 
operations on the part 9f Processor States 5, 6, and 7. 

c. The Job Accotmting Feature shall consist of 8 32-bit 
registers corresponding to Processor States 0 through 7. 
During each major cycle allocated to one of these 
Processor States, the corften ts of the associated 
32-bit register shall be incremented by one. 

d. Error Correcti'on Code Feature (Register Set) 

The Error Correction Code Feature shall be impiemented 
within Main Storage and shall be described by the 
appropriate documen·t listed in 2 .1. 

The Register Set, associated with ECC but accessed· 
as a part of the Register Option shall provide 4 
16-bi t quantities relevant to the serviceability 
and availability aspects of Main Storage in the 
presence of the ECC Fe~ture • 
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Arithmetic Logic Unit (ALU) 

The Arithmetic Logic Unit shall consist of those 
registe . .cs and lot;ical networks required for implementation 
of· the Hicro-cor.imand repertoire. 

All qu.anti ties read from the· Register File under Micro­
command control shal 1 use the ALU as the immediate 
destination. Ali quantities written· into the Register 
File, under Micro- command control, (with the exception of 
the CSS Register), shall be generated by or transferred 
by way of ~he ALU. 

In addition to· its arithmetic and logical facilities, the 
ALU shall accomodate the registers. and data paths requi:ed 
for the transITlission of Main Storage Addresses and the 
transmission/reception of Main Storage Data, (t\bere. 
register$ within the Register O?tion .are to be read or 
written Wlder Micr()-commartd control, the Main Storage 
related faci Ii ties within the ALU shall also be used). 

Operations between. the Register Fil8 and the ALU as well 
as operations internal· to the ALU its.elf shall occur in 
100 n/s or 200 n/s as determined by the nature of the 
operation to be performed. The fundamental exe~ution time 
of 100. n/s shall be re £erred to as a "minor cycle". \'t'hen 
operations requiring 200 n/s are I'erformed, two minor 
cycles shall be used for execution. 

The ALU shall contain the follmdng .Registers and ~etworks: 

a. Au: 

b. Bu: 

16-bit Feeder Register» nultiple-ir1ruts.­

l6-bit Fe.eder Register,, Multiple-inputs. 

c. Forced Carry! Single Bit Adder F·eeder, right-most 
·bit position. 

d. Irmer-Carry: 4-bi t Group Carry Register providing 
correction parameters for decimai 
arithmetic performed in Excess - 3 
notation. 

e. S Register: · 16-bit Ma.;_ . .i Storage Address Register, 
. byte addressing format. 



882000 
ENGINEERING SPECIFICATION· .... 18 

f. b Register: 16-bit Register providing data to Main 
Storage during word and byte write 
operations. 

g •. Shift Ne.twork: Left. shifter, 32 bits wide, 0 to 15 bit 
position~ per pass, end-off left-most, 
zeros in right-most, Au/Bu format. 

h. Adder: 16-~it parallel~ full 3dd, four 4-bit Groups 
with inter-Group carries Mi·cro-corru11and 
conditioned for decimal arithmetic. 

i. ALU Status: Overflow, Link, Au = Zero, Au = Bu, 
Au> Bu -algebr-ai c, Au> Bu logical'· Au< Bu 
algebraic, Au <Bu logical. 

j. Bit Sense: . Au set or clear on bit position basis and 
Au set or clear, left to right scan includinz 
a Bu adder. for scan result addition. 

k. Constant Gener:ator: Immediate -opP-rand generator, 
(including· Processor State number). 

I. ALU Fan.;.In: Multi-input, :multi-format multiplexer 
providing data to the Register File durin~ 
write operations, (includes Bo'olean ftmctior .. s 
ftor Au/Bu) • 

m. D Fan-In: Thrc~e-input, 16··bit :parall.el multiplexer 
providing the data ~~.th from Hain Storage • 

. the D Register. and the Register Qrltion to 
Au and the ALU. 1:an- In. 

See Figure 5 for a· Block Diagram of the ALU •. 

.._. ____________ IOI<_. _________ .... ______________ _ 
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3.LS Control Storage 

The Contr<;>l Storage facility shall be divided into two 
major areas referred to as "Con·trol Storage proper" and 
the "Address Tab le". 

a. ontrol Stora e ro er of 
16,384, 14- it wor s, ese 
treated as 16-bit quantities in which bit pos::. tions 
09 and 10 sha.tl be unused and always in the clear 
state).· · 

Control Storage proper shall be addressed by mean.s of 
. 'an address register referred to as ~. ·· 

When the contents of Control Storage proper are to be 
read, trans lated,, and executed as Micro-commands,, two 
16-bit registers referred to as "Ful" and "Fu2" shall 
bµffer ·the output of Control Storage proper. Micro­
commands .shall be duplicated in Ful and FuZ and 
horizontal parity checkin·g shall be performed on the 
contents of Fu2. Within Fu2, an even number of bi ts 
in the set state shall constitute a Control Storage 
Parity Error with respect .to Micro-command translation. 

o trol Stora e ro er shall be divided into a maximum of 
A sroue! o 4 wor s eac • onso e tate opera ions 
which shaii Be performed unaer Micro-command control· 
as selected and initiated at the 7300 System Control 
J:i>anel .shall be confined to. the ·first of these. four groups. 
However, locations in Control Storage proper. rP~erred to 
as "Ri.'lIO", RNil", "RNI 2", '"CS-PE", "MS-PE" and 
"Illegal Address" shall be defiited within all 4 groups. 
For a definition of all hardware generated, address 
con~ tan ts , see 3. 5 . 

When the conter1ts of Control Storage proper are to be 
read but not tl'eated as Micro-commands, the Control 
Storage Scan fCSS) Register within the Extended Reg

1

ister 
File, Group I shah uffer the output of Control Storage 
;>roper. When such operations are performed· for the 
purpose of hardware ·con trolled checking, Control Storage 
prop.er shall be divided in to a maximum of 64 pages of 
256 words each. Withir each 256 word page, longitudinal 
parity checking. shall occur. · W~thin each page .an even 
number of bits in the set state in any of the 14 individtal 
bit position columns shall constitute a Control Storage 
Parity Error with .respect to hardware· controlled checking . 

... _____________ ., __ UllRll-1~.WD::.&Ud!WlWll _______________________ ,,. 
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b. The Address Table shall consist of a.maximum of 1024, 
10-bit words. 

When the contents of the Address Table are to be read 
wider Micro-command control,. the Address Table shall 
be addressed by means of decoding the output of .the 
D Fan-In Network of the ALU. The. contents of the 
Address Table location thus referenced shall be 
checked for odd horizontal parity ·and iri the absence 
.of a p.ari ty· erx·or, the rigft t-mos t 9 bi ts shall be 
buffered into a register referred to as "Pp':. 

After completion of the associated major cycle, the 
contents of the Pp Registez shall be written into 
the appropriate Processor State's Pu Register. In 
this manner, the aforementioned Micro-command shall 
utilize the Address Table 'to perform a Decode Branch 
without affecting access to Controi Storage proper 
on the part of any other Processor State. 

When the contents of the Address Table are to be 
read tmder hardware control, the Address Table shall 
be addressed by means of the~ Su Register. When such 
operations are performed, the direct output of the 
Address Table shall be transmitted to the Console Data 
Register Display indicators on the 7300. System Control 
Panel and simultaneously checked for odd horizontal 
parity. 

For a detailed description of these sequences,. see 3. S. 

For a Block Diagram of Control Storage, See.Figure 6. 
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Main ·storage 

Main Storage facilities for the 7300 Processor shall be 
described by the ap.propriate ·document listed in 2.1. 

In addition to the convention al Address, Data and Control· 
signal requirements, the following· general statements shall 
apply to the CPU/Main Storage relationship within the 
7300 Processor. 

a. Word (16-bit) and byte (8-bit) operations shall be 
supported,. including the means for error checking 
(and error cc>rrection· in the presence of the ECC 
Feature). 

b .. In the absence of the Relocation and Protection 
Feature, the CPU shall address a maximum of 65 1 536, 
i>vtes. . · . 

c. In the presence of the Relocation and Protection 
Feature' the CPU ·shall address a maximum ot 
i,648,5 6 'byt~ 

d. Re,ferences to Main Storage Addresses not physically 
present in the Main Storage faciJity shall re$ult 
in an "Out of Range" condition .and shall cause the 
CPU to perform a hardware trap of th~ associated 
Processor Stat.e. See 3. S. 2, 1 tern e. · 

e. The CPU shall provide allowances within the 
Resource Allocatiun Network for 0 Refresh" cych. 
requirements cm the part of t~e Main Storage facility. 

f~ To.minimize the impact of.Refresh requir~ments on 
CPU operation Jl the Main Storage fa.cili ty shall be 

·capable of performing Refresh cycles independently 
of, and in parc-.llel. with, CPU major cycles whenever . 
such major cyc:les do not involve Main Storage references 
on the part of the CPU. 
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3.1. 7 · Micro-.Command Repertoire 

The Micro-command Reperto.ire shall consist of 65 basic 
Micro-commands ca1:'.agorize:d into the following· ftmctional 
classes. 

Register File Read 
Register File Write 
Register File Read, Main Storage Related 
Register File Write, Main Storage Related 
Immediate Operand 
Shift 
Sense 
Skip 
Branch 
Control 

., 
a. Jhe Register File Read class shall provide 7 basic 

Micro-commands including data transfers in bot..~ the 
true and l's complement states. "(Forced Carry Register 
manipulation shall be used in order to effect 2 's 
complement opera.tions). These Micro-commands shall 
each require l minor cycle for execution. 

b. The Register File Write class shall provide IO basic 
Micro-commands· including direct data transfer, status 
trans fer, Boolean and additive operations. These 
:micro-commands shall each require. 1 minor cycle for 
execution except fat those cases· of additive and · 
co~parative operations in which Adder and Comparator 
propagations, respectively, have riot.over-lapped the 
execution of a previous Micro-command(s) and Z minor 
cycles for execution shall be provided under hardware 

. control. 

c. The ·Regi_ster File Read, Main Storage Related class 
shall provide 11 basic Micro-commands, each requiring 
one minor cycl~ for execution provided they occur on 
the proper min.or cycles within a major. cycle. 
Additional minor cycles shall be allowed Wlder hardware 
control so as to result in proper ·execution when. such .. 
Micro-·commands are translated_ during minor cycles havin·g 
an improper riming relationship with Main Storage 
operations. 

d.· The Register Fi.le Write, Main Storage Related class 
shall provide 2 basic Micro-commands, each requiring 
~ minimum of 1 minor cycle for execution with the 
same ha~dware controls for timing adjustments as 

·previously descdped for the Register File Read, Main 
Storage Related class. 

1; 
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e. The Ii:nnediate Operand 'class shall provide 6 basic 
Micro-commands including inunediate operands in byte. 
nybl and bit format$. · These Micro- commands shall 
each requir& 1 minor cycle for e·xecution. 

f. The Shift· class· sha11 provide 4 basic Micro-commmc!s 
involving the use of Au/Bti and the Shift Network. 
These Micro-c:omm~ds shall each require 2 minor cycles 
for execution. 

·g. The Sense class shall provide 4 basic Micro-commands 
involving the use of Au/Bu, the Au Sense Network ~nd 
the Bu adder.· These Micro-commands ·shall each require 
2 minor cy~les for execution. 

h; The Skip class shall provide 8 basic Micro-commands 
including zero, non-zero, and bit sensing in Au as 
well as logical comparisons between 
Au and Bu. These Micro-commands shall- each require 
1 minor cycle for execution when• a skip is not performed 
and 2 minor cycles for execution. when a skip is performed. 

i. The Branch. class shall provide 6 basic Micro"'.commands 
including Function Decode, Format Pecode, _Address 
Constant and ~artial Address b'ranch capabilities. 

·Except for the Format Decode and Address constant 
branc.~s, these Micro- commands shall require 1 minor 
cycle when exe~uted during the last minor cycle of 
a major cycle and 2 minor cycles if executed at any 
Qther time in the major cycle. The Format Decode 
(Address Table) and Address Constant (R.'JI are ... ) 

·branches shall ·require. the re.mainder of the _major 
cycle in which they are read for execution, (1 to 8 
mi~or cycles).· 

j. The Control class shall provide 7 basic ~icro-commands 
of varying complexity and execution times. The Micro­
commands. within this class shall provide the means for 
Timing~ Input/Output Termination. and Boundary Crossing 
Mode Micro-command control. 
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3.1. 8 Resource Allocation 

Processor State determination shall be performed on a 
major cycle basis by means ~f a Resource Allocation 
Network. Thus, utilization of shared resourc~s on the 
part of dedicat;ed resources within the 7300 P.rocessor 
shall be based on the inputs to,and subsequent outputs· 
from this Resource Allocation Network for each major 
cycle interval. . . J. 

Without considering priori ties, the Resource Allocation 
Network receives resourca requests (and allocates resource 
utilization equally for. these requests) fr~~ the following 
areas: 

Main Storage:. Refresh 

Processor State 0: . Busy Flip/Flop, Bi.t· 00 of BIA Register 
Processor State 1: Busy Flip/Flop~' Bit 01 of BIA Regi,s ter 
Processor State .2: Busy flip/Flop'll Bit 02 of BIA Register 
Processor State 3: Busy Flip/Flop, Bit 03 of B/A Register 
Processor State 4: Busy Flip/Flop, ·Bit 04 of B/A Register 
Processor State s: Busy Flip/Flop, Bit 05 of ·B/A Register· 
Processor State 6: Busy Flip/Flop, Bit 06 of B/A Register. 
Processor State 7: Busy Flip/Flop, Bit 07 of B/A· Register 

' ' 

Conso~e State: .Console. Request rlip/Flop. 

Note: The ·B/A Register referred to as containing the 
Busy Flip/Flops for Processor States 0 through 7 ~hall be 
a special purpose, common resource register within' the 
Extended Register File, Group II as previously. designated 
in 3. 1. 2. · 

Each Main Storage Refresh request shall have uncondi ti on al 
priority over all other resource. requests and shall 
result in a major cycle Null Stat~, 800 n/s in· duration. 
This Null State shall also result· from the absence of all 
resource requests as !is ted above!. 

Priority allowances shali be made within the Resource 
Allocation Network for Processor States O, 1, 2,. and 3 only, 
with p~iority occurrin~ in that order. Thus in priority 
mode, any two Processor states within this group ~hall be 
capable· of obtaining equal utilization of the shared 
resouices to.the e~clusion of· all· other Piocessor States 
(except Main Storage Refresh requests). 

-----------------------------------~~~----------------------------------------... ,-. 400MA 
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3.1. 9 

The ability of a Processor State to utilize consecutive 
major cycles shall effect resource utilization when 
simultaneously <>perating in priority rnode. ·Thus Processor 
States 0, 1, 2~ and 3 shall have the capability of 
obtaining excl~sive utilization of the shared resources 
(except for Hain Sto1~age Refresh operations). 

System Control Panel (Console) 

The 7300 System Control Panel shall provide the means for 
manually ·monitoring and controlling operations within the 
7300 Proc.essor. The switche,s and indicators on the System 
Control Panel shall be effective only in conjunction· with· 
associated hardware and Micro-command sequences within the 
7300 Processor. 

The 7300 System Control Panel shall be divided into 4 
fun tional areas as fol 16ws: 

Operator Group 
Programmer Group 
Mainte.nance Group 
Communications Activity Display Group 

Indicators within each of. these groups shall be active 
at all ti~es. Likewise the controls contained within 
the Operatur Group shall be enabled at all times. 
However, controls within Programmer Group shall be enabled 
only when the Sfstem Control Panel is in Program or Main­
tenance· Mode and controls within the Maintenance Group 
shall be enabled only when the System Control Pane~ 
is in Main tenan.ce Mode. 

a. The Operator Group shall provide the means for applying 
and removing power. to the Processor, selecting and 
initializing Reset/Load and Auto-ldad sequences, 
disabling the Console Alarm~ adjusting the Console 
Speaker Volume and clearing Processor and I/O Fault 

·indications. In addition, Lamp and Alarm tests may 
be p~rformed by means of a control withiri the Operator 
Group. 

b. The Programmer Group shall provide the means for 
con trolling and moni to :dng Process or State acti vi tie$ 
within the 7300 Processor. 

~--------__, _____________ , __ ~---------------------------------------------------__,, ,.,,,. 400MA 
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c. The Hain tenance Group, in conj nnction with the Program 
Group, shall provide the .means for controlling and 
monito~ing fault isolation procedures and operations 
wi~hin .the 7300 Processor. 

d. The Communications Ac ti vi t:y Display Group shall provide 
the means for mbnitdring the activities:performed by. 
the Communications Channels within the 7300 Proces·sor. 

Throughout the remainder of this specification; the 
Syst~m Control· Panel shall be ref~rred to as the Consol~ 
for the sake of brevity. · 

Implementation 

The 7300 Processor· shall utilize ·rransistor-Trans:i..! ... 'r 
Logic (TTL), and both bipolar and metal-oxide-semicon\..ictors 
memories. Exc~pt for MOS Main Storage, all seniconductors 
in the machine shall be silicon d~Vites. Small (3SI), . 
medium 015!) and large (LSI) ·Scale integration shall be 
used. 

The design of the machine shall utilize conservative worst. 
·case design rules and modular construction to enhance 
reliability, availability, and serviceability. 
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The addressing mechanism for the Register File shall 
have the potential fo-r directly addressing 51210 registers. 
However, the implementation of the addressing mechanism 
shall confine the 7300 Proc~ssor to addressability 
o_f 346 unique registers within the Register File •. 
Despite the ~estriction of Extended Re~ister File, 
Grou"? III addressability to only the· associated Processor 
States 0 .through 3, all· registers within the Register 
File shall be· numerically designated in hexadecimal 
notatiOn conforming to "Boundary Crossing ~fodeu format. 

00 06 07 08 09 10 11 12 13 14 15 

I NOT USED IE I STATE ., REGISTER 

Bits CO through 06 shall not be used but s~all be 
referred to as being in the clear state for· the purpose 
of 16-bit hexadecimal notation. 

Bi t 0 7 in the c 1 ear state sh a 11 spec i fy the Bas i c · 
Register File and in the set state shall specify the 
Extended Register File. 

Bi ts 08, oo and 10 shall specify the Processor State 
number when applicable. 

Bits U, 12, 13, 14 and 15 shall specify the Registe~ 
number. within the Bas.:.c or Extended Group as S?ec~_ -ied. 
by Bit 07 and for the appropriate Processor St.ate as 
specified by bi 1:s O 8, 09 and 10 where applicable. 

The storage facilities within the Register File shall be 
volatile in nature, i.e. the contents of the Register 
File shall be lost when power is removed. ~oreover, the 
contents of the Register File shall be unpredictable and 
undefined after power is applied except for those registers'· 
affected by the System Reset associated with the Power-on 
sequence. With the exception of the Extended Register File, 
Group III, the effects of System Reset on the Register. 
File are described in 3.10·.1.8 •. For the effects of System 
Reset on the Extended Regi: ter File, Group I II, see the 
appropriate document listed in 2.1. 

Whe.re Register File characteristics are associated with only 
particular Mitro-commands, these Micro- commands shall be 
referenced by · nmemonic;s. Each _mnemonic is associated 
with an individual Micro~command as described in 3. 8. 3 
through 3. 8. 1 2. 
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Basic Register File 

The Basic -Register File ·shall consist of 256 16-bit 
registers, 32 registers each for P-rocessor States 0 through 
7, using the .following hexadecima.l notation, inclU3ively: 

Processor State 
0 
1 
2 
3 
4' 
5 
6· 
7 

Register Numberg 
OOOO~OOlF 
0020-4003F 
0040~00SF 
0060~00'/F 
0080~009F 
OOAO~OO.BF 
OOCO~OODF 
OOEO--?OOFF 

The registers within this group represent general purrose 
·registers under 11icro-comn:tand control only, dedicated to 
the approrriate Processor States as shown. 

For the purpose of recording status conditions under 
.Micro-con"".lar.d control (CMP, CMU, R.'Hl and R.\i12 Micro-commands) 

·the left-::wst 8-bits of any register in the Basic Register 
File may be written without affecting its right-most 8-bits~ 

System Reset ·shall not affect the:: registers within th.e 
Basic Register File. · 

For. each Prcicessor State, Registers IE and lF within the 
Basic Register File shall be special to the extent that 
their direct :!icro-command use in addressin.~ :tain Storage 
(LSI~ LS2, LSE, LSF) shall result in hardware operations 
during the associated· major cycle such that registers 
within the Register Option shall be referenced in lieu of 
Main Storage 

Extended Register File~ Group I 

The E·xtended ~egister File Group I shall· consist of !6 
18-bi t registers, 2 :registers· each for Processor· StJ.·tes 
0 through 7. These re·gisters shall be designated as 
F and Pu for ~rocess()r States 0 through 7 using the 
following hexadecimal notation: 

Processor State 
0 
1 
2 
3 
4 
5 
6 
7 

F Reg.ister 
0100 
0120 
0140 
0160 
0180 
OlAO 
OlCO 
OlEO 

Pu Register 
0101 
0121 
0141 
0191 
0181. 
OlAl 
OlCl 
OlEl 
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3.2.2.1 F Register 

The left.;.most Z .bits. of each c:>f these 18-bit Reg~sters 
shall be unused. 

a. The contents of the appropriate F Regis_ter shall be 
. read in advance of the major cycles allocated to 
Processor States 0 through 7 by means of a hardware 
controlled· r.iinor cycle referred to as Rl, (l\nen one of 

·these Processor States· utilizes consecutive major 
cycles, the RI operation ~hall rtot be perf6rmed). 

b. .Once read, the con tents of the appropriate F Register 
shall be held throughout each ~ajor cycle in a comm~n 
resource register, also referred to as F, in the Timing/ 
Control section of the 7300 Processor. Thus the 
contents of the appropriate F Register within the 
Extended Register File, Group I shall be immediately 
available for :'-ficro-command modification during each 
of the minimum 8 minor cycles comprising a major.cycle 
(referred to as EO through E7). The contents of the 
common resource F Register shall b'e capable, under 
Micro-command control, of direc·t participation in the· 
formation of register numbers, shift count~, branch · · 
addresses, and bit position val ties as described in 
3.8.1. In addition, the contents of the common resource 
F Register shall be capable of .modifying the bit 
position within the adder from which th~ Lihk status 
bit is derived as ·described in 3. 4. 7. Z. 

Micro-commands which address the F Register L, Normal 
·Mode, (~ot Boundary Crossing Mode) shall utilize the 

common resource F Register. Any such.Micro-commands 
performed for the purpose of writing the F ·Register, 
(such as CLR, R..'lll, and RNI2), should not be performed 
during the first minor cycl~, EO, of a major cycle 
since such o;-eratio"ns may lead to machine .malfunctions 
in the course of executing hardware controlled· 
multi•state sequencing. · 

Micro-commands which address· the F Register in Boundary 
Crossing Mode shall utilize the appropriate .F-Re.gister 
within the Extended Register File, ·Group .r, pro~ridcd 
such Micro-commands are executed during. minor cycles 
E3 or E4. Any such ~·ficro-commands executed in minor 
cycles other than E3 or E4 s.hall not be hardware 
supported and may lead to invalid results •. 

____________ ,, ..... _ ..... ________________________ ....,. 
'•"" 400HA 
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c.. For those major cycles in which Micro-command execution 
involves the writing .of the common resource F Register, 
the contents of the associated Extended Register File, 
Group I, F Register s.hall be appropriately updated 
aft~r the completion of such major cycles allocated 
to Prqcessor States 0 throug.h 7. This operation shall 
be performed by means of a hardware· con trolled minor 
cycle referred to as WI. 

Pu Register 

Each of the B Pti Register~ shall be formatted as follows: 
00 01 02 . 15 

I E I s1 1. 0 I L I Control Storage AddresS] 

The left-ma.st 2 bits shall be hardware controlled status 
bits .relating to Control Storage Parity Error and Skip 
conditions, designated E and S, respectively. These .. bits 
shall be inaccessible for Micro-command Control purposes 
except in the case· of ~ficro-commands which address Pu 
for the purpose of performing write references in 
Boundary Crossing ~.fode. Such Micro-commands shall clear 
both of these status bits. 

Bit positions 0.0 and 01 s.hall provide Overflow and ·Link 
status, respectively, and are arithmetically d~fin~d 
in 3. 4. 7. 

Bit·positions 02 through 15 shall p~ovide a Control 
Storage Address for Control Storage proper only. 

a. The con ten ts of the a71::. ropriate Pu Register shall 
be read ]n advance of the major cycles allocated to 
Processor States 0 through 7 by mean.s of a hardware 
controlled minor cycle· referred to as RO. (l·.nen. 
one of these Processor States utilizes cc~secutive 
major c:,.cles, the RO operation shall.be effec_tive during 
minor cycle E 8 and shall use the con ten ts of the Pp 
Register in lieu of Pu, provided the previous major 
cycle did not involve the execu.tion of a _CIOI or 
CI02 Micro-command which resulted· in the suppressi.on 

. of Pp). 
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b. Once read, the contents of the appropriate Pu Register 
shall be held throughout each major cycle in a common 
resource register-.referred to as Su~ the Control · 
Sto·rage Address Register. Thus, the contents of the 
appropriate Pu Register within the Exiended Register 
File, Group I shall be immediately available for 
addressing Control Storage proper and supplying/ 
recording arithnetic status during each of the minor 
cycles co:rnpr.is ing a major cy-cle. 

The Con tro1 Storage Address portion of Su, Bi ts 02 
through 15, shall be incremented by one under hard~are 

·control whene.ver e·xecution of successive !vficro-corr.:ia_~ds 
is required ·as a result of in-line Hicro-code. Like~ 
wise, only thest~ bits within Su shall be capable of 
alteration for _the accomplishment of branch operations 
under Micro-command control whether for explicit 
functions limited to FNJ, FRJ, FZ.J, JMP, R.'1I 1 and R'tI2 . 
or for implicit functions _limited to CLR, STA, STB, 
and ~m providing the Pu Regi'ster is addressed in 
Normal Mode~ (Not Boundary Crossing Mode). 

The Ari thnetic Status portion of Su, Bits 00 and 01, 
shall reflect Overflow and Link conditions relative to 
the execution of each DSTX·1 Micro- command. The Overflow 
and. Link status bi ts shall also be clocked by each· 
SUM 'Iicro-command provided the left-most byte of 
the common resource F Register is not equal to 50, 51, 
52, or 53 in he~adecimal notation. (The clocking 
of current ari thnetic status shall· also be conditioned 
by the DIG a~d C0RC Micro-commands as described in 3.8.7). 

Micro-commands which address Pu in normal Mode for the 
purpose of perfo1·ming a read reference shall obtain 
the Address portion of Pu from the common resource 
Pp Register (the last Blockpoint Address) and the 
Arithnetic Status portion of Pu from the Su Register. 

Micro-commands whi
1

ch address the Pu Register in 
Boundary Crossing Mode shall utilize the appropriate 
Pu Register within the Extended Register File, ·Group I~· 
providt~d such Micro-·commands are executed during minor 
cycles E3 or E4. Any such Micro·-commands executed in 
minor.cycles other than E3 or·E4 shall not be hardware 
supported and may lead t<? invalid results. (\\'hen 
any Processor State references its own Pu Register in 
Bolllldary Crossing Mode for the. purpose of performing 
a write reference, the .effectiveness of the operation. 
shall be conditioned by the "Housekeeping" function 
described in it~m c •. 
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c. .The contents of the associated Extended Register File, 
Group I Pu Register shall be appropriately updated · 
after the coi:;.:;:il1~tion of each major cycle allocated 
to Processor States 0 throu~h 7 by ~cans of a ha~d­
ware ·controlled. minor cycle ·referred to as tiO. (The 
WO· operation shall not be performed after major cy~les 
involving the execution of a CIOl or CIOZ Micro­
command which :resulted in the suppression of P!J). 

~Hero-commands which address th.:: Extended Register File, 
Group I, F and Pu Registers shall be limited to CLR, 
STA, STB and AND when performed in Boundary Crossing Mode. 

Extended Register File, Grou~ II. 

The Extended Register File, Group II shall. consist.of 10 
16-bit registers representing corr ... -:ion resource f1cilities 
for the Console State as well as Processor States O through 7. 
The State nu:;:ber· portion of t!1e Boundar: .. Crossing ~!ode 
address format shall not be applicable .for these rer.isters, 
since any combination of these 3 bit~ sh~ll be allowed. 
However; for .the sake of sinplicity these bits are 
treated as being in the clear state for the purpose of 
providing the following· numerical designations in hexadecimal 
notation. · · 

Register Name 
Busy Active (B/A) 

· Real Time Clock (RTC) 
Tie-Breaker (T) 
Parity Error (PE) 
Control (C) 
Privileged ~lode (P~i) 
Boundary Crossing (BC) 
Control Storage Scan (CSS) 
Console Address (CA) 
Console Data (CD) , 

Redster Nunber. 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
OlOA 
OlOB 

NOTE: The Busy/Active (B/A) Register shall also be addressed 
by numbers 0122, 0142, 0162, 0182, OlAZ, 01C2 and 01E2. The 
e·qui valen t· addressing anomaly shall also exist for the 
remaining 9 registers within this group. · 

Read references to the ALU under Hicro-command control 
shall be provided fot all the registers ~ithin this group·.· 
Write references from th.e ALU under Micro-command control 
shall be provided for all th~. registers 1-ii thin this. ·grou11. 
except the P·arity.Error. (PE) •. Real Time Clock (RTC), and 
Control Storage Scan · (CSS) Registers • 

..._ ________ , __________ __,_,___,,,..,.,..........,._.__, ________________________________________ ~ 
,..,... 400HA 
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3.2.3.1 Busy/Active Register (B/A) 

This 16-bit register referred to as B/A shall provide 
Busy and Activ~ status indications for each of the 
Processor.States 0 through 7. 

Bit Position o 01 02 03 04 OS 06 07 08 09 lrr· 11 12 13 14 15 
Processor 0 1 Z . 3 4 5 6 7 0 1 Z · 3 4 SJ 6 1· 
State 1 

Processor 
St~tus 

Form· 400HA 

lf'-----~usy-·----<-----ACTIVE----.11 

a. The set outputs from the bit position in the left­
most byte of the B/A Register (Busy Flip/Flops) shall 
provide inputs to the Resource Allocation Xe twork 
in the form of resource requests on the part of 
Processor States 0 'throµgh 7. 

The .Busy Flip/Flop for Processor State 4 shall . . 
b~ conditioned ~t the input to the Resource Alloc•tion 
Network by a disable associated with Breakpoint stop 
as described in 3.10.3~18. 

The 5et outputs of the 16 bit positions of the B/A 
Regi~ter shall. be available for selection a~ inputs 
to the Console Data Register Display indicators as 
described in 3010.3.7. 

b. The inputs from the ALU to the bit positions ·in the . 
left-most byte of the B/A Register shall not D-.! h.ardware 
conditioned for Processor States·s, 6, and 7 but shall 
be conditioned on a bit-by-bit basis by the stat~ of the 
bits in the right-most byte of the B/A Register (Active 
Flip/Flops)in the following manner-for Processor States 
0 through 4: · 

For Processor States 0 and 4 the appropriate Busy 
Flip/Flop shall not change from the set to the clear 
state under Micro-command control during any minor 
cycle Jn which· the associated Active Flip/Flop is in the 
set state. 

For Processor States 1, 2, and 3 the appropriate Busy 
Flip/Flop shall not change from the ~lear to the set 
state· tinder Micro-comm~nd control during any minor 
cycle in which th~ associated Active Flip/Flop is in 
the set state. · 

c.. The Busy Flip/Flop for Processor State 4 shall be . 
provided with a set input fdr each increment of the· 
Real Time· C.lock (RTC) Register as described in 3.2.3.2. 
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· Each of the Busy Flip/Flops for Processor States 

d. 

0 through 7 s·hall be pr/ovided with set inputs which·· 
shall be appropriately!Con~sole switch controlled · 
as described in 3.10.3.19 and 3.10.3.20. 

Each of the .Busy Flip/Flops for Processor States 
0 through 3 shall be provided with. set inputs ~hich 
shall be enabled by the appropriate Request signal 
supplied by Extended Register File, Group III controls 
as described in 3. 2. 4. 9, conditioned by the corresponding 
Processor Control Select switch as described in 3.10. 3.18 
and disabled during minor cycles· E6/E.7 and ES/~9 
associated with Consecu~ive Cycle operations • 

. Each of the Busy Flip/Flops for· Processor ~~~·~s 1, 
2 and 3 shall be provided with set inputs whicu 
shall be enabled by the appropriate Attention signal 
supplied by Extended Register File, Group III controls 
as described in 3.2.4.10, enabled by th~ cleared state 
of the appropriate. Active Flip/Flop; conditioned-by 
the Processor Contr61 Select· switches described in . 
3.10.3.18, and disabled during minor cycles E6, E7, 
EB and E9. . 

Each of the Busy Flip/Flops for Processor States 5, 6 
and 7 shall be provided with clear inputs which 
shall be enabled at the beginning of minor cycle E4 
by the clear state of the appropriate Active Flip/Flop. 
These clear inputs shall clear the appropriate Busy 
Flip/Flop ·provided Micro- command execution begins at 
Control Store Address xoox16 for the major cycle 
allocated to the associatea Processor State. This 
clear inp.ut s.hall also clear the appropriate Busy 
Flip/FlOp h"hen Cycle Step operation is selected by 
means of the Console control described in 3.10.4.27. 

Each of the Busy Flip/Flops for. Processor States 
0 through 4 shall be provided with clear inputs for 
Stop/Step operations which.shall be Console switqi 
controlled as described in 3.10.3.18 and 3.10.4.27. 

Each of the Busy Flip/Flops for Processor States 
O through 7 shall be provided with clear inputs for 
Breakpoint operations which shall be Console switch 
coritrolled as described in 3.10.3.15 through 3.10.3.18. 



[ii~ 882000 
ENGINEERING SPECIFICATION 35 of. Equipment Group 

3.2.3.2 

Forlit 400HA 

e~ 

Each of the Busy Flip/Flops for Processor States 
0 .and 4 shall be p.rovided with clear inputs which 
sha~l be enabled by. the clear state of the appropriate 
Active Flip/Plop when the execution .Of CIOl and CI02 
Micro-commands on th~ part of the· associated Proces·sor 
State results in the suppression of the Pp Register as 
described in 3.8.12.5. 

Each of the Busy Flip/Flops fo~ Processor ~tates 
1, 2, and 3 shall be provided with clear inputs which 
shall be enabled when the execution of CIOl and CI02 
Micro-commands on the part of the associated Processor 
State results in the suppres~ion of the Pp Register 
as described in 3.8.12.5 . 

. The inputs from the ALU to the bit pas i ti on in the 
right-most byte of the ~/A Register (Active Flip/Fl6ps) 
shall be under }ticro-command control ·only. 

Bit positions 13, 14 and 15 of the B/A Register, 
corresponding to Processor States 5~ 6, and 7 Active 

. Flip/Flops, shall be provided with set and cleai inpu~ 
. for Processor Run and Step/Stop operations which shall 
·be Console switch controlled as described in 3.10 ~ 3.18 
through 3.10.3.20. · 

Real Time :lock (RTC) 

The contents of this register shall be· incremented by one 
under hardware control every 1. 6384 m/s. · Each· increment 

. operation shall be synchronous to the extent that _~ t shaU 
·o~cur only during .minor cycle E7~ 

The contents of this register may be read but not written 
under Micro-commarid control. Attempts to write this 
.register by means of Micro-command ;cont.rel shall result 

·in ho operation, (other than the clocking of the P~ Register 
for Blockpoint purposPs). Upon completion of the power-on 

·sequence the contents of this register shall begin incremen­
ting ·rrom an unpredictable initial count, not affected by 
System Reset. 

For every tenth increment operation performed on the co!ltents 
of the RTC Register a set lnput shall be provided to the 
Busy Flip/Flop for Processor State 4. This set input shall 
be coriditioned by the Console Executive Disable tontrol 
described in 3.10.4u26 and the sequence described in 
3.10·.2.4 relative to Autoload and System Reset. 

The set outputs of the 16 bit positions of the RTC Register 
·shall. be availabl~ for selection as~·inputs to the Cons61e 
Data Register Display indicators as· described in 3.10. 3. 7. 
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3;2.3~3 · Tie-Breaker (T) 

3.2.3.4 

This 16-bit comJTlon resource register contained within 
the ·Extended Regis·ter File, Gr6up II shall be· under · 
Micro-command control. only. 

Parity Error (PE)· 

The con ten ts of this 16-bi t re r,is ter s1-iall be under 
Micro-comnand control for read· but not write references. 

Attempts to write this register under ~1Lcro-comriand 
·control shall result in no operation (other than the 
clocking of the Pp Register for Blockpoint pu~~oses). 

Hardware control of this register shall be such that, 
in the event of detected addres~ing or data errors associated 
with Main Storage r~ferences_, -the contents of this 
register shall provide the Physical rfain Storage 
address of the last such error to occur. · 

The input to 'this -16-bit register shall consist of a 
i1ain s·tora~e Address only. This register shall be clocked 
under hardware control when each of the conditions 
described by items a through c have been satisfied and any 
one o-r more of the conditions described by i terns d through 
£ have be~n simultaneously met. · 

a. Minor cycle E7 o.f any major cycle in which· a ~lain 
Storage reference is performed, and 

.b. The state of the Cbnsole control described in 
3.10.4.16 is such that Storage Parity is not 
disabled, and 

c. The address to which the riain Storage reference. is 
performed is not "Out of Bounds" as determined by 
either the Basic Storage Protection Feature or the 
Relocation and Pro.tection Feature, and 

d. The address to which. the Hain Storage reference 
i~ performed is not physically present in th~ System, 
(Out of Range), or . 

. e. The Main Storag~ reference cycle is a read operation 
in the.absence of the ECC Feat~ie, and invalid 
parity is detected in either the left-most 6r right­
most data byte, or 

f. The Main Storage reference cycle is a rea_d operation 
in the presence of the ECC Feature, and an uncorrectable 

·error is detected in either the left-most or right-
most data byte. · 
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.The set outputs of the 16-bit positions of the PE Register 
shall .be available for selection as .. inputs to the Console 
Address Register Display indicators as described in 
3.10.3.4. . 

NOTE: The address clocked into the PE Register shall 
always be a Physical ~lain Storage Address regardless of 
the absence or r>resence of the Relocation and Protection 
Feature and reg~rdless of the Console controls described 
in 3.10.3.12 and 3.10.3.14. However, in the presence of 
the Relocation· and Protection Feature, the PE Segment Tag 
Register within the Register Option shall contain the left­
most 4-bits required to completely define the 20-bit 
Physical Hain Storage Address at which the error occurred 

·as previ-0usly definea in items. a through f. 

Control (C) 

This 16-bit registier shall· provide the controls for 
conditioning Priority Modes· for Processor States .0 through 3 
and enabling Consecutive ·cycle Modes for Processor States 
0 through 7. 

Bit Position 
Processor 
State 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
0 1 2 3 0 1 2 3 0 1. 2 3 41 5 6 7 

i 

Control 

.Forne 400HA 

'EN At LE 
PRIORITY 

INVOKE 
PRIORITY 

CONSECUTIVE 
CYCLE ENABLE 

The contents of this register shall be under Mh .... -o-command 
control for the purpose of performing read and write 
opera,tions from the ALU. 

In addition, the se~ outputs of the 16-bit positions of 
this register shall· be interpreted by the Timing/Control 
section of the rPU for the purpose of p~oviding Priority 
and Consecutive Cycle ~fodes of operation·· for the associated 
Process~r States. 

a. The Invoke Prio1·ity outputs· of the C Register shall 
be conditioned at the input to the Resource Allocation 
Network by the appropriate set ·state outputs of the 
B/A Register. Proce.:>sor States for which these. signals 
.are coincident after resynchronization shall have the 
potential·· for disproportionately greater· use of the 
common resources. See 3. 9. · 
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b. The Enable Pri6rity outputs of th~ C RegisteT shall 
be tonditioned at the input to the Resdurce Allocation 
~etwork by the appropriate set state outnuts of the 
B/A Register and th~ appropriate Priority sigrtals · 
supplied by the Extended Re~ister File, ~roup III 
c~ntrols as described in 3.2.4.11. Processor States for 
which these sirnals are coincident after resvnChronizatior.. 
shall have the~potential for disproportionat~ly greater 
use of the common resources. See 3.9. 

c. At the beginnin~ of each major cycle allocated to 
Processor States 0 through 7, the.approptiate Consecuti~e 

.Cycle Enable shall be taken from the C Register set state 
otitput and stored in a single common re~~~-~e Fli~/Flo? 
in the Timing/Control section. This Consecul.--~ -:····le 
Enable Flip/Flo.? shall be used _in its set state to 
proviGe hardware control suGh that the Resource 
Allocation Net~ork shall be ~a~able of schedulin~ the 
next .successive major cycle for the saine Proces.sor. 
State as the current major cycle. 

lH thout respect to Priority :!ode; the Consecutive 
Cycle Enable shall provid~ the means for one of the 
Processor States 0 through 7 to Utilize consecutiv~ 
major cycles in the absence of resource utilization 
requests on the part of all other Processor States. 

With respect to Priority Hode, the Consecutive Cycle 
Enable shall provide the means for -one of the Processor 
States 0 through 3 to utilize ~onsecutive·major 
cycles in spite of the presence of resource utilization 
reqtiests on the part of Processor States 4 throu~h 7 
or any other Processor State 0 through 3 of lower 
priority. 

See 3.9 for a further description of.Priority ~fode,_ 
Consecutive Cycle Uode and their inter-dependencies. 

Privileged Mode (PM) 

This 16-b it common resource re gis te r contained within 
the Extended R19gister File, Grau:> rr shall be under 
lHcro- comma.Tld control otlly. 
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3. 2. 3. 7 · Botmdary Crossing (BC) 

This 16-bif register shall be under Hic:ro~command control 
for read and write references; from the ALU. 

The set state outputs from the 9 rfght-raost bit positions 
shall be interpreted under hardware control during the 
exe·cution of. i1icro-commands in Boundary Crossing :!ode. 
The general format for the BC Register is described 
ii). 3. 2. 

The set out~uts of the ·16 bit positions of the B£ Register 
shall be av~ilable for selection as innuts to the Console 
Data Register Display indicators as de~cribed in 3.10.3.7. 

During the execution of Micro·-commarids perforned in 
Botmdary Crossing Mode, the contents of the BC Register' 
shall participate as follows: 

a. The Basic Register File shall be· addressed for the 
Processor State designated. by the· BC Register, 
(Bits -08 through 10), at the register nu~ber res~lting 

·from the "inclusive or" of the BC designated .register a..1d 
the ~ticro-command designated register,(Bits I°l through 
15), provid~d both the BC Register, (Bit 07 clear), 
and the associated Micro-co:1mand; (Bits 06 and 07 
clear) designate the Basic Register File. 

b. The Extended Register File, Group I shall .be. addressed 
during ninor cycles E3 and E4 at the address designated 
by the contents of the BC Register, (Bit 07 s~ .. tll 
be set an.d bi ts 11 through 14· shall be clear within the 
BC Regis·ter to effect the selection of a register within. , 
this group~ Bits 08 through 10 designating Processor State . 

c. The Extended Register File, Grou.:.:> II shall be addressed, 
independently of Processor State designators, at the 
register ntl171ber resulting from the "inclusive or" of 

. the BC designated .register and the Micro-command 
designated register, (Bits 12 ·through 15), provided 
the· BC ~.egi~ter specifies the Extended Register -Fil~, 
(Bit Oi set), and b.oth the BC Register and t~e ~·!icro-
comnand designators, (Bit 11 clear), specify Group I I. 
~\ben tmass i gned re gis 1..~ rs within· this grou!1 ( C,, D, E, 
and F) are referenced for read operations_, zeroes .shall 
be supplied. No operat.ion shall occur when unassigned 
registers within this group are referenced for. write 
operati_ons ~ 
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d •. The Extended Re~ister.File,. Group III shall be addressed 
for the Pr6cessor State, 0 through 3, performing the 
operation at the register nmnber resu:~ting fro·:1 the 
"inclusive or" of the BC designated redster an.:i tae 
Micro-command desir,nated register, (Bit,s 12 through 15), 
provided the ?·iicro.:command designators specify this 
Group, (fit 06, 07, and 11 set). The BC Register does 
not participate for this operation i~ bit positions 
07 through 11 and the term "Bound~rY Crossing !!ode" 
becomes so~ewhat of a misno~~r. ·· 

Boundary Crossing operations net de-scribed in i terns a 
through d shall be undefined. More~iover, -.: ... ; te referert·ces 
which address the BC Regi_ster in Br.'.und'.ary Gros::. .... 
Hode shall not be hard~-: are· supportf.:d ~.nd may result 
in machine r:i.al ftmcti on. · 

Control Storage· Scan (CSS) 

The contents of this 16-bit re,gister shall be under Micro­
commtind control for read and write operations. However, all 
Micro-co:r:u!lands,with the exception of ROH,which addre.ss the . 
CSS Register for the purpose of performin~ ~-r:-ite o;-erations 
shall result in clearing it. The Ro:.i·~·ficr.o-corr.mand shall 
clock the output from C~ntrol Store pro~er into the CSS 
Register in a J~K fashion, i.e. ior each bit ~osition having· 
a set data input the clock shall cause the associated 
Flip/Flop 'to assume the s~t state· .when previously clear or 
the clear state when previously set; for each Flip/Flop 
having a clear data inDut the clock shall have no effect. 
on the state of the associated Flip/Flop. The dJ.ta inputs· 
to the _CSS Register in the bit 09 and 10 positions shall be 
confined.by hardware means· to the clear state, 

The ·css Register shall be hardwa.re con trolled for clearing 
and clocking rurposes during Control Storage Read 0pcrations 
~erformed by means ~f the Console controls as describ~d in 
3.10.3.11 .. ~1oreover, the set outputs of the CSS Register 
in all bit positions except·og and 10 shall be har<l~are . 
translated for the purpose of de·tecting invalid longitudinal 
parity as requited by Console initiated operations described 
in 3.10.3.11. 

The set outputs of th~ 16 bit positions of ·the CSS Register 
shall be available for selection. as inputs to the Console 
Data· Register Display indicators as described in 3.10.·3.7 •. 

..._ _________ -.W.a..l&'WlMt»i!:l'iP.?.ttrJ.~iilU'11.mJl&7Jlttifle'I _______________________ .. 
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3.2.3.9 Console Addre~s (CA) 

This 16-bit register shall .. be under ~Hero-program control 
for the putpose of perform~ng r~ad ~nd write operations 
from the ALU. 

Each of the 16-·bit po·sitions of the· CA Register shall be 
provided with a set iriput under Console control as 
described in 3.1~.3~2. 

Each of the 16 bh positionsof the CA Register shall be 
provided with a clear input under a single Console control 
as described in 3.10.3.3. 

The set outputs of the 16 bit positions of the CA Register 
shall be available for selection as inputs to the.Console 
Address Register Display indicators .as described in 3.10. 3. 4. 

NOTE: When the CA Register is used under Micro-command control 
in conj unction with the set and clear inputs avail ab le ·to 

·.the Console con tr-ols, allowance.'S for switch contact bounce 
must be made in or by means of the Micro-command ti~ing 

.sequences as required. 

3.2.3.10 Console Daia (CD) 

'•r• 400HA 

This 16:-bit register shall be under Micro-program control 
for the purpo:se of performing· read and write operations 
from the ALU~ 

Each of.the 16 bit positions -0£ the CD Regi~ter shall be 
provided with a set input under Console control as 
described .in 3.10.3.S. 

Each of the 16 bit positions of the CD Register shall be 
provided with a, clear input und.er a· single Console control 
as described in 3.10.3.6. 

The set outputs of the 16 bit positions of the CD Register 
shall be availabie for selection as inputs to the Consol~ 
Data Register Display indicators as described in 3.10.3.7. 

NOTE: When the CD Register is used under Micro-command 
control in conjunction with the set and clear inputs 
available to the Console controls, allowances for switch 
contact bounce tnust be made in or ·by means of the Micro­
c~mmand timing seqUEmces as required. 
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Extended Register File, Group. I II 

The registers which make up this group are architecturally 
a part of the Register File but physically a part of the 
Integrated Disk Adapter, Communications Adaoter and ·I/0 
Channels within the 7300 Processor. The special 
purpose, dedicated registers within this Group shall provi~-. 
varied Micro-command. and hardl\are con ttolled functions :; .. 
described by the appropriate documents listed in 2 •. 1.. 

The common resources within the CPU shall provide the address, 
data and contro.1 signal allowances required for implenentation 
of the E~tended Register File, Group III as described her~in. 
All signals· for which the designated abbreviations· are · 
p~eceded by a plus (+) sign shall be active per the associated 
descriptions when in the logical 1 (high) state. All si~nals 
for which the .designated abbreviations are precede4 b.y a 
minus (-) sign shall be active per the assodated descriptions 
when in the logical 0 (low) state. 

All signals origi.nating within the CPU for. the purpose of 
providing register address,· data and control information 
to the Extended Register File, Group III,shall be capable 
of fanout to ten ·unit loads of t.l'1e TTLl Family as described 
by the appropriate documents listed in 2. 2. Moreover, with 
the exception of the Execute signals described in 3~2.4.1, 

. this output facility from the CPU shall consist of a single 
set of signals to be shared by the 4 P·rocessor States, 0 
through 3, such that n~ more· than two unit loads of the TTLl 
Family shall be required by· any one Processor State for 
any one CPU output signal. 

All signals received by the CPU for ths purpose of obtaining 
data and control information from the Extended Register· 
File, Group III, shall not be required, on the part of the 
CPU, to provide fanout capabilities in excess of two unit 
loads of the TTLI Family. All S'..!ch <lata and control signals 
shall be independently generated by each of the .four 
Processor States, 0 through 3, and shall be individually 
received and selected within the CPU on a Processor State 
basis. 

3.2 •. 4.l Execute 

These 4 control signals from the CPU shall be abbreviated 
+EXCT.-0 through +EXCT-3 and shall individually· correspond to­
Processor ?tates 0 through 3.· 

-------·-,-----.. ···-------------------------
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These signals, shall provide the means for con:diitJ-0nfiiltg. 
the :inte·r,p;retati.:on of _the· :-er.:aini:ng ,aU~'1ut'\s·i:f!inai1.5. from 
the CPU (with the exception of' the: Sfst~1n Res~t I/O : 
signal described in 5.2.4.6),,which s-ha11 b-er shared·bY 
Processor States 0 through 3· in. ,atco;i?lJ.sthi·n=-g· th€T impclie;-- :-:; t:~~ 
men ta ti on of the Extended Register· :ile, Group III facilities. 

~ .. -- ;. l ~:.- f.~ C.I. .lj· • ( ... ~-~l ·~-: -; 

The appropriate .Execute signal shall- hie ·acftiVer- durin-g each 
major: cy·cle allocated cfo· Prote·s-so1LState:s. :Q; throu1gh- 3 
except during· minor cycle:s E8 and E9 associated with 
'Consecu-ti;ye. ,Cycle operations.;. · · 
For timing relationships, see Figure 7. 

3.2.4.2 Extended Register ~i~7.ber 

These 4 register address signals fr~:-t :the CPU shall be 
abbreviated +ER.t\J ra·~oo throueh •E:R~-:.~-0'3 and shall 
re,present a ;regis te·r nui.lber .. for '<:hlc!l ·+·ER~iGS-o.o: ;sha11 be','..+· 
the left-most bit and +ER!< G3-03 shall be the right-most bit. 

· · l I> d tt"1iClU";- ) 

Thi~ s e :s i gna 1 s sh a 11 · be 5,h,;a red: .by P roce~ ~nrt S t:acte s:~ tr· lthrt-'~1111'' 3 
and· shan p·rovide th'e means for sr-'etify'ih·f-f<~· ·n:g,1.:S't·!r nt;Imber 
(l of 16) a·S ides i gna te<l unde·r F.ormat' l r~1i c-r-6--c:ommM1(f':' /. 
controi according to the desc:rbtion's-itt 3.2-~3. 7, iterrF~;c-:;; 
and 3. 8. L l, i fi~,m c, for Soundary CroSs·ihg and Nt:>tihai· Hodes 
respecitrively. The··,+ER::G3-'00 throu~h +ER'H1)·05:: si~r-ratl'S- ~' \ 'J; 
shan c·6rrc.:>pond to bit· p'osi>tions' 12 th:ro-~gh· 15" respectively, 
of the Micro-corr.mand and BC Register formats . 

.. 
For timing relatio~shi~s, see Figure 7. 

3.2.4.3 Extended Register Out 
: : • ~ t' ~ ~ i:>= \; ; ·-~ ( .. 0 

'fhe,se 16 -~data· signals from the CPU. sha-li: be ab·brevl.ated 
+fiRQ; ... 001 th·rou'~h .+ElRO·lS and· sh.au; re'."resan:t the>da'.t:a ·L, 11 
o-utp1e'1: from the At,tJ, F~n.iin'-Net· ... ·~rk · ftr. \.;hic\\e+E:R.@'.;;.{)o;::'shall 
be the left~most bj t and +ER0-15 shall be the right-most 
bit. . 

·i i .. cl~CU '.1 

These signals shall be shared by Pr'Ocesso·r ·Stat~s fl: tf.irel1i2h 3 
and sham p·rf!i>vide the neans for· ·transfeTrin~ aoa<'ta''" f.ro1tF'the i. 

ALLJo·,to· the·,,Extended Register File, Group III under Format 1 
Micro-command control. 

For timing relationships, see Figure 7. 
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3.2~4.4 Extended Register Write 

3.2.4.5 

This single control signal from the CPU .shall be abbreviated 
+ERFG3~\°R and shall indicate. the e)Cecution of each Format· 1 
Micro-command designating ,the· Extended Register File, Grau? 
III,for the purpose of performing a write reference. 

This write c·ontrol signal shall be shared by Processor States 
0 through 3 and shall· be active during all ninor cycles in 
which an AND, CtR, .EOR, · IOR, SDB, SD~·:, STA or STB Micro­
co:mmand is executed for which _the Extended Register File 
is designated according to 3.2.3.7, it~m d and 3.8.1.1, ite~ 
c, for Boundary Crossing and Normal ~fo<les, res?ert:ively. Ho,..·ever, 
in the case of SDB and sm: :!icro-con.'ilands, tr~"lslate"" r •• :-

to ninor cycle ES during major cycles in which .'1ain Stora.;e 
or Register Option read reference~ are :?erforn:ed, this 
signal shall not assume the active state until :!linor cycle ES .. 

Fpr timing relationships, see Figure 7. 

Clocks 

These five control signals from the C?U shall be abbreviated 
+CLOCK-00, +CLOCK.;.20, +CLOCK-40, +CLOCK-60 and +CLOCK-BO and 
shall provide the means for establishing five wiique· r>hase 
times during every minor eye le: · 

These five timing control signals shall. be shared by 
Processor States 0 through 3 and shall have their active 
state leading edges separated by intervals equal to 20\ 
of the durat~on of the minor cycle as desi~nated by their 

·aforementioned abbreviations. Thus, the leading edge of 
+CLOCK-00 shall occur at. the beginning of each !!liner cycle, 
+CLOCK-20 shall occur after 20% of each minor cvcle has 
ex?i red, +CLOCK-40 shall occur after 40 t of each rain or 
cycle has e.xpired, etc. After the leading edge, each 
cloc:k signal shall re~ain active for an· interval equal 
to 30\ of the minor cycle duration,~subject to variations 
of !St of the nino'r ~ycle duration.· 

3.2.4.6 System Reset I/O 

This single control signal from the CPU shall be abbreviated 
+SR-IO and shall provide the means for establishing initi~l 
operating states :for c0ntrol .and data mechanisms .as required· 
within the Extended Register Fi le,, Group I II f'1cili ties. 
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3.2.4.7 

3-2.4.8 

This control line shall assume the active state until the 
comple.tion of each power-on sequence,. during the initialization 
of each Reset/Load sequence provided the Console is not iri 
Maintenance Mode, during the ini~ialization of .each Auto-load 
sequence and during th~ depr~ssion of the Console System 
Reset switch as described in 3.10.3.8. The Extended Register 
Out signals described in 3.2.4.3 shall be inactive for a 
minimum of 300 n/s prior to ·the active state of the System. 
Reset I/O signal and shall .remain inactive for a minimum 
of 300 n/s after the System Reset ·1;0 signal has changed from 
the active to the inactive state. Once active, the System . 
Reset I/O signal sh.all remain active for. a minimum of 2 u/s. 

All output signals from the CPU shall be inactive during 
the occurrence 6£ the Syste~ Reset l/O with the exception 
of the Clock sign~ls.described in 3.2~4.S. 

Extended Register In 

These 64 data signals to the CPU shall be divided into 4 
sets of 16 parallel signals ea~h, with each set corresponding 
to one o·f the Processor States 0 thr.ough 3. The set 
associated with Processor State 0 shall be abbreviated 

. +ERI0-00 through +ERI0-15. The remaining 3 sets shall be 
similarly abbreviated such that the first numeric shall 
correspond to the Processor State ( through 3) and the 
second an 1~ third numerics shall correspond to the bit . 
position (00, left-most through 15, right-most) ·within each 
set. These input signals shall provide the means for per­
forming data transfers from the Extended ~egister File, 
Group II I to the ALU under Format 1 Micro- command ;on t ro 1. 

During all major cycles allocat~d to Processor States 0 
. through 3, the appropriate set of 16 signals shall be 
selected from these.64 input data signals and shall be 
transferred to the ALU under Formal 1 Micro-command control 
when read references are performed with th.e Extended · 
Register File, Group III designated according to 3.2.3.7, 
I tern d and 3. 8. L 1,, I tern c for Boundary Crossing and 
Normal Modes, respecti~ely. 

For timing requirements, see Figure 7. 

Extended Register Read 

This single control signal from the CPU shall be abbreviated 
+ERFG3RD and shall. indicate th~· execution of each Formal 1 
Micro-command designating the Extended Register File,· Group 
III for the p'urpose of performin·g a read reference • 

.._ _____________________ .,,,_,, _______ , ____________________________________ ~,---------
: Fora 400H·A · 
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·This read control s·i('nal shall be shared bv Processor 
Sta~es ~ through 3 and shall be active during all cinor 
cycles in which a CI.A, LAB, LAW,, LAW,, LBL, !...B~·;,. LB:·;,, 

· LDB, LD'.'l-, or LDW\ Mic·ro-command is executed for which 
the Extended Register File is designated according to 
3. 2. 3·. 7, item d and 3. 8.1.1, i fer1 c, for Boundary 
Crossing and NorF.al ·?~odes, respectively. · 

For timing relationships, see Figure 7. 

3 o 2 • 4 • 9 Re q ue s t 

These 4 control signals to the CPU shal: be abbreviated 
-REQ-0 ·through -REQ-3, individually corre~~ "'nding to 
Processor States 0 through 3. These signals ~'all ~rovide 
the means for accomplishing resource utilizatio1. -e~uests 
as originated on a Processor St;.;.'l'.e basis within the 
Extended Register File, Group III control logic~ 

These control signals shall be accommodated at the ·set 
inputs of the associated Busy Flip/Flops in the ft/A ~egister 
as described in 3.2.3.1, item c. · The::;e set i:rrJuts shall 
be resynchronized to the extent that they shall be disabled 
during minor cycles E6, E7,E8, and E9~ 

When the associated Processor State, 0 through 3, re~uires 
a major cycle, the ap::'ropriate Reque~t signal shall be 
active w1til a J.Lajor cycle is allo.cated as indicated by 
the _active state of ·the associated Execute signal de;;cribed 
in 3.2.4.1. l'.hen the corresponding Request and Execute 
signals are simultaneously active,· the allocation· of an . · 
additional major cycle for the associated Processor State 
shall depend on the tir.'ling of their simultaneity with 
respect to resynchronization of the B/A Register ~s 
described in 3.9 and ~Hero-command control effecting the 
contents of the B/A Regist~r during the c~rrent major 
cycle as established by firmware conventions for each 
of the Processor States, 0 through 3. · 

3.2.4.10 Attention 

These 3 control signals to the CPU shall be abbreviated 
-ATTN-1, -ATT~-2 and -ATT~-3 corre~ponding to Processor 
States 1, 2, and 3,respectively. These signals shall r.rovide 
an additional means for accomplishing resource utilization 
requ~sts as originated on a Processor State basis within 
·the Extended Register File, Grour. III control logic for 
Processor States 1, 2. and 3. 
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These control signals shall be· accommodated at the set 
innuts of the associated Busy Flip/Flops in the B/A 
Register as described in 3.2.3.1, item c .. Thes·e set innuts 
shall be resynch.ronized to the extent that they shall be 

'disabled during min-0r cy~le~ E6, E7, EB, and E9. 

rlhen the associated Processqr State, 1 through 3, requires 
a major cycle, the appropriate Attention signal shall 
be active (but enabled at the set input to the associated 
Busy Flip/Flop bnly when the corresponding Active Flip/ 
Flop is in the cleared state as described in 3.2 .. 3~1, 

·item c) until a r.;.ajor cycle is allocated as indicated by 
t.he active state of the associated Execute signal 
described in 3·.2.4.L ~·.'hen the corresponding Attention 
and Execute signal~ are simultane6usly active in the 
presence of the cleared state of the associated Active 
Flip/Flop, the allocation of an additional major cycle for 
the associated Processor State shall de~end on the timing . 
of their s imul tanie ty id th respect to re synchronization 
of the B/A Register as described in 3.9 and Hicro-command 
control affecting the contents of the B/A Register duri.rt~ 
the current major cycle as ~stablished by fir~{are conven~ 
tions for each of the Processor States, .0. throu!;h 3. 

3.2.4.11 Priority 

These 4 co.r. ::rol signals to the CPU shall be· abbreviated 
+PRI-0 through +PRI-3, individually corresponding to 
Processor States 0 through 3. These si~nals shall provide · 
the means for accomplishing disproportionately greater 
use of the common resotirces on the part of Processo~ States. 
0 through 3 by means of establishing· Priority Hodes of oper­
ation on their behalf. These signals shall be originated 
on a Processor St•te basis within the Extended R~gister 
File Group III control logic but shall be individi.tal1y 
conditioned under !ficro-command c:ontrol. only~ by means of 
the associated Enable Priority Flip/Flops in the C 
Regis t e r as des crib e d in 3 . 2 . 3 • 5 , it e in b . 

The active state of these Priority· signals shall be effective 
onlv when the associated Brocessor State has both its Busv 
and.Enable Pdority FliT)/Flons in the set state. The · 
coincidence of these co~diti6ns shall be resynchroni~ed 
fer each Pr.ocessor State 0 tJirough 3, at the. inputs to 
the Resource Allocation Network as described in 3.9. 

Fotn 400HA . 
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3.2.4.12 End of Transfer 

These 4 control signals to the C?U shall be abbreviated 
-EOT-0 through -EOT-3, individually corresponding to 
Processor States .0 through 3. In the active state, these 
signals shal~ provide the means for accomplishing an I/0 
Exit during the·. execution of CIOI and CI02 :ticro- commands 
as d·escribed in .3. 8.12. 5. These signals shall be 
originated on a Processor State basis within the Extended 
Register File, Group III control logic. 

During each major cycle alloc~ted to Prc~essor States 
0 through -3,· the state of the associated t: ... -i of Transfer 
signal must be stable during, and for 200 n/- ;--rior to, 
the execution of CIOl and CI02 ~~icro-commands 1l. ,,..der 
to obtain predictable results. ~·11en the associated 
signal is not syn'chronous to the extent just described, 
the execution of CIOl and CI02 ~-ficro-commands may result· 
in machine nalfunc.tion. 

3.'2.4.13 I/O. Exit 

This single control signal from the CPU shall be abbreviated 
+IOEXIT and shall be shared by Processor States 0 through 3 .. 

This output control signal shall be active during the . 
execution of CIOl or CI02 ~!icro-commands only, wider the 
conditions described in 3.8.12.5. 

Fqr timing relationships, see Figure 7; 

..._ ___ ...._ _________ ""'''''"™'''"""'""""'-.>\--------·--------------... 
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J. 3 Register Option 

The Register Option· shal.1 be fllllctionally divided into 
four parts as .related to the fQllowing Selectable Register 
Features: 
The Relocation and Protection Feature 
The Basic Storage Protection Feature 
The Job Accounting Feature 
The ECC Feature (Register Set) 

The Relocation and Protection Feature and Basic Stora~e 
Protection Feature shall be mutually exclusive. 

The.r.egisters and networks within each of these features 
shall provide the ::leans for accomplishing the assoc~ated 
operations as described in 3.3.1 .through 3.3.4. The 
majority of these operations sh.all be under hard'.vare 
control as specified herein and.shall be accomolished 
dynamically as required. !'.hen registers within these 
features nust be referenced tinder Micro-command control 
for the purpose of transferring data between the CPU and 
the Register Option, a major cycle shall be required 
similar to Main Stor~ge references. Register Option 
references· under Micro-~ommand control shall be 
differentiated from Main Stora£';e references as described 
in 3. 8. 5. l. Register On ti on read ref~rences shall be 
differentia.ted from write references under nicro-conmand 
control in the same ;:ianner as for ~1ain Storage references 
as described in 3.8.5.2. 

During all Register Option references, the content!) of the 
S Register in the ALU section -0£ the CPU shall designate 
~he register number according to th.e following format: 

00 01 02 03 04 05 .06 07 08 09 10 11 12 13 14 15 

(S) =1 NOT USED FEATURE STATE I . REGISTER 

a. Bits 00 through 03 shdll not be used but shall.be 
referred to ~s being i.n the clear state for the puJ1>ose 
of 16-bit hexadecimal notation. 

b. Bits 04 .through 07 shal~ S?ecify the feature, or· re.gister · 
set within a feature, according to the following 
hexadecimal notation. 

0: Relocation and Protection Fe~tu~e: Segment Tag File 
1: Relocation and. Protection Feature : Protect Matrix 
2: Relocation and Protection Feature :. Segment Relocation 

Table 

.._ _____________ z~~tMe'im!Afil8Dd',,._I ____ ~--------------------.. 
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3: 

4: 

5: 
.6.: 
7: 

8/9:. 
A/B: 
C/D: 
E/F: 
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Relocation and Protection Feature: Address-Mode 
Register. 
Relocation and Protection Feature: Parity Erro~ Tag 
Reg.ister . . 
B.asic Storag1e Protection Feature: Bounds Registers 
Job Accounting Feature: Job Accounting Registers 
Not Used. 
ECC Feature·: 
ECC Feature: 
ECC Feature: 

·ECC Feature: 

Main Storage Data Register . 
Log Register 
Generated Check Bits 
Read. Check .1H ts 

c. Bits 08 through 10 shall spec:ify a Pr~-f!ssor State 
when referen~ing the Segment Tae File, L ~ Protection 
Hatrix, the Bounds Registers and th·e Job A ... ""'mting 
Registers. For all other Re p,is ter Optlon re:r ... rences 
these bits shall be unused but shall be referred to 
as being in ihe clear state ~o~ the purpose of 16-bi~ 
hexadecimal notation. 

d. Bits 11 through 15 shall specify a register number 
(1 of 32) when referenting the Segment Tag File. 
Bi ts 11 through 14 shall specify a double-word · 
register number when referencini the Segment Relocation 
Table with bit 15 specifying the left~most word when 
in the. clear state and the right-most word when in the 
set state. Bit 15 shall also be used to· specify the left­
most word in the clear state and the right-most word in the 
set state when referencing the· double-word registers within 
the ·Job Accounting Feature. Finally bit 15 in the clear 
state shall specify the Write Restdction bits· and in 
the set state shall specify the Read Restriction bits 
when referencing the Pro-tection Matrix. For all cases 
just described in which bi ts 11 through 14 are unused, 
and for all cases in which bi ts 11 through 15 are wiused, 
they shall be referred to as ·being in the clear state 
for the purpose of hexadecimal notation.-

---umm...,ri:ln~•~·~w~nu~~~~~Ml:~----------...... ------------
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Re ioca ti on and .Protection Feature 

The Relocation and Protection fea.ture shall expand the 
Main Storage Address capabilitie~ of the 7300 Processor. 
from 65,536 bytes to 1,048,576 bytes. In addition,. this 
feature shall provide the facilities for dynamically 
performing Main Storage Address relocation and ~ain 
Storage protection on a Processor State basis. 

a. The expansion of Main Storage Addresses shall be 
accomplished for Processor States O through 7 through 
the implementation of a Segment Tag File .containing 
256 4-bit entries. These 4-bit values, referred to as 
Segment Tags, shall serve as left-most extensions to 
each of the corresponding 2.56 16-bit registers 
comprising the Basic Register File within the CPU. 
The 20 bit Hain Storage Address thus provided shall 
be referred to as the System Address. 

Address expansion shall be accomplished with respect 
to 7300 Console operations by means of Segment Tag 
additions to the associated CA and CD Registers. 
Likewise, a Segment Tag addition shall be provided 
for the PE Register .such that a 20-bit Main Storage 
Address may be recorded dur:i.ng each Main Storage 
reference for which a Main Storage Parity Error 
Trap occurs. 

For purposes of performing re~ocation and protection, 
· the System Address shall be divided such that the 
left-most 4-bits shall represent a Segment Ta: and 
the right-most 16-bits shall represent a Displacement. 
This 16-bit Displacement sha.11 be further divided, 
into bytes, suCh that the left-most 8-bi ts· shall be 
refe.rred to as a Page Displacement and the right-most 
8-bits shall be referred to as a Byte Displacement. 
The Byte Displ.acemen t shal 1 not participate in Main 
Storage Address relocation and Main Storage protection 
operations. 

b. Relocation ~hall be performed on a Main Storage page 
basis £or ~hich each page shall consist of 256 bytes. 
(Thus, Physical ~fain Storage Addresses shall be 
capable of expressing. 4096 pages). Relocation shall be 
accomplished through the implementation :.of a Segment 
Relocation Table containing 16-24-bit entries in a 32-
bi t format for which 8 bi ts shall be defined as being 
in the clear state. The 4-bit Seg·ment Tag portion of 
the 2b-hit System Address de~cribed in item ~' shall 
be used to· reference 1 of the 16 entries in the Segment 
Relocation Table. The Page Displacement Portion of the 
20-bit System Address shall be, added (right-justified, 
zeroes extended) to the right-most 12-bit output of the 
Segment i ... e Ioca ti on Tab le. 
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Segment Tags 

259 Segment Tag Registers shall be provided by th~ 
Relocation and Protection Feature, not including .the 
4~bit,· left-m0st extensiori to the S Register which 
shall be under Load S :.ficro-command control as 
described in 3. 8. 5 .1 for the purpose of accommodating 
Segment Tag values. 

a. The Segment Tag File shall consist of 256 4-bit 
Registers with one-for-one torrespondence to the 
registers within the Basic Register File. 

During each minor cycle associated with a major cycle 
in which a Register Option· reference is not perfor~ed, 
the Segment Tag File shall be addressed E"')fForr.iat l 
Micro-conunands identically t~ the Basic Register File 
as described in 3. 8.1.1, i tern c. ·Moreover, Format 1 
Micro-commands shall be implicitly capable of performing 
Register File read and write references in which the 
Segment Tag File shall participate. as described in 
3.8.S.1 and 3.8.5.7. Likewise, all Format 1 ~icro­
commands which perform write referenc~s to the Basic 
~egister File, shall implicitly transfer. the contents 
of the 4-bit S Register Segment Tag Extension to the 
appropriate register number within the Segment Tag 
File, whenever ~.ficro-cornmand execution for the 
associated major cycle begins at Control Storage Address 
X~ox16 , (RNI}, or when. imme~iate.ly preceded by· an IDX 
Micro-command as described :m 3 •. 8.S. 7. 

During each major cycle for which a Register Option 
reference is performed, the Segment Tag .File shall 
be address ea according to ·.the con ten ts of the right­
most 16 bits ·of the S Register using the following. 
hexadecimal notation: 

Processor State Register Numbers 

0 0000 - OOlF 
1 0020 - 003F 
2 0040 - OOSF 
·3. 0060 - 007F 
4 0080 - 009F 
s ,OOAO - OOBF 

.6 ooco - OODF 
7 OOEO - OOFF 
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With respect to 1()-bi t data pa'ths, Register Option 
write· references to the Segment Tag File shall only 
make use of the outputs from the right-most 4 bit 
positions of the D Register and Register Option read 
references from the Segment Tag File shall transfer 
zeroes to the D Fan-In Network in 'the left-most 

.12 bit positions, Segment Tag data to the right-most 
4 bit positions. · . 

b. The ·cAand CDSegment Tag Registers .shall· be subject to 
·console controls ~o the exte~t described in 3.10.3.2 
.and 3.10.3.5, rc~spectively. · 

Implicit lficro--command control of these Segment Tag 
registers s~qll be limited to the extent required 
for implementi:l, ! ~n of ·the Console Operations described 
in 3 •. 10 • 3 . 11 , i te ..... · d , f ·,p and g , and sh a 11 not 
include incre~ental Cdpabilities. 

The means for performing Register Option references 
under Micro-command control shall not be provided for the. 
CA and CD Segment Tag Regi'sters. 

c. The PE Segment Tag Register shall operate identically 
to th~ PE Register described in 3.2.3.4 with respect 

. to Micro-cor.unand controlled write references and all 
hardware controls. 

The PE Segment Tag Register shall be read under ~ficro­
command control only by means of Register Option read 
references for which the right-most 16 bits of the S 
Register are equal to 040016 .. The data format: for 
.such references shall conform to that previously. 
described for the Segment Tag File. in item a; namely, 
zeroes· in the left-most 12 bit.positions, Segraent 
Tag data in the t~ight-most 4 bit pos.j. tions. 
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~.3.1.2 · Segment Relocation Table 

0 

1 

The Segment Relocation Table shall consist of 16 24-bit 
registers formatted as 32-bit double-words as follows: 

g 

:~1AXIMUM PAGE 

For the purpose of performing dynamic Main Storage Address 
relocation and Main Stora~e protection on a segmen~/page 
basis, the Segment Relocation Table shall· l:>e addressed and 
its Maximum Page. (Word 0, bits 08 through 15) and R:elocatiori 
Constant (Word 1·, bits 04 through 15) fields shall· be 
utiiized .as shown in the .following diagram. 

SYSTr·f ADD~SS 

I SEGMENT 
DISPLACEMENT 

4 BITS 1 PAGE ' BYTE 16 BITS 

SEGMENT RELOCATION TABLE I 
r---_;..--~ I 

1 
f 
6 

,-----·-~ ~-
_,_ 

I ......__, SEGMENT TABL'E ENTRY 
I . 

&...;..·-.... 1---

. f . ~ . I 
f I I 

I ' I ' ,-----f __ :__t 
I I 1 I 
I I t 

. I I 
Upper Pag. I I 
No. Check I I 

. I . I 
RELOCATION CONSTANT ·---- -·I · PAGE I 
1.· 

' I 
· 1 

• 

12-BIT 
SUM 

' I 
I 

• I 
I 
I 
I 

112 
I 
I 

. I 
I 
I 
I 
I 

STORAGE ADDRESS 

BITS 

PHYSICAL 

[ . PAGE I BYTE jzo BITS 

i'•r• 400HA 

I 
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a. For the purpose of performing Main Storage Address reloca­
tion and Main Storage. protection on a segment/page basis, 
the coil.tents of each entry in the Segment Relocation Table 
shall be specifically utilb~ed as follows: · 

When the "V" designator (lford O, Bit 00; validity). is in the 
cleared state or when the "Maxi:lU.lJl Page" field (Word 0, 
Bi ts 0.8 through 15) is. excee~ded in value (unsigned) .by the 
Page Displac~ment,portion of the System Address, a Main 
Stbrage Addressing violation shall be de~ected. 

The Relocation Constant (Word!, Bits 04 through 15) shall 
be added in 2's complement to the Page Displacement portion 
of the.System Address to provide the left-most 12 hits of 
the Physical .Address. (With respect to the 12-bi t 
Relocation Const.""'-t- .• the Page Displacement shall be a-:~e·i' · 
right-justified,. w.1"· '7.eroes; exten.ded). 

The "P", "U", and "L" designators·('.·Iord 0, bits 01 through 
03). along with the two fiel'ds of zeroes (Word 0, Bi~s· 
04 . through 0 7 and Word 1, Bits 00 through 0 3) shall be 

· untised. · 

b. For the purpose of perfo~ming Register Option references 
under Micro-command control, the Segment Relocation Table 
shall be addressed by the right-most 16-bits of ·the S 
Register according to th~ following hexadecimal.notation: 
SEGMENT RELOCATION TABLE REGISTER N~IBER 
Doub le Word En try ~ford O I Word 1 

o 0200 I 0201 
1 0202 I 0203 
2 0204 I 02os 
3 0206 I 0201 
4 02os I 0209 
5 020A I 020B 
6 020C I 020D 
7 020E I 020F 
s 0210- I 0211 
9 0212 I 0213 
A 0214 I 0215 
B 0216 I 0217 
c 021a I 0219 
D . 021A I 021B 
E 021C I 021D 
F 021E I 021F . 

The Segment Relocat:on Table shall not be physically present 
in"fields of zeroes "positions p:crd 0, Bit 04 through 0 7 and 
Word 1, Bits 00 through 03) and Register Opt'ion write ref- · 
erences which transfer non-zero values to these bit position 
within the Segment Relocation Table shall have no effect on 
these fields. Likewi~e, zeroes shall always be ·obtained 
for these fields when Register Option read references .are 
performed from ,the .S.egment Relocation Table. 
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3.3.1.3. Protection Matrix 

The Protection Matrix shan·consist of ·16 16-bit registers 
and· shall provide the means for performing dynamic ~fain 
Storage Protection with r~spect to pri~acy (read r~strictions) 
and integrity (write restrictions). This shall be achieved 
on the ba~is of individual Proc~ssor states, O through 7, 
having individual read and write restrictions f6r each of 
the Main Storage ~egments as defined.by the Segment Tag 
(designating a segment number) p~rtion of the System Address. 

a. When. Main Storage references are· performed on the part of 
Processor States 0 through 7, and th.e read or write nature 
of the references to the designated segment ar~ restricted 
by the set state of the correspondirtg bit in the Ptotection 
matrix, a Main Storage Addressing violation shall be 
detected. 

The functional arrangement of the restriction bits 
within the Protection Matrfx is shown in the following 
diagram for which segment numbers of 0 through F in 
hexadecimal notation cotrespond to bit positions 00 
through 15, respectively, in each of these 16 Proces.sor 
State related ~egisters. 

SEGMENT NUMBER 
2 3 0 l 1 4 5 6 7 8 _l 9 10 I :ti_ lj i 3 14 JIS 

l'l rite Restriction ...l_D"'-6.___1_......_ .. __,i.-_.....-. .._-+---+----+----- ....... --+-- ~ --1-+- T 
_,!.._.._...__I-·-~- ·-----+----~- - ........ ... -· _.. _ _.,__~J_...,___,.._-+---4 
... 2--+-+--+-·~-·----11---- t---+--+- . r- - ___ ...__j.._' ~po--~-+---
3 ! 

;...;4-...,_..._~--_._-f--,..-f--1--·-+---+- -··- t- ----T _....,[ -·--.. •. --1 

5 
---t---t--- --··- +--- --- . --·----:- - -+- -r+---

_. ....... -+--+-·-+--t---t--- ~·-t---- ' . j ----+-- t-
6 1 

I • 

Processor ~o. 

i ! 
--------------------------...... ~,__ ........ __ +--+~t---·-+-~+--+~-+--...---------~~----~ 0 ! ! ; l Read Restriction 

_..._ ....... _,.___-r-f.--1---...._- ·--~---:--r--t---· ----l-·-
_.-4....., __ ,__-+----...' ___ __....._.,... --·---+- . lT -i . ·t-._,_· .. ~+- -. 
3 . ' l 

Processor :So. _:A.._.._+---t-·-·------- - ___ ---+---;...--+---+---+----t-_T __ _, 
_i:;-...,_...,___,_ __ +----t--·1----t---- t-- --+----'-...4---l--+---+--+--1----1 
_6_ 
7 

.._ ____________________ _.._......_..,__,.,_,,., __________________________________________ __. 
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b~ Fo~ the purpose of performing Register Optiori :refer~nces 
tmder Micro:..command Control, the Protection Matrix 
shall be ad.dresse·d "by the. right-·:nost 16 bits of the s . 
Register ac.cording to ._the following hexadecimal notation. 

Processor State 

0 
1 
2 
3 
4 
5 
6 
7 

· Wri.te 
.. ReJister Number 

Res tnction/Read Restriction 
0100/0101. . 
0120/0121 

. 0140/0141 
0.160/0161 
0180/0181 
OlAO/OlAl 
OlCO/OlCl 
O.tEO/OlEl 

.3. 3.1. 4 Address--Mode Register 

·The Address. Mode Register shall cor.~ist of 16·bits and sha.l:. 
·.provide the means for tonditionin~· d:~na.'."!ic relocation and 

protection operations on a Processor State basis. 

,., .• 400HA 

The Address-Mode Register. shall ccntain ·an "R" designator 
bit .for each Processor State, 0 throueh 7, in the left-~ost 
byte and a "D'' designator bit for each Processor State, 
0 through 7, in the right-most byte in the following format. 

00 01 02 03 04 05 06 07 08 09 10 11 lZ 13· 14 15 

0 1 2 3 4 s 6 1 0 1 2 3 4 5 6 7 
' . 

"R" ·nesign'ators · "D" Designators 

During each ~fain Storage reference on the part of Processor 
States 0 through 7 the appropriate ~·R" and "D" designators 
shall be hardware interpreted for the associated Processor 
States as follows: 

a.· When the "R" designator is clear, neith~r relocation 
nor protection shall be perforned. The 20~bi t Systei:: 
Main Storage Address shall be useci di rec.tly as the 

· Physicai Main Storage Address. The .detection of Main 
Storage Address. violations .shall have no effect. 

b. When the "R" designator is set and the "D" designator 
is clear, dyna11ic Main Storage Addr')SS relocation shall 
occur. The 20-bit System Address shall be' converted 
to a 20~bit Physical Address as described in 3.3.1.2. 
The detection of Main Storage Address violations shall 
have no effect except when the "V" designator is cle.:r . 
for the· associated Segment Relocation Table entry in 
which case a hardware trap se1uence shall be performe~ 
and Main Stoiage write operations shall be disabled. 
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c. When the "R" and· "D0 designators are both. set, dynamic 
Main Storage Address relocation shall. occur and the 
detection of arty Ma~n Storage Address violations shall 
result in a hardware trap sequence· with Main Storage 
write operations di~abled. 

The Address·~.:~ode Register shaI°l be referenced under 
Micro-command control only by means of Register 
Option references for which· the right-rr.ost 16-bits 
of the S Register are equal to 030016· 

The contents ·of the Address ~!ode register shall ·be· 
cleared by Sy.stem. Rese~ as described in 3.10.3.8. 

Basic Storage Pro~ection Feature 

The .Basic Storage Protection Feature shall consist of 3 16-. 
bit registers, referred to as Bo~ds· Registers, and shall 
provide· the means. for accomplishing dynamic ~fain Storage 
protec.tion, duripg. write references only, on the part of 
Processor Sta t~;.s: ... $.~, 6, and :7. This protection shall be· 
provided on thetasis of Main Storage pages consisting of· 
256 bytes each. 

a. Each of the 3 BOWldS Registers associated with Proces·s~~~i· 
. States 5, 6, and 7 shall be formatted· as follows: . y'.~'.:~": 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

. Upper Botm.cls I Lower Bowids ~ 
The Upper Botmds field shall designate a maximum Main 
s·torage page number and the Lower Bounds field shall 
designate a minimum Main. Storage page number. 

When the Upper and Lower Botmds fields are equal, Main 
Storage write references shall be confined to that Main 
Storage page as performed on the part of the associate4 
·Processor State. When the con ten· ts of any Bounds 
Regi~ter ar~ equal. t<;> FFoo16 , ~fain Storage protection s.hall · 
be d1s~bled for write references performed ·on the part of 
the associated Processor State. 

b. During each Hain Storage write reference, performed on 
the part of Processor States 5,6,.and 7,.the contents of 
the appropriate bounds Register shall be read. When the 
left-most 8 ·bits· (page number) contained in the S 
Register are greate~ than the associated Upper Bounds 
field or less than the Lower Bounds· field, a Main Storage 
Addressing violation shall be deiecterl. A Main Storage 
Addressing violation thus dete~.ted s.hall result in a 
hardware trap sequence (Control Storage Address XOI016) 
at the .eud. of the major cycle and shall disable the 
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Main Storage write reference. Once the hardware trap 
sequence has been .performed for the associated Processor 
State 5, 6, or 7, the Hain Storage Addressing violation 
shall be considered totally· under Micro- command control· 
beginning at Control Storage Address X01016· 

c. For ·the purpose of performing Register Option references 
under .Micro•co~mand control,. the Bounds Registers shall 
be addressed by th~ right-most 16 bits of the S Register 
according to the following h~xadecimal notation: 

Processor State 

s 
6 
7 

Job Accounting Feature 

Register Number 

OSAo· 
OSCO 
OSEO 

The Job Accounting Feature shall consist of 8 32-bit registets 
corresponding to Processor States 0 through 7 and shall 
provide the means· for accounting for all major cycles 
allocated to these processor states on an individual basis. 

a. During each major cycle ·allocated to Processor States 
0 through 7, the contents pf the appropriate Job 
Accounting Register shall be .increased by one except 
during Register Option references to the Job Accounting 
Feature itself. 

b.. Fo.r. the purpose of performing Register Option references:. 
under Micro-conunand control,. the Job Accounting Regis tets 
shall be addr.essed by the right-most 16-bits of the S 
Register according to the following hexadecimal 
notation: 

Job Accounting Register Register Number 
Processor State Word 0 I Word 1 

·o 0600 I 0601 
I 0620 ·1 0621 
2 0640 l 0641 
3. 0660 I 0661 
4 0680 l 0681 
s 06AO l 06Al 

.6 06CO I 06-Cl 
7 06EO /· 06El · 
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l'r'hen the Job Accounting feature is addressed under ~·ficro­
colllllland con tro.I for the purpose of performing Register 
Option writ.e references, the entire 32-bit contents (Word 0, 
left-most 16-bits and Wrrd 1, right-mo~t 16-bits} shall.be 
cfoared within the appropriate Job ·Accounting Register. 
regardless of the· Word O/}ford 1 des.ignation (Bit 15 of the 
S Registe·r)· and irrespective of the contents of the D 
Register. · 

ECC Feature (Register Set) 

The Register Set associated with the ECC Feature shall ·consist 
of 4 16-bit quantities for which th~ format and functi"on 
are described by the applicable document listed in 2.1. 

Register Option fead references under Micro-command control 
shall provide the means for addressing the ECC Register 
set from the CPU for the purpose of transferring the 
associated 16-bit quantities from Main Storage to the CPU~ 
The right-most 16-bits .of the~ S Register shall address the 
ECG Register Set during Register Option read references 
according to the. following hexadecimal notation.· 

Ecc·Register Set 

Main Storage Data Register 
Log Register . 
Generate-cl Check Bits 
Re ad Che ck Bi ts 

·Register Numb"ers 

0800 or 0900 
OAOO or OBOO 
OCOO or ODOO 
OEOO or OFOO 
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3.4 ALU 

3.4.1 

3.4.2 

The Arithmetic Logic Unit (ALU) ·Shall consist of those 
registers ·and logical networks· required for imple.mentation · 
of the Micro-cor.unand repertoire. · · 

Au Register 

The Au Register shall consist ':)f 16-bits, designated 
00 through 15 from .left to right'. During operations 
with signed magnitudes, the left-riost bitt 00, shall be 
treated as the sign bit position. · 

a. The Au Regis ::~r shall accora:nodate the following 
inputs: · 

Register File (True and l's co~~lement states) 
Shift Netl·:ork (Le.ft-most out;-u~ 16 bits) 
Bit Sense (1 of 16 c6de) 
D Fan-In Network (True and l's complement state.s) 

b. The Au Register shall provide outputs· to the followinz: 

Shift Network (Left-most in~ut, 1~ bits) 
Bit Sense (Bit multiplex and bit scan) 
ALU Fan-In ~etwork {Direct) 
ALU Fan-In Network (Additively combined with Bu) 
ALU Fan- In Network (Logicall;' combined with Bu) 
Compare (Compared with· Bu and ··:i th zero) 

. . 

The Au Register shall be cleared by the occurrence 
of• System Reset as described in 3.10.3.8, item d. 

The Au Register shall be set by ::ieans of ·the Console 
control described in 3.10.4.20, item a. 

The contents of the Au ·Register shall ·be available 
at the Console Data Register Display indicators when 
selected by means of the Console control as described in 
3.10.3.7. 

Bu Register 

The Bu Register shall consist of 16 ~its, designated 00 
through 15 from left io right. During operations with 
signed magnitudes, the left-most bit, 00, shall be. treated 
as the sign bit position. · 

·a. The Bu Register shall accomr.i~:>date the following inputs:. 

Register File (True and l's co~?lement states) 
Shift Network (Right-most. output, 16 bits) 
Bit Serise (Bu Adder) · 
Constant Genera tc>r 



3.4.3 

3.4.4 

For•. 400HA 

....... 882000 

ENGINEERING SPECIFl~TION 
63 

________________________ ...., __________________ ...,.. ____ ..,.. 

b. The Bu.Register shall provide outputs to the follo~int:;: 

Shift Network (Right-most input, 16 bits) 
Bit Sense (Bu Adder) · . 
ALl) Fan-In Network (Direct) 
ALU Fan-In Network. (Additively C8Mbined with Au) 
ALU Fan-I~ Network (Logically co=bined with Au) 
C9npare (Logically and Algebraically with Au) 

The Bu Register shall be cleared by the occurrence 
of a System Reset as described in 3.10.3.8, iter.t d. 

The Bu Register shall be set. by =ieans of the Console 
control described in 3.10.4.20, item b. 

The contents of the Bu Register shall be available 
at the Console D~ta Register Display indicators when 
selected by means of the Console Control as described in 
3.10.3.7. . 

Force Carry Register 

The Force Car.ry Register sh3:11 consist of a single Flir/Flc;i 
accommodating .set, clea.r and Link Status Bit inputs u..11der 
Micro-command control. The out~ut fro.m .the Force Carrv 
Register shal~ serve as a carry· in:rnt to the right-most· 
bit, 15, of the Adder described in 3.4.S~ 

·The Force Ccirry Regist~r shall be cleared by the occurrence 
of a System Reset as described in 3.10.3.8, item d. 

The Force Carry Regis t11r shall not be set, but at the 
carry input to the Adder it shall ap~ear to be in . tt .. e 

·set state during the simultaneous selection of the 
Console controls ~s described iti 3.10.4.20, item c. 

Inner Carry Register 

The Inner Carry Register shall consist of 4 Flip/Flops t.d th 
carry inpu~s from the Adder only. Thes·e inputs from the 
Adder shall consist. of group carry signals designated 
0, 1, 2~ and 3 corresponding to carries generated from or 
propagated through bits 00, 04, 08 and 12 respectively. 
These group .carry signals from th:; Adder shall be 
transferred (clocked) to the· Inner Carry Register durin_g · 
the execution of DSUM Micro-co;;imands as describe.d in 
3.8.4.8. ' . 

'111e outputs from·the Inner Carry Register shall be 
·individually translated within the Constant Generator in 
such a way as to provide corresponding n1bl (4-bit &rou:J) 
inputs to the Bu Register as described for the CORC 
Micro-command in 3. 8. 7 .6. 
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Adder 

The Adder shall c.onsist of an additive network for ari th­
metica,Ily combining the co·ntents of the Au and Bu Registers. 
The Adder shall also accommodate the output of the .Force 
Carry ·Register as a carry input to 'the fight-most bit 
position, 15. · · 

The inner carry mechanism wlthin the Adder shall be based 
on 4-bit groups providing. carry translations to the 
inputs of the Innc~r Carry Redste·;." ·Likewise, the inne.r 
carry mechanism shall ·accommodate a disabling input such 
that inter"" group carry inputs shall be in the cleared s ta·te 
only, following the execution of DI~ .and CORC Micro­
commands as descrj.:;Qd in 3.8.7.S ana 3.8.7.6, respectively. 

·The output of the Adder 5.&&. 1 ·~o~. available to the ALU ·Pan-·!n: 
Network for selection during write references to the 
Register File under Micro-command cor..trol. 

The output of the Adder shall be ·available at the Console 
Data Register Displ·ay indicators when ·selected by m~ans of 
the Console Control as described jn 3.10.3.7. 

. Shift Netw~rk 

The Shift Network shall provide the r:-ieans for implementin~ 
the Shift class of Micro-conµnands described in 3. 8. 8. 

Within two minor cycles,the ShiftNetWork facilities shall 
. be capable of selecting a Shift-count, performing a 2 's 
comulement of the shift count as ~.aero-command designated, 
and· shifting the 32-bit combined ,contents of the Au/Bu 
Registers 0 to 1510 places left,end-off, zeroes inserted. 

·ALU Status 

ALU Status faciiitiies shall consist of the means for 
translating Overflow, Link and Au Re&ister comparison 
conditions. 

Overflow 

Overflow status shall be transferred to the Su Register, 
bit 00 position, by. means of sun and DSUM Micro-commands 
as describe d in 3 • s·. 4 • 7 and 3 • 8 .. 4 • 8 , respective i y • 

Overflow shall be defined as occurring wheneve.r the contents 
of the Au and Bu Registers have th3 same sign, but produce 
at the. output of the Adder an o~;:iosi tely signed Sum; 
Auoo 1 Sumoo and Sumoo I Buoo. 
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Overflow Status thus contained in the Su Register shall 
be transferred to the Basic Register Hle, bit 00 ~ by 
means of RNil and RNI2 Micro-commands as described in· 
3.8.11.5 and 3.8.11.6, respectively. · 

3.4.7.2 Link 

,.,. 400HA · 

Link Status shall be transferred to the Su Register, bit 
01 position, by means of SUM and DSUM Micro-commands as 
described in 3.s·.4.7 and 3.8.4.8, res;>ectively. 

a. Link Status shall be defined as occurring whenever 
a carry output ·exists fron bit ;:'OSition 00 of the Adder, 
provided the left-most byte of the common resource 
F Regist&~ is not equal to SO,· 51, 52 or 53 in hexadecimal 
notation. 

b. When the left-most byte of the common resource F P.egister 
is equal to SO, 51, 52 or 53 in hexadecimal notation, 
Link Status shall be defined as occurring whenever a 
carry output exists from bit position 08 of the Adder. 

Link status thus contained in the Su Register shall 
be transferred to the Basic Register File, bit 03, by 
means of !UHl .and RNI2 Micro-commands as described in 
3 .. 8. ll. 5 and 3. 8. 11. 6, respectively. 

NOTE: The car:ry output fro;,i a particular bit position· 
may be generated.by th~t bit po~itio~ itself 
or generat~d anywhere to the right of ~~ at bit 
position provided carry propagation occurs 
in all pafticipating bit ~ositions to the left 
of its generation. 

(Au) equal to. zero: SKZ, FZJ 
(Au) not equal to . zero: SKN 
(Au)equal to (Bu): CMP, CUM, SKE, CIOl 
(Au) not equal to (Bu): SKE\, CI02 
{Au) algebraically greater then (Bu): CMP 
(Au) logically greater than (Bu):. CMP, CMU, SKG 
(Au) algebra::.cally less than (Bu): CMP 
(Au) logically. less t.han (Bu):. CMP, CMU, SKL· 
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3.4.8 

3.4.8.2 

3.4.8.3 

·Bit· Sense 

Bit sense logic within the ALU shall provide the means 
for testing the contents of the Au Register under ~.ficro­
command control relative to the state of an individual 
bit position (bit mtiltiplex) or with respect to a left 
to right search (bit scan) in which case. the result of 
scanning Au shall.result in an addition to the contents 
of the Bu Register. 

Au Bit 

The output of the Au Register shall be bit multiplexed. for 
the purpose of impleill ... -1".ing the SK.3 and SKB' Micro-commands 
described in 3.8.10~3 an~ •. 0 10.4, r~spectively~ 

Au Scan 

The output of the Au Register shall b·e scanned and the 
scan ·result encoded for the purpose of implementing the 
Bit Sense class of Micro-commands described in 3. 8.9. 

Bu Adder 

The Bu Adder shall p·rovide the means for adding the result 
of the Au scan ope~ation to the contents of the Bu 
Register. According to the first bit position sensed in 
Au as described in 3.8.9, the following values in 
hexadecimal notatit'm shall be correspondin.gly added to 
the contents of the Bu Register. · 

Au Bii Position Det~cted 

00 
01 
02 
03 
04 
05 
06 . 
07 
08 
09 
10 
11 
12 
13 
14 
IS 
None 

Bu Addend 

0000 
0001 
0002 
0003 
0004 
ooos 
0006 
0007 
0008 
0009 
OOOA 
OOOB 
oooc 
OOOD 
OOOE 
OOOF 
0010 

------;_.~ • •xmDW::WlltaHU-W•lt'i'MOOi:W:llill.~;Dtll' • .-.-----------------------.. 

. ···- .• 11\#\ ...... All 4 
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3.4.9 

3.4.10 

3.4.11 

Form 4002-2.A 

Constant Generator 

The Constant Generator shall provide immediate operands to 
the Bu Register as required by the Immediate Operand class 
of Micro-commands described in 3. 8.1 as w·ell as the Load S 
~licro-commands described in 3. 8. 5. L 

ALU Fan-In Network 

The ALU Fan- In Uetwork shall provide the means for selecting 
ALU data to be transferred to the Register File under 
~licro-comniand· control. During major cycles allocated to the 
Null State, the ALU Fan-In Xetwork shall proiide the mesns · 
for selecting ALU data to be transferred to the Console Data 
Register Display indicators under Console switch control as 
described in 3.10.3.7. 

The output of the ALU Fan-In Network. shall selectively 
provide the following: 

Au Register 
Bu Register 
D Fan-In Network (Full. Word) 

. D Fan· - In Network (Byte O) 
D Fan-In Network (Byte ·l) 
Sum of Au and· Bu 
ExclusivJ nr of Au and Bu 
Inclusive Or of Au and Bu 
Logical Product of Au a.nd Bu. . 
Compare Status of Au and Bu (left-most byte) 
ALU Status of Overflo.1 and· Link (left-most byte) 
Zeroes 

S Registe·r 

The .16-bit S Register shall provide the means for addressing 
Main Storage and the Register Option .• 

The input to the S Register shall be provided· from the 
Register File under··.Load S Micr.9-command control as described 
in 3. 8. 5 .1. 

The output from the S Register shall be provided.to Main 
Storage by way of the Regi~ter Option, (Basic Storage 
Protection Feature· or Relocation and Protection Feature). 
In addition, the output of the S Register shall be ~s~d 
for Breakpoint stop operations as described in 3.10.3.13, 
item a, ·and shall be available to the Console Address 
Register Display indicators whe~ selected by means.of the 
Console control as described in 3.10.3.4. 

In the presence of· the Relocation and Protection· Feature, 
the S Register shall be left-most exten~ed by 4 bit positions 
as described in 3. 3 .. 1. I. 
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3.4.13 
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__________ , ______________________ ._ ________________ __. 

D Register 

The 16-bit D Register shall provide the means for transferring 
data to Main Storage and th~ iegister Option. 

The input to the D Register shall be provided from the 
Register File under Micro-command control. 

The output from the D Register shall be provided to Main 
Storage by way of the Register Option, (~asic Storage 
Protection Feature or Relocation and Protection Feature). 
During Main Storage references r·,~rforming partial (byte) 
write operations under Micro-command coritroi, the output 
from the D Register shall be ~ent to Main Storage such 
that the right-most byte shall be dq.plicated in the left­
most byte position as ~~~cribed in 3.8.S.4. 

In addition the output ~f the ~ Regi~t~rs shall be provided· 
to .the D Fan-In Network. 

Micro-commands related to the D Register are described in 
3.8.S and 3.8.6, including timing constraints. 

The D Register shall be cleared by the occurrence of a 
System Reset as described in 3.10.3.8, item 4. 

The D Register shall be set" by. r.ieans of the Console 
controls described in ·3.10.4.20, item c. 

The contents of the D Register (by way of the D Fan-In 
. and ALU Fan-In Networks) shall be available at the Console 
. Data Regi~ter Display indicators when selected by means of the 
Console control •s described in 3~10.3~7. 

D Fan-In .'le twork 

This 16-bit fan-in shall provide the means for transferring 
data from Main Storage, the Register Option, and the D 
Register to the Au Register and the ALU Fan-In.· Network. 

In addition, the output of the D Fan-In Netwo.rk shall be 
provided to the Shift _Network for selection as a shift-
coun t (Bi ts 12 through 15) and shall be provided to the 
Address Tahle addressing mechanism~ in lieu of Su, 
for- the purpose of executing FRJ Micro-commands (Bi ts 
00 ·through 08 and bit 12 of the D Fan-In Network output). 

Timing constraints with respect to hardware control 
of the inputs to the D Fan-In Network are described in 3. 8.5. 
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3.5 Conttol Storage 

·Control Storage shall be .. divided into two functional areas 
referred to as Co11trol Storage· proper an·d the Address Table. 

Control Storage proper shall provide the means for· storing 
Micro-commands to be· read, translated and executed under 
hardware control. · 

The Address Table shall provide. the means for storing 
Control Storage Addresses such that FRJ Micro~com.mands 
may perform high speed· branch operations for decoding · 

·purposes. (See 3 .. 8. lL 2). · · 

All Control Storage references, read ~nd write, which are 
performed for purposes not direc.tly related to ~ficro­
comm.and execution· shall be associated with provisions for 
7300 Processor maintainability and availability. Such 
operations, performed under hardware control as initialized 
from the Console, shall be referred to as Control Storage · 
Read and Control Storage Write operations as d~scribed 
in 3._10.3.ll, items hand i, respectively. 

3. 5 .1 Su . 

'•rli 400HA 

The Su Register s·hall provide the only means for directly 
addressing Sontrol Storage proper. During all operations 
not involving Micro-command execution, (namely, Control 
Storage Read and Control Storage Write, Console operations), 
the Su Register shall orovid~ the only means for directly 
addressing the Address Table. 

a. During Micro-command execution, the Su Register.shall 
have the following format and shall be displayed as such 
by the Console Addres~ Register Display indicators when 
selected according to 3.10.3.4. 

00 01 02 ·03 04 05 06 07 08 09 10 11 12 13 14 15 

0 CONTROL STORAGE PROPER, ADDRESS 

ink (See 3.4.7~2) 

verflow (See 3.4~7.l) 
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3.5.2 

'•r• 400HA. 

b. During Micro-command execution, the Su Register shal 1 
have the following format _for Breakpoint purposes as 
described· in 3.10.3.13, item b, provided the Su Register 
is not selected as the input to the Console Address . · 
Register Display indicators. 

00 01 02 03 04 05.06 07 08 09 10 11 12 13 14 15 

I of 01 CONTROL STORAGE PROPER, ADDRESS I· 

c. During Control Storage references performed by the Console 
State for the ·express purpose of reading or writing 
Contr61 Storage~ ~~~ Su Register shall have the following 
format and Micro-comm'" ~ execution shall be excluded. · 

r 

00 ~1 02 03 04 05 06 07 08 09 10 11 12 13 14 15 ! 

E; ~~T ~· _______ ____.J 

L ADDR.ESS TABLE ADDRESS :>-I . I 
· CONTROL STORAGE PROPER, ADDRESS---~~, 

~O: Control Storage Proper 

i-1: Address Table 

._Burst Check Error indication, when set following 
the termination· of a Deadstart ·Sequence. 

Address Constants 

Control Stor~ge proper shall be addressed such that Micro­
.command execution shall begin, for the appropriate Processor 
States ~nd under the designated ccinditions, at the address 
constants as follows: 

a. Control Sto-rage proper shall be referred to as RNIO at 
addresses 0000, 1000~ 2000, and 3000 in hexadecimal 
notation. These address ·constants shall be designated 
in a combined form as X00016 and shall be hardware 
~enerated to the extent described in 3.10.4.18. 

b. Control Storage proper shall be referred to as RNil, 
at addresses 0002, 1002, 2002 _and 3002 in hexadecimal 
notation. These address constants. shall be designated. 
in a combined form as X00216 and shall be explicitly 
.generated·under Micro-command control as described in 
3. 8. ll. s. 
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c. Control Storage proper shall be referred to as RNI2 at 
addresses 0009~ 1009, 2009 and 3009 in hexadecimal 
notation. These address constants shall be designated 
in a combined form a X009 16 and shall be explicitly 
generated under Micro-command control.as described in 

·3.8.11.6. . 

NOTE: The RI'1IO, R.'fll and RNIZ addresses shall be hardware 
translat3d at the beginning of each major cycle for 
Breakpoint purposes as described in 3.10.3.13 through 
3.10.3.17, for Stop/Step operations as described in 
3.10. 3.18, and for.implicit Segment Tag write trans·fers 
as · de·s c.r i bed in . 3 • 3 • 1 . 1 , i t em a . 

· d. Control Storage proper shall be referenced during Illegal 
Address trap ~equences at addresses 0010, 1010, 2010, 
and 3010 in hexadecim~l notation. These address constants 
shall be designated in a combined form as X01016 and 
shall be hardware generated· as a. result of ~fain Storage 
Address violations detected and enabled as described 
in 3.3.l and 3.3.2. 

e. Control Storage proper shall be referenced during Main 
Storage Parity Error trap sequences at addresses 0018, 
1018, 2018, and 3018 in hexadecimal notation .. These 
address constants shall be designated in a combined. 
form as X018 16 and shall be hard~are generat~d for 
Processor States 0 through 7 as described in 3.10.4.4 
with the exception that "Out of Range" addresses shall 
be included with ~he detection of ·Parity Error~ ·during 
Main Storage read references in the absence of the ECC 
F~ature as well as the detection of non~~orrectable 
data errors during Main Storage read references in the 
presence of the ECC Feature. The occurrence. of al 1 
hardware controlled trap sequenc~s to addresses X01816 
shall be conditioned by the state of the Storage · . 
Parity Disable switch described in 3.10.4.16. Once this 
trap sequence has occurred for the associated Processor 
State, further opetations relative to the Main Storage 
Parity Error shall be considered totally l1Ilder Micro­
command control. 

f. Control Storage proper ~hall be referenced during Control 
Storage Parity. Error.trap sequences at add~~s~es 0028, 
1028, 2028 and 3028 in hexadecimal notation. These 
~ddress constants shall be designated in a combined form 
as X02816 and ~hall be hardware generated, for 
Processor States 0 through 7 only, as described in 
3.10.4.5. Likewise, the occurrence of trap sequences 
to addresses xo2a1~ shall be conditioned by' the. state 
of the Storage Parity Disable switch described in 
3. 10. 4 .16. Once this trap sequence has occurred ±·or the 
associat~d Processor State, further operations relative 
to the Control Store Parity Error shall be considered 
under Mi'cro- command control. --·-----------------------,.._.,....,_ ...... ,_. ____________________________________________ __ 
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--------·------------------------"-------------------~· ·NOTE: The order of· precedence for the trap sequence shall 
be: Conttol Storage Parity Error, Main Storage Parity 
Error and Illegal Address as described in items f, e~ 
and. d, respectively. However, Main Storage Parity shal 
not be checked when Main Storage Address violat~ons 
are detected as described in 3.3.l and 3.3.2. 

For i terns a through, f in whic..Ji the left-most 2-bi ts 
of the 14-bit address const~nts are not specifically 
designated, the value of the left-most Z~bits shall 
be derived ide.ntically to ~he man11er described in 
3. 8 • 11 , i t~m b • 

Trap Sequences, items d, e~ and £, shall o~cur on m{nor 
cycle E7 and shall St:;.. -the Bt;tsy flip/Flop for the 
~ssociated Processor Sta\.~ ... +hr.ough 7, under hardware 
controL . Thus, Processor Sta'tc.3 ... O through 7 may not be 
stopped at· the end· of any major cycle in which such· 
trap. conditions arP. hardware detected, when the stop 
operatiort is expected to be achieved during that 
major cycle through the clearing of the associated 
Busy Flip/Flop, whether 1by means of Micro-command 
control on the part 0£ the effected Proc~ssor State, 
~r by means: of the associated.Console controls as 
described in 3.10.3.18. · 

g. Control Storai~ prop~r shall be a~dr~s~ed at 010016 for 
Console State operations as described in 3.10.3.l, items 
a and g. · 

h. Control Storage proper:shal~be iddressed at 01031 ~ foi 
Console.. State operations as described in 3.10. 3.11, items 
b and f. 

L 

j . 

k. 

1. 

Control Storage prbper shall be addressed at 010616 for 
Console St~te operations as d~scribed in 3.10.3.11, 
item c. 

tontrol Storage propet shall be ~ddressed at OlOC fo~ 
Console State· operations as described in 3.10.3.li~ 
item d. 

Control Storage proper shall be addres~ed at 0112 16 fo~ 
Alternate Auto load sequence initialization as described 
in 3.10.Z.4 and 3.10.2.S~ 

Control Storage proper s~all b~ addressed a~Oll316 fo~ 
Primary Atitoload initialization as described in 3.10. 2. 4 
and 3.10.2.s. 
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· Address Table 

The Address Tal;lle shall consist of· a minimum of 256 IO~bit 
words. Address· Table sizes· of 512, 768, and 1024 10-bit 
words shall be possible on an optional basis. 

a. The 256 word Address Table shall be addressed by the 
contents of Su as d~scribed in 3.5.1, item c, during 
Console State read .and write references not involving 
Micro-command execution. 

The 256 word Address Table shall be addressed by the 
output of the D Fan-In ~etwork for a minimum of 2 minor 
cycles prior.to the execution .of the FRJ Micro-comm~nd 
described in 3.8.11.2. Bits 00 through 08 and bit 12 
from the D Fan-In ~etwork~shall be encoded from 10 bits 
into 8 address bits su&"stituted. for the right-most 
bits from Su as follows: 

1~ Su SUBSTITUTE TO THE ADDRESS TABLE ~-IN 
through 07 '08 I 09 10 11 12 13 l 14 IS .. 

. 2Xll 3X,AX,BX i 0 I 0 DFoo DFo:3. XB or XA or I DF08 DF1z 
L i i 

xc~xF XC-XF : 

I 6X, 7X T DF03 
l T 

0 1 0 I DF04 DFos l DF08 DFli 
~ i l 

i 
0 1 i 1 I DFoo ' DF01 I DF03 ; DF04 I DFos i OX,1X,4X,SX I 

! 
t 

! I I l 8X,9X,CX,DX l ! : I i j ' l I 

t I 
I 

l l DF08 I DF12 

t 
EX 1 0 I DF04 

j DFos ,. 
DFo6 DF07 i I 

I ' : 

I I I l DF1z; FX l 1 I 1 DF04 ! DFos DFo6 I 

DF07 '. DFos i I I l. l 

·-

~ 

! 

I 

j 

: 
I 

J 
I 

t 
i 

I 
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The data outpu.t from die Address Table to the Console Data· · 
Register Display lndicators shall be in the following fotinat. 
during Console read O?erations. 

00 01 02 03- 04- OS . 06 

[ Pl oj oj ol oJ 11 Df03 

07· os. 09 10 11 12 13 14 15 

ADDRESS TABLE DATA . -: 

· TI.1.e data input to the Address Table from the Console Data 
Register· shall be in the same format shown above· with the 
exception of bits 01 through 06 whic:h shall be tmuse'.i during 
Console write operations. 

The data output from the· Adc!ress Table, trans £erred to bit 
positions 04 through 15 of ~he ~": Register during the execu- · 
tion of FRJ Micro-cor.mands, shall ... :. ,.,.~pond to the associated 
bit positions 04 through 15 als.o shown ... n the ab~we format. 

Horizontal .Parity for the Add res; s Tab le, during both Console 
read operations and FRJ ~ficro'-cmnmand execution, shall .be 
valid when the- total nu.11ber of bits in the set state is odd 
for bit positions 00 and 07 through 15 .only, i.e. without 
respect to th~state of bits.01 through 06. 

b. The 512 word Address Table is tmdefined with respect to 
address .and data conventions_ at the present time. 

c. The 768 word Address Table is tmdefined ·with respect to 
address and .data conventions at th.e present time. 

d. The 1024· word Address Table is tmdefined with respect to 
address and 'data conventions at the ·present time. 

Control Storage, Read/Write 

The means for· performing Control Storage Read and Control 
Storage Write operations under hardware control. sh.all be 
provided ir.. a manner autually exclusive with Micro-command 
execution.. Such operations shall be selected and controlled 
through the use of the Console switches as described in 
3.10.3.9 through 3.10.3.11. 

Control Storage Read 

The Console State shall be used to implemerit Control Storag~ 
Read operations under hd.rdware control as descriQed in 
3.10.3.11, item h. 

Control Storage.Write 

The Console State shall be· used to implement Control Storage 
Write operations under hardware 1:ontrol as described in 
3.10.3.11, item i." 

Reset/Load ~equences shall simulate Console operations to 
the extent described in 3.5. 7.3, 3.5.8._2, and 3.5.9.Z. 

--------·---~---~-~~i!IMP.SIJj';;lflt~lik'.eilCili':l.~C----------------------.. ··-- ......... Ot• 
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3.5.7.1 

3~5.7.Z 

Reset/Load Sequence 

Tiie Reset/Load Sequence shall be initiated from one of 
three s·ources. 

a. The trailing edge of Power .... On System Reset at the 
completion of a power-up ·sequence.· 

b •. The Reset/Load Switch as described in 3.10.Z.lZ. 

c .. The presence 1of a Restart Reset/Load signal as described 
in 3. 5 • 8. 5. 

The Reset/Load sequence shall consist of those operations 
described in 3.5~'7.1 through J.s.1;s. 

Reset/Load System Reset 

A System Reset shall. be performed for a minimum of . 4 m/s 
. and a maximum of .. 6 m/s. For a description of the effects 
of Reset Load, see 3.10.J~s. 

Reset/Load Pause 

The trailing edge of System Reset shall generate a pause 
of 2.5 t:/s minfmum to 3.5 u/s maximum, to allow IFA logic 
to stabilize. · 

3.5.7.3 . Reset/Load Initialization 

3.5.7.4 

Upon completion of the ·pause, the Reset/Load Fliµ· Flop shall 
set, and force the followin~ condition~: 

a. Reset/Load Initiate, see 3~5.8.1. 

b. Control Storage Write; this signal is in parallel' with 
and performs the same function as the Control Storage. 
Write Operation selected from the Console, (See 3.10.3.11). 
Th.is signal shall be disabled when the Console is in 
Maintenance Ho de. Thus, Control Storage Write Operations 
sha11 be selected by· means of the Console Mode Select 
Switch only, when the Console is in Maintenance Mode. 

c. Console Stop; this signal is in parallel with and 
performs t.he same function as the Console Control 
Select switch, Stop/Step position, (See 3.10.3.9) .• 

Reset/Load Data Transfer 

a. Upon. receivirtg the Reset/Load Initiate signal, the 
.Integrated File Adapter or Integrated Card Adapter, as 
· d~termined by the state of the Primary Source signal des­
cribed ~ri. 3. 5. 8. 3, shall transmit Data as described in 
3.5~8.8, arid 3.5.9.8, with Data Strobes as described 

..._ ___ , ____ .... in..,·...-3.._.. s~~.J!!ld 3. 5. 9. 2_1_ re,s_Qectivel_y_. 
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3.5.7.5 

3.5.8 

3.5.8.l 

3.5.8.2 

.. 

b. The Reset/Load sequence shall write data in to Control 
Storage proper until all addresses present have been . 
written, (16 ,384 words maximum, 1024 word increments), 
and shall then write data in to the Address Table lll1. til 
all addresses present have been writteri (1024 words 
maximum, 256 word increments). The sizes of Control 
Storage proper and the Addr~~s Table may be selected for 
maximums of. 4096 words ·and 256 words, respectively, by 
means of the Select CS Minimum control as described in 
3 .. 10. 4. 19 •. 

Reset/Load Terminati~n 

Termination of· tht... Reset/Load shall be accomplished by the 
clearing of the Rest.. 'Load Flip/Flop, through one of the 
f.ollowing means. 

a. Generation of the End Out Signal.as described in 3.5.8.7, 
with the Load Select Switch in the Primary position. 

b. Gener~tion of the End In ~ignal as described in 3.S.9.5, 
with the Load Select Switch in the Alternate position. 

c. The occurrence 1of a Sy.stem Reset •. 

Primary Loader 

The Pr~mary ·Loader JLogic shall utilize the following signals 
to interface the ALU and the Integrated File Adapter (1FA), 
in order to accomplish a Control ... Storage (including the· 
Address Table} Reset/Load.· 

Reset/Load Initiate 

A level from the loader 16gic which, in the high state, 
shall indicate a Reset/Load is to be initiated from the 
source specified by the state of the Disc Source signal 
described in 3.5.8.3. 

The leading edge and. trailing edge of this signal shall 
be generated by the setting and clearing, respectively, of 
the Reset/Load Flip/Flop-described in 3.5.7.3. · 

Prfmary Data Strobe 

A pulse from the IFA t1hich, in the low state, shall· indicate 
that 16 bi ts of input Data ·are avail ah le on the Primary 
Source Data Lines described irt 3.5.8.8~ 
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This pulse shall initiate a sequence which clears the 
Console Data Register, strobes the Primary Source Data Lines 
into. the Console Data Register, and generates a Console Run 
signal. ·This Run· signal shall ·be in parallel with an~ shall . 
perform the same function as, the Console Run Control described 
in 3.10.3.10. · · · 

See Figur_e 8 for· timing relationships. 

Primary Source 

A level from the Loader Logic which, in the high state, 
shall indicate that the Primary Load Source is to be used 
for the Reset/Load. 

This level shall be generated by the Load Select switch 
described in 3.10.Z.S. 

Maintenance Out 

. A level from the L~ader logic which, in the high state, 
indicates the Console is being operated in Maintenance 
Mode. 

This signal shall be generated by the. Maintenance Mode 
Switch d~scribed in 3.10.4.1. 

Restart Reset/Load 

A SO n/s minimum width pulse from the IFA which, in the 
low state, shall indicate that a burst check erro1· has 
been detected during a Control Storage Lo·ad, or shall 
indicate that a Control Storage Load.Command has been 
issued to the I FA by means of a .Micro·- command routine. 

This signal reini.tiate's the Reset/Load sequence· if not 
disabled .bY means of the Restart Reset/Load Disable 
described in 3.5.8.6. · 

Restart Reset/Load. Disable 

A pulse from the IFA, which shall occur SO n)s before 
an.d shall remain for SO n/s · after the Res tart Reset/Load 
ptilse for the ptirpdse of disablirig the restart operation. 

This signal shall disable the Restart Reset/i.o~d signal 
when a burst check error has been detected and the 
Console is in Maintenance Mode. 

-----i-i----·------------_...U-~mraN----------·--·----------------------------------------...... .,,..,. •nn,_.a 
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End Out 

A pulse, from the Loade~ Logic which~ in the high state, 
shall indicate that. Control Stc1rage, (Including the 

·Address Table) has been completely loaded. 

This signal shall assume the high state from 1 to 2 u/s 
after the. next to the last word. is transferred and shall 
return to the low state from. 1. to i u/s after the last 
word i:S transferred. Minimµm high state pulse width 
shall be 3 u/s 

Primary Source·D~ta Lines 

Sixteen (16) levels ."-om the IFA which, in the high state, 
shall provide Primary .. .- 'tree input· data (true state) 
for the Juration of the t ~.ma.ry Data Strobe signal. 

See Figure 8 f6r timing relationships. 

Alternate Loader 

·The Alternate Loade:r logic sh.all uti!ize the following 
signals to interfa~e the CPU. and the Integrated Card Reader 
Adapter, (ICRA), in .order to accomplish a Control Storage.· 
(including the Addl'E!SS Table) Reset/Load,. · 

. . . 
NOTE: The Alternate Loader shall be capable of performing 

a Main Storage Load when the Console is in ~ainteri­
ance Mode a.J?.d the Console. Operation Select switch is 
the MS-WR position, .(See 3.10 •. 3~11}. 

Al tern ate Reset/Load Initiate 

See 3.5.8.1 

Alternate Data Strobe 

A pulse from the lCRA which, in the low state, shall indicate 
that J4 bits of input .data are available on the Alternate · _., 
Source Data Lines as described in 3.5.9~8. 

This pulse shall initiate a sequence which clears the 
Console Data Register, strobes the Alternate Source Data 
Lines into the Con~ole Data Register, and generates a 
Console Run signal. This Run signal. shall be in parallel 
with, and shall perfc;>rm the same function as, the Console 
Run control described in 3.10. 3.10. 

See Figure 8 for timing relationships~ 
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3. 5 .. 9. 3 Alternate Source 

The Primary Source signal described in 3.5.8.3, in the low. 
state, shall indicate that the Alternate Load source is to 
be used for the Reset/Load. 

3.5.9.4 ~aintenance Out 

3.5.9.S 

3.5.9.6 

'3.5.9.7 

F'orfft 400HA 

.. 

See 3. S • 8. 4. 

End In 

A 50 n/s minimum width pulse from the ICRA which; .in the 
low state, shall indicate that the ICRAhas completed its 
data trans fer, (See 3. S. 7. 6, for Reset/Load Termination). 

~ybl Zero 

A pulse from the ICRA which, iri the low state, shall indicate 
that th~ Alternate Source .Data Liries correspond to the 
left-most 4 bits, (Nybl Zero), of.a 16-bit word. 

·see Figure 8 for timing relationships. 

Nybl Three 

A pulse from the ICRA ~hich, in the low state, shall indicate 
that the Alternate So~rce Data Lines correspond to the 
right-mo.st 4 bits, (Nybl Three), of a 16-bit word. 

See Figure 8 for timing relationships. 

Alternate Source Date.. Lines 

Four (4) levels from the'ICRA which, in the high state 
shall provide Al tern ate Source input. data (true state) 
for the duration of the Alternate Data Strobe signal. 
Each.4-bit input received on these lines shall be treated 
as a nybl and ·shall be assembled. into a 16-bi t word, 
working from left tCJ right, in the Console Data Register. 

See Figure .8 for timing relation.ships·· 
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3.6 Main Storage 

3.6.1 

·Main Storage facilities for the 7300 Processor shall 
be described by th~ appropriate documents listed in 2.1. 
Although Address, Data and Control signal conventions 
are only gen~rally described herein, by 3.6.1 thro~gh 
3. 6. 3, .respecti v.e ly, the. CPU shall con-form to the. precise · 
specifications as contained in the appropriate reference 
documents listed in 2.1. 

Address 

Address signals to Main Stor~ge shall be provided. by the 
CPU via the Basic Storage Protection Feature or the . 
Relocation and Protection Feature, with the exception of 
item c, as follows: 

a. Nin~teen (19) Word Address signais shall be supplied 
to Main Storage. 

b. Two (2) additional signals shall be supplied and shall 
·be Byte Address. related to ·the extent that their· 

encoding shall provide full read reference, Byte O 
write reference (left-most), Byte 1 write reference 
(riglLt-filOSt), and full Write· reference designations 
to Main Storage. 

c. Three (3) signal.s shall be supplied to Main. Storage 
for the purpose 1of addressing the Regis.ter Set 
associated ~ith the ECC Feature (Note~ These signals 

. shall bypass. the ·Register Option and be directly supplied 
to Main Storage from the. CPU) io 

3.6.2 Data 

.For• 400HA 

a. Sixt~en (16) Data Signals shall be provided to Main 
Storage ·via the Register Option in the same manner· 
~reviously described for the Address signals in 3.6.1. 
Two (2) additional signals shall be supplied directly 
from the ALU section of the CPU to Main Storage and 
shall.be Data .related to the extent that each ~hall 

. provide odd horizontal parity designation for the· 
associated Data byte. · 

b. Sixteen (16) Data signals shall be received directly 
from Main Storage by the ALU section of the· CPU (D 
Fan-In Network). Two (2) additional signals shall be 
received from Hain Storage and shall be Data related 
to the extent that, in the absence of the ECC Feature, 
each shall provide odd horizontal:parity des~gnation 
for the associated Data byte .. As such, they shall be 
checked. for validity by the CPU ••. (In the presence of 
the ECC Feature, thes.e sixteen data signals shall 
provide. the ou~put from the ECC associated Register 
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Set when addressed .by means of the signals described . · 
in 3~6~1, item c~)~ 

Control 

Control signals shall be. exchanged between the CPU and 
Main Storage as follows: 

a. A single Clock sj ~nal shall be supplied to Main 
Storage and shal. provide the CPU timing reference 
for Main Storap operations. 

b. A single Acee J Enable signal shall be supplied to 
Main Storage tor the purpcise of desigriating the need 
for a Main Storage. refer·ence on the part of the CPU. 

c. A single Refresh signal shall be received from Main 
Storage for the purpose of allocating Null State 
major cycles within :the CPU. Main Storage references 
shall not occur during major cy~les allocated to the 
Null State. · 

d. A single Out 1of Range signal shall be received from. 
Main Storage for the purpose of detecting Main Storage 
references on the part of th~ CPU ·to Main Storage 
Addresses not physically present within the 7300 
Processor. 

e. In the presence of the ECC Feature an associated 
signal shall. be r~ceived from Main Storage such that 
horizontal parity checking of Main Storage dat~ shall 
be disabled within the CPU and the ECC Error signal 
from Main Storage indicating an tmcorrectab le data 
error shall be enabled within tjie CPU. 
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3.7 Basic Timing 

3.7.l 

With respect to Multi-State capabilities, the ba~ic timing 
of the CPU .shall be performed as shown in Figure 4. 

With respect to Sirtgle-State operations using cons~cutive 
major cycles, the basic timing departure from that shown 
in Figure 4 is described in 3. 7.1, i tern b-. --. 

State Ini~ialization 

State ini ti ali zation shall occur prior to every major 
cycle allocated to Processor States other than the Null State 
and shall occur under hardware control. 

a. When Processor States 0 through 7 are allocated major 
cycles such that consecutive major cycles are not 
allocated to the. same Processor State, initialization 
shall occur during minor cy~les RO and Rl in parallel 
with 'E6 and E7., respectively. · 

RO shall transfer the contents of the appropriate 
Pu Register frc>m the Extended Register File, Group I 
to the Su Register. 

RI shall access Control Store proper at the Control 
Store Address contained in Su. In addition, RI shall 

1 transfer ihe contents of the appropriate F Register 
from the Extended Register File, Group I, to the common 
resource F Register, (Clocked at the beginning of 
minor cycl~ EO). 

b •. When Processor States 0 through 7 are allocated 
consecutive major cycles for the same Processor State, 
initialization shall occur during minor cycles EB and 
E9, appended to the major cycle as illustrated in 3.1.1. 

Minor cycle Rl shall be suppressed and RO shall be 
extended to occur in parallel with E6 as previously 
described in item a, as well as mino! cycles E7 through 
E9. Minor cycles ES and E9 shall occur, in that order, 
after E 7 ·.and prior to EO for the purpose of implementing 
consecutive major cycles for the same Processor State, 
0 through 7. 

Minor cycle ES sh..;11 transfe~r the contents of the Pp 
Register to Su when the operation has not been suppressed 

· · as described in 3. 8. 12. S. Minor· cycle E 8 shall trans fer 
the contents of the appropriate Pu Register.from the 
Extended Register File~ Group I, to the Su Register 
when the Pp Register has been suppressed as described 
in 3.8.12.5. · · 
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.. 3.7.2 

3.7.3 

Form 4002-2A 

Minor cycle E9 shall access Control Store proper at 
the Control Store Address contained in Su. At the end 
of E9, a major cycle shall.begin on ~inor cycle EO with 
the executio!lt of the Micro-command thus accessed; on 
the part of the appropriate Processor State, provided 
the associate·d Busy Flip/Flop has remained in the set 
state. ·When the associated Busy Fl~p/Flop is in the 
clear state durin~ miner cycle ES, minor cycle E9 shall 
cause a Nt.11 State maj Jr cycle to begin on the fol lowing 
minor cycle EO. 

c. For all major cycler allocated to the Console State 
for the purpos.e of erformin·g operations under Micro-

. command control; m: ,or cycle RO shall trans fer an 
address· constant to Su accord~ng to 3.5.2 and minor 
cycle Rl shall clear the common resource F Register in 
addition to accessing Control Store proper. RO and Rl 
shall occur in parallel with E6 and E7, respectively, 
.during the initialization. of major ·cycles thus allocated 
to the Console· State. ; · · 

State Execution 

Once initialized a.s described in 3. 7 .1, Processor States 
0 through 7 and the Console State shall be capable of 
executing one Micro-coJ'IUlland during each of the eight minor 
cy.cles be ginning with EO and continuing through E 7. The 
actual numoer. of Micro-commands executed during one major 
cycle shall depend on the nature of the Micro-commands 
themselves, up .to a maximum of eight. 

Note: As a result of the "Su+ l" inputs to the Su and Pp 
Registers, {iri conjunction with the compensation 
provided by the I\,, ("P buffer") Register as required 
for the RO/Rl look-ahead utilization of the Su 
Regis.terL Branch Micro-commands providing less than 
14-bi ts of branch address. shall have the anomalous 
characteristics as described in 3.8.11. 

State Housekeeping 

State house~e~ping shall ticcur after every major cycle 
allocated to Processor States 0 through 7 under hardware 
control. 

Housekeeping operations shall occur during minor cycles 
WO arid Wl in parallel with EO and El., respectively. 
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WO shC;lll transfer the contents of the Pp Register to the 
appropri~te Pu Register within the Extended Register File, 
Group I, provided the transfer has not been suppressed as· 
described in 3.8.12.S. The WO operation shall update both 
the Arithmetic status (Bits 00 and 01) ·and the Control 
Store Address (Bi ts 02 through 15) portions of the appropriate 
Pu Register unless suppressed as described in 3.8.12.S in 
which case the entire contents of the appropriate Pu 
Register shall be left unchanged, (including the "E" and 
"S" hardware con trolle.d stat us b~.ts as described in 3'. 2. 2. Z). 

WI shall appropriately update the associated F Register 
within the Extended Register File~ Group I, pro·vided the 
F Register was designated by one or more Micro-commands· 
for the purpose of performing a write reference during the 
preceding major cycle. · 

NOTE: As a result of the Wl ti~ing equivalence to minor 
cycle El, in conjunction with the compensation· 
provided by the Fb, ("F ·buffer'.'), Register as 
required for the E7 to EO timing transition, the 
restricted addressability for F Register write 
references shall exlst during minor cycle EO as 
de~cribed in 3.8.Z.4, item b . 

._ ________ , ___________ ._a LUIMn~~~~~,----------------------------------------...... ...... . "" ........ 
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3; 8 nicro--comiand J.epertoire 

3.8.1 

3.8.1.1 

ForM 400HA 

.The Hicro-command Repertoire shall consist of 65 basic 
llicro-cor~-iands. These 65 basic :Iicro-commands shall be 
grouped into 10 classes as described in 3.8.3 through 3.8.12. 

Each of the basic 65 Hicro-c·Jrnr.tands shall consist of 
. 14-bit codes, arranged into a 16~bit format such that 
bit positions 09 and 10 are unused and always in the clear 
state. · 

~1icro-co!".'_~ands shall be r1 Ld fror.i Control Sto?"age proper 
and temporarily .stored, i du?licate, by means of 
tegisters.refarred to as ul and Fu2 within the Timing/ 
Control section of the CPU. The duplicated I!icro­
commarids thus contained. in the Ful and Fu2 rte gis te rs a·re 
translated and executed, iri parallel ~ith the access for 
the next 'ticro,.command, in an iterative fa$hion ·under 
hardware control. 

Form~t 

Hicro-co:!'.nand formats are shown for each of the 65 basic 
Micro-cor..r:.ands in 3.8.3 through 3.8.12. However, as, 
a result of the rn.cro-co:-unand raodifications 1·1hich are 
po$sible \;ith respe.ct to regi.ster nunber for Per;:istcr 
File references, bit position for Skin operations and 
bit position for Immediate Ope:z:-and en tries, ·separate for:!tats 
are described iri 3.8.1.1 through 3.8.1.3 relative to 
these capabilities. 

Micro-coruund modific;ations shall be based on the state 
of the bit positions of the right-nost byte of the 
common resource f. Register. The coritents of this F 
Register s~all be influenced by hardw~re control at the 
beginning of ~ach major cycle to the extent described 
in 3. 2. 2 .1. 

Register ~·!umber 

Hicro-cortulands for which. the register number may be 
modified shrill have the following format, referred to 
as Format 1. · 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

[ f j soH aj bl Pl oj oj x 



a. 

b. 

c. 
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The 4-bi t "f" field ·(Bi ts 00 through o 3) shal 1 .r»rovide 
t.he fundamental function code. 

The "so" ·and .-"si1'.' designators (Bi, ts 04 and OS, · 
respectively) shall provide· the sub-function code. 

The "a" and "b 0 designators (Bi ts .. 06 and 07, 
respectively) shall determine the. manner in which t!1e 
register number is formed for. the pur:1ose of 
refere~cing the Register File: 

When "?" and "b" are clear, the Basic Reeister File 
shall be referenced at the register number described 
by the "x" field (Bi ts 11 throug~ 15) as defined in 
item f. · 

When "a"- is set and "b" is <-lear the Basic P.egiste::­
File shall be referenced at the register number . · 
desc:dbed by the ilx" field after an "inclusive or" is 
performed Q.eth'e~m bi ts 13, 14, and 15 of the. 11 X11 

field and bi ts 09, 10, and 11 of the common resource 
F Register. · 

When· "a" is clear and "b" is set, the Basi.c Re.:;ister 
File snall be referenced at th~ register ntim.'3er 
described by th.e ''x" field after an "inclusiv~ or" is 
performed bet\,·een bi ts· 13, 14 and 15 of the "X" fie Id 
and bfts 13, 14, and· 15 of the common resource F 
Register. 

When "a" and "b" are set, the Extended Reg.ister File 
shall be referenced at the regis·ter number described 
by the "x" field. · 

d. The_"P" designator (bit 08) shall provide valid 
horizontal parity when the total number of bits 
in the set state is odd for the entire 16-bit 
contents of the Fu2 Register and applies to all 
Micro-commands. 

e. The two unused bit positions (Bi ts. 09 and 10) shal 1 be 
in the clear state for all :ficro-coramands •. 

f. The 5-bit "x" field (Bits 11 through 15) shall !Jrovide 
the register nu.-::ber (1 of 32) for the purpose of 
referencing the R~giste.r File, subject to the 
"inclusive or" ·operations .described· in item c when "a" 
and "b '' are unlike. 
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When the Processor State portion of the register nllf.l.ber 
is applicable and Format 1 Micro-commands are exetuted 
in Nor::ial .Mode (not Boundary Crossing :fode), the Processor 
State portion of the register number shall be determined 
according to the Processor State executing the .lficro-
cor.imand .. Whe.ri Format 1 Micro-::ommands reference the Extended 
Register File, the Group I, I! and III selection is ~ade 
according to the state of bit. 11, · 12·, 13 and 14 of the 

. "X" field. When bi ts 11 thrr ugh 14. are clea1, Group I 
shall be selected .. i\ben bit 11 is cl~ar and bits 12 through 
14· are set, in any c·ombinati<·t, Group II. shall be selected. 
i~en hit 11 is set, Grou~ 111 shall be selected. 

1•ihen Format 1 Micro~commands. are executed in Boundary 
Crossi~g Mode, the regis~er numb~r is determined as 
described in 3.2.3.7. 

Bit Position Skip 

Micro-commands for which· a bit position skip may be 
modified shall ha~e the followirtg forCTat, r~ferred to 
as· Form.at 2 • 

. 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15' 

a. 

b. 

c. 

The 4-bit "f" field (Bits 00 throu{'h 03) shall provide 
the fundamental function code for all !ficro-cr: n&!ldS. 

The "so", "s ", .. and "sz" designa~ors (Bi ts 04, OS. 
and 11, resp~ct:t.vely) shall provide the .sub-function 
code. 

The "a" and "b" designators (Bi ts 06 and 07, 
·respectively) shall determine the manner in which 
the ·bit position is formed for the pur!'ose of selecting 
a bit within the Au Register as a Skip parameter. 

i\'nen "a' and "b" are clear, the selected bit ·position 
in. Au shall be described by the "x" field (Bi ts 12 
through 15) as d~fined in item f. 

When "a" is set and "b" is clear, the selected bit 
. nosi tion in Au. shall be described bv the "x" field after 
an "inclusive. or" is p·erformed 'between the "x". field 
and. bits 08 through 11 of the conman resource.~ Register. 
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h'hen· "a" is cl~ar and "b" is set, the selected bit 
position in Au shall be described by the "x" field 
after an ''inclusive or"· is oerforrned between the "x" 
field and bits 12· through IS .of the common resource 
F Register.. · 

When "a" and "b" are set, the selected bit position 
in Au shall be described by ,the "x" field after an 
''inclusive or" is perforned between the "x" field, 
bits 08 ·through·ll of the common resource F Register, 
and bi ts 12 through 15. of· t.h.e common resource F 
Registe-r. · 

d. The "P". designator (Bit 08) shall provide valid hori­
zontal parity \.,·hen the total number of bits in the set 
·state is odd fo~ the entire 16-bit contents of the 
Fu2 Reg.i.ster and app-lies to all ~1icro-commarids. 

e. The two Uriused bit positions (Bits 09 and 10) 
shall be in the clear state for all >Ucro- comands. 

f. The. 4-bit "x" field (Bits 12 through 15) shall ~rovide 
the bit position (1 of 16) to be selected within 
Au, sc~ject to the "inclusive or" operations described 
in item c when "a" and/or "b" are set. 

Bit Position Ir:unediate Operand 

;aero-commands for which a bit position Inmediate O::ierand 
may be modified shall have the following format, 
referred to as For~at 3~ 

00 01 02 03 04 05 06 01 08 09 10 11 12 13 14 15 

a. 

b. 

c .. 

f I· so( s if al bj Pf ol Of f 
x 

The 4-bit "f" field (Bits 00 through 03) shall provide 
the funda;:ien tal function code for all Micro-commands. 

The "s·" a'1.d ,.,s 0 designators (Bits 04 and OS, 
respec~i vely) sfiall provide the sub"". function code. 

The "a" and "b" designators (Bi ts 06 and 07, 
respectively) shall determine the manner in which the 

. bit position· iS :formed for the. purpose of selecting a 
bit (or bits) within the Bu Register· for Immediate 
Operand en try. 

When "a" and "b" are clear, the selected bit position 
in Bu shall be described by the "x" fie Id (Bi ts 12 

· through 15) as defined in i tern f. · 

-
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When "a" is se·t and ub" is clear, t.he selected bit 
position in Bu shall be. descr.ibed by the "x" field 
after an "inclusive or" is perfor!led between the ''x" 
field and bits 08 through 11 of the corrunon resource 
F Register. 

·When "a" is clear and "b'. is set, the selected bit 
position in Bu shall be le scribed by the "x" field 
after an "inclusive. o~'' .is performed be tween the "x" 
field and oits 12 throu·h 15 of the common resource 
F Register. · 

When "a" and "b" are s t, the bit position selected in 
the left-raost byte pos.1..tion of the Bu Register shall 
correspond to the P:oc~ssor State, 0 throu~h 7, which 
perfor~s t.he ~Hero-command. This "l of 8" bit entry 
performed for the ·left-most byte position of the Bu 
Register shall b-e du~licated in the ri·ght most byte 
positicin of Bu. This operation shall occur in<leoendently. 
of the value .of the Hx" field. 

d. The "P" designator (Bit 08) ·shall provide valid 
horizontal' parity when t;he total.nu.:ber of bits in­
the set state is odd for the entire 16-bit contents 
of .the Fu2 Register and applies to all ~Hero-commands. 

e. The ~-'/O unused bit ros i tions (Bi ts 09 and IO) shall ·be 
in the clear state for all· Hicro-coi.'.lilarids. The 
undesigna ted bit position (l3i t 11) shall have no effect . 
on Hicro-cqmmand execution except to the exten,t that it 
shall particinatc in the formation of valid L. rizontal. 
parity- as des~ribed in item d~ · · · 

f. The 4-bi t "x" field (Bi ts 12 th tough 15) shall provide 
the bit position (1 of 16) to be selected within. 
Bu e·xcept when "a" and "b" are set and subject to the 
""inclusive or'' operations described in item c when 
"a" and "b" are unlike. 
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Ch a r act eris tics 

With respect to each ·of the 65 basic Hicro-comriands, 
characteristics related. to Hne~oriic, Format, Blockpoint, 
Regis.ter File Addressability and Timing requirer.ients· 
are provided in Figure 9. 

The significance of ~ach of these characteristics is 
described in 3.8.l.1 through ~.8.2.4. 

Mnemonics 

·~tn~monics shall consist of 3 or 4 aloha-numeric characters 
and are shm·.n in Figure 9 in al'Jha-rilJ.mer'ic order. 
Complementary o!')erations are denoted by_ use of the 
special character,'\. 

?ormat 

Formats 1, 2, and 3 ns described in 3.8.1.l throug~ 3.8.1.3 
are sho· ... n in Figure ·9 for each of the 65 :ticro-coi:lffiand 
i~emonics as applicable. 

Blockpoint 

When the "nulti-state'' processing capabilities c;1a'!":lcteristic 
of the 7300 Processor are utilized, allowances must be 
made for the execution of :!icro-corrn1ands in non-conti~uous 
~Ajar cycles for each of the Pro~essor States involved. All 
Hicro-conunands executed during the course of each major 
cycle shall not bas~ their execution on the state of the 
common resource registers within the ALU except t1here the 
execution of previous Micro-comr:iands within the sane 
major cycle has influenced the state 'Of such r~gisters. 
Thus the first :!icro-command executed in each ;:'lajor cycle 

· shall make no assunptions whatsoever with respect to the 
contents of the common resource registers within the 
ALU whenever "multi-.state'' processing may have. occurred, 
·i.e. the previous major ~ycle was allocated to a different 
Processor State. than the current major c}·cle. 

. . 
A convention, using the rficro-cor.1mands shown in Figure 9 
as Block~oints, shall facilitate the coding of Micro­
comnand seauences suc:h that valid results shall be obtained 
during "muiti-state" operations. Micro-commands 
·designated as Blockpoints shall record the Control Storage 
Address of the next Micro-command in a register referred· 
to as.the Pp Register, in addition to performing the 
opera~ions described in 3.8.3 ~hrough 3.8~12 . 

..._ ______ ,........, __________________ ..___, __________ ..... ______________________________ _. 

,.,_ 400MA 
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As previously described in 3. 2. 2. Z, .Micro-command execution 
for each major cycle allocated to Processor States O 
through 7 shall begin at the Contro;l Storage Address 
designated by the contents of the associated Pu Register. 
Likewise, upon completion of each major cycle allocated 
to Processor States 0 through 7 the associated Pu Register 
shall be updated· (written) to r :fleet ·the contents of the 
Pp Register (unless suppressed 'Y execution of a CIOl 
or CI02 ~licro-cor.Jnand). Thus, ~ach major cycle allocated 
to Processor States 0 through shall involve the execution 
of at least one Blockpoint Mic a-command. Moreover, the 
Micro-commands following a Blc :kpoint Micro-command shall 
make no assumptions relative ... J the ·contents of the common 
resource registers in the ALU unless such Micro-commands .are 
known to occur within the same major cycle as the last 
Blockpoint Micro-command. \\'hen the 'last Blockpoint occurs 
on a minor cycle other than E7 for any major cycle allocated 
to Processor States 0 through 7, the Micro-commands executed 
after th~ last Blockpoint shall be repeated during the 
next major cycle allocated to the associated Processor State. 
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Register File Addressability 

For the purpos~ of.performing read and write references 
to the Extended Register File, access shall be allo·.ved 
to those registers and groups for the Hi era- commands as· 
shown in Figure 9. 

The general addressability indications provided in Figure 9 
apply to the associated Hicro-commands when executed in 
~formal Hade only and are subject· to specific. constraints 
described in 3. 2. Boundary Cros!:ling ;,1ode addressahili ty 
is likewise des~ribed in 3.2. · 

a. Where addressabili tv shal1 be nrovided fo-r any Extended 
Register File group~ a~dressabllity of the Ba~ic 
Register File shall be possible for the same :Iicro­
commands as shown in .Fi gu.re 9 • 

. b. Extended Re.gister File, Group I addressability shclll 
be indicated uniquely for the F and Pu Registers as · 
shown in Figure 9. 

Hicro-comr.iands for which F Register addressabilitr shall 
be provided, should not occur-for the purpose of .per­
forming write operations during minor cycle EO. Such 
operations sh:ill not be hardware supported and may 
result in nachine malfunction. · 

Micro-commands for 0hich Pu Register addressability 
shall be provided shall refer~nce the Address ~ortion 
of the Pp P.egiste:r and Arithrletic Status portion of 
the Su Register during read operations. :-ticro-cor.u!lands 
for which Pu Register addressabilitr shall be provided 
shall reference the applicable bit positions, in the 
Address portions only, of the·Pp a~d Su Registers during 
write operations as specifically described iri 3.8.4 · 
and 3. 8 .11. 

c. Extended Register File, Group 'II addressability shall 
·be provided for those :.acro-cormands shmm in Figure 9, 
subject to the constr-aints described in 3.2.3. 

d. Extended Register File, Group Itr· ~ddressability shall 
be provided for. those !Hero-commands shown in Figure 9, 
subject to the ~onstraints described in the associated 
documents lis~~d in 2.1. 

___________ , ______________ _ 
.,.,_ 400HA. 
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Timing 

Micro-command execution times shall be· provided by Figure 9 
in terms. of the number of minor cy·cles required in· the best 
(minimum) and worst (maximum) cases. 

In addition to the minimum, minor cycles shall be hardware 
inserted as required for the following con.di tions: 

a. ·Additive Micro-commands SUl and DSUM and comparative 
Micro-comma.ads CMP and CMU shall require one additional 
minor cycle when adder and comparator propagations, 
respectively, have not ove· ·lapped the execution of one 
or more previous Micro- cot tan·ds, (Blockpoin t shal 1 be 
deferred tmtil the second ;ycle ~hen applicable. · 

b. Main Storage Related Micro-commands shall require an 
·appropriate number of additional minor cycles when ~e 
minor cycle iri which they are translated for execution 
dbes not correspond to the timing requirements of Main 
Storage. 

c. Branch Micro-commands capable of referencing the 
applicable bit positions in the Address portion of the 
Su Register shall require one additional minor cycle 
when execQted in any minor cycle other than E7. (FNJ, 
JMP, and AND, CLR, STA, STB when the Pu Register is 
designated). 

d. Branch Micro-commands capable of referencing the appli­
cable bit positions in the Address portion of the Pp 
Register only, shall require as many additiorial minor 
cycles as remain in the.· major cycle. (FRJ, FZ.1. with . 

. the contents of Au equal to zero, RNil and RNI2). 

e. Control Micro-commands CI(H, CI02, ROM and SYNC shall 
require. as many additional minor cycles as ·remain in 
the major cytle. 

NOTE: With respert to Micro-command control and timing, when 
asynchronous signals are read, resolve time must be allowed· 
before any actions dependent on the state of such signals 
are taken. When input signals are subject to change during. 
the minor cvcle in which 'they are read, settling time of 200 
n/s must be allowed. For example, if an LAW Micro-command 
designating 'the Extended Register File Group· II CA Register 
is performed and any Skip ~,licro-cormnand (or a Jump Micro­
command such as. STA designating Pu) is performed within 200 
n/s, s_uch Micro-command may result in machine malfunction. 
This resolve time. requirement must be accommodated 1.lllder 
Micro-command control and in the case of this example could 
consist of, immediately following the LAW, two N¢Ps or an STA 
and LAW combination specifying an. otherwise unused register 
within the Register File or; an SHF. designating a shift of 
zero, etc. Such precautions are particularly applicable to 
the Extended llegister File, Group I II facilities. 
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Register File Rea~ Micro-commands 

The Micro-command~; in this class shall provide the means 
fpr perforr.dng Register File read references which are 
unrelated to Main Storage operations. 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

I 1 1 o ijol oj al bl Pl 01 oj x 

This Format 1 Micro-command shall trans fer the outnut from 
the P.egister File to the Au· Register with the register number 
for the read refe.rence designa~ed according to 3. 8.1.1. 

Load Au Conplement 

oo 01 02 03 04 os 06 01·os o9 io i1 12 13 14 1s 

I 1 1 o 11 o 111 al b I p I o o l x I 
This Fornat 1 Hicro-conmand shall transfer the l's co~ple::ent 
of the output from the Register File to the Au Register 
with the register number for the .read reference designated 
according to 3.8.l.1. In ~ddition» the Force Carry 
Register shall be set. · · 

Load Bu h'ord 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

I :0 I I 01 ilJ Of a( 61 · p! lJ o I x· 

1his Format 1 Micro .. conu1and shall transfer the output from 
the Register File to the Bu R~gister with the register 

. nwnber for the read reference designated according to 
3.8.1.1. In addition, the Force Carry Register shall 
be cleared. 1 
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Load Bu Cor.iplement 

00 01 02 03 04 OS 06 Oi 08 09 10 11 12 13 14 15 

! 0 1 1 01 01 . 
11 . ~1. bl ·•· pl 0 01 x 

This Format 1 Hic:ro-cor.unand sh tll trans fer the 1' s 
complement of the outrmt of th Register Fi.le to the. Bu 
Register

1
with the. register nwn er for the read reference 

designated according to 3. 8.1.. , In· addition, the 
Force Carry Register shall· be ~· ~t • 

. 3.8.3.S · Load Au. and Bu 

LAB 

3.8.3.6 

CLA 

00 .01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

x 

This Format f Micro-command sha·ll transfer the outnut of 
the Register File: to both the Au and Bu Registers ~ith 
the register number for the .read referenc·e designated . 
accordin~ to 3.8~1.l. In additi6n~ the Force C~rry 

· Registe~ shall be cleared~ 

Clear Au 
00 01 02 03 04 .. 05. 06 07 08 09 10 11 12; 13 14 15 

I 1 1 0 i! ii 11 al f Pl 0 ol x 

This Forriat 1 .Micro-command shall trans fer the output 
of the Re~ister file to th~ au Registe~ with the 
re~ister nu.:tlber for the read refer~nce design.ated 
according to 3.8.1.1. In addition, the Au Register 

·shall be cleared and tl;le Force Carry Register shall be. 
set. 
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Load Bu Link 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 .15 

[ 0 1 .1 11 :11 
1
1 al bl pl 0 ol x 

This Format 1 Micro-command shall trans fer the outDut 
of the Register File to the Bu Register with the · 
register nunb.er for the read re,ference, designated 
according to 3.8.l.'l. Ii1 ·addition, the state of the 
Link status .. bit shall be transferred· from ·thP- Arithnetic 
Status portion of Su to. the Force Carry Register. 

Register File Write Micro-commands.· 

The ~Hero'" commands· in this class. shall provide the neans 
for performing Register File write references which 
are unrelated to Main Storage operations. 

NOTE: The CLR, STA, STB. and AND Micro-commands shall° 
effect a Bran.th .operation when t:he Pu Register 
is designated. · · · · · 

Clear· Con tents of Register (Designated by x) 

00 01 02 03 04 os· 06 07 08 09 10 11 12 13 14 IS 

I 0 0 0 11 oj ol al bl Pl a 01 ·x I 
This Format 1 Mi.cro-command shall clear the contents ·of 
the Register File at the register number designated 
according to· 3.8~1~1. (See 3.8.2.4, item b re~triction). 

Store Au 

·oo 01 02 03 04 05 06 0 7 08 09 10 11 12 13 14 15 
' 

STA Lo 0 0 11 01 11. al bl pi 0 oJ x I ' 

This Format 1 Nicro·..:ommand shall transfer the contents 
of the Au kegister to the Regi~ter File with the . 
register number for t}':Le write reference designated · 
according to 3~8.1.1. 

------------illt·.•-..... ,,,..,,,. ... ,,.,....,,...,,,-, _____________________ __ ,.... .,..,...,.. 
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3.8~4.3 Store Bu 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

STB I 0 0 0 11 11 01 <11 bl pl 0 oj 

3.8.4.4 

'•r• 400HA 

This Format 1 Micro-command shal., transfer the content.s 
of the Bu Register to the RegiStPr File with tegister 
nu..'1ber for the write reference t3 jsignated according to 
3.8.1.1. 

Logical Product, Au and Bu 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

x I 
.. 

This Format 1 ~Hero -command shall trans fer the lo~~i·cal 
product of th~ contents of the Au and Su ReRisters to 
the Register File with the register nu.rnher for the write 
reference desi.gnated according· to 3. 8 •. 1.1. 

The logical product operation shall be. !lCrformed ·for each 
bit po~ition of Au and Bu ~egisters according to the 
followin~ truth tab le • 

Au Bu . Logical Product 

0 0 0 

0 1 0 

:1 0 0 

l 1 J I J 
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Inclusive Or, Au and Bu 

00 01 02 03 04 05 06 07 08 09 ·10 11 .12 13 14 15 

IORI o 1 o oj ij o! a! bl Pl o oj x 

Th.is Format 1 Micro-command shall transfer the inclusive 
or of the .contents of the Au and Bu Registers to the 
Register File· with the register number for the write 
reference designated according tb 3.8.1.1. 

The inclusive o.r oneration shall be performed for each 
: bit position of th~ Au and Bu Regist~rs ac~ording to 

the following truth table. 

Au Bu Inclusive Or 

·O 0 0 

o· 1 1 

1 0 1 

1 1 1 

Exclusive Or, Au and Bu 

00 01 OZ 03 04 OS 06 07 08 09 10 11 12 13 14 15 

x I 
This Format 1 Hicro-conmand shall transfer the.exclusive 
or .of the contents of the Au and .Bu Registers· to the 
Register File w~th the register number for the write 
reference designated accord~ng to 3.&.l.l. 

The exclusive or operation shall be performed for each 
bit position of the Au and BuRe:gisters according to the 
following truth table. 

Au Bu Exc.lus i ve Or 

0 0 0 

0 1 1 

1 0 1 

l 1 0 

---------------------.,.._,~-----.,------------------------------------------
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Sum, Au and Bu 

00 01 02 OS 04 OS 06 07 08 09 10 11 12 13 14 15 

[ 0 0 1. 01 01 01 al. bl Pl 0 ol x I 
This Format 1 Micro-command shall transfer the sum of 
the Au (16 bite-) :t Bu (16 bits). and: Force Carry (1 bit; 
right justified) Registers te> the Re~ister File with the 
register number for the· write reference designated 
according to 3. 8. 1.1. 

In additiqn, the Overflow and Link status conditions 
relative to the current SUJ:l .shall be transferred to the 
Arithmetic status portion of Su provided the left-most 
byte contained. in the common resource F· Register is not 
equal to SO, 51,· 52, or.53 in·hexadecinal notation· 
~nd provided the Au or Bu Registers have be~n cleared, 
set, or clocked since ·thA last execution. of a DIG or 
CORC Micro-command. · 

Decimal' Swn, Au and Bu 

00 01 02 03 04 OS 06· 07 08'09 10 11 12 13 14 15 

I 0 0 l o! oj ii al bl pl . 0 o! x 

This Format :i ~1icro-comman ... -.:hall transfer the su1.1 of the 
Au (16 bit~), Bu (16 bits) ah. Force Carry (1 bit, right 
justified) Re~isters to the Reg~~ ~et File with the 
register number for the w~ite refe~'nce designated according 
to 3. 8 . 1. 1. The. carry outputs f ron ea ch o £ the adder 
groups (4-bit nybls) shall be transferred. to the Inner 
Carry Register. 

In addition, the Overflow and Link s ta.tus conditions 
relative to the current Sum shall be transferred to the 
Arithmetic status portion of Su provided the Au or Bu 
Registers ~ave been cleared, set, or clbcked since the 
last execution of a DIG or CO.RC :-licro-conmand. 

XJTE: The· Link status bit shall be derived at the carry 
output from the right-most byte of the adder, instead 
of the left-most byte of th~ adder, whenever the left­
tlost byte of the common resource ·p Register is e'lual to · 
SO, 51, 52 or 53 in hexadec~rnal notatio~~ 
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3.8.4.9 Sign and Magnitude Compare 

00 01 02 03 04 .05 06 0.7 08 09 10 11 12 13 14 15 

cMP j o o I o! i j oj ajb I P j o I oj x 

This Format 1 Micro-command shall tran-sfer the algebraic 
(signed), and logica.1 (unsigned), compare status, relative 
to the contents of the Au and .Bu Rcgi~ters, to the Regi~ter 
File where the register number for the write reference shall 
be designated according to 3. 8.1. L · 

When the Basic Register File is de:.:;igri.ated, only bits 00 
through 07 of the· appropria,te. register shall be written, 
according to the left-IllC'st byte position of the .following 
table. · · 

When the Extended Register File is designated and 
addressabili.ty of tho designated register is specifically 
provided, the full 16-bit compare status shall be provided 
as follows: 

ALGEBRA! q LOG! CAL JQ_O 01 .02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

~A) > (B) I (A) > (B) l 0 
1 

1 0 0 0 1 0 0 1 ..l.l 1 ,.. J 

~A) > (B) (A) < (B) l 0 
l 

1 0 0 0 0 1 0 1 ..l.l ' 7 

I 
r--

(A) < (B): 0 

:I 
(A) « (B) 0 1 0 0 0 1 l -11 
~ 
{A)< (B)' (A) > (B) I 0 0 1 0 0 1 0 l ~1 
j 

'!--

I ! (A) =(B) '.Q 0 0 1 0 0 0 ij l -H i 

.,.,._ 400HA 
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3.8c4.1Q Magrii tude Compa·re · 

. 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

CMU 
.I o 0 l 01 11 11 al bl pl 0 01 x I 

(Au)> (Bu) 

{Au).< (Bu) 

This Format 1 Micro-command shall transfer the logical 
(unsigned) compar(~ status, relative _to the contents of 
the Au and Bu Registers, to the Register File where the 
register nUJTiber for the write. reference shall be 
designated accord~ng to 3.8.1.L 

When the Basic Register File is designated, only bits 
00 through 07 of the a~propriate register shall be 
written according·to. the left-most byte position of the 
foilowing table. 

When the Extended Reg.ister is designated arid addressability 
of·.the designated ·register is specifically provided, the full 
16-bit compare status shall be provided as follows: 

00 01 02 03 04 OS 06 07 08 09 10 ll 12 13 14 15 

' 
0 1 0 0 0 1 0 0 1 ;;.l 

: 
0 0 1 0 0 0 1 0 1 ~l .,. 

·, 

(Au) = (Bu). i 0 0 0 1 0 .0 0 1 1-- ~1 ; 
J 

.._ ____________________ , ________________________________________________ ___.J. 
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Register File Read, Main Storage Related Micro-commands. 

The lficro- commands in this class. shall nrovide the means 
for performing Register File read references. which are 
related to, or may be related to, Main Storage (or 
Register Option) operations. Micro-co~ ... '"'Jands LSI, LSF, 
LS2 and LSE shall be uncondi tionallv re lated to :.fC1in 
Storage (or Register Option) operati6ns. The LDW,. LD~'' 
and LDB Micro-commands shall be Hain Storage.(or Register 
Option) related only when they are executed during minor 
cycle El ir;unediate:ly followin.g the execution of an 
L Sl, LSF, LS2 or LSE !.Ucro-comrnand at rr.inor cycle EO. 
All o·.:her !Iicro-commands in this class shall be Main 
Storage (or Register Option) related.when they occur 
after, but within the same major cycle as LSI, LSF, LS2 
or LSE !ficro-commands executed fer the .rurpose of perfor:-:1ing 
~fain Stora;e ( or Register Option)' read operations. 

The selection of an input to the D Fan-In Network within 
the ALU shall 'be conditioned by the ~1icro-commands within 
this ~lass in the (allowing manner: · 

a. . During Hain Storage Read operati~ns, the d·ata. from 
Hain Storage shall be selec:ted at the D Fan-In Network 
from ninor cy¢le E4 through minor: cycle E7. 

b .. During Regi·ster Option Read operations, the data fro?J the 
Register Option shall be selected at the D Fan<n 
Network from minor cycle E4 through ~inor cycle E7. 

c. For the pu.rpose of making D Fan-I:p l'tetwork selection only, 
Register Option Read operations whith specify the 
Register set associated with the ECC Feature sh~ll 
be treated as ~fain Storage Read. operations. 

d. During all minor cycles other than those described in 
items a, b, and c, the D Registeri:shall be selected 
at the D Fan-In Network. 

3.8.5.1 Load S 

oo· 01 02 03 0405.06 07 OB 09 10 11 12· 13 14 15 

LSI r O 0 1 
i' 

oJ o I al b I p I· 0 a· f .· x t 
LSF [ 0 0 I If 01 I J a I 5j Pl 0 01 .x 

J 

LS2 I 0 0 I II .11 01 al o I Pj 0 01 .X :J 
I~SE [ 0 0 I Ij IJ II al 51 pl 0 01 x 

----------------..------------------------0···-' 
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These Format· 1 Micro-commands shall transfer the output 
fron the Register File to the S Register, when. executed 
on minor cycle EO, with the register nu.~!:>er for the 
Register File· read reference designated according to 
3.8.1.1. 

a. ~\lien executed during minor cycle· EO on the part 
of Processor States 0 through 7 with bits 11, 12, 13 
and 14 set (register number IE. or IF) or 11.·hen executed 
during minor cycle EO on th~ part 0£ the Console State 
~ith the Console Operation.Select switch· in the RO-RD 
or RO.;.,:;( position (See 3.10. 3.11), these >ficro-commands 
shall cause ha;rcwar~ interpretation of the remainder 
of the apr:ropria te major cycle to be assodated with 
a Register Option reference. 

. . 
b. :·.nen executed durin_g minor cycle EO on the part of 

·processor States 0 through: 7 with bi ts 11, 12, 13 
or 14 clear in any combination (not register rtu.TJber 
IE or lF) or when executed during r.inor cycle EO 
on the nart of the Console State with the Console 

Mode Select switch in any applicable posi ticm 
other than RO-RD or RO:WR (See 3 •. 10. 3.11), these 
Hicro-conmands shall cause hardware interTJretatlon of 
the remainder of the appropriate major .cycle to be. 
associated with a Main Storage reference. 

c. ~~nen executed during minor cycle EO, in the presence 
of the Basic Storage Protection Feature, the 
Relocation and Protection Feature or the ECC Feature, 
these ~ficro-commGLilds shall require an additio-:il min.or 
cycle referred to as EO'. l\11en executed during minor 
cycle EO, in the presence of the Basic Storage 
Protection and ECC Features or the Relocation and 
Protection and ECC Features, these Hicro~commands · 
s?tall require two addition al minor cycles. referred 
to as EO 'and EO". Hin or cycles EO' and EO" shall be 
ha;rd'ware inserted. · 

d.· ~·.nen :executed during any minor cycle .other than EO, 
the contents of the -S Register shall not be affecte<l 
by the;;,e Hicro-c:ommands. Moreover, the nature of 
each major cycle with respect to its a~sociation with 
Register Option or Ma:!n Storar,e references shall be 
hard"·are interpreted during ninor cycle EO only 
and shall not be altered by the execution of these 
Micro-command~ during minor cycles oth~r than EO. 
l~en executed during any minor cycle other than EO, 
the associated Load S Hicro-col111J.and shall be held in 
the Ful and Fu2 Registers for the renainder of the 
naj or. cycle. . Thus, each Load S ~<i cro- ~ommand occurring 
on minor cycles other than EO, must be imraediateJy 
preceded by a Blockpoint Micro-command for Processor 
States 0 through 7. 
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3.8.5.2 

·These Format 1 ~ Load S Micro-commands shall trans fer the 
output of the Register File to the Au 'Register, regardless 
of the minor cycle· in which they are executed, with the 
register number of.the Register File Read reference 
designated according to 3. 8.1.1. ·Likewise, the Bu and 
Force Carry Registers shall be .affected according to the 
follo~ing: · 

e. The LSl Micro-command shall cause 000016 .to be transferred 
to the Bu Register and the Force Carry Register shall 
be set. 

f. The LSF Mier~· command shall cause. FFFF16 to be. trans fe rted 
to the Bu Register and the Force Carry Register shall 
be cleared. 

g. The LS2 Mic:~o-command shall cause:OOOl16 to be transferred 
to the Bu Register and the Force Carry Register shall 
be set. 

h. The tSE Micro-command shall cause· FFFE16 to be transferred 
to the Bu Register and the Force Carry Register shall 
be cleared. 

In the presence of the Relocation and Protection Feature, 
Load S Micro-commands executed during minor cycle EO 
shall result in the transfer of the· Segment Tag, associated 
with the designated register nwnber, to be transferred to 
the left-most 4-bit extension of the S Register as contained 
within the Relocation and Protection feature. 

Al though th';! Load .s Micro· commands shall be capable· of 
execution in a single minor cycle, EO ~ as reflected by 
Figure 9, the following restrictions shall apply: 

i. In the presence of the Basic Storage Protection or the 
Relocation and Protection Features, the Load S Micro­
C:ommands shall requir~ 2 minor cyCles, the second. 
consistiljg of .a special hardware inserted cycle referred 
to as EO . 

j. In the presence of one of the features described above 
and in the addltional presence of the· ECC Feature, the 
Load S Micro- commands sha 11 require 3 minor eye les , the· 
second. and third c_onsis ting .of ~pecial hardware inserted 
cycles referred ·-.:o as ~O 'and. EO , : respectively. 

Load D Word 

00 01 02 G3 04 OS 06 07 08 09 10 11 12 13 14 15 

LDw[ o 1 1 1 j oj o j aj bl P j o o I x j 

,.,. 4001-U 
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This Fo:rmat 1 Micro-command shall trans fer the outp~t from 
the Regist~r File· to the D Register with the register 
number for the. Register Fl le · r·ead reference designated 
according to 3.8.1~.1. · 

When executed during minor cycle El,. immediately following 
.an LSI, LSF, LSZ or LSE Micro-command at minor cycle EO, 
this Micro-command shall result in a Main Storage or Register 
Option write reference. involving a full tran~fer of the D 
Register output·. In such cases, alteration·of the contents 
of the D Register by .means o~ Micro-:-commands during minor 
cycles E2 through E7, may result in m~chine malfunction. 
The word locations of the write reference within Main 
Storage, or within the Rezis ter Option, shall be designated 
by the contents of, the S Register (Bi~ 15 irrelevant except . 
for Breakpoint) and sha·11 be subject to appropriate hardware 
validity checks or... the part of the Basic Storage Protection 
or Relocation and Protection Features. Write references 
thus performed shall .involve 16 data bits when vaiidly 
addressed. 

Load D Complement 

00 01 02 03 04. 05'06 07 08 09 10 11 12 13 14 15 

LDW\ [ o I 1 l} of ti al hj Pl o of x I 
This Format 1 Micro·· command .shall transfer the 1 's complement · 
of the output from the Register File to the D Register with . 
the register number for the Register File read reference 
designated according to 3.8.1.1. . .· 
. . . . . : 

For a description of'· the relationship of this M.icH·-command 
to Main Sto·rage and Register Option write references see 
the comments in 3. 8. s. 2. 

3.8.S.4 Load D Byte 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 
LDB I 0 l 1 if if oral bl Pf of 01 x 

Form 400HA 

This Format 1 Micro- (:ommand shal 1 transfer the output 
from the Re1ister File to the D Register with the register 
number· for the Register File re~d reference designated 
according to 3.8.1.l. 
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When executed durin!? minor cycle El, irunediately following •. 
an' LSl, LSF, LS2, or LSE Micro-command a~ minor cycle 

· EO, this Micro:..command shall result in a Hain Storage 
write reference involving a partial trans fer of the . 
D Register output for which the right-rriost byte shall 
be duplicated in the .left-r.iost byte posi.tion, ( the 
D Register output to the D Fan-In ~et~ork ~hall ndt be 
affected). ' In such cases, ai teration of the con.tents 
of the D Register by means of lficro-commands during minor 
cycles EZ through E7, may result in machine malfllllction. 
The byte location of the write reference within Main 
Storage shall be designated by the contents of the S 
Register and shall be subject to appropriate hardware 

· validity checks on the part of the Basic Storage 
Protection or Relocation and Protection Features. 
Write. references thu:S performed shall involve the 
transfer of o·n1y the left-most data byte where bit 
15 of the S Register is clear or· the trans fer of only 
the right-most data byte where bit 15 ·of .the S Register 
is set, when validly addressed. · 

D To Au, True 

00 01 02 03 04 OS 06 07 08 09 10 11 12' 13 14 15 

DTA [ 1 1 0 ol ol oj al bl Pl 0 oj x I 
This Format 1 Micro-command shall transfer the outrut from· 
the R~gister File to the Bu Register.with the regi~ter 
number for the Register File read reference designated 

·according to 3.8.1.L In addition,. this 41icro-cor.unand 
shall transfer the output from the D Fan-In ~letwork 

· to the Au Register. and shall clear the Force Carry 
Register. 

\'ihen initially translated on minor cycle El, E2, or E3 
during any :r.ajor cycle in which a Hain Storage or Register 
Option read .reference is performed, this Hicro-cor.una:id 
shall be held in the Ful. and Fu2 Registers and repeated~y 
executed during each minor cycle up to and including · 
E4, under h.ardy.,·are control.· 
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l.S:S.6 D to Au, Complement 

00 01 02 03 04 OS ·06 07 08 09 10 11 12 13 14 15 

nm( • i 1 o o I CJ j 1J aj bl Pl . o · o j ' · . x j · 

3 ~· 8. 5" 7 

IDX 

. ,.,. 4001-«A 

This Format 1 Micro-command shall transfer the l's 
complement of the· output from the Register File to 
t..i.e Bu Register with the regis.ter nu.'1lber for tJ1e 
Register File rea'.d reference desi.gnated according 
to 3. 8.1.1. In a,ddition, this Hicro-comnand s!lall . 
trans fer the output fro;n ·the D Fan- In Net"'"ork t:o the 
Au Register and shall set the Force ·carcy rtegister. 

During Hain Storag.e and Register Option read refe.rertces, 
hardware con trolled timing. c'onstraints shall be 

·exercised as. described in 3. 8. 5. 5. · 

Index 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 1.4 15 

1. 1 1 ·o 01 ll oj a1· bl pl 0 01 x 

; 

This Form&:: 1 ~Iicro·-command shall transfer the 1! output 
from the Register File. to the ~ti Register provlded 
the resultant register number for the Register File 
read reference do.~s not have the· 3 right·~!:iost. bits 
(13, 14 and 15) iri the clear state when designateu · 
according to 3~8.1.1. · 

This Micro-command· shall simply clear the nu Re~ister 
provided the resultant register nur.iber for the Register 
File .read reference has· the 3 right~most bits (13, 14· 
and .15) in the clear state when designated according 
to 3.8.1.1. · 

In addition, this Micro-command shall unconditionally 
transfer the ou~out of the D Fan-In Network to the Au 
Register and shall clear t~e Force C~frry Register • 

.ilurini Main Storage and Re&ister Opti,on. read references, 
hardt;are. controlle:;<J. ·timing constraint~ ·sh.all be exercised 
as described in 3.:s . .s.s . 
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In the presen·ce of the Relocation· and Protection· Feature, 
the IDX >Iicro-command shall also serve as the i:nnlicit 
i.Ucro-corruaand control ~echanism :for dynamic Segment 
Tag write references.. Each IDX ~ficro- command shall allow 
the next Register File write teference, performed under 
Micro-conmand control," to occur such that the associated 
Segment Tag shall also be written. The Segment Tag value 
so written s·hall correspond to the Se~;.r1en t Tag value 
read during the last LSI, LSF, LS2, or LSE tficro-cominand, 
whenever the associated IDX Micro~command sir~rnlY cleared 
the Bu Register. Alternatively, the Segment·Tag value 
so written shall correspond to the Segment Tag value 
read durinc· the associated IDX !ficro-command wheriever this 
associated' IDX Micro-conmand, performed a transfer of the 
Register File output to the Bu Register. 

D False to Au 

oo 01 02 03 04 os 06 01 os o~ io i1 12 13 14 rs 

DFA [1 1 o o! ij ii a! bl Pl o oj x 

3.8.6 

For• 400HA 

This Format 1 ~,ficro-co~--:land shall trans.,fer. the outnut of the 
Register File to the Bu !~egister with the reRiste·r number 

for the Register File read reference designated according 
to 3. 8 .1.1. 

In addition the I's cor.iplemen t of the output from the D 
.Fan-In Neti:ork shall be transferred to the Au Register 
and the Force Carry Register shall be set. 

During Hain Stora.r;e and Register Option read references,·. 
hardware controlled timing constraints shall be exercised. 
as de~cribetl in 3.8.5.S. · 

Register File Write, Main. Storage Related Micro-commands .. 

The ~ficro-commands within this. class shall provide the 
means for perforning Re~lster File write references which 
may be rel~ted to Main Storage or Register Opti6n read. 
operations. 

The Micro-commands within this class shall be :fain Storage 
or Register Option related when they occur after, but in 
the saJlle major cycle as LSl, LSF, LS2, or LSF Micro-commands 
which are executed for the purpose of performing Main 
Storage. or Register Option read operations as defined· in. 
3. 8. 5. 1 .th rough · 3. 8. 5 • 4. · 



: .3.8.6.1 

882000 
ENGINEERING SPECIFICATION .... 109· 

When initially translated on minor cycle El, E2, E3 or E4 
during any major cycle in which a Mairi Storage or Register 
Option read reference is perfor~ed,. these ~1icro-corunands 
shall be held il". the Ful and Fu2 Registers and repeatedly. 
executed during each ninor cycle up to and ineluding ES, 
under hardware control. 

Store D ~·:ord 

00 01 02 03 C4 OS 06 07 08 09 10 11 12 13 14 15 

snw I o i o oj o! oi al bj ·Pl o · oj x 

3.8.6.2 

. For• 400HA . 

This Format 1 :ncro-cor:inand shall transfer the output 
of the D Fan-In: :·!etwork to the Register File with 
the regi~ter number for the Register File write reference 
designated ~c~ording to 3.&.1~1. 

Store D. Byte 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

x I 
This Format 1 Micro-command shall transfer the right­
most byte.or le~t-most byte from the output of the D 
Fan~In ~etwork (as determined by the state of bit 15 
of the S.Register)to the ~egister File in the righ~-~ost 
byte position, along with zeroes in the left-most riyte 
position.· The register nu:::.ber for the Register File 
write reference shall be determined accordinR to 3.8.1.1. 

l\nen bit 15 of the S Register is in the clear state, 
the left-most byte of the D Fan-Out Network shall be 
selected at the !lght~mdst byte input to the Register 
File and zeroes at the left~most byte input to the 
Register Fi le. 

h'hen bit E ·of the S Register is in the set state, 
the right-most· byte. of the D Fan-Out Network.shall be 
selected at the right-nost byte input to the Register 
File and zeroes at the left-most byte input to the 
Register Fi le • 
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Immediate Operand :-ucro-conunands •· 

The Micro- commands within this class shall provide the . 
means for trans ferri.ng i.r..nedi ate operands to the Bu­
Regis ter. These immediate operands shall be contained 
within the :Ii cro- commands themse 1 ves, with the exc.e!lt ion 
of CORC and special cases of the LBB and LBB\ :~1icro-cor.J.1ands. 

Undesignated bit positions within these ~1icro-commands 
shal1 have no effect· on Micro-corunand execution exce!1t. · 
to· the extent that they shali participate in the for~ation 
of valid parity. 

Enter Bu Upper 

00 01 02 03 04 OS 06 0 7 0 8 09 10 11 12 13 14 1s· 

EBtl 0 1 01 No· I pl 0 oj I Nl J 

The N0/N1 fields of this :Hero-command shall be transferred 
to the left~most byte position of the Bu Register. The 
rightpmost byte position of the Bu R~gister shall remain 
unchanged. 

Enter Bu Lower 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

EBL [ 1 0 .1 _1_1 __ N_o, __ 1_· __ Pl_o_· _o_! ___ N_1 __ _. 

3.8.7.3 

The N0/Ni fields of. this Hicro;..co·mmand shall be transferred 
to the r1eht-most byte position of the Bu ~egister. In 
addition, the le ft-most byte position of the Bu Register 
shall be cleared. 

Load Bu Bit 

00 01 02. 03 04 OS 06 07'08 09 10 11 12 13 14 15 

x 

This 'Format 3 Nicro-command shall transfer a 16-bit 
·immediate operand to the Bu Register. 
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'r'ih.en the "a" and "b" designators are not set, the 16-bit. 
i1mnediate operand shall· consist of a single bit in the se·t 
state with the remaining 15 bits in the clear state. The 
~it position to be set shall be designated according to 
3.8.1.3 . 

. i\'hen the "a" and "b" designators are set, the 16-bi t 
operand shall consist of two bits in the set state, 
one in each byte position, with the remaining 14 bits 
in the clear state. The left-most bit nosition to be 
set shall correspond to the Processor State, 0 through 7, 
in which the ~·1icro-command is executed and the left-nost 
byte shall. be duplic3ted in the right-most btt~ position 
as described in 3.8.1.3. 

In ~ddition, the ~orce Carry R~gister shall be cleared. 

Load Bu Bit Compleuent 

00 01 az 03 04 OS 06 07 08 09 10 11 12 13 14 15 

tm I o 1 1 oj 11 11 aj bl Pl o oj j l< 

This Format 3 Micro-command shall transfer a 16-bit 
immediate : t>erand. to the Bu Register. 

h".hen the "a" and "b" designators. are not set, the 16-bit 
immediate operand shall consi~t of a single bit in the 
clear ~tate with the ~enaining 15 bits in the set rtate. 
The bit position to be cleared shall be·designated 
according to 3.8~1.3. 

When the "a" and "b" designators are set, the 16-bit 
operand shall consist of two bits in the clear state, 

·one in each byte position; with the remaining 14-bits 
in the set state. The left-most b~t position to be 
cleared shall correspond to th~ Processor State, 0 
through 7, in which the :-!icro-co:m.mand is executed and 
the left-most byte shalL be duplicated in the right-most 
byte position as described in 3.8.1.3. 

In addition, the Force Car~y Register shall be set. 

---------·-'""""'"'""'"'"""'M.ffMllO~""'""----------------...... -----.... 
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Digit Dupi'ication 

00 01 02 03 04 or .) 06 07 08 09 10 11 12 13 14 15 

DIG I 1 1 1 11 11 ol I pl 0 01 I x 

The "x" field of this Micro-conmand shall be transferred 
to each nybl. (4-bit group) position of the Bu Register. 
In addition, the Force Carry Register shall be cleared. 

:Execution of this ?1icro-command shall inhibit the group 
carry nechanisms within the adder such that each 4-bit 
nybl may be independently added with group carry inputs 
in the clear state. Likewise, the clocking of the 
Overflow and Link conditions within the Ari th::etic nor ti on 
of the Su Register s·hall be inhibited by .the execution 
of this Micro-cor.unand. These disables shall remain ir~ 
effect until the Au or Bu .Registers are cleared, set or 
clocked by Micro-commands other than DIG and CORC. 

Correct Code 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

CORCI 1 1 1 11 11 11 . 

This Hicro-cor.unand shall transfer a 16-bit ir:.ediate 
operand to the 3u Register where the value of each 
nybl (4-bit group) ~hall be inde?endently determined 
by the state of the associated bit position in the 

. Inner Carry Register. 

\\here the bit positions in the Inner Carry Register . 
are set, the associated nybls shall have the value of 
3 in hexadeci~al notation. 

Where the bit positions in t~e Inner Carry Register are 
cle~r, the associated nybls shall have the value of D in 
hexadecimal notation. 

In addition, the Force Carry Register shall be Cleared. 

· E.xecution of this Micro-· command shall inhibit the group 
carry raechanisms ·h·ithin the adder such that each 4-bit 
nybl nay be independently .J:dded with group carry inputs 
in the clear state. Likewise, the clocking of the Overflow 
and Link cdnditions within the Arithmetic portion of the 
Su Register shall be inhibited by the execution of this 
Micro-command. These disables shall remain in effect 
Wltil the Au or Bu Registers are cleared, set or clocked 
by nicro-co!IlJTlands other tha.n DIG and CORC. 

-----------•vnra~-:~1\tar1Utwf'.au'1~~"*'-------•,_ _ _.. ____________ ....,,. 
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Shift Micro-commands 

The Micro-commands .within this class shall provide the 
means for left shifting the contents of the"Au/Ju Registers. 
Shift counts of 4 bits shall be ~~icro-command designated· 
in true or 2's complement form, for shift;; from 0 ·to 15 10 
binary places. Bits shifted from the Au Register shall 
be end-off, (lost).Bits from the Bu Register shall be 
shifted into the Au Rerister with zeroes inserted into 
the right-raost bit positions of the Bu Register. 

Undesi~nated bit positions within these Micro-commands 
shall. have no effect on Micro- conunand execution excent 
to.the extent that they shall parti6ipate in th~ for~ation 

· of valld parity. · 

Shi ft Le ft 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

SHF j I I I o I o j oj I Pl o o! oi x · I 
This Micro- command shall sh.i ft the con ten ts of the Au/3u 
Registers left the number of bit positions designated 
by the "x" fie 1. d. 

Shift Right 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

S!IRI 1 1 1 0 I 0 j 1 I I p I 0 0 I 0 I x 

This Micro-comr.iand shall shift the contents of the Au/. 
Bu Registers left the nu:.tber of bit positions designat:ed 
by the 2 's complement of the "x" field. 

3. 8. 8 .. 3· Left Shift (Dependent Coun tJ .. 

00 01 02 03 04 OS 06 0 7 0 8 09 10 11 12 13 14 15 

DLS I 1 1 1 01.11 01 I pl. 0 01 01 I 

I 
---------·""-""""""";:<J.l"""""D_:< _______________________ _ 
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This Mic'.:-o-command shall shift the· conte.nts of the 
Au/Bu Registers left the nunber of bit positions 

· designate4 by the shift count •. 

The shift count shall -be obtained from bit nos i tions 
. 08 through 11. of the common resource F Register when 
bit position 01 ·of this common resource F Register 
is set. 

The shift count shall be obtained from the outnut of the 
D Fan-In ~etwork in the right-most bit positio~s (Ii thrr 
15) when bit position 01 of the common resource F Registe 
is clear. During major cycles which ~erform a )1ain Stora 
or ~egister Option read reference, the selection of the 
input to the·n Fan-In ~etwork shall change fr0m the D 
Register to the Main Storage data or Register nption 
data inputs, respectively, during ~inor cycle E4. Thus 
DLS >Ii cro-commands which obtain the shift cotmt unde·r 
these conditions, sh:all provide unpr.edictable results 
when executed during minor cycles E4/ES. 

Right Shift (Depe:nden t Count)· 

00 01 02 0 3 04 OS 06 0 7 0 8 09 10 11 12 13 14 15 

DRSI .1 1 1 o! 1II I pl 0 o! oj 

3.8.9 

This !Hero-command shall shift the contents of tne 
Au/Su Registers left the number of bit positions 
designated by the 2's complement of the shift count. 

The shift count shall be obtained in the same manner 
as previously described for the DLS ·rlicro-comm.and 
in 3.8.8.3. 

Bit Sense Micro-commands. 

The !!icro-commands within this class shall nrovide the 
means for scanning the contents of the Au R~gister, from 
left to right, for the purpose of detecting the first 
bit position in the set or cleared state as specified 
by the associated Micro-command. 3it ~ositions thus 
dete~ted shall b~ cleared or set within the Au Register 
as specified by the SRI and SSO Hicro-commands,, respecti'. 
A value CJrresponding to the bit position detectedi 00 
thr~u~h 1510~ shall be added to the contents of the Bu 
Register. \·i'J1en the-entire Au Register is scanned without 
detection of a bit in the specified·state, 1610 sh~ll be 
added to the contents of the 3u Register. 

Undesignated bit ~)ositi<ms within these Micro-comnands 
shall not affect.~icro~cornmand execution exceryt to. th~ 
extent that they shall !'articipate in the formation of 
valid parity . .,.._, _____ ..,_,,...., __ ...-A'?"Jfl.(.l(~:JU.,..,.AnW«~tBiUir~-----------------------

. ,..,_ 4oo.IA 
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Sense for Zero 

00 01 02 03 04 OS 06 07 08 ~9 10 11 12 13 14 15 

sRoj I I i oj ol oj 

This Hicro-commax;id shall scan .the Au. Register for detection 
of the first bit position in the clear.state, and shall 
increase the cont~nts of the Bu Register according to.the 
result of the scan.· 

The conte.nts of the Au Register shall remain urichahged. 

Sense for One 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 
I 

ssr1 · 1 1 I ~.1 I 11 

Th.is ~·1icro-conu11an,d sha~l scan the Au Registe.r for the 
detection. of the first bit position in the set state 
and shall increase the contents of the Bu Register 
according to the ~esults of the scan .. 

The contents of the Au shall remain Unchanged. 

Sense and Set for Zero 

00 01 02 03 04 OS 06 07 08 09 10 11 .12 13 14 15 . 

sso I 1 1 1 ol 1f!o! 

This lficro-commant! shall scan the Au Register for detection 
of the first bit position in the clear state and shall 
increase the con ten ts of the Bu Register according 

·to the results of the sc?n. 

The Au Register shall be se·t in the first bit oosition 
detected in the clear State when the contents ~f the. 
Au Register are not equal to· FFFF16· 

._ _______________________ .__.. ________________________________________________ __. 

Fer• 400MA 
. '· ·. 
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·3.8.9.4 . Sense and Reset for One 

00 01 02 0 3 04 0 s 06 07 08 09 10 11 12 13 14' 15 

SRll 1 ·I 1 01 11 11 I pl I 11 ~ 

3.8,,10.1 

SKZ· 

This Micro-command shall scan the Au Register for the 
detection of the first bit, position in the set state 
and shall inc~ease.the contents of the Bu Register 
according to the results of the scan. 

The Au Regi~ter shall be clea~ed in the first bit 
position detecte4 in the s~t state when the contents 
of the Au Register are not equal .to 000016~ 

Skip Micro.;.commands 

The Micro-commands within this class shall nrovide the 
neans for skipping the execution of the nexi successive 
!·Hero-command when the specified conditions within the 
Au Register are meL These Micro-com;nands shall reauire 
·one ninor cycle for translat~on and an addi tion~il ni.lnor 
·cycle to accomplish the skipping of t~e next successive 
>1icro-co1'U11and when the seecified conditions are met. 
Skip Micro-commands for which the specified conditions 
ar~ met as initially translated during ninor cycle E7, 
s·hall skip the next successive Mi era-command during 
ninar· cycle EO of t'he next appropriately allocated major 
cy.cle. 

~OTE~ lilien the contents of the Au or Bu Registers are 
.logically ambiguous as a result of transferring asynchronous 
.signals into them, the execution of Skip ?·ricro-commands 
ui thout an allowance for resolve time may result in ma.chine· 
nalftmction in the form of undefined and unnredictable 
Micro- command exe cut:ion~ See 3. 8. 2. 5. · 

Undesignated bit positions within these Micro-commands 
shall have no effect on Micro-command execution except 

·to the e.xtent that -they -shall participate in the formation 
of valid parity. ! 

Skip if Au is Zero 

00 01 02 03 04 OS .06 p7 OB. 09 10 11 12 13 14 15 

[o 1 0 '11 oj 01 I pl 0 01 01 I 
Th.is Micro-command shall skip the execution of the next 
successive Micro-command when the contents of the Au 
R~gister are equal to 00001~· 

----· -------IP8U!M!Ja»~A~Mta;i.wtH'1.'lW'Mf'J1PO'FM2W _____________________ _.. 

, ... 4008-IA 
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3. 8 .. 10. 2 · Skip. if Au is Non-·Zero 

00 01 02· 03 04 05 06 07 OB ag 10 11 12 13 14 15 

s KN .__I _o _1_0 _1......_I _o .... 1 ............ 11 _ ....... l_P...._I _o ___._a I _o.._j ___ ___, 

This Micro- command shall skin the execution of the next. · 
successive M{cro-'.:or.mand when the contents of the Au 
Register are not equal to 000016· 

3.8.10.3 Skip if Au Bit is a One. 

00 01 02 03 04 OS ~6 -07 08 09 10 11 12 13 14 15 

SKB I o I o II ij oj al bl rl o oj oj x 

3.8.10.4 

This ForMat 2 Micro-command shall skip the execution of 
the next successive 2·licro~com..r.rnnd when the content of 
the Au Register is in the set state at the bit positicn 
designated acc~rding to 3.8.1.2. 

Skip .if Au Bit ls :a Zero. 

00. 01 0 2 0 3 0 4 0 s 06 0 7 08 09 10 11 12 13 14 15 

SKB\I 0 1 0 ii 1j if al bl pl 0 ol ol x 

This Format 2 Micro-command shall skip the execution of 
the next successive .~licro-comma.nd when the content of the 
Au Register is in the clear state at the bit position 
designated according to 3.8.1.2 • 

. 308.10.S Skip if Au).Bu 

00·01 02 03 04 os·o6 01 o~ 09 lo 11 iz 13 14 is 

s K GI 0 1 0 1 j 0 I 0 I I p I 0 0 I 1 ! I 
This }·!icro-comniand shall ski""' the execution of the next 
successive Micro-comi7land when the cont.en ts· of the Au 

. Register are logically (unsigned) greater than. the contents 
of the Bu Register. 

~ ', 
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3.8.10.6 ·skip if Au< Bu 

00 01 02 03 04 OS 06 07 D8 09 10 11 12 1~ 14 15 

SKL I o 1 o _1 .......... I __,o I __ · _i ... l ____ j _P ....._I _o _o_,,_j _1..__j __ ____, 

This Micro-command shall skip the execution of the 
next successive !Iicro-command when the contents· of 
the Au Register are logically (1msigned) less than the 
contents of the Bu Register. · 

3.8.10.7 -Skip if ~u = Bu 

0 0 0 1 0 2 0 3 0 4 0 5 0 6 0 7 J R 0 9 10 11. 12 1.3 1 4 1 S 

s KE I 0 1 0 i I l ! 0 I I p I 0 0 I i I 

3.8.10.8 

SKE' 

This ~Hero-command. shall skip the execution of the next 
successive ~1icro-command when the· contents of the 
Au Register are ~qual to the contents of the Bu 
Register, bit-for-bit. 

! 

Skip if Au I Bu 

00 01 02 03 04 os· 06 07 08 09 10 i1·12 13 14 

[ a 1 0 11 ii . ~I :. I pl I 11 
,• 

. . 

15 

This :ricro-command "shall skip the execution of the next 
Micro-command when the contents of the Au Register are 
not equal to the cont:en.ts of the Bu Re.gister, bit.-for-bit • 

._. ____________ ........,.,._, .... ,. ..... ,,__, _________ ... ___ ..... _____ ___ 
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Branch ~Ucro-commanCls 

In addition to the CLP., STA, .ST3 and .A~m Hicro-commands 
\\·hi ch shall effect a Branch 0~1eration ":hen the Pu Re·gis ter 
is desi~nated as described in 3. 8. 4, the six )1icro-co:"J:lands 
in this class shall er)licith· nrovide the means for · 
performing branch operations: -

As o:1rosed to the irl7Jlicit ~ficrc-comr.rnrids previously 
men ti<med and describe.d in 3. 8. 4, the ex?lici t Micro­
connands in this cl ·Ls shall he capable of only partial 
lffi te references to the right~I:'lost address 0ortions of 
the Su arid-Pp Registers as follows: · 

a. The JMP Hicro- comr.1and shall write only Bi ts 0 8 through 
15 of the Su arid/or Pp Registers. Bits 02 through 07 
shall be under hardware control and shall ~e incre:,.cnted 
by one when JMP ~ticro-cor:unands occur at Control Storage 
Addresses XXFF16 . Likewise, bits 02 through -07 · 
shall be increhented by o:ie when JMP i'Ucro-conmands 
occur at Control Storage Addresses XXFE16 during any 
minor cycles· other than E6 and/or E7. · 

b. The F~IJ, FRJ, ·1~zJ, RNil and RNI2 :-11cro.- conmands shall 
write only Bits 04 through 15 of the Su and/or Pp 
Regist~rs. Bi ts 02 and 03 shall be under hardware · 
control and shall be incremented by one when these Hicro­
commands occur· at Control Storage Addresses XFFF16. 
Likewise; bits 02 and 03 shall be increnented by one 
when these Hict·o- cor.unands occur at Control Stu.:age 
Addresses XWE15 during any minor cycles ·other than 
E6 and/or E7. 

Execution of· R..'Hl, R.'lI2 and FZJ Micro-comm~mds shall 
·be additionally dependent on the state of the Instruction 
Repeat switch as described in 3.10. 4.18, to the extent, 
that the branch addresses associated ·with these 
Micro-commands may be altered from values of XOOZ 16 
and X00916 to a value of X00016· 

Undesignated bit positions within these Micro-commands 
shall have no effect on Hicro-conunand execution exc3pt 
to the extent that the/ shall participate in the 
formation of valid parity. 
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3.8mll.1 Function Decode Jump 

3"0 8 .11. 2 

00 01 02 03 04 OS 06 07 08 09 ~O 11 12 13 14 15 

Ii 

This Micro-command shall tra.nsfer a 12-bit branch address 
to the Su Register, (except during minor cycles E6 and E7), 
and the Pp Register, in bit positions 04 through 15. 

This 12-bit branch address shall be based on the I, Io and 
I1 Micro-command designators a.s well as the contents of the 
common resource F Register, (for which·bit positions shall.be 
referred to as Foo through F15). 

a. When the I designato·r (bit 06) is clear, the 12-bit branch 
address at the designated inputs to the Su and Pp Regis·ters 

.shall have the following format: 
04 05 06 07 08 09 10 11 12 13 14 15 

Jioj I1 jF04fFo·sjF06jF01 Io of. 
b. When the I designator (bit 06) is set, the 12-bit branch 

address at the designated inputs to the Su and Pp 
Registers shall have _the 'following format: 

04 OS 06 07 08 09 10 11 12 13 14 15 

j Io! I1 I 0 0 I Fos I 1 0 0 ! 
Format ·necode Jump 

00 01 02. 0 :> 04. 05 06 07 08 09 10 li 12 13 14 15 

FRJ I 0 o. 0 01 11 Gf I Pf 0 o~ I l 
This Micro-command shall tr·ansfer a 12-bit branch address to 
the Pp Register in bit positions 04 through 15. (The output 
of the D Fari-In Network must be ~table 200 n/s prior to the 
execution of this' Micro-command). 

This 12-bi t branch address shall be obtained by re·ading the 
output of the Address Table (9 bits of address, l bit for 
parity) and inserting 3 hardware translated bi ts. The con-. 
vent ions for addressing the Address. Table and formatting its 
output are described in 3.5.3. 
Once read, this Micro-command shall be held in the Ful and 
Fu2 Registers for the remainder of the major cycle, with the 
tr~sfer from the Address Table to the Pp Register occurring 
only during the first minor cycle of its execution. 

-----------.........,w;r~~·-~9'!'-«VTaf<'1-JU!o .... _____________________ ....., 
,.,. 400HA 

...... 
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3.8.11.3 Zero Jump 

00 01 02 03 04 05 06 0 7 0 8 09 10 11 12 13 14 15 

FZJ I o 0 0 oj 11 11 I pl 

This Micro-command shall transfer a 12-bi t bra:ich address 
of 00916 to the Pp Registe~ in bit positi6ns 04 through 
15 oa the.first minor cycle. in which it is executed. 

~~en the contents .of the Au ReRister are not equal to 
·000016, no further operations shall be perforned on the 
part of this >!icro-co.m.-:iand, and hardware control shall 
oroceed ·to the execution of the next Micro-co:n."'nand as available at the output of Control Storage proper. 

When the contents of the Au Register are equal to 0000 16 , 
the Ful and Fu2 Re~ister clocks shall be disabled for : 
the renainder of the raajor cycle and no. further operations 
shall be nerformed on the nart of the current Processbr 
State with respect to ~·iicto-comnand execution.· 

3. 8.11. 4 Jump 

· oo 01 oi 03 04 os 06 01 oa 09 10 11 ·12 13 14 is 

JMP I · 1 0 0 11 I pl o oj 

3.8.11.5 

.RNil 

This Hicro-command shall transfer an 8-bi t branch 
address con~istil}g of the N0 n~ 1 fields to the Su Registers, 
(except during ml.nor cycles E6 and E 7), and the. Pp · 
Register, in bit positions 08 through 15. 

Thus, this Hicro-co:nmand provides the means for performing 
branch operations within 256-word page bound.aries 9f · 
Control Storage p1·oper, with the ·exceptions noted 1n 
3.8.11, item a. · · 

Read ~ext Iris t r·ucti on 1 

00 01 02 03 04 0.5 06 07 08 09 10 11 12 13 14 15 

I 1 0 0 oj oj · o!. aj bl pl . () 01 x ~ 
This· ~Hero-command shall transfer a 12-:bit branch address. 
of 002 16 to the Pp Register in bit positions 04 ·through 15 
on the first minor cycle in which it is translated·. 
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In addition, this Format 1 ~1icro-comrnand shall transfer 
the Overflow and Link bits ~rorn the Arithnetic.status 
portion of Su to tile Basic Register File with the register 
number for the par1:ial write reference designated accordin_g 
to 3. 8.1.1. ·This transfer shall be confined to the . 
Basit Register Fll' as a result of disabling the write 
operation when -the "a!' and "b" designators for this· ?-!icro­
ccmmand ·are both. in the set state and constitutes an 
exception to Format 1 Micro-command addressability. 
The Basic Register File shall be written in the left-r:e>st 
8 bit positions sue~ that Overflow shall be transferred 
to bit 00, bi ts 01, 02 and 04 through, 07 shall be c1eared, 
and Link shall be transferred to b.it 03. The right-most 
8-bi ts shall remain unchanged. 

Once read, this Hicro-comrnand shall be held in t!ie Ful 
and Fu2 Registers .for the remainder of the major cycle. 

· 3.8.11.6 Read Next Instruction 2 

00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15 

R.'H2 I 1 o o o I o I 1 ! a I b I p I o o I x 

This Nicro-corrunand: shall tra·nsfer a 12-bit branch address 
of 00916 to the .Pp1Register in bit positions 04 thrc·ugh 
15 on the first minor cycle in which it is translated. 

Iri all other respects, this Micro-command s·hall execute 
identically to the R.:.'Hl Micro..;c·ommand as described in 
3.8.11.S. 

----·----lllML'\IABl~'W}f't{J'«J>:'lm•..rt{K~'!lt.W-:.Wd'<~i'!rJllll· ----------------------~-
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3~8.12.l 

NOP 

Control Micro-commands 

The Micro-commands within this class shall provide the means 
for performing Timing, Input/Output Termination and 
Boundary Crossing Mode operations • 

. Undesignated bit positions within these ~.Ucro-cor.una..'1.ds shall 
have no effect on Micro-command execution excent to the 
extent that they shall·participate in the fo.rmation of 
valid parity. 

~o l)peration 
00 01 oz 03 04 OS 06 0 7 0 8 09 10 11 12 13 14 15 

I 0 0 0 oJ. o! oj I pl 0 oj 
This Micro-comM.and shall not influence CPU onerations for 
the minor· cycle during which it is contained.in the Pul 
and Fu2 Registers. 

3.8.12.2 :i.esynchronize 

00 01 02 03 04 -OS 06 07 08 09 10 11 12·13 14 15 

SYNC' 1 1 1 11 ~ :('J J Pf 0 01 1 j . ·f 

3.8.12.3 

IVK 

RVK 

This !ticro-command shall transfer the Control Storage 
Address of the next successive Micrc-cora~and to bit 
positions 02 through 15 of the Pp Register on the first 
!!linor cycle in which it is execute·d. · 

Once read, this ·Micro-command shall be held in the Ful 
and Fu2 Registers for the remainder of the major cycle. 

Thus, the execution of a SYNC Micro- command shall result 
in the establishr:ient of minor cycle EO for the execution 
of the next successive Micro-command during the next 
najor cycle allocated to the associated Processor State. 

Invoke/Revoke Bound~1ry Crossi~g Mode 

00 01 02 03 04 05 06 07 08 09 i. 0 11 12 13 14 15 

11 I I If (l 11 I pl J 01 If 

1 
I I I II 0 ll I PI 0 01 01 

-'----------------~-----~~--~·-----------------------------------------------
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During all minor cycles following the execution of an .!VK 
Micro-command, up to and including the minor cycle in whi·:h 
an RVK .~1icro-command is executed, BoWldary Crossing node 
shall be in effe.ct with respect to the designation of 
register numbers ·on the p~rt of all !-·Iicro-conI"lands · 
performing Register File references. · 

The B1.)Undary Crossing ~lode of designating register numbers 
by means of the con.tents o;f the BC-Register is described 
in. 3.·2.3.7 including timing constraints· where applicab.le. 

The Normal Hade of designating register numbers by neans 
of Femat l·Micro-commands only, is described in ~.8.1.1. 

3. 8.12 .. 4 Read Control ·~·1emory. 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 IS 
ROM[ 1 1 1 11 0 I 0 I I p I 0 0 I 0 I 

3. 8. 12 .. 5 

CIOl 

CI02 

This Micro- command shall tran.sfer the Control Storage Address 
of the next successive Micro'-command to bit positions 02 
through 15 6£ the Pp Register on the first ninor cycle 
in which it is executed. 

Control Storage proper shall be r~ad referenced at the 
address contained in the Bu Regist~r and the out~ut of 
Control Sto'rage propershall be ·subsequently transferred 
to the CSS Register .(J-K inputs as described in 3. 2. 3. 8) 
on the second minor cy~le involved in the execution of 
this· Micro-command. · · 

Once read, this Micro-command shall be held in the Ful 
and Fu2 Registers for the remainder of the major cycle. 
ROM Micro-commands ·which begin execution on minor cycles 
E6 or E7 shall be undefined with respect to the data 
transfer to the CSS Register. Thus,-meaningful execution 
of each ROH Micro-command shall require that an allowance 
be made for a mini~um of 3 tontiguous minor cycles in the 
same major cycle as shown in Figure 9. This allowance · 
must be provided unde~· Hicro-cor.unand control. 

Compare I/O 

00 01 02 03 04 05 06 07 -08 09 10 11 12 13 14 15 

[l 0 0 ?! 11 0111 11 pl 0 01 

11 01 11 pl 0 0 11 11 1' 0 Of ! I I 

...., ____________ tw.~~"<.fff!~\lrllallMWlll ____________________ __ 
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These Micro-commands shall transfer the Control Storage , 
Address of the next successive, Micro-command to bit 
positions 02 through 15 of the Pp Register on the first· 
minor cycle in which· they are executed. 

Once read, these :·ficro-.cor.unands shall be held in the Ful 
and Fu2 Registers for the remainder of the major cycle. 

Operations perfo!11led in the further exeq1tion of these 
Hicro.-commands shall be dependent upon the comparison 
of the contents of the Au and Bu Registers as well as. 
the state of the appropriate End of Transfer signal when 
p~tfotmed for P~oces$or States 0 through 3. See 3.2.4.12 
for a description of the End of Transfer signals. 

a. When the contents of the Au Register are equal to the 
·contents of the Bu Register,. bit-for-bit, o·r in the 
presence of the a~propriate End of transfer signal 
when applicable, the CIOl Micro-command s·hall provide 
an I I 0 Exit s i gn a 1 as des crib e d in 3 . 2 . 4 . 1 3 at the 
end of the first minor cycle of execution only. 

b. When the cont~nts of the Au Register are not equal to 
the contents of the Bu Register, bit-for-bit, or in 
the presence of the appropriate End of Transfer signal 
when ~pplicable, the CIOZ ~ficro-command shall provide 
an I/O Exit signal as described in 3. 2. 4.13 at the 
end of the first .riinor cycle of the execution only . 

. When these Micro-c"Jmmands provide an I/O Exit signal. 
at the 0nd of .the first minor cycle of their ex~cution, 
·no other operations shall be performed. 

When these :.aero-commands do not provide an I/O.Exit 
signal at the end of the firs~ minor cycle of their 
·execution, ·the transfer of the contents of the Pp 
Register to the appropriate Pu Register (to the Su 
Register during consecutive major cycles for the same 
Processor State} which would otherwise o·ccur during 
minor cycle WO, shall be suppressed. In addition, a 
pulse shall be applied to the clear input of the 
appropriate Busy Fli~/Flop in.the B/A Register for 
Processor States 0 through 4 at the end of the first 
minor cycle of execution~ of these Micro-commands in 
which an I/O Exit signal is not provided,as described 
in 3.2.3.1, item d. · 

Execution of these Micro- commands . be ginning on minor 
cycle E7 shall not be hardware supported and may 
result in machine malfunction. 
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3.9 Resource Allocation 

3~9.1 

Resource allocation. shall be accomplished on a major cycle·. 
basis by means of the Resource Allocation Network as 
generally.described in 3.1.8. 

The Resource Allocation Network shall resynchronize all· 
resource requests fr.o:m Processor States 0 through 7 
and the Console State, during minor cycle El at a time 
equivalent to CLOCK-60 as defined in 3.2·.4.S. 

The Refresh· request from Main Storage shall occur synchronous! 
and shall have unconditional priority over all other 
resource requests. 

Non-Priority Mode 

In the absence of Priority Mode operations, the Resource 
Allocation Network shall proportionately allocate major 
cycles to the requesting Processor States. This equal 
allocation of major cycles shall occur repetitiously, for 
the Processor States involved, in the following sequential 
order: · 

PROCESSOR STATE 0 
PROCESSOR STATE 1 
PROCESSOR STATE 2 
PROCESSOR STATE 3 · 
PROCESSOR STATE 4 
PROCESSOR STATE 5 
PROCESSOR STATE 6 
PROCESSOR STATE 7 
CONSOLE STATE 

When more than one of these res ou.rce requests occur, 
(after the Main Storage Refresh requirements ha .. 1e been 
accounted for), resource allocatfon shall take place in 
the following manner . 

. Total Number of 
Requesting Processor States 

. 2 

3 
4 
S· 
6 
7 
8 
9 

Resource 
Allocation per State 

S0.0% 
33.31 
25.0\ 
20.0t 
16. 6t 
14.21 
12.St 

: 11.U 

--'------------·------------------------------~-~~~-,--
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3.9.2 

3.9.3 

Priority Mode 

The Resource Allocation Network shall additionally 
resynchronize all resource requests.from Processor States 
0 through l, relative to their coincidence with the 
associated Invoke Priority signals as described in 
3.2.3.S and relative to their combined coincidence with 
the associated Enable Priority and Priority signals as 
described in 3.:.3.5 and 3.2.4.11, respectively. These 
resynchronizatfon. activities shall occur during every 
minqr cycle El at a time equivalent to CLOCK-60 as 
de fined in 3. 2 • 4. 5 . · 

Each Priority Mode request on the part of Processor States 
0 through 3 shall have unconditional priority over all 
Non-Priority Mode requests. When more than two Priority 

· Mode requests occur, priority shall be granted in the 
following order: 

PROCESSOR STATE 0 
PROCESSOR STATE 1 

. PROCESSOR STATE 2 
PROCESSOR STATE 3 

In the absence of Consecutive Cycle .operations, Priority 
Mode reqJe~ts shall result, (after ihe Main Storage 
Refresh requirements have been accounted for), in 50% 
of the resource utilization allocated to each Processor ~ 
State so requesting, up to a maximum of two such States . 

. When three or four P1ocessor States have made simultaneous 
Priority ?iode requests, only the two Processor· States 
having highest priority shall be recognized. In such 
cases, these two Processor States shall equally share 
utilization of the resources to the exclusion of all 
other Processor. States, (except for Null States performe<;l . 
as a result of Mai;n Storage Refre$h requests). · 

Non-Consecutive Cycle Mode 

Without respect to Priority Mode ope~ations, Non~Consecutive 
Cycle Mode shall. afffct re$ourc~ allocation only when 
a single Processo·r State, 0 th·rough 7, is requesting 
resource utilization in the absence of all other requests.'. 
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3.9.4 

3.9.5 

Thus, major cycles shall .. be alternately allocated between 
the single requesting Process6r State and the Null State 
Wlless the appropriate Consecutive Cycle Enable is set 
as described in 3.2.3.5. 

Conse~utive Cycl~ Mode 

Without respect to Pt-iority Mode operations, Consecutive 
Cycle Mod~ shall affE~Ct resource. allocation only when a ; 
single Processor State; 0 through 7, is requesting resource 
utilization in th~ absence of all other requests. 

Thus, major cycles shall be consecutively allocated to 
the single requesting Processor State when the appropriate 
Consecutive Cycle Enable is set as ·d~scribed iri 3.2.3.5. 
Consecutive C~cle Mode shall be accomplished by means of 
basic timing modifications as described in 3.8.1, item b. .., 

NOTE: The Console State shall be· unc·ondi tionally capable 
of utili~ing consecutive major cycles without the 
basic timing modifications which shall be required 
for Processor States 0 thtough 7. See 3.7.1, item c. 

Priority with Consecutive Cycle Mode 

When both Priority.and Consecutive Cycle Modes of operation 
are correspondingly spe.cified for one or more Processor 
States, the highest priority Processor State thus tequestin~ 
resource utilization shall obtain exclusive allocation 
of the resources, (with the exceptio~ of the Null State 
resulting from Main Storage Refresh requests). 

NOTE: Each major cycle performed in this combined Priority 
an-d Consecutive Cycle Mode of operation shall be 
unconditionally followed by a N.ull State major 
cycle when the associated Busy Flip/Flop is cleared. 
See 3.7.1, i~em b. 

' ' . 

.._ __________ _.,,.-......... .,,.,,,....;.,.,.,..~.-.~ .... ----------------------
,.,. 400HA 
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3.10 

3.10.1 

3.10.2 

System Control Pa.nel (Console) 

The Console description within this Section shall apply 
to the Console els implemented for Serial 8 and beyond •. · 

Controls and indicators on the 7300 Console shall be 
arranged in four major groups as follows: 

Operator Group (See Figure 10). 
Program Group (See· Figure 11) 
Maintenance Group ~(See Figure 12) 
Communications Activity Dispiay Group (See. Figure 13) 

The relative positions of these. groups is shown in 
Figure 14. 

Mechanical 

The Console Control Panel shall be approximately 28" H, 
22"W, 11.S"D and positioned at the front of the 7300 
Processor cabinet.! For maintenance purposes, the control 
and indicator portions of the panel shall be capable 
of being pi voted. 90 degrees into a mechanically locked. 
position so as to be easily accessed .from the P. C. 
module (card) side <>f the 7300 Processor cabinet.· 

Operator ~roup 

With the. exception: of the Power On and Power Off switches 
as described in 3.~0.2.2 and 3.10.2.3, respectively, the 
Operator Group of co.1trols shall be enabled at a:: times. 
This g'roup of controls shall provide the operator with 
the basic means. for control of the 7300 Processor. 

3.10.2~1 Emergency Pull 

This control shall be. a latching pull switch. Once pulled, 
a mechanical reset shall be required. The resetting 
mechanism shall be located behind the Console Cont:rol 
Panel such that it·is accessible only by opening the 
Console Control Panel enclosure. 

When pulled, this switch cau$es all A. C. and D. C. power 
to drop immediately, by-r ~ssing the normal power-down 
sequence. This action shall be referred to as Emergency 
Power Off (EPO). 

CAUTION: OPERATION OF THIS CONTROL MAY RESULT IN PHYSICAL 
DAMAGE TO THE SYSTEM. 

___________ ....,.,,.,...,, ........ ,.. ............ _ ... llil&ll_" ____________________ __. 

· Foni 400HA 
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3. 10. 2. 2 Power On· 

This control shall be a momentary push-button switch with 
an· indicator. 

The effect of this switch shall be conditioned by the Local/ 
Remote Control described in 3.10. 4. In Remote Control 
Mode the Power On switch shall have no effect. In Local 
Control ~!ode the depression of the Power On switch shall 
initialize the power-up sequence. 

The indicator shall be on when the power-up sequence is 
initialized- and shall remain on until a power-dai'i.)11 sequence 
has been completed, i.e. during power sequencing and when 
power is on. 

NOTE: Upon completion of the power-up sequence,. a Reset/ 
Load sequence shall be automatically initialized. ~ore­
over, upon completion of ·the Reset/Load sequence,. an 
Autoload sequence shall be automatically initialized 
provided the Main tena .. flce Group controls have not been 
enabled. For a desc:ript1on of the Reset/Load and Autoload 
sequences., see 3.1().2,.12 and 3.10.2.4, respectively. 

3.10.2.3 Power Off 

This control shall bE~ a ~omentary push-button switch 
with an indicator. 

The effect of this switch shall be conditioned by the. Local/ 
Remote Control as de~cribed in 3.10.4. In Remote Control 
Mode, the poHer off switch shall have no effect. In 
Local Control Mode, the depression of the Power Of! switch 
shall initialize the power-down ~equence. 

The indicator shall be on unless one of the· following 
·conditions exist: 

a. No primary power is available. 

b. ·The Main Disconnect switch is off. 

c. An EPO (Emergency Power Off) has occurred. 

d. Power is on, i.e. that period.between the completion 
of the power.:.up sequence and the initialization of the 
power-down sequence. 
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3.10.2.4 Autoload 

This control shall be a momentary push-button switch with 
an indicator. When. depressed, this switch shall initialize 
an Autoload sequence, and the indicator shall be on until 
the switch is released. The Autoload sequence shall consist 
of the following: 

a. A System Reset shall be performed for a minimum of 
• 4 m/s. and t. maximum of •. 6 m/s. F.or a descriptioh· of 
the effects of System Reset, see 3. 10. 3. 8. 

b. :Upon completion of the Sys tern Reset, the Busy F/F for 
Processor State 4 (Hit 04 of the Busy/Active Register) 
shall be set. This setting input shall be .removed at 
the beginning of the first major cycle allocated to 
Processor State'4. 

c. On the first major cycle allocated to Processor State 4, 
the Control Storage address shall be forced such that 
micro-code execution begins at address 011216 or 011316 
as determined by· the Load Select switch des·cribed in · 
3.10.2.5. 

NOTE: At this point, the Autoload sequence shall be 
considered totally under micro-code control. 

d-. Real Time Clock .increment pulses shall be enabled at 
the set input of the Busy F/JF for Processor $tate 4. 
This enable shall exist tmti 1 a Sys ter;i Reset occurs. 
These increment p1.·lses shall be further con di t-i ·med 
by the Fxecutive Disable switch as described in 
3. 10. 4. 2 7. 

·3.10. 2. S Load Se le ct: Primary/ Alternate 

Form 400HA 

This control shall be a toggle switch. 

This switch shall determine the state of the right-most 
bit of the Control Storage Address generated .during the 
Autoload sequence._ In the Primary, (down) position, the 
right-most ~it shall be set, resulting in a Control Storage 
Address of 011316· In the Alte.rnate, (up) position, the 
right-most bit shall be clear, resulting in a Control 
Storage Address of 011216· 

This switch shall also determine the device interface 
selected within the Control Storage Loader logic during the 
Reset/Load sequence. In the Primary, (down) position, the 
Control Storage Loader shall interface Integrated File 
Adapter-_type (IFA) signals. In the Alternate, (up) 
position, .the Control Storage Loader shall ihterface 
Integrated Card Adapter-type (ICA) signals. 
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3.10.2.6 Speaker Volume 

This control shall be a one-turn potentior.ieter which 
controls the potential volume level of the Console · 
loudspeaker. Rotation of this control fully counter­
cl6ckwise shall reduce speaker volume to inaudibility. 
Rotation of this control fully clockwise shall provide 
the potential for maximum speaker vdlume. · 

For a descriptiori of the digital inputs and their relative; 
effects on the console speaker'.s . frequency and volume 
see 3.10~3.5. · 

3.10.2.7 Processor Fault 

This control shall be a momentary push-but ton switch with 
an indicator. 

The indicator shall be on when any of the. following 
processor faults occur. 

a. Control Storage Parity Error~ 

b. Main Storage P~rity Error 

c. D.C. Fault 

d. Over-Temperature Condition. 

Depression. of the Processor Fault switch shall neither 
correct nor ini tializ.e recovery activities for any of 
these f au! ts. 

\fuen the indicator is on as a result of Control or Main 
Storage Parity Error fauits, depression of the switch shall 
cause the indicator to be off. The indicator shall remain 
off until the switch is release.d and.no further Parity 
Errors occur. 

l'/hen the indicator.is on as a result of a D.C. ·Fault 
· or an Overternperattire Condi ti on,.· the Processor Fault 
switch shall have no effect. 

Each of these Processor Faul ts sh~1ll have individual 
indicators within· the Maintenance Group controls as 
described iri Section 3.10.4. 

____________________________ , _______________________________________________ __. 

Fera 400HA 



·r~~ 882000 
ENGINEERING SPECIFICATION Sheet 133 of 

' 

Equipment Group 

3.10.2.8 I/O Fault 

This control ·shall be a momentary push..:button switch with 
an indicator. 

The indicator· shall be on when a."ly of the following 
faults occur. 

a. Channel 1 Transmission Parity Error 

b. Channel z fransmission Parity Error 

c. Channel 1 Control Check Error 

d. Channel z Control Check Error 

e·. Burst Check Error (during a. Reset/Load sequence 
a Fi le- type device only). 

f. Pai lure of an I FA attached File to retract. heads 
during the power down seque.nce. 

I/O 

involving 

Depression of the I/O Fault switch shall ·neither correct 
nor initialize reco·very activities for any of these errors. 

Depression of the I/O Fault switch shall cause the in·dicator 
to be off. The indicator shall remain off unti 1 the switch 
is relea_;eoi and no further I/O Faults occur. · 

Each of these · I/O Faul ts shall have individual· indicators 
within the Main ten.ance Group con trots as described in · · 
Se-ction 3. lO. 4. 

3.10.2.9 Lamp Test 

Form 4002-2.A 

This control shall be a momentary push-button switch with 
an indicator. 

When depressed, this switch shall cause all Console 
indicators to be on. hhen released, all Console indicators· 
shall be off to the exten.t of the effects of this switch 
i.e. indicators shall remain on wherever the conditions fd~ 
the on state otherwise exist. 

When depressed, this swi tc"h shall also cause the Alarm to 
be audible. When released, the s:ame effect for Alarm 
operation applies as for· indicator operation as previously 
described. 
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3.10 ,, Z. 10 Alarm 

The Alarm shall be an audible signal only. The Alarm shali 
be on when the La~p Test Switch is depressed or.when any of 
the followin·g coridi tions exist within the Sys tern. 

a. Blower failure within the Processor, (interpreted as an 
over~tempe·rature condition). 

b. A D.C. Fault. 

c. Failure of an IFA attached File to retract heads during 
the J?Ower-down· sequence • 

. Each of these conditions could result in physical damage 
within the System. When blo"·er failure or D.C. Fault 
cond~tions per~ist for approximately ~O seconds, the 
power-down sequence shall be automatically initialized. 
When the heads fai'l to retract during the power-down: 
sequence:, D. C. power within the Processor shall be removed · 
but the power-down sequence shail ·be susp.ended at that· 
point for as long,.as the heads remain extended. 

3.10. 2 .11 Alarm Disable 

For111 400HA 

This control shall be a momentary push-button switch with 
an indicator. 

When the Alarm is audible, deprE~SS ing the switch shall 
cause the Alarm to ~e off (disabled) and the Alarm Disable 
indicator to be .on. M1en the switch is released and the 
condition (s) which :cause the alarm no ·longer exists, the 
alarm shall be enable.d (but inaudible unless and .until 
fault conditions reoccur) and the Alarm Dis ab le in di ca tot 
shall be off. · 
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3.10.2.12 Res~t/Load 

This control shall be a momentary push-button switch with 
an indicator. 

Depression of this switch shall initialize a Deadstart 
sequence, and the indicator shall be on until the switch 
is released. The Reset/Load sequence shall consist of the. 
fo llowil" g: 

a. A System Reset shall be performed for a minimum of 
• 4 m/s and a maximum of • 6 m/s provided the Maintenance 
Group Controls have net been enabled. When the Main­
tenance Group Controls have been enabled, this System 
Reset shall be omitted. from the. Reset/Load sequence. 
For. a description of the effects of System Reset, see 
3.10.3.8. 

b. Upon completion of the Sys tern Reset ·when applicable, the 
Control Storage Loader shall transfer data into Control 
Storage using either a Primary or Alternate device 

c. 

adapter as the source, where the selection is determined 
by the state of the Load Select switch described in 
3.10.2.5. For a descriptiori of the Primary and Alte·rnate. 
sequences and ·signal conventions, see 3.5.8 and 3.5.9, 
respectively. 

The Reset/Load sequence. shall write data in to Control 
Storage proper until all addresses present have been 
written, (16,384 words maximum, 1024 word increments), 
and shall then write data into the Address Tabl~ until 
all addresses present have been written (1024 words 
maximum, 256 word increments). The sizes of Control 
Storage proper and the Address Table may be selected 
for maximums of 4096 words and 256 words, respe.cti vely, 
by means of the Select CS Minimum control as described 
in 3.10.4. 

d. Upon completion of the Reset/Load Sequence, an Autoload 
sequence shall· be ini tializE;~d provided the Maintenance 
Group Controls have not been enabled. 

For additional details concerning the Reset/Load .Sequence, 
see 3. 5 • 7 , 3. 5 • 8, and 3. S • 9 . 

------------·--~MrtMl~M"'914W.:d&al.-al:l' ______________________ _. 
For• 400HA 
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3. 10. 3 Programmer Group 

This group of controls sh al 1 be enabled only when the 
Console is in Program Mode or Maintenance Mode. When the 
Console is not in Pro.gram Mode a.nd not in Maintenance Mode, 
the switches within this group shall h~ve no effect. 
However, indicators within this group shall be enabled at 
all times. 

3.10.3.1 Program Mode 

This contn~l shall be a push-on, push-off switch with an 
indicator. The indicato.r shall be on only when. the 
Console is in Program Mode, i.e. the indicator shall be 
off when the Console is in Maintenance Mode. 

Depression of the Program Mode switch· to the on position 
shall enable al 1 controls in the Program Group. 

Depression of the Program Mode switch to the off posi tiOn 
shall disable all controls in the Program Group provided 
the .Maintenance Mode switch is also off. 

Note: Program Mode and Maintenance Mode shall be mutually 
exclusive and Maintenance Mode shall have precedence. when 
both selections are made simultaneously. 

3.10.3.2 Console Address Register Display (20 bits) 

These 20 controls shall be momentary., push-button switches 
with .indicators. These switches and indicators shall be 
horizontally positioned as 5 groups of 4 bits each. Within 
the ieft-most group, bits shall be individually designated 
from le£t to right, XO through X3. Within the right-most 
4 groups, bits shall be individually ciesignated from left 
to right, 00 through 15. 

a. Console Address Register Display: XO - X3 

These switches and indicators shall not be functional 
wtless the Relocation and Protection Feature is present 
in the 7300 Processor. 

In the presence of the Relocation and Protection Feature, 
and when enabled, depression of these switches shall 
cause corresponding bi ts to be set in the Segment Tag 
Portion of the: Console Address Register only. The 
indicators shall be on for corresponding bit positions 
that are set and off for corresponding bit posi tion.s 
that are clear: in the Segment Tag portions of the S, 
Console Address, and PE Registers as determined by the 
Console Addres~ Register Select described in 3.10. 3. 4. 
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b. Console Address Register Display: 00 - 15 

When enabled, depression of these switches shall cause 
corresponding bits to be set in the Console Address 
Register only. The indicators shall be on for corres -
ponding.bit positions that are clear in the Su, S, Console 
Address, and PE Registers as determined by the Console 
Address Register Select described in 3.10.3.4. 

3.10.3.3 Clear Address 

This control shall be a momentary pilsh-button switch. 

When enabled, depression of th.is switch shall clear all 
bit positions of the Console Address Register only. The 
clear signal resulting from the depression of this switch 
shall continue.until the switch is released. 

3.10.3.4 Console Address Register Select 

· ,.,,,. 400HA 

This control shall be a rotary switch with 4 panel 
designated positions. In a clockldse direction, the 
positions of .this switch shall be designated Su, S, 
Address, and PE. 

The Su and PE tosi t:ions of this switch shall be enabled 
onlv when the ~onsole lS 1n Maintenance Mode as aescnbed' 
in ~.10.4.I. 

l\ben enabled, the· position of this switch determines whether 
Su, S, Console Address, or PE Register contents are trans­
mitted to the Console Address Register Display ind:~itors. 
In the presence of the Relocation and Protection Feature, 
the s position of this switch shall be further conditioned ' 
by the System/Physical control described in 3.10.3~14. 

The Console Address Register Select ·switch shal~ be over­
ridden by CS-RD anti CS-WR selections at the Console Mode 
Select switch as ·described in 3.10. 3. 11. 

NOTE: When controls within the Programmer Group do not 
otherwise influence the· selection of the Register whose 
contents are transmitted to.the Console Address Register 
Display indicators, the.contents of the Console Address 
Register shall be selected. 



882000 
ENGINEERING SPECIFICATION [NaJ 

Equipment Group 
Sheet 138 of 

3.10.3.5 Console Data Register Display (20 Bits) 

These 20 controls shall be momentary push-button switches 
with indicators. Th~se switches and indicators shall be 
horizontally positioned as 5 groups of 4. bits. each. Within 
the left-most group, bits shall be individually designated 
from left to right .XO thr6ugh X3. Within the right-most 
4 groups·, bits shall be individually designated from left 
to right, 00 .through 15. 

a. Console Data Register Display: XO-X3 

These switches and indicators shall not be functional 
unless the Relocation and Protection Feature is present 
in the 7300 Processor. 

In the presence of the Relocation and Protection feature, 
and when enabled, depression of these switches shall 
cause corresponding bits to b~ set in the Segment Tag 
portion of the Console Data Register only. The indicators 
shall be on for corresponding bit positions that are set 
and off for corresponding bit pos i ti6ns that are clear 
in the Segment Tag portions of the Console Data Register 
only. 

b. Console Data Re!~ister Display: 00 - 15 

When enabled, depression of these switches shall cause 
corresponding bits to be set in the Console Data Register 
only. The indicators shall be on for corresponding bit 
positions that are set and .. off for corresponding bit 
positions that are clear at FuZ, Ful, RTC, css. B/A, 
Console Data, D, Au, Bu, SUM or BC outputs. as determined 
by the Console Data Register Select described in 3.10. 3. 7. 

The digital inputs to the Console Data Register Display 
lamp drivers in bit positions 13, 14, and 15 shall also -be 
used· as inputs to the Console Speaker drivers. Bit 15 
shall have minimum control on Speaker coil current, bit .14 
shall have approximately twice the control of bit 15 (+3 
decibels), and bit 13 shall have approximately four times 
the control of bit 15 (+6 decibels). 

3~10.3.6 Clear Data 

For• 400HA 

This control shall be a momentary push-button switch. 

When enabled, depression of this switch shall clear all 
bit positions of the Console Data Register only. The clear 
signal resulting from the depre.s:sion of this switch shall 
continue tmtil the switch is released. 
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3.10.~.7 Console Data Register Select 

,.,. 400MA 

This control shall be a rotary switch, with 11 panel 
designated posi ticms. In a clockwise direction the 
positions of this- switch shall be designated FuZ, Ful, 
RTC , CS S , B /A , Data , D, Au , Bu , SUM, and BC. 

The Fu2 ,· Ful, RTC, CSS, D, Au, Bu, SUM and BC positions 
of this switch shall be enabled onl when the Console. is 
1n 

When enabled, the position of this switch determines whether 
Fu2, Ful, RTC, CSS, B/A, Console Data, BC, or the output from 
the ALU shall be transmitted eo the Console Data Register 
Display indicators. In the D, Au, Bu, and SUM positions, 
the output of the ALU shall be selected. The output of the 
ALU shall be controlled by micro-command·except during ~ull 
State cycles. Thus, when enabled, and during Null State 
cycles, switch positions of D,. Au, Bu, and SUM shall be 
effective in selecting these outputs for transmission to the 
Console Data Register Display indicators. · 

The Console Data Register Select switch shall be over-ridden 
by CS-.RD and CS-WR selections at the Console Hode Select 
switch as described in 3.10.3.11. 

NOTE: When Controls with the Programmer Group do not otherwise 
influence the selection of .the Register whose ~ontents 
are transmitted t.o the Console Data Register Display fo.dica­
tors, the contents of Console Data Register sh~ll ~e selec~ed. 
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3.10.3.8 System Reset 

,.,. 400HA 

This control shall be a momentary push-button switch with 
an indicator. · 

When enabled, depression of this. switeh shall result in a 
System Reset sequence and the _indicator shall be on until the 
switch is released~ The System Reset sequence shall consist 
of the following~ 

a. The output o~ the ALU shall be driven to the clear 
state. · 

b. The eight .(8) Pu Registers within. the Extended Register 
File, Group I, shall be cleared. 

c. ·The B/A, T, q, P~, BC, CSS, Console Address and Cortsole 
·Data Registers within the Extended Register Pile, Group,JI 
shall be clea·red. · 

~ 

d. The Au, Bu, D1 and Forced Car.ry Registers within the AJ,.U 
shall be clea;red. 

e. A reset signal shall be transmitted to the Extende~ 
Register File:si Group III. (For ·:the effects of this 
signal within' the integrated adapters, see the 
appropriate document listed in 2.0). 

f. 

g. 

h. 

L 

j. 

k.· 

The Resource Al.location Network shall be forced to 
issue Nu11 cycles only. 

The timing mechanism shall_ be forced to issue ten(lO) .. 
minor cycles per major cycle, (EO through E9). · 

The Su, Ful·,. and FuZ Registers at the periphery of 
Control Stora~e shall be cleared. 

The RTC Increment pulses shall be disabled. at the set 
input of the ~usy Flip-Flop for Processor State 4, (Bit 
04 of the Busy/Active Register). 

The logical inter-lock which is set by a Breakpoint 
Stop operation with Processor State 4, (and when set, 
disables the output of the Busy Flip/Flop for Processor 
State 4 from appearing at the input of the Resource 
Allocation Ne~wo4·k), shall be cleared. 

In the presen~e of the Relocation and Protection 
Feature, the ~ddressing Mode Regist~r shall be cleared. 

The System Reset s·equence resulting from the depression of 
this switch shall .continue u.ntil the switch is released. 
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3.10.3.9 Console Control Select:· Stop/Step, Normal, Breakpoint 

Th.is control shall be a 3 position toggle switch. 

For111 400HA 

When enabled, the po.sition of this switch shall determine 
the.mode in which Console Operations are perfoimed. 
(Console Operations1 shall be selected by means of the 
Console Mode Select· switch described in 3.10. 3.11 and 
initialized by mearis of the Conso.le Run sw·i tch des·cribed 
in 3.10.3.10). 

NOTE: Som7 ~onsole O,pe~.at~ons shall.stop, despite the 
position of .thi~ switch, when error conditions occur 
as describ9d·.1n.;3~ 10. 3.11. 

a. Stop/Step 

In the Stop/Step, (up)., position, this switch shall cause 
the Console Request Flip/Flop to clear at the beginning 
of E4 during all majqr cycles allocated to the 
Console State. . 

As a result, when ·Console Operations are already 
occurring,· and this switch is moved to the Stop/Step 
position, the C6nsole Operation shall stop, i.e. Stop 
Mode. For each:'initialization of Console Operation 
with this switch already in the Stop/Step position, a 
sirigle major cycle shall be allocated to the Console, 
i.e. Step Mode~· (Console Operation shall be initialized 
by means o·f the·console Run switch described in 3.10.3.10). 

b. Normal 

In the Normal, ~center), position, this switch shall have 
no effec.t on the:$ Console Request Flip/Flop, i .. e. once 
initialized, Corlsole Operation shall be. performed 
continuously. 

c. Breakpoint 

In the Breakpoint, (down), position, this switch shall 
cause the Console Request Flip/Flop to clear at the 
beginning of E4 during all major cycles alloc~ted to 
the Console in which a Breakpoint Comparison occurs and 
is applicable. (Console Operations for which Breakpoint 
stops are applica~le are described in 3.10.3.11). 
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3.10.3.10 Console Run 

This control shall be a momentary push-button switch with an 
indicator. The indicator shall be on· during all major cyc~_es 
allocated to the· Console State. 

When enabled, -depression of this switch shall result in a 
single pulse, ~ppToximately 100 n/s in duration at the 
set input to the Conso.le Request Flip/Flop. 

As a result, each :depression of. this ."switch, when enabled, 
sh~ll initiali~~ i Console Operation provided the Console 
Mode Select switch·, as describe(l in 3.10.3.11, is also 
in an ena ed, position. · 

3$10.3.11 Console ~!ode Select 

This control shall .be a rotary switch with 9 panel des igna.ted 
positions. In a· Clockwise di re ct ion, the positions of this 
switch shall be designated RO-WR,. RO-RD,, RF-WR, RF-RD, OFF, 
MS - RD , MS - WR, CS - RD<, and CS - WR. 

· The CS-RD and CS-WR positions of this switch shall be 
enabled only when the Console 1s 1n 5~1ntenance Mode 

· as· des en bed in 3.10. 4 .. 1. 

When enabled, the position of this switch shall select the 
type of Corisole Operation to be initialized when the · 
Console Run Switch is depressed .. 

a. RO-WR 

This position of the Console Mode Select switch shall 
have the follm{ing effects during all major cycles 
allocated to the Console State. 

Micro-command execution shall be forced to begin at 
Control Storage Address 0100 16 • 

Micro~command sequences which would othenvise .result 
in Main Storage Write operations shall be altered by 
hardware contro.l into Register Option Write Operations. 

Clocks shall be disabled at the micro-command trans­
lations for the Console Address R~gi~ter • · 

____________ ....,, _____________________ ,,_ __ '" 

,.,,. 400HA 
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b. RO-RD 

This position of the Console Hode Select switch shall 
have the following effects during all _major cycles 
allocated to the Console State. 

Micro-command execution shall be forced to begin at 
Control Storage Address 010316 . 

M~cro:-command sequences which would otherwise result in 
Main Storage:Read operations shall be altered by 
hardware control into Register Option Read Operations. 

Clocks shall b-e disabled at the Micro-co.mmand translations 
for the Console Address Register. 

c. RF~WR 
l 

. This position' of the Console Mode Select switch shall have 
the following effects during all major cycles allocated 
to the Consol~ State. 

Micro-command'. execution shall be forced to begin at 
Control ·Storage Address 010616· 

In thP- presen·ce of the Re location and Protection 
Feature, 1-ficro-coJTUnand sequences which perform 
Register File Write operations in Boundary Crossing 
Mode shall be supplemented by hardware control to 
include participation of the Segment Tags for the 
Basic Register File. 

d. RF-RD 

This position of the Console Hode Select switch shall 
have the following effects during all major cycles 
allocated to the Console State. 

Micro-command execution sha.11 be forced to begin at 
Control Storage Address OlOC16· 

In the presence· of the Relocation and Protection Feature, 
micro-command sequences which perform Register File 
Read operations in Boundary Crossing Mode shall be 
supplemented by_ hardware control to include participation 
of the Segmen~ Tags for. the Basic Register File. 

-----------------------·--·-----*~~----------------------------------------------_.j 



~ ·ENGINEERING SPECIFICATION 
Equipment Group ·~~~~~~~~~~~~~~s~~'~1-~_4_0_f~~~~ 

882000 

e. OFF 

This position of ·the Console Mode Select switch shall 
cause .a clear s.:lgnal at the Console Request Flip/Flop. 
This clear signal shall continue until the switch 
is moved from the OFF position. 

NOTE: ·A Clear signal shall also be provided to the 
Console Request Flip/Flop during the time the 
Console Operation Select switch is b~tween posi­
tions. Thus a change in Console Operation Selec­
tion while the Console is running shall result 
in s~opping the Console Operation. 

f. 1-IS-RD 

This position. of the Console Mode Select switch shall 
have the following effects during all major cycles 
allocated to the Console State. 

Micro-command execution shall be forced to begin at 
Control Storage Address 010316 . 

The Console Request Flip/Flop shall be cleared at the 
beginning at E 7 when the Micro- command sequence performs 
a Main Storage Read and a Pari.ty Error occurs, (an 
additional Main Storage reference for the Console 

·shall not occur). This Parity Error stop shall be 
conditioned by the Storage Parity Disable control as 
described in 3.10.4.16. 

The Console Request Flip/Flop shali be cleared at the . 
beginning of E4. when the Hicro-command sequence per­
forms a Main Storage reference, the Main Storage Address 
compares bit-for-bit with the Breakpoint Address 
selection, and the Console Control Select switch is 
in the Breakpoint position. 

The. right-most 16-bits o,f the Console Address Register 
shall be cleared during E7 when the Micro-command sequence 
perfo~ms a Main Siorage reference at an address which is 
not physically present, (Out of Range). 

· When the right-most bit (bit .15) of the Hain Storage 
Address Register, s •. is set, clocks shall be disabled 
at the Micro-command translations for the Console 
Address Register. , . 

._,------~f'WnP.'tW~:U1;!H."l:&l$/IJ.1.ul'4Q~·J~I------·---------------... i'A•• 41V\._,. A 
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NOTE: In the presence of the· Relocation and Protection 
Feature, the con ten ts of the Main Storage Address 
Register, S, shall be interpreted as either a System. 
or a Physical Main Storage Address as determined by the 
position.of the Console Main Storage, Relocate/Off 
switch described in 3. 10. 3.12. Likewise, in the presence 
of the Relocation and ~rotectitin Feature, the Main 
Storage AJdress which is compared with the Breakpciint 
Address ~election ~hall be either a System or Physical 
Main Storage Address as determined by the position of 

·the System/Physical switch described in 3.10. 3.14. 

g. MS-WR 

This position of the Consoie Mode Select switch shall 
have the following effects during all major cycles 
allocated to the Console State. 

Micro-command execution shall be forced to begin at 
Control Storage Address 0100 16 • 

The Console Request Flip/Flop shall be cleared at the 
beginning of E4 when the ~fic:ro- command sequence per­
forms a Main Storage reference, the Main Storage Address 
compares· bit-for-bit with the Breakpoint Address 
selection, and' the Console Control Select switch -is in 
the Br3akpoint position. 

The right-most. i6-bits of the Console Address ·Register 
shall be cleared during E7 when the ~.ficro-command sequence 
performs a Main Storage reference at an address which 
is not rhysically present, (Out of Range). 

When the right-most bit (bit 15) of the ~fain Storage 
Address Regis~er·, S, is set, clocks shall be disabled 
at the Micro-command translations for the Console 
Address Register. 

NOTE: In the presence of the Relocation and Protection 
Feature,. the contents of the Main Storage Address 
Register, S, shall be interpreted as either a 
System or a Physical Main Storage Address as 
determined by the position of the Console Main 
·Storage, Relocate/Off switch described in 3.10.3.12-j 
Likewise, in the presence of .the Relocation and 
Protection Feature, the Main Storage Address which 
is compared with the Breakpoint Address selection 
shall be either a System or Physical Main Storage 
Address as determined by the position of the 
System/Physical switch des.cribed in 3. 10. 3. 14. 
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h. CS-RD 

This position of the Consol,e Mode Select switch shall 
prov~de the means for selecting Control Storage Read 
operations to be performed under hardware control. 

During Control Storage Read operations as initiated from 
the Console, the associated h·ardware sequences shall be 
mutually exclusive with !.ficro-command execution on the 
part of any Processor State. 

This position .of the Console Mode Select switch shall 
over-ride the Console Address Register and Console Data 
Register Selec-t switches. The Console Address Register 
Display indicators shall be used in the right-nest 
16-bit position~ to display the Control Storage address 
as contained in Su~ The Console Data Register .Di.s~lay 
indicators shall be used in the right-most lo-oit pasitiocs 
to display Con,trol Storage data as contained in the CS.3 
Register for Control Storage proper, and as available at 
the input to the Pp Register for the Address Table. 

During Control Storage Read operations, the contents of 
the Su Register shall-be incremefited by one at the 
beginning of each major cycle allocated to the Console 
State except on the first cycle following Syste!':l Reset. 
Thus, the data: indicated by .the Console Address Register 
Display shall .correspond to the contents of the Centro~ 
Storage address indicated by the Console Address Register 
Display at the end of each major cycle allocated to 
the Cousole State. · 

In Stop/Step Mode, Control Storage Read operatioffi shall 
reference a single Control Storage Address for each 
depression o.f the Console Run switch. 

In Normal Mode, Control Storage Read operations 
initialized by depression of the Console Run switch shall 
attempt to scan all Control Storage· locations -;Jhysically 
present in th~ 7300 ~rocessor. Longitudinal parity shall 
be checked for Control Storage proper and horizontal 
parity shall be checked for the .\ddress 1'ab le. In- the 
event of a Parity Error, the operation shall stop unless 
disabled by the Sto~age Parity Disable control described 
in 3.10.4. In the absence of a Parity Error stop,the 
.complete scan shall occur repeatedly, incltiding parity 
checking, until manually stopped from the Console. 
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In Breakpoint Mode, Control Storage Read operations 
·initialized by depression of the Console R.un switch 
shall attempt to scan all Control Storage locations 
physically present in the 7300 Processor. In the event 
that the Control Storage address contained in Su · 
compares bit-for-bit with the· Breakpoing . .\ddress 
selection, the operation shall stop. If the operation 
stops in Control Storage proper, the Console Data Register 
Display shall indicate the cumulative longitudinal check 
W:>rd for th;:) associated page of 256 words, up to and 
including the address indicated by the Console Addre~s 
Register Display. In the absence of a Breakpoint stop, 

·a complete s.can shall occur repeatedly until manually 
stopped from the Console. · · 

The sizes of Control Storage proper and the Address· Table 
may be selected for maximums of 4096 words and 256 words, 
respectively, by means of the ?elect CS :.finiraum control 
as described in 3.10.4.19. 

i. CS-WR . 

This position of the Console Mode Select switch shall· 
provide the means for sele~cting. Control Storage Write 
operations to be performed under hardware control. 

Durjng Control Storage Write operations as initiated 
from the Console, the associated hardware sequences 
shall be mutually e xcl us i ve with Micro- command e xe cuti on 
on the part of any Processor State. 

This rosi ti on of the Console Mode Select swi t'-n shall 
over-ride the C~nsole Address Register and Console Data 
Register Select switches. The Console Address Register 
Display in~icators shall be used in the right-most 16-bit 
positions to. display the Control Storage Address as 
contained in. Su. The Console Data Register Display 
indicators shall be used in the right-most 16-bit 
positions to. display data to be written in~o Control 
Storage as contained in the Console Data Register. 

During Control Storage Write operations, the contents 
of the Su Register shall be incremented by one after 
the data transfer is performed during each major cycle 
allocated to the Consvle State. Thus, the data: indicated 
by the Console Data Register Display shall correspond to 
the data to be written at the Control Storage address~ 
indicated by the Console Address Register Display at the 
beginning of each major cycle allocated to the Console 
State. · 

In S~~p/Step;Mode, Control Storage Write operations 
shall write at a single Control Storage Address ior each 
depress:on of the Console Run switch . 

I 

' I 
.... ------------------------------·-------------------------------------· _____ __J ''""··400HA 
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In Normal Mode, Control Storage Write operations 
initialized by depression of the Console Run switch, 
shall attempt. to write all Control Storage locations 
physically present in the 7·300 Processor. Once 
initialized, a complete write operation shall oc~ur 
repeate<lly un ti! manually stopped from the Cons ale. 

In Breakpoint Mode, Control Storage Write operations 
initialized bv means of the Console Run switch shall 
attempt to write all Control Storage locatio·ns 
physically present in the 7300 Processor. In the event 
that the Control Storage address contained in Su 
compares bit-for-bit with the Breakpoint Adclress selection,, 
the operation shall stop prior to writing at that address. 
In the absence of a Breakpoint stop a complete write 
operation shall occur repeatedly until manually stopped 
from the Console. 

The sizes of Control Storage prope.r and the Address 
Table may be ~elected for maximums of 4096 words and 
256 words, respectively, by means of the Select CS 
Minimum control as described in 3.10.4.19. 

3.10.3.12 Console Mairi Storage,Relocate/Off 

This control shall be a 2 position toggle switch. 

In the absence of the Relocation and Protection Feature 
this switch ~hall have no effect. 

When enabled and during major cycles allocated to the 
Console State for the purpose of referencing Main Storage, 
the position of this switch shall determine whether the 
contents of the S ,Register shall be interpreted as a 
System or Physic~! Main Storage Address. In the Relocate 
(up) position, the contents of the S Register shall 
be interpreted as a System Main Storage Address and shall 
be converted by the relocation mechanism into a Physical 
Main Storage Address. In the Off (down) position, the 
contents of the S Register shall be directly interrreted 
as a Physical Main Storage Address and shall by-pass the 
relocation mechanism. · 

3.1-0.3.13 Breakpoint Address Seleci 

For• 400HA 

Each of these S controls shall be a 16~position rotary 
switch. 

In the absence of the Relocation and Protection Feature, 
the left-m0st switch shall have no effect. 

These switches shall supply a 20·-bit Breakpoint Address 
selection, expressed as 5 digits in hexadecimal notation. 
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Fora 400HA 

a. The Breakpoint Address selection shall be compared 
bit-for-bit with Main Storage addresses~ In the 
presence of the Relocation and Protection feature 
the full 20-bit Breakpoint Address shall be compared 
against the System or Physical ~fain Storage Address 
as determined by the.position of the System/Physical 
control described in 3.10.3ol4. In the absence of 
the Reloca·.:ion and Protection Feature only the right­
most 16-bits of the Breakpoint Address shall be 
compared wit~:i. the contents of the S Register. 

For Main Storage references on the part of the Console 
.State, in Breakpoint node, a comparison between the 
Breakpoint t.ddress and the Hain Storage Address shall 
result in a Breakpoint stop. 

For Main Storage references on the part of Processor 
States 0 through 7, in Breal:point Mode, a comparison 
between the Br~akpoint Address and the Main Storage 
Address shall result in a Breakpoint Stop for the 
appropriate Processor State provided the nature of 
the Main Storage ·re fe.rence has me.t one or more of the 
selections described in 3.10.3.15, 3.10.3.16, and 
3.10.3.17. 

b. The Brea~pnint Address Selection shall be compared 
bit-for-bit with Control Storage Addresses. Only the 
right-most 16-bits of the Breakpoint Address shall 
be compared with the contents of the Su Register. 

For Control Storage references on the part· of the 
Consolr· State, in Breakpoint· Mode, a comparison 
between the Breakpoint Address and the contents 
of Su shall result in a Breakpoint stop. 

For Control Storage references on the part of any 
Processor State, a comparison between the Breakpoint 
Address and the contents of Su shall provide a 
synchronization signal on TP 8 of the P. C. Module 
.at 1A04 at the end of the minor cycle in which the 
comparison occurred •. 

NOTE: When the Console Address Register Select switch 
is enabled and in the Su position,_ the two left-mos~ 
bits of Su which provide Overflow and Link status for 
Processor States 0 through 1 shall participate in the 
Breakpoint Address compariscm; see 3.5.1, Su Formats. 

---------..----~·------------------------------
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3.10. 3.14 Breakpoint Mode Select: System/Ph)"sical 

3.,10.3.15 

This control shall be .a -~-position toggle switch •. 

In the absence 0£ ·the R·elocation and Protection Feature 
this switch shall have no effect. 

In the presence of the Relocation and Protection Feature, the 
·position of this switch shall determine whether System or 
Physical Main Storage Addresses shall be compared with. the 
Breakpoint AddresS: .. §1elE?·¢'tion. Likewise, the position of this 
switch shall dete~;l\1d .. whether System or_ Ph·Y-sical Main Storage 
Addresses shall;b':$<,t?~ttsmitted to 'the Console Address Regi~ter 
Display indiq.t9$'-:;~~·n·the Select switch is enabled and in 
the S po~ition.~°t''_StS,tem Main Storage Adctresses shall be 
selected as desctib.ed when this switch is enabled and in the 
System (up) posftfq-h\ · Phys_ical Main St.Jrage Addresses shall 
be selected as described when tr.is switch is disabled or in 
the Physical (dowl)). .. ,{'Qsi ti on. · 

Breakpoint Mode<$~t.~.t;.~~:,_·' Read ·Inst1~/~ff 'x 

This control sh~i"f_:~~La 2-position '.toggle switch. , ,,· 

When enabled and>.;in· .. ~he Read Instr (up) position, this swit~~.:·'. 
shall enable a Breakpoint stop for Processor States o thro~gh:;i~:-. 
7 during maJor cycles'. which perform a Main Storage referem:~eW'"\tlf 
by be ginning· Micro·>continand execution at Control Storage · 
Address XOOX16, i . .e~: RL'lIX, see 3.5.2. . 

• - l 

In the Off (down) position, this switch shall not p_rovide th" 
Breakpoint stop enable just described. 

3.10.3~16 Breakpoint Mode Select: Read Data/~ff 

This control shall be a 2-position toggle switch. 

When enabled and in the .Read Data (up) position, this switch ", 
shall enable a Breakpoint stop for Processor States 0 through>::. 
7 during maJor cycles which perform a Main-Storage read · 
reference by beginning Micro-command execution at COiit"rol 
Storage Addresses other than XOOX16• i.e. not RNIX, see 3.5.~~·: 

In the Off (down) position, this switch .shall not provide 
the Breakpoint stop enable just described. 

3.10.3.17 Breakpoint Mode Select: Write Data/0ff 
This control shall be a 2-position toggle switch. 

When enabled and in the Write Data (up) position, this switch 
shall enable a Breakpoint stop for Prticessor States 0 through 
7 duringiilaJor cycles. which perform a Main Storage write 
-reference by begirii:iing Micro·command execution at Control , 
Storage addresses other ·t:han XOO X16, i.e., not RNI • see 3. 5 .• 2. 

In the Off (down} position, this switch shall not provide 
the Breakpoint stop ·enable just described. 

; . 
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3.10. 3.18 Processo.r Control Select: Stop/Step, Normal, Breakpoint. 

fora 400HA 

These 8 switches !;hall be 3-pe>si tlon toggle switches. 
These switches shall be designated O th rough 7, le ft 
to right, and shall individually correspond to Processor 
States 0 through 7. 

a. When enabled and in the Stop/Step (up) position, these 
switches shall enable a clear input to the associated 
Busy Flip/Flop in the B/A Register at the beginning of 
E4 for each major cycle allocated to Processor States 
0 through 7. This clear input shall clear the appropriate 
Busy Flip/Flop provided Micro-command execution begins 
at Control Storage Address XOOX, 6 for the major cycle 
allocated to the associated Pro~essor· State. This clear 
input shall also clear the appropriate Busy Flip/Flop 
when Cycle Step operatio!l is selected by means of the 
control described in 3.10.4.27. 

When enabled and in the Stop/Step (up) position, these 
switches shall directly apply a clear input. to the 
associated Active Flip/Flops in the B/A Register for 
Processor States 5, 6, and 7. Thus, the enabling of a 
clear input tb the Busy Flip/Flop as previously described· 
shall be indirectly accomplished for Processor States 
5, 6, and 7. 

When e1:;.abled and in the Stop/Step (up) position, these 
·switches shall disable the respective Request and 
Attention, (See 3.2.4) set inputs to the ap.propriate 
Busy Flip/Flops ·for Processor States 0, 1. 2, and 3. 

b. In tht: Normal. (center) pos.i tion, thes·e switches shall 
have no effect. 

c. When enabled and in the Breakpoint (down) position, 
these switches shall enable a clear input to the 
associated Busy Flip/Flop in the BIA Register at the 
beginning of E4 for each major cycle allocated to 
Proc~ssor States 0 through 7. 

This clear iaput shall clea.r the appropriate Busy 
Flip/Flop provided a Breakpoint Address comparison 
occurs as described in 3.10. 3.13 and provided the 
nature of the Main Sto:age reference has satisfied 
one rir more of the selections described in 3.10.3.15, 
3 .• 10. 3 .16, . and. 3 •. 10. 3. 17. 



882000 

Equipment Group 
ENGINEERING SPECIFICATION 

DMt 152 of 

Note: ·When a Breakpoint Stop is performed for Processor 
State 4, the output of the Busy· Flip/Fl0p for this. 
Processor State shall be disabled at the input to the 
·Resource Allocation Network. Independent o:f its Busy 
Flip/Flop, maj~r cycles shall not be allocated to 
Processor State 4 until this disable is removed by 
restarting Processor State 4 through .the use of the Proc­
essor Run· and Select Controls described in 3.10. 3.19 
and 3.10. 3. 20, respectively, or· until the occurrence of 
a System Reset as described in 3~10;3.8~ 

3 .. 10.:5.19 Processor Run 

This control sh~ll be a momen tacy push-button switch with 
an indicator·. The indicator shall be on when the swi tc~ is 
enabled and depre$sed, and remain on until the switch is 
released or disabied. ·. · 

When enabled, dep~ession of this switch shall result in a 
.single pulse at the set input of each Busy Flip/Flop 
in the B/ A Regist~r. This pulse sh.all be further 
conditioned at these set inputs, by the position of the 
Processor Select Fontrol described in 3.10 .. 3. 20. 

The le.ading edge of the Run pulse shall occur upon 
depression of the Run switch and the trailing edge of the 
Run pulse, independent of the Run switch, shall occu~ at 
the beginning of the major cycle allocated to the 
Processor State· selected by me~ns of the Processor Select 
Control describe~ in 3~10.3.20. 

3.10.3.20 Processor Select 

This control shall be a rotary switch with 8 11ane 1 ·· 
designated positions. _ In a clockwise di ..,..,.:ctlon, the 
positions of this, switch shall be des igna.+:. d 0 through 7. 

The position of this switch shall enable the Run pulse 
described in 3.10.3.19. at the set input of an individual 
Busy Flip/Flop, corresponding to the Processor State 
number O· through 7 selected. 

3ol0:3.21 Processor State Display 

This Display shall consist of 8 indicators designated from 
le f~ to right as 0 through 7. 
. . 
During each major· cycle allocated to Processor ~t.ates 
0 through 7, the corresponding indic.ator shall. be on·. 
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Maintenance Group 

Conirols within this group shall be enabled only when the 
Console is in Maint.enance Mode unless otherwise specified.· 
However, indicators within this group shall be enabled at 
all times. 

3 .10. 4. 1 Maintenance Mode 

This control shall be a· push-on, push-off switch with an 
indicator~ The indicator shall be on only when the Con~ 
sole is in Maintenance Mode. 

Depression of the· Maintenance Mode switch to the on posi­
tion shall place the Console in Maintenance ~fode. All 
controls in the M.ain tenance and Program· groups shall be 
enabled and the Program Mode indicator shall _be off. 

Depression of the Maintenarice Mode.switch to the off posi­
tion shall remove the Console from Maintenance Mode. All 
controls in the Mainte·nance Group sh~ll be disabled unless· 
otherwise specified. All controls in the Program Grotip 
shall be restored to dependen:cy on the state of the Pro· 
gram Mode switch, j including the state of the Program Mode 
indicator. · 

3.10.4.2 MS Parity Byte 0 

This control shall consist of an indicator only. 

In the absence of'. the ECC Feature~ this indicator shall 
display the state'. of the parity bit associated with the 
left-most byte oi data as supplied by Main Storage. The 
indicator shall be on when the parity bit is set and off 
when the parity bit is clear • 

.. 
In the presence of the ECC Featµre, this indicator shall 
be off. 

; 3.10. 4. 3 MS Parity Byte 1 ; 

This control shall consist of an. indicator only. 

In the absence of the ECC Feature, this indicator shall 
display the .s.tate of. the parity bit associated with the 
right-most byte of data as supplied by Main Storage. The 
indicator shall be on when the parity bit is set and off 
when the parity bit is clear. 

In the presence o~ the ECC Feature, this indicator shall 
'be· off. 
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3.10.4.4 MS Parity Error 

This control shall consist of an indicator only. 

This indicator shall display the state of· the Main Storage 
Parity Error Flip/Flop.· The indicator shall be on when 
the Main Storage Parity Error Flip/Flop is set and off 
when the Main Storage Parity Enor Flip/f1o~ ... is clear. 

In the absence of.. theECC Feature, this Parity Error 
Flip/Flop shal~ set during Main· Storage read references 
in which the total number of bi ts in the 'set state, including 
the parity bit, is even fn:r either the left-most or · 
right-most byte positions. 

In the presence of the ECC Feature, this" Parity Error 
Flip/Flop shall set during Mail;; Stor~ge -read references 
in which non-correctable data ~rrors ·are detected by · 
the ECC Feature. 

The Main Storage ~arity Error Flip/Flop shall not set 
during Main Storage references to "Out of Range" or "Out· 
of Bounds" addresses but s·hall :set independently of the 
Storage Parity Disable control described in 3.10.4.16. 

Once set, the Main Storage Parity Error Flip/Flop shall 
be cleared only by means of a System, Reset 01:"' operation 
of the Processor Fault·coritrol described in 3.10.2.7. 
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3.10.4.5 CS Parity Error 

Tnis control shall be an indicator only. 

This indicator shall display ti'te state of the Control 
Stora.ge Parity. Error flip/Flop. The indicator shall be on 
when the Con.trol Storage Parity Error Flip/Flop is set 
and -off when the Cor..trol Storage Parity Error Flip/Flop is 
clear. 

The Control Storagt~ Parity Error Flip/Flop shall set for 
each of the fol101iing: · · 

a. When a Micro-command as contained in the. Fu2 Register 
consists of an even number of bi ts in the set state for 
any Processor State other than the ~ull State. 

b.. When the iongi tudinal check character as contained in 
the CSS Register reflects an even number of bits in 
any bit position· column on a 256 word Page basis, 
during Control Storage Read operations initiated from 
the Console iri Normal Mode (for· Control Storage 
proper, only) .. 

c. When the outp4t of the Address Table, whether referenced 
by Micro-command or by har·dware Control Storage Read 
ope.ration, contains an even number of bi ts in the set 
state. 

The Control Storage Parity Error Flip/Flop shall set 
independently of the Storage Parity Disable Control 
described in 3.10.4.16. 

Once set:, the Control Storage Parity Error Flip/Flop 
shall be cleared only by means of a System Reset or 
operation bf the Proces~or Fault Control described in 
3.10.2.7. 

3.10.4.6 D.C. Fault 

f'orM 4002-IA 

This control shall. be an· indicator only. 

This indicator shall be on when any D.C. power supply 
within the 7300 Processor is not within its associated 
allowar le output range for riormal operation. The 
indicator shall remain on for a> long as such a condition 
pers is.ts. 
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3.10.4.7. O~ertempcrature 

This control shall be an indicator only. 

This indicator shall be on as a result of either a 
blower· failure or an overtemperature condition within 
the 7300 cabinet. These conditions shall result in an 
audible Alarm and in the event that they persist for 
approximately 60 seconds, a power-down sequence shall 
be ini~ialized~ See 3.10.2.10. 

3.10.4$8 Heads Extended 

This control shall be an indicator only. 

This indicator shall be on when the heads in one or 
more IFA attached Files fail to retract during a pdwer­
down sequence. This condi ti·on shall res.ult in. an audible 
Alarm and suspension· of the power-down sequence as 
described in 3.10.2.10. 

3.10.4.9 Burst Check 

This control shall be an indicator only. 

This indicator shall be on when a Burst Che ck Error is 
detected. during a Reset/Load sequence involving a 
File as the input device. 

Once detected, the Burst Check Error indicator shall remain .. 
on until a System Reset occurs, (a System· Reset shall oc.cur 
during the initialization of a Reset/Load sequence when the 
Console is not in Maintenance Mode. 

3.10. 4.10 Channel 1 Data Check 

'•r• 400HA 

This control shall consist of an indicator orily. 

This indicator shall display the state of the Channel 1, · 
Trans miss ion Check Flip/Flop/ The indicator shall be 
on when the Transmission. Check Flip/Flop is set and off 
when the Transmission Check Flip/Flop is clear. 

The Channel I Transmission Check Flip/Flop shall set when 
the l/O Channel detects a parity .error on incoming data, 
i.e. a byte of data from an adap.ter in which the total 
number of bi ts in the set state, including ,the parity: 
bit, is even. 

Once set, the Chanriel 1 Transmission Check Flip/Flop 
shall be clearec only tlI1der Microa·command control or by 
means of a System Reset. 
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Channel 1 shall be associated with Processor State 1 
and shall provide the· corresponding ~xtended Register, 
Group III facilities as· described by the appropriate 
document listed. in 2. 0. 

In the ·absence of Channel 1 this indicator shall be off. 

3. 10. 4 .11 Channe 1 l Con tro·1 Check 

This control shall consist of an in di ca tor only. 

This indicator shall display the state of the Channel 1, 
Control Check Flip/Flop. The indicator shall be on 
when the Control Check Flip/Flop is set and off when the 
Control Check Flip/Flop is clear. 

The Channel 1 Control Check Flip/Flo~ shall set when 
the I/O Channel detects concurrence of mo.re than one 
Tag· In Line (Address In, Service· In, Data In and Status 
In; or Se le ct In and Operational In) or concurrence 
of Conunand Out and Service Out. 

Once Set the Channel 1 Control Check Flip/Flop. shall be 
cleared only under Micro-command co.ntrol or by means 
of a System Reset. 

In the abs\!nce of Channel 1 this indicator shall be off. 

3 . 10 . 4 . 12 Ch ann e 1 2 Data Che ck 

This control shall consist of an indicator only. 

This i-ndicator shall provide a· display for Channel 2, 
associated with Processor State 2, equivalent to the 
Channel 1 Data C}:i.eck described in 3.10. 4.10. 

3.10. 4.13 Chanriel 2 'contra~ Check 

This control shall be an indic:ator only. · 

This indicator shall provide a. display for Channel 2, 
associated with Processor State 2,·equivalent to the· 
Channel 1 Control Check described in 3.10. 4.11. 

._ ________________ _,,,_...., ____ , __ .,.. ____________________________________________ ,__J 
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3.10.4.14 Select Even Parity, Byte 0 

This control shall be a push-en, push-off switch with. 
an indicator. The indicator shall be on whert th~ 
switch is enabled and depressed to the on position. 
The indicator shall be off when the switch is disahled 
or depressed to the off position. 

In the. presence of the ECC Feature, this switch shall 
have no effect. 

In the absence of the ECC Feature, when enabled, and when 
depressed to the. on position, this switch shall cause the 
parity bit cssociated with the left-nost 8 bits 0£ data 
transmitted t.c Main Storage to be generated such that 
the total nwnber of bits in the set state· 11 including 
this parity bit, is even. Thus all Main Storage writ:e 
references performed un·der these conditions shall result 
in ?.fain Stora:!:;e Parity Error detection during subsequent 
Main Storage read references at the affected Hain 
Storage Addresses. 

When disabled or depressed to the off position, this 
switch shall have no e.ffect. 

3.10.4.15 Select Ev~n Parity, Byte 1 

For• 400HA 

This control shall be a·push-on, push-off switch with an 
indicator. The indicator shall be on when the switch 
is enabled and depressed to the on pos1 tion. The indicator. 
shall be off when the switch is disabled or deoressed ~o 
the off position. · 

In the presence of the ECC Feature thi~ switch shall 
have no effect. 

In the absence of the ECC Feature, when enabled, and 
when depressed to the on position,. this switch shall 
cause the parity bit associated with the right-most 
8 bi ts of data transr.li tted to Main Storage to be ~ener.ated 
such that the total number of bits in the set state, 
including this parity bit, is even. Thus, all Main 
Storage write references performed under these conditions· 
shall result in Main Storage Parity Error detection during 
subsequent ~fain Storage read references at the affected 
Main Storage Addresses. 

When disabled or depressed to the off position, this 
switch shall have no effect. 
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3.10.4~16 Storage Parity Disable/Off 

This control shall be a 2-position toggle switch. 

When enabled and in the Storage· P~rity Disable (up) position, 
this switch shall disable the hardware trap sequences which 
would otherwise occur for Processor States O through 7 in 
the event of Control Storag~ Parity Erro~ det~ction (Control 
Storage Trap Address X02816) and Nain StoragP. Parity Error 
detection (Control Storage Trap Address XOl816). In addition, 
this switch shall; disable Console st9p operations which would 
otherwise occur ih the event of Control Storage or Main Storage· 
Parity Error detecticn Juring read references on the part of 
the Console State. · 

This switch shall not affect the Hain Storage and Control 
Storage Parity Error displays described in 3.10.4.4 and 
3.10.4.5 respectively. 

When disabled or· in the Off (down) position, this switch 
shall hav.e no effect. 

3;10.4.17 CS Disable/Off 

This control shall be a 2.-posi ti.on toggle switch. 

When enab.!..!d and in the CS Disable (up) position, this swi;tch 
shall disable the ·output of Control Storage proper such that 
all read references shall result in an output of 14 bits in 
the clear state. ln addition, this switch shall enable a 
cloc·k. to the Pp Reg.ister dudng every minor cycle. Finally, 
this switch shall disable Control Storage Parity Error 
det~ction for Processor STates 0 through 7 during read 
references to Cnntrol Storage proper. 

When disabled or in the Off (down) position, this switch 
shall have no effect. 

3.10.4.18 Instruction· RepeatiOff 

This control shall be a 2-pos i ti on .toggle switch. 

When enabled and in the Instruction Repeat (up) position, 
this switch' shall. alter th.;; execution of the ~H 1 and RNI 2 
Micro-commands such that Control Storage Branch Addresses 
of X002 16 and. X009i6 for these two ~icro-commands,respect~vely,. 
shall be convert~d to X00016~ L~kewise,· this ·switch shall 
alter the execution of the .FZJ Micro-command to the extent 
that the Control Storage Branch Address of X00916 shall be 
converted to X00016· 

When dis ab led· or in the Off (down) position, this swi ~ch 
shall hav~ no effect~ 
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3.10.4.19 Select CS Minimum/Off 

This control shall be a push-on, push-off switch with an 
indicator. The indicato·r shall be on when the switch i..; 
enabled and depressed to the .on position. The indicator shall 
be off whe~1 the switch is disabled or depressed to the off 
position. 

When enabled and in the Select CS Minimum (up) position, 
this switch shall select Control Storage sizes of 4096 
words maximum for Control Storage proper and 256 words 
maximum for the Address Table. 

NOTE: Hardware control information relative to the sizes of 
Control Storage proper and the Address Table shall be 
effective only during Console Control.Storage Read, 
Console Control Storage W~·ite and Reset/Load operations~ 

When disabled or dept~essed to the off. position, this switch 
shall have no effect. 

3.10.4.20 Set D, Set Au, Set Bu 

These controls shall consist of 2 push-on, push-off switches 
. with individual indicators. The left-hand switch shall be 

additionally dcsigriated "Set Au" and the right-hand -switch 
shall be addi tioilally designated "Set Bu". For each o.f these 
switches' the indicator shall be on when the swi tc.hes are 
enabled and the associated switch is depressed tQ the on 
position. 

a. When enabled and depressed to the on position·,. the Set 
Au switch shal~ result in the setting of the 16;.Flip/ 
Flops comprising the Au Register during every minor 
cycle the switch remains in the enabled on position. 

b. When enabled and depressed to the on position, the Set 
Bu switch shall result in the sett,ing of t·he.16 Flip/ 
Flops comprisiJ?.g the Bu Register during every minor cycle 
the switch remains in the enabled on position. 

c. When both the Au and Bu switches are enabled and depressed 
to the on positions simultaneously, the 16 Flip/Flops 
comprising the D Register shall be set for every minor 
cycle these switches remain in the enabled on positions. 
Likewise, a carry shall be forced into the right-most 
bit position of the Adder. 

When disabled or depressed to the off position, these 
switches shall have no effect. 

-------------.\MM.ff~lt'nllM.Tl1*11!~------·--------------...... 
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3.10. 4. 21 Time· Meter 

This control shall be a 7 decimal digit meter. 

This meter shall provide the total accumulated time during 
·which logic power has been applied to the 7300 Processor. 

The meter shall pro.vide this reading in hundredths of hours 
and shall operate independently ~f Console Maintenance Mode.· 

3.10.4.22 Voltmeter 

This .control shall be a linear scale meter and shall operate 
independently of Console Maintenance Mode. · 

This meter.shall provide power supply voltage measurements 
in per cent deviation from nominal.values, with 0% deviation 
at scale center. :'-feter deviations to the left shall indicate 
low voltage magnitudes and deviation to the right shall 
indicate high voltage magnitudes regardless of the positive 
or negative character of the voltages selected by means of 
the Voltage Select control described in 3.10.4.23. 

3.10.4.23 Voltage Select 

This control shall be rotary switch .with 14 panel 
designated positions. In a clockwise direction the positions· 
of this s\dtch shall be designated OFF, +28, +24, +23.3, 
+19.8, +l'-, +SA, ·1oSB, +SC, +3,1 -3, -5, -12 and OFF. 

The numerically designated positions of this switch shall 
select the associated voltage for measurement by means of the 
Voltmeter descrihed in 3.10.4.22. · 

When in the Off position, this switch shall select a 0% 
reading at the.V~ltmeter. 

3.10.4.24 Logic A, Logic B, Main Storage Adjusts 

Form 400HA 

These controls shaJ.l consist of 3 te.n-turn potentiometers. 
Each of these potentiometers shall be screw driver adjustaple .. 

These controls shall be designated from left to right, 
"Logic A", "Logic B", and "Main Storage" and shall provide 
the means for adjusting the associated voltages independently 
of Console Maintepance Mode. 
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3.10.4.25 Power Mode, Remote/Local 

This control shall be a 2-posi tion toggle switch and shall 
operate independently of Console Maintenance Mode. 

In the Remote (up) position, this ·switch shall place the 
7300 Processor power system in Remote Control. Mode. For 
a description of Remote Control Mode, see the appropriate 
document listed in·2.1. 

In the Local (down) position, this switch shall place the 
7300 Processo.r power system in Local Mode,' under control 
of the Power On and Power Off switches described in 3. 10. Z. 2 
and 3.10.2.3 respectively. 

The position of this· switch shall not effect the operation 
of the Emergency Pull control described in 3.10.2.1. 

3.10.4.26 Exe~utive Disable/Off 

This control shall be a 2-position toggle switch. 

When enabled and in the Exe cu ti ve Dis ab le (up) position, 
this switch shall disable a set input ,to the Busy Flip/Flop 
for Processor State 4 (Bit 04 of the B/A Register) .. The 
set input disabled by this switch shall occ~r for e~ch 
increment of the RTC Register provided the additional 
enable described in 3.10.2.4 is satisfied. 

In the Off (down) pos.ition, this switch shall have no effect . 

. 3.10.4.27 Cycle Step/Uff 

Fora 400HA 

This control shall be a 2-posi tion toggle switch. 

When enabled and in the Cycle Step (up) position, this 
switch shall enable a clear input to t'he appropriate Busy 
Flip/Flop in the B/A Register at the b~ginning of E4 
for each major cycle allocated to Processor States O 
through 7. 

This clear input to each of the Busy Flip/Flcps shall be 
further cond:.tioned. on an individual basis by the Stop/Step 
(up) position of the appropriate Processor Operation ~ode 
control as describe1 in 3.10.3.18. 

In the Off (down) position, this switch shall have no effect. 
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Communications Activity Display 'Group 

This Display Group shall consist of a matrix of indicators 
arranged as 16 columns. by 9 rows. Each column shall 
correspond to a Communications Channel facility which may be 
accomodated within the .7300 Processor~ ·Although space is 
reserved within the matrix for 16 Comr.amications Channels, 
indication cH Communications Activi ~y shall- be provided for 
only those Ch?nnels physically present in the 7300 Processor. 

The row-by-row, (from b'ottom to top), description of these 
indicators is specified in 3.10.S.1 through 3.10.5.9. 

3~10.S.l Enable (EN) 

When ori, the in di ca tors within this row shall indicate that 
the associated Channel adapters are enabled and therefore 
not in the System Reset or Loop Test mode. 

3.10.5.2 Ring Indicator (CE) 

When on, the indicators within this row shall indica~e that 
the associated Channel is receiving a ringing signal. 

NOTE: Under normal System operation, calls should be 
answered on the leading-edge of the ringing signal. 
Trius the on condition of these indicators should 
imply either a malftmction in the associated Channel 
or that the associated Channel· is not enabled. 

3~10.5~3 Off ~ook (OH} 

Fcmw 400HA · 

When on, the indicators within this row shall indicate that 
the associate~ Channel has operated thi~ signal to obtain 
dial tone and to generate the desired dial digits when 
orig~nating a ~all. (Dial digits sh~ll be generated by 
pulsing this signal). 
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3. 10. 5. 4 Data Set Ready (CCJ. 

When on, the in di ca tors.within this ro-w· shall indicate 
that the associated Channel is connected to a Communication 
line and has completed the transmission of the answe·r tone. 

3.10. 5. 5 Secondary Received L-ine Signal Detector (SCF) 

When on, the indi:.cat·ors. within this row shall indicate 
that the associate·d Channel has properly. received the· 
Secondary Channel Line signal where. applicable·. 

NOTE: This signal shall be used to indicate circuit 
assuranc~ status and thus,signal the interrupt 
condition. · · 

3.10~5.6 Received Line Si~al Detector (CF) 

When on,. the indicators within this row shall indic3te 
that the associated Channel modem is receiving a signal 
which meets its suitability criteria for demodulation, 
and in the case of half duplex Channels, that the Line 
Adapter is in rece:ive mode.· 

3.10.5.7 Clear to Send (CB) 

When on, the indicators within this row shall indicate 
that the associated Channels are in a transmit condition. 

3.10.5.8 Transmitted Data (BA) 

When on, the indicators within this row shall indicate 
that the associated Channels are in the spacing condition, 
binary zero. 

When off, the indicators within. this row shall indicate 
that the ~ssociated Channels are in the marking condition, 
binary one. 

3.10.5.9 Received Data (BB) 

NOTE: 

· f'ona 400HA 

When on, the indic~tors·within this row shall indicate 
that the associ.ated Channels are in the spacing condition, 
binary zero. ·· 

When off, the indicators within this row shall indicate 
that the associated Channels arie in the marking con.di tion, 
binary one. 

Depending on the Transmission Facility utilized by each 
Communications Channel, certain S.tatus Indicators as 
described in 3.10.S .. l' through 3.10.5.9 may not be ·applicable. 
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3.11 Reliability, Availability, Serviceability 

The desi.gn par·ameters described in 3.1.10 with respect to 
the implemen·tat!on of the 7300 ·Processor, shall contribute 

. sufficient reliability characteristics as required to achieve 
the MTBF goal described ~n 3.11.1. 

·· Console capabilities described in 3.10.2 through 3.10.4, 

3.1L 1 

3. 11..Z 

3.12 

as ~ell as modul~r packaging of the 7300 Processor elements, 
shall contribute s·ufficient serviceability characteristics 
as required to achieve the MTTR goal, described in 3.11.2, 
provided such hardware characteristics are complemented by 

·means. of exerc;:iser, fault dete·ction ·and fault isolation 
procedures, including software/firmware routines. 

··MTBF 

the mean time between failure goal for the CPU portion of 
the 7300 Processor shall be 4,000 hours (Failure Rate • 
• 25/1000 hours). 

MTTR 

The mean time to repair goal fc>r the 7300 Processor shall 
be 2 hours. 

Me chani c·al 

The 7300 Processor cabinet, including the Console, shall 
be physically dimensioned according to Figure 15 and 16. 
(Conceptual cabinet sketch is p.rovided by Figure 17 for 
reference unly). 

Maximum weight sh~ll be 1350 lbs. 

3.13 Environ~ental 

3.14. 

Fora 400HA 

The Memorex 7300 shall conform to 882020 with the following 
exception: 

A co us ti cal Noise; Noise sh al 1 not exceed 35 db. 

'Power Sys tern 
' 

The 7300 Processor power system shall conform to 882059 
with input voltage·s of 208/230Y,. SO or 60 Hz. 
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4. 0 QUALITY ASSURANCE PROVISIONS 

This section establishes requirements and procedures 
implemented to produce a product with maximum performan.c~ 
and reliability. 

4.1 Components 

4.2 

In the con text of this se.ction. compone.u ts shall be 
construed to include all piece parts from which the 
Processor is constr~cted. 

All componon ts shall be documented and con trolled to a 
sufficient dtgree to assure proper form, fit, and ftmction. 

Components which significantly affect performance and 
reliability, and which are purchased by Memorex for use 
in the product shall be procured only from sources which 
have been determined t~ be ·acceptable by Component 
Engineering. 

All components shall be purchased and inspected in accord 
with all applicable documentation. Components which do not 
meet all requiremen.tS_;··shall not be used without the prior 
written authori zatioit Q,f:· the cognizant engineering group. 

Construction 

The machine shal 1 be constructed and inspected in accordance 
with all applicable engineering drawings and specifications~ 
Construction processes and techniques shall be such that no 
damage or si..;.bsequent degradation results to any component. 

4. 3 Prior to shipment, each machine shall be operated. for 
at least SO hours (power-on time) under the approved Final 
System Inspection procedure. This inspection shall verify 
all mechanical and. electrical operations of the machine. 
The machine shall be powered by an A-C input which is 
equivalerit to the destination requirements. During this 
inspection, each machine shall be exercised with appropriate 
software to demonstrate,. with the highest possible confidence 
level, the softw~re execution required by the particular 
configuration. 

4.4 Qualification Testing 

F'orill 400HA 

A co~plete qualification test. in accord ~ith 882038 shall be 
rtm periodically to: assure conformance with all provisions of 
applicable specifications. 
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5 .. OJ PREPARATION FOR DB'LIVERY 

Shipment of the machine shall require separation of the 
Console Table from the Main Cabinet. Disconnected wiring 
shall be cl.early lab,eled to facilitate rapid reconnection 
in the field. · · 

All doors and removable panels shall be securely fastened 
shut by tape oi sttapping. Particular care shall be 
taken not to scratch. or mar painted surfaces, or to 
bend any sheet me'fal. . ~o straps shall be perrni tted to 
cross the console ,.t?·anel to prevent dam~ge to· the controls. 

Standard shipment. shall be by electronic padded van, and 
packaging shall( be designed for optimum protection under 
this mode of transportation. Special crating shall be 
designed to meet the requirements for air shipment and 
for alternate methods of surface shipment. 

• f 

Prior to packirtgr· Quality Assurance shall verify that all 
required inspection ha.s been performed. An inspector shaJl 
check during pa~ka~ing to insure that approved packing 
specifications at•e· followed and that external marking 
of the packages·. is· correct and legible. The inspector 
shall check the uni ts on the van to insure that adequate 
tie downs and blocking are used, and shall only release 
the shipment when all requirements -are met. 

_____ ,..__.,., __ ~·-,·--·-.,._, _____________________ _. 
,.,.., .. •nn~• 
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6.0 NOTES 

With respect to the 7300 Processor the following terms 
have been used inter- changeably: 

Console Address R~gister~~ M Register 
Console Data Register .- N Regist«~r 
Logical One - "1" ,, high, set. 
Logical zero - "0°, low, clear 

· Read Ins tr - RNI (Read Next Ins tructi.on) 
Read Data - ROP (Read Operand) 
~eset - Clear • 
Reset/Load - Deadstart 
Run ... Go, (ProcesS·Gr Stat·es 0 through 7) 
Selectable Register ~ea:tures - Register Option 
Store Data - STO {S.tcu:e Operand) 
System Control Pa:qel .. Console 
System Reset - Ma~te:r Clear 

l.· 

.._.. ______ _.,,,... ~--m\it ..... ...:m.~ltlll.J.,/: _____________________ .. 

..... - . """'--•. 
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RE(;ISTER Ff LE ADDRESSABT~TTY ~ITN'JR CYCa...cS 
BLOCK- JP . I . !-JHUl .GROUP GROUP ~HN. 
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FIGURE 9: (CO:-JT~NUED) MICRO-COMMAND CHARACTERISTICS 

NOTE: Minor cycle minimums ·and maximums do not account for 
special minor ;cycles of E0 1 , E0 11, Ea and E9. · 
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