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3. DOCUMENTATION
This section describes the style and conventions usiad with INTERDATA documentation.
3.1 Number Notation
The most common form of number notation used in INTERDATA documentation is hexadecimal notation.
In this system, groups of four binary digits are represented by a single hexadecimal digit. Table 2 lists

the hexadecimal characters employed.

TABLE 2. HEXADECIMAL NOTATION DATA

| Binary | Decimal | Hexadecimal || Binary | Decimal | Hexadecimalj| Binary Decimal | Hexadecimal
0000 0 0 0110 6 6 1100 12 C

0001 1 1 0111 7 7 1101 13 D

0010 2 2 1000 8 8 1110 14 E

0011 3 3 1001 9 9 1111 15 F

0100 4 4 1010 10 A

0101 5 5 1011 11 B

To differentitate between decimal and hexadecimal numbers, hexadecimal numbers are proceded by the
letter "X", and the number is enclosed in single quotation marks. Examples of hexadecimal numbers are:
X'1234', X'2EC6', X'A340', X'EEFA', and X'10B9"'.

3.2 Part Numbering System

INTERDATA parts, drawings, and publications employ a common numbering system. The part number
and drawing numbers for drawings which describe the part are related. The publication number is also
often related to the part number of the device or program described. Figure 2 shows the format used for
INTERDATA part numbers. The fields are described in the following paragraphs.

A
B
¢
X X YYY FNN MNN RNN E NN
~ J [ — J — St H—I —/
CATEGORY SEQUENCE FUNCTIONAL MANUFACTURING REVISION ~ SIZE TYPE
v Y
VARIATION DRAWING

Figure 2. Part Nﬁ.mber Format

’3._2. 1 Category Field. The two-digit Category number indicates the broad class or category
to which a part belongs. Typical examples of category number assignments are:

01 - Basic Hardware Systems

02 - Basic Hardware Expansions
03 - Basic Software Systems

04 - Software Packages

05 - Micro-programs

06 - Test Programs

07 -~ Subroutines of General Utility
10 - Spare Parts Packages

12 - Card File Assemblies

13 - Panels

17 - Wire and Cables

19 - Integrated Circuits

20 - Transistors

27 - Peripheral Equipment

29 - Manuals

34 - Power Supplies

35 - Assembled Printed Circuit Boards
36 - Electro-Mechanical Devices

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 3




3.2.2 Sequence Field, The Sequence number identifies a particular item within the category.
Sequence numbers are assigned serially, and have no other significance.

NOTE

The Sequence Field, like all other part number fields, may
be lengthened as required. The field lengths shown on Figure
2 are minimum lengths (insignificant zeros must be added to
maintain these mintmumas),

3.2.3 Functional Variation Field. The optional Functional Variation Field consists of the
letter "F" followed by two digits. The F field is used to distinguish between parts which are not necess-
arily electrically or mechanically equivalent, but which are described by the same set of drawings. For
examples, a power supply may be strapped internally to operate on either 110 VAC or 220 VAC. Except
for this strap, all power supplies of this type are identical. The strapping option is easily described by
a note on the assembly and test specification drawings. Therefore, this is a functional variation.

3.2.4 Manufacturing Variation Field. The optional Manufacturing Variation Field consists of
the letter "M'" followed by two digits.

The M Field is used to distinguish between parts which are electrically and mechanically equivalent (inter-
changeable), but which vary in method of manufacture. For example, if leads are welded instead of sold-
ered on an assembly, the M Field changes.

An important exception to the meaning of the M Field exists for categories related to software. I software,
the M Field number, when used, indicates the form in which a particular program is presented, For ex-
ample, define a program as a set of machine instructions. These same identical instructions may be pre-
sented on punched cards, paper tape, or magnetic tape; and for any of these they could be in symbolic form
or in relative or absolute binary form. Thus, there are many ways to present the same identical program.,

The format for the M field and its meaning for sdftware is:
Mxy

where x identifies the media selection (i.e.v, paper tape, mag tape, cassette, etc.) and
y identifies object or source and the format,

Meaning of x Meaning of y

Conceptual 0 1 Object program standard format 32 bit
Paper tape 1 Processor

Cassette 2 4 Memory Image

Magnetic tape 3 ' 6 Object program standard format 16 bit Pro-
(800 BPI) cessor

Cards 4 7 Object non-standard format

Disc (2.5MB) 5 8 Object established task

Disc (10MB) 6 9 Source program

Magnetic tape

(1600 BPI)

The above numbers refer to the physical program placed on an approved media for INTERDATA Software.
A paper tape object program in standard format and for a 16 bit Processor has an M16 identifier.

A magnetic tape object program in standard format and for a 32 bit Processor has an M31 identifier.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using aad maintaining INTERDATA supplied equipment and shail
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In addition to the foregoing, there are three unique M numbers which have special meaning:

00 Conceptual Object

91 32 Bit Object Listing

92 Programming Specifications
95 Program Description

96 16 Bit Object Listing

98 Operating Procedures

99 Documentation and Manuals

3.2.5 Revision Field. The optional Revision Field consists of the letter "R'" followed by two
digits. The R Field is used to indicate minor electrical or mechanical changes to a part which do not change
the part's original character. The R field changes often reflect improvements. A part with a revision
level HIGHER than the one specified can be used; however, a part with a revision level LOWER than speci-
fied should not be used.

NOTE

A part number must contain a Category number and a Se-
quence number., All other fields are optional.

3.2.6 Drawing Field. The optional Drawing Field consists of a letter from "A'" to "E'" fol-
lowed by two digits., The letter indicates the size of the original drawing. The sizes for each letter are:

A -85 x 11"
B - 11" x 17"
C - 17" x 22"
D - 22" x 34"

E - 34" x 44"

The two digits indicate the drawing type as follows:

01 - Parts List 15 - Program Description

02 - Machine Details 16 - Operating Instructions

03 - Assembly Details 17 - Program Design Specification
05 - Art Details 18 - Flow Charts

06 - Wire Run List 19 - Product Specification

08 ~ Schematic 20 - Installation Specification
09 - Test Specification 21 - Maintenance Specification
10 - Purchase Specification 22 - Programming Specification
11 - Bill of Material 23 - Replaceable Parts List

12 - Information 24 - Application Information

13 - Program Listing 25 - Functional Specifications

14 - Abstracts

3.2,7 Examples., The following list provides some examples of the part numbering system.
The numbers were arbitrarily selected, and in most cases are fictitious.

35-060 The 60th printed circuit board assigned a part number under this system.

35-060MO01 A printed circuit board electrically and mechanically interchangeable with the
35-060, but differing in method of manufacture,

35-060F01 A printed circuit board not electrically and mechanically interchangeable with the
35-060, but described by the same set of drawings.,

35-060R01 A revised 35-060 printed circuit board which probably supercedes the 35-060.

35—0601301 The 11 by 17 inch parts list for a 35-060.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining {NTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 5




35-060B08 The 11 by 17 inch schematic for a 35-060.
06-72A13 An 81 by 11 inch listing of the 06-072 program.

06-072A12 An 8% by 11 inch information drawing on the 06-072 program. Probably a part of
the program.

29-060 The 60th manual assigned a number under this system. Note that this number is
not referenced in any way to the part number of equipment described in the manual.

3.3 Drawing System

This section describes the drawings provided with INTERDATA equipment. Drawings provided with pe-
ripheral devices and other purchased items may vary from the system described in this section,

A digital system may be divided into a collection of functionally independent circuits such as Memory,
Processor, and I/O Device Controllers. These circuits may or may not be saleable units in their own right,
but in the electrical sense they are essentially self contained and capable of performing their function with
minimum dependence on other functional circuits in the system. Hence a functional circuit is treated as a
building block. Each schematic contains a variety of information including type and location of discreet
Integrated Circuits (IC's), pin connections, all interconnections within the schematic, connector pin num-
bers and connections to other schematics. Further, the schematics are drawn to reflect, in an orderly
fashion, all logical operations performed by the circuits. Generally, symbols used on schematics conform
to MIL-STD-806B.

Registers are named according to the following rules:
1. The register mnemonic name has a maximum of three letters, excluding "I, O, Q, and Z'".

2. FEach bit in the register is numbered, usually starting at 00 on the left, or most significant
positions, and continuing to N-1 on the right, where N is the number of bits in the register.

3. The 00 bit is the Most Significant Bit and the N-1 is the Least Significant Bit.
The IC's mounted directly on the logic board are represented on the schematic drawings by logic symbols,

Each symbol contains the reference designation, device part number (category and sequence), and symbol
mnemonic designhation. Refer to Figure 3.

SAME SHEET DESIGNATION
ANOTHER SHEET DESIGNATION

ENBLI ol
218 -0 >—R0020 021 A20 N\ oe  mamel 1om1
117 —o >—R0O3! 04 HA - 18K4
114 -0 RDO6! 05
Figure 3. Example of a High Speed AND Gate
The designations, numbers, and references shown in Figure 3 are:
A20 This shows the components location on the logic board. Figure 4 illustrates the method general-

ly used to determine component location on a logic board. With the logic board oriented so that
the header connectors (Conn 0 and Conn 1) are on the right, the components are numbered from
left to right starting in the upper left corner. That is, the first IC in the upper left corner is
01 and the first capacitor is C1.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
6 not be used for any other purpase unless specifically authorized in writing.
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Figure 4. Example of a Logic Board Layout
19-025 The number 19 is the category number of ICs, and the 025 is the sequence number of the com-
ponent,
HA Designates that this component is a high speed AND gate. Some other common designators used
are:
P - Power Gate
SB - Schottky High Speed Power Gate
SG - Schottky Gate
SGO - Schottky High Speed Gate, Open Collector
SO - Schottky High Speed Gate, Open Collector
B - Buffer
SB - Schottky High Speed Buffer
LOR ~ Low Power Schottky OR
LN - Low Power Schottky NOR

L1 - This input lead is from area L1 on the same schematic sheet.

10M1, 1242, 18K4 - Designate outputs to another logic schematic sheet,

218-0, 117-0, 114~0 - Designate inputs from Connector 0.

Pin numbers (01, 02, 04, 05 and 06) correspond directly to the actual IC pin numbers.

Figure 4 also shows the locations of the header connectors (Conn 0 and Conn 1) and the cable connectors
(Conn 2 and Conn 3). All logic boards always contain Header Connectors 0 and 1, however, any combina-
tion (either, both, or none) of cable connectors (Conn 2 and Conn 3) may be provided.

Whenever possible, the immediate output from a flip-flop (1 or 0 side) has a mnemonic name preceded by

an F. A flip-flop whose name is PSEL (Processor selected) has an output mnemonic, on the 0 side, FPSEL0Q
(see Figure 5). This provides the digital technician with an indication, when observing a mnemonic at the
terminal end of a net, that the signal is the output of a flip-flop rather than a decoded function,

Clocked devices, flip-flops, and counters in particular, are drawn in a manner which indicates information
concerning their inputs. An input which has a circle adjacent to the pin designation implies a low active
signal is required to perform the specified operation. In addition, an inverted V at the clock input shows
that the device changes state on an edge. Thus, if no circle is present the chip is positive edge triggered.
Refer to Figure 5 for examples,

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 7
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Figure 5. Examples of Clocked Devices

Figure 6 shows the pin numbering scheme for the header and cable connectors. Header connectors always
have 2 rows of pins and 42 positions. Cable connectors always have 2 rows of pins but may vary in the num-
ber of positions. The number of positions may only vary in increments of five positions (10 contacts). For
instance, if 24 positions are desired, five blocks of five positions each (25 positions) must be used.

24— —
2l o0 141— —-8‘3 o
2
22| 0 _Oef— 122-3 g 8 g:
N— 222-3 22 |3
o S CONNECTOR 3 CONNECTOR | ha
\P \h \'\ \\
203 -1 —

— 202-3 103—) —4» 00 |o3
02| 0" Qwe}— 102-3 O O |o2
0l (o ] 0o 0 ol
00 (e o] [e 3o ) 00

2 | |2

2! 241-0 ——
%188 Wm0 —1g78 |14
02| 6_O0e}— 102-2 o0 |3

— 202-2 O O 38

\ Y
QJ: & connECTOR 2 CONNECTOR 0 o
P
203-0 —

— 222-2 103—0 —f»0%0 | o3
22| O“Oe— 122-2 O O |o2
23 0O 0 QO 0 ot
24 [ o] [o o) 00

I 2

Figure 6. Connector Pin Numbering

A net is defined as an electrical connection between two or more points in a circuit., Ordinarily, a net has
an originating end (usually a collector where the signal is generated) and one or more terminating ends.
Often it is convenient to assign descriptive mnemonic names to nets as a way of identifying them on sche-
matics. Whether a net is named or not is sometimes arbitrary. However, a net is always assigned a name
if: : :

1. The net is contained on one drawing sheet but is not shown as a complete solid line on
that sheet,

2. Part of the net appears on more than one sheet.
3. Part of the net connects with a different schematic.

4. Part of the net leaves a logic board.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
8 not be used for any other purpose unless specifically authorized in writing.




If a net is named, the following rules are observed.
1. All mnemonic names are a maximum of six characters.
2. All decinial digits and upper case letters except the letters "I, O, Q, and Z" are permitted.
3. No other characters are permitted.

4., Where possible, mnemonics are descriptive. However, it should be recognized that de-
scriptive names are not always possible and a danger of misinterpreting a mnemonic
exists.

5. Mnemonic names are not repeated within a schematic.

6. Every mnemonic is suffixed by a state indicator, This indicator consists of the digit "1"
for the logically true state, or the digit "0" for the logically false state. For example, the
get side of a flip-flop has the "1" state indicator, while the reset side has the "0 state in-
dicator. The state indicator for a function changes each time that function is inverted.
Thus, the same indicator permits assigning the same mnemonic to functions that are iden-
tical except for an inversion. Logic 0=0,5VDC or less, Logic 1 = 2.4VDC or more.

7. When a logical function is inverted, an inversion indicator i8 added after the state indicator.
This allows for functionally equivalent, but electrically different nets to have the same mne-
monic name. For example, assume a signal NAME1 which may be inverted to produce
NAMEO. If NAMEO is then inverted, NAMELA is produced. NAME1 and NAME1A are func-
tionally equivalent, but physically different nets.

There are times when a net fans-out to many sheets of a schematic, It is also possible for a net to fan-out
to sheets on different schematics, In such situations, the net is assigned a mnemonic name. The net is
also "zoned" from sheet to sheet to allow for properly identifying the originating and terminating ends of the
net, The originating end of a net is defined as the collector at which a signal is generated. All other points
to which the net connects are called terminating ends. When a lead leaves a sheet at the originating end, it
is zoned to each and every sheet on which the net reappears, by indicating first the page number, followed
by the schematic number that contains the page. For example, assume that the gate shown on Figure 3 is
on a schematic, Sheet 20. The output NAMEO, appears on Sheets 10, 12 and 18 of the schematic. Note that
the schematic number is implied. When a net enters a sheet from another sheet, it is labeled with the same
mnemonic name, and is zoned back to the originating end of the net only. Thus, on Figure 3, the ENABL1
may have many other terminations in addition to the one shown. Generally, when a net leaves the sheet where
it originates, it is zoned to every other sheet where the net terminates, while the terminating end is zoned
only to the originating sheet. Note that on schematics, signals are coordinated between sheets only when
the sheets are related to the same board. When a signal leaves a board, the Back Panel Map must be used.

When a lead leaves a logic board, it usually does so through a logic board back panel connector pin. These
connector pins must be shown on the schematic even if the complete net is shown on one drawing sheet, On-
ly the connector pin number need be indicated under the pin symbol, since the connector number itself is
implied by the logic board location number in the logic symbol or in the footnote. Thus, on Figure 3, RD061
enters the logic board on Pin 114 of Header Connector 0.

Figure 7 is a typical schematic sheet with call-outs illustrating many of the conventions described in this
section,

The schematic drawings for the basic Digital System and some of the more common expansions are com-
monly included in the rear of the appropriate Digital System Maintenance Manual. Schematic drawings for
other expansions are included with the expansion or with the'publications that describe the expansion.

This' information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purposé unless specifically authorized in writing. 9
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APPENDIX 1
PART NUMBER CROSS REFERENCE TABLE

INTERDATA Part Number Type

19-001 Dual 4 Input NAND DTL

19-002 Triple 3 Input NAND DTL

19-003 Quad 2 Input NAND DTL

19-004 Hex 1 Input NAND DTL

19-005 Dual Power Gate DOC

19-006 Dual Buffer DTL

19-007 Flip-Flop DTL

19-008 Gate Expander Dual 4 Input DTL

19-009 8 Bit Stack DTL

19-010 Differential Comparator LIN

19-012 Dual 4 Input Buffer TTL

19-013 Quad 2 Input NAND DTL

19-014 Dual J-K Flip-Flop DTL

19-015 Hex Inverter 1 Input

19-016 Quad 2 Input TTL

19-017 Triple 3 Input TTL

19-018 Dual 4 Input TTL

19-019 Single 8 Input TTL

19-020 Operational Amplifier LIN

19-021 Quad 2 Input Power DOC

19-022 Dual J—K Flip-Flop TTL

19-023 Selected Dual Buffer 19-006 with
20-30 nanosecond delay DTL

19-024 Triple 3 Input AND TTL

19-025 Dual 4 Input AND TTL

19-026 2-2-2-3 Input AND-OR TTL

19-027 4 Bit Latch TTL

19-028 4 Bit Adder TTL

19-029 Quad Exclusive — OR TTL

19-030 4 Bit Shift Register TTL

19-031 One Shot TTL

19-032 1 out of 10 Decoder TOC

19-033 Sense Amplifier LIN

19-034 Retriggerable One, Shot TTL

19-035 4 Bit Counter TTL

19-036 Quad 2 Input Open Collector TTL

19-037 High Performance Operational Amp

19-038 Dual 4 line to 1 line Mux TTL

19-039 4 Bit ALUTTL

19-040 Look Ahead Carry TTL

19-041 4 x 4 Register Stack TTL

19-042 Dual Retriggerable One Shot TTL

19-043 Quad 2 Input Open Collector TTL

19-044 Hexadecimal Inverter Open Collector TTL

19-045 Dual JK Flip-Flop TTL

19-046 Quad RS-232C Line Driver

19-047 Quad RS-232C Line Receiver

19-048 8 Bit Shifter

19-050 8 Input NAND TTL

19-051 1024 Bit PROM TTL

19-055 Quad 2 Input NAND STTL

19-056 Quad 2 Input NAND Open Collector STTL

19-057 Hex 1 Input Inverter STTL

19-058 Triple 3 Input NAND STTL

19-059 Triple 3 Input AND STTL

19-060 Dual 4 Input NAND STTL

19-061 Dual 4 Input Buffer STTL -

19-062 2-2-3-4- Input AND-OR Inverter STTL

19-063 Dual D Edge Triggered Flip-Flop STTL

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing.

JEDIC Number

15861

15863

15849N

15837N

8633N

1582N

15848N

15833N .
903059 (Fairchild)
72710L

74H40H

15846

158097N

74110411

741100N

74H10N

74H20N

MC3015 (Motorola)
MC1709C (Motorola)
15858N

MC3061P (Motorola)
15832N

74H11N

74H21N

74H52

7475N

7483N

7486N

7495N

7412N

74145N

5445

7445

7524N

74122N

74193N

7438N

7748393 (Fairchild)
74153

74181

74182

74170

74123N

74HOIN

74HO5N

74H106

MC1488L (Motorola)
MC1489AL (Motorola)
74198N - '
74H30

74187 (Fairchild)
74500

74803

74504

74810

74811

74520

74540

74864

74874



INTERDATA Part Number

19-064
19-065
19-066
19-067
19-068
19-069
19-070
19-071
19-072
19-073
19-074
19-075
19-076
19-077
19-078
19-080
19-081
19-082

19-083
19-085

19-086
19-087
19-088
19-089
19-090

19-091
19-092
19-093
19-094

19-095
19-096

19-097
19-098
19-099
19-100
19-101
19-102
19-103
19-104
19-105
19-106
19-107
19-108
19-109
19-110
19-111

19-112
19-113
19-114
19-115
19-116
19-117
19-118
19-119
19-120

19-121

19-122

19-123

19-123

19-124

19-125

19-126

Al-2

APPENDIX 1 (Continued)

Type

Dual J-K Flip-Flop STTL

Quad 2:1 Mux Non-Inverting STTL
Quad 2:1 Mux Inverting STTL

4 Bit ALU STTL

Carry Look Ahead STTL

8 line to 1 line Mux STTL

4 Bit Synchronous Counter TTL
Quad D Edge Triggered Flip-Flop

4 Bit Left/Right Shift Register TTL
Dual 4:1 Mux Tri-State TTL

8 Bit Priority Encoder TTL

16 x 4 Register Stack TTL

1024 Bit Memory MOS

256 Bit Memory TTL

Dual 4 Input NAND-OC
High-Speed PROM

Univ. Asynchronous Receiver/Transmitters
2-3-4 Input AND-OR Invert Open
Collector STTL

9 Bit Parity Generator/Checker STTL
Monolithic Timing Circuit

741 C DIP Operational Amplifier
747 DIP Operational Amplifier
737 C DIP Operational Amplifier
Dual D Edge Triggered Flip-Flop
High Speed (710) Differential
Comparator DIP

Retriggerable Single One Shot
Negative Voltage Regulator
Positive Voltage Regulator
Voltage Regulator

Linear Positive Voltage Regulator
First In — First Out Serial Memory
64 Word 4 Bit

Amplifier

Quad 2:1 Multiplexer Non-Inverting
Dual Sense Amplifier

Driver

4-2 Input Buffer

6-1 Input Buffer OC

1 out of 10 Decoder

Current Switch

Dual Diffzrential Driver

Dual Differential Receiver

Sense Amplifier

Quad 2 Input NAND

Hex Inverter Open Collector
Inverter

Dual 4 Input NAND

Optically Coupled Isolator

360 Dual Transmitter

360 Triple Receiver

Quad 2 Input AND .

Dual 4:2 Multiplexer STTL

4 Bit Magnitude Comparator STTL
Quad Bus Transceiver TTL -
Expandable AND-OR Invert TTL
Dual Timer

Matched Pair 19-085: (P. S. Timing)
ROM

Dual Voltage Controlled Oscillator
V.C. Dual Oscilliscope

4-21 NAND Buf STTL

D.C. 4-21 NAND Buf STTL
2-2W-2IN AIO STTL

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and l!\nlt
not be used for any other purpose unless specifically authorized in writing.

JEDIC Number

745112

748157

745158

745181

745182

74151

74161

74175

74194

8214 (National)

9318 (Fairchild)

3101 A (Intel)

TM54062

6531 (Monolithic Memories)
74822 :

82829 (Signetics)
TR1042A (Western Digital)
74565

82562 (Signetics)
MC1555 (Motorola)
NES55V (Signetics)
U6A7741393 (Fairchild)
U7A774 (Fairchild)
U6A773393 (Fairchild)
741174 ‘
U6A771093 (Fairchild)

9600 (Fairchild)
MU1463R (Motorola)
MC1469R (Motorola)
U6A7723393 (Fairchild)
MC1723CL (Motorola)
U9H7805393 (Fairchild)
3341 (Fairchild)

L110002H (National)
74157

75234N
75452N

743N

7407N

7442N

75325N

9614 (Fairchild)
9615 (Fairchild)
SN7520N
SN7400N
SN7406N
SN7404N
SN7440N
TIL-111 4N25
TI 75123

TI 75124
741108

743153

74858

26S12A

74455

NES556 (Sigrietics)
SEE 19-085

TI 745124
748124 (T.1)
74837 (T.1.)
74838 (T.1.)
74851 (T.1.)



INTERDATA Part Number

19-127
19-128
19-129
19-130
19-131
19-132
19-133
19-134
19-135
19-136
19-137
19-140
19-141
19-143

19-144

19-145
19-145F01
19-146

19-146F01
19-146F02
19-147F01
19-147F02

19-148
19-149
19-150

19-151
19-152
19-153
19-154
19-155
19-156
19-157
19-158
19-159
19-160
19-161
19-162
19-163
19-164
19-165
19-166
19-167
19-168
19-169
19-170
19-172
19-173
19-174
19-175
19-176
19-177
19-178
19-179
19-180
19-181
19-182
19-183
19-184
19-185
19-186

APPENDIX 1 (Continued)

Type

4-Exclusive OR STTL
121 NAND, 3-State STTL
3/8 Decoder STTL

2441 NAND 50 Dri STTL
4D FF STTL )

4 2/1 Mux 3-State STTL
4 Bit Bi Adder TTL
Hexadecimal Buffer /Inv TTL
4 Bit Bi Count STTL
1/10 Decoder HS & HV
Dual Periph Pos or Dr

8 Bit Latch

Multi-Port Reg

4K x 1 N Mos RAM

4-Hystersic Rec

Voltage Regulator +15
Voltage Regulator +12
Volt Reg-15

Voltage Regulator -12
Voltage Regulator -5

8 Channel Analog Mux
7 Channel Analog Mux

Voltage Follower
High Speed Op Amp
2 Channel Analog Sw

LL Inst Amp

LL Inst Amp

4-21 NAND LPTTL
Inverter LPTTL

3-31 NAND LPTTL

2-41 NAND LPTTL

8I NAND LPTTL

4-2I NOR LPTTL

4-21 OR LPTTL

4-21 AND LPTTL

3-31 AND LPTTL

241 AND LPTTL

4-21 Hyst NAND LPTTL
4-21 Buff NAND LPTTL
2-D FF LPTTL

2-JK FF LPTTL

4-D FF LPTTL

3/8 Decoder LPTTG

Hex Inverter OC LPTTG
4-2 INAND O.C. LPTTG
4-21 Exclusive OR LPTTG
8/1 AIO Mux LPTTG
4-2/1 AO 3-State Mux LPTTG
4-2/1 AO Mux LPTTG
4-2/1 3-State Mux LPTTG
2-4/1AO0 Mux LPTTG

2-2 Wide AIO LPTTG
4/3/3/2 AIO LPTTG

Syn 4 Bit Count LPTTG_
Asyn 4 Bit Up/Down Count LPTTG
Bi-direct 4 Bit S.R.

2-Line Driver

4 Bit Micro Controller
4K-Bit PROM

4K-Bit ROM

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless spedifically nuthorizeq in writing.

JEDIC Number

748124 (T.1.)
748128 (T.1.)
748140 (T.1.)
748175 (T.1.)
745258 (T.1.)
74283 (T.1.)
8T98

93516

74145

75453B

8334 (Fairchild)
9338 (Fairchild)
TMS4050
SP-3801
DM8836
BT-3801

7IM15

78M12
LM340T-15/78
Mis Avc

TIM12

79M5

Harris HA1818-5
Analog Devices
AQ07503JN

Nat. LM310D,
AMD LM 310D
Analog Devices A0509)
Harris HA 2525
Siliconix DG1928A,
Intersel IH5048 CTW
AMD AD521
Harris 3660
9S/741LS00
9S/74LS04
9S/54LS10
9S/741L820
98/74LS30
9S/74LS02
9S/741.5832
741508

74LS11

74LS21
7415132
741837

74LS74
74LS112
74LS175
74LS138
74LS05

741503

74LS86
74LS151
7415257
74LS157
7418258
74LS153
74LS51

741564
7415161
741.5193
74LS194

75110

Am2901 (AMD)
825115 (Signetics)
82S114 (Signetics)

74886 (T.1.)

Al3



INTERDATA Part Number

19-187
20-001
20-002
20-003
20-004
20-006

20-007
20-008
20-009
20-010
20-011
20-012
20-013
20-014
20-015
20-016
20-017
20-018
20-020
20-021
20-022
20-023
20-024
20-025
20-026
20-027
20-029
21-025F01
21-025F02
21-025F03
23-001
23-002
23-003
23-004
23-007
23-008
23-009
23-010
23-011
23-012
23-013
23-014
23-015
23-016
23-017
23-018
23-019
23-020
23-021
23-022
23-023

23-024
23-025
23-026
23-027
23-028
23-029
23-030
23-031

23-032
23-033

30-018

30-019

Al4

APPENDIX 1 (Continued)

Type

Quad 2:1 Mux with Storage LPTTL
Transistor NPN High Speed Switch
Transistor PNP 500 MA

Transistor

Transistor NPN

Transistor NPN 15 Amps 100W TO3
case

Transistor NPN 3 Amps

Transistor PNP 3 Amps

Transistor Triac 2 Amps 100V
Transistor NPN 500 MA Code Driver
Transistor Photo

Transistor PNP High Current Switch
Transistor NPN

Transistor NPN

Transistor PNP

Transistor PNP

Transistor NPN

Transistor, Power Silicon NPN
Transistor Switching 1 Amp TOS can
Transistor NPN Silicon

Transistor NPN

Transistor PNP

Transistor Switch

PNP HI SPEED Switch

Transistor Module, Quad
Transistor

Transistor

1K ohm-15 to Common DIP

470 ohm-15 to Common DIP

330 ohm-15 to Common DIP
Diode High Speed-High Current
Diode 5.1 V Zener

Diode 10V Zener

Diode 6.1 V Zener

Diode Mot Bridge

Diode Int. Rectifier

Diode

Diode Int. Rectifier

Diode Rectifier

Diode Thermistor

Diode 9.4V

Diode

Diode

Diode Bridge Rectifier

Diode

Diode 18 V Zener

Diode

Diode 8.2V Zener

Diode 9.1 V Zener

Diode 3.3V Zener

Diode Bridge Rectifier

Diode, Power Fast Rec. 30 Amps
Diode, Power Fast Rec. 3 Amps
Triac 600V 30 Amps

Diac 32V

Power SCR Thyristor

Diode

Diode

Diode 6.6 V Zener

Diode 8.8 V. Zener

16 Diode Array

100 nanoseconds Delay Line 10 taps

50 nanoseconds Delay Line 10 Taps

This information is p-oprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless.specifically authorized in writing.

JEDIC Number

7425298

2N3646

MPS6534 (Motorola)
2N3902

2N5189

2N3055 (RCA)

TIP31A

TIP32A

A03001 (Electronic Control Corp.)
2N5845

2N5777

2N2907

2N3303

2N4238

2N4235

2N3740

2N3766

2N3054

2N3725

MPS3646 (Motorola)
iIN1711

2N2905A

2N3776

2N3467

MPQ3725

2N2369

898-1-1K ohm (Beckman)

898-1-470 ohm (Beckman)

898-1-330 ohm (Beckman)

1N914

1MS5. 1ZS5 (Motorola

1IM10ZS5 (Motorola)

1M6.1ZS5 (Motorola)

MDA962-2 (Motorola)

40HF-5R

1N4735

S1Y1P

2N681

KA31J1 (Fenwall)

1N2163.

1N3880

1N3889

VS448 (Varo)

IN2070

IN4746A

1N3615

IN756A

IN757A

IN746A

KDH2506 (General
Instruments)

1N3909

Al115A (General Electric)

2N6162 ’

1N5761

2N4441

1N4607

1N4156

1N4736

1N4739

45190 (Litton)

30-018 (Princeton
Advanced Eng.)

30-018 (Princeton
Advanced Eng.)



PROCESSOR




01-097A20
February 1976

M73-SERIES

MODEL 7/32 C
INSTALLATION SPECIFICATION

1. INTRODUCTION

The INTERDATA Model 7/32 C Digital System features a highly modular structure which permits configurations to suit
the user's exact needs. It provides the means for convenient expansion as the user's requirements grow. This docu~
ment describes the Processor, System Expansion Chassis, and Power Supply Mounting. Filler and Display Panel mount-
ing, and the interconnecting cables. Printed circuit boards are discussed with respect to cabling and location only.
Circuit descriptions of these boards are provided in the appropriate maintenance or instruction manuals. Note that the

following discussion assumes that the equipment is mounted 1n standard INTERDATA cabinets. In addition, this specifi-
cation covers the installation of the Turnkey Console.

2. MECHANICAIL COMPONENTS

This section is intended to familiarize the reader with the mechanical components that are discussed here (i.e., Cabinet
Uprights, Chassis Support Rails, Filler Panels), Figures 1 through 4 provide the dimensions and mounting configura-
tions for the Rack, Chassis Support Rails, and Filler/Display Panels. Note in Figure 4, that while 33", 7", and 103"

Filler Panels and the Display Panel mount the same way (via retaining brackets), the smaller 1 3/4" Filler Panel mounts
with spring clips.

3. PROCESSOR AND EXPANSION CHASSIS MOUNTING

Two Expansion Chassis (10 inch and 15 inch) are available for expanding the Model 7/32 C Digital System, The (15 inch)
Expansion Chassis has the same over-all dimensions as the Processor Chassis. See Section 8 on Configuration.

The Expansion or Processor Chassis slides into the rack on the two Chassis support rails (see Figures 2 and 3) from
the front of the rack.

CAUTION
NO CHASSIS SHOULD BE MOUNTED IN CANTILEVER FASH-
ION., CHASSIS SUPPORT RAILS MUST BE USED. IF A RACK
CABINET OTHER THAN AN INTERDATA CABINET IS USED,
CONSULT RACK MANUFACTURER FOR PROPER SUPPORT
RAIILS.

The chassis support rails are fastened to the mounting uprights at the front and rear of the rack. Slots are provided in
the rails to allow vertical adjustment. The Expansion or Processor Chassis are screwed in place at the mounting up-
rights in front of the rack. All Expansion Chassis mount below the Processor Chassis. Expansion Chassis cabling is
discussed later in this document. Figure 13 shows Expansion Chassis location with respect to the filler panel and power
supply.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shal
not be used for any other purpose unless specifically authorized in writing. 1




PERFORATED TOP - 60% OPEN AREA

REAR DOOR

MTG. UPRIGHTS
2 PAIR
(SEE FIG)URE 2 le—— BASIC RACK FRAME
+
//
/ //
5 +=- THRU HOLES FOR
)* BOLTING ADJACENT
— STRUCTURES

<+——— CASTERS & LEVELERS
UNDER BASE OF RACK

AIR GRILLE

FRONT VIEW

Figure 1. Basic Cabinet

This information is proprietery and 1s supplied by INTERDATA for the sole
purpose of using and maintzining INTERDATA supplied equipment and shall
2 not be used for any other purpose unless specifically authorized in writing.




le———— 23-5/8 ————
W/SIDE PANELS

r—1-1/2 SUPPORT SURFACE

l@———30"" DEEP ————¥|

. "——21 -3/8 .
" HINGE 1
i /P0|NT

I

TOP VIEW

UPPORT RAIL-
28

T-T_S__

23~7/16——-b|
|
SUPPORT RAIL I

L—22-7/16 —’l

_r

18.31

Q HOLE TO HOLE

17-13/16

BETWEEN CABINET
UPRIGHTS

67-7/8

64-3/4 USABLE PANEL OPENING ———— ]

T

77
|

$ L

/2 -1/2 TYP »
| —l 1-1/2 l '
I

]

— ‘ WEIGHT
A
BASE OF REAR
4 DOOR |~

i—._'.'»l

A\

FLOOR LEVEL

] ,t L-a-g/sz TYP
e 22.1/8 WIDE ———]
)4719-1/8——» SECTION A-A
;

.104 THK CRS, TAPPED
WITH 10-32 HOLES ON
RETMA ¢ 5/8-5/8-1/2

BLACK TEXTURES
VINYL PAINT

SUPPORT RAILS 1/8 THK CRS

300

OF “FUSED A.C." CONVENIENCE
MODULE AND 1/0 CONNECTOR PANEL

OPEN AREA IN REAR
OF RACK IS USED FOR MTG
I {OTAL HEIGHT 8%

Figure 2. Basic Cabinet Physical Dimensions

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shali
not be used for any other purpose uniess specifically authorized in writing.




o 0O >

¢t

/‘I 2 SLOTS 1/4W X 1-1/4 LG FOR

¢ 22-7/16 ' / VERT. ADJUSTMENT

b

W

23-7/16

L\/ CHASSIS SUPPORT RAIL

Figure 3. Chassis Support Rail

METHOD USED TO MOUNT
™~ 1-3/4" FILLER PANEL

18- 5/16

BOLTS TO
RACK UPRIGHT

RETAINING BRACKET (2)

’,.\,Q ‘
19
FILLER PANELS
8 N NO.10 FLAT WASH.(4) -
DISPLAY PANEL : NO.10 SPLIT LOCK, (4)

“ NO.10-32 X3/8 LG PHPS (4)

Figure 4. Typical Mounting Configuration for Display and Filler Panels

This information is proprietary and is supptied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose untess specifically authorized in writing.




3.1 15 Inch Expansion Chassis

The 15 inch Expansion Chassis contains eight universal expansion slots which can accept combinations of memory mod-
ules, single board peripheral controllers, system modules, Selector Channel, or user designed interfaces., Included
with this chassis are the cooling fans and interconnecting cables. The chassis may be ordered with or without a power
supply.

3.1.1 7 and 10 Inch Boards in a 15 Inch Chassis. A 10 inch I/O Controller (provided it does not use Connector 1)
may be inserted in a 15 inch chassis via the 02-234 1/0 Adapter Kit (see Figure 5). One or two 7 inch boards (half
boards) may be inserted into a 15" chassis via the 16-398 Half Board Adapter Kit (see Figure 6). The Half Board Adap-
ter Kit may hold two active 7' boards or one active and one blank 7' board, depending on requirements. No wiring
takes place between the boards and the adapters. The adapters are designed such that the connectors on the boards plug
directly into the Expansion Chassis.

10" BOARD

Figure 5. 02-234 I/0 Adapter (Top View)

[ HilHs )

| = 2] o o)
HALF BOARD HALF BOARD .
)
© 5 sl [—— caABLE EXIT PATH
}1 (TO 1/0 PANEL OR
N\ = o[ e —/ A DEVICE) ON RIGHT
L R . i . SIDE OF CHASSIS

Figure 6. 16-398 Half Board Adapter

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 5




No wiring takes place between the boards and the adapters. The adapters are designed such that the connectors on the
board plug directly into the Expansion Chassis. :

The Expansion Chassis for 10 inch controllers contains six 10 inch I/O expansion slots which can accept any combina-
tion of up to six 10 inch wire-wrap or copper peripheral controllers, systems, modules, or user designed interfaces.
Included with the Chassis are the cooling fans and system interconnecting cables. The Power Supply is separate.

4, POWER SUPPLY MOUNTING

The Power Supply mounts in the rear of the cabinet, behind the Processor or Expansion Chassis, It is attached to the
right mounting upright (looking from the rear). One of three Power Supplies may be supplied with the Model 7/32 C
System.

These Power Supplies attach to the mounting upright via four 10-32 x 3lg PHPS screws (refer to Figure 7).

%‘— NO.10-32X /2 P.HPS

NO. 10 SPLIT LOCK
NO. IO FLAT WASHER

—
@ 1
@%@

™~

QQ@@

~—

Figure 7. 34-017 and 34-020 Power Supply Mounting

WARNING

BEFORE HINGING OUT THE POWER SUPPLIES, THE RACK LEVEL-
LING FEET SHOULD BE LOWERED, AFTER THE LEVELLERS ARE

IN CONTACT WITH THE FLOOR SURFACE, UP TO THREE POWER
SUPPLIES MAY BE HINGED OUT AT ONE TIME, IF THE LEVELLERS
ARE NOT DOWN, AND THREE POWER SUPPLIES ARE HINGED OUT,
THE RACK MAY TIP DUE TO THE WEIGHT OF THE POWER SUPPLIES.

When any Power Supply is in the installed operating position, it is secured to the left rear upright by two 10-32 screws.
The power supply cable connects to terminal lugs at the right rear (looking from the rear) of its respective Processor
or Expansion Chassis via Faston lugs and a connector for AC fan power (refer to Figure 8).

POWER
SUPPLY

.

COVER
26-092

Figure 8, Fan Connector Caps

This information is proprietary and is supplied by INTERDATA faor the sole
purpose of using and maintaining INTERDATA supplied equipment and shali
6 not be used for any other purpose unless specifically authorized in writing.




There is adequate slack provided in the cable to allow the Power Supply to hinge out freely. In order to prevent the

cable from being pinched between the Power Supply and Chassis Support Rails, a service loop is required. A maxi-
mum of five Power Supplies may be mounted in one rack.

WARNING

ALL AC FAN CONNECTORS ON POWER SUPPLIES WHICH ARE
NOT CONNECTED TO MATING RECEPTACLES MUST REMAIN
COVERED OR SHORTING MAY OCCUR. SEE FIGURE 8.

The 115/230 volt fan switch on the chassis must be matched with the 115 volt or 230 volt strapping on the Power Supply
(refer to Figure 9).

®
MALE r%
| FEMALE ‘ 230V,

®

FEMALE

115V POS ) 230V POS

Figure 9. Fan Power Switch Match

Exhaust fan plates are equipped with a switch to provide either 115 volt or 230 volt AC operation as shown in Figure 10,

@)
115V
(DOWN) FOR
115 VAC
_% (UP) FOR
230 VAC
O |

Figure 10, Exhaust Fan Switch Setting

A third supply (34-023) designed to meet VDE specifications required by some International installations, is also avail-
able. The mounting procedure for this power supply is different than the procedure for the standard supplies. Refer
to Power Supply Maintenance Manual, Publication Number 29-452, for installation information.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 7
i
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5. DISPLAY PANEL INSTALLATION

The optional Model 7/32 C Hexadecimal Display Panel is electrically tied to the Processor via one connector and seven
Faston lugs. The connector is installed on Connector 3 of the 35-624 CPU-A board and the seven terminal lugs mate
into a terminal strip on the left side of the Processor Chassis. The terminal lugs are identified at the Faston connector
and are mated to their corresponding terminal pin (C1, C2, ete.) on the chassis., See Figure 11.

The Hexadecimal Display Panel is physically mounted to the brackets provided on the Processor Chassis. The ten
inch Filler Panel is mounted directly below the Hexadecimal Display Panel on this same chassis. Refer to Figure 12,

MATING CONNECTOR FOR
DISPLAY PANEL OR TURN \

KEY CONSOLE PROCESSOR BACK PANEL
- ol S L . ~1
— o N\ _o© PE) <] [e)
Dﬁ 7 882828298%82823%8%8 CPU-A [333353] ]
;__.O—\ DXS o e 5
Mo (I 6 |5 L ceu-s B 1
' D*ﬁ 5 3= cru-c =3
CIx L : MAC OR DMABC BUFFER 533353
5 || s B gl 1 5
A9 || 1 s b | ST MEMORY MODULE ] o
Co 5]
[Jo TERMINAL LUGS FOR DISPLAY
[I:HPS ?{3 OR TURNKEY CONSOLE DISPLAY PANEL E
CF MOUNTING BRACKET | |
NG
34| 2 .
+L
I, o i
7B 5
© O
- 85 5 H| 2
5 |3 5]
) 4 s e o
o (@)
3 3 5]
2 @ 5]
]
1 3 by
©
o5
= 1 o (o] [o] [¢] =) [s)
e I 1 T
/ Front View
EXPANSION
BACK PANEL

Figure 11. Front View of the 7/32 C Twin Chassis

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shatl
8 not be used for any other purpose unless specifically authorized in writing.




HINGE S1DE —. ) powER suppLY S
AIR FLOW F

DISPLAY PANEL
OR TURNKEY CONSOLE

+——REAR MTG SURFACE

N\

FILLER PANEL 28""MIN.

2-1/4"— FRONT MTG SURFACE

Figure 12, Processor Chassis Location

6. TURNKEY CONSOLE PANEL INSTALLATION

The Turnkey Console is connected to the Processor in the same manner as the Hexadecimal Display Panel discussed
previously. Only two Faston connectors are provided with this assembly, but their installation is the same.

The panel on which the switches are installed may be mounted in the same manner as the display panel.

The Hexadecimal Display Panel option, and the Turnkey Console option may not be installed together on the same Pro-
cessor.

7. MEMORY INSTALLATION AND EXPANSION
The following rules must be adhered to when configuring memory in the Model 7/32 C Processor. Refer to Figure 13.

1. Parity and non-parity memory modules may not be mixed in & memory system.

2, If 1 microsecond and 750 nanosecond memoriesére both present in the configured memory system,
the entire memory system will operate at a 1 microsecond per memory cycle.

3. Memory must be installed into adjacent descending slots in a given memory bank.

4. The first memory module must be installed in Slot 3 of the Processor back panel.

7.1 32KB Memory Module

Refer to the appropriate 32KB Memory Module Maintenance Manual for address strapping information of the 35-347
32KB Memory Module. The 32KB Memory Module ‘may be used anywhere in a 256KB Memory Module block. The
32KB Memory Module may be used in a fast or slow memory system.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supptied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 9




7 CPU-A

6 cpu-é

5 cPu-c

4 MAC OR DMABC/BUFFER PROCESSOR

3 I'st MEMORY MODULE BACK PANEL

2 2nd MEMORY MODULE

] 3rd MEMORY MODULE

0 41h MEMORY MODULE

7 5th MEMORY MODULE EXPANSION

6 * ESELCH 6th MEMORY MODULE BACK PANEL

5 7th MEMORY MODULE

4 * ESELCH 8th MEMORY MODULE

3 NO MEMORY ALLOWED *IF ANY MEMORY IS INSTALLED
e|  estion wowewony auLoweo I THE EXPANSION SACK PANEL
| NO MEMORY ALLOWED FOR INSTALLING ESELCH'S.

) ESELCH NO MEMORY ALLOWED

Figure 13. Model 7/32 C Memory Configuration

8. INSTALLATION OF PPF/AUTO-RESTART, MAC, DMABC BUFFER, ESELCH, AND MEMORY PARITY OPTION
LOGIC CARD

8.1 Primary Power Fail/Auto-Restart Installation

Install the 35-448 logic card for the Primary Power Fail/Auto-Restart option on the wire wrap side of the Processor
back panel at Slot 7, Connector 0 with the apparatus side up. The 17-182F01 and 17-182F02 cables which supply 12VAC
on the Processor back panel, as indicated on the cables. Refer to Figure 14. The Primary Power Fail option card

is adjusted at the factory.

8.2 Memory Access Controller or Direct Memory Access Bus Controller Installation

The 35-527 Memory Access Controller (MAC) or 35-528 Direct Memory Access Bus Controller (DMABC) is installed
in Slot 4 of the Processor back panel. The 17-311 MAC to Processor cable connects between Connector 2 of the 35-
522 CPU-A board and Connector 2 of the 35-527 MAC or 35-528 DMABC. Refer to 02-348A20 DMABC and MAC In-
stallation Specification for detailed installation instructions.

When installing the 35-527 Memory Access Control board add a wire from 235-0400 to 241—0400;

The following wires must be removed from the Processor back panel Slot 4, Connector 0.

Between Between
221-0400 and 208-0400-XMA150 207-0400 and 207-0500-MAO011
222-0400 and 108-0400-XMA140 206-0400 and 206-0500-MA001
228-0400 and 205-0400-XMA141 107-0400 and 122-0400-MA010
121-0400 and 106-0400-MA000 209-0400 and 209-0500-MA021
123-0400 and 109-0400-MA020 135-0400 and 129-0400-MAO050
127-0400 and 110-0400-MA030 136-0400 and 229-0400-MA060
134-0400 and 210-0400-MA 040 137-0400 and 130-0400-MA070

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
10 not be used for any other purpose unless specifically authorized in writing.
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Figure 14. Rear View Model 7/32 C Twin Chassis

The following jumpers must be changed on the 735—625 CPU-B and the 35-524M01 CPU-C boards.

The 35-508 ESELCH board may be installed in Slot 6, 4, 2, 0 of the Expansion back panel.

On the 35-625 CPU-B board

Remove Add
XtoY Al to A3
A2 to A3 Bl to B3
B2 to B3 C1 to C3
C2to C3 D1 to D3
D2 to D3

8.3 Extended Selector Channel (ESELCH) Installation

On the 35-524 M01 CPU-C board
Add

Remove

JUMPER J
A2 to A3
B2 to B3
C2 to C3
D2 to D3
E2 to E3
F2 to F3
G2 to G3
H2 to H3

instructions refer to 02-328A20 Extended Selector Channel Installation Specification.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose uniess specifically authorized in writing.

Al to A3
Bl to B3
Cl to C3
D1 to D3
El to E3
F1 to F3
G1 to G3
H1 to H3

For detailed installation
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8.4 Memory Parity Option Card

The 35-568 Memory Parity option card must be used with parity memory modules. Parity memory modules and non-
parity must not be intermixed on a given processor. The Memory Parity option card mounts on the wire-wrap side of
the Processor back panel, slot position 3, connector 1. Refer to Figure 15. When the Processor contains a 35-527
MAC or a 35-528 EDMABC a wire jumper from slot 4, pin 105, connector 0 to ground must be removed when installing

the Parity Option card.

9. CONFIGURATION
9.1 System Expansion Chassis

When configuring a multi-chassis system there are four rules that must be followed:

1. The system Expansion chassis must be mounted below the basic Processor chassis.
2, All chassis must be contiguous.
3. All 15 inch system expansion chassis must be mounted above any 10 inch system Expansion chassis.

4. Multiboard peripheral device controllers (on 10 inch circuit boards) can only be used in the 10 inch system °
Expansion chassis.

9.2 Circuit Board Distribution

Model 7/32 Digital Systems may be configured in a variety of ways. However, the following factors must be considered
when determining circuit board distribution within the basic Procesgsor and the system Expansion Chassis.

1. The Extended Selector Channel can be placed in Slots 6, 4, 2, or 0 of the system Expansion back panel.

2. All slots on Connector 1 below the position where the ESELCH is inserted become ESELCH Bus slots.
(This only applies within the back panel containing the ESELCH.) The ESELCH Bus extends down the
right side connectors (rear view). Note that all device controllers on 10" adapter boards connect to
the Multiplexor Bus from the left side connectors (rear view). Therefore, these device controllers
may be inserted in vacant ESELCH Bus slots, but will not be on the ESELCH Bus. This also applies
to all 7" boards on adapters, installed on the left side.

3. The ESELCH Bus can be extended by cable to any even numbered slot in an I/0 chassis. In this case,
the I/0 Multiplexor Bus must be cut between the even numbered slot and the slot above it.

4, All device addresses are hard-wired on the device controller cards, (device addresses may be
changed at option) so that the distribution of I/0 device controllers in the chassis normally need
be considered as a matter of priority in the RACK0/TACKO "daisy-chain' and convenience.

-5, The 15 inch system Expansion Chassis, and the basic Processor Chassis may only be used for
single board 1/0 device controllers unless the interconnection between boards takes place via
cables installed on the outer edge of the board. For multi-board 10 inch device controllers, the
10 inch system Expansion Chassis must be used.

6. The interrupt priority of a given device controller is determined by its physical location on the
serial RACKO/TACKO line. Refer to 9.3 Interrupt Priority Back Panel Wiring to determine which
physical location has what priority. When deciding which devices should have a higher or lower
priority, devices that must be serviced in a certain amount of time or loss of data access should
be given a higher priority than a device with a high interrupt rate and no data loss if not serviced..

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
12 not be used for any other purpose unless specifically authorized in writing.




9,3 Interrupt Priority Back Panel Wiring

The Acknowledge Control line frorh the Processor carries the Interrupt Acknowledge (ACK) signal. This line breaks
up into a series of short lines to form the "daisy~-chain" priority system. The ACK signal must pass through every con-
troller that is equipped with Interrupt Control circuits. Refer to Figure 16 to determine order of priority.

Back panel wiring for interrupt control at a given position is: The Received ACK (RACKO) at Pin 122-0 or 1 and

the Transmitted ACK (TACKO) at Pin 222-1 or 0, The daisy-chain bus is formed by a series of isolated lines which
connect Terminal 222-1 or 0 of a given position to Terminal 122-1 or 0 of the next position (lower priority). On un-
equipped positions, a jumper shorts 122-1 or 0 and 222-1 or 0 of the same connector to complete the bus. Back panels
are wired with jumpers on all positions. Whenever a card chassis position is equipped with a controller that has a
interrupt capability, the jumper from 122-1 or 0 and 222-1 or 0 must be removed from the back panel at that position.

Figure 15, showing the standard interrupt priority wiring, assumes a Model 7/32 C Processor and one memory
module. The arrows indicate the direction of priority from the highest priority to the lowest. By changing the wires
crossing from Side 0 to Side 1 of the PROC and/or Expansion panels, interrupt priorities may be rearranged. An ex-
ample of this is shown in Figure 16, Modified Interrupt Priority. Slot 3 on Side 1 of the CPU panel has the highest
priority. When Extended Selector Channels (ESELCHs) are installed, the standard interrupt priority must be modified.
Refer to Figure 17, Interrupt Priority with ESELCH Installed. Note that if it is decided to install a ESELCH in slot 6
of the Expansion panel, it is necessary to remove the wires connecting the CPU and Expansion panels together, in addi-
tion to the wires called out by the ESELCH document number installation procedure. The Multiplexor Bus may be re-
stored to the remaining slots on Side 1 that are not used for private ESELCH Bus. This may be accomplished by the
use of a 17-183 cable. To prevent this, install the ESELCH as low as possible in the chassis, This same situation exists
when installing a bus buffer into the chassis. '

For controllers that occupy several positions, the jumper is removed only at the position where the confroller board
has ATN/ACK circuits. For details on the various devices, see the appropriate installation specification.

9.4 Terminators

The termination end of both legs, Connector 0 and 1, of the Multiplexor Bus must have a standard INTERDATA termi-
nation card (35-433) installed. These cards are installed, on the back panel at the lowest numbered slot of both con-
nectors on the Multiplexor Bus that exists, e.g. If an Extended Selector Channel or bus buffer is installed in Slot 4

on the first expansion chassis and only the Processor Chassis and one Expansion Chassis is used in the system, the
Multiplexor Bus must be terminated at slot 0, Connector 0, and Slot 5, Connector 1 of the Expansion Chassis. In addi-
tion, the buffered bus or the ESELCH private I/O Bus should be terminated at Slot 0, Connector 1 of this chassis.

Depending upon system configuration, any ESELCH private 1/0 Bus or buffered bus may be terminated by a 15"
Terminator (35-433) or a 10" Terminator (35-434). The choice of terminators depends on the type of chassis in which
the last slot of the bus is present.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 13
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10. CABLES
10.1 Power Cable

The standard INTERDATA Cabinet is wired for 30 Ampere service. On the main power cable (part of the AC Distribu-
tion Panel), there is a three wire, twist lock, grounding, 125VAC, 30 Ampere, UL, (Hubbel #2610) plug. Athree wire
grounding, 30 Ampere, 125 VAC receptacle (Hubbel #2611 or equivalent) is required to accept this plug.

10.2 System Expansion Cable

A number of standard cables are available for configuring systems made up'of the INTERDATA Expansion Chassis dis-
cussed in Section 4. The choice of cables is dependent upon system configuration. The following cables are available:

These cables are always used in pairs.

1. 17-193: I/0O Expansion Cable, Connector 0"

This cable is used to connect the "0" connector field between two adjacent 15" card files.

2, 17-194: I/0 Expansion Cable (see note)

This cable is used to connect the "1'" connector 1/0 fields between two adjacent 15" card files.

3. 17-216: I1/0 Expansion Cable, 36 Inch Long
This is a 36" long cable. It can be used to connect two 15" files that are not adjacent.
It must not be used to extend the basic Processor Mutiplexor Bus.
It can be used to extend a buffered bus or 2 ESELCH Bus. It plugs into a "1" side connector. The 'receiving" end
can plug into the "0" or ''1" side of the expansion file.
4. 17-214: 15" to 10" Expansion Cable
This cable is used to connect the "0" connector field of a 15" card file to a lower adjacent 10" card file. It provides an
8 bit I/0 bus to the 10" card file.
5, 17-166: 15" to 10" I/O Expansion Cable, 36 Inch Long

This cable is used to connect the '"1" side of a 15'" expansion file to a 10" expansion file. It provides an 8 hit 1/0 bus to
a 10" card file. '

It must not be connected to the basic Processor Multiplexor Bus.
It may be driven either by a Extended Selector Channel or a bus buffer.

It can be used on the older 10" card file (13 I/0 slot).

6. 17-183: "0'" to '"1" Connector

This cable can be used to interconnect the I/0 Multiplexor Bus of the "0'"" field and the "1 field within a 15" card file.

There is no RACK0/TACKO wire in this cable.
It can also be used to connect a 0" side (Slot 0) of a file, to the "1'" side (Slot 7) of the next adjacent file, or vice vers:.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 17




‘This cable

7.

8.

9.

10.

11.

12.

13.

17-215:

17-326:

17-327:

17-328:

17-329:

17-311:

17-312:

10" to 10" 1I/0 Expansion Cable

is used to connect two adjacent 10" card files.

EDMA/1/0 Connector 0
EDMA/I/O Connector 1

EDMA only Connector 0 36-inches
EDMA only Connector 1 36-inches
MAC to Processor cable

MAC to EDMA cable

NOTE

On the receive end of either a 17-327 or 17-194 cable, a strap
is installed in the factory. This strap must be removed un-
less the cable is being used to jumper a private I/O Bus
(ESELCH or bus buffer). This strap jumpers Pin 222-0001

of the upper chassis to Pin 122-0701 of the first expansion
chassis. If these cables are used to extend an ESELCH or
bus buffer, the following wiring changes are required on

the lower chassis:

Remove the strap from Pin 134-0700 to Pin 122-0701

Add the strap from Pin 134-0700 to Pin 122-0700

11. CONFIGURATION RULES

1.

A maximum of 15 device controllers may be installed on the Multiplexor Bus of the Model 7/32 C
or 7/16 HSALU. This assumes a driver capable of sinking 48 ma or greater and no more than

one TTL load (2 ma max) on any Control Line or Data Line per device controller.

The Multiplexor Bus must be contained within the CPU chassis and two adjacent 7'' Expansion
Chassis. (Three adjacent chassis if the CPU chassis is a single chassis.) The Multiplexor
Bus must be buffered by a Bus Buffer or the equivalent for systems which require the Multi~
plexor Bus to be extended beyond two Expansion Chassis or in any case where the bus must be

extended by any cable greater than 5" in length.

18
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01-097A21
February, 1976

M-71 SERIES MODEL 7/16 HSALU
M-73 SERIES MODEL 7/32 C
: MAINTENANCE SPECIFICATION

1. INTRODUCTION

A family of Processors are represented by the 7/16 and 7/32 C model numbers. This family covers the
entire spectrum of performance levels from the 16-bit basic, Model 7/16 Basic, to the faster and more
powerful 16-bit Model 7/16 HSALU (High Speed Arithmetic Logic Unit) and finally to the maxi-mini Model
7/32 C which is a 32 bit Processor with the capability of directly addressing one million bytes of main mem-
ory.

Each machine is a fourth generation Processor suitable for use in data communications, process control,
or stand-alone scientific applications. These Processors are modularly constructed for ease of mainten-
ance and are compatable with all building blocks in the INTERDATA product line,

2. SCOPE

This specification describes the functional operation of both the Model 7/16 HSALU and the Model 7/32 C
Processors and provides maintenance information useful to the digital technician in maintaining these
Processors. A block diagram analysis; a micro-program description, and functional analysis of major
Processor areas are included.

3. BLOCK DIAGRAM ANALYSIS
Refer to the Block Diagram in Figure 1.
3.1 System Organization

The Model 7/16 HSALU and 7/32 C Processors are organized between two 16-bit buses. The B Bus is used
to present data to the Arithmetic Logic Unit (ALU). The S Bus then transfers the ALU output to the appro-
priate destination. The source and destination of data on the B Bus and S Bus, as well as the function
performed by the ALU is controlled by micro-instructions contained in the Read-Only-Memory (ROM)

In the 7/32 C Processor an extension of four bits as appended to the B and S Busses which is used for add-
ress manipulation by the micro-program. This extension provides a 20-bit path in the machine for cal-
culating an address.

3.2 Read-Only-Memory (ROM)

The Read-Only-Memory is a high speed, solid-state, non-destructive memory organized into five, six or
seven pages of 2566 words each depending on the Processor. Each word in ROM is 24 bits long and repre-
sents one micro-instruction. Each micro-instruction read out of ROM is placed in the 24 bit ROM Data
Register (RD). RD is the Instruction Register for the micro-Processor. Most micro-instructions

are executed in one machine cycle of 250 nanoseconds. RD bits are decoded to select a Source to be
statically unloaded to the B Bus., The ALU then forms a result on the S Bus., This result becomes avail-
able some time before the end of the machine eycle. At the start of the next machine cycle the appropriate
destination register is loaded and the next micro-instruction is fetched. The me aning of the micro-instruc-
_tion word bits is explained later.

This information is proprietary and is supplied by INTERDAT/ for the sole
purpose of using and maintaining INTERDATA supplied equipment and shail
not be used for any other purpose unless specifically authorized in writing, . 1
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Locations in the ROM are addressed by the 11 bit ROM Address Register (RAR). Micro-instructions are
normally located at sequential addresses in the ROM. The RAR is an up/down counter which increments
by one as each new micro-instruction is read into RD. The RAR therefore holds the address of the next
micro-instruction to be executed, When it becomes necessary to jump out of sequence, RAR can be loaded
with a new address from the RD register, from the Decoder Read-Only-Memories, or it can be preset by
the hardware.

3.3 Flag Register (FLR)

The Flag Register (FLR) is a four-bit register containing the following flags: Carry (C), Overflow (V),
Greater than Zero (G), and Less than Zero (). These flags are modified at the conclusion of arithmetic
and logical micro-operations to reflect the result of the operation, The FLR is loaded from Bits 12
through 15 of the S Bus when either the FLR or the Program Status Word (PSW) is the specified Destina-
tion Register. The Flag Register may also be loaded from the Alarm Register (ALM). The ALM is a three
bit register which is used to indicate the following: Parity Fail on a Data Read, Parity Fail on an Instruc-
tion Fetch and an Early Power Failure.

3.4 Program Status Word (PSW)

The Model 7/16 HSALU Program Status Word (PSW) is a 16-bit register used to indicate the system status
relative to the user program being emulated., Bits 0 through 16 of the PSW define enabled interrupts and
the operational status or mode of the user level Processor, Some of the PSW bits have hardware signifi-
cance while others are of significance only to the micro-program. Bits 12 through 15 of the PSW make up
the Condition Code field (CC) which reflects the result of the previous user instruction.

The Status portion of the Model 7/ 3¢ C PSW is 32 bits long. Only 16 bits, however, are implemented in

the hardware of this machine. For this Processor, Bits 16 through 27 represent the present state of the
machine and Bits 28 through 31 make up the Condition Code field which reflects the result of the previous
user instruction. .

The Condition Code may only be updated from the FLR, When PSW is the specified Destination Register,
Bits 0 through 11 of the S Bus are loaded into Bits 0 through 11 of the PSW and S Bus Bits 12 through 15

are captured in the FLR. The Condition Code field remains unchanged until the micro-program causes
it to be updated from the FLR or when the hardware, in the case of an instruction read, copies the con-

tents of the FLR into the Condition Code.

The Location Counter (LOC) is a 16-bit (20-bit for the Model 7/32 C) appendum to PSW which holds the main
memory address of the next user instruction to be performed.

3.5 Main Memory

The Main Memory consists of random access memory providing storage for user instructions and data.
The Memory Address Register (MAR) is a 16-bit register (20 bit for the Model 7/32 C) which is loaded
with the address of main memory locations. Memory is actually addressed by the Memory Access Slave
Register (MAS). MAS is automatically updated from MAR at the start of each memory cycle. Data read
from or written into memory is buffered in the Memory Data Register.(MDR). The micro-program initiates a
main memory cycle by issuing a memory read, memory write, privileged write, or instruction read com-
mand. After issuing a memory command, the micro-program is free to do other instructions. The mem-
ory cycle is accomplished asynchronous of other Processor activity. If the micro-program, however,
attempts to use the contents of MDR after a memory read or instruction read before memory data becomes
available, or attempts to load MDR or issue another memory command before the current memory cycle
is complete, the Processor stops until the desired function can be performed.

With core memory, a memory cycle consists of two phases. First, the contents of the specified location
are read out and placed into the MDR. The location is set to zeros (destructive read-out). The contents
of MDR are then written into the specitied location, A memory read consists of a read cycle that saves
the contents of the specified location in MDR. The contents of the MDR are then written back to the
specified location on the write cycle, A memory write does not save the read-out so that the specified
location is written with the contents of MDR. An instruction read differs from a memory read in that

after the data becomes available in MDR, it is automatically transferred to the user's Instruction Register.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 3




3.6 Instruction Register (IR)

After an instruction read has been issued, when the read-out is available in MDR, MDR Bits 0 through 7
are placed in the register labeled OP, Bits 8 through 11 are placed in the register labeled YD, and Bits
12 through 15 are placed in the register labeled YS. These three registers (OP, YD, and YS) comprise
the user's Instruction Register.

3.7 Decoder Read-Only Memory (DROM)

The OP Register is used to address locations in the pair of Decoder Read-Only-Memories (DROM1 and
DROM2). Each DROM contains 256 12 -bit words. The micro-program can interrogate either DROM1

or DROMZ2 at anytime other than on a Branch or Input/Output micro-instruction. The least significant

11 bits of the resulting read-out are jammed into the RAR, resulting in an automatic branch to an address
that is related to the user's operation code. Bit 4 of DROM1 is used to indicate priviledged instructions.

3.8 General Registers (GR)

The micro-program accesses the user's General Registers without caring which of the 16 General Regis~
ters the user instruction has specified. It matters that when the micro-program accesses a GeneralReg-
ister for emulating a user instruction that it be the General Register specified in that user instruction.
Since after instruction read, the register address or addresses specified by the user are in the YD and YS
Register, the micro-program can access the appropriate General Register bv specifying the YD or YS
Instruction Register. The hardware then selects the General Register whose number is in the YD or ¥S
Register.

The YD Register is an up/down counter so that sequential General Registers can be accessed. The micro-
program can also clear the YD Register when it needs to access specific General Registers. The YS Re-
gister, in addition to being loaded at the time of an instruction fetch, may also be loaded by the micro-pro-
gram from the S Bus.

In the Model 7/16, sixteen 16-bit General Registers are provided for the user programs while in the 7/32 C
two sets of sixteen 32-bit General Registers are provided. These registers are labeled GRHO and GRLO
which is Set 0 and GRH15 and GRL15 which is Set 15.

3.9 Micro-Registers (MR)

The seven 16-bit registers MRO through MR6 are available to the micro-program for general purpose use.

3.10 Arithmetic Registers High and Low (ARH and ARL)

Two 16-bit A Registers are used to hold the second operand for arithmetic and logical micro-operations,
These registers plus the Memory Data Register (MDR) and the sign of MDR (Bit 0) are used as the 'B’
input to the Arithmetic Logic Unit (ALU). The other input, input 'A’, to the ALU is the output of the
Shifter/Latch, The Shifter can Shift B Bus data left or right one bit position, do an eight-bit rotate, or
gate the B Bus data directly into the ALU.

3.11 Arithmetic Logic Unit (ALU)

The ALU comprises a 16-bit parallel arithmetic/logic network with look-ahead carry. The arithmetic or
logical result is formed on the 16-bit S bus. On the Model 7/32 C a four-bit extension to the ALU is used
which forms its result on the four-bit XS Bus.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
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3.12 Data Output (for special hardware features)

Data Output operations for special hardwarc features are achieved by gating S Bus data onto the D Bus and
activating special control and address lines.

3.13 Input/Output (I/0)

Input/Output operations are achieved by gating S Bus data onto the D Bus and activating an 1/0 Control line,
or by activating an I/0 Control line and gating the D Bus data onto the B Bus.

3,14 Shift Register High (SRH) and Shift Register Low (SRL)

These two registers, SRH and SRL, are 16-bit general purpose micro-registers which can also be
used in combination as a 32-bit shift register, The extended shift capability is used in multiply, divide,
and other 32-bit operations. :

3.15 Counter

The Counter (CTR) is a five-bit decrementing register used on multiply, divide, repeat operations, and on
the Branch on Counter micro-instruction. The counter is loaded by the micro-program from the S Bus
with any value from 0 to 31, The state of this register, zero or non-zero, may be tested by the micro-
program when a Branch on Counter is specified by the instruction.

4. MICRO PROGRAM DESCRIPTION

4,1 Introduction

Micro-programming is a means for implementing the control logic of a digital computer. At INTERDATA,
micro-programming has been effectively used to maintain upward compatibility in a family of Processors
whose internal hardware varies from one member to the next,

The Models 7/16 HSALU and 7/32 C are designed to execute micro-instructions stored in a Read-Only Mem-
ory (ROM). Each micro-instruction causes one or more hardware functions to be performed, such as trans-
ferring the contents of one register to another, arithmetic or Boolean operations between registers, con-
trolling input/output operations, or initiating main memory accesses.

A series of micro-instructions is called a micro-program. The complete micro-program for each mach-
ine is by definition, an emulator, causing the hardware to react to a user program. in main memory and
to external events as would the Processor described in the User's Manual, Publication Number 29-261 or
32 Bit Series Reference Manual, Publication Number 29-365, Every user instruction, interrupt handling
feature, and Hexadecimal Display Panel function is simulated by some portion of the micro-program.

This section describes the micro-program for the Model 7/16 HSALU and 7/32 C Processors., The micro-
processor of the two machines are identical but the compliment of hardware available in these two Proces-
sors vary. For example; all references to 20 bit registers in this description are implemented as 16 bit
registers in the Model 7/16 HSALU. In addition, only one set of 16 bit General Registers is equipped on
the 7/16 while two sets of 32 bit General Registers are available on the Model 7/32 C.

4,2 Micro-Instruction Formats and Modifiers

Micro-instructions for the Models 7/16 HSALU and 7/32 C have fixed length but their format is variable.
All micro-instructions are 24 bits long and are highly encoded. The Processor has six basic micro-
instruction formats. The operation code is found in the first four bits of every instruction format, but the
interpretation of other bits varies from one format to the other,

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 5




4.2.1 Register to Retister (RR) Format.

RR FORMAT
0 3 4 78 1213 1516 1819 23
oP [ S1 S2 E2 D
opP Operation Code
C Control Modifier
S1 First Source Operand
S2 Second Source Operand
D Destination Register
E2 Opcode Extension Two Modifiers

The following six micro-instructions use this RR format.

AND )
OR (0)
XOR (X)
ADD (A)
SUBTRACT )
CALCULATE
ADDRESS (CA)

All instructions with this format contain a four bit operation code, a four bit control modifier, a five bit
first operand specification, a three bit second source specification, a five bit destination specification,
“and three bit opcode extension modifiers. These six micro-instructions are described in Section h
4.3, and a detailed description of instruction modifiers appears in Section 4. 2.8. Section 4. 2.7 describes
all addressable sources and destinations. S

4,2.2 Register Immediate (RI) Format,

RI FORMAT
0 3 4 111213 1516 1819 23
[ oP I DATA |><lsz |E2 I D

op Operatior Code

DATA The least significant eight bits of the first operand.

S2 Second Scurce

D Destination Register

E2 Opcode Extension Two Modifiers

There are five micro-instructions with this format.

AND Immediate (NT)
OR Immediate (O
Exclusive OR Immediate (XTI)
Add Immediate (AT)
Subtract Immediate (1))

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
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All of the previous instructions contain a four bit operation code and eight bits of immediate data. The eight
bit immediate field is expanded to a 20 bit value with the high order 12 bits forced to zero. This 20 bit
value forms the first operand, The second operand source and the destination regrlster are specified by

the S2 and D fields. The E2 field specifies opcode extension modifiers (see Section 4. 2.8). Bit 12 is not
used in this format.

4,2.,3 Load (L) Format,

L FORMAT

0 3 4 78 1213 1516 1819 23
. 0000 C S1 E1 E2 D

C Control Field

S1 First Operand

D Destination Register

E2 Opcode Extension Two Modifiers

E1l Opcode Extension One Modifier

This format is used only by the Load micro-instruction. This micro-instruction does not require any sec-
ond operand. Bits 13 through 15 of the micro-instruction, are therefore, used for specifying additional
modifiers (see Section 4. 2. 8 for description of opcode Extension One modifiers),

4.2.4 Load Immediate (LI) Format.

LI FORMAT
0 3 4 111213 1516 1819 23
1000 DATA E1 E2 D
DATA Least Significant Eight Bits of Source Operand
D Destination Register
El Opcode Extension One Modifier
E2 Opcode Extension Two Modifiers

This format is used by the Load Immediate micro-instruction. The eight bit immediate field is expanded
to a 20 bit value with the high order 12 bits forced to zero. This 20 bit value forms the source operand
for the load operation. Bit 12 of the micro-instruction is not used by this format.

4,2,5 Command Format (C).

C FORMAT

34 78 23
r0111 I 6 I FUNCTION —I

C Control Modifier

FUNCTION Function Field

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining tNTERDATA supplied equipment and shall
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The Command micro-instruction uses this format. The four-bit C field specifies the control modifier, and
a 16 bit function field specifies various functions to be performed by the Command micro-instruction.

4,2.6 Branch (BR) Format.

BR FORMAT
0 34 1213 23
| or | conpirion BRANCH ADDRESS
OoP Operation Code

CONDITION Condition to be Tested

BRANCH ADDRIESS Address of the next micro-instruction if branch is taken

‘Thig format is used by two Branch micro-instructions (Branch on True Bit 8 reset and Branch on False
Bit 3 set).

4.2.7 Source and Destination Registers. There are several general purpose and special
purpose micro-registers which can be used for sources and destinations. These sections describe add-
ressable sources and destinations.

First Operand Source Registers

The sources that may be used as the first operand are shown in Table 1.

MRO, MR1, MR2, MR3, MR4, MR5, and MR6 are seven general purpose micro-regis-
ters. They can be used freely as 16 bit sources.

PSWL is a 16 bit register which is used to hold the Program Status Word., This
register can be used as a 16 bit source.

Location Counter is a special micro-register which can be used as a 20 bit source. The
most significant four bits of the Location Counter can be accessed separately by speci-
fying LOCH as the first source. Specifying LOCH as the first source causes the most
significant four bits of LOC to be gated on to the B Bus, Bits 12 through 15.

SRH and SRL are two special purpose shift registers which can be used as 16 bit sources.

Memory Address Register holds the address of the main memory location to be accessed.
This register can be used as a 20 bit source register.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
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TABLE 1. ADDRESSABLE FIRST OPERAND SOURCES

RD BITS SYMBOLIC MEANING
8 g |10 |1 12 REGISTER
0 0 0 0 0 MRO Micro-register O
0 0 0 0 1 MR1 Micro-register 1
0 0 0 1 0 MR2 Micro-register 2
0 0 0 1 1 MR3 Micro-register 3
0 0 1 0 0 MR4 Micro-register 4
0 0 1 0 1 MR5 Micro-register 5
0 0 1 1 0 MR6 Micro-register 6
0 0 1 1 1 PSWL Program Status Word Low
0 1 0 0 1
0 1 0 1 0
0 1 0 1 1
0 1 1 0 0 YSI YS Field
0 1 1 0 1 YDI YD Field
0 1 1 1 0
0 1 1 1 1 oP Operation Code
1 0 0 0 0 NULL NULL Source
1 0 0 0 1 LOCH Location Counter High
1 0 0 1 0 SRL Shift Register Low
1 0 0 1 1 SRH Shift Register High
1 0 1 0 0 LOC Location Counter
1 0 1 0 1 10 Input (D Bus to B Bus)
1 0 1 1 0 MDR Memory Data Register
1 0 1 1 1 MAR Memory Address Register
1 1 0 0 0 YDH MS 16 bits of reg. specified by YD
1 1 0 0 1 YDL LS 20 bits of reg. specified by YD
111 0 1 0 YDLP1 LS 20 bits of reg. specified by YD
1 1 0 |1 1 YDLM1 LS 20 bits of reg. specified by YD
1 11 1 0 0 YSH MS 16 bits of reg. specified by YS
11 |1 0 1 YSL LS 20 bits of reg. specified by YS
1111 1 0 YSLX LS bits of reg. specified by YS
111 1 1 1 YSHX MS 16 bits of reg. specified by YS

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing.




Memory Data Register is available as a 20 bit first operand source. If MDR is specified
as the source and the memory data is not available (after a memory read operation), ex-
ecution of that micro-instruction is suspended until memory data is available.

The user's 16 general purpose registers do not have individual addresses. The General
Registers are accessed indirectly through the YD or YS field. If YDL is specified as
the first source, the least significant 20 bits of the General Register whose number is
contained in the YD field (Bits 8:11 of the user instruction) are selected as the source
value. Specifying YDLP1 (YDLM1) is the same as specifying YDL except that the YD
field is incremented (or decremented) by one after the execution of the micro-instruc-
tion. If the current micro-instruction uses YDLPI or YDLMI1 as the source, the next
micro-instruction cannot specify YD for the source operand. Specifying YDH selects
the most significant 16 bits of the General Register specified by the YD field (Model
7/32 only). -

YSL, when used as a source, selects the least significant 20 bits of the General Register
specified by the YS field. If YSH is used as the source operand, the most significant 16 bits
of the General Register are used as the source value (Model 7/32 C only). Specifying
YSLX or YSHX is the same as specifying YSL or YSH except that the source value is force
to zero if the YS field (Bits 12 through 15 of the user instruction) is zero.

If YDI or YSI is specified as the source, the YD field (Bits 8 through 11 of user instruc-
tion) or the YS field (Bits 12 through 15 of user instruction) is gated onto B Bus Bits 12
through 15. .

When 1/0 appears as the source operand, an input operation is performed, Only in a
1,0ad micro-instruction can 1/0 be a source. The nature of the input request is specified
by Bits 16 through 18 of the micro-instruction. When the device responds, the data is
gated on to the B Bus. Completion of the micro-instruction is suspended until the device
responds or a false sync occurs (14 microsecond time set). ‘

When OP is specified as the first source operand, the operation code (Bits 0 through 7)
of the user instruction is gated onto the B Bus Bits 0 through 7.

If the first operand is NULL all the bits on B and XB Busses are forced to zero.

NOTE

If the selected source has a 20 bit value the most significant
four bits are gated onto the XB Bus and the least significant
16 bits are gated onto the B Bus. If the selected source has
less than 20 bits, it is expanded to a 20 bit value by forcing
high order bits to zero. The most significant four bits of
this expanded value are gated to the XB Bus and the least
significant 16 bits are gated to the B Bus.

Second Operand Sources

The sources that may be used as the second operand are shown in Table 2.

This information is proprictary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
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TABLE 2. ADDRESSABLE SECOND SOURCES

RD BITS SYMBOLIC MEANING

13|14} 15

0 0 0 NULL NULL Value (ZERO)

0 0 1 ONE Constant ONE

0 1 0 ARL Arithmetic Register Low
0 1 1 TWO Constant TWO

1 0 0 MDR Memory Data Register

1 0 1 SIGN SIGN of MDR

1 1 0 AR Arithmetic Register

1 1 1 ARH Arithmetic Register High

Specifying NULL for the second source forces the second operand value to zero.

If ONE or TWO is specified as the second operand, a constant value of 1 or 2 is used
as the second operand value.

If ARL is specified as the second source, the least significant 16 bits of the 32 bit Arith-
metic Register (ARH, ARL) are used as the second source operand. If ARH is specified
as the second|source, the most significant 16 bits of the 32 bit Arithmetic Register are
used as the second operand value. If AR is specified as the second source, the least
significant 20 bits of AR are used as the second operand.

Memory Data Register can be used as a 20 bit second operand. If the MDR has been

used as the second source, and data is not available, execution of the micro-instruction

is suspended until data is available. MDR should not be used as the second operand by

.a micro-instruction which specifies a Memory Read operation or Instruction Read operation
'in the control field.

If SIGN is specified as the second operand and MDR Bit 4 (sign of 16 bit value) is zero,
the second operand value is forced to zero. If SIGN is specified as the second source and
MDR Bit 4 (Sign of 16 bit value) is 1, the second operand is forced to all 1s. SIGN should
not be used as the second operand by a microinstruction which specifies memory read or
instruction read.

Destination Registers

The registers which can be used for the destinations are shown in Table 3. Some of the
destinations are 20 bit destinations and others are 16 bit destinations. If a 20 bit destin-
ation is specified, the most significant four bits of the destination register are loaded from
the XS Bus and the least significant 16 bits of the destination register are loaded from the

S Bus. If the specified register is 16 bits long, the destination register is loaded from

the S Bus and the data on the XS Bus is ignored.

General purpose micro-registers MRO through MR6 and shift registers SRH and SRL
can be used as 16 bit destination registers in any arithmetic and logic micro-instruction.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
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TABLE 3. ADDRESSABLE DESTINATIONS

RD BITS SYMBOLIC MEANING
191 20| 21| 221 23 REGISTER
0 0 o] 0 0 MRO Micro-register O
0 0 0 0 1 MR1 Micro-register 1
0 0 0 1 0 MFR2 Micro-register 2
0 0 0 1 1 MR3 Micro-register 3
0 0 1 0 0 MR4 Micro-register 4
0 0 1 0 1 MR5 Micro-register 5
0 0 1 1 0 MR6 Micro-register 6
0 0 1 1 1 PSWL Program Status Word Low
0 1 o] 0 0 CTR Counter
4] 1 0 0 1 AFL Arithmetic Register Low
0 1 0 1 0 AFH Arithmetic Register High
0 1 0 1 1 AR Arithmetic Register
0 1 1 0 0 YSI YS Immediate .
0 1 1 0 1 HWA OUTPUT (S BUS TO D BUS)
0 1 1 1 0 PSWH Program Status Word High
0 1 1 1 1 FLR Flag Register
1 0 0 0 0 NULL NULL Destination
110 0 0 1
1 0 0 1 0 SRL Shift Register Low
1 0 0 1 1 SRH Shift Register High
1 0 1 0 0 LCOC Location Counter
1 0 1 0 1 10 Output (S Bus to D Bus)
1 0 1 1 0 MDR Memory Data Register
1 0 1 1 1 MAR Memory Address Register
1 1 0 0 0 YDH MS 16 bits of reg. specified by YD
1 1 0 0 1 YDL LS 16 bits of reg. specified by YD
1 1 0 1 0 YDLP1 LS 16 bits of reg. specified by YD
1 1 0 1 1 YDLM1 LS 16 bits of reg. specified by YD
1 1 1 0 0 YSH . MS 16 bits of reg. specified by YS
1 1 1 0 1 YSL LS 16 bits of reg. specified by YS
1 1 1 1 0
1 1 1 1 1

PSWH and PSWL are 16 bit destination registers. When PSWH or PSWL is specified

as the destination, the least significant four bits from the S Bus are captured in the
Flag Register (FLR). The least significant four bits of PSWL (Condition Code) can only
be loaded from FLR by specifying the proper control modifier or by a command instruc-
tion.

The Location Counter is a 20 bit destination register. When LOC is loaded with a 20
bit value, MAR is loaded simultaneously with the same 20 bit value,

Memory Address Register (MAR) is a 20 bit destination register. If a micro-instruction
specifies a main memory operation and uses MAR as the destination, the memory op-
eration is started before changing the Memory Address Register.

This information is proprietary and is supplied by INTERDATA for the sole
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Memory Data Register is available as a 16.bit destination (Bits 4:19 of MDR). If the
MDR is specified as the destination, and memory is still busy (because of a previous
memory read or write operation), execution of that micro-instruction is suspended un-
til memory is not busy.

General Registers can be specified as destination registers indirectly through the
YD and YS fields. Specifying YDH destination causes the most significant 16 bits
of the General Register (specified by the YD field) to be loaded from the S Bus
(Model 7/32 C only). If YDL is specified as the destination the least significant
16 bits of the General Register (specified by YD field) are loaded from the S Bus.
Specifying YDLP1 (or YDLM]I) is the same as specifying YDL except that the YD
field is incremented (or decremented) by one. If the current micro-instruction
specifies YDLPL or YDLM1 as the destination, the next micro-instruction cannot
specify YD as the source operand.

If YSH (Model 7/32 C only) or YSL is used for the destination, the most significant (or least
significant) 16 bits of the General Register (specified by YS field) are loaded from the S Bus.

When the Counter is used as the destination register, the least significant five bits of
the S Bus are loaded into the Counter Register.

If FLR is specified as the destination register, the least signficant four bits of the S Bus
are loaded into the Flag Register. Loading the Flag Register in an instruction that nor-
mally sets flags causes an ORing of the resulting flags and S Bus data.

specifies flags causes ORing of the resulting C, V, and G flags and an ANDing of the

L flag and the S Bus Data.

When YSI is the destination, the YS field of the Instruction Register is loaded from the
least significant four bits of the S Bus.

ARL and ARH are two 16 bit destinations. AR is a 20 bit destination. When AR is speci-
fied as the destination, the least significant four bits of ARH are loaded from the XS Bus
and ARL is loaded from the S Bus.

When I/0 appears as the destination an I/0 operation is performed. Only a Load or
Toad Immediate Micro-instruction can specify I/0 as the destination. The nature of the
output operation is encoded into the Operation Extension One Modifier Field.

4,2.8 Instruction Modifiers. Instruction modifiers can modify the function specified by the
operation code. Modifiers are grouped into three categories as follows: .

1. Control Modifiers (C)
2. Opcode Extension One Modifiers (E1)
3. Opcode Extension Two Modifiers (E2)

1. Control Modifiers (C)

These modifiers control the memory operations, DROM operations, and modification
of the Condition Code. A micro-instruction can specify only one of these modifiers
since they are mutually exclusive. The control modifier is specified by the Cfield of
the micro-instruction. The following paragraphs of this section describe various con-
trol modifiers.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
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No Action
C Field Symbolic
0000

No control function is performed.

Memory Read and Increment LOC

C Field Symbolic
0001 MRI
A memory read operation i3 started using the contents of MAR prior to execution of this

micro-instruction as the memory address. The LOC and MAR are then incremented by
two.

Vector through DROM1

C Field Symbolic
0010 D1

The next sequential micro-instruction is executed and then control is transferred to the
ROM address obtained by vectoring through DROM1 (using operation code of the user in-
struction as index). If the most significant bit of DROM1 entry is set, the corresponding
user instruction is a priviledged instruction. If PSW Bit 23 is set and the Most Significant
Bit (MSB) of DROM1 entery is set, the least significant eight bits of the ROM Address
Register are forced to hexadecimal value 'FF' (i.e., a branch is taken to the last word on
the current ROM page).

Vector through DROM2

C Field Symbolic

0011 D2

The next sequential micro-instruction is executed and then control is transferred to the
ROM address obtained by vectoring through DROM2, If the user instruction being emul-
ated is RHR, RH, WHR, or WH and the I/0 device is a byte oriented device, Bit 14 of

the ROM Address Register is forced to 1 (the 11 bit address is contained in Bits 5 through
15 of ROM Address Register).

Instruction Read

C Field Symbolic

0100 IR

This information is proprietary and s supplied by INTERDATA for the sole
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Memory read operation for fetching the next user instruction is started. The following
additional operations are performed.

The next sequential micro-instruction is executed. The next micro-instruction should
not be a Branch micro-instruction and it must not specify YSH, YSL, YSLX, YSHX, or
YSI for source or destination. The control field of the next micro-instruction must
specify no action.

The data from main memory is loaded into the Instruction Register (IR) when data
becomes available).

The Flag Register is cleared after the completion of the next micro-instruction.
LOC and MAR are incremented by two.
If no interrupt is pending, control is transferred to START routine (at '001'). If any

interrupt is pending or if control console is in the SINGLE mode, the control is trans-
ferred to HELP routine (at '045').

XMDR 1is cleared.

Instruction Read and Jam Cohdition Code Half

C Field Symbolic
0101 IRJH

The control function performed is same as IR except that the contents of the Flag Regis-
ter is copied into the Condition Code after the next micro-instruction has been executed.

Instruction Read and Jam Condition Code

C Field Symbolic
0111 IRJ

Same as IRJH.

Memory Read

C Field Symbolic
1000 MR

Mémory read operation is started before loading the destination register.

Memory Read and Increment MAR

C Field Symbolic
1001 MR2

Memory read operation is started and then MAR is incremented by two.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shail
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Memory Read and Disable Memory Access Controller

C Field Symbolic

10101 MRD

For any memory read or write operation the address contained in MAR is re-
located by Memory Access Controller (MAC) if enabled by setting Bit 21 of
PSW. If this option is specified, the address contained in MAR is not changed
by the MAC and a memory read operation is initiated (Model 7/32 C only).

Extended Read and Increment MAR by Two

C Field Symbolic

1011 XR2

This control function is the same as MR2 except that the least significant four bits (Bits 16:
19) of the previous contents of MDR are copied to the most significant four bits (Bits 0:3) of

the current MDR. For normal read operation, the most significant four bits of MDR are not
changed (Model 7/32 C only).

Memory Read with MAC Disabled, Increment MAR

C Field Symbolic
1101 MRD2

Same as MR2 except that address contained in MAR is not changed by MAC.
(Model 7/32 C only.)

Memory Write

C Field Symbolic

1110 MW

Memory write operation is started. If the current micro-instruction specifies a memory
write operation and it uses MDR as the destination register, the new value of MDR is
written into the addressed memory location,

Memory Write and Increment MAR by Two

C Field Symbolic
1111 MwW2

Memory write operation is started and then MAR is incremented by two.

Memory Write with MAC Disabled

C Field Symbolic
1100 MWD

This control function is same ag Memory Write (MW) except that memory address is not
changed by MAC. (Model 7/32 C only.)

This information is proprietary and is supplied by INTERDATA for the sole
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NOTE

If a micro-instruction specifies a memory read or memory
write operation, the address of the memory location to be
accessed should be loaded into MAR prior to the execution
of this micro-instruction. If MAR is specified as destina-
tion, the new value is loaded into MAR after starting the
memory operation,

2. Opcode Extension One Modifiers (E1)

_The E1 fleld is valid with the Load or the Load Immediate micro-instructions only.
Four mutually exclusive modifiers are included in this classs These modifiers are de-
scribed in the following paragraphs.

Shift Right
E1l Field Symbolic
100 Shift Right

The source data (from the B Bus) is shifted by the B Bus shifter, right one place and
copied into the specified destination register.

Shift Left
E1l Field Symbolic

010 SL

The source data (from the B Bus) is shifted left one place and copied onto the specified
destination register.

Cross Shift
E1l Field Symbolic
110 Cs

The source data (from the B Bus) is rotated eight bit positions and copied into the destin-
ation register. If MDR is the source or destination, the cross shift will occur only if
MAR is even. If MDR is the destination and MAR is even, only the high byte of MDR
(Bits 4 through 11) is loaded. "If MAR 1s odd, only the low byte of MDR (Bits 12 through
19) is loaded. The bits not loaded remain unchanged, This special feature of MDR is
used for emulating byte instructions.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing. 17




Length

E1l Field Symbolic
XX1 LEN

If the user instruction being emulated is of RX3 format (vefer to Model 7/32 Reference
Manual, Publication Number 29-399), the constant two is loaded into the destination
register. If the user instruction is not of RX3 format, zero is loaded into the destination
register. MDR must be used as the source operand when this modifier is specified. This
modifier is not for general use. The 7/32 C micro-program uses this modifier to emulate

some branch instructions.,

3. Opcode Extension Two Modifiers (E2)

18

The E2 field of a micro—instruction specifies this class of instruction modifiers.

If the source or destination is not I/0, the following three modifiers can be specified.
These modifiers are not mutually exclusive, so two or more of them can be specified
simulataneously.

Carry In
E2 Field Symbolic
1XX CI

If the micro-instruction using this modifier is a Load or Load Immediate micro-instruction,
the state of the carry flag is shifted into the most significant (if shift right is specified)
or the least significant bit (if shift left is specified) of the result.

If the micro-instruction using this modifier is an Add or Add Immediate instruction, the
carry flag is added with the least significant bit of the sum.

If the micro-instruction specifying this modifier is a Subtract or Subtract Immediate In-
struction, the carry flag represents the borrow situation from the least significant bit
of the source data. This borrow participates in the subtraction operation.

If the micro-instruction specifying this modifier does not perform a load, add, or sub-
tract operation, the modifier is ignored.

Carry Out
E2 Field Symbolic
X1X Cco

This information is proprietary and is supplied by INTERDATA for the sole
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If the micro-instruction specifying this modifier performs a load operation, the Carry
flag stores the state of the bit shifted out (if shift operation is specified). If shift modi-
fier 18 not specified by load micro-instruction, the Carry flag is reset.

If the micro-instruction specifying carry out performs an AND, OR, or Exclusive OR
operation, the Carry flag is reset.

If the micro-instruction specifying c-arry out performs an AND, OR, or Exclusive OR
operation, the carry flag is reset.

Flags
E2 Field Symbolic
XX1 F

This modifier is used to enable modification of the flags (V, G, and L) if the micro-in-
struction specifying F modifier performs an add or subtract operation. G, L and V flags
are adjusted to reflect the result of the operation. G and L flags are adjusted to reflect
the algebraic value of the result. The V flag is adjusted to reflect the overflow condi-
tion.

If the micro-instruction specifying F modifier performs a load or logical operation, V
flag is reset and G and L flags are adjusted to reflect the algebraic value of the result.

NOTE

The flags G, L and V reflect the result obtained from 16 bit
ALU. The four bit extension to the ALU is used only for
address arithmetic and it des not change any flags. The
hardware provides a cumulative flage affect to facilitate
multi-precision operations. Once the G or L flag becomes
get, the G and L flags will never again be both. zero unless
the flag register is explicitly cleared.

Result Flags Before Execution Flags After Execution
G L G L
ZERO 0 0 0 0
0 1 1 0
1 0 1 0
POSITIVE 0 0 1 0
0 1 1 0
1 0 1 0
NEGATIVE 0 0 0 1
0 1 0 1
1 0 0 1

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining INTERDATA supplied equipment and shall
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If the source or destination of a Load micro-instruction is 1/0 the following seven modi-
fiers can be specified by E2 Field.

Data Channel Acknowledge (7/16 HSALU only)

E2 Field Symbolic

000 DCAK

The source data is present on the data lines, and the address and data channel acknow-
ledge control lines are active. The highest priority interrupting data channel device
becomes the On-Line device.

Address
E2 Tield Symbolic
001 ADRS

The source data is present on the date lines, and the address control line is active. The
device that detects its address becomes On-Line and responds with Sync. '
Data Available

E2 Field Symbolic

010 DA

The source data is present on the data lines, and the data available control line is active.
The On-Line device accepts the data and responds with a Sync.

Qutput Command

E2 Field Symbolic

011 oC

The source data is present on the data lines, and the output command control line is active.

Acknowledge Interrupt

E2 Field Symbolic
100 ACK
The acknowledge interrupt control line is active. The highest priority interrupting de-

vice responds by placing its address on the data lines. The input data is copied to the
destination register.

Data Request

E2 Field Symbolic

101 DR

This infarmation is proprietary and is supplied by INTERDATA for the sole
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The data request control line is active. The On-Line device responds by placing data
on the data lines. The input data is copied to the destination register.

Status Request

E2 TField Symbolic

110 STAT

The status request control line is active. The On-Line device responds by placing status
data on the data lines. The input data is copied to the destination register.

4.3 Micro-instructions

The 7/32 C Processor executes 16 basic micro-instructions, This section describes these 16 micro-in-
structions. For each micro-instructions the assembler format is shown. The machine instruction format
is diagrammed, a description of the instruction is provided, and allowed instruction modifiers are indi-
cated. The execution time of a micro-instruction is given in terms of the number of machine cycles re-
quired to complete it., One machine cycle equals 250 nanoseconds.

Arithmetic and logic operations use 20 bit operands. If a specified operand is less than 20 bits long, it is
expanded to a 20 bit value (with high order bits forced to zero) before the specified operation is performed.
If the specified destination is a 20 bit register, a 20 bit result is loaded into the destination register. If the
specified destination is a 16 bit register, the least significant 16 bits of the result are loaded into this re-
gister and most significant four bits of the result are ignored.

4.3.1 Load
L D, S1, OPTIONS Timing: 1 Cycle (No 1/0)
2 Cycles (Input I/0)
3 Cycles (Output 1/0)
0 3 4 7 8 1213 1516 1819 23
[0000 l Cc l S1 I E1 IE2 | D J

The contents of the register specified by the first source field (S1) are copied into the register specified by
the destination field (D).

OPTIONS

If neither the source nor destination field specifies 1/0, the following instruction
modifiers can be used:

C Field Any Control Modifier
E1l Field SR, SL, CS, or LEN

E2 Field One or more of the following:

Cl1, CO, F

Trrs mlormation is proprietary and is supplied by INTERDATA for the sole ’\
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If the source or destination field specifies 1/0, the following instruction modifiers

are used:
C Field

E1 Field
E2 Field

4.3.2 Load Immediate

LI D, DATA, OPTIONS

34

111213

'

Any Control Modifier
SR, SL, or CS
DCAK*, ADRS, DA, OC, ACK, DRor STAT

*17/16 HSALU only

Timing: 1 Cycle (No I/0)
3 Cycles (Output I/0)
23

1516 1819

(I)TOOO |

DATA

DXJer [e2 |

]

The eight bits from the data field are copied into the least significant eight bits of the register specified
by the D field. The most significant eight bits (12 bits for 20 bit destination) of the destination are forced

to zero.

OPTIONS

If the destination field does not specify 1/0, the following modifiers can be used:

F1 Field

E2 Field

SR, SL, or CS
One or more of the modifiers CI, CO, and F.

If the destination field specifies 1/0, the following modifiers can be used:

E1l Field
122 Field

4,3.3 AND

N D,S1, S2, OPTIONS

0 3 4 78

1213

SR, SL, or CS
DCAK, ADRS, DA, or OC

Timing: 1 Cycle

1516 1819

| 0001 Cc I S1

23
l 52 E2 D J

The contents of the register specified by the first source field (S1) are logically 'ANDed' with the contents
of the register specified by the second source field (S2). The logical product is loaded into the register

specified by the destination field.

OPTIONS

Any of the following instruction modifiers can be specified as options.

C Field

E2 Field

4,3.4 AND Immediate

NI D, DATA, 82, OPTIONS

111213

Any Control Modifier
One or more of CI, CO, and F

Timing: 1 Cycle

1516 1819 23

1001 DATA

152 E2 D

22
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The eight bit data field is expanded to a 20 bit value with high order 12 bits forced to zero. This 20 bit
value is logically ANDed with the contents of the register specified by the second source field (S2). The
logical product is loaded into the register specified by the destination field.

OPTIONS
E2 Field One or more of the following three modifiers:
Cl, CO, and F
4.3.5 OR
O D, S1, s2, OPTIONS Timing: 1 Cycle
0 3 4 7 8 1213 1516 1819 23
[omol c W S1 |sz||52| D

The first operand and second operand are logically added (or ORed). The logical sum replaces the contents
of the specified destination register.

OPTIONS

C Field Any Control Modifier

E2 Field One or more of CI, CO, and F

4,3.6 OR Immediate

Ol, D, DATA, 82, OPTIONS Timing: 1 Cycle

0 34 111213 1516 1819 23

|1o1o I DATA I><|82 |E2 I D

The eight data field is expanded to a 20 bit immediate value with high order 12 bits forced to zero. This
immediate value is logically added (or ORed) to the second operand. The logical sum is loaded into the

specified destination register. N

OPTIONS
E2 Field One or more of the following modifiers:

CI, CO, and F

4.3.7 Exclusive OR

X D, S1, 82, OPTIONS Timing: 1 Cycle
0 3 4 78 1213 1516 1819 23
loon | ¢ | st |s2 |2 | o |

This information is proprietary and is supplied by INTERDATA for the sole
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The first operand (specified by S1) is 'Exclusive ORed' with the second operand. The resulting logical
difference is placed into the register specified by the destination field (D).

OPTIONS

C Field Any Control Modifier
E2 Field One or more of CI, CO, and F

4.3.8 Exclusive OR Immediate

XI D, DATA, S2, OPTIONS Timing: 1 Cycle

34 111213 1516 1819 23

(]
[1011 I DATA l><]sz ]Ez I D I

The eight bit data field is expanded to 20 bit immediate value with high order 12 bits forced to zero. This

immediate value is 'Exclusive ORed' with the second operand. The resulting logical difference replaces
the contents of the destination register.

OPTIONS

E2 Field One or more of the following modifiers:

CI, CO, and F

4.3.9 Add

A D, S1, S2, OPTIONS Timing: 1 Cycle

0 3 4 78 1213 1516 1819 23

|0100 ] ' c ] S1 ] S2 I E2 | D AJ

The second operand is algebraically added to the first operand. The sum replaces the contents of the de-
stination register.

OPTIONS

C Field Any Control Modifier
E2 Field One or more the modifiers

CI, CO, and F

4,3.10 Add Immediate

AT D, DATA, S2, OPTIONS Timing: 1 Cycle

0 3 4 111213 1516 1819 23

|11oo l DATA I><|sz |E2 l o |

The eight bit data field is expanded to 20 bit immediate value with high order bits forced to zero. This
immediate value is added to the second operand. The sum replaces the contents of the destination register.

This information is proprietary and is supplied by INTERDATA for the sole
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OPTIONS

E2 Field One or more of the following modifiers can be specified
as options:

Cl, CO, F

4,3.11 Subtract

s D, S1, 82, OPTIONS Timing: 1 Cycle

34 78 1213 1516 1819 23

0
r0101 I c I S1 IS2 |E2 I D J

The second operand is algebraically subtracted from the first operand. The difference is loaded into the
register specified by the destination field.

OPTIONS

C Field Any Control Modifier
E2 Field One or more of the following modifiers:

Cl, CO and F

4.3.12 Subtract Immediate

SI D, DATA, S2, OPTIONS Timing: 1 Cycle

3 4 111213 1516 1819 23

0
[1in [ oarta X s2 [ 2] o |

The eight bit data field is expanded to 20 bit immediate value with high order bits forced to zero. The
second operand is subtracted from the expanded immediate operand, the difference is loaded into the re-
gister specified by the destination field.

OPTIONS

E2 Field One or more of the modifiers

CIl, COand F

This information is proprietary and is supplied by INTERDATA for the sole
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4.3.13 Calculate Address

CA MAR, 1L.OC, MDR 3 Cycle (RX1 or RX2)
5 Cycles (RX3)

0 3 4 78 1213 1516 1819 23
0110 0000 10100 100 000 10111

The Calculate Address instruction is a very powerful and special purpose micro-instruction. This micro-
Instruction has been specifically designed to improve the efficiency of the Instruction Fetch and operand
Fetch processes of the RX format user instructions with the Model 7/32 C emulation. The following
conditions should be satisfied when the Calculate Address instruction is executed.

1. The first soﬁrce and the second source registers must be LOC and MDR respectively. The
destination register must be MAR. The Control field (C) and Opcode Extension Two (E2)
field must specify no action.

2. Memory Data Register (MDR) should contain the second halfword of an RX instruction, or the
memory read operation for fetching the second halfword should be in progress.

3. The Location Counter and the Memory Address Register must contain the current user instruc-
tion address plus four.

An RX instruction can specify any one of three RX formats (refer to Model 7/32 Reference Manual, Publica-
tion Number 29-399). The particular RX format is specified as follows:

Most Significant Two
Bits of the Second Half RX Format
Word of the User Instruction

Bit 16 Bit 17

0 0 RX1
1 X RX2
0 1 RX3

The Calculate Address micro-instruction examines the most significant two bits of the second halfword of
the user instruction (contained in Bits 4 and 5 of the MDR) and determines which one of the three RX formats
has been used. If the user instruction is of the RX1 format, the least significant 14 bits of the second half-
word (contained in Bits 6 through 19 of the MDR) are expanded to a 20 bit value by forcing the high order
bits to zero. This 20 bit value is added to the least significant 20 bits of the index value specified by the

YS field. The 20 bit sum is loaded into the MAR,

If the current user instruction is of the RX2 format the least significant 15 bits of the second halfword (con-
tained in Bits 5 through 19 of the MDR) are expanded to a 20 bit value by propagating the most significant
bit (Bits 5 of MDR) through the high order bits. This 20 bit value, 20 bit value contained in the Location
Counter, and the least significant 20 bits of the index value are added to form the 20 bit effective address
of the second operand. This 20 bit address is loaded into the MAR.

If the current user instruction is of the RX3 format, the Calculate Address micro-instruction starts extended
memory read operation (XR2) to fetch the third halfword of the user instruction, and then increments LOC
and MAR by two. While waiting for the memory data to become available, the Processor adds the least
significant 20 bits of the first index value (contained in the General Register specified by Bits 12 through

15 of the user instruction) to the least significant 20 bits of the second index value (contained in the General
Register specified by Bits 24 through 27) of the user instruction. The 20 bit sum forms the effective index
value. When the memory data becomes available, the MDR Bits 0 through 19 contain the 20 bit address
specified by Bits 28:47 of the user instruction. The Processor adds this 20 bit address to the 20 bit effec-
tive index value. The resulting 20 bit effective address is loaded in to the Memory Address Register.

This information is proprietary and is supplied by INTERDATA for the sole
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4,3,14 Branch On True

BT CONDITION, ADDRESS 1 Cycle (No Branch)
2 Cycles (Branch)

0 3 4 1213 23
l 1110 l CONDITION BRANCH ADDRESS J

The Branch on True micro-instruction results in a transfer to the Branch Address if any of the specified
conditions is true. If none of the specified conditions is true, the next sequential micro-instruction is
executed., The branch conditions to be tested are specified by Bits 4 through 12 of the micro-instruction.
3ea Table 4 for the branch conditions.

If counter = 0 (CNTR) is specified as the branch condition, the transfer takes place only if the counter
Register contains a zero value. The Counter is decremented by one after testing the condition,

TABLE 4. BRANCH CONDITIONS

CONDITION FIELD SYMBOLIC

4 5 6 7 8 9 10|11 |12 CONDITION ) MEANING

0 0 1 C Carry Flag Set

0 0 1 \ Over Flow Flag Set

0 0 1 G Greater Than Flag Set

0 0 1 L Less Than Flag Set

0 0 1 MSK1 i Mask (AND Operation Between YD Field and Condition
Code Produce Non-Zero Result)

0 0 1 WAIT Processor is in Wait State (PSW Bit 16=1)

0 0 1 ]

0 1 1 ATNX 1/O Attention and PSW Bit 17=1 and No Higher Priority
Interrupt is Present

0 1 1 HWA Fast Floating Point Option Presence (7/32 C)

0 1 1 QUE PSW Bit 22 is Set

0 1 1 RR Current User Instruction is an RR or SF Format Instruction

0 1 1 ATN 1/0 Attention and PSW Bit 17 Set

0 1 1 MAC MAC Interrupt and PSW Bit 21 Set

0 1 1

1 0 1 SNGL Console Single Mode

1 0 1 CATN Console Attention

1 0 1 DC ~ Data Channel Requests

1 0 1 DRD {7/16 HSALU)/COMM Option Presence (7/32C)

1 0 1 MALF Machine Malfunction

1 0 1 PPF Primary Power Fail

1 0 1

1 1 1 HWIO Halfword 1/0 Line is Active

1 1 1 NNORM | Not Normalized (SRH Bits 8 through 11 are 0)

1 1 1 CNTR Counter Contains a Zero Value

1 1 1 ARST Auto Restart Present

1 1 0 0 0 0 1 0 0 uT Utility Flip-Flop Set

1 1 1 SHORT User Instruction is of RX1 or RX2 Format

1 1 1

This information is proprietary and is supplied by INTERDATA for the sole
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4,3.15 Branch on False

BF CONDITION, ADDRESS Timing: 1 Cycle (No Branch)
2 Cycles (Branch)

or
B ADDRESS (condition fleld is forced to zero by the assembler)

()} 34 1213 23
1111 l CONDITION BRANCH ADDRESS

The Branch on False micro-instruction results in a transfer to the Branch Address if none of the
specified conditions is true. If any of the specified conditions is true, the next sequential micro-
instruction is executed. The branch conditions to be tested are specified by Bits 4 through 12 of
the micro-instruction. See Table 4 for the branch conditions.

If Counter =0 '(CNTR) is specified as the branch condition, the transfer takes place only if the Counter
Reglster does not contain a zero value. The counter is decremented by one after testing the branch con-

dition.

4.3.16 Command

C FUNCTION + CONTROL OPTIONS Timing: 1 Cycle (except MPY, DIV,
RPT, and UNMPY)
10 Cycles (MPY or UNMPY)
16 Cycles (DIV)

16 Cycles (DIV)

0 3 4 78 23
L0111 I Cc I FUNCTION

The Command micro-instruction instructs the Processor to perform the functions specified by the function
field (Bits 8 through 23 of the micro-instruction). The following paragraphs describe the various command
functions (see Table 5). '

- Multiply (MPY)

The Processor multiplies the 16 bit multiplicand in MDR (Bits 4 through 19) by the 16 bit multiplier in
SRL. The 32 bit signed product is obtained in SRH and SRL. The following set up conditions must exist
prior to the execution of the command micro-instruction,

1. MDR contains the multiplicand in two's complement form.

2. ARL contains twice the multiplicand in two's complement form.
3. SRL contains the multiplier in two's complement form.

4, Carry flag contains the most significant bit of the multiplicand.

This information is progrietary and is supplied by INTERDATA for the sole
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TABLE 5. FUNCTIONS (FOR COMMAND MICRO-INSTRUCTIONS)

FIELD ~ SYMBOLIC |
8 Jo 1] 11]12]13]1a]is][16 NFT?% 192021 ]22][23 FUNCTION | MEANING
1 0 1 MPY Multiply
1 1 1 UMPY Unsigned Multiply
1 1 DIV _ Divide
1 0 0 SL1 [ Shift (SRH,SRL) Left One
Place
ifofn sL2 " Shift (SRH,SRL) Left Two
: Places
0 1 0 SR1 " Shift (SRH,SRL) Right One
Place
0 1 1 SR2 Shift (SRH,SRL) Right Two
Places
1 Cl Carry In
: 1 CcO Carry Out
4]
0 1 0 0 SUT Set Utility Flip-Flop
0 1 0 CUT Clear_ Utility Flip-Flop
0 1 1 0 TUT Toggle Utility Flip-Flop
0 1 RPT Repeat
0 1 SWA Set Wait Indicator
0 0 : CWA Clear Wait Indicator
0 1 POW Power Down
0 1 ALRM Load Alarm Flags
1
1 1
1 1 PRIV Privileged . Memory Operation
1 1 JH Copy FLR to Condition
Code
1 1
1 1 TS Test and Set
1 1 CcYD Clear YD Field

The Processor used a fast multiplication algorithm to multiply two 16 bit numbers. The algorithm
used by the Processor speeds up the multiplication by pairing the multiplier bits and inspecting one
pair at a time. The multiplication process is completed in 10 machine cycles and the signed product in

two's complement form is obtained in SRH and SRL.

Unsigned Multiply (UMPY)

This command performs the same operation as MPY except that it multiplies two unsigned 16 bit num-

bers, and the praduct obtained in SRH and SRL is an unsigned 32 bit number.

This information is proprietary and is supplied by INTERDATA for the sole
purpose of using and maintaining {NTERDATA supplied equipment and shall
not be used for any other purpose unless specifically authorized in writing.

29




Divide (DIV)
The Processor divides the 32 bit dividend in SRH and SRL by the 16 bit divisor in ARL. To achieve
this, the following setup condtions must exist.

1. The Counter contains 16 )
2. SRH, SRL contain a positive dividend that is less than 65,536 times the divisor magnitude.

3. The ARL contains the divisor in two's complement negative form.
4, Carry flag is reset.

Shift Left One Place (SL1)

The 32 bit shift register (SRH, SRL) i3 shifted left one place. Carry in and carry out can be specified.

Shift Left Two Places (SL2)

The 32 bit shift register (SRH, SRL) is shifted left two places, The carry in or carry out can be speci-
fied, but the carry produced at the end of the first shift is ignored.

Shift Right One Place (SR1)

The 32 bit shift register (SRH, SRL) is shifted right one place., Carry in and carry out can be specified.

Shift Right Two Places (SR2)

The 32 bit shift register (SRH,SRL) is shifted right two places. Carry in and carry out can be specified
but the carry produced at the end of the first shift is ignored.

Carry In (CI)

Carry flag is shifted into the most significant bit of the SRH (if shift right) or the least significant bit of
the SRL (if shift left).

Carry Out (CO)

The bit shifted out is saved in the Carry flag.

Set Utility Flip-Flop (SUT)

Utility flip-flop is set.

Clear Utility Flip-Flop (CUT)

Utility flip-flop is reset.

Toggle Utility Flip-Flop (TUT)

Utility flip-flop state is complemented

Repeat (RPT)

If the counter is not zero, the next sequential micro-instruction is repeated the number of ﬁme_é speci-

fied by the Counter Register. If the Counter is non-zero, reasonable micro-instructions that do not result in
a branch can be executed. )

Set Wait Alarm (SWA)

The Wait indicator is set

Clear Wait Alarm (CWA)

This information is proprietary and is supplied by INTERDATA for the sole
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The Wait indicator is reset
Power Down (POW)
The system is initialized

Copy Alarm Bits (ALRM)

The bits set in the Alarm Register are 'ORed' with the Flag Register the next time PSWL is loaded.

Privileged Memory Operation (PRIV)

If this function is specified, the address contained in MAR is not relocated by MAC, and all memory
protection is disabled for this micro-instruction.

Test and Set (TS)

This command function is used to achieve synchronization in multi-processor systems. When this function
is received in conjunction with a memory read operation, the most significant bit of the addressed word
in the common memory is set during the write portion of the same memory cycle. (Model 7/32 only.)

Clear YD Field (CYD)

YD field of the Instruction Register is forced to zero.

4.4 Micro-program

The INTERDATA Model 7/32 C is a 32 bit computer. The user instructions on the Model 7/32 C are in-
terpretively executed (emulated) by the micro-program. The micro-program is executed by the micro-
processor which has 16 bit wide data paths. Since the host (micro-processor) and target (7/32 C user
machine) machine data widths do not match, the micro-program creates a “virtual match' through the
proper manipulation of the facilities available on the micro-processor. The micro-program uses multiple
precision micro-programming techniques to perform 32 bit operation with 16 bit data paths.

The listing of the Model 7/32 C Firmware or micro-program is documented and self-explanatory for many
of the less involved user instructions requiring short execution routines. The latter section on the Emula-
tion Process explains the basic emulation process and the emulation of the simple arithmetic and logic user
instruction. The subsequent sections describe the Firmware implementation of some of the more involved
user instructions. Console support, interrupt support, and the Auto Driver Channel Firmware routines
have also been explained. Most of this description is also applicable to the 7/16 HSALU micro-program.

This information is proprietary and is supplied by INTERDATA for the sole
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4.4.1 Emulation Process. At the highest level, the process of emulation can be divided into
three major tasks as depicted in Figure 2A: User Instruction Fetch, Operand Fetch, and Execution. In
Figure 2B, the major tasks are broken into typical subtasks. This general functional diagram applies to
the emulation of both the 7/32 C and 7/16 HSALU user machines.

1. USER
INSTRUCTION
FETCH

DETERMINE
USER INSTRUCTION
ADDRESS

—

USER INSTRUCTION
FETCH
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2b

-
[ ettt
|

I

I

I

l

|

I

|

I
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FIGURE 2A: HIGH LEVEL FIGURE 2B: EMULATION SUBTASKS
EMULATION TASKS
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Subtasks of the emulation process can be further divided into multiple subtasks. For example, subtask
3B, Execute Operation, consists of many alternate processes, essentially one per operation code. Each
of these processes may be represented as one or more subtasks, some of which may be similar to other
subtasks in the emulation process.

1. User Instruction Fetch

User instruction fetch begins when a micro-instruction specifying instruction read (in Control
Modifier field) is executed. The instructjon fetch fon the next user instruction is started by
the next to last micro-instruction of the execution micro-routine. The execution micro-routine
for the current user instruction cop'ies the updated Location Counter (L.OC) into the Memory
Address Register (MAR) before the execution of the next to the last micro-instruction. The
next to the last micro-instructijon of this micro-routine then specifies IR, IRJ or IRJH (see
Section 4. 2. 8 for the description of these control modifiers) in its Control Modifier field. The
hardware executes the last micro-instruction of the micro-routing and then sets the ROM Ad-
dress Register to '001' (corresponds to.label START on the micro-program listing). If any
interrupts are pending, the hardware sets the ROM Address Register to '045' (corresponds to
Jabel HELP) instead of '1'. Before transferring control to the micro-instruction at START
the hardware increments the Location Counter by two, clears the Flag Register (FLR),

resets the Abort flip-flop, and copies the first halfword of the user instruction from

the MDR into the Instruction Register (IR)(OP, YD, and YS).

The following two micro-instructions at 'START' load the contents of the General Register
specified by the YS field into ARH and ARL (only ARL is loaded for the 7/16 HSALU).

START L . ARH,YSH,D1 (ARH, ARL) = (R2) VECTOR THROUGH
* L ARL, YSL, MRI DROM1; START MEMORY READ AND INCREMENT
LOC AND MAR BY TWO

The second micro-instruction uses the MRI Control Modifier to fetch the second halfword of

the user instruction (see Section 4. 2, 8 for the description of MRI Control Modifier). If the

user instruction-is of the SF or RR format, (refer to the 7/32 Reference Manual, Publication
Number 29-399 for the description of the user instruction formats) format, this control operation
is not performed by the processor.

The instruction decoding can be easily performed using a table look-up on eight bits of the in-
struction (operation-code), which establishes not only the operation to be performed but also
the format and the method of operand fetch., Since most instructions require an operand, a
table can be devised to direct the reading of the operand and the subsequent operation to be
performed. DROM1 and DROM2 havé been designed to implement this look-up procedure,
Since any DROM operation is specified one micro-instruction in advance, the table look-up
on the op-code is achieved without any time penalty. The micro-instruction at 'START'
specifies vectoring through DROM1, The Processor, therefore, interrogates DROM1 after
the execution of the micro-instruction at START + 1, If the current user instruction is a
fixed point RR or an SF instruction, the ROM address supplied by DROML1 is the execution
routine address. If the current instruction is an RI1, RI2, RX1, RX2, RX3 or a Floating
Point instruction, the DROM1 address is the Operand Fetch routine address.

2. Operand Fetch

Most user instructions require two operands to perform the specified function. The first
operand is contained in a General Register and the second operand is contained either in a
General Register or in a memory location. Normally, the execution micro-routine for any
arithmetic or logical operation assumes that the second operand is contained in the Arith-
metic Register (ARH, ARL)., If the current user instruction is of the RR format, two micro-
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instructions at 'START", load the Arithmetic Register (ARH, ARL) with the second operand
value. If the current user instruction is not an RR format instruction, the appropriate Oper-
and Fetch routine is entered by vectoring through DROM1. The following paragraphs describe
the various Operand Fetch routines used by the 7/32 C micro-program.

RI1 Operand Fetch

In an RI1 format instruction, the second operand is obtained by adding the contents of the index
register specified by the X2 field to the value contained in the I2 field (refer to the 7/32 Refer-
ence Manual, Publication Number 29-399). Before adding the immediate value to the contents
of the index register, the 16 bit immediate value is expanded to a 32 bit fullword quantity by
propagating the most significant bit through the high order bits. The following two micro-
instructions at label RIl1 perform this operand fetch operation.

RI1 A ARL,YSLX,MDR,CO+ D2 (ARH,ARL) = EXTENDED IMMEDIATE

A ARH,YSHX, SIGN, CI FIELD + INDEX VALUE; VECTOR THROUGH
* DROM 2

As explained previously, obtaining the second operand value requires a 32 bit addition. Since
the Arithmetic Logic Unit (ALU) cannot perform a 32 bit operation, this addition is accom-
plished in two steps. The first micro-instruction adds the 16 bit immediate value (now con-
tained in the MDR as a result of the MRI Control operation) to the least significant 16 bits of
the 32 bit index value. The arithmetic carry produced is saved in the Carry Flag of the Flag
Register. The first micro-instruction also specifies D2 control action (vector through DROM2)
so that control is transferred to the appropriate execution routine after the fetch operation is
complete. The second micro-instruction adds the most significant 16 bits of the index value.
This second micro-instruction also specifies Carry In (CI) in its Opcode Extension Two Modi-
fier (E2) field. Specifying Carry In (CI) instructs the Processor to add the Carry flag of the
Flag Register with the least signficant bit of the sum. This, a 32 bit sum is obtained in the
Arithmetic Register (ARH, ARL). :

RI2 Operand Fetch

If the current user instruction is of the RI2 format, the second operand is obtained by adding
the contents of the index register specified by X2 to the 32 bit immediate value contained in
the 12 field. The following three micro-instructions load ARH and ARL with the second
operand value.

RI2 L  ARH,MDR, MRI (ARH) = MS 16 BITS OF IMM, VALUE;
* START THIRD HALFWORD FETCH;
* INCREMENT LOC AND MAR BY TWO

A ARL,YSLX,MDR,CO + D2 (ARH,ARL) = IMM VALUE + INDEX VALUE;

A ARH,YSHX, ARH, CI VECTOR THROUGH DROM2

The first micro-instruction saves the most significant 16 bits of the immediate value
(contained in MDR) in the Arithmetic Register High (ARH), starts the memory read operation
for fetching the least significant 16 bits of the immediate value contained in the third half-
word of the user instruction, and increments the contents of the Location Counter (LOC) and
the Memory Address Register (MAR) by two. The second micro-instruction adds the least
significant 16 bits of the immediate value (now contained in MDR) to the least significant

16 bits of the index value and saves the arithmetic carry in the carry Flag. The sum is
stored in the Arithmetic Register Low (ARL). The second micro-instruction also specifies
D2 in its Control field, so that control is transferred to the appropriate Execution routine
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after the completion of the third micro-instruction. The third micro-instruction adds the
most significant 16 bits of the immediate value (contained in ARH), the most significant 16
bits of the index value, and the carry from the previous addition. The sum is stored in the
Arithmetic Register High (ARH).

RX Halfword Operand Fetch

If the current user instruction is an RX instruction and it requires only a halfword from
memory (for the second operand), this routine is entered after vectoring through DROM1.
The user instruction specifies the memory address for the second operand. The halfword
located at the specified memory address is fetched and expanded to a 32 bit value by pro-
pagating the most significant bit through the high order bits. This fetch routine consists

of the following four micro-instructions.

RXH CA MAR,LOC,MDR CALCULATE EFFECTIVE ADDRESS OF THE
* SECOND OPERAND AND PLACE IT INTO MAR
* L MAR,LOC,MR START MEMORY READ AND THEN COPY CON-
* TENTS OF LOC INTO MAR

L. ARL,MDR, D2 (ARH, ARL)== 32 BIT SECOND

A ARH,NULL, SIGN OPERAND VALUE;VECTOR THROUGH DROM2

The first micro-instruction is a very powerful micro-instruction. This micro-instruction
examines the most significant two bits of the second halfword of the user instruction, and
determines which one of the three RX formats has been specified. The effective address of
the second operand is then loaded into MAR as follows:

RX1 FORMAT: (MAR)«INDEX VALUE (BITS 12:31) + 14 BIT ABSOLUTE VALUE IN MDR
(BITS 6:19)

RX2 FORMAT: (MAR)«INDEX VALUE (BITS 12:31) + CONTENTS OF LOCATION COUNTER
+ 15 BIT TWO'S COMPLEMENT NUMBER IN MDR (BITS 5:19)

RX3 FORMAT: (MAR)«FIRST INDEX VALUE (BITS 12:31) + SECOND INDEX VALUE (BITS
12:31) + 20 BIT ADDRESS SPECIFIED BY USER INSTRUCTION (BITS 28:47)

If the user instruction specifies RX3 format, the Calculate Address (CA) micro-instruction
also fetches the third halfword, and increments MAR and LOC by two.

The second micro-instruction starts a memory read operation for fetching the halfword
located at the effective address, and then copies the contents of the updated Location Counter
(LOC) into the Memory Address Register (MAR). The third micro-instruction loads the ARL
with the contents of the halfword located at the specified address. This micro-instruction
also specifies a D2 control operation so that the appropriate execution routine is entered after
the completion of the fourth micro-instruction. The fourth micro-instruction loads the ARH
with the most significant 16 bits of the expanded second operand value.

RX Fullword Operand Fetch

If the current user instruction is an RX instruction and it requires a fullword from memory,
this routine is entered after vectoring through DROM1. This routine consists of the following
five micro-instructions.
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RXF CA MAR,LOC,MDR : :
x ’ (MAR) = EFFECTIVE ADDRESS OF SECOND

* OPERAND
L. NULL,NULL,MR2

L. ARH,MDR,MR
(ARH) = MS 16 BITS OF SECOND OPERAND;

*

* START MEMORY READ OPERATION
I. MAR,LOC,D2 (MAR) = (LOC); VECTOR THROUGH DROM2
L ARL,MDR (ARL) = LS 16 BITS OF SECOND OPERAND

The first micro-instruction loads the effective second operand address into MAR. The second
micro-instruction starts the memory read operation (for fetching the most significant 16 bits
of the second operand) and increments MAR by two. The third micro-instruction loads the
most significant 16 bits of the second operand into the ARH and starts the memory read
operation for fetching the least significant 16 bits. The fourth micro-instruction copies the
updated Location Counter (LOC) into the Memory Address Register and specifies a D2

control operation. The fifth micro-instruction loads the ARL with the least significant

16 bits of the second operand. After the completion of the last micro-instruction control is
transferred to the appropriate Execution routine.

Execution

Most arithmetic and logic user instructicns require two micro-instruction execution routines.
The execution routine for a normal arithmetic or logic user instruction assumes that the
first operand is contained in a General Register specified by the YD field of the Instruction
Register (IR). It also assumes that the second operand value has been loaded into the

Arithmetic Register (ARH,ARL), and the updated Location Counter (LOC) value has been
copied into MAR, If the current user instruction is an RR or SF instruction, the Execution
routine is entered from DROM1. If the current user instruction is an RI1,RI2, or RX
instruction, the Execution routine is normally entered from DROM2. The followirié two
micro-instructions form the Execution routine for the Fixed Point Add Operation. This
routine is used by AR, A, AH, AI, and AHI user instructions. (This routine is also used

by Halfword mode AHR, AH, and AHI instructions.)
A A YDL, YDL, ARL, CO+F+IRJ (R1l) = (R1) + (ARH, ARL);

A YDH, YDH, ARH, CO+CI+F FETCH NEXT INSTR. AND SET CONDITION
CODE
*

The first micro-instruction adds the least significant 16 bits of the second operand to the
least significant 16 bits of the first operand, and deposits the 16 bit sum into the least
significant 16 bits of the General Register specified by the YD field_. This micro-instruction
also saves the arithmetic Carry In (CI) the Carry flag, modifies the G, L and V flags to
reflect the result of the addition and initiates the instruction fetch for the next user instruc-
tion. The modified flag register is copied to the Condition Code.

The second micro-instruction adds the most significant 16 bits of the second operand to the
most significant 16 bits of the first operand. The Carry flag is added with the least significant
bit of the sum and the result is loaded into the upper half of the General Register specified
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" by the YD field. The Arithmetic carry produced by the add operation is saved in the Carry
flag, the G and L are adjusted to reflect the algebraic value of the result, and the V flag
is adjusted to reflect the overflow condition. Since the hardware provides a cumulative
flag affect to facilitate multiprecision operations (refer to Section 4, 3. 3), the Flag Register,
at completion of the second micro-instruction, reflects the result of the 32 bit add operatioil.
The contents of the Flag Register, at the conclusion of the second micro-instruction is
copied into the user Condition Code (if the Processor is in Halfword mode, the second micro-
instruction does not modify the Condition Code).

After the execution of the second micro-instruction LOC and MAR are incremented by two,
Flag Register is cleared and control is transferred to 'START' {at address X'001'). Now
the same emulation process is repeated for the next user instruction. T

The execution routines for other Fixed Point Arithmetic and Logical Operations are similar
and they can be understood from the micro-program listing (refer to 7/32 C micro-program
listing 05-063A13 and 7/16 with HSALU micro-program listing 05-051A13).

4.4,2 System Initialization. On power up, or following initialize, when the System Clear
signal (SCLR) goes high, the Processor starts executing micro-instructions. The system clear signal
forces the ROM Address Register to X'100' (see Figure 3 for flow chart of the System Initialization
Routine). :

The micro-program addresses the Loader Storage Unit (LSU) (Device Number 5), If false sync does not
occur (LSU is present), the micro-program branches to routine 'LSU' otherwise normal power up opera-
tion is performed by the micro-program,

The PSW Save Pointer is fetched from location X'84' and saved in MRO. The Register Save Pointer is
fetched from location '86', and both the register sets (Set 0 and Set 'F') are loaded from the memory area
(of 128 bytes) pointed to by this pointer., If the Double Precision Floating Point option is equipped, the
Double and Single Precision hardware registers are restored from their main memory save areas.

The Program Status and the Location Counter are restored from the memory area (of eight bytes) pointed
to by the PSW Save Pointer. The micro-program examines the old console status (saved in location
X'29' by the CONSER routine before powerfail or initialize), If the Console is not in the Run mode

or the Processor is not equipped with Auto-Restart, a branch is taken to routine LOCDIS, (shown in
Tigure 5). If the Console is in the Run mode and the Processor is equipped with Auto~Restart, the
Machine Malfunction Enable bit (PSW Bit 18) is tested. If this bit is set, a branch is taken to MMFINT
routine, otherwise the Wait bit (PSW Bit 16) is tested. If the Wait bit is set, routine WAIT is entered. If
the Wait bit is reset, the Wait indicator is cleared and the user instruction pointed to by LOC is executed.

Routine LSU is entered from the System Initialize routine (PWRUP) if false sync does not occur when the
Loader Storage Unit (LSU) (Device Number 5) is addressed. The micro-program clears the most signifi-
cant 16 bits of the Program Status, reads in two bytes from the LSU and loads them into the least signifi-
cant 16 bits of the Program Status. The LSU routine reads in a 16 bit new LOC value, a 16 bit starting
memory address, and a 16 bit ending memory address. The difference between the ending address and
the starting address is formed in MR1. If the starting address is greater than the ending address, rou-
tine IDLE is entered. If the starting address is less than or equal to the ending address, data bytes are
read from the LSU and stored in consecutive byte locations in main memory. When a data byte has been
loaded into the memory location corresponding to the ending address, PSW Bit 16 is examined. If PSW
Bit 16 is set, the interruptable Wait loop is entered, otherwise the user instruction addressed by LOC is
executed.
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4.4.3 Interrupt System. During user instruction fetch, the hardware tests for interrupts.
If any of the tested interrupts (PPF, MALF, MAC, ATN, or CATN) are active routine HELP is entered.
Routine HELP détermines the nature of the interrupt, and branches to the appropriate interrupt processing
routine, See Figure 4 for the interrupt support routines.

4.4.3.1 Primary Power Fail. Routine PWRDWN is entered if the Primary Power Fail signal
is active. Current Program Status and Location Counter are saved in the PSW save area (pointed to by
the PSW Save Pointer) and the General Registers of both register sets (Set 0 and Set 'F') are saved in the
Register Save area (pointed to by the Register Save Pointer). If equipped, the Single and Double Precision
Floating Point registers are saved in their power fail save locations. The Command Power Down micro-
instruction (C POW) is performed which stops the Processor and closes the Initialize relay.

4.4.3.2 Machine Malfunction Interrupt. Machine Malfunction (MALF) can be caused by Mem-~
ory Parity Error or Early Power Fail if PSW Bit 18 is set, or by Primary Power Fail (PPF). I MALF
is active and PPF is not active, routine MMFINT is entered. This interrupt routine saves the Current
Program Status and Location Counter in memory locations '20' to '27'. The new Program Status and Lo-
cation Counter values are loaded from the locations '38' to '3F'. This Routine copies the contents of the
Alarm Register (ALRM) to the Flag Register (FLR). If the Machine Malfunction occurred during the Auto-
Driver Channel operation, the C flag is set by the micro-program. Routine TWAIT is then entered. If
PSW Bit 16 is reset, the next user instruction is executed., If PSW Bit 16 is set, the interruptable Wait
loop is entered.

4.4.3.3 Memory Access Controller Interrupt (MACINT). | This interrupt routine is entered from
HELP routine, if the Memory Access Controller interrupt is active and PSW Bit 21 is set. The
Memory Address Register (MAR) is loaded with the constant 190!, the Utility flip-flop is cleared, and
the Common Interrupt routine (COMINT) is entered.

4.4.3.4 Arithmetic Fault Routlne. This routine is entered when a fixed point or floating
point fault occurs. If this routine is entered as a result of the floating point faul<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>