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M71- SERIES
MODEL 6/16
GENERAL DESCRIPTION

INTRODUCTION

The Model 6/16 combines advanced circuits and packaging designs to give the user a price/performance optimized machine.
The Model 6/16 is completely upward compatible with INTERDATA Models 3, 4, 74, 7/16 Basic Processor user instruc-
tion, interrupt handling, input-output formats and control sequencing. In addition, many of the powerful features of the
INTERDATA Models 5, 70 and 80 are included. Because of this compatibility, the Model 6/16 can use the wide range of
existing software and peripheral devices.

The Model 6/16 offers a comprehensive set of 96 instructions making the system both easy to program and efficient to
operate. Through multi-function instructions and direct core addressing, coding and debugging time is reduced to a
minimum.

Memory is addressable to the eight-bit byte level. Memory is expandable from the basic 8,192 bytes to 65,536 bytes. All
memory is directly addressable with the primary instructions, no paging or indirect addressing is required. Sixteen 16-Bit
General Registers can be used as Accumulators, fifteen of which can also be used as Index Registers. Register-to-Register
instructions permit operations between any of the sixteen General Registers, eliminating redundant loads and stores.

The Model 6/16 also provides a flexible Input/Qutput system in addition to conventional means of programmed I/O. In the
Automatic I/O Service Mode, the Processor acknowledges all 1/O interrupts and automatically performs much of the
overhead prior to activating the Interrupt Service Routine.

Up to four Direct Memory Access Devices can be added to a Model 6/16 Memory System. This channel operates over the
common Memory Bus, on a cycle stealing basis, through a Direct Memory Access Port which is built into the Processor.
Two types of Direct Memory Access Channels can be used with the Model 6/16 System: The Selector Channel, which
permits direct data transfer between any standard oriented INTERDATA device controller and memory; and the Direct
Memory Access Channel custom designed by the user for special applications. In addition, an Instruction Steal DMA is
supported which allows high speed burst transfer over the 1/0 Bus.

SCOPE
This document is intended to enable the digital technician to understand the INTERDATA documentation system.
Number Notation, the Part Numbering System, and the Drawing System are described. Illustrations are provided to help

understand these systems. Other publications which may be of interest to Model 6 /16 users are shown in Table 1.

A cross teference between INTERDATA part numbers and standard industry part numbers for the ICs and transitors found
in the Model 6/16 may be found in Appendix 1. v

TABLE 1. RELATED PUBLICATIONS

TITLE ) ‘ PUBLICATION NUMBER
16-Bit Reference Manual 29-398
Model 6/16 Maintenance Manual 29-470
Multipiexor Bus Buffer Instruction Manual 29-267




BLOCK DIAGRAM

A block diagram of the Model 6/16 is shown in Figure 1. The Model 6/16 is a 16-Bit digital computer.
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Figu.e 1. Model 6/16 Simplified Block Diagram

DOCUMENTATION

This section describes the style and conventions used with INTERDATA documentation.

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 Hexadecimal Bin;ry 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 9 111 16 F
0100 4 4 1010 A A

0101 5 6 1011 B B

To differentiate between decimal and hexadecimal numbers, hexadecimal numbers are preceded by t'he leltter “?(”, ﬁmd thfa
nlember is enclosed in single quotation marks. Examples of hexadecimal numbers are X'1234', X"2EC6', X'A340/,
X'EEFA', and X'10B9". c



Part Numbering System

INTERDATA parts, drawings, and publications use a common numbering system. The part number and drawing numbers
for drawings which describe the part are related. The publication number is 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.
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Figure 2. Part Number Format

Category Field

The two-digit Category Number indicates the board 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 o

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

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 minimums).

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 necessarily electrically or mechanically equivalent, but which are described by the same set of
drawings. For example, 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, thisis a functional variation.

Manufacturing Variation Field
The optional Manufacturing Variation Field consist$ of the letter “M” followed by two digits.

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



An important exception to the meaning of the M Field exists for categories related to software. In software, the M Field
number, when used, indicates the form in which a particular program is presented. For example, define a program as a set
of machine instructions. These same identical instructions may be presented on punched cards, paper tape, or magnetic
tape: and for any of these they can 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 software is:
Mxy

where x identifies the media selection (i.e., Paper Tape, Magnetic Tape, Cassette, etc.) and y identifies object or source and
the format. .

Meaning of x ’ Meaning of y
Conceptual 0 1 Object program standard
Paper Tape 1 format 32-Bit Processor
Cassette 2 4 Memory image
Magnetic Tape (800 BPI) 3 6 Object Program standard

format 16-Bit Processor

Cards 4 7 Object non-standard format
Disc (2.5 MB) 5 8 Object established task

Disc (10 MB) 6 9 Source program

Magnetic Tape (1600 BPI) 7

These numbers refer to the physical program placed on an approved media for INTERDATA Software. A Paper Tage
Object program is standard format and for a 16-Bit Processor has an M16 identifier. A Magnetic Tape Object program is
standard format and for a 32-Bit Processor has an M31 identifier.

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

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 revisions level H/IGHER than the one specified can be used; however, a part with a
revision level LOWER than specified should not be used.

NOTE

A part number must contain a Category number and a Sequence
number. All other fields are optional.

Drawing Field

The optional Drawing Field consists of a letter from “A” to “E” followed by two digits. The letter indicates the size of the
original drawing. The sizes for each letter are:

A—-8%"x 117
B-11"x17”

C-17"x22"
D — 22" x 34”
E - 34” x 447



The two digits indicate the drawing type as follows:

01 - Parts List

02 -- Machine Details
03 — Assembly Details
05 — Art Details

06 — Wire Run List

08 — Schematic

09 — Test Specification
10 — Purchase Specification
11 — Bill of Material
12 — Information

13 — Program Listing

15 — Program Description

16 — Operating Instructions

17 — Program Design Specifications
18 — Flow Charts

19 — Product Specification

20 — Installation Specification
21 — Maintenance Specification
22 — Programming Specification
23 — Replaceable Parts List

24 — Application Information
25 — Functional Specifications

14 — Abstracts
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.

35-060M01 A printed circuit board electrically and mechanically interchangeable with the 35-060, butv
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.

35-060-RO1 . A revised 35-060 printed circuit board which probably supercedes the 35-060.

35-060A01 The 8% by 11 inch parts list for a 35-060.

35-060B08 The 11 by 17 inch schematic for a 35-060.

. 06-072 An 8% by 11 inch listing of the 06-072 prc:gram.
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.

Drawing System

This section describes the drawings provided with INTERDATA equipment. Drawings provided with peripheral 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 1/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 numbers 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. Each 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 Significdnt Bit and the N-1 is the Least Significant Bit.
The 1C’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 designation. Refer
to Figure 3. .
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Figure 3. Example of a High Speed AND Gate

The designations, numbers, and references shown in Figure 3 are:
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A20 - This shows the components location on the logic board. Figure 4 illustrates the method generally used to
determine component location on a logic board. With the logic board oriented so that the header
connnectors (Conn O 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 CI.
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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 component.
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
8GO —  Schottky High Speed Gate, Open Collector
S0 —  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 combmatxon (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 O 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, FPSELO (see Figure 5). This
provxdes the digital technician with an indication, when observing a mnemomc 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 presert the chip is positive edge triggered. Refer to Figure 5 for examples.
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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 number 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.
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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 schematics. Whether a net is named or not is
sometimes arbitrary. However, a net is always assignéd 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.



If a net is named, the following rules are observed.
1. All mnemonic names are a maximum of six characters.
2. All decimal 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 descriptive 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 set side of a flip-flop
has the “1” state indicator, while the reset side has the “0” state indicator. The state indicator for a
function changes each time that function is inverted. Thus, the state indicator permits assigning the
same mnemonic to functions that are identical except for an inversion. Logic 0 = .4VDC or less,
Logic | -2.4VDC or more.

7. When a logical function is inverted, an inversion indicator is added after the state indicator. This allows
for functionally equivalent, but electrically different nets to have the same mnemonic name. For
example, assume a signal NAME1 which may be inverted to produce NAMEO. If NAMEO is then
inverted, NAME1A is produced. NAME1 and NAME1A are functionally 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 NAMEOQ, 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
otherssheet 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 alogic 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. Only 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, RD0O61 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 commonly 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.
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M71-SERIES

MODEL 6/16
INSTALLATION SPECIFICATION

INTRODUCTION

The INTERDATA Model 6/16 Digital System features a highly modular structure which permits configurations to suit the
user’s exact needs. The Model 6/16 provides the means for convenient expansion as the user’s requirements grow. This
document describes the Processor and System Expansion Chassis, Power Supply Mounting, Filler and Display Panel
Mounting, 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. The following
descriptions assume that the equipment is mounted in standard INTERDATA cabinets.

MECHANICAL COMPONENTS

This section is intended to familiarize the reader with the mechanical components that are discussed in this document (i.e.,
Cabinet, Chassis Support Rails, and Filler Panels). Figures 1 through 4 provide the dimensions and mounting configurations
for the Cabinet, Chassis Support Rails, and Filler/Display Panels. It is shown in Figure 4, that while 5% inch, 7 inch, 8%
inch and 10% inch Filler Panels and the Display Panel mount in the same way (via retaining brackets), the smaller 1% inch
Filler Panel mounts with spring clips.

PROCESSOR AND EXPANSION CHASSIS MOUNTING

Iwo Processor Chassis (7 inch and Twin Versions) are available. In addition, a 7 inch Expansion Chassis is available for
expanding the Model 6/16 Digital System. Two different Expansion chassis are available, one for mounting either 7 inch or
15 inch controllers and one for mounting 10 inch controllers. The Expansion Chassis has the same over-all dimensions as
the 7 inch Processor Chassis (refer to Figure 12).

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

CAUTION

NO CHASSIS SHOULD BE MOUNTED IN CANTILEVER
FASHION. CHASSIS SUPPORT RAILS MUST BE USED. IF A
RACK CABINET OTHER THAN AN INTERDATA CABINET IS
USED, CONSULT THE RACK MANUFACTURER FOR
PROPER SUPPORT RAILS. ’

The Chassis support rails are fastened to the mounting uprights at the front and rear of the rack. The Expansion or
Processor Chassis are fastened in place, with screws, to the mounting uprights in front of the rack. All Expansion Chassis
mount below the Processor Chassis. Expansion Chassis cabling is discussed later in this document. Expansion Chassis
location with respect to the Filler Panel and Power Supply is shown in Figure 14.

01-094A20 RO2 10/77 _ 1
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Figure 1. Basic Cabinet
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Figure 2. Basic Cabinet Physical Dimensions
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Figure 3. Chassis Support Rail

METHOD USED TO MOUNT
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~a NO.10-32 X3/8 L6 PHPS (4)

Figure 4. Typical Mounting Configuration for Display and Filler Panels
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Expansion Chassis

The Expansion Chassis for 7 inch and 15 inch controllers contains eight universal expansion slots which can accept
combinations of single board peripheral controllers, system modules, Selector Channel, or user designed interfaces. In-
cluded with this 7 inch Chassis are the cooling fans and interconnecting cables. The chassis may be ordered with or without

a power supply.

A 10 inch 1/O controller (provided it does not use Connector 1) may be inserted in this chassis via the 02-234 1/O Adapter
Kit (see Figure 5). .

il e =)

e B """“ﬁL]

10" BOARD

Figure 5. 02-2341/0 Adapter (Top View)

One or two 7 inch boards (half-boards) may be inserted into this Chassis via the 16-398 Half-Board Adapter Kit (see Figure
6). The Half-Board Adapter Kit may hold two active 7 inch boards or one active and one blank 7 inch board, depending on

requirements.

il =HiH —0

fo - ) -] [-1]
HALF BOARD HALF BOARD .
t
rs st ' 5| e—— caABLE EXIT PATH
H (1O 1/0 PANEL OR
YN ] a3 l® e e | DEVICE ) ON RIGHT
L - - | . SIDE OF CHASSIS .

Figure 6. 16-398 Half Board Adapter
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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 1/O expansion slots which can accept any combination

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.

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 6/16 System.

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

. ~-.@
:3@@% - @”@(
© | o~

NO. 10-32X 1/2 P.H.

NO. 10 SPLIT LOCK
NO. 10 FLAT WASHER

~~
_ )

© O Y O

Figure 7. Power Supply Mounting

WARNING

BEFORE HINGING OUT THE POWER SUPPLIES, THE RACK
LEVELLING 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
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There is adequate slack provided in the cable to allow the Power Supply to hinge out freely. In order fo prevent thé cable
from being pinched between the Power Supply and Chassis Support Rails, a service loop is required. A maximum 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 e
230V
FEMALE ® FEMALE @

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
®)

Figure 10. Exhaust Fan Switch Setting

A third supply (34-023) designed to meet VDE specifications required by some International installations, is also available.
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. '

DISPLAY PANEL INSTALLATION .

The optional Model 6/16 Hexadecimal or Binary Display Panel is electrically tied to the system via one connector and
seven Faston lugs. The connector is installed on Connector A of the 35-601 or 35-602 Display Controller 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, etc.) on the Chassis, see Figure 11.

The Hexadecimal Display Panel is physically mounted to the brackets provided on the Processor Chassis. The 1% inch
Filler Panel is mounted directly below the Hexadecimal Display Panel on this same Chassis.(see Figure 12.)
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TURNKEY CONSOLE PANEL INSTALLATION

The Turnkey Console is connected to the Processor in the same manner as the Hexadecimal Display Panel discussed
previously (see Figure 13). Only three Faston connectors are provided with the Tumkey Console assembly and in the
semi-conducior memory version of the 6/16. They are connected to the terminals on the backpanel indicated on the lugs
(i.e. CIR-C1R, C2R-C2R, and CNTL 4-C4).

On the core memory version of the 6/16, the three Faston lugs are connected to a terminal strip on the left side of the
Processor Chassis (Figure 11) and are connected as follows: Faston lug C1R to Terminal Pin C1, tug C2R to Terminal Pin
C2 and lug CNTL4 to Terminal Pin X1.

Either the Hexadecimal Display Panel option or the Tumkey Console option (but not both) may be installed in a system.

HINGE SiDE "——:4; POWER SUPPLY Q
AIR FLOW r,

e L—-—S

\
NN

W

AN
AN

\i\\\\

DISPLAY PANEL 2
OR TURNKEY CONSOLE 2

‘fy za"mu./

\\

\

.——REAR MTG SURFACE

/

a
2-1/8"—" "//_ FRONT MTG SURFAGE

Figure 13. Twin Chassis Processor
MEMORY INSTALLATION

A single slot is allocated to Memory on the Model 6/16. Memory must be installed in Slot 6 of the Processor Backpanel.

NOTE

When installing either an 8KB or 16KB Memory Module on the
Model 6/16 the Memory Adapter Card, 35-608, must be installed
at the Processor Backpanel on Slot 6. In addition jumpers must
be added between 135-0007 and 235-0006, between 128-0106 and
TEMPA, and between 227-0106 and TEMPB on this same Back-
panel. Remove the !K OHM Resister between TEMPA and
TEMPB. The 16KB Memory Module must be at revision MOZRO0?2
or higher.

INSTALLATION OF CPU OPTIONS

Display Controller/Automatic Load Option

Install the Display Controller, 35-601, the Display Controlier with Automatic Load Option, 35-602, or Automatic Load
Option, 35-603, in Slot 5 Connector “0” of the Processor Backpanel. A Half-Board Adapter 16-398, must be used to

mount this board (see discussion on Expansion Chassis).

The Hexadecimal or Binary Display cable or the Turnkey Consaole cable mounts to the connector on the outer edge of the
Display Controller PC board.

Hardware Multiply/Divide Option g

Install the Hardware Multiply/Divide PC board, 35-605, in Slot 5 Connector “1 » of the Processor Backpanel. A Hatlf-Board
Adapter, 16-398, must be used to mount this board (see the discussion on the Expansion Chassis).

"NOTE
The Multiply/Divide Option may only be used on Processors

equipped to support this option. The [rocessor PC board must be
stamped 35-604F02.
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Primary Power Fail/Auto-Restart Option

Install the 35-448 logic card for the Primary Power Fail/Auto-

Restart option on the wire wrap side of the Processor

Backpanel at Slot 7, Connector O with the apparatus side up. The 17-182F01 and 17-182F02 cables which supply 12 VAC
to the logic card, connect between C1 on the logic card and C1 on the backpanel and C3 on the logic card and C3 on the

I backpanel as indicated on the cables (se

¢ Figures 14 and 15). Remove wire-wrap jumper (P to R) on Processor board for

auto-restart (see Processor Functional Schematic Sheet 14). The Primary Power Fail option card is adjusted at the factory.

Memory Parity Option Card

The 35-533 Memory Parity Option card is used with parity memory modules only. The Memory Parity option card mounts
on the wire wrap side of the Processor Backpanel, Slot 7, Connector 1 (see Figure 15).

Selector Channel (SELCH) Installation

The 35-391 Selector Channel may be installed in Slot 4, 2, or 0 of the Processor Backpanel or in Slot 6 or Slot 4 of the
Expansion Backpane!l on a Twin Chassis version of the Processor. The maximum number of Selector Channels in a system
is 4 for a Twin Chassis Processor or 3 for a 7 inch Chassis (refer to Figure 16). Also see the Selector Channel Installation

Specification 02-232M01A20, for further information on installing SELCHs.
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Figure 14. Front View of the 6/16 Twin Chassis
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Figure 15. Rear View Model 6/16 Twin Chassis
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Figure 16. System Configuration (Front View)
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Basic Switch Panel Option

For systems not equipped with either the Hexadecimal or Binary Display or Turnkey Console the Basic Switch Panel is
used to start the system. The Installation Procedure for this Option is as follows:

CONFIGURATION

1.

Connect the four Faston lugs to the terminal strip located 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 (Cl, C2, etc.) on the chassis. (see Figure 11).

Remove the Faston connection on the Rear of the Processor Chassis labeled L-GND which comes from
the Power Supply and connect this lug to a spare GND lug. Install a wire between the L-GND male
receptacle, just vacated, and Back Panel pin INITO (136-0501). The panel on which the switch is in-
stalled may be mounted to the chassis uprights with standard 10-32 hardware. This panel is intended
to mount behind a door or filler panel to prevent easy accessibility when the system is running. This
option may not be used on a system on which a Display Panel is installed.

System Expansion Chassis

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

N
2.

The system Expansion Chassis rmust be mounted below the basic Processor Chassis.
All Chassis must be Contiguous.
All 15 inch system Expansion Chassis must be mounted above any 10 inch system Expansion Chassis.

Multiboard peripheral device Controllers (on 10 inch circuit boards) can only be used in the 10 inch
system Expansion Chassis.

Circuit Board Distribution

The Model 6/16 Digital System may be configured in a variety of ways. Howevei, the following factors must be considered
when determining circuit board distribution within the basic Processor and system Fpansion Chassis (see Figure 16).

1.

The Selector Channel or Selector Channels must be instailed in the slots described under SELCH
Installation.

All device addresses are hard-wired on the device controller cards (device addresses may be changed at
option), so that the distribution of 1/0 device controllers in the chassis normally need be considered as
a matter of priority in the RACKO/TACKO “daisy-chain”.

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

The interrupt priority of a given device controller is determined by its physical location on the serial
RACKOQ/TACKO line. Refer to Interrupt Priority Back Panel Wiring to determine which physically
located controller 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.

Interrupt Priority Backpanel Wiring

The Acknowledge Control line from 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 controller that is
equipped with Interrupt Control circuits. Refer to Figure 17 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 unequipped
positions, a jumper shorts 122-1 or 0 and 222-1 or O 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 an. interrupt
capability, the jumper from 122-1 or 0 and 222-1 or 0 must be removed from the back panel at that position.
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Figure 17. Standard Inter}upt Priority

Figure 17, showing the standard interrupt priority wiring, assumes a Model 6/16 Processor and memory. The arrows
indicate the direction of priority from the highest priority to the lowest. By changing the wires crossing from Side O to
Side 1 of the PROC and/or Expansion Panels, interrupt priorities may be rearranged. An example of this is shown in Figure
18, Modified Interrupt Priority. Slot 5 on Side 1 of the Processor panel has the highest priority. When Selector Channels

(SELCHs) or Bus Buffers are installed, the standard interrupt priority must be modified. Refer to Figure 19, Interrupt
Priority with SELCH Installed.

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

Terminators

The termination end of both legs, Connector 0 and 1, of the Multiplexor Bus must have a standard INTERDATA
termination card (35-433) installed if the bus is extended beyond a single 7 inch chassis or backpanel. These cards are
installed on the back panel at the lowest numbered slot of both connectors on the Multiplexor Bus that exists; €.g., if a
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 addition, the buffered bus or the SELCH Bus should be terminated at Slot O,

Connector 1 of this chassis.

Depending upon system configuration, any SELCH Bus or Buffered Bus may be terminated by a 15 inch Terminator
(35-433) or a 10 inch Terminator (35-434). The choice of terminators depends on the type of chassis in which the last slot

of the bus is present.
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CABLES

Power Cable

The standard INTERDATA Cabinet is wired for 30 Ampere service. On the main power cable (part of the AC Distribution
Panel), there is a three wire, twist lock, grounding, 125VAC, 30 Ampere, UL, (Hubbel No. 2610) plug. A three wire
grounding, 30 Ampere, 125 VAC receptacle (Hubbel No. 2611 or equivalent) is required to accept this plug.

System Expansion Cable

A number of standard cables are available for configuring systems made up of an INTERDATA Expansion Chassis. The
choice of cables is dependent upon system configuration. The following cables are available:

. 1. 17-193: I/O Expansion Cable, Connector “0”
This cable is used to connect the “0” connector field between two ac’ljacent 15 inch card files.
2. 7-194: 1/O Expansion Cable (see note)
This cable is used to connect the “1”” cennector 1/O fields between two adjacent 15 inch card files.

3. 17-216: 1/O Expansion Cable, 36 Inch Long

This cable is used to connect two 15 inch files that are not adjacent. It must not be used to extend the basic Processor
Multiplexor Bus.

It can be used to extend a buffered bus or a SELCH 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 inch to 10 inch Expansion Cable

This cable is used to connect the “0” connector field of a 15 inch card file to a lower adjacent 10 inch card file. It provides
an 8 bit I/O bus to the 10 inch card file. :

5. 17-166: 15 inch to 10 inch }/O Expansion Cable, 36 Inches Long

This cable is used to connect the “1” side of a 15 inch expansion file to a 10 inch expansion file. It provides an 8 bit /O
bus to a 10 inch card file.

It must not be connected to the basic Processor Multiplexor Bus.
It may be driven either by an Extcnded Selector Channel or 2 bus buffer.
It can be used on the older 10 inch card file {13 1/O slot}.
6. 17-183: “0” to “1” Connector
This cable can be used to interconnect the I/O Multiplexor Bus of the “0” field and the “1” field within a 15 inch card file.
There is no RACKO/TACKO wire in this cable.
It can ;llSO 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 versa.
7. 17-215: 10 inch to 10 inch I/O Expansion Cable

This cable is used to connect two adjacent 10 inch card files.

NOTE

A strap is installed at the factory on the receive end of either a
17-327 or 17-194 cablé. This strap must be removed unless the
cable is being used to jumper a private /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 a SELCH 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 a strap from Pin 134-0700 to Pin 122-0700
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CONFIGURATION RULES

16

1.

t9

A maximum of 16 device controllers may be installed on the Multiplexor Bus of the Model 6/16. This
assumes all drivers in the system are capable of sinking 48 milliamps or more and no more than one
TTL load (2 milliamps max.) on any Control Line or Data Line on the device controtlers. The Display
Controller and Multiply/Divide option are considered one load each.

The Multiplexor Bus must be contained within the Processor Chassis and three adjacent 7 inch
Expansion Chassis (two adjacent chassis if the Processor Chassis is a Twin Chassis). The Multiplexor
Bus must be buffered by a Bus Buffer or the equivalent for systems which require the Multiplexor Bus
to be extended beyond these limits or in the case where the Bus must be extended by any 36 inch
cable.
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September 1975

M71-SERIES
MODEL 6/16
MAINTENANCE SPECIFICATION

INTRODUCTION

The Model 6/16 Processor is a low cost, 16-Bit general purpose minicomputer. The latest MSI and LSI Integrated Circuit
technology is used to construct a processor suitable for use in data communications, process control, or stand-alone
scientific computer applications. The Model 6/16 Processor is modularly constructed for ease of maintenance and is
compatible with all building blocks in the INTERDATA product line.

SCOPE

This specification describes the functional operation of the Model 6/16 Processor and provides maintenance information
useful to digital technicians maintaining this processor. A block diagram analysis, a micro-program description, and a
functional analysis of major processor areas are included.

BLOCK DIAGRAM ANALYSIS

The following sections make reference to Figure 1.

System Organization

The Model 6/16 is 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 appropriate destination. The source and destination of data on the
B Bus and S Bus as well as the functions performed by the ALU are controlled by micro-instructions contained in the
Read-Only-Memory (ROM).

Read Only Memory (ROM)

The Read-Only-Memory is a high speed, solid state, non-destructive memory organized into one page of 512 words. An
additional page of 512 words is available for expansion (e.g., Multiply/Divide option). Each word in ROM is 24 bits long
and represents one micro-instruction. Each micro-instruction read out of ROM is latched at the ROM output by latches
internal to the ROM. Most micro-instructions are executed in one machine cycle. The ROM bits are decoded to select a
Source to be statically unloaded to the B Bus as well as a second Source to be directed to the ALU (see Figure 1). The
ALU then forms a result on the S Bus. This result becomes available some time before the end of the machine cycle and is
deposited in the appropriate destination register -at the start of the next machine cycle as the next micro-instruction is

fetched. The meaning of the micro-instruction word bits is explained later.

Locations in the ROM are addressed by the 10-bit ROM Address Register (RAR). Micro-instructions are normally located
at sequential addresses in the ROM. The RAR is an up-counter which increments by one before each new micro-instruction
is fetched. The RAR therefore holds the address of the micro-instruction presently being executed. When it becomes
necessary to jump out of sequence, the RAR can be loaded with a new address from the ROM, from the Decoder ROM
(DROM), or it can be preset by hardware.
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Repeat Counter

The Repeat Counter is a 5-bit counter which can be loaded from the S Bus. The purpose of this counter is to allow a
micro-instruction to be executed n number of times (where n < 31) before the next micro-instruction is fetched. The next
micro-instruction in sequence following the micro-instruction which loads the Repeat Counter is the one which is auto-
matically repeated n-times. '

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 (L). 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 Destination Register.

Program Status Word (PSW)

The Program Status Word (PSW) is a 16-Bit register used to indicate the system status relative to the user program being
executed. Bits-0 through 6 of the PSW define enabled interrupts and the operational status or mode of the user level
processor. PSW Bits-7 through 11 are not defined. Some of the PSW bits have hardware significance 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 most recent user instruction. Bits-8 through 11 are not provided.

The Condition Code may only be updated from the FLR. When PSW is the Specified Destination Register Bits-0 through 7
of the S Bus are loaded into Bits-0 through 7 of the PSW and S Bus Bits-12 through 15 are captured in the FLR. The
Condition Code field is then updated from the FLR on the next Processor clock. Instruction Read operations also copy the
contents of the FLR into the Condition Code.

Location Counter

The Location Counter (LOC) is a 16-bit appendum to the PSW which holds the main memory address of the next user
instruction to be performed. The Location Counter is an up-counter which automatically increments by 2 following each
Instruction Read micro-instruction or D1 option in the micro-instruction (unless the op-code indicates an RR or SF format
instruction). Bit-15 of this register is not implemented.

Memory Address Register (MAR)

The Memory Address Register (MAR) is a 16-bit register which is loaded with the address of main memory locations. It is
automatically loaded from the Location Counter each time LOC is incremented. It can also be loaded from the S Bus
whenever LOC or MAR is the specified Destination Register.

Main Memory

The Main Memory consists of random access memory providing stordge for user instructions and data. Memory is addressed
through the Memory Address Buffer (MAB). The MAB is constructed using 2:1 Multiplexors. On Instruction Reads the
contents of the Location Counter is presented as the address to Main Memory. On all other memory o?erations the
contents of the MAR is presented as the address for Main Memory. Data read from or written into memory is buffered in
the Memory Data Register (MDR). The micro-program initiates a main memory cycle by using a Memory Read, Memory
Write, or Instruction Read command. After issuing a memory command, the micro-program is free to perform other
instruction. The memory 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 operation, before memory data become
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.

Instruction Register (IR)

On Instruction Read operations data on the Memory Register Receive Bus (MRR), MRR 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 t.hrough 15 are placed in the
register labeled YS. These three registers (OP, Yd, and YS) comprise the user’s Instruction Register.

¢

Decoder Read-Only Memory (DROM)

The OP register is used to address locations in the Decoder Read-Only-Memory (DROM). The DROM consists of two
halves: DROM 1 and DROM 2. Each half contains 256 8-bit words. The micro-program interrogates _elth'er DROM 1 or
DROM 2 at appropriate times and the 8 bits of the resulting read-out are jammed into the RAR, resultn}g in an automatic
branch to an address that is related to the user’s operation code. The most significant bit of DROM lis us?d to suppress
unnecessary memory reads and Location Counter increments. The DROM also decodes all illegal user instructions.



Micro Register (MR)
A 16-bit register labeled MRO is available to the micro-program for general purpose use.
Input/Output (1/0)

Input/Output operations are achieved by gating S Bus data onto the 1/O Bus and activating an I/O Controt Line, or by
activating an 1/O Control Line and gating the I/O Bus data onto the B Bus.

LSI Micro-processor

The LSI Micro-processor is comprised of four Large Scule Integrated (LSI) Circuits, each of which is a 4-bit wide slice of
the Central Processing Unit (CPU). Four of these CPU slices make up the 16-bit wide CPU. The combined slices contain a
16-bit Arithmetic Logic Unit (ALU), a two port Random Access Memory (RAM) Stack forming sixteen 16-bit General
Registers, a 16-bit temporary storage register Q, shift circuits for right, left, and no shift for the RAM stack and Q register.
By external circuits connecting the Q shift and RAM shift circuits 32-bit shifts and rotates are made possible with Q as one
of the registers and one of the sixteen general registers as the second register.

It is most often the case that the micro-program accesses the User’s General Register without caring which of the 16
General Registers is accessed. Consequently, no provision has been made in the Model 6/16 for the micro-program to
randomly access an explicit General Register. Since after Instruction Read, one or more register addresses specified by the
user instruction, are in the YD and YS register, the micro-program can access the appropriate General Register by
specifying the YD or YS Register. The hardware then selects the General Register whose number is in the YD or YS
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 a specific General Register.

MICRO-PROGRAM DESCRIPTION
Introduction

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

The Model 6/16 Processor is designed to execute micro-instructions stored in a Control Store or Read-Only Memory
(ROM). A micro-instruction is an elemental step or instruction to the actual hardware of the machine. Each micro-
instruction causes one or more hardware functions to be performed, such as transferring the contents of one register to
another, arithmetic or logical operations between two specified operands, controlling input/output operations or
performing memory functions.

A series of micro-instructions is called a micro-program. The complete Model 6/16 micro-program is, by definition, an
emulator, causing the Model 6/16 to react to a user program in main memory and to external events as does the Model
7/16 Processor, described in the INTERDATA 16-Bit Reference Manual, Publication Number 29-398. Every user level
instruction, interrupt handling feature, etc. is simulated by some portion of the Model 6/16 Processor micro-program.

The following pages outline the Model 6/16 hardware from a micro-programmer’s point of view, data and instruction
formats, instruction repertoire and interrupt system.

DATA AND INSTRUCTION FORMATS

Data Formats

All internal data paths are 16-bits wide. Hence the basic machine operand is a 16-bit halfword. In arithmetic operations,
the most significant bit is interpreted as the sign bit of the number in the least significant 15 bits of a halfword: Positive
fixed-point data is expressed in true binary form with a sign bit of Zero. Negative fixed-point data is expressed in twos
complement notation with a sign bit of One.

Binary information is represented in hexadecimal notation, base 16, for simplicity.

Instruction Formats

Model 6/16 Processor micro-instructions can be one of five formats designated Register-to-Register, Register-to-Immediate,

Input/Output, Branch and Exchange Byte. The Instruction word formats are shown in Table 1 and Figure 2. Instruction
word fields are explained in the following sections. (Refer to Table 2)



TABLE 1. INSTRUCTION WORD CHART

INSTRUCTION WORD BITS

ALU fe—— IMMEDIATE ——
Mc| D1} or| $1 D2 $2 E FIELD
0 1A} 345/678|91011 |12 13 1415 16|17 18 19{20 2122 23
noP  |ooo 000 0}NULL
D2 001 0 0 0 1]ADR/ACK e
MR 010 0 0 1 0|CMD/STAT 1/O-BR-IMM
MW 011 0 10 O|DA/DR
BT 100
BF 101 000 1|CLEARYD
JaMmcc+R {110 AND SET WAIT
D1 111 00 1 0]YDPt
00 1 1]ybm —
LOAD Q; ALU OUTPUT 000 1/0-BR-IMM
NULL; ALU 001 010 0|POW
LOAD YD AND Q; FA OUTPUT 010 010 1]|JAM CI 4CO FOR INC,
LOAD YD; ALU OUTPUT 011 000 011 0}mMD DEC ONLY
LOAD YD AND Q;SR;ALU OUTPUT 100 011 1]FLTPT
LOAD YD; SR; ALU QUTPUT 101
LOAD YD AND Q; SL; ALU OUTPUT 110 100 1}C _
LOAD YD; SL; ALU OUTPUT 111 1010][CO 170-BR-iMM
LOAD YS; ALU QUTPUT 011 001 1100/F
1111 10 0 0]UNLOAD M/DBOX ON 1/0 BUS
R+5 000
5-R 001
R-S 010
ROR S 011
R AND 5 100
UNUSEDR AND S 101
R XOR S 110
R XNERS [111
R S
Ys | Q {000
YS |YD {001
0 Q lo1o0
0 |YD |0o11 M/D: DIFFERENTIATED BY #
0o |{vys |t100 SOURCE HALFWORDS
EXTERNAL(D |[YD [101 4 FLTPT: DIFFERENTIATED BY
SOURCE R D Q110 IR00:07
D 0 111
001 PSW 000 000 | PSW
LoC 001 00 1] LOC
MRO 010 010]| MRO
000 CNTR | 0 11 o011 vsi o
OR MDR 100 100 | MDR EXT-SOURCE-BR-IMM
001 MAR 101 101 | MAR
FLR 110 1101} yDi
10 111 111] 10
NULL |0 ©
1MM 1 X
[ g 1
13,14 23
BRANCH CONDITION ADDRESS
clooo111
viooto11
G|loo1101
Ljoo1110
MSK] 010111
ARSTf 011011
DATNf 011101
011110
ATN| 100111
CATN] 101011
SNGL{ 101101
MALFl 101110
ALO: ADDRESSED ON POWER UP Aamop| 110111
KNOCKED DOWN WHEN ALO/HW] 1t 11011
OTHER DEV. ADDRESSED PPF] 111101
MPE] 111110
UNCONDY 001111




REGISTER TO REGISTER

MC D1

oP Sl D2 0 |CS S2 E

REGISTER TO IMMEDIATE

0 3 6 9 12 15 , 18 23
MC D1 opP St D2. 1 MM
INPUT/OQUTPUT
0 3 6 9 12 15 ,16 ,17 20,21 23
000 D1 000 S1 D2 0 |CS 52 0 E1
BRANCH
0 3 8 14 23
BC 00000 COND ADDRESS
EXCHANGE BYTE
0 3 6 9 12 15, 16, 17 20 23
MC D1 000 1M D2 o1 52 E
INSTRUCTION WORD FIELDS
FIELD MEANING
McC/BC MAIN MEMORY CONTROL/BRANCH CONTROL
D1 SHIFT LEFT/SHIFT RIGHT OPERATION
D1 AND D2 DESTINATION FIELD
op ALU OPERATION
S1 SELECTS TWO SOQURCES FOR ALU
s2 SELECT EXTERNAL (TO ALU) SOURCE
E EXTENSION FIELD
E1 SPECIFIED TYPE OF 1/0 OPERATION
COND BRANCH CONDITION(S)
ADDRESS BRANCH ADDRESS
Cs SPECIFIES CROSS-SHIFT

Figure 2. Instruction Word Formats




Memory Control (MC)

The processor’s main memory is the source of user’s instructions and data. The Register-to-Register and Register-to-

Immediate micro-instructions can specify one of the following options to perform main memory operations or to use the
Decoder Read-Only-Memory (DROM).

TABLE 2. MC/BC FIELD

Instruction
Word Bits Meaning
012
000 No operation
001 D2—Vector through DROM2
010 MR—Data Read Halfword
011 MW-—Data Write Halfword
100 BT—Branch on True Condition
101 BF—Branch on False Condition
110 . {R—Instruction Read and Jam CC
1M D1—Vector through DROM1
D2: The user’s instruction op-code, IR (0:7), is used to vector through DROM2. The unique word from DROM2 is

jammed into RAR, causing a branch in the micro-program sequence.

MR: A main memory read operation is started using the contents of MAR as the memory address. Then the
micro-instruction execution starts. The haifword is read from memory and is loaded into this MDR for use by
the micro-program when the data is available.

MW: A Main Memory Write operation is started. The current content of MDR is written into the halfword of
memory currently addressed by the content of MAR.

BT: If any of the specified conditions are true, a branch is takeh to the address specified in the address field.

BF: If all of the Epécified conditions are false, a branch is taken to the address specified in the address field. An
unconditional branch micro-instruction assembles as a branch on false micro-instruction with no conditions
specified.

IR: An Instruction Read operation is started prior to execution of the current micro-instruction. The halfword

addressed by the current contents of LOC is read and placed in both the MDR and the Instruction Register
(IR). LOC is then incremented by two and the incremented LOC is jammed into the MAR. The current
content of FLR is copied into the condition code field of PSW. (LOC must not be the destination register in
the micro-instruction specifying the IR option.) The FLR is cleared and the micro-instruction at ROM
location ‘000’ is executed.

D1: The address of the next micro-instruction is extracted from DROMI1 using the user’s instructions op-code, IR
(0:7), as an index.

Commands (E)

A®Register-to-Register or Exchange Byte micro-instruction can specify one of the following six commands to perform the
desired hardware function. These commands are executed at the end of the micro-instruction.

Word Meaning

Word Bits
20 21 22 23
0 0 0 1 CYD and SWA Clear YD field and set Wait FF
0 0 1 0 "YDPI Increment YD field
0 0 1 1 YDM1 - Decrement YD field
0 1 0 0 POW Power down, Generate System Clear
0 1 1 0 M/D Load data into M/D box
0 1 1 1 FLTPT Specify Floating Point operation



Condition Code Options (E)

A Register to Register or Exchange Byte micro-instruction can specify up to three options in this category.

Instruction Word Meaning
Bits

1 0 o 1 CI Carry In
1 0 1 0 cO Carry Out
1 1 0 0 F Set Test Flags in FLR
CL: In a Load micro-instruction specifying this option, the Carry Flag (P/O FLR) is shifted into the most

significant bit of the result if Shift Right is also specified. If Shift Left is specified, the Carry Flag is shifted
into the least significant bit of the result. While executing an Add micro-instruction, the Carry Flag is added to
the least significant bit of the sum.

In a subtract micro-instruction, the Carry Flag represents a borrow situation from the least significant bit of
the subtraction. This borrow participates in the subtraction operation.

CO: In a Load micro-instruction specifying this option, the Carry Flag in FLR stores the bit shifted out, if a Shift
Right or Shift Left is also specified. If shift is not specified, the Carry Flag is reset.

In an Add micro-instruction, the Carry Flag is set if a carry is generated. In the subtraction, carry is reset if a
borrow is not generated. If a micro-instruction specifying CO performs a logical operation, the Carry Flag in
FLR is reset.

F: If a micro-instruction specifying this option performs addition or subtraction, V, G and L Flags in FLR are
adjusted to reflect the result of the operation. The V Flag reflects the overflow condition and Flags Gand L
reflect the algebraic value of the result.

In an I/O instruction, the V Flag is set if the addressed device does not return a SYNC in approximately 14
microseconds. If a micro-instruction specifying this option performs a load or logical operation, the V Flag is
reset and the G and L Flags are adjusted to reflect the algebraic value of the result.

The hardware provides a cumulative flag effect to facilitate multi-precision operations. The following table
shows how the G and L Flags in FLR are adjusted to reflect the algebraic value of the result. Note that once
the G or L Flag becomes set, the G and L Flags will never again both be Zero unless the FLR is explicitly
cleared (e.g., an Instruction Read operation). :

Result Flags before Execution Flags after Execution

G L G L

Zero

Positive

Negative

—_———_0 00000

—_— 00— 0O =00
OO0~ OO0 —O
OO et vt 1 = O

Shift Options

A Register-to-Register or Register-to-Immediate micro-instruction can specify either the Shift Left or Shift Right option.
There are no specific bits in the micro-instruction word for the SL or SR options. However, this information is included in
Bits-3, 4 and 5. The micro-instruction must specify YD or YD&Q as the destination register or registers. Other desired
options may be specified.



SL: The 16-Bit Arithmetic Logic Unit result is shifted left one bit position. If Cl is also specified, the state of the
Carry Flag in FLR is shifted into the least significant bit position, otherwise, the least significant bit is forced
to Zero. If CO is also specified, the most significant bit of the ALU result, which is shifted out, is shifted into
the Carry Flag of the FLR; otherwise, that bit is lost. The 16-bit result thus obtained is copied into the
destination register or registers.

SR: The 16-bit ALU result is shifted right one bit position. If CI is also specified, the state of the Carry Flag in
FLR is shifted into the most significant bit position; otherwise, the most significant bit is forced to Zero. If
CO is specified, the least significant bit of the ALU result, which is shifted out, is shifted into the Carry Flag
of FLR; otherwise, that bit is lost. The 16-bit result, thus obtained, is copied into the destination register or
registers.

Branch Conditions
A Branch micro-instruction can specify up to four conditions from Group 0, Group 1, Group 2 or Group 3. Conditions

from different groups cannot be mixed in the same instruction. The micro-instruction word bits, symbolic conditions and
their meanings are shown below.

GROUP| WORD BITS SYMBOLIC MEANING
8 910111213 | CONDITION OF TRUE CONDITION
000111 c CARRY FLAG SET
001011 \ OVERFLOW FLAG SET
0 001101 G- GREATER THAN ZERO FLAG SET
001110 L LESS THAN ZERO FLAG SET
0011111 UNCONDITIONAL BRANCH
0 0110 MSK (YD) AND (CONDITION CODE FIELD) 0
1 0 1011 ARST AUTO-RESTART PRESENT
0 1101 DATN DMA ON 1/0 BUS IS REQUESTING ATTENTION
100110 ATN 1/0 ATTENTION AND PSW BIT 1 ARE SET OR DMA ON 1/0 BUS IS REQUESTING
ATTENTION
2 101011 CATN CONSOLE ATTENTION REQUESTED
101101 SNGL CONSOLE IS IN SINGLE MODE
101110 MALF MACHINE MALFUNCTION DETECTED
110111 AMOD ADDRESS MODIFICATION IS NECESSARY
111011 HW HALFWORD 1/0 LINE IS ACTIVE/ALO PRESENT INDICATION ON POWER UP
3 111101 PPF PRIMARY POWER FAIL OETECTED
111110 MPE MEMORY PARITY ERROR DETECTED
THE MICRO-PROGRAM

The Model 6/16 Processor micro-program can be divided into three major functional areas. These are: user instruction
fetch; user instruction execution; and interrupt support. Refer to Figure 3.

FETCH USER
INSTRUCTION
INTERRUPT
SUPPORT
MRO<—2ND OPERAND
RR
RS
RX
INSTRUCTION
EXECUTION ROUTINES

Figure 3. Micro-Program Functional Areas



System Initialization

On power up, or following initialize, when the System Clear signal (SCLRO) goes high, the Processor starts executing
micro-instructions. SCLRO presets the ROM Address Register (RD) to X'100".

Referring to Figure 4, address X'100' corresponds to the symbolic label PWRUP on the flow chart.

The micro-program checks if Automatic Loader Option (ALO) is present. If the ALO exists, the HW line is active. The test
for HW passes and routine ALO1 is entered. If the HW test fails, the micro-program continues the normal power-up
sequence.

NOTE

The Automatic Loader Option (ALO) is a halfword oriented
device but it does not have a specific device address. If it is present
in the system and enabled then on power-up or initialize, the HW
line is activated. The micro-program detects this and loads new
PSW and LOC and up to 4K bytes of main memory from the
ALO. Depending on the new PSW, the user level Processor goes
into the Wait State or user instruction execution starts.

In the Auto Load Option route (ALO1), the micro-program reads in a new PSW and LOC, a starting Memory Address and
an ending Memory Address from the ALO. The micro-program then forms in YD the difference between the ending
address and the starting address. If a carry is produced, the end address was less than the start address. Routine IDLE is
entered. If the end address is not less than the start address, the data input loop, AL02, is entered. The data halfwords are
read from the ALO and stored in consecutive halfword locations in main memory until the difference count in YD is
decremented from X'000' to X'FFFF. When this happens, all the data has been loaded into Main Memory. Then Bit-0 of
the PSW (Wait Bit) is tested. If it is sut WAIT routine is entered. Otherwise, user instruction fetch is started. (See Figure 5.)

In the normal power-up sequence, the PSW and LOC are restored from their power fail save locations, X'0024' and
X'0026' in main memory, and the user’s General Registers are restored from their main memory power fail save locations.
The General Register save area is a 32-byte block of memory whose starting address is contained in memory location
X'0022".

After restoring the registers, Bits-13, 14, and 15 of location X'20' are examined to determine the last display panel status.
If non-Zero, the Hexadecimal Display Panel was not in the Run mode when power went down. LOCDIS is entered. If Zero,
the Hexadecimal Display Panel was in the Run mode. The Auto-Restarf, ARST, option is tested. If set, routine MMF is
entered to do the Machine Malfunction int.rrupt if PSW Bit-2 is set. If the ARST option is absent, routine LOCDIS is
entered to display the present values of the location Counter. The IDLE loop is then entered.

Hexadecimal Display Panel Support

The Hexadecimal Display Panel is serviced by two major routines: CONSER and DISPLY. Routine CONSER is entered, if
during user instruction execution, the micro-program determines that CATN is active; or if in the IDLE loop or the WAIT
loop, CATN becomes active but SNGL is not active. See Figure 6.

In the CONSER routine, the Display Controller is addressed and its status is sensed. It is put into the normal mode and
addressed to reset byte counter. The most significant four bits of the status byte are stored as the least significant four bits
of location %'20". If the SNGL signal is active, the LOC is incremented by two, the FLR is cleared and the micro-program
returns to the user instruction fetch routine at START 1. If SNGL is not active, the Hexadecimal Display status is
examined.

If status Bit-1 is set a function or a register has been selected. Routine FNREG is entered. If status Bits-0, 4, 5,6 and 7 are
all reset, Function O was selected. If PSW Bit< is also set, the micro-code simulates an interrupt from device number 1
(Hexadecimal Display Panel Interrupt). If PSW Bit 4 is reset, routine CLRWT is entered to fetch the next user instruction.

If status Bit-1 is reset, MDR gets data from memory location specified by LOC. If the Display status indicates Address or
Memory Write, routine ADWRT is entered. The Switch Register is read into MDR and if the mode is Address, routine ADD
is entered; where the data in MDR is copied to LOC and routine LOCDIS is entered. If the mode is Memory Write, routine
RDKEY is entered, where the data in MDR is written to the memory location specified by LOC. LOC is then incremented
by two and copied to MAR. The data written is copied into MRO and MDR is set equal to X'80' to light the Memory
Address/Memory Data lamp. Routine OUTDIS is entered.

If the mode is Memory Read, the RDKEY routine is entered.

Display status Bits-1, 2, and 3 being reset indicate Run mode. Routine CLRWT is entered to fetch the next user
instruction.

Routine DISPLY is entered from routine CONSER if the status indicates that a function other than Function 0 or a
Register was selected; or before the interruptable Wait loop is entered, if SNGL is active. See Figure 7.
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PWRUP

(Q) *—2

ALO
PRESENT
?
NO

{PSW) w—{24")
(LOC)=*—1("26") ALO1
(MAR)=*—[{'22]

(YDi)#——0

(MRQ)*—15

LDREG

(YD)+—[(MAR)]
(YDI)*+—(YDI)+1
(MAR)*— (MAR)+(Q)
(MRO)*—(MRO0}-1

*

ADDRESS DISPLAY PANEL
(FLR)«—[20" (12:15)]

ARST MME
PRESENT
?
YES
LOCDIS (MRO)«<{LOC) NO
(MDR)=445'
MARD  (MAR)=*—0
l 18-C
QUTDIS D2,D1e— (MRO)
D4,D03+— (MAR) CLRWT MMALF1
D5<—(MDR 8:15)
*|DLE {Q} «—— (YD)
JIDLEX NO
SNGL
YES
, o) b
© CLRWT CONSER

PWRDWN  Figure 4. System Initialization
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(»

(PSW)=—ALO DATA

(LOC)=—ALQ DATA

{MAR)*—PROGRAM START ADDRESS
(YD)*—PROGRAM END ADDRESS

{YD)«—NO. OF HALFWORDS IN THE PROGRAM

J\\\\\\YES
ZERO?

ALO1

ALO?2 NO
[{(MAR)]-*=NEXT HALFWORD IDLE
DATA

(MAR)=—(MAR} + (Q)
(YD) =— (YD) -1

CARRY?

INSTRUCTION
READ

Figure 5. Auto Load Option



CONSER

ADDRESS THE DISPLAY PANEL

PUT IT IN NORMAL MODE

ADDRESS THE DISPLAY PANEL AGAIN
{*20'(12:15)]*+—DISPLAY STATUS 0:3

YES CONTIN

(LOC)=—{LOC)+2
(FLR)=-0

16-H
START1

BIT 1SET N\JES

(MAR)=—(L.OC)
(MDR)*—[(MAR)]

YES 14.1
CONSOLE .
CLRWT {(MDR)=—=52,51 INT.
MUST BE NO DISPLY
{ (MRQ)*—1
B AON BIT 2SET
PSWO00 *—0. NO 4 2 SET
[(MAR)]+—(MDR)
{LOC) *+—(LOC)+2 YES
(MRO) =*——(MDR)
INSTRUCTION READ (MAR) *+——(LOC) ADD
“"‘Dj 80 (LOC) =—(MDR)
{ B
OUTDIS LOCDIS CONINT CLRWT

Figure 6. Routine CONSER
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DISPLY

ADDRESS THE DISPLAY PANEL
{(MRO)*—DISPLAY STATUS
(MAR)=#—N ; N = REGISTER #*
(MDR)+—002N’

BIT4 SET
?

NO

BIT 6 SET

PSWLOC
- - BIT 0 SET
(FLR) «—— (MAR) \
YES 11-F

FN1
IDLE
(PSW) «——SWITCH REGISTER
YES

BIT OSET
NO

11-K

LOCDIS

FN11

{MRO) +—(PSW)
(MDR)*—'0044’

YES REGDIS
{YD!)@—0O
REGN |
YES (MRO)*— (YD)
(YD1) +—{YDI)*1
(MAR)=—(MAR)-1
NO

CARRY=1

YES

Figure 7. Display Routine
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In the DISPLY routine, the Display Controller is addressed and its status is sensed. Then the register number n is obtained
in MAR and MDR is set equal to X"2n'. If a General Register is selected, routine REGDIS is entered. If Function codes 4 or
5 are indicated, routine PSWLOC is entered. If Function code 1 is indicated, routine FN1 is entered. Otherwise, the
uninterruptable IDLE loop is entered. :

At REGDIS, the YD field is cleared and incremented until it equals the register number specified by MAR. The specified
General Register is copied to MRO. Routine MARO is then entered.

At PSWLOC, status Bit-0 is examined to differentiate between Functions 4 and 5. If status Bit-0 is set, the Function S is
indicated and routine LOCDIS is entered. Otherwise, the PSW is copied to MRO, and MDR is set equal to X'44', and the
MARO routine is entered.

At FN1, the switch register data is copied into PSW and a branch is taken to FN11.

Routine LOCDIS copies LOC to MRO, sets MDR equal to X'45" and clears MAR. Routine QUTDIS is then entered.

Routine OUTDIS outputs the five bytes contained in MDR8:15, MAR and MRO to the Display Controller. Then the
uninterruptable IDLE loop is entered.

The IDLE loop is a high speed loop that can only be exited if a power failure occurs or a CATN is detected.

Instruction Fetch

A user’s Instruction Fetch begins when a micro-instruction specifying Instruction Read is performed. The hardware sets the
ROM Address Register to ‘000°, which corresponds to the label START on the flowchart, see Figure 8. If any interrupts
are pending, the micro-program branches to routine HELP. If no interrupts are pending, the LOC is incremented by two.
The hardware copies the instruction word from MDR into the Instruction Register (OP, YD, and YS). The General Register
specified by YS is loaded into MRO and Q and DROMI is interrogated. If the most significant bit of DROMI1 is false, a
memory read is initiated from the address specified by the new contents of LOC, and LOC is incremented by two. If this
bit is active (RR type user instructions), no memory read occurs.

Depending on the user’s operation code, DROM! supplies an appropriate address to resume micro-code execution. If the
user’s operation code is not legal, the DROM]I sets the ROM Address Register to 082 causing a branch to routine [LEG.
There, the LOC is decremented by two, the MAR is set to 0030 and routine GENSWP is entered.

User Instructions Emulation

The ROM address supplied by DROMI, in a way, categorizes the user instructions into those that require operand set-up
and those that do not. Table 3 shows the legal instruction mnemonics and the corresponding symbolic ROM address for
DROMI. For those instructions that do not require any operand set-up, the micro-program goes directly to the appropriate
execution routine via DROM1 and DROM2 is not used. For those instructions that do require pre-processing, DROM 2 is
interrogated to get the starting address of the execution routine. Table 4 shows the legal instruction mnemonics and the
corresponding symbolic ROM addresses for DROM2.

Interrupt Support

During user Instruction Fetch, the micro-program tests for interrupts. If any of the tested interrupts (MALF, ATN, CATN,
SNGL) are active, routine HELP is entered, and LOC is decremented by two. See Figure 9.

Machine Malfunction If MALF is active, routine MMALF is entered. MALF can bte caused by Memory Parity Error
" or Early Power Fail if PSW Bit-2 is set; or by Primary Power Fail. At routine MMALF, if the
Primary Power Fail signal is active, Routine PWRDWN is entered. There, the PSW and LOC are
stored in their core memory save locations and the user’s General Registers are saved in the
area of core whose starting address is contained in location X'0022'. The command Power
down (POW) micro-instruction is then performed which stops the processor and deactivates
the initialize (SCLR) relay.

If Primary Power Fail was not causing MALF, the micro-program checks for CATN. This test
allows microprogram to exit from a continuous repetition of machine malfunction PSW swap
because of repetitive memory parity error. If CATN test fails, the micro-program does a
Machine Malfunction PSW swap with location X'0038'. Routine GENSWP, the common PSW
swap routine, is discussed later.
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START1 19-N
(MRO),{Q)*+—{YS)
(LOC)e—(LOC)+2
(RAR)}*e—DROM1 DATA HELP
YES RR/SF
ILEG
(LOC)e—(LOC)-2
(MAR)=£0030’
LEGAL
{MAR)<—(LOC) INSTRUCTION
(MDR)*—[(MAR)] EMULATION
SEQUENCE
START
GENSWP
RX
?
YES YES
(MDR)}e—(Q)+{MDR}
RXNX
(MRO)«—{Q) +(MDR) .
(MAR)Ye{MDR)
(Q)e—2, MEMORY READ
BSNX

VECTOR THRU }

N —

(MRO) +——(MDR)

DROM?2

Figure 8. Instruction Fetch



TABLE 3. DROM-1 DATA

00 20 40 60 80 A0 co ED
0 ILEG {8TBS BTS STH RS ILEG ILEG ILEG |BXH BX ILEG
1{BALR BALR |BTFS | BAL AHM__ RX BXLE BX SvC__ RS |
2|BTCR _BTCR |BFBS _BFS BTC 1ILEG LPSW _RX SINT _RS
3|BEGR_BFCR |BFFS 8FC THI RS ILEG
4INHR__NHR_iLIS IMM___ {NH RX NHI
slCLHR CLHR|LCS Lcs  [CLH CLH!
6j0HR OHR |AIS IMM OH ” IOt ]
7IXHR __XHR {sIS 4 XH XHI
8{LHR  LHR ILEG |LH LHI ]
9|CHR CHR CH ICHI
AlAHR AHR AH AHI RRL  SLL
BISHR SHR SH SHT RLL
C|MHR MHR" MH RX™ SRHL SLHL |SRL
D{DHR DHR" DH RX*™ SLHL SLL
EJACHR ACHR ACH  RX SRHA SLHA [SRA  SLA
F|SCHR SCH SCH  RX SLHA SLA v
0 ILEG ILEG ILEG SRLS SLLS STM  LMSTM ILEG
1 SLLS LM {
2 STBR_STBR STB  RX
3 LBR LBR )
4 EXBR EXBR LB
5 EPSR EPSR AL AL
8 WBR_RBRWBR Wa REWB
7 RBR RB
8 WHR IORR WH 10RX
9 RHR RH
A WDR WD
B RDR RD
c MHUR MHUR® MHU  RX™
D SSR___IORR Ss 10RX
E OCR oC
F ! AlR -AIR Al Al

* FOR M/D OPTION ONLY, QTHERWISE IT IS ILEG
TABLE 4. DROM—-2 DATA

00 20 40 60 80 A0 co E0
o 0 |BTBS BKWORD|{STH  STH 0 0 Q BXH BXH 0
1{BALR BTFS FRWORD|BAL BALR [AHM AHM BXLE BXLE |SvC svCD2
2|BTCR BFBS BKWORD|BTC  BTCR 0 LPSW_LPSW__[SINT SINT |
3|BFCR BFFS FRWORD|BFC  BFCR THI  THI 0|
4[NHR LIS LHR NH NHR NHI  NHR
5{CLHR LGS O CLH CLHR CLHI CLHR
6{OHR AlS  AHR OH OHR OHI OHR
7IXHR SIS ___SHR XH XHR XHI __XHR
8| LHR 0 LH LHR LH!l  LHR
ofCHR CH CHR CHI __CHR v
A[AHR AH AHR AHI __AHR __|RRL__RRLD2
B{SHR SH SHR SHI  SHR RLL RLLD2
c|MHR MH MHR* SRHL SRHLD2JSRL SRLD2
D|DHR DH DHR* SLHL SLHLD2|SLL SLLD?2
e[ACHR ACH ACH SRHA SRHAD2SRA  SRAD2]
F|SCHR SCH.  SCH SLHA SLHAD2|SLA SLAD2
0 0 SRLS SRHLD?2 0 STM STM
1 0 SLLS SLHLD2 M LM
2 0 STBR__NOB STB STB
3 0 LBR 0 LB LB
4 0 EXBR NOB CLB CLB
5 0 EPSR_0 AL  RBR
6 0 WBR __WBR WB ___ WBR .
7 0 RBR__RBR RE __ RBR
8 0 WHR __WHR WH _ WHR
9 0 RHR _RHR RH ___RH
A 0 WDR__WDR WD WD ]
8 0 RDR RDR RD  RD
c 0 MHUR 0 MHU___MHUR*
D 0 SSR  SSR SS SS
E 0 OCR _OCR 0C  OC
F 0 AIR  SSR Al SS |

* FOR M/D OPTION ONLY, OTHERWISE IT IS0
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(MAR) «—"0040"

NO

PWRDWN

MMALF1

(MAR)=—"0038’
CONSER

PSW04=1
YES
10SVC .
{MRO)=— INTERRUPTING
DEVICE
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CONINT l
(Q)e——(YD)

(YD)&#—2X (MRO)

SINT1

{(MAR) - (YD)+'D0O’
(MAR) *—[(MAR}]
{{(MAR)]e—(PSW)
(MAR) «—(MAR)+2
[(MAR)]+—(LOC)
(MAR) <*—(MAR)+2
(PSW) «—[(MAR)]
(Loc) =+—(MAR)+2
(YD)*—Q

INSTRUCTION
READ

l 0 [——*=GENSWP o

(MRO)*—— (YD)

QUEINT r

(Qe—2
[{(MAR}] @ (PSW)
(MAR) *—(MAR)+(Q)
[(MAR)] +—{LOC)
(MAR) <+—(MAR)+Q)
(yop) <1
(MDR) <—I[(MAR)]

YES

YES

NO

(MDR)<—(YD)V(MDR)

LSET
(PSW) <«——— 0000
LPSW1

(PSW)*—(MDR)
(MAR)e—(MAR)+(Q)
(LOC)#—[{MAR)]

19-T
EPSR1

Figure 9A. Interrupt Support



EPSR]

YES

{MAR)=—['80']

(YD) #——[(MAR)]
(MAR) @82’ .
(YD) =——(YD). ‘FF

NO

NO
(YD) =0
18-P YES
EPSR2
QUEINT

CARRY—PSW00
(YD) #——(MRO}

EPSR3

PSW 00=1

INSTRUCTION

READ

YES

HELP

(LOC) +—{LOC}-2

HELP1

(Q)e— (YD)

13-D

CONSER

141

DISPLY

Figure 9A. (Continued) Interrupt Support

19




PWRDWN l

['24'] @——— (PSW)
[26] «——— (LOC)
(MAR) e——— {{'22)]
(MRQ) #=—— 15
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[(MAR)] - (YD)

(YD) < (YDI)+1
(MAR) < (MAR)+Q
(MRQ) *—— (MRO)-1

CARRY?

POW

POWER DOWN

Figure 9B. Power Down Routine



/O Attention If MALF is not active, the micro-program tests for I/O attention (ATN). If ATN is active, the
IOATN routine is entered. In IOATN routine, if DATN is active, IODMA routine is entered:
otherwise, PSW bit 4 is tested. If PSW Bit-4 is set, routine [OSVC is entered; otherwise, a PSW
swap is performed with location X'0040". ‘

In IODMA routine, device zero is addressed to knock down any addressed device. Then one
halfword is read from the DMA on /O Bus. This halfword is the start memory address for the
requested data transfer. If memory address is odd, DMARD routine is entered, where half-
words are read from the DMA device and stored in consecutive memory halfwords. If memory
address is even, DMAWRT routine is entered, where consecutive halfwords from the start
memory address are written to the DMA device. A DMA device must be a halfword oriented
device. The DMARD or the DMAWRT routine is exited when DATN is dropped. The next user
instruction is then fetched.

Routine IOSVC acknowledges the 1/O interrupt. The returned device number times two is used
to index into the Service Pointer table beginning at core location X'00D0". The halfword con-
tained in the selected location is fetched and placed in MAR. The micro-program then stores
the PSW in the location whose address is (MAR) and the LOC in the location whose address is
(MAR)+2. The contents of the location whose address is (MAR)+4 is fetched and placed in the
PSW, LOC is set equal to (MAR)+6, and the user instruction now pointed to is fetched and
executed.

Console Attention If neither MALF nor ATN is active, the micro-program tests for Console Attention (CATN). If
not active, the interrupt must have been SNGL, and routine DISPLY is entered. There, the
selected register or registers are output to the Display Console and the Idle loop is entered.

If CATN is active, routine CONSER is entered. There, the Display Console is addressed, which
resets the CATN indication. If SNGL is also active, the micro-program continues the user
instruction emulation. When the next user instruction fetch begins, CATN is inactive and
SNGL is active, causing routine DISPLY to be entered.

Routine GENSWP Routine GENSWP is the common PSW swap routine, entered with MAR containing the address
of the swap area. The PSW is stored in the location whose address is (MAR). LOC is stored in
the location whose address is (MAR)+2. The PSW is loaded with the contents of the location
addressed by (MAR)+4. The L flag in the new PSW is set to 1 if the PSW swap is due to an
Early Power Fail. LOC is then loaded from location (MAR)+6.

If Bit-6 of the new PSW is set, the micro-program examines Bits-8:15 of the halfword whose
address is in location X'0080'. If this byte is non-Zero, another PSW swap is performed with
location X'0082'. If Bit-6 of the new PSW is not set, the micro-program tests PSW Bit-0. If not
set, user instruction execution begins with the instruction specified by LOC. If Bit-0 is set, the
interruptable WAIT loop is entered. The WAIT loop tests for MALF, ATN, or CATN. If any
interrupt occurs, routine HELP is re-entered.

Interrupt Syst’em

The interrupt structure provides rapid response to external and internal events that require special software attention. The
descriptions that follow are oriented towards the emulator.

Internal Interrupts

Five different internal interrupts may be generated. Of these, the Illegal Instructions, Fixed-Point Divide Fault, Queue
Service, and Supervisor Call Interrupts are created by the Emulator, and the Machine Malfunction Interrupt is generated in
the hardware. ’

Tllegal Instruction Interrupt

The illegal instructioh interrupt occurs when an instruction not in the user’s repertoire is fetched. Table 5 shows the Model
6/16 user’s instruction repertoire. All 256 combinations of Op Codes are available in the DROM. For illegal Op-Codes, the
data in DROM!1 equals ' 082", starting address of Illegal Instruction interrupt micro-routine. In case of illegal op-codes,
when DROMT is interrogated, a branch to ILEG routine occurs where an Iilegal Instruction PSW swap, location X 30, is
performed.
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TABLE 5. USER’S INSTRUCTION REPERTOIRE

8805 OP-CODE BITS 0:3

BITS .

4:7 0 2 4 6 9 c D E
0 BTBS STH SRLS BXH STM

1 BALR BTFS BAL AHM SLIS BXLE LM sve
2 BTCR BFBS BTC STBR LPSW STB SINT
3 BFCR BFFS BFC LBR THI LB

4 NHR LIS NH : EXBR NHI cLB

5 CLHR | LCS CLH EPSR CLHI AL

6 OHR AlS OH WBR OHI wB

7 XHR SIS XH RBR XHI RB

8 LHR ' LH WHR LHI WH

9 CHR CH RHR CHI RH

A AHR ' AH WDR AHI wD RRL
B SHR SH RDR SHI RD RLL
c MHR* MH* MHUR* SRHL MHU* SRL
) DHR* DH* SSR SLHL ss SLL
E ACHR ACH OCR SRHA oc SRA
F SCHR SCH AIR SLHA Al SLA

* Available only with Multiply/Divide option.

Machine Malfunction Interrupt

The Machine Malfunction Interrupt occurs on a memory parity error or early power fail if PSW Bit-2 is set. The emulator
also performs a Machine Malfunction PSW swap on Power-Up if PSW Bit-2 is set, Auto-Restart is present, and the Run
mode is specified.

If the Memory Parity option is present, the parity bit of each halfword in main memory is set or reset to maintain odd
parity. The parity bit is generated on every Memory Write and checked on every Memory Read or Instruction Read. If a
Memory Parity Error (MPE) occurs, and PSW Bit-2 is set, the testable signal MALF goes active. During the user instruction
fetch part of the micro-program, MALF, along with other interrupts, is tested. If any interrupt is pending, the
micro-program branches to a routine to sort interrupts by priority.

The Early Power Fail condition (EPF) exists if the optional power fail detector determines that the line voltage is low. The
condition also occurs when the Initialize key is depressed or when the Power switch is turned OFF. One millisecond after
Early Power Fail, the testable Primary Power Fail signal (PPF) goes active. The testable signal MALF is active if EPF is
active and PSW Bit-2 is set or if PPF is active. When the micro-program loads Zero into PSW, the MPE and EPF Flags are
reset. ’

External Interrupts

If individually enabled by the user’s program, a peripheral device controller is dllowed to request Processor service when
the device itself is ready to transfer data. If PSW Bit-1 is reset, I/O device interrupt signals are ignored but queued, the
signal (ATN) remains pending. However, when PSW Bit-1 is set the interrupt is acknowledged.

The processor may service an I/O interrupt in one of two ways, depending on the state of PSW Bit-4. Refer to Figure 9.
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FUNCTIONAL DIAGRAM ANALYSIS
Introduction

This section relates to Functional Schematic 01-094D08, Sheets 1 through 19. The last character of the mnemonic symbol
on INTERDATA Functional Schematics designates the logic level at the time the signal is active. For example; D050 is
data line number 5 (DOS). The last character (0) indicates that when DO35 is active, the line is at a logic level of ZERO.
Refer to the General Description section of the Mode! 6/16 Maintenance Manual, Publication Number 29-470 for further
information concerning the INTERDATA documentation system.

CLOCK CONTROL

The Clock Generator is shown on Sheet 12. The Clock System employs a free running 20MHz oscillator. The oscillator is
adjusted by variable resistor R26. (For the semi conductor version of the machine the oscillator is adjusted for 1.66 MHZ
to compensate for a memory cycle time which is not divisable by 250ns.)

Signal OSCO is used as the clock input to three flip-flops arranged as a feedback delay counter. The delay counter generates
three overlapping clocks, CLK1, DCLKI, and DDCLKI1. All Processor Clocks are derived from CLK1, DCLKI1, and
DDCLK1. The counter is initialized and held in the initialized state by SCLROA, on a Power-Down or Power-Up to inhibit

clocks. A delayed system clear ACLRO is generated for the processor to assure that the processor receives clocks in the
proper sequence (refer to Figure 10 for clock timing).

SCLRO R
0SCo Illllllllllllllll'l'lllll'

ACLRO r

cLk1 1 1 I
DCLK1 I—__-l r_——‘
DDCLKT _—_—_I J-—-_—l_______

e 1005 ——t J
*250ns |

* THESE TIMES ARE 120ns & 300ns RESPECTIVELY FOR A SEMI MEMORY SYSTEM.

Figure 10. Clock Timing Nominal

The Clock Control Logic is also shown on Sheet 12. Two basic Processor Clocks are derived from CLK1. The first, the CPU
clock (CPUCLKO), is the clock for the LSI micro-processor chips. It is disabled for 1/O operations, and memory operations
whenever MSTPO is active.

The second Processor Clock generated is the ROM Data Clock (CKRDO, CKRD1). This clock is disabled by I/O operations
(IOSTPO), memory operations (MSTPO), and RDSTPO which is a signal from the Repeat Counter which disables the ROM
Data Clock for a fixed count n (n< 31), allowing a specific micro-instruction to be repeated n times. Refer to Figure 11 for
a description of a clock cycle. The ROM Data Clock also serves as a destination clock. Clocks CLK1, DCLK1, and
DDCLK1 are used to synchronize memory and 1/O operations.

! ‘ f I

RAR'

INCREMENTED

OR LOADED

ON A BRANCH, ROM DATA

D1 OR D2. VALID. DESTINATION
FOR PREVIOUS

PREVIOUS ROM MICRO-INSTRUCTION

DATA LATCHED LOADED

AT ROM OUTPUT

Figure 11. Specific Clock Functions
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INITIALIZE CONTROL

System Initialize is performed by de-energizing the System Clear (SCLR) relay (19G7). This relay is de-energized as a result
of the following: 4

1. Placing the processor in an OFF condition.
2. Operating the processor INIT (Initialize) switch.
3. Activating PFDTO by an external source.

4.  Activating PFDTO from the optional Primary Power Fail detector if the input falls below the
minimum operating level.

5. Loss of either +3VDC or (+12 OR 15VDC) from the processor power supply.

The SCLR function provides an orderly shut down of the processor as well as a reset signal to both the memory and the
Multiplexor Bus. On a power up, the SCLR relay remains de-activated until all DC Voltages are within regulation. This
assures predictable initial states of latched functions.

An early Power Fail indication is provided to the user program if Bit-2 of the Program Status Word (PSW) is set. This
indication is provided by the micro-program by means of a machine malfunction interrupt swap.

Upon receipt of a Power-Down indication by the hardware, PFDTO (19F1) active, the one millisecond timer (19J4) is
triggered. The leading edge of this pulse sets the Early Power Fail flip-flop (19L5) which in turn enables, if PSW Bit-2 is set,
a branch on Machine Malfunction to be taken by the micro-program. The micro-program tests to determine which
condition caused the Machine Malfunction (MMALF) interrupt. If the Early Power Fail flip-flop (FEPF) is set, the
micro-program signals the user program by means of a Machine Malfunction PSW swap. On the trailing edge of the pulse
from the one millisecond timer, the Primary Power Fail flip-flop (19J6) is set, initiating a Power-Down sequence.

The optional Primary Power Fail detector monitors the AC input by sampling the secondaries of a 12 VAC transformer, C1
and C3 from the processor power supply. If the AC is tost or if the AC falls below a predetermined level PFDTO (19F1)
and POWDNO (19D1) become active. Signal PFDTO initiates the Power-Down sequence and POWDNO provides a fast
discharge path for capacitors C-46 and C47 which de-energizes the SCLR relay and holds the relay OFF in the event that
the AC voltage is fluctuating about its preset Power-Down level.

NOTE

With a semi-conductor memory system the Primary Power Fail
detector is built into the Power Supply.

READ ONLY MEMORY (ROM)

The Read Only Memory (ROM) is a high speed, solid state, non-destructive memory which holds the micro-program. The
ROM is organized into a single page of 512 words and each word is 24 bits in length. An additional page of ROM can be
added to support optional features. Each page of ROM contains 3 Integrated Circuit (IC) packages arranged such that each
{C holds 8 bits of each word on the associated page. An additional ROM chip (512 x 8) comprises the Decoder ROM
DROM).

Each ROM IC contains two enable leads (CE1 and CE2), and a strobe lead (see Sheet 6). To enable the ROM chip CEI
must be Low and CE2 must be High. The strobe (CKRDO) is used to latch the data at the output of the ROM. The ROM
contains internal latches which are used to hold the ROM Data (RD), refer to Figure 12 for ROM timing. The RD register
is internal to the ROM ICs.

CKRD1 I | | l
ROM ADDRESS X X
ROM DATA ) X

ROM QUTPUT
LATCHED |¢
DURING

THIS PERIOD

Figure 12. ROM Timing
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Decoder ROM (DROM)

The Decoder ROM (DROM) is a single ROM Integrated circuit, refer to Sheet 5. It contains 512 eight bit words. The
DROM is addressed by the most significant eight bits of the Instruction Register (OP Code Field). Each of the 256 possible
combinations of this decoded function may address two locations in the DROM, depending on the state of D10 (5D1),a
decoded function of RDO, RDI, and RD2. When D10 is low, one of the first 256 words of the DROM is selected,
corresponding to a micro-code D1. Illegal instructions are decoded in the DROM.

ROM Address Register (RAR)

The ROM Address Register (RAR), sheets 5 and 6, is a 10 bit register which is loaded on the positive edge of CKRD1 from
the DROM during a decode micro-operation or the ROM Data bits during a branch micro-operation. The eight least
significant bits of this register are arranged as a counter to allow sequential ROM addresses in a given half page to be
selected. The RAR is initialized on Power Up to address X'100' and the micro-program begins execution at this location.
Address Clear (ACLRO) is used to hold the ROM Address at X'100" allowing the ROM to latch the RD information
accessed from ROM Address X'100', refer to Figure 10 for ACLRO timing.

PROCESSOR REGISTERS

The majority of the instructions contained in the micro-program are concerned with relocating data from one processor
register to another. Most of the processor registers are general purpose registers, however, some do perform special
functions. Each register is described in the following sections.

Location Counter, Memory Address Registei. and Memory Address Buffer (Refer to Sheet 17).

The Location Counter is an up-counter which automatically increments by 2 on each Instruction Read or D1 (non-RR or
SF referenced) micro-instruction. The Location Counter can also be loaded directly from the S Bus. Anytime the Location
Counter is loaded from the S Bus, the Memory Address Register (MAR) is also loaded with the same data.

The Memory Address Register (MAR) is a two to one (2:1) multiplexer, with storage latches. The clock following an
increment of the Location Counter causes the contents of the Location Counter to be copied into the Memory Address
" Register. :

The Memory Address Buffer (MAB) is a two-to-one (2:1) multiplexer, the inputs of which are the Location Counter and
the Memory Address Register. During an Instruction Read, the contents of the Location Counter is gated onto the Memory
Address Bus. During all other memory operations the contents of the Memory Address Register are present on the Memory
Address Bus. The Memory Address Buffer outputs are disabled (high impedance state) whenever the processor is not
selected such as during DMA operations. The Memory Address Buffer is also disabled by EXMBSYO0 (19) if a memory
adapter card (35-608) is used.

The Location Counter is a 15-Bit register and the Memory Address Register is a 16-Bit register.
Memory Data Register (MDR) -

The Memory Data Register (MDR) is shown on Sheet 16. The MDR is a two-to-one (2:1) multiplexer with storage latches
and is 16 bits wide. The inputs to the multiplexer originate from the S Bus and the Memory Data Receive Bus. The storage
latches are edge triggered which are loaded by signals LDMDRH and LDMDRL. When the MDR is to be loaded from the S
Bus the LDMDRH and LDMDRL signals are a combination of the MDR being selected and CKRD. When a Memory Read
Operation is specified the LDMDRH and LDMDRL signals are generated by a combination of FRD and the removal of the
Data Unavailable (DUA) signal by the memory.

The MDR is divided into a High and Low half. The High half is loaded by the LDMDRH signal and the Low half is loaded
by the LDMDRL signal. If Cross Shift is specified by the micro-code, only MDR High is loaded when Bit-15 of the MAR is
set and only MDR Low is loaded when Bit-l;is reset.

The outputs of the MDR are presented to memory during the Write portion of a memory cycle.
Instruction Register (IR)

The Instruction Register (IR) is a 16-Bit register which stores the user instruction currently being executed. The IR is
divided into three parts or fields; OP code field (Bits-0-7), YD field (Bits-8-11), and YS field (Bits-12-15). The IR is loaded
directly from the Memory Data Receive Bus (MRR) during an Instruction Read Memory operation.

The OP code field (sheet 5), contains the encoded instruction to be performed. The OP code field outputs are presented as
address to the Decoder Read Only Memory. Ninety-Six of the possible 256 combinations are defined as legal instructions
(when Multiply, Divide option is included) and have unique entry points in the micro-program. The remaining 160
combinations are directed by Direct the Read-Only-Memory (DROM) to the illegal instruction entry point in the
micro-program.
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The YD field is defined as the User Destination field. The YD field selects one of the 16 general registers, located in the
LSI micro-controller chips (sheet 4), in which the result of the user instruction is to be stored. This portion of the IR
(sheet 11) is arranged as an up/down-counter. If YDP1 is specified in a micro-instruction the YD field of the IR is
incremented by one at the end of the instruction. In the same manner, if YDMI is specified, the YD field of the IR is
decremented by one at the end of the instruction. The YD field is also set to ZERO when Clear YD is specified by the
micro-program.

The YS field is the User Source field of the instruction being emulated. The second operand of the instruction is conta@ned
in the general register specified by YS for RR format instruction. This field also contains the number of the general register
being used as the index register on an RX or RS instruction or data in SR instruction.

Flag Register (FLR) and Condition Code (CC)

The Flag Register (FLR) (sheet 13), is a four bit register which contains the Carry Flag (C), the Overflow Flag (V), the
Greater Than Flag (G), and the Less Than Flag (L). The Flag Register outputs are copied into another four bit register, the
Condition Code (Sheet 10), at the end of each user instruction being emulated. These flags represent results of instructions
which are not otherwise indicated.

The FLR is loaded from the S Bus whenever either the FLR or Program Status Word (PSW) register is specified as a
destination. The contents are copied into the Condition Code (CC) on an Instruction Read or after a Load PSW
micro-instruction. The outputs from the FLR are also used by the Branch Circuit (sheet 14) for conditional branches. The
contents of the CC are copied onto the B Bus (Bits-12-15) when the PSW is specified as the source register.

The FLR (the Carry Flag, Overﬂow- Flag, and Greater/Less Than Flags) are also modifier as follows:

The Carry Flag (C) is affected by any Arithmetic, Boolean, Shift, or Load micro-instruction if Carry Out (CO) is specified.
The Carry Flag sets on a Shift if the bit shifted from the appropriate port on the LSI micro-controller (sheet 4) is set, if
Carry (Carry 1) from the LSI micro-controller (sheet 4) is set on an Add, or if Carry 1 is inactive on a Subtract. In all other
cases the Carry Flag is reset.

The Overflow Flag (V) is directly set if false SYNC is detected on an I/O operation and is changed on any Add or Subtract
micro-instruction if Flag (F1) is specified. Overflow (OVL1) is a direct output of the most significant slice of the Central
Processing Unit (CPU) (sheet 4) and is valid only on an Add or Subtract micro-instruction.

The Greater Than (G) and Less Than (L) Flags change on any Load, Arithmetic, or Boolean micro-instruction providing
Flag (F1) is specified. The G Flag is set if the result of the operation is positive or if the result is Zero and either the Gor L
Flag were set from a previous operation. The L Flag is set if the resulting sign is negative. Either flag is reset if these
conditions are not met.

Shift Control

The LSI micro-controller components making up the processor (Sheet 4) have the capability of shifting 16 or 32-Bits of
data right or left under micro-program control. The ports on these chips associated with this capability are SLOSRI (Shift
Left Out, Shift Right In), and SROSLI (Shift Right Out, Shift Left In) for shifting the general purpose register left or right.
Signals QLOQRI (Q Register Left Out, Q Register Right In) and QROQLI (Q Register Right Out, Q Register Left In) are
associated with a 16-Bit internal extension register for double precision shifting capability. The controls for this are shown
on sheet 13. For single and double precision shifts, Carry Qut (CO) is specified to load the C flag. Carry In (CI) is used as a
control to determine whether data is rotated or shifted by the control logic.

Table 6 shows the states of the shift ports of the processor.

TABLE 6. PROCESSOR SHIFT PORT STATUS.

FUNCTION SLISRO1 QLOQRI1 SLOSRI1 QLIQRO1
Shift Left 0 Z 4 - 0
Shift Right Z 1] 0 Zz
Double Precision Z z ) z QorZ*
Shift Left
Double Precision z z Qor2Z* z
Shift Right

Z = Open collector output state, equal to bits being shifted out of these ports.

* 0 or Z depends on the state of Carry In {(Cl).
Cl =1 for a rotate, and the port state is 2.

Cl = 0 for a shift, and the port state is 0.
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CPU, Data Multiplexer, and Cross Shift

The CPU (sheet 4) is comprised of four Large Scale Integration (LSI) chips forming a 16-Bit wide data path. Internal to
these chips are an ALU (Arithmetic Logic Unit), a 16 x 16 general purpose register stack with dual port accessibility to the
ALU, a 16-Bit extension register, and circuits to control shifts, both single and double precision.

Data is presented to the CPU through a Data Multiplexer (sheets 8 and 9). The Data Multiplexer, under ROM Control,
selects one of 8 inputs (16-Bits wide), unless it is an Immediate function. An Immediate function disables the outputs of
the Data Multiplexer (sheet 8), and passes the data from the Data Multiplexer through a second multiplexer network. The
second multiplexer network either cross shifts the data or passes it through depending on the state of MAR 15 and whether
or not Cross Shift is specified by the microcode.

On Immediate micro-instructions, the output of the Cross Shift Multiplexer is disabled (High Z state) and the output of the
Immediate Multiplexer is enabled. The outputs of these Multiplexers are OR-tied and present data to the Data Inputs of
the CPU chips. .

The Data Outputs of the CPU chips form the S Bus.

I/O CONTROL

An 1/O operation is initiated if I/O_is the Source or Destination of a micro-instruction. The 1/O control logic is shown on
Sheet 15. If 1/O is a source, then an Input operation is initiated or if I/O is a destination, an output operation is indicated.
1/0 Timing is discussed sgparately for input and output.

Input

Refer to Figure 13 for Timing information. When 1/O is specified as a source, unload 1/O (UIOO) (15G6) and IOSTOPOQ
goes active. On the trailing edge of the next clock (CLK1) The Control In flip-flop (15G8) sets. On receipt of SYNO from
the selected I/O device or the detection of False SYNC, the 14 millisecond Timer (15N7) timed out, the SYNC flip-flop
(15L8) sets which deactivates IOSTOPO. On The Trailing edge of the next CLK1 the destination register is loaded and both
the Control In flip-flop and the SYNC Flip-Flop resets completing the operation.
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Figure 13. I/O Input
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Output

Refer to Figure 14 for Output Timing information. An 1/O out operation is very similar to the input operation. When Load
[/O LDIOO (1516) is detected, IOSTOPO goes active and on the leading edge of the next CLK1 the Data flip-flop (15K8)
sets. The output of the Data flip-flop is used to gate data To The Data Bus, D00O: 160. On the trailing edge of the next
DDCLK]1 the Control Out flip-flop (15H8) is set which activates the specified output control line. The output operation
now progresses in the same manner as the I/O Input operation discussed previously.
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Figure 14. I/0O Output

Memory Timing and Control

A memory operation can be initiated by the micro-program by specifying a Memory Read, Memory Write or an Instruction
Read. An Instruction Read and a Memory Read Operation is identical except that an Instruction Read causes both the
MDR and the Instruction Register to be loaded from the Memory Bus. In addition, a memory cycle can be commenced by
a DMA Request, REQO (18F1) active. (The semi-conductor memory uses a DMA request in order to insure that the
Processor does not attempt a memory operation during the time that an internal memory refresh operation is taking place.)

Figure 15 depicts the memory timing and control functions for Processor initiated cycles. MEMI (18F1) indicates a
memory operation is requested by the Pror=ssor. If the memory is not busy, FMBYO0 (18G1) inactive and a DMA request is
not latched, FREQO (28F8) inactive, a processor memory operation is initiated, the Early Read flip-flop (18C5) is set on
the trailing edge of Double Delayed Clock (DDCLKO). On this same edge, either the Write flip-flop (18D6) or the Read
flip-flop (18]6) is set to differentiate between a memory read or a memory write operation. On the trailing edge of the
next CLK1 the four bit counter (18M6) is loaded with a value, which is dependent on the memory cycle time of the
memory being used. (Refer to the strap option Table on Sheet 18 of the Function Schematics for strapping information
for specific memory cycle times.) The output of the FMBY1 counter is used for clock stops and memory timing control.
The counter is incremented by one on each CLK1 until the count goes from X'F' to X'O'. This deactivates FMBY1.
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Figure 15. Processor Memory Timing (1.0 usec)
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DMA memory timing, Figure 16, is similar to Processor Timing except that the sequence is started by a DMA request,
REQO active. This signal is synchronized to the Processor clocks by the request flip-flop (18F6). Once this request is
latched the DMA device requesting memory gets the next avilable memory cycle. Prior to generating ERO to the memory
the Processor generates an Enable command (ENO) (18H8) to the DMA Bus. This signal is used by DMA devices to resolve
contention during the active period of this line and on its trailing edge the DMA with the highest priority which is
requesting memory becomes selected.
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Figure 16. DMA Memory Timing

On the trailing edge of ENO the Process.r Select flip-flop (18G6) becomes reset which causes, the Memory Address and
Memory Data Busses to be forced to a high impedence state by the Processor allowing the selected DMA device to present
its address and data to the memory. The first half of the CLK1 following ERO generates INHO (18J6). INHO may be used
by the DMA device to indicate that data is available and that the address and data information is latched in the memory.
INHO, therefore, should be used to deselect the DMA device.

Figure 16 shows two DMA transfers to a semi-conductor memory at the maximum transfer rate. During the first DMA
memory cycle a Processor memory request is queued. Since the Processor has a lower priority than any DMA device, its
memory request is not honored until both DMA requests are honored.

Display System

The Display System provides, if the Hexadecimal Display Panel is present, a means for reading the contents of all the
system registers and any core memory location, together with the capability of manually entering data and programs.
Figure 17 shows the Hexadecimal Display Panel layout. Within the Hexadecimal Display Panel are five eight-bit byte
Display Registers, D1 through DS, that hold data output from the Processor, and a 20-bit Switch Register which stores

data input from the Hexadecimal Keyboard.
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Figure 17. Hexadecimal Display Panel



Associated with each Display Register D1 through D4 are eight indicator lamps that provide a binary readout and two
optional hexadecimal read-out indicators. Associated with Display Register 5 are four indicator lamps for binary display
and one optional hexadecimal read-out indicator.

The most significant four bits of Display Register D5 (Bits 0:3) control four of the five indicator lamps along the left edge
of the Hexadecimal Display Panel. The fifth indicator lamp is controlled by logic internal to the Hexadecimal Display
Panel. To the right of each of these five lamps is a diagram that defines what is being displayed. In general, only one of the
diagram lamps is on at a time. If none of the diagram lamps are on, a user program has written data to the display registers.

The most significant 20-bits of the display show the contents of Display Registers D3 and D4 and the least significant four
bits of Display Register D5 (Bits 4:7) or the contents of the 20-bit Switch Register. When the Switch Register is being
displayed, the lamp next to the Switch Register diagram is turned ON. Any other diagram lamp that may have been ON,
remains ON. When the Switch Register is no longer displayed, its diagram lamp goes out and the most significant 20-bits of
the display again shows the contents of Display Registers D3 and D4 and the least significant four bits of Display Register
D4 (Bits 4:7) (refer to Table 7)

TABLE 7. DISPLAY STATUS AND COMMAND ENCODING

STATUS
0 1 2 3 4 5 6 7
Run X 0 0 0 X X X X
Memory Write X110 (¢} 1 X X X X
Memory Read X 0 1 0 X X X X
Address X 1] 1 1 X X X X
Fixed Register X 1 0 0 X X X X
Floating Register X 1 0 1 X X X X
Function X 1 0 0 X X X X
General Register 0]0 1 0 X 1 0 0 0 Floating Register 0
’ 1M1 1 0 X 1 0 0 0
210 1 0 X 1 0 0 1 2
3|1 1 1} X 1 0 0 1
410 1 0 X 1 0 1 0 4
5{1 1 0 X 1 0 1 0
"6|0 1 0 X 1 0 1 1 6
711 1 0 X 1 0 1 1
8]0 1 0 X 1 1 0 0 8
9|1 1 0 X 1 1 1] 0
AlO 1 0 X 1 1 0 1 A
Bj1 1 0 X 1 1 0 1
cl|o 1 0 X 1 1 1 0 c
ojr 1o | x| 1]1]1]o0 !
] E|o 1{0 X |1 1 1 1 Floating Register E
General Register F|1 1 0 X 1 1 1 1
Function 0f0 1 0 0 0 0 0 0 Console interrupt
11 1 0 0 0 0 0 0 PSW Select
210 1 0 0 0 0 0 1 ’
311 1 0 0 0 0 0 1
410 1 0 0 0 0 1 0 PSW.
511 1 0 0 0 0 1 0 LOC
610 1 0 0 0 0 1 1
711 1 0 0 0 0 1 1
glo 1 Q 0 0 1 0 0
9|1 1 0 0 0 1 0 0
Al O 1 0 0 (4] 1 0 1
Bi 1 1 0 0 0 1 0 1
Clo 1 0 0 0 1 1 0
D{ 1 1 0 0 0 1 1 0
E}O 110 0 0 1 1 1
Function F{1 110 0 0 1 1 1
COMMAND
Normal 1 0 0 0 0 0 0 0
incremental 0 1 0 0 0 o 0 0
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The Key Operated Security Lock is a three-position, OFF-ON-LOCK, key operated locking switch, which controls the
primary power to the system. This switch can also disable the Hexadecimal Display Panel, thereby preventing any
accidental manual input to the system. The power indicator lamp (PWR) associated with the key lock is located in the
lower right corner of the Hexadecimal Display Panel. The PWR positions, primary power, the Control keys, and the
Hexadecimal keys are (see Figure 18):

OFF The primary power is OFF.
ON The primary power is ON and the Control keys and Hexadecimal keys are enabled.
LOCK The primary power is ON and the Control keys and Hexadecimal keys are disabled.

The Hexadecimal Disptay Panel operating procedures may be found in the appropriate User’s Manual.

The Display Controller, 35-601, or the Display Controller with ALO, 35-602, must be used to support the Binary or
Hexadecimal Display Console or the Turnkey Console. Refer to Display Contoller Functional Schematic 02-405D08 during
the following desciption.

PROGRAM LOAD
INIT
IR
DISABLE ON-
OFF
LOCK

Figure 18. Turnkey Console

Data Transfer

When the display is in the Normal mode, all data outputs are directed into Display Register D1. Conditioning the controller
to the incremental mode, via an Output command, causes the two bit counter (2M9) to be incremented at the trailing edge
of DAGI1. The output of this counter is decoded to activate LAO, in response to the first DAG1 and then LBO for all
subsequent DAG1’s until the counter is initialized. In this mode, the first DA loads Display Register D1, the next DA loads
Display Register D2. The next two DAs load Display Registers D3 and D4. This counter is initialized by SCLRO, by an
Output command placing the controller in the incremental mode, or whenever the display is addressed and the Normal
mode is selected. :

Input data from the Switch Register to the Hexadecimal Display Panel is handled in a similar manner as output data. In the
Normal mode or on the first Data Request (DR), if in the Incremental mode, Switch Register Bits 12:19 are read. The
second DR, in the incremental mode, reads Switch Register Bits 4:11. The two bit counter (2M7) directs the DR to the
appropriate group of Switch Registers. This counter is initialized by the same function as the four bit counter discussed
previously and is incremented at the trailing edge of DRGI.

NOTE

Bits 0:3 of the Switch Register are gated out as part of the status
byte when address is read.

Control Logic

When the display requires micro-program support, it generates two outputs, ESNOO and ESNCO, which are latched in the
RS flip-flop at 2K2. The output of this flip-flop sets the Console Attention flip-flop (CATN) at 2L2. This flip-flop is reset
by GADRO when the Processor addresses the display or by SCLRO. )

When the SGL function switch is depressed, SSGL1 becomes active (2G4) and ESNCO AND ESNOO are generated which
cause the Single flip-flop (2L3) to become set. This flip-flop remains set until another execute is generated and the SGL
function is not selected.

Status Input

The status byte encoding is shown in Table 8. The status byte is gated onto the SD00:07 lines by the SRGO lead. SRGO
gates the SD00:07 lines onto Bits 08:15 of the D Bus.
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TURNKEY CONSOLE

This panel provides a means of controlling the system power, initializing the system, and generating a Console Attention
(FCATN) to start program execution, if the Primary Power Fail/Auto Restart option is not installed,

This option conditions the Processor to the Run mode by grounding SSGL1, SD011, SD021, and SD031 at the Control
Console connector. The Display Controller, when addressed by the micro-program in the power up sequence, indicates the
Run mode. With the Auto-Restart option present, program execution commences at the address specified in the Location
Counter (LOC), when the system is turned on and without the Auto-Restart option the micro-program performs a normal
power sequence and then goes to the un-interruptable idle Loop until the Execution (EXE) switch is operated.

BASIC SWITCH PANEL

The Basic Switch Panel provides a means of controlling system power if an optional Display Controller is not equipped.
The switch on this option is a single throw double pole switch. One set of contacts is used to jumper Cl and C2, which
turns on the power supply or supplies in the system, while the other set of contacts grounds PFDTO (19) going to the
Processor to provide an early power fail indication which enables the controlled power down sequence.

Automatic Load Option (ALO)

Refer to Functional Schematics, 02405 D08, Sheet 3 during this discussion. This option is present on 35-602, Display
Controller with ALO, or 35-603, ALO.

The Automatic Load Option is used to store program information in non-destructive Read-Only-Memory (ROM) integrated
circuits. A maximum of eight-4K-Bit ROM chips may be installed on a single option board. This provides a storage
capability of up to 4K-bytes of information. The ALQ is a halfword device which transfers data 16-Bits at a time.
Eight-bits of data come from one 512x8-bit ROM while the other 8-bits come from another 512x8-bit ROM. Due to this,
ROM chips must be used in pairs (i.e. ROMOA and ROMOB, ROM1A and ROM1B, etc.)

The ALO is enabled, ALEN1 (3F3), by SCLRO. Upon power up the micro-program tests the Halfword Control Line

(HWO) (354), if active ALEN1 high and S! in the Enable position, the micro-program loads the data contained in'the ROM
devices on the ALO. The data format is shown in Table 8.

TABLE 8. ALO DATA FORMAT

WORD 0 PSW

WORD 1 LOC

WORD 2 START ADDRESS
WORD 3 END ADDRESS
WORD 4 DATA

WORD .

WORD . .

WORD N DATA

The eleven-bit counter (3D5-3H5) is initialized to X'000' by SCLRO and is incremented following each Data Request on
the trailing edge of FDATO (3B5). The micro-program continues to read the ROM data until all data between the start and
end addresses is loaded into memory.

The ALO is disabled, ALEN1 inactive, on the leading edge of the first Address Control Line (ADRSO0), independently of
the device address.

MAINTENANCE

This section describes maintenance procedures which may be used to check and, if necessary, adjust the Processor.

There is only one adjustment associated with the Processor. Check Basic Clock (BCLKO) found on connector 104-3, the
Test Aid connector, for a clock period of 250, 300 nanoseconds for the semi-conductor memory version of the Processor.
This adjustment is very stable and need only be made if a check indicates that it is out of tolerance. Adjust variable

resistor, R26, to bring it into tolerance.

Use the 06-106 Processor Test to perform a comprehensive test of the 6/16 Processor.
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MNEMONICS

The following list provides a brief description of each mnemonic found in the Model 6/16 Processor. The source of each

signal on Schematic Drawing 01-094DO8, is also provided.

MNEMONIC

ACKO
ACLRO
ADD
ADRSO
AMOD1
ATNO

BO
B000-B150
BCLKO
BRSELO

CARRY!
CATNO
CBRSELO
CIt
CKRD1
CLKO
CLO70
CLRO
CLRFLRO
CLRYDO
CMDO

DAO
DB000-DB151

DBFO
DBRCHO
DCLKO
DDCCKO
DI000-DI151
DIRO

DMRO

DMWO
DO001-DO151
DRO

DESCRIPTION

Acknowledge Control Line to MPX Bus
Delayed System Clear

Add

Address Control line to MPX Bus

YS Equals Zero

Attention Request Line

YD, YS Address Control
Data From B Bus
Buffered Processor Clock

Branch Select

Carry from CPU

Console.Attention Request Line

Clocked Branch Select

Carry In Enable

ROM Data Clock

Processor Clock

Control Line 7 from MPX Bus

Clear RAR

Clear Flag Register

Clear YD Address Register
Command Control Line To MPX Bus

Data Available Control Line to MPX Bus
Outputs of Data Buffer

Decoded Branch on False Condition
Decoded Branch

Delayed Processor Clock

Clock Delayed from DCLKO

Data in Bus to CPU

Decode Instruction Read

Decoded Memory I‘{ead

Decoded Memory Write

Bus Outputs of the CPU Elements

Data Request Control Line to MPX Bus

LOCATION

15D9
12N3
737

15F9
11H9
1412

7L7
Sheet 8
12N4
14E9

4AS
14M2
5K8
1356
12N8
12NS
19GS5
S5SN8
11D9
11C4
15D9

15E9

15B1, C1, D1, El, F1,Gl1,
H1,J1,K1, L1, M1, NI

7D7
7E7
12N1
12N1

4F9, 4G9, 4H9,4J9, 4K9, 419

7D7
D7
7D7

4F3,4G3, 4J3,4K3,4L3

15C9



MNEMONIC

DRO81
DRO81-DR151
D10

D20

ENO

ERO

EXBSYO0
EXDUAO
EXSTPO

FDATO
FINRO
FEPFOQ
FLDREGO
FLPTO
FLR121-FLR151
FLRSELQ
FMBY1
FPARI1
FPPF1
FPSEL1
FRD1
FREQO
FTITO
FWAIT

Fl1

HWO

INHO -
101
IODMAO

L J
IOSTPO
10001-10151

JAMCCO
JCicoo

34

DESCRIPTION

DROM Output Eit 8
DROM DATA

DROM Decode 1

DROM Decode 2

Enable From Memory Bus

Memory Read or Write Enable

External Busy to Processor From Memory

Data Unavailable From Memory

External Clock Stop

Data Flip-Flop to MPX Bus
Instruction Read Flip-Flop

Early Power Fail Flip-Flop

Load External Register Flip-Flop
Floating Point Control

Flag Register Outputs
Destination Select for Flag Register
Memory Busy Flip-Flop

Parity Error Flip-Flop

Power Fail Flip-Flop

Processor Select Flip-Flop

Read FlinFlop

Request Fl.p-Flop

Clock Stop Test Point

Wait Flip-Flop

Set Flags Enable

Halfword Control Line from MPX Bus

Inhibit From Memory Bus
Decoded I/O Operation
I/O DMA Request Line

Clock Stop for I/O
1/0 Inputs From MPX Bus

Jam Condition Code

Jam Carry In and Carry Out

LOCATION

SE9

5E3, SES, SE6
D7

7D7

1848

18C8

1852

18H1

12B7

15K9
11E1
19L9
19Cé6
11BS
13G9, J9, L9, N9
7F7
18K8
19M9
19K9
18G8
16Al
18F8
12B7
11C9
13Rg

14B1

18J8
1519
14G2

15G9

15B1, C1, D1, E1, F1, Gl,
H1,J1, K1, L1, M1, N1,
R1

7C8
11BS



MNEMONIC

LDCCO

LDCTO
LDDESTO
LDIOO

LDREG
LMDRHI
LMDRLI
LOC001-LOC151
LOCSELO
MAOQGO-MA150

MAROO1-MAR151
MARSELO
MRROOI-MRR151
MSKI1

MSTPO

OVLO

PERRO

PFDTO

POWO

POWDNO
PSWO0O1-PSE151
PSWSELO

QLIQROI
QLOQRII

RAR061-RARI1S5!
RDO001-RD231

RDSPO
REQO

SCLR
SINGLO
SH1
SLISRO1
SLOSRI1
SRO
SUBO

DESCRIPTION

Load Condition Code
Load Repeat Counter

Decoded Load Function (Load Destination)

Load 1/O

Load External Registers

Load High Order Byte of MDR
Load Low Order Byte of MDR
Location Counter Qutputs
Destination Selector for LOC

Memory Address Bus

MAR Outputs

Destination Select for MAR
Memory Register Receive Bus
Mask on Condition Code
Clock Stop For Memory

Overflow

Parity Fail Detected
Power Fail Detector
Power Down Command
Power Down Signal

PSW OQutputs

Destination Select for PSW

Shift Q Left In, Shift Q Right Out
Shift Q Left Out, Shift Q Right In

ROM ADDRESS Registers
ROM Data Bus

ROM Data Clock Stop
DMA Request for Memory Cycle

System Clear

Single Step Request Line

Decoded Shift

Shift Left In, Shift Right Out

Shift Left Out, Shift Right In

Status Request Control Line to MPX Bus
Subtract

LOCATION

11A1

7G7

13C4

7F7

19B9

11D9

11D9%

17B8, E8, HS, L8
7G7

17C9, D9, F9, G9, J9, K9,

M9, N9

17D6, 17G6, 17K6, 1 7TN6

7F7

16D1, 16E1, 16G1, 16K1

ION1
1219

4A5

19M2

19F2

11BS

19D2

10A6, Bo, G6, §5
7G8

4A7
4A7

5K1, 5N4, 5N6, 6C6

813, 8L4, 8L5, 8L6, 8L7, 8L38

11N9
18F2 .

19H9

13A9
4A7
4A7
15B9
717
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MNEMONIC

SUPINCO
SVo
SYNO

UIo0
UMDRO

WTO

XIMM1

YDO1-YD31

YDIO

YDMIO

YDPIC

YS01-YS31i

ZEROI1
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DESCRIPTION

Suppress Location Counter Increment
Set Oyerﬂow on False SYNC
SYNC to MPX Bus

Unload /O
Unload MDR

Write Signal to Memory

Immdiate Control Line

Outputs of the User Destination Register
YD Immediate

Decrement YD

Increment YD

Outputs of the User Source Register

Zero Result on S Bus

LOCATION

TA7
15N9
15M9

TN7
TR7

18D8

9Al

11K9

7R7

11D4

11D4

11F9

4AS



02-403A12
October 1975

M71-094
MULTIPLY/DIVIDE CARD
INFORMATION SPECIFICATION

INTRODUCTION

The Multiply/Divide card is a half-board which resides in the Model 6/16 Processor chassis. The Multiply/Divide card
provides the means for executing Multiply or Divide instructions under micro-program control. The processor provides
operands to the Muitiply/Divide card which in turn processes the operands and returns an answer to the processor.

INSTALLATION

Refer to the appropriate processor installation specification for applicable installation information.

BLOCK DIAGRAM ANALYSIS

Refer to the block diagram of the Muitiply/Divide option, Sheet 1 of the Multiply/Divide Functional Schematic
02-403D08.

Inputs to and outputs from the Multiply/Divide card are over the standard I/O Multiplexor Bus and are under micio-
program control. Special signals to the card from the processor are: MDO, which selects the card for receiving data over the
1/O Bus; LDREGO, which is data from the processor to the option card; EXSTPO, a signal from the card to the Processor to
stop the clocks while the card is performing its operations.

CLOCK AND CONTROL

This portion of the card circuit controls the loading of registers from the 1/0 Bus, the unloading of registers to the I/O Bus,
synchronizing the on-board clock stop, and controlling the data paths on the card.

B-REGISTER

The B-Register contains the positive operand for Multiply operations and the two’s complement negative operand for
Divide operations.

SRH and SRL

SRH and SRL is a 32-Bit register with Shift Left, Shift Right, and Load capability. For Multiply operations SRH is
initialized to Zero and SRL contains the Multiplier. SRL is shifted left for Divide operations and shifted right for Multiply
operations. SRH is either loaded and shifted left or just shifted left on Divide operations. The Divide Shift Network
provides the load and shift function on Divide operations. The decision to just shift or to load and shift is made by the
Control Section. SRH is either shifted right by direction of the Control Section on Multiply operations or the output of
the adder is loaded. The Multiply Shift Network provides a pre-shift to the partial product contained in SRH so that the
Multiply and Divide operations are completed in the same number of clocks (16).

At the completion of an operation, the results are stored in SRH and SRL. The 32-Bit result of a Multiply operation is
stored in SRH and SRL or, in the case of a Divide, the quotient is stored in SRL and the remainder is stored in SRH.



FUNCTIONAL ANALYSIS
When reading this section, refer to Functional Schematic 02-403D08.
Loading SRH,SRL and B Registers

Data is placed on the common BD Bus (BD001-151) from the [/O Bus when the M/DO signal from the processor is active.
When the data to be transferred is valid on the I/O Bus, the LDREGO control line from the processor is activated for one
processor clock. Signals LDREGO and BCLKO provide a load clock for the B, SRL, and SRH registers according to a
sequence determined by a counter at 4C2, 4D2, 4E2 and 4F2. The LDAQ signal (4H4) loads data from the BD Bus into the
B-Register. and also clears SRH. The LDBO signal load SRL from the DB Bus, and LDCO loads SRH. If the LDCO clock is
not generated, the operation to be performed is assumed to be a Multiply and the Divide flip-flop (4HS5) is not set.

CLOCK CONTROL

The removal of MDO by the processor causes EXSTPO to be activated stopping all processor clocks except the Basic Clock
(BCLKO). On the BCLK, following the activation of EXSTPO, the local clock is started and 16 clock pulses are generated
on the Multiply/Divide Option Board. At the end of the 16 clock period the Multiply or Divide operation is complete and
EXSTPO is deactivated. (This signal is synchronized to the Processor clocks by BCLKO.) For one processor clock period
following the removal of EXSTPO, the contents of SRL is gated to the 1/O Bus and, during the following processor clock
period, the contents of SRH is gated to the I/O Bus.

MULTIPLY

Prior to the commencement of the Multiply operation, the B-Register has been loaded with the multiplicand, SRL has been
loaded with the multiplier, and SRH is set to zero. All operands are positive in form. (If negative the micro-program two’s
complements the numbers prior to loading.) The control lines for SRL (SRLSO! and SRLS11) are set for shift right. The
control line for SRH (SRHO1 and SRHS11) will either be set for load SRH, if the least significant bit of SRL (SRL151)isa
logical One, or will be set for a shitt right, if SRL151 is a logical Zero. The Divide Shift Network is disabled and passes the
sum of the addition between the content of the B-Register and shifted left partial product contained in the SRH directly to
the BD Bus. SRL is shifted right 16 times so that all 16 bits of the multiplier are tested. At the end of this time, SRH con-
tains the most significant 16 bits of the resuit and SRL contains the least significant 16 bits of the resuit.

DIVIDE

Prior to the start of the Divide operation SRH and SRL contain the dividend in positive form Gf negative the two’s
complement of the dividend is loaded by the micro-program) and the divisor is loaded into the B-Register in two’s
complement form. The quotient bit is the carry formed by the addition of SRH and B. Whenever the carry is positive
(logical one) the partial remainder at the outputs of the adder is gated into SRH shifted left. Signal SRL is also shifted left
and the carry is shifted into the least significant bit of SRL (SRL151). If carry is a logical zero SRH and SRL are shifted
left one position and the outputs of the adder are ignored. Carry is again shifted into SRL. SRL is shifted left 16 times at
the end of which SRL contains the quotient and SRH contains the remainder of the division.

Figures 1 and 2 are timing diagrams representing the timing of the Multiply/Divide Option Board 35-605.

ADJUSTMENTS

The only adjustment on the M71-094 Multiply/Divide card is that of the on-board oscillator. The oscillator frequency is
adjusted by means of potentiometer R2, which is adjusted for an 80 nanosecond period (12.5 megahertz) as measured at
the test point on the outer edge of the Multiply/Divide Option card.
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MNEMONICS

The following list provides a brief description of each mnemonic found in the Multiply/Divide Option Board. The source of

each signal on Functional Schematic 02-403D08, is also provided.

MNEMONIC

BOO1:151
BCLKO
BDO001:151

CARRY1
CLKENO
CLRO
D000:150
DB0O:150
DIVO
EXSTPO
FSTCLKO

LDAO

LDBO
LDCO
LDREGO

MDO

Mo
MRESETO
SCLRO
SRHO001:151
SRHCLKO
SRHX1

SRIOL’
SRLOO01:151
SRLX1

STP1
UNLD1
UNLDSRL1

Z001:Z151

MEANING

Outputs of B-Register
Basic Clock From CPU

The Outputs of either the 2:1 MUX following
the Adder or the Inverted D-Bus data

Carry out of the 16-Bit Adder

Enables the Clock System of the M/D Board
The OR of SCLRO and MRESETO
Processor’s Bidirectional Data Bus

Outputs of either SRH,OR SRL to the D-Bus

Divide output of the Multiply/Divide flip-flop
External Stop to Processor Clock Stop Logic

Fast Clock used to perform the Multiply or
Divide Functions on the Option Board

A Output of Lead Sequencer loads the
B-Reg and clears SRH

B Qutput of Load Sequencer. Loads SRL
C Output of Load Sequencer. Loads SRH

Load Register Signal from Processor. Indicates
Data available.

Multiply/Divide select line from Processor
Mutltiply output of Multiply/Divide flip-flop
Master Reset. Initialize function for M/D Option
System Clear from Processor

Qutputs of SRH

Clock to SRH

Conditions SRH to either the Shift Right, Shift
Left, or Load Mode.

Shift Right into SRL
Outputs of SRL

Conditions SRL to either the Shift Right, Shift
Left or Load Mode.

QOutput of Stop flip-flop
Enables D-Bus drivers to unload results

Selects the contents of either SRH or SRL
to be gated onto the D-Bus.

QOutputs of the 16-Bit Adder

SCHEMATIC
LOCATION

Sheet 3
4A2
Sheets 2,3

3B4
4AS5
4N8
Sheet 2
Sheet 2

4HS

4F3

4H3

4H3
4H3
4A2

4A2
4L4
4K8
4K8

4K3
4N4

3L8
4K3
4K4

4J2
4R6
4K6

Sheet 3

5/6



APPENDIX 1
EXAMPLE MULTIPLY/DIVIDE OPERATION

Appendix 1 shows an example of a multiply operation, Table Al-1, and a sample of a divide operation, Table Al-2.

TABLE Al-1. Sample Multiplication X'1111' *X'1111'=X'01234321'

B-Reg = 0001 0001 0001 0001

SRH SRL

0 0000 0000 0000 0000 0001 0001 0001 0001

1 0000 1000 1000 1000 1000 1000 1000 1000
2 0000 0100 0100 0100 0100 0100 0100 0100
3 0000 0010 0010 0010 0010 0010 0010 0010
4 ‘ 0000 0001 0001 0001 0001 0001 0001 0001
5 0000 100t 0001 0001 0000 1000 1000 | 1000
6 0000 0100 1000 1000 1000 0100 0100 0100
7 0000 0010 0100 0100 0100 0010 0010 0010
8 0000 0010 0010 0010 0010 0001 0001 0001
9 0000 1001 0001 1001 1001 0000 1000 1000
10 0000 0100 1000 1100 1100 1000 0100 Q100
11 0000 0010 0100 0110 0110 Q100 0010 0010
12 0000 0001 0010 0011 0011 0010 0001 0001
13 0000 1001 0001 1010 0001 1001 0000 1000
14 0000 0100 1000 1101 0000 1100 1000 0100
15 0000 0010 0100 0110 1000 0110 0100 0010
16 0000 0001 0010 0011 0100 0011 0010 0001




Al-2

APPENDIX 1 (Continued)

TABLE Al-2. Sample Divide X'3FFF7FFF'/X'7FFF' =X'7FFE'X'7FFF'
B = 1000 0000 0000 Q001
SRH SRL CARRY
0 0011 1111 1111 11 0111 ARRR] 111 1111 0
1 o111 1111 1111 1110 1111 1111 111 1110 1
2 0111 1111 1111 1110 1M1 1111 1111 1101 1
3 0111 1111 EERR] 1110 ARRR] 1M 1111 1011 1
4 011 1M1 1M 1110 1111 1111 EARE! 0111 1
5 0111 1111 1M 1110 1111 11 1110 M1 1
6 0111 LRE! 1M1 1110 1mm 1111 1101 111 1
7 0111 1111 111 1110 1M1 1111 1011 111 1
8 0111 1111 1111 1110 1111 1M1 0111 111 1
9 0111 11 11 -1110 1111 1110 1111 1111 1
10 0111 1111 1111 1110 1M 1101 1"Mn 1M 1
11 0111 1111 111 1110 1111 1011 1111 111 1
12 0111 1111 1111 1110 1111 ot11 111 1111 1
13 0111 1111 111 1110 1110 1" 1111 11N 1
14 0111 1111 1111 1110 1101 1111 111 1111 1
15 0111 1111 1111 1110 1011 1111 1111 1111 1
16 0111 1111 1111 1110 0111 1M1 1111 1111 X




02~232M01R04A20
September 1977

M70-103 -
NS SELECTOR CHANNEL

INSTALLATION SPECIFICATION

1 INTRODUCTION

This specification provides the necessary information for the installation of the 02-232 Selector Channel (SELCH) (Prod-
uct Number M70-103) in a Model 70, 74, 80, 7/16 or 7/16 HSALU Processor System. The NS Selector Channel is
complete on one 35-391MO02 printed circuit board.

2., PHYSICAL CHARACTERISTICS

2.1 Dimensions 15 3/8 x 14 7/8"

2,2 Weight 2% pounds maximum
3. INSTALLATION

The NS SELCH may be installed in any even numbered universal expahsion slot (i.e., 0, 2, 4, or 6) in the Central Pro-
cessor Unit (CPU) or in the first memory-~1/0 expansion chassis. See Figure 1. On 7/16 HSALU the NS SELCH
may only be installed in Slot 0 of the CPU back panel.

To install a NS Selector Channel on a Model 74 or a 7/16 BASIC, the Selector Channel must be a 35-391M02. To
install a Selector Channel on a 7/16 HSALU the Selector Channel must be a 35-391M02, R02 or higher.

NOTE

A SELCH may be installed in slots 0, 1, or 2
of u Model 80/85 CPU chassis only. In this case

cutting of the Multiplexor Bus is not necessary.

3.1 Back Panel Wiring

3.1.1 Multiplexor Channel Bus, At the time of installation it is necessary to cut the Multip'lexor Bus wiring be-
tween the even numbered slot accepting the SELCH and the next higher numbered slot on the One (1) connector only. The
RACKO0/TACKO daisy chain wiring on the back panel is rerouted according to Tigure 1. The lower numbered card slots
in the chassias become part of the private SELCH Bus on the One (1) connector only.

For the convenience of cutting the Multiplexor Bus, the connections between every other slot are made using "top' wire
wraps. (This refers to wire wrap back panels only.) This allows the cutting of the bus by simply lifting the top wraps
when the SELCH is installed in an even numbered slot. Refer to Figure 1 A during the following example.

To install a SELCH in Slot 4:

1., Remove all wires on Connector One (1), between Slots 4 and 5, on Pins 11 through 26, Rows 1 and 2. (See
backpanel map in 02-232M01D08 Sheet 7.)

2., Remove the wire between 222-0001 and 122-0700,

3. Remove the RACKO/TACKO jumper between Pins 122 and 222 on both the Zero (0) and One (1) connectors of
Slot 4, )

4. Connect 122-0700 to 222-0501.

5. Install the SELCH into Slot 4 of the chassis. The private SELCH Bus now appears on the Connector One 1)
side of Slots 4,3,2,1, and 0, All slots on the Connector Zero (0) side and Slots 7,6, and 5 on Connector One
(1) side remain as standard Multiplexor Bus slots.

To install a SELCH in any other even numbered slot of a CPU chassis or 2 Memory-1/O chassis, a similar procedure
is followed. Refer to-Figure 1 B, C, D, and E.

02-232M01R04A20 9/77
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NOTE:

THE CIRCLED NUMBERS ON ILLUSTRATIONS A, B,ANDC
REFER TO THE CORRESPONDING NUMBERS IN THE
FOLLOWING INSTALLATION PROCEDURES,

TO INSTALL A SELECTOR CHANNEL IN SLOT 4 OF THE MEMORY

0]

1/0 CHASSIS .

CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP
WRAPS.

JUMPER RACKQ/TACKO AS SHOWN, REMOVE DASHED
JUMPER.

THIS SECTION BECOMES THE PRIVATE SELECTOR BUS
ON THE CONNECTOR ONE (CONN.I) SIDE ONLY, ALL
SLOTS ON THE CONNECTOR ZEROQ (CONN.O) SIDE, AND
SLOTS 7, 6 AND 5 ON CONNECTOR ONE SIDE REMAIN AS
STANDARD MULTIPLEXOR BUS SLOTS.

IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS
TO OTHER CHASSIS BY INSTALLING A CABLE HERE.

EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS
BY INSTALLING A CABLE HERE.

MEMORY MODULE 7, IFIT EXISTS, MUST BE LOCATED
INSLOT 3.

INSTALL 1/0 TERMINATORS 35-433 ROl HERE.

TOINSTALL A SELECTOR CHANNEL IN SLOT 2 OF THE CPU
CHASSIS

®©

CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP
WRAPS.

@ JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED

JUMPER.

@ THIS SECTION BECOMES THE PRIVATE SELECTOR BUS

©)

®
®

ON THE CONNECTOR OKE (CONN.!) SIDE ONLY. ALL
SLOTS ONTHE CONRECTOR ZERO (CONN.O) SIDE
REMAIN AS STANDARD MULTIPLEXOR BUS SLOTS.

IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS
TO OTHER CHASSIS BY INSTALLING A CABLE HERE.

EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS
BY INSTALLING A CABLE HERE.

INSTALL 1/0 TERMINATORS 35-433 RO! HERE.

NOTE 1t

IF AMEMORY /0 CHASSIS IS USED IN THE SYSTEM,
ANY SELECTOR CHANNELS MUST BE INSTALLED IN
THAT CHASSIS. .

NOTE: 2

A SELECTOR CHANNEL MAY NOT BE INSTALLED IN
SLOT 2 OF THE 7/16 HSALU. SLOT O 1S THE ONLY
SLOT IN WHICH A SELCH MAY BE INSTALLED.

OF THE MEMORY 1/0 CHASSIS ——

"CONN | ' TO INSTALL 4 SELECTOR CHANNELS (IN SLOTS 6,4,2 AND 0)

MEMORY
I/0 CHASSIS

122-0700 /—'—’—\‘222 ~0701

X®

\
0.0

®

CUT THE MULTIPLEXOR BUS IN FOUR PLACES.

@ JUMPER RACKD/TACKO AS SHOWN, REMOVE DASHED

JUMPER.

@ EACH SELCH, EXCEPT THE ONE IN SLOT O, HAS ONE

@®

®
®

SLOT AVAILABLE ON IT'S PRIVATE BUS. THE PRIVATE
BUSSES CAN BE EXTENDED TO OTHER CHASSIS BY
INSTALLING CABLES IN SLOT POSITIONS 0,!,3AND 5
ON CONNECTOR ONE (CONN. 1) SIDE.

ALL SLOTS ON THE CONNECTOR ZERO (CONN.Q) SIDE
REMAIN AS THE STANDARD MULTIPLEXOR BUS. THIS
BUS CAN BEEXTENDED BY INSTALLING A CABLE HERE.

MEMORY MODULES § AND 7, IF THEY EXIST, MUST BE
LOCATED IN SLOTS 1AND 3.

INSTALL {/0 TERMINATORS 35-433 ROI HERE .

Figure 1. Backpanel Modifications

02-232MO01R04A20 9/77



| CONN O CONN | TO INSTALL A SELECTOR CHANNEL IN SLOT 2 OF THE CPU
CHASSIS

— @ CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP
- WRAPS.

@ JUMPER RACKO/TACKOQ AS SHOWN, REMOVE DASHED
JUMPER.

@ THIS SECTION BECOMES THE PRIVATE SELECTOR BUS
ON THE CONNECTOR ONE (CONN.1) SIDE ONLY, ALL
SLOTS ON THE CONNECTOR ZERO (CONN.O) SIDE
REMAIN AS STANDARD MULTIPLEXOR BUS SLOTS.

@ IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS
TO OTHER CHASSIS BY INSTALLING A CABLE HERE,

® () EXTEND THE MULTIPLEXOR BUS TO OTHE CHASSIS
BY INSTALLING A CABLE HERE.

@ INSTALL 1/0 TERMINATORS 35-433 ROl HERE.

A\
\____@,©» NOTE:

IF A MEMORY I/0 CHASSIS IS USED IN THE SYSTEM,
THE SELECTOR CHANNEL MUST BE INSLOT O OF THE
CPU CHASSIS OR IN SOME SLOT OF THE EXPANSION.

MODEL
7/16 OR74
CPU CHASSIS

TO INSTALL A SELECTOR CHANNEL IN SLOT O,I OR 2
CHASSIS——

CONN O CONN 1 (D) JUMPER RACKO/TACKO AS SHOWN,REMOVE DASHED
B JUMPERS.

@ THIS SECTION BECOMES THE PRIVATE SELCH BUS ON
THE CONNECTOR ONE (CONN.1) SIDE ONLY. ALL
SLOTS ON THE CONNECTOR (CONN.O) SIDE REMAIN
AS STANDARD MULTIPLEXOR SLOTS,

239-0501
» @ EXTEND THE SELCH BUS TO OTHER CHASSIS BY

/ INSTALLING A CABLE HERE.

@ EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS
BY INSTALLING A CABLE HERE.

MODEL 80
CPU CHASSIS

@ INSTALL 1/0 TERMINATORS 35-433 ROl HERE.

@ NOTES:
l. If A i7-183 CABLE IS INSTALLED BETWEEN CONNECTQ3S
ZERO AND ONE IN THE CPU CHASSIS. THIS CABLE MUST
8E REMOVED PRIOR TO INSTALLING SELCH.
\ \ 2. THE INSTALLATION OF A SELCTOR CHANNEL OR OTHE=X
® ® ® @ T/0 DEVICE CONTROLLER IN THE M80 CPU CHASSIS
REDUCES THE MAXIMUM MEMORY SIZE BY 16K BYTES
(ONE MSU) FOR EACH SLOT USED!

3, ONLY ONE SELECTOR CHANNEL MAY BE CONFIGURED
{N THE MODEL 80 PROCESSOR CHASSIS,

222-000I

Figure 1. Backpanel Modifications
(Continued)

3.1.2 ACTO/TACO. The ACT0/TACO jumper between Pins 137-0 and 237-0 must be removed fram the slot uset
by the SELCH controller. If the Selector Channel is not the first Direct Memory Access (DMA) channel on the Memory
Bus, jumper "K" on the SELCH controller must be removed. Note that on a Model 74 only one DMA device is permitte: L

NOTE (Not Applicable on Model 74)

On installations with Multiple SELCH's, remove the ""ENO"
and the "INHO" filters on all but the last SELCH (Remove the
following: R70, R72, C59 and C61).

3.2 Cabling ,

The cabling necessary for the SELCH depends on the system's physical configuration. When the SELCH Bus does not
extend outside the chassis, no cabling is required. When the SELCH Bus must be extended to another chassis, a number
of cable configurations can be used, See Figure 2. Care should be taken to minimize bus lengths.

See Figure 2 for a summary of cables. .

02-232M01R04A20 9/77 3
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(B) USED TO CONNECT TWO ADJACENT 15" CHASSIS, THE MULTIPLEXOR BUS
17-193 —» 17-194 §  APPEARS AT CONNECTOR O, AND THE SELCH BUS APPEARS AT CONNECTOR
=t WHEN USING THIS CONFIGURATION, THE RACKQ/TACKO JUMPER FROM
22~ 0,SLOT 7,TO 222-1,SLOT O, MUST BE REMOVED FROM THE LOWER CHASSIS.
? - 070!
. / 122-0
I5" CHASSIS :0 oo/ l\\\\
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*—|7-166 >~ (C) CONNECTS THE PRIVATE SELCH BUS TO A 10" CHASSIS ONE OR TWO CHASSIS AWAY.

15" CHASSIS

O——-==

«-0005
10" CHASSIS I

0--=-0

|

35-434 TERMINATOR /_

-

REMOVE 17-183 CABLE

‘D_._.._.(ID (D) CONNECTS THE PRIVATE SELCH BUS AND THE MULTIPLEXOR BUS TO0 A

10" CHASSIS,ONE OR TWO CHASSIS AWAY.
17—-166 —-’l | I i¢—|7—|65

4, ADDRESS STRAPPING

MOD 80/85
cPU
CHASSIS

O—---~

Figure 2. Cabling

The preferred address of the NS Selector Channel is X'F0'. The controller is strapped for this address at the factory.
To change the address, refer to Functional Schematic 02-2322101D08. The number and letter designations shown on
the schemalic refer to the designations on the apparatus side of the SELCH controller board.

5. MODEL 80/85 STRAPPING

For use with the Model 80 or 85 the following options must be exercised:
1. Remove the jumper labled J located between IC 14 and 15.
2. Change the jumper, above IC 53, from (L to X) to (L to 2).

6. INSTALLATION CHECKS

The NS SELCH is factory tested using a special high speed device. Therefore, ficld checks are contingent upon the
:ser having appropriate hardware and software available with which to exercise the Selector Channel. When the SELCH
is used with Model 80 or 85, insure that the strap options on the SELCH have been made according to Section 5.

4 ' 02-232M01R04A20 9/77
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M70"'103 June 1974
NS SELECTOR CHANNEL
MAINTENANCE SPECIFICATION

1. INTRODUCTION

The 02-232M01 NS Selector Channel (SELCH) (Product Number M70-103) is a Direct Memory Access port (DMA) which’
provides block data transfer between a device controller and memory. Once initiated, the transfer is independent of the
Processor. The Processor sets up the device controller, loads the SELCH with the starting and final addresses of the
memory block, specifies the type of operation (Read or Write), and issues a GO Command. The SELCH then handles
the transfer without further direction by the Processor.

The NS Selector Channel is complete on one printed circuit board and occupies one slot in a system chassis. The
SELCH provides the drivers, receivers and termination resistors for the private SELCH Bus. This bus originates at
Connector One (1) of the SELCH slot and extends to each lower numbered slot in the system chassis on the Connector
One (1) side only, The private SELCH Bus can be extended to other chassis, as required. For installation information,
refer to Installation Specification 02-232M01A20, ‘

2. SCOPE

This specification describes the operation of the SELCH in its various modes; Setup, Memory Read, Memory Write,
and Termination. Where necessary, this specification references the Multiplexor Channel Bus ard Memory Bus oper-
- ations. . o

3. BLOCK DIAGRAM ANALYSIS

Refer to the SELCH block diagram on Sheet 7 of Functional Schematic 02-232M01D08, and the SELCH Flow Chart, Fig-
ure 1, during the following analysis. Before initiating a data transfer via the SELCH, the device controller and the
SELCH must be set up. The setup procedure is implemented by the Processor via the Multiplexor Bus (MPX-Bus).
When the SELCH is in the Idle mode, the MPX-Bus is tied directly to the private SELCH Bus through the SELCH. This
allows the Processor to communicate directly with any device on the private SELCH Bus.

To prepare the SELCH for data transfer, the Address Register (AR) and Auxiliary Address Register (AAR) must be
loaded with the starting address in memory where the transfer is to begin, and the Final Address Register (FAR) must
be loaded with the address of the last memory location to be accessed. These registers are loaded from the eight least
significant Data Lines D080:150 by four consecutive Data Availables (DAs) from the Processor, The first two Data
Availables simultaneously load the AR and AAR, which are 16-hit incrementing registers. The AR is incremented, by
two, after each halfword is transferred to/from memory, and the AAR is incremented, by one, with each byte trans-
ferred to/from the device, Data transfer is terminated when the AAR is equal to the FAR or when the AAR increments
past its maximum value, X'FFFF',

Data transfer is begun by the Processor issuing a GO Command to the SELCH. Transfer to/from the device is now in-
dependent of the Processor. The GO Command also prevents communication between the Processor and any device on
the private SELCH Bus until the transfer is terminated and the SELCH is addressed.

Data transfer is controlled in the Move Data circuit by inspection of the four least significant bits of the Status Byte pre -
sented by the active device on the private SELCH Bus. When any one of the three least significant bits are set, (EX,
.EOM, or DU), the transfer is terminated. Bit-12 (Busy) regulates the rate of data transfer, In the Memory Read mods. -
the actual data transfer begins with a memory request, REQO active, as soon as a GO Command is issued. When the
memory request is serviced by the Processor, the SELCH Memory Bus Control circuit activates Select (SEL), which
gates the contents of the Address Register (AR) onto the Memory Address Bus, and gates a halfword of data from memery
into the Data Register (DR). At the termination of the memory transfer, the data is loaded from the DR to the Data Buf -
fer (DB) and the AR is incremented. !

NOTE

Unless the SELCH has dropped REQO in time to
remain selected during the next memory cycle, the
SELCH is deselected by the rising edge of Inhibit
(INHO) after the halfword has been transferred.
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Once the DB is loaded, data transfer to the device over Private Data Lines PD000:150 is initiated and, when applicable,
a request is made to fetch the next halfword from memory,. This cycle continues until either a match is detected be-
tween the contents of the Auxiliary Address Register and contents of the Final Address Register, or until the transfer
is aborted due to an error condition.

In the Memory Write mode, the data transfer sequence described previously for Memory Read mode is reversed. Thit
is, two bytes of data are lcaded into the DR from the device prior to a memory request and the data flow is from the de-

vice to the DR, DR to the DB, and finally into memory.

The Branch Gate circuit and the Move Data circuit control the flow of data between memory and the device, The Branckh
Gate supervises the overall data flow, while the Move Data circuit performs the handshaking between the SELCH and the

active device on the private SELCH Bus,

Upon termination of the data transfer, the program is notified via an interrupt and by the inactive state of the SELCH
Busy flip-flop which is presented to the program as Bit-12 of the SELCH Status Byte,

Selector Channel Status and Command Byte Data is shown on Table 1.

TABLE 1. SELECTOR CHANNEL STATUS AND COMMAND BYTE DATA

BIT
0 1 2 4
NUMBER 3 5 6 7
STATUS ‘ y
BYTE BSY
COMMAND READ| GO |sTOP
BYTE
BSY When this bit is set, a one shot generates the EBS1 pulse to start the appropriate

SELCH operation. When this bit is cleared an interrupt is generated.

‘ READ Thi® command; Bit-2, sets the Memory Write (WT) flip-flop. The con§roller on the
SELCH Bus is setup for a device Read operation. . o

GO This command, Bit-3, clears the MSC flip-flop and sets the BSY flip-flop to initiate
the Data Transfer mode.

STOP This command, Bit-4, from the Processor clears the BSY flip-flop and initializes the

Load/Unload Sequencer. During the Data Transfer mode, execution of the command is
delayed until the end of a memory cycle, if one is in progress.

4, FUNCTIONAL DIAGRAM ANALYSIS

4.1 Introduction

This section relates to Functional Schematic 02-222M01D08, Sheets 1 through 6. Note that in INTERDATA functional
schematics, the last character in the mnemonic symbol designates the logic level when the signal is active. For exar -
ple; D080 is Data Line Number 8 (D08). The last character (0) inidicates that when D080 is active, the line is at a log -

ical Zero level.

4,2 SELCH Control Circuit

In the Idle mode, the SELCH Address (2M8), Busy (3F3), and Multiplexor-SELCH (MSC) (3FA) flip-flops are reset amvi
the private SELCH Bus is tied directly to the ‘Multiplexor Bus. This allows the Processor to communicate, via the
Multiplexor Bus, with any device on the private SELCH Bus.

To communicate with the SELCH, it must first be addressed. The SELCH Address (X'F0' preferred) is placed on Dat:
Lines D080:150 (1A3-8) and the Address control line is activated (ADRS0)(4B8), The SELCH Address is decoded by the:
four input NAND gate (LF4) and the Address flip-flop is set (2M8). The set output from the Address flip-flop (AD1)2J"),
when active, prevents the control signals on the MPX-Bus from passing onto the private SELCH Bus by holding the Caii-
trol Line Gate inactive (CLG1) (1B2). Capacitors C33 and C34 (4D8) delay the propagation of the Private Address con
trol line (PADRSO0) (4F9) to the SELCH Bus, so that when the SELCH is being addressed PADRSO0 does not become ac-
tive. This delay allows the SELCH to be addressed without resetting the Address flip-flop of the active device on the
private SELCH Bus.

-



The simultaneous loading of the Address Register (AR) and Auxiliary Address Register (AAR), and the loading of the
Final Address Register (FAR) is accomplished by four consecutive Data Availables (DAs) from the Processor. The
Load/Unload Sequencer (21.2) controls the loading of these registers (AR, AAR, and FAR) and the unloading of the AAR.
The sequencer is set to its initial state by the termination of the last data transfer, a Stop Command, or a System Clear
(SCLRO)(4MS) so that the first DA, through Data Available Gate (DAGO)(2L4), will activate Load Address Register High
(LARHO0)(252),

LARHO gates Data Lines DA081:151 (1D3-8) into the eight most significant bits of the AR and AAR. The rising edge of
the first and each successive Data Available Gate (DAGO0)(214) increments the sequencer and allows the next DA to acti-
vate the next load line. The second DA loads the eight least significant bits of these registers. The third and fourth
DAs will then load the Final Address Register in the same order. The contents of the AAR may be inspected, via the
program, by issuing two Data Requests (DR) to the SELCH whenever the Load/Unload Sequencer is in its initial state. '
{(e.g., Upon termination of a SELCH transfer, sequencer initialized, the FAR may be inspected to determine if the en-
tire block of data had been transferred.) i

If 2 Memory Write operation is desired, an Output Command with Bit-10 set must be issued to set the Write flip-flop
(3F5), Since the Write flip-flop is reset by the Data Available/Request Gate (DARG1)(2L5) whenever a DA or DR is-
sent to the SELCH (setup procedure), no command is neceseary to initiate a Memory Read operation.

Data transfer commences with a GO Command from the Processor, which is an Output Command with Bit-11 set. The
GO Command sets both the Busy (3F3) and MSC (3F4) flip-flops. The setting of the Busy ﬂip—}'lop causes an End of
Busy Set pulse (EBS1) (3H4) to be generated. This pulse is generated from the falling edge of BSYO0 (3F3), and is used
by the Branch Gate circuit to initiate the transfer cycle. The Busy latch circuit remains set until the Selector Channel
detects the termination of transfer and its state is presented to the program via Bit-12 of the Sense Status Byte.

The MSC flip-flop is reset by SCLROA or by addressing the SELCH, Set Gate active (SGAD1)(2L9), when the Busy flip-
flop is reset, The resetting of the MSC flip-flop, MSCO active, clears any pending interrupt in the Selector Channel,

Information is steered from the SELCH to both the Data Lines D080:150 (1B4-9) and the Private Data Lines PD080:150
(184-9) by the proper gating of four each, four-to-one line multiplexors (Sheet 1), For example; with the SELCH idle,
Busy reset, all Data Lines are tied directly to the Private Data Lines in both directions.

4.3 Memory Bus Control Circuit

Memory Bus Control timing relationships are shown in Figure 2, A SELCH reqhest for memory is started by activating
Set Request (SREQ0)(384). SREQO is activated by the Branch Gate circuit (3M8) when either the SELCH has received a
halfword of data from the device or, in the Memory Read mode, whenever the Memory Data Register is available to ac-
cept the next halfword.

SREQO is applied to the direct set input of the Request flip-flop (REQ)(4L5) which sets the flip-flcp and sends REQO to
the Processor. When REQO is received, the Processor generates Enable (ENO). ENO, on the first DMA device, is
jumpered to Accept (ACT0) which generates the daisy chain priority loop through all DMAs in the system. The daisy
chain begins at the highest priority DMA as ENO, and propagatés to the lower priority DMAs as Transmit Accept (TACO)
until it is captured by the first DMA requesting a memory cycle. When the REQ flip-flop is set and ACT0 (ENO) is
active, the ACTO0/TACO contention circuit (4H2) blocks the propagation of TACO, and provide highs on the J input to the
SEL flip-flop and the K input to the REQ flip-flop. Thus, on the rising edge of ENO, the Select flip-flop becomes set
and the Request flip-flop is reset. When the SELCH REQ flip-flop is reset and ACT0 (EN0) is active, the ACTO signal
is propagated as TACO to the DMA with a lower priority.

The trailing edge of Inhibit (INHO) (4H5), from the Processor, indicates the end of the memory cycle. This edge, unless
the SELCH has dropped REQO in time to remain selected during the next cycle, causes the SEL flip-flop to reset. Two
pulses, End of Memory Transfer (EMX0) (4M7) and Inhibit (INHOP) (4M2), are generated by the leading and trailing
edges of INHO respectively. EMXO is used by the Branch Gate circuit to indicate the end of the memory transfer. The
Address Register is toggled by the AND function of SEU and INH1, :

In the Memory Read mode, the Memory Data Register (MDR) is cleared by Clear Data Register (CDRO) (4R2) which is
generated by the trailing edge of REQL., Write Not (WT0A) (3F5) is ANDed with SEL1 to form Enable Memory Data Read
(ENMDR1) (4R6), which gates the contents of the MDR onto the Memory Data Lines MD000:150 (Sheet 6) for the restore
portion of the memory cycle. (This function is disabled when using solid state memory.) The contents of the memory
location accessed is gated to the direct set inputs of the MDR by Enable Memory Strobe (ENMS1) (4R4). This function
is WTeSELeCDRO for use with core memory and WT e SELe INH when using solid state memory (4R4).

When writing to memory, the contents of the Data Buffer is gated onto Memory Data Lines MD000:150 (Sheet 6) by En-
able Memory Data Write (ENMDW1)(4R3), when setected. A Memory Write operation is indicated to the Processor by
activating WRTOA (4S3). ‘
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Figure 2, Memory Bus Control Timing Diagram

4.4 ,Aﬂdress Register and Auxiliary Address Register. -

The Address Register (AR) and Auxiliary Address Register (AAR) (Sheet 5) each cousist of four, four-bit counters.
These registers are loaded simultaneously by the Processor from Data Lines D080:150 (1A3-8), under control of the
Load/Unload Sequencer (as discussed in Section 4.2), with the starting address from which the block transfer is to be-
gin, The contents of the AR (Sheet 5) is gated onto Memory Address Lines MA000:140 (5R1-8) whenever the SELCH is
selected, SEL flip-flop set. The AR is incremented with each memory transfer by Select- Inhibit (SINHO) (4K8), The
AAR (Sheet 5) keeps track of the transfer between the SELCH and the device. This register is incremented, by one, for
_each byte of data transferred by Toggle Auxiliary Address Register (TAARO) (3M1). When the transfer is in the Half-
word mode, TAARO is generated twice for each transfer, The outputs of the AAR are used by the Match circuit to detér-

mine the end of the data block. Its contents may be examined, via the program, by issuing two consecutive DRs to the
SELCH when the sequencer is initialized. In addition, AAR151 is used in the Byte Transfer mode to determine whether
the byte being transferred is odd or even, for byte steering. Carry Out from the most significant stage of the AAR (CC:0)
(541) terminates the transfer, clear Busy, when a transfer is attempted past the maximum memory address. This fea
ture prevents 'wrap-around' in memory.

4,5 TFinal Address Register

The Final Address Register (FAR) is implemented by' four quad latches (Sheet 5). This register, like AR and AAR, is
loaded by the Processor under coatrol of the Load/Unioad Sequencer. The outputs of this register are used exclusively
by the Match circuit to determine when the final address of the transfer is reached.

n



4.6 Memory Data Register and Data Buffer

The Memory Data Register (MDR)(She&t 6) is.a16-bit register composed of 16 edge triggered JK flip-flops. In the
Memory Read mode, the MDR is first cleared by Clear Data Register (CDRO) (4R2) and then direct set by each active
bit on Memory Strobed Data Lines MS000:150 (Sheet 6). During a Memory Write, the data, in double rail format, pre-
sent at the J and K inputs to the MDR, is toggled into the flip-flops on the trailing edge of either Load Data Register
High (LDRHO0)(649) or Load Data Register Low (LDRLO)(6J9).

As soon as the MDR is loaded, if the Data Buffer (DB) is empty ( as determined by the inactive state of the Buffer Ac-
tive flip-flop)(3H1), the MDR contents are loaded into the DB (Sheet 6) by Load Data Buffer (LDB1)(357). Information
present in the DB is, in turn, either written into memory via Memory Data Lines MD000:150 or sent to the device on
Private Data Lines PD000:150, '

4,7 Data Transfer Circuit

 Refer to Figure 3 for Memory Read timing diagrams and Figure 4 for Memory Write timing diagrams, The Memory
Read timing diagram shows the timing of a three byte transfer, in the Byte mode, of 2,000,000 bytes/second. Figure
4 shows a transfer of two halfwords, in the Halfword mode, to a slower device.
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Figure 3. Memory Read (Byte Mode)
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A GO Command to the Selector Channel sets the Busy flip~flop which generates the End of Busy Set pulse (EBS1)(3K8).

In the Memory Read mode, EBS1 is decoded by the Branch Gate circuit and SREQO is generated. Thus, a request for

. memory is initiated, When the halfword of data is present in the MDR, the End of Memory Transfer pulse (EMX1)(4R6)
becomes active and the Branch Gate circuit once again requests memory and generates Set Status Transfer (SSXO0)(385)
and Lead Data Buffer (LDB1) (387). These signals initiate the transfer to the device and load the Data Buifer (DB) re-
spectively.

SSX0 sets the Status Request flip-flop (3F6) which activates the Private Status Request control line (PSR0)(3G6) to the
active device on the private SELCH Bus. This Status Request examines the four least significant bits of the Status Byte,
If any of the three least significant bits (EX, EOM, or DU) are set, the transfer is terminated by resetting the Busy
flip-flop (3F3). The assumption is made that each of these status bits remain reset for the remainder of this discussion.
© With Bit-12 (Busy) of the Status Byte reset, the Data Transfer flip-flop becomes set 3F7). Data Transfer (DX0)(3E1)
‘inhibits the generation of PSR0, which causes Private Sync (PSYN1)(4B4) from the device to become inactive. This en-
ables Engage to go high (ENG1)(3D8), which allows the Private Data Available centrol line (PDAO)(3HS) to become active,
The Private Data Available/Request signal (PDAR1)(3H5), generated whenever a Private Data Available (PAD0)or Private
Data Request (PDRO) signal is active, will then clear the Status Request flip-flop. Upon receipt of Sync from the device,
PSYN1 active, the Data Transfer flip-flop becomes reset and ENG1 goes low, disabling PADO. When the Sync is re-
moved by the device, an 80 nanosecond End of Data Transfer pulse is generated (EDX0) (3J8) which increments the Aux-
iliary Address Register and is used by the Branch Gate circuit to generate a function in accordance with the truth table
for EDX on Sheet 3, This cycle continues until termination of the transfer is detected.



In the Memory Write mode, WT1 active (3F5), EBS1 is used to generate SSX0, and the Branch Gate circuit directs the

loading of a halfword of data into the DB before a memory request is made.

The transfer of data from the device is the

same as described in the Memory Read mode, except that ENG1 is used to generate the Private Data Request control
line (PDRO)(3H5) rather than PDAO, Data from the device is loaded into'the MDR on the trailing edge of either Load
Data Register High (LDRHO0)@R2) or Load Data Register Low (LDRL0)(2R2), depending on which eight bits are being
loaded. In the Halfword Transfer mode, both LDRHO and LDRLO are generated simultaneously. With WT1 active, the
generation of EDX1 is delayed by activating the clear input to the one-shot (3H8) when the Buffer Active flip-flop is set
(BACT1)(3H1), if either the transfer to the device is on an odd boundary or when a Match is detected (MCHO0)(5J2). This
prevents the reloading of the Data Buffer (DB) before the last halfword has been written into memory.

4.8 RACKO/TACKO Contention Circuit
The Selector Channel directs the propagation of the Acknowledge signal to lower priority devices on the Multiplexor Chan-

nel Bus as well as devices on the private SELCH Bus,

If the Selector Channel Attention flip-flop (4B4)is set, the SELCH

captures the Receive Acknowledge signal (RACKO) (4B3), place its device address on the Data Lines and return Sync to

the Procéssor, Attention Sync (ATSYNO)(4F4) active.
Private Transmit Acknowledge (PTACKO0)(4F2) or Transmit Acknowledge (TACKO0)(4F3).

If the Attention flip-flop is reset, RACKO is propagated as either
Since devices on the private

SELCH Bus have a higher interrupt priority than devices below the SELCH on the MPX Bus; if the Private Attention
Test line is active (PATNO) (4B1), PTACKO is generated rather than TACKO. Note that when MSCO is high (3F4), PATNO
is disabled so that a device on the private SELCH Bus may not interrupt the Processor while the SELCH is active.

5. MAINTENANCE, TROUBLE SHOOTING, AND TEST

Before attempting any maintenance or testing, insure that the necessary back panel modifications and SELCH board
option strapping have been made in accordance with the NS Selector Channel Installation Specification 02-232M01A20.

To insure a 2,000, 000 Byte/sedond transfer rate in the Byte Transfer Mode, it is necessary to limit the maximum delay
between PDA0O, PDRO, and PSRO and thc return of Sync from the device (PSYNO), to 30 nanoseconds. In addition, the de-

vice must be ready for the next byte of data, Busy Status Bit reset, whenever a Status Request is made. Field testing of
this device is contingent upon the user having appropriate software and hardware available with which to exercise the

There are no adjustments associated with this device. Do not install Terminator Boards 35-433
or 35-434 on the SELCH bus if a transfer rate of 2, 000,000 Bytes/second is to be maintained in the Byte (8 Bit) Mode.
The SELCH Bus should be contained on a single 15 inch chassis if no terminators are used.

Selector Channel.

6. MNEMONICS

The following list provides a brief description of each mnemonic found in the SELCH,

Functional Schematic 02-232M01D08 is also provided.

MNEMONIC

AAR001:151
ACTO

AD1
ADRS0
AG081:151
ATNoO
ATSYN
BACT1
BSY
CDRO
CBSY0
CL070

CLG1

MEANING

The source of each signal on

SCHEMATIC LOCATION

‘ Outputs' of the Auxiliary Address Register

Accept - Request for memory accepted by Processor

Address - Active when SELCH is addressed

Address control line from MPX-Bus

Address Gated Lines - Output of Address Strap

Attention - Attention to Processor

Attention Sync - Generated by an Acknowledge Attention from Processor
Buffer Active - Indicates that valid data is present in the DB

Busy - Indicates a data transfer is in progress

Clear Data Registér - Clears MDR prior to loading frorp MS000:150
Clear Busy - Terminates transfer when a match is detected
Control Line 7 - Control Line from MPX-Bus

Control Line Gate - Gates Private Control Lines

5F1-5F9

4H1

2K7

4B8

1E3 - 1E8

4F1

4F4

3H1

3F3

4R2

3M3

4B6

1c2



MNEMONIC

CLUS0
CMDO

CMG

Coo

D000:150

DAO
‘DLGO

DB001:151

DRO
DRGO
DX
EBS1
EDX1
EMX1
ENO
ENG1

ENMDRI1
ENMDW1

ENMS1

HWO
INHO
LARHO
LARLO
LDB1
LDRHO
LDRLO
LFRHO
LFRLO

'MA000:140

MCH1

MEANING

Clear Load/Unload Sequencer - Clears Sequencer
Command Control Line from MPX-Bus

Command Gated by AD1

Carry Out of the AAR - Prevents Memory 'Wrap-around’

Data Lines from MPX-Bus

Data Available Control Line from MPX-Bus

Data Line Gate - Gates Data Lines and Private Data Lines

Qutputs of Data Buffer

Data Request Control Line from MPX-Bus

Data Request Gate‘d by AD1

Data Transfer flip~-flop

End of Busy Se’; -~ Signals the start of a SELCH transfer

End of Data Transfer - Signals the end of a device transfer

End of Memory Transfer - Signals the end of a memory transfer

Enable from Memory Bus

Engage - Gates either PDS0 or PDRO

Enable Memory Data Register Read - Gates contents of MDR to

MD000:150

Enable Memory Data Register Write - Gates contents of DB to

MD000:150

Enable Memory Strobe - Gates contents of MS000:150 to MDR

Halfword Control Line from MPX-Bus

Inhibit from Memory Bus

Load Address Register High - Loads AAR and AR, Bits 00:07

Load Address Register Low - Lards AAR and AR, Bits 08:15

Load Data Buffer - Load contents of MDR to DB
Load Data Register High - Loads MDR Bits 00:07
Load Data Register Low - Loads MDR Bits 08:15

Load Final Address Register High - Loads FAR Bits 00:07

‘Load Final Address Register Low ~ Loads FAR Bits 08:15

Memory Address Lines to Memory Bus

Match - Indicates -a match between AAR and FAR

SCHEMATIC LOCATION

3s2
4B8

287

5A1

1A3 - 1A8
2A1 - 2A8

4B7
1R2 - 1D3 °

6G2 - 6G9
6R2 - 6RO

4B7
2L5
3F8
3J4
3J8
4R7
4H2
3D8

4R6
4R3

4R4

1Dz
4H5
2R2
2R2
382
3F8
3H9
253
283
5R1 - 5R8

5J6



MNEMONIC

MD000:150
MS000:150

MSCO
PADRS0
PATNO
PCLO70
PCMDO

PD000:150

PDAO
PHWO
PSRO
PSYNO
PTACKO

RACKO

RBAO
REQO
SCLRO
SGADI
SRO
SREQ0
S§85X0
sX
SYNO
TACO
TACKO

TAARO
TARO
UAAHO
UAARLO
WT

WRTOA

10

. MEANING
Memory Data Lines to Memory Bus

Memory Strobed Data Lines from Memory Bus .

Multiplexor SELCH Control flip-flop

Private Address Control Line to SELCH Bus
Private Attention from SELCH Bus

Private Control Line 7 to SELCH Bus

Private Command Control Line to SELCH Bus

Private Data Lines - SELCH Bus

Private Détz_t Available Cdntrol Line to SELCH Bus
Private Halfword Control Line from SELCH Bus
Private Status Request Control Line to SELCH Bus
Pri!fate Syne from SELCH Bus

Private Transmit Acknowledge to SELCH Bus

Receive Acknowledge from MPX-Bus

Reset Buffer Active - Resets Buffer Active flip-flop
Request - Réqueét for memory cycle to Memory Bus
System Clear - Initialize Signal

Set Gate - Sets Address flip-flop -

Status Request Control line from MPX-Bus

Set Request - Initiates a request for memory

Set Status Transfer - Sets the Status Request flip-flop

Status Transfer - Status Request flip-flop
Sync to MPX-Bus

Transmit Accept - To lower priority DMAs

Transmit Acknowledge ~ To lower priority devices on MPX Bus

Toggle Auxiliary Address Register - Increments AAR

Toggle Address Register - Increments AR

Unload Auxiliary Address Iieg'lster High - Unloads AAR Bits 00:07

Unload Auxiliary Address Register Low - Unloads AAR Bits 08:15

Write flip-flop

Write to Memory Bus, when selected

SCHEMATIC LOCATION

6G1 - 6G8
6R1 - 6R8

6Al1 - 6A8
6H1 - 6H8

3F4

4F8

4B1

4R6

4F8

2F1 - 2F8
1S3 - 189

3H5

1A1

' 3H6

4B5
4F2

4B5

3M2
4R5
4H4
2 LR‘
4B86
384

385
3F6

285

4F3
3M1
487

2R4
2R4
3F5

4R3



02-276R03A12
February 1976

M49-410
TEST AID

INFORMATION SPECIFICATION

1. INTRODUCTION

This Information Specification covers installation, operation, and maintenance of the M49-410 Test Aid (02-276) and the.
associated logic in the Processor. Refer to 02-276D08 for schematics of the M49-410 Test Aid.

2. GENERAL DESCRIPTION

The Test Ald consists of a switch display panel and a 17-283 logic card which attaches to the following boards:

35-446 CPU-HI Model 74 Processor

35-446TF01 and 25-446F02 CPU-HI 7/16 Basic Processor
35-524 CPU-B Model 7/16 HSALU Processor

35-523F01 and 35-523F02 CPU-B Model 7/32
35-624F01, F02, F03 CPU-B Model 7/32C Processor

The Test Aid provides the ability to examine the address of the micro-code and to stop Processor clocks at option.

3. INSTALLATION

This section provides th

e information necessary to install the Test Aid on the Prqcessor. The 02-276R01 or higher

revision level Test Aid may be used on the Model 74, 7/16 Basic, 7/16 HSALU, 7/32, and 7/32 C Processors. The
02-276R00 Test Aid may be used on the Model 74 and the Model 7/16 Basic. The installation procedure is:

1.

2.

Remove the display from the chassis.

Place Test Aid logic card over pins on CPU-HI board or CPU-B board (installed in Slot 6 of the Processor
back panel, refer to Figure 1)and press down until Test Ald logic card rests on spacers on the Processor
board. The switch/display panel assembly may be placed on a table or mounted on the chassis as shown in

Figure 2.

On the 7/16 HSALU Processor, a jumper must be installed between TP1 on the 35-544 CPU-B board and
TP2 on the 35-522 CPU-A board.

.

On the 7/32, a jumper must be installed between TP1 on the 35-523F01 or F02 CPU-B
board and TP2 on the 35-522 CPU-A board.

On the 7/32 C Processor, a jumper must bé installed between TP1 on the 35-625F01, F02, or F03
CPU-B board and TP2 on the 35-624 CPU-A board.
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Figure 1. Test Aid Installation
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Figure 2. Switch Panel Mounting

4. POWER

Power and ground are supplied by the Processor board. There are no other power requirements.

5, OPERATION

Refer to Figure 3 during the operating description. The 12 Light-Emitting Diodes (LEDs) numbered 4:15 display the con-
tents of the ROM Address Reglster. The numbers assigned to the LEDs correspond to the ROM Address Register bits.
The 12 toggle switches labelled 4:15 provide the ability to set-up a match address. The Test Aid loglc stops the Processor
clocks when the selected "match address' is in the ROM Address Register and the Address Match switch is in the ON (up)
position.

6. ADDRESS MATCH SWITCH

After selecting an address on the Address switches, place the Address Match switch in the ON (up) position. When the
ROM Address Register of the Processor contains the "match address", the Processor clocks are stopped on the next
clock. The Address Match switch feature can also be used to interrupt and continue micro-code loops. Follow the pro-
cedure for address matching. Select an address within a miero-code loop. Once the match has been found, depressing
the Clock Advance (ADV) switch once allows the micro-code to go through the loop and match on the selected address
again.,
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NOTE
The LED display in most cases is one increment ahead of the
match address. The micro-code instruction at the address

selected has been executed or is one clock into execution when
the match occurs and the Processor clocks stop.

7. CLOCK ADVANCE SWITCH

The Clock Advance switch allows the Processor to geaerate one clock each time it is depressed when the Address Matc}
or Single switch is in the ON (up) position.

8, SINGLE SWITCH

When the Single switch is in the ON (up) position, the Processor clocks are stopped. With this switch ON, the micro-
program may be executed one micro-instruction at a time by depressing the Clock Advance switch,

t

9. ADDRESS SYNC

Address Sync is a BNC connector whose ouiput is a low going signal that becomes active when the Address switches an:l
the contents of the ROM Address Register compare, The contents of the ROM (specified by the ROM Address Register
will not be loaded into the ROM Data Reglster until the next Clock which loads the ROM Data Register,

10. OPTION ,

Pins 'A' and 'B' are normally wired together. Pin 'A’ is the output of a comparator that compares the ROM Address R »g-
ister and the Address switches. When they compare, the signal on Pin A goes high (+5 VDC) causing Processor clocks

to stop. Removing the wire between Pins 'A! and 'B! provides a means to bring in any high active signal on Pin 'B' to
stop Processor clocks. To match on any high active signal, the Address Match switch must still be placed in the ON

(up) position when a match is desired. Removing the wire between 'A' and 'B' will remove the capability to stop Pro-
cessor clocks on address match. See Figure 4,
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11. TEST AID MAINTENANCE
11.1 Timing

This section defines timing sequences (Figure 5) in the logic of the Test Aid and associated logic in the Processor. Re-
fer to the Processor Functional Schematic, Clock Control sheet, for logic detail of the clock stop.

TIMING CHART FOR ADDRESS MATCH

BCLKO o _ L~ uJ - LJ
ADR. MATCH SW | / Lff
. (o
RAR ADRO (ALL BITS) & -
ADRMCHI - L i
ADRSYNO . , \\{_/ IF
.FTITO \}\ ..
) -

MSTOPO % ' (i ~

ADR SEARCHI ADR FOUND ] STOP PROC. CLOCKS | START CLKS |

TIMING CHART FOR SINGLE STEPPING

e

BCLKO L] LT LJ\ l__l) l_}\ o

N

SINGLE SwW - l

FTITO \5_,-,-
4

MSTOPO % %, / //

Ve o
ADVCO had
FSADVI .
B, :
C g
FADVO i
| STOP PROC. CL.LOCKS | ALLOW ONE PROC. CLOCK | STOP CLKS. |

% MSTOPO IS A CLOCK STOPPING SIGNAL INTERNAL TO THE MODEL PROCESSOR.
WHEN ACTIVE ALL PROCESSOR CLOCKS EXCEPT CLKi, BCLKI AND BCLKO ARE STOPPED.

Figure 5. Test Aid Timing



11.2 Mnemonic Definitions

ADRMCH1 - This signal is active when the contents of the ROM Address Register and the Address switches are equal.

ADVCO - Flip-flop output which goes active when the ADV switch is depressed, inactive when the ADV switch is
released.
BCLKO - Deriver from the Processor. This is a clock that cannot be stopped by any clock stop in the Processor.

BCLKO width is typically 60 nanoseconds and the period is typically 250 nanoseconds.

FADVO - When active, allows FTITO to be inactive for one clock period. If ADVCO and BCLKO are active at the
same time, the FADVO flip-flop sets.

FTITO - This flip-flop is reset by Single switch ON, Address Match switch ON, and a match address.
MCH04~150 - When active, indicates that a particular address switch has been selected.

RAR04-150 - ROM Address Register outputs which indicates the address of the micro-instruction to be executed on the n«xt
clock. ’

.

12. USE OF MODEL 70 EXTENDER BOARD (11-103) ON THE PROCESSOR
12.1 Hazards

All Model 70 extender boards, below revision level 11-103R02, when used to extend Processor boards, present two
hazards.

1. All stiffening metal on the extender board when being piugged in becomes +5VDC. This hazard exists with
either Processor board on the extender.

9. When the Test Aid is installed and the CPU-LO or CPU-A is on the extender board, a stiffening bar
located on the underside of the extender board rests on top of the Test Aid logic card and forces it
down possibly causing a short.

12.2 Modification

The following information describes how to modify the 11-103R01 extender board:

1. Pins 200-0, 200-1, 241~0 and 241-1 are tied into the ground bus of the extender board. These pins in the
Processor are +5VDC, Both ends of the extender board tie these pins to the extender board ground but
via feedthrough holes causing the ground bus to become +5VDC. Cut the copper between these feed-
through holes and the extender board ground bus, Add a strap from the copper run of Pins 101-0,

101-1, 140-0 and 140-1 to the adjacent ground shield to restore the continuity of back panel ground to
extender board ground. ‘

2. Remove stiffening bar on underside of extender board. Three new clearance holes must be drilled so that
the stiffening bar mounts horizontally rather than vertically. The original screws may bottom out; if so,
use #4-40 x 5/8 screws, Refer to Eigure 6.

After this change is made, care should still be taken to insure that the Test Aid logic card is not shorting
to the stiffening bar.
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09-065R02A12
January 1975

M71-102
HEXADECIMAL DISPLAY
INFORMATION SPECIFICATION

1. INTRODUCTION

The optional Hexadecimal Display Panel provides a means to manually control the Processor, interrogate and display
various Processor registers and machine status, set and display Processor memory locations, and may be programmex
as an I/0 device by the user.

This specification describes the 09-065F02 Hexadecimal Display Panel (Product Number M71-102). It is also applicable
to the 09-065F01 Binary Display Panel (Product Number M71-~101), which is identical to the Hexadecimal Display Panel
except for the omission of the hexadecimal indicators. The Hexadecimal Display Panel provides the following functions:
Displays five bytes of programmable digital information.
Registers and displays five hexadecimal digits of manually entered keyboard data.
Displays the WAIT and Power (PWR) indicators for the Processor.
Provides a 26 key control keyboard for manual input to the display.
Provides two bytes of unbuffered Switch Register data to the Processor.
Provides one byte of staius to the Processor.

Provides a three position OFF-ON-LOCK key type switch capable of switching three separate power supply con-
trol lines. '

Provides a control signal to the Processor that the display requires micro-program suppoft.

2. GENERAL DESCRIPTION

A complete description of the operation of the Hexadecimal Display Panel is provided in the appropriate User's Manual
This specification describes the display from a maintenance view point. Tigure 1 shows the Hexadecimal Display Panel.
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Figure 1. Hexadecimal Display Panel

Various parts of the Hexadecimal Display Panel in Figure 1 are numbered to correlate to the following descriptions.

1.
keys are:

Contro! Keyhoard. The keyboard is the operators manual input to the Processor. The function of the specific

DTA

ADD

RD

WRT

FLT

REG

FN

- 8GL

RUN

INIT

SEL

The function of the Data (DTA) key is to clear the Switch Register, connect the Switch Register to
the display indicators, and enable hexadecimal data to be entered into the register. The Switch Re-
gister remains enabled and connected to the display indicators until any non-hexadecimal key other

than DTA is depressed.

Hexadecimal Keys 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, and F supply data to the Switch Re-
gister when it is enabled, and the function number or register number for the Processor supported
display (see Section 2. 2).

The Address (ADD) key causes the Processor to read the five hexadecimal characters of the Switch
Register, store them in the address portion of the Program Status Word (PSW), and display PSW.

32:63 on the indicators.

The Fead (RD) key causes the Processor to read the memcry location specified by the PSW, incre~
ment the PSW address by two, and display on the indicators the new address and the data read
from memory.

Depressing the Write (WRT) key causes the data contained in the Switch Register to be written into
the address specified by the PSW, the PSW to be incremented by two, and the new address and the

data written to be displayed on the indicators.

Depressing the Floating-Point Register (FLT) key, followed by any hexadecimal key n, causes
Floating-Point Register n to be displayed on the indicators.

Depressing the Register (REG) key, followed by any hexadecimal key n, causes general register n to
be displayed.

Depressing the Function (FN) key, followed by any hexadecimal key n, causes the Processor to per-
form "Function n" as described in the appropriate User's Manual.

Depressing the Single Step (SGL) key causes the Processor to execute one user instruction and dis-
play the last register or function selected.

Depressing the Run (RUN) key causes the Processor to enter the Run mode at the address specified
by the PSW.,

Depressing the Initialize (INI) key initializes the Processor.

Depress DTA, then 0 or F, for selection of Reglster Set 0 or 1 respectively. Then depress the
Function (FN) Key followed by SEL to enable the selected register set to be displayed.

NOTE

The display requires support from the micro-program for all
functions other than entering or displaying Switch Register data.



2. CFF-ON-LOCK Key Operated Locking Switch. This switch controls the power fo the Processor and allows
the keyboard to be completely disubled in the LOCK position. .

3. Indicator Formats. These formats aid the user in interpreting the display indicators.

4. Format Selectors L0:4. Light Fmitiing Diole (LED) indicators L0:4 determine the format to be used to inter-
pret display indicators L§:40.

5. Dispiay Indicators L5:40. Taese LED indicators are used to display the PSW, general registers, etc., as
described by the indicator formats.

6. Display Indicators I1:3. These indicators display the corresponding values displayed on L5:40 in the hexa-
decimal format.

7. WAIT and FWR. These indicators are illuminated when Processor is in the Wait state and Power is supplied
to the Processor. )

2.1 Switch Register Entries

When the operator is manipulating the Switch Register, there is no interaction between the display and the Processor.
Data is entered into this register by {irst depressing the DTA key. This operation clears the Switch Register; connects
the Switch Register to L5:24 of the display, and allows subsequent hexadecimal keyboard entries to be left shifted into
the least significant digit of the resigter. The register is disconnected from the display and disabled when any non-
hexadecimal key other than DTA is depressed. The register can be momentarily examined when it is disabled without
affectirg the Processor operation by depressing any hexadecimal key.

2,2 Processor Intervention

Depressing the following single keys causes the signals ESNCO and ESNOO to be complimentarily pulsed (ESNCO is a
positive going pulse):

ADD
RD .
WRT
SGL
RUN

Depressing one of the following sequences of two keys causes a similar action:

FLTn (nis any hexadecimal digit)
REGn
FN n

3. FUNCTIONAL DIAGRAM ANALYSIS AND CIRCUIT DESCRIPTION
Refer to Figure 2. Hexadecimal Display Panel Block Diagram and Funcfional Schematic 09-065D08.
3.1 OFF-ON-LOCK Switch

This switch (2K1) controls power to the Processor by completing the circuit between CONT2 and CONT1 in the ON and
LOCK positions, The gwitch is factory wired to provide one set of closures. This switch also provides a hard ground
to the Processor as POFFO in the OFF position which may be used as an early power down indication. When the switcl
i{s in the ON position, LP5 (2L1) is provided to the keyboard to enable the sensing of these switch closures.

3.2 Keyhoard

The keyboard (Sheet 2) has a 5 x 5 gwitch array which is used to enter information to the Hexadecimal Display Panel legic,
plus an Initialize (INT) key used to transmit this condition to the Processor (2G1). The keyboard is a self-contained un t
and connects to the 35-520 Jogic board by 27 stakes, 00-1 through 26-1. These normally open switches are encoded by
diode logic (Sheet 2) to form HEX01:31 (2B8) and FUN00:30 (2C8), plus a few additional control signals mentioned later
in this description, The switches are designed to be high active when a switch is depressed by biasing 2all receiving
gates low with a 220 ohm ihput resistor. A switch being depressed causes an input gate to go high by supplying LP5
through a current limiting resistor from the common input, Pin 0, if the OFF-ON-LOCK switch is in the ON position.
There is no keyboard rollover protection and if more than one key is simultaneously depressed, the result is unspecifizd.

3
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Figure 2. Hexadecimal Display Panel Block Diagram

3.3 Matrix Encoding
The diode matrix is encoded to drive signals HEX01:31 to the hexadecimal equivalent of the respective key 0:F (HEX31 is
the LSB) when it is depressed. Depressing any function key other than DTA causes FUN00:30 to yield the codes specified
by Table 1.

TABLE 1, FUNCTION KEY ENCODING (FUN00:30)

Key Depressed FUNOOD FUN10 FUN20 FUN30
SGL 0 1 1 1
RUN 1 1 1 1
WRT 1 1 0 1
RD 1 0 1 1
ADD 1 0 0 1
REG 0 1 1 0
FLT 0 1 0 0
FN 0 1 1 1

3.4 Clocking

Depressing any keyboard key other than DTA or INI generates one of three types of clocks used by the Hexadecimal Dis-
nlay Panel logic. This is accomplished by a positive transition of signal KEY1 (2F8) whenever one of these keys is de-
pressed. The one shot triggered by this transition (2G8) is used to allow a one to two millisecond interval for switch
bounce to subside before triggering the second one shot STRB1 (2K8) which is used to generate one of the three clocks.
Since contact bounce is likely to retrigger these one shots when a key is released, the occurrence of signal KEY1 (any
key depressed), HKEY1 (2F9 a hexadecimal key depressed), or FKEY1 (2H7 a function key depressed) being true in coin-
cedence with the one shot is used to derive the clocks.



2,5 Switch Register Clocks

The Switch Register is enabled for clocking by depressing the DTA key. This is accomplished by direct clearing the
Switch Register Enable flip-flop (SRENB) (2Lv) when DTA is depressed and ANDing the zero output o: the flip-flop plus
HKEY1 and STRB1 to drive the Switch Register Cleck (SRCLKO) (2M7). This clock is disabled by setting SRENB with
the occurrence of FKEY1 when any function key is deyressed.

3.6 Status Register Clocks

Two different clocks are used to load the status register. FTYPCLO (2M8) is generated whenever any function key other
than DTA is depressed and is used to load ¥FUN00:30 into one half of the status register. The second clock FHEXCLO
(2N8) is generated whenever a hexadecimal key is depressed if the previously depressed key was FN, REG, or FLT.

In this case, the hexadecimal input would be the register number or function number desired and FHEXCLO is used to
clock HEX01:31 inio the second half of the status register. '

3.7 Processor Intervention

The logic of the display signals the Processor that a response is necessary to a console function by signal ESNCO (2R7)
and its compliment ESNOO (2RT7). These signals are complimentarily pulsed whenever a function key other than DTA,
'FN, REG, or FLT is depressed, or whenever a hexadecimal key is depressed following FN, REG, or FLT (the occurr-
ence of FHEXCLO). :

3.8 Switch Register Loading

The Switch Register (4B1, 4D1, 4G1, 4J1, and 4M1) is loaded with a hexadecimal character with the occurrence of each
SRCLKO as mentioned previously. Data is entered into the least significant character (4B1) from the switches (HEXO01:
31) and left shifted through the register with each clock. The register is cleared whenever the DTA key is depressed.

3.9 Status Register

The status register is loaded in two parts as described previously. One half is loaded from FUN00:30 when a Function
(FN) key is depressed by the occurrence of FTYPCLO. The least significant bit of this register is re-circulated on SG1.
or RUN and the second LSB is re-circulated on SSL to conform to the status codes indicated in Table 2. The second

half of the register is loaded from HEX01:31 with the occurrence of FHEXCLO. These registers are initialized by SCL 0
from the Processor.

TABLE 2. STATUS CODES

KEY DL1|DL2 | DL3| DL4 | DL5| DL6 | DL7| DLO
SGL 1 U X X X X X X
INITIALIZE 1) U U 9) U U O U
RUN 0 0 0 X X X X X
WRT 0 0 1 U U U U U
RD 0 1 0 U U U U U
ADR 0 1 1 U Ay |Ag | Ag | B4
REG n 1 0 0 1 ny | ng ng ny
FLT n 1 0 1 1 ny ng ng ng
FNn 1 0 0 0 ny ny ng ny

A = Most significant hexadecimal digit of Switch Register

U = Unspecified

X = Unchanged

n = Hexadecimal digit associated with function (see Section 6)

The display status is presented to the Processor on the data lines (DL01:71) for the duration of time that control signsi
SRGO is at a logical zero level., The data presented for status is in accordance with Table 2.



3.10 Display Register Loading

The Hexadecimal Display Panel registers and displays five bytes of data transmitted from the Processor. Two control
signals are transmitted from the Processor to direct the loading of these registers. LAO (2K5) is a low active pulse
which signifies that data is available on bi-directional Data Lines D01:71 and it is to be loaded into the least significant
byte of the display register. LAO is used to initialize a four bit shift register (2M4) to 1000, which is used to load
subsequent bytes, and generate a load pulse LA1 which is used to load the data into the LSB of the display register (2B6
and 3E6). Four subsequent LBO pulses sent from the Processor gates data from D01:71 into successive bytes of the
display register (3G6 and 3J6, 4C5 and 4E5, 4G5 and 4K5, 4N5 and 3N2). This is accomplished as each LBO pulse is
inverted and gated as LDB1, LDC1, LDD1 and LDE1 (2N4) respectively as controlled by the sequencing shift register
(2M4) which is right shifted with each LB0 pulse.

3.11 Display Indicators
The two least significant bytes of the display register are gated directly to LEDs 1.25:40 and the hexadecimal indicators
16:9 (Sheet 3). LEDs L5:24 and hexadecimal indicators I1:5 are used to display either the most significant bytes of
the display registers or the Switch Register. These sets of registers are selected through the 2:1 multiplexors (4C6,
4E6, 4H6, 4K6 and 4N6) as determined by the state of the DISSW1 (2N6). DISSW1 is high whenever the Switch Register
is enabled (SRENB1) or a hexadecimal key is depressed (HKEY1).

3.12 Processor Inputs

Data is gated to the Processor in response to control signals SHIO, SLO0 or SRG0O. SLOO gates the two least significant -
digits of the Switch Register onto the bi-directional Data Lines D01:71 (4C3 and 4C4). SHIO gates the next two Switch
Register digits onto the bi~directional Data Lines D01:71 (4H3 and 4K3). SRGO causes the status register bits to be

gated (3D4) as per Table 2. Note that either the most significant Switch Register character is gated (4N3) if DL11 is low
or the hexadecimal portion of the status register if DL11 is high (3H4).

4. PROCESSOR INTERFACING

4.1 Processor Connector

Signals from the display are terminated at a 26-080F 06 type connector per the following list:

£
SIGNAL PIN SIGNAL PIN x1-x4| P
D01 109 LAO . 203 X1 207
D11 : 110 LBO 114 X2 211
D21 111 : SHIO0 200 X3 210
D31 112 SLO0 206 X4 209
D41 202 WAIT1 102
D51 204 SRGO 113
D61 205 ESNCO 103
D71 . 208 ESNOO 104
POFFO ) 105 INITO 101
CONT1 DB1-C1 & 214 SSGL1 106
CONT2 DB1-C2 GND 100-3
CONT3 DB-C3 & 213 GND 108
SCLRO ' 107 GND 212 twisted with 114
GND 201 twisted with 203
*X1-X4 Al-8 leads to front terminal strip of chassis.,
4.2 Timing
| | a. 50ns min.
a1y 7 .
| c. 50ns min.
LAO OR LBO [P b e ¢ =
| D :
I | d. 50ns max.
|
SLOO OR SHI0 OR SRGO t— d - —+le fe— e. Ons min.
v |
]
| f. 600ns+10%
ESNOO fo—a| |
]IZI 1| | g. 25ns
| —>|g
s h. 100ns
h— P——

SSGL1 F——
| | j. 100ns

Figure 3. Hexadecimal Display Panel Timing



5. INSTALLATION PROCEDURE

The Hexadecimal Display Panel is connected to the Processor via a 17-305 cable. The 26-080F06 30-pin connector of
the Hexadecimal Display Panel plugs into the mating connector as shown in Tigures 4, 5 and 6.

CNTLL, CNTL2, P5, GND, LGND, +L jumpers go to corresponding lugs on the Processor chassis display terminal
strip as shown in Figure 4,

5. POWELER

The Hexadecimal Display Panel draws its power from the P5 and +L lugs on the Processor chassis display terminal
strip. See Figure 4.
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7/16 HSALU INSTALLATION

Figure 6. Model 7/16 HSALU Installation 7" Chassis
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7. MNEMONICS

The following list provides a brief description of each mnemonic found in the Hexadecimal Display Panel. The source
of each signal on Functional Schematic 09-065D08 is also provided.

MNEMONIC MEANING SCHEMATIC LOCATION
CONT1 12 VAC to turn on power supply 2L1
CONT2 12 VAC to turn off power supply 2M1
DISSW1 Controls Display Multiplexors for 1.5:24 2R6
ESNCO Execute switch normally open , 2RT
ESNOO Execute switch normally closed 2R7
FTYPCLO Function type status register clock 2N7
FHEXCLO Hexadecimgl type status register clock 2N8
FUNO00:30 Encoded functional keys Sheet 2
HEX01:31 Encoded hexadecimal keys Sheet 2
INITO Initialize Processor 2H2

- LAO Low active signal from Processor which initializes the loading 2K5

sequence and loads the least significant byte of the Hexadecimal
Display Panel :

LBO Low active signal from Processor used to control loading of dis- 2L5
play registers by generating LDB1, LDC1, LDD1, LDE1

LDB1 § 2R3
LDC1 Load display registers 2R4
LDD1 2R4
LDE1 Loads display mode register and most significant hexadecimal 2R4
digit of the display
POFFO Early power OFF failure 2K1
SCLRO System Clear, initialize status registers 3J1
SDAO : DTA key depressed 2J2
SHIO Switch Register high haif gate command 2M2 .
SLOO Switch Register low half gate command 2L3
SORO SGL or RUN keys depressed _ 2K2
SRAG1 Switch Register most significant hexadecimal digit gate command 2R2
SRCLKO Switch Register clock 2M7
SRFG1 Status Register Function high half gate command 2R2
SRG1 Status Register low half gate command 2M2
SSL1 SGL key depressed 2J6
WAIT1 Wait light control . 2M6

10
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MODEL 8/16 MICROPROGRAM 05-068R00A13 PAGE 1
( PROG= MB.16 ASSEMBLED BY MICROCAL II (32=-BIT)
e — - _ e
1 SCRAT 8160003 _“—\1
( L 2 CROSS 816060% ,
b B oooseeHK S, - a16000% 4
o 4 * COPYRIGHT INTERDATA INC.  SEPTEMBER, 1976 8160005
( 5 & : 8160006
L - & * DHEMA MAHAJAN 3160007
T * 8160008
| 8 6160009 f
b ~ 9 % THE MICROCODE IS CONTAINED IN THE FOLLOWING 512 x 8 (4K) ROM CHIPS B1ggoio 0000
10 * 8160011
( 11 PARTS 19-186R00F214,19=186R00F22,19~186R00F23 8160012
— e U ¢ ___PARTS 19~186R00F24,19-186R00F25,19-186R00F26 . 8150013 I
| 13 * 8160014 :
{ 13 * 8150015 i
R o 15 * o o .. .B1B001E . A
i 16 * 8160017
( 17 % LOCATION EQUATES 8160018
S 18 ¥ . i . o 8160019 .
19 = 8160020 i
| 0022 20 PNTR EQu 220 8180021 ;
L 0024 21 APSW  EQU 24 . S . 8isooe?
) 0626 22 ALoC EQu  '26? 8160023
( 0636 23 ILGPSW EGQU  *30¢ 8160024
0038 2% _ _OmMMPSy _EQU 38 . e . 8160025
i 0080 28 OIPSW EQU  t40Y 8160026
C 26 * 8160627
||1;_.._- e e 2.7_, . IR e e e e e e e e m e ____78}._@99‘38 i
28 * INSTRUCTION READ IS IN PROGRESS 6160029
( 29 * LOC IS INCREMENTED By 2 & JAMMED Ii HAR 8160030
3D . ®_ . S _ L 8160031
[ 31 = _ . 8160032
¢ 000 8% 8197 32 START BT "ATN+CATN4#SNGL+MALF yHELP IF ANY INTes GO TO HELP: 8166033
| ol __EO0 4400 33 _ _STARTY L _ _MRO3Q.YSeDY  VECTOR THRU OROmi, 816003%
) 34 * INITIATE MEMORY READ, 8160035
¢ 38 * IF RR OR SF, SUPRESS MEMORY READ 8160036
UV | - SO, : I . N B1s0037
o - 37 * v 8160038 B
¢ 38 * COMMON RS 8160039
S U . S R . 81600
40 * 8160041
¢ 002 a4 GCOA 41 RS 8F AMOD +RSNX O S 83160042
... @03 4 ew%0 M2 A MRO«QeMDReD2 - (MRO} :® As(X2) VECTOR THRU DROM2 8160043
\ [ 43 * 8160044
g4 * 8560049
L — 45 _* RX TYPE 140 INSTRUCTIONS . _ 8160046
46 * 8160047
( 47 * 8160048
o 48 * COME HERE THRU DROM1 o 8150049
'] * _ 2160030
( o0k o€ 7071 50 At ACK YD GET INTERRUPTING DEV ADR' IN R1 8160063
Y | . e a1 % e e e _._Bigeqs2 ]
52 * COME HERE THRU DROM1 FOR RDs WDe RHs WHy S5 & OC 8165083
C 53 * 8160054
D05 Q% _3E01 s IORXK____ADR YD . _____ ADDRESS THE DEVICE o 8165053
( .




MODEL 8,16 MICROPROGRAM p5<068R0O0ALS PAGE 2

85 * 8160056
S6__ & . ____ . — A160057
[ 57T : 8160098
i 58 * COMMON RX 81560059
Lo o - .. 89 . ®_ ... . ) o e . BiG00SO
60 * 8160061
006 A% pCO8 61 RX BF AMOD ¢ RXNX 8160062
SR 7. ) oh 684%0 62 A MDR Q@ 4MOR ... 8160063
i 008 04 TA%0 63 RXNX L MAR MOR 816006%
; 009 40 7102 64 L1 Qs2+MR 8160060
L poa_ 24 7440 . .. ..6% . RSNX.. L MROJMDR D2 {MRO) =. SECOND OPERAND .._ . _ ______ 81606066
66 * 8160067
67 * COME HERE THRU CROM1 FOR AL 8150058
U 68 . % . . . N AT, . . ... 810069 . ... ___
i 008 AY% 3FOE 69 AL B ALt 8160070
70 8160072
S _A_..~,-______“11__"_1_cnuﬁ HERE THRU DROML FOR 3 LM «STH . ____. : — e ____®lg00T2
72 * LMESTME ' 8160073
73 * LMD, STMD 8160074
e e e B S e 80075
! 75 * 8160076
i 76 . 8160077
__..anC_ A% DCOE _ . ._ . .. 77.. LMSTM BF AMODOLMNX . . . __._.@ls0or8 _ _ . __
00D 04 6840 78 A MDR Q4 MDR 8160079
00F 04 TA40 79 LMNX L MAR ,MDR (MAR}) = EFFECTIVE 2ND OPERAND 8160080
e e . . .80 * T e ... BAR0ORY
ooF 00 710F 81 LI Q.15 8160082
010 0% E460 . 82 s MRO+0,YDI {MRO) = COMPLEMENT OF YD FIELD 4160083
L____ 011 . ._ 20 7102 . 83 ) LI Q.2+02 U . _816008% . __ .
8% * 8150085
85 * COME HERE THRU DROM1 FOR BXHs BXLE 8160086
e e . _BA.. . _®__ .. o . B16008T
012 A4 DC14 87 BX " 8F  AMODBXNX 8160088
018 04 6840 88 A MDR ;84 MDR (MDR) = A + (X2} : 8150089
L pis 0% 3402 A9 __ _BXMX____ L_____MRD,YOP1 (MRG) = (R1) := START INDEX = _ __ _ . 8180090 __
015 04 5423 90 A nRo.vonz.nRO {MR0) = INCREMENTED OR 8160091
91 * DECREMENTED INDEX 8160092
016 0C 7022 S S2 L ____YOPIL«MRO _ . __ . _. . . - .. 8160093
017 2C 3002 93 L YOP14YD402 BUMP YD FIELD 816009%
9% * 8160095
o 9% % B S 8160096 -
96 « INPUT / OUTPUT INSTRUCTIONS: 8160097
97 * 8160098
e .98 % U 8160099
F'“" 99 * COME HERE THRU DROMZ 6160100
{_ﬂ 100 * 8160101
gL 018 o4 78F4 ... ..103 RO RD _MDR.CS READ A BYYE ... 8160102
019 60 2000 102 RD2 L Q.0 Py WRITE A BYTE/HW INTO MEMORY 8160103
014 Co0 2000 103 L Q.Q4IR 8160104
, . 104 *x , L ... 8160105
105 & COME HERE THRU DROM2 8160106
106 * 8160107
018 60 7100 107 RH LI G@e0 . : 8160308
01C 84 EC1E 108 BT HW,RHH FOR HW DEVICE, 60 TO RHH 8160109
01D 00 TOF4 109 RO QeCS - {9 037) =: MS BYTE 8160110
01E o4 7874 110 RHH  RD MDR __.._tMpR 8115) = LS BYTE 8160111
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MODEL 8716 MICROPROGRAM 05-068R00A13 PAGE. 3
¢ 01F a4 6840 111 A MDR«QeMOR 8160112
agn A% 3Ci9 112 B rRD2 8160113
- i 5 113 8160114
( i 114 s COME: HERE THRU DROR2: = 8360118 e
R I UL TS TR [ _ 8160136 -
' 021 a4 EC23 116 RHR BT  HW.ROR FoR HW DEVICE, 60 T0 ROR “8160117
¢ 022 00 TOF4 117 RD Q¢CS (@ 037) = MS BYTE 8160118
I 118 * _ e 8160129 .
119  * COME HERE THRU DROM2 FOR ROR 8360120 T ]
¢ 120 x 8160121 i
L 028 0% T4T4 121 RDR. . RO MRO 8366122 o
024 cC s220 122 A YS+QeNRQ IR 8160123
( 123 * 816012%
. Y1) * COME HERE_THRU DROM2 FOR WH & WHR o 8360125
125 * , _ . £16032€¢
( Qas a4 gcey 126 WHR 8T HW «4OR For Hy DEVICE, 60 TO WOR 8160127 e
- 126 o4 TEAR 127 WD KRD,CS 8360128 L
o 128 * 81603129
C 129 -u COME HERE THRU DROM2 FOR WDR 81606330
o 130 — e 8160131
027 o% TERH 15 unn WD MRO WRITE A BYTE/HW Yo DEVICE 8160132
( 028 co 2000 132 L @+0+1IR 8160133
133 * — e 81605134
134 + COME HERE THRU DROM2 FOR SS & Al 8160135
¢ 135 * 8160136
029 o4 78F2 1356 ss SS__MDRiCS SENSE STATUS INTO MDR 8160157
[ ;. geA o% T1CCO 137 L FLR¢HOR.CS B1E61E6
s g2m a4 3€19 138 B ‘RD2 8160139
R 139 - . N 2160149 _
140 ‘% COME HERE THRU DROM2 FOR SSR & AIR 8160141
C 1481 * 8160142
g2C oC j272 142 SSR sS Y$ __SENSE STATUS INTO R2 8160143
[ oen C4 4C00 143 L FLR(YSIR ' 8180354
( - 1% 8160145
: 485 % COME ‘HERE FHRU DROWZ. 8160146
146 * . 8160147
€ p2E 0% 74Co 147 oc L MRO 4MDR¢CS {MRO 73153 = COWMAND BYTE 8160148
148 I 8160149
; 149 : COME HERE THRU DROM2 FOR OCR _ ~e;sa;so : =
< , 156 B . eyeosLr . .-
K Vi ‘0% 7E22 163 ggL 0C _ HRO t4RO_T115) = COMMAND I ¥ -5 h T
gxoe 00 2000 L €,0 DELAY 8360153
C o onaw Las | Berss
g3z 08 2 L y) _ 81601585 .
. 227 £ 2000 L QG4 IR R "61‘.;»!51b5 v )
¢ L ) * - co BLERIBT. - e
< N * . 8365180, . E
* COME HERE THRU DROM1 FOR RB 3 WE E160159
¢ * :1suzsg
: ] - O I -} 111 1
054 0% ‘3E01 RBWE  ADR YD 4 ' P ITTY AO
¢ 038 . .04 7A40 T S Hka*“ﬂa ..... o T plesied R
. Ak nede Lt gEe CAMOD:RBMENN ol el S BYERLEY T S
. 04 gASO § A MARAG yMDR: ti6G1cS
C 44 7A5S 165  RBYBNX INC  MARJMAR.MR 8166566
R > 11 ¥ - S —




N MODEL 8716 MICROPROGRAM 05+868RO0AL3 PABE &
Ne 03A 00 7040 167 L 24MOR (@) = BLOCK START ADDRESS 8160168
_ _ L KAR+Q:MR (H4R)_=: BLOCK STARY ADDRESS 8160169 -
S 2 169 " e lHDRl = BLOLK END AOORESS - -Ble01T0 EREE
( 0ac A% 3EEB 170 8 BLKIO0L : : T84BT o
ST & 1 S S — . B160172
172 * 8160173
( 173 = 8160174
e ) 174 * SHIFT / ROTATE INSTRUCTIONS _ } , .. .8%60175 . .
175 x 8160176
( 176 = 0160177
. e _177. __« COMF WERE FROM D1 FOR SRWLe SLML 81606178
178 * 8160179
( 030 0% 7BOF 1719 SLHL LI MAR 15 " 8160180
~— _03F 0% 7500 380  SkHL2 LI | MRO.O o {MRo) = 0 FOR LOGICAL SHIFTS/ROTATES 8360181
. o5F 0% 7000 181  SLHL3 LI FLR40 8160182
¢ 182 = 8160163
| om0 &% pch2 183 AEE____AHQDJSLHLHX : . 816018%
081 0% 6840 18% MDR 1@ ¢ MOR 8160185
( 082 00 7052 185 SLHLNX L QyMAR,YDP1 (0) & SHIFT 7/ ROTATE MASK 8160186
186_ % _ _BUMP YD FIELD 8160187
; 045 06 684C 187 N MDR QsMDRF. {MDR) = SHIFT / ROTATE COUNT == 0833 6160188
{ 188  » o tYD). & (R1) 8160189
.. n44 a0 3003 189 L 0. YNM1 o) = (R141) A1£0130
045 A4 34E6 190 BF 64SHIFTD ABORT IF COUNT = g 8160191
( 046 24 7000 191 THRUD2 LI FLRy0,02 8160192
—_— 192 __=* 8160193
193 % COME HERE FROM D1 FOR SRHAy SLHA 816015%
¢ i9% = 8160195
; J o495 _ SLHA_ 41 = MAR1S _ o 3160196
048 oC 300C 196 SLHA1 L YD,YD,F 83160197
( 049 A4 383E 157 BF  L,SLHL2 8160198
Ty 0% 7580 198 LI MRO.'80Y 8160199
. 048 0% T8A0 199 EXB  MROHRO tMRDOO) ¥ .SIEN BIT 8180260
( 04c A4 3C3F 200 ‘ B . SLHLB L : 8160201
i 201 i - AN .. ‘Bi60232-
A 202 * COME HERE FROH b1 FoR saa. SLA ‘ 8160203
( 203 * 8160204
04D 04 7B1F 204 SLA LI MAR.3) 8160208
. o4E. A% 3C48 205 B SLHAL . o o 8160206
( “ - 206 % . L , L : 8360207
207 * COMF HERE FROM D1 EOR RRL» RLLY SRi, SLL: i 8160206
. 208 * 8160209
( o4F 0% 7B1F 209 SLL L1 MAR .31 8160210
; 050 A% 3C3E 210 :] SLHL2 . 8160211
211 = v - , D . . 8160212
{ [k CA : . i218 % .COME HERE FROM D2 FOR SLLS. SLRU ' .. . 81g0213
. ; : S P13 ‘ v e e o BiE0BYR
051 0% 7640 214 SLHLD2 L CNTRMDR 8160215
( 052 1C 3004 215 L YO YD SL4CO SET C FLAG 8160216
0s3 €C. 300C L YD, YO FIR __SET CC _ 8360217
[ ok o ) . i L . o Ton '1515@316; ‘
(¢ REs . : R o . 8164219
B i e o R R heoTRlegRed o e o
) 084 e& 7640 8LLD2 L CNTRMDR 8160g21
C 055 18 3004 221 L YD2ZO YD (SL+CO &ie0222
056 0C 3002 222  SLLab2 L YD,YDP1 8160323




MODEL 8/1¢ MICROPROGRAM 05-068ROCA13 PAGE
( 057 oC 200C 223 L YDeaeF 810226
_ 058 gc_3003 224 L YOM14YD ) 83£0228
Q82 .0 pozc N T Q- Y0 YOWRRO 1 FEIR OGR IN SIGH BYIT.SEY LC 36226 f
Cor . o T 228 » T ‘ o o | BY8028T =
T R 227 * - i ; | 8iG0z28 ¥,
: 228 * 8150229
( 0SA 0% 7649 229 RLLD2 L CNTR4MOR 81560230
. psB 18 3009 2% _ ' . __ L YDEQ YD SL4CT o 8160222
05C Ak 3C56 231 B sSLL1D2 8160232
( 282 * 8150233 %
- 233 * 3 - 8160234
' 234 * 8160235
( 08D 04 7645 235 SLHAD2  INC  CNTR«MOR (MDR) = SHMIFT COUNT 8160236
05E 1C 3004 236 L YD,YDSL4CO SET € 2160237
058F 1% 3000 237 L YD YD4SR , 8160236 ]
{ 060 ¢0 poac 238 0 YDsYDMRO«FeIR SET CC 810239
At 239 * o 8160240 i :
240 * COME HERE THRU DROMZ FOR SRHA 8160241 <
( PUS U ' 8160242 R
) 061 0C_300C 242 SRHADZ2 L YD, YDoF o 8160263 :
o2 03 F100 243 INVI Q.0 {Q) = IFFFF? Bi60z4d :
{ 06% 84 386% 264 BT LeSRHLL 8389849 ?
245 * o 8160246 1
246 * COME HERE THRU DROM2 FOR SRLS & SRHL 8166247 I
( . 247 * 8160248
p6u 00 7D00 248 SRHLD2 LI FLREGYO ~ 8160249
1 065 04 7640 249 BRHLL L CNTR1HOR 8166260 ?
C 0€8 1% 3008 250 L YD YD SR$CI#CO 160251 _ :
ol 06T cC 200C 251 NLONG L YD+ YOeF¥IR SEY CC- g160252 : 3
252 ® 8160253
{ 253 * 8160254
254 * 8360285
{ 058 ok 76%0 255  SRLD2 W CHTReMOR 8160256
GE9 10 3¢dA 256 SRL1D2 L YD30s YD+ SReCO ag‘nzsf' :
| 064 &4 _3CH8 257 B8 SLLa02 . - gasogpse -
) * 8360259
( * 83160260
* — _ 8160261
968 ot 7640 RALO2 L CNTRAMOR . 8160248
11 10 3009 L YD30+YDsSR+CI. 816dp88 )
iobL L. _pED: ,___Aﬁ__iﬁﬁ N :] 810402 —_— 6‘1{5&25& LA Y
. x 8160265
( * COME HERE THRU pDROM2 FOR SRA 0160456 .
, 66F »5 7385 SRAD2 DEC  MDR4MOR. (KORY = SHIFYT CpUNT =1 (0130) .alsaaae
8 DEF, ok T84C . &b WAOR(MDRF . , ; < 6160269
a7 P4 346y “BF. . 64SRL1D2 - 60 DO0- LAST ‘SHIPT 6%602y0 - o]
_ 671 10 3000 L . YDEQ+ YD SR SHIFT RIGHT Ry & R3+1 oucz 8360271
N 072 o0 D020 0 YD, YD+ MRO OR IN SIGN BIT 8166272
,,,,, 013 24 7000 R LT FLR:0+D2 _LOQP THRU D2 8160273
( . A P : o RS o K : T ...x ¢ : . 5;53‘7‘% . -
s ) §160275
s e RS - 1 117 { U 1Y
o4 1640 CNTR+MOR 8360207 .
L 18 3000 YD&WsYDeSL £160278 .
16 3004 ... YOgQy Y0 SL4CO. Bye0RYe
¢ e o , T ."]“




MODEL 8716 MICROPROGRAM 05-058R00A13 PAGE 6
()44 10 3000 279 L YD3@+YD.SR 8150280
028 A% _3C56 280 B SLL1D2 _B160281
o ‘281 * . : e 8560242
282 * COME' HERE THRU DROM1 FOR ! LEGCE,AESE+MEJDE 8160288
e e @BB L 3 LDsCDAD.SDMDSDD -B16028% _
284 * 8160288
079 A% 3EAS 285% FRX ] FRXD1 83160286
e I . 286 _ % . 5 . . ...B16028T .. _ —
287 * COME HERE THRU DROM1 FOR t STE.STD 8160288
288 ® 8169229
L——o¥a A% QDCIC 0000 289  STELSTD. BF __AMODMSTENX 8160250
oTe 04 6840 290 A MDR,Q,MDR 6160291
orc 04 TA4Q 291 STENX L MAR,MDR {MAR) = EFFECTIVE 2ND OPERAND 8160292
_ 070 20 7102 292 LI Qe2.02 - : 8160293 S
293 - - 8160294
29% # COME HERE FOR ATLvABL (D1) . 8160295
_ 298 ok P16D296
07E A4 3E51 296 ATLABL B ATLABLD1 8160297
297 ® 8160296
238 = COME HERE FOR RYLsfBL _(D1) _8160299
299 * 8160300
QTF: A% 3E6D 300 RTLRBL B RTLRBLD1 8180301
. 301 o« . 83853552
302 % COME HERE THRU DROM2 83503203
) 303 * 8160304
080 00 3000 308 __  SINT L Q.YD SAVE YD IN Qa . 81g0305
081 oC 71FF 305 LI YD, 'FF? (MRO) = 2ND OPERAND :z- DEV ADR 81603066
082 1E 5020 306 N YD4¥YD4MRO+SL {YD) :=:2 X DEV ADR 8166507
083 A% 3DEQ . %07 ___ . __ __ B _ . SINTY_ — e 8160508
208 * 8160309
309 * COME HERE THRU D2 FOR ¢ STH 8160310
. 310 % . _ 8160311
l 084 04 TA20 311 STH L MAR3yMRO (MAR) = EFFCTIVE :2ND OPERAND. 8150812
s o4 3800 312 L MDR, YD (MOR) = (R1) 8160333
L o086 &0 2000 333 SYH2 L QeR.MW_ ___ _ ____ WRITE HW TO MEMORY - 8ia031%
087 C4 7C00 314 L FLR+PSW¢IR 8160315
315 * 8160316
I 216 x . e N - 141 1.3 & S
: , 317 * } 8160318
‘088 0% %84E 318 AHM A MOR + YDy MOR +F4CO SET FLAGS 8160%19
0a9 At 3C19 3319 . . .. __B.._RD2 __ . ' - — 8160320
320 * 8160321
321 * COME HERE THRU DROM2 83160322
u ... B22 % . e _ 61603253
084 c2 sp2¢ 323 THI N Qe ¥YDeMROJF#IR 816032%
L 324 * 8160325,
L 325 * 81603826
. 326 * COME HERE THRU D2 FOR ¢ LMD 8160327
' 327 * 8160328
088 A4 3E8B 328 LMD 8 LMDD2 8160329
g ) 329 £ . ' ) S . B3E0330 ¥
2 , o 320 & COME' THER THRU DROM1 FOR LISy AI§, g'S1S: 8160331 )
; i B3, k- s SIS S S BLEL3RR :
08cC 24 7430 332 IMM L MROWYSI D2 8160333
333 * 81E033%4
— 334 # COME HERE FOR ACHR (D1) -& ACH (Dg) S 8160335




MopFL 8,1¢ MICROPROGRAM 0%-068R0O0A13 PAGE 7
( 335 ® 81£0336
_ (L) g% 7¢00 336 ACH L FLRPSW GET OLD CC IN FLR 8150337 -
: = 337 % . o . o . 6160338 . ,»;1_31
( 338 % COMMON AHR tD1) ‘3 AHy -AHIy AIS (D2) 61E0339 A ey
. 332 , e 8160340 _ i
; 0eg cC =02F 340 AHR A YD YD1 MRO+CT+CO+F+IR 8160343
( 341 * 8160342
S 342 % COME HMERE_FOR SCHR (D1) & scH b2y - ___81e0343
i 33 * - - 8150344 .
( 08F o4 7C00 344 SCH L FLRvPSW GEY OLD CC IH FLR: 8120545
355 * 8350546
346 ‘* COMMON SHR (D1) & SH, SHISIS (D2) 8160347
( 47 * 8160348
0990 CC_DO2F 348 SHR S YD,YD:MROCI+COtF+IR _ 8360349
) 349 * 6160350
¢ 350 & .COME HERE THRU D2 FOR .3 LME 8360351
' 091 Ad 3E91 352 LME ) LMED2 81606383 :
{ 352 * 816035% :
o 354 « COMMON FOR NHR (D1) & NHe NHI (D2) 8150355
355 * 8160338
e £92 CE s02C 356 NHR N YD YD+ HRG vF#IR B160357
e 1.3 A — _ 8360358
, - 358 « COMMON OHR (D1) z OH, OHI (D2} 8160359
( . 389 * 8160360
093 €b po2C 360 OHR 0 YD YD1#MROFHIR o 8160351
361 * . 83160362 , :
¢ 362  » (COMHON XHR (D1) & XHy XHI (02) £160363 N 1
A 4 _363 _ * B1e03a4 : B
) FED) cF 502C 264 XHR X YO, YDeMROF+IR 8160365
({ 365 * 8160366
366 % COMMON LHR (D1) & LHe LHIs LIS (D2) 8160367
) 367 * N 51603568
{ 095 ¢C roec BES LHR L YD MRO+FHIR £560859
359 23 : 8350273
370 ® 8560371
( T * 8560372
____pg¢ . CC FO3C 312 Les TCHP _YDsYSIsFeIR o £160373
7y = - &L6037%
( . BF4 % COBMON .CHR (D1} & CHy CHI (D2} IOy LH
el , Iy £ | : L _ 8160357¢
, 037 - 63 502C 376 CHR X Qs YO'MROWF COMPARE SIGNS OF BOTH OPERANDS 8150377
( 092 g4 3A0C 577 8T L DIFFER IF DIFFERENT, GO YO DIFFER 81560378
- 318 = - 8160373
219 % CONHON CLHR (D1) & CLMHe CLHI (D2) 6360520 _ T
( 383 . . . : 8340381 A N
L _.89%_____CO0 DO2E 381 __CLHR 8§ QeYDIMROLCOFIR R _ _BLEDBLR e
_ 382 * 81603638
( 383 % COME HERE THRU D2 FOR ¢ STMD 8560384
-1 ®_ ~ o _ 63109365
03A AL BEIA 885  STHD B SYMDOZ R L ET L ]
C o 26 - % , £109367 1
. R o RRT. - # . RS F GRS CER F X -1 +1-3:1 - i
368 * 160589
( 389 * 6560490
e e e 3§9_w.-£_ILLE§AL,Iu{»l‘ﬁ&!ﬁ!?ﬂ.,Q&SQD,E;!?E!EGIED - IR & £ 4 0-1:2 SN —
( - PR : k,‘r R - : . ";:7' . . . :




MODEL 8,16 MICROPROGRAM 0%.068R00AL3 PAGE 8

391 * 8150392
A —05 2215 392 ILES DEC__ LOC4LOC —-DECREMENT LOC BY 2 8160393
(1114 o4 7830 393 N 1 NARW ILGPSW ' ' ) B81eq39k
t9D A% 3F21 LLTY B GENSHWP SWAP. PSW 8150398
S S 338 _  x e I - 2160396
396 * COME HERE THRU 02 FOR $ STME 8160397
397 * 8160398
—— .. _.09E .._ A4 3ESE. . 398 STHME ] STHED2 v . .. BlE0%99 L
: 399 x 8160400 _
400 ™ 8160401
- R Y | S T .- 8160802
402 * RR I RS BRANCHES 8160403
403 * ‘ 8160404
904 % o R 8160405
405 * (COMMON BALR (D1) & BAL (D2) 8160406
406 * _ 8160407
nefF: ac 010 40T BALR L YO.uOC LYn) = INCREMENYED Lof 8160408
0AD 04 7220 408 BRANCH L LOC MRO 8160409
0Al C4 7€00 409 NOB L FLRoPSW,IR EEI . 8160410
- 410 % S _ I __ 610432 = 00000000
‘ #11 * COMMON BTCR (D1) & BTC (D2) 8150412
412 * ) 8160413
L _0AP B4 ECAQ 413 _BTCR BT MSKeBRANCH . _ Afcoule
0A3 C4 7C00 414 L FLRyPSW.IR 8160415
. 415 * 8160416
- 416 * COMMON BFCR (D1) & BFC (D2) 08160417
417 * 8ig0a16
AR A% SCAD 418 BFCR BF MSK «BRANCH 8160419
L oA% _Ca& 7C00 419 L FLRyPSWIR 8160420
420 * ’ 8160421
421 * 8160422
422 % SHORYT BRANCHES 8160423
| 423« 8150420
424 - 8160425
- k25 % COMMON FOR ATRS. BTFS (D1) 8160426
426 * 8160427
0A6 a4 SCA9 427 BTS BT MSK+SHORTB IF ANY CONDITION TRUEy BRANCH 8160428
gAY C4_7C00Q 428 L_____FLRs«PSWeIR 8160829
429 ™ 8160430
. 430 # COMMON FOR BFBSy BFFS (D1) : 8140431
i : . B L5 T : : T RO L S FBLAGHER
0AB 8% SCA1 432 BFg BT MSK+NOB IF ANY CONDITION TRUE. DON'T BRANCH 8160433
0A9 05 7215 433 SHORTB DEC  LOC,LOC DECREMENT LOC By 2 8160434
pAA 00 7030 . 434 L Qa¥SI . . _ 83160435
I 0A8B 20 6030 435 A QeG1YSIsD2 -£Q) 3 DISPLACERENT IN ¥ OF. BYTES: 6160456
L 436 = ) . . ] . o 8160437
437 % COME' HERE THAU OROM2 FOR BYBS: BFE3 et : B81504%8
438 * 8160439
0AC 01 2000: 439 BKWORD TCMP Q¢Q GEY TWO'S COMPLESENT 8160440
440 . S : : — 8360541 : -
, H41' . COME' HERE: THRU DROM2 FOR BTEB» BFF5 e T CBLenyn2 I
o L e o B2 *: ) o : T » A &iEOGE3 . 8
e L1 R L 32 1 It g 'Y | FRHORD -4 LOCe@yL0C = - . - INCREMENT OR DECREXERNT LoGCY L cELBOREY
QAE: C4 7C00 444 L FLR+PSK, IR 8160445
445 * 83160446
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MODEL 8716 MICROPROGRAM 0%5-068R00A13 PAGE 9
¢ 4%7 % BRAKCH ON INDEX INSTRUCTIONS 8160448
_ 448 » __ 8160449
469 e e 3 ST iB4E04B0 !
{ 480 * (CORE 'HERE 'THRU DROM2. T 81£0451 A
o e 13 S S . . 3 PR L] i
. OAF ol 5025 452 BXH s G PRO+YD+JAMCISCO - (@) = DECREMENTED INDEX = LIRIT ~-1° 8160453
\ 050 A4 3CB2 453 B BX1 ‘ : 6160454
e .. a54%  o®_ _ L U, Bye6yss .
. 455 * COME HERE THRU DROM2 8160456 i
( 456 * _ . . 8160457 -
6BL 00 QO2A 457 _ BXLE S ©.YDeMROSCO () @ LIMIT = INCREMENTED INDEX 8160458 i
458 * 8360459
( 082 84 1CB4 459 BX1 8T C¢BXNOB 8160460
083 o4 7240 460 L LOCoMDR - 8160468
084 C4 7C00 461 BXNOB L FLR PSH(IR 8160462 )
( 462 % 8160463 ;
1ty - 463 R 3 ‘ﬁéﬂ_‘iﬂ“ :
uE4 * BYTE HANDLING INSTRUCTIONS 8160465
( 465 * 8160466
S 466 x 8150467
) 46T  * 8150568
{ 488 * COME HERE THRU DROMZ2 FOR LB 8i664E9
. o 469 = _ 8160470
) 085 oe 74C0 470 ) L MRO+MDRCS (MRG 7t15) = BYYE TO BE LOADED 8160471
( 471 * 8150472
472 * COME HERE THRU DROM1 FOR LBR 8380473
] 4T3 - ' BLE A4 TR
¢ 686 ac 1920 474 LBR L YD (RRO 8160475 -
‘L 687 CE. 51FF 475 NI _YD4 YO *FF? TSOLATE BYTE 8360476
038 . C4% 7Coo0 476 L " FLR¢«PSWVIR 8160477
( yrr * 160478
478 % COHE HERE THRU DROM2 . 8350479
41 = i . _ T 8160380
( 68% 96 55FF 880 ‘cLB NI MRO ¢ YD IFF? {MRO) = L6 BYTE..OF 18T OPERAKD 4606481
L 628 00 _71FF 481 AT Qe *FF . T . - : hBLG0482
038 02 &0CoQ 482 N 0,0sMDRCS (@) = LS BYTE OF 2ND OPERAND 8160483
{ 0sC €5 &42E 483 s MROJMRO4GF4CO+IR  SCY CC 8160484
48% * —_ __ 8160485
485 * COME: HERE THRU DRON2 8150546 ;4
4 ’ %86 * . o B e URAT d
e 68D o4 3400 487 ‘518 Al ERO4YD ) S Y 1271 4
p8E o4 78A0 488 ‘EXB  HKDR.MRQ 8160489
C 0SF An 3C86 489 8 STH2 £150450
, 490 * _ _ 2160491
: ‘491w . e £160b452 :
( : L “RBE &L . S N 8150493 4
nce Ok Y820 493  STBR L _ MDReMRO 4MDH) = SECOND GPERAND E1E04 T4 g
oct 6% 7801 . Ly HAR¢1 (MAR) = CDD 8160498
¢ oce 04 3400 L MRO, YD (MRO) ‘= 1ST OPERAND 836C496
__8e3 _ 04 78A0 EXB __ MOR+HRO B GET LS BYTE FROM 1ST OPERANG 8160457
. oLk 2C Y:%0 Tk Ys1ROR+D2 IRETRUCTION .REAG inRU. DROKZ. - TTRIEDRD8
o : - - i o 8360499
Y FES - et L RPN 5 471113, -
. 8360554
({ 2C 70A0 EXB  YD+#RO+D2 1R THRU OROM2 8360562
o e - _ .. B1c0%G3
€ : " g, o
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MODEL B8/16 MICROPROGRAM 0%~068R00A13 PAGE 10
503 & 8160508
504 * 2360509
‘5038 * 8160808
506 * " 8360507 oo
L. ——— e $07__ .« COME HERE THRU. DROM2. . . _ . . aja0s0d
508 * 8160509
océ 84 1CAL 509 LM BT CyNOB 8160510
——— _QCT7 45 7425 - 510 DEC MR «MRQ MR DECREMENT COUNT 8360511
ocs 0% 6A50 511 A MAR ¢ Q¢ MAR 8165512
oco 2C 71042 512 L YDPY YMDR D2 LOAD GENERAL REGISYER 8160513
— . 813 ko S AlE051%
514 * COME HERE THRU DROM2 8160515
515 * 8160816
—— QCA o0& 3802 516 STH L ____MDRsYOP1 _ __ e e B1BOBAT_
ocs: 65 7425 517 DEC  MRO,MRQMW STORE GENERAL REGISTER INTO: MEMORY 8160518
gcc: - a% 1CAL 518 BT C.NOB : 8160819
: 0 519 S MAR:Q@sMARsDR  INCREMENT MAR. LQOP THRU P2: @140820
520 x 8160521
521 * COME HERE THRU DROM2 FOR LPSW 8160522
SR ke 8160523
oCE 0% 3400 523 LPSW L MRO, YD SAVE YD IN MRO ‘8160528
oCF A% 3F2C 524 8 LPSW1 8160525
525 % - S - 8180526
526 % COME HERE THRU DROM1 FOR EPSR 8160527
527 * 8160528
000 0% 7400 S28 EPSR L _MRO.PSW 8160529
[ 001 0C 7020 529 L YD HRO (YD) = OLD PSy 8160830
on2 0% 4000 530 L RS, YS NEW RSW 8160531
L_ans A4 3F30 ‘531 —B__ -EPSR1 I e _..81e0s32 . __
532 * ‘8160533
533 * 8160534
53% *_SnOnT SHIFYS - __B1£0S83S8_
535 * 8160536
536 * 8160537
E. %4 4 & £A160538
538 * 8160539
539 * COMMON FOR SRLSs SLLS (01) 8160540
540 % . — 8160511
0Dy o0& T83C 541 SLLS L MDRyYSYoF ‘(MOR) & SHIFT ‘CQUNT 81560552
005 . 8% 34h6 %2 BT Gy THRUD2 . ' . - BLE056LT
__0D&: €C 300C 854X L _YO.,YDsF4IR ABRCRY IF COUNT:-IS ‘ZERO _ v 8160549
544 = 8160545
45 s 8160546
866 = RR_TYPE I1/0 INSTRUCTIONS 8160547 R
547 * ~ 8160548
548 ™ i 8160549
49 % COME HERE' THRU DROM1 FOR AIR - 83605590
: . 550 * . 8160551
007 oC 7071 551 AIR ACK YD G6ET INTERRUPTING DEV ADR IN R1 8160552
552 * 6160553
553 * COMMON FOR. RDRe« WDR+ RHRe WHRe SSR. :0CR - T B1coESW Y
T - e 1 T U . o Lo SR 831460455 ’
Y o QD8 g% JE0] 555  I0RR ADR___yD T ADDRESS THE' DEVICE: - 8165536
009 20 7100 556 LY Q,0,02 (a) =0 83160557
557 * 8160558
- e — __ 8360559 _

536

0.




MODEL 8/16 MICROPROGRAM 05-068RO0A13

PAGE 11

{ 559 s+ BLOCK I/0 81605E0
. 560 * 8360581 )
| 561 - 8150562 !
! 562 * COME HERE FOR RBR« WBR 8160553 f
R - S . ] . eyeoEEH . :
' 0DA A% 3EDF 564 RBRYBR B "RBRWBRD1 8160655
565 * 8160566
e 566 * A - . Biegser R
%567 * 816G568 :
¢ ! 568 * "COME HERE THRU DRONM1 FOR DMR3 THRU DROM2 FGR DH 8156559
L 569 % o I 1111 .
00B A4 3E00 570 DHR ) GHR1 8160571
( 571 » : 8160572
572 % COME HERE THRU DROM1 FOR MHRY THRU DROM2 FOR MH L 8160573 R
3573 * 8186574
( .. edt A% 3E32 574 RHR B HHR1 £160875
) B , 575 % _ P _ 8360575 )
576 * COME HERE THRU DROM1 FOR MHURT THRU DROMZ FOR MHRU 8160577
{ 577 * 8160578 .
_____poo A% 3E48 578 MHUR B MHUR1 8160572 L :
5719 3 E 8560380 i
{ 580 * COME HERE THRU D1 FOR 8 FXRFXOR 81g0581 !
581 * s31865862 i
00E A4 3EC9 582 FXR B FXRD1 8160583
{ 583 * » 8160584
_ 584 # COME HERE THRU D1 FOR 3 FLRyFLOR 8160585
] 588 . ’ 8160586 |
( goF: A% 3ECD 886 FLR 8 FLROL 83c8587 !
L 587 % 8160368 |
583 * COME HERE THRU DI FOR t LER<AER'SER+MEROER 8160589
{ 589 * t LDR,ADR¢SDR(MOR,DDR 8166550
530 * . 8160591
A f [ A% 3ECe 851 FRR 8 FRRO1 8160552 ]
( B8§2 - 8166533 i
. 593 % COME HERE THRY L4 FOR ¢ CER,COR ) 816059% !
594 * 8160555
4 0EL A4 3EBE 595 CER 8 CERDL 8160535
. o o 596 % e 8160897 i
BS7 * COME HERE THRU DROM2 FOR STE 8150430 T
C | £38  * . §560529 A
GE2_ A% 3E83 £99 __ STE B____SYEDZ . 8180506 |
600 * 8166601
. 601 & COME HERE THRU CROM2 FOR SYD 81g0s02
, g2 __ % . i B160803 — I
! N A% xEAF £03 STD B sYoo2 eicocot :
O - ook . 8360005 <
L - G0 _ = COKE HERE YHRY QROM2 [ 8160c06 i
o 606 * 8160507
{ 0E" o4 7EC4 607 WD W MORCS WRITE A BYTE 8160606
0Es €0 2300 628 -,L,___ﬂ QGsIR . R . Bye0BOS
- n ‘&n% & i e 8106230 1
430 = .SHIFT mum FOUND TO BE 2ERD 81g0s11 |
£13 . & e I T .Y -7 £ SO,
0ES o4 3800 612 8HIFTO L MDR4YD SAVE YD IN MDR 8160613 '
oE" oC 7110 613 Ly YD.16 , 8150614
pEd__ _ OE S08C 3 L N N YD.YO\MAReF _ SEE IF LONG SHIFYS = _ . 8igosts
i Ay 4w Bl e e b el VB DL e s . ot . o !
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MODEL 8,16 MICROPROGRAM 0%-068R00A13 PAGE 12 .
0€E9 0C 7040 615 L YDyMOR RESTORE YD 8160816
— —OEA A4 3467 616 BF 6 4NLONG _ 8160617
0EB o4 7000 617 L1 FLR.O YESs CLEAR FLR 8160618
pEC A4 3C%6 618 B StLib2 go SET CC: 8160819 :
L e i e B K e A e 8ie0c20
620 * ROUTINE FOR SVC  (D2) 8160621
621 * 8160622
—. . -0ED .. 0% 7820 . .. BR22 svcD2 L MDR MR O (MDR) = SECOND OPERAND _... 8160623 . R
(1] 04 7894 623 LI MAR * 941 g 8160624
OEF 64 7896 624 L1 MAR Y969 ¢ MW WRITE IT & Xe9% 8160629
L oFn 0% 7800 625 . _ . ____ L __ MDR.PSH_ —— 8160626 _
oF1 &4 7B98 626 LI MAR 989 4MW WRITE OLD PSW 8 X'96¢ 8160627
oF2 o4 7810 627 L MORLOC 8160628
0E3 6% IB9A _ £28 o kI __MAR,'9AY MW __MRITE OLD LOC @ X198 160629
629 8 8160630
OFY4 00 7460 630 L MRO&Q . YOY 8360631
oFS 40 6020 __&31 . BA___ _Q.QsMROMR  __ RFAD NEW PSW FROM X*®a¢* 00 8160632
oF6 o4 6B9IC 632 al MAR @, *9C? (MAR) = *9C* ¢ 2(yDI) 8160633
oF7 04 70%0 633 L PSWMOR NEW PSW 8160634
_OF8 49 2000 634 _ L QuQeMh_ . — 8160635
0F8 o4 7240 635 L LOC +MOR NEW LOC 8160636
OFA c# 7C00 656 L FLR«PSW¢IR 8160637
— £37 x N . S _ 8160638
. 638 * 8160639
oFB o4 D00 639 FINISH LI FLR4O 8160640 °
€O 2000 . . g40 __ _TERMIN L 2+9,IR - 8160641
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MODEL 8/1¢ MICROPROGRAM 05-068R0O0A13

PAGE 13

w3 wuro g WO 7L (T

Ppnpiey

e o e e i e+ e n i £ e

{ 0FD 6n2 ORG  *100° 8150643
- _ 643 * - 81606uH
_ f TR 8160645 ﬂ
( €45 % ON POMER UP, '100% IS JAMMED INTD RAR 816646 L !
Ly e - Y 1. SR St ... BleGes? . i
647 x 8160648
( 100 00 7102 648 PWRUP L1 Q2 281606649
1901 8k EFOD R 1. - N a7 HW.ALO1 'Hwe ACTIVE ON POMER UP IF . 8160650
650 * ALO IS IN THE SYSTEM 8160651 !
( \ 651 * 8160652 B
L ... __852 __ % ALO IS NOT HOOKED UP IN THE SYSTEM . . 8160653 _ !
653 * 810654
( 102 o4 7324 654 LI KAR +APSH 83160655
103 4% 7B2e 655 _ L1 MAR,ALOCMR SO e o 83160656
104 o4 T0%1 656 L PSWMDRCYDESUA LOAD PSW, CLEAR YD FIELD 8160en7
{ 1C3 44 750F 887 LI HRO+15¢HR . 8160658
sl 108 = GF 250 688 b LOCHDR: LOAD LOC -_ 8160659
! 107 0% 1B22 659 LI MAR +PNTR 8160660
( 168 40 2090 €60 L Q,Q4MR 8160661
109 0% 7Aa%0 _M_m____méélm__»“wm_<w._k”_ﬂw_ﬁéﬂg“ﬁﬁm ; e 8160662 0
; 164 45 7425 662 LDREG DEC™  NRO+HRCO¢HMR 81p0853 - |
( 108 0C 7042 663 L YDPL1eMDR LOAD GENERAL RESISTER 8160664 !
168 0% 6AS0 g4 A NARsQsRAR . TNCREMERT maR BY 2 6ig0e6S o
100 A4 1DOA 665 8F C.LDREG LOOP TILL ALL REGISTERS ARE LOADED 8160666
( S 666 * 8160667
) e 657 §N*Q_g'poUBL§“£RECISION,FLoaTING POINT REGISTERS, IF EQUIPPED I 11111 _
_ 6468 * 6160669
{ 10£ A% 7919 869 BF DPFR «PHRUP2 BRANCH IF ROT EQUIPPED 8450670
o | 10F 0% 757F. 670 . ¢ WBROWOTEY . &1s60671
11n o4 74A7 671 EXB  RROMROWFLTPY SET UP OP.CODE FOR 8160672
( 111 o4 7427 672 L MRO«MROSFLTPT LMD IN FPP = 'TFOQ! 8160573
13z 3% 753 673 LY PROsG2 8160674
: 113 4% €AS0 674 LDOOUBLE A MARs@vMARYFR 8160678
| 114 o4 7847 675 L MORBORFLTPT SEND 16=BIT DATA TO FPP FCR DOUBLE 8160676
| 118 ok 7akT 676 v BUR o MDRGFLTPT PRECISION ‘FLOATING POINT REGISTER 8160617 g
116 05 c42h 617 3 HRO«MRO8+CO DECREKENTY COUNT BY 2 8160678
( 117 A% 1D13 678 BF C«LDDOUBLE LOOP TILL REG 14 IS SET UP 8160579
118 9% THTL _ 879  RCK MRO . DuKMY ACKNOLEDGE FOR Frp TO IDLE 8140680
[ 880 * . 8160651 }
¢ {‘ 661 # LOAD SIKSLE PRECISION FLOATING POINT RESISTERS: IF EQUIPPED 8160632
Y U D -1 - . O Y T = (e S e . 8360643 A
119 A4 7525 683 PWRUP2  BF SPFP ¢PWRUP3 BRAKCH IF NOT EQUIPPED 8160604
. 114 ok 7572 664 [ MROW'TTE 8160685
319 oe AT 683 ___EXB___MROJMRO,FLTPT SET UP OR-CODE FOR _ 8160685 _
i 11¢ n4 THRTY 68¢ L MRO «KROFLTPT TLMEY IN FPP = 17200¢ 8160587 - !
L\ 11D g% 791E 68 (WY SAGt39 85460538 |
i $1E 6% 7840 . [171- LI RARD U _ . 8360668% R
11F 44 6AS0 649 LDSINGLE A MAR ¢ Qe MAR MR 8160690
( 120 4 7847 690 L MDR ¢ MDRFLTPT SEND 16~BIT DATA YO FPP FOR SINGLE 8160691
RS X3 N L 2 -5 691 L HDR+MDR4FLTPT PRECISION FLOATING POINT REGISTER 8160692
B 322 05 64247 £92 § - nnfslRDeqsC0 " T 81565935 :
C l 183 A% 1DXF B -3-F. BF CLDSINGLE: LOaP TILL REC 14 'IS"SEY U2 B36063% 2
S 184 L I 170 W R ., ACK  Hdg . QURIEY_ACKNOLEDGE FOR FPP 1O TOLE oBie0s9d U
695 * ‘ 8163655
C 125% o4 7501 696 PWRUPE LI MROw1 8160697
126 0% 7E2L 697 __ADR _MRO __ADDRESS THE CL1SPLAY PANEL . .sieCess S
¢ ! : ..
L,.‘;.v_‘,;,.,},“.‘._.'.__‘.____.u,, DU S,




.

MODEL R,1& MICROPROGRAM 05-068RO0A13

PAGE 14
127 o4 71820 698 LI MAR¢'20° 8160699
128 40 3000 699 L Q. YD HR SAVE YD IN 9 FOR MMF — 8160700
700 * 81607012
129 0% 7C40 701 L FLR+MDR (FLR) ‘= SAVED DISPLAY STATUS 013 8160702
— 128 .. _BY% 212cC . } .702 BT V+64LaLOCOIS ___IF WAS NOY IN RuM MODE. DISPLAY LOc _ 8160703 _
703 * 8160704
704 * DISPLAY PANEL WAS IN RUN MODE 8160705
T, 705 * ) 8160706
128 a4 ¢p79 706 BT ARST s MMF IF PROCESSOR IS EQUIPPED WITH AN 8160707
707 * AUTO~RESTANT OPTION, DO MMF PSW SWAP 8160708
12C 048 7410 _ .. 708 Locnis. L MRO,LOC .__DISPLAY LOC IN D1 & D2 . .. ... 8160709 . _
120 o4 7945 709 LI MDRy '45" INDICATE FN 5 8160710
12E 0% 7800 710 MARO LI MAR .0 DISPLAY 0 IN D3 2 D& 8150711
— U Y 5 & S - e 8160712 - e
12F 04 7E24 712 ouTDIS WD MRO D1 = (MRO 8315) 8160713
130 04 TEA4 713 WD MROCS D2 = (MRO OIT) . 8160714
L 131 _o% 7EG6% 114 WD L MAR . . ... D3 = (MAR B8%1Sy _ . 8160715 - A -
132 04 7ED4 71% "s] MARCS Dy = (MAR 017) 8160716
133 o4 TEH4 T16 WD MDR D5 = (MDR 8:15) 8160717
Y & A e . 8le0T28
T18 * 8160719
719 * UN-INTERRUPTABLE IDLE LOOP 8160720
o — 1 | — ..-_.B16072) . .
134 00 2001 721 IOLE L @:0+.CYDISWA ' 8160722
135 00 3001 722 L Q,YD,CYDLSWA SAVE YD IN @, WAIT LIGHT ON 8160723
————336. 4% ADSE. . y23 . IDLEY .. _BT.. _ CATMNaIOLEX . . - . o B160F2%
157 A4 F536 T24 BF PPFIDLEY 8160725
725 * 8160726
et 126 % . _ e _ e - . ._.B3180727 e
127 * 8150728
728 * POWER IS GOING DOWN 81560729
. e 129 ® . o e 8180730 R
138 o4 7B24 730 PWROWN LI MAR ¢« APSW 8160731
139 0% 7800 731 L MDR+PSW ; 8160732
L 1%A &% 7826 732 LI MAR¢ALOC MW SAVE CURRENT PSW ... Bl60733_
138 24 7810 733 L MOR+LOC 8160734
13C &4 7822 734 LI MAR «PNTR MW SAVE CURRENT LOC 8160735
13D 44 750F 735 LY MRN,15,MR . . _ _..._ _ Bisegr®6
13E o4 7A%1 7356 L MAR«MDR,,CYDZSWA {MAR) = REGISTER SAVE AREA START 8160737
15F 00 7302 737 LI Q42 . 8150738
140 0% 3802 738 SAVREG__ L _ _MDR.YDPL e . — S . 8160739 S
141 85 7425 739 DEC  MRO'MROWMW SAVE GENERAL REGISTER 8160740
142 o4 6A50 740 A MAR QAR 8160741
143 A% 31D%0 7%y ... BF___ Cy.SAVREG LoOP TILL ALL REGISTERS ARE SAVED 8360742
! Th2 * 8160743
743 * SAVE DOUBLE PRECISION FLOATING POINT REGISTERSe IF EQUIPPED 831606745
S . . S I . B160745_ —
144 At 7940 . 748 BF DPFP 1 PWRDWN2 BRANCH IF NOT EQUIPPED 8160746
145 g4 757E 746 LI MRO, ' 7EY 8160747
146 04 _T4A7 _TI8T __ EXB_ MROWMRO.FLYPT  SET UP OP«CODE FOR 8160748 -
147 o 7427 748 L MROWMROGFLTPT ¢STHDY IN FPP:z Y7E0Q7 8150749
148 0% 753€ 749 LI MRO+62 81560750
i -1 I X o o e ... 8180785%
149 o4 7871 751 STDOUBLE ACK  MDR GET 16-BIT DAYA FROM FPP FOR DOUBLE 8160752
184 64 &ASO 752 A MAR @ (MAR HU PRECISION FLOATING POINT REGISTER 8160753
148 95 6H2A _753 8 _____MRO4MRO.0,¢0 ...81e0788
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MODEL 8,16 MICROPROGRAM 05-068R00A13

PAGE 15

14C A% 1049 754 8F C+STOOUBLE LOOP TILL REG lg IS SAVED 8160755
T 11 . R . si60788
I 756 + SAVE SINGLE PRECISION FLOATING POINT REGISTERS, [F EQUIPPED ~8160757 i
] 757 * 8160758 !
AP 1) A4 7557 758  PWRDWN2 BF SPFPPOW BRANCH IF NOT EQUIPPED ) 8160759 N Y
14E 04 7BOD 759 LI MAR,O 8160760
14F o4 7571 7690 L1 MROL'T1* 8160761
... 158 04 74A7 761 EXR  MRO¢MROLFLTPT SET UP OP-CODE FOR 8160742 -
| 151 o4 7427 762 L MRO+MROFLTPT +STME* "IN FPP = 17100°¢ 81607563 ,
152 o4% 7S1E 763 LI MRD 430 8160764 i
S S I {-L T S - . _ U 1 X1 { - S —— e
153 o4 7871 765 STSINGLE ACK  MDR GET 16-BYT DATA FROM FPP FOR SINGLE ~— 8160766
154 64 6AS0 766 A MAR s @4 MAR oMW PRECISION FLOATING POINT REGISTER 8160767
155 05 642A 76T S __ _MRO,MRO.@.CO e .. _8160768
1s6 A% 1033 168 BF ~ T CeSTSINGLE —--[goP TILL REG 1§ 18 SAVED ~— 8160769 T
7569 * 8160770 |
. 157 o% 78%4 770 POW L MDRsMDR.POW WAIT FOR MEMORY WRITE COMPLETION 8160771 R
: 771 * SYSTEM CLEAR 8160772 -
158 At 3D57 772 8 POM 8160773 :
I I _ 7175 %, e [ _BweOTIE 0 @
! T4 * 81506775 BE
| 1715 * 8160776 8
G ... .76 __ % INTERRUPTABLE WAIT LOOP R 1) 4 ¢ S — L
117 * 8160778 ;
159 00 2001 778 WAIT L Qy0¢CYDESHA 8160779
3sA 6o z00r 779 _ .k 9.YD:CYDaSWA SAVE_YD IN @y WAIT LIGHT ON ; 8160780 -
158 ak p§%0 780 BT SNGL «DISPLY 8160751 T
15€C 84 9998 781 WAIT)Y BT MALF+ATNHELPY 81607382 b
o L 35D A4 aDSC T 782 . ... BF __ CATNeWAIT1 I o . 8160783 j¢
15F At B575 783 1DLEX BY SNGL +CLRWT 1F SNGLe« RESET WAIT BIT IN PSVW THEN ~ 8160784 )
784 x D0 USER'S INSTRUCTIONS, 8160785
e _ 785 % e e 8160786
! 786 * CONSOLE SERVICE 8160787 i
X 787 * 8160788 !
L 788 * ADDy RO+ WRTe RUN+ REG N OR FN N KEY(S) DEPRESSED. _ _ 8160789 |
789 * 8160750
15F 6% 7501 795 CONSER LI MRO+1 2160791
360 oM TERL 19 . . ADR MRe . . ADDRESS THE DISPLAY PANEL 8160792 -
; 792 * YD IS SAVED IN @ 6150793 !
g 161 6C 7180 793 LI YDs*80Y 8160754 [
, L 182 0% 3E02 39N . ..._..9C YD . .. ____NORMAL MODE . ®ys@YeS o
163 o4 7E21 795 ADR  MRO 8160796
164 o4 TuT2 7% sS FRS {'Rg @115y = NISPLAY STATUS 037 8160737
_ 165 34 71B20 797 . L1 MARy'2¢! . v20¢ = 0XoY = SAVED DISPLAY STATUS 8160798 S .
; 798 - X = DISPLAY STATUS BITS 5464740 8160799 -
‘ 799 ™ Y = DISPLAY STATUS BITS 033 31656050
L1656 __%40 2000 800 . .. . L. . SeQeMR . O} -1/} — I
167 0C 7040 ' 801 L YDy MOR (YD) = (MDR) = oXoY 8160802
186 66 DIFF 802 N21  MDRYD.'FF! (MDR) = 0X00 08160803
189 ac 7020 803 L YDsMRO o . _ 8i6080%
164 o4 T704% 804 LI CNTR 4 . 815080%
i 168 14 3000 805 L fD.YOD4SR (YD12115) = DISPLAY STATUS 083 831605866
. 16€ _6S_pe%a _806 b WKDRyYD.MOR (MOR) = 0x0Y 3 Y = UPDATED SYATUS ___@1608u7 _
160 64 3¢00 807 L FLRyYDeMW (FLR) = DISPLAY STATUS 013 8160808
16E oC 2000 808 L Y0.Q RESTORE YD &£260607
B9 % e e e _..Bigogr0 _
(‘ , -
e e i 2mn s i - S —




MODEL #/16 MICROPROGRAM 0%=-068R0O0A13

PABE 16

16F 84 g57F 810 BT SNGL +CONTIN IF SNGL, 60 TO CONTIN 8150811
170 a4 2083 611 ——BY___ V,FNRE6 . __FN N OR REG N KEYS DEPRFSSED _ ____ _81£0812
m 6% 7Al0 ai2 L MAR.LOC 810813
: 172 40 2000 813 L 2eQeMR READ HW SPECIFIED BY LOC 610814
... .13% .. . B84 398p . Y :§ U N BT . LeADDWRT .ADD. QR_WRY_KEY DEPRESSED.. . . . _...81£08185
174 84 358F 815 BT G RUKEY RD KEY DEPRESSED 8160816
816 * IF NONE ABOVE, RUN KEY 1S DEPRESSED, 81¢0817
: . 817 * Qlg0818
| 0175 818 CLRWT EQU = YD 1S SAVED IN g 810819
. 175 gC FLO1 819 TCMPI YDs1 8150820
J—— 17814 3000 . 820 ..__. . ___.L -¥DaYQaSR . . ... q¥YDy = STEFFY __ . 81G0B82%1 _
177 06 5000 821 N PSWeYDPSW RESET WAIT BIT TN PSy 8160822
178 A4 3DF6 822 8 SINT2 8160823
e 823 . & ____ - . .B1s082% .
S a2y a SUPPORT ROUTINES 8160825
f 825 * 8160826
— . . B826___ = ON POWER UPe CONSOLE WAS JN RUN MODF & AUTO-RESTART PRESENT __ 8160827
827 * 81606828
0179 az8 MMF EQU = YD IS SAVED IN @ 8160829
_—179 A€ 7000 . 829 . . L. .YDaPSkSL . LOOK @ PSyo02 e o _BieoB830._ _
i 17A 1C 3000 830 L YDoYJeSL 8160631
; 178 1C z00aA 831 L YD‘YDqSL+CO 8160832
——_17c . _0C 2000 . 832 L . ¥D.0 __RESTORE YO . ... . . e . ... _B1B0833
833 * 8160834
170 T 8% 1F20 834 ar C,MMALF1 DO MACHINE MALFUNCTION INT PSW SWAP 8160835
________ AIE A% 3D7S . ... __ 838 _ B . _ CLRWT _ BV _ 8160836 _
836 * 8160637
a37 * SN6L IS SET 81600838
— e - e~ ... 838 x I, I e o R .3150659 -
17° 00 7102 839 CONTIN LI Q.2 8160840
180 o4 6210 840 A L.0C,@,LO0C INCREMENT LOC BY 2 5160841
—— 181 04 7000 841 LI __ _FLRsO0 SO e . .__ 8160842
! 182 A4 3C01 842 B START1 DO USER'S INSTRUCTION 8360843
f 843 * 8160844
e e e .. .. _B&Y% % EN.N s FLT N_OR REG N KEYS DEPRESSED e e ... B160845 _
a8us * 8160846
183 84 39C5 846 FNREG BT . L+FLTDISP STATUS = X1X1XXXX 8160847
e L 847 ®_ o= DISPLAY SINGLE/DOUBLE FP_R. 8150848 _
184 84 10%0 a4s BT C,0ISPLY STATUS = 11XoXXXX = NOT FN ¢ 8160849
‘ 185 o4 7C20 849 L FLRyHRO 8150850
i __1B& ___ 8% 019D .. 850 __ BT  C+V+GHL4DISPLY. S I _ _ 8160881
551 * 8160852
187 a4 7501 852 LI MROy1 CILSSLE INT,(FN 0) 8160853
— 188 0% 7C80_ __ 883 _ _EXR _FLR,PSW _ I e .. 81608%%
189 R4 1DER 854 aT CoCONINT PSWo4 = 1, SIMULATE CONSOLE INT, 8160855
) 18A A% 3uls 855 = vt 81603:6
R e . . BB& _ ® . IO . 81£0857
) 857 * ADD OR WRT KEY pEPRESSED 8160858
‘ 858 * 8160859
.. ..18B 0% 7874 859 ADDWRT RD MOR fMDR_8315) = (S1 SWITCH REGISTER) 8160860
! 18C 60 70F4 860 RD Q@,C8 (9 087 ) = (S2 SUITCH REGISTER) 8160661
L 18D 04 6840 asi A MR, @,MDR {MDR) = S2,81 8160862
18E 8% 3595 . @62 BT __GepOD I e ... 8360863
863 * 8160864
agl * RD KEY DEPRESSED 8160865
— ) B 865 x _ _ 8160866



MODEL 8716 MICROPROSRAM 05-068R00A13 PAGE 17

r

nq swiay oneon 5 L eF

ZUIpm0d -

«,F"-%af,ué_ ~L1__ MAR,'20!

. Biso222

18F &0 7102 8€5 RDKEY LI Qi24MM 8150867
190 64 6210 857 A LOC,Q,L0C INCREMENT LOC BY 2 8160858
181 0% 740 868 L MRo+MOR DISPLAY FDR IN D1 & 02 8160869 1
( 19¢ 0% 7A10 8589 L MARLOC . DISPLAY LOC: IN D3. 3 D% 8160870
Cre 195 04 7980 870 LI __RORe'SOC __INDICATE MEMORY _ADDRESS7DAYA 810871
' 194 A4 3D2F 871 B ouTDIS 8150872,
{ 872 * 8160873
... .13 __ % ADD KEY DEPRESSED - - 8160878 -
875 * 8160875
{ 198 0 7240 B8YS ADD L LOC+RDR © {LOC) = S2+S1 SWITCH REG. 81606876
| - 49¢ _Aw3peC_ 816 B LOCDIS _ _ _____ DISPLAY SWITCH REG DATA 8160877
' 877 * 8160878
( 878 * TO HELP DISTINGUISH 1/0 ATN« CATN, SNGL & MACHINE MALFUNCTION 8160879
~ _ 879 . e ... Bie08e0
197 05. 7218 880 HELP DEC Loc.Loc DECREMENT LOC By 2 816086l |
¢ : ' 881 8160682
ot 198 00 3000 - 832 HELPl t QYD SAVE YD IN @ 8160853 jL_
199 a4 BB1E 883 8t MALF yMMALF MACHINE Hitruucrxou HAS OCCURED 8160884
4 194 a4 9DET aas BT ATN,IOATN REQUEST FOR ATTENTION FROM 1/0 BUS 8160885
195 84 ADSF 885 BT _ CATNeCONSER CONSOLE SERVICE DESIRED 83560886
| 132 A% geAL [T aF SNGLYNDB NG INTERRUPY QUEUED, FETCH NEXY LITE T Iy
« 837 * USER INSTRUCTION,. 8180888
L ag8 % _ i ___USER PRDGRAA BEING _SINGLE-STEPPED. 8160889
. 889 * DISPLAY REG N OR PSW OR LOC, 83560890
( 230 * 8160891
... 891 _ % T0 DISPLAY REG N OR PSW OR LOC ETC. o 8160892
o 832 * 8160843
( 150° 0% 7501 893 pisPLy LI sna.x v 836069%
e 18E g4 7E21 854 __ADR  MRp ADDRESS THE DISPLAY PANEL 6360655
19F 00 7472 895 ss MRO3& 831€0356
¢ 896 * 8160697
- 143 o4 6A20 837 A MAR oG HMRO ) o 83160898 o
: 1A1 06 7000 aga EXB  Q.MAR T 83160899
¢ | 142 0% 6AS0 899 & NAR+G 4 MAR 8160900
{ 1A% 00 710F 11 T Al @els : - 8160901 « :
) 1ab 62 6AD0 901 N MAR3Q+Q¢MAR {MARI=(Q)= N = REGISTER NUMBER 8160902
! 902 * 8160903
1A5 0% 7C20 _____ap3 L FLR4MRO , (FLR) .= DISPLAY STATUS 417 815090%
_ 146 8y iDBB anh aT T LO0K20 BIT & SET {(RE6 N OR'FLT N} 8160909 =
' 147 g% 2000 495 L FLR.Q (ELR) = STATUS BITS 51647:0- 8266906 é“‘
U N ¥ -1 a4 D3 -1 - BT Gs IOLE 8566347 A
iA9 5% 2086 9a7 BT vV PSKLOC BIT 6 SET {EN & OR FN ) 8160908
¢ 18R 2% 3580 908 BT 6 FN2,FN3 BIT 7 SET {FN 2 OR FN 3) 5160909
. ..aAB Ay 2334 509 _ BF LeIobE o 8363910
- 918 - RUST BE FN 1 8150911 ]
S e e1a05i2 .
L a  FN_1 KEYS DEPRESSED _ o _b1g0axk <
’ - a3« 2160514
C 1AL o4 78T 91k FN1 RO MDR 8550915
____3AD GO _7OFh4 RD @4CS. 81£0916
LA D& BO%0 ﬂ'c‘; rsd,éqﬁaﬂ* T A PSHY = SHITOH RECISTER TEleael¥
¢ E0 LA LU TRGT: FNILT L ‘ ’ o ‘23£0918
ceen Ca . <7 E ' <y 4 e 1AL I e
¢ t FN 2 OR FN 3 KEYS nzpnzsszo 8150320
8350921
g4 7820

g il




MODEL 8,16 MICROPROGRAM 05~068R00413 PAGE 18
1
L 181 44 2400 922 L MRO¢Q MR '20' = OXOY = SAVED STATUS 8160923
_ 93% e X = DISPLAY STATUS BITS 5164720 _ 8150924
) B 924 * Y = DISPLAY STATUS ‘BITS 043 8450928
£ 180 04 7840 92% L MDR ,HDR WAIT FOR MEMORY 8160926
L 1B® o4 78A0 926 . . L _MDRyMRQO.CS. . —..(MDRY= 0XgY 1 X = UPRNATED STYATUS 8160927
927 * ' MS BYTE OF MDR ALTERED AS MAR EVEN 8160928
( 18% 60 2000 928 L GeQeMW WRITE BACK 8160929
185 ..__A% 302C .. . _.929 . B LOCDIS ' _ o .. . _._b160930 e
| 930 * o . 8160951
( | © 931 * FN 4 OR FN 5 KEYS DEPRESSED 8160932
. 932 . & e — 8160938
186 84 3534 933 PSWLOC BT  G.IDLE To IDLE FOR FN 6 OR FN 7 8160934
( 187 84 392C 934 BT L,LOCDIS 8160935
~———1B8__ 0% 7400 . . 935  FN11 .__.L... MROWPSW _ ______ DISPLAY PSW IND1 02 _ ___ 8160936 e
936 * DISPLAY O IN 03 & D4 . 8160937
( 189 o% 7944 937 LI MDRs'44? INDICATE FN & 8160938
L 3RA A% 3D2F 938 e B _MaRD o — 8160939
939 N 8160940
( 940 * TO DISTINGUISH BETWEEN GENERAL / FLOATING POINT REGISTER 8160941
QB ko e - N 8160942
188 o4% 7820 582  LOOK20 LI MAR-*20¢ ~ 8460943
( 18C 44 2400 943 L MAR, QMR 8160944
Lo 18D 0% 7c%0 944 L_. FLR.MOR ____ e Avznau®
18BE 84 39C5 945 8T L+FLTDISP , 8160946
( - e 8160947
e 947 % REG N KEYS ARE DEPRESSED 8160948
244 N . 8160949
( 18F° 00 2001 949 REGDIS L Q1@¢CYDISWA CLEAR YO FIELD 8166930
1€0 05 7885 .. 9S0... . REGN _____DEC _ MARMAR _ — SU—— > X -1:11.% §
1c1 o% 3402 951 L MRO +YDPY DISPLAY REG N IN D1 3 D2 8160952
( 1c2 A% 1DCO 952 BF  CyREGN 8160953
. 953 » e _DISPLAY O IN D3 & D& _816095%
1C3 05 E920 954 ol MDR Q@4 20" (MDR) = ?2N* 8160955
( 1CH4 A4 3D2E 955 8 M&R0Q MDR INDICATES REG N 83160956
asg * 8166957
957 * FLT N KEYS ARE DEPRESSED 8160958
( 958 = 8160959
. 1C5 A% 752C 959  FLYDISP. BF __ SPFP.LOCDIS = BRANCH IF FLOATING pOINT ABSENT 8160960
- 1c6 00 3000 960 L Q.YD SAVE Y0 .IN @ - 160861
( 1cT o€ 7107 $61 LI YD, T " . © 8160962
v 168 1E:-5020 962 N . _YDsYDeHROISL (YD 12114) = SYATUS BITS 54647 8560963
: 1ce A% 1DCB 963 CyFLTL 8160964
C 1CA oD D101 964 oI YD4¥041 OR IN STATUS BIT 0 8160965
1c8 04 7704 965 __FLT1 LI CNTRs& o 8160966
, [ 1ce 1C 3000 966 L YD, ¥DoSL (YD) = 00NO § M .= REGLSTER NUMBER 8360957
ek 4 > = 00D/EvEM - 8150968
L 1C0 0% 7820 ———._ 968 LI___ MAR.'20' __.._‘20r = 0X0Y = SAVED. SYATUS 8160959
969 * : X = DISPLAY STATUS BITS 5¢64+7¢0 8160970
( N 370 x Y = DISPLAY STATUS BITS 033 8160971
1CE 44 7570 971 LI MRO,'70',MR 8160972
icF 0% 7cC0 972 L FLRMDRCS "~ (FLR) = STATUS BITS 5165740 8860973
C © 300 8% 3902 973 BT  LoFLT2 ' BRANCH xF BOUBLE‘PRECIStQN REG. 8150374
CTTIRY . 0% 7s60 974 - Y MRO{ 1601 e e BlResYE
, 102 0% 74AD 975 FLt2 ‘EXB MRO ¢MRO 8160976
C 103 05 pu27 - 978 0 MRO +YO 'MRO+FLTPT SET UP OPaCOOE. IN FPP FOR 8350977
104 05 puar 977 O _ __ HRO4YOIMROWFLIPT -srs' = 'soun' oR 'sro' = '7ON0' ____81a0978
¢ ' : _ : :




MODEL r/15 MICROPROGRAM (s5-068R0O0A13

PAGE 19

-

{ 108 04 7AT71 978 ACK  MAR D3.04 = MOST SIGNIFICANT 16 BITS 8160979
106 0% 7471 979 ACK MRO _D1eD2 = NEXT 16 BITS 8160980 o .
1D?7 0% 7704 980 LI CNTR &% 8160981 |
, 108 14 3000 381 L YD+YD SR (YD) = 000N = REGISTER # 8160982
L 1p9 A% 390F . 982 BF LeFLT3 i ) BRANCH IF SINGLE PRECISION REG, 8160583 o o
‘ 108 a4 79E2 983 BF DPEPFLTY BRANCH IF DOUBLE PRECISION ABSENT 8160984
108 04 3C00 984 L FLR,YD 8160385
10C A4 39E4 985 3F L FLTS BRANCH IF & IS EVEN 8160986
10D o4 7A71 986 ACK  MAR D3.04 = NEXT 16 BITS 8166987
i 1DE 9% T4T1 987 ACKk  NRO D1:D2 = LEASY SIGNIFICANT 16 BITS 8160585
(. _ .ADF__ 0% psilo .988 _FLT3 [0} 4 MOR YDo?10" (MDR) = QOIN® .. __8150989 .
1E0 aC 2000 989 L Y06 RESTORE YD 8160590
¢ 1E1 Ak 3D2F 990 B QUTDIS 8160991
. o S99y ® _ S i ... B1g0992 _
. 1r2 oC 2000 992 FLT4 L YDsQ "RESTORE YD 8160953 :
« | 1ES a4 302C 993 B LoCDIS 8160954 '
FE T T S P e ._99% 0« p— [ 8360995 i_
1E8 2% 7871 955 FLTS ACK  ~MDR SEND REMAINING 2 ACK FOR 8160998
i 1E5 a4 7871 996 ACK  MDR FPP TO GO TO IDLE STATE, 8160997 ;
e _}ES A4 3DOF 997 B FLT3 - o e _._...B160998 :
i 998 * 81609495 :
€ 999 * 8161000
[ _...1000 __ *x I/0 DEVICE REQUESTS ATTENTION N _ e _.8selgot _
: 1001 * - 8161002
( 01£7 1502 I0ATN EQU  * 8161093
... 1E7 5% 78%0 1063 LI MAR.'40? o e __81s1p04 .
: 1E8 o4 7C80 1004 "EX8  FLR,PSW LOOK B PSWo# 8151003 :
{ 1E9 Ak §F21 1005 BF C+GENSKP 8161006 .
VI e 1006 = I - e e R ) 1% ¥ 1 X S
1007 % AUTOMATIC 1/0 SERVICE 8161008
( 1008 x _ 8161009
AEA 3% 7471 1009 IoSVC _ACk  FRO B (MRO) = INTERRUPTING DEV ADR ~~ 81elel0 = =~~~
1610 * ' 8161011
¢« | 1011 * 8163012
e 1512 % CONSQLE INTERRUPT o 811033
1013 * 8161014
( p1ER 1014 CONINT  EQU : 8161015
. ._1ER  __ 00_3000 1015 R & a,yp SAyE YD In @ .. Bleigi6
: 1E7 1C 7020 1016 L YO sMROSL (YD) = 2z X DEVICE ADDRESS 811017
. 01ED 1017 SINTY EQU % FROM SINT EMULATION ROUTINE 8163018
S 1ED 0% SBDO _igis AL MAR.YD.'DOS_ e e — 6361019 _ i
1EE 4C 7162 1019 LI YO, 24MR 81£1020
( 1EF o4 7A4%0 1020 L MAR (MDR (¥aR) =z 1,0 SERVICE TABLE ENTRY 8ieio2l
__ 1F0 _ _ 04 7800 _ Jipy L . MDRPSW o e e .. ... B3glp22
i 1F1 e 5AS0 1022 A MAR » YD s MARYMN STORE OLD PSU 2161023
to 1F2 0% 7810 1023 L MDRLOC 8leio24
L iF3 &4 5A50 111 _ . MAR YD eMAR MM _STORE OLD LOC . 83elo02d e U
1F4 44 5250 1025 A LOC+YD¢MAR MR NEW LOC 8161026
( 1F8 04 7040 1026 L PSWMDR NEW PSW 8ie1027
i 1F6 __ 0C 2000 1027  SINT2Z L YD.Q L _RESTORE YD 8161028 e
¢ 1FT ch4 7c00 1028 L FLRYPSWIIR DO USER'S JINSTRUCTION “8iei0zY ) i
C

[P
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e

MODEL

FIXED POINT MPY/OIV SUPPORT

‘. 1es
0200
i 200 0% 7B0O
L 201 07 _ES00
202 04 742C
203 as 3p07
204 AL 362A
( ! 205 0% F420
—2n6 0% 7900
{ 0207
— 207 _0C.
( 208 At 3400
e e 209 07 FAS2
264 00 3004
( 208 - Q7 Fa43
e .20C. . 0D 3009
| . 0200
Co 200 00 5024
20F 00 z002
{ 20F 8% 1E25
T 210 o4 742é
( i 211 o4 7426
oL 212 ac 3006
213 0C 3006
( 214 00 2006
‘____ZLH_.__ . 00 2006
(
. 216 00 7078
] 217 ur 7uls
U7 7218 0% gasc
¢ 219 A4 3A18
¢ Ll 218 0% Fu20
0218
( 218 04 784C
. 21C 8% 3A22
; 210 00 200c
{ ‘ 21E 84 3A25
21F ot
( 220 o€ 7020
221 C4 7C00
{

300c

2003 T

T€00

8716 MICROPROGRAM 05-068RO0A13

1031

- 1032 ..

1033
lo3y
1035
1036
1037
1038
1039
1040
.--1lok1

1g42

1043

S— V.11

1045
lo46

1048
1049
C T T1esy
1052

.. 1p53

1054
1058
..--10586
1n57
1p58

1060

1061

10663

¢ 1564

. 1065
1066

1067

c 1068

1069
1070
1om
1672
1073
1074
1075
1076

1030

-1050 _

--1089

R 1111

- lowr

PAGE 20
* 8161031
* 8161032
ORG = .'200°* . . ... 8161033
* - 8161034
* DIVIUE 8161035
. 81615636
DHRl EQU 83161037
LI MAR, 0 RESET REMAINDER FLAG ( +VE OR 0 ) 8161938
INVI MDR.D . SET _QUOTIENT FLAG L =VE ) 8161039
L MRO+MROF LOOK & DIVISOR 8161040
8T L+MRONEG 8161041
N BF G.0V1 IT IS ZERO _ 8161042
x 8161043
MROPOS TCMP MRO(MRO MAKE DIVISOR NEGATIVE 816104k
e kLo MDRWO . __RESET QUOTIENT FLAG —— ... 8161045
* 8161046
MROMNEG FEQU = 8161047
ke YDYOsF - ... . LOOK & DIVIDEND I _.8161048
BF Ly YL NNEG 8161049
* DIVIDEND IS NEGATIVE 8161050
—e . . _INV__MARsMAR,YDP1 _SEY REMAINDER FLAg =¥E 3. ... 8igindi _ _
TCMP  YDaYOWCO COMPLEMENT LS PORTION OF DIVIDEND 8161052
INV MDR +MDR ¢ YOM1 -INVERT QUOTIENT FLAG 8161053
. .. JCHP . YDsYD,.CI_ . _COMPLEMENT MS PORYION QF DIVIDEND 8161054
YDNNEG EQU = 8161053
A 84YD'MRQ(CO 8161056
. L . ReYDP1 .£Q) = MS PORTION OF DIVIDEND - _Bi&1057
* ) YD NOW POINTS TG R1+1 8181058
BT CioV QUOTIENT TOO LARGE FoOR 16 BITS 8161059
x e e ... 8161060
L MRO «MROM/D LOAD DIVISOR INTO M/D BoX 81581061
L MRO+MRO¢M/D 8161062
R L ..YD,XO.M/D __  ___LOAD LS PORTION OF DIVIDEND . ._8161063
L YD+YDoyM/D 8161064
L Q.Q4M/D LOAD MS PORTION OF DIVIDEND 8161065
L . QeQyM/D o S ..8161066
* 8161067
* DIVISION 1S DONE BY THE M/D BOX ON THE 1/0 BUS 8161068
_E e o A R . 81631069
L 8,10 GET QUOTIENT 8161070
L MRO,I0 GET REMAINDER 8161071
% e el 811072
L MAR ¢MARF REMAINDER EXPECTED TO BE NEGATIVE 9 8161073
BF L «RNNEG 8181074%
o ... . TCMP MROMRO YES, ADJUST REMAINDER = 8151075
RNNEG EQu  # 8161076
L MORMDRF QUOTIENT EXPECTED TO BE POSITIVE 2 8161077
BT . L.oNEG e _..81s1078
L Q40 F YESs NOKW LOOK & THE GQUOTIENT 8151079
BY L0V QUOTIENT > +327&7 8161080
X e S €lglg8l
Q0K L YOM140 (R1+1) = QUOTIENT 8151082
L YD ,MRO (R1) = REMAINDER 8161083
L ___FLR4PSWeIR 8161084



MODEL 8/16 MICROPROGRAM 05-068R00A13

FIXED POINT MPY/DIV SUPPGRT

PAGE 21

R T 168 T T - B 8161065 T“_ﬁi?
! ag22 . 1085 QNEG EQU % 8161086
- _ge2 o4 7000 1086 . LI FLRaO o oo Blered7T i
223 gl 200C T 1087 TCHMP  Q,Q4F COMPLEMENT THE QUOTIENT & EXAMINE 8161088
( 224 A4 361F 1088 BF ‘6G4Q0K QUOTIENT OK 8161089
- 1089 * SUOTIENT < =32768 8161090
1090 * 8161091
¢ 0228 1091 ov EaU  * QUOTIENT OVERFLOW DEYECYTED 8161092
[ 228 _ o4 7ASC . 10%2 _ L MARJMARF e 8161093 |
226 A4 3A2A 1093 8F L,0V1 OTVIDEND TS NOT ALTERED 8161094
1094 * 8161095
S 1095 * RESTORE OIVIDEMD To ITS ORIGINAL VALUE. YD POINTS TO Ri+1 _Bielg9€
{""—" 1096 * Tt T - 8is1097 '
(G 227 g0 300A 1097 TCMP  YD,YDWCO 8161098 !
Do 228 oC 3003 1798 L YDMieyD _ __POINTTORL - 8161099 OO |
, 229 wD 3009 1099 TEAF  YD,YD.CT 8161100 -
( 1100 * 8161101 :
_eeA ___o% 7848 1101 Ovi LI MAR«'H8Y o N 8g61102
f 228 ch 3400 1302 o L mMRS.YC 777777 SAVE YOO IN MRO - giei103 T
€ 22¢c 1€ 7000 1103 L YDPSkSL 8161109 E
. 220 g% 7703 _dio4% LI CNTRe3  _ __ _ LOOK 3 PSWO3 . 8161105 N
22F 1€ Z00A 1105 L YD YD sSL#CO 8161106 :
\ 22F a4 1F22 1106 8T CeQUETINT 0o PSW SWAP IF SET 8161107
ST o_d107  x . - o e e __Bie1168 ,
: 236 oC 7020 1108 L YD, MRO RESTORE YD T 8161109 :
« 231 c4% 7C00 1109 L FLR.PSWyIR 8161110
S S M0 % 8181111 - F
1111 * 8161112
( 1112 * SIGNEGC MULTIPLY 8161113
N3 R e U, L R 8161114 R —
; 0232 1114 MHR1 gou = 811115 i
(G 232 at 7800 1115 LI MAR 0 RESET FLAG 8151116 i
. e3% UC 3002 M6 L YDP1.YD _BUMP YD FIELD _ 81833y
234 € 300c 1117 L YDYDsF LOOK @ MULTTIPLICAND 8161118
( 235 A4 3A38 1118 BF L +NNEG1 8161119
236 G 3000 _ 1119 TCHp _¥D,¥D _ NEGATIVE, COMPLEMENT IT, __.Bieri2o
! 237 07 FEOO 1120 INVEI  MAR,O SET FLAG 8161121 :
( 238 - o4 742C 1121 NNEG1 L MRO¢MROF LOOK @ MLLTIPLIER 8161122
. 239 A% 3A3C 3122 __BF___LJNNEG2 e 816112 |
23 a4 F420 1123% TCEP HKROMRO NEGATIVE: COMPLEMENT IT,. Bilell2d
{ 238 .7 FASC 1124 ThY  MAR(MAR IMVERT FLAG 8161125
20328 % e e e e _ 8161126 I
r asc oC 3006 1126 NNEG2 L YD,YD#/D LGAD MULTIPLICAND INTO M/D BOX 8161127 :
\ L 3D Ul Juve ilel . Ty VS 4idS 8151128 !
.. 23E L 0% qu2e A128 . L . _MROLMRO MO LLOAD MULTIPLIER I - 1-% & §-1 R
23F o 7426 1129 L HRo,MRa.n/D 8161130
( 1130 * 8161131
1131 x MULTIPLICATION IS DONE BY THE M/D BOX ON THE X/0 BUS 811132 [
1132 * - 8161133 1
( 240 0c 7078 1133 L Y0410 (R1¢1) = LS PORTION OF THE:RESULY B1£1134%
L 241 oo yo¥e . iyse L Q0 ___BET_MS PORVION OF REGULY 818131385 S
1135 * 8161136
( 242 04 745C 1136 L MARyMARF RESULT EXPECTED TO BE NEGATIVE ? 8161137
[___ﬂ.zsﬁw.“muaﬂ_aaif,_‘s___.“~1131__ CBF . LeQOKL_ . _ . _NO+ 60 SEY_UP_(R1) = NS PORTION _ . bierass
(




MODEL Bs16 MICROPROGRAM 05-~0&8R00A13

i e
{. FIXED POINT MPY/DIV SUPPORT
o 244 00 3008 1138
245 0C 3003 1139
|_____246&_. .00 2009 1340
247 C4 7C00 1141
' 1142
1143
y 1144
0248 1145
L 28 00 3002 . __ 1144
249 0C 3006 1147
{ 244 0C 3006 1148
288 34 T426 _ 1149
24C 04 7426 1150
¢ 1151
3182
1153
( 24D oC 7078 1154
. 24F  _ .0G.7078 ___  _ 1155
24F 04 7C03 1156
( ase cc 2000 1157
(
{
{
—— .
( |
(
( i“
AN
- _ .
«
(
(
€

PAGE 22

TCMP  YD4+YDeCO YESs COMPLEMENT IT 8161139
L YOM1+YD ] 8161140
_TCMP  YD.QeCI. (R1) = MS PORTION OF THE RESULY . . _. . 81e&tas4l
L FLRyPSWeIR FETCH NEXT USER INSTRUCTION 8161142
* 8161143
* UNSIGNED MULTIPLY 8161144
* 8161145
MHUR1 EQU = 8161146
b RWYDPY 8161147 e
L YD,.YD M/D LOAD MULTIPLICAND INTO M/p BOX 8161148
L YO«YDsM/D 8161149
Lk _MRGaMRO+M/D . LOAD MULTIPLIER . 8161150 ——
L MROMROWM/D 8161151
x 8161132
% MULTIPL ICATION IS DONE BY THE M/D BnX ON THE 100 BUS 8163153
* 8161154
L Y0.10 (R1+1) = LS PORTION OF THE RESULT 8161155
e L Q100 L L GET MS PORTION OF YHE RESULY__ 81611586 _ .
QoK1 L FLR PSW,YDM1 8161157
L Y0D+QeIR 8161158



MODEL 8/16 MICROPROGRAM 05=-068RO0A13

LIST PROCESSING SUPPORT

'A S

PAGE 23

| 1159
1160 * COME HERE FOR
0251 1162 ATLABLD1 EQU
( 251 A4 DES3 1163 BF
252 04 £8%0 1164 A
253 o4 7A40 1165 ATLL L
[ 254 40 2000 1166 L
{ 255 g0 70€0 _ _ 67 . . L __
25¢ 00 EO4A 1168 s
( 257 A4 1EBA 1189 BF
258 0% 7845 1170 . INC
f 259 "6 7A5S5 1171 INC
{ ! 254 0% TASS 1172 Iwe
iy 258 05 74C5 o 1173 DEC_
25C 40 71FF 1174 il
( 250 26 64290 1175 N
. ... 1176 *_
1177 * COME HERE FOR
{ 1178 %
|  psF 056848 1179 AmD2 S
25F A% 1E61 1180 8F
{ 260 2% 78AG 1181 L
281 _ 32 s0CO _1132 _ NOWRAPLT N
! 1183 *
« 262 &4 6ASHS 1184 ATL2 A
oF b 1185 * e
263 04 gASS 1186 A
( 268 a4 3800 1187 L
265 ___ &4 7000 1188 LY
266 c0 2000 1189 L
o 1190  *
I 1151 %= COMF HFRE FOR
1192 x
{ 267 02 6040 1193 ABLD2 N
268 o4 784S 1194 INC
269 05 6425 1195 s
L 264 A% 1E62 1196 BF
titn —me. 268 05 6845 1197 -
26C A4 3E62 1198 g
( 1199 *
R __1200  _x COME HERE FOR
1201 %
L 026D 1202 RTLRBLD1 CaQu
I ... _28D AW Di6F 1203 BF .
26F o% 6840 1204 A
¢ 26F 54 TAR0 1205 RTLL L
210 _ 40 T1FF ... Ye0e . _ L1 G
F 211 05 e4C5 1207 5
( t 272 84 1EBA 1206 BT
o 213 05_7845 3209 . _._DEC
274 &4 7455 1210 INC
( 275 ol 7A55 1211 ING
216 4E BOAC __ 1212 N
{

S 5161160 ml
T ATL.ABL 8161161
R _eislie2 el
* 8161163
AMODyATLL 8161156%
MOR @, MOR ADD INDEX REBISTER 8161165 L
AR ¢ MDR {4AR) = LIST ADDRESS 8161166 i
Q¢0 MR (MDR)} ='# OF SLOTS, # USED' HY¥ 8181167 :
_QeFDRCS_ (@) = ¥ USEDes ¥ SLOTS 8161168 _ 4
84,0+ MDRCO 8181169
C,LIST.OV LIST OVERFLOW 8161170
MDRJMDR _ (MDR) = # SLOTS, # USED¢1 _81&137y
AR «MAR ¢ MW WRITE BACK ¥ SLOTS.% USEDY HW 8161172
FAR ¢MAR MAR POINTS TO 'CUR. TOPyNEXT BOYTOM® 8161173
__MRQ4MDR,CS (MRO) = # USED+1, g SLOTS-1 §16117% ) -
Gy tFF 1 4MR (MOR) = TTOPBOTTOMY HW 8161173 :
MRO+G@1MROD2 (WROY = Oy HSLOTS=1 8161176
S, S PR eieuv?
T ATL (D2) 8161178 “]é
8161179 :
_MDR+MOR+GeJARCIACO (MOR) = ToP«1.80TT08 _ _ 8161180
C,NOWRAPY ~ 8161181
HDR.MRo.cs (MDR) = # SLOTS.~1,BOTTOM 8161182
01Q4MORSCS_ _16) =_OsNEW TOP (ATL) _ 811183
(¢} £ G+OLD BOTTOM (ABL) 816118% ]
FAR,QMAR ¢ JAMCIECO+®Y DO (MAR+Q41) 8161185
N ~ WRITE BACK *TOP,BOTTOM® HW 8161186 o
MAR+Q¢MAR ¢ JAMCIECO (MARY = SLOT ADDRESS T 83161187
MDR+ YD 8161188
FLR« 0otk WRITE ELEMENT INTO LIST SLOT . Big118% I
B¢:@9IR 3161190 i
a161191 f
: ABL (D2} 8161192 j
’ 8161193
Q¢QeMDR Q) = 0, BOTTOM 816119%
_MDR,MDR (MDRy = TOP,BOTYOM4+1 8161195 . _ .
MRO¢MRO,@,JANCIZCO DO (#SLOVS=-1) = BOTTON 1 ‘8161156 :
CeATL2 8161197
_MDRMDRsQ¢JAMCIZCO (MDR) = TOP+O ... ... 8161198 B
ATL2 816119%
8161200
t RTL4REBL i i ~ 8islz0l o
8161292
x 8161203
AMODRTLY T ; _836320% S,
MDR 4 Q4 MDR ADD INDEX REGISTER 8161205
MAR ¢ MGR (MAR) = LIST ADDRESS 8161206
Qe 'FF' MR (MDR) -,g«OF SLOTSe # USED 8161207 o
MRZ<HOR«Q+CS+JAMCIZCO (MRE) = # “USED~1+ # SLOTS T 8161208
CoWASEMPTY 8161209
MDRyMOR (MDR) 3 4 SLOTS, ¥ Us&ne;__~___“_mmmAhgiggg;s _
MAR ¢ MAR o MW WRITE BACK '“SLOTS.#USED' H¥ s1e1211
MAR ¢ MAR 8le1212
 YD(QtMRO,CS+R+HR _ Ccy6L = 0000 (NOW EMPTY} _erelyd




MODEL As16 MICROPROGRAM 05-068R0NA13

LIST PROCESSING SUPPORT

1213
1214
1215
1216
1217
1218
1219
1220

e -l221

1222
1223

L2224

1225
1226

- d227

1228
1229
.—1230
1231
1232
1233
1234
1235

1236

1237
1238

.-.13239 .

1240
1241
e d2842
1243
1244
. AR4D
1246
1247

1248

1249

26 &420
P ere 04 6845
L, 219 02 60Co0
' 27A 05 6425
278 00 E101
27C A4t 1E8S
21D ___ D% 2880
i 27E A4 3EBS
|
27F 02 6040
. 280 0T e840
; 281 00 AD005
——— 282 A% iE8%
28% . 0l 7025
284 05 E840
f "7 7 paes
___._ 285 _ &4 GASS
286 04 6AS5S5
287 __40 2000
| 288 0C 70%0
. 289 Co 2000
Y -3 N
i 284 c4 7004
L

[ -
*
x COME HERE FOR
* .
RTLD2

_. 8161222

PAGE 24
% = 0010 {(NoT YET EMPTY)
(MDR) = 'TOP.BOTTOM' Hw
. MROQ+MRO02 _{MRO}= 0 # SLOTS _ . _ . . . .
! RTL (D2)
DR +Q@¢MDR«JAMCIECO (MDR) = ToP+1.BoTTOM (NO WRAP)
Q,Q¢4MORCS = 0, TOP#1
- MROsMRO4QJAMCIZCO .D_ (#SLOTSl - (YOP#1) =} _
Q.Q4°01" (Q) = 0,.TOP
CWRTL2
_MDR,Q,CS {MDR) = 0,B0TTOM _(wWRAPy =
RTL2
i RBL _(D2). - S
QeGasMI'R {MDR) = *TOP.BOTTOM® Hu
B ~{Q) = 0,BOTTOM
MDR,Q,MDR (MDR) = TOP.0
Q.0 {a) = 0,BOTTOM~1
C1NOWRAPY . ) R Lo
Q¢8RO (8) = 0,HSLOTS-1
MDR,Q@,MDR {MDR) = TOP,BOTTOM-1 (NO WRAP)
¥ . = _TOPHSLOTS=1 (WRAP)
* (9) = 0,0LD ToOP (RTL)
= OyNEW BOTTOM (RBL)

A
N
— .. ...8
SI
8F
e L
B
*x
% _COME HERE FOR .
*
RBLD2 N
. 2 .
X
DEC
. BF .
DEC
NOWRAPY O
*
RTL2 £Qu
*
A
*
A
L
L
L
*

* COME HERE IF
L 3

WASEMPTY EQU
LIST,ov LI

‘HAR, @ ¢ MAR s JAMCIZCO+My DO (MAR$Q41)

WRITE BACK YTOP,BOTTOM® Hw

MAR+Q«MARYJAMCIECO (MAR) = SLOT ADDRESS

Q:@¢MR e . e
YO +HOR EXTRACT LIST ITEM INTO R1
§40,IR Cy6L = 0000 OR go1o0

LIST OVERFLOWS 7/ WAS EMPTY

X

FLR.&,IR cvGL = o0igo

8161214
8161215

. 8161216

8161217
8161218
8161219
81g1z20
8161221

8151223
8161224

81s1225

8161226
8161227

8161228

8161229
8161230
8161231
8161232
8161233
8161234
8161235
8161236

_.B161237

8151238
8161239

18161240

8161241
8161242

..8161243 .

8161244
8161245

8161246

8161247
8161248
8161249
8161250



MODEL 8/16 MICROPROGRAX 05~-068RO0AL3

FLDOATING POINT SUPPORT

PAGE 25

1251 * 8161252
1252 * COME HERE THRU D2 FOR ¢ LMD 8161253 i
S B 1253 _ % o ) e _eysyess
288 44 6ASO 1254 LMDD2 A MAR 4G ¢MAR + MR GET 16 BITS FROM MAIN MEMORY 8161288
! 28C o4 7847 1255 L MDR yMDRyFLTPT SEND 16 BITS TO FPP 8161256
280 G4 7847 1256 L MDR ¢ MOR4FLTPT 8161257 ) i
28E w4 6AS0 1257 A MAR ¢ Qe MAR +MR 8161258
« 28F o4 7847 1258 L MDRMDRFLTPT 16 81TS 8161259
290 0% 7847 1289 L _ MDReMDRJFLIPT _ 8161280 R
1260 * “d1el261
{ 1261 « COME HERE THRU D2 FOR t LME 8161262
e e 1262 L L L ~ 8161263 e
, 291 4% 6A50 1263 LMED2 A MAR+@+MARsMR 816125% |
€ 292 04 7847 1264 L MDR ¢MDR(FLTPY SENC 16 BITS TO FPP 8161265 !
L L. 293 oW 7847 1265 L MDRGMOR4FLTPT e N 816266 |
' 234 44 gASO 1266 A MAR +B 1 MAR MR 8161267 ’
( 295 o4 7847 1267 L MDR ¢MDR+FLTPT 16 BITS 8161268
296 0% 7847 1268 L _MDRMDR4FLTPT o _B161269 C
{ 1269 * ‘ ’ - 8lsiz70 ~ T T 7T T
¢ - 297 D5 6424 1270 s MRO4MRO+G+CO DECREAMENT COUNT 8161271 b
B 298 84 1FOC 1271 8T C {LMEDONE ExIT IF DONE 8161272 o
299 26 2000 1272 L 8,0,02 OTHERWISE, LOOP THRU D2 T RLgI2?d 0 T T
( 1273 * 8161274
- 1274 % COME HERE THRU D2 FOR ¢ STMD o ~ o 8161275 o
| 1275 * 8181276 l
« | 294 ot 7871 1276 STMDD2  ACK  MDR G6ET Ué BITS FROm FPP 8161277
Cip 298 64 6AS0 1277 A MAR, @4 MaR MW _WRITE INTO MAIN MEMORY 8181278 ____“#______L
29C g 7871 1278 ACK  MDR 16 BITS “B181279
( 299 6% 6AS0 1279 A MAR ¢ Qe MAR 1 MW 3161280
e 1280 ® e e . __ 8161281 e
1281 * TOME HERE THRU 02 FOR ¢ STME TBlelze2 |
¢ i 1282 x 8151263 i
' 29E o4 71871 1283 STMED2  ACk__MOR ___GET 16 BITS FROW FPP ) 81£128% 4
29F 64 &A50 1284 A MAR Qo MAR PN 8161285
( 240 o4 7871 1285 ACK  MDR 16 BITS 8161286
___2R1 64 6AS0 1288 e A _MAR9QeMAR<MW e T . B16128T R
' 1287 ® 8161288 :
O 382 05 euzA 1286 s MRO«HRD+@4CO DECREAMENY COUNT 81612689 i
voeb . mAB _ B% 1CAY 1289 BY ___CoNOB _ _EXIT IF DONE - 8161290 e
v 2AlL 20 2000 12990 L Q,Q,02 OTHERWISE, LOOP THRU D2 8161291
¢ 1291 8161292
I _ R 1292 W_;* COME HERE FROM D1 FOR 8 LEJCEZAESSEZMESOE = 8161293
1293 * LD+CD+AD,SD¢MD+DD 8161254
( 1254 * 8361295
L_____9A% _ _ A% DEAT 1295 _FRXD1 _ BF _ AMODSFRXNX. _ .. . __ . .. - . Bl6129€
246 U4 6840 1296 A MDR ¢ Q¢ MOR 8151297
¢ 287 0% 7AH0 1297 FRXNX L MAR MDOR (MAR) = SECOND OP ADDRESS 8161298
2he8 40 T102 o12%8 ,-_-‘L-.E_._M_Qch"R e I . . 8161299
i 2A¢ g4 6A50 1299 A HAR'OCMAR 8161300
( I 2AA 0% 7847 1300 L MDR «MDRoFLTPT 16 BITS YO FPP 8161z01
- b RAB__ _...p% 7847 _.1301 L MDRWMORGFLYPY e _ 8361302 :
sAC 44 6A50 1302 A MARyQ¢MAR MR BUMP MAR BY 2 83161303
( 24D o TE4T 1303 L MDR ¢MORFLTPT 16 BITS 8161304
__2AE 24 7847 B %1 L L MOR«MDReFLTPT4D2 _ 8161305

FE




{

{

[}

(

(

(

MODEL 8,16 MICROPROGRAM 05-068R00A13

FLOATING POINT SUPPORT

PAGE 26

1305 * 8161306
1306 * COME HERE FOR STD 8161307
e o 1301 . . e e . . M161308. .
2AF a4 7871 1308 5TDD2 ACK MDR (MDR) = MS 16 BITS ofF DpFp REGISTER 8161309
280 84 6AS0 1309 A MAR ;@ ¢MAR « MW 8161310 -
— 231 a4 7871 1310 ACK  MDR x = NEXT 16 BITS 81p1311
i 282 &4 6450 1311 A RAR ¢ 8 s MAR « MW 8161312
1312 * - 8161313
R L S wem--- -1313  _% COME. HERE_FOR. STE. - SR .o fAAGLN1R
1314 x . 81561315
283 o4 7871 1315 STED2 ACK  MDR (MDR) = MS 16 BITS of SpfFp REGISTER 8161316
— 284 64 6A50 1316 A MAR 4@ MAR ¢ MW _ o Ll ) - B16A3LT . )
" 285 o4 7871 1317 ACK  MDR * = LS 16 BITS 8161318
286 60 2000 1318 L Q.Q MU WRITE INTO MAIN REMORY 8161319
L2827 ____C4% 7COO 1319 L FLRaPSWeIR R —— — ... 8ig1320 _ _ ___
1320 ® 8161321
1321 * COME HERE THRU D2 FOR 3 CD 8161322
e e _1322 s .. : ) _ 8181323
| 288 44 gAS0 1323 cnD2 A MAR ,QsMAR s MR 8161324
| 289 o4 7847 1324 L MDR (MDR FLTPT 16 BITS 8161325
L @BA ok 7847  __ ____332% _ i HOR «BORWFLTPT o - - ... 8161326 —
28R . 44 eaS0 1326 A MAR+@yMARMR 8161327
28C 04 7847 1327 L MDR ¢+MDRyFLTPT 16 BITS 8161328
— . 280 _ o4 84T . ___ 1328 . . L MDR+MDRSFLTPT _ _ e e ___ 8181329
| 1329« ‘ 8161330
i 1330 * COME HERE FoR t CER,CDR tD1) 8151331
L e . 1331 & .. 1t CE 02). . .. ... .. ale1zx2 . _____ _
028E 1332 CERD1 EQU % 8161333
28BE 94 7C71 1333 ACK  FLR GET CC FROM FPP 8161334
28F €0 2000 1334 e 8aQIR. ... __UPDATE €C, 8161335
1 1335 8161336
1336 * COME HERE THRU D2 FOR ¢ LD,AD«SD(MD,DD 8161337
. L I 1337 % - - —— - 8161338 __
2Co 44 gAS0 1338 FORxD2 A MAR+@+MAR ' MR 8161339
2c1 G4 7847 1339 L MOR 4MDRyFLTPT 16 BITS 81561340
2C2 0% _T847 1340 .k _. MDRyMOR4FLTPT R I . 81p3381)
2Cc3 44 6ASO 1341 A MAR Gy MAR WMR 8161342
ach o4 7847 1342 L MDR+MOR+FLTPT 16 BITS 8161343
2cs 0% 7847 1343 L. _MORyMOR.FLYPT _ _ _ I 15 .1,
1344 * 8161345
1345 * COME HERE FOR ¢ LERJAER+SER+MERJ'DER  (D1) 8161346
1346 % _$_LOR,ADRSDRoMOR+DDR _ (D1) - 8161347 e
r——— 1247 = § LE +AE +SE JME +DE (021 8161348
i 02C6 1348 FRRD1 £aL % ) 8161349
L_____eséL_____ﬂQNZQZA.W‘A,__Wm___Lzﬁg__w~m“; _____ ACK _ FLR2Q@ WAIT HERE TILL: FLOATING: POINT 8ieizs0
) . 1350 * PROCESSOR SENDS CONDITION CODE 8151351
1351 * 8161352
2CT 8% 2ED4 1352 BT VyFLeOV _EXPONENT OVERFLOM/UNDERFLOW OCCURED 8161353 L
2C8 c4 2C€00 1353 F.CC L FLR,@, IR UPDATE CC, FETCH NEXY INSTRUCYION 8156135%
1354 * 8161355
e~ 1355 » COME HERE FOR : FXRsFXOR — R 81€13%6
1356 * 8161357
02C9 1357 FXRD1 EaUu = 8161358
_2€9% o€ 7071 _ 1388 LACK Yo (Ry) = FIx POINT NUMBER FROM FPP 8361389

-




MODEL 8,16 MICROPROGRAM g5-068R00A13

PAGE

27

( FLOATING POINT SUPPORT
- 2CA o% 7471 1359 ACKTMRD 77T 77T T TPUMMY READ FOR FPP YO IDLE 8161360 -
( 2CB o4 7C71 1360 FXR2 ACK  FLR GET CC 8161361 :
AP B 1= co 2000 1361 L 84Q¢IR UPDATE CC & FETCH INSTRUCTION 8161362 i f
1362 * 8161363
( 1363 « COME HERE FoR ! FLRFLDR 8161354
) 1364 * 8161365 3
02CD 1365 FLRO1 QU * 8161366
« | 2¢D A% 3ECE 1366 8 FLRD11 puMMy BRANCH FOR FPP TO SETTLE 8161357
{_ 2CE ot s207 1367  FLRO11 L YS YSFLTPT _SEND (R2) TO FPP ... _Bieazsd e
2¢CF oC 4207 1368 L YS,YSFLTPT 8161369
( 200 60 7100 1369 - LI Q40 8161370
—.._.201 00 2007 _ 1370 L _Qa@eFLTPT SEND DuMMY HALFWORD TO FPP _ 81ei37l ) L
202 ou 2007 1371 L Q,Q,FLTPT 8161372 i
i 203 A% 3ECB 1372 B FXR2 8161573
0 B Rt £ T S e 8161374 I .
1374 * FLOATING=POINT ARITHMATIC INTERRUPT 811378 -
( 1375 * 8161376 :
0204 B _ 1376 FL.OV EQU % i e 8161377 -
204 o% 780 1377 L FLR«PSW.CS (FLRY = PSy 417 8161578 —
« 205 A4 2ECS 1378 aF V.FCC IF 8IT 5 IS DISABLED,IGNORE: INT, 8161379 i
206 06 650F 1379 . NI MRO.Qe*OF*  HOLD CC IN MRO ... _81p1380 ) L
207 60 7600 1380 L Q.PSH GET PSH 81513581
( 208 g2 E1OF 1381 N2I  Q4Q¢TOF? 2ERO OUT CONDITION CODE 8161382
._._.2D9__ 05 EO20 1382 0 PSy+Q4MRO OR IN CURRENT CC I 8181383 I
i 204 o4 7828 1383 L MAR,Y28° 8161354 ;
« 208 A4 3F21 1384 8 GENSWP 8161335 :
BT T - - - - [ U PP SO £
{
i
!
(
T T e === - — - —— e — - — T R T T —"‘—!
¢ i
N S R _ . i} } _ i S ——— [
¢
- ~ - e e
(G ;
o e |
(
¢
(
4




L

MODEL 8,16 MICROPROGRAM (5-068RO0A13

430

1418

BLDCK 170, AUTO LOAD & PSW SWAP SERVICE
| 1386
1387
L . 1388
1389
2nc 00 300C 1399
e —. 20D ~1C 300A 1391
! 20E CcC 2000 1392
1393
i e . ._139%
1395
1396
o — 1397 .
20F o4 3E01 1398
2€0 o4 7431 1399
L 2F1 00 3A02 1400 .
2E2 05 7425 1401
2€3 A4 1EE1 1402
——2E% Q4 .3800 1403
i 1404
; 14085
L 1406
02E5 1407
2ES D1 &040 1408
. ____2E6 ___ DO 200C .__1409
i 2r7 84 28FB 1410
; 2€8 40 2000 1411
—___2F9 0% TCT2 ~s12
2€A a4 20FC 1413
2ER 84 1EE9 1414
. 2EC 20 2000 —..._1415
! 1416
| 1417
2ED g4 7ECY 1419
2EE 00 A0GS 1420
____2€F A4 3EF3 _1421
i 1422
! 1423
e . dU2Y
2F0 o4 7474 1425
1426
e o __ly2r
f 1428
2F1 0% 78A0 1429
N 2P2 60 A005
2F3 04 7A55 1431
oFL A4 ZEES 1432
R 1433
1434
2F8 1438
_— 1436
1437
1438
- 1439

PAGE 28

* 8161387
* 8161388
* COME HERE IF SIGNS DIFFER FOR CHy CHI & CHR I  8161389_ .
* 8161390
DIFFER L QeYDeF SAVE YD IN Qs SET GsL FLAGS 8161391
L YD+YD4SL+CO SET/RESET CARRY 8161392
L YD4Qe¢IR SET CC, 8161393
x . 8161394
——_%__BLOCK I/0. _ I } i 8161395
* 28161396
* COME HERE THRU D1 FOR & RBR.WBR 8161397
X . L 8161398 .
RBRWBRD1 ADR YD ADDRESS THE DEVICE 8161399
L MRO1YSI+CYDESWA 8161400
. _BLKRRY1 L MARZQ,YDP1 _(MaR) = BLOCK STARY ADDRESS _ __  __ 81glsol P
DEC  MRO+MRO 8161402
&8F C+BLKRR1 811403
T L. . MDR.YL _ {MDR) = BLOCK END ADDRESS =~ @81sl40% _ _ _ .
| * . 8161409
* COMMON TO WBsRB¢wBR.RBR 8161406
x o S U .. .BigdwoY? .
BLKIO1 EQU (MAR) = BLOCK START ADDRESS 8161408
s Q¢MDR,Q (@) = 4 OF BYTES TO BE TRANSFERRED 8161409
. BLKIO2 L. . Q,@,F _.SET FLAGS HERE 8151410 e
BT L«FINISH 8151411
L Q4QsMR 8161412
. BLKIO3 =SS .. . FLR e ... Blelwad _ . _
8T V4G4l , TERMIN IF BAD STATUS / TIMEZOUT, TERMINATE e1e1yié4
BT C,6LKIO3 LOOP TILL BSY DROPS 8161415
O S - £ 1° K 1: - __.B0_TRANSFER THE BYTE _ 8161416 e
* 8151417
* COME HERE THRU DROM2 FOR WB & WBR 8151418
* SO o ....8161419 _
WBR WD MDR,CS WRITE A BYTE TO THE DEVICE 8151420
DEC @,6 DECREMENT BYTE COUNT 8161421
. . B RB1 O o...._.81piY42e . __
* 8161423
* COME HERE THRU D2 FOR ¢ RBtRBReAL 8161424
e R e o 8363428
RBR RD MRO READ A BYTE FROM DEVICE 8161426
« 81e1427
*_COME HERE FROM EWUIATION SEQUENCE FOR AL ) _ 8161428
8161429
FROHAL EXB  mOR«MRO . 3151430
... DEC  Q,QMw __WRITE THE BYTE INTO MEMORY 8161431 e
R81 INC  MAR,MAR 8161432
B BLKIO2 8151433
* R e ~ e 8161434 —
* 8151439
ORG  *300° 8161435
. S e O _B1ed43?
* 8161438
* ALO SUPPORT : _0AD PROGRAM FROM ALO INTO MEMORYe START EXECUTION. 8161439
% 8l61440



MODEL &6,16 MICROPROGRAM 05=068RDOA13 PAGE 29
‘ BLOCK I70¢ AUTO LOAD 2 PSW SWAP SERVICE
i 0380 1440 ALol Eou = THE ALO (HW DEVICE) IS ADDRESSED 8i6inel p
i l 1441 * 0N POWER UP, 8161422 ;
b 300 0% 7074 1442 RD PSY GET PSW B o Bleles3
301 o4% 7274 1443 RD LOC GET LOC B1eluak
302 o4 TATH 144 RD MAR (MAR) = PROGRAM START ADDRESS 8161445
303 ac 7074 1445 R0 YD (YD) = PROGRAM FINAL ADDRESS 81861446 i
304 14 po5C 1446 S YD, YD1 MAR ¢ SR4F ((YD)) = s OF HALFWORDS IN PROGRAM 8161447 .
¢! 305 A4 3534 1447 BF 641I0LE IF NONPOSITIVE, ABORT UNLOADING ALO 8161448 !
o wes  ® o 8161849
306 c4 7874 1449 aLo2 RD MDR {MpR) = NEXT HW OF PROGRAM 8161450
( 307 &C BOOS 1450 DEC YD YDeMwW WRITE THAT HW INTO MEMORY 8161451
. 3p8 oM 6ADD . 1481 A CMARGGMAR INCREMENT MAR By 2 ... 8161452 S
309 A% 3F06 1482 8F c.ALez 8161453
( 1453 * 8161454
gL moa  1C 700A 1454 L _YDPSWeSL¥CO  LOOK @ PSw MAIT BIT 81561458 y
308 A4 3F3C 1455 8 EPSR3 B161456 -
( 1456 * 8161457 :
R e ANBT % e 81614538 !
[ 1458 = 8161459
¢ 30C 04 7471 1459 LMEDONE ACK  MRO DUMMY ACKNOLEDGE FOR FPP TO IDLE 8181480
L 300 _ __C& 7C0O0 _. 1480 ST S FLR4PSW IR ... BlBlue1 -
- 1481 * 8161462
( 1462 * ROUTINE FOR AL 8161463
— o 1463 o o - S eileimsh .
| S0E 8% DF10 14864 ALl 8Y AMOD 4 ALX 8161435 E
« | 30F 00 7100 1465 LI 8,0 8151466 I
i 310 00 _g0%0 o .lyse  ALX_ A Q,Q4MDR _ AL TO (Q) ADDRESS = 8163457 &
311 o4 7B78 1467 LI MAR.*78? 81561468
( 32 44 780 1468 L MAR¢YBO* 4MR READ BINDV ENTRY @ X*78¢ 8181469
313 00 EGSA 1469 S5 @.QeMARCO tg) = & OF BYTEg TO BE TRANSFERRED, 8161470
! 318 8% 1CFB 1470 BT c.FINISH ABORT IF LESS YHAN ZERO 8161471
U 3518 o4 7EC1 1471 ADR  MDR,CS ADDRESS THE DEVICE 8161472
L %6 0% 7eM2 1472 oc _ﬁgﬁw_ . SET UP THE DEVECE 8183473
1473 * 8161474
( 317 9% yCcT2 1474 LEADER  SS FLR 8161475
318 a4 zoFC B 1475 BT ' V4GelL TERMIN TERMINATE IF BAD STATUS(!;HE-OUT 816i4¥6
i 519 84 1F17 1476 T8t € LEADER LOOP TILL BSY DROPS 8361477
¢ 312 o4 T4T4 1477 RD MRO 8161476
AR - 44 742C . A4T78 e _ k. EROJMROF4MR B VY 1 3 £ 4 SO 1
330 84 36F1 1479 BT 6 FROMAL NON=ZERO BYTE Is READ 8161480
( 310 Ak 3FL7 1480 z LEADER LNOP 8161461
e - B} A48y % — _ e _81s1u82 B
1482 * MACHINE MALFUNCTION DETECTED 818143 -
[ 1483 * 816148% i
Lo _031E 1484 MMALF. EGU % o . BLELINAS J
31E a4k Fs538 - 1485 8T PPF «PURDYN PRIMARY POLER FAIL 8161486
¢ a1F 84 ADSF 1486 BY CATHN4CONSER 70 EXIT IF MICROPROGRAM HANGS UP 8161487
. . aus7 x ... 1N MACHINE MALFUNCTION PSW SHAPS ~ Biplu8s
320 o4 7838 1468 MHALFL LI MAR OMEPSY “Biciusd :
{ 1489 ¥ 8361490
D 1490 % COMHON PSW SHAP ROUTINE o e R ;12 2
1491 * 8161492
( 321 0% 3400 1492 GENSHP L MRO.YD SavE YD IN mRO 8151493
[ £ - IR S U S, _ .. Bieauwsw
(




MODEL 8/16 MICROPROGRAM (5-068RO0A13 PAGE 30
BLOCK 170y AUTO LOAD & PSW SWAP SERVICE
! 322 0% 7800 149%  QUEINT L MDR «PSW 81611495
i 323 00 7102 1495 LI Q42 8161496
... 324 &% KASD 1496 A MAR Qo MAR MW _SAVE OLD PSW . _ _ . ... _ _@816%1497 . _ ___
325 0% 7810 1497 L MORLOC 8161496
326 &4 6AS0 1498 A MAR +Q+MAR 1MW SAVE OLD LOC 8161499
327 4C 7101 1499 LI YD1 eMR 8161500
328 a4 pB2C 1500 BF MALFLPSW1 8161501
1501 * 8161502
L 329 @ a4 FB2B. _ . __ ___1502 .. ___ . BT.  MPE.LSET e i ...8161503% .
324 05 ps4o 1503 0 MDR«YD+MDR OR IN L FLAG 8161504
32e o4 7100 1504 LSET LI PSW0 RESET MPE & EpF 8161505
______ o . 1505 x . S _. 8161506 —
032¢C 1506 LPSK1 EQU = FROM LPSW 81615067
32¢ 0% 70%0 1507 L PSWMDR NEW PSW 8161508
| 32D o4 6AS0 . _ ____1508 . A MAR.Q.MAR _ e e 8181809
32€ 40 2000 1509 L Q4QeMR 8161510
32F 04 7240 1510 L LOC «MPR NEW LOC ) 8161511
- 0330 ... ... ._. 2511 __EPSR1 . _EQU __*__ _ _._FROM EPSR . . . _. . . _._.._. . ._®es12
- 330 o4 7C8¢0 1512 L FLR¢PSW,CS LOOK @ PSy06 8161513
33 A% 3T73A 1513 BF G.EPSR2 8161514
e Asie . ox . . e e o ._._ .Bl61813 e
0332. 1515 QUENBL EQU = 8161516
332 a4 AF3A 1516 BT CATN+EPSR2 To EXIT IF MICROPROGRAM HANGS UP 8161517
— R e e A8 e . . ..._.In QUEUE SERVICE PSW SWaAPS . .. . 8le1m18. . _ . _ . ___
333 o4 7B80 1518 LI MAR,'80¢ 8161519
334 44 7p00 1519 LI FLR+O¢MR 8161520
LR35 __ _ 04_7A%0 . 520 e L __MARyMDR . ...{MAR) = QUEUE_ ADDRESS. . _ .B1e3s2l I
336 44 7882 e 1521 LI MAR, 827 (MR 8161522
337 nC 71FF 1522 LI YD, 'FF 8161523
338 0E 504¢ 1523 o N_ ... YOsYDsMDReF _  _ SEE IF LIST IS gMpTY _....81e61852%
339 84 3722 1524 BT G+QUEINT TAKE QUEUE SERVICE INTERRUPT 8161525
1525 * 8161526
b B3R 1C 700A 1526 EPSR2.. . L . YO:PSWeSL#CO  CARRY = PSWGO. . __81eis2? _ _
338 0C 7020 1527 L YO MRO RESTORE YD 8161528
1528 * 8161529
33C__ 84 1059 . ..1529  EPSR3 BT . CaWAlT __ e e .. .._..B161530 e
33D c4 7C00 1530 L FLR«PSWeIR DO USER'S INSTRUCTION 8161531
33E 1531 END 8161532
—



MODEL 8,16 MICROPROGRAM 05-068R00A13 PAGE 31

{ BLOCK IZ0, AUTO LOAD & PSk SWAP SERVICE

N0 ERRORS

i ARLD?2 0267 : o . , i
ACH - 0080 .
ADD 0195 862
____ADDWRT | 0188 814
! AHM posas
AHR 008E
AT .. .. _000% I e

AIR 00B7
AL 0008
—_ _ALy. . D30E i .89 _ _ . e - e __ e . —
| ALOl 0300 . 649
f ALO2 6306 1452
| ALaC: a6 . 685 732 _ e e
i ALX 0310 1464
/ APSH 0024 654 730
_ATLY 0253 . __.... .13 — e e U .
f ATL2 p262 1196 1198
o ATLABL 007E
' ATiaBLDY _g2Sr . 296 - e - S - _
ATLDZ a25¢€
! BALR 609F
__...BECR = . 00Ak _ e
i BFS3 goAs
( ! BKWORD- 00AC
cij__BLKYOL __g2ES 170 ; R B - _ _ e e R
BLKIO?2 02Eé6 1432
¢ BLKIO3 02E9 1414
LKRRY 02EY MO e e
i BRANCH. 60A0 413 418
€ i 8TCR GOA2
L__Brs ... D0A& e e e~
BY pol2
( BX1 0082 453
Bxe . 0QAF . S _ L S,
BXLE 00B1 i
¢ 1 BxnoOB 0084 459 3
||'|L....__mex-__ P ._OQl‘*, e meea s R .,,__,,AA,&‘!_A - —_— — . U - — S — — !
¢con2 o288
L CER 00El
—— CERDL  __0RBE . 895 . o _ e RS e
' cHR no97
Loy cLe 0089
L. CLHR . _ . .00% . . . o A _ _ ~ B . S
CLRNT 017s i 783 835 855
€ CONINT ¢1EB 854
___ _CONSER . ___01SF . BaS _iuBe6 . _ S I R
CONTIN: 017F 810
( OHR 0008
L oMra ___ _ o200  __ __ st0 o o i e )
DIFFER 020c 3717
{ DISPLY c190 780 848 850
EPSR__ Q000 o _ e N —
¢ EPSRY 0330 §31 ’ o - o




—~

MODEL 8,16 MICROPROGRAM 05-068R00A13

BLOCK I/04 AUTO

PAGE 32

LOAD 2 PSW SWAP SERVICE

033A
033C
00CS
02Cs
02C0
00fB
0204

EPSR2
| EPSR3

EXBR
F.CC
FORXD2
FINISH
FL,OV

e . D1EY
FLTOISP 01C5
FN1 01AC
FN11_ .
FN2.FN3
FNREG

0180
0183

c0E0
02Ce6
.. DOAD
FRX 0079
FRXD1 02A5
i FRXMX __ 02AT7

FRR .
FRRO?
—__ERWORD_

piBas

FRpYAL! 02F1 .

1513 1516
1455

1378

1410
1352

1470

..-- BB6... .. . e o
1366
963
L9715 .
982
983
e . 988 e
846 945

997

e AT e e . -
908
811

e 18792 . U

591

285
— 1295 .. . L

FXR 000E
FXR2 02CB
FXRDY n2c9

1372
882

GENSWP' 0321
HELP 0197
L. HELP1 5198
- 10LE 0134
10LEL 6136
IDLEX 015E
JLEG 0098
ILGPSW 0030
. _008C

01E7

0008

0005

394 1005 1384
32
781

906 909 933 1447
T24%

123 . e e e e n e e

333

ooy

01EA
o0Bs

I TOSVC
| B
L LBR _ __
LCs
. LDDOUBLE
LDREG
LDSINGLE
LEADER

0096
0113
0104
p11F
0317

L LHR
LIST.OV

LM

LMD

0284
po0Ce
0088

_QoBe

0095

678
665
693
1476

1480

1169



MODEL 6,16 MICKOPROGRAM 05-068R00A13 PAGE 33
{ BLOCK 170+ AUTO LOAD & PSW SWAP SERVICE
LMDO2 0288 328 - !
{ LME 0091 ‘
il LKED2 . g2%1 352 s i i e e — k.
LMEDONE ¢30¢ 1271 . -
( LMNX pOOE 77
__LMST* . pooc .
{  LocDIS 012C 702 876 929 934 959 953 T
r LONX2N o188 g4
L LPSW__ CBOCE i e . e -
LPSW1 g32C 524 1500 ) T
( LSET 0328 1502
MARO 0128 o _._.938 955 . e e e
MKR 0olC ) T
( MHR1 0232 574
(ry MHUR 0600 . — _ e e .
MHUR1 0248 578 i
( KEALF 031E 883 =
MBALF1 0320 a3 L i
MHF 0179 706 T - -
( MRONES 0207 1040 T
MROPOS 0205 i [ o _ H
NHR < po92 :
{ NLONG 0067 616
____HNNEBY 0238 - 1118 L e S
NNES?2 g23c 1122 ) T 12
€ NoB 00A1 432 509 518 &8s 1289 :
ver, L MOWRAPL ge61 . 1180 I _ S o ¢
) NOWRAPY 5284 1233
( oc 002E
OCR 002F - L o o
OHR 0693 0 -
( 0IPSW 0040 .
L. _QMHPSW 0038 1488 3 ~
cUTDIS 012F a7l 996
( ov 0225 1058 1079
ovl 0224 1041 1093 _ I e S Ty
PNTR 0022 §59 T34
( POW 0157 758 772
L beswoc 0186 - 9g% ] - B .
PUROKN 0138 1485 )
( PLROWNZ 014D 745
___PwRuP 0100 B I _ e e S
[ PuruP2 2119 869 ' )
N PuruPfo vall ens
L anee . c222 S ¢ Y 2 S . - s
Q0K 021F 1088
C QoK1 J24F 1137
QUEINT 0322 1106 1524 T
QUENBL 0332 .
C REY 2F3 1421
ek ROLOR g2lF _ e
RBR 0zFo
C RBRWBR 000A
RERWBRD1 020F 564 _ . -
s o g b gt
$
5]



‘ MODEL 8,16 MICROPROGRAM 05=068R0O0A13 PAGE 34
(. BLOCK I/0+ AUTO LOAD & PSW SWAP SERVICE
. RBWS 0034
L RBWBNX 0038 163
RO 00LB _ e
] RD2 0019 112 138 319
RDKEY 018F 815
____RDR 0023 116 )
( i REGIIS cng
' REGN 61€0 952
L em  gpiB o ~ . _ e
, RHH 001E 108
RHR 0021
RLLDZ2 ..005A L _ _ o e e e
RNNEG 0218 1073 T
( RRLD2 0068
RS _..__0n0g%2 S e R S
RENX 0004 41 ST
( RTL1 026F 1203
thL~me§,mm___H“m&ARL“M_“w““_mwmmmm_m““
' RTLOD2 0278
¢ & RTLRBL: 007F v
, L___BILEBLDJ___~,JH55L_-__w______m_..wun__miﬂﬂu e _ 3 _ e
RX 0006 -
( RXNX - 0008 61
___SAVRFG . _ 0140 _ _ _ 741 e ) . e o e -
SCH 008F
( 'SHIFTO 00ES 190
l___SMORYR: _ __ 00A9 . 8pT_ e _ . _ . ;
SHR 0090 .
( SINT 0080
___SINT1 01ED 307
SINT2 0iFé az22
( SLA 0040
o SLAD2 . 0074 . R, —
SLHA 0047 o o S
( SLHAL o048 205
__ SLHAD2  p0SO . o e
SLHL 003D 0
( SLHL2 003E 197 210
[ StWe8 o003 200 . ___ N
. SLHLD2 0051 -
( SLHLNX 0042 183
SLL 004F N
| sz 0056 231 257 263 287 618 T )
N SLLD2 G054
N LS. 0004 .
SRAD2 006E
( SRHAD2 0061
SRHL1 0065 24
SRHLD2 0064 ) T - - - - -
( SRL1D2 0069 269 MR
BRI 0068 s
$s 0029
C SSR 002C
START 0000
( sy




MODEL 6,16 MICROPROBRA% p5-068RO0A13 PAGE

RLOCK I70¢ AUTO LOAD & PSW SWAP SERVICE

35

. SX‘AR'H. peGe Bu4g T - T o o
( $i8 008D
o, l__sypR_ . goto
SYD 00E3 - .
! sYDD? ozAF 603
__STDOUBLE g1y by
. SYE ' g0E2
« STELSTD GOTA
L. STED2 0pE3 559
) STENX go7cC 289 B T T
( STH 0084
___STHz _ _....0086 us9
STH 0oCA - - - - B
( . -STHD DOSA
. LT swooz . gesA . %5
STHE 00‘3E e mee e mTIoTom T T e e i e T ST
( STRED2 gast 328
_ STSIMBLE 0133 e Te8
&yCo% 0¢ED S TR - e —_ - .
( TERMIN 0oFC 1413 1475
LTHY _00BA . e
THRUD2 aoud su2 Tt T e - T T o T ST e
¢ WAIT 0159 1829
__WayTi 015C. . T8z
[ WASEMPTY LT 1208 - T T T T T T
¢ | ¥BR 02ke
ftfib_¥D . Q04 e
, ¥DR 8027 126 T e e T T o - o
x WHR 0325 .
OXMR_ . 00%% .o
i YDNNES 026D 16u8 - B ) m e TS Smenem o T T e - -
A
!
(
C |
0! e o _ _
(
«|
{
|
(
s
i




MODEL 8/16 DROM 05«0639F0IRO0A13 (RASIC)

PROG= M81gDFO1

- [j__—_*ﬁﬁﬁf‘

ongo

0noo

6000

000

ASSEMBLED BY MICROCAL II

GO

o
00

. Gu

00
00
00
GO
6o

.00

0098

gO9F

COA2
00RY
0092
0099
0093
Q0%
0095
0097
QQ8E .

{z22-81T)
F«VARY EQU
*
NLSTC
*
SGCHK
*
*
*x
*
ELSE
MPY.DIV EGU
EnDC
ELSE
SPFP ps ]
ENDC
£LSE
DPFP E&U
EMQC
*
*
*
*
*
*
*
* DHEMA MAHAJAN
3
*
*
*
*®
*

*

PAGE

SET UP SYSGEN PARAKETERS

COPYRIGHT INTERGATA INC,

pROM SOURCE IS sSSEMEL
OPERAMD FIZLD IS THE S
COMMEMT FIELD SHOWS OF

PARTS 19~186RD0FO00
PARTS 19-186R00F0U

IF2
PARTS
ENDC
ENGC
ERRC
ENDC

DC
oc
cc
bC
L
pc
(V]
cc
oc
D
oc

F o VARI=-1

19-1B8RODF27

ILEG
BALR
BTCR
BFCR
WHR
CLHR
OKHR
XHR
L
CHR
AHR

1

F01

SEPTEMRER

o
c1
s
n3
it
ns
1)

e
N9
0A

t BASIC

197¢

ED IN CONJynNcTION WITH THE MICRCPROGRAM SOuRCE
YMBOLIC ROF pLTRY POINT FOR DY

~CODE AND VALIn INSTRUCTION MNEPOMNIC
ONLY THE LFAST SIGMNIFICANT BYTE OF THE cODE GENERATED IS USE
DuUMAY PART #

numity PART &

YHE ©.ROM DATA IS CONTAIWED IN THE FOLLOWING 512 x 8

BALR
2TCR
BFCR
NHR
CLHR
OHR
XHR
LHR
CHR
AHR

(4K) ROM CHIP

1816001
né1en02
3816003
i 816004
816008
~816n06
N836007
816008
816009
ng16012
1516013
N816334
1816017
~816018
0816019
ng16p22
n816n023
8161624
ne16nzs
816026
uB16027
naienzé
n816929
1816030
Dei16en3l
ra16532
1816033
1816734
ng16635
18160386
5816037
816038
Ng1603°9
NAa16040
0816041
1816042
ne160u3d
DB16G4H
n816c45
5816048
na16051
n816054%
1816055
0816056
"8160587
ng1e638
n816059
ng816060
na16g6l
Lig16n62
n816n63d
816064
816165
~816n065



MODEL 8,16 DROM 05-069F01R00AL3 (BASIC)

008
——nt ..
0oC
ooDn

00E
I—Ti] 2

[

|

010
011
——012
013
014
L. 0158
016
017
—— 018
019
01k

L e1a

01C
01p
—01E

f. 01F

00

00

00

00
00

00
Qo

i)

00
0d

aa

a0
Qo

Q0

ao
g
60
00
a0

6090

0098

00%8

008D

008F

0098

0098
0p98
0098
0098

0098

0098
0098
0098
0098
0098
0098
0098
0098

.00_9098 _
*60 0098

68
63
70
71
72
73
77
78
79
a0
81
82
83
84
as
86
a7
a8
a9
90
91
92
93
94
95
96
97

*

ne
IFZ
DC
7]
END
END
3]
oc

* OP=-CODES

¥*

bc
DC
Dec
oc
DC
bC
29
oc
]
pc
cc
oc
LC
ocC
oc
DC

c
C

10

SHR

RAGE

MPY DIV

ILEG
ILEG

ACh
SCH

- 1F

ILEG
ILEG
ILEG
ILEG
ILEG
ILEG
ILES
ILEs
ILEG
ILEG
ILEG
ILEE
ILEG
ILEG
ILEG
ILEG

ARE ILLEGAL

ne
.

nE
oF

SHR

ACH&
SCHK

8164¢7
816148
1816969
1816070
816071
.iB1617H
"816n7¢€
81ect?
816078
3816079
NB816080
:8160k1
3816082
n816183
0816384
2816085
5816086
7816087
5816088
5816089
n8160°0
selerel
0816092
7816393
n81ensk
/816095
1816096



MODEL' 8716 DROM 05-069FQ01RO0C0AL3 (BASIC) PAGE 3

o2n 00 pOAG 99 oc BTS ) 20 RTBS 1816098
p21 G0 goAs 100 - De 87s 21 BTFS 3816099
~ p22 00 QOAB 101 oe BFS 27 BFBS N816100
623 00 0O0AB 102 oc BFS 22  BFFS 2816101
___pgw_ 0O go8C 103 nc 1MM 24 LIS 7816102
025 00 0096 . 104 pC LCs 2% LCS 1816103

026 03 op8cC 105 oc 1M 26 AIs ~816104
027 . 60 posC 106 nc MM 27 SIS 816105
t 028 187 - IFZ SPFP 3816106
! 023 00 0098 108 ac ILES 2a ~816107
i___...nRe .00 009B __ 109 ne 1LEG 29 . Ne16108
02A 00 0098 110 De ILEG zh 2816119

p28 00 0098 111 DC ILEG 2R 816110
__p2c _ .00 Q098 ) 112 oc ILEG 2C ng1s511l
6en g0 0098 113 ne ILEs ar . 0816112

: 02E. 60 0098 114 oe ILEG 2% 0816113
L p2f_ . .00 poO%B . 115 DC ILES 2F nNB16114%
- 116 EMDC 3816115
126 ENDC na16125

o3 127 1IFZ  DPFP 1816126
I . 128 ® ne16127
! . 129 x OP-CCDES 30 - 3F ARE ILLEGAL nE16128
o 130 x ‘ n816129
030 ¢G 0093 131 nc ILEG nB816130

nxl GO0 0098 132 nC ILES re8161z1

oo . D32 au 0098 ) 133 v ILES ) n816132
: 03% 00 0098 134 jale 1LEG 0816133
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17¢ 00 0000 651 ] 0 0816650
! 00 ppoo : ' 652 oc ] 816651
17¢ 60 0000 653 oc 0 816652

17F 00 0000 654 oC G . 7816653
S L . 655 ENOC 816654
[’ 665 ENDC ng16664



MODEL 8,16 DROM "05-069F01R00A13 (BASIC)

MOUEL 8/16 DROM2 DATA

180 60"
181 00
— 182 . _@0
183 0G
184 (1]
i _p0
186 6o
187 60
— 388 00
) 189 GO0
18A 06
188 ____00
18C Ou
180 [111]
. 1BE. . 00
18F [x]
19¢ 00
191 00
— . 192 00
193 - 00
194 (i1}
' ___ 195 . _o0¢C
196 no
197 vl
. .7198 _ 6D
199 00
194 00
— .- 132 . 00

19C
19¢ 0o

f——

190D 00
L.. .. 1%E G0

19F 00

o0uo
0000
0000
0000
0060

0000 _ . .

¢oLo
0000
0000
0000
0000
0000
0000
oovuad
0000
0000

0064
0051
00A1
0000
00Al
8000
02E0

“¢2F0

G025
0021
0027
0023

G000
g02c

002F
go2C

667 *
668 * OP=-CODES
L. 669 .. X
670 oc
671 falo
- 672 De
673 (3w
674 aoc
- 875 a]
676 uc
677 3]
678 (V]9
679 o]
680 oc
681 .DC
682 e
683 ile
684 uc
685 ac
686 *
687 *
588 [3]os
&89 o1}
690 pec
891 oc
€692 b
693 oc
694 [alel
695 ac
696 oo
697 oe
598 DC
699 CcC
700 1FzZ
701 oc
702 EnDC
705 ENDC
706 oC
707 cc
703 oc

8n

PAGE 14

= 8F ARE ILLEGAL

SRHLD2
SLHLRG2
NOc

0

110

0

WBR

“RER
“WHR

RHR

wDR

ROR
MPY.DIV
¢

SSR
GCR
SSR

CTe

Q-
~ &

2z
a3z
54
95
9z&
S
9
92

38
sc
sn

SE
9F

SRLS
SLLS
STBR
LEBR
EXBR
EPSR
WER
RBR
WhR
RHR
wWDR
RDR

SSR
OCR
AIR

NR16666
n816667
1816668
816669
816670
T816571
n816672
816673
T8166TH
816675
NB16676
1816677
816678
1816679
816680
n816681
"816&£92

| 1816683

08166804
"816685
7816686
n8164687
1816688
'816689
816630
816691
"816692
N816653
7816694
TB16675
3816696
816697
5816658
3816699
n816700
ngl67sl
816704
n8167"5
0R167(6
£816757



MODEL 8,16 DROM 05-069F01R00A13 (BASIC) PAGE 15

MODEL 8716 DROM2 DATA

| o 5816719
711 % OP-CODES 80 - AF ARE ILLEGAL 1816710

B U o712 % 816711
1A0 ¢0 0000 713 oc o 1816712

141 o0 0GOO 714 oc ¢ NR16713
- g0 0000 715 LC o B16TIE
Y ] 00 0000 716 oc 0 ) 1816733
! 144 00 pouo 717 ac e 816716
L 1a% _ 00 Q00O ) 718 nc G 4816717
186 20 pouo 719 oc G 0816718

1A7 00 cbuo 720 be ] 1816719

I 1. 00 06900 , 121 ce G 816720
1A% 50 0000 722 pe o n815721

1AA 00 goug 723 oc 0 816722

| 1AB 96 0000 724 ne G 1816723
‘ 1aC ¢0 0000 725 ue 0 NBI&T2Y4
140 00 ¢000 726 ot ] 816725
____1AE 00 po00O 727 De 0 1616726
18F 60 -n0UD 728 Dc 0 816727

729 * 3816728

L 730 x CP-CODES B0 - BF ARE ILLEGAL 1816729
731 * 0816730

180 00 00VD 732 . nc 0 3816731

. 31B1 00 ooUOC 733 oc ¢ 0816732

| 182 00 (000 734 nc 0 1816733
: 183 ty 0000 735 oc 0 1816734
. aB% 00 o0UD 736 Dc 0 2816735
1356 63 ¢000 737 cc 0 1816736

136 Qu 0010 738 oc o n816737
___1B7 00 0000 739 4] G 836738

; 188 oG 00UO 740 oc 0 816739
i 182 906 0000 741 ne o 0816740
L __18A 00 0000 742 oc 0 1816741
188 GO ¢000 %3 ¢ 0 816742

18¢C GG 0000 744 (/] 0 3816743
I 1- 1 GO GOoUOo 745 [3]9 0 3816744
. {1BE 00 0000 746 oc 0 ney674s
! 18F 00 0000 747 nC 0 816746

.




MODEL 8716 DROM 05-089F01R00A13 (BASIC)

mopeEL 8716 UROMZ2 DATA

[ aco 00 0O0AF

1C1 00 00B1

l_____1c2 _ _ a0 oo0CE

1C3 00 008A

1c4 00 o092

|,.,._.__.:lcs U0 0099

! 1Cé g0 0093

! 1C7 00 0094

to.___1€A . . .00_0095

1C9 00 0097

1cA 00 008E

__ _1CcRe G0 0090

1cc GO0 Q064

ich 30 0051

__.__1CE. 00 0061,

1CcF 30 005D

100 20 ‘00CA

101 20 00Ce

. An2 00 008D

103 G0 00B5

10u 00 §0B9

r--— -10% 09 gaFo

i 106 * 93 02ED

' 107 00 g2fF0

L 108 __._ 00 0025

109 00 0018

108 00 GOE4

- . 09 50 0018
r 10C

: 10C 00 pOUO

100 00 0029

__ 19% Gu g2k

[ 10F 00 0029

9

750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
Te7
768
769
T70
771
712
773
774
775
7786
777
778
779
780
781
784
785
788
787

o]y
#]»
28
6C
fily
0c
oC
oc
oc
©c
oc
cc
e
7]
oC
bc

al
ocC
oc
oc
oc
oC
oc
oc
cC
oc
Ge
oc
IFZ
DC
ENDC
ENDC
rc
DC
oc

BYH
BXLE
LPSW
TH1
MHR
CLHR
OHR
XHR
LHR
Chir
AHR
Sk
SkriikD2
aLHLbC2

SRHADZ .

SLHabD2

ST+
LM
STa
LB
(A
HAR
WAk
RER
WHR
RF
wp
]0
MPYeDIV
1]

Ss
oc
Ss

PAGE

16

nit
OF
CF

AXH
2XLE
LPSy
ThI
MHY
CLHI
OHI
KHI
LHI
CH1
AHI
SHI
SRAL
SLHL
SRHA
SLHA

ST
LM
ST
LB
CLas
AL
5]
B
teH

4D
RD

St
QcC
Al

1816748
N8156749
1816750
"816751
1816752
816753
Tg167%4
LB816755
1816756
18167587
181678
i:816759
16760
1816761
ja16762
nNg16763
ngle7e Y
1816765
0816766
2816767
3816768
5816769
816770

B4 L=
i S ra

1816772
J816773
N816TTH
816775
nNB1677%
836777
18167748
816779
0816780
N816783
8167684
816765
nNB816786



MODEL &8,16 DROM 05-069FD1R00A13 (BASIC)
4oDeL 8716 DRCM2 DATA
—={F

1E3

N 182

1E3
1€4
- Ee
1E7

1£9
1EA
o ._ifB
i 1EC
! 1E£D

1EF

1E8

L. 1EB

LAEE

1

00
00
90
00
20
a6
oo

. po

[111]
0o
o
[y ]
oo
00
(T

‘000

00ED

0080

pobo
0000
0020
0000
0000
8000
0000
n06B
002A
6068
0054
006E

0674

oguo
pouo

“oouo

6000
2000
o0v0
0000
Qgue
00ud
Qouo
poud
0000
00uo
gooo
60uo
00ug

789
798
791

792

753
794
795
796
797
796
79¢
800
801
362
803
804
805
a06
807
808
8¢9
810
a11
a12
813
a1k
815
816
317
518
819
aze
a21
822
823
a2y
azs

cc
319
oC
s}
js]»
ac
uc
oc
]9
oc
jalo
oc
lsl
ol
oc
ac

*
* CP=CODES

oc
oc
ne
oc
aC
oc
jale
oc
oc
518
uC
Bc
1
ac
DC
7]

END

syco2
sSInT
0

¢

il

]

[d

O
L1}
RRLD2
RLLEZ
SRL02
SLLu2
SRADZ
SLibe

- FF

OO DD DO

oS SO B ARG S IR ST

Pl

MM T M T T Y O oy M

ARE ILLEGAL

sve

SINT

RRL
RLL
SRL
SLL
SRA
SLA

7816788
n816789
1816790
58167l
~816752
JR16733
N81679%
r8167°5
0816756
1816737
PB16798
nB18799
nai16s0d
nA16671
Je1e6ac2
L816ar 3
0816804
pg1esh
;816806
na168n7
081668
n816&09
1816810
I516R11
N816312
1816813
1816814
7816815
DR816816
T81e817
0810818
0816419
5816820
ra16821
najea22
0816823
D816824



MOOEL 8,16 DROM 05~069F01R00A13 (BASIC)

MODEL &/16 DROM2 DATA

NO ERRORS
L __asLD2 .. 0267. ..
ACH 008D
ADD 6195
—_ ADDMRT 0188
AHM 0088
AHR 0G8E
LAy .. _ 000%
AIR 0c07
AL 00UB
r___hLL ) G308
| ALOY 0300
L_ ALO2 0306
— fLOC. . 0026
ALY 0310
APSW 0624
o ATLY. _ . 0253
ATL2 ‘0262
ATLABL. 007E
L___ATLABLDI . 0251
ATLD? 025E
BALR 009F
—BFLCR. .. GoAY
[ ers - 00A8
. BKWOPD 00AC
l._ BLKIOL 02E5
BLKINZ2 02te
BLKIO3 g2€9
___BLKRR1 G2E1
BRANCH 00A0
BTCR 00A2
L _BTs .. _00A6
BY 0012
BX1 ooB2
____BXH._ 00AF
BXLE 00B1
BXNOB o084
| BXNX 0014
cob2 0eB8s
CER poEl
_._.CERD1 . J28E
| CHR 0097
‘ cLB 0089
L CIHR . . _ 0099
CLRWT 0175
CONINT 21EB
____ CONSER_ ¢15F
CONTIN 017F.
DHR 0008
L__DHRL _ .. 0200 _
DIFFER g20¢
DISPLY 0190
__DPFP _ _ .. Q000
[ EPsR 0000

PAGE

18



MODEL 8,16 DROM 05=069F01R00A13 (BASIC) PAGE 19

MODEL /16 DROM2 DATA

EPSRI 0330
EPSR2 033A
L Epsmz 033 . .
‘EXBR 00C5-
Fo.CC 02cCs
F.yARI . 0001 )
| FDRXD2 g2Co
. FINISH 00FB )
L _FELa.OV ... .D020% . B
FLR 0O0DF
FLRO1 02CD
_ELROL1 p2CE
FLTL 81C8
H FLT2 civ2
L _FLT3 _ . O1MF.
FLT4 01E2
FLTS 01lEY
. _ELTDISP 01C5
f FN1 p1AC
i FN11 5188
| _FN2.FN3 01B0
FNREG 0183
FROMAL £2F1
- .FRR_ . 00ED
FRRD1 n2ce
FRWORD 00AD
i - FRX. - 0079
FRXD1 c2A5
FRXNY 02A7
EXR . n0LE
FXR2 p2C8
; FXROI 02C9
i __GENSWP 0321
HELP 0197
HEL.P1 6198
__J0LE G154
1DLED £136
IDLEY 015€
Lo ILEG .. pg9s
ILGPSH 0030
{0 008¢C
___XOATM . . .03E7
IORR 06D8
I0RX 0005
iosve .. .. - -G1EA
Le 0085
LBR 0086
___LEs. .- .. _D0%6
LDDOUBLE 0113
. LDREG 0104
L____LDSINGLE _ Q11F
LEADER £317
LHR 0095

o LIST.OV. 628A
i
=



MODEL 8/16 OROM 05-069F01R00A13 (BASIC) RAGE 20

M0DEL 6716 DROM2 DATA

LM 00Cé
LMD 0088
|___LMpO2 . ... _ _028B_ _ . . .. _.
LME o091
LMED? 0291
,——LMEDONE . 030C
: LMNX 000E
1 LMSTH 00uC
L LOocOIS ~.....012C . _ .
LOOK20 0188
LPSH 00CE
——lPswl .. .o32C
LSET 0328
MARD 012E
|l MuR . __000DC__.
MHR1 0232
MHUR 000D
MHURY o248 .
f MMALF 031E
MMALF1 c320
L. _MME.__ .. D179
MPY.DIV 0000
MRONFG 207
,— --MROPDS . 0205
i NHR . 0092
NLONE 0067
LNNEBY . ..0238 . _
NNEG2 023C
NOB g0Al
. NOWRAPY c26l .
[ NowraPH 0284
, 0c 002E .
L._OCR .. . _ DO2F
OHR 0093
oIPSW G040
___OMWMPSW. . .. .0038
ouUToIS 012F
ov 0225
L. _ov1 . . 022A
PNTR 0022
POW 06157
___PSWLNC . . 01Bé
PWROMA 0138
PWROWNZ 0140
L PWRUP______ g100
PWRUP2 9119
PWRUP3 0125
___QNEG . ge22 _ . . _.
Q0K 021F
B0K1 024F
QUEINT 0322 .
QUENBL: 0332
RB1 02F3
___RBLD2  027F _ __




;,

PODEL &s16 DROM 05=069F01R00ALS (BASIC)

wopeL 8716 DROM2 DATA

RBRWBR

[E]

REWS
RBYANX

__ED_

' RD2

| poxey

[___ROR. _ .
REGDTS:
REG Y

_RH___ .

™ TRuM
C o RHR

i BLLO2

RKENEG
RRLO?

RX

L_ RXNX
| _ SAVREG:
SCH

SHIFTO
.—_SHORTS
SHR
SINT
Lo SINT1_ .
SINT?
SLA

. SLHA
SLHA1
- SLHap2
SLHL
SLHL?
— SLiL? .
SLHLD2
SLHLNX

sLL102
SLLOZ
. SLLS
SPFP
'SRAD2
L___SARnan2
SRHL1
SRHLN2
____SRLINZ.

|
L

T
|____RBRWBRDI

__SLado2

L SLL

_ g
o

T92F0

600A

0038
0018
0019
J18F
0023
01BF
01co

0018

001E
0021

G034

0218
3068
0002

T 000A

026F
0285

‘0278
007F
0260
0006
0008
0140
008F
poE6
00A9

0090

6080

.. ..1ED

G1Fe6
004D

. 8074

04T
o048

. ..005D

. .pobl .

0030
003€
003F
0051
coH2

__ DONF

056
o054

000%

00900
006E

0065
0064
0069

20F
634 -

PAGE 21



MODEL 2,16 DRCOM 05-~069F01R00A13 (BASIC) PAGE 22

MODEL &/1& DROM2 DATA

SRLD2 0068
88 0629
L SSR— ——_ —_.Qu2C._
STARY 0000°
START1 0001
——STB—. .. . . 0DBD
STER 0cCo
STD GOE3
SYDD2 _ 02AF_ . ... ..
STDOUBLE 0149
STE 00E2
___STELSID .. .. 007A
STEO? 02b3
STENX 0Q7C
L STH ___ ..._ _ 0084 __ _ _ _
STH2 c086
STM 00CA
____STYMD._.__ .. DODYA
STMDOZ 029A
STME 009E
|l __symep2 . 029E .
STSINGLE 0153
svco2 ouED
__YERMIN . . __0GFC
[ Tty : 008A
THRUN2 0046
L WAIT . . _ 0159
WAITI 015C
WASEMPTY 928A
___WRR .. _. _ Q2tD . _
Wwp ookY
WOR 0027
| WHR. .. .. . 0025
XHR 0094

YDNNEG 0290

k-4

UV S U P . e




- MODEL 8716 DROM 05-063F02R00A13 (BASIC+M/D) PAGE 1

PROG= M81gDF0Z ASSEMBLED B8Y MICROCAL II (32=BIT)
5002 2 T EJVART EG0 2 Foz i BASIC + K/D DE1600L !
3 * Da15p0E !
N o - . . R _ . NLSTC - — ... _ D8péppn® P
5 * D8160GH
6 SQCHK p216005
I 7T _.* 3 Daiap0s R
3 ] D81580687
9 % SET UP SYSGEN PARAMETERS p516003
b - 210 * . . - __. beisppn? —
000 11 IFP  F,VARI=1 pD816010
0001 12 MPY,DIV EGU 1 pei6e1l
i _ 15 EMDC _ - - e . _ bagepid
18 ELSE HEETNER]
8000 19 SPFP EQU  © - nNe16c1d
. .20 __ . _ENDC._ - ) _ e e De1éGid 1
23 ELSE De16022 ot
0000 24 DPFP Eau  © pD83E023 o
e o 28 . __ ENDC R ___DEiepa4 3
25 * pai1ésas H
27 * Delep2é g‘
S, .. 85 . - — __baiépal °
: 29 » DE16CZE :
30 % COPYRIGHT INTERDATA INCe  SEFTEMBER 1576 paLeczs
— -3 AU | - ... kejeest .
LH 1 0616031 g
32 4 DHEMA MARAJAN Deilegdt H
L _ - - LU SR S . oo - .. . DBLECAE S,
35 * DELEGaH
36 s DROM SOURCE 1§ ASSEMELDD IK CONJUNCTION wiTH THE MICROPROERAM SOURCE  Deieo3d
I 37 + OPERAND FICLD 15 THE SYMEOLIC ROK ENTRY POINT FOR DL _ . DBeyépss
ag # COMMENT FIELD SHOWS OP«CODE AND VaLID INETRUCT10N MNEMONIC Da16037
i3 % ONLY THE LEAST SIGNIFICANT gYTL OF THE cODE SENERATED 1S: USED ’ pRIEORE
S ; g _ _ _ FARTS 15-186RQQFDC0 . DumMY PARY 8 _ . S D&1623%
41 PARTS 19~186RCOF00 DUMMY PART ¢ pas6cst
42 % THE DROM DATA IS5 CONTAINED IN THE FOLLOWING 512 X & (4K} ROM CHIF Dei6oul
_ . L - U o . A R » L+ 111 L1
46 ENDC - (1816048
goo 47 IFZ FeVARI=2 0816046
L [ 1 : PARTS 19~196R0O0F28 e baéieos? 5
49 ENDC D8160u48
52 ENDC D81&051
N -1 I .. _ENDC B B S Daysosk
56 * DE160%5
000 00 0098 - 87 De ILEG 00 814026
| wbp) 06 Q93¢ _ ___ _____58 bt _BALR .0 BALR e D8150%7
on2 o0 00A2 . g9 cC BTCR g2 BTCR pDasieose
003 00 00A4 60 o] BFCR 03 BFCR DB160EY
Qo4 60 0092 61 o pbC_ NMR .. 0% NHR _ S DB16069Q
008 00 0099 62 nc CLHR 05 CLHR cei16061 ti
océ 00 0093 63 pc OHR o0& OHR DE1606R 4
067 00 00%4% _64 _ DC__XWR __ . L _ 07 XHR_ . . DbaisoeZ 1o,
008 00 009% &5 - oc LHR ne LHR p816064 .
009 00 0097 €6 o] CHR g9 CHR D81606%5 .
QoA 0O Q08E 6T . . oC _ AHg . . ..._. 9A AHR_ - _ Dbu1snes y
. 6
5
3



MODEL 8,16 URCMN 05-069F02R00A13 (BASIC+M/D)

00R 00 0090 68 )]
— U - S e . ENDC.
ooC .73 1FP
goc 60 ooDC T4 DC
L __eoD . __ 00 oco0DB - CT8. .bc
76 EMDC
‘ 00F Q0 0080 77 uc
— e -00F 00 008F 78 DC
19 * )
80 * OP~CODES 10
e . 81 .. % .
" 010 00 0098 82 nc
011 G0 009B 83 bc
— 012 00.0098 a4 Lc
013 00 0098 85 DCc
0l4 00 0098 86 DC
015 _  £0.00%8 . a7 oc
016 06 0098 83 DC
017 00 0098 a9 (3]s
— 018 J0 0098 20 DC
019 00 0098 91 DC
01A 20 0098 92 oc
L _0p1B .. 60 0098 93 oc
01C 006 0098 94 2]
01D 90 0098 95 oc
— — -01E. 49 0098 96 Doc
01F 00 0098 97 oe

PAGE 2
SHK 14 SHR N816067
I . _ - _...D816071_ — 1
MPY, DIV 0816072 '
MHR 0C MHR ne16073
DHR .60 DHR | _...DB160O?Y_ . _ . |
0816075
ACH 0E ACHR 0s16076 )
3CH 0F SCHR DB160Y7. . .
0816078
- 1F ARE ILLEGAL D816079 .
- - ..D816080 .
ILEG D816081
ILEG D816082
ILEG _.D816083 __ _ ___
ILEG D&i6ndk
ILEG 0816085
ILEG ... .Déi1apnae__ .
ILEG D816087 N
ILEG D81&6088 .
ILEG .Dé16089. . _ ¢
ILEG Da16090 H
ILEG D816091 g
ILEG .DA16e92  _  _  |p
ILEG D816093
ILEG D81609%4%
ILEG .....DB1g0SS .
ILEG D816096 H
e B, R —— )
11
e e _ - 10
- - 9
a
?
5
- 5 LH
- 3



MODEL 8,16 DROM 05~069F02R00A13 (BASIC+HM/D!?

ST T - e

020 u0 00R6 39 oc
.02} _ 00 08AS . 100 pc_
f 022 00 00A3 101 ot
{ 023 00 GoAe 102 oc
L. _.08%__ _ g _ooSC 193 se
625 00 0098 104 oC
026 00 008C 105 nc
D27 g0 0C8C 106 oc
02a 167 IFZ
L a0t oG98 198 nc
L _ . .._D29 _ 0 gusa 109 oe
024 00 00SB 10 o
Q2R 30 0098 111 vle
020 g0 0098 112 nc
0zn 00 0098 113 nc
02E 00 0098 1i4% 19
\__ . DEF__ GO oudB 115 0e
116 ENDE
126 ENDC
. __. .B30 127 IFZ
128 *
129 * OP~CODES 30
R 130 *
030 06U 0098 131 nc
031 00 0098 132 vls
@32 _ 00 ga®8 133 oc
033 £0 80%B 134 oc
03t g0 0098 135 ne
L c3s 60 009B 136 ..be
036 00 0098 137 nec
n37 00 0098 138 oc
_038 .00 0098 B L139. oc
39 30 pOSE 140 (1]
034 06 00%8 141 (11
| @33 00 0098 . &2 . _____ pc_ .
o03C 00 09098 143 DC
03D 0¢ 0098 144 uc
03E ¢0_00%98 . L 1- S oc .
03F 00 00%B 146 - oc
147 ENDC
I 185 . . ENDC

BTS
aTs
BFS
BFS
MM
Lcs
Imp
1My
SpFP
ILEG
ILEG
ILEG
1LEG
1LEG
ILEG
ILEG
ILEG

DPFP
- 3F

ILEG
ILEG
1LEG
ILEG

LEG
1LES
ILEG
ILEG
ILEG
ILEG
ILEG

CILEG
ILEG

ILEG

ILEG

ILEG

PAGE 3

BTBS
BTES
BFBS
BFFS
LIS
LCS
AIS
2 sis

ARE ILLEGAL

De16098
0818699
ggisign
(ARSI !
0816302
DB16103
D&16LpY
D81€108
0818106
814107
D816308
D81610%
ng16iic
. bs1sy3d

beisiiz
0816113
D816L1Y

DB16115
D8ig125
D816126

bEy6127

Da16151
. Dei6a132

Da16133
D8L613%
baj6138

Q Suliy R0 D | I

Szip-unod

DA1613E6
pe16137
__D816138

D616139
D816140
B51&14l -

n816162
D816143
D816144

0815145
D816146
—I ¢ 2 L) 1 . S




MODEL 8/1& DiOM 05=069F02Rr00A13 (BASIC+M/D) PAGE &
o4n 00 002 167 oC KS 4¢  STH
e._p%1.. _. 0L pQ02 .. 168 oc RS 41 BAL
[ 042 00 gob2 169 DC RS 4z BTC
043 00 0002 170 oc RS 43 BFC
L. _oua _ .00_00U6 171 e RX 44 NH
045 50 0006 ) 172 nc RX 45 CLH
046 C0 CO006 173 oc RX 46 OH
- 047 ut 00Us 174 oc RX 47 XH
048 GU QOU6 175 oC RX 48 LH
049 00 0006 176 ne RX 49 CH
L_.__g4A_ . GO 0006 . 177 oc RX 4a AH
048 au 0006 178 e RX 45 SH
182 ENRC
. Q4C . 183 IFF  MPY.DIV
o4t 00 0006 184 DC RX 4c MH
ouD 00 0006 185 oc RX : 4Cc DH
i : n e .. 186 , ENDC ,
04E 10 0006 187 nc RX 4E AZH
04F U0 0006 188 oC RX 4F SCH
R _ 189 x
190 * OP=CODES 50 -~ SF AR. ILLEGAL
191 *
L _es0_ 00 0098 o192 : oc ILEG
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110 n0 0000 _E352 oc 3 . _ £B16681.
17E 00 0060 453 De [ DB1EES2
17F 00 000G 654 DC 0 816653
. 655 ENDC. o DB16654%
€65 ENOC

" DBAEsGH




MODEL R&,14 Ui<OM 05-062F02R00A13 (BASIC+M/D)

MODEL &/16 DROM2 DATA
. 667 *
668 * OP-CODES 80 =~ 8F ARE ILLEGAL
L. . 669 *
180 00 0000 670 neC 0
181 a0 0000 671 Jc IV
- 182 a0 000 672 DC 5
183 00 poULO 673 oc 0
184 00 0000 674 oc 0
L ____.185 . _ . .00 0000 675 ne 0
186 G0 0000 676 oc )
187 60 0000 &77 oc 0
18”60 0000 678 h» 0
189 00 0000 679 nc 0
18A 00 0000 680 oc 0
| _a88 _ _ 00 0000 . % ga1 oc 0
18C 00 0000 682 s 0
18D 00 0000 683 oe G
___18E____ 00 0000 684 oc 0
18F 00 0000 685 oc )
686 *
L 687 * _ . .
190 00 0064 6588 e SRHLD2
191 00 p0%1 689 Dc SLHLD2
392 __G0_00AL_ . 690 DC _NOH.
193 00 0000 691 [ale 0
T o194 00 00A1 692 ac NOB
L _39%  _ p0.p000__ 693 nc 0 .
196 00 p2ED 694 oc WBR
197 00 02FQ 695 nc RAR
198 00 0025 _ ——._.696 _ - _..nc WHR . .
199 00 o021 697 oc RHR
194 00 0027 598 neC WDR
198 __ _00 0023 ...899 ... .. __ .DC . ROR . R
702 EnDC
19¢ 703 IFP  MPY,DIV
19¢ 00 0000 _ . . .. T0% _..bc 0. —
, 708 ENDC
19p 00 002C 706 nc SSR
L 49E 00 @O02F _ _ . _ _.707 . __ ..BC  OCR. e
19F 00 002C 708 oc SSR

PAGE

14

" 9g

N
92 .
93
94

.95

96
97

98 __WHR_ .

99
94
a8 _
c_

oD

QK.

9F

" SRLS

0816666
0816667

D816668  _ .

0816669
0816670
D&1ésTl
DB816672
D816673
- . .D8166T4

0816675

0816676

.. D816677___.

0816678
D816679
T 7 Dpaieesl
D816682

e . DB16683

DB816684

DB816685
B |
né166a87
DB16688
Da1 6689

SLLS
STBR. . . o

D816680

— o}

i
]

— R

LBR
EXBR
EPSR __.

D816690
0816691

DB16632
D816693
D816694%

WBR
RBR

RHR
WOR
ROR..

DB16696
0816697
0816698

..Dei1eses

nai67ol
0816702

MHUR 0816703

DB16704%
D816705
DB16706

SSR

" "Da1s707




MODEL £#,16 DROM 05-069F02R00A13 (3ASIC+M/D)

MOpEL /16 DROMZ DATA

110 *
711 * OPF-CODES A0
Lo o o , 712 *
1AN 00 0006 713 ne
181 o0 0000 714 oo}
. 1A? 00 000¢C T 718 s
143 g0 0000 716 oc
1A4 U o0UV0 717 DC
. .__1AS 00 0000 718 | bc
144 006 go0Q 719 nc
147 60 0000 725 ne
a8 g0 go0%0 721 _.ooc
149 00 po0C 722 [s]
1A8 00 00O 723 oc
L 1AB_ Q0 0000 ores . _.. bC
1AC 60 pooOOC 728 ot
1AD 00 6000 726 oe
_1AF 00 gooo 727 nc
1AF G0 gocg Fo8 nc
729 *
. T30 * OP-CODES B0
. 731 *
180 00 000D 732 ne
3By Gu oOYO_ 733 _ be
182 00 OUs 734 oe
- 183 00 o00¢ 735 ne
164 60 0000 736 _ . _. bt .
185 00 0000 737 De
186 00 0600 738 ne
___1B7  00_g000_ 139 [
188 00 0008 740 oc
189 g0 0000 741 DC
18A 0O 000G . 742 _ __ _ _ DC
188 g0 0000 743 oc
1BC oo 9000 THY nC
__18sn 6O 0000 _ .. 345 . _.._BC _
18E 80 0000 746 s
18F 00 0000 747 ne
e — - e e — o e e -

. 1 ' .
CoOCUOINORONODOCOOO

DOoOOOOCDO0ODODODOO

PAGE 15

AF  ARE ILLEGAL

DE1ETOS
DB1ETLC
D816711
0816712
DB1671d
D81éy1H
0216735
D8LETLE
.. D81emiT
salsyla
D&y&719
paje720
S (Lt b
D815728
pé1erzd

|

D8ie72Y
D&16725
Da16726

© T DB18737
peya7zé
0816729

AIQ SUNSH JBINAUIOD DL T
.-

0816730
D&167Tzl
D816732

DEyaTEE
D816T 3k
DEIETEE

“Ziipi-auog

DB16736
0816737
DB16738

0816735
DB1ET4C.
DB16TLL

Dd16742
D816743
pe1674H

D816745
D816746




MODEL a/1& OwQi 05-069F02R00A13 (BASIC+M/D)

! 1co 00 QOAF
ic1 00 ooBl
L_.__1c2_ _ ©0C 0uCE
1€3 J0 §08A
1ct 30 0092
— ... 1Cs 00 0099
1Ch Q20 0093
1C7 00 0094
L icB 00 0095
1Cc9 0y 0097
1CA G0 QOBE
_ 1CB_____ 940 Q0090
1cC 00 Qub4
1C0 v 0051
L 1CE ___ 00 po6) _
1CF 00 005D
100 00 pOCA
10 00 o00Ce
I ...00 go8D
103 00 00BS
104 ¢ §0B9
o 1D5 00 n2FQ
106 00 02€ED
- 107 80 02F0
L _ 3p8 00 gb25
109 00 0018
10A 90 00E4
_ ___1D0B . 0G _p0l8.
10C
L _10C __ _ o0 000D
100 00 0029
_ _10F . .00 g02€E
10F 60 0029

MODEL /46 UROMZ DATA

749
750

751

752
753
754
756
756

757 .

758
759

760,

761
‘762
763
Té4
765

766 .

767
T68

I -3 S

770
71
T2
773
T74

B & 4}

775
77

778 .

781
782

783 . .

784
785
788

787

3]
nc
1]
oc
oc
519
pc
oc
oc
Dc
ocC
cc
oc
oc
pc
e

a]e
oc
oc
DC
oc
jalos
oc
oc

.. D

oc
oc
o¢
ENDC
1Fp

ENDC
oc

D ...

bC

PAGE 16
BXH o]
BXLE c1
LPSW c2
THI c3
MNHE cy
CLiR €5
OHR (o1
XHx (o
LHR . Cé.
CHR (of-]
AHR ca
SHR of]
SRHLD2 cc
SLHLD2 : co
SRHAD2 o CE
SLHAD2 CF
5TM DG
LM : 01
. 8Tk . D2,
LB D3
cLB oy
RBR .. . ... bs .
WAR D6
RBR D7
WHR R . _bs
RH D09
Wl DA
RD o))
MPY.OIV
MHUR nec.
ss nn
oc .. DE
sS : DF

AXH
BXLE
LPSHW
THI
NHI
CLHI
OHI
XHI
LHI
CHI
AHI
SHI
SRHL
SLHL
SRHA
S'-HA

STH
LM
STR
L8
cLe

WB
RB

RH
WD

RO .

MHU

S8

Qoc.
Al

DB16748

D816749 j

N816750 .
0816751
D816752
0816753
nai6754
Na16755
_. . ...DB16756
D816757
0816758
... .DBiséTsY
D816760
0816761

ORI |

SURPRURN * - - £ - - |

D816763
D816764
... DB16765
D816766
DB816767
__DB16768

08167569
0816770
o _DB16771
D816772
D816773
o .. __ DB16TTY%
D816775
0816776
0816717
D816780
DB16781

P —— . Y {13 )

D816783
DB16784

_ D81678S. _
0816786

AP SUsGa s

Vo0




MODEL 8,16 OROM 05-D69F02R00A13 (BASIC+M/D)

wIDEL &/16 DROMZ DATa

1€0 g0 0000 789 DC
1€ 00 00ED 794 ot
| ____iEe  0G oO&C 791 oc
1E3 00 0000 792 b1
1EH 03 0000 793 nc
. 1E5 €0 0000 | 794 oe
1E€ 40 0000 795 pe
1£7 00 00vO 796 oc
. 1Es___ 90 govo 797 . oc
1E9 0@ 0co0 798 ac
14 00 006B 799 oe
E€R U0 005A 800 be
1EC 00 0068 801 nc
1ED 00 Q054 802 be
(L 1€E 00 QO6E . 803 ... bt
1EF 00 007k 804 oc
805 *
o 806 * OP-CODES
. 807 *
1FD 00 0000 804 DC
J4FL 08 goud 809 b
1F2 00 Qo000 81¢ oC
1F3 G0 0000 8ii oC
____4F4% 00 0000 812 pe
1F5 00 0C00 813 oc
- 1F6 60 8000 aiy oc
1F7 .00 pouo _ 818 oc
1F8 20 0000 gi6 oc
1€9 00 0000 817 oc
_____AFA _ CU 0000 . 818 bc
1FB 00 QgOUD 819 be
1FC 00 0000 820 hin
L _ 1D 00 0800 _ | 821 _..be
AFE 00 0GO0 az22 ne
1FF ou (0U0 823 ne
B2y ox .
200 825 ENO
— - - -

syco2
SINT

coOOCOQO

RRLD2
_RLLD2
SRLD2
sLLp2
_ SRADZ
SLAD2

FO =~ FF

P - -

PAGE 17

ARE ILLEGAL

E0

El
E2
E3
€y
E5
Eé
E?
EA
£e

EA

EB
EC

ED
EE

- BF

‘sve

SINT

RRL
RLL
SRL
sLL
SRA Ll
SLA

T DBig788

0816769
D816790
0816795
0816792
0816753

08167968

0816795
0816796

8816797

D816798
Das67%?

" 0815500
péiéscl
D2366p2

T p8188nd

Dei6aed
D8316805

- Dajésok

Dagésc?
D8163p6

MO SUHO JeIndwe,, A

T DaisecS
D816810
Dei6sil

T DB3kE2

D&16813
ne1és:s

ZUipe-unos

DE16815
0816816
D8y6817

B YT -TE )

0816819
D831682¢

nDsies2l
D&i6822
0816823

De1652¢




MODEL 87,156 DROM 05=069F02RN0AL3 (BASIC+M/D) PAGE 18

MODEL &/716 DROM2 DATA

NO ERRORS

L _ABLD2 . 0267 . .
ACH 008D : o - e
ADD 9195
_ . ._ADDWRT s16R
AHM 0088 - B
AHR 068E
) Y\ SR soos . . . e
AIR 0007 - - - e .
AL GOO0B
ALY .. .. . Q30E . ) .
ALOI 0300 ‘ - . - - e S __________1
ALO?2 0306 ;
L____ALOC _ . o026 L .
ALX , 0310 T e P
APSW co24 ' ' B
___ATLY . . 0253
ATL2 0262 B A
ATLABL! 007E
____ATLABLGY . @25} . _ ... . . .
ATLO? oz8E - T T e e
BALR . D0OSF
BECR . _DOAY
BFS 00AB

FLiv W

___CONSER _ ___Q1SF _ ' __ . _ . . .. L
CONTIN: 017F ) ) CoTrm o B ’ \
DHR 0008 SRR

DIFFER 020C
DISPLY 0190

___DPEP 0000 i e
opEE. o000 i e e




x

MODEL B,16 DROM 05-0B69F02RO0A1Z (BASIC+M/D) PAGE 19
MODEL 8/16 DROMZ DATA
EPSR1 0330
EPSR2 0334
| _£psA3 033C
EXBR 30C5
Fl.CC xeC8
. FL uARI 0002
FORXD2 p2co
FIMISH pOFB
L___FL.OV pab4
FLR 900F
FLRD!? g2co
____FLRD11 J02CE -
FLT1 p1€B B
FLT2 pgiD2
ELTS  _ . Q1DF
FLTY piE2 T T )
FLTS 014
_ FLIDISP 01cs
FN1 01AC
FN11 2188
| FNp ,FN3 ___ 0180
FNREG < 0183 )
FROMAL: geF1
__FRR . 0GED
FRRO1 0zCé -
FRUORD 00AD
e ._B072 . .
FRXD1 s2AE N
FRXNX 02A7
___FXR 0oRE_
FXR2 p2Ce
FXRD1 62C9
L. GENSWP 032}
HELP 0197 o o ) - o -
HELP1 G198
IDLE 0134 . .
IDLES 0136 T ) ) ) R
IDLEX p15E
: . ..bo®B
ILGPSY 0030 T i
IMM 008C
10ATH I 1 1Y S
TORR o008 B i
IGRX 0005
L__108VC 01EA -
LB 0UBS5 . ) ) h -
LBR 0086
. __ .. .00%
LODOUBLE 6113 T oo )
LDRES 010A
| . LDSINGLE _ _ 013F e
LEADER 0317 B N
LHR 0095
___LisT,0v ___628A _ _

it
|
[
.
C.
(3
o
e — g
3
=
)
3
2
e, — — —_— o
2
3
ES
2
— DD — — '5
12
o
S o,
s
8
o e 7
4 [
5
B _ _ e o 14
3




MODEL 8,16 Dii0M 05-069F02R00A13 (BASIC+M/D) PAGE 20

MOGEL E/i6 UROMZ2 DATA

LM 00Cé

LMo 0068

 __\mpp2  ___p28B. . _ B
LME 0091

LMED2 0291

—LMEDONE .. . 030C

LMNX 000E

LMST™ 000C

L—Locoxs 0 e12C . e e

L00X20 0188 » T T e

MMALF  031E
MMALF1 0320
MuE 0179 : B S .

MHR1 0232 -
MHUR 00LD
—MHURL Q248 __ - - o

MPY,DIV 0001
MRONEG 0207
MROPOS . 02085

NHR 0092
NLONG 0067

NNEGY 0238 e e e . R

NNEG2 023C
NOB 00Al

NOWRAPH 0284
oc 002€
OCR 002F

OHR 0093
oIpPSW 0040
— OMMPSW 0038 — o e e e e S

ouTDIS: 012F
oy 0225
vl . 022A

PNTR . 0022
POW 6157 : .
PSWLOC .. 01Bé _ e e e e e e -

PWRONN 0138
PWRDWN2 014D
PWRUP 0100

PWRUP2 0119
PWRUP3 0125
QNEG 6222 e e . - S

QoK 021F
Q0K1 024F

| QUEINT . 0322
SUEINT. 0322 » | e

RB1 peF3

RBLD? _p2IF




MCDEL &,16 DRCM 05-069F02R00A13 (BASIC+M/D) PAGE 21

MODsl 2/16 UROM2 DATA

Irs

AQ U104 JeInduioly 0:1 r

| REBR 02_1"0 '__ CTTTTTT T T
t_ RSRWBR 0004
_RBRWBRDL . 020F
RBUB 0034 oo . o . - e
RBWANX 0038 : B
_RD . D

RD2 a6l . _ o
ROKEY - 018F
®ODR 00623
REGOIS 01BF o ) ) ) o T T T T T e
REGN 01C0
RH 0018
RHH oolg T T e T - - it e — e .
RHR 0021
RLLD2 _ 0054
RNNEG paig~— — T T T ST ST T T s e e
RRLDZ2 - 0068

RS ._Loua
RSNX TTTO00A T T - T - oot T o
RYL1 026F
mTL2 0285
RTLD2 R pz78 T B e - T o T T T e e -
RTLRBL 007F
RTLRBLDL 026D
RX 0606 T - e - - — e e - e e )
RXNX . 0008
SAVRES: Qi4e
ahy e e g e e — —

SHIFTO 00E6

. 4.
Lo2iiyy-wiog

____SHORTB
SHR
SIRT

SINT2
sta
§LAD?

| §3mT1 ______ D3ED-

00A9
0090
0080

01Fs
go4D
0074

SLHA
SLHAL

SLHL

¢ SLHLNX

L. SlLHab2

GO%7 T T
ocks
S00e80

0630
003E

sLL1n2 0056 o
SLLO2 0054

sbLs ___poDw
SPFP 0000 T
SRAD2 COBE
"ERHAD2 _posl
SRHL1 coes -
SRHLD2 po6Y

______SRLiD2 0069

w A e v e w



T

MODEL B8/15 DROM 05-069F02R00A13 (BASIC+M/D)

SRLO2 ap6s
§S 0029

. ... .0O2C
START 0000
START1 0001
——_ST8 . 0cB0
STBR 0nco
STD 00E3

L_._STpa2 . _ . 02AF

STDOUBLE 2149
STE guk2
—__STE,STD ... .04a7A
STED?2 0283
STENX 007C
L—STH . . ... 0084
STH2 . 008é
STM oocCa
____SIMD .. . _ 009
STMOD2 029A
STHME 009E

STSINGLE 0153
svcoz Oﬂgﬁ

TERVIN -~ _00FC
THI 008A
THRUD2 004s

WAIT1 01sc
WASEMPTY 028A

WD 00E4
WOR 0027
L WHR 1025 _.
XHR 0094
YDNNEG 020D

MODEL 3/16 URQM2 DATA

L stmep2 p29E .. _

WALT __01%9 _ .

___WBR . 02ED

PAGE 22

-~ - e J
L . o ARV S
ey
3
KRN
gy

vy DAr

AQ FW0 1A

Ziir-wos



MODEL 8s15 DRCM 05=-Ua9FO3RGGAL3 (BASIC+M/D+SPFP) PAGE 1

PpROG= “B1gDFO03 ASSEMBLED BY MICROCAL II (32=EIT)
9003 27 F.VARI  EQU 3 £33 1 BASIC ¢ M/D ¢ sPFP 7 Togieper |
3 * Daisne2 !
L L NLSTC . , . Deieped
5 * LEEEbL S T
& SACHK D8ai&nos
o 7 * D816006 -
8 * DB1E0UT 1
9 % SET UP SYSEEN PARAMETERS HEFLT]
Lo e , . 19 * o o - o . beisoes ]
g0 11 IFP FeWWARI=1 : RN N
45001 12 MPY,DIV EGU 1 D81605 3
U IR ¥ N _Enee . N beieozs
go0 ' 16 iFP  F.VARI=2 pai601s
6601 17 SPFP EoU 1 : D8160Ls
V. _ _ 26 ... . EnOC . o o ... . Dbsienyy :
23 ELSE D&36022 4
0000 24 DPFP EQU 0 D§16023 o
I 23 _  EMDC L i . . .. ... .. Dbsisoz
26 * DE16G28 H
27 * Da16ueé 7
. I 28 * ... Desbgev :
29 * ne16020 N
. 30 % COPYRIGHT IMTERGATA INC,  SEPTEMBER 1976 D&16029
U ... B % S - .1 -1
32 *® THEGEH g
33 # DHEMA MAHAJAN D8ie052 :
e .34 % e . i e U DEFLTEE 5.
35 x . D&16GSE -
a5 « DROM SOURCE IS 4SSEMBLED IN CONJUNCTION WITH THE MICROPROGRAM SOyURCE DB1€035
.. _.31__ = OPERAND FIELD 1S THE SYMBOLIC ROF ENTRY POINT FOR D1 . DE16026
i T ) 11 * COMMENT FIELD SHOWS OP=-cODE AND VaLID FNSTRUCTTON MNEMORIE 7~ 77 Dagetsl
3% % ONLY THE LEAST SIGNIFICANT BYTE OF THE CODE SENERATED IS USED 0BL60Z8
L I | ¢ B — PARTS 19=186R00F00 = DUMMY PART # _— DELEGEY
41 PARTS 15-186R0OGF00 DUMMY PART 8 Gai1écko
42 + THE DROM DATA IS CONTAINED IN THE FOLLOWING 512 X 8 (4K) ROM CHIP Da16p4l
e SRR, > TR S T T U PN . __._Dbsieoss
46 ENDC : D83 &OHS
: 49 ENDC £816048
R | 1 ] | D A - 1| . IFZ  FaVARI=Z . . N ... DbBi6on?
" 51 PARTS 19-186R00F29 D816050
52 : ENDC - na16051
[ 88 _.. . . .. _EwBC . . L . S D81605%
56 * DB1605S
000 59 6098 57 oC ILES 00 0816056
|  gpt 0O QO%F _ . ... 88 . ...0C  BALR _ 01 BALR e 0816057
002 00 00A2 59 oc BTCR p2 BTCR , D816058
003 00 00A4 . 60 DC BFCR 03 BFCR DB160%59
004 00 (092 R -> SRR - ) NHR o4& NHR - o D816060
0085 00 0099 62 nc CLHR 35 CLHR 0816061 e
096 00 0093 63 bC OHR 86 OHR n81égs2 "
a07 00 009 .. &4 . bwc _XHR 07 XMR 0816063 heot
008 00 0095 65 - oc LHR 08 LHR D81606% ‘ .
009 00 0097 66 oC CHR 09 CHR DB160565 o
_god GO gO8E &7 . . . be AHR _ N CA_  AHR e DB16066 :
I i
6
5
| DRSS, - — - ———— i — - — - - — — — — -— —— —_— — 4
3

‘



MODEL H#/,15 JRCK 05=-069FO03RO00A13 (BASIC+M/D+SPFP)

Iy} a0 0090 68 oc
O Y R 1 _END
o0C .13 IFp

gocC 00 oo0DC T4 (#]n

L _..0oDh . .00 o0DB 75 oc
. 76 END

00E GG 0080 77 Ccc

o -.00F 00 QU8F 78 oc

79 *
a0 * OP-CODES
R o 8l *

0l1n 00 0098 82 ac

011 00 00698 83 oc
012 _ . uh 0093 . __ . 84 .oC
013 00 0098 85 oc

014 00 0098 86 oc

L 015 _ a0 . 0098 . - ... 871 . . ] o
016 00 0098 a8 V] o

017 00 ¢0%B &9 bc
018 00 0098 99 . oc
019 00 00698 91 oc

01A 00 0098 92 [s]es
”______ﬂlB_A_M_DQ 0098 _. _ _. _. _ 93 .. . . bc
01C u0 o098 94 oc

g1d ge 0098 95 [a] o4
—01F QD @0®B_ . _ __ . .. .94 . . 5]y
01F 00 0098 97 oc

—— -~ - -

c

c

10

PAGE 2
SHR
MPY IV
MHR
DHR

ACH
ScH
- 1F ARE ILLEGAL
ILEG
ILES
ILEG
ILEG
ILEG
ILEG
ILEG
ILEDL
ILEG
ILEG
ILEG
ILEG
ILEG

T oo
sl

ILEG.
ILEG

ac
[}V]

oE

SHR
MHR
OHR

ACHR
SCHR

- . - om0 ... 0816092

- DA1607% .

DB16067
Daléo7l . _ __.
p816072
D816073

0816075
0816076
0816077

DB16079

. D816080 _ —

Da816081
D816082

..Deieos3 -

D816084
D816085
0816086

D816087
0816088

.. 0816089 - -
D816090

0816091

D816093
08156094

095

DB816096

]

DB16078 o R

a1r

AT Vwio ek )

Ztivi-wog




MODEL B/16 OKOM 05-069F03R00A13 (BASIC+M/D+SPFP) PAGE 3
) 020 G0 00A6 39 o¢ BTS 20 BTBS D816098
— ___.023 230 gGAE 100 . ..Lc o8rs . .21 BTFS ... _ .bs16033 .
022 00 00A8 101 bc BFS’ 22 BFBS gese16d '”"“*‘”t
023 00 00AB ‘102 oc BFS 23 BFFS Ds16310}
_gezs___ 00 go&C 103 oc 1w 24 LIS __ oe1gun2 Y
02% 30 0098 104 hlo LCs 25 LCS ' p81%103 T T
026 &9 908C ) 195 jate e 26 AIS ’ D816104
027 00 008C © 108 ne MM 27 SIS  pe1é108
116 ENDC 0816115 T
028 117 IFP  SPFP D81E1LE
___..028 00 00E0_ B _ . bc FRR ) _ 28 LER e . beisazv
¢29 30 00EL 119 o6 CER 29 CER 0818118 —
o2a 00 00EQ 120 e FRR 24 AER D81611Y
 geB 00 QoEQ 22 DE FRRO .28 SER . p81s512n
02C a6 goEo 122 oL FRR ¢ MER [ o X VX I} §
020 00 00LO 123 oc FRR : 20  DER Daya122
| geE GO oooE 12+« DC FXR . _R2E FXR B __Daiei2d
02F 60 000F 125 oc FLR 2F FLR | GESYIRLY «
126 ENDC 0816125 o
030, ] IS S IFZ_ OPFP , S -+ 3 £ "3
128 » DB1EL2T :
129 % OP-CODES 30 = 3F ARE ILLEGAL DBL6126 2
e 130 # L _ N 1> 1 3.
0a0 00 0098 131 oc ILES D&16130 §
031 06 098 132 nec ILEG D816131 .
__p32 __ 00 009B ... 133 . DC ILEG L Lo B L Dayais2
033 00 0098 134 DC - ILEG DB1R135 g
o34 80 0098 135 oe ILEG _ D81613% :
PR |- 1 N 00 0098 R - . bc_ ILEG . e e D81613Y .
g36 00 0u98 137 oc ILEG Dai6136
037 00 009B 138 joins ILEG 0816137
038 90 gu38 139 . . oc ILEG . ... Dbaieazs
039 00 0098 140 nc ILEG 0816139
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15D @0 QQ0O . . _ . __8%0 _. .. . _._.bc. _0 - - e ... DB 6%89 _
15E€ 00 0000 591 DC 0 : D816590
15F 00 0000 592 DC 0 D816591
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MODEL 8,16 DROM 05-069F03R00A13 (BESIC+M/D+SPFP) PAGE 13
vODEL 6716 DROMZ DATA
596 ENDE D816596. !
L 180 597 IFP  SPFP De16B36
| 180 __ 00 00ER 598 . . bC STE 60 STE _ _ ..D816597 -
- 599 ENBC D816598
161 Vo o088 €00 De AHN 61 AHM De16599
18?2 .00 _gCUO © 601 . be 0 62 -  D816600
163 00 0000 602 oc 0 63 DB1&ep1
160 06 025E 603 nec AtLD2 64 ATL 5816602
L 46% __ 0C_ p267__ o 804 ...bc ABLDZ . 85 ABL e ... D8316803
166 60 0278 605 nc RTLELZ 66 RTL DB1é6NY
187 oe 027F 606 5] RBLD2 &7 RBL DB16£05
e84 . _ ENDC_ . e L _D816s13
166 615 IFP SPFP DB36ELY
168 g0 geCe 616 pc FRRO1 - 68 LE 081613 |
16% 40 g2BE 637 _ . .._..._bc CERDL 68 CE De16¢1s y
164 60 618 ne FRRD1 64 AE D816617 <
168 00 819 ol FRRDL e SE D8316618 b
168 {111 e __.._B20 . _ _ DbC_ FRRO1 £C_ME L D&16619 F
16D 00 621 oe FRRD1 60 DE Da1E620 H
. 622 ENDC . LBLEs2L 2
166 _ 00 i . _ €283 . bC_ @ L 6E . ) DEi6e22 2
18F 6Q 624 De G 6F D&16623 s
625 * Da16624
i _ 626 _ x R L . i} - ) _ e 0818625
170 627 IFZ DPFP LELERETS ‘g
170 vt p0oo 628 oc 0 B816527 4%
L e e B28 . __..._ _ENDC . _ e e e (- TY-1 4F
632 ENDC D216631
636 ENGC 0816635
N &t & S _ 837 __ . . __IFP___SPFP e e 0816636
171 0L 009E 638 oc STHE 71 STME 0816637
172 00 0091 £39 nc LHME 72 LME D516538
— -1 3 .. ENDC T e _ 0816439
173 0o 9000 6hi be 0 DB16640
174 00 00UD u2 ne ] DB1664L
178 ..b0_0000 .62 .. BC 0O _ _ _ I e D8316642
17E 00 0600 S44 ] o DE16643
177 $0 0000 8645 ne 0 . DBLGEgN ;
178 . _ 646 . . IFZ  OQPFP. . _ S S DeLseub. gt
178 00 pooO 647 [l 0 D816&46
179 gu 0000 648 ne ] D81664T
_17A 00 0000 .. 649 ... BpC___ 0 __ S _ . D816648
178 00 6000 £50 Dc ] 08168649
17¢ 49 0009 6551 oc 3 DB18550
| 3 YhH _nQ podO €52 .. . _.__ . 8 0 __ ___ __ - e e Das€s3l
17E 00 0000 653 oc 0 D816652
17F 20 0000 65% nc 8 D816&33
. 6889 . . ENDC B} — A _ _ 081685Y%
665 ENDC D8L&sEN w2
. A
L - — ——— e e e e e e e g
9
B
[
5
S e _ —_— - . . . ~ e e e - Ja
3



MODEL &/16 OROM 05<069F03R00A13 (BASIC+M/D+SPFP) PAGE 14

MOUEL 2/16 OROM2 DATA

—

A swiod sandwnd 511

Ziiplowiog

667 * D816666
668 * OP=CODES 80 - 8F ARE ILLEGAL 0816667
L . BBS .. & AU I I .. __._..DB831eee8 . __ .
180 00 0000 . 670 DC 0 D816669
181 00 0000 _6T1 0c i 0816670
_____.31B2. ... GO opo0 . 672 nc 0 pe1667y. _ .. ...
183 ou QOuUD 673 De 9 D8316672
184 90 @OUD 674 oc 0 0816673
185 DO QOO0 . . &TS. ... pc. o o e e . . D816ETR .
186 60 0000 676 e 0 D816675
187 G0 QO0UO 677 ne h DB16676
__ 3188 ___0u.g0w0__.. . . __&I8 . __ . .o Lo . DBYGETT
189 00 0000 679 nc 0 0816678
184 00 0000 680 oc 0 0816679
| 48B 00 0000 ___ __ ._ 681 . _ . De 0 o — . _____DBi1es80
18C 00 0000 682 pc 0 D8166861
18D a0 0000 683 pe ) D816682
_ {BE___ _00.0000. . . . 684 oc 0 _ . B D816683
18F 00 0000 685 Gc 0 DB16684
686 * 0816685
e e BBT . kL .. . - [ o -1 ¥ Y11
190 00 o064 688 oc SRHLD2 3n  SRLS D816687
191 00 0051 689 nc SthLD2 91 Siis 0816588
192 _ __B80 00AY . __ __ 690 . _.. . . _.bt NOB . . 92 STBR i . DB1668Y
193 00 0000 691 oc 0 93 LBR D816690
194 00 00A1 692 Dc NoB 9y EXBR Da16691
L 398 00 o000 . . 693 _. . pe. o . . 95_ EPSR , e . _..___DB16&Y2
196 00 02ED 694 uC WBR 964 WBR DB16693
197 00 o02Fa 695 nc RBR 97 RBR DB1665%
198 00 0025 . _ IR -5 I - S, DC . WHR . . .. ... 9&_MWHR . _ __ __ ... ..081669%
199 00 ¢o021 697 Be RHR 99 RHR D8166%96
194 00 po27 698 De WDR 94 WOR ) Da16637
L a9B 00 0023 . . ... 699 . . . Dt _RDR _ ... . _. .. @B ROR _ ____ . _ i . . ... DB16698
) 702 ERDC 081670l
19C 703 IFP  MPY,DIV D816702
 98C_ 000000 . ... 10% _ . D€ . 0. . e ... . BC_MHUR @ _ _ ____ .. _ 0816703
705 ENDC : 0816704
19D 00 co02C 706 Dc SSK 90 SSR 0816703
19F 00 Q02F . 707 .. _. . f¢ OCR. ... ... .9E _QCR__ .. ... ; DB816706
19F . ce ng2C 708 ¢ SSR 9F AIR 0816707




MODEL 8,16 DROM 05-069F03R00A13 (BASIC+M/D+SPFP) PAGE 15

MONEL 8716 DROMZ DATA

A BULOY J@nd Y T ).':‘:_

710 * ' D816T0S
711 * OP=CODES A0 - AF ARE ILLEGAL D816710
———— 712w - - e e . BB1ST12
1R0 00 0000 713 pe 0 p8167i2
141 60 0000 ; 714 nc o Dg16713
. ... 00_0000 R 5 §- T oc 0 _ i e ... DeyEM® ___
123 00 pooo 716 nc 0 p8i67LE ,
1A% 00 0000 717 oc 0 D816716
L3885 00 0000 el .mAB .l B 0 e e I, DB16717
186 00 o0UD 719 bl 0 D816718
187 00 0000 720 nc 0 DB16719
iA8 DG gO®O 721 __ ... BC_ 0 _ .. I e __D816720
149 0y 0000 722 oc ] page7al L
- 1448 00 0000 ' 723 nc 0 pDaieT22 C CLE
L. _3aB __OOQpEGO . . __ 7ve4 . . BC o el — _ . Deisved : R
; 1AL 00 povo 725 alo 0 Dai&724
14D 00 pOOD 726 o o D816725
 _aaF___ GG gooo . _ 727 .. .BC 0 B .. _D816726
1AF 00 0000 728 . oc 0 D816727
: 729 *® De16728
. __ .. . .73 _» OP~CODES BO = BF ARE_ILLEGAL L ... DB3&T28
- 731 * ' D816730
180 00 0000 732 oc o D&16731
__..as1_ .00 9d0g . 733 . .. bc 0 i B} ... DE16T32 .
182 00 0000 T34 DC 0 De16732 RE
. 183 .80 0000 735 ne 0 816734 1z
L 434 ____ 00 0000 _ ._ ... _._ I3  _ . ..._. BC Q.. . . e DB16738 i
! 188 00 9000 737 pc o D8156136
1B6 00 0000 738 o] 0 D816727
_ aBT._ QD 0ODO_ . _ 739 _ e pc. e . el . _ e 0816738
’ 188 20 po00 740 hle 0 D816739 .
189 6o 0000 741 oc 0 DB16T4T T
|  3ed_ _ oo opo0 _ .. ¥ma . _.DC 0 R De167el
188 00 9000 743 De 0 - - D816742
18C 00 0000 744 oeC 0 0816743
28D 00 0000 ___ M5 . ._... B8C .0 __ . N e _D81674H
o 1BE 00 0000 746 ac il . D81ETYS
1 BF 06 0000 w7 ne 0 DBLETE6 .
g
a
—_— [ U NN VIR USRIV Y JEUURU I S—
; 1.
5
- = dd B tab e e b B i e e e et Brmis e vt [ — - - — - - J—— - 4



MODEL 8,16 OROM 05-069F03R00A13 (BASIC+M/D+SPFP)

MODFL a716 DRoMZ2 DATA

1C0 0 O0O0AF 749 DeC BXH
1c1 00 0081 750 Dc BXLE
...... 1€ 00 poCE 51 . . . ... . DC LPSuW
1c3 90 008A 752 ne THI
1cH 00 0092 753 nc NHR
__.Acs 90 0099 754 De CLHR
| 1C6 00 0093 755 oc OHR
i 1c? 00 D094 756 oc XHR
L___..ltﬁ__ _ 0U 009% 757 - . ©C LHR
1C9 00 0097 758 oc CHR
1CA 00 QOBE 759 oe AHR
___1CR _. _00 0899 760 . . . oc SHR
1cc 00 0064 761 ] SRHLD2
1cd 00 0051 762 oc SLHLD2
{__ __1cE: .00 Q061 763 . .. ... oc SRHAD2
1CF 00 005D 764 oc SLHAD2
765 *
. T _T66.. ..x . .
100 00 QOCA 767 DC STM
101 00 00Cs 768 DC LM
L _ip2 Q0 0080 769 . De sTB
103 00 0085 770 hls LB
10¢ co goB9 7 ne CLR
10% ..00 02F0. 112 L - b RBR .
106 00 02ED 773 [+ WBR
- 1DT 00 02FV T4 oc RBR
108 00 0025 . . . _T15 ... ......_.. DC_. WHR .
109 00 6018 776 nc RH
1DA 00 couEs 777 DC WD
108 60 0018 . _.___.778 . ___ . .DC__ RO
781 ENDC
10C: . 782 IFP  MPY.DIV
. 10c 00 0000 __ 783 . ..__.. .DC_._ MHUR ____
784 ENDC
10D 00 0029 785 oC ss
10E 00 0026 . _ 786 . __._____DC__ QC _.
10F: 00 0029 787 D ss

-.RD

STM
LM
sT8
LB
cL8

Al

W8
R8

CHH
RH

WD

DC_MHY_

on S8

e DE_QC
DF Al

. ..D816768

- DPB16TTL

D816748
D816TY9
DB16750_ .
D816751
D816752

. D816753
D816754
D8167%5

. De16786. .

0816757
D816758

——._.D816789 __

D816760
D816761
_De16162

D816763
DB16764
_DB16765 _ _
D8167€6
D816767

D816769
D816770

D816772
D816773

. ..-DB16TTH

D&16775
D816776
0816777

0816780
0816781
na16782

- D816783
0816784

. 816785

D816786




MODEL 8,16 DROM 05~069F03RG0AL3 (BASIC+M/D+SPFP)

MODEL 3716 OROMZ2 DATA

0gto .

o000

789
790

791
792
793

T 794

806

1E0 06 p0OOD
181 00 0ODED
L. _1E2. Q0 00890
1E3 £0 0000
1€4 06 0000
. _ 1fS 60 0000
1€6 00 0000
1E7 00 0000
L.._.. AEg 00 0000
1E9 00 0000
1E3 00 00&B
___1EB 00 DO3A
1EC 00 0068
1ED 00 0054
___1EE_ 60 006E
1EF 00 0074
1fD 00 0000
L §F1 0G0
1Fe 00 0000
1F3 00 0000
Af4 00 povo
iFs 00 0000
1F6 00 0000
1F7 80 _g0UC
ire 00 0000
1F9 00 0000
_____1FA 00 0000
1F8 80
1FC 90 0000
L_____1FD 020 p0bo __ _
1FE 00 §000
1FF 00 0000
200

795
796
797
798
799

800

801
ab2
803
804
805

807
a08
809,
810
811
a12
813
814

815 . L _

816
817
818

‘819

820

821

822
az3

e B2

825

oc [1]
oc svep2
oC  SINT
oc 0
oC 0
oe 0
DC 0
pc 0
cc 0
oc 0
oc RRLD2
oc RLLD2
e SRLD2
oc StLp2
oc SRAD2
oc SLAD2
*
% OP=CODES FO = FF
%
oc b
oc o
DC 0
oc 0
oC o
1] 0
DC 0
DC 0
oc 0
(3] 0
U oc
De 0
oc o
e be_ o0
bc G
be G
®
END

PAGE 17

ARE TLLEGAL

=
El
E2
E3
E4
ES
Eé
E?
E8
£9
€4
es
EC
ED
EE
EF

svc
SINT

RRL
RLL
SRL
sLL
SRA
SLA

D816789

0836790 __

0816791
0816792
. 0816793
0816794
0316795
D8y6796

'D816788

Deie6797
De16798
D8167%9

D816800
p8icact
Dalesn2

D816803
0816804
._D816805

0816806
0816807
0516808

NQ Sunog seindwed O LP]

T T YTY-Y])
£816810
Da16811

D8168i12
0816233
D&16831%

Ziiyinusng

0816815
0816816
D816817

'

0816813
D816818
D&36820

0316821
D816822
Da36823

DEi6324

a1



MODEL 8,16 DROM 05-0869F03R00A13 (BASIC+M/D+SPFP)

EPSR

MODEL B/16 OROM2 DATA

NO ERRORS
L. ABLD2 . 0267
ACH 0080
ADD c195
. __ADDWRT 0188
AHM 0088
AHR 008E
L ar 0004
AIR 0co7
AL 0008
ALY . _..__ 030E
ALO1 0300
ALO2 0306
| AtoC __ _ ___ 0026 _ . .
ALX (310
APSH 0024
ATLY 0253,
ATL2 0262
ATLABL! 007E
L amaBipy . . 0251
ATLD2 025E
BALR G0SF
__BECR . .__ _DOAY
BFS 0048
BKWORD 00AC
L Bixkrol. . 02ES
BLK102 a2té
BLKIO3 02E9
RL__ . __02E1
BRANCH: 00A0
BTCR. 00A2
L BTS______ __D00AG_ _ .
BX 0012
Bx1 ouB2
_ByW ___00AF_  __
BXLE' 0081
BXNOB 0084
L BYNX 0014 _
copn2 0288
CER 00E1
___CERD1 . 02BE __
.CHR 0097
‘cLB 0089
L eciwR 0 0039
| CLRWT 0175
CONINT 01EB
CONSER_ . .15F
CONTIN. 217F
DHR 0008
[ DHMRY __ 6200
DIFFER 220¢C
DISPLY 219D
____DPFP . 6000
0600

PAGE 18




MODEL 8,16 DRCH 05-089F03R00A13 (BASIC+M/D+SPFP) PAGE 1%

MODEL &/1& DROMZ2 DATA

EPSR: 3_350 e e e e e i —— e s e e e e en e e e e = et e tm e et —— e —— i et inn we um o r————— - 1
EPSR2 533A
EPSR3 633¢C. e R

EXBR 00C5
F.CC $2C8
 EGZYART g0y .

Ea et 3 L o ; o e .
FINISH 00FB
L EL.OY . q2b&
FLR GLOF o - e e e
FLROY 32C0
FLRD11 c2CE

©FLT1 it T T T - ST mm s e e -
L CELT® £102
FLT3 210F = - -

£
159

FLT4 clE2
FLTS 01E4
___FLTOISP__ _ G1CS
‘FN1 C01AC
FNL1 0188
FN2, FNB 0o
FNREG 0183 S U U . - i e —_
FROMAL! g2F1
FRR 00EQ _
FRROL 02Cé — C
FRWORD! 00AD o A A
SERY 2079 ’ : L . ETRL iy
FRXD1 0245 — ——
FRXNX 02A7
QODE _

_ FXR (
FXR2; p2C8
FYROL 02C9 : Ea :
| GENSWPL . @32 _ . . .. . : ' L T
HELP 0197 - —_ - . - 7» - - . S . N ¢ o— [ s r T
HELP1 0198
IOLE R B X L -
o, i . e S
<. IDLEX 015E ' ‘ ER L
_fLEG 0098 : R R el
ILGPSH. 0030 . e e ——— . — e _..:.4-,__._. e i i £ N T e 2 -
MM p08C
T0aTHN 61E7
10RR w008
i IORX 0005
l__-vosve  _ DIEA e
LB 0085 - e 1+ e s oo S o o i i e e £ e i P R —
LBR 0086
Les 0% _
LDODUBLE 0113 T T T
) LURES 0104
L wosiNeLe Q1Y -
LEADER! 0317 ) oo T o e e e T oot B -
LHR 0095
o LISTSOV . 0R28A

i
i
i
|
i
¥
1
I
'
)
|
1
]
|
b
t
|
M@ W04 SINWOD QLT

TRy

By

R - 1
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MODEL 8,16 UROM 05-U69F03R00A13 (BASIC+M/D+SPFP) PAGE 20
MODEL 8/16 DROM2 DATA

LN 6o0Ce i o o ’ T T o
LMD 0088

| imppe . _ p28B. _ _ - .
LME 0091
LMED2 0291

—___LMEDONE. .. ._ .630C.. -
LMNX 000E T T
LMSTH 000C

L 10CO%S:. .. .012C_ _. .._ e
LOOK20 6188 ’ I T
LPSW 00CE

. _p3eC _

LSET 6328 - T S -
‘MARO 012E

L Mup . p0DC_ . e i -
MHR1 0232 ’ oM e e e
MHUR 000D

___MHURY c248 i
MMALF 031E T T
MMALF1 0320

L mmE 0179, e

MPY,DIV 0001 S
MRONES. 4267

__ MpopPnS 0205 _ e -
NHR 0092 i B T -
NLONG 0067
NNEG1L 0238 S - - -
NNEG2 023C ) e 00 =
NOB 00AL

RAP1 G261 o e -
NOWRAPK 0284 S
Q¢ 002E
L_oecrR _ op2F e R o
OHR 6093 T T
OIPSW 0040
: 0038 S ‘

OUTDIS: 012F T B o T T
oV 0225
T3 1 a22A
PNTR' 0022 T T T B T
POW 0157
PSWLOC 0186 I
PHROWN! 0138 h S -
‘PWROWNR 0140
PHRUP: 0100 __ -
PWRUP2 0119 T ) T -
PWRUP3 0125
QNEG 0222 e
QOK p21F - i o

2 QoKL 024F:

C o QUETNT 0322 e
QUENBL! 0332 vk, o -
RB1 02F3
RBLD2 027F e

S U . e e e |



T

MODEL 8,16 DRCM 05-069F03RO0A13 (BASIC+M/D+SPFP) PAGE 21

MODEL 8/16 DROMZ2 DATA

RBR 02F0 S - . , .
RERWBR! 00DA : FA——
| _ RBRWBRDY . _020F . S e
RBWS' 0034 S e e Tt a—— - S
RBWBMX 6038

RO . _ 0018 L.

I
] RD2 0019 B - T
ROKEY 018F .
|l __ROR . _ 6023 ____ _ . _ _.
BB s e . e e
REGN gicCo
__RW . poIB__ .

RHH 001E

~ " RWR 0021 .

L Rupe o o0sA :
RLLO2 905 S

RRLD? ~  00B

RS 0002

RSNX 000A

RTLL 026F , . T T T

RTLP 0285 . : . - Lol w s

RTLD? 0278 — —

RTLRBLI Q0TF"

__RTLRBLDY 0260 |

‘RX 0006

ax

ST
NQ BuLog Jeindwod oL

: ’}nn-«ux;g

SCH 008F
SHIFTD 00E6 "
SHORTB! ___00AY9
. BHR ) 0090
" SINT 0080 )
- GSINTY . 03ED
SINT2 01Fé e ommmm e
SLA 004D
SLAD? ool -
SLHA 0047 T T ’ ' = ~
| SLHAL 0048 ' . - Pt T IE T A
SLHL. . 003D ‘ T o ‘ ' '
SLHL2 003E
SLHL3 003F
o GLHLDR: 0051
- SLHLNK ookW2
SLL QQ4F S
sLL1D2 0056 . e e
sLLn2 0054
SLLS ooD&% )
SLLS- T e e e
‘$RAD2 0CBE . it "
| sauaDe o081 _ ) : ot w i o
SEHLD 0965 [V, -——._.‘__ e e e e e e e o+ e e e . . I o
SRHLD2 0064
_ SRLAP2 0069 e

it o vttt + -5 i i
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MODEL 8,16 DROM 05-069F03R00A13 (BASIC+M/D+SPFP)

MODEL 8/16 DROM2 DATA

PAGE 22

SRLO2 0068 T
8 0029
l__SsR—_ .. _.__go2c
START 0000 . T ) T
STARTL 0001
_  STB___ __ _ 0gBD _
STBR 00C0 -
STD 00E3
b__.sypp2 . _Q2AF. _____ .. _._ e e . . -
STDOUBLE 0149 T T o
STE 00E2
e STELSTD __ _007A e S - ——
STEDR 0283 T T
STENX 007C
STH 00684 o —_— S —
STH2 0086 - -
STH 00CA
0094 I e
'STMOD2 0294 T T
STME 009€
| stMEDD 029E. e
STSINGLE 0153 o - T
SVCD2 00ED
___ _TERMIN C__00FC . _ e I S )
THY 008A T -
‘THRUD2 0046
‘WALYL 0159 e et e — . e e et -
WAIT1 015C
WASEMPTY 0284
WAR n2€0 S e —— _
WD 00EH
WOR 0027 .
AHR 0025 R . -
XHR 0094
YONNEG: 0200
o . ) ) 3.



MODEL 8,16 DROM 05-069FO04RO0AL13 (BASIC+M/D+SPFP+DPFP)

PROG= MB1sDFO04

AQ SULIOg SANGIIOD ) | P

EARNARIUEF]

v

PAGE 1
ASSEMBLED BY MICROCAL II (32«BIT)
0004 2 FeVARI EQU 4 FO4 3 BASIC + N/D + SPFP + DPFP 0815001
3 * Da1£002
R R T NLSTC ~ . _ _ . _DB16003
5 * “payéook
& SQCHK Da16005
e . 4 * o _ pDagego6
r_ ) x 0816087 ]
9 * SET UP SYSGEN PARAMETERS p816008 !
L . 10 . * . , . o L ) D816009 _ i
oon 11 IFP  F.VARI=-1 D81€010
0001 12 MPY.DIV EGU 1 0816011
e, 15 . ENDC _ L R . .Deiéoid
600 16 IFP  F,VARI-2 pa1601s
0001 17 SPFP Equ 1 D816016
b 20 | _ . _ ENnDC . e . DB1B019
000 21 IFP  F,VARI~3 D816020
0001 22 DPFP EQU 1 D316021
e 25 . ENDC e . - _b8i&pzy
26 * D81&p2ad
27 * D8160628
- 28 _x% o . _D&16027.
. 29 * D816028
30 * COPYRIGHT INTERDATA INC, SEPTEMBER 1976 D836p29
i - .31 * _ o ____ De16039
32 * D&16021 .
33 * DHEMA MAHAJAN D816032
e — 3% - e e 0816033
35 * D816034
36 ¥ DROM SOURCE IS ASSEMBLED IN CONJUNCTION WITH THE MICROPROGRAM SOURCE: Da16635
e ... .37 __ = OPERAND FIELD IS THE SYMBOLIC ROM ENTRY POINT FOR D1 o DB160p36
33 * COMMENT FIELD SHOWS 0P-CODE AND VALID INSTRUGYION MNEWONIC ~ 0816037
39 * ONLY THE LEAST SIGNIFICANT BYTE OF THE CODE GENERATED IS USED: pBis03s
e &3 o ... PARTS 19-186RO0FD0 DUMMY PART # ... DB&16D39
41 PARTS 19-186R0QF00 DUMMY PARY g D816040
42 * THE DROM DATA IS CONTAINED IN THE FOLLOWING 512 X &8 (4K) ROM CHIP p816041
_ N - 83 % e _ . UB)BOH2
46 ENDC DBLE04S
49 ENDC D816048
L e B2 . . _ENDC._ _ . I 0816451
000 53 IFZ  FJ.VARI=4 D816052
sS4 PARTS 19-186R0O0F30 0816053
.55 _._ENDC . - e DE16054
56 * . 0816085
aon 00 0098 57 alo ILEB 00 p816056
L0063 __ 00 G0SF _.... 588 ... BC_ . BALR _ 81 BALR _ _ R _ D8160%7
. 002 00 00AZ 59 DC BTCR n2 BTCR D81&0%8
cox 20 QOA4 60 ne BFCR 93 BFCR 0815059
Qo4 03 0092 S - DC _ NHR a4 NHR _ D8160&0
WH 60 0099 62 o]o CLHR 05 CLHR ne16gal .
206 00 ¢093 63 his OHR 06 OHR DB1&¢52
noT. 00 _go94 . &4 . ._.BC__ XWR CO7_XWR o Dasbpad
008 00 0095 65 oc LHR 0e  LHR D81606k
009 00 0097 66 " pC CHR na  CHR 08215065
. 00A__ 00 DOBE S - _0C . AHR _ _ DA AHR - — - ___.DB1&oEs




MODEL 8,16 DROM 05-069FO04R00A13 (BASIC+M/D+SPFP+DPFP) PAGE 2
008 00 0090 68 oc SHR o2 SHR 0816067
e 12 e . EBDE J R — e _____ _bDBa1s0M1
00C .13 IFP  MPY,DIV 0816072
oocC 00 ooDC ™ DC MHR oC MHR D&16073
L_ _..ooD._ _ .00 00DB B 1 DC . DHR .. _g0b  DHR . U _DR160T4 — J
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MODEL &,16 DROM US=-UB9FO4RODAL3 (BASIC+M/D+SPFP+DPFP)

MODEL £/16 DROM2 DATA

T
141

143
144
348
146
147
149
14A
— 148

14C
140

14E

L 142 00 00A2

- -.00 0090

L _1u4C 00 00DC _

14F
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Rl

151

152
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154
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159
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18E
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150 00 0000 @ _
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553 Dc
L BS4.. . L (+]
555 pDc
- 556 oc
557 b
558 oc
559 nc
366 . ac
561 3]
562 a8
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567 ENDC
568 IFP
U -1-5- B Dc
570 nc
571 ENDC
_ 812 ... oc
573 DC
574 *®
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577 be
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579 ) Dc
580 oc
881 _ . _oc _.
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585 DC
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... 881 _ . . . . pC.
588 2]
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.. .%%0 . _ . . DC_
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STH
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BTCR
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LHR
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DHR
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- 5F ARE ILLEGAL
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MODEL B/16 OROM 05-069F04RO0AL3 (BASIC+M/D+SPFP+DPFP) PAGE 13

MODEL 3/16 DROM2 DATA

NG Baog JeINGWoD 3Lt

g1 §1 oy

596 ENDC: D816595
160 597 IFP  SPFP 0816596
L 1s6___ 00 o0E2 _.598 . oc STE . __ . ... 60 STE R -+ L - ) 4
‘ ) 599 ENDC 0816538
161 00 gobe 600 nc AHM 61 AHM 0816599
182 00 pouo 601 ne 0 62 R — e ... ..Dbsieeno
163 00 0000 602 oc 0 ‘ 63 o D816601
16% 00 025€ 603 oc ATLD2 64 ATL D816602
165 _ _op 0267 604 _ _ . _ . ©bc  ABLD2 &S _ABL_ .. ... . Deiésnd
166 00 0278 605 De RTLN2 66 RTL Da16e0%
167 o0 027F 606 nc RBLD2 &7 RBL De16605
s L I > . o ~ ENDC : O D816613
168 615 IFP  SPFP 0816614
168 00 02€é 616 oe FRRO1 - 68 LE D816615
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117 00 0000 645 5] ] D815644¢
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178 . 656 IFP  DPFP 0816655
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178 60 02C0 659 DC FDRXD2 74 AD LYY L
L ¥ ] 00 02€C0 660 nc FDRXD2 78 SD 0816689 .
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MODEL 8/16 DHOM 05«069F04RO0AL3 (BASIC+M/0D+SPFP+DPFP)

MODEL A/1e DROM2 DATA

.867 *
668 * OP-CODES 80 - 8F ARE ILLEGAL
e 669 . x S } .
180 00 0000 &70 oc 0
181 oy povo 671 nc 0
—3182__ _ 900000 L 872 . pe 0
1583 00 oQuo 673 pc 0
X1 00 0000 674 nc 0
Ll 185 00 0000 _ Y 4- T - DC 0
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190 00 gob4 88 3]0} SRHLD2
191 00 0051 689 bC SLKLD2
192 00 pGAL1 . _ .. _ __e90. .. — Db nNeB_
193 00 0000 691 3] 0
- 194 00 00A1 692 oc NoB
198 00 0000 .- 893 .. DC. __.o R .
196 00 02ED 694 3] WBR
197 00 o02F0 695 oc RBR
198 00 0025 e 636 . . DC . . WHR
199 00 0021 697 oe RHR
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19C . 703 IFP MPYS«DIV
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708 ENDC
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MODEL 8,16 DHOM 05-069F04RO0AL3 (BASIC+M/D+SPFP+DPFF)

mopeL 8716 DROM2 DATA

L e .
" 140 890 0000
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712 KL
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729 oc 0
121 e e
722 pe 0
723 [#]ws Q
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725 [o]os 0
126 ne 0
127 oc 0
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731 *
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734 [s]n8 0
735 3] 0
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PAGE 15

ARE ILLEGAL

ARE ILLEGAL

DB316710

néi16713
0816714
D816716
_DB16717
0816718
Da1é7r1°
0816720

T 0816709

T 'na16715

.. peié7il
0816712

e e

" paistal

0816722

p&1s723

Dai6e724
pB16725
D816726

D816727

D816726
p816729

" T Da16730
D816731
D816732

nQ SWog Imndwed O U

TB816733
Da16734
na16735

SZLiviwiog”

[0a1673é
DB16737
D816738

0816739

DB16740. "

_D&16741

D816742
Da16743
0816744

0816743

DB16THE




__n-

MODEL 8,16 CAROM 05-069FO04R00AL3 (BASIC+M/D+SPFP+DPFP)
MODEL 8/1ié URONZ2 DATA

a0

1c0 00AF LT BC BXH
1ca 00 goB1 750 nc BXLE
1€2 . _..__00 00CE 751.. Dc LPSHW
1C3 30 50BA 752 ]} THI
1C4 00 9092 753 oc NHR
e __.ACE 10 0099 | 754 Le CLHR
1C6 00 0093 755 DC OHR
1Cc7 00 0094 756 be XHi
Ll aCR .00 €095 ... 187 . be LHR
1co 00 0097 758 DC CHR
1CA 00 008E 759 pe AHR
1CA 000090 _ o — _780 _ 0c SHR . _
1cc 00 064 761 nc SRHLD2
1CD 00 0051 762 pc SLHLD2
1CE 00 0061 . _ . .783. .. ..DC . SRhAD2
1CF 00 09D 764 ac SLHAD2
765 *
I Y £-1- SR
100 00 00CA 767 1o STM
101 00 p0Cé 768 DC LM
102 00 Q0BD ____ _ _ 7189 . DC STa
103 60 00BS 770 LcC LB
104 00 0089 771 oc cLn
———108 00 o2FQ 112 bc. RBR
106 ©¢0 02ED 773 bc WBR
107 00 02F0 T4 nc RBR
L 1p8 00 po2S I & 4- S .. .DC .. WHR
109 00 go01B 776 oc RH
10A N0 00Ey 777 e ")
— _ADR _ _ ou.p0l8 __ Y & £: T 0C RO
781 ENDC
10C 782 IFP  MPY.DIV
L ape  __ 00 powd 783 .DC . MHUR..
784 ENDC
10N 60 0029 785 oC 58
———_ANE 00 Q02 786 . _ e . oc
10F 00 0029 787 ] Ss
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MODEL 8,146 DROM 05~069FO04ROOAL3 (BASIC+M/D+SPFP+DPFP) PAGE 17

MoDEL 3716 OROMZ DATA
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MODEL: 8716 DROM 05~069F04R00A13 (BASIC+M/D+SPFP+DPFP)

MODEL B/16 DROM2 DATA
.. NO ERRDRS
L ABLO2 . 0267 . .. ... ;
ACH 0680
ADD 6195
— - ADDWRT. . . . £188.
AHM 0088
AHR 008E
e BT .. . 0004
AIR 0007
AL c00B
— ALl _030E
ALOY 0300
ALO2 0306
L _ALOC.. ___ . ___(0026
ALY 0310
APSHM 0024
N\ {15 S 0253 I
ATL2 G262
ATLABL 00TE
cL_AaveaBlDy . . e281
ATLO2 025E
BALR 009F
— -—BFCR_ .. . DOAY . _
BFS noAs
BKWORD 00AC
L _BLKIOL. 02E5
BLKIO2 02E6
BLKIO3 02E9
... BLKRR1 . 02E1
BRANCH: 00AD
BTCR 00A2
N : ) - W _00A&
Bx 0012
BX1 6eB2
_ BXH . 0Q0AF
BXLE: 00B1
BXNOB 00B4%
L__BXNX . _ 0014 L -
copn2 0288
. CER 00EL1
___CEROY __ _ 928E R _
" 'CHR 0o97
cLe 0089
CLHR 00%9 o _
CLRWT 0175
CONINT 01EB ,
—_CONSFR __01%F . _ .. _ _.
‘CONTTN: 017F
DHR oo0B
DHRL _.g2o0__ S
DIFFER 020C
DISPLY 6190
___ _DPEP . . ..8001
EPSR 6000
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MODEL B/16 DKGM 05=069FO0uR0O0AL3 (BASIC+M/D+SPFP4+LPFP)

MoGeL 4/1& URQM2 DATA

EPSRY 0330 ) -
EPSR? 033A
- L__Epsr3 n33¢C
EXBR 06C5
FoLC cacs
e ELVARRI 0004
i FDRXN2 02cCo
FINISH 00FB
L __EL,OV 0204
FLR 090F
FLRO? n2CD
____FLRD11. pacCe
FLTL niCs
FLT2 0102
RT3 0 0a0F
FLT4 G1€2 )
FLTS n1E%
. __FLIDISP 01C5
FN1 t1Ac
FN11 0188
L___FN2,FN3 0180
FNREG 0183
FROMAL! n2F1
___FRR._. .. .. DOED
FRRO1 c2Cé
'FRWCRD GOAD
L___FRY . ____.0079 -
FRYXOY y2A5 o
FRYXNY 02A7
___F¥R  _ _ QOULE __ -
FXR2 w2C8 .
FXRD1 paC9
L GENSWP 0321 _ -
HELP 0197
HELP1 0198
IoLE 0134 ,
IDLEL c136
IDLEX G15E
. e DO9B e
ILGPSHW 0030 T T
IMM goac
__ IOAIN __ __ . 0LET R
. IORR 0008 -
IORX 0005
L fosve _OAEA B -
LB ouBs T
LBR 00Bé
.. ._B0%_ . . _
LODJUBLE 0113 T
LDRES 0104
L IMGLE  0MLF o
LEADER 0317 T o
LHR 0095
TL0V .. _G2BA S

~r
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MODEL b/s145 URCH

foLm

f LMD

L_ tmop2. .
LME
LMED?

. _ _LMEDONE
LMNX
LMSTM

L ___Locors

L00%20
LPSW
. LPSH1
LSET
MARO
L MHR
MHR1
MHUR
~ MHURY .
MMALF
MMALF]

L___MME

MPY,.DIV
MRONEG

NHR
NLONG

NNEG?
NOB

NOWRAPU
oc

OHR
oIpsH
— OQMMPSW
QuTDIS.
av

PNTR
_Pou
_____PSHLOC .
PWROWN
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P___
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___QNEG
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{ Q0K1

—_-SUEINT
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RB1
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———NOWRAPY

L OCR
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YQLEL ‘:/1& LROMZ2 DATA
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goés
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0322
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MODEL 8,16 DROM 05-069FO04RO0AL3 (BaSIC+M/D+SPFP+DPFP)

®ODEL 8716 DROM2 DATA
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| __ROR_ . __ .. 0023
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REGN 01C0
... o018
RHH 001E o T e T
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Lo RLLDZ2 06SA
RNNEG 0218 T T T - ot T T T T T L
RRLO2 0063 :
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RTLL 026F ]
|__RTL2. 0285 |
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RTLRBLI 007F
__ RTLRBLD1 0260 . _
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RXNX 0008 ol
L saveEs . 0140 e ;
SCH 008F o T T T - ¢
SHIFTO 09E6
 SHORTB  ___ _00A9
"SHR 0090 T T - T T -
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SINT2 01F6 T - . ToTTTTTTT T I TTT T
SLA 004D
 slAD2 0T
T SLHA 0047 ) CoTT LT T -
SLHAL 0048
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SLHL 003D o - - B :
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MODEL 8/1& UROM 05=069F04RDOAL3B (BASIC+M/D+SPFP+DPFP) PAGE - 22

MODEL A/1s UROM2 DATA
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L__sse__ . gozc

START aouo
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STDOUBLE 0149
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STH2 0C86
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