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REQUIREMENTS

The 7300 Processor shall meet the requxrements as stated.

‘within this Section.

The 7300 Procéssor,shall support the Main Storage facility
referenced in Section 2.1 and shall conform to the v

- Address, Data and Control Signal conventions as descr1bed

w1th1n that appllcable document.

General Description

The Memorex 7300 Processor shall be defined as a
micro-program controlled, I/O oriented, Business Data
Processor as shown in- Flgure 1. .

The Central Processing Unit shall provide "multi-state"
processing and shall consist of five functional units
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. o

The 7300 Processor cabinet shall house the processor
elements which, in addition to the Central Processing
Unit and Main Storage, shall include Integrated Adapters
for communicating with Disc Drives, Line Printers,

Card Equipment, and various 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 mounted on the front of the 7300 .
Processor Cabinet.

Communications with Disk Drives and Terminal devices shall

be handled by the Integrated File Adapter (IFA), and the
Integrated Communications Adapter, (ICA), respectively.
Communication with other types of I/0 equipment shall be.
effected by means of I/0 Channel(s), either via adapters
within the 7300 Processor cabinet or through compatible
external controllers.

See Figure 1 for the 7300 Processcr Block Diagram.

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

Form 40022A
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3.1.1 Processor'Organization

- The Central Proce551ng 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 Registur File. ' This assignment of Registers
- shall be accomplished such that normal Micro-command
execution in one of these Processor 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 accomplished .
‘primarily by means of partitioning the Register File.
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
resources within the CPU for which no exclusive assignments
are -made, shall be commonly available to- all these C
Processor States and shall be referred to as '"Common
" Resources". :

Figure 3 deplcts the fundamental part1t1on1ng of the -
Register File. ,

The ninth state of the Central Processing Unit, designated
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 conjunction with certain switch settings on the ,300
System Control Panel. In addition, logic within the
Timing/Control area shall be reserved for Console State
usage in the case of operations which shall not be Micro-
command controlled, namely Control Storage Read and Control
Storage Write operatlons.

The tenth state of the Central Processing 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 require usage of the Timing/Control logic
only, for the purpose 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 durlng which the execution of a

maximum of eight micro-commands shall be possible. This
interval shall be referred to as a ''major cycle'". (The
number of Micro-commands which may be executed during a
‘major cycle shall be dependent on the nature of the
" Micro-command. themselves, up to a maximum of eight).

Fosan ANNRLES
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The maximum duration of any one Processor State shall be
‘determined according to the occurrence of resource
utilization requests, the priority of all such requests,
and the ability (under 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 1ntegra1 number of major cycles. The
maximum duration of gach major cycle shall be determined
according to whether a Main Storage reference is required,
whether the Error Correcting Code (ECC) Feature is present
when a Main Storage reference occurs and whether the
associated Processor State has met all the criteria for
conisecutive cycle Operatlon As a result, the maximum
duration of 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.
possible as determined by the comblnatlon (s) of the
conditions previously mentloned and as depicted in the
following chart. .

ECC Feature Present

—Main Storage Reference - N
Consecutive Cycle Mode : , 4
‘ " Total Major Cycle Interval - vl :

No |No [No |[Ev JELJEz [ESTE4[ESTE6] E7 .} .8 ufs
No |No |Yes|E0 [El [E2 [E3 |E4 [ E5  E6] E7] EB] E9 ] : 1.0 u/s
No |Yes|No |[E0 [E0"| E1 | E2 |E3 [E4 , E5| E6] E7 | .9 u/s
No' | Yes| Yes|[EO [EO'JET [E2 [ E3 [E4 | ES| E6] E7 [ES[EJ] 1.1 u/s
Yes| Yes|No '{Eo [EOC[ EO’[EL [E2 [ E3 | E4] E5] E6 | E7 ] 1.0 u/s
Yes| Yes| Yes [Eo | E0'] EO//LEl [E2 ] E3 | E4] ES] E6TE7J E8TE9] 1.2 u/s:

NOTES: 1. EO, E0’, E07, and E1 through E9 represent minor cycle
intervals of 100 n/s each.
- 2. EO through E7 provide Micro-command execution.
3. E8 and E9 provide hardware operations assoc1ated w1th
Consecutive Cycle Mode operations.
-4, EO0/provides a hardware idler associated with Malﬂ
Storage reference cycles.
5. E0’provides a hardware idler associated with Main
" Storage reference cycles in the presence of the ECC -
Feature.

Flgure 4 depicts the fundamental timing sequence involved
in a Multi-State Operatlon involving Processor States 0

. through 7, without prxorlty, ‘and u:lng minimum 1nterval

_ maJor cycles ‘each.
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-3.1;2

.Reglster File

The Reglster File shall be d1v1ded 1nto four major groups.
designated as follows:

‘Basic Register File

Extended Register File, Group I
Extended Reglster File, Group II

Extended Register File, Group III

Three of these major groups shall be further partitioned

- for the purpose of creating dedicated resources corresponding

to Processor 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 which are general purpose and under Micro-
command control only. Thesé 256 registers shall be

idivided into 8 sets of 32 registers each, corresponding

i to the 8 Processor States having 32 Registers each.
Logically, these registers shall be arranged in .a matrix
of 8 columns by 32 rows. Normal !ic¢ro- conmand execution
shall pe confined to the column' corresponding to the
Processor State of the CPU. A special mode of Micro-
command execution referred to as '""Boundary Crossing
Mode'" shall permit any Processor State to reference:

the registers in other Processor State columns.

b. The Extended Register File, Group 1, shall consist of

4116 18-bit registers wnich are special purpose and
under hardware as well as Micro-command cont.iol.

Eight of these registers shall be allocated, one each
to Processor States 0 through 7 and shall be designated
as "F Registers" with only the right-most 16-bits being
used. Tﬁe contents 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 dpproprlate 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 states 0 through 7 and shall be-
designated as "Pu Registers'. The contents of the
approprlaue Pu Register shall be hardware controlled

in a manner similar to thaf prev1ously descr1bed for
the F Reg1ster.

Form 4002-24
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However, the purpoSe of the Pu Register shall be related

to Control Store 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. Loglcally,
the registers within this Group are arranged in a matrix
of 8 columns by 2 rows., Normal Micro-command execution -
shall be confined to the column corresponding to the
Processor State of the CPU. A special mode of Micro-
command execution referred to as "Boundary Crossing Mode"
shall permit any Processor State to reference a 51ng1e
reglster in other Processor State columns per major cycle.

NOTE:: Snec1al conventions shall apply when addressing

Pu by means of Micro-commands. Moreover, the left-most

2 bit positions of Pu which relate to Skip/Control Storage
Parity Error status shall be reserved primarily for
hardware control.

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 (T)'", and
"Privileged Mode, (PM)', 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 -hardware as well as Micro-command control and shall
serve 'as varying, special purpose, commori resource registers.
Micro-command control of the special purpose registers within
this group must meet special conventions as determined by

the varying hardware controlled functions performed at the
1nputs and/or outputs of these registers. :

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
Integrated Adapters and I/0 Channels within the 7300
Processor. (It is not.within the scope of this document
to describe the actual numbers, widths or functions of
the registers within this Group. Such information shall
be provided by the appropriate documents in Section 2.1).
For the directly addressable maximum,these 64 registers
shall be divided into 4 sets of 16 registers each,
correspondlng to Processor States 0 through 3, hav1ng
16 registers each. Logically, these reglsters shall be -
arranged in a matrix of 4 columns by 16 rows. Micro-
command execution shall be uncond1t1ona11y confined to

“the column corresponding to the Processor State of the CPU.

NOTE: The Register Address, Data and Control Signai
conventions for communicating with the Extended.Reg1ster :

E File, Group III are prOV1ded in. Sectlon 3.2.4.
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Rggister Option

The,Registef‘Option shallvprOVide the meéns for enhancing
the 7300 Processor by accomodatinc <ne following Selectable
Register Features: ‘ o _

Relocation and Protection Feature

Basic Storage Protection Feature

Job Accounting Feature

Error Correctlon Code Feature (Reglster Set)

Each of these Selectable_Reglster Features shall be supported
within the Register Option through the implementation of a-
separate group of special purpose registers. However, the
Relocation and Protection Feature and the Basic Storage

o Protection Feature shall be mutually exclusive.

As a result of the highly specialized and dynamic

functional requirements on the part of all of these
features, the operations 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 Protectlon Feature shall consist of.

a Seguent Tag File, a Segment Table, a Protectlon
Matrix and an Address-Mode Register.

The Segment Tag File shall consist of 259 4-bit Tag
Registers correspondlng to left-most extensio~ . to
all 256 registers in the Basic Register File 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 ro 1,048,576 bytes.

The’ Segment Table shall consist of 16 registers, each
containing 32 bits of logical significance. Segment
Table entries shall provide Main Storage Address
relocation and Main Storage protection based on the
partitioning of Main Storage into a maximum of 16
segments, (Each Main Ctorage Segment shall contain
256 bytes minimum and 65,536 bytes maximum). '
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The Access Protection Matrix shall consist of 16
16-bit registers and shall provide read and write

. protection. for each Main Storage segment on a

Processor State basis.

The Address-Mode Register shall be a 16-bit register
and shall provide controls for both the relocation
and protection mechanisms on a Processor State basis.

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 of Processor States 5, 6, and 7.

The Job Accounting 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 contents of the associated
32-bit register shall be incremented by one.

Error Corre;tion Code Feature (Register Set)

The Error Correction Code Feature shall be implemented
within Main Storage and shall be described by the
appropriate document listed in 2.1.

The Register Set, associated with ECC but accessed -
as a part of the Register Option shall provide 4
16-bit quantities relevant to the serviceability
and availability aspects of Main Storage in the

presence of the ECC Feature.

i
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Arithmetic Logic Unit (ALU)

The Arithmetic Logic Unit shall consist of those

"registers and logical networks required for implementation

of the Micro- conmand repert011e.

All quantltles read from the Register File under Micro-
command control shall use the ALU as the immediate

~ destination. All quantities written into the Reglster
‘File, under Micro-command control, (with the exception of

the CSS Register), shall be generated by or transferred
by way of the ALU.

In addition to 1ts arithmetic and logical fac111t1es, the
ALU shall accomodate the registers. and data paths required
for the tramsmission of Main Storage Addresses and- the

. transmission/reception of Main Storage Data, (Where .

registers within the Register Option are to be read or
written under Micro-command control, the Main Storage .
related facilities within the ALU shall also be used).

Operations between the Register Filc and the ALU as well
as operations internal to the ALU itself shall occur in
100 n/s or 200 n/s as determined by the nature of the
operation to be performed. The fundamental executlon time
of 100 n/s shall be referred to as a "minor cycle" When
operations requiring 200 n/s are performed, two minor

~ cycles shall be used for execution.

The ALU shall contain the follon1ng,Registers'and Networks;
a. Au: 16-bit Feeder Register, Multiple-inruts. ‘

b. Bu: 16-bit Feeder Register, Multiole-inputs

Aty L
c. Forced Carry: %1ng1e Bit Adder Feeder, rlght most
blt position. , :

d. Inner-Carry: 4-bit Group Carry Register providing

' correction parameters for decimal
arithmetic performed in Excess -3
notation,

é. S Register: -16-bit Ma‘i Storage Address Reglster,
byte addre551n~ format.
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 See Figure 5 for a Block Diagram of the ALU.. .

'D_Régister: 16-bit Register prov1d1ng data to Main

 .Shift Network: Left shifter, 32 hits wide, 0 to 15 bit

' o a Bu adder. for scan result addltlon.

Constant Generator' Immedlate operand generator

D Fan-In: Three-input, 16-bit narallel nultlplexer

Number 332000

Storage during word and byte write
operations.

p051t10ns per pass, end-off left-most,
~zeros in right-most, Au/Bu format.

Adder: 16 bit parallel full add, four 4-bit Groups
= with inter- Group carries Micro-cormand
' conditioned for dec1mal arithmetic.

ALU Status: Overflow, Link, Au = Zero, Au = Bu, : _
" Au>Bu algebraic, Au>Bu 1001ca1 Au < Bu
algebraic, Au <3Bu logical.

Bit Sense: Au set or clear on bit position basis and
T Au set or clear, left to right scan incl udln"

(including Processor State number).

ALU Fan-In: Multi- 1nput, multi-format multiplexer = .
' providing dzata to the Register File durinz
write operations, (includes Boolean functions
for Au/Bu).

providing the data "ﬂth from Main Storage,
. the D Register, and the Register’ Ontlon to
Au and the ALU Fan-In. ,

Form 400224



3.1.5

. C) [®) | . : .: , ‘
ENGINEERING SPECIFICATION
Equipment Group e Sheat

Control Storage

The Control Stofage facility shall be divided into two
major areas referred to as '"Control Storage proper" and
the "Address Table". : :

a. ontrol Storage proper shall consist of a maximum of
16,384, 14-bit words, (These 14-bit words shall be

 an'address register referred to as "Su'".

Control Storage proper shall be divided into a maximum of
4 groupc of 4 words each. onsole State operations
which shall be perrormed d

When the contents of Control Storage proper are to be

Storage Scan izssz ReEister within the Extended Register
. File, Group shall butfer the output of Control Storage

Mumber 882000

of

treated as 16-bit quantities in which bit positions
09 and 10 shail be unused and always in the clear
state). -

Control Storage prdper shall be addressed by means of

When the contents of Control Storage proper are to be
read, translated, and executed as Micro-commands, two
16-bit registers referred to as ''Ful'" and '"Fu2" shall
buffer the output of Control Storage proper. Micro-
commands shall be duplicated in Ful and Fu2 and
horizontal parity checking shall be performed on the
contents of Fu2., Within Fu2, an even number of bits

in the set state shall constitute a Control Storage
Parity Error with respect to Micro-command translation.

under Micro-command control -
as selected and initiated at the 7300 System Control . .
Panel shall be confined to the first of these four groups
However, locations in Control Storage proper.re€ferred to
as "RNIO", RNI1l", "RNI2'", "CS-PE", "MS-PE" and
"Illegal Address" shall be defined within all 4 groups.
For a definition of all hardware generated, address '
constants, see 3.5. '

read but not treated as Micro-commands, the Control

proper. When such operations are performed for the
purpose of hardware controlled checking, Control Storage
proper shall be divided into a maximum of 64 pages of
256 words each.  Withir each 256 word page, longitudinal
parity checking shall occur. Within each page an even
number of bits in the set.state in any of the 14 individual
bit position columns shall constitute a Control Storage ‘
Parity Error with respect to hardware controlled checking.
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The Address Table shall consist of a maximum of 1024,

’10 bit words

: 'When the contents of the Address Table are to be read
- under Micro-command control, the Address Table shall

be addressed by means of decodlng 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 in the absence

of a parity error, the right-most 9 bits shall be

buffered into a register referred to as !'Pp'..

After completion of the associated major cycle, the
contents of the Pp Register 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 Control Storage proper
on the part of any other Processor State.

When the contents of the Address Table are to be -
read under 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 3.5.

For a quck Diagram of Control Storége, See. Figure 6.
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3.1.6 ,Main‘Storage

"'Main Storage fac111t’es for ‘the 7300 Processor shall be
described by the appropriate document listed in 2.1.

'In addltlon to the conventional Address, Data and Control
signal requirements, the following. general statements shall
apply to the CPU/Main Storage. relatlonshlp within the

7300 Processor.

a.

Word (16-bit) and byte (8-bit) operations shall be
supported, including the means for error checking
(and error correction in the presence of the ECC
Feature)

.. In thg abs;gge of the Relocation and Prbteg;iog

'geature the CPU shall address a maximum of 65,536
2 — e ———— L —————————
ytes, ' _ , S

In the presence of the Relocation and Protection
Feature, the CPU sha address a maximum O
1,048,570 bytes. - :

References to Main Storage Addresses not physically
present in the Main Storage facility shall result
in an '""Out of Range" condition and shall cause the
CPU to perform a hardware trap of the assoc1ated
Processor State. See 3.5.2, item e.

The CPU shall provide allowances within the
Resource Allocation Network for "Refresh' cyclc
requirements on the part of the Main Storage facility.

To minimize the impact of Refresh requirements on
CPU operation, the Main Storage facility shall be

‘capable of performing Refresh cycles independently

of, and in parallel with, CPU major cycles whenever
such major cycles ‘do not 1nv01ve Main Storage references
on the part of the CPU. ‘ :
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3.1.7 'Micro-Command Repeitoire

The Micro- command Repert01re shall con51st of 65 basic
Micro-commands catagorized into the follow1ng functional
classes.

Register File Read

Register File Write ,

Register File Read, Main Storage Related
Pegister File erte, Main Storage Related
Immediate Operand ‘ .
Shift -

Sense

Skip

Branch

Control

a. The Register File Read class. shall prov1de 7 basxc
Micro-commands including data transfers in both the .
true and 1's complement states. (Forced Carry Register
manipulation shall be used in. order to effect 2's
complement operations). These Micro-commands shall
each require 1 minor cycle for executlon.

b. The Register F11e erte class shall prov1de 10 basxc
Micro-commands including direct data transfer, status
transfer, Boolean and additive operations. These
micro-commands shall each require 1 minor cycle for
‘execution except for those cases of additive and
comparative operations in which. Adder and Comparator
‘propagations, respectlvely, have not .over- lapped the
. execution of a prev1ous Micro-command(s) and 2 minor
cycles for execution shall be prov1ded under hardware
‘control. : :

c. The Register File Read, Main Storage Related class
- shall provide 11 basic Micro-commands, each requiring

one mlnor'cycle for execution prov1ded they occur on
the proper minor cycles within a major cycle.
Additional minor cycles shall be allowed under hardware
“control so as to result in proper execution when such-
Micro-commands are translated during minor cycles having
an improper timing relationship w1th Main otorage
operatlons.

. d. The Register File Write, Main Storage Related class
' shall provide 2 basic Micro-commands, each requiring
‘a minimum of 1 minor cycle for exeécution with the
same hardware controls for timing adjustments as.
- .previously described for the Register F11e Read, Main
Storage Related class. .
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The Immediate Operand class shall provide 6 basic
Micro-commands including immediate operands in byte,
nybl and bit formats. These Micro-commands shall
each require 1 minor cycle for execution.

The Shift class shall provide 4 basic Micro-commands
involving the use of Au/Bu and the Shift Network. _
These Micro- commands sha]l each requlre 2 minor cycles

. for execution.

The Sense class shall provide 4 basic Micro-commands
involving the use of Au/Bu, the Au Sense Network and
the Bu adder.  These Micro-commands shall each require
2 minor cytles for execution.

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.

The Branch class shall provide 6 basic Micro-commands
including Function Decode, Format Decode, Address
Constant and Partial Address branch capabilities.

"'Except for the Format Decode and Address constant

brancta2s, these Micro-commands shall require 1 minor
cycle when executed during the last minor cycle of.
a major cycle ‘and 2 minor cycles if executed at any
other time in the major cycle. The Format Decode
(Address Table) and Address Constant (RNI are.)

branches shall require the remainder of the major
cycle in which they are read for- executlon, (1 to 8

minor cycles)

The Control class shall provide 7 basic Micro-commands
of varying complexity and execution times. The Micro-

-commands within this cldss shall provide the means for

Timing, Input/Output Termination and Boundary Cr0551ng A
Mode Micro-command control. _
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~ Resource Allocation

Processor State determination shall be performed on a
major cycle basis by means of a Resource Allocation
Network. Thus, utilization of shared resources$ on the
part of dedicated resources within the 7300 Processor
shall be based on the inputs to,and subsequent outputs:
from this Resource Allocation Network for each major

cycle interval. ‘ :

the Resource Allocation
Network receives resource requests (and allocates resource
utlllzatlon equally for. these requests) fru“ the follow1ng
areas:

Main Storage:. Refresh

Processor State 0: Busy Flip/Flop, Bit' 00 of B/A Register
Processor State 1: Busy Flin/Flop, Bit 01 of B/A Register
Processor State 2: Busy Flip/Flop, Bit 02 of B/A 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 5: 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

Console State: Console Request Fiip/Flbp'

The B/A Register referred to as containing the
Busy Flip/Flops for Processor States 0 through 7 shall be
a special purpose, common resource register within the
Extended Reg1ster Plle, Group II as prev1ously de51gnated
in 3.1.2. :

Each Main Storage Refresh reQuest shali have unconditional-

priority over all other resource requests and shall

result in a major cycle Null State, 800 n/s in duration.
This Null State shall also result from the absence of all

. resource requests as listed above.

Priority allowances shall be made w1th1n the Resource
Allocation Network for Processor States 0, 1, 2, and 3 only,
with priority occurring in that order. Thus in priority
mode, any two Processor states within this group shall be
capable of obtaining equal utilization of the shared
resources to.the exclusion of all other Processor States
(except Main Storage Refresh requests)
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13.1.9

The ability of a Processor State to utilize consecutive
major cycles shall effect resource utilization when
simultaneously operating in priority mode. ' Thus Processor
States 0, 1, 2, and 3 shall have the capability of
obtaining exclusive utilization of the shared resources
(except for !Main Storage Refresh operations). '

System Control Panel'(Console)

The 7300 System Control Panel shall provide the means for
manually monitoring and controlling operations within the -

- 7300 Processor. The switches and indicators on the System

Control Panel shall be effective only in conjunction with
associated hardware and Micro-command 5equences w1th1n the
7300 Processor.

The 7300 System Control Panel shall be divided into 4
funtional areas as follows:

Operator Group

Programmer Group

Maintenance Group

Communications Activity Dlsplay Group

Indicators within each of. these groups shall be active

at all times. 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 System Control Panel is in Program or Main-
tenance Mode and controls within the Maintenance Group
shall be enabled only when the System Control Panex

is in Maintenance Mode.

a. The Cperator Group shall provide the means for applying
and removing power to the Processor, selecting and .
initializing Reset/Load and ‘Auto-locad sequences,

~disabling the Console Alarm, adjusting the Console
Speaker Volume and clearing Processor and I/0 Fault
‘indications. In addition, Lamp and Alarm tests may:
be performed by means of a control w1th1n the Operator
Group.

b. . The Programmer Group shall provide the means for
controlling and monitoiing Processor State act1v1t1es—.
‘within the 7300 Processor. :
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c. The Maintenance Group, in conjunction with the Program
Group, shall provide the means for controlling and
monitoring fault isolation procedures and operations
within the 7300 Processor.

d. The Communications Activity Display Group shall provide
the means for monitoring the activities performed by
the Communications Channels w1th1n the 7300 Processor.

Throughout the remalnder of this specification, the
System Control Panel shall be referred to as the Console,
for the sake of brev1ty.

. Implementation

The 7300 Processor shall utilize Transistor-Transis. r
Logic (TTL), and both bipolar and metal-oxide-semiconu-ictors
memories. Except for MOS Main Storage, all semiconductors
in the machine shall be silicon devices.' Small (3SI),

~medium (MSI) and large (LSI) scale 1ntegratlon shall be

used.

The de51gn of the machine shall utilize conservative worst.

.case design rules and modular construction to enhance
‘reliability, availability, and serviceability.
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Reglster F11e

The aidre551ng mechanism for the Register File shall

have the potential for directly addressing 5123 registers.
However, the implementation of the addressing mechanism
shall confine the 7300 Processor to addressability

of 346 unique registers within the Register File.

Despite the restriction of Extended Register File,

Grour 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 !fode'" format.

00 | 06 07 08 09 10 11 12 13 14 15
NOT USED ~ |E| STATE | REGISTER

Bits €0 through 06 'shall not be used but shall be
referred to as being in the clear state for the purpose
of 16-bit hexadecimal nctation. .

Bit 07 in the clear state shall specify the Basic
Register File and in the set state shall specify the
Extended Register File.

Blts 08, 09 and 10 shall Spec1fy the Processor State
number when apnllcable ‘

Bits 11, 12, 13, 14 and 15 shall specify the Register
number within the Bas.c: or Extended Group as spec: "ied.
by Bit 07 and for the appropriate Processor State as
specified by bits 08, 09 and 10 where applicable.

The storage facilities within the Qeglster File shall be

volatile in nature, i.e. the contents of the Register

File shall be lost when power is removed. !Moreover, 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 3.10.3.8. .For the effects of System

Reset on the Extended Regi:zter File, Group III, see the
appropriate documenr listed in 2.1.

Where Register File characteristics are associated withonly
particular MlCTO -commands, these Micro-commands shall be
referenced by ~mnemonics. Each mnemonic is associated

with an 1nd1v1dua1 Micro- command as descrlbed in 3.8.3

- through 3.8.12.
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Basxc Register F11e

The Basic ‘Register Flle shall consist of 256 16-bit
Tegisters, 32 registers each for Processor States 0 through
7, using the'following hexadecimal notation, inclusively:

Processor State Register Numbers
0000—>001F :
0020 —>003F
0040—>005F
0060—>007F
0080—>009F
00A0—>00BF
00C0—>00DF
00E0 —>00FF

NONLaWNN-O

The registers within this group represent general nurrose
"registers under Micro-command control only, dedicated to
the approrriate Processor States as shown.

For the purpose of recording status.conditions under
Micro-comnard control (CMP, CMU, RNI1 and RNIZ2 Micro-commands)
- the left-most §-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 reglsters w1th1n the
Ba51c Reglater File.

. For. each Processor State, Registers 1E and 1F within the

Basic Register File shall be special to the extent that
their direct !ficro-command use in addressing ilain Storage
(LS1, LS2, LSE, LSF) shall result in hardware operations
during the assoc1ated major cycle such that reglsters
‘within the Register Option shall be referenced in lieu of

Main Storage
Extended Register File, Group I

The Extended Register File Group I shall consist of ‘6
18-bit registers, 2 registers each for Processor States
0 through 7. These registers shall be de51gnated as

F and Pu for ?Processor States 0 through 7 u51ng the
following hexadecimal notation:

Processor State' - F Register Pu Register
-0 ' 0100 0101 ‘

1 0120 - -~ 0121

2 0140 , 0141

3 - 0160 0161

4 0180 _ 0181

5. 01A0 01A1

g 01cCo : 01C1

01E0 - 0lEl
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F Register

The left-most 2 bltS of each of these 18-bit Reglsters
shall be unused.

a.

The contents of the appropriate F Register shall be

.read in advance of the major cycles allocated to

Processor States 0 through 7 by means of a hardware
controlled minor cycle referred to as Rl1, (When one of

" these Processor States utilizes consecutlve major

cycles, the R1 operation shall not be performed).

Once read, the contents of the appropriate F Register
shall be held throughout each major cycle in a common
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 Micro-command modification during each
of the minimum 8 minor cycles comprising a major. cycle
(referred to as EOQ through E7). The contents of the
common resource F Register shall be capable, under
Micro-command control, of direct participation in the
formation of register numbers, shift counts, branch '
addresses, and bit position values 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 the L1nk status
bit is derived as described in 3.4.7.2.

Micro-commands Wh1ch,address the F Reglstef in Normal

- Mode, (Not 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, RNI1, and RNI2), should not be performed
during the first minor cycle, E0, of a major cycle '
since such orerations may lead to machine. malfunctions
in the course of executing hardware uontrolled '
multlsstate sequencing.

Micro-commands which address the F Register in Boundary
Crossing Mode shall utilize the appropriate F Register -
within the Extended Register File, Group I, provided
such Micro-commands are executed during mlnor cvcles
E3 or E4. Any such Micro-commands executed in minor
cycles other than E3 or E4 shall not be hardware

. supported and may lead to invalid results..
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(o Fdr 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 shall be appropriately updated
after the completion of such major cycles allocated
to Processor States 0 through 7. This operation shall
be performed by means of a hardware controlled minor
cycle referred to as Wl1. ‘

Pu Register

Each of the 8 Pu Reglsters Shdll be formatted as follows:

00 01 02 15,
iE_r 5] (‘0 L] Control Storage Address}

The left-most 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 purnoses
except in the case of Micro-commands which address Pu
for the purpose of performlng write references in
Boundary Crossing Mode. 'Such Micro-commands shall clear
" both of these status bits.

Bit p051t10ns 00 and 01 shall prov1de Overflow and Link
status, respectively, and are a.lthmetlcallv defined

. in 3. 4.7.

Blt p051t10ns 02 through 15 shall provide a Control
Storage Address for Ccntrol Storawe proper only.

a. The contents of the an“rOprlate Pu Reglster shall
be read in advance of the major cycles allocated to
Processor States 0 through 7 by means of a hardware
controlled minor cycle referrsd to as RO. (Vhen
one of these Processor States utilizes ccnsecutive

major crcles, the 20 operation shall.be effective durlhg

minor cycle E8 and shall use the contents of the Pp

- Register in lieu of Pu, provided the previous major
cycle did not involve the execution of a CIOl or

: C£02 Micro- command which resulted in the suppre551on
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b. Once read, the contents of the appropr1ate Pu Register

~ shall be held throughout each major cycle in a common

resource register referred to as Su, the Control

Storage Address Register. Thus, the contents of the
appropriate Pu Register within‘the Extended Register

File, Group I shall be immediately available for

-addressing Coentrol Storage proper and supplying/

recording arithretic status during each of the minor
cycles comprising a major cycle.

The Control Storage Address portion of Su, Bits 02
through 15, shall be incremented by one under hardware

"control whenever execution of successive Micro-commands

is required as a result of in-line Micro-code. Like-
wise, only these bits within Su shall be capable of
alteration for the accomplishment of branch operations
under Micro-command control whether for explicit
functions 1limited to FNJ, FRJ, FZJ, JMP, RNI1l and RNIZ~

- or for implicit functlons 11m1ted to CLR .S5TA, STB,

and AND providing the Pu Register is addressed in
Normal Mode, (Not Boundary Cr0351ng Mode).

The Arithmetic Status portion of Su, Bits 00 and 01,
shall reflect Overflow and Link conditions relative to
the execution of each DSUM Micro-command. The ‘Overflow
and Link status bits shall also be clocked by each

SUM Micro-command provided the left-most byte of

the common resource F Register is not equal to 50, 51,
52, or 53 in hexadecimal notation. (The clocking

of current arithmetic status shall also be conditioned

by the DIG and CCRC Micro- commands as described in 3.8.7).

Micro-commands which address Pu in normal Mode for the
purpose of perfoxmlng a read reference shall obtain
the Address portion of Pu from the common resource

Pp Register (the last Blockpoint Address) and the
Arithmetic Status portion of Pu from the Su Register.

Micro-commands which address the Pu Register in
Boundary Crossing Mode shall utilize the appropriate
Pu Register within the Extended Register File, Group I,
provided 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

5upported and may lead to invalid results. (When
any Processor State references its own Pu Register in
Boundary Crossing Mode for the purpose of performing

. a write reference, the effectiveness of ‘the operation.

shall be conditioned by the "Housekeeplng" function .
described in item c. .
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c. The contents of the assoc1ated Extended Peglste' File,
. Group I Pu Register shall be appropriately updated
‘after the comﬁlptlon of each major cycle allocated
to Processor States 0 through 7 by mcans of a hard-
ware controlled minor cvcle referred to as 0. (The
WO operation shall not be performed after major cycles
involving the execution of a CI01 or CI02 Micro-
command which resulted in the suppression of Ppn).

Micro-commands which address the 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, Groun II.

The Extendcd PRegister Flle, Group II shall consist of 10
16-bit registers reprresenting common resource Ffacilities

for the Console State as well as Processor States 0 through 7.
The State nusber rortion of the Boundar- Crossing linde
address format shall not be apnlicable for these reristers
since any combination of these 3 bits shall be allowed.
However, for the sake of sinplicity these bits are

treated as being in the clear state for the rurpose of
providing the follow1no numerlcal designations in hexadecimal
notation.

Register Name ' ._jﬁglﬁlﬁl.ﬁﬂnber
Busy Active (B/A) ' 0102
“Real Time Clock (RTC) ‘ 0103
Tie-Breaker (T) : - 0104
Parity Error (PE) v 0105
Control (C) 0106
Privileged Mode (PM) 0107
- Boundary Crossing (BC) 0108
"Control Storage Scan (CSS) 0109
Console Address (CA) - 010A
Console Data (CD) . 010B

NOTE: The Busy/Active (B/A) Register shall also be addressed’
by numbers 0122, 0142, 0162, 0182, 01A2, 01C2 and 01E2. The
equ1valent addre551ng anomaly shall also exist for the

‘ remalnlng 9 registers w1th1n this group.‘

Read references to the ALU under Micro-command control.
shall be provided for all the reristers within this grouv.
Write references from the ALU under Micro- command control
shall be provided for all the registers within this groun .
except the Parity Error (PE), Real Time Clock (RTC), and
Control’ Storage Scan (CSb) Reglsters.

Form 400224




Number 582000

ot

5 '
ORIEX  encineeriNG speciFication o -

Equipment Group

3.2.3.1 Busy/Active Register (B/A)

This 16-bit regl%ter referred to as B/A shall provide
Busy and Active status indications for each of the
Processor States 0 through 7. '

{Bit PositionD0 01 02 03 04 05 06 07/08 09 10 11 12 13 14 15
Processor O 1} 2/ .3 4 50 6 7} 0f 1| zf 3 4 5{ 6 7
State L i ; {
Processor o : '

~|status _ BUSY ¢ —ACTIVE——A

| a. The set outputs from the b1t position in the left-

i most byte of the B/A Register (Busy Flip/Flops) shall

provide inputs to the Resource Allocation Network

in the form of resource requests on the part of
‘Processor States 0 through 7.

The Busy Fllp/Plop for Processor State 4 shall

be conditioned at the input to the Resource Allocation
Network by a disable associated with Breakpoint stop
“as described in 3.10.3.18. .

The set outputs of the 16 bit positions of the B/A
" Register shall be available for selection as inputs
. to the Console Data Register Display indicators as
- described in 3.10.3.7. .

b. The inputs from the ALU to the bit positions "in the
left-most byte of the B/A Register shall not be hardware
conditioned for Processor States'5, 6, and 7 but.shall
be conditioned on a bit-by-bit ba51s by the state 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 in which- the associated Active Fllp/FlOp is 1n the

set state.

For Processor States 1, 2, and 3 the appropriate Busy
Flip/Flop shall not change from the clear to the set
state under Micro-command control during any minor
cycle in which the associated Actlve Flip/Flop is in
the set state.

‘c. The Busy Flip/Flop for Processor State 4 shall be
provided with a set input for each increment of the-
 Real Time Clock (RTC)Reglster as described in 3.2.3.2.
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‘Each of the Busy Flip/Flops for Processor States
0 through 7 shall be provided with set inputs which -
shall be appropr1ate1y /Console 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 which
shall be enabled by the appropriate Request signal
supplied by Extended Register File, Group III controls
as descrlbed in 3.2.4.9, conditioned by the corresnondlng
Processor Control Select switch as described in 3.10.3.18
and disabled during minor cycles E6/E7 and E8/ES -
associated with Consecutive Cycle operations.
. Each of the Busy Flip/Flops for Processor C:iz*es 1,
2 and 3 shall be provided with set inputs whicn
shdall be enabled by the appropriate Attention signal
supplied by Extended Register File, Group III controls
.as described in 3.2.4.10, enabled bv the clearsd state
of the appropriate Active Flip/Flop, conditioned by
the Processor Control Select switches described in
3.10.3.18, and disabled durlng minor cycles E6, E7,
E8 and E9. ' ‘

d. Each of the Busy F11p/F10ps 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 X00X,, for the major cycle

allocated to the associated Processor State. This
clear input shall also clear the approprlate Busy
Flip/Flop when 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 switch

controlled as descr1bed in 3.10.3.18 and 3.10.4.27.

Each of the Busy F11p/F10ps for Processor States

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

0 and 4 shall be provided with clear inputs which
shall be enabled by the clear state of the appropriate
Active Flip/Flop when the execution 6f CIO1 and CIO2
Micro-commands on the part of the associated Processor
State results in the suppression of the Pp Register as
described in 3.8.12.5.

Ea¢h of the Busy Flip/Flops for Processor States :
1, 2, and 3 shall be provided with clear inputs which
shall be enabled when the execution of CI01 and CIO2
Micro-commands on the part of the associated Processor
State results -in the suppresbion of the Pp Register

as descrlbed in 3.8.12.

‘_e, The inputs from the ALU to the bit position in the

- right-most byte of the B/A Register (Active Flip/Flops)
, shall be under Micro- 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 clear inputs
. for Processor Run and Step/Stop operations which shall
'be Console switch controlled as descr1bed in 3 10 3.18
’ through 3.10.3.20.

Real Time Clock (RTC)

The contents .of this register shall be incremented by one
under hardware control every 1.6384 m/s. Each increment

,operation shall be syuchronous to the extent that it shall
‘occur only during minor cycle E7.

R The contents of this reglster may be read but not written

under Micro-command control. Attempts to write this
register by means of Micro-command control shall result

‘in no operation, (other than the clocking of the Pp Register

for Blockpoint purposes). Upon completlon of the power-on

- sequence the contents of this register shall begin incremen-

ting from an unpredlctable initial count, not affected by
System Reset.

- For every tenth increment operation performed on the contents

of the RTC Register a set input shall be provided to the
Busy Flip/Flop for Processor State 4. This set input shall
be conditioned by the Console Executlve Disable control
described in 3.10.4.26 and the sequence described in

'3,10.2.4 relative to Autoload and System Reset.

The set outputs of the 16 bit pos1t10ns of the RTC Register
"shall be available for selection as”inputs to the Console

Data Register Display indicators as described in 3.10.3.7.
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‘Tie-Breaker (T)

This 16- blt common resource register contained u1th1n
the Extended Register File, Group II shall be under
Micro-command control only. 4

Parity Error (PE):

The contents of this 16-bit register shall be under
Micro-command control for read but not write references.

Attempts to write this register under !licro-command

~control shall result in no operation (other than the

clocking of the Pp Register for Blocknoint purnoses).

Hardware control of this register shall be such that,

in the event of detected addres=1ng or data errors associated
with Main Storage references, -the contents of this

register shall provide the Physxcal ifain Storage -

address of the last such error to occur. '

The input to this 16-bit register shall consist of a

tfain Storage 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 or more of the conditions described by items d through .
f have been 51mu1taneously met.

-a. Minor cycle E7 of any major cycle in which a ain

Storage reference is performed, and

b. The state of the Console control described in

3.10.4.16 is such that Storage Parity is not
- disabled, and

c. The address to which the l!ain Storage reference is

- - performed is not 'Out of Bounds" as determined by

either the Basic Storage Protection Feature or the
Relocation and Protection Feature, and

d. The address to which. the !Main Storage reference
is performed is not physically present in the Svstem,A
(Out of Range), or.

~e. The Main Storage reference cycle is a read operation

in the.absence of the ECC Feature, and invalid
parity is detected in either the left- most or right-
most data byte, or

f. The Maln Storage reference cycle is a read 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‘pesitions of the PE Register

“shall be available for selection as.inputs to the Console

Address Register Dlsplay indicators -as described in
3. 10 3.4, ,

NOTE: The address clocked 1nto the PE Register shall
always be a Physical Main Storage Address regardless of
the absence or presence of the Relocation and Protection
Feature and regardless 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 Main Storage Address at which the error occurred

-as prev1ously deflned in items. a through f£.

Control (C)

This 16-bit register 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.

fol 1f 2} 3] of 1] 2 3j of 1] 2[ 3 4] 5] 6 7

'ENACLE INVOKE | = 'CONSECUTIVE
PRIORITY PRIORITY - CYCLE ENABLE

' The contents of this register shall be under Mic.o-command
~control for the purpose of performing read and write

operations from the ALU.

In addition, the set outputs of the 16-bit positions of
this register shall be interpreted by the Timing/Control
section of the CPU for the purpose of providing Priority
and Consecutive Cycle WOdes of operation for the associated
Processor States. ,

a. The Invoke Priority 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. Processor 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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The Enable Priority‘outputs of the C Register shall
be conditioned at the input to the Resource Allocation

Network by the apnropriate set state outnuts of the

B/A Register and the appropriate Priority signals
supplied by the Extended Recister File, Groun II1

controls as described in 3. 2.4.11. Processor States for
which these signals are coincident after resynchronization
shall have the potential for disproportionately greater
use of the common resources. See 3.9.

At the beginning of each major cycle allocated to

- Processor States 0 through 7, the appropriate Con:ecdtile
Cycle Enable shall be taken from the C Register set state

output and stored in a single common resuv.vce Flin/Flop
in the Timing/Control section. This Consecur..=» T--le
Enable Flip/Flop shall be used in its set state to
provide hardware control such that the Resource
Allocation Network shall be canable of schedulinz the

‘next successive major cycle for the same Processor.

State as the current major cycle.

hlthout respect to Priority liode, the Consecutive

Cycle Enable shall nrovide the means for one of the
Processor States 0 through 7 to utilize consecutive
major cycles in the absence of resource utilization
requests on the part of all other Processor States.

With respect to Priority Mode, the Consecutive Cycle
Enable shall provide the means for one of the Processor
States 0 through 3 to utilize consecutive major

cycles in spite of the pnresence of resource utilization
requests on the part of Processor States 4 throuch 7 .
or any other Processor State 0 through 3 of IOWer
urlorlty

See 3.9 for a further description of Priority ‘lode,
Consecutive Cycle Hode and their inter- dependencxes.

3.2.3.6 Prlvxleged Mode (PM)

This 16-bit common resource regxster contalned w1th1n
the Extended Register File, Group II shall be under
chro conmand control only. . :
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Boundary Crossing (BC)

‘This 16-bit register shall be under chro command control

for read and write references from the ALU.

The set state outputs from the 9 right-most bit n051t10ns

.shall be 1nterpreted under hardware control durlna the

execution of ilicro-commands in Boundary Crossing !ode.
The general fornat for the BC Register is descrlbed

in 3.2.

The set outruts of the 16 bit positions of the BC Register
shall be available for selection as innuts to the Console
Data Register Display 1nd1cators as descrlbed in 3.10.3.7.

During the execution of Micro-commands Derforned in
Boundar» Crossing Mode, the contents of the BC Register:
shall narticipate as £011lows:

a. The Basic Register File shall be addressed for the
Processor State designated by the BC Register,
(Bits -08 through 10), at the register nunmber resultlng
-from the "inclusive or" of the BC designated register and
the Micro-command designated register, (Blts 11 through
15), provided both the BC Register, (Blt 07 clear), -
and the associated lMicro- command; (Bits 06 and 07
clear) designate the Ba<1c Reglster 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 sl 11
be set and bits 11 throuch 14 shall be clear within the
BC Register to effect the selection of a register within
this group, Bits 08 through 10 designating Processor statel.

c. The Extended Register File, Group II shall be addressed,
independently of Processor State designators, at the
register number resulting from the '"inclusive or" of
.the BC designated register and the Micro-command
designated register, (Bits 12 throuch 15), provided
the BC Register specifies the Extended Register .File,
(Bit 07 set), and both the BC Register and the Micro-
‘command designators, (Bit 11 clear), specify Group II.
“hen unassigned registers within this groun (C, D, E, )
-and ‘F) are referenced for read operations, zeroes shall
be supplied. No operation shall occur when un3551gned
registers within thls group are referenced for write
operatxons._. ,
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d. The Extended Rerister File, Group III shall be addressed
for the Processor State, 0 through 3, performing the
operation at the register number resulting fron the
"inclusive or" of the BC designated recister and the
Micro-command designated register, {(Bits 12 through 15),
provided the Micro-command deSLgnatorq specify this @ .
Group, (Bit 06, 07, and 11 set). The 3C Register does
not wartlcxoate for this operation in bit positions
07 throu"h 11 and the term ”Boundary L‘0551ng Hode"
becomes sorewhat of a misnomar.

Boundary Crossing operations not described in items a
through d shall be undefined. Moreover, w~ite references
which address the BC Register in Brundary Cross..

. Mode shall not be hardware supportrd and may result
in machlne rnalfunction.

Control Storage Scan (CSS);

The contents of this 16-bit register shall be under Micro-
command control for read and write orerations. However, all
Micro-commands,with the exception of ROM,which address the.
CSS Register for the purpose of performing write orerations
shall result in clearing it. The RO! Micro-command shall
clock the output from-Control Store prorer into the CSS
Register in a J-X fashion, i.e. for each bit nosition having
a set data input the clock shall cause the associated
Flip/Flop 'to assume the set state when previously clear or
the clear state when previously set; for each Flin/Flop
having a clear data .innut the clock shall have no effect

on the state of the associated Flip/Flop. The data inputs-
to the CSZ Register in the bit 09 and 10 positions shall be
confined’ by hardware means to the clear state.

The ‘CSS Register shall be hardware controlled for clearqu
and clocking purposes during Control Storage Read fOperations
performed by means of the Console controls as described in
3.10.3.11. Moreover, the set outputs of the CSS Register

in all bit positions except 09 and 10 shall be hardware
translated for the purpose of detecting invalid longitudinal

 parity as required by Console 1n1txated operations descrlbed

in 3.10,.3.11.

The set outputs of the 16 bit positions of ‘the CSS Register

shall be available for selection. as inputs to the .Console
Data Regxster Display 1nd1cators as descrlbed in 3. 10 3.7..
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| 3;.2.3.9 Console Address (CA)

This 16- bit regisier shall be under Micro-program control
for the purpose of performing read and write operations
from the ALU.

" Each of the 16-bit. positions of the CA Register shall be
provided with a set input under Console control as
described in.3.10.3.2.

Each of the 16 bit positionsof the CA Reglster 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 contraol
in conjunction with the set and clear inputs available -to
-"the Console controls, allowances for switch contact bounce
must be made in or by means of the Micro- command t1m1ng

‘sequences as required. ‘

3.2.3.10 Console Data (CD)

This 16-bit register shall be under Micro-program control
for the purpose of performing read and write operations
from the ALU. :

Each of. the 16 bit positions of the CD Register shall be
_prov1ded with a set input under Console control as
described in 3.10.3.5.

Each of the 16 bit positions of the CD Reg1stef shall be
provided with a, clear input under 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 availablie for selection as inputs to the Console
~ 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 must be made in or by means of the M1cro-
command t1m1ng sequences as requxred
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Extended Register File, Group. III

The registers which make up this grour are architecturally
a part of the Register File but nhy51ca11y 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 provxﬁ
varied Micro-command. and hardware controlled functions :.
described by the appropriate documents listed in 2.1.

The common resources within the CPU shall provide the address,
data and control signal allowances recuired for implementation
of the Extended Register File, Group III as descrlbed herein.
All signals for which the designated abbreviations are .
preceded by a plus (+) sign shall be active per the associated
descrlptlons when in the logical 1 (high) state. All sigcnals
for which the designated abbreviations are preceded by a

~minus {-) sign shall be active per the associated descrlntlons

when in the 1og1ca1 0 (low) state.

All signals originating within the CPU. for. the purpose of
providing register address, data and control informatioan

to the Extended Register File, Group III,shall be capable
of fanout to ten unit loads of the TTL1 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 51nwle'

set of signals to be shared by the 4 Processor States, 0

‘through 3, such that no more than two unit loads of the TTL1l.

Family shall be required by any one Processor State for
any one CPU output signal.

All signals received by the CPU for the purpose of obtaining

data and control information from the Extended Register
File, Group III, shall not be reouxred, on the part of the
CPU, to provide " fanout - capabilities in excess of two unmit
loads of the TTL1 Family. All such data and control signals
shall be independently generated by each of the four ’ :
Processor States, 0 through 3, and shall be individually

" received and selected w1th1n the CPU on a Processor Staue

3.2.4.1

b351s.

Execute

These 4 controi signals from the CPU shall be abbreviated
+EXCT-0 through +EXCT-3 and shall individually " correspond to

‘ Processor States 0 through 3.
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These 81gnals shall nrov1de the means for condatlonhnq
‘the interpretation of the: Termaining outputiisienals from
the CPU (with the exception of the: System Reset I/0D
signal described in '3.2.4.6), whick shall be shared by
Processor States 0 through 3 in .accomplishing the  imple-
mentatlon of the Extended Peglster T31163, Groun III fac111f1es
The apnroprlate Execute. s1qnal shall’ be act1Ve durlnq eacb
major cycle allocated to Protessor .States. 0. through: 3
except during minor cycles E8 and E9 assoc1ated with
Consegcutive. .Cycle operations. . .
For t1m1ng relatlonshlns, see Flﬂure 7

Extended Reglster Vurber

These 4 register address s1gnals frono the CPU shall be
abbreviated +ERNG3-00 through +ER¥.G3-03 and shall '
représent-a register number for ‘hich +ERMG3-00r 'shall: be
the 1eft -most blt and +EPNG3-03 shall be the rlght -most bkf .
¢ U o thvourr 3
These signal: shall be shared by Processer Sta&és 0 Rhrour? - 3
and shall provide the means for srecifyinga ?@qﬂStér number
(1 of 16) as:designated under Fotrmat 1 Micro-command ' .
control actordlng to the descrintions in 3.2.3.7, item-d&4C

TIEs |

and ‘3.8.1.1,
respec&dvely.

item c, for Boundary Crossing:-and Norhal Modes

The= +ERN.G3-00° throuoh

+ERNG3-053" signalsst:

ER

x

shall COrre;pond to bit positions’ 12
of the Mlcro conmand and BC Reclster

For tlmlng relatlonshlns, see Flgure_

throeugh 15, resnectlvely,
‘ormats.

7.

Extended Reglster Out ‘

L L R s
TheSe 16 data signals from the €PU shali be abbrevxated
+ERO~00+ throuch #ER0-15 and‘'shall renresent theidata 21:1!
output from the ALU. Faniin' Network fir Which®+ERD=00'8hall
be the left-most bit and +ER0-15 shall be the right-most
bit,

t rreu i
These signals shall be shared by Processor States 0- threbich 3
and shall previde the neans for transferring datar from the:
ALUv to: the:Extended Register File, Group III under Format 1
MlCTO command control. _

== It ey EY T o -

For t1m1ng relatlonshlps see Figure 7.

3
&
E
H

é
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3.2.4.4 Extended Register Write

This single control signal from ‘the CPU shall be abbreviated
+ERFG3WR and shall indicate. the execution of each Format 1
‘Micro-command designating the Extended Register File, Group
III,for the purpose of performing a write reference.

This write control signal shall be shared by Processor Statss

0 through 3 and shall be active during all minor cyvcles in

which an AND, CLR, EOR, IOR, SDB, SDVW, STA or ST3 Micro-

command is executed for which the Extended Register File

is designated according to 3.2.3.7, item d and 3.8.1.1, itez

for Boundary Crossing and Normal Modes, resvertively. However,

C,

~in the case of SDB and SDV !licro- cownands, translateuw . °7

to minor cycle E5 during major cycles in which Main Storaze

_or Register Option read references are nerformed, this

' 3.2.4.5

signal shall not as&ume the active state until minor cvcle Es.
For timing relatlonshlps see Flﬂure 7.

Clocks

These five control signals from the CPU shall be abbreviated
+CLOCK-00, +CLOCK-20, +CLOCK-40, +CLOCX-60 and +CLOCX-80 and
shall prov1de the means for establlshlng flve unique- nhase
times during every minor cycle. .

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 duration of the minor cycle as designated by their

-aforementioned abbreviations. Thus, the leading edge of

+CLOCK-00 shall occur at. the beginning of each minor cycle,
+CLOCK-29 shall occur after 20% of each minor cvcle has
expired, +CLOCK-40 shall occur after 40% of each minor
cycle has expired, etc. After the leading edge, é¢ach
clock signal shall remain active for an interval equal

to 30% of the minor cycle duration, subject to variations

of +5% of the ninor cycle duration.

3.2.4.6

System Reset I/0

This single control signal from the CPU shall be abbreviated
+*SR -10 and shall provide the means for establishing initial
operating states ‘for control . and data mechanisms .as. required-

nw1th1n the Extended Register File, Group III fac111t1es

Bavm
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~This control line shall assume the active state until the -
~completion of each power-on sequence, during the initialization
of each Reset/Load sequence provided the Console is not in
Maintenance Mode, during the initialization of each Auto-load
sequence and during the depression 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/0 signal and shall remain inactive for a minimum
of 300 n/s after the System Reset I/0 signal has changed from
the active to the inactive state. Once active, the System
Reset I/0 signal shall remain active for a minimum of 2 u/s.

All'output signals from the CPU shall be inactive durlng
the occurrence of the System Reset I/0 with the exceptlon
' of the Clock signals descrlbed in 3.2.4.5. -

3.2.4.7 Extended Reglster In

These 64 data signals to the CPU shall be divided into 4
sets of 16 parallel signals each, with each set correspondlng
to one of the Processor States 0 through 3. The set
associated with Processor State 0 shall be abbreviated
.+ERI0-00 through +ERI0O-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 and third numerics shall correspond to the bit
position (00, left-most through 15, right-most) within each
set. These input signals shall prov1de the means for per-
- forming data transfers from the Extended Register File,
Group III to the ALU under Format 1 Micro-command :ontrol.

During all major cycles allocated 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 the Extended - :
-Register File, Group III designated according to 3.2.3.7,
Item d and 3.8.1.1, Item c for Boundary Crossing and
Normal Modes, respectively.

_ ~ For timing requirements, see Figure 7.

3.2.4.8 Extended Register Read ‘
This single control signal from the CPU. shall be abbrev1ated
+ERFG3RD and shall indicate thé execution of each Formal 1

Micro-command designating the Extended Register File, Group
III for the purpose of performing a read reference.

“Form 4002-24
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‘This read control sicnal shall be shared by Processor

States 0 througch 3 and shall be active during all minor
cycles in which a CLA, LAB, LAW, LAW\, LBL, LBW, LB\,

"LDB, LD¥, or LDW\ Micro-command is executed for which

3.2.4.9

the Extended Register File is designated according to
3.2.3.7, item d and 3.8.1.1, item ¢, for Boundary
Crossing and Norral fodes, respectively.

For timing relaiionships, see Figure 7.
Request

These 4 control signals to the CPU shall be abbreviated
-REQ-0 through -REQ-3, individually corres. ~nding to

~ Processor States 0 through 3. These signals :“ali provide

the means for accomnllshlno resource utilizatio. ‘e“uests
as originated on-a Processor State 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 B/A Fegister
as described in 3.2.3.1, item c. These set innuts shall

be resynchronized to the extent that they shall be disabled
durlng minor cycles E6, E7,E8, and E9.

_When the associated Processor State, 0 throuch 3, réquires

a major cycle, the apnropriate Request signal shall be
active until a major cycle is allocated as indicated by

. the active state of ‘the associated Execute signal descrlbed

3.2.4.10

in 3.2.4.1. VYhen the corresponding Request and Execute
signals are simultaneously active, the allocation-of an .~
additional major cycle for the associated Prccessor State
shall denend on the timing of their simultaneity with
respect to resynchronization of the B/A Register as
described in 3.9 and Micro-command control effecting the
contents of the B/A Register during the current major
cycle as established by firmware conventions for each
of the Processor States, 1] throueh 3.

Attention

These 3 control signals to the CPU shall be abbrev1ated
-ATTN-1, -ATTN-2 and -ATTN-3 corresponding to Processor
States 1 2, and 3,respectively. These signals shali rrovide
an addltlonal means for accomplishing resource utilization
requests as originated on a Processor State basis within

‘the Extended Register File, Groun IIT control loglc for

Processor States 1, 2, and 3

Pork ACORRA -
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These control signals shall be accommodated at the set
inputs of the associated Busy Flip/Flops in the B/A
Register as described in 3.2,3.1, item c. These set ‘innuts
-shall be resynchronized to the extent that they shall be
‘disabled during minor cycles E6, E7, E8, and E9.

When the associated Processor 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 only when the corresponding Active Flin/
Flop is in the cleared state as described in 3.2.3.1,
"item c) until a major cycle is allocated as indicated by
the active state of the associated Execute signal
described in - 3.2.4.1. ‘hen the corresponding Attention
and Execute signals are simultaneously 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 derend on the timing .
of their simultaniety with respect to resynchronization

of the B/A Register as described in 3.9 and iicro-command
control affecting the contents of the B/A Register during
the current major cycle as established by firmvare conven-
tions for each of the Processor States, .0 throuch 3.

3.2.4.11 Priority

These 4 con:rol signals to the CPU shall be abbreviated
+PRI-0 through +PRI-3, individually corresponding to
Processor States 0 through 3. These sigrnals shall provide -
the means for accomplishing disproportionately greater

use of the common resources on the part of Processu. Statés.
0 through 3 by means of establishing Priority Modes of opner-
ation on their behalf. These signals shall be originated
on a Processor State basis within the Extended Register
File Group III control logic but shall be individually
conditioned under Mi¢ro-command control only, by means of
the associated Enable Priority Flip/Flops in the C

Register as described in 3.2.3.5, item b.

The active state of these Priority signals shall be effective
only when the associated Processor State has both its Busy

. and Enable Priority Flin/Flops in the set state. The
coincidence of these conditions shall be resynchronized
for each Processor State 0 tarough 3, at the inputs to
the Resource Allocation Network as described in 3.9.

 Form 400224
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End of Transfer

These 4 control 51gnals to the CPU shall be abbreviated
-EOT-0 throuOh‘ -EOT-3, individually corresponding to
Processor States 0 through 3. In the active state, these
signals shall provide the means for accomplishing an I/9

. Exit during the execution of CIO1 and CIO2 !ficro-commands

as described in 3.8.12.5. These signals shall be
originated on a Processor State basis within the Extended
Reglster Flle, Group IIT control logic.

- During each major cycle allocated to Prc-essor States

352.4.13

0 through 3, the state of the associated k.1 of Transfer
signal must be stable during, and for 200 n/. ,rtior to,
the execution of CIO1 and CIO2 icro-commands 1.. ~rder
to obtain predictable results. "hen the associated
signal is not synchronous to the extent just described,
the execution of CIOl and CIO2 ngro commands may result
in machine nmalfunction.

I/0 Exit

This single control signal from the CPU shall be abbréviatAd

+I0EXIT and shall be shared by Processor States 0 through 3

This output control signal shall be active during the:
execution of CIO1 or CIO2 Micro-commands only, under the
conditions described in 3.8.12. S.

~For t1m1ng relatlonships, see Figure 7.

Ferss 400224
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Regisfer Option

The Register Option shall be functlonally d1v1ded into
four parts as related to the following 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 Storage

Protection Feature shall be mutually exclusive.

The registers and networks within each of these features
shall provide the neans for accomplishing the associated
operations as described in 3.3.1 through 3.3.4. The
majority of these operations shall be under hardwvare
control as specified herein and shall be accomnlished
dynamically as reauired. '‘hen registers within these
features nust be referenced under 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 Storace references. Register Optlon
references under Micro-command control shall be
differentiated from Main Storage references as described
in 3.8.5.1. Register Ontion read references shall be
differentiated from write references under Micro-command
control in the same manner as for Main Storage references

~as described in 3.8.5.2.

(5)=

Durlhg all Register Option references, the contents of the
S Register in the ALU section of the CPU shall designate
the register number acccrdlng to the following format:

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

={ NOT USED FEATURE STATE | - REGISTER ]

a. Bits 00 through 03 shall not be used but shall be
referred to as being in the clear state for the purpose
of 16-bi: hexadecimal notation.

b. Bits 04 through 07 shall specify the feature, or register
set within a feature, according to the followlng
hexadecimal notation.

0: Relocation and Protection Feétute\iSegment Tag File

1: Relocation and Protection Feature :Protect Matrix

2: Relocation and Protectlon Feature : Segment Relocation
Table ' _ I

ferm 400280 .
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: Relocation and Protection Feature' Address Jode

3
Register.
4: Relocation and Protectlon Feature: Parity Error Taa
Register
S5: Basic Storage Protection Feature Bounds Reglsters
6: Job Accountlng Feature' Job Accounting Registers

: Not Used.

8/9: ECC Feature: Main Storage Data Reglster
A/B: ECC Feature: Log Reglster

C/D: ECC Feature: Generated Check Bits

E/F: -ECC Feature: Read Check Bits

Bits 08 through 10 shall specify a Pr.-essor State
when referencing the Segment Tag File, v ~ Protection
{atrix, the Bounds PRegisters uand the Job A. ~unting
Registers. For all other Register Optien rer.rences
these bits shall be unused but shall be referred to
as being in the clear state for the purpose of 16-bit
hexadecimal notation.

Bits 11 through 15 shall specify a register number

(1 of 32) when referencing the Segment Tag File.

Bits 11 through 14 shall specify a double- “word

register number when referencing the Segment Relocation
Table with bit 15 specifying the left-most word when

in the. clear state and the rlght 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 Restriction bits and in

the set state shall specify the Read Restriction bits

when referencing the Protection Matrix. For all cases

just described in which bits 11 through 14 are unused,

and for all cases in which bits 11 through 15 are unused,
they shall be referred to as being in the clear state

for the purpose. of hexadec1mal notation. .

Farm 400208
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Relocation and Protectlon Feature

The Relocation and Protection featurevshall expand the
Main Storage Address capabilities of the 7300 Processor.

- from 65,536 bvtes to 1,048,576 bytes. In addition, this

feature shall provide the facilities for dynamically

- performing Main Storage Address relocation and Main

Storage protection on a Processor State basis.

a.

The expansion of Main Storage Addresses shall be
accomplished for Processor States 0 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 256 16-bit registers
comprising the Basic Register File within the CPU.

~The 20 bit Main Storage Address thus provided shall

be referred to as the System Address.

Address expansion shall be accomnllshed 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 during each Main Storage

reference for which a Main Storage Parity: Error
Trar occurs.

For purposes of performing relocation and protectlon,‘

- 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 D1sp1acement.
This 16-bit Displacement shall be further divided,

into bytes, such that the left-most 8-bits shall be
referred to as a Page Displacement and the right-most
8-bits shall be referred to as a Byte Dlsplacement

The Byte Displacement shall not particivate in Main
Storage Address relocation and Main Storage protection
operations. . ' ‘

Relocation shall be performed on a Main Storage page
basis for which each page shall consist of 256 bytes.
(Thus, Physical Main Storage Addresses shall be

capable of expressing. 4096 pages). Relocation shall be
accompllshed through the implementation.of a Segment
Relocation Table containing 16-24-bit entries in a 32-
bit format for which 8 bits shall be defined as being
in the clear state. The 4-bit Segment Tag portion of
the 20-bit System Address described in item a, 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.elocation Table.
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~Segment Tags
1259 Segment Tag Registers shall be provided by the

Relocation and Protection Feature, not including the
4-bit, left-most extension to the S Register which
shall be under Load S Micro-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 correspondence 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 performed,
the Segment Tag File shall be addressed by Format 1
Micro-commands identically to the Basic ReglsterlFlle

as described in 3.8.1.1, item c. Moreover, Format 1
Micro-commands shall be implicitly capable of performing
Register File read and write references in which the
Segnent Tag File shall participate . as described in
- 3.8.5.1and 3.8.5.7. Likewise, all Format 1 Micro-
commands which perform write references to the Basic
Register 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 Micro-command execution for the
associated major cycle begins at Control Storage Addressv
XOOXIG, (RNI), or when immediately preceded by an IDX
Micro-command ‘as described in 3.8.5.7. .

. During each major cycle for which a Register Option

" reference is performed, the Segment Tag File shall
be addressed according to -the contents of the right-
most 16 bits of the S Reglster u51ng the follow1ng
hexadecimal notatlon

Processor State Register Numbers
0 0000 - OO1F
. | © 0020 - 003F
2 0040 - OOSF
3 - 0060 - .007F
4 0080 - 009F
S - .00A0 - O0OBF
-6 00C0 - OODF
7 - OOFF

00E0
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With respect to 16-bit data paths, Reglster Ontlon
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 p051t10ns, Segment Tag data to the right-most

4 bit positions.

The CA and CDSegment Tag Registers shall be subject to

“Console controls to the extert described in 3.10.3. 2

and 3.10.3.5, respectively.

Implicit Micro-command control of these Segment Tag

‘registers s>all be limited to the extent reguired

for implementu,'~n of the Console Operations described
in 3.,10.3.11, ite.. - d, £, and g, and shall not
1nclude 1ncrememtal Cdpabllltles.»

The means for performing Register Option referehces
under Micro-command control shall not be provided for the.
CA and CD Segment Tag Registers.

The PE Segment Tag Register shall operate identically
to the PE Register described in 3.2.3.4 with respect

. to Micro-command controlled write references and all

hardware controls.

‘The PE Segment Tag Register shall be read under Micro-

command control only by means of Register Option read
references for which the right-most 16 bits of the S
Register are equal to 040036. 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, Segnment
Tag data in the right-most 4 bit positions.
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3.3.1.2 Segment Relocatmn Table
The Segment Relocation Table shall consist of 16 24-bit
reglsters formatted as 32-bit double-words as follows
000 102 Jo3l04——07ps ——15 00——03]04 —ig
ViPlU}L Q 0.0 0] MAXIMUM PAGE |0 0 0 O »RELOCATIONvCONSTANT
e [{ORD 0 ——— >1& WORD 1 ———————
For the purpose of performing dynamic Main Storage Address
relocation and Main Storage protection on a segment/page
basis, the Segment Relocation Table shall be addressed and
its Maximum Page (Word 0, bits 08 through 15) and Relocation .
Constant (Word 1, bits 04 through 15) fields shall be
utilized as shown in the following diagram.
SYSTFH ADDRESS
'SEGMENT o o
TAG .. DISPLACEMENT
—® 4 BITS _PAGE BYTE }16 BITS
L ' _ | )
SEGMENT RELOCATION TARLE r_______."__ - : :
| 0o b | l
| | 1 I
I i ' |
- } i i
I A |
! ! I ot |
‘ L P 4 a | |
e A pper Pagej !
f- g No. Check ! : _ :
, T _ | ]
. SEGMENT TéBLE ENTRY RELOCATIOV CONSTANT ! ‘
L......;___‘._.......-.-..;  PAGE 12 BITS
i I
5 L
1 ! N
| 12-BIT I |
g SUM | |
- v |
f N |

" PAGE

STORAGE ADDRESS

BYTE

20 BITS
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For the purpose of performing Main Storage Address reloca-
tion and Main Storage protectlon on a segment/page basis,

the contents of each entry in the Segment Relocatlon Table
shall be specifically utilized as follaws:

When the "V" designator (Word 0, Bit 00; va11d1ty) is in theb
cleared state or when the 'Maximum Page'" field (Word 0,
Bits 08 through 15) is exceeded in value (unsigned) by the

~ Page Displacément portion of the System Address, a Main

Storage Addressing violation shall be detected.

The Relocation Constant (Word 1, Bits 04 through 15) shall
be added in 2's complement to the Page Disnlacement portion
of the System Address to provide the left-most 12 bits of
the Physical Address. (With respect to the 12-bit .
Relocation Consi.~+, thePage Displacement shallbe alied
right-justif&ed ‘Wi 7eroes extendec).

The '"P", "U", and "L" des1gnators (Yord 0, bits 01 throuch
03) . along w1th the two fields of zeroes (Nord 0, Bits-
04 .through 07 and Word 1, Bits 00 through 03) shall be

-unused.

For the purpose of performing 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 the following hexadecimal notation:

SEGMENT RELOCATION TABLE REGISTER. NUMBER
Double Word Entry : . Word 0 / Word 1
0 ' 0200 / 0201
1 0202 /0203
2 0204 / 0205
3 0206 / 0207
4 0208 / 0209
5 -020A° / 020B
6 020C - / 020D
7 020E / 020F
8 0210- / 0211
9 0212 ./ 0213
A 0214 ./ 0215
B 0216 / 0217
C 0218 / 0219
D “021A / 021B
E 021C '/ 021D
F 021E / 021F

The Segment Relocation Table shall not be phys1ca11y present
in"fields of zeroes'positions (ierd 0, Bit 04 through 07 and
Word 1, Bits 00 through 03) and Reglster Option write ref-
erences which transfer non-zero values to these bit positiong
within the Segment Relocation Table shall have no effect on

- these fields. Likewise, zeroes shall always be obtained

for these fields when Register Option read references .are

 performed from .the Segment Relocat1on Table.
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3.3.1.3 Protection Matrix

The Protection Matrix shall consist of 16 16-bit registers
and shall provide the means for performing dynamic Main
Storage Protection with respect to privacy (read rastrictions)
and integrity (write restrictions). This shall be achieved
on the basis of individual Processor States, 0 through 7,
having individual read and write restrictions for each of

the Main Storage segments as defined.by the Segment Tag
(designating a segment number) portion of the System Address.

a.  When Main Storage references are performed on the part of
Processor States 0 through 7, and the read or write nature
of the references to the designated segment are restricted-
by the set state of the corresponding bit in the Protection
matrix, a Main Storage Addressing violation shall be

. detected. S ' ‘

The functional arrangement of the restriction bits
within the Protection Matrix is shown in the following
diagram for which segment numbers of 0 through F in
hexadecimal neotation correspond to bit positions 00
through 15, respectively, in each of these 16 Processor
State related registers. = .

SEGMENT NUMBER

, 0,1y2 13143516, 7]81(9]10 1Yy 1213 14 15
Write Restriction g ’ L i : !
'z I
‘Processor No. :g -t - T ——
= Lo ;e
T .
6 !
. _ 7 _ 4
Read Restriction - . : — 1
. 11 i b ' Y SR R
2 i N —_ .
_ o 3 I r
Processor No. 4 — ]
: :
6 s
7
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‘b. For the purpose of performlng Reglster Option refererc=s
under Micro-command Control, the Protection Matrix '
shall be addressed by the rlght most 16 bits of the S

- 'Register accordlng to the follow1ng hexadec1mal notation.

‘Processor State , - Register Number
- Wr1te Rest‘lcrlon/Read Restrlctlov
0100/0101 . .
- 0120/0121
-0140/0141
0:160/0161
0180/0181
01A0/01A1
01C0/01C1
01E0/01E1

NOUNTHAREWNN=RO

3.3.1.4 Address-Mode Reglster

- The Address- bodu Reg1ster shall CJ”S’S‘ of 16- bltS and shall
. provide the means for conditionin~ d-natic relocation and
- protection operations on a Processqr State basis.

The Address-Mode Régisterlshali ccntain an "R' designator
bit for each Processor State, 0 through 7, in the left-most
byte and a "D" designator bit for each Processor State,

0 through 7, in the right-most bfte in the followxng format
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

of 1| 2| 3| af s| 6| 7] of 1| 2| 3| 4 s| 6| 7

"R" Designators - "D Designators

During each Main Storage reference on the part of Processcr
States 0 through 7 the appropriate "R and "D'" designators

shall be hardware interpreted for the assoc1at°d Processor

States as follows:

a.  When the "R" designator is clear, neither relocation
nor protection shall be perforred. The 20-bit Syster
“Main Storage Address shall be used directly as the
Physical 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, dynanic Main Storage Address 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 clear

for the associated Segment Relccation Table entry in o
which case a hardware tran se~uence shall be performed .

and Main Storage wrxte operat1ons shall be dlsabled

Ferm 4002-8A
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c. When the "R" and "D'" designators are both set, dvnamic
Main Storage Address relocation shall occur and the
detection of any Main Storage Address violations shall
result in a hardware ‘trap sequence with Main Storage
write operations dizabled.

The Address-Véde Register shall be referenced under
Micro-command control only by means of Register
Option references for which the right-most 16-bits
of the S Register are equal to 030016'

The contents of the - Address Yode register shall be -
cleared by Svstem Reset as described 1n 3. 10 3.8.

3.3.2 : Ba51c Storage Protectlon Feature

The Basic Storage Protectlon Feature shall consist of 3 16-.
bit registers, referred to as Bounds Registers, and shall
provide  the means for accompllehlng dynamic Main Storage

- protection, during write references only, on the part of = .
Processor States. 5, 6, and 7. This protection shall be -
provided on the tﬁsls of Main Storage pages consisting of
256 bytes each.

Ca. Each of the 3 Bounds Reglsters ‘associated with Proces$§
] States 5, 6, and 7 shall be formatted as follows: A

00 01 0Z 03 04 05 06 07 08 09 10 11 12 13 14 15

-Upper Bounds - o ~ Lower Bounds l

The Upper Bounds field shall designate a maximum Main .
Storage page number and the Lower Bounds field shall
designate a minimum Main Storage page number.

When the Upper and Lower Bounds fields are equal, Main
Storage write references shall be confined to that Main
Storage page as performed on the part of the associated .
Processor State. When the contents of any Bounds
Register arz equal to FF0014 s Main Storage protection shalk
be discbled for write references performed on the part ‘of
' the associated Processor State. :

b. During each Main Storage write reference, performed on
the part of Processor States 5,6, and 7,.the contents of
the appropriate bounds Reg1ster shall be read. When the
left-most 8 bits (page number) contained in the S :
Register are greater than the associated Upper Bounds
field or less than the Lower Bounds:field, a Main Storage
Addressing violation shall be detected. A Main Storage
Addressing violation thus detected shall result in a
hardware trap sequence (Control Storage Address X0101p):
at the eund 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 Main Storage Addressing violaticn
shall be considered totally under Micro-command control’
beginning at Control Storage Address X010jg.

c. For the purpose of performing Register Option references

under Micro-command control, the Bounds Registers shall

- be addressed by the right- -most 16 bits of the S Register
accordlng to the f0110w1ng hzxadecimal notation:

bProcessor State _ : Reglster Number
5 | j © 05A0°
6 . _ , 05C0
7 _ _— _ 0SEQ

Job Accounting Feature

The Job Accountlng Feature shall consist of 8 32-bit regxstets
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. Dur1ng each major cycle ‘allocated to Processor States

0 through 7, the contents of the appropriate Job
Accounting Regl ter shall be increased by one except
during Register Option refe:ences to the Job Account1ng
Feature itself. ‘

b.. For the purpose of performing Register Option references
~-under Micro-command control, the Job Accounting Registers
shall be addressed by the rlght most 16-bits of the S
Register accordlng to the following hexadecimal

notation:
Job Accounting Register Register'Number
" Processor State Word 0 / Word 1
K I : 0600 / 0601
1 . : 0620 / 0621
2 10640 / 0641
3. 0660 / 0661
4 0680 / 0681
5 06A0 / 06A1
6  06C0 / 06C1
Y A 06E0 / 06El

Farm &O0%-PA
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When the Job Accountlng feature is addressed under Micro-

command control for the purpose of performing Register
Option write references, the entire 32-bit contents (Word 0,

~left-most 16-bits and Werd 1, right-most 16-bits} shall be

cleared within the approprlate Job Accounting Register
regardless of the Word 0/Word 1 designation (Bit 15 of the

S Register) and irrespective of the contents of the D

Register.-

ECC Feature (Register'sét)

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

Register Option read 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
ECC Register Set during Register Option read references
according to the folloW1ng hexadec1ma1 notation.

'ECC 'Register Set . Register Numbers
Main Storage Data Register 0800 or 0900
Log Register , : . 0A00 or 0BOO.
Generated Check Bits : 0C00 or 0DOO

Read Check Bits ' S . O0E00 or O0F00

Poom SPNG B
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‘ The Arithmetic Logic Unit (ALU) shall consist of those
registers and logical networks: requlred for 1mp1ementatlon‘
of the Micro-command repertoire.

3.4.1 Au Register

The Au Register shall consist of 16-bits, designated

00 through 15 from left to right. During operations
with signed magnitudes, the left-riost blt 00, shall be
treated as the 51gn bit p051txon.

a. TheAu Reng»“T shall accommodate the followlng
1nputs'

Register Flle (True and 1's co*wlenent states)
Shift Network (Left-most outrut, 16 bits)

Bit Sense. (1 of 16 code)

D Fan-In Network (True and 1's complement states)

b. The Au Regzster shall provide outputs-to the followineg:

Shift Network (Left-most input, 16 bits)
Bit Sense (Bit multiplex and bxt scan)

- ALU Fan-In Network (Direct)
ALU Fan-In Network (Additively combined with Bu)
'ALU Fan-In Network (Logically combined with Bu)
Compare (Compared with Bu and with zero)

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

The Au Regiéter shall be set by means of the Console
control described in 3.10.4.20, iten 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 descrlbed in

-3.10.3.7.
0 3.4.2 Bu Repgister

The Bu Register shall consist of 16 bits, designated 09
through 15 from left to right. During operations with _
signed magnitudes, the left-most bit, 00, shall be treated °
as the sign bit position. _ _ ‘

'a?_ The Bu pealster shall accown:date the following inputs:

Reglster File (True and 1's com»lement states)
Shift Network (Right-most. outvut, 16 bits)
Bit Sense (Bu Adder) :

. Constant Generator
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b. The Bu'Régi%tef shall provide outputs to thé following:

Shift Network (Right-most input, 16 bltS)

. Bit Sense (Bu Adder)
ALU Fan-In Network (Dlrect)
ALU Fan-In Network (Additively combined with Au)
ALU Fan-In Network (Logically combined with Au)
Conpare (Logically and Algebraically with Au)

The Bu Register shall be cléared'by the occurrence
of a System Reset as described in 3.10.3.8, itenm d.

The Bu Register shall be set-by means of the Cbnsole
control described in 3.10.4.20, item b. = .

The contents of the Bu Register shall be ‘available.
at the Console Data Register Display indicators when
selected by means of the Console Control as de5cr1bed in
3.10.3.7.

Force Carry Qeglster ;

The Force Carry Reglster shall consist of a single Flip/Flep
accommodating set, clear and Link Status Bit inputs under
Micro-command control The outrut - from the Force Carry.
Register shall serve as a carry input to the rxnht mos t
bit, 15, of the Adder descrlbed in 3.4.5.

'The Force.C4rry Reglster shall be cleared by the occurrence

of a System Reset as described in 3.10.3.8, item d.

The Force Carry Register shall not be set, but at the
carry input to the Adder it shall apnear to be in the

-set state during the simultaneous selection of the

Console controls as described 1n 3.10.4.20, item c.

Inner Carry Reglstpr

The Inner Carry Reg1ster shall consist of 4 F11p/Flons with
carry inputs from the Adder only. These inputs from the
Adder shall consist of group carry signals de51gnated

0, 1, 2, and 3 corresponding to carries generated from or
propagated through bits 00, 04, 08 and 12 respectively.
These group carry signals fron the Adder shall be .
transferred (clocked) to the Inner Carry Register durlnv'
the execution of DSUM Mlcro commands as descr1bed in
3.8.4.8.

The outputs from: the Inner Carry Register shall be
‘individually translated within the Constant Generator in
such a way as to provide corresponding nsbl (4-bit group)
inputs to the. Bu Reylster as described for the CORC
MlCTO command in 3.8.7.6.
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Adder

‘The Adder shall consist of an additive network for arith-

metically combining the contents of the Au and Bu Registers.

The Adder shall also accommodate the output of the Force

Carry Register as a carry input to the right-most bit
position, 15.

' The inner carry mechanism within the Adder shall be based

on 4-bit groups providing carry translatlons to the
inputs of the Inner Carry Registe..- LiRewise, the inner

.carry mechanism shall accommodate a disabling input such
- that inter-group carry inputs shall be in the cleared state

only, following the execution of DIZ and CORC Micro-

- commands as descrited in 3.8.7.5 and 3.8.7. 6, respbectively.

"The output of the Adder s.. 1 b2 available to the ALU Fan-In
~ Network for selection during wr ‘ite referénces to the

Register File under Micro-command control.

The output of the Adder 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.

Shift Network

The Shift Network shall prov1de the means for 1molement1n"
the Shift class of Micro-commands described in 3.8.8.

Within two minor»cycles,thé.Shift Network facilities shall

.be capable of selecting a Shift- count performing a 2's

complement of the shift count as Micro-command designated,
and shifting the 32-bit combined- contents of the Au/Bu

. Registers 0 to 1539 places left,end-off, zeroes inserted,
'ALU Status

ALU Statﬁs facilities shall consist of the means for

translating Overflow, Link and Au Register comparison
conditions.

.Overflow

Overflow status shall be transferred to the Su Register,
bit 00 position, by means of SUM and DSUM Micro-commands
as described in 3.8.4.7 and 3.8.4.8, respectively.

Overflow shall be defined as occurrlng whenever the contents
of the Au and Bu Registers have thz same sign, but produce

- at the output of the Adder an orpositely 51gned Sum;

Augg # Sumoo and ‘Sumgg # Bugg.
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Overflow Status thus contalned in the Su Register shall
be transferred to the Basic Register File, bit 00, by

"“means of RNI1 and RNI2 Micro-commands as descrlbed in-

3.8.11.5 and 3 8.11. 6,_respect1ve1y.

“Llnk

Link Status shall be transferred to the Su Reglster bit

01 posxtlon by means of SUM and DSUM Micro-commands as

described in 3.8.4.7 and 3.8.4.8, respectively.

a. Link Status shall be defined as occurring whenever
a carry output exists from bit rosition 00 of the Adder,
provided the left-most byte of the common resource
F Reglster is not equal to 50, 51, 52 or 53 in hexadecimal]
notatlon ‘ :

b. When the left most byte of the common resource F RPegister
- is equal to 50, 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 contalned in the Su Reglster shall
be transferred to the Basic Register File, bit 03, by
means of RNI1 and RNI2 Micro-commands as descrlbed in
3.8.11.5 and 3.8.11.6, respsctively.

NOTE: The carry output fron a partlcular bit position
: may be generated.by that bit poSitioh itself
or generatced anywhere to the right of *'at bit -
~ position provided carry propagation occurs
in all participating blt n051t10ns to the left -
of its generation.

Compare

Compare status relative to the contents of the Au Register

shall be provided within the ALU for the purpose of

performing CMP (3.8.4. 9), CMU (3.8.4.10), SXZ (3.8.10.1),

SKN (3.8.10. 2% SKG (3.8,10.5), SKL (3.8.10.6), SKE (3.8.10. 7)
), FzJ (3. 8 11.3), CIO1l (3.8.12. 5; iten a) »

and CIO2 (3.8.12.5, item b) Micro-commands. :

Each of the follow1ng conditions shall be translated for
the assoc1ated Mlcro commands.

(Au) equal to zero: SKZ, FZJ

(Au) not equal to zero: SKN

(Au)equal to (Bu)}: CMP, CUM, SKE, CIO1
(Au) not equal to (Bu): SKE\, CIO02

"(Au) algebraically greater then (Bu): CMP

(Au) logically greater than (Bu): CMP, CMU, SKG
EAU; algebraically less than (Bu): CMP
Au) logically less than (Bu): CMP, CMU, SKL
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3.4.8  Bit Sense

Bit sense logic within the ALU shall provide the means

- for testing the contents of the Au Register under Micro-

command control relative to the state of an individual
bit position (bit multiplex) 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 Reglster. . :

Au Bit

The output of the Au Regxéter shall be bit multiplexed for -
~the purpose of 1mplem.*f1ng the SKB and SKB\ Micro- conmands
described in 3.8. 10 3 anu +. 2 10.4, respectively.

Au Scan

The output of the Au: Reg1ster shall be scanned and the
scan result encoded for the purpose of implementing the

. Bit Sense class of Micro-commands descrzbed in 3.8.9.

Bu Adder

The Bu Adder shall prov1de the means for adding the result
of the Au scan operation to the contents of the Bu
‘Register. Accordlng to the first bit position sensed in
Au as described in 3.8.9, the following values in .
hexadecimal notation . shall be correspondingly added to

the contents of the Bu Register. A

Au B1t Position Detected . Bu ‘Addend
00 ‘ 0000 -
(13 : : 0001

02 ‘ 0002
03 T o 0003

.04 o : - 0004
05 . 0005
06 - : o 0006
07 © : 0007
08 : v 0008
09 o , v 0009
10 ' 000A
11 ‘ B A _ 000B
12 _ ‘ 000C
13 . : 000D
14 ' o 000E
15 S 000F

None » . 0010
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Constant Generator

The Constant Generator shall prov1de‘1mmedlate operands to
the Bu Register as required by the Immediate Operand class

. of Micro-commands described in 3.8.7 -as well as the Load s

Micro- commands described in 3.8.5.1.
ALU Fan-In Network

The ALU Fan-In Network shall provide the means for selecting
ALU data to be transferred to the Register File under

‘Micro-command control. During major cycles allocated to the

Null State, the ALU Fan-In Network shall provide the means:
for selecting ALU data to be transferred to the Console Data
Register Dlsplav indicators under Console sw1tch control as
descrlbed in 3.10.3.7.

The - output of the ALU Fan-In Vetwork shall selectlvely
provide the follow1ng 4

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

.D Fan-In Network (Byte 0)

D Fan-In Network (Byte 1)

Sum of Au and Bu

Exclusive Or of Au and Bu

Inclusive Or of Au and Bu

Logical Product of Au and Bu

Compare Status of Au and Bu (left- most byte) ..
ALU Status of Overflos and Link (left most byte)
Zeroes

S Register

The 16- bit S Register shall provide the means for addre551ng

- Main Storage and the Register Option.

The input to the S Register shall be prov1ded from the
Register File under-Load S Micro- command control as descrlbed
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 used
for Breakpoint stop operations as described in 3.10.3.13,
item a, -and shall be available to the Console Address
Register Display indicators when selected by means of the
Console control as described in 3.10.3.4. .

In the presence of- the Relocation and Protection’ Fea;ure,-
the S Reglster shall be left- -most extended by 4 blt positions
as descrlbed in 3.3.1.1.
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- 3.4.12

3.4.13

The 16-bit D Register . shall provide the means for transferrlng
data to Main Storage and the Reglster Option. :

The 1nput to the D Reglster 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, (Basic Storage
Protection Feature or Relocation and Protection Feature).
During Main Storage references purforming partial (byte)
write operations under Micro-command control, the output
from the D Register shall be sent to Main Storage such
that the right-most byte shall be duplicated in the left-
most byte position as l-:<cribed in 3.8.5.4.

In addlthD the output of the o Reglsters shall be prov1ded
to .the D Fan-In Network. .

Micro-commands related to the D RegiSter are described 'in
3.8.5 and 3.8.6, including timing constraints.

The D Register shall be cléared by the occurrence of a
System Reset as described in 3.10.3.8, . item d. ’

The D Register shall be set by means 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 Register Display indicators when selected by means of the

Console control as described in 3.10.3.7.

D Fan In Vetwork

 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 Network shall be

provided to the Shift Network for selection as a shift-

count (Bits 12 through 15) and shall be provided to the
Address Table addressing mechanism, in lieu of Su,

for the purpose of executing FRJ Micro-commands (Bits

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 o Control Storage

Control Storage shall be .divided into two functional areas
referred to as Control Storage proper and 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-commands
may perform high speed branch operations for decoding
‘purposes. (See 3.8.11. 2)

All Control Storage references, read and write, which are
performed for purposes not directly related to Micro-
command 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 described

in 3.10.3.11, items h and i, respectively.

'3.5.1 " Su’

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

‘a. During Micro-command exetution, the Su Register shall
have the following format and shall be displayed as such

by the Console Address Register Display indicators when .
selected according to 3.10.3.4. ,

00 01 0203 04 05 06 07 08 09 10 11 12 13 14 15
of L CONTROL STORAGE PROPER, ADDRESS

L—Llnk (See 3 4.7.2)

verflow (See.3.4.7.1)
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b. During Micro-command execution, the Su Register shall
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
0] 0 : CONTROL STORAGE PROPER, ADDRESS

¢. During Control Storage references performed by the Console
~State for the express purpose of reading or writing
Control Storage, i“e Su Register shall have the following
format and Micro-comm. * execution shall be excluded.

loof01]02 03 04 05 06 07 08 v9 10 11 12 13 14 15 |

‘ER| AT
AN

 #ADDRESS TABLE ADDRESS————==

F—CONTROL STORAGE PROPER, ADDRESS————=

-0: Control Storage Proper

| 1: Addréss Tab1e 

“Burst Check Error 1nd1cat10n when set: follow1ng
. the termlnatlon of a Deadstart Sequence.

3.5.2 = Address Constants

Control Storage proper shall be addressed such that Micro-
command execution shall begin, for the appropriate Processor
States and under the des1gnated conditions, at the address
constants as follows: :

a. ‘Control Storage 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 X0007¢ and shall be hardware
generated to the extent described in 3 10.4.18.

b, Control Storage proper shall be referred to as RNI1,
at addresses 0002, 1002, 2002 and 3002 in hexadec1mal‘
notation. These address constants shall be designated
in a combined form as X002j¢ and shall be explicitly
.gegefitgd under Mlcro command control as descrlbed in
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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;¢ and shall be explicitly
.generated ‘under Micro-command control as described in

.8.11.6.

' NOTE: The RNIO, RNI1 and RNIZ addresses shall be hardware

translated 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 transfers
as-described in 3.3.1.1, item a. .

Control Storage'proper shall be referenced during Illegal
Address trap sequences at addresses 0010, 1010, 2010,

and 3010 in hexadecimal notation. These address constants
shall be designated in a combined form as X01036 and
shall be hardware generated as a result of Main Storage
Address violations detected and enabled as described

~in 3.3.1 and 3.3.2.

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;, and shall be hardware generated 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 Errors during
Main Storage read references in the absence of the ECC
Feature as well as the detection of non-correctable
data errors during Main Storage read references in the

-presence of the ECC Feature. The occurrence. of all

hardware controlled trap sequences to addresses X0187g
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 Proucessor
State, further operations relative to the Main Storage
Parity Error shall be considered totally under Micro-
command control.

Control Storage proper shall be referenced during Control
Storage Parity Error trap sequences at addresses 0028,
1028, 2028 and 3028 in hexadecimal notation. These:
address constants shall be designated in a combined form

~as X028;¢4 and shall 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 X028;¢ shall be conditioned by the state
of the Storage Parity Disable switch described in
3.10.4.16. Once this trap sequence has occurred tor the
associatcd Processor State, further operations relative
to the Control Store Parity Error shall be con51dered

[y VL WYY

. under Micro-command control.
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"NOTE: The order of'precedence for the trap sequence shall
‘be: Control 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 violations
are detected as described in 3.3.i and 3.3.2.

For items a through .f in which the left-most 2-bits
of the 14-bit addreéss constants are not specifically
designated, the value of the left-most 2-bits shall
be derived identically to- the manaer described in

3 8.11, item b. !
Trap Sequences, items d, e, and f shall occur on minor
cycle E7 and shall sel ’he Busy Pllp/Flop for the
associated Processor Stave -~ *hrough 7, under hardware
control. Thus, Processor Statcs3’ 0 through 7 may not be
stopped at the end of any major cycle in which such
trap conditions are hardware detected, when the stop
operation is expected to be achieved durlng that

major cycle through the clearing of the associated
Busy Flip/Flop, whether by means of Micro-command
control on the part of the effected Processor State,
or by means of the associated Console controls as
described 1n 3.10.3. 18.

g. Control Storage proper shall be addressed at 0100: 6 for
Console State operations as described in 3 10.3.11, items
a and g. . . ‘

h. Control Storage proper .shall: be addréssed at 0103¢ for
Consolc State operations as described in 3.10.3.1}, items |
b and f. v ens

i. Control Storage proper shall be addressed at 0106j¢4 for
Console State operations as described in 3.10.3.11,
item c. ' .

j; Control Storage proper shall be addressed at 010C 6 for
Console State‘operations as described in 3.10.3.11, i
item d. - '

k. Control Storage proper shall be addressed- at 0112 16 for
Alternate Autoload sequence 1n1tlallzat10n .as descrlbed
in 3. 10 2.4 and 3.10. S

1.: Control Storage proper shall be addressed at 01134¢ for
Primary Autoload 1n1t1alxzatlon ‘as described in 3. 90
and 3.10.2.5. « :
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3.5.3 - Address Table
The Address Table shall consist of a minimum of 256 10-bit
- words. Address Table sizes of 512, 768, and 1024 10-bit
words shall be possible on an optlonal basis.
a. The 256 word Address Table shall be addressed by the
contents of Su as described in 3.5.1, item c, durlng
Console State read and write references not 1nvolv1ng
Micro- command executlon
The 256 word Address Table shall be addressed by the
output of the D Fan-In Network for a minimum of 2 minor
cycles prior to the execution of the FRJ Micro-command
described in 3.8.11.2. Bits 00 through 08 and bit 12
from the D Fan-In Network.shall be encoded from 10 bits
into 8 address bits substituted for the right-most
‘bits from Su as follows:
D FAN-IN l«—————5u SUBSTITUTE TO THE ADDRESS TABLE >
00 through 07 08 | 09 | 10 11 | 12 13 | 14 | 15
2X,3X,AX,BX [ 0 | 0 | DF DFg3 | XB or | XA or | DFyg | DFy, .
g Oy ’ 1 00 03.6. XC-XF | XC-XF | 08‘. ]_Z’,
] o i 7 o
6X, 7X 0 { 1 0 | DFj; | DFgy | DFys *DFOB DFIZ_:i
0X,1X,4X,5X 0 1 1 DFyy | DFgp | DFg3 ; DFgy4  DFye
lsx,gx:cxinx i o 00 | : | VFos |
CEX Y 0 DFgg | DFgg @ DFgg ; ) inpos | DFy, |

Form 4002-24
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.Parity

3.5.4

3.5.6

The data output from the Address Table to the Console Data
Register Display indicators shall be in the followxng format
during Console read operations.

00 01 02 03 04 05 . 06 07 08 09 10 11 12 13 14 15
P[ 0] 0] 0] o] 1] DFgg ADDRESS TABLE DATA

‘The data input to the Address Table from the Console Data

Reglster'shall be in the same format shown above with the
exception of bits 01 through 06 uhxrh shall be unused during
Console write operations.

The data output from the Address Table, transferred to bit
positions 04 through 15 of the > Register during the execu--
tion of FRJ Micro-comdands, shall .. -~spond to the associated
bit positions 04 through 15 also shown .n the above format.

Horizontal parity for the Address Table, durlng both Console
read operations and FRJ Micro-command execution, shall .be
valid when the total number of bits in the set state is odd
for bit positions 00 and 07 through 15 only, i.e. without
respect to the state of bits 01 through 06.

b. The 512 word Address Table is undefined with respect to
-~ address .and data conventions at the present time.

c. The'768 word Address Table is undefined 'with respect to
address and data conventions at the present time.

d.  The 1024 word Address Table is undefined 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 shall be
provided irn a manner nutually exclusive with Micro-command _
execution. Such operations shall be selected and controlled_-
through the use of the Console sw1tches as described in
3.10.3.9 through 3.10.3. 11.

Control Storage Read

The Console State shall be used to‘1mp1ement Control Storage

 _Read operations under hardware control as described in
3.10.3.11, item h. .

Control Storage.Write

The Console State shall be used to implement Control Storage
Write operatlons under hardware LOﬂtTOl as descrlbed in
3.10.3.11, item i.

Reset/Load sequences shall 51mulate Console operations to
the extent. descrlbed in ‘3. 5 7.3, 3.5. 8 2, and 3. S 9.2.

P - ARRE B &
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Reset/Load Sequence

The Reset/Load Sequence shall be 1n1t1ated from one of
three sources.

a. The trailing edge of Power-0On System Reset at the
completlon of a power-up sequence.

b. The Reset/ oad Switch as descrlbed in 3 10.2.12.

c.  The presence of a Restart Reset/Load s1gna1 as described
in 3.5.8.5.

The Reset/Load sequence shall consist'of those ‘operations
described in 3.S5. 7 1 through 3.5.7.5.

Reset/Load System Reset

A System Reset shall be performed for a minimum of .4 m/s

- and a maxinum of .6 m/s. For a descrlptlon of the effects

of Reset Load, see 3. 10 3.8.

Reset/Load Pause - 7

The trailing edge of System Reset shall generate a pause -
of 2.5 u/s minimum to 3.5 u/s maximum, to allow IFA logic
to stabilize. . ' ’ .
Reset/Load Initialization

Upon compleflon of the pause, the Reset/Load Flip- Flop shall
set, and force the f0110w1ng conditions:

a. Reset/Load Inltlate, see 3.5.8.1.

" b. Control Storége_ﬁrite; 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)/
This signal shall be disabled when the Console is in
Maintenance Mode. Thus, Control Storage Write Operations
shall 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 the same function as the Console Control .
Select sw1tch Stop/Step position, (See 3.10.3.9).

Reset/Load Data Transfer

a. Upon rece1v1ng the Reset/Load Initiate signal, the
- Integrated File Adapter or Integrated Card Adapter, as
determined by the state of the Primary Source signal des-
eribed in 3.5.8.3, shall transmit Data as described in
3.5.8.8, and 3.5.9.8, with Data Strobes as descr1bed
in 3.5.8.2, and 3.S5. 9 2, resgectlvely v
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'b. The Reset/Load sequenCe shall'write data into 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 Table 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, respectively, by
means of tbe Select CS Minimum control ‘as described in

3.10.4.19,
Reset/Load Termination

Termination of th. Reéet/Load shall be eccompllshed by the
clearing of the Res. ‘Load Flip/Flop, through one of the

- following means.

a.  Generation of the End Out Slgnal as described in 3.5.8. 7,
with the Load Select Switch in the Primary position.

b. Generation of the End In 51gna1 as described in 3.5.9. 5,
with the Load Select Switch in the Alternate position.

c. The occurrence of -a System Reset.,

Prlmary Loader o

The Primary Loader Logic shall utilize the following signals
to interface the ALU and the Integrated File Adapter (IFA),

in order to accomplish a Control. Storage (1nc1ud1ng the
Address Table) Reset/Load.. .

'Reset/Load Inltlate

A level from the loader logic 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 1ead1ng edge and trailing edge of this signal shall
be generated by the setting and clearing, respectively, of
the Reset/Load Flip/Flop- descrlbed in 3.5.7.3. :

Primary Data Strobe
A pdlse from the IFA which, in the low state, shall indicate

that 16 bits of ‘input Data are available on the Primary
Source Data Llnes descrlbed in- 3. S 8.8, ,

Farm anNB28 -
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This pulse shall jinitiate a sequence which clears the

Console Data Register, strobes the Primary Source Data Lines
into the Console Data Register, and generates a Console Run
sxgnal This Run-signal shall be in parallel with and shall
perforg the same function as, the Console Run Control &5cr1bed
in 3.10.3.10. :

See Figure 8.£Or5timing'relationships.

Primary Source 4 |

A level from the Loader Logic Mhich,:ln the hlgh state,
shall indicate that the Prlmary Load Source is to be used
for the Reset/Load

This level shall be generated by the Load Qelect sw1tch
described in 3.10.2.5. _

Waintenance Out

- A level from the Loader logic whlch, in the h1gh state,

indicates the Console is bezng operated in Maintenance
Mode. .

This signal shall be generated by the Ma1ntenance Mode
Sw1tch described in 3.10.4.1.

Restart Reset/Load

A 50 n/s minimum width pulse from the IFA which, in the
low state, shall indicate that a burst check error has
been detected during a Control Storage Load, or shall
indicate that a Control Storage Load Command has been
issued to the IFA by means of a Micro-command routine.

This signal reinitiates 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 50 n/s before

and shall remain for 50 n/s after the Restart Reset/LOad
pulse for the purpose of disabling the restart operation.

This signal shall dlsable the Restart Reset/Load 51gna1

when a burst check error has been detected and the
Console is in. Malntenance Mode.

Farm 4DNL 4
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3.5.8.7  End Out

A pulse, from the lLoader Logic which, in the high state,
shall indicate that Control Storage, (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 2 u/s after the last
word is transferred. Minimum high state pulse width
shall be 3 u/s ,

3.5.8.8 Primary Source Data Lines

Sixteen (16) levels ."~om the IFA which, in the high state,
shall provide Primary < wrce input data (true state)
for the duratlon of the : ‘mary Data Strobe signal.

See Figure 8 for tlmzng relatlonshlps.
3.5.9  Alternate Loader

-The Alternate Loader logic shall utilize the following
signals to 1nterfa¢e the CPU and the Integrated Card Reader
Adapter, (ICRA), in order to accomplish a Control Storage‘
(including the Address Table) Reset/Load.

NOTE: ' The Alternate Loader shall be capable of performing
a Main Storage Load when the Console is in Mainten-
ance Mode and the Console- Operation Select switch is
the MS-WR pos1t10n, (See 3.10.3. 11). :

3.5.9.1 Alternate Reset/Load Initiate -
See 3.5.8.1
3.5.9.2 Alternate Data Strobe

A pulse from the ICRA which, in the low .state, shall 1nd1cate
that 4 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 Console Data Register, and generates a
Console Run signal. This Run signal shall be in parallel
with, and shall perform the same function as, the Console
Run control descrlbed in 3. 10.3.10.

 See Figure 8 for timing relationships.

‘Form 4002-LA
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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

Maintenance Out

. See 3.5.8.4.

End In

A 50 n/s minimum width pulse from the ICRA whlth in the
low state, shall indicate that the ICRA has completed its
data transfer, (See 3.5.7. 6 for Reset/Load Termination).

Nyb1l Zero
A pulse from the ICRA hhlch, in the low state, shall indicate

that the Alternate Source Data Lines correspond to the
left-nmost 4 bltS, (Nyb1l Zero), of a2 16-bit word.

:See F1gure 8 for thlng relatlonshlps.

Nybl Three

A pulse from the ICRA which, in the low state, shall indicéte
that the Alternate Source Data Lines correspond to' the

rlght most 4 bits, (Nybl Three), of a 16-bit word

See Figure 8 for timing relatlonshlps.

- Alternate Source Datu Lines

Four (4) levels from the ICRA which, in the high state
shall provide Alternate 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-bit word,
working from left to right, in the Console Data Reg1ster.

See Figure 8 for timing relatlonshlps.;
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Main Storage

gMain,Storage facilities for the 7300 Processor shall

be described by the appropriate documents listed in 2.1.
Although Address, Data and Control signal conventions

are only generally described herein, by 3.6.1 through
3.6.3, .respectively, the CPU shall conform to the. precise
specifications as contained 1n the approprxate reference

~ documents listed in 2.1.

Address

Address signals to Main Storage shall be provided by the
CPU via the Basic Storage Protection Feature or the o
Relocation and Protection Feature, with the except1on of
item ¢, as follows:

a. Nlneteen (19) Word Address 51gnals shall be supplled
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 0
write reference (left- most), Byte 1 write reference
(right-most), and full write reference de51gnat10ns.
to Main Storage.

c. Three (3) signals»shail be supplied to Main.Storage
for the purpose of addressing the Register Set
associated with the ECC Feature (Note: These signals

-shall bypass- the Register Option and be dlrectly supplied

to Main Storage from the - CPU)

Data

a. Sixteen (16) Data Signals shall be provided to Main
Storage via the Register Option in the same manner.
previously 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 shall

_provide odd horizontal parity designation for the
assoc1ated 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 Main Storage and shall be Data related
to the extent that, in the absence of the ECC Feature,
each shall provide odd horizontal parity designation
for the associated Data byte.. As such, they shall be
checked for validity by the CPU. (In the presence of
the ECC Feature, these sixteen data signals shall
provide the output from the ECC associated Register

Form 4002-2A
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Set when addressed by means of the signals described .
1n 3.6.1, item c.). .

Control

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

a.

A single Clock signal shall be Supplled to Main
Storage and shal. provide the CPU timing reference
for Main Storap operations.

A single Acce s Enable signal shall be supp11ed to
Main Storage Jor the purpose of designating the need
for a Main Storage .reference on the part of the CPU.

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 cycles allocated to the
Null State. .

A single Out of Range signal shall be received from
Main Storage for the purpose of detecting Main Storage

‘"references on the part of the CPU to-Main Storage

Addresses not phy51ca11y present within the 7300

. Processor.

In the presencé of the ECC Feature an associated

signal shall be received 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.uncorrectable data
error shall be enabled within the CPU.

form 400224
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~ Basic Timing

With respect to Multi-State capébilities, the basic timing
of the CPU shall be performed as shown in Figure 4.

With respect to Single-State opefatlons using consecutive
major cycles, the basic timing departure from that shown
in Figure 4 is descrlbed 1n 3 7. 1 item b7 .

State In1t1a11zat10n

State initialization 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 cycles RO and Rl in parallel
thh E6 and E7, respectively. -

RO shall transfer the contents of the appropriate
Pu Register from the Extended Register File, Group I
- to the Su Register.

R1 shall access Control Store proper at the Control
Store Address contained in Su. In addition, Rl shall
" transfer the contents of the appropriate F Register
- from the Extended Register File, Group I, to the common
resource F Register, (Clocked at the beglnnlng of
minor cycle EO0). . -

b. When Processor States 0 through 7 are allocated
consecutive major cycles for the same Processor State,
initialization shall occur during minor cycles E8 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 minor cycles E7 through
E9. Minor cycles E8 and E9 shall occur, in that order,
after E7 and prior to E0 for the purpose of 1mp1ement1ng
consecutive major cycles for the same Processor State,

0 through 7.

Minor cycle E8 sh:11 transfer the contents of the Pp
Register to Su when the operation has not been suppressed
as described in 3.8.12.5. Minor cycle E8 shall transfer
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. .

Fopme SONPA
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Minor cycle EY9 shall access Control Store proper at

the Control Store Address contained in Su. - At the end
of E9, a-major cycle shall begin on minor cycle EO with
the execution of the Micro-command thus accessed; on

the part of the appropriate Processor State, provided
the associated Busy Flip/Flop has remained in the set
state. ‘When the associated Busy Flip/Flop is in the
clear state during mincr cycle E8, minor cycle E9 shall
cause a Null State major cycle to begln on the following
minor cycle EO.

c. For all major cycles allocated to the Console State

for the purpose of arforming operations under Micro-
“command control; m’ .or cycle RO shall transfer an

" address constant to Su according 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 oc¢cur in parallel with E6 and E7, respectively,
.during the initialization of maJor cycles thus allocated

'vto the Console State. ‘ _ :

State Execution

Once initialized as described in 3.7.1, Processor States

0 through 7 and the Console State shall be capable of
executing one Micro-command during each of the eight minor
cycles beginning with E0 and continuing through E7. The
actual number 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 resuIt of the "Su+1'" inputs to the Su and Pp
Registers, (in conjunction with the compensation
provided by the R, ,("P buffer') Register as required

for the RO/R1 look-ahead utilization of the Su
Register), Branch Micro-commands providing less than
14-bits of branch address. shall have the anomalous
characteristics as described in 3.8.11.

State Housekeeping -

‘State,housekeéping shall occur after every major cycle

allocated to Processor States 0 through 7 under hardware
control.

Housekeep1ng operations shall occur during minor cycles
W0 and Wl in parallel with E0 and El, respectively.

Form 4002-2A
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W0 shall transfer the contents of the Pp Register to the
appropriate Pu Register within the Extended Register F11e,
Group I, provided the transfer has not been suppressed as
described in 3.8.12.5. The W0 operation shall update both
the Arithmetic status (Bits 00 and 01) and the Control

Store Address (Bits 02 through 15) portions of the appropriate
Pu Register unless suppressed as described in 3.8.12.5 in

‘which case the entire contents of the appropriate Pu

Register shall be left unchanged, (including the "E" and
"S" hardware controlled status bits as described in 3 2.2. 2).

W1 shall appropr;ately update the assocxated F Register
witiiin the Extended Register File, Group I, provided the

" F.Register was designated by one or more Micro-commands

for the purpose of performing a wrlte reference durlng the
preceding major cycle.

'NOTE: As a result of the Wil timing equivalence to minor

cycle E1, in conjunction with the compensation -
provided by the Fp, ("F ‘buffer'), Register as
required for the E7 to E0 timing transition, the
restricted addressability for F Register write
-+ - references shall exist during minor cvcle EO as
‘ deﬂcrlbed in 3 8. Z 4, item b.
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Micro-command lepert01re

'The Micro-command Repert01re shall consist of 65 basic
Micro-cornands. These 65 basic 'licro-commands shall be

grouned into 10 classes as described in 3.8.3 throuph 3.8.12.

Fach of the basic 65 Mlcro-commands shall consist of

.14-bit codes, arranged into a 16-bit format such that

bit positions 09 and 10 are unu:ed and always in the clear
state. '

Micro- cormands shall be r«;d fron Control Storage proper
and temporarily .stored, i duplicate, by means of
registers referred to as ul and Fu2 within the Timing/
Control section of the CPU. The duplicated !ficro- -
commands thus contained .in the Ful and FuZ Registers are
translated and executed, in parallel with the access for

‘the next 'ficro-command, in an iterative fashion under

hardware control.
Format

Micro-comnand formats are shown for each of the 65 basic
Micro-corimands in 3.8.3 through 3.8.12. However,. as .
a result of the lMicro-command modifications which are
possible with respect to register number for Fegister

. File references, bit position for Skip operations und

bit positiun for Immediate Operand entries, separate formats
are described in 3.8.1.1 thrOU”h 3.8.1.3 relative to
these cavabllltles.

Micro-comnind modifications shall be based on the state
of the bit positions of the right-most byte of the

common resource F Register. The contents of this F
Register shall be influenced by hardware control at the
beginning of each magor cycle to the extent descrlbed '
1n 3.2.2.1. :

'Reglster ‘umber

Micro- comnands for which. the register number may be
modified shrll have the f0110u1ng format, referred to
as ' Format 1.

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

| : »
f Sgisy1 a ‘b ‘P 0O} O X
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a. The 4 bit "f" E;eld (Bits 00 through 03) shall nrovide
~ the fundanentai function code.

b. The "s and "ﬁl de51gnators (Blts 04 and 0S5,
:resnecglvelv) shall provide the sub-function code

c. The '"a" and "b" designators_(Bits-OG»and 07,
~respectively) shall determine the. manner in which the
register number is forrmed for the purnose of
referencing the Register File:

When "a' and '"b" are clear, the Basic Register File
shall be referenced at the register number described
by the "x" field (Blts 11 throu«& 15) as defined in-
1ter f.

When "a" is set and "b" is clear the Basic Pegister
File shall be referenced at the register number
described by the "'x" field after an "inclusive or" is
performed betwéen bits 13, 14, and 15 of the "X
field and bits 09, 10, and 11 of the common resource
F Register. ‘ ' o :

¥hen -"a" is clear and '"b" is set, the Basic Register
File snall be referenced at th: register numder
described by the "Xx'" field after an "“inclusive or'" is
performed between bits 13, 14 and 15 of the "X'" field
and bits 13, 14, and 15 of the common resource F
Register. ’ ' '

When. "a'" and "b'" are set, the Extended Register File
shall be referenced at the register nunber descrlbed
by the "x" field.

d. The "P" deSLgnator (bit 08) >ha11 prov1de valid
horizontal parity when the total number of bits
in the set state is odd for thc entire 16-bit
contents of the Fu2 Register and applies to all
Micro- commands._ .

e. The two unused bit positions (Bits. 09 and 10) shall be
' in the clear state for all !licro-commands.. '

- £, The 5- blt "x" field (Bits 11 through 15) shall provide
the register nunber (1 of 32) for the purnose of
referencing the Recgister File, subject to the .
"inclusive or' -operations described- 1n 1tem c when "a"
and "b'" are unlike.
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When the Processor State portion of the regcister number

is anplicable and Format 1 Micro-commands are executed

in Nornal Mode (not Boundary Crossing lode), the Processor
State portion of the register number shall be determined
according to the Processor State executing the. Micro-

‘command. When Format 1 Micro-commands reference the Extended
Register File, the Group I, I’ and III selection is nrade
according to the state‘of'bit. 11, 12, 13 and 14 of the

X" field. VWhen bits 11 thrrugh 14 are clear, Group I

shall be selected. . When bit 11 is clear and bits 12 through
14 are set,in any comblnatltz, Groun II shall be selected
ithen bit 11 is set, Group TIII shall be selected.

When Format 1 Micro- commands are executed in Boundary
Crossing Mode, the reglster number is determlned as
descrlbed in 3.2.3.7.

3.8.1.2 Bit Position Skip -
Mlcro commands for which a bit position skip may be
modified shdall have the following fornat, referred to
as Format 2. : .

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

f 56{51 a bl 0 lez x

a. The 4-bit "f" fieldv(ﬂits 00 througch 03) shall provide
the fundamental function code for all Micro-cr:mands.

b. The "sg", "s,', and "s,'" designators (Bits 04, 05
and 11, respéctivelv) shall provide the sub- function
code. .

¢. The "a'" and "b'" designators (Bits 06 and 07,
Tespectively) shall determine the manner in which
- the bit position is formed for the purnose of selecting
a bit within the Au Register as a Skip parameter.

When ''a' and "b" areﬂcléar, the selected bit position
in Au shall be described by the "x" field (Bits 12
through 15) as defined in item f.

When "a'" is set and "b" is clear, the selected bit
-position in Au.shall be described by the "x" field after
an “inclusive. or" is performed between the "x'" field

and bits 08 through 11 of the common resource. F Register.

- Form 4002-CA.
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When' "a" is clear and '"b" is set, the selected bit
position in Au shall be descrlbed by the '"x" field
after an "inclusive or' is Derformed be tween the "x"
field and bits 12- through 15 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 aftéer an

" "inclusive. or'" is performed between the "x" field,
bits 08 through 11 of the common resource F Register,

and bits 12 through 15 of the common resource F
Register.

The '"P'" designator (Bit 08) shall provide valid hori-
zontal parity when the total number of bits in the set

'state is odd for the entire 16-bit contents of the

Fu2 Reglster and applies to all Micro-comnmards.

. The two unused bit p051t10ns (Bits 09 and 10)"

shall be in the clear state for all *icro-comands.

" The.4-bit "x" field (Bits 12 through 15) shall nrovide

the bit position (1 of 16) to be selected within
Au, stbject to the "inclusive or" operations described
1n item ¢ hhen "a" and/or. "b" are set. : ’

Bit Position Iﬂnediate Operand

ificro- commands for which a bit posxtlon Immediate nﬂerand
may be modified shall have the following format,
referred to as Format 3. ,

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

f ' sg| sy} -a b] P} O Of X

The 4-bit "£" field (Bits 00 through 03) shall provide
the fundanental function code for all Micro-commands.

The "s " aﬁd '* designators (Bits 04 and 0S5,
reSpecglvel,) s%all provide the sub-function code.

The '"a'" and "b" designators (3its - 06 and 07,
respectively) shsll 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 entry. .

When '"a" and "b'" are clear, the selected bit positlbn
in Bu shall be described by the "x'" field (Bits 12
- through 15) as defined in item f.

. Povan &ONSL
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When. "a" is set and '"b" is clear, the selected bit
position in Bu shall be described by the "x" field
after an "inclusive or" is perforned betweén the "x"
field and bits 08 through 11 of the common resource
F Register. , :

"~ When "a" is clear and "' is set, the selected bit

position in.Bu shall be lescribed bv the "x" field
after an "inclusive or'" is performed between the "x"
field and oits 12 throu- h 15 of the common resource
F Reglster. o

When '"a" and "h" are's t, the blt position selected in
the left-nost byte pos;tlon of the Bu Register shall

‘correspond to the Processor State, 0 throuch 7, which

performs the Micro-command. This "1 of 8" bit entry
performed for the left-miost byte position of the Bu

- Register shull be dunlicated in the richt most byte

position of Bu. This operation shall occur independently.
of the value of the “x'" field. ‘

' The "P'' designator (Bit 08) shall provide valid

horizontal parity when the total nunber of bits in
the set state is odd for the entire 16-bit contents
of the Fu2 Register and applies to all Micro-commands.

The twvo unused bit nositions (Bits 09 and 10) shall -be
in the cledr state for all Micro-commands. The
undesignated bit position (Bit 11) shall have no effect
on Micro-command executlon except to the extent that it
shall participate in the form°t10n of valid hxrxzontal
parlty as described in item d.

~ The 4-bit "x" field (Blts 12 throuch 15) shall nrov1de

the bit position (1 of 16) to be selected within
Bu except when "a" and "b" are sct and subject to the
"inclusive ot' operations descrlbed in item c when

- "™a" and '"b'" are unllke.
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3.8.2

3.8.2.1

3.8.2.2

3! 8.2'.3

Characterlstlcs

With respect to each of the 65 basic Micro-comnands,

characteristics related to !lnemonic, Format, Blockpoint,
- Register File Addressability and Timing requ1renents

are nrov1ded in Figure 9 :

The significance of each of these characterlstlcs is
described in 3.8.2.1 through 3.8.2.4.

Mnemonics

Mnemonics shall consist of 3 or 4 alpha-numeric characters
and are shown in Figure 9 in alvha-numeric order.
Complementary onerations are denoted by use of the

special character \ -

.rormat

Formats 1, 2, and 3 as descrlbed in 3.8.1. througﬁ 3.8. 1 3
are shown in Figure 9 for each of the 65 llcro command
-Hnemonlcs as dnpllcable. : .

" Blockpoint

Fhen the. "nulti-state" processing capabilities_char%cteristic
of the 7300 Processor are utilized, allowances must be

~ made for the execution of llicro- conmands in non-contiguous-

rajor cycles for each of the Processor States involved. All
Micro-commands executed during the course of each major
cycle shall not base their execution on the state of the
common resource registers within the ALU except where the.
executlon of previous Micro-commands within the sane

major cycle has influenced the state '0f such registers.
Thus the first !licro-command executed in each major cvcle

" shall make no assurnptions 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 cycle was allocated to a dlfferent
Processor State_than the current major cycle.

A convention, using the Micro-commands shown in Figure 9

as Blockpoints, shall facilitate the coding of Micro-
comnand sequences such that valid results shall be obtalned
during "nmulti-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 Revlster, in addition -to’ performlng the
operatlons descrlbed in 3.8.3 through 3.8.12.
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As previously described in 3.2.2.2, Micro-command execution -
for each major cycle allocated to Processor States 0

through 7 shall begin at the Control 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:flect -the contents of the

Pp Register (unless suppressed )y execution of a CIOl

or CI02 Micro-command). Thus, zach major cycle allocated

to Processor States 0 through . shall involve the execution
of at least one Blockpoint Mic¢ o-command. Moreover, the
Micro-commands following a Ble¢ :kpoint Micro-command shall
make no assumptions relative .o 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. When 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 the last Blockpoint shall be repeated during the

next major cycle allocated to the associated Processor State.
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3.8,2.4 Reglster File Addressablllty

For the purpose of performing read and write references
to the Extendsd Register File, access shall be allowed
to those registers and grouns for the Micro- conmands as’
shown in Floure 9.

The general addressability indications provided in Figure 9 .
apply to the associated Micro-commands when executed in
Normal ode only and are subject to specific constraints
described in 3.2. Boundary Crossing iiode addressability

is likewise described in 3.2.

" a.

Where addressability shall be nro?ided for any Extended

Register File group, ¢ddressab111tv of the Basic

Register File shall be possible for the same Micro-
commands as shown in Figure 9. ; .

Extended Realstex File, Grouu I addressability shall
be indicated uniquely for the F and Pu Registers as
shown in Figure 9.

Micro-commands for which F Register addressability shall
be provided, should not occur for the purpose of per-

~ forming write operations during minor cycle EJ. Such

operations shall not be hardware supported .and na)
result in machine malfunction.

" Micro-commands. for which Pu Register addreSsability

shall be provided shall reference the Address nortion
of the Pp Pegister and Arithmetic Status portion of ,
the Su Register during read operations. !icro-commands -
for which Pu Register addressability shall be provided
shall reference the applicable bit pesitions, in the
Address portions only, of the Pp and Su Registers during
write operations as spec1f1ca]ly described in 3.8.4
and 3.8.11.

. Extended Register File, Group Il addressability shall
be provided for .those !licro-commands shown in Figure 9,

subject to the constraints described in 3.2.3.

Extended Register File, Group IiI addressability shall
be provided for those !ficro-commands shown in F1oure 9,
subject to the constralnts descrlbed in the assoc1ated
documents llsted in 2.1. .

Form 400224




3.8.2.5

Numbder 5
E}X ENGINEERING SPECIFICATION prow S:OOO

Equipment Grou,:

93

Tlm;ng

Micro-command execution times shall be provided by Figure 9
in terms of the number of minor cycles required in the best
(mlnlmum) and worst (maxlmum) cases.

In addition to the mlnlmum, minor cycles shall be hardware
inserted as required for the following conditions:

a. 'Additive Micro-commands SU! and DSUM and comparative
Micro-commaads. 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-cor iands, (Blockpoint shall be
deferred until the second -ycle when applicable.

b. Main Storage ‘Related Micro-commands shall require an
~appropriate number of additional minor cycles when the
minor cycle in which they are translated for execution
does not correspond to the timing requ1rements of Maln‘
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 executed 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 additional minor
cycles as remain in the major cycle. (FRJ, FZ' with.

- the contents of Au equal to zero, RNI1 and RNIZ)

e. Control Micro-commands CI01, CI0O2, ROM and SYNC shall
‘ requlre as many addltlonal minor cycles as remain in
the major cycle.

NOTE: With respect 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
1s performed and any Skip iicro-command (or a Jump Micro-
command such as STA designating Pu) is performed within 200
n/s, such Micro-command may result in machine malfunction.
This resolve time requirement must be accommodated under
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 Qegxster File, Group III facilities.
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2. 8‘.

LAY

3.8.3.2

LAWN

3.8.3.3

LB

Register File'Read;MicrOQCbmmands

The Micro-commands in this class shall prbv1de the néans
for perforning Register File read references whlch ‘are
unrelated to Main Storawe operations

: Load Au iWord _ ‘
00 01 02 03 04 0506 07 08 09 10 11 12 13 14 15

1.1 0 1f of of af o[ B[ of o] x

This Format 1 Micro-command shall transfer the output from
the Register File to the Au Register with the register number

for the read reference de51gna*ed accordlnp to 3.8.1.1.

'Load Au Connlenent

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 lS
1 1 0 1] o] i] a] b P10 0 X

This Format 1 Micro-command shall transfer the 1's complerent
of ‘the output from the Register Filc to the Au Register

with the register number for the read reference deSLgnated‘
according to 3.8.1.1. 1In addltxon, the Force Carry
Register shall be set. . }

Load Bu word

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
0.1 1 0 - a bl P| O 0 ‘ X

This Format 1 Micro- cémnand shall transfer the output from
the Register File to the Bu Register with the register

‘number for the read reference designated according to

3.8.1.1. In addltlon, the Force Carry Register shall
be cleared
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Load'Bu;Codplémédtv ,
100 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

0 1 1 of o 1 a b P 0 o X

. This Format 1 Micro-command shll tfansfer'the 1's

complement of the output of th Register File to the Bu
Register with the register num er for the read reference
designated according to 3. 8.1. , In addition, the
Force Carry Reglster s;all be ‘~t. -

Load Au and Bu

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

1 1.0 1f 1f of a b o[ o0 of  «x

This Format 1 !Micro-command shall transfer the output of
the Register File to both the Au and Bu Registers with

" the register number for the read reference designated

according to 3.8.1.1. In addltlon, the Force Carry

"Register shall be cleared.

Clear Au
00 01 02 03 04.05 06 07 08 09 10 11 12 13 14 15

1 1 0 1f 1]. 1] aj bl P[ 6. 0 x

This Format 1 Micro-command shall transfer. the output

‘of the Rerister file to the Bu Register with the
register number for the read reference designated
- according to 3.8.1.1. In addition, the Au Register
'shall be cleared and the Force Carry Reglster 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
o 1 1 1 1| 1| a bl Bl 0 o = «x

This Format 1 Micro-command shall transfer the output

" of the Register File to the Bu Register with the

3.8.4.1

~ CLR

3.8.4.2

STA| 0 0 o 1] o] 1] af b] Pj 0 of = «x
| 2 l ,

register number for the read reference designated
according to 3.8.1.1. In -addition, the state of the =
Link status bit shall be transferred from the Arithmetic
Status portion of Su to the Force Carry Register. :

 Register File Write Micro-commands.

The Micro-commands in this class shall provide the means

for performing Register File write references which

are unrelated to Main Storage operations.
NOTE: ‘The CLR, STA, STB and AND chro commands shall -
 effect a Brannh_operatlon when the Pu Register
is desxgnateﬁ o
Clear Contents of Reglster (Des1gnated by x)
00 01 02 03 04 05406 07 08 09 10 11 12 13 14 15

0 0 0 1f 0/ 0] aj bl Pl 0 O 'x

This Format 1 Micro-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 restriction).

Store Au

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

This Format 1 Micro-command shall transfer the contents
of the Au kegister to the Register File with the .
register number for the write reference de51gnated
accordlng to 3.8.1.1. :
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3.8.4.3 Store Bu

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

STB| 0 0 0 1f 1f of a bl Pl 0o of  «x

This Format 1 Micro-command shal’ transfer the contents
of the Bu Register to the Register File with register
nurber for the write reference f'sxgnated according to
3.8.1.1.

3.8.4.4 Logical Product, Au and Bu ,
© 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

AND | 0 o0 o0 ‘1f 1f1] a] bl P} 0 of x

This Format 1 Micro-command shall transfer the logical
product of the contents of the Au and Bu Registers to
the Register File with the register number for the write
reference designated according to 3.8. 1.1.

The logical nroduct ooeratlon shall be nerformed for each
bit position of Au and Bu Registers accord1ng to the
followin_ truth table.

Au - Bu Logical Product
T T0 |
0 41 0
1 {0 0
1 1 1
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Inclusive 0r, Au and Bu

00 01 02 03 04 05 06 07 08 0910 11 12 13 14 15

IOR|

0 1 0 0 ”1 0f al by P| 0 Of b'e

This 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 to 3.8.1.1.

. The inclusive or operation shall be performed for éach
- bit position of the Au and Bu Registers accordlnﬂ to
the following truth table.

Au . Bu Inclusive or

0

1
1
1

-] O [ [)

== ]Ool o

Exclusive Or, Au and Bu

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

0-1 0 of 1 1{ af b P| 0 o] X

This Format 1 Micro-command shall transfer the exclusive
or of the contents of the Au and Bu Registers-  to the :
Register File with the register number for the wrlte
reference designated accordlng to 3.8.1.1. :

The exclusive or operatlon shall be performed for each
bit position'of the Au and Bu Reg*sters accordlng to the
follow1ng truth table

Au  Bu Exclusive Or

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

‘Foem OO0
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Sum Au and Bu.

00 01 02 03 04 0S5 06 07 08 09 10 11 12 13 14 15

00 1. 00 0] a} b} P 0 0 X

ThlS Pormat 1 Micro-command shall transfer the sum of
the Au (16 bit<), Bu (16 bits) and Force Carry (1 bit,

" right justified) Registers to the Register File with the

3.8.4.8

register number for the write reference designated
according to 3.8.1.1. .

In addition, the Overflow and lLink status conditions
relative to the current sum 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 50, 51, 52, or 53 in hexadecinal notation -

and prov1ded the Au or Bu Registers have been cleared,
set, or clocked since the last executlon of -a DIG or
CORC Micro-command.

Decimal Sum, Au and Bu

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

0 0 1 o0} 0ol 1| al bl P{ 0 0O X

This Format 1 Micro-comman. *hall transfer the suw: of the
Au (16 bits), Bu (16 bits) an. Force Carrv (1 bit, right
JUStlfled) ‘Registers to the Repgai. ter File with the

register number for the write refe.-nce designated according
to 3.8.1.1. The carry outputs fron each of the adder

. groups (4-bit nybls) shall be transferred to the Inner

Carry Register.

In addition, the Overflow-and Link status conditions
relative to the current Sum shall be transferred to the .
Arithmetic status portion of Su provided the Au or Bu
Pegisters nave been cleared, set, or clocked since the
last execution of a DIG or CORC iicro-command.

NOTE: 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-

nost byte of the common resource F Reglster is equal to -

50, 51, 52 or 53 in hexadec;mal notatlon.
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3.8.4.9 Slgn and Magnltude Lompare _ _
| 00 0102 03 04 05 06 07 08 09 10 11 12 13 14 15
CMP | 0 0 1 0| 1/ 0| aj bl P{ 0] 0f - x

This Format 1 Micro-command shall transfer the algebraic
(signed), and logical (unsigned), compare status, relative
to the contents of the Au and Bu Registers, to the Register
‘File where the register number for the write reference shall
be designated according to 3.8.1.1.

When the Basic Register File is de»xgnhted, only bits 00
through 07 of the apnropriate. register shall be written,
according to the left-mest byte p051t10n of the following
table.

When the Extended Register File is de51gnated and
addressability of the designated register 1is specxf1ca11\
provided, the full 16-bit compare status shall be prOV1ded
as follons ,

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

w>eE lw>®lo 1000 10 o 1——— 1|
> |<mlo 1 0 o0 0o 1 of 1 »1
w<E [w<®io 01 00 0 1 0 1——0 —1
(< (B | (AW>@)0 01001 0 o1 ' 31
’ (A) =(B) 0 0 0 10 0 o0 1/ 1 1

‘Porm S00ZRA
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3.8.4.10° Magnitude Compare |
100 01 0z 03 04 05 06 07 08 09 10 11 12 13 14 15
mu,'0010,11a',P§oo x

This Format 1 Micro-command shall transfer the ‘logical

(unsigned) compare status, relative to the contents of

the Au and Bu Registers, to the Reglster File where the
register number for the write reference shall be
'de51gnated according to 5.8.1.1.

When the Basic Register File is designated, only bits
00 through 07 of the appropriate register shall be
written according -to the left-most byte p031txon of the
following table

When the Extended Reglster is designated and addressability

of the designated register is specifically provided, the full
16-bit compare status shall be provxded as follows

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

(Au)>@Buw | 0 1 0o o/l 0 1 0 0 1—— : >1 |
(Au)<(Bu) | 0 0 1 0 0 0 1 of 1 - >1 1
(Aw)=(Bu. !0 0 0 1/ 0 0 0 1 1— —— >1 1

-Farm ADORPS
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3.8.5.1

LSl,OOliO‘ alblplo o] - «x

Register File Read, Main Storage Related Micro-commands.

The Micro-commands in this class shall rrovide the means
for performing Register File read references which are
related to, or may be related to, Main Storage {or
Register Cption) operations. Micro-commands LS1, LSF,
LS2 and LSE shall be unconditionally related to MMain
Storage (or Register Ontion) operations. The LDW, LDW\,
and LD3 Micro-commands shall be !ain Storage (or Register

- Option) related only when they are executed during minor

cvcle E1 immediately following the execution of an

L'Sl, LSF, LS2 or LSE Micro- command at minor cycle EO.

All o.her Micro-commands in this class shall be Main

Storage (or Register Option) related when they occur

after, but within the same major cycle as LS1, LSF, LS2

or LSE !Mlicro-commands executed fcr the rurpose of perferning
}ain Storage ( or Register Cption) read operations.

The selection of an input to the D Fan-In Network within
the ALU shall be conditioned by the 'licro-commands within
this class in ‘the following manner: :

a. -During !Main Storage Read operations, the data.fron
Main Storage shall be selected at: the D Fan-In Network
from ninor cycle E4 through minor:cycle E7.

b. During Reﬂlstei Option Read operatlbns, the data fron tﬁev
Register Optlon shall be selected at the D Fan-in
Network from minor cycle E4 through ninor cycle E7.

¢. For the purpose of making D Fan-In Network selection only
Régister Option Read operations which specify the
Register set associated with the ECC Feature shall
be treated as Main Storage Read operations.

d. Duringball nminor cycles other than those described in
items a, b, and ¢,. the D Reglster shall be selected
at the D Fan In Ne twork.

Load S

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

LSF[(U 0 T I O] T[a[b[ P[0 O] % j

LS2 U~ 0T IJ I 07 af 6] PT U U] —x ]

LSE v T T llAéjgbl,P"Ui UI —— .1
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These Format'l Micro-commands shall transfer the output
fron the Register File to the S Register, when executed
on minor cycle EO0, with the register nurber for the

3.

a.

Register File- read reference de51gnated according to

.1.1.

when executed during minor cycle E0 on the part

of Processor States 0 through 7 with bits 11, 12, 13
and 14 set (register number 1E or 1F) or when executed
during minor cycle E0 on the part of the Console State
with the Console Operation Select switch in the RO-RD
or RO-VR position (See 3.10.3.11), these icro-commands
shall cause hardware interpretation of the remainder
of the apnropriate major cycle to be associated with

a Register Option reference.

vhen executed during minor C/cie.EO on the part of

:‘Processor States ‘0 through 7 with bits 11, 12, 13

or 14 clear in any comblnatlon (not re01:ter nunber
1E or 1F) or when executed during rinor cvcle EQ0
on the rart of the Console State with the Console

- Mode Select switch in any applicable position

other than RO-RD or RO-WR (See 3.10.3.11), thecse
HMicro-commands shall cause hardware internretation of
the remainder of the appropriate major cvcle to be
associated with a Main Storage reference.

when executed during minor cycle E0, in the presence
of the Basic Storage Protection Feature, the
Relocation and Protection Feature or the ECC Feature,
these Micro-commands shall require an additie-al minor
cycle referred to as E('.  Vhen 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 llicro-commands’
- shall requiré two additional minor cycles referred

to as E0'and EO0'". Minor cycles EO' and EO™ shall be
hardware inserted. S

‘when executed during any minor cycle other than EO,

the contents of the S Register shall not be affected
by these Micro-commands. Moreover, the nature of
each major cycle with respect to its association with
Register Option or Main Storage references shall be
hardware interpreted during minor cycle EO only

and shall not be altered by the execution of these
Micro-commands during minor cvcles other than EO.
When executed during any minor cycle other than EO,
the associated Load S Micro-comnand shall be held in
the Ful and Fu2 Registers for the remainder of the
major.cycle. .Thus,each Load S Micro-command occurring
on minor cycles other than E0, must be immnediately
preceded by a Blockpoint Micro-command for Processor
States 0. through 7. :
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‘These Format 1, Load S Micro- commands shall transfer the

output of the Reglster 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

following:

e. The LS1 Mlcro-commandvshall cause 000034 .to be transferred
to the Bu Register and the Force Carry Register shall
be set.

£, The LSF Micro-command shall cause FFFF1g to be transferted
to the Bu Register and the Force Carry Register shall
- be cleared. .

g. The LS2 Micro-command shall cause: 0001 to be transferred
to the Bu Register and the Force Carry geglster shall

be set.

The LSE Micro-command shall cause FFFE1g to be. transferré&
to the Bu Register and the Force Carry Register shall '
be cleared. , .

In the presence:of the Relocation and Protection Feature,
Load § Micro-commands executed during minor cycle EO

shall result in the transfer of the Segment Tag, associated
with the designated register number, to be transferred to
the left-most 4-bit extension of the S Register as contained
within the Relocation and Protection Feature.

Although the Load S MICIO commands shall be capable of
execution in a single minor cycle, E0O, 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-
commands shall require 2 minor cycles, the second
cons1st39g of :a special hardware inserted cycle referred
to as E

j. In the presence of one of the features described above
and in the additional presence of the ECC Feature, the
Load S Micro-commands shall require 3 minor cycles, the
second and third cons1st1ng of special hardware inserted
cycles referred <o as E0'and. E0 ,_respectlvely

3.8.5.2  Load D Word
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
oW 0 1 1 1 d].o a| b] P[0 of . «x

" Ferm 4002-RA
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This Format 1 Micro-command shall transfer the output from
the Register File to the D Register with the register
number for the Reglster File read reference des1gnated
according to 3.8.1.1.

When executed during minor cycle El, immediately following
-an LS1, LSF, LSZ or LSE Micro-command at minor cycle EO,

this Micro-command shall result in a Main Storage or Reglster
Option write reference. involving a full transfer of the D
Register output. In such cases, alteration of the contents
of the D Register by means of Micro-commands during minor
cycles E2 through E7, may result in machine malfunction.

The word locations of the write reference within Main
Storage, or within the Register Option, shall be designated
by the contents of the S Reglster (Bit 15 irrelevant except
for Breakpoint) and shall be subject to appropriate hardware
validity checks on the part of the Basic Storage Protection
or Relocation and Protection Features. Write references

thus performed shall involve 16 data bits when validly

- addressed.

' 3.8.5.3

LDW\ |

Load D Complement

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

0 1 1 1 of 1f af | PL O 0f = - x

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

' de51gnated accordlng to 3.8.1.1.

3.8.5.4

LDB

For a descrlptlon of. the relatlonship of this Mic1s¥command
to Main Storage and Register Option write references see
the comments in 3.8.5.2.

Load D Byte
00 01 02 03 04 05 06 07 0809 10 11 12 13 14 15

[0 1 1 1] 1] 0 a] B] 7] 0] 9]  x ]

This Format 1 Micro-command shall transfer the output

" from the Rejister File to the D Register with the register

number for the Register File read reference de51gnated
accordlng to 3.8.1. 1. .

Form 4002-2A
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When executed durxnp minor cycle El, 1nmed1ate1y followxno;

an’ LS1, LSF, LS2, or LSE Micro-command at minor cycle
‘EO,. this Micro- command shall result in a ain Storage

write reference involving a partial transfer of the .

D Register output for whlch the right-most byte shall
be duplicated in the left-most byte position, ( the

D Register output to the D Fan-In Network shall not be
affected). ' In such cases, alteration of the contents
of the D Register by means of Micro-commands during minor
cycles E2 through E7, may result in machine malfunction.
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 thHus performed shall involve the
transfer of only the left-most data byte where bit

15 of the S Register is clear or the transfer of only
the right-most data byte where bit 15 of the S Register
is 'set, when va11d1y addressed S

i

3.8.5.5 D To Au, True 3
00 01 02 03 04 05 06 07 08 09 10 11 12°13 14 15
pTA|{ 1 1 0 0| of of a b| 2| 0 o x

This Format 1 Micro-command shall transfer the 6utput from:
the Register File to the Bu Register with the register
number for the Register File read reference designated

"according to 3.8.1.1, In addition, this ilicro-command

shall transfer the output from the D Fan-In Network

-to the Au Reglster and shall clear the Force Carry

Register.

When initially translated on minor cycle E1, EZ, or E3
during any major cycle in which a llain Storage or Register
Ontlon read reference is performed, this Micro-command '
shall be held in the Ful, and Fu2 Registers and repeatediy
executed during each minor cycle up to and 1nc1ud1ng

. E4, under hardware control

Form 400224
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- 3.8.5.6

Dm\.i 10 0 0 | & o o 0 of x

D to Au, Complement
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

‘ This Format 1 chrm command . shall transfer the 1's

complement of the output from the Register File to

- the Bu Register with the register nunber for the

3:8.5.7

IDX

Register File read reference designated according

“to 3.8.1.1. In addition, this !licro-command shall

transfer the output from the D Fan-In Network to the
Au Register and-shall set the Force Carry Register.

During Main Storate ‘and Reglster Option read references,
hardware controlled timing. constraints shall be

-exercised as. descrlbed in 3.8.5.5.

Index

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

1 1 0 0 1_ 0] al b P' 0 Ov o x

This Forma: 1 Micro- command shall transfer the.output
from the Register File. to the Bu Register nrovided
the resultant register number for the Register File
read reference does not have the 3 right-most bits
(13, 14 and 15) in the clear state when designateu
accord1ng to 3.8. 1 1.

This Micro-command shall simply clear the Bu Register
provided the resultant register number for the Register
File read reference has the 3 right-most bits (13, 14
and 15) in the clear state when de51gnated accordlng

to 3.8.1.1.

In addition, this Micro-eémmand shall unconditionally -
transfer the ouiput of the D Fan-In Network to the Au

;Register and shall clear the Force Cérry Reoister.

during Main Storage and Regsister Option read references,

hardware controlled timing constralnts shall be exercised_'

. as descr1bed in 3. 8 5.5.
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In the presence of the Relocation and Protection Feature,
the IDX licro-command shall also serve as the imnlicit
Micro-comnand control mechanism for dvnamic Segment |
Tag write references. Each IDX Micro-command shall allow
the next Register File write reference, performed under
Micro-command control, to occur such that the associated
Segment Tag shall also be written. The Segment Tag value
so written shall correspond to the Segment Tag value

read during the last LS1, LSF, LS2, or LSE Micro-command,
whenever the associated IDX Micro-command simply cleared
the Bu Register. Alternatively, the Segment Tag value

so written shall correspond to the Segment Tag value

read during the associated IDX !licro-command whenever this
associated IDX Micro-command. performed a transfer of the
Register File output to the Bu Register,

3.8.5.8 D False to Au
' 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

pFAl 1 1 0 of 1/ 1f al bl Pl 0 0 X

- This Format 1 Micro—comnand‘shall transfer the outnut of the
Register File to the Bu Register with the register number
for the Revlster File read reference de51gnated according
to 3.8.1.1.

In addition the 1's complement of the output from the D
.Fan-In Network shall be transferred to the Au Register
and the Force Carry Register shall be set.

. During Main Storage and Register Ovtion read references, -
hdardware controlled timing constraints shall be exercised .
as described in 3.8.5.5.

3.8.6 Reglster File Write, Main, Storage Related Micro-commands. .

The Micro-commands within this class shall provide the
means for performing Register File write references which
may be related to Main ctorage or Register Option read.
operations.

The Micro-commands within this class shall be Main Storage
or Register Option related when they occur after, but in

the same major cycle as LS1, LSF, LSZ, or LSF Micro-commands
which are executed for the ournose of perform1nq Main
Storage. or Register Option read operations as defined in .
3.8;5.1.throughg3.8.5.4.

Form 4002-2A
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When initially translated on minor cycle E1, E2, E3 or E4
during any major cycle in which a Main Storane or Register
Option read reference is nerformed, these ‘{icro-cormands
shall be held in the Ful and Fu2 Reglsters and repeatedly.
executed during each ninor cycle up to and including ES,
under hardware control

Store D Word

00 01 02 03 C4 05 06 07 08 09 10 11 12 13 14 15

01000-0ab1?00 x

This Format 1 ficro-command shall transfer the output
of the D Fan-In JNetwork to the Register File with
the register number for the Reglster File write reference

‘designated accordtnc to 3.8.1.

3.8.6.2

-SDB

Store D.Byte ‘
00 01 02 03 04 05 06 07 08 0S5 10 11 12 13 14 15§

o 1 0 of of 1 a bl P 0 o0f x

This Format 1 Micro-command shall transfer the richt-
most byte. or left-most byte from the output of the D
Fan-In Network (as determined bv the state of bit 15

of the S. Reglster)to the Pegister File in the righ*t-nost
byte position, along with zeroes in the left-most oyte
position.. The register.nu:ber for the Register File
write reference shall be determined according to 3.8.1.1.

When 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 right-most byte input to the Register
File and zeroes at the left- most byte input to the
Reg1ster F11e

When bit 15 of the S Reglster is in the set state,
the right-most byte of the D Fan-Out Network shall be
selected at the right-most byte inprut to the Register
File and zeroes at the leit-most bvte input to the
Register File. o

: Form 4007224
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Immediate Operand Micro-commands.

The Micro-commands within this class shall provide the .
means for transferring irmediate operands to the Bu-
Register. These immediate operands shall be contained

within the !licro-commands themselves, with the excention

3.8.7.1

of CORC and special cases of the LBB and LBB\ Micro-cormands.

Undesignated bit positions within these !licro-commands
shall have no effect on Micro-command executicn excent.

to the extent that they :hall ptrt1c1nate in the fOTﬂatIOﬂ
of valid parity.

Enter Bu Upper

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

EBU

No 0 0

- P

The Ng/Ni fields of this

Y{icro-command shall be transferred

to the left-most byte posztlon of the Bu Register. The

‘right-most byte posltlon of the Bu Register shall remain

3.8.7.2

EBL

3.8.7.3

unchanged.
Enter Bu Lower

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

1 0 Pl 0 O

1 Ny

1

The Ny/Nj fields of this Micro-command shall be transferred
to the right-most byte position of the Bu legister. In ‘
addition, the left-most byte p051t10n of the Bu Reglster
shall be cleared

-—

Load Bu Bit ‘
00 01 02 03 04 05 06 07°08 09 10 11 12 13 14 15

LBB

0 1 1 0] 1 al b| | 0 o x

0

This Format 3 Micro-command shall transfer a 16-bit

"immediate operand to the Bu Register.
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“hen the "a'" and "b" desxonators are not set, the 16-bit
immediate operand shall consist of a single bit in the set
state with the remaining 15 bits in the clear state. The
5it position to be set 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 set state,

one in each bvte position, with the remaining 14 bits

in the clear state. The left-most bit position to be

set shall correspond to the Processor State, 0 through 7,
in which the !Micro-command is executed and the left-nost
byte shall be duplicated in the right-most byte position
as described in 3.8.1.3. : : '

In addition, the Force Carry Register shall be cleared.
"3.8.7.4 Load Bu Bit Complenent _
00 01 02 03 04 0S5 06 07 08 09 10 11 12 13 14 15

LBB\N} 0 1 1 O} 1} 1} a b} Pf 0 O x

This Format 3 Micro-command shall transfer a 16-bit
immediate :perand to the Bu Register.

When the "a" and "b'" designators are not set, the 16-bit
immediate operand shall consist of a single bit in the
clear state with the 1emaining 15 bits in the set ~tate.
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 le ft- most bit position to be
cleared shall correspond to the Processor State, 0
through 7, in which the Micro-command is executed and
the left-mmost byte shall be duplicated in the right-most
byte position as described in 3.8.1.3. v

in additiqn; the Force Carvy Register shall be set.




 3.8.7.5

DIG

3.8.7.6

CORC 1 1 1 1} 1} 1}~ ‘P10 O
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- Digit Duplication

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

11 1 1 1 0 Pl 0 O X

The '"x" field of this Micro-command 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 Yicro-command shall inhibit the group
carry mechanisms 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 Arithzetic portion
of the Su Register shall be inhibited by the execution

of this Micro-command. These disables shall remain in
effect until the Au or Bu Registers are clearsd, set or
clocked by Micro-commands other than DIG and CORC.

Correct Code

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

This Micro-command shall transfer a 16-bit irmediate
operand to the Bu Register where the value of each

.nybl (4-bit group) shall be indenendently determined
.bv the state of the associated b1t position in the
Inner Carry Register. .

Where the bit positions in the Inner Carry Register
are set, the associated nybls shall have the value of
3 in hexadec1mal notation. .

Where the bit positions in the Inner Carry Reglster are
cledr, the assoc1ated nybls shall have the value of D in
hexadec1mal notation.

In ‘addition, the Force Carry Register shall be cleared.

" Execution of this Micro-command shall inhibit the group

carry mechanisms 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 Arithmetic portion of the

Su Register shall be inhibited bv the execution of this
Micro-command. These disables shall remain in effect

until the Au or Bu Registers are cleared, set or clocked

by Micro-commands other than DIG and CORC.
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3.8.8

3.8.8.1

SHEF

3.8.8.2

SHR_1110‘0'1_ Pl-0 o] 0f @ x

3.8.8.3

DLS 1_'1;10"1 o] 1?.000'-
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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/3u Registers.

. Shift counts of 4 bits shall be ‘ficro-command desxonated

in true or 2's comnlement form, for shifts from 0 to 15;
binary places. Bits shifted from the Au Pegister shall
be end-off, (lost),Bits from the Bu Register shall be ~
shifted into the Au Register with zeroes inserted into
the right-most bit positions of the Bu Register.

Undesignated bit positions within these Micro-commands
shall have no effect on Micro-command execution excent
to.the extent that they shall participate in the formathn

“of valid parity.

Shift Left

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

1110 0o |p? o oo X

This Micro-command shall shift the contents of the Au/3u
Registers left the number of bit positions designated

'bv ‘the "x” field.

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

This Micro- comnand shall shift the contents of the Au/.
Bu Registers left the number of bit positions de51gnated
by the 2's complement of the '"x" field.

Left Shift (Dependent Count)
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
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This Mic~o-command shall shift the contents of the
Au/Bu Registers left the number of bit positions

‘designated by the shift count.

The shift count shall be obtained from bit positions

08 through 11 of the common resource F Register when

3.8.8.4

* DRS

bit position 01 of this common resource F Register
is set.

The shift count shall be obtained from the output of the
D Fan-In Yetwork in the right-most bit positions (12 thr-
15) when bit position 01 of the common resource F Registe
is clear. During major cycles which verform a Main Stora.
or Register Option read reference, the selection of the
input to the D Fan-In Network shall change from the D
Register to the !Main Storage data or Register Nption
data inputs, respectively, during minor cycle Z4. Thus
DLS Micro-commands which obtain the shift count under
these conditions, shall rprovide unpredictable results
when executed during minor cycles E4/ES.

Right Shift (Dependent County
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

11 1 of 1f 1 Pr'0 O Oi

' This Micro-command shall shift the contents of tne
Au/3u Registers left the number of bit positions.

3.8.9

designated by the 2's complement of the shift count.

The shift count shall be obtained in thé samne manner
as prev1ou51y descrlbed for the DLS !Micro-command
in 3.8.8.3. ,

'Blt Sense Micro- commands.

The Micro-commands within this class shall provide the
means for scanning the contents of the Au Register, 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 nositions thus
detected shall be cleared or set within the Au Register

as specified by the SR1 and S30 Micro-commands, respectiv

A value corresponding to the bit position detected, 00
throuch 153709, shall be added to the contents of the Bu
Register. ‘hen the entire Au Register is scanned without
detectlon of a bit in the svecified state, 163g9 shall bhe
added to the contents of the 3u Register.

Undesignated bit 10 itions within these Micro-comnands
shall not affact Micro-command etecutlon excent to the

extent that they shall narticipate in the formatlon of

valid parltv

- Ferm 400224
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- 3.8.9.1 Qense for Zero

00 01 02 03 04 0S5 06 07 08 09 10 11 12 13 14 15

SRO| 1 11 of of of. Pl 0 o 1

This Micro-command shall scan the Au Register for detection
of the first bit position in the clear state, and shail
increase the conténts of the Bu Renlster accordlnn to .the
result of the scan.

The contents of the Au Register shall femainiunchanged.
3.8.9.2 Sense for One |

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

ss;p 1 1 1 o o]l 1 P 1}

This Micro-command shall scan the Au Register for the

detectlon of the first bit position in the set state

and shall increase the contents of the Bu Register

according to the results of the scan.

The contents of the Au shall remain unchanged.
3.8.9.3 Sense and Set for Zero | |

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

'sso| 1 1 1 of 1 iO} Tl o o] 1

This Micro-commanc< shall scan the Au Register for detection
of the first bit position in the clear state and shall
increase the contents of the 3u Reglster according

-to the results of the scan.

The Au Register shall be set in the first bit position
detected in the clear state when the :contents of the .
© Au Reglster are not equal to’ FFFF16

! Form 4002-2A
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3.8.10

SR1{ 1 1 1 o0f 1} 1 1op 1}

. Sense and Reset for One

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

This Micro-command shall scan the Au Register for the
detection of the first bit position in the set state
and shall increase the contents of the Bu Registetr
according to the results of the scan.

The Au Register shall be cleared in the first bit
position detected in the set state when the contents
of the Au Register are not equal to 000010.

Skip Micro-commands

The Micro-commands within this class shall provide the
means for skipping the execution of the next successive
Micro-command when the specified conditions within the
Au Register are met. These Micro-commands shall require
‘one nminor cycle for translation and an additional minor
“cycle to accomplish the skipping of .the next successive
Micro-command when the srecified conditions are met.
Skip Micro-commands for which the specified conditions
are met as initially translated during minor cyvcle E7,
shall skip the next successive Micro-command during
ninor cycle E0 of the next appropr1ate1y allocated major

.' cycle.

3.8.10.1

SKZ -

NOTE: Wwhen the contents of the Au or Bu Registers are
.loglcally ambiguous as a result of transferrlng asynchronous
signals into them, the execution of Skip Micro-commands :
w1thout an allowance for resolve time may result in machine:
nalfunction in the form of undefined and unpredictable
Micro-command execution. See 3.8.2.5.

;Uﬁdesignated bit positions within these Micro-commands -
shall have no effect on Micro-command execution except

"to the extent that they shall part1c1nate in ‘the formatlon

of valid parity.
Skip if Au is Zero

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

0o 10 1L 0o/ o P 0 0fO0

This Micro-command shall skip the execution of the next
successive Micro-command when the contents of the Au

Réglster are equal to 000015.
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Sklp if Au is Non-Zero

'3.8"10.2
00 01 02 03 04 OS 06 07 08 09 10 11 12 13 14 15
SXN 0 1 06 1} 0f 1} ‘P_ 0 of 0O
This Micro-command shall skip the execution of the next
successive Micro-:ommand when the contents of the Au
-Reglster are not equal to 0000;¢4-
3.8.10.3 Skip if Au Bit is a One.
00 01 02 03 04 05'06 07 08 09 10 11 12 13 14 15
SkB{ 0 1 0 1} 1} of al bl P| 0 o} o0f x
This Format.z Micro-command shall skip the execution of
the next successive lMicro-command when the content of
the Au Register is. in the set state at the blt positicn
de51vnated accordang to 3.8.1.2.
3.8.10.4 Skip if Au Bit is a Zero.

skB\} 0 1 o0 1} 3} i} a| b] P| 0

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

I ol
.01 0 X

skip the execution of
when
at the bit position

This Format 2 Micro-command shall
the next successive !ficro-command
Au Register is in the clear state
designated according to 3.8.1.2.

. 3.8.10.5 Skip if Au) Bu ‘
00 01 02 03 04 05:06 07 08 09 10 11 12 13 14 15
SKGl 0 1 0 1] 0| 0 Pl 0 o] 1

~ This Micro-command shall skir

"Register are logically (unsigned)
~of the Bu Register.

the
successive Micro-command when the

execution of the next
contents of the Au

- Ferw 40022A
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greater than the contents
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3.8.10.6 Skip if Auc< Bu
00 01 02 03 04 05 06 97 08 09 10 11 12 13 14 15

SKL' 0 1 0 1 o] 1 P{ o0 o] 1

This Micro-command shall skip the execution of the
next successive Micro-command when the contents of

the Au Register are logically (un81oned) less than the
contents of the Bu Register. k

3.8.10.7 Skip if Au = Bu | |
00 01 02 03 04 05 06 07 28 09 10 11 12 13 14 15

skl o 1 0 1] 1] o 1?0 of 1f

This Micro- conmand shallskm the executlon of the next
successive Micro-command when the contents of the

Au Register are equal to the contents of the Ru
Register, bit-for-bit.

. ) i

3.8.10.8 Skip if Au # Bu |
.00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

SKEN | 0 1 0 1} 1} 1 P 1|

This 'ficro-command ‘shall skip the execution of the next
Micro-command when the contents of the Au Register are
not equal to the contents of the Bu Reglster bit-for-bit.

FPorm 4002-LR
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Braach Micro-commands

In addition to the CLP, STA, STB and AND Micro-commands
which shall effect a Branch orneration ~hen the Pu Register

 is designated as described in 3.8.4, the six Micro-commands
in this class shall ex»licitly nrovide the means for

verforming branch operations.

As onposed to the imnlicit !icrc-commands previously

mentioned and described in 3.8.4, the explicit Micro-
- comnands in this c¢li.s shall be capable of only partial

write references to the right-most address nortlons of
the Su and Pp Registers as follows:

a. The JMP Micro-command shall write only Bits 08 through
15 of the Su and/or Pp Registers. Bits 02 through 07
shall be under hardware control and shall be increrented
by one when JMP Micro-commands occur at Control Qtoragn
Addresses XXFF;¢. Likewise, bits 02 through 07
shall be increented by one when JMP !{icro-commands
occur at Control Storage’ Addresses XXFElﬁ during any
minor cycles other than E6 and/or E7.

b. The FNJ, FRJ, FZJ, RNI1 and RNI2 Micro-commands shall

write only Bits 04 through 15 of the Su and/or Pp
Registers. Bits 02 and 03 shall be under hardware
control and shall be incremented by one when these Micro-
commands occur at Control Storage Addresses XFFFjg. -
Likewise, bits 02 and 03 shall be incremented by one
when these Micro-commands occur at Control Stu.age _
Addresses XFFE1g during anv minor cycles other than :
E6 and/or E7. '

Execution of RNI1, RNIZ and FZJ Micro-commands 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 w1th these
Micro-commands may be altered from values of X002y4

and X009;¢ to a value of X000;4.

‘Undesignated bit positions within these Micro-commands .
shall have no etfect on Micro-command execution exczpt '
to the extent that the/ shall nart1c1pate in the
formation of val1d parity.

Form 4002-2A
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3.8.11.1

FNJl 0 o o of of 1f 115/ P| 0 O] I;

3.8.11.2

Numbar 282000
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Functlon Decode Jump _
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

This Micro-command shall transfer a 12-bit branch address
to the Su Register, (¢xcept during minor cycles E6 and E7),
and the Pp Reglster, in bit p051t10ns 04 through 15. ~

This 12-bit branch address shall be based on the I I and

I1 Micro-command designators as well as -the contents of the
common resource F Register, (for which- b1t positions shall .be
referred to as FOO through FlS)

a. When the I designator (bit 06) is clear, the 12-bit branch

~ address at the designated inputs to the Su and Pp Registers

.shall have the following format:
04 05 06 07 08 09 10 11 12 13 14 15

Iy I Foa | Fos | Foe | Fo7 o 0

b. When the I designatbr (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 05 06 07 08 09 10 11 12 13 14 15
I, 11 0 O0|Fpg| 1 0 0]

J

Format ‘Decocde Jump
00 01 02'03 04 05 06 07 08 09 10 11 12 13 14 15

FRJ | 0 0. 0 O] 1] © P 0 OF ' 1

1

This Micro-command ‘shall transfer a 12-bit branch address to
the Pp Register in bit positions 04 through 15. (The output
of the D Fan-In Network must be 'stable 200 n/s prior to the

execution of this Micro-command).

This 12-bit branch address shall be obtained by reading the
output of the Address Table (9 bits of address, 1 bit for
parity) and inserting 3 hardware translated bits. The con-.
ventions for addres%lng the Address Table and formatting 1ts
output are described in 3.5.3.

Once read, this Micro-command shall be held in the Ful and
FuZ Registers for the remainder of the major cycle, with the
transfer from the Address Table to the Pp Register occurrlng
only during the first minor cycle of its execution.

Form 400Z-2A




MEMOREX  encieern SPECIFICATION o

Equipment Group

3.8.11.3

FzJ 0o 0 o of 1 1 ' P

Zero Junp

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

This Micro-command shall transfer a 12-bit branch address
of 00936 to the Pp lRegister in bit positions 04 through -
15 on the first minor cycle in which it is executed.

When the contents of the Au Register are not ecual to

00003, no further operations shall be perforned on the
part of this !licro-comnand, and hardware control shall

- .3.8.11.4

JMP

proceed to the execution of the next Micro-command
as available at the output of Control Storage proper.

When the contents of the Au Register are ecual to 000016’
the Ful and Fu2 Recister clocks shall be disabled for

the renainder of the major cycle and no further onerations
shall be performed on the nart of the current Drocessor
State with respect to %1cro comnand executlon._

Junp

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

10 0 1 Mg | Plo o0 Ni

This Micro-command shall transfer an 8-bit branch

address consisting of the Ny/N; fields to the Su Reglster,
(except during minor cycles E6 and E7), and the Pp
Register, in bit positlons 08 through 15.

Thus, this Micro-command provides the means for nerforming
branch operations within 256-word page boundaries of

Control Storage proper, w1th the exceptlons noted in

3.8.11.5

RNI1

3.8.11, item a.
Read Next Instruction 1

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

1 0 0 of of of af bl Pl 0 0 x

This Micro-command shall transfer a 12-bit branch address.
of 00274 to the Pp Register in bit positicns 04 through 15
on the irst minor cycle in which it is translated

Foria Q02L&
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In addition, this Format 1 Micro-command shall transfer
the Overflow and Link bits from the Arithmetic status
portion of Su to the Basic Register File with the register
number for the partial write reference designated accordlno
to 3.8.1.1. This transfer shall be confined to the

Basic Register Filé as a result of disabling the write
operation when -the "a'" and "b'" designators for this Micro-
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-rost
8 bit positions such that Overflow shall be transferred

to bit 00, bits 01, 02 and 04 through 07 shall be cleared,
and Link shall be transferred to bit 03. The right-most
8-bits shall remain unchanged.

Once read, this chfo'comnand shall be held in the Ful
and Fu2 Reo sters for the remainder of the major cvcle.

. 3.8.11.6 Read Next Instructlon 2

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

RNIZ| 1 0 0 O 0f 1} a} b P| 0 O x

This Micro-command:shall transfer a 12-bit branch. address
of 0093¢ to the PpiRegister in bit positions 04 thrcugh
15 on the first minor cycle in which it is translated.

In all other resvects, this Micro-command shall execute
1dent1ca11v to the RNII chro command as descrlbed in -
3.8.11.5. . ‘
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3.8.12.1

NOP

3.8.12.2

3.8.12.3

SYNC[ I I 1 1] 0 o0 ] P 0 0] 1

1 | Number
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Control MiCro-Commands

The Micro-commands within this class shall provzde the means
for vrerforming Timing, Input/Output Termination and
Boundary Cr0551ng Mode operations.

_Undes1gnated bit positions within these Micro-commands shall
have no effect on Micro-command execution except to the '
extent that they shall. part1c1pate in the formation of
valid parity,.

No Operation
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

0 0 0 0f 0f O Pl 0 0

This Micro-command shall not influence CPU operations for

- the minor cycle during whlch it is contained in the Ful

and FuZ Registers.
Resynchronize

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

This Micro-command shall transfer the Control Storage
Address of the next successive Micre-command to bhit .
positions 02 through 15 of the Pp Reglster on the first
minor cycle in which it is executed.

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 establishment of minor cycle E0 for the execution
of the next successive Micro-command during the next

najor cycle allocated to the associated Processor State.

Invoke/Pevoke Boundary Crossing Mode

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 1§

 IVK r—i 11 1 01 v 0] 1 ' ;4J

RK [T T T 1[0 1 P! 0 ol'o! ]

!
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During all minor cycles following the execution of an IVK
Micro-command, up to and including the minor cvc¢le in whi:h
an RVK Micro- command is. executed, Boundary Crossing llode
shall be in effect with respect to the designation of
register numbers on the part of all Micro-commands
nerfornlng Register File references.

The Boundary Cr0531ng Mode of de51gnating register numbers
by means of the contents of the BC Register 1s described
in 3.2.3.7 including timing constraints where applicable.

The Normal Mode of designating register numbers by means
of Format 1 Micro-commands only, 'is described in 3.8.1.1.

3.8.12.4 Read Control }emory

00 01 02_03 04 0506 07 08 09 10 11 12 13 14 15
RObq 11 1 ll 0[ Ol [ P! 0 Ol 01 _j_

This Micro-command 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 ninor cycle

in which it is executed.

Control Storage proper shall be read referenced at the
address contained in the Bu Register and the output of
Control Storage pIOpershall be subsequently transferred
to the CSS Register (J-X inputs as described in 3.2.3.8)
on the second minor cycle involved in the execution of
this’ Mlcro command.

Once read this Mlcro command shall be held in the Ful
and Fu2 Reglsters 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 ROM Micro-command shall require that an allowance
be made for a minimum of 3 contiguous minor cycles in the
same major cycle as shown in Flgure 9. This allowance
must be nrov1ded under Micro-command control.

3.8.12.5 Compare I/0
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
CIor1 ¢ 1 0 0 Of 1} O} 1§ 1} Pl 0O O

CIoz2 1 0 o0 of Lf 14 11 1, P} 0 Of
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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 Micro-commands shall be held in the Ful

and Fu2 Registers for the remainder of the major cycle.

‘Operations performed in the further execution of these
- Micro-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
performed for Processor States 0 through 3. See 3.2.4.12

a. .

_for a descripntion of the End of Transfer signals.

when the rontents of the Au Register are equal to the
contents of the Bu Register, bit-for-bit, or in the
presence of the annropriate End of transfer signal
when applicable, the CIN1 Micro-command shall provide
an I/0 Exit signal as described in 3.2.4.13 at the
end of the first minor cycle of execution only.

When the contents of. the Au Reglster are not equal to
the contents of the Bu Re«lster, bit-for-bit, or in
the presence of the appronriate End of Transfer signal
when 1applicable, the CIO2 Micro-command shall provide
an I/0 Exit signal as described in 3.2.4.13 at the
end of the first .minor cycle of the execution only.

jlhen these Micro-commands provide an I/0 Exit signal.

at the =2nd of the first minor cycle of their executlon,

‘no other operations shall be performed.

When these Micro~commands do not provide an‘I/O'Exit

"signal at the end of the first 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 occur during
minor cycle WO, shall be suppressed. In addition, a
pulse shall be applied to the clear input of the
appropriate Busy Flin/Flop in the B/A Register for
Processor States 0 through 4 -at the end of the first
minor cycle of executioi of these Micro-commands in
which an I/0 Exit signal is not provided,as described

~in 3.2. 3 1, item d.

Execution of these Micro-commands beginning on minor.
cycle E7 shall not be hardware supported and may
result in machlne malfunction.

. Kaem aNNASS
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{ 3.9

3.9.1

Resource Allocation

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 from Processor States 0 through 7

and the Console State, during minor cycle El at a time
equivalent to CLOCK-60 as defined in 3.2.4.5.

The Refresh. request from Main Storage shall occur syhchrono&sly_
and shall have uncond1t1onal 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 1nvolved in the follow1ng sequentlal
order

PROCESSOR STATE
PROCESSOR STATE
PROCESSOR STATE
PROCESSOR STATE
PROCESSOR STATE.
PROCESSOR STATE
PROCESSOR STATE
PROCESSOR STATE
CONSOLE STATE

When more than one of these resource requests occur,
(after the Main Storage Refresh requirements have been
accounted for), resource allocat1on shall take place 1n
the following manner.

Total Number of ' Resource

Requesting Processor States Allocatlon per State

50.0%

33.3%

25.0%
20.0%
16.6%
14.2%
12.5%
111.1%

Ot nN
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- 3.9.2 .Priority'MOde

The Resource Allocation Network shall addltlonally
resynchronize all resource requests.from Processor States
0 through 3, relative to their coincidence with the
associated Invoke Priority signals as described in
3.2.3.5 and relative to their combined coincidence with
the associated Enable Priority and Priority signals as
described in 3.2.3.5 and 3.2.4.11, respectively. These
lesynchronlzatlon activities shall occur during every
minor cycle El at a time equivalent.to CLOCK-60 as
defined 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, prlorlty shall be granted 1n the
following order:

. PROCESSOR STATE 0
PROCESSOR STATE 1
" PROCESSOR STATE 2
PROCESSOR STATE 3

In the absence of Consecutive Cycle operatlons, Priority
Mode requests shall result, (after the Main Storage
Refresh requirements have been accounted for), in 50%

of the resource utilization allocated to each Processor
State so requesting, up to d maximum of two such States.
‘When three or four Processor States have made simultaneous
- Priority liode 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 performed .
as a result of Main Storage Refresh requests)

3.9.3 - Non-Consecutive Cycle Mode_

Without respect to Priority Mode operations, Non-Consecutive
Cycle Mode shall affgct resource allocation only when

a single Processor State, 0 through 7, is requesting
resource utilization in the absence of all other requests.

Caem AR/RNAS A
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Thus, major cycles shall be alternately allocated between
the single requesting Processor State and the Null State
unless  the appropriate Consecutlve Cycle Enable is set

as described in 3.2.3 5.

3.9,4 ‘Consecutive Cycle Mode

Without respect to Pr1or1ty Mode operations, Consecutive

Cycle Mode shall affect resource allocation only when a

single Processor State, 0 through 7, is requesting resource
- utilization in the 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 described in 3.2.3.5.
Consecutive Cycle Mode shall be accomplished by means of

. basic timing modifications as described in 3.8.1, item b.

NOTE: The Console State shall be unconditionally capable
of utllleng consecutive major cycles without the
basic timing modifications which shall be required
for Processor States 0 thtrough 7. See 3.7.1, item c.

3.9.5 Priority with Consecutive Cycle Mode

When both Priority .and Consecutive Cycle Modes of operation
are correspondingly specified for one or more Processor
States, the highest priority. Processor State thus requesting
resource utilization shall obtain exclusive allocation

of the resources, (with the exception of the Null State
resulting from Main Storage Refresh requests).

NOTE: Each major cycle performed in this combined Priority
and Consecutive Cycle Mode of operation shall be
unconditionally followed by a Null State major
cycle when the aSSOC1ated Busy Fllp/FlOp is cleared.
See 3.7.1, 1¢em b. _ ‘
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3.10.1_'

3.10.2

3.10.2.1

Number 232000
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System Control Panel (Console)

The Console de5cript10n within thlS Section shall apply

to the Console as 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) '
Communlcatlons Actl?1ty Display Group (See Flgure 13)

The relative positlons of these groups is shown in
Figure 14,

Mechanical

The Console Control Panel shall be approximately 28" H,
22"W, 11.5"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 pivoted 90 degrees into a mechanically locked.

position so as to be easily accessed .from the P. C.
module (card) 51de of the 7300 Processor cabinet.

Operator Sroup
With the exceptlon of the Power On and Power Off switches

as described in 3.10.2.2 and 3.10.2.3, respectively, the
Operator Group of coatrols shall be enabled at al: times.

‘This .group of controls shall provide the operator with’

the basic means. for control of the 7300 Processor.
Emergency Pull. |

This control shall be a latching pull switch. OCnce pulled

a mechanical reset shall be required. The resetting

mechanism shall be located behind the Console Control
Panel such that it-is accessible only by opening the

Console Control Panel enclosure.

When pulled, this switch causes all A.C. and D.C. power
to drop immediately, by-rassing the normal power-down
sequence. This action shall be referred to as Emergency

i Power 0off (EPO).

CAUTION: OPERATION OF THIS CONTROL MAY RESULT IN PHYSICAL
-DAMAGE TO THE SYSTEM. :

- Form #002-2A
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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 Mode 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-down Sequence

-has been completed, 1i.e. durlng power sequencxng and when
power is on.

NOTE: Upon completion of the power-up sequence, a2 Reset/
Load sequence shall be automatically initialized. More-
over, upon completion of the Reset/Load sequence, an
Autoload sequence shall be automatically initialized
provided the Maintenance Group controls have not been
enabled. For a description of the Reset/Load and Autoload
sequences, see 3.10.2.12 and 3.10.2.4, respectively.

Power Off

This control shall be a momentary push -button switch
with an indicator. .

The effect of this SWltCh shall be conditioned by the.Local/
Remote Control as described in 3.10.4. In Remote Control
Mode, the pover off switch shall have no effect. In

Local Control Mode, the depression of the Power Off switch
shall initialize the power-down sequence.

The indicator shall be on unless one of the following

.conditions ex1st

-'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 1n1tlalxzat10n of the
power-down sequence. ‘

Farm 400284
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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‘Réset shall beiperforhed for a minimum of
.4 m/s and ¢z maximum of .6 m/s. For a descriptionh of
the effects of System Reset, see 3.10.3.8.

b. Upon completion of the System Reset, the Busy F/F for
Processor State 4 (Bit 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 011274 or 011334
as getermlned by the Load Select switch described 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/F for Processor State 4.
This enable shall exist until a System Reset occurs.
These increment prlses shall be further conditioned
by the Fxecutive Disable switch as descrxbed in
3.10.4.27. ’

'3.10.2.5 Load Select: Primary/Alternate
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 tit shall be set, resulting in a Control Storage
Address of 011335. In the Alternate, (up) position, the
right-most bit sgall be clear, resulting in a Control
Storage Address of 0112¢4.

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 interface
Integrated Card Adapter-type (ICA) signals.

Form 4002-2A
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Sneaker Volume

This control shall be a one-turn potentiometer which
controls the potential volume level of the Console -
loudspeaker. Rotation of this control fully counter-
clockwise shall reduce speaker volume to inaudibility.
Rotation of this control fully clockwise shall provide
the potential for maximum speaker volume. '

For a descrigtlon of the dlgltal inputs and their relative;
effects on the console speaker s frequency and volume :
see 3.10. 3.5. .

Processor Fault

This control shall be a momentary push- button switch with
an indicator.

The indicator shall be on when any of the. folloW1ng
processor faults occur.

a. Control Storage Parity Error.
b. Main Storage Parity Error .

c. D.C. Fault

' d. Over-Temperature Condltlon.

‘Depre551on of the Processor Fault sw1tch shall neither

correct nor initialize recovery activities for any of
these faults.

When the indicator is on as a result of Control or Main
Storage Parity Error faults, depression of the switch shall
cause the indicator to be off. The indicator shall remain
off until the switch is released and no further Parity
Errors occur.

When the indicator‘is on as a result of a D.C.: Fault

-or an Overtemperature Condition,.the Processor Fault

switch shall have no effect.

Each of these Processor Faults shall have individual

~indicators within the Maintenance Group controls as

described in Sectlon 3. 10 4,
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3.10.2.8 I/0 Fault

This control shall be a momentary push-button switch with
Han indicator,

The indicator shall be on when any of the follow1ng 1/0
faults occur.

a. Channel 1 Transmission Parity Error
b. Channel 2 fransmission Parity Error
c. Channel 1 Control Check Error
d. Channel 2 Control Check Error

e. Burst Check Error (during a Reset/Load sequence 1nvolv1ng
a File type device only). v

f. Fallure of an IFA attached File to retract heads
during the power down sequence. ,

Depression of the I1/0 Fault switch shall neither correct
nor initialize recovery activities for any of these errors.

Depression of the I/0 Fault switch shall cause the indicator
to be off. The indicator shall remain off until the switch
is released and no further I/O'Faults occur.

Each of these I/0 Faults shall have individual indicators
within the Malntenance Group controls as described in
" Section 3.10.4. N _

3.10.2.9 Lamp Test

This control shall be a momentary push- -button sw1tch with
an indicator.

When depressed, this switch shall cause all Console
indicators to be on. When released, all Console indicators
shall be off to the extent of the effects of this switch
‘i.e. indicators shall remain on wherever the conditions for
the on staie otherwise exist. .

When depressed, this switch shall also cause the Alarm to
be audible. When released, the same effect for Alarm
operation applies as for 1nd1cator operatlon as prev1ously

described.
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3.10.2.10 Alarm

The Alarm shall be an audible signal only. The Alarm shall
be on when the Lamp Test Switch is depressed or when any of
the following conditions exist w1th1n the System

a. Blower failure within thevProcessor, (1nterpreted as an
' over-temperature condition).

b. A D.C. Fault.

c. -Pallure of an IFA attached File to retract heads during
the power-down sequence.

_Each of these conditxons could re=ult in phy51ca1 damage
within the System. When blower failure or D.C. Fault
conditions persist for approximately 60 seconds, the.

- power-down sequence shall be automatically initialized.

~ When the heads fail to retract during the power-down.
sequence, D.C. power within the Processor shall be removed-
but the power-down sequence shall be suspended at that-
point for as long.as the heads remain extended. '

©3.10.2.11 Alarm Disable

This control shall be a momentary push button switch w1th
an indicator.

- When the Alarm is audible, depressing the switch shall
cause the Alarm to be off (disabled) and the Alarm Disable
indicator to be on. When the switch is released and the
condition(s) which cause the alarm no longer exists, the
alarm shall be enabled (but inaudible unless and until
fault conditions reoccur) and the Alarm D1sab1e indicator
shall be off. ,
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'3.,10.2.12 Reset/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
following: :

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 nct been enabled. When the Main-
tenance Group Controls have been enabled, this System
- Reset shall be omitted. from the Reset/Load sequence.
For a descrlptlon of the effects of System Reset, see
3.10.3.8.

b. Upon Completion of the System Reset ‘when applicable, the

" © Control Storage Loader shall transfer data into Control
Storage using either a Primary or Alternate device
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 description of the Primary and Alternate .
sequences and signal conventlons, see 3.5.8 and 3.5.9,
respectively. ~ '

¢. The Reset/Load sequence shall write data into 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 Table 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, respectively,
by means of the Select CS Mlnlmum control as described
in 3.10.4.

d. Upon completion of the Reset/Load Sequence, an Autoload
sequence shall be initialized 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. 5 9.
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Programmer_Group _

This group of controls shall be enabled only when the
Console is in Program Mode or Maintenance Mode. When the
Console is not in Program Mode and not in Maintenance Mode,
the switches within this group shall have no effect.
However, indicators within this group shall be enabled at
all tlmes

Program Mode

This contrcl shall be a push-on, push-off switch with an
indicator. The indicator 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 all controls in the Program Group.

Depre551on of the Program Mode switch to the off position
shall disable all controls in the Program Group provided
the Maintenance Mode switch is also off.

Note: Progrém Mode and Maintenance Mode shall be mutually
exclusive and Maintenance Mode shall have precedence when
both selections are made simultaneously.

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 left-most group, bits shall be individually designated
from left to right, X0 through X3. Within the right-most

4 groups, bits shall be 1nd1v1dua11y designated from left
to right, 00 through 15.

a. Console Address Register'Display: X0 - X3

These SW1tches:and indicators shall not be functional
unless the Relocation and Protectlon Feature is present
1n the 7300 Processor.

In the presence of the Relocation and Protection Feature,
and when enabled, depression of these switches shall
‘cause corresponding bits 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 positions
~that are clear.in the Segment Tag portions of the S,
Console Address, and PE Registers as determined by the
Console Address Register Select described in 3.10.3.4.
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b.e_Console Address Register Display: 00 - 15.

When enabled, depression of these switches shall cause
corresponding bits to be set in thée 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.

Cleaf Address
This control shall be a momentary push-button switch.

When enabled, depression of this switch shall clear all
bit positions of the Console Address Register only. The
clear signal resulting from the depre551on of this sw1tch
shall continue until the sw1tch is released

Console Address Reglster Select

This control shall be a rotary switch with 4 panel
designated positions. In a clockwise direction, the
positions of this switch shall be designated Su, S,
Address, and PE. -

The Su and PE positions of this switch shall be enabled
only when the (onscle 1s 1in Malntenance Mode as described
in 3.10.4. - :

When 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 indi:ators.
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 shall be over-
ridden by CS-RD and 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

o Register shall be selected.

: #‘an 40022A
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3.10.3.5

3,10.3.6

Console Data 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 left-most group, bits shall be individually designated
from left to right X0 through X3. Within the right-most

4 groups, bits shall be individually desxgnated from left
to right, 00 through 15.

‘a. Console Data Register Display: X0-X3

These switches and indicators shall not be functional
unless the Relocation and Protectlon 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 be 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 positions that are clear
~in the Segment Tag portions of the Console Data Register
only. .

b. Console Data Régister 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
p051t1ons that are set and off for corresponding bit
positions that are clear at Fu2, Ful, RTC, CSS, B/A,
Console Data, D, Au, Bu, SUM or‘BC odtputs,as determined
by the Console Data Register Select described in 3.10.3.7.

The digital inputs to the Console Data Register Dlsplav'
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, bit414
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).

Clear Data
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 depression of tliis switch shall

continue until the switch is released.
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3.10.3.7 Console Data Register Select

This control 'shall be a rotary sw1tch with 11 panel
designated positions. In a clockwise direction the
positions of this switch shall be designated Fu2, Ful,
RTC, CSS, 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 only when the Console 1s
in Maintenance .fode as described in 3.10.4.1.

-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 to 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 Null
State cycles. Thus, when enabled, and during Null State
-cycles, switch p051t10ns of D, Au, Bu, and SUM shall be
éffective in selecting these outputs for transm1551on 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 Mode 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 contents
are transmitted to the Console Data Register Display indica-
~tors, the contents of Console Data Register shall te selected.
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System Reset

This control shall be a momentary push button switch Wlth
an indicator.

When enabled depression of this. switch 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 of 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. v

c. -The B/A, T, G, PM, BC, CSS, Console Address and Console
" " Data Reglsters ‘within the Extended Register File, Group 11
shall be cleared .

d. The Au, Bu, D and Forced Carry Reglsters w1th1n the ALU
shall be cleared . .

e. A reset 51gnal shall be transmitted to the Extended
Register Flle, Group III.  (For ‘the effects of this
signal within' the 1ntegrated adapters, see the
appropriate document listed in 2.0).

f. The Resource Allocatlon Network shall be forced to
issue Null cycles only.

g. The timing mechanlsm shall be forced to issue ten(lO)
minor cycles per major cycle, (EO through E9).

h. The Su, Ful, and Fu2 Registers at the periphery of
Control Storage shall be cleared.

The RTC Increment pulses. shall be disabled at the set
input of the Busy Flip-Flop for Processor State 4, (Bit .
04 of the Busy[Actxve Register). ~

e

j. 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 Netwoik), shall be cleared.

k. In the presence of the Relocation and Protection
Feature, the Addre551ng Mode Reg1ster shall be cleared

The System Reset Sequence resulting from the depression of

this switch shall continue until the switch is released.
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Console Control Select{‘Sfop/Step,vNormal, Breakpoint

This control shall be a 3 position toggle switch.

When enabled, the position of this switch shall determine
the .mode in which Conso6le Operations are performed.
(Console Operations: shall be selected by means of the
Console Mode Selecct switch described in 3.10.3.11 and
initialized by means of the Console Run Sw1tch described
in 3.10.3.10). .

~ NOTE: Some Console Q eratzbns shall stop, despite the

position of this switch, when error conditions occur
as descrlbed 1n 3.i0.3. 11

- a. StOp/Step

In the St0p/Steb, (up), position, this switch shall cause
the Console Request Flip/Flop to clear at the beginning
of E4 during all major cycles allocated to the

- Console State,

As a result when Console Operatlons are already
occurring, “and this switch is moved to the Stop/Step
position, the Console Operation shall stop, i.e. Stop
Mode. For eachiinitialization of Console Operation

with tkis switch already in the Stop/Step position, a
single major cycle shall be allocated to the Comnsole,
i.e. Step Mode. (Console Operation shall be initialized
by means of the Console Run switch described in 3.10.3.10) .

b. Normal ‘ ‘ ;

In the Normal, (ceriter), position, this switch shall have
no effect on thé Lonsole Request Flip/Flop, i.e. once
initialized, Coﬁsole Operatlon shall be performed '
contlnuously.

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 allocated to

the Console in which a Breakpoint Comparison occurs and
is applicable. (Console Operations for which Breakpoint
stops are appllcable are descrlbed in 3.10.3.11).
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Console Run

This control shall be a momentary push-button SWltCh 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, approximately 100 n/s in duration at the
set input to the Console Request Flip/Flop.

As a result, each depre551on of this switch, when enabled,
shall initialize a Console Operation prov1ded the Console
Mode Select switch, as descrlbed in 3.10.3.11, is also

in an ena ed- p051t10n._

Console Mode Select

This control shall be a rotary switch with 9 panel designated
positions. In a Clockwise direction, 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 is in “alntenance Mede

" as described 1in 3. 10 4.1.

When enabled, the position of this switch shall select the
type of Console Operation to be initialized when the
Console Run Switch is depressed.

a. RO WR

This position of the Console Mode Select sw1tch 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 01007¢.

Micro-command sequences which would otherwise result
in Main Storage Write operations shall be altered by
hardware control into Register Option Write Operations.

Clocks shall be disabled at the m;croecommand trans-
lations for the Console Address Register .
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ROéRD

This position of the Console Mode Select switch shall
have the following effects during all maJor cycles
allocated to the Console State.

Mlcro-command execution shall be forced to begin at
Control Storage Address 0103;4. »

Micro-command sequences which would otherwise result in
Main Storage Read operations shall be altered by
hardware control into Register Optlon Read Operatlons.

" Clocks shall be disabled at the Micro-command translatlons

for the Console Address Register.

" RF-WR ,

. H ) . )
" This position of the Console Mode Select switch shail 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 0106;¢4.

In the presence of the Relocation and Protection
Feature, Micro-command sequences which perform
Register File Write operations in Boundary Crossing
Mode shall be bupplemented by hardware control to

- include participation of the Segment Tags for the

Basic Register File.
RF-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 010C;q.

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 Segment Tags for the Basic Register File.
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OFF

This position of the Console Mode Select switch shall
cause a clear signal 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 between posi-
tions. Thus a change in Console Operation Selec-
tion while the Console is running shall result
in stopping the Console Operation.

MS-RD
This position of the Console Mode Select sw1tch'shall
have the following effects during all major cycles
allocated to tne Console State.

Micro-command execution shall be forced to begin at
Control Storage Address 0103;¢. A

The Console Request Flip/Flop shall be cleared at the

' beginning at E7 when the Micro-command sequence performs

a Main Storage Read and a Parity Error occurs, (an
additional Main Storage reference for the Console

" shall not occur). This Parity Error stop shall be

condltloned by the Storage Parity D1sab1e control as
described in 3.10.4.16. ,

The Console Request Flip/Flop shall be cleared at the -
beginning of E4 when the Micro-command sequence per-
forms a Main Storage reference, the Main Storage Address
compares bit-for-bit with the Breakpoint Address
selection, and the Cohsole Control Select switch is

in the Breakpoint position.

The right-most 16-bits of the Console Address Register
shall be cleared during E7 when the Micro-command sequence
performs a Main Storage reference at an address which is
not physically present, (Out of Range).

“When the right-most bit (bit 15) of the Main Storage

Address Register, S, is set, clocks shall be disabled
at the Micro-command translatlons for the Console
Address Register. .

L]
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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. Likewise, in the presencsd
of the Relocation and Protection Feature, the }Main
Storage Address which is compared with the Breakpoint
Address selection $hall be either a System or Physical
Main Storagc Address as determined by the position of
-the System/Physical switch described in 3.10.3.14.

MS -WR

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 Addresq 010044

‘The Console Request Flip/Flop shall be cleared at the

beginning of E4 when the Micro-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 of the Console Address Register
shall be cleared during E7 when the Micro-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 Main Storage

‘Address Regiscter, 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
Swstem 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
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 described in 3.10.3.14.
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CS-RD

‘This p051t10n of the Console Mode Select switch shall

provide 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 hardware sequences shall be
mutually exclusive with Micro-command execution on the
part of any Processor State. :

This pousition of the Console Mode Select switch shall
over-ride the Console Address Register and Console Data
Register Select switches. The Console Address Register
Display indicators shall be used in the right-rost

16-bit positions to display the Control Storage address

as contained in Su. . The Console Data Register Diszlayr
indicators shall be used in the right-most id-bit position
to display Control Storage data as contained in the CSS
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 incremented by one at the
beginning of each major cycle allocated to the Console
State except on the first cycle following System Reset.
Thus, the data indicated by the Console Address Register
Display shall correspond to the contents of the Control
Storage address indicated by the Console Address Register
Display at the end of each major cycle allocated to

the Cousole State. .

In Stdp/Step Mode, Control Storage Read operatiors shall
reference a single Control Storage Address tor each
depression of 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 »hysically
present in the 7300 Processor. Longitudinal parity shall
be checked for Control Storage proper and horizontal .
parity shall be checked for the Address Table. In the
event of a Parity Error, the operation shall stop unless

' disabled by the Storage Parity Disable control described

in 3.10.4. In the absence of a Parity Error stop,the

.complete scan shall occur repeatedly, including 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 Run 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-fer-bit with the Breakpoing Address
selection, the operation shall stop. If the operation
stops in Control Storage proper, the Console Data Register
Display shall indicate the cumulative longitudinal check
word for th: associated page of 256 words, up to and
including the address indicated by the Console Address
Register Display. In the absence of a Breakpoint stop,

"a complete scan 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 Select CS Minimum control
as described in 3.10.4.19.

CS-WR

This position of the Console Mode Select switch shall:
provide the means for selecting Control Storage Write
operations to be performed under hardware control.

During Controel Storage Write operations as initiated
from the Console, the associated hardware sequences
shall be mutually exclusive with Micro-command execution
on the part of any Processor State.

This rosition of the Console Mode Select swit.a shall
over-ride the Console Address Register and Console Data
Register Select switches. The Console Address Register
Display indicators 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 into 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 Stop/Step Mode, Control Storage Write operations
shall write at a single Coantrol Storage Address for each
depression of the Console Run sw1tch

FPerme 4002-8A
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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 7300 Processor. Once
initialized, a complete write operation shall occur
repeatedly unt11 manually stopped from the Console.

In Breakpoint Mode, Control Storage Write operations
initialized by means of the Console Run switch shall
attempt to write 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 Breakpoint Address 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 Comnsole.

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 Select CS
Minimum control as described in 3.10.4.19.

Console Main Storage,Relocate/Off.
This control shall be a 2 prition togglé switch.

In the absence of the Relocation and Protection Feature
this switch shall 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 Physical 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 interﬂreted
as a Physical Main Storage Address and shall by-pass the
relocation mechanism,

Breakpoint Address Select

Each of these 5 controls shall be a 16-position rotary
switch.

In the absence of the Relocation and Protection Feature,
the left-most 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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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 Main Storage Address
as determined by the position of the System/Physical
control described in 3.10.3.14. In the absence of
the Relocatvion and Protection Feature only the right-
most 16-bits of the Breakpoint Address shall be
compared witii the contents of the S Register.

For Main Storage references on the part of the Console

State, in Breakpoint Mode, a comparison between the

Breakpoint Address and the Main Storage Address shall
result in a Breakpoint stop.

For Main Storage references on the part of Processor
States 0 through 7, in Breakpoint Mode, a comparison
between the Breakpoint Address and the Main Storage
Address shall result in a Breakpoint Stop for the
appropriate Processor State provided the nature of
the Main Storage reference has met one or more of the
selections described in 3.10.3.15, 3.10.3.16, and
3.10.3.17, :

The Breakponint 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-most
bits of Su which provide Overflow and Link status for
Processor States 0 through 7 shall participate. in the |

‘Breakpoint Address comparison; see 3.5.1, Su Formats.
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3.10.3.14 Breakpoint Mode Select: System/Physical
This control shall be a.Z-position toggle switch.

In the absence of the Réiocatlon and Protection Faature
this switch shall have 1rio effect.

In the preseice 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 sglec¢tion. Likewise, the position of this
switch shall dete¥ WhHether System or Physical Main Storage
Addresses shall b# transmitted to the Console Address Reglster
Display 1nd1cat0r§ when the Select switch is enabled and in
the S position.:8ystem Main Storage Addresses shall be
selected as de&crlbed when this switch is enabled and in the
System (up) position, Physical Main Storage Addresses shall
be selected as described when this switch 1s disabled or in
the Physical (down}fp051t10n. i

3.10.3.15 Breakpoint Mode : Read - Inst7/¢ff
'This control shﬁi ‘a 2-position ‘toggle switch.

When enabled and 1n the Read Instr (up) position, this switch
shall enable a Breakp01nt stop for Processor States 0 through,-
7 during major cyclés. which perform a Main Storage referenc
by beginning Micro- tommand execution at Control Storage
Address X00X16, i.e.. RNIX, see 3.5.2.

In the Off (down) p051t10n, this switch shall not provide tﬁ‘
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 Control
Storage Addresses other than X00X16, i.e. not RNIX, see 3.5. 2

In the Off (down) position, this switch shall not provide
the Breakpoint stop enable just described. 4

3.10.3.17 Breakpoint Mode Select: Write Data/@ff
ThlS control shall be a 2- -position toggle switch.

When enabled and in the Write Data (up) position, thlS switch -
shall enable a Breakpoint stop for Processor States 0 through
7 during major cycles which perform a Main Storage write

- reference by beginning Micro-command execution at Control .
Storage addresses other ‘than X00Xi6, i.e., not RNI, see 3. 5 2.

150 of

In the Off (down) position, this switch shall not provide
the Breakpoint stop enable Just described.
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3.10.3.18 Processor Control Select: Stop/Step, Normal, Breakpoint.

These 8 switcles shall be 3-position toggle switches.
These switches. shall be designated 0 through 7, left

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 X00X;s for the major cycle
allocated to the associated Processor State. This clear
input shall also clear the appropriate Busy Flip/Flop
when Cycle Step operation 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 to the Busy Flip/Flop as previously described’

shall be indirectly accomplished for Processor States
5, 6, and 7.

When enabled and in the Stop/Step (up) position, these

‘switches shall disable the respective Request and

Attention, (See 3.2.4) set inputs to the appropriate

~ Busy Flip/Flops for Processor States 0, 1,.2, and 3.

In the Normal. (center) posxt1on,‘these sw1tches shall
have no effect ;

When enabled and in the Breakpoint (down) position,
these switches shall enable a clear input to the
associated Busv 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 ianput shall clear 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 or more of the selections descrlbed in 3.10.3. 15,
3.10.3.16, and 3 10. 3. 17
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Note: When a Breakpoint Stop is performed for Processor
State 4, the output of the Busy Flip/Flor for this
Processor State shall be disabled at the input to the
Resource Allocation Network. Independent of its Busy
Flip/Flop, major 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.

3.10.3.19 Processor Run

This control shall be a momentary push-button sw1tch with
an indicator. The indicator shall be on when the switch is
enabled and depressed and remain on until the sw1tch 1s
released or disabled.

When enabled, depre351on of this switch shall result in a
Aslngle pulse at the set input of each Busy Flip/Flop

in the B/A Register. This pulse shall be further
conditioned at these set inputs, by the position of the
Processor Select control described in 3.10.3. 20.

The leading 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 occur at.«
the beginning of the major cycle allocated to the
Processor State- selected by means of the Processor Select
Control descrlbed 1n 3.10. : . _ ,

3.10.3.20 Processor Select

This control shall be a rotary switch with 8 »nanel
des1gnated positions. In a clockwise dir:ction, the
positions of this switch shall be designat.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 0 through 7 selected.

3.10.3.21 Processor State Dlsplay

This Display shall consist of 8 1nd1cators des1gnated from
left to right as 0 through 7.

During each major‘cycle ‘allocated fo‘Processor States
0 through 7, the corresponding indicator shall be on.
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Maintenance Group

Controls within'this group shall be enabled only when the
Console is in Maintenance Mode unless otherwise specified.’
However, indicators within this group shall be enabled at
all times. .

Malntenance'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 Mode. All
controls in the Maintenance and Program groups shall be
enabled and the Program Mode indicator shall be off.

Depression of the Maintenance Mode switch to the off posi-
tion shall remove the Console from Maintenance Mode. All
controls in the Maintenance Group shall be disabled unless
otherwise specified. All controls in the Program Group
shall be restored to dependency on the state of the Pro-
gram Mode sw1tch, 1nc1ud1ng the state of the Program Mode
indicator. . ,

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 oxr 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 Feature, this indicator shall
be off. :

MS Parity Byte 1

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
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 parlty blt is clear. :

In. the presence of the B"C Feature, thls indicator shall

~be off.

. - o sRAD & a
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,MS‘Périty-Error

This control shéll 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 Error Flip/Flop*is clear.

In the absence of theECC Feature, this Parity Error

Fllp/Flop shall set during Main’ Storage tead references

in which the total number of bits in the set state, including
the parity bit, is even for either the left-most or

- right-most byte positions.

In the presence of the ECC Feature, this” Parity Error
F11p/Flop shall set during Maiy: Storage read references
in which non-correctable data e¢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 shall set independently of the
Storage Parity Dlsable controI described in 3.10.4.16.

Once set, the Maln Storage Parity Error Flip/Flop shall
be cleared only by means of a System. Reset or operatlon
of the Processor Fault control described in 3.10.2.7.

......
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'3.10.4.6

CS Parity Error
This control shall be an indicator only.

This indicator shall display the state of the Control
Storage Parity Error Flip/Flop. The indicator shall be on
when the Control Storage Parity Error Flip/Flop is set

and off when the Control Storage Parity Error Flip/Flop is
clear.

The Control Storagé Parity Error Flip/Flop shall set for
each of the following: ,

a. When a MICTO command as contained in the. FuZ Register
consists of an even number of bits in the set state for
any Processor State other than the Null State.

b. When the longitudinal check character as contained in
the CSS Reglster 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 in Normal Mode (for Control Storage
proper, only).

¢. When the output of the Address Table, whether referenced
by Micro-command or by hardware Control Storage Read
operation, contains an even number of bits in the set
" state.

‘The Control Storage Parity Error Flip/Flop shall set
1ndependent1y 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 of the Processor Fault Control described in

3.10.2.7.
D.C. Fault
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
allowatle output range for normal operation. The
indicator shall remain on for as long as such a condition
persists.
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3.10.4.7 . Oyertemperature
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 initialized. 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 v
more IFA attached Files fail to retract during a pdwer-
down sequence. This condition shall result 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 whén a Burst Check Error is
detected during a Reset/Load sequence 1nvolv1ng 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 occur
during the initialization of a Reset/Load sequence when the
Console is not in Maintenance Mode.

3.10.4.10 Channel 1 Data Check
This control shall consist of an indicator oﬁly.

This indicator shall display the state of the Channel 1,
Transmission 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 1 Transmission Check Flip/Flop shall set when
the I/0 Channel detects a parity error on incoming data,
i.e. a byte of data from an adapter in which the total
number of bits in the set state, including .the parity -
blt, is even.

Once set, the Channel 1 Transmission Check Flip/Flop
shall be cleared only under Micro- 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 Extended Register,
Group III facilities as descrlbed by the appropriate
document listed in 2.0.

In the -absence of Channel 1 this indicator shall be off.

Channel 1 Contro] Check

This control shall consist of an indicator 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 Fllp/Flop is clear.

The Channel 1 Control Check Fllp/Flop shall set when
the I/0 Channel detects concurrence of more than one
Tag In Line (Address In, Service In, Data In and Status
In; or Select In and Operational In) or concurrence’

of Command Out and Serv1ce Out.

Once Set the Channel 1 Control Check Flip/Flop shall be
cleared only under Micro-command control or by means

of a System Reset.

In the abscnce of Channel 1 this indicator shall be off.
Channel 2 Data Check |

This control shall consist of an indicator only.

This indicator shall provide a display for Channel 2,
associated with Processor State 2, equivalent to the
Channel 1 Data Check descrlbed in 3.10. 4.10.

Channel 2 Contro; Check »

This control shall be an indicator 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.
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3 10.4. 14 Select Even Parlty, Byte 0

_ThlS control shall be a push-cn, push-off switch w1th
an indicator. The indicator shall be on when the
switch is enabled and depressed to the on position.
The indicator shall be off when the switch is disabled
or depressed to the off position.

In the presence of the ECC Feature, this sw1tch 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-most 8 bits of data
transmitted tc Main Storage to be generated 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
Main Storage read references at the affected !Main

Storage Addresses.

When disabled or depressed to the off 9051t10n, this
switch shall have no effect.

3.10.4.15 Select Even Parlty, Byte 1

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 position. The indicator
shall be off when the switch is dlsabled 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 shail

cause the parity bit associated with the right-most

8 bits of data transmitted to Main Storage to be generated
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 Main Storage read references at the affected
»Maln Storage Addresses.

When dlsabled or depressed to the off pos1t10n, this
switch shall have no effect.
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Storage Parity Disable/Off
This control shall be a 2- p051t1on toggle SWltCh

When enabled and in the Storage Parity Disable (up) position,
this switch shall disable the hardware trap sequences which
would otherwise occur for Processor States 0 through 7 in

the event of Control Storage Parity Error deteéction (Control
Storage Trap Address X0281¢) and }Main Storage Parity Error
detection (Control Storage Trap Address X01815) In addition,
this switch shall disable Console stop operations which would
otherwise occur in the event of Control Storage or Main Storagqg
Parity Error detection during read references on the part of
the Console State.

This switch shall not affect the Main Storage and Control
Storage Parity Error displays described in 3.10.4.4 and
3.10.4.5 respectively.

When dlsabled or in the Off (down) p051t10n, ‘this sw1tch :
shall have no effect : o

cs Dlsable/Off
This control shall be'a.Z-position'toggle switch.
When enabl:d and in the CS Disable (up) position, this sw1tch

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. In addition, this switch shall enable a

3.10.4.18

clock to the Pp Register during every minor cycle. Finally,
this switch shall disable Control Storage Parity Error
detection for Processor STates 0 through 7 during read
references to Control Storage proper.

When dlsabled or in the Off (down) position, this sw1tch
shall have no effect.

Instructibn-Repeat/Off ‘
This control shzll be a 2-position toggle switch.

When enabled and in the Instructlon Repeat (up) position,
this switch shall alter th: execution of the RNI1 and RNI2
Micro-commands such that Control Storage Branch Addresses
of X002 and X009;¢ for these two Micro-commands,respectively |
shall bé converted to X0004 Likewise, this sw1tch shall
alter the execution of the gZJ Micro-command to the extent
that the Control Storage: Branch Address of X0091¢ shall be
converted to X00016

When disabled or in the Off (down) p051t10n, this switch
shall havz no effect.
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Select CS Mlnlmum/Off

This control shall be a push on, push-off sw1tch with an
indicator. The indicator shall be on when the switch is
enabled and depressed to the on position. The indicator shall}
be off wheu 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 te the sizes of
Control Storage proper and the Address Table shall be

effective only during Console Control Storage Read,
Console Control Storage Write and Reset/Load operatlons.

When disabled or deptessed to the off p051t1on, thls switch
shall have no effect.

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 designated "Set Au" and the right-hand switch
shall be additionally designated '"Set Bu". For each of these
switches, the indicator shall be on when the switches are
enabled and the assoc1ated switch is depressed to the on

:positlon.

a. When enabled and depressed to the on position, the Set
Au switch shall 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 p051t1on, the Set
Bu switch shall result in the setting of the 16 Flip/
Flops comprising 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 positien, these
switches shall have no effect.
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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 provide this reading in hundredths of hours
and shall operate 1ndependent1y of Console Maintenance Mode.

Voltmeter

' This control shall be a linear scale meter and shall operate

3.10.4.23

independently of Console Maintenance HMode.

This meter shall provide power supply voltage measurements

in per cent deviation from nominal. values, with 0% deviation
at scale center. Meter 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.

Voltage Select

This control shall be rotary switch with 14 panel

designated positions. In a clockwise direction the pos1t10nS<
of this switch shall be designated OFF, +28, +24, +23.3,
+19.8, +1., +5A, +5B, +5C, +3, -3, -5, -12 and OFF.

The numerically déSlgnated positions of this. switch shall
select the associated voltage for measurement by means of the
Voltmeter descrmbed in 3.10.4.22.

" When in the Off posxtlon, this switch shall select a 0%

3.10.4.24

.raadlng at the Voltmeter.

Loglc A, Logic B, Main Storage AdJusts

These controls shalil consist of 3 ten-turn potentiometers.
Each. of these potentiometers shall be screw driver adjustable.

These contrcls shall be designated from left to right, 4
"Logic A", "Logic B", and '"Main Storage'" and shall provide
the means "for adJustlng the assoc1a+ed voltages independently
of Console Maintenance Mode.
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Power Mode, Remote/Local

This control shall be a 2-position toggle switch and shall .
operate independeritly of Console Maintenance Hode.

In the Remote (up) position, this switch shall place the
7300 Processor poweT system in Remote Control Mode. For
a description of Remote Control Mode, see the approprlate
document listed in '2.1.

In the Local (down) position, this sw1tch shall place the
7300 Processor power system in Local Mode, under control
of the Pover On and Power Off switches described in 3 10.2.2 .
and 3.10.2.3 respectively.

The position of this SWltCh shall not effect the operation
of the Emergency Pull control described in 2.10.2.1. :

Executive Disable/Off

This control shall be a 2-position toggle switch.

When enabled and in the Executive Disable (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 occur for each
increment of the RTC Register provided the additional
enable described in 3.10.2.4 is satisfied.

In the Off (down) position, this switch shall have no effect.
Cycle Step/Uff

This control shall be a 2-position toggle switch.

When enabled and in the Cycle Step (up) position, this

switch shall enable a clear input to the appropriate 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 to each of the Busy Flip/Flcps shall be
further conditioned on an individual basis by the Stop/Step
(up) position of the approor1ate Processor Operation Mode
control as described in 3.10.3.18. ~

In the Off (down) position, this switch shall have no effect.

- Form 4002-2A




Equipment Group

3.10.5

3.10.5.1

'3.10.5.2

3.10.5.3

9( | | number 882000
, ENGINEERING SPECIFICATION  [oo—o—

Communications Activity DisplayﬁGroup

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 Comnmunications Channels,

indication of Communications Activity shall be provided for
only those Chennels physically present in the 7300 Processor.

The row-by-row, (from bottom to top), description of these
indicators- is specified in 3.10.5.1 through 3.10.5.9.

Enable (EN)

When on, the indicators within this row shall indicate that
the associated Channel adapters are enabled and therefore
not in the System Reset or Loop Test mode.

Ring Indicator (CE)

When on, the indicators within this row shall indicate 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.
Thus the on condition of these indicators should
imply either a malfunction in the associated Channel
or that the associated Channel is not enabled.

Off Hook (OH)

When on, the indicators within this row shall indicate that
the associated Channel has operated this signal to obtain
dial tone and to generate the desired dial digits when:
originating a call. (Dial digits shall be generated by
pulsing this signal). ~
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Data Set Ready (CC)

When on, the indicators within this row shall indicate
that the associated Channel is connected to a Communication
line and has completed the transmission of the answer tone.

Secondary Received Line Signal Detector (SCF)

When on, the indicators within this row shall indicate

that the associated Channel has properly received the

Secondary Channel Line signal where applicable.

NOTE: - This s1gna1 shall be used to indicate circuit
assurance Status and thus,signal the 1nterrupt

~ condition. . _
Received Line Sigﬁal Detector (CF)

When on,. the 1nd1cators within this row shall 1nd1;3te
that the associated Channel modem is receiving a signal

th1ch meets 1its SUltablllty criteria for demodulation,

and in the case of half duplex Channels, that the Llne
Adapter is in receive mode.

Clear to Send (CB) ‘

When on, the indicators within this row shall indicate
that the associated-Channels are in a transmit condition.

Transmltted Data (BA)

When on, the ‘indicators within thlS row shall indicate
that the associated Channels are in the spacing condition,
binary zero. v S

¥hen off, the indicators within thlS row shall indicate
that the associated Channels are in the marking cond1t10n,

binary one.
Received Data (BB)

When on, the indicators within this row shall indicate
that the associated Channels are in the Spac1ng condition,
binary zero.

When off, the indicators w1th1n this row shall indicate
that the associated Channels are in the marking cond1t1on,
binary one.

Depending on the. Transm1551on Facility utilized by each

Communications Channel, certain Status Indicators as

described in 3. 10. S 1 through 3.10.5.9 may not be -applicable.

yioa
L
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Rellablllty, Availability, Serv1ceab111ty

The design parameters described in 3.1.1C w1th respect to
the implementation of the 7300 Processor, shall contribute

_sufficient reliability characteristics as required to achieve

3.11.1

3.11.2

3,12 o

the MTBF goal described in 3.11.1.

Console capabilities described in 3.10.2 through 3.10.4,

as well as modular packaging of the 7300 Processor elements,
shall contribute sufficient serviceability characteristics
as required to achieve the MTTR goal, described in 3.11.2,
provided such hardware characteristics are complemented by

‘means of exerciser, fault detection and fault isolation

procedures, 1nc1ud1ngvsoftware/flrmware 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 for the 7300 Processor shall
3be 2 hours.

'ﬂechanlcal

The 7300 Processor cablnet, 1nc1ud1ng the Console, shall

be physically dimensioned according to Figure 15 and 16,

(Conceptual cabinet sketch is prov1ded by Figure 17 for
reference only). _ :

_Muxlmum weight shall be 1350 1bs.

3.13

3.14°

Environmental

‘The Memorex 7300 shall conform to 882020 with the following

exceptlon

Acoustlcal N01se' Volse shall not exceed 35 db

‘Power System

3

The 7300 Processor power system shall conform to 882059

- with input voltages of 208/230V, 50 or 60 Hz.

Form 4002-2A
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QUALITY ASSURANCE PROVISIONS

This section establishes requirements and procedures _
implemented to produce a producr with maximum performance
and re11ab111ty. v

Components

In the context of this section, components shall be
construed to include all piece parts. from whlch the
Processor is constructed .

All componznts. shall be documented and Lontrolled to a
suff1c1ent degree to assure proper form, fit, and function.

Components which 51gn1f1cant1y 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 to be acceptable by Component
Engineering. .

All components shall be purchased and inspected in accord
with all applicable documentation. Components which do not
meet all requirements 'shall not be used without the prior
written authorlzatiou 0f the cognizant engineering group

Constructlon

The machine shall be constructed and inspected in accordance
with all applicable engineering drawings and specifications.
Construction processes and techniques shall be such that no
damage or subsequent degradation results to any component.

Prior to shlpment, each machine shall be operated for
at least 50 hours {power-on time) under the approved Final
System Inspection procedure. This inspéction shall verify

-all mechanical and electrical operations of the machine.

The machine shall be powered by an A-C input which is

- equivalent to the destination requirements. During this

inspection, each machine shall be exercised with appropriate
software to demonstrate, with the highest possible confidence
level, the software execution required by the particular

configuration.

Quallflcatlon Testlng

A complete qualification test in accord with 882038 shall be
run periodically to,assure conformance with all provisions of
applicable spec1f1catxons.

Form 4002-2A
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PREPARATION FOR DELIVERY

Shipment of the machine shall require separation of ‘the
Console Table from the Main Cabinet. Disconnected wiring
shall be clearly labeled to fac111tate rapid reconnection

_1n the field. .

All doors and emovable panels shall be securely fastened
shut by tape or st¥apping. Particular care shall be
taken not to scratch or mar painted surfaces, or to

bend any sheet metal. No straps shall be permitted to
cross the console ,panél to prevent damage to the controls.

Standard shipment¢Sha11 be by electronic padded van, and
packaging shall bée 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.

Prior to packing, Quallty Assurance shall verify that all
required inspectiofi has been performed. An inspector shall
check during packaging to insure that approved packing
specifications are followed and that external marking

of the packages is correct and legible. The inspector
shall check the units on the van to insure that adequate

"tie downs .and blocking are used, and shall only release

the sh1pment when all requlrements .are met.

Faren aNNADA
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NOTES

With respect to the 7300 Processor the following terms
have been used inter- changeably

Console Address Register - M Register
Console Data Register - N Register
Logical One - '"1", high, set.

Logical zero - "0"‘ low, clear

"Read Instr - RNI (Read Next Instruction)

Read Data - ROP (Read Operand)

Reset - Clear »

Reset/Load - Deadstart

Run - Go, (Processor States 0 through 7)
Selectable Register Features - Register Option
Store Data - STO {Store Operand) :
System Control Panel ~ Console

System Reset - Master Clear

Faves HANA S
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: PROCESSOR STATES
. 1 2 3 4 5 & 7

— 00. p———

REGISTER
FILE
 BASIC

e 1F
o — E '}> GRUP I
c1 : ‘ L ‘ 2y i
02 — | B/A ~
03 > RTC
04 — T
05 B PE
REGISTER 06 adl C
FYLE 07 » - PM
EXTENDED - | o
5. o p GROLP II
09 - Css
0A L CA
0B > CD
oc <Q5§ | o
1 h:lti UNI:PLEMENTED
UNIMPLEMENTZD

W

) pmc—— e O

'vJ> GROUP III
‘\\\ES;\\' ', N ' .

' FIGURE 3:
REGISTER FILE ORGANIZATION (MEXADECIMAL NOTATION)
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MINOR CYCLE CLOCK TIMES
TOO T20 - T40 T60 IR0 I00 IZ0

T20

| |
| | |
t - TS5 |
- g | : |
ERO -
o A P
| T75 ' T10
ERI : - ‘l : L4
|15 | | To6
' S , —
ERNG3 t . L
: T4Q ‘ ©T12
~ ERFG3WR ! L
S ; R | |
|  T40 | T12
| | i
EREG3RD ' J |
N T70 | T10 |
TOEXIT
: | |
" MINOR CYCLES WITHIN A MAJOR cYCLE
'roo T00  T0O T’OO .TO0 TOO TO0 TOG TOO TOO TOO
» TlS‘ ' l -.l, | ! iT04.:
EXCT -1—--JJ | | | | | ':L____;
E7
lorlEO El'ﬁz'ss‘z Tes g '57 ko |
| | ‘ | l |- l i or |
E9 - Es

FIGURE 7: EXTENDED REGISTER FILE, GROUP III SIGNAL TIMINC
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PRIMARY LOADER DATA TIMING

Source Lines |

" Strobe

- qu—-t.-—q-ﬁé t ‘
Primary Data o 1 ~ l : .§, -4

(o d
[ ]
[

50 nsec minimum

= 50 nsec minimum

= 1 usec minimum

i .
ALTERNATE LOADER DATA TIMING .

¥

Alternate Data
Source Lines I

Nyble 0 and -
Nyble 3 __J

Alternate Datd F“‘ -4“”4‘“

Strobe

ot
o

F%"""" '

(ad
EN
L]

(3
=)
[

S0 nsec mJnlmum

50 nsec mlnlmum

=1 usec mlnlmum

o

FIGURE 8
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- 'BLOCK- | REGISTER FILE ADDRESSABILITY] MINOR CYCLES
MNEMONIC | FORMAT | POINT | GROUP 1 GROUP GROUP MIN. MAX,
: . : F1Pa | II ITI '
AND 1 X X X X X 1 1
CIO1 ‘ X 1 8
CIO2 X _ - 1 []
CLA 1 X X X X 1 1
_CLR 1 X X X X X 1 1
C(P 1 X X : X 1 2
CiyJ 1 X X X 1 2.
CORC ' 1 1
DFA C 1 X 1 X X 1
DIG ] 1 1
DLS ' Pl 9
DRS 5 B
DSUM 1 X X X i 1 2
DTA 1 X A X 1 4
DTAN 1 X A X 1 4
EBL ! 1 T
E3U i 1 1
EON T X X X X 1 1
FNJ X X 1 2
FRJ X X 1 8
FZJ X s X 1
TDX T X" X 1 4
TOR 1 X X X X 1 1
LV . 1 1
JMP oy X N X 1 2
LAB 1 X X X X 1 1
LAY 1 X X X X 1 1
LAWYN 1 X X X X 1 1
LBB 3 i 1 1
LBB\ 3 : 1 1
LBL 1 - X X X X 1 1
3™ 1 "X v X X 1 1
LBTN T X X X X T 1

FIGURE 9: 'MICRO;COMMAND CHARACTERISTICS

NOTE: Minor cycle m1W1mum% and maximums do not account’
for special mlnor cycles of E0’, E0“, E8 and E9.
. ‘ v

{
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MNEMONIC

TYEGTISTER FILE ADDRESSABITTTY

TINOR CYCLES

BLOCK-

GROUP 1

GROUP

FORMAT | POINT r

Pu IT

GROUP
ITI =

LN SAX

LDB -

>

X

LDV

X

LOWY

X

LSE _
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LS1

~}= § — -

[ [) V) P 16 [P Y

L52

boc b P 1 ot el 5

NOP
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PO O [ P2 PO (W7 P/ (N P PO

e xg%x%x

ROM

RVK

SDB

>]<

bt bad

SDW

T P
X< ad 4 P2

SilF

SHR

5XB

SKB\

[3S] 138

SKE

SKE\
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SKI—I

SKN
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ol o Pt Fad Pad P e P
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SS90
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<
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o] bt ot
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NOTE :

FIGURE 9: (CONTINUED)

MICRO-COMMAND CHARACTERISTICS

Minor cycle minimums and maximums do not account for

spec1al minor. cycles of E07/,

E0%, E8 and ES9.
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