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plied tograntany license to make, use, or sell
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Users of this manual are cautioned that the spec-
ifications contained herein are subject to change

by DGC at any time without prior notice, Users

should refer tothe latest revision before using
this manual in connection with the operation of
DGC equipment, DGC is not responsible for

errors which may appear in the drawings and

specifications in this manual,

Any comments concerning this publication should
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SECTION I
GENERAL DESCRIPTION

1-1 INTRODUCTION

This manual contains a detailed technical presentation of the installation, opera -
tion, and maintenance procedures for the Nova 1200 Computer. The Nova 1200 Computer,
as described in this document, consists of the Nova 1200 central processor with one or
more 4K core memory assemblies. The Basic [/O Control assembly is also described in
this manual. The Basic I/O Control can be configured to control three basic types of pe -
ripheral equipment, specifically the Teletype, the Paper Tape Reader, and the Paper Tape
Punch. Both the memory and the Basic I/O Control with its various equipment configurations
are options which may be purchased independent of the Nova 1200 central processor. This
manual, however, addresses its presentation to the classical definition of a Computer and
describes the central processor with 4K of core memory and a Teletype 1/0 facility. It
should be noted that Technical Manuals for each optional peripheral device is produced by
the original manufacturer and is shipped under separate cover with the corresponding
equipment. This accompanying documentation should be thoroughly reviewed immedi-
ately after the peripheral device is received and prior to installation.

This manual is intended to complement Data General Reference Manual, " How to
Use the Nova Computers'. Operation and Programming information is provided in the Ref-
erence Manual and will not be repeated here except where necessary for expositional con-
tinuity. It is recommended that all potential users of this publication become familiar with
the Reference Manual prior to reviewing this Technical Manual,

The detailed technical descriptions presented in this manual assumes the user of
this document has a thorough knowledge of the operation of TTul logic circuitry and the
fundamentals of digital computer operations. The contents of this manual are divided into
three individual volumes with each volume assembled and shipped under separate covers.
Volume I contains Sections I through V, Appendix A, and Appendix B of this document.
Volume II contains the Illustrated Parts List. Volume III contains all of the engineering
reference drawings. All three volumes are integrated into the all-inclusive Master
Documentation for this equipment at the time of shipment. The input/output pin definitions

of the various types of integrated circuit (1C) packages constituting the Nova 1200 and
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Basic 1I/O Control logic are summarized in Appendix A of this manual. The illustrated
parts list, presented in Section VI of this manual, can be used as a cross reference source
which indexes the reference designator for the IC part (appearing on the logic diagram) with
the corresponding manufacturer's part number. Once the IC manufacturer's part number
has been retrieved from Section VI it can be used to reference the corresponding IC logic

symbol and pin definitions listed in Appendix A.

1-2 GENERAL FUNCTIONAL DESCRIPTION

The Nova 1200 is a general purpose Computer with a 16 -bit word length, The
memory cycle time for the Nova 1200 is 1.2 microseconds. The Nova 1200 contains four
hardware accumulators which are used for temporary data storage and data manipulation
during the execution of all arithmetic and logic class (ALC) instructions. The four ac-
cumulators also perform double duty as part of the Input/Output system. Data exchanges
between the interface logic of the external device and the Nova 1200 processor are performed
under program control using the four accumulators,

The data paths within the Nova 1200 Processor are four bits wide and the processor
is capable of performing several internal operations simultaneously. The Nova 1200 features
a bi-directional Input/Output (I/0O) bus which not only transmits data between the Central Proces-
sor Units (CPU) and the external 1/0 devices, but also allows external 1/0 devices to com-
municate directly with memory, bypassing the CPU. The speed of Data Channel opera-
tions between memory and external I/O high speed devices is greatly increased because of
this direct exchange feature.

The Nova 1200 is also available in an enclosure with one central processor board
assembly and 16 additional spare assembly slots, or ten more spare slots than the basic
enclosure. This extra large enclosure, called the Nova 1200 "Jumbo", is available under
option 8102, The other Nova 1200 enclosure configuration available is the " Table Top" cab-
inet (under option 8105). The technical data provided within this publication is applicable
to all three Nova 1200 enclosure configurations.

Nova 1200 input/output instructions perform data transfers to and from peripheral
equipment, The I/O instruction format allows 64 device code definitions, of which (octal)
code 0 is not used and (octal) 77 is reserved for special functions. A 16-level programmed
priority interrupt facilitates handling 16 different device speed classes within the interrupt
control structure. Interrupts arc enabled or disabled by a processor word, of which each

1-2
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 bit position exercises disabling control over (the interrupt logic) the devices assigned to that

bit position. In terms of Interrupt timing, the time a device must wait depends on the number
of devices capable of producing interrupts, the length of service routines for devices of higher
priority, and whether the data channels are in use. Excluding the execution of indirect mem -
ory reference instructions the maximum interrupt waiting time is approximately 6 usec. The

instruction times for the Nova 1200 are listed in Table 1-1.

1-2.1 Computer Organization

The particulars covered in this paragraph are addressed primarily to the unique
features of the Nova 1200 Architecture rather than to the fundamental operations characteristic
of all general purpose computers, A block diagram of the Nova 1200 Computer is shown on
Drawing 001-000107, bound into Section VII. Figure 1-1 is a duplication of this illustration
and is included here for convenience purposes. The horizontal dash line appearing in the
diagram separates the block components as to their physical relationships. The sections
above the dash line are located on the CPU Printed Circuit Board (PCB) assembly. Con-
versely, the sections below the dash line are located on other PCB assemblies also housed
in the Processor enclosure. The memory section consists of one or more memory PCB
assemblies which are mounted within the Nova 1200 enclosure. The Console section is
part of the Console/Enclosure Unit of the Nova 1200, The I/O Device Controller is a PCB
assembly designed to interface any external /O equipment properly which is operational
compatible with the Nova 1200.

The Nova 1200 is organized around three data busses, each of which is 16 bits wide,
The three busses are identified as the MEM (Memory) bus, the MBO (Memory Buffer Output)
bus, and the I/0 (Input/Output) bus, The primary function of the MEM bus is to carry data
from the memories to the CPU. This data may be either instructions or operands. Only one
memory is allowed to use the MEM bus at a time, that being the memory which is selected.
The MEM bus is also used during programmed I/0 input operations. Data from an [/O
device Controller is loaded into the MB register of the selected memory, and transfer-
red from the MB to the CPU via the MEM bus. The MEM bus also transmits data from the
Console to the CPU. Console data may be generated either by the Console data switches, as
during a READS, start, examine, etc,, or by the Console functional switches. In the latter

case, the Console function to be performed is encoded into bits placed on the MEM bus, from
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Table 1-1. Nova 1200 Instruction Execution Times (in Microseconds)

Execution
Instruction Time*
LDA 2.55
STA 2.55
ISZ,DSZ 3. 15*
JMP 1.35
JSR 1. 35
Indirect addressing add 1.2
Base register addressing add 0
Autoindexing add .6
COM, NEG, MOV, INC 1. 35%*
ADC, SUB, ADD, AND 1. 35**
[0 input (except INTA) 2.55
NIO 3.15
10 output 3.15
IO skips 2.55
INTA 2.55
MUL 3.75
DIV
Successful 4.05
Unsuccessful 2.55
Interrupt 3.0
Latency
With multiply -divide 8.0
Without multiply -divide 6.0
Data Channel
[nput 1.2
QOutput 1.2/1, 8%**
[ncrement 1. 8/2, 4%**
Latency
With multiply -divide 8.0
Without multiply -divide 6.0

Times are for core; for read-only subtract .4 for LDA, STA,ISZ,DSZ
if reference is to read-only memory.

** [If skip occurs add 1. 35 microseconds.

***When two numbers are given, the one at the left of the slash is the time
for an isolated transfer, the one at the right is the minimum time between
consecutive transfers.
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which it is loaded into the CPU instruction register and executed as a single instruction.

As data is read from the Console onto the MEM bus the selected memory is prevented

from also placing data on the bus by an INH TRANS signal generated by the CPU. The MEM
bus is also used to generate a zero address function during the last cycle of a Program Load*
sequence, and during the cycle preceding a PI (program interrupt cycle. )

The MBO bus is the data path for transmitting CPU data to either memory or 1/0
device Controllers. During a programmed [/O output operation, data is first transmitted
to the MB (Memory Buffer) of the selected memory via the MBO bus. The information is
then transferred from the MB out onto the I/O bus. Hence, the MBO is not physically
connected directly to any [/O device Controller, but transmits output data through the MB.

In the sequence of memory operations, the MBO bus transmits the address of the desired
memory location to the selected memory MA register for loading. After the address data has
been loaded into each MA register, the MBO bus will carry the data to be loaded into that ad-
dress if the instruction requires a memory modification, as in a STA, or a console deposit
operation.

The 1/0 bus differs from the other two bus paths in that it is a bi-directional path
between memory and I/O device Controllers. The [/O bus communicates directly with
memory and no logical connection is made to the CPU (although the bus is terminated at the
CPU). The data flow for programmed I/O operations is the same as described previously,
since the I/0O bus receives data from the MB register of the selected memory. During
Data Channel (IDCH) operations data flow is between the I/0 device Controller and memory,

with the CPU completely bypassed.

1-3  PHYSICAL DESCRIPTION

The Nova 1200 Central Processor by definition consists of the Console/Enclosure
Unit, Power Supply Unit, and the Central Processor printed circuit board assembly. An
outline drawing of the printed circuit boards used in major Nova 1200 assemblies is provided
in Appendix A of the "How to use the Nova Computers" reference manual. The Console/
Enclosure Unit is so designed that seven 15 X 15 inch Printed Circuit Board (PCB) Assemblies
may be plug mounted into a special printed circuit board connector in the Enclosure Chassis.
The board assemblies are inserted horizontally into the Enclosure Chassis. A pair of guid-
ing rails are built into the chassis frame (on each board level) to insure proper insertion of
the board contacts into the corresponding socket of the multiple printed circuit board con -
nector. The seven connector slots are numbered from the bottom of the chassis up to the
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top with the first slot reserved for the CPU PCB assembly. The six remaining slots may be
used for memory assemblies, 1/0 assemblies, or special control board assemblies. Figure
1-2 is a drawing showing the major components of the Nova 1200 Computer. The Power supply
is mounted in the rear of the Console/Enclosure Unit and contains one fan mounted in the cen-
ter of the supply for cooling. The Input/Output connector panel for the processor is mounted
beside the power supply in a slightly recessed position, When optional peripheral equipment
is purchased with the Nova 1200, the required I/O connector is mounted on Input/Output con -
nector panel and wired into the multiple printed circuit board connector. (This wiring is direct
from the pins of the selected PCB socket to the pins of the corresponding I/0 connector.) It
should be noted once a socket is wired for a specific Control PCB Assembly (used to con-

trol the optional peripheral device) that particular socket is dedicated to that purpose and

must not be used for any other (different type) Control PCB Assembly. For example, a 4K
Memory PCB Assembly can be mounted in any spare socket and will work properly. However,
since the Device Controller PCB Assemblies are each hardwired from the selected socket
position to the output I/O connector, each Controller assembly must be mounted in the
(multiple printed circuit board) socket wired for it.

The wiring terminations for the major assembly components of the Nova 1200 are
brought out to printed circuit edge type connectors, These connectors are mechanically a-
ligned (on the abutting side of each major component to be assembled) so as to home with
its connector mate on the adjacent assembly component. This interconnection facility
replaces bulky interconnection cable runs and permits easy quick removal or replacement
of any major assembly component. Figure 1-3 is a simplified diagram depicting the plug-
ging sequence for assembling the Nova 1200. The plugging sequence for a complete processor
assembly is performed as follows:

a) The Multiple PCB connector is hardware fastened to the Enclosure Chassis as the
first step.

b) The plug receptacle on the end of the Console assembly is then mated with the edge
connector on the end of the Multiple PCB Connector, and hardware secured to the
Enclosure Chassis when properly positioned.

c) The edge connector of the Resistor Board subassembly is then plugged into the
receptacle connector on the opposite end of the Multiple PCB connector and hardware
secured to the Enclosure Chassis when properly positioned.

d) The edge connector of the power supply Unit is then plugged into the receptacle con-
nector mounted on the Resistor Board subassembly and hardware secured to the
Enclosure Chassis when properly positioned,
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Figure 1-3. Diagram of Plugging Sequence for Assembling the Nova 1200
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All that remains to make the processor operational is to plug the CPU, Memory, and
I/O PCB assemblies into their respective slot locations within the Multiple PCB con-

nector, and plug in the power cord. Table 1-2 is a summary of the Nova 1200 Physical

Characteristics.

1-4 PERTINENT DOCUMENTS

The following documents serve as source material and complement the information

in this manual.

How to Use the Nova Computers Nova 1200 Instruction Timer

' DGC Manual 097-000019
Section 574-100-201 of Bulletin 272B

Volume 1, TECHNICAL MANUAL, Nova 1200 Teletype Test

32 AND 33, TELETYPEWRITER SETS DGC Manual 097-000021
Arithmetic Test ' Nova 1200 Logic Test

DGC Manual 097-000018 DGC Manual 097-000017
Nova 800/1200 Power Shut Down Test Memory Checkerboard III

DGC Manual 097-000022 DGC Manual 097-000014
Bootstrap lLoader Exerciser

DGC Manual 093-000002 DGC Manual 097 -000004

Binary Loader
DGC Manual 093-000003

1-5 ABBREVIATIONS

Listed below are the most commonly used abbreviations of registers, key opera-
tions, components, instructions, and signal names. Signal names not included in this list
will be found in Appendix B Signal Origins. Appendix B contains an alphanumerical list of
all signal names which appear on drawings, together with the drawing number which con-

tains the generating circuits for the signal.

ABCO thru ACBI15 Accumulator Buffer Register Outputs 0 thru 13
ACD Destination Accumulator

ACD oUT Destination Accumulator Out

ACDP Accumulator Deposit

1-10
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Table 1-2. Nova 1200 Physical Characteristics

Physical Specifications

Enclosure Height:
Enclosure Width:
Enclosure Depth:
Weight:
ASR33 Teletype Height (on stand):
ASR33 Teletype Width:
ASR33 Teletype Depth:
ASR33 Teletype Weight:

5 1/4 inches

19 inches

21 1/4 inches (23 with Console)
50 1bs.

45 inches

22 inches

19 inches

56 1bs.

Electrical Specifications

Power Requirements:

ASR33 Teletype:

Bus Signal

Processor Logic Signals

Power Supply Voltages
+ 5 Volt Qutput:

- 5 Volt Qutput:

*230v on Special order

115v or 230v* single phase, *20%
47 to 63 Hz, Minimum Current**
1.5 amperes (175 watts) maximum
Current 2.4 amperes (275 watts)

115v single phase, 2 amperes.
turn on surge 7 amperes.
92 watts.

Low = 0 volts to + .4 volt nominal
High= 4 2. 2 volts to 3. 0 volts nominal

Low = 0 volts to + . 4 volt nominal
High= + 2. 5 volts to 5.0 volts,
-+ 3.5 volts nominal

+ 5 volts (nom. ), + 4.7 volts low limit,
+ 5.45 high limit @ 25°C.

Temperature variation: From

+5.,1v @ 25°C to + 5.0v @ 55°C Typ.

- 5 volts (nom. ), -4.5 volts high limit,
- 5.45 low limit @ 25°C.

Temperature variation: From - 5.0V

@ 25°C to - 5.1V @ 55°C Typ.

**Based on Minimum Computer Configuration of Processor, teletype interface,

and 4K of memory.
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Table 1-2, Nova 1200 Physical Characteristics (Continued)

Indicator Lamp Voltage (+V ) + 10.5+ 13.5 Volts

Lamp

Temperature variation: N/A

Memory Voltage See Memory Drive Specification.
(Formerly + VINH & + VMEM) Temperature variation: From

+ 15. 1v setting @ 25°C to 14.5
(Max. ) @ 55°C.

Power Supply Currents

+ 5 Volt Output: 9. 75 amps max., *
- 5 Volt Output: l.0amp max.
Memory Drive Nominal + 15.0
(+ VMEM) X and Y windings: + 15.0 Volts, 390 ma @ 25°C
(+ VINH) Inhibit windings: + 15,0 Volts, 740 ma @ 25°C
Functional

Memory Reference Cycle Time

With Accumulator: 2. 55 microseconds
Without Accumulator: 1.2 microseconds
Word Length: 16 bits
Core Memory Size: 4096 words, expandable

to 32, 768 in increments
of 4096 words

* 4+ 5 Volt current specification is based on requirements of a Nova 1200 with one 4K
Memory only. Add 3/4 amp (as an approximation) for each additional 4K Mem -
ory installed.

1-12



ACD 3 SEL
ACD 4 SEL
AC EX
ACS
ACS 1 SEL
ACS 2 SEL
ACTGO, ACTGI
ALC

AND ENAB
CLK

CLR

CLR ION
CON DATA
CON INST
CON RQ
CONT
CPU

CPU CLK
CPU INST
CRY ENAB
CRY OUT
CRY SET
DATIA
DATIB
DATIC
DATOA
DATOB
DATOC
DATAO thru DATAI15
D BUFFR

Data General Corporation (DGC) has prepared this manual for use by GC personnel and
customers as a guide tothe proper installation, operation, and maintenance of NGC equip-
ment and software. Thedrawings andspecifications contained herein are the property of
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ABBREVIATIONS. (Continued)

1-13

Destination Accumulator Select enable line
Destination Accumulator Select enable line
Accumulator Examine

Source Accumulator

Source Accumulator Select enable line
Source Accumulator Select enable line
Accumulator Timing Generator outputs 0 & 1
Arithmetic Logic Class (instruction)

AND (instruction) Enable

Clock

Clear

Clear Interrupt On

Console Data

Console Instruction

Console Request

Continue switch at Console

Central Processor Unit

Central Processor Unit Clock

Central Processor Unit Instruction

Carry Enable

Carry Out

Carry Set

Data In A (I/O instruction)

Data In B (I/0O instruction)

Data In C (I/O instruction)

Data Out A (I/0 instruction)

Data Out B (I/O instruction)

Data Out C (1/0 instruction)

[/O Data bus signals, 16 bits wide

Destination (Accumulator) Buffer



DCH

DCHA

DCH INC

DCHI

DCH LOOP ENAB
PDCHM(0 or 1)

DCHO
DCHP IN
DCHP OUT
DCHR
DEFER
DISABLE D MULT
DIV

pp

DPN

D MULT

L SET

DSZ
DSO-DS5
I4+E SET
EFA

EX

XN

L SET

INH GATE A
INH GATE B
INH TRANS
INHO-INI15

Data General Corporation (1)GC) has prepared this manual for use by DGC personnel and
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ABBREVIATIONS. (Continued)

Data Channels

Data Channel Acknowledge
Data Channels Increment
Data Channel In

Data Channel Loop Enable

Data Channel Mode (0 or 1)
Code type of Data Channel
Cycle requested by Device

Data Channel Out

Data Channel Priority In

Data Channel Priority Out

Data Channel Request

Defer (instruction execution state)
Disable Destination Multiplexer
Divide (instruction)

Deposit

Deposit Next

Destination Multiplexer

Defer Set

Decrement and Skip if Zero (instruction)
Device Select lines O thru 5
Defer or Execute Set

Lffective Address

Examine

Examine Next

Execute Set

Inhibit Gate A (Memory)

Inhibit Gate B ‘Memory)

Inhibit Transmission

[nhibit Register outputs 0 thru 15 (Memory )



INTA

INTP IN
INTP OUT
INTR

IO (F+D)
10 or 1/0
ION

I0 PLS
IORST

IO SKIP
IR0 thru IR7
ISTP

ISZ

JMP

JSR

KEYM
LOAD AC
LOAD ACB
LOAD IR
LOAD MBO

LOAD PC

MA1 thru MA15
MA LOAD

MB CLEAR

MBCS8 thru MBC15
MB LOAD

MBOO thru MBO15

MD SEL1
MD1-MD15
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ABBREVIATIONS (Continued)

1-15

Interrupt Acknowledge

Interrupt Priority In (to Device)
Interrupt Priority Out (from Device)
Interrupt (Bus Signal from Device)

10 (instruction) (Fetch or Defer state)
Input/Output

Interrupt On

Input/Output Pulse

Input/Output Reset

Input/Output Skip (instruction)
Instruction Register outputs 0 thru 7
Instruction Step (Console switch)
Increment and Skip if Zero (instruction)
Jump (instruction)

Jump to Subroutine (instruction)

Key Memory (access cycle)

L.oad Accumulator

Load Accumulator Buffer (Shifter)
Load Instruction Register

Load Memory Bus Outputs (CPU Interface
Register)

Load Program Counter

Memory Address Register outputs 1 thru 15
Load Memory Address Register

Memory Buffer Clear

Memory Buffer Computer outputs 8 thru 12
Load Memory Buffer Register

Memory Bus Outputs (CPU Interface Register)
0 thru 15

Multiply Divide Select 1
Memory Data 1 thru 15



MEM CLK
MEM OK

MEMO thru MEM15
MSKO

MSTP

MTGO thru MTG3

MULTO thru MULTS3
OVFLO

PC

PC ENAB
PC IN
PEND

Pl

PI SET

PL

PTGS ENAB

PTGO thru PTG5

PULSE ENAB
PWR FAIL

READ 10

RINHO thru RINH15
RQENB

RST

SARD

S BUFFER

SELB

SELD
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ABBREVIATIONS, (Continued)

Memory Clock

Power Supply Output Memory Voltage at
correct level.

Memory Bus lines 0 thru 15 (to CPU)
Mask Out (instruction)
Memory Step (Console switch)

Memory Timing Generator (signals)
0 thru 3

Multiplexer Output (signals) 0 thru 3

Signal to Device that memory location being
incremented or added to (Via Data
Channels) has Overflowed

Program Counter
Program Counter Enable
Program Counter In
Pending, e.g.,, INT PEND
Program Interrupt
Program Interrupt Set
Program Load

Processor Timing Generator 5 (pulse)
Enable

Processor Timing Generator (signals)
0 thru 5

Pulse Enable (PTG and TS3 function)
Power Fail

Read IO (Device Controller)
(Collector) Resistor, Inhibit Driver
Request Enable

Restart (Console switch)

Selected Address

Source Buffer

Selected Busy (Bus signal)

Selected Done (Bus signal)
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SET ION
SHIFT ACB
SHL

SHR

SKIP INC

SLO thru SL15
S MULT

SNSO thru SNS15

SO thru S2

STOP INH
STRB A
STRB B
STRB C
STRB D
STRT
SWP

TSO thru TS3
TT

TTI1

TTO

XRS
XWS
YRS
YWS

32 VNR
+ VINH
+ VLa\mp
+ VMEM
+ 5 OK
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ABBREVIATIONS. (Continued)

1-17

Set Interrupt On

Shift Accumulator Buffer

Shift Left

Shift Right

Skip Increment

Sense Lines (Memory Stack) 0 thru 15
Source Multiplexer

Sense Amplifier Outputs O thru 15

(Adder function) Select Control
Bits 0 thru 2

(Processor) STOP INHIBIT

Strobe A (Memory Stack)

Strobe B (Memory Stack)

Strobe C (Memory Stack)

Strobe D {(Memory Stack)

Start (Console switch)

Swap (bytes)

Time State O thru 3

Teletype

Teletype In (Teletype Keyboard/Reader Buffer)

Teletype Out (Teletype Teleprinter /Punch
(Buffer)

X (plane) Read Source (Memory Stack)
X (plane) Write Source (Memory Stack)
Y (plane) Read Source (Memory Stack)
Y (plane) Write Source (Memory Stack)
+ 32 Volts, Not Regulated

+ (Memory) Inhibit Voltage

+ Lamp Voltage (Console indicators)

+ Voltage Memory

+ 5 Volt (power) operating properly
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SECTION II

INSTALLATION

2-1 GENERAL

This section provides detailed information and procedures for installing the basic
Nova 1200 Computer. The Computer and Teletype are shipped in separate containers. Prio:
to performing any installation procedures inspect both shipping containers for any visible
intransit damage such as would result from dropping or being punctured or crushed. Con-
tact the carrier and Data General immediately if any damage is discovered, specifying
the nature and extent of damage. Phyéical installation data and descriptions are provided

in Appendix B of the '""How to Use the Nova Computers'" reference manual,

2-2 UNPACKING INSTRUCTIONS

The following two paragraphs describe the proper method of unpacking the Nova 1200
Computer and an ASR33 Teletype. The first paragraph describes the approved procedures
for unpacking the Computer. The second paragraph describes the procedures for unpacking
the Teletype. It is recommended that all shipping hardware, shims, packing and carton be

saved and stored after unpacking in the event either machine is ever reshipped.

2-2.1 Unpacking the Nova 1200

After opening the Nova 1200 shipping container perform the steps of the following

procedure:
a) Remove four corner pads.
b) Lift inner carton from box. (Requires two people. )
c) Cut top center seam.
d) Remove attached hardware (keys, mounting hardware, etc.).
e) Remove both U-shaped cardboard retaining frames.
f) Lift top layer of cardboard from box.
Note: Top of Computer should now be exposed.
g) Remove cardboard shims located on sides of Computer.
h) Remove both restraining shims on the front of the Console,
i) Lift the unit from the box. (Requires two people.)

Do not lift from the sides of the Computer, Hands should

be placed on the rear and underside of the Power Supply

and by the front of the Console.

Check unit for shipping damage. Remove keys from plastic bag,

insert the key, turn completely counterclockwise to the " Off' position.
i) Remove all packing material and general purpose frames from

the system. Standard circuit boards should not be removed.
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k)

2-2.2
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The computer is ready to apply power. It is suggested that the operator read
the procedures listed under the Nova 1200 Start-up and Checkout paragraph of
this Section before applying power to the machine.

Unpacking the ASR33 Teletype

The complete ASR33 is packaged in one carton. After opening the ASR33 shipping

container perform the steps of the following procedure:

a)
b)

¢)

d)

e)

f)

g)

2-3

Remove Styroform pads (2). (See Figure 2-1.)

Remove corner braces (4) and Teletype Stand. (See Figure 2-2.) Manuals will be
packed inside Teletype Stand.

Locate teletype bulletin 273B Vol. 1 in the manual set. Refer to page 1 of the section
574-100-201TC and read unpacking instructions.

Remove cardboard insets, accessory kit, and Typing Unit. (See Figure 2-3.)
Typing Unit is mounted on a past board shipping pallet by seven screws.

NOTE: DO NOT USE OR ATTEMPT TO
OPERATE TYPING UNIT BEFORE
REMOVING THE (3) HEX HEAD
BOLTS FROM THE BOTTOM OF THE
SHIPPING PALLET.

Remove three pieces of adhesive nylon tape; two pieces are securing the paper supply
and lid, the other piece is securing the paper tape supply, punch and reader.

Remove the Typing Unit Cover to expose the carriage. The carriage is tied to the
chassis with a pipe cleaner., This securing wire must be removed before operating
the Teletype.

Some Teletypes are equipped with a yellow spacer spring holding the reader fingers
stationary. This must be removed prior to operating the Teletype.

NOVA 1200 START-UP AND CHECKOUT

The procedures listed below describe the proper methods for initial turn-on and

subsequent checkout of the Nova 1200 Computer. These procedures should be performed

immediately after the Nova 1200 has been unpacked. The procedures are listed below in the

exact order of performance, and must be performed in the order of appearance, during in-

itdal turn-on.
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\___M ‘

STYROFOAM PAD

STAND FOR TYPING UNIT

AHHIITGaa.S. ’ N
STYROFOAM PAD

“"\’__/r

(

Figure 2~1. Location of Styrofoam Pads






Data General Corporation (DGC) has prepared this manual for use hy 1)GC personnel and
customersas a guide tothe proper installatlon, operation, and maintenance of NDGCequip-
ment and software. Thedrawings and specifications contained herein are the property of
DGC and shall neither be reproduced in whole or in part without DGC prior written ap-

proval nor be implied to grant any license to make, use, or sell equipment manufactured
in accordance herewith,

HOLES FOR STAND LEGS
ACCESSORY KIT

AN
<

POWER PACK,CHAD BOX, COPY HOLDER

TYPING
UNIT— PAPER SUPPLY

STYROFOAM
INSERT —__

WINDOW

KEYBOARD

Figure 2-3, Location of Teletype Typing Unit in Carton
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2-3.1 Start-Up Procedure

The genéral purpose Exerciser (Program Listing and Tape #095-000012, Manual
#097-000004) is always the last program run in each Computer prior to shipping. The
Exerciser diagnostic program checks the entire instruction repertoire and all memory
locations associated with that particular processor system. This program should still be
intact within the memory and available for execution. To start this program, only Console
data switch 14 on the operator's console should be raised. Turn power "ON " by setting
the key to the vertical position. Raise the Reset/Stop switch momentarily to the Reset
position and then raise the Start switch momentarily to the Start position. Program should
now be in execution with both the Fetch and Run indicators on. With typical operation of
the program, an incrementing sequence from 1, 000g to approximately 3,400g will be ob-
served in the Data Register display. The cycle takes approximately one to two minutes
for a 4K system and becomes significantly longer depending on a maximum core size of the
system. Any halt of the Computer and improper indications constitutes an error. Should
you encounter any difficulty with the start-up procedure, please contact the Data General
representative in your area, or our Field Service Department at the Southboro factory

(Area Code: 617-485-9100).

2-3.2 Check-0Out Procedures

The Nova 1200 check-out sequence consists of static and dynamic tests, Static
tests are performed manually at the Operator's Console, Dynamic tests, on the other hand,
are a series of tests performed under program control, and either terminate successfully
or halt at some specific location to indicate detection of some failure by the diagnostic.
In the normal sequence of testing, the static tests are performed first to verify all of the
manual controls are working properly. Once the Console is verified as operational, the
dynamic testing may be performed. Successful completion of all the recommended diagnostic
tests should be considered verification of the first check-out step. Complete verification is
obtained when all of the diagnostic program tapes supplied with the documentation package

have been run successfully.
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2-3.2.1 Static Tests

a) Turn power on.
b) Verify console indicators operate properly.
c) Deposit and examine all zeros in Memory location 0.
d) ' Deposit and examine all ones in Memory location 0.
e) Deposit and examine all zeros in Accumulators ACC 0-3.
f) Deposit and examine all ones in Accumulators ACC 0-3,
~g) Deposit 000017 in ACC 0.
h) Deposit 000360 in ACC 1.
i) Deposit 007400 in ACC 2.
j) Deposit 170000 in ACC 3.
k) Examine all accumulators and verify no data changed.
1) Deposit all zeros in Memory location 0.
m) Momentarily raise the Start/Continue switch to the Start position. Verify
~ run indicator is on.
n) Lock computer. Verify reset/stop toggle functional inoperative.
o) 'Unlock and stop computer,
p) Continually depress DEPOSIT NEXT. Verify PC increments.
" 'q) Continually depress EXAMINE NEXT. Verify PC increments.
1) Place all zeros in Memory location 0.

2-3.2.2 Dynamic Tests. At this point and prior to performing the first dynamic test

it is necessary to connect the Teletype to the Nova 1200. These procedures assume all of

the .unp"a‘cidng steps for the Téletype listed in parag'rapf'l 2-2, 2 have been completed.

2-3,2.2,1 Teletype to Compu'tér Connéction Procedure

.a) Turn off computer,
b) Plugin TTY to 115v outlet in the rear of the Processor Enclosure.
¢) - Plug in the 9 pin connector to the receptacle indicated by the connector
: layout diagram attached to the rear of the Nova 1200 Enclosure. The
proper connector is labeled 4010 (Data. General Model number for TTY).
d) Turn the line/local switch on the lower-right-front-panel of TTY to local.
e) Place roll of tape in punch and turn on punch,
f) Type all characters on keyboard. Note correct typing and also that punch is
' operating. It is not necessary to verify tape produced. That will be done in
the sequence of tests that follow.
g) Turn punch off and return line/local switch to line. The unit is now ready for
use by the computer.,

The next step in the dynamic test sequence is to place the Binary Loader program
into core. This may be done either manually or automatically. Automatic loading requires
that the Program Load Option be included with the processor. This option operates in con-

junction with the Nova 800/1200 Program Load tape supplied as part of the Program Load Option.

The Program Load Read-Only hardware loads the Bootstrap program into memory location 0-37.
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The Bootstrap program is executed immediately and reads a Prologue (to the Binary Loader)

into locations 40 to 120. The Prologue is then executed immediately after loading, and there-

by loads the Binary Loader from the last section of the Program Load Tape.

describes the loading procedures for those Processors with the Automatic Program Load option.

Paragraph 2-3. 2, 2, 2 describes the manual loading procedures for Processors without the Auto-

matic Program Load option.

2-3.2.2.2
a)
b)
c)
d)

e)
f)

g)
h)

i)
1)

k)

2-3.2.2.3

a)

Loading Procedures for Program Load Option

Turn on Computer. Verify Teletype is on-line,

Set Teletype reader switch to FREE.

Thread the Nova 800/1200 Program Load tape into Teletype reader, and

set reader switch to START.

Set the TTI device code 010 (or 0124 for High Speed Paper Tape Reader)
into the six rightmost Console switches (bits 10-15).

Raise the Program Load switch on the Console to the Program Load position.
Tape should move through the Teletype reader. When the tape halts verify
Console Address register displays 001208 as the halt location.

Set Teletype reader switch to FREE, and remove the Nova 800/1200 Program
Load tape from Teletype reader.

Thread the test program tape Checkerboard III (Binary tape #095-000031,
Manual #097-000014) into the Teletype reader, and set reader switch to START,
Press the Start/Continue switch on the Console to the Continue position.
Verify tape moves through the Teletype reader, When tape halts Checker-
board III will be loaded and ready for execution.

It should be noted that for subsequent loading of other programs after a pro-
gram other than the Binary Loader has been executed, first thread the program
tape in the Teletype reader, then load X7777 into the console switches and
raise the Start/Continue switch to Start, This will rerun the Binary Loader
and bring the new program into core,

Loading Procedures Without Program Load Option

Using the Console switches, key in the Bootstrap Loader Manual #093-000002)

instructions listed below.

BOOTSTRAP LOADER

Paragraph 2-3, 2. 2, 2

TTI: ** = 10 PTR: ¥* = 12
X7757 126440 GET: SUBO 1,1
X7760 0636** SKPDN X
X7761 000777 JMP . -1
X7762 0605** DIAS 0, X
X7763 127100 ADDL 1,1
X7764 127100 ADDL 1,1
X7765 107003 ADD 0, 1, SNC
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BOOTSTRAP LOADER (Continued)

TTI:

X7766 000772 TMP GET+1
X7767 001400 IMP 0,3
X7770 0601 * BSTRP: NIOS X
X7771 004766 JSR GET
X7772 044402 STA 1,.+2
X7773 004764 ISR GET

LI

b) Set the Teletype reader switch to FREE and thread the Binary Loader
(Special Format #091-000004, Manual #093-000003) into the Teletype
reader (or the High Speed Paper Tape Reader).

c) Verify Teletype is on-line and set the Teletype reader switch to START.

d) Set the Console data switches to X7777.

e) Momentarily raise the Start/Continue switch to the Start position

f) Verify that the tape moves through the Teletype reader. When the tape
halts verify Console address register displays X7775.

g) Set Teletype reader switch to FREE, and remove the Binary Loader tape.

h) Thread the test program tape Checkerboard III (Birary tape #095-000031,
Manual #097-000014) into the Teletype reader, and set reader switch to
START.

i) Set the Console data switches to X7777.

j)  Momentarily raise the Start/Continue switch to the Start position.

k) Verify tape moves through the Teletype reader., When the tape halts
verify Console address register displays X7743.

2-3.2.2.4 Memory Test. After the memory test program, Checkerboard III has been

loaded as per paragraph 2-3. 2. 2.2, or paragraph 2-3. 2, 2, 3, perform the following steps

to run the test program:

a)  Place 000002, in Console switches.

b)  Momentarily raise the Start/Continue switch to the Start position.

¢) Verify program cycle.

d) Raise Console switch 0 = 1 to include worst case. Verify program cycle.
e) Allow program to cycle 15 minutes.

f)  Reset the computer.
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Logic Test, Load the test program (Binary #095-000036) as per

paragraph 2-3. 2. 2. 2,0or paragraph 2-3. 2. 2. 3.

a)
b)

c)
d)

e)

f)

Set the Console switches to 000400,.

Momentarily raise the Start/Continue switch to
the Start position.

Verify computer halts at location 0004038. Press the Start/Continue switch to
the Continue position,

Program takes less than a second for one complete pass. Allow the program
to run for several minutes, then stop the computer,

Note the stop location of the computer, and perform a series of single instructions
by toggling the Instruction Step switch. Verify PC follows the program (as listed
in program documentation).

Toggle the Memory Step switch as in step e. Verify PC follows the program (as
listed in program documentation).

2-3.3.6 Teletype Test. Load the test program (Binary #095-000041) as per

paragraph 2-3. 2. 2. 2, or paragraph 2-3. 2. 2. 3.

a)
b)
¢)
d)
€)

Turn on Punch of TTY.

With the TTY in local, depress '"Here in" to generate leader.

Return on-line and place tape in TTY Reader,

Place reader in start position.

Place 000040g in Console switches. Raise the Start/Continue switch to the
Start position, ‘

f) Program will cycle and type " PASS'" on the end pass.

g)
h)

i)
3
k)
D
2-3.2.2.7

Allow program to cycle for 5 passes.

Reset the computer.

Place reader of TTY in " FREE" position,

Place 0000458 in Console switches. Raise the Start/Continue switch to the Start
position.

After teletype starts punching data, place leader of tape in TTY and push START
on TTY reader,

Program should cycle for minimum 1 minute.

Instruction Timer. Load the test program (Binary #095-000038) as per

paragraph 2-3. 2. 2. 2, or paragraph 2-3. 2. 2. 3.

a) Set Console switches to 0000038.
b) Momentarily raise the Start/Continue switch to the Start position.
¢) Allow the program to run for several minutes, and verify no teletype type -outs

occur, Program has a built- in tolerance of +20 nanoseconds for the execution
time of each instruction tested and will print out the time for any instruction
exceeding this limit,
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Depress Console Reset/Stop switch to the Stop position.

Set 0000024 into the Console switches.

Momentarily raise the Console Start/Continue switch to the Start position.

Starting at location 0000028 cause the program to type out the execution time
for each instruction in nanoseconds.

If excessive execution time was detected during step ¢, contact the
Data General representative in your area or our Field Service Department,

If step c was completed successfully save the listing of instruction execution
times generated during step g. This listing should be filed as part of the
maintenance record for the Nova 1200. Typical instruction execution times
(within £20 ns) for the Nova 1200 are listed below.

INSTRUCTION EXECUTION TIMES

MOV 0,0 1350
ADD 0, 0 1350
AND 0,0 1350
LDA 0,0 2550
STA 0,0 2550
ISZ 0 3150
DSZ 0 3150
JMP . +1 1350
JSR . +1 1350
LDA 0, @0 3750
LDA 0, @21 4345
LDA 0, @31 4345
LDA 0, @(@0) 4945
DIA 0,0 2550
DOA 0,0 3150
INTA 0 2550
SKPBN 0 2550

2-3.2. 28 Arithmetic Test. Load the test program (Binary #095-000037) as per

paragraph 2-3. 2. 2. 2, or paragraph 2-3. 2, 2. 3.

a)
b)
c)
d)

e)

Set Console switches to 000002,.

Momentarily raise the Start/Continue switch to the Start position.

Upon starting program should issue a message stating " Last Location
in Memory is XXXXX",

Verify that the value printed corresponds to the actual System Memory size,
If they do not agree an error has occurred.

The program will cycle continuously, and type out the word " PASS™ on each
program iteration.
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Power Shutdown Test (No Power Monitor). Load the test program (Binary

#095-000044) as per paragraph 2-3.2, 2.2, or paragraph 2-3. 2. 2. 3.

a)
b)
c)

d)

e

2-3. 2. 2. 10

If Computer has Power Monitor Option perform paragraph 2-3. 2. 2. 10 instead
of these procedures.

Set Console switches to 0000028.

Momentarily raise the Start/Continue switch to the Start position.

The program will request the operator to turn the computer off, on

and to restart it,

Upon restart the program will ring the teletype bell three (3) times.

The Operator should repeatedly perform the power off-restart sequence.
After each restart allow 2-3 seconds for a possible error message.

Power Shutdown Test (with Power Monitor). Load the test program (Binary

#095-000044) as per paragraph 2-3. 2. 2.2, or paragraph 2-3. 2, 2. 3.

a)
b)
c)
d)
e)

f)

2-3.2.2.11

Set Console switches to 000002,,.

Momentarily raise the Start/Continue switch to the Start position.

The program will request the operator to turn the computer off, on, and
to restart it.

After several restarts lock the Console and remove the AC line plug.
When computer power is restored the program will be restarted without
operator intervention. The teletype bell will be rung three (3) times
each time power is restored.

The operator should repeatedly remove and restore power. At each
restoration of power allow 2-3 seconds for possible error messages.

Exerciser. Load test program (Binary #095-000012) as per paragraph 2-3.2.2.2,

or paragraph 2-3. 2, 2. 3.

a)
b)
c)

d)
e)
f)
g)
h)

Set Console switches to 000002_.

Momentarily raise the Console %tart/Conti.nue switch to the Start position.
Computer will cycle. Any Halt constitutes error. After one pass raise
Console switches 2 and 3.

Turn on TTY punch., Set reader switch to FREE.,

After TTY starts punching data, place leader in TTY read station.

Push START on TTY.

Allow computer to cycle for five minutes.

Lower Console switches 2 and 3 to terminate teletype test.

This test completes the start-up checkout for the Nova 1200 Computer.

2-3.3 Repacking
In order to properly repack the Nova 1200 or the Teletype, reverse the procedures

listed in paragraph 2-2. Only strict adherence to the particulars described in each step will

prevent serious damage to each machine during shipment. All retaining hardware and
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packing should be replaced into the original positions within the carton before the units are
shipped. The following special packing considerations must be observed for the Teletype:

a) Make sure (3) hex head screws are replaced in the original position under -
neath the Shipping Pallet,

b) The Console front switches and keyboard must be protected with some form
of resilient packing or extensive damage will occur during shipment.
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SECTION III
OPERATION

3-1 GENERAL

This section identifies and describes all of the manual controls and indicators used
to operate the Nova 1200 Computer. A description of the controls and indicators is also
provided in paragraph 2.7 of the "How to Use the Nova Computers" reference manual,
Figure 3-1 is a drawing of the Nova 1200 operator's Console showing the controls and in-

dicators referenced throughout this section.

3-2 CONSOLE CONTROLS
Used in conjunction with a teletypewriter and peripheral devices, the control
console contains all controls necessary to operate the Nova 1200 Computer system. Each

console control is described briefly in the following paragraphs.

3-2.1 Power Switch

The key -operated power switch controls the ac (primary power) input to the Nova 1200
Power Supply. In the OFF position, the ac input line is removed from the power supply.
In the ON position, there is ac power to the power supply and the Computer is operational,
In the LOCK position there is ac power to the power supply and the Computer is operational.
However, all Console Control switches are disabled except for the power switch itself, The
LOCK position allows a program to run without interference from occasional or accidental
"switch diddling" or any other unscheduled attempts to operate the Computer. However, the
Console Data switches remain operational to allow the operator to supply information to the
program (when requested by the program). It should also be noted that all of the Console in-
dicators remain operational when the power switch is in the LOCK position. The Console key

can only be removed when the power switch is in the LOCK position.

3-2.2 ACO0, AC1, AC2 and AC3 Deposit/Examine Switches

These four switches are used both for depositing data into the corresponding Ac-
cumulator, and examing their contents., The DEPOSIT position of any switch operates in
conjunction with the relative positions of the (16) Console Data switches. Placing any one of
the four AC switches in the DEPOSIT position will load the configuration of the Console Data

3-1
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switches into the specified Accumulator. Placing any one of the four AC switches in the

EXAMINE position will display the contents of the specified Accumulator in the Console
DATA lights.

3-2.3 Reset/Stop Switch

Placing the RESET/STOP switch in the RESET position causes the Nova 1200 to
stop at the end of the current processor cycle. RESET also: clears flags in all 1/0
devices, clears Interrupt On, places the processor in supervisor mode, and sets the
clock to line frequency. It should be noted that if the RESET/STOP switch is momentarily
raised immediately after an AC deposit the data will not be allowed to reach the selected
AC even though this data appears in the Console Data display. Pressing the RESET/STOP
switch to the STOP position causes the Nova 1200 to stop before fetching the next instruction.
The address indicators point to the next instruction, If the current instruction contains an
infinitely long indirect addressing chain or there are continuous data channel requests,
pressing STOP will not stop the Computer. Under these conditions it is necessary to
momentarily raise the switch to the RESET position rather than pressing it to the STOP

position,

3-2.4 Start/Continue Switch
Momentarily raising the START/CONTINUE switch to the START position causes

the Nova 1200 to load the address contained in the Console Data switches into PC, light

the FETCH and RUN indicators, and begin normal operation by executing the instruction

at the location specified by the PC. Pressing the START/CONTINUE switch to the CON-
TINUE position causes the Nova 1200 to turn on the RUN indicator and begin normal operation
in the state indicated by the (five) indicators on the right-hand side of the Console (i.e., RUN,
ION, FETCH, etc.) It should be noted that instruction stepping can be performed by
momentarily raising the START/CONTINUE switch to the position while pressing the RESET/
STOP switch to the STOP position.
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3-2.5 Deposit/Deposit Next

Momentarily raising the switch to the DEPOSIT position will deposit the
contents of the Console Data switches into the memory location specified by the address
lights. Upon completion of the deposit the Console Data lights will display the word deposited.
Pressing the switch to the DEPOSIT NEXT position will add 1 to the PC address displayed in
the address lights and deposit the contents of the Console Data switches into the memory
location specified by the incremented address. Upon completion of the deposit next the
Console Data lights will display the word deposited. This switch is generally used in con-
junction with the EXAMINE /EXAMINE NEXT switch, See paragraph below for an example
switching sequence utilizing both switches.

3-2.6 Examine/Examine Next Switch

Momentarily raising the switch to the EXAMINE position will load the address
contained in the Console Data switches into PC (which is displayed in the address lights)
and display the contents of the addressed location in the Console Data lights. Pressing the
switch to the EXAMINE NEXT position will add 1 to the PC address displayed in the address
lights and display the contents of the location specified by the incremented address in the
Console Data lights. The DEPOSIT/DEPOSIT NEXT, EXAMINE /EXAMINE NEXT switches
can be used for a sequence of operations on consecutive memory locations. The sequence
must begin with EXAMINE to supply the initial address unless PC already points to the
right location., Suppose the Console Data switches are set to octal 100 initially. Then the

following sequence of switch settings produces the effects listed.

EXAMINE Display location 100,
EXAMINE NEXT Display location 101.
EXAMINE NEXT Display location 102,
DEPOSIT Load Data switches into 102,
EXAMINE NEXT Display location 103.
DEPOSIT Load Data switches into 103.
DEPOSIT NEXT Load Data switches into 104,
EXAMINE NEXT Display location 105.

It should be noted that the EXAMINE position can be used to load the PC for beginning any
single step procedure.

3-2.7 Memory Step/Inst Step Switch

Momentarily raising the switch to the MEMORY STEP position will perform a single processor

3-4



IData General Corporation (DGC) has prepared this manual for use by DGC personnel and
customers as a guide tothe proper installation, operation, and maintenance of DGCequip-
ment and software, Thedrawings andspecifications contained herein are the property of
DGC and shall neither be reproduced in whole or in part without DGC prior written ap-
proval nor be implied to grant any license to make, use, or sell equipment manufactured
in accordance herewith,

cycle in the state indicated by the Operational indicators and then stop. Upon completion
the Operational indicators will point to the next Operational state to be executed., The ad -
dress lights will display the contents of the PC, the data lights will display the data fetched
from the last memory location accessed. Using the AC switches between memory steps with-
in an instruction usually destroys information (in the Accumulator) necessary for the execution
of the rest of the instruction. To use the various examine and deposit switches between in-
struction steps, simply remember what PC is and restore it before continuing.

Pressing the switch to the INST STEP position will begin operation in the state
indicated by the lights but then stop as though STOP had been pressed at the same time.
If the stop occurs at the end of an instruction, the data displayed by the data lights depends

on the instruction as follows.

LDA, STA Operand

ISZ, DSZ Operand

JMP Direct— Instruction

JSR Direct— Instruction
Indirect— Effective Address

Arithmetic and logical Instruction

In /Out Data

Note that the AC switches can be used between instruction steps without requiring any readjust-

ment,

3-2.8 Program Load Switch
The PROGRAM LOAD option for the Nova 1200 will deposit the contents of the

bootstrap read-only memory into locations 0-37, light the RUN indicator and begin normal

operation at location O,

3-3 CONSOLE INDICATORS

The Console indicators are composed of two (register driven) indicator strings and
five individual (flip-flop driven) function indicators. The two indicator strings are displays
for the ADDRESS (or present contents of the PC), and the DATA content of a memory location
or an Accumulator. The five function indicators indicate the operation state of the Processor.

A brief description of each display is presented in the following paragraphs.

3-3.1 Address Display

This section of the Console displays the present contents of the PC. When
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performing an EXAMINE, this display should be identical to the Address configuration set

into the Console Data switches.

3-3.2 Data Displax

‘This section of the Console can display either the contents of any one of the four
Accumulators, or display the contents of a memory location. For example, during an
EXAMINE, the selected (by the Console Data switches) address will be displayed by the
ADDRESS indicators, and the contents of the selected memory location will appear in the

DATA display.

3-3.3 Operational Indicators

When any indicator is lit the associated flip-flop is in the 1 state verifying that
the associated function is true. A few indicators display useful information while the proces -
sor is running, but most change too frequently and are therefore discussed in terms of the
information they display when the processor has stopped. Each functional indicator is
listed below with its indicative interpretation.
RUN The processor is in normal operation with one instruction
following another, When the light goes off, the Computer stops.

ION The program interrupt is enabled (this is the Interrupt On flag).

FETCH The next processor cycle will be used to fetch an instruction
from memory.

DEFER The next processor cycle will be used to fetch an address word
in an indirectly addressed memory reference instruction,

EXECUTE The next processor cycle will be used to reference memory for
an operand in a move data or modify memory instruction.
FETCH, DEFER, and EXECUTE are the state indicators: they specify the state (the type
of cycle) the processor will enter if operations are continued by pressing the CONTINUE or
MEMORY STEP switch. At the most, only one indicator is lit at any one time., Unless
otherwise indicated, use of any operating switch leaves the processor ready to enter the

fetch state.
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SECTION IV
THEORY OF OPERATION

4-1 INTRODUCTION

This section contains detailed information describing the functional relation -
ships of the major logic sections comprising the Nova 1200 Computer., This section is
essentially a continuation of the general function description Nova 1200 architecture
provided in paragraph 1-2 of this manual. It is pointed out here that this text is intended
to familiarize personnel with the functional operation of the major Processor logic sections,
hence, the deécriptions presented in this section are designed to provide basic conceptual
infbrmation cohcerning. the operation of the Nova 1200. In this regard it is suggested that
Figufé 1-1 (Nova 1200 Detailed Functional Block Diagram) be referenced along with the
appropriate logic diagrams (bound in Section VII of this manual under separate cover) while
réviewing the descriptions of this section,

The Intégi‘ated Circuits of the Nova 1200 are operationally synchronized with
the CPU Clock (CLK) signal, The clock timing is arranged such that when the required en-
abling signals are present simultaneously with the negative -going edge of the CPU CLK signal,
the cdrresponding logical operation will occur. Detailed information concerning the pin
nomenclature and the signal requirements of the IC packages is provided in Appendix A

of this manual, Signal origins for the Nova 1200 are listed in Appendix B.

4-2 DETAILED FUNCTIONAL DESCRIPTION

. The discussion presented herein will consider the operation of the major logic
sections of the Nova 1200 relative to the Console, CPU Operation, Basic Timing, Data Paths,
- Instruction Overlap, Instruction Timing Examples, Memory, and Power Supply. The draw-
| ﬁ1g numbers of the logic diagrams of the major logic sections are listed below with their

titles as a convenient reference.

NOVA 800 & 1200 CONSOLE 001-000089

- CPU NOVA 1200 001-000088
Clock, Key Logic, AC & Memory Timing
I/0 Logic (Sheet 1 of 4)
IR, MBC, and Major States, AC and Adder
Controls (Sheet 2 of 4)
Register Controls, Skip, Carry, EFA and
Stop Logic (Sheet 3 of 4)
AC's Adder, PC, ACB and MBO registers (Sheet 4 of 4)
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4K MEMORY 001-000103
MA & MB Register & Control (Sheet 1 of 4)
Sense & Inhibit (Sheet 2 of 4) -
X Drivers (Sheet 3 of 4)
Y Drivers (Sheet 4 of 4)

4-2.1 Console
The Nova 1200 Console contains the four following functional sections; the Power
switch, the Console Display, the Console Data switches, and the Console Control switches,

The functional operation of each section is described in the following discussion.

4-2.1.1 Console Power Switch. Power is applied to the Nova 1200 by turning the Console

key to the ON position. As shown on the Console logic diagram, setting the key to the ON
position switches 115 VAC into the Nova 1200 power supply. After power has been turned on,
the power supply produces the + and - 5 volt logic power aloné with the + VMEM voltage for
the memory. The power supply contains precision differential circuitry which monitors the
+ 5 volt and + VM.EM voltage outputs, These circuits will produce a + 5 (volt) O.K. logic
signal to indicate the + 5 output level is correct and a MEM O. K. logic signal to indicate the
+ VMEM voltage level is correct. The power supply also contains a Power Failure (Mi)
monitor circuit which is used in conjunction with the Power Monitor and Auto-restart option,
The full -wave lamp voltage + Vlamp is also produced in the power supply. The + 5 O.K.
and MEM O, K. lines carry power status signals from the power supply to the CPU,

When power is first turned on, the + 5 O.K. line provides a positive transition
(to approximately + 5 volts) as the + 5 volt output rises to its proper level. This positive

transition is gated into a differentiating capacitor to produce a pulse which in turn drives the

RESET and PRESET gates. RESET and PRESET initializes the control logic of the Nova 1200
in preparation for operation. It will be noted (on the Console Logic diagram) that the RST

(Reset) line from the Consocle is OR gated with the + 5 O. K. line from the power supply. Since

RST becomes low when the Console Reset switch is actuated, the positive -going trailing edge

(caused by releasing the switch) of RST is differentiated to generate the RESET and PRESET
signals. Hence, the Console Reset switch may also be actuated to initialize the Nova 1200,

The enabled output from the RST/+ 5 O.K. OR gate also enables an inverter which in turn
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enables another OR gate. This second OR gate also monitors the MEM O. K. and HALT
lines. The enabled output from the second OR gate disables the RUN set gate controlling
the input to the RUN flip-flop stage (of the KEY, RUN, DCH, and KEYM 4 Bit Discretes
register).

It should be noted that the Nova 1200 CPU logic utilizes approximately 6 of these
4 Bit Discretes Registers to store discrete information defining the operational state of the
processor. In each case each flip-flop stage can be set or reset independent of the state of
any other flip-flop stage in the register. Further, conditions for either setting or resetting
any stage is set up by decision gates at the stage input prior to the coincident arrival of a
"load strobe' pulse together with the register clock pulse. At this time the output logic
levels presented by the gates driving the input to each stage are latched into the register,
with relatching occurring on each load and clock pulse combination. It is noted further that
some of the 4 Bit Discrete Registers are also connected to perform right shift functions.
Under these conditions a logical bit loaded into the DS input of the register will be shifted
right on each clock with the Shift input enabled.

Therefore, on the next coincident occurrence of the PTG5 and MEM CLK pulses
a zero will be loaded into the RUN stage of the register., Essentially this gating path will
reset the RUN stage of the 4 Bit Discretes register if either a low RST, + 5 0.K, MEM O.K.,
or HALT signal occurs, If all of these signals are in the high state, this gating path for set -
ting the RUN flip-flop is satisfied. However, another gating path driven by selected Console
logic functions is ANDed with the path described above to determine when the RUN flip -flop

is to be set,

However, to return to the discussion concerning the PRESET and RESET functions,
RESET also drives the Master Reset (MR) input of the previously described Discretes 4 Bit
Register and unconditionally clears all of the outputs including RUN to the zero state. Hence,
the main reason Reset (T%—S_?) is a bi-functional (i.e., clears RUN and then generates RESET
and PRESET on the zero-to-one transition) is to allow the processor to stop synchronously
with the completion of the last instruction, thereby allowing the program to be continued from
the last instruction when the processor is started again. It should be noted that since there
is contact bounce in the switch - the PRESET action will occur before the switch is released

but after the attempted synchronous stop.
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4-2,1.2 Console Display. The Console displays two sets of data, address and memory

data, along with data concerning the state of the machine, The address lights are driven
from the MBO register in the CPU, and display the next address to be referenced when the
machine is stopped. When the machine is running the address display is essentially mean-
ingless and should be ignored. This is due to the fact that the MBO is continually shifting
during machine operation. The data lights display the contents of the MB register of the
memory that happens to be selected at the time. The lights are driven directly off the Mem -
ory bus. The states of the Carry, Run, Ion, Fetch, Defer, and Execute flip-flops are also
displayed. All signals displayed on the Console are asserted negative. A non-inverting cur-
rent driver is used to drive the lamps. In order to increase lamp brilliance, the usual cur -
rent limiting resistor was not used in series with the lamps, but rather a parallel resistance
was used. This provides a continuous flow of about ten milliamperes through the lamp which

keeps the filament hot and eliminates large surge currents when the lamp is turned on.

4-2.1.3 Console Data Switches. The Data switches are tied directly to the Memory bus.

The non-inverting buffers have open-collector (OC) type outputs and are normally in the

off state, During Console operations the READS (DIA-, CPU) instruction causes the CON DATA
line to be switched low, thereby causing all buffer outputs to go low. Those switches which

are closed, designating a ' one', will put low levels on the bus, At this time all inemories are

disconnected from the bus by INH TRANS,

4-2.1.4 Console Control Switches, All pull-up resistors on the Control switches, with the

exceptions of STOP and RESTART, are connected to a common node. This node is connected
to the base of Ql. (See the Nova 800 & 1200 Console Drawing #001-000089.) The circuit
formed by Q1 and related Components performs two functions: 1) it senses current flowing
through any of the pull-up resistors, and 2) it provides a delay of about 25 milliseconds

from the time the switch is first actuated to the time CON RQ is asserted low. This delay
guarantees that all switch bounce has subsided before the CPU attempts to perform the function
requested, m\l_R—Q must switch cleanly for proper operation. For example, bouncing on the
leading edge of this signal may cause several EXAMINE NEXT operations to be done during

a single actuation of the EXAMINE NEXT switch, The CPU, upon receiving the CON RQ
signal drops the CON INST line., This allows the control switches to be connected to the

Memory bus through OC-gates Ul and U2, Several switches may be ORed into one gate.
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Also, for manual functions, the Memory bus is asserted positive. For example, if

switch ACDP2 is actuated MEMO, MEM1, MEM4, MEM5 would go high., All other bits
driven by Ul and U2 would go low. Bits 8 through 15 would also be high, but they are
not used to encode the Console functions. Reset, Stop, Memory Step, Instruction Step,
and Program Load are not encoded into the Memory bits, but rather unique lines are

generated which define these functions.

4-2,2 CPU Operation

| The CPU is organized around eight hardware registers, a shift buffer, (ACB),
a program counter (PC), a CPU interface register (MBO), an instruction register (IR
and MBC), and four accumulators. These eight registers are all 16 bits in length except
for the PC which is 15 bits. All internal data paths are four bits wide. Consequently,
it takes four separéte operations to perform an add, or a register-to-register transfer,
The overall speed of the machine is increased by allowing the CPU to perform several
dperations concurrently. This concurrency may be classified as either Nibble Overlap,
in which several different four bit bytes (nibbles) are being operated on simultaneously, or
as Instruction Overlap, in which the fetching of an instruction from memory is being per -
formed simultaneously with the exception of the previous instruction.

It is important at this point to describe the function of each hardware register

relative to the operation of the CPU,

4-2,2.1 Program Counter (PC), The 15 bit address of the next instruction to be fetched is

held in the PC. During the fetch of an instruction, the PC is incremented by one causing
it to point to the next sequential instruction. Certain instructions can change the contents

of the PC. The PC consists of one chip, which is a 16 bit latch,

4-2.2.2 Instruction Register (IR and MBC). The Instruction Register stores the instruction

currently being executed, The CPU decodes the data held in the Instruction Register in
order to perform the instruction, The register is organized into two parts, the IR and
the MBC. The IR consists of the eight high order bits, and the MBC of the eight low order
bits. During an effective address calculation, the MBC contains the displacement and

shifts th'fough the source multiplexer into the Adder. The IR bits are not shifted at this time,
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4-2.2.3 CPU Interface Register (MBO). The MBO is used in virtually every operation the

CPU performs. It acts as a parallel-to-serial converter for data flowing into the machine
from the MEM bus. The 16 bit data is loaded from the MEM bus into the MBO in parallel,
after which the MBO shifts the data out, four bits at a time, into some other part of the
machine. Conversely, data is shifted into the MBO from the Adder four bits at a time to

be loaded into a Memory from the MBO bus, During effective address calculations, the

MBO holds the present address used in relative addressing., During memory modify opera -
tions (such as ISZ) data is loaded into the MBO from Memory. The MBO then recirculates
the data through the Adder back into the MBO, in the process modifying it. The modified data
is then loaded from the MBO back into memory.

4-2.2.4 Shift Buffer (ACB). All data to be loaded into the Accumulators are passed through

the ACB. The primary reason for this is that it is necessary to completely assemble the
results from an ALC instruction before those results can be loaded back into the Destination
Accumulator, This is due to the shifting and byte-swap operations incorporated in these in-
structions.

4-2,2,5 Accumulators. The accumulators and the PC are the only program accessible

registers in the CPU. The accumulators may be logically and arithmetically manipulated
under program control. All four accumulators are contained in a single 64 bit IC chip.

During certain ALC operations it is desirable to be able to access two accumulators
simultaneously. This is done by using two sets of accumulators, both sets containing identical
data., For example, during an ADD, the source accumulator is fetched from one IC chip, and
the destination accumulator from the other IC chip., Both accumulator chips are loaded at the
same time from the same data.

4-2,3 Basic Timing

Basic CPU Timing may be grouped into three distinct levels, Major State cycles,
TS cycles, and PTG cycles, Basically Major State cycles define what type of memory function
is under way. The designated Major State of the machine is set at the beginning of each mem -
ory cycle, and remains set throughout that memory cycle, There are eight Major States,
Fetch, Defer, Execute, PI, DCH Key, Keym, and a "dummy" state in which none of the
other states are set, The Flow Charts (DGC Drawing #001-000106) detail the function of

each Major State. In brief these functions are defined as follows:
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a) Fetch set when the next word to be read from memory is to be treated
as an instruction.

b) Defer set when the next word from memory is to be treated as the address
of an operand or instruction, i.e., during indirect addressing.

¢) Execute set when the next word from memory is to be treated as an operand.
Programmed I/O operations also set Execute, but the memory is not alloved
to run.

d) PI set during a program interrupt during which the program counter is stored
at memory location 0. PI forces three conditions to occur; the next address
to be 1, the next Major State to be Defer, and a "JMP" instruction to be
loaded into the instruction register. Location 1 contains the address of tke
interrupt service routine. Location 0 contains the particular address at
which the program was interrupted.

e) DCH set when the next memory cycle is to be a direct transfer between an
1/0O device and Memory.

f) Key set when a manual function is being requested from the Console, During
Key, either all or part of the manual function is performed. The memory is
not allowed to run during the Key cycle,

g) Keym set when the manual function requires a memory cycle, such as
Examine or Program Load.

h) "Dummy" State set only when a machine stop is pending and the current
instruction requires the skip conditions to be interrogated. During this
state the machine increments the PC if the skip is successful in order that
the address lights reflect the true next address.
The CPU uses two 150 ns. clocks, CPU clock and MEM clock. These two
clocks are of the same phase, the only difference being that the CPU clock is gated, whereas
MEM clock runs all the time. Three signals gate CPU clock, RUN, STUTTER, and WHOA.
RUN simply stops the machine, STUTTER inhibits the clock for one clock cycle, allowing
time for instruction decoding, and also allowing the ACTG signals to be clocked by the MEM
clock, WHOA is used by certain options which temporarily slow the processor down. It should
be noted that the memory timing generator continues to completion of either a Read or an Inhibit
operation without CPU clock, as it is driven off MEM clock. All control flip-flops and registers
in the machine are driven from one of the two clocks. All changes of state occur on the negative -
going edge of the clock. The timing signals discussed above do not change the state of a flip -flop
or register, but act to enable the device to change on the next negative -going edge of the CPU

or MEM clock.
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The TS levels are four clock cycles in length, and may be thought of as the time required

to transfer a 16 bit word, at the rate of four bits per clock cycle, between two CPU registers.
Each Major State consists of at least two TS levels, TS0 and TS3. TSO occurs during the
first half of the Major State, and TS3 during the second half. In fact, TSO and TS3 are
complementary, if the machine is not in TSO it must be in TS3, and vice-versa. Certain
operations require more time to be available in a Major State cycle than is provided by the
two TS cycles. In this instance, a flip-flop, called Loop is set and forces the present TS
cycle to repeat thereby providing the Major State with three TS time intervals. During TS0
the data is fetched from the memory and loaded into the MBO. At this point Loop is set and
TS0 is repeated. The data in the MBO is shifted through the Adder undergoing some type

of modification at this time. Finally, TS3 is set and the data is transferred from the MBO
to the Memory and re-written. Individual clock cycles are designated by the Processor
Timing Generator (PTG) levels. The levels are asserted for one clock period (150 ns. ) only.
PTG levels define the first and last clock periods during TS cycles. PTG2 is the last clock
interval during TS0, and PTGS is the last during TS3. PTG=0-TS0 is the first clock interval
in TS0, and PTG=0-TS3 the first is TS3. Two typical uses for these signals are as follows:
the least significant four bit nibble of the word is passed through the Adder at PTG=0 TS0
time, hence a 1 is also added to the Adder at PTG=0-TSO0 time to increment the word being
transferred. PTGS5, as another example, is used to enable the Major State flip-flops.
Consequently, the Major States can change state only on the clock associated with PTGS5.
Four other timing signals are also important. These are PTG0O, PTGl, ACTGO and ACTG1.
PTGO and PTG1 are generated by a two bit ring counter which makes a cycle once every time
state, i.e., every four clocks. It is from these two signals that the other PTG signals are
decoded, PTG2, PTGS, etc. PTGO is set during the two middle clock cycles of a time state,
and PTG1 is set during the last two clock cycles of the time state. The two ACTG signals
are used only to drive the two accumulator chips. They differ from the PTG signals only in
that they can be set to be exactly one clock cycle ahead of the PTG signals. This is necessary
because of the level of buffering (provided by the D Buffer and S Buffer) which accumulator

data must pass. A
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4-2,4 Data Paths

As mentioned earlier, all memory and I/O data flowing to and from the CPU passes
through the MBO Register. Instructions may be loaded directly from the MEM bus into the
Instruction Register. All data transfers in the CPU take place in (4) four bit "nibbles. " The
destination AC and the source AC each drive a four bit buffer register, These buffers allow
a nibble to be processed through the Adder concurrently with the fetch of the next nibble to be
proc-essed from the ACD and ACS chips. This saves time. Both the ACD (destination ac-
cumulator) and ACS (Source Accumulator) IC chips, as described earlier, each contain 64
flip-flops which are organized into four 16 bit accumulator registers. Both the ACD and ACS
chips are loaded with the same data to facilitate "nibble" transfers through the Adder. For
example, assume ACS and ACD are loaded and an add AC2 to AC1 (where AC1 is the destinaticn
accumulator) would cause a four bit nibble from AC1 to be passed through the Adder (and its
associated buffer and multiplexer logic) with a four bit nibble from AC2. The four bit sum
output from the Adder is then shifted into the ACB register. This path from ACS and ACD
chips through the (buffers and multiplexer and the) Adder into the ACB register is traversed
by the next three 4 bit nibbles from each accumulator, Data shifting in the ACB continues and
the four serial outputs from the ACB are loaded through the (ACD, ACS) accumulator input
multiplexer back into both the ACD and ACS chips at the beginning of the next fetch. The
AILC ADD is déscri.bed in greater detail in paragraph 4-2.4.2. The typical time needed to
access an accumulator from one of the AC chips is 100 ns. The typical time needed to move
a nibble through the multiplexer, the Adder, and load a register is 100 ns. The buffers allow
these two operations to overlap so that they occur simultaneously. Instead of 200 ns being
required to process a nibble, only 100 ns is with several different things happening during
that 100 ns. Of course, the Adder is idle while the first nibble is being loaded into the buffer,
which occurs during STUTTER as discussed in the previous TIMING section. Probably the
easiest way to explain data flow is to go through a couple of representative instructions. Refer
to the Block Diagram on Figure 1-1. The discussion will describe the flow mechanisms for the

JMP and an ALC ADD instructions.
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4-2.4.1 ]JMP Data Flow. The instruction starts at FETCH* TS0. During the first clock

interval the MBO and the PC contain the present address. During TSO the PC is incremented
by shifting the MBO through the destination multiplexer, the Adder, and into the PC. The ACB
is also being loaded with the same data. The MBO, rather than receiving Adder data, shifts
back into itself through its input multiplexer. It is necessary for the MBO to contain the
present address throughout the FETCH cycle in case an instruction calls for relative address-
ing. At the end of TSO the instruction is loaded from Memory into the Instruction Register.
An effective address calculation is now called for. This requires adding a signed displace -
ment, contained in the MBC portion of the Instruction register, to a base address, The
displacement is gated through the source multiplexer into the Adder. The base address may
be zero, for page zero addressing, in which case the destination multiplexer is disabled, pro-
ducing zeroes at the Adder. It may be the present address which requires the MBO to be gated
through the destination multiplexer into the Adder, or it may be AC2 or AC3, causing the
destination multiplexer to look at its other input. As the calculation proceeds, the sum is
loaded into the MBO through its input multiplexer. Since the instruction is a JMP the PC

is also loaded with these results. Consequently, at the end of FETCH+TS3 the MBO is ready

to transfer the next instruction address to Memory.

4-2.4.2 ALC ADD Data Flow. The ALC ADD instruction data flow was described briefly above,

however, the FETCH TS0 portion of this instruction, as with all instructions, is identical to

the JMP instruction just described. Immediately after loading the Instruction Register at the

end of TS0, the CPU clock is inhibited for one clock cycle, At this time the low-order

nibble of each referenced accumulator is loaded into its respective buffer, The CPU clock

starts again, and those first nibbles are gated through the multiplexers, into the Adder, and

finally into the ACB. During the addition of this first nibble, the second nibbles are being

fetched from the AC chips and are loaded into the buffers at the end of the clock interval.

This continues until four nibbles have been added and loaded into the ACB. In the meantime,

it is necessary to get the next address, contained in the PC, into the MBO. This is done by en-

abling the outputs of the PC (open-collector) onto the output lines from the MBO multiplexer

(which are feeding the four MBO shift inputs). Since the instruction is not a JMP or JSR, the

PC is not modified. At the end of FETCH*TS3 the ACB contains the results of the addition, and

the MBO contains the next address. The machine now starts another FETCH cycle. During the

TS0 portion of this cycle the ACB is shifted, through the multiplexer /shifter, into both AC chips.
4-10



Data General Corporation (DGC) has prepared this manual for use by 1)GC personnel and
customers as a guide tothe proper installation, operation, and maintenance of DGCequip-
ment and software, The drawings and specifications contained herein are the property of
DGC and shall neither be reproduced in whole or in part without DGC prior written ap-
proval nor be implied to grant any license to make, use, or sell equipment manufactured
in accordance herewith,

If the No-Load bit was set, the ACB would still shift through the multiplexer /shifter, but
the AC chips would not be loaded. It is at the output of the multiplexer /shifter that the
result is checked for a skip condition. At this time the MBO is being shifted through the
Adder in order to increment the PC as previously discussed.

4-2.4.3 Mechanisms of Nibble Flow

As mentioned several times previously, the CPU handles data in four bit "Nibbles. "
When transferring data from one register to another, the lower order bits are always
transferred first., The first clock interval would transfer bits 12-15, the second 8-11,
the third 4-7, and the fourth 0-3. If an operation is to be performed upon a word, two
things must be specified, the bit position inside the Nibble, and which Nibble is to be
acted upon. For example, if it is desired to increment a word, such as during FETCH TS0
time when the MBO is incremented, a carry is inserted into the low order bit of the Adder
during the first clock interval, PTG=0-TS0, causing one to be added to that first Nibble.
If a carry resulted from that first addition, it is stored in a flip-flop for the next clock
interval where it is inserted into the Adder as a carry into the low order bit. This
continues until all four Nibbles have passed through the Adder. The JSR is another example.
During JSR it is necessary to force bit O to be zero as it is stored into AC3. A gate in the
high order position of the Nibble forces the output of the multiplexer /shifter gate high
(to load zero) during JSR and the fourth clock interval during the time state in which the
PC is being loaded into AC3.

4-2,5 Instruction Overlap

Several instructions lend themselves to what may be called, Instruction Overlapping,
or the execution of one instruction concurrently with the fetch of the next instruction. In
the Nova 1200 the entire instruction execution is not overlapped with the next fetch, but
rather only a portion of that execution, For example, during an ALC instruction the CPU
operates upon the accumulator(s) and loads the result into the ACB register while the memory
is rewriting the instruction into memory. Only the transfer from the ACB into the ac-
cumulators is overlapped with the next FETCH., The next major state need not necessarily
be FETCH, but could be PI, DCH, or even KEY if the machine was stopped after the ALC
and then restarted., Other instructions which overlap the loading of an accumulator with the
next Major State are LDA, JSR, IO input, and the manual function ACDP. In fact, any operation

which loads an accumulator is overlapped with the next major state. Another operation that is
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overlapped with the next Major State is the interrogation of skip conditions for ALC and
ISZ/DSZ instructions. The results of these instructions are loaded into the ACB, which
during TSO of the next Major State shifts through.the multiplexer /shifter after which the

data may or may not be loaded into the accumulators. The output of the multiplexer /shifter

is checked for all zeroes which may or may not fulfill the skip conditions. If the skip conditions
are met, the SKIP flip-flop is set atthe end of TSO.If the next Major State was FETCH, the
execution of that instruction is inhibited, effectively skipping it, even though it was fetched
from memory and loaded into the instruction register, If the next Major State is PI, the PC
that is loaded into address zero is incremented to reflect the skip before it is stored. If the
next state is DCH and the SKIP flip-flop is left in the set state, appropriate action will be taken
on the next FETCH or PI cycle. If the machine is about to be stopped from the Console by
STOP, ISTP, or MSTP, a "Dummy State" is entered in which the skip conditions are in-
terrogated, and the PC incremented is required. This is done to permit the address display

of the Console to show the correct next address while the machine is in the stop state. The
disadvantage of overlapping skip interrogation with the next instruction fetch is that the

skip, if performed, requires the time to complete a memory cycle.

4-2,6 Instruction Timing Examples

This paragraph includes 13 timing diagrams which are provided as examples of
machine instruction timing. The sample instruction functions diagrammed are as follows:
Deposit Manual Function, Examine Manual Function, ADD 0, 1, SKP, MOV 0, 0, DSZ, LDA,
STA, JMP @ 100, JSR @ 20, I/O Input, I/O Output, PI, DCH In and DCH Out. It is emphasized
here that these instruction functions were selected as typical sample instructions only to
facilitate the discussions of this Section. The selection of these examples should not be
construed as being representative of the instruction complement of the Nova 1200, or
restrictive in the use of such instructions of programming methods thereof. Several factors
are in common to each timing diagram. The MEM CLOCK signal is 150 nanoseconds in
duration and forms the basic timing source for all instructions. The CPU CLOCK signal is
also 150 nanoseconds in duration and is generated simultaneously with MEM CLOCK except
when the STUTTER or WHOA signals are present, STUTTER or WHOA inhibit the CPU
CLOCK whenever either signal is present, but have no effect on the MEM CLOCK. A brief
discussion of each timing diagram is presented in the following paragraphs.
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4-2,6.1 Deposit Manual Function. Figure 4-1 is a timing diagram of the Deposit Manual

Function. CON RQ or RESTART going low sets KEY SEEN provided RUN is not set.

KEY SEEN generates PRESET for all manual functions except CONT, ISTP, or MSTP.

KEY SEEN also directly clears the ACTG generator in order that its sequence be syn-
chronized with the PTG generator when the machine starts. KEY SEEN enables the shift
input to U23 causing a one to shift into KEY the first clock transition after it comes up.
Depending upon the state of KEY ENAB another one is shifted into RUN, setting it.

RUN causes KEY SEEN to be cleared and CPU CLOCK to be enabled. Two other signals,
INH TRANS and CON INST come up with KEY. INH TRANS is transmitted to the memory to
allow Memory Buffer data to be gated out onto the MEM bus. CON INST is a function of KEY
being set and LOOP not being set. The CON INST signal (from the zero active level) gates
the Console code for the actuated switch to Instruction Register via MEM lines 0 thru 7.

The CPU CLOCK is inhibited by the STUTTER pulse which allows the contents of the In-
struction Register to be decoded. The LOOP flip-flop is also set at PTG2 time in the KEY
mode. The resetting of the KEY flip-flop occurs simultaneously with the setting of the KEYM
(Key memory cycle) flip-flop on the PTGS pulse (and MEM CLK). CON DATA also becomes true
at this time and from its zero level enables the buffer driven Console switch configuration to
appear on the MEM bus. A basic prerequisite for doing a Deposit is that it must be im-
mediately preceded by an Examine (Core) Key operation. Under these circumstances the
contents of the PC will also reside in the MBO at the end of the Examine KEYM cycle.
Therefore, the contents of the MBO (PC address) is transferred into the MA at the beginning
of the Deposit KEYM cycle. The LOAD MBO signal occurs on PTG2 (with LOOP not set) and
loads the Console switch data into the MBO. A MB LOAD signal transfers the data on MBO
lines O thru 15 into the buffer register of the selected memory.

4-2,6.2 Examine AC1 Manual Function. Figure 4-2 is a timing diagram of the Examine

AC1 Manual Function. All of the CON REQ, KEY SEEN, KEY ENAB, KEY, CON INST, and

RUN signals function as in the Examine (Core) or Deposit (Core) Key modes. STUTTER is
reasserted to facilitate decoding the IR after the Console Instruction key code has been loaded
into the IR, When the CPU CLOCK resumes the contents of the selected AC are " Nibbled"

into the buffer register of the selected memory. The
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outputs of this register places the data back on the MEM 0 through 15 lines. The signals
on these lines in turn enable the Console lamp buffer -drivers, presenting the data in the
Console data lights. As a note relating to the ACTG generator which controls the passage
of each Nibble through the adder; the ACTG generator is driven by MEM CLOCK and hence
is always counting, regardless of the state of RUN. During the STUTTER cycle, the PTG
generator is stopped, while the ACTG generator continues to count., This causes the ACTG
generator to be one clock interval ahead of the remainder of the machine. At the end of the
time state, END CYCLE will clear both bits to zero putting both generators in phase again.

4-2.6.3 ADD 0, 1, SKP Instruction. Figure 4-3 is a timing diagram of the ADDO, 1 SKP

instruction. As shown in the diagram MEM CLOCK and CPU CLOCK are already running with
TSO active at the start of the Fetch. PTG2 and LOAD IR occur on the trailing edge of the
third CPU CLOCK, followed by STUTTER on the trailing edge of the fourth CPU CLOCK.
It will also be noted that a LOAD PC (CPU CLOCK modulated) signal performs a four Nibble
load of the contents of the MBO + 1 into the PC and ACB. As mentioned previously, the MBO
stores the value of the PC as the last MBO operation during the previous instruction. This
allows the PC to point at the next instruction. Another reason for loading the updated PC
into the MBO is to allow the updated address information to be transferred into the MA at
the start of the next instruction Fetch. The contents of the MBO are passed through the
adder and an ADD ONE signal adds one to the LS Nibble to increment the total value. (The
loading of the ACB with the updated PC is simply an offshoot of the automatic mechanism
for routing adder output data and is of no consequence at this time.) A MA LOAD is also
generated at the start of the Fetch cycle. This signal transfers the MBO data (updated PC)
into the MA (as described above).

The instruction (which in this case is ADDO, 1, SKP) appears on MEM lines 0 through
15 and is loaded into the IR by the trailing edge of LOAD IR. As mentioned above LOAD IR
is followed by STUTTER, however the ALC signal comes up on TS3, indicating an Arithmetic/
Logic class instruction is to be decoded. The AC Nibble timing signals, ACTG0 and ACTGI1
are derived from the MEM CLOCK signal, and hence are not effected by STUTTER's inhibit
of the CPU CLOCK signal. However, the ACTGO and ACTGI generator logic (4 Bit Discretes
register) enable is strobed by TS3. Hence, the trailing edge of the next MEM CLOCK
after TS3 becomes true will produce ACTGO.

The ACTGO and ACTG] signals are phased together to produce the four Nibble enable
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signals, specifically the point where ACTG0O and ACTG1 are simultaneously low, loads or

outputs the first Nibble of the Accumulator (selected by the two bit code on the ACS1 SEL and
ACS2 SEL lines in the case of source AC, or ACD3 SEL and ACD4 SEL in the case of destina-
tion AC). The point where ACTGO switches high with ACTG]1 still in the low state provides in-
put-output access to the second Nibble of the selected Accumulator. The point further along in
time where ACTGI switches high with ACTGO now in the low state provides input-output access
to the third Nibble of the selected Accumulator, The last or fourth Nibble of the selected
Accumulator is accessed at the point where ACTGO and ACTGI both are in the high state,

The appropriate accumulators are selected by the IR decode and ACS is added with ACD,

the sum of which loads into the ACB. Also at this time the updated contents of the PC are
loaded into the MBO. A PACK signal is produced on the trailing edge of END CYCLE

allowing the AC's to be restored from the ACB at the start of the next cycle. (Actually

END CYCLE and the CARRY inhibit signal LOAD CRY are used to set the PACK flip-flop. )
Concurrent with PACK is the LOAD AC signal which together Nibble loads the contents of the
ACB (sum of the add operation) into the ACD during the next Fetch. It should be noted that
TEST SKIP set on the end of the FETCH cycle is instrumental in setting SKIP on the next Fetch
cycle., The next cycle, in this case a Fetch (assuming no PI or DCH is present) will again
transfer the MBO to the MA and load the ACB into ACD. The MBO will be passed through

the Adder and incremented for loading into the PC as described earlier. However, since
TEST SKIP was set on the end of the previous cycle SKIP will become set at this time.

The updated PC is transferred back into the MBO and a new cycle will be started.

4-2,6,4 MOVO, 0 Instruction. Figure 4-4 is a timing diagram of the MOVO0, 0 instruction.
The MBO is parallel transferred to the MA at the beginning of the Fetch cycle and MBO + 1
Nibble transferred to the PC as described above. The IR is loaded and the ALC signal is
produced as described previously. Up to this point the timing for this Fetch and the
timing for the previous Fetch have been the same. The coincidence of bit 5 of the IR

set with the ALC signal generates a positive DISABLE D MULT signal which from this level
inhibits the D Multiplexer section of the Adder input. This causes the four source ACO
Nibbles to be added to zero on the next sequence of ACTGO and ACTGI1 timing signals to
occur. The sum of the add operation is Nibble loaded into the ACB. The PC is also
Nibble loaded into the MBO as commanded by the PC IN signal. Both operations are
performed concurrently, PACK is set at the conclusion of the Fetch cycle. Assuming

the next cycle is a Fetch at the start of the cycle the MA is parallel loaded with contents of
4-18
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the MBO (updated PC). Since PACK is set the CPU CLOCK is gated through to modulate the
LOAD AC line to accomplish the four bit Nibble load. PC updating and IR loading continues

the Fetch cycle as described previously.

4-2.6.5 ISZ and DSZ Instructions. Figure 4-5 is a timing diagram for both the ISZ and the

DSZ instructions. ISZ and DSZ instructions each require a Fetch cycle and an Execute cycle.
The MA LOAD, LOAD PC, LOAD IR, and STUTTER signals function during the first half of

the Fetch cycle as described previously. EFA becomes active on the trailing edge of END

CYCLE if the instruction code for an 1/0 instruction (MEM*® MEM2 set) or the instruction
code for an ALC (_1\4—13_1\71—()), is not present. Hence EFA will automatically become set on
each Fetch at the end of TS0 if neither instruction (I/0 or ALC) code is present. The EFA
signal Nibble transfers the effective memory address of the instruction from the MBC
section of the IR (MBC8 through MBC15), through the S Multiplexer and the adder into the
MBO register. The D Multiplexer is disable during the addition of the MBC Nibbles by the
DISABLE D MULT signal (disable during TS3 time). This allows the MBC Nibbles to be
added to zero. Hence the total operation is simply a data transfer from the MBC to the
MBO register.

The Execute cycle starts on the active edge of TSO. The MBO data is transferred into
the MA as one of the first Execute operations. The contents of the selected memory location
(just read and stored in the buffer register of the selected memory) are parallel loaded into
the MBO on the next Execute operation. The next operation is to pass the contents of the
MBO through the adder and either ADD ONE (for ISZ) or subtract one (SO for DSZ). Loop is
set concurrent with the start of this operation so that TS0 is extended for four additional
CPU Clocks. It should be noted that EFA is cleared at the start of the Execute cycle so
that the D Multiplexer will no longer be disabled. Therefore, at TSO of the Execute cycle,
if the instruction is a DSZ, SO will become active and add both the D and S Multiplexer out-
puts. Since EFA is not active the outputs from the S Multiplexer will be high (S Multiplexer
inputs will look at the S Buffer outputs at this time, and the S Buffer outputs are shifting 1's).
The effect of this addition is to add a minus one to the MBO data being Nibbled through the D
Multiplexer. If the instruction is an ISZ at TSO (and PTG = 0) of the Execute cycle ADD ONE
will become active. Adder control line SO will not be active at this time, and as a con-
sequence the adder will look at the D Multiplexer outputs only. ADD ONE becomes active
(at PTG = 0 of the TS0) on the fourth Nibble and adds one to the least significant Nibble,

thereby incrementing the value of the MBO data.
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At TS3 time the MBO data is parallel loaded into the buffer register of the selected
memory via the MBO bus lines MBOO through 15. Two other Nibble transfer operations oc-
cur simultaneously with the MBO parallel transfer to the memory buffer register, One
Nibble operation passes the MBO Nibbles through the (D Multiplexer and the) adder, the
sum of which is Nibble loaded into the ACB It should be noted that since the SO control
line is disabled at this time, the MBO data appears at the adder outputs. The other simul -
taneous Nibble operation transfers the contents of the PC into the MBO. This transfer function
is enabled by the PC IN signal which becomes active at TS3 time with D + E (Defer or
Execute states) SET. The ISZ or DSZ Execute cycle also sets the Test Skip flip-flop stage
of a four bit discrete register. TEST SKIP enables the gating path to the Skip flip-flop for
decision logic defining whether to Skip or not during the next Fetch (PI or DCH) cycle.

Upon the start of the next Fetch (PI or DCH) cycle the ACB is shifted out to the AC's.
(However since PACK is not set this data will not be stored in any accumulator.) The
Shifter Nibble outputs are monitored (by the input gates of a storage flip-flop) for a logic
1 on any input. If a 1 occurs in any Nibble passed through the Shifter, the flip-flop will
become set and remain set for the rest of the ACB data transfer. The set state of the
flip-flop inhibits the gates feeding the ] input of the Skip flip-flop so that the Skip flip-
flop remains in the reset state., Conversely, if a logic 1 fails to appear in any Shifter
Nibble, the storage flip-flop will remain reset and thereby enable the Skip flip-flop to
become set, This is the basic mechanism used to determine if the ISZ or DSZ results
are zero. At TS3 time the contents of the PC are loaded into the MBO by another PC IN
signal. (m.active in the zero state is generated at TS3 of the Fetch cycle by the fact
that the D + E SET and PC ENAB signals are not present.) The reset side of the Skip flip-
flop provides a low active SKIP signal which inhibits the Defer section of the Major states
4 bit discrete register. SKIP also prevents effective decoding of the IR register during
the present Fetch cycle. No further operations are performed and a new Fetch cycle
will be started on the next TSO.

4-2.6.6 LDA Instruction. Figure 4-6 is a timing diagram for the LDA instruction.

It should be noted that this timing diagram is for a basic LDA instruction only, and

does not include timing for a LDA instruction with indexing provisions. All of the Fetch
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timing signals previously described that appear on this diagram function in the same man-
ner, EFA becomes set at TS3 of the Fetch, The EFA *PTGI signal becomes active at PTGI
time and enables the select input of the S Multiplexer to look at MBC input lines 12 through 15.
Since it is TS3 time and if the combination of EFA, IR6, IR7 is present (IR6 and IR7 address
Page O from the high level), a high level DISABLE D MULT signal will be produced which will
disable the D Multiplexer., This causes 0 displacement (from D Multiplexer to be added to

the address data on MBC 12 through 15 (through the S Multiplexer). If Page 0 is not being ad-
dressed the DISABLE D MULT signal will be at the low level to enable the data on the MBO
lines 12 through 15 to be added (through D Multiplexer) to the data on MBC lines 12 through

15 (through the S Multiplexer).

Two additional controls are active in the effective address calculations, Both
functions determine the state of the SO Adder control line, but at different times during
the four Nibble sequence of address calculations. The combination of EFA and PTGI are
present in their active states for the first two Nibble additions, This places the SO line
in the high state, adding the MBC displacement data (MBC8-15) to the MBO (PC) data
(MBO8-15). If there is a negative displacement, and Page 0 is not being addressed, SO
will be held high for the last two addition Nibbles., This function is controlled by the state
of the MBC8 line, which from the high level indicates a negative displacement and causes
1's to be added (via the MBC inputs to the D Multiplexer) during the last two Nibbles, This
procedure effectively provides Sign Extension (over the eight MSB's) for negative displace-
ment numbers., If the MBCS8 line is low signifying a positive displacement, the SO line will
be allowed to switch low for the last two Nibbles, thereby causing the Adder to simply trans-
fer the eight MSB's of the MBO back into their respective positions within the MBO rzagister.
(If Adder control lines S0-S2 are all low, the Adder will copy the A input to its outputs. The A
inputs in this case is the MBO data which is output by the D Multiplexer.) A truth table for
the Adder S control inputs is provided under the description of the 74181 Integrated Circuit
package located in Appendix A of this manual.,

After the effective address has been calculated and stored in the MBO, TSO initiates
the start of the Execute cycle, The first CPU CLOCK of this cycle parallel loads the ef-
fective address contained in the MBO into the MA. The resultant accessed memory data
loaded into the buffer register of the selected memory is parallel loaded into the MBO via

the MEM bus. The contents of the MBO are then parallel loaded back into the buffer register
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of the selected memory by the MB LOAD signal. This allows the data just accessed from
memory to be restored to the same location. PACK is set by END CYCLE by virtue of the

fact LDAE is true signifying the Execute cycle of an LDA instruction, and as mentioned
previously PACK enables the LOAD AC to be modulated by MEM CLK. PACK is active for
eight clock cycles during the first four clocks of which the contents of the MBO are Nibble
loaded into the ACB. The second four clocks allow the contents of the ACB to be Nibble

loaded into the selected AC. This second group of clocks occur at beginning of the next

Fetch, PI or DCH cycle. It should be recalled that the ACTGO and ACTG] are running
continuously as described previously and are present to clock each Nibble into the selected AC,
even though ACTGO and ACTG1 are not shown on the LDA timing diagram.

4-2,6,7 STA Instruction. Figure 4-7 is a timing diagram for the STA instruction., Many of

the timing signals shown on this diagram have been discussed previously. The contents of
the MBO are loaded into the MA at the beginning of the Fetch, The contents of the MBO are
also incrementally updated through the Adder and Nibble loaded into the PC. Since the
instruction Fetched is not an I/O or ALC the EFA flip-flop will be set on END CYCLE.

The effective address is calculated as previously described. The MBO is loaded into the
MA of the selected memory at the start of the Execute cycle. The contents of the selected
AC in the ACD chip are Nibble transferred through the MBO input multiplexer into the MBO.

The accumulator is selected by decode gating of IR bits 3 and 4 which selectively enable the

ACD3 SEL and ACD4 SEL destination accumulator address lines. The MBO input multi-
plexer selects the destination accumulator output lines ACDO through ACD3 for Nibble
loading into MBO. After loading the contents of the MBO are parallel loaded into the buf-
fer register of the selected memory by the MB LOAD signal. The data in this register

is subsequently deposited in the memory location addressed by the MA which was loaded
with the effective address at the start of the Execute cycle. The PC IN signal is active
during TS3 as a parallel operation during the Execute cycle, and allows the contents of PC
to be Nibbled into the MBO (by timing pulses PTGO and PTG1).

4-2.6.8 JMP @ 100 Instruction, Figure 4-8 is a timing diagram for the JMP @ 100 in-

struction. The JMP @ 100 instruction contains a Fetch cycle followed by a Defer cycle.

The instruction is a program Jump indirect through the contents of memory location 100.
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The instruction first accesses memory at the start of the Fetch in the usual manner.
After the JMP indirect is decoded, the effective address between the current PC (held

in the MBO) and location 100 is calculated with the new effective address sum being
Nibble loaded into the PC and MBO. At the start of the Defer cycle the MBO is loaded
into the MA (in this case the address data for location 100). The resulting memory data
is loaded into the MBO and the new contents of the MBO are parallel loaded back into the
buffer register of the selected memory while also being Nibble loaded into the PC. The
contents of present MBO will be parallel loaded into the MA at the start of the next Fetch
cycle.

4-2,6.9 JSR @ 20 Instruction. Figure 4-9 is a timing diagram for the JSR @ 20 instruction.

The JSR @ 20 instruction contains a Fetch cycle followed by a Defer cycle. The instruction
is a program jump to a subroutine indirect through the contents of memory location 20 which
is defined as an autoincrement location. The instruction first accesses memory at the
start of the Fetch in the usual manner. After the JSR indirect 20 is decoded, the effective
address between the current PC (held in the MBO) and location 20 is calculated with the
new effective address sum being Nibble loaded into the PC and MBO. At the start of the
Defer cycle the MBO is loaded into the MA (in this case the address data for location 20).
Also at this time the value of the updated PC, calculated during the Fetch cycle and loaded
into the ACB, is Nibble transferred from the ACB into AC3 via the AC input Multiplexer and
Shifter. END CYCLE sets the PACK and WAS JSR flip-flops on the end of the Fetch cycle,
and PACK enables the ACB to be Nibble loaded into AC3. The Memory output data is loaded
into the MBO via the MEM bus.

LOOP is set if the MBO address is one of the autoindexed locations. LOOP is set
as a function of the ADDER TEST control line during the Defer Cycle. ADDER TEST is
controlled by a group of gates (which are synchronously timed with the shifting of the various
MBO Nibbles to mask off certain bits to detect addresses 0020 through 0037), to set LOOP
(via ADDER TEST) thereby commanding an additional 600 nanoseconds for autoincrement-
ing or autodecrementing the index location. The first gate blocks out the first or least
significant Nibble (LSN) at PTGO- TSO time. The second gate is active for all four Nibbles.
This gate requires that Bit 11 of the word must be a logic 1 during the 2nd Nibble (PTG=1-TS0).
For the other three Nibbles (Nibbles 1, 3 & 4) Bit 11 must be a 0. The third gate active at
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PTG2 time blocks out the MSB of the Most Significant Nibble. A flip-flop is also provided to
remember if the 2nd or 3rd Nibble did not meet the gating requirements. Hence at TS0

of the Defer Cycle, if an autoindex address is present the ADDER TEST line will be switched
high and set the LOOP flip-flop.

The contents of the index location (presently held in the MBO are incremented
through the adder and the sum is Nibble loaded into the MBO and the ACB registers. The
MBO is then parallel loaded back into the buffer register of the selected memory while also
being Nibble loaded into the PC. The Memory will write this incremented data back into
the autoindex location. The contents cf the present MBO will be parallel loaded into the MA
at the start of the next Fetch cycle,

It is pointed o1t here taat MBO12 SAVE defines autoincrementing, or autodecrement-

ing in any selected indexing operation. MBOS is loaded into a flip-flop stage of a 4 bit

discretes register at *TGS time., The output of this stage is identified as MBO12 SAVE.

At load time MBOS8 holds MBO12 effectively loading MBO12 into MBO12 SAVE. If MBOS8 is a
1, MBO12 SAVE will al50 be 2 1, and thereby enable the autvincrement by enabling the ADD
ONE input to the adder. Convarsely if MBOS is a 0, MBO12 SAVE will also be in the 0
state, and thereby enable the sutodecrement by switching the SO adder control line to the
high state.

4-2,6.10 1/0 input Instructions. TFigure 4-10 is a timing diagram for the 1/0 input

instructions.  All of the timing signals relating to the first half of the Fetch cycle have
been described pyeviously. The I/0 input timing is differentiated from other timing cycles
by the INPUT, READ 1/0, and DATIA, B, C, or I/O SKIP pulses, Each of the three pulses
occur cn the trailirng ecdge of tire ficst CPU CLOCK after the STUTTER decode.

The MB LOAD, READ 10, and INH TRANS signais are concerned with moving data
into the MB register in the memory., The leading edge of MB LOAD loads the data on the 10
bus into the MB register. MB L7:AD is generated during 1O input instructions at EXECUTE"
TSO time ia order to Icad the buffer 12gister in the selected memory (MB) with the data on
the 10 bus., Asserting READ IO causes the multiplexer input to the MB in the memory to
look at the 10 bus, ratner then the MBO bus. INH TRANS is used to turn off the MEM bus

drivers in a1l memories. The INH TRANS function is active when it is desired to place other

data on the MEM bus, as is done during certain Console manual functions or Program Load,
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or when it is necessary to place all zeroes on the bus. Zeroes are loaded into the MBO
in this manner during the last clock interval of a Program Load sequence, and during the
last clock interval of the major state preceding a PI cycle.

The INPUT flip-flop is another important control element which becomes active at
PTG = 0r TS3 time if the combination of IO (F + D) and IR 7 are present. Setting INPUT
enables IR bits IR 5 and IR6 to be decoded to select either the DATIA, DATIB, DATIC or

10 SKIP lines. During the Execute cycle the buffer register in memory is loaded with the

data present on I/O Data lines DATAO through DATAI5. This data is in turn transferred
via the MEM bus into the MBO. The contents of the MBO are passed through the adder

the sum of which is loaded into the ACB. Concurrent with this operation the PC is Nibble
loaded into the MBO. On the next Fetch, PI or DCH cycle the contents of the ACB will be
loaded into the selected AC. The ION, STRT, CLR, and IOPLS functions are decoded from
MBC bits 8 and 9 at PTG = 1°TS3 time.

4-2,6,11 1/0 Output Instruction. Figure 4-11 is a timing diagram for the 1/0 output in-

structions. All of the timing signals relating to the first half of the Fetch cycle have been
described previously. The [/O output timing is differentiated from other timing cycles

by the DRIVE I0 DATOA, DATOB, DATOC, STRT, CLR, IOPLS signals. The MB LOAD,
DRIVE IO, and mgzignals are concerned with moving data out of the MB register
in the memory. The leading edge of MB LOAD loads the data on the MBO bus into the MB
register. During IO output, it is generated at the first clock interval of EXECUTE in order
to load the MBO into the MB. Switching DRIVE IO low causes the selected memory to place
the contents of its MB onto the IO bus.

After the STUTTER decode the contents of the selected AC is passed through the
adder, the sum of which is loaded into the MBO. As mentioned previously the EFA flip-flop
is not set during an I/O Fetch, therefore the S Multiplexer is disabled by the EFA" PTG!
signal. The D Multiplexer is enabled by the low level DISABLE D MULT and ACD OUT
signals. The effect of this condition adds the selected AC to zero and stored the sum in
the MBO. The MBO is loaded into the buffer register of the selected memory (MB) at the
start of the Execute cycle and since the DRIVE IO signal is active, the data is gated directly
from the MB onto the 1/0 bus lines DATAO through DATA15. LOOP is also set t> aliow one
of the I/0 output strobes (DATOA, DATOB, or DATOC) to be decoded from IR bits 5 and 6
and set up on the appropriate line. The ION, STRT, CLR and IOPLS functions are also
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decoded from MBC bits 8 and 9 at PTG = 1° TS3 time. PC [N provides one of the final

operations of the [/O output Execute cycle by transferring the updated PC into the MBO.

4-2.6.12 Program Interrupt (PI) Cycle. Figure 4-12 is a timing diagram for the PI cycle.

As mentioned previously the MBO is zero  at the start of a PI cycle. The contents of the
MBO are loaded into the MA and the PC is Nibble loaded into the MBO. LOOP is set by

END CYCLE. If the ION flip-flop has been set and an INTR signal is received, the PI stage
of the major states register will become set, starting the PI cycle. The PI output at the low
level clears the ION flip-flop, If TEST SKIP was set during the previous cycle the SKIP
flip-flop will be set and the MBO will be incremented as it passes through the adder.
Conversely if TEST SKIP was not set, the MBO will not be incremented as it passes through
the adder. The contents of the MBO are transferred to the MB and zeroes are shifted into
the IR, The effectively loads a JUMP to location 0 instruction into the [R. The MBO is set to a
1" at the end of the PI cycle.The MBO is transferred to the MA to access the instruction
in location 1 and the MBO is loaded with the subsequent memory output. The contents of
the MBO are then passed through the adder and Nibble loaded into the PC. The next cycle
will be a Fetch cycle to perform the JUMP operaticn.

4-2,6.13 DCH IN, DCH OUT Cycles, Figure 4-13 is a timing diagram for the DCHIN,

DCHOUT cycles. The DCHA stage of a four bit discretes register is set by a low level
DCHR signal with either Defer or Execute set. The output from the DCHA stage in turn

sets the DCH stage in another four bit discretes register, Setting DCH initiates the DCH
cycle. The MTG, READ 1, READ 2, and STROBE signals occur on each memory reference
instruction even though they were not shown on previous timing diagrams. RQENB is
coterminous with timing signal MTG1, At the start of the DCH cycle, the IO address data

is gated into the MA by the READ IO (from the low level). If the DCH operation is an Input
operation, /0 data will appear on the bus as signalled by READ IO (from the low level), and
written into the MB by the MB LOAD signal on the trailing edge of the fifth MEM CLOCK of
the DCH CYCLE. The contents of the MB is then written into the accessed location by the
INHIBIT signal (from the high level). If the DCH operation is an Output operation, READ IO
will be at the high level causing the MB multiplexer to look at the MBO input lines rather than
the DATA 1/0 bus lines. The data originally read out into the MB from the accessed memory
location is placed on the I/O bus lines DATAO through DATAI15 by a low level DRIVE IO
signal, This output data is strobed by the DCHO signal which is enabled by MTG3* MTGI
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timing signals. It is pointed out that the MBO is loaded from the MB at PTG2 time, hence
with READ IO high (DRIVE IO enabled) the MB load pulse will be loading the data present
in the MBO into the MB, and since this data is identical to the present contents of the MB,
the contents of the MB will not be changed. Therefore, the INHIBIT signal will rewrite
the original data back into the memory location accessed by the DCH OUT cycle.
4-2.7 Memory

As mentioned previously each 1K, 2K, or 4K block of memory contains a MA
(memory address) register, a MB (memory buffer) register, a set of MEM bus drivers,
a set of 10 bus drivers, and an input multiplexer which allows the MA and the MB registers
to be loaded from either the MBO bus or the IO bus. MA Bits 1-3 (4K) or 1-4 (2K) determine
which memory is to be selected. (Reference Drawing 001 000103 (sheets 1-4) bound in
Section VII of this manual under separate cover.,; Timing signals for memory are generated
in the CPU and are derived from the MTG (Memory Timing Generator) clock signals. MTG0
through MTG3 are gated together in various combinations to produce the actual memory
control Signals. MA bits 4 through 9 control the Y Driver current logic, while MA bits 10
through 15 control the X Driver current logic. The stack sense lines are differentiated to
drive the input gates to the direct set inputs of the MB register. Therefore, with the READ |
and READ 2 signals present, STROBE A, B, C, and D enable the sense output gates to place
the memory data onto the sense lines SNSO through SNS15. The configuration on these lines
will be unconditionally jam transferred into the MB register. The outputs of the MB drive
both the m‘A—Othrough DATA15 and MEMO through MEMI5 bus gates, The MB is also loaded

(at other times) from its input multiplexer which selects either the I/O Bus DATAO through

DATAI5 lines as an input, or M_IB_()_athrough MBO1S5 as an input. Either source is gated into
the MB by the MB LOAD signal from the CPU. The MA is loaded from the 15 least significant
outputs of the same multiplexer identified as MD1 through MD15., The MA load control
signal, MA LOAD is also produced in the CPU,

As mentioned previously, the memory must be SELECTED in order to operate., Mem -
ory writing requires an INHIBIT signal from the CPU together with a SELECT decode signal.
These signals are gated together to enable the INH GATE A, INH GATE B, and WRITE MEM
signals to be produced. WRITE MEM turns on the memory current logic, while the INH CATE
A and B signals strobe the résef outputs (INHO through INH15) from the MB register into the
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