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CHAPTER 1

GENERAL INFORMATION

1-1, INTRODUCTION.

1-2, SCOPE. This technical manual describes the Data Processing Set (figure 1-1),
AN/UYK-20(V), hereafter generally called the DPS. The manual documents all vari-
ations of the DPS in existence at time of publication, and provides the information
normally necessary to install, operate, and maintain it,.

1-3. MANUAL ORGANIZATION. This technical manual is divided into ten chapters,
Chapter 9, Equipment Diagrams, is in a separate B-size volume, Chapter 10 is in a
separate A-size volume and documents the maintenance/diagnostic program. Chapters
1 through 8 are in this volume; a brief description of each chapter follows.

1-4. Chapter 1 - General Information, Chapter 1, General Information, contains a

brief description of the DPS and a basic explanation of the functions or operations
it performs. It also contains a quick reference table of the equipment character-

istics, and lists of recommended tools and associated equipment,

1-5. Chapter 2 - Operation. Chapter . Operation, describes the operating controls
and indicators, gives instructions for manual operation, and lists the repertoire of
computer macro instructions and micro instructions,

1-6. Chapter 3 - Functional Description, Chapter 3, Functional Description, des-
cribes the internal operation of the DPS on the basis of primary block diagrams and
functional block diagrams.

1-7, Chapter 4 - Preventive Maintenance, Chapter 4, Preventive Maintenance, pro-
vides scheduled procedures for ensuring that the DPS is in optimum operating condi-
tion,

1-8, Chapter 5 - Troubleshooting. Chapter 5, Troubleshooting, suggests ways to
use all data contained in this manual when troubleshooting, and provides procedures
for isolating various faults,

1-9, Chapter 6 - Corrective Maintenance, Chapter 6, Corrective Maintenance, pro-
vides information for removal, replacement, reinstallation, and repair of parts and
assemblies,

1-10. Chapter 7 - Parts List. Chapter 7, Parts List, lists and describes the
replaceable electrical and mechanical parts.

1-11, Chapter 8 - Installation., Chapter 8, Installation, contains information con-
cerning equipment installation, including outline drawings to illustrate space
requirements and to aid in interconnecting to other equipment.

1-12, Appendices. Appendices following Chapter 3 contain detailed descriptions of
the macro and micro instruction repertoires and a glossary of unique terms,
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1-13. FUNCTIONAL DESCRIPTION.

1-14. The Data Processing Set AN/UYK-20(V) meets the various processing require-
ments of Naval shipboard, land-based, and submarine combat systems. It is a mod-
ular, medium-scale, general purpose digital data processing device using a micro-
programmed control structure. The microprogram consists of micro instructions and
control data stored in a read-only memory (ROM). The computer operates from a
stored program of macro instructions read from main memory to perform arithmetic
operations, solve real-time problems, control other equipment, and perform a
variety of other data processing operations. It performs two's complement integer
arithmetic using signed numbers. Its logic construction is parallel. The basic
word length is 16 bits which may be handled as 8-bit bytes (such as ASCII charac-
ter codes), as 16-bit words, or as double-length 32-bit words. It has memory
addressing capability of up to 65K 16-bit words which may be treated as groups of
pages for relative (virtual) addressing. The memory cycle time is 750 nanoseconds.
The DPS communicates with peripheral equipment through an I/0 controller containing
up to 16 channels, which may be parallel or serial channels or a mixture of both.
It has an interrupt structure, dependent on priority assignments, which permits
interruption of the normal program sequence to perform special functions. It allo-
cates a portion of micro-memory for a user-defined microprogram, It has a real
time clock and a monitor clock which operate either from an internal oscillator or
from an external clock input.

1-15, Figure 1-2 is a simplified block diagram of the DPS, The sections shown are
functional divisions, not separate physical entities. The processor/emulator per-
forms the arithmetic and data processing operations as directed by a program of
instructions. The I/0 circuits transfer data between the DPS and peripheral equip-
ment. The main memory stores instructions, operands, and other data. The proces-
sor, I/0, and memory interface circuits are under the control of a microprogrammed
controller (MPC) operating from its own microprogram stored in a read-only memory.
Data transfers between the major elements occur over two 16-bit bidirectional
busses: a source bus and a destination bus. Control signals between sections do
not use the busses, but are wired directly.

1-16, CONTROL PANELS. The DPS has two control panels: an operator's panel and a
maintenance panel. The panel controls provide for applying and removing power,
starting and stopping operations, operating in different modes, master clearing
(master reset), controlling programmed stops, and for other manual control or manip-
ulation of the DPS. The panel controls permit displaying and manually modifying
register contents through the register display. The registers that can be dis-
played and modified are the general registers, the P register (program address
register), the memory address register, the U register (macro-instruction register),
status register #1, status register #2, the real-time clock registers, the break-
point register, the I/O control memory, the micro-address register, and the micro-
instruction register, A detail description of the operating controls is contained
in Chapter 2,

1-17. MICROPROGRAMMED CONTROLLER (MPC). The MPC provides all control functions for
the DPS to execute the program stored in main memory. The MPC has its own micro-
program (also called firmware) stored in a read-only memory that the MPC executes

to provide the control functions and data manipulations. All registers and logic
networks in the DPS are addressable by the micro-instructions. For each macro-
instruction read from main memory, several micro-instructions are used by the MPC

to provide control, timing, and data transfers necessary to execute the macro-
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instruction, In effect, the microprogram replaces some of the control logic that
would otherwise be required to execute the macro-instruction,

1-18. The MPC receives an Emulator Control Word (ECW) from the processor for each
macro-instruction read from main memory. The ECW contains control bits and an
address pointer. The address pointer is the starting address of a microprogram
subroutine which the MPC uses to execute that particular micro-instruction, When
a subroutine is completed, the MPC branches to a microprogram subroutine to read
the next instruction from main memory.

1-19. The MPC also controls the panel display function.

1-20. PROCESSOR/EMULATOR. The processor/emulator contains logic circuits which
augment the MPC. It contains an instruction register to hold the macro-instruction
during execution and other registers and subsections that operate under MPC control
to form an efficient general purpose processor, These include the general regis-
ters, status register, real time clock and monitor clock registers, interrupt con-
trol, and high-speed shift and multiply circuits.

1-21. An instruction is fetched from main memory and loaded into the instruction
register hy the MPC via the source bus. The instruction is translated and the
processor sends an Emulator Control Word (ECW) to the MPC, Each instruction has
its own ECW which is stored in a small ROM., Ths ECW directs the MPC in execution
of the instruction.

1-22. MEMORY INTERFACE. The memory interface handles the transfer of information
between the processor or the MPC and main memory, and between I/0 control and main
memory. An I/0 channel memory request has priority over a program request. The
memory interface is asynchronous, using requests and acknowledges. It initiates

the memory for a read or write operation and sends a 16-bit address to memory. The
data word transferred between the memory interface and memory also contains 16 bits,

1-23. The memory interface section contains a 192-word non-destructive readout
(NDRO) memory. Access to the NDRO is controlled by the condition of the NDRO mode
bit in the status #1 register. When the bit is clear, addresses from 00-77 (octal)
and 300 to 477 (octal) are read from the NDRO memory instead of the main memory.

1-24, MAIN MEMORY. The main memory provides storage for the macroprogram. It is
available in 8192-word (8K) increments to a maximum of 65,536 words (65K). Word
length is 16 bits and the main memory cycle time is 750 nanoseconds nominal.

1-25, 1/0 CONTROL. The I/0 Control section provides for communication between the
DPS and peripheral equipments, including up to sixteen I/0 channels., The system
provides asynchronous parallel I/0 channels, expandable in groups of four channels,
and/or serial channels, expandable in groups of two channels, to a possible com-
bined total of 16 channels. The channels within a group must have identical inter-
face characteristics. All channels are fully duplexed to permit input and output
transmissions “o occur simultaneously.

1-26. The parallel 1/0 channels operate with either a Naval Tactical Data System
(NTDS) Fast (-3v), an NTDS Slow (-15v), or an ANEW (+3.5v) interface. They are
capable of operation in single word (16 bit) mode or dual word (32-bit) mode. Both
single and dual channels are capable of operation in an Intercomputer mode. Dual
channels are also capable of operation in a UYK-7 compatible Externally Specified
Addressing (ESA) mode when so requested on the initial equipment order.
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1-27. The NTDS serial I/O channel is an asynchronous double word length (32-t:
data communication channel formed from two adjoining 16-bit channels. FEach 1t-i:;
channel requires one coaxial cable for input and another for output. Information
is transmitted using bi-polar, phase modulated, serial pulse trains.

1-28, Synchronous serial channels provide communications at bit rates up to 9600
bhits per second (bps). They are capable of accepting an external clock signal.

1-29. Asynchronous serial I/0 channels may have any four of the following modula-
tion rates selectable through the program: 75, 150, 300, 600, 1200, or 2400 baud,
The four rates desired for each two-channel group must be specified at time of
equipment order. The character interval consists of up to ten signal elements with
equal time intervals: they comprise one start element, five to seven data elements,
one character parity element, and one or two stop elements,

1-30. POWER. The power section includes the power supply and power distribution
circuits., This section converts ac input power into the dc power required for the
logic circuitry and the memory. The power supply is regulated against input volt-
age variations and transients, and it protects against output overload conditions.
It has sufficient capacitor energy storage so that it continues to provide in-toler-
ance output power for a minimum of 250 usec after an input voltage loss is detected,
to permit storing the contents of the working registers before shutdown occurs.

1-31. PHYSICAL DESCRIPTION,

1-32, Figures 1-1 and 1-3 picture the DPS. Its nomenclature is AN/UYK-20(V) Data
Processing Set for the 400 Hz configurations or AN/UYK-20X(V) for the 60 Hz config-
urations. It consists of a single cabinet. A hinged door, called the Control-
Indicator Unit, forms the front of the cabinet. Its front side contains an oper-
ator's control panel with the most essential controls and indicators., A more com-
plete maintenance control panel is mounted on the back side of the door and is
accessible with the door open, An alarm horn and the air intake grill and

filter are also on this door. Immediately behind the door is the memory chassis,
which is hinged and mounted on slides so it may be extended and completely exposed
for servicing. Behind the memory, and accessible when the memory chassis is ex-
tended, are the processor/IOC chassis and the power supply. The rear panel of the
cabinet contains the power connector and grounding stud. The cabinet's left side
as you face the cabinet contains air exhaust grills for the power supply, processor/
I0C chassis, and memory chassis, each of which has its associated blower. Cabinet
dimensions are given in Chapter 8 of this manual.

1-33. The processor/IOC chassis is called the Processor-Verifier Unit. It contains
two sizes of printed circuit cards. The processor circuits are mostly containec on
single-width cards, as illustrated in figure 1-4, and the I/0 circuits are mostly
contained on triple-width cards, as illustrated in figure 1-5, The single-width
circuit cards are single-layer boards with printed wiring on both sides; the triple-
width cards are three-layer boards. Single width cards have one 56-pin connector;
triple width cards have two connectors, Guide pins on the connectors are keyed to
keep the cards from being inserted into the wrong jack, and the card shape keeps
them from being inserted into their jacks backwards. The cards have test points
along their top edges and a notch or square blivet identifies the first test point.
The maintenance philosophy expects faulty cards to be replaced, rather than re-
paired. The rear panel of the processor/IOC chassis contains the I/0 connectors.
With the chassis removed from the cabinet this panel can be removed for access to
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the I/0 connector wire wrap and the circuit card connector wire wrap. The proces-
sor/I0OC chassis is variable and may contain one or more of the interface kits
listed below, depending on the I/0 types snd imterface levels required. Each kit
consists of a set of circuit cards.

1) Interface Kit, Slow, MK-1693/UYK-20(V)

2) Interface Kit, Fast, Negative, MK-1694/UYK-20(V)

3) 1Interface Kit, Fast, Positive, MK-1695/UYK-20(V)

4) Interface Kit, Serial Synch, nomenclature not assigned,

5) Interface Kit, Serial Asynch, nomenclature not assigned.

6) Interface Kit, Fast Serial, nomenclature not assigned.

7) Interface Kit, Slow Serial Synch, nomenclature not assigned.

8) Interface Kit, Slow Serial Asynch, nomenclature not assigned.
1-34. The memory is made up of three different types of circuit boards. These
are the Memory Control Board (MCB); the Memory Data Board (MDB); and the Core
Memory Unit, MU-604/UYK-20(V), generally called the Memory Array Board (MAB).
Each MCB contains control and addressing circuits for up to 32K of memory; each
MDB contains a data register and bit drivers for up to 32K of memory; and each
MAB contains an 8K x 16 bit core matrix, together with associated drivers and
sense amplifiers, The memory chassis, with its full complement of two MCB and
two MDB boards is designated the Control, Core Memory Unit, From one to eight
Core Memory Units (MAB) are inserted into the chassis to produce the required mem-
ory capacity, from 8K to 65K words. A memory chassis containing optional MCB and
MDB boards which have additional circuitry for a direct memory access (DMA) feature
may be specified at time of order, According to the maintenance philosophy, faulty
memory cards, like faulty processor/IOC cards, should be replaced, rather than
repaired.
1-35. The power supply is a single chassis, intended for replacement rather than
on-site repair, It supplies all dc power needed by the DPS. The power supply
exists in six configurations, depending on the input power requirements as follows:

1) 115 Vac, 3¢ A , 400 Hz - PP 7032/UYK-20(V)

2) 208 Vac, 3@ vy , 400 Hz - Nomenclature not assigned

3) 115 Vac, 1@, 400 Hz - Nomenclature not assigned

4) 115 Vac, 30 A, 60 Hz - Nomenclature not assigned

5) 208 Vac, 3@ y , 60 Hz - Nomenclature not assigned

6) 115 Vac, 1@, 60 Hz - Nomenclature not assigned
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Figure 1-4,

TO BE SUPPLIED.

Typical Single-Width Circuit Card
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Figure 1-5.

TO BE SUPPLIED

Typical Triple-Width Circuit Card



1-36. REFERENCE DATA.

1-37. Table 1-1 lists the features of the DPS in quick reference format.

1-38. EQUIPMENT, ACCESSORIES, AND PUBLICATIONS.

1-39., Table 1-2 lists equipment, accessories, and publications normally supplied
with the DPS. (Check specific ordering document,)

1-40. EQUIPMENT REQUIRED BUT NOT SUPPLIED.

1-41. Table 1-3 lists equipmént not supplied with the DPS, but usually required
for operation or for maintenance.
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Tahle 1-1, Reference Data

ITEM

CHARACTERISTICS

Input Power

115 Vac + 5%, 3 phase (delta), 115 Vac * 7%, single
phase, or 208 Vac + 5%, 3 phase (wye); 60 Hz + 5% or

400 Hz * 5%; 1000 Watts max.

Internal Power

de, +.3V, -.1V, 35 Amp., max. (Logic)

+ 5V
+ 5 Vde, *.25V, 17.5 Amp., max. (Memory)
- 5.2 Vde, *+.3V, 10 Amp., max.

+ 12 Vde, +.6V, 1 Amp., max.
+ 15 Vde, +.3V, 12 Amp., max.
- 5 Vde, *.4V, 1 Amp., max.

- 16 Vdc, *+.8V, 2.4 Amp., max.

100 mv max. combined noise and ripple on all voltages.

Cooling

Ambient air circulated by internal blowers, cu ft/
minute maximum,

Maximum heat dissipation: 3400 BTU/hr (1000 watts)

Operating Environment

Operating temperature: 320 to 122°F,(0° to 50°C)
Humidity: 95% maximum without condensation

Nonoperating temperature: -40° to 167°F (~62° to 75°C)

Size and Weight

Height 20 in, max.; width 19 in. max.; depth 24 in. max.,
not including shock pins.

Weight 200 pounds maximum.

Functional Character-

istics

Micro-programmed control structure

750 nsec basic cycle time

Word length: 16 bits parallel

65,536 word maximum memory size

16 or 32 general registers

Direct and multilevel indirect addressing

Program controlled relative addressing
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Table 1-1, Reference Data (Cont)

ITEM

CHARACTERISTICS

Functional Character-

istics (Cont)

Real-time clock register and Interrupt clock register
capable of operating from internal oscillator or external
clock source.

Breakpoint register; two status registers,

Multiclass and multilevel interrupt processing.

Running time meter.

192-word bootstrap memory

Power monitoring and auto restart

Up to 16 input/output channels in any combination of
parallel channels in groups of four and serial channels
in groups of two.

Processor-initiated I/0 program chain.

Parallel I/0 Channel

Basic Features

Processor-initiated program chain; Asynchronous; Full
duplex; Buffer Control Memory; Single or Dual Channel

(16-bit or 32-bit).

Parallel I/0 Channel

Options

Available ih groups of four to total I/O complement of
16 (the channels within each 4-channel group must have
the same characteristics); NTIDS Parallel Slow (~15 volt)
interféce; NTDS Parallel Fast (-3 volt) interface; ANEW
Parallel (+ 3.5 volt) interface; Intercomputer or Normal
mode, any channel. ESA mode on dual channel (AN/UYK-7

compatible).
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Table 1-1, Reference Data (Cont)

ITEM

CHARACTERISTICS

Parallel I/0 Rates

Transfer Rates (16-bit words/second) depending on

Interface Type:

Number of +3.5V, -3V =15V
Channels

1-4 190,000 41,600
5-8 400,000 83,300
9-12 750,000 124,900
13-16 1,000,000 166,600

These rates are the maximum for the specified number of
active input channels or output channels. The combined
transfer rates (both input and output channels active)
are twice the rates specified but not greater than
1,300,000 words/second, which is the maximum I/O data
handling rate. The 32-bit word transfer rates are slower
due to the additional 750 nsec needed for each word to

transfer the additional 16 bits to and from memory.

MIL-STD-188

Serial I/0 Interface

1200, or 2400) program selectable per two channel group

Either asynchronous or synchronous modes.

Full duplex.

Buffer control memory.

Available in groups of two channels,

Modulation rate up to 9600 Bits/second in synchronous
mode.

Any four of the following bit rates (75, 150, 300, 600,

in asynchronous mode. (Rates to be specified on order.)
Program selectable character size of 5, 6, 7, or 8 bits.

Capable of loopback testing (diagnostic aid).

All interface lines of one channel in one connector.
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Table 1-1, Reference Data (Cont)

ITEM

CHARACTERISTICS

EIA Standard
RS-232 Serial

1/0 Interface

Either asynchronous or synchronous modes.

Full duplex.

Buffer control memory.

Available in groups of two channels.,

Modulation rate up to 9600 Bits/second in synchronous
mpde.

Any four of the following bit rates (75, 150, 300, 600,
1200, or 2400) program selectable per two channel group
in asynchronous mode. (Rates to be specified on order.)
Program selectable character size of 5, 6, 7, or 8 bits.
Capable of loopback testing (diagnostic aid).

All interface lines of one channel in one connector,

NIDS Serial

I1/0 Interface

Asynchronous mode,

Full duplex.

Each group consists of one output channel and one
input channel.

32-bit data word with sync bits, identifier bits, and
control bits (input and output).

Continuous communication between interface and
peripheral equipment.

Output channel - one coax cable.

Input channel - one coax cable.




Table 1-2, Equipment, Accessories, and Documents Supplied
QTY NOMENCLATURE
PER
EQUIP NAME DESIGNATION PURPOSE
1 Data Processing Set AN/UYK-20(V) or
AN/UYK-20X(V)
Table 1-3., Equipment and Publications Required But Not Supplied
QTY NOMENCLATURE
PER
EQUIP NAME DESIGNATION REQUIRED USE
2 Technical Manual, Vol. 1 | Not available Technical documentation
Technical Manual, Vol. 2 | Not available
Technical Manual, Vol. 3 | Not available
1 1/0 Device Variable Provide input and output
capabilities
1 Power Cable, 3@ or 7098772-00 or To connect input power
Power Cable, 10 7098772-01
Zzii' Input Cable 7126392 To connect parallel 1/0
Xgii_ Output Cable 7126393 channels, if utiliéedo
yari-l serial 1/0 Connector 7128005-00 To connect MIL-STD-188
or RS-232 channels, if
utilized.
2 I/0 End-around Test 7126394-00 For I/0 channel testing
Cables
1 Card Extractor, Memory, 7128052 To facilitate removal of
Right Hand circuit cards
1 7128053

Card Extractor, Memory,

Left Hand
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Table 1-3, Equipment and Publications Required But Not Supplied (Cont)

QTY ‘ NOMENCLATURE
PER
EQUIP - NAME DESIGNATION REQUIRED USE
1 Card Extractor, Logic 7100903-00
1 Diagnostic Program Tape Not available Troubleshooting
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CHAPTER 2

OPERATION

2-1. INTRODUCTION.

2-2. This chapter presents information concerning the use of the control panel and
the maintenance panel, and also lists the repertoire of macroinstructions and micro-
instructions. The control panel is located on the exterior of the DPS front access
door (Control-Maintenance Unit). It contains the minimum of switches and indicators
necessary for monitoring and controlling DPS operations. The maintenance panel is
on the inside of the access door and is accessible only with the door opened., It
permits operating in several modes at several rates, and permits inspecting and/or
changing the contents of various registers.

NOTE
Operation of the DPS with the access door opened permits rf radiation.

2-3. CONTROL PANEL SWITCHES AND INDICATORS.

2-4, Figure 2-1 shows the control pancl, Table 2-1 describes the panel's switches
and indicators.

2-5. MAINTENANCE PANEL SWITCHES AND INDICATORS.

2-6. Figure 2-2 shows the maintenance panel. Table 2-2 describes the panel's
switches and indicators. Table 2-3 describes the maintenance panel display select
codes.

2-7. OPERATING PROCEDURES.

2-8. TURN-ON PROCEDURE.

1. Operate switches on control panel and maintenance panel to initial settings
per table 2-4.

2. Operate CIRCUIT BREAKER ON/OFF switch to ON position,
3. Operate POWER, BLOWER ON/OFF switch to ON position. Observe that POWER,
BLOWER indicator lights and that blowers operate to discharge air from three

exhaust grills on side of cabinet.

4. Operate POWER, LOGIC ON/OFF switch to ON position. Observe that POWER, LOGIC
indicator lights and that FAULT, POWER and OVER TEMP indicators do not light.

NOTE

Turning on power places the DPS in a master cleared state with Run mode
selected. '

2-9, TURN-OFF PROCEDURE. Depress STOP and reverse above procedure, first turning
off POWER, LOGIC, then POWER, BLOWER, and finally CIRCUIT BREAKER.
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TABLE 2-1.

CONTROL PANEL SWITCHES AND INDICATORS

IDENTIFICATION

TYPE

FUNCTION

CIRCUIT BREAKER
ON/OFF

BLOWER POWER
ON/OFF

BLOWER POWER

LOGIC POWER
ON/OFF

LOGIC POWER

POWER FAULT

POWER FAULT CLR

PROGRAM FAULT

PROGRAM FAULT
CLR

PROG RUN

Two-position
toggle switch

Two-position
toggle switch

Indicator (neon
with white lens)

Two-position
toggle switch

Indicator (incan-
descent with white
lens)

Indicator

Two-position
return-to-neutral
toggle switch

Indicator (red LED
with clear lens)

Two-position
return-to-neutral
toggle switch

Indicator (green
LED with green
lens)

ON position enables primary power to
the DPS.

OFF position disables primary power to
the DPS.

ON position enables power to the DPS
cooling fans and enables LOGIC POWER
ON/OFF switch function,

OFF position disables power to the DPS
cooling fans and disables LOGIC POWER
ON/OFF switch function,

When 1it, indicates blower power is

. applied.

ON position enables power to the dc
power supply.

OFF position disables power to the dc
power supply.

When lit, indicates dc power is
applied.

When 1lit, indicates a Power Fault
Interrupt has occurred.

When momentarily operated to the CLR
position, clears the POWER FAULT indi-
cators on both the control panel and
the maintenance panel.

When 1it, indicates a Program Fault
Interrupt has occurred, caused by
attempting to execute an illegal
instruction,

When momentarily operated to the CLR
position, clears the PROGRAM FAULT
indicator on the control panel and
the PROG FAULT indicator on the main-
tenance panel.

When 1it, indicates DPS is executing
instructions in Run Mode.

2-3



TABLE 2-1. CONTROL PANEL SWITCHES AND INDICATORS (CONT)
IDENTIFICATION TYPE FUNCTION
OVER TEMP Indicator (neon When lit, indicates DPS internal
with red lens) cabinet air temperature is within

250 F of the maximum temperature at
which the DPS can operate without
component damage.

ALARM Audible This alarm sounds if the ALARM ENABLE/

ALARM ENABLE/
DISABLE/TEST

BATTLE SHORT
ON/OFF

BATTLE SHORT

BOOTSTRAP 1-2

LOAD/STOP

Three-position
toggle switch

Two-position
toggle switch

Indicator (neon
with red lens)

Two-position
toggle switch

Three-position
return-to-neutral
toggle switch

DISABLE/TEST switch is in the ENABLE
position and the internal cabinet air
temperature is within 25° F of the

maximum temperature at which the DPS
can operate without component damage.

ENABLE position enables the audible
alarm function.

DISABLE pesition disables the audible
alarm function.

TEST position causes the audible alarm
to sound and the OVER TEMP indicator
to light,

ON position disables DPS over-
temperature shutdown function.

OFF position enables DPS over-
temperature shutdown function.

When 1lit, indicates BATTLE SHORT
switch is in the ON position,

Selects one of two possible bootstrap
programs in the NDRO memory. Operates
in conjunction with the Op Code =
40RR, a = 7 Conditional Jump macro-
instruction and may be used, at pro-
grammer's discretion, to control

branching in other programs.

When momentarily operated to the LOAD
position, causes the DPS to execute a
master clear, select Run mode, then

begin executing the bootstrap program
selected by the BOOTSIRAP 1-2 switch.

When momentarily operated to the STOP
position, causes the DPS to stop
executing instructions if the com-
puter is in the Run mode.
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TABLE 2-2.

MAINTENANCE PANEL SWITCHES AND INUDICATORS

IDENTIFICATION

TYPE

FUNCTION

AUTO START/START

STOP

MA CLR

BREAK PT
READ/OFF

BREAK PT
WRITE/OFF

PROG RUN

Three-position
toggle switch

Two-position
return-to-neutral
toggle switch

Pushbutton switch

Two-position
toggle

Two-position
toggle

Indicator-switch
(green LED with
green lens)

When set to the AUTO START position,
causes the DPS to begin executing
instructions at NDRO bootstrap memory
address 000000 when power is applied
or is restored after a power failure.

When momentarily operated to the
START position, causes the DPS to
begin executing instructions in the
mode selected.

When operated to the STOP position
while the DPS is executing instruc-
tions in the Run mode, causes the DPS
to stop executing macroinstructions.

When operated while the DPS is not in
Run condition, the DPS resets to a
master cleared state®.

When operated while the DPS is in the
Run mode, clears the FAULT indicators

on the control and maintenance panels.

READ position causes the DPS to stop
executing instructions after reading
data from the memory address specified
by the contents of the breakpoint
register. OFF position disables the
read stop.

WRITE position causes the DPS to stop
executing instructions after writing
data in the memory address specified
by the contents of the breakpoint
register. OFF position disables the
write stop.

Indicator function: When 1it, indi-
cates the DPS is executing instruc-
tions in the Run mode.

Switch function: Selects run
condition in microstep mode.

* Master Cleared State:

P register, status register #1, and status register #2

cleared; real time clock and monitor clock disabled; page registers set equal
to their own address; I/0 channels cleared as specified for the 7ORR, m = O
macroinstruction, and Normal Display selected.
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TABLE 2-2.

MAINTENANCE PANEL SWITCHES AND INDICATORS (CONT)

IDENTIFICATION

TYPE

FUNCTION

POWER FAULT

PROG FAULT

PROGRAM STOP

PROGRAM STOP
1/0FF

PROG STOP
2/0FF

Time meter

DIAGNOSTIC
JUMP

Indicator-switch
(red LED with
clear lens)

Indicator-switch
(red LED with
clear lens)

Indicator (red
LED with clear
lens)

Two-position
toggle switch

Two-position
toggle switch

4 digit, 0000 to
9999

Two-position
toggle switch

Indicator function: When lit, indi-
cates a Power Fault Interrupt has
occurred.

Switch function: When operated
clears the POWER FAULT indicators

on both the operator's control panel
and the maintenance panel.

Indicator function: When lit, indi-
cates a Program Fault Interrupt has
occurred caused by attempting to
execute an illegal instruction.

Switch function: When operated,
clears the PROGRAM FAULT indicator
on the operator's control panel and
the PROG FAULT indicator on the
maintenance panel.

When 1it, indicates a programmed stop
has been executed. (40RR, A = 11, 12,
or 13.)

In 1 position, causes a program stop
when the DPS executes a jump macro-
instruction (40RR with an A-value =
12.

In 2 position, causes a program stop
when the DPS executes a jump macro-

instruction (40RR) with an A-value =
13.

Records accumulated hours that dc
power has been applied.

In the JUMP position, enables branching
on the F = 14, M = 17 Branch micro-
instruction. Its usage causes the DPS
to jump from the operating micro-
program,

When used in connection with NORMAL
DSPL, GENL DSPL, DISPLAY NUMBER =
1111, and MICRO STEP it enables manual
loading of the micro P register. (See
paragraph 2-XX.)




TABLE 2-2, MAINTENANCE PANEL SWITCHES AND INDICATORS (CONT)

IDENTIFICATION

TYPE

FUNCTION

DIAGNOSTIC
DISPLAY

PROCESSOR
DISABLES: RT CLK
DISABLE/INT/EXT

PROCESSOR
DISABLES: ADV P

PROCESSOR
DISABLES:
INTERCMPTR
TIME OUT

MODE: MICRO
STEP

Two-position
toggle switch

Three-position
toggle switch

Two-position
toggle switch

Two-position
toggle switch

Indicator-switch
(red LED with
clear lens)

In the DISPLAY position while the DPS
is in the Microstep mode.

a. With MICRO ADRS set, REGISTER/
DATA displays the address of the
next microinstruction to the exe-
cuted,

b. With MICRO INSTR set, REGISTER/
DATA displays the microinstruction
currently being executed.

c. With NORMAL DSPL set, REGISTER/
DATA displays the data on the
source bus.

DISABLE position inhibits incrementing
of the Realtime Clock Register and
decrementing of the Monitor Clock
register.

INT position causes the Realtime-Clock
Register and the Monitor Clock register
to use the internal clock source for
timing. )

EXT position causes the Realtime Clock
Register and the Monitor Clock register
to use the external clock source for
timing.

Up position inhibits incrementing of
the P-Register, thus causing the DPS

to repeatedly perform one 16-bit macro-
instruction,

Up position inhibits the occurrence of
a Class I1I Intercomputer Timeout
Interrupt.

Indicator function: When lit, indi-
cates DPS is in Microstep mode to
execute a single microinstruction,
(To clear, depress DISPLAY SELECT CLR
switch.)

Switch function: When operated, places
DPS in Microstep mode.




TABLE 2-2. MAINTENANCE PANEL SWITCHES AND INDICATORS (CONT)
IDENTIFICATION TYPE FUNCTION
MODE: OP STEP Indicator-switch Indicator function: When lit, indi-
(red LED with cates DPS is in Op Step mode or in
clear lens) Microstep mode to execute a single
macroinstruction,
Switch function: When operated,
clears Run mode and places DPS in Op
Step mode, to execute one macro-
instruction per operation of the
START switch.
MODE: RUN Indicator-switch Indicator function: When lit, indi-

DISPLAY SELECT
CLR

ALTER MODE
SET/CLEAR

REGISTER/DATA
SET/CLR

(red LED with
clear lens)

Pushbutton
switch

Two-position
toggle switch

Pushbutton
switch

cates DPS is in Run mode or in Micro-
step mode to execute successive
instructions.

Switch function: When operated,
clears Op Step mode and enables the
Run mode.

When operated, clears DISPLAY NUMBER
O through 3 and clears the Micro-
step mode.

In the SET position,

a. Causes individual bit of register
being displayed to set when corre-
sponding REGISTER/DATA indicator
switch is operated.

b. Causes all bits of register being
displayed to clear when REGISTER/
DATA SET/CLR switch is operated.

In the CLEAR position,

a. Causes individual bit register
being displayed to set when
corresponding REGISTER/DATA indi-
cator switch is operated.

b. Causes all bits of register being
displayed to clear when REGISTER/
DATA SET/CLR switch is operated.

When operated, sets or clears the
register being displayed in REGISTER/
DATA indicator switches O through 15,
dependent on ALTER MODE SET/CLEAR
position.




TABLE 2-2. MAINTENANCE PANEL SWITCHES AND INDICATORS (CONT)
IDENTIFICATION TYPE FUNCTION
REGISTER/DATA Indicator-switches Indicator function: Display contents

0 through 15

~
DISPLAY SELECT:

MICRO ADRS
MICRO INSTR

NORMAL DSPL

INSTR REG
GENL DSPL

GENL REG

DISPLAY NUMBER

0-3

(red LED with clear
lens)

Indicator- switches
(red LED with clear
lens)

of selected register.

Switch function: Modify contents of
selected register,

Indicator function: When lit as
specified in table 2-3, indicate
REGISTER/DATA is displaying the
corresponding register. Changing

the contents of REGISTER/DATA changes
the contents of the register being
displayed.

Switch function: When operated

as specified in table 2-3, causes
REGISTER DATA to display the corre-
sponding register contents.
Operation of any one of MICRO

ADRS, MICRO INSTR, or NORMAL DSPL
causes the other two to clear.
Operation of any one of INSTR

REG, GENL DSPL, or GENL REG causes
the other two to clear.
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TABLE 2-3. DISPLAY SELECT CODES

=

=23|l83 ¢

< - & @n = DISPLAY

o o 2| = T ¥| NUMBER

S3SE|5 2 2

=2 2|2 883 2 1 0 REGISTER SELECTED

1 0 0] X X X| X X X X | pP Register (should be in Microstep mode).
(Note 2)

0 1 0O X X X| X X X X | plI Register (should be in Microstep mode),
(Note 2)

0 0 1 1 0 0] X X X X | Instruction Register

0O 0 1 0O 1 0 0O O O O/ P Register

0O 0 110 1 O0fO O O 1 Status Register #1

0O 0 110 1 O} O O 1 O] Status Register #2

0 6 11 0 1 Ol O O 1 1] RTIC Register, Lower 16 Bits

0O 0 110 1 Of O 1 O 0O} RIC Register, Upper 16 Bits

0 0 11 0 1 O O 1 O 1| Breswpoint Register

0O 0 11 0 1 O] O 1 1 O I/0Control Memory (Note 1)

0 0O 1] 0 1 0l 0O 1 1 1| Page Register (I Regp-5 selects register)

0O 0 1} 0 1 O 1 O O O] Memory Address (P selects address)

0O 0 1[0 1 Ol 1 O O 1L | Output Data (I Reg A-field selects channel)

0 0 1|0 1 Ol 1 O 1 O Monitor Clock Register (Note 2)

0O 010 1 0| 1 1 1 1] Load pP (Note 3)

0 0 1|0 0 1|0 0 0 0] General Register RO )

0O 0 11 0 O 1 0 O O 1] General Register Rl

0O 0 1] 0 O 1] 0 O 1 O] General Register R2

0O 0 11 0 O 170 O 1 1| General Register R3

O 0O 11 0 O 1] 0 1 0O O] General Register R4

0O 0 1|1 0 O 1] 0 1 O 1] General Register RS

0O 0 11 0 O 1| 0 1 1 O] General Register R6

00 1]00 1|0 1 1 1| General Register R7 [ (Note )

O 0 110 0 1 1 0 O O] General Register RI1O

0-0 110 0 1 1 0 O 1| General Register Rll

O 0 1] 0 O 1 1 0 1 O/ General Register R12

0O 0 1] 0 O 1 1 0 1 1 General Register R13

0O 0 1 0 0 1 1 1 0 O/ General Register R14

0O 0 110 0 1 1 1 0 1| General Register R15

O 0 110 0 1 1 1 1 O] General Register R16

0 0 1{0 O 1|1 1 1 1] General Register R17T __|

Note 1: I Reg A-field selects channel, M-field selects word.

Note 2: May be displayed, but cannot be changed.

Note 3: See paragraph 2-XX for load pP procedure.

Note 4: Status Reg #1 bit 14 = 0, selects gen. reg. set 1.

Status Reg #1 bit 14

1, selects gen. reg. set 2,
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TABLE 2-4. INITIAL SWITCH POSITIONS

SWITCH POSITION

Control Panel

POWER-BLOWER ON/OFF OFF

POWER-LOGIC ON/QOFF OFF

BOOTSTRAP-LOAD/STOP Neutral (center)

BOOTSTRAP-1/2 1

CIRCUIT BREAKER ON/OFF OFF

BATTLE SHORT ON/OFF OFF

ALARM ENABLE/DISABLE/TEST ENABLE

Maintenance Panel

PROG STOP 1/0FF ; OFF
PROG STOP 2/0FF ’ OFF
ALTER MODE SET/CLR SET
DIAGNOSTIC JUMP Down
DIAGNOSTIC DISPLAY Down

RT CLK DISABLE/INT/EXT DISABLE
PROCESSOR DISABLE INTERCMPTR TIME OUT Down
PROCESSOR DISABLE ADV P : Down
BREAK PT READ/OQFF OFF
BREAK PT WRITE/OFF OFF
AUTO START/START Neutral (center)

2-10. MODE SELECTION. The DPS has three basic modes of operation. Run mode is the
normal high speed operating mode. An Op Step mode and a Micro Step mode are pro-
vided for their usefulness in troubleshooting.

2-11. Run Mode. Run mode is selected automatically during an initial power-on or
during an auto start after a power interruption. It may also be selected manually.
With Run mode selected, without Micro Step mode selected operation of the control

" panel LOAD/STOP switch to the LOAD position or operation of the maintenance panel
AUTO START/START switch to the START position causes the DPS to begin executing in-
structions at its normal rate. To stop operate the control panel LOAD/STOP switch
to the position or operate the maintenance panel STOP switch. In the stopped
condition, in either Run mode or OP Step mode, the MPC cycles the console mode
microprogram subroutine to permit monitoring and changing register contents.

2-12. Op Step Mode. Selecting OP STEP clears RUN, and vice versa. In Op Step
mode, the DPS executes one macroinstruction per operation of the maintenance panel
AUTO START/START switch to the START position.

- NOTE
In Op Step mode, the macroinstruction is completed before stopping. In
some cases, the instruction register is modified during execution,

Example: In Load Multiply macroinstructions, the A-field is incre-
mented to equal M = 1 before stopping.
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2-13. Micro Step Mode. With MICRO STEP selected, the DPS executes one microinstruc-
tion at a time from the internal micro program. This permits stepping through in-
structions and observing the actions resulting from each micro step. In Micro Step
mode, the contents of the micro P register, the microinstruction register, or the
source bus can be displayed, but the contents of other registers cannot be dis-
played or changed because the MPC cannot cycle the console mode microprogram sub-
routine. With MICRO STEP, RUN mode, and PROG RUN selected, the DPS performs one
microinstruction per operation of the START switch. When the micro steps associated
wilh one macroinstruction have been completed, continued operation of the START
switch causes micro stepping through the next macroinstruction. With MICRO STEP OP
STEP and PROG RUN selected, each operation of the START switch also executes one
microinstruction. However, when the first macroinstruction is completed, continued
operation of the START switch causes microstepping of the console mode microprogram
subroutine,

2-14. PROGRAM LOAD PROCEDURE.
1. Turn on DPS per paragraph 2-8.

2. Ascertain that the loading device (eg. paper tape unit, magnetic tape unit,
etc.) is ready for operation,

3. Set BOOSTRAP 1, 2 switch on control panel to select correct bootstrap load
program,

4, Momentarily operate LOAD/STOP switch on control panel to LOAD position. This
master clears the DPS initializing it for executing the NDRO bootstrap program, then
starts operation.

2-15. PROGRAM STARTING AND STOPPING. If the macro program to be run is already
contained in the main memory, insert the program's starting address into the P
Register through the REGISTER/DATA as described above. Then operate the START
switch. The PROG RUN indicator will light, inidcating that the program is being
run, A program may terminate with a STOP instruction, stopping the computer auto-
matically. More likely, it will terminate with a jump instruction turning control
of the DPS over to a continuously running executive macro program (often called
operating system). In either case, the DPS can be stopped manually at any time by
operating the STOP switch to the STOP position.

2-16. MASTER CLEARING (RESETTING). To reset to the initial starting condition,
stop the DPS and press the MA CLR switch. When in the Run condition, only the
fault flip flops and their indicators clear; all other functions of the master
clear are disabled to prevent accidental destruction of program or data.

2-17. BREAKPOINT OPERATION. The breakpoint feature allows an operator to stop
DPS operation at any preselected address. This feature is useful for trouble-
shooting and for debugging programs. To use the breakpoint register, proceed as
follows:

1. Depress the STOP switch.

2. Select NORMAL DSPL and GENL DSPL. Set DISPLAY NUMBER indicator-switches to
0101.
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3. Insert desired address into REGISTER/DATA indicator-switches.

4. Set BREAKPOINT READ and WRITE switches to enable stopping on a memory read
operation only, write operation only, or both,

5. Select RUN mode and operate START switch.
NOTE

DPS executes instruction at selected address before stopping. If address
contains a jump instruction, jump will already be performed, making its
origin traceable. Therefore, breakpoint address should usually be one
less than desired address, so DPS will step ready to read and execute that
instruction,

2-18. MONITORING OR CHANGING REGISTER CONTENTS. Select the register to be displayed
per table 2-3. Whenever the DPS is stopped in OP Step or Run modes, the selected
register is displayed in REGISTER/DATA, and can be altered by inserting new data

into the REGISTER/DATA indicator-swtiches, except as noted in the table. The micro

P and microinstruction registers and the contents of the source bus can be displayed
in Micro Step mode, with DIAGNOSTIC DISPLAY and MICRO ADRS, MICRO INSTR, or NORMAL
DSPL selected, respectively, but cannot be changed. Detailed procedures are
presented for changing the contents of a memory address (paragraph 2-19) or of

micro P (paragraph 2-21),

2-19. MEMORY MODIFICATION PROCEDURE. This is an "inspect and change" procedure
for inspecting and/or changing the contents of a main memory address.

1, Depress STOP switch.

2. Select NORMAL DSPL and GENL DSPL. Set DISPLAY NUMBER indicator-switches to
0000.

3. Set REGISTER/DATA indicator-switches to the desired memory address.

. 4. Set DISPLAY NUMBER indicator-switches to 1000. Existing contents of that
memory address will appear in REGISTER/DATA.

5. To modify the contents of the selected memory address, insert the new data into
the REGISTER/DATA.

2-20. MANUAL PROGRAM LOAD OR INSPECT PROCEDURE. If several addresses must be
inspected or changed, or if a small program must be stored, it is convenient to use
the Inspect and Change Routines of the Utility Programs (UPAK) or the following
program:

000502) 01 0 02 01 LR (Rl)‘* Ry

000503 05 1 00 01 LXI R] > Rp, (R1) + 1> Ry
000504) 40 2 11 00 JS STEP, Jump to Address 000506
000505) 000506

000506) 11 1 00 02  SI (Rg) = (Ro)

000507) 40 1 373 LJ Jump to Address 000502

To use this program perform the following procedure:
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1. Load the program in address 000502 - 000307 uyriag the proceduves outlined in
paragraph 2-14,

Load 000502 into the P REGISTER.

ro

3. Press RUN MODE.
4. Set GENERAL REGISTER 1 to the address Lo be [woopeoid,
5. Select GENERAL REGISTER O.

6. Press the START switch twice. The contents ¢! ihe {irs:. address to be in-
spected should be shown in REGISTER/DATA.

7. If it is desired to change the information, cicar HEGISTER/DATA and sel the
new contents into it.

NOTE

1f the address to be inspected next is not the next censecutive address,
clear the P register and set it to the address desired before performing
step 8.

8. Press the START switch. The new word (or old if not changed) is now stored
in memory, and the contents of the next adjacent address is displayed in the
REGISTER DISPLAY.

9. Repeat steps 7 and 8 until all addresses desired are inspected/changed.

2-21. LOAD MICRO P PROCEDURE. When debugging programs, or when manually trouble-
shooting the DPS, it may be useful to reach a particular micro memory address. The
following procedure loads the address into the micro P register:

1. Depress STOP switch.

2. Select NORMAL DSPL and GENL DSPL. Set DISPLAY NUMBER indicator-switches to
1111,

3. Select MICRO STEP mode, MICRO ADRS, DIAGNOSTIC DISPLAY, and PROG RUN.
4. "Operate DIAGNOSTIC JUMP toggle switch to up position.

5. Operate START switch repeatedly until selected address appears in REGISTER/
DATA. (It may be necessary to step a number of times to complete the microprogram
subroutine before micro P is loaded.) When selected address appears in micro P,
the next operation of the START switch will perform the microinstruction at that
address.

6. To step through successive microinstructions following the selected address,
proceed per steps 4, 6, and 7 of paragraph 2-23.

NOTE

To start the microprogram running from a particular microinstruction,
perform steps 1, 2, and 4, select RUN mode, and depress START switch.



2-22, OP STEP PROCEDURE. Proceed as follows to perform one macroinstruction at a
time:

1. Depress STOP switch.

2. Load desired main memory address into P register by selecting NORMAL DSPL and
GENL DSPL, setting DISPLAY NUMBER indicator-switches to 0000, and inserting address
into REGISTER/DATA indicator-switches.

3. 1If necessary, insert required data into general registers and memory addresses
that will be used by the macroinstruction.

4, Select OP STEP mode.

5. To keep repeating the same macroinstruction, operate PROCESSOR DISABLES ADV P
switch to the up position., (This is usable only for RR and RI format macroinstruc-
tions; RK and RX require P to advances to obtain the second half of the instruction.)

6. Depress START switch for each instruction execution,

2-23. MICRO STEP PROCEDURE. Proceed as follows to step through a macroinstruction,
performing one microinstruction at a time:

1. Depress STOP switch,
a. If the desired macroinstruction is contained in main memory, set its address
into P register by selecting NORMAL DSPL and GENL DSPL, setting DISPLAY NUMBER in-
dicator-swiches to 0000, and inserting address into REGISTER/DATA indicator-

switches.

b. If the desired macroinstruction is not in main memory, load it at a conven-
ient address per paragraph 2-19.

c. If desiring to start at a certain microinstruction, load its micro memory
address into micro P register per paragraph 2-21,

2. Select MICRO STEP.
3. Select LIAGNOSTIC DISPLAY and:

a. MICRO ADRS to display the address of the next microinstruction to be per-
formed.

b. MICRO INSIR to display the microinstruction being executed, or
c. NORMAL DSPL to display the data on the source bus.
4., Select DIAGNOSTIC JUMP and depress PROG RUN indicator-switch.
NOTE
If RUN mode is selected, DPS will micro step through successive macro-
instructions, If OP STEP mode is selected, DPS will micro step to com-

pletion of first macroinstruction, then begin micro stepping through
console mode micro program subroutine,
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O. Depress START switch for each micro step.

6. At completion of micro step sequence, clear MICRO STEP by depressing DISPLAY
SELEUT CLR switch, and extinguish PROG RUN by selecting OP STEP.

2-24. [EMERGENCY OPERATION. A BATTLE SHORT switch on the control panel disables
the Jvertemperature shutdown function, thus permitting the DPS to continue operating
in a7 emergency situation.

2-25. EMERGENCY TURN-OFF. For fast turn-off in an emergency, set the CIRCUIT
BREAKER ON/OFF switch to OFF. The DPS will accomplish an orderly shutdown in-
ternilly, generating a power fault interrupt and storing essential register. Before
turn.ng CIRCUIT BREAKER on again set POWER LOGIC and BLOWER switches to OFF.

2-26. MICROINSTRUCTIONS

2-27. The microinstruction repertoire is shown in table 2-5. The repertoire con-
sists of 16 basic microinstructions with many variations. The basic microinstruction
formet is divided into four 4-bit fields. The F-field, bits 15-12, specifies the
function to be performed such as add, subtract, shift, etc. The D-field, bits 11-8,

defirzs the register or network to receive the desta on the destination bus. Table
2-6 lists the destinations., Destination 1 (D1) or Destination 2 (D2) is determined

by tite F-field or M-field for each microinstruction. The S-field, bits 7-4 (some-
times also called the O or origin field), defines the register 1 (S1) or Source 2
(S2) is determined by the F-field or M-field for each microinstruction. The M-field,
bits J-3, modifies the microinstruction. Some microinstructions use special fields
of K (constant), X (12-bit address), or F2 (extension of F-field). Appendix A
describes each microinstruction in detail.

2-28,~ MACROINSTRUCTIONS.

2-29, INSTRUCTION FORMATS. The DPS performs instructions using five instruction
word formats. Instructions may be single length or double length.

2-30. Format RR. The Format RR instructions are single length and use the format
shown in figure 2-3. They perform operations using the general registers. (RR =
Regis:er and Register,) Unless otherwise specified in an individual instruction,
the a-.designator selects the Ry register, and the m-designator selects the Ry
regis .er.,

2-31. Format RI. The Format RI instructions are also single length. They may be
eithe- Type 1 or Type 2. The Format RI Type 1 instructions use the format shown in
figur: 2-4, Y is generated using the x and d-designators as specified in figure ‘
2-5. Format RI Type 2 instructions use the format shown in figure 2-3. They perform
opera .ions using the general registers and a memory reference. (RI = Register and
Immed ate Memory.) Unless otherwise specified in an individual instruction, the
a-des: gnator selects the Ry register, and the m-designator selects the Ry register
whose contents shall be used as a memory address Y.

2-32, Format RK. Format RK instructions are double length, consisting of two words
storey in consecutive memory addresses. The first word uses the format shown in
figur.  2-3. The second word is a 16-bit quantity designated y. The Format RK in-
struc'ions perform operations using general register and memory references. (RK =
Regisier and Constant (Immediate Operand),) Unless otherwise specified in an in-
dividial instruction, the a-designator selects the R, register, and the m and
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TABLE 2-5. MICROINSTRUCTION REPERTOIRE
INSTRUCTION FORMAT
15 14 13 12 111098 | 76 54 3210 DESCRIPTION
F=0 D S M Transfer
F=1 X (12 Bits) Unconditional Branch
F=2 D S M Add S2
F=3 D S M Shift
F=4 D S M Add S1
F =25 D S M Subtract
F=6 D S M Logic I
F=7 D S M Logic II
F =10 D K Add constant
F =11 D K Subtract constant
F =12 D K Transfer constant to D1
F =13 D K Transfer constant to D2
F =14 F2 K Branch
F =15 F2 S M Micro control
F =16 F2 K Micro repeat
F = 17 D S M Emulate
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TABLE 2-6.

D-DESIGNATOR

VAEUE DESTINATION 1 (D) DESTINATION 2 (D2)
0 Unassigned puP register
1 Breakpoint Condition register
2 P Register Display register
3 Memory Data register Cycle counter
4 General register RTC Upper
3 Status register #1 Unassigned
6 Status register #2 Unassigned
7 RTC Lower Unassigned
10 AO/Shift Register Upper/Page Page Table
Address Counter
11 Al/Shift Register Lower Unassigned
12 A2 Instruction register/SGR
13 A3 SGR
14 A4 I/0 Control Memory Translator
15 A5 I/0 Translator
16 A6/Shift Counter Output Data
17 A7/MAR I/0 Control Memory
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TABLE 2-7. S-DESIGNATOR

VAEUE SOURCE 1 (S1) SOURCE 2 (S2)
0 Unassigned pP Hold Register
1 Breakpoint Condition Register
2 P Register Display Register
3 Memory Data Register Normalize/Panel Select
4 Page Table RTC Upper
5 IA Pointer STATUS 1 Register
6 Shift Matrix Output STATUS 2 Register
7 Monitor Clock/Part Prod/Feed RTC Lower
10 A0 General Register
11 Al Cordic Table
12 A2 Instruction Register With
AM-Field Sign Extension
13 A3 Instruction Register
14 A4 Class I & IT Interrupt Codes
15 A5 Class III Interrupt Codes/
I/0 Translator
16 A6 Input Data
17 A7 I/0 Control Memory
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ft - Format:
00 = Format 3R
01 = Format RI
10 = Format RK
11 = Format RX

Operation Code

Figure 2-3. Basic Instruction Word Format
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Qperation Code

Figure 2-4. Instruction Word Format for Format RI Type 1
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15114113112} 11] 10198 7|16]|514]3]2]1]0
o:o O 1,0 0 1]1 0 110 1 110 0 1]contents of p*
Y L l
| T
X | (SigJ Extended) X 0 '0 0O 0]J]0 O 1|d-designator from the
| : | | | instruction word.
f f f
I | l } | Y shall be the sum of (P)
| : I ' | and d as follows:
l .
0:0 o 1lo o 1llo1|011:010(P)+dwhenx=0
| | l | l (Positive)
| ! | | »
0y 0 0 110 o 130 1 110 1 10 1 O|(P)+ dwhenx=1
| I | | | (Negative)
| ] | 1 |

* After normal incrementation resulting from instruction fetch.

Figure 2-5. Address Generation Example for Format RI Type 1 Instruction
y designators are used to form an operand (a 16-bit signed literal or constant) or
a memory address, designed Y. Y is formed as follows:
1) When m equals zero, Y is equal to y.

2) When m does not equal zero, Y is the sum of the contents of Ry and Y. The
‘m-designator selects the R, register.

2-33. Format RX. The Format RX instructions are double length, consisting of two
words stored in consecutive memory addresses. The first word uses the format as
specified in figure 2-3, The second word is a 16-bit quantity designated y. The
Format RX instructions perform either whole word (16-bit) or byte (8-bit) operations
using the general registers and memory references as specified in the following
subparagraphs. (RX = Register and memory with or without indexing).

2-34. When the Format RX instruction designates whole word operations, the a, m
and y-designators are used as follows, unless otherwise specified in an individual
instruction:

1) The a-designator selects the Ry register.

2) The m and y-designators form a memory address designated Y as follows:

a) When m equals zero, Y is equal to y and is a direct memory reference.
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b) When m is not equal to O, 10, 12, 14, or 16 or when m equals 10, 12, 14, or

16 and the 2-bit field of status register #2 corresponding to the particular Ry
register is equal to O or 1, Y is the sum of the contents of Ry, and y is a direct

memory reference.

c) When m equals 10, 12, 14, or 16 and the 2-bit field of Status Register #2

corresponding to the particular Ry register is equal to 2, Y is the contents of y
and is an address pointer to the first word of a two word indirect memory reference.

Figure 2-6 specifies IW word formats and interpretation for indirect addressing.

d) When m equals 10, 12, 14, or 16 and the 2-bit field of status register #2
corresponding to the particular Ry register is equal to 3, Y is the sum of the
contents of Ry and y and is an address pointer to the first word of a two word

indirect memory reference. Figure 2-6 specifies IW word formats and interpretation

for indirect addressing.

Not assigned x

™ A

-2 | - -4 q<*———*>i37
15 -—6—}
a — .
Y
J VALUE ADDRESS DETERMINATION

0 Final operand at Y

1 Final operand at Y + Ry

2 Final operand at Y + Ry

3 Final operand at Y + Rpy;

4 Cascaded IW at Y

) Cascaded IW at Y + Ry

6 Cascaded IW at Y + Ry

7 Cascaded IW at Y + Rp+

10-17 Unassigned
Figure 2-6. Indirect Address Format
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2-35. When the Format RX instruction designates byte operations, the a, m and
y-designators are used as follows, unless otherwise specified in an individual
instruction:

1) The a-designator selects the Ry register.

2) When m does not equal zero, the m-designator selects a General Register
designated Ry,. The contents of Ry are used to form a memory address designated
Y and a byte position in the memory location as follows:

a) The least significant bit (LSB) of the contents of Ry (bit O) determines
the byte position in the selected memory location, When the LSB is O, the byte is
the eight most significant bits (bits 8 through 15) in the memory location, When
the LSB is 1, the byte is the eight least significant bits (bits O through 7) in
the memory location,

b) Y is the sum of y and the contents of Ry right-shifted one position and
zero-filled in the left most position. The original value of Ry remains in Rp.

3) When the m-designator equals zero, Y is equal to y and the byte is the
eight most significant bits in the memory location.

2-36. Format RL. The Format RL instructions are single length and use the format
as specified in figure 2-3. The a-designator selects the R; register; the m-
designator field contains a 4-bit, unsigned literal; the f-designator is inter-
preted as a secondary function code,

2-37. DOUBLE LENGTH WORDS. The DPS performs double-length word operations when
specified in an individual instruction. In the double instructions, the contents
of two adjacent registers or memory locations are used as one 32-bit word. The
word at a location designated Ry, Ry, or Y becomes the most significant 16 bits of
the double length word, and the word at a location designated Rgt+l, Ry+1l, or Y + 1,
respectively, becomes the least significant 16 bits of the double length word. The
memory address or register address of the most significant 16 bits must be an even
number.

"~ 2-38. SHIFT INSTRUCTIONS. Shift instructions shift the contents of a register or
registers to the right, left, or left circular. The contents of bits O through 5
of the quantity specified in the RK or RR instructions or bits O through 3 of an
RL format instruction word determine the number of places shifted. The shift
operations are as follows:

1) Right shifts move the data toward the least significant bit position. Bits
shifted out of the least significant bit position are lost. After each shift step,
the most significant bit position is filled with either a zero (zero extended to
fill) or a sign bit (sign extended to fill) as specified in the individual instruc-
tion.

2) Left shifts move the data toward the most significant bit position. Bits
shifted out of the most significant bit position are lost. At each shift step,
the least significant bit position is filled with a zero. A sign change at the
most significant bit position sets the OVERFLOW designator.
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3) Left shift circular means that the data is shifted left, and the bits shifted
out of the most significant bit position are transferred to the least significant
bit position, A sign change at the most significant bit position sets the OVERFLOW
designator.

2-39. INSTRUCTION REPERTOIRE. Table 2-8 lists the macroinstruction repertoire and
shows the operation code, the format, and the execution time for each instruction.
Detailed descriptions of each instruction are provided in Appendix B.

2-40. MISCELLANEOUS OPERATING AIDS. Miscellaneous items of value to operators of
the DPS are listed in the Appendices as follows:

1) Detailed Descriptions of Microinstruction Repertoire - Appendix A.
2) Detailed Description of Macroinstruction Repertoire - Appendix B.

3) Internal Micro Program Listing - Appendix C.

TABLE 2-8. MACROINSTRUCTION REPERTOIRE

OPERATION EXECUTION TIME
CODE FORMAT INSTRUCTION MICROSECONDS
00 RR Unassigned (See Note) -
RI Unassigned -
RK Unassigned -
RX Byte Load 2.25
01 RR Load .79
RI-2 Load 1.5
RK Load 1.5
RX Load 2.25
02 RR Unary-Arithmetic 1.0
RI-2 Load Double 2.25
RK Unassigned -
RX Load Double 3.0
03 RR Unary-Control .715—8.0
' RI Unassigned -
RK Unassigned -
RX Load Multiple 1.5 +*N times .75
04 RR . Unary-Shift 3.0—4.0
RI Unassigned -
RK Unassigned -
RX Byte Load and Index by 1 2.25
05 RR Set Bit 1.5
RI-2 Load and Index by 1 1.5
RK Unassigned -
RX Load and Index by 1 2.25

*N = number of registers loaded
NOTE: Unassigned instructions produce an instruction fault.
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONI)
OPERATION ; EXECUTION TIME
CODE FORMAT INSTRUCTION MICROSECONDS
06 RR Clear Bit 1.5
RI-2 Load Double and Index by 2 2.55
RK Unassigned -
RX Load Double and Index by 2 3.3
07 RR Compare Bit 1.8
RI-2 Load PSW 3.0
RK Unassigned -
RX Load PSW 3.75
10 RR Logical Right Single Shift 1.0
RI Unassigned -
RK Logical Right Single Shift 1.7
RX Byte Store 2.4
11 RR Algebraic Right Single Shift 1.0
RI-2 Store 1.7
RK Algebraic Right Single Shift 1.7
RX Store 2.4
12 RR Logical Right Double Shift 2.6
RI-2 Store Double 2.4
RK Logical Right Double Shift 3.2
RX Store Double 3.2
13 RR Algebraic Right Double Shift 2.6
RI Unassigned -
RK Algebraic Right Double Shift 3.2
RX Store Multiple 1.4 + *N x 1.1
14 RR Algebraic Left Single Shift 1.0
RI Unassigned -
RK Algebraic Left Single Shift 1.7
RX Byte Store and Index by 1 2.4

*N = number of registers loaded .
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT)
OPERATION EXECUTION TIME
CODE FORMAT INSTRUCTION MICROSECONDS
15 RR Circular Left Single Shift 1.0
RI-2 Store and Index by 1 1.7
RK Circular Left Single Shift 1.7
RX Store and Index by 1 2.4
16 RR Algebraic Left Double Shift 2.7
RI-2 Store Double and Index by 2 2.6
RK Algebraic Left Double Shift 3.3
RX Store Double and Index by 2 3.3
17 RR Circular Left Double Shift 2.4
RI-2 Store Zeros 1.7
RK Circular Left Double Shift 3.0
RX Store Zeros 2.4
20 RR Subtract .75
RI-2 Subtract 1.5
RK Subtract 1.5
RX Subtract 2.25
21 RR Subtract Double 1.7
RI-2 Subtract Double 2.25
RK Unassigned -
RX Subtract Double 3.0
22 RR Add .75
RI-2 Add 1.5
RK Add 1.5
RX Add 2.25
23 RR Add Double 1.5
RI-2 Add Double 2.25
RK Unassigned -
RX Add Double 3.0
24 RR Compare .90
RI-2 Compare 1.5
RK Compare 1.7
RX Compare 2.25
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT)
OPERATION EXECUTION TIME
CODE FORMAT INSTRUCTION MICROSECONDS
25 RR Compare Double 1.7 ‘
RI-2 Compare Double 2.25
RK Unassigned -
RX Compare Double 3.0
26 RR Multiply 3.8
RI-2 Multiply 4.0
RK Multiply 4.4
RX Multiply 4.6
27 RR Divide 6.8
RI-2 Divide 7.0
RK Divide 7.4
RX Divide 7.5
30 RR AND .75
RI-2 AND 1.5
RK AND 1.5
RX AND 2.25
31 RR OR )
RI-2 OR 1.5
RK OR 1.5
RX OR 2.25
32 RR Exclusive OR .75
RI-2 Exclusive OR 1.5
RK Exclusive OR 1.5
RX Exclusive OR 2.25
33 RR Masked Substitute 1.4
RI-2 Masked Substitute 1.5
RK Masked Substitute 2.0
RX Masked Substitute 2.25
34 RR Compare Masked 1.5
RI-2 Compare Masked 1.7
RK Compare Masked 2.1
RX Compare Masked 2.4
35 RR I/0 Command 4.0% + 1/0 Inst
RI-2 Biased Fetch 2.25
RK Remote Execute 1.5 + Inst.
RX Biased Fetch 3.0

*Includes the time to clear bits 14 and 15 of memory address 000140.
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT)
OPERATION EXECUTION TIME
CODE FORMAT INSTRUCTION MICROSECONDS
36 RR Unassigned
RI Unassigned
RK Unassigned
RX Unassigned
37 RR Unassigned
RI Unassigned
RK Unassigned
RX Unassigned
40 RR Conditional Jump 1.1
RI-1 Local Jump 1.2
RK Conditional Jump 1.7
RX Conditional Jump 2.4
41 RR Index Jump 1.4
RI-1 Local Jump Indirect 2.0
RK Index Jump 2.1
RX Index Jump 2.25
42 RR Jump and Link Register 1.2
RI Unassigned -
RK Jump and Link Register 1.2
RX Jump and Link Register 2.25
43 RR Unassigned -
RI-1 Local Jump and Link Memory 2.0
RK Jump and Link Memory 2.9
RX Jump and Link Memory 3.2
44 RR Jump Register = 0 1.4
RI-1 Local Jump Egjual 1.2
RK Jump Register = 0 2.1
RX Jump Register = 0 2.25
45 RR Jump Register # O 1.4
RI-1 Local Jump Not Egual 1.2
RK Jump Register # O 2.1
RX Jump Register # O 2.25
46 RR Jump Register Positive 1.4
RI-1 Local Jump Greater than Or Equal 1.2
RK Jump Register Positive 2.1
RX Jump Register Positive 2.25
47 RR Jump Register Negative 1.4
RI-1 Local Jump Less Than 1.2
RK Jump Register Negative 2.1
RX Jump Register Negative 2.25
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT) )
OPERATION EXECUTION TIME
CODE FORMAT INSTRUCTION MICROSECONDS
50 RR Unassigned - .
RI Unassigned -
RK Unassigned -
- RX Unassigned -
51 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Unassigned -
52 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Unassigned -
53 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Unassigned -
54 RR Load Address Register 1.8
RI-2 Load Address Register 2.6
‘RK Unassigned -
RX Load Address Register Multiple 3.0 + .75 x n*
55 RR Store Address Register 1.8
RI-2 Store Address Register 2.6
RK Unassigned -
RX Store Address Register Multiple 3.0 + 1.1 x n*
36 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Unassigned -
57 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Unassigned -
60 RL-1 Logical Right Single Shift 1.3
RL-2 Algebraic Right Single Shift 1.3
RL~3 Logical Right Double Shift 2.8
RL-4 Algebraic Right Double Shift 2.8
61 RL-1 Algebraic Left Single Shift 1.3
RL-2 Circular Left Single Shift 1.3
RL-3 Algebraic Left Double Shift 2.8
RL-4 Circular Left Double Shift 2.8

*n = Number of address registers
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT)
OPERATION EXECUTION TIME
CODE FORMAT INSTRUCTION MICROSECONDS
62 RL-1 Subtract .9
RL-2 Subtract Double 1.8
RL-3 Add .9
RL-4 Add Double 1.8
63 RL-1 Load .9
RL-2 Compare 1.2
RL-3 Multiply 4.2
RL-4 Divide 7.4
64 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Byte Subtract 2.25
65 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Byte Add 2.25
66 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Byte Compare 2.25
67 RR Reserved -
RI Unassigned -
RK Unassigned -
RX Byte Compare and Index by 1 2.25
70 RR Channel Control (Command) 30.0 for m = 0-7;
2.0 for m = 10-17
RR Channel Control (Chaining) 2.25
RI Unassigned -
RK Unassigned -
RX Initiate Transfer (Chaining) 4.5
71 RR Unassigned -
RI Unassigned -
RK Initiate Chain (Command) 2.25
RK Load Control Memory (Chaining) 2.25
RX Load Control Memory (Command) 3.0
RX Load Control Memory (Chaining) 3.0
72 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Store Control Memory (Command) 3.0
RX Store Control Memory (Chaining) 3.0
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TABLE 2-8. MACROINSTRUCTION REPERTOIRE (CONT)
OPERATION EXECUTION TIME
CODE FORMAT INSTRUCTION MICROSECONDS
73 RR Halt/Interrupt (Chaining) 1.5
RI Unassigned -
RK Unassigned -
RX Set/Clear Flag (Chaining) 3.0
74 RR Unassigned -
RI Unassigned -
RK Conditional Jump (Chaining) 2.25
RX Unassigned -
75 RR Search for Sync; Set Monitor/ 1.5
Set Suppress (Chaining
RI Unassigned -
RK Unassigned -
RX Unassigned -
76 RR Set/Clear Discretes (Command) 1.5
RR Set/Clear Discretes (Chaining) 1.5
RI Unassigned -
RK Unassigned
“RX Store Status (Command) 3.0
RX Store Status (Chaining) 3.0
77 RR Unassigned -
RI Unassigned -
RK Unassigned -
RX Unassigned -
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CHAPTER 3

FUNCTIONAL DESCRIPTION

3-1. INTRODUCTION.

3-2. This chapter describes the internal operation of the DPS. The description is
presented in two levels: primary block diagram level and functional block diagram
level.

3-3. PRIMARY BLOCK DIAGRAM DESCRIPTION.

3-4. The primary block diagram (figure 3-1) divides the DPS into six major func-
tional sections. These are the Microprogrammed Controller (MPC), the Processor/

- Emulator, the Memory Interface, the Main Memory, the I/0 Controller, and the Power
Sections. Data transfers between sections are handled by the Source Bus and the
Destination Bus.

3-5. The MPC controls the DPS. The main difference between MPC-controlled com-
puters and standard computers is that most of the hard wired control is replaced by
microprogrammed control. They operate, like other computers, from a program of
instructions stored in the main memory. This program is called the macroprogram to
distinguish it from the microprogram that controls the MPC. The computer instruc-
tions are called macroinstructions to distinguish them from the MPC's microinstruc-
tions. The MPC in the Data Processing Set, AN/UYK-20(V), is a general purpose
controller, It has its own read only memory (ROM) to hold its microprogram, and
can be programmed to provide control for a wide range of functions., It is essential-
ly a small computer, and performs many of the required computer functions within
its own circuits, The link between the macroprogram and the MPC is provided by an
"emulator" which decodes the macroinstructions and causes entrance into an MPC
microprogram subroutine to perform (emulate) the desired function. Sometimes all
of the circuitry with the exception of the MPC itself is called the emulator, since
it all augments the MPC and assists it in emulating required functions. The capa-
bilities of microprogram controlled computers can often be changed or increased
simply by adding new translations into the emulator and new subroutines into the
microprogram, :

3-6. MICROPROGRAMMED CONTROLLER. The MPC executes 16 basic microinstructions with
many variations. (See Appendix A for a detailed description of each microinstruc-
tion). Data transfers occur over the two bi-directional data buses, The two-bus
structure allows instruction overlapping to increase the microinstruction execution
rate, Two fields within the microinstruction word define what register or network
is applied to the source bus (S-field) and what register or network is the recipient
of data on the destination bus (D-field). Simply stated, a microinstruction per-
forms a function on the source and transmits the result to the destination. Follow-
ing is a description of the major MPC elements.

3-7. The micro memory is a read-only memory. It is capable of holding up to 4K
(4096) words of microprogram including 512 addresses usually reserved for optional
customer specified routines. Microprograms can be changed only by substituting
different pre-programmed cards. The micro memory control section contains the ad-
dressing circuits that control the reading of the micro memory. The micro function
control section receives the current microinstruction from the micro memory, trans-
lates it, and issues control signals to all sections of the DPS to carry out



the instruction, It includes the master clock which provides timing for the entire
DPS, The repeat control section controls the repetitive cycling of microprogram
subroutines, as required by the Repeat microinstructions. The arithmetic section
contains accumulator storage registers and an arithmetic/logic unit (ALU) which
performs arithmetic and logical operations on the operands. The display, control
section, under the control of a microprogram subroutine, provides the interface
between the operator and maintenance panels and the displayable registers of the
DPS. ‘

3-8. PROCESSOR/EMULATOR. The processor/emulator is concerned with the macro-
instructions. It contains many of the registers and functions normally associated
with the central processor portion of a computer, but performs its functions under
the control of the MPC. The following paragraphs describe the major processor/
emulator subsections,

3-9. The function control section translates the macroinstruction word and sends an
Emulator Control Word (ECW) to the MPC directing it to perform the proper micro-
program subroutine for accomplishing each macroinstruction. The general registers
can be used for accumulator storage, as scratch pad registers, as index registers,
etc. They are normally addressed by the A and M fields of the macroinstruction
word, There may be one or two groups of 16 general registers; if there are two
groups, a status register bit determines which group is addressed. The program
status section contains the two status registers, the real time clock and monitor
clock registers, and the interrupt control circuits., The status registers store
program status information, provide for selecting the general register group, enable
reading from NDRO memory, control the disabling of interrupts, and control direct
and indirect addressing; the real time clock and monitor clock permit the DPS to
monitor elapsed time; the interrupt circuits handle program interrupts according to
their assigned priorities, The high speed shift and multiply section contains a
shifting matrix and multiply logic which operate without involving the MPC arith-
metic unit, and perform their tasks faster than possible in the MPC. The multiply
logic operates with two multiplier digits at a time,

3-10. MEMORY INTERFACE. The memory interface handles the transfer of information
to and from the main memory. It permits reading or writing of full words or either
byte of a word, or reading a word, modifying it, and restoring the modified word,
The memory interface section divides into three subsections: memory address control,
memory data interface, and NDRO memory.

3-11. The memory address control section provides the address information to the
main memory, The program address normally increments by one after each memory
reference., A breakpoint function allows the program to be stopped when a pre-
selected memory address is referenced. Paging circuits permit the memory to be
addressed as 64 separate and interchangeable 1K portions. The memory data interface
section transfers data to and from the main memory. The NDRO memory consists of up
to 192 words of read-only memory generally used for a bootstrap load program,

Access to the NDRO memory is controlled by a bit in status register 1,

3-12. MAIN MEMORY., The main memory, which is used for storage of the macroprogram
is a coincident current magnetic core memory, expandable to 65K (65,536) words in
8K (8192) word increments. Word length is 16 bits. Cycle time is approximately
750 nsec for a read or write cycle, and approximately one psec for a read, modify,
restore cycle (called split cycle). - The memory chassis holds up to twelve boards
of three types: memory control boards (MCB), memory data boards (MDB), and memory
array boards (MAB). MCB's contain control and addressing circuits for up to 32K

3-2
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of memory. MDB's contain a data register and bit drivers for up to 32K of memory.
In addition, MCB's and MDB's may contain the logic for an optional direct memory
access (DMA) feature, which allows the memory to be used also by external devices
on a priority basis. Two MCB's and two MDB's are installed to permit memory sizes
up to 65K, Each MAB contains 8K of core storage, along with associated drivers
and sense amplifiers., A chassis contains from one to eight MAB boards.

3-13. I/0 CONTROLLER. The I/0 Controller provides communication interface between
the DPS and the peripheral equipment via a possible total of 16 input/output chan-
nels. Both control and data circuitry are included in the controller. Input/output
channels are of two types: parallel and serial. Both types are available in either
single or dual channel mode operation. Parallel channels must always exist in com-
plete groups of four adjacent channels. Serial channels are divided into groups of
two. For dual channel operation with parallel channels, two adjacent groups are
required and the lower group must be even numbered (0 or 2)., The channels involved
are n and n+4. Dual channel operation with serial channels uses the pair of chan-
nels in a two-channel group. The 16 I/0 channels, whether parallel or serial or a
mixture, divide into four groups of four channels for internal addressing purposes
(refer to Table 3-1). The higher numbered channels have the higher priority
(channel 17g highest, channel O lowest).

Table 3-1. Parallel I/0 Channel Groups

GROUP . CHANNELS
0 0,1, 2,3
1 4, 5, 6, 7
2 16, 11, 12, 13
-3 14, 15, 16, 17

3-14. Parallel channels have three optional interfaces: NIDS Slow (-15V), NTDS
Fast (-3V), or ANEW (+3.5V). Parallel channels operate asynchronously, with trans-
fer rates per interface as specified in Table 1-1. Parallel channels will operate
in the intercomputer mode if so specified on order; otherwise they operate in the
normal buffer mode. Serial channels are of three optional types: expanded MIL-STD-
188 synchronous or asynchronous, RS-232 standard synchronous or asynchronous, or the
NIDS 32-bit asynchronous. Serial channel transfer rates are as specified (synchro-
nous or asynchronous) in Table 1-1. The order of data transfer is from the least
significant bit (0) to the most significant b1t (15). Both serial and parallel
channels operate in full duplex mode.

3-15. The I/O Controller receives/transmits data from/to both the DPS source bus
and the peripheral equipment. See figure 3-1, system primary block diagram. The
major circuits of the I/0 controller are defined below.

3-16, The Input Data Circuitry receives data from peripherals and determines
whether the peripheral data or data from the I/0 Function Control is to be gated to
the source bus. The Req/Ack Control circuitry receives requests (ODR, EFR, IDR, or
EIR) from the peripherals, and acknowledges (ODA, EFA, IDA, EIE) those requests. A
request must be acknowledged before another similar request is allowed in from
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that channel. The Group/Channel Control Circuitry receives the channel requests
from the Req/Ack Control and establishes channel and function priority. This cir-
cuitry also generates a clear request signal and enables an acknowledge signal to
be returned to the peripheral equipment. It generates a group select signal for
the Output Data circuitry. The I/O Function Control circuitry receives information
from the source bus and passes it to the control memory (CM) or decrements the
buffer word counts and increments the address pointers of control memory. The
altered counts and pointers may be sent to either CM or the source bus. Data is
also taken from control memory and sent to the source bus via the Input Data cir-
cuitry. The Output Data circuitry obtains data from the DPS via the source bus
and sends the data to the peripheral devices designated by the Group Select signal
from the Group/Channel Control.

3-17. POWER. The power supply converts the ac input power to the various dc
voltages required by the DPS. It is oscillator controlled. It maintains close-
tolerance regulation of the output voltages and provides filtering to limit line
noise and transients. It checks for under and over-voltage at the input and for
overload at the output, Variations of the power supply permit input power to be
115 Vac or 208 Vac, single phase or three phase, 60 Hz or 400 Hz.

3-18. FUNCTIONAL BLOCK DIAGRAM DESCRIPTION.

3-19. The following paragraphs provide detailed block diagrams and accompanying
descriptions for each of the major sections of the computer. The diagrams are as
follows: figure 3-2, MPC; figure 3-8, Processor/Emulator; figure 3-16, Memory
Interface, figure 3-19, Main Memory; figure 3-29, I/0 Controller; and figure 3-54,
Power Supply and Distribution. The numbers associated with the lower right hand

- corner of each symbol on these block diagrams signify the figure numbers of the

logic schematics on which the circuitry may be found. The logic schematics are in
chapter nine (Volume 2) of this manual.

3-20. MICROPROGRAMMED CONTROLLER (MPC). The MPC executes microinstructions to
perform all control operations and data manipulations in the computer, The micro-
instructions are permanently stored in a read-only memory (ROM). See Appendix A
for a detailed description of the microinstruction repertoire. The two-bus (source
bus and destination bus) structure allows instruction overlapping as shown in fig-
ure 3-3. Overlapping increases the microinstruction execution rate to one micro-
instruction per clock pulse. The S-field within the microinstruction word defines
what register or network is applied to the source bus, and the D-field defines
what register or network is the recipient of data on the destination bus. Figure
3-2 is the block diagram of the MPC. Following is a description of the major ele-
ments:

3-21. Micro Memory. The micro memory contains the unalterable microprogram, It
is a ROM memory, consisting of four printed circuit cards, each containing 1024 (1K)
16-bit words. The ROM cards are factory pre-programmed; therefore microprograms
can be changed only by substituting different cards.

3-22, The basic microprogram consumes the first 1-1/2K micro memory addresses,
physically located on the cards at locations 5B and 4B, The next 1/2K addresses
(30008 to 3777g) are reserved for customer-specifiea microprogram routines. Note
that if customer-specified microprograms are added after the computer leaves the
factory, both the micro memory card at location 4B must be replaced, and also the
card at location IOC which must generate ECWs for the new macroinstructions. The
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third card, at location 3B, contains addresses 4000g to 5777g and is reserved for
the optional extended mathematics microprogram called Math Pack. An MPC diagnostic
program occupies the fourth card, at location 2B, which contains addresses 6000g to
77778,

3-23. The micro memory addresses listed in Table 3-2 are permanently assigned
addresses in the basic microprogram. Those labelled as micro interrupt addresses
are reached through a Normal Start microinstruction (17 00 00 14). This instruc-
tion enables a hardwired priority network that checks the micro interrupts and
causes a jump to the proper address if an interrupt is present. If no interrupts
are present, it causes a jump to micro address 274g and begins the Macro Instruction
Read subroutine.

3-24. The address in the micro P register selects a 16-bit microinstruction word
from the micro memory. The word remains on the micro memory output lines, avail-
able to the micro instruction register until the address is changed.

3-25. Micro Memory Control. The Micro Memory Control section consists mainly of
the micro address selector, the micro P register, and the micro P hold register,

3-26. The micro address selector is 12 bits wide. It selects one of four inputs

as shown in table 3-3. The inputs labelled Interrupt Address come from the process-
or/emulator and from the I/0 controller, and transfer the fixed addresses of table
3-2. The microprogram subroutines for emulating macro operation codes 40 through

77 occupy micro memory addresses above 1000g and are selected by bit 15 of the macro
- instruction register which accompanies the nine ECW address bits when selected.

3-27. The 12-bit micro P register holds the address of the next instruction to be
read from the micro memory. A bank selector uses the upper three bits of the
register to select 1/2K (512 word) segments of the memory. The micro P register
normally increments by one each clock pulse to form the next address. Jumping or
branching to a non-consecutive address requires that the new address be loaded into
the register from the source bus via the micro address selector., Since the address
field in branch instructions has only eight bits, the upper four bits of the micro
P register are gated onto the source bus to accompany the branch address.

3-28. The 12-bit micro P hold register stores the beginning address of a series

of microinstructions that are being repeated. The repeat (F = 16) microinstruction
initiates the repeat mode. When the last microinstruction in the series is read
from micro memory, the contents of the micro P hold register are loaded into the
micro P register via the micro address selector to repeat the series again. This
continues until the repeat mode is terminated.

3-29. Micro Function Control. The Micro Function Control section of the MPC ,
generates timing and control signals for the MPC and for much of the rest of the
DPS. The following paragraphs describe its functional sections.

3-30. The micro instruction register holds the micro instruction that is currently
being executed. Most instructions use a basic instruction format which divides

the register into four 4-bit fields (F, D, S, and M) as shown in figure 3-4, The
F-field specifies the basic function to be performed, such as add, subtract, shift,
transfer, etc. The D-field defines the destination register for the result. The
S-field specifies the source register on which to perform the function; this field
is sometimes called the Origin or O-field. The M-field modifies the basic function

3-10



Table 3-2. Fixed Addresses in Micro Memory

0000 Master Clear (Auto Start) (0300 I/0 In Data, Pass >1
| 0310 I/0 In Data, Pass 1
0320 I/O Out Data, Pass >1
0200 I/0 Return 0330 I/O Out Data, Pass 1
0204 Bootstrap Load 0340 IA Byte Mod
Interim _
Micro 0210 I/0 Chain Instr. Read Sequence « 0344 IA Byte Mod
Inter— < —_ ] Addresses
rupt 0214 RUN (Display Routine) 0350 IA Word Mod
Address | 990  Class I & II Interrupts 0354 IA Word Mod
0360 Norm Byte Mod
( 0230  Class III Interrupts 0364 Norm Byte Mod
‘0370 Norm Word Mod
0274 Instruction Read Routine g95574 Norm Word Mod
2374 Ill. I/0 Instr,
2376  I1l1. CP Imstr.
27XX  IA Table
Table 3-3. Micro Address Selection*
Selector control bits = 00: Inierrupt Address (Bits 1-7, 10)
~Selector control bits = 01: ECW Address Pointer (Bits 0-8) plus IR15
Selector control bits = 10: Micro P Hold Register
Selector control bits = 11: Source Bus

*See Volume 2, Figures 9-8 to 9-10.
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in various ways for the different micro instructions. See Appendix A for a de-
scription of each micro instruction. The contents of the micro instruction register
direct most of the control functions of the DPS. The contents can be gated to the
source bus and can be displayed on the maintenance panel through the panel selector.

3-31. Three Command Generator ROM's translate micro instruction codes and generate
basic command signals. Two are elements 0l and 02 on the card at location

10B and appear on figure 9-38 in Volume 2. These two primarily control the oper-
ation of the MPC Arithmetic Section (ALU) and are, therefore, called the ALU control
chips. The Function (F) and Mode (M) fields of the micro instruction word select

the addresses in these ROM's., Tables 3-4 and 3-5 show their microcoded contents,

The third ROM is clement 03 on the card at 1location 7B and appears on

figure 9-21. It decodes the D-field (or Fo - field) on Repeat (F = 16) microinstruc-
tions. 1It, therefore, is called the repeat contrcl chip. Table 3-6 shows its micro-
coded contents., Additional MPC control circuits occur throughout the DPS, but

mostly appear on logic figures 21 through 28 (Chapter 9) and are grouped into one
block labelled Control.

3-32. A number of circuits throughout the Micro Control Section are associated

with the D-field of the microinstruction register, The F2 register holds the D-
field on Repeat microinstructions, in which the D-field becomes a secondary function
code. It is decoded by the repeat control command generator ROM described in the
preceding paragraph. The branch contrel circuits translate the D-field as a second-
ary function code to determine the branching condition. (See figure 9-25. Chip UQ7
is enabled for F2 0-7; UO4 is enabled for Fo 11-17. Output of disabled chip is held
high. See Appendix A, table A-10 for the branch conditions.) A D-delay register
permits the MPC instruction overlap described in paragraph 3-20 and figure 3-3 by
holding the destination information for one clock period after the microinstruction
register. The contents of the D delay register are compared with the source field
of the current microinstruction, If they are the same, the MPC doesn't stop to

wait until the data has first been sent to the destination, but simply gates the
destination bus data directly through the X selector to make immediate use of it,
while simultaneously gating it to its destination, Likewise, the D delay register
is compared to the D field of the current microinstruction. If both are designat-
ing the same address in the accumulator stack, the MPC gates the contents of the
destination bus directly through the accumulator selector. This is necessary,
because most microinstructions use the D-field for designating one of the four
accumulator stack registers (Ag - 3) as one of the operand sources, as well as for
designating the destination of the result,

3-33. The 16-bit condition register (CR) defines the status of arithmetic oper-
ations as shown in figure 3-5. Status is loaded into the condition register when
specified by a microinstruction with F = 2 through 7 and save status bit set (M-
field bit 3 = 1). Bits 0-7 of the condition register load directly from the desti-
nation bus. Bits 8-15 load through the CR selector and may be data from the desti-
nation bus or may be arithmetic status bits.

3-34. The 16-bit MPC source selector is the main path for MPC data to be placed on
the source bus, Its output is gated to the bus when one of its inputs is desig-
nated by the microinstruction S field. It selects inputs as follows:

1) Selector control bits = 00: Discrete bits per table 3-7

2) Selector control bits = 0l: Panel Selector

3-13
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Address

(Octal)

00
01
02
03
04
05
06
07
10
11
12
13
14
15
16
17
20
21
22
23
24
25
26
27
30
31
32
33
34
35
36
37

Table 3-4.

Contents

(Octal)

167
267
377
377
156
166
167
167
166
166
164
164
167
167
167
167
176
176
174
174
177
177
277
277
337
337
357
357
373
373
376
376

FUNCTION

TRANSFER DESTINATION
TRANSFER DESTINATION
JUMP

JUMP

ADD SOURCE 2

ADD SOURCE 2

SHIFT
SHIFT

ADD SOURCE
ADD SOURCE
SUBTRACT
SUBTRACT
LOGIC 1
LOGIC 1
LOGIC 2
LOGIC 2
ADD K
ADD K
SUBTRACT
SUBTRACT
TRANSFER
TRANSFER
TRANSFER
TRANSFER
BRANCH
BRANCH
MICRO CONTROL
MICRO CONTROL
REPEAT
REPEAT
EMULATE
EMULATE

-

TO D1
TO D1
TO D2
TO D2

RARARRARRA

Microcode for Command Generator ROM Chip U03

1
2

BIT SIGNIFICANCE

27 [28 125 |24 [23 |22 |21 [20
0=> Arith Mode
0>Complement 'Addr OP
0> F= Repeat' (F=16)
1> F = 01, 10-17
0> Micro Control (F=15)
02 Branch (£f=14)
0> Dest 2
02> Dest 1
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Address

(Octal)

00
01
02
03
04
05
06
07
10
11
12
13
14
15
16
17
20
21
22
23
24
25
26
27
30
31
32
33
34
35
36
37

Table 3-5. Microcode for Command Generator ROM Chip UO6

Contents

(Octal)

177
277
176
276
373
373
373
373
277
277
237
257
174
174
175
175
177
177
137
157
177
177
137
137
167
167
167
167
167
167
167
167

Function

TRANSFER NORMAL S2
TRANSFER REVERSE S1
TRANSFER REVERSE S2
JUMP
JUMP
JUMP

TRANSFER NORMAL S1 }
f

£f=1

JUMP

2 2 2 2 2 2

D 4 1,3 1,2 1 0

ADD S2 NORMAL
ADD S2 NORMAL
ADD S2 + 0O
ADD S2 -1
SHIFT LEFT
SHIFT LEFT
SHIFT RIGHT

ADD S1 NORMAL
ADD S1 +0

L o= ALU so
0> ALU S1

0> BRANCH

O=>Logic Sel

O0=>Force ACC to -1

0> Force ACC = 0

0> Source 2

ADD S1 -1
SUB NORMAL

0> Source 1

SUB“NORMAL
SUB FROM 0
SUB FROM O
LOGIC 1

LOGIC
LOGIC
LOGIC
LOGIC
LOGIC
LOGIC
LOGIC

}
}
ADD S1 NORMAL }
j
)
j

NN -

(Reference: Vol. 2, Fig. 9-38)
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Table 3-6. Microcode for Command Generator ROM Chip UO04

Address ) Contents
(Octal) (Octal) Function
00 125 MULTIPLY SINGLE
01 234 DIVIDE SINGLE
02 345 MULTIPLY DOUBLE 2
03 250 DIVIDE DOUBLE 2 BIT SIGNIFICANCE
04 374 SQUARE ROOT 2 (When = 0)
05 343 " CORDIC PRESCALE 2 e B B By AR my S
06 377 VECTOR 2 AND 3 (57 22[25] 29 3 2212112(’{
07 377 ROTATE 2 AND 3 3 ’ S
10 (o} f ’ { ALU Sg
12 121 MULTIPLY DOUBLE 1 . i . LALU Sy
13 334 DIVIDE DOUBLE 1 ; | o
14 274 SQUARE ROOT 1 ; i | SHF SEL Sg
15 363 CORDIC PRESCALE 2 b j '
16 367 VECTOR 1 : SHF SELECT Sj
17 333 ROTATE 1 :
20 25 MULTIPLY SINGLE LAST . |HOLD
21 237 DIVIDE SINGLE LAST : P s
22 345 MULTIPLY DOUBLE 2 LAST TRANSFER
23 253 DIVIDE DOUBLE 2 LAST
24 377 SQUARE ROOT 2 LAST . |DIVIDE
25 343 PRESCALE 2 LAST 5 -
26 . 377 VECTOR 2 AND 3 LAST  |MULTIPLY
27 377 ROTATE 2 AND 3 LAST '
gg g (Reference: Vol. 2, Fig, 9-21)
32 121 MULTIPLY DOUBLE 1 LAST
33 337 DIVIDE DOUBLE 1 LAST
34 277 SQUARE ROOT 1 LAST
35 363 PRESCALE 1 LAST
36 367 VECTIOR 1 LAST

37 373 ROTATE 1 LAST



F P

i —

v -

]
I 14 13 12 11 10 9 e 7 6 5 1 3 2 0
Bits 7-0 of the destination bus
Previous stalus zero: if an instruction
. specifies Save Status, transfer bit 13 to
bit O befove uvpdating bit 13
- o Greater than: if an instruction specifics Save

211 () 2le_) 9

9

Status, generate the value of bit 9 according to
the previous countents of bits 10 and 11,

Carry s

ave:

caxrry out of the MSD of the ADDER

Trinsferss ¢

Sign of X register: cguals bit 2,5 of Sourvce for Adds and
quals bit 2q5-°f Source for Subtracts

b o om et e e e

.. St s
Sigm of #CC yeuis

t A

RPN

—

Bit 13 set means ADDER

=0

Complencnt. of the sign of the ADDER 21a

Shift save

Figure 3-5,

Condition Register Format

3-17




Table 3-7., Discrete Bit Inputs to MPC Source Selector

BIT INPUT
0 Display Number Indicator Switch O
1 Display Number Indicator Switch 1
2 | Display Number Indicator Switch 2
3 Display Number Indicator Switch 3
4 Alter Mode Switch
5 I/0 Active Signal
6 General Register Select Indicator Switch
7 Instruction Register Select Indicator Switch
8 Normalize 20 Signal )
9 Normalize 2l Signal
10 Normalize 22 Signal F’ Shift Count
11 ‘ Normalize 23 Signal
12 Normalize 24 Signal
13 Normalize 25 Signal _J
14 Not used
15 Not used

3) Selector control bits = 10: Condition Register
4) Selector control bits = 11: Micro P Hold Register (bits 12 to 15 = 0).

3-35. The master clear (also called master reset) circuits generate the master
clear signal from two sources: the MASTER CLEAR switch on the maintenance console,
and the power supply. When in Normal (Run) mode, the only effect of the MASTER
CLEAR switch is to clear the fault indicators. The power supply monitors the +5
Vdc output and generates a master clear signal if the voltage falls below tolerance.
When powering up, the signal is generated to produce an initial clear until the
+5 Vdc output reaches its normal operating voltage. The master clear signal sets
most of the registers and flip-flops to an initial condition and causes the MPC

to enter the micro program at micro memory address 0000 to begin an Initialize
subroutine, or to enter the diagnostic subroutine if the diagnostic jump switch is

up.
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3-36. Figure 3-6 is & simplified diagram of the master olvoh .o o0
duce a series of timing pulses called the phase early (P} and eoomrrmal
pulses, which are used throughout the DPS. Their frequency and dur:tiun depend on
the selected delay line taps. Figure 3-7 shows the spproximste - iationships
of the various elements within the master clock. The clock oy A
150 nsec. The fPe pulse and the @n pulse each have a duration of apvracl
nsec,

3-37. HRepeat Control. The repeat control section is concev
microinstructions (function code = 16) which require the o
microprogram subrcutines. The section consists of a cycie
tion couni hold register, an instructicn counter, and & cumps.
microinstructions, the D-field acts as & secondary functisz co
F, codes 0-7, the S & M fields combined are called the K-field
count, which the MPC loads into the cycle counter. The instruciic
ated by hardware. For Fo codes above 7, the cycle counter wusi i
previous instruction, and bits 0-3 of the K-field (the M-field)
for the microinstruction count hold register. The count spocif:
than the number of microinstructions to be repeated. The repeat » ingtruction
always sets the microinstruction counter to zero. As each microine trion in a
series is executed, the counter advances by one. When the counter sna the micro-
instruction count hold register are equal, the cycle counter is incremented, the
microinstruction counter is reset to zero, and the address storad in the micre P
hold register is loaded into micro P to repeat the series. The series repeats until
terminated by the cycle counter.

ol e depeat

LR
31

0%
instruc-
repeat

1 ¥ the cycle
et 15 gener—

d by o«

rhe count

ke one less
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Reference Volume 2, figure 9-7.

Figuie 3-6. Master Clock Block Diagram
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Figure 3-7. Master Clock Timing

3-38. 12-bit cycle counter is loaded through the micro P address selector., It
initially receives the complement of the cycle count, and advances by one each
cycle until it fills and generates a terminal count signal., It can also be used
for other functions, with the micro control (F = 15) microinstruction providing

- control to advance the counter. The microinstruction counter and microinstruction
count hold register each contain four bits, The count hold register receives its
input from the repeat selector, which transmits the M-field when F2 is greater

than 7, or generates an instruction count when Fo is O to 7. The instruction count
comparator compares the count of the counter and the count hold register,

3-39. Arithmetic. The arithmetic section performs most of the arithmetic and logic
functions of the DPS., Arithmetic control is scattered throughout the logic schem-
atics, but mostly appears on figures 9-37 and 9-38. The following paragraphs de-
scribe the major elements of the arithmetic section and their functions,

3-40. The arithmetic section contains two scratch pad memory stacks. One is
called the ALU file and contains registers Agp through A7. The other is called the
accumulator stack and contains four registers which are duplicates of Ay through
A3. When the specified destination of an operand is one of registers Ag through
A3, it is stored in both the ALU file and the accumulator stack. Data can be
written into and read from different addresses of the stacks simultaneously. Both
are loaded from the destination bus. Data from the ALU file is placed on the
source bus, Data read from the accumulator stack is gated into ‘the accumulator

3-20



register via the accumulator selector. The D-field in most microinstructions,
besides designating the destination for the result, also designates one of the
registers Ag through Ag as the accumulator source.

3-41. The accumulator register and X register provide the inputs to the ALU., They,
in turn, receive their inputs from the accumulator selector and the X selector,

The usual source for the accumulator selector is the accumulator stack (Ap - A3).
The usual source for the X selector is the source register. Both selectors some-
times use the data from the destinaticn bus, the X selector when S = D and the
accumulator when destination = accumulator, as described in paragraph 3-32.

3-42, The heart of the arithmetic section is the arithmetic/logic unit (called the
ALU chips and accompanying carry look-ahead chips are described in paragraphs 3-
and 3-

3-43. The ALU output passes through the shifi selector, which is capable of shift-
ing the result as shown in table 3-8. A shift source selector determines the input
to bit 15 on right shifts and to bit O on left shifts, The shift selector handles
the shifting required for most of the complex arithmetic functions, such as divide,
square root, etc. High speed multiply circuits in the processor/emulator perform
the multiply function and a high speed shift matrix performs the shift function.
The ALU output through the shift selector goes to the destination bus. Note that
this is the only input to the destination bus and, therefore, is always on the bus
and is the only data on the bus.

3-44. Display Control, The MPC contains a microprogram subroutine that controls
the control panel display function through the display control circuits., The dis-
play subroutine begins at micro memory address 214g. It is entered automatically
whenever the computer is not in the Kun mode, and thus permits manual manipulation
of registers whenever the DPS is not performing instructions, Chapter 2 lists the
displayable registers and gives the procedures for displaying and changing them,
The display indicator switches on the maintenance panel constantly display the con-
tents of the 16-bit display register through the display bus. The register to be
displayed is selected by means of the MICRO ADRS, MICRO INSTR, NORM DSPL, GENL DSPL,
INSTR REG, GENL REG, and DSPL NUMBER indicator switches on the maintenance panel,
These indicator switches appear on figure 9-24 and 9-55 of the logic schematics in
Volume 2. The microprogram loads the contents of the selected register into the
display register through the panel selector. When the contents of the display
register indicator switches on the panel are manually changed, the microprogram
reads the change from the display bus through the panel selector onto the source
bus and changes the contents of the actual register. The gating of the panel
selector is shown below. The micro address selector and the micro P register have
only 12 bits., When the micro P register is gated, the upper four bits are gated as
zero's, When the micro address selector is gated, bits 12 to 15 are added from the
source bus, This permits this path to be used for transferring source bus data to
the display register,

1) Selector control bits = 00: Display bus
2) Selector control bits = 01: Micro address selector

3) Selector control bits = 10: Microinstruction register

I

4) Selector control bits = 11: Micro P register



3-45, PROCESSOR/EMULATOR. The processor/emulator operates with the program of
macroinstructions. For each instruction, it generates an emulator control word
(ECW) which causes the MPC to enter the proper microprogram subroutine and to issue
the proper control signals for performing the macroinstruction. The processor/
emulator contains general registers, a program status section, and high speed shift
and multiply circuits, all of which augment the general purpose MPC and combine with
it to efficiently perform the tasks required of the Data Processing Set. Figure

3-8 is a detailed block diagram of the processor/emulator. The following para-
graphs describe its major sections and subsections.

3-46. Function Control, The function control section translates the macroinstruc-
tions and generates control signals that function together with the MPC and its

. microprogram to control the DPS, It consists of the instruction register (IR), the
ECW stack, the emulate control circuits, and the IR selector.

3-47. The 16-bit instruction register holds the macroinstruction that is currently

being executed. It receives the instruction from main memory via the memory inter-

face section and the source bus. (See Chapter 2 and Appendix B for descriptions of

the macroinstructions and the instruction word formats.) A comparator circuit moni-
tors the A and M fields and, when equal, generates a signal used for the F = 14,

F9 = 12 Branch microinstruction,

3-48, The emulator control word stack is a ROM containing 256 16-bit words. The
upper eight bits of the macroinstruction word (six-bit operation code and two-bit
format code) address it, At each address, it contains an emulator control word
(ECW) peculiar to that instruction. The last portion of the microprogram listing
in Appendix C is a listing of the ECW stack contents. Figure 3-9 shows the ECW
format. The lower nine bits of each ECW word are called the address pointer and
are sent to the MPC as the starting address of a microprogram subroutine, Bits 1
through 4 of the address pointer can be modified by the macroinstruction m-field
(IRg-3) through four gates appearing on figure 9-66. The unary macroinstructions
use the m-field as a secondary operation code. Modifying the address pointer
permits starting at different microprogram addresses for each code. ECW bits 9
through 12 are called the Unary, Overlap, Interim and Modify pointers, respectively.
The Unary pointer, when both it and the Modify bit are zero, signifies a Unary
.macroinstruction, and one of its functions is to enable the ECW address pointer to
be modified by the m-field. When the Modify pointer is one, the primary purpose

of the Unary pointer is to enable or inhibit the next instruction write function,
The Overlap peointer, when equal to one, permits overlap of macroinstructions, It
enables the next macroinstruction to be read from main memory early, without wait-
ing for completion of the microprogram subroutine, and enables the setting of a
next instruction resident (NIR) control bit, which signifies that the next macro-
instruction is already available. The Interim pointer is coded into the ECW word
for RK and RX format macroinstructions. These are double length instructions and
require an interim memory reference to obtain the second half of the instruction
word., The Modify pointer, when zero, combines with the Unary pointer to enable

the address pointer to be modified by the m-field. When equal to one, it signifies
the RI and RX format macroinstructions, which require an additional memory reference
to fetch or store an operand. The upper three bits of the ECW word are the Memory
Mode pointers and are interpreted as shown in figure 3-9. Note that bit 13 is the
Read/Write bit, signifying read mode when zero and write mode when equal to one.

On I/0 sequences, memory mode pointer bits are generated according to IOC conditions
and the ECW memory mode pointers are disabled.
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Table 3-8. ALU Shift Selector Functions
SELECTOR CONTROL BITS FUNCTION
00 No Shift
01 Byte Shift (8 Places Circular)
10 Shift Right One Place
11 Shift Left One Place
MODIFY
INTERIM
OVERLAP
UNARY
1511413112411t 10} 9t 8¢ 716} 51413121140
M I O U | Emulation Pointer Address
0000 - RR Unary; modify ECW pointer by m; no overlap
0001 - RR; no overlap
0010 - RR Unary; modify ECW pointer by m; overlap
‘0011 - RR; overlap
0100 - RK Unary; modify ECW pointer by m; no overlap
0101 - RK; no overlap
0110 - RK Unary; modify ECW pointer by m; overlap
0111 - RK; overlap
1000 - RI; Inhibit next instruction write
1001 - RI; Enable next instruction write
1010 - RI; Branch direct from Branch 1
1011 - RI; Branch direct from Branch 1
1100 - RX; Inhibit next instruction write
1101 ~ RX; Enable next instruction write
1110 - RX; Inhibit indexing; inhibit next instruction write
1111 - RX; Inhibit indexing; enable next instruction write
Memory Mode
000 -~ Read word
001 - Write word
010 - Read odd word
011 - Write odd word
100 - Read split cycle
101 - Write zeros <
110 -~ Read byte
111 - Write byte
Figure 3-9., Emulator Control Word (ECW) Format
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3-49. The emulate control circuits provide the hardwired control logic that func-
tions together with the MPC and its microprogram to control the operation of the
DPS. Emulate control circuits are scattered throughout the logic schematics but
are mainly found on figures 9-62 through 9-65. For help in understanding these
control circuits, refer to the functional operation description starting at para-
graph 3- . Micro address generator circuits located on figure 9-63 generate the
addresses of fixed microprogram subroutines (see table 3-2). These addresses are
generally called interrupt addresses and interim addresses. They are placed on a
common bus with similar addresses from the IOC (figure 9-201) and are sent to the
micro address selector in the MPC.

3-50. The IR selector, when its output gates are enabled, places one of four inputs
onto the source bus as follows:

1) Selector control bits = 00: IR (Instruction Regq)

01: IR lower byte, sign extended

2) Selector control bits

10: CORDIC table from NDRO

1

3) Selector control bits
4) Selector control bits = 11: General Register

3-51. General Registers. The general register section contains the general reg-
isters, the SGR, and the SGR selector. A general register stack consists of sixteen
16-bit registers. For the optional second set of general registers, a type 5520 card
is used at location 12C instead of the type 5510. The second set is enabled when

bit 14 of status register #1 is set. When a register is enabled and is addressed by
the SGR register, it becomes active; that is, its contents appear on the stack out-
put lines, and it is capable of being loaded. The general registers receive data
directly from the destination bus; their output is placed on the source bus via

the IR selector.

3-52. The 4-bit SGR register holds the general register address. It can be indre-
mented by one each clock pulse. The 4-bit SGR selector selects one of four inputs
to load into the SGR register as follows:

1) Selector control bits = 00: IR A-field

0l: IR A-field with lower bit clear

2) Selector control bits

I

3) Selector control bits = 10: IR M-field with lower bit clear

4) Selector control bits = 11: Lower four bits from source bus

3-53. Program Status Section., The program status section contains two status
registers, the real time clock and monitor clock, the PSW selector, and the inter-
rupt control circuits. .

3-54. Status register #]1 and status register #2 are 16-bit registers for storing
program status information. Except for several bits, their setting and clearing

is a program responsibility. They can be set and cleared using the unary control
macroinstruction (Op Code 03). They receive their input from the destination bus.
Figure 3-10 shows the significance of the bits in status register #1. Bits 1-3,
when set, permit the honoring of interrupts of their assigned class; when cleared,
they prevent the honoring of interrupts of their class. Bit 4 is used with the DMA
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N

I

0 DMA locked out
1 DMA enabled

Interrupt lockout designators:
bit 1 = Class III

bit 2 = Class II

bit 3 = Class 1

A bit cleared means the inter-
rupts in that class are locked
out.

Il

1l

Not used

Not used -

Condition code designator; the condition of these
bits specifies the result of arithmetic and compare
instructions as shown in table 3-9.

Overflow designator; this bit sets when an arithmetic
or shift operation produces a result which requires
more bits than provided in the register,

Carry designator; this bit sets when an arithmetic
operation generates a carry out of the most
significant bit in the register,

NDRO Mode: The condition of this bit shall select
access to NDRC memory. '

Bit 12 = 0, selects NDRO for addresses 00-77 and 300-477
Bit 12 = 1, selects main memory for addresses 00-77 and 300-477

ot used

0=2G
1=¢G

eneral Register set 0 (standard set)
eneral Register set 1 (optional set)

Not used

Figure 3-10. Status Register #1 Format
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(direct memory access) option; when cleared it disables the DMA port to prevent the
external device from gaining access to the main memory, Bits 5-7 are unassigned.
Bits 8 and 9 (condition code designators), bit 10 (overflow designator), and bit 11
(carry designator) are capable of being set and cleared automatically as a result
of arithmetic operations., See Table 3-9 for the significance of the condition code
designators, Bit 12, when cleared, permits referencing the NDRO memory. Bit 14
selects the general register stack to be used. Bits 13 and 15 are unassigned.
Figure 3-11 shows the significance assigned to the bits of status register #2,

Bits 0-3 are unassigned. Bits 4-7 are assigned to the memory resume error, and
show which 1K (1024 word) stack of main memory failed to respond. Bits 8-15 con-
trol the use of four general registers for direct or indirect addressing.

3-55. The real-time clock (RTC) register is a 32-bit register divided into two
16-bit registers designated RTC Upper and RTC Lower. It operates in conjunction
with an internal oscillator or an external clock signal. The register can be
loaded and its incrementing can be enabled and disabled under program control by
means of the unary control macroinstruction (Op Code 03). It receives its input
from the destination bus. When enabled, the register increments by one at each
pulse from the oscillator, and generates the RTC overflow interrupt if the con-
tents of RTC Lower change from all ones to all zeros (i.e., reach its maximum
count). The internal RTC oscillator frequency is 1000 Hz. The external clock
frequency can be from O to 50 KHz; its interface voltage must be Ov to -3v.

Table 3-9., Condition Code Designator Functions

CONDITION CODE FUNCTION

Id
Bit Value Arithmetic Operation Compare Operation

8 0 Zero Equal
8 1 Not zero Not equal
9 0 Positive R =R orY
a m
9 1 Negative R< R orY
a m
COMBINED VALUE
Bit 9 Bit 8
0 0 Zero R =P orY
a m )
0 1 Not zero and positive RA:> Rm or Y
1 0 Not used Not used
1 1 Not zero and negative Ra<i Rm or Y
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3-56. The monitor clock register (also called interrupt clock register) is mainly
used for monitoring the response time of peripheral devices for the IOC. It may
be loaded and enabled by the Unary macroinstruction (Op Code 03). It is loaded
from the IOC output data register, and decrements at the same frequency (internal
or external) as selected for the RTC register. When operated on the internal
clock (1000 Hz) the value of the least significant bit (LSB) is one msec, and a
full 16-bit value is 65,536 seconds. When the contents of the register reaches
zero, the Monitor Clock interrupt is generated.

3-57. The program status word (PSW) selector selects an output to gate onto the
source bus as follows:

1) Selector control bits = 00: RTC upper

1l

2) Selector control bits = 0l: Status register #1

1

3) Selector control bits 10: Status register #2

4) Selector control bits = 11: RTC lower

3-58. The interrupt control circuits initiate the processing of an interrupt and
cause the micro address generator (para 3-49) to send the MPC the starting address

of a microprogram subroutine for handling the interrupt (see table 3-2)., Inter-
rupts are divided into three classes with decreasing priority as follows: Class I,
class II, and class III. Interrupts within a class are also assigned priority

as shown in Table 3-10. The code assigned to the honored interrupt is placed onto
the source bus through the I/0 selector, figures 9-222 through 9-225. When an
interrupt is honored, its class and all classes of a lower priority are locked out
until released by the processor macroprogram. A higher priority class will inter-
rupt a lower priority class unless it has been locked out by the program. An
interrupt class (except power fault interrupt and CP instruction fault interrupt)

can be enabled or locked out by the associated interrupt lockout designator in status
register #1 (figure 3-10). The programmer, therefore, has complete control over the
processing of interrupts. The power up master clear (initial master clear) clears
the lockout bits in the status register, thus disabling most interrupts until the
program is ready to handle them. The program, when ready, must execute a Load

Status Reg #1 macroinstruction (Op Code 03, n = 5) to enable them. Processing of

an interrupt consists of storing pertinent data to allow resuming normal macroprogram
operation from point of interruption and then transferring control to a macroprogram
subroutine to process the interrupt. Eight main memory references are required
before transferring control to the interrupt subroutine. Addressing for the eight
memory references is shown in figure 3-12. These eight addresses are not loaded
into the P register but directly into the memory address register (MAR). When the
eight memory references are completed, the contents of the P register, which now
contains the address of the first instruction of the interrupt subroutine, are

loaded into MAR to start executing the interrupt subroutine. Following is a step-by-
step description of the interrupt process. ‘

1. Terminate the current program sequence and lockout all interrupts during
steps 2 through 3.

2. Store the contents of the P register, status registers #1 and #2, and the
lower RTC register at assigned main memory addresses (figure 3-12).
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Table 3-10. Interrupt Priority

CLASS

PRIORITY
WITHIN
CLASS

INTERRUPT

INTERRUPT
CODE
(BINARY)

CLASS I

Hardware
Errors

1

2%

POWER FAULT - Generated by an out of tolerance
voltage condition, (Wo lockout)

MEMORY RESUME « Generated when the main memory
fails to acknowledge a request within 12 usec.

000

001

CLASS II

Program
Interrupts

1%

2%

L%

CP INSTRUCTION FAULT - Generated when the
processor attempts to execute an instruction
with an unused operation code, an operation
code 00, or an operation code 7X. (No lockout)

IOC INSTRUCTION FAULT - Generated when the
IOC attempts to execute an instruction with
an unused operation code or any operation
code other than 7X.

Unassigned

EXECUTIVE RETURN - Generated when the comﬁuter
executes the 03 RR, m = 0 instruction.

RTC OVERFLOW -~ Generated when the contents of
the RTC lower register (bits 0-15) increments
from all ones to all zeros.

MONITOR CLOCK - Generated when the contents
of the monitor clock register equals zero.

000

001

010
011

100

101

CLASS III

I/0
Interrupts

INTERCOMPUTER (IC) TIME OUT - Generated in
the transmitting computer when the receiving
computer fails to accept a data word from the
transmitting computer and return a resume
signal within the allotted time,

EXTERNAL INTERRUPT - Generated when the com-
puter has stored an external interrupt word
or, if serial interface (except NTDS), gen-
erated for a discrete interrupt.

OUTPUT CHAIN (Output Monitor Interrupt) -
Generated when the IOC executes the 73 RR,
a = 1 (Chain Interrupt) instruction from an
output chain,

INPUT CHAIN (Input Monitor Interrupt) - Gen-
erated when the IOC executes the 73 RR, a = 1
(Chain Interrupt) instruction from an input
chain,

11

00

10

01

* If the class lockout

is set when this condition is generated, the DPS

stop at completion of the macroinstruction currently being executed,

will

3-31




15 € > 817 615141} 31} 2 1410
000 = STORAGE FOR P
001 = STORAGE FOR STATUS #1
010 = STORAGE FOR STATUS #2
011 = STORAGE FOR RTC LOWER
100 = LOAD P
101 = LOAD STATUS #1
110 = LOAD STATUS #2
111 = STORAGE FOR RTC UPPFR
001 = CLASS III INTERRUPT
010 = CLASS II INTERRUPT
011 = CLASS I INTERRUPT
001
ALL ZEROS
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3. Load the P register with the interrupt entrance address. For class I and II
interrupts, the entrance address is the sum of the contents of the Load P address
from main memory and the index shown in figure 3-13. For class III interrupts, the
index shown in figure 3-14 is added to the contents of the Load P address to form the
entrance address.

4, Load status registers #1 and #2 with the contents of the assigned memory
addresses,

5. Store the contents of the upper RTC register at its assigned memory address.
6. Enable honoring of any interrupts not locked out.
7. Execute the instruction at the interrupt entrance address.

3-59. High Speed Shift and Multiply Section. This section is dedicated to per-
forming the shift and multiply functions for the DPS, including the functions of
the Unary Shift macroinstruction (Op Code 04, RR). It performs these functions
faster than possible in the arithmetic circuits of the MPC. A descripticn of its
main subsections follows.

3-60, Rj and R, are also called shift register upper and shift register lower,
respectively. %hey are the input registers for the high speed shift and multiply
section, They receive their data directly from the destination bus. They have
the capability of shifting their contents left or right one place when needed for
arithmetic operations. The upper and lower selectors determine the nature of the
input into their portion of the shift matrix, as required for circular, sign-fill,
or zero-fill shifts. A ROM chip in the shift matrix control circuits (09, figure
9-39) is addressed according to the shift count and type of operation, and issues
the signals to control each selector, Table 3-11 shows the contents of this chip.
Both selectors operate as follows;

1) Selector control bits = 00: Insert zeros into matrix

2) Selector control bits = Ol: Insert sign into matrix

3) Selector control bits = 10:  Insert Rg into matrix
4) Selector control bits = 11: Inmsert R, into matrix

3-61. The shift matrix has two ranks. Rank 1 shifts the data to the right 0, 4,

8, or 12 places; rank 2 shifts right 0, 1, 2, or 3 places., The two ranks together
can shift any number of places from O to 15. They accomplish left shifts by shift-
ing the complementary number of places right. A ROM chip in the shift matrix
control circuits (24, figure 9-40) is addressed according to the type of shift

and the shift count, and issues ti.c signals to control each rank. Table 3-12 shows
the contents of this chip. The output of the shift matrix is placed onto the source
bus through gates appearing on figures 9-33 through 9-36. When performing the
optional CORDIC functions, the count in the shift counter of the shift control cir-
cuits forms an address for referencing the CORDIC tables in NDRO memory.

3-62, The fast shift and multiply section performs multiplication two bits at a
time under the control of a multiply subroutine in the microprogram, Basically,
the operations involved in the multiply are as follows:

1) Multiplier - Ro reg; clear partial product reg.
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0
VALUE OF THE INTERRUPT CODE AS
SPECIFIED IN TABLE 3-10
ALL ZEROS

Figure 3-13. Class I and II Interrupt Entrance Address Index
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0
VALUE OF THE INTERRUPT CODE AS
SPECIFIED IN TABLE 3-10
I/0 CHANNEL NUMBER
ALL ZEROS

Figure 3-14. Class III Interrupt Entrance Address Index
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Table 3-11. Microcode for Shift Control ROM 09

PROGRAM CHIP PROGRAM CHIP

ADDRESS ADDRESS CHIP ~ ADDRESS ADDRESS CHIP

(OCTAL) (DECIMAL) DATA (OCTAL) (DECIMAL) DATA
000 0 1110 060 48 1010
001 1 1111 061 49 1010
002 2 1011 062 50 1010
003 3 1010 063 51 1010
004 4 1110 064 52 0110
005 5 1111 065 53 0101
006 6 1011 066 54 0101
007 7 1010 067 55 0101
010 8 1011 070 56 1111
011 9 1010 071 57 1111
012 10 1110 072 58 1111
013 11 1111 073 59 1111
014 12 1011 074 60 1111
015 13 1010 075 61 1111
016 14 1110 076 62 0111
017 15 1111 077 63 0101
020 16 0000 100 64 0000
021 17 0000 101 65 0000
022 18 0000 102 66 0000
023 19 0000 103 67 0000
024 20 0000 104 68 0011
025 21 0000 105 69 0011
026 22 1000 106 70 1110
027 23 1010 107 71 1110
030 24 0000 110 72 0000
031 25 0000 111 73 0000
032 26 0000 112 74 0000
033 27 0000 113 75 0000
034 28 1000 114 76 0000
035 29 1010 115 77 0000
036 30 1110 116 78 0011
037 31 1111 117 79 0011
040 32 1111 120 80 0101
041 33 1111 121 81 0101
042 34 1111 122 82 0101
043 35 1111 123 83 0101
044 36 1111 124 84 0111
045 37 1111 125 85 0111
046 38 1111 126 86 1110
047 39 111 127 87 1110
050 40 0000 130 88 0101
051 41 0000 131 89 0101
052 42 0000 132 90 0101
053 43 0600 133 91 0101
054 44 0000 134 92 0101
055 45 0000 135 93 0101
056 46. 1100 136 94 0111
057 47 1111 137 95 0111
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Table 3-11.

Microcode for Shift Control ROM 09 (Cont)

IPROGRAM CHIP PROGRAM CHIP

ADDRESS ADDRESS CHIP ADDRESS ADDRESS CHIP

(OCTAL) (DECIMAL) DATA (OCTAL). (DECIMAL) DATA
140 96 1011 220 144 0101
141 97 1011 221 145 0101
142 98 1110 222 146 0101
143 99 1110 223 147 0111
144 100 1011 224 148 0111
145 101 1011 225 149 1110
146 102 1110 226 150 1110
147 103 1110 227 151 1000
150 104 1110 230 152 0101
151 105 1110 231 153 0101
152 106 1011 232 154 0101
153 107 1011 233 155 0101
154 108 1110 234 156 0101
155 109 1110 235 157 0111
156 110 1011 236 158 0111
157 111 1011 237 159 1110
160 112 1111 240 160 0111
161 113 1111 241 161 0111
162 114 1111 242 162 0111
163 115 1111 243 163 0111
164 116 1111 244 164 0111
165 117 1111 245 165 0111
166 118 1111 246 166 0111
167 119 1111 247 167 0111
170 120 0000 250 168 0000
171 121 0000 251 169 0000
172 122 0000 252 170 0000
173 123 0000 253 171 0000
174 124 0000 254 172 0000
175 125 0000 255 173 0000
176 126 0000 256 174 0000
177 127 0000 257 175 0000
200 128 0000 260 176 0000
201 129 0000 261 177 0000
202 130 0000 262 178 0000
203 131 0011 263 179 0000
204 132 0011 264 180 0000
205 133 1110 265 181 0000
206 134 1110 266 182 0000
207 135 1000 267 183 0000
210 136 0000 270 184 0000
211 137 0000 271 185 0000
212 138 0000 272 186 0000
213 139 0000 273 187 0000
214 140 0000 - 274 188 0000
215 141 0011 275 189 0000
216 142 0011 276 190 0000
217 143 1110 277 191 0000
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Table 3-11. Microcode for Shift Control ROM 09 (Cont)
PROGRAM CHIP PROGRAM CHIP
ADDRESS ADDRESS CHIP ADDRESS ADDRESS CHIP
(OCTAL) (DECIMAL) DATA (OCTAL) (DECIMAL) DATA
300 192 0111 360 240 0000
301 193 0111 361 241 0000
302 194 0111 362 242 0000
303 195 0111 363 243 0000
304 196 0111 364 244 0000
305 197 0111 365 245 0000
306 198 0111 366 246 0000
307 199 0111 367 247 0000
310 200 0101 370 248 0000
311 201 0101 371 249 0000
312 202 0101 372 250 0000
313 203 0101 373 251 0000
314 204 0101 374 252 0000
315 205 0101 375 253 0000
316 206 0110 376 254 0000
317 207 0110 377 255 0000
320 208 0000
321 209 0000
322 210 0000
323 211 0000
324 212 0000
325 213 0000
326 214 0000
327 215 0000
330 216 0000
331 217 0000
332 218 0000
333 219 0000
334 220 0000
335 221 0000
336 222 0000
337 223 0000
" 340 224 1110
341 225 1110
342 226 0000
343 227 0000
344 228 0000
345 229 0000
346 230 1000
347 231 0010
350 232 0111
351 233 0111
352 234 0000
353 235 0000
354 236 1000
355 237 1110
356 238 1110
357 239 0011
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Table 3-12. Microcode for Shift Control ROM 24

PROGRAM CHIP PROGRAM CHIP

ADDRESS ADDRESS CHIP ADDRESS ADDRESS CHIP

(OCTAL) (DECIMAL) DATA (OCTAL) (DECIMAL) DATA
400 0 0001 460 48 0000
401 1 0010 461 49 0000
402 2 0011 462 50 0000
403 3 0100 463 51 0000
404 4 0101 464 52 0000
405 5 0110 465 53 0000
406 6 0111 466 54 0000
407 7 1000 467 55 0000
410 8 1001 470 56 0000
411 9 1010 471 57 0000
412 10 1011 472 58 0000
413 11 1100 473 59 0000
414 12 1101 474 60 0000
415 13 1110 475 61 0000
416 14 1111 476 62 0000
417 15 0000 477 63 0000
420 16 1111 500 64 0001
421 17 1110 501 65 0010
422 18 1101 502 66 0011
423 19 1100 503 67 0100
424 20 1011 504 68 0101
425 21 1010 505 69 0110
426 22 1001 506 70 0111
427 23 1000 507 71 1000
430 24 0111 510 72 1001
431 25 0110 511 73 1010
432 26 0101 512 74 1011
433 27 0100 513 75 1100
434 28 0011 514 76 1101
435 29 0010 515 77 1110
436 30 0001 516 8 1111
437 31 0000 517 79 0000
440 32 1110 520 80 1111
441 33 1101 521 81 1110
442 34 1100 522 82 1101
443 35 1011 523 83 1100
444 36 1010 524 84 1011
445 37 1001 525 85 1010
446 38 1000 526 86 1001
447 39 0111 527 87 1000
450 40 0110 530 88 0111
451 41 0101 531 89 0110
452 42 0100 532 90 0101
453 43 0011 533 91 0100
454 44 0010 534 92 0011
455 45 0001 535 93 0010
456 46 0000 536 94 0001
457 47 0000 537 95 0000
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Table 3-12. Microcode for Shift Control ROM 24 (Cont}

PROGRAM CHIP PROGRAM CHilP

ADDRESS ADDRESS CHIP ADDRESS ADDRESS CHLe

(OCTAL) (DECIMAL) DATA - (OCTAL) (DETIMALY TV
540 96 1110 620 144 a0y
541 97 1101 621 153 STEERY
542 98 1100 622 L46 oot
543 99 1011 623 147 4199
544 100 1010 624 148 JL0L
545 101 1001 625 149 9110
546 102 1000 626 150 0111
547 103 0111 627 151 1000
550 104 0110 630 152 1001
551 105 0101 631 153 1010
552 106 0100 632 154 1011
553 107 0011 633 155 1100
554 108 0010 634 156 1101
555 109 0001 635 157 1110
556 110 0000 636 158 1111
557 111 1111 657 159 0000
560 112 0011 640 160 0000
561 113 0100 641 161 0001
562 114 0110 642 162 0010
563 115 1011 643 163 0011
564 116 0011 644 164 0100
565 117 1011 645 165 0101
566 118 1001 646 166 0110
567 119 1010 647 167 0111
570 120 1110 650 168 1000
571 121 0000 651 169 1001
572 122 0000 652 170 1010
573 123 0000 653 171 1011
574 124 0000 654 172 1100
575 125 0000 655 173 1101
576 126 0000 656 174 1110
577 127 0000 - 657 175 1111
600 128 1111 660 176 0001
601 129 1110 661 177 0010
602 130 1101 662 178 0011
603 131 1100 663 179 0100
604 132 1011 664 180 0101
605 133 1010 665 181 0110
606 134 1001 666 182 0111
607 135 1000 667 183 1000
610 136 0111 670 184 1001
611 137 0110 671 185 1010
612 138 0101 672 186 ' 1011
613 139 0100 673 187 1100
614 140 0011 674 188 1101
615 141 00190 675 189 1110
616 142 0001 676 190 1111
617 143 0000 677 191 0000
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Table 3-12. Microcode for Shift Control ROM 24 (Cont)
PROGRAM CHIP PROGRAM CHIP
ADDRESS ADDRESS CHIP ADDRESS ADDRESS CHIP
(OCTAL) (DECIMAL) DATA (OCTAL) (DECIMAL) DATA
700 192 0100 760 240 0100
701 193 1000 761 241 1000
702 194 1100 762 242 1100
703 195 0000 763 243 0000
704 196 0100 764 244 0100
705 197 1000 765 245 1000
706 198 1100 766 246 1100
707 199 0000 767 247 0000
710 200 0100 77C 248 0100
711 201 1000 771 249 1000
712 202 1100 772 250 1100
713 203 0000 773 251 0000
714 204 0100 774 252 0100
715 205 1000 775 253 1000
716 206 1100 776 254 1100
717 207 0000 777 255 0000
720 208 1100
721 209 1000
722 210 0100
723 211 0000
724 212 1100
725 213 1000
726 214 0100
727 215 0000
730 216 1100
731 217 1000
732 218 0100
733 219 0000
734 220 1100
735 221 1000
736 222 0100
737 223 0000
740 224 1011
741 225 0111
742 226 0011
743 227 1111
744 228 1011
745 229 0111
746 230 0011
747 231 1111
750 232 1011
751 233 0111
752 234 0011
753 235 1111
754 236 1011
755 237 0111
756 238 0011
757 239 1111
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2) R, (multiplier) » feed reg.; multiplicand — R2 reg.
J) Set cycle counter = 6 (to repeat 7 cycles).
4} Initiate Repeat.

3) Cycle 7 times (see figure 3-15). Each cycle looks st wiae [owor 2t gu Lhe
feed register (multiplier) and controls the adder and the ins oo vhn He
registey (multiplicand) into the adder as indicated in table 37!
the adder output is shifted right two places into the partial pr i
the two rightmost (least significant) bits are shifted ints thc 20 osignilicant
bit positions of the feed register. The feed register also shif:ts iLwo places right
so the following cycie can look at the next bits of the multiplier. Wnen the seven
cycles are completed, the least significant half of the product iu in the feed
register, and the most significant half is in the partial product regisior,

6) Store least significant half of product.
7) Store most significant half of product.
8) Set condition code.

3-63. 26, 27, and 30 of the multiply control circuits (figure 9-42) provide the
signals to control the inputs and functions of the multiply adder. The high speed
multiply uses the Sgp = 1 and S; = 1 selections. The S;Sp = 00 selection is used
for normalize (scale) and other arithmetic functions, if performed in this section.
A ROM chip (22, figure 9-42), addressed according to the type of shift and the
instruction count, issues other control signals. Table 3-14 shows the addressing
and the contents of this chip.

3-64, For the Scale Factor macroinstruction (04 RR, m = 3), normalize circuits
determine the position of the first significant bit in a word, develop a shift
count, and cause the word to be shifted accordingly. The word is placed into the
Ro register and sensed at the output of the multiply adder. The normalize de-
tectors sense zeros; therefore, if the word is positive it is complemented by the
multiply adder. The most significant 16 bits of double length words are checked
first, then the least significant 16 bits. Circuits appearing on figure 9-41
generate the shift count. Double length words require two passes. A flip-flop
stores whether or not a significant bit was detected in the first pass, and a 4-bit
register holds the shift count, if any, generated on the first pass. Bit 4 of the
generated shift count is low (active) only if normalization occurs on the second
pass (second half of the double length word). Bit 5 goes low (active) only if no
significant bit is detected in either pass, and produces a count of 1000000,. The
shift count is placed onto the source bus through the MPC source selector. The
count generated is one count high, so it is decremented by the microprogram. It

is then placed into the shift counter and the word is shifted left that many places
by the shift matrix to produce the normalized word.

3-65. MEMORY INTERFACE. Figure 3-16 is a block diagram of the memory interface
section., The memory interface transfers data to and from the main memory. It
divides into four main sections: memory adcress control, memory data interface,
memory control, and NDRO, The following paragraphs describe these sections &nd
their subsections.
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M ﬁ ML e e e eIl Clock

I ,I H=> Set RPT Active (MPY Control Sel SO, Fig. 9-42)

H=> RPT Active Delayed (MPY

I 7 Cycles Control Sel S1, Fig. 9-42)

Figure 3-15, Multiply Timing

Table 3-13. Adder Functions, High Speed Multiply

Feed Reg
3210
Set RPT <r XX00 Add Zeros
Active (S0O) XX01 Add Multiplicand
=1 XX10 Subtract 2X Multiplicand
(Initiate L XX11 Subtract Multiplicand
Repeat)
(000X Add Zeros
: . 001X Add Multiplicand
o LA:S:“E‘;D 010X Add Multiplicand
- < 011X Add 2X Multiplicand
(7 repeated 100X Subtract 2X Multiplicand
. cleZ) 101X Subtract Multiplicand
y 110X Subtract Multiplicand
111X Subtract Zeros

(See U7, Ull, and U15, figure 9-42)
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Microcode for Multiply Control ROM 22

Table 3-14.

PROGRAM ADDRESS

MICROCODE

CHIP ADDRESS
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Figure 3-16. Memory Interface Functional Block Diagram




3-66. Memory Address Control., The memory address conirel cirvcuits provide the
address information to the main memory or the NLKO memory.

3-67. The program address register (P register) holds the address of the next
macroinstruction., To read the next instruction, its contents are iocaded into the
memory address register (MAR) through the memory sddress selector, It then ad-
vances by one to be ready for reading the subsequent instruction, Double length
instructions require two memory references, with the P vegister udvancing after
each reference. Addresses of operands, addresses for Execute Remote instructions
(Op Coce 35 RK), and addresses for I0C memory references are nct placed into the

P register; they are placed directly into the MAR from the destination bus through
the memory address selector. On jump instructions, the new address is loaded into
the P register from the destination bus,

3-68. The breakpoint register permits stepping the DPS when a pre-selected memory
address is referenced. This function is especially useful when iroubleshooting.

The breakpoint register can be loaded manually from the control panel. It works

in conjunction with the Read and Write Breakpoint switches on the panel. If the
appropriate Read or Write Breakpoint switch is set, the DPS will stop if it refer-
ences the address contained in the breakpoint register. Comparator circuits
appearing on figures 9-52 and 9-53 check for equality between the contents of MAR
and the breakpoint register. Gates appearing on rigure 9-81 generate a stop signal
if equality occurs at a write request while the breakpoint WRITE switch is activated
or at a read request while the breakpoiunt READ switch is activated.

3-69. The address from the memory address register (MAR) is transmitted to main
memory through the page addressing circuits. This provides a capability often

called relative addressing or virtual memory. It allows a block of program to be
placed into any "page" of the main memory, and still be correctly addressed. All
memory addresses are subject to page addressing; many of these addresses may already
have been indexed or indirectly formed. Page addressing is illustrated in figure
3-17, For page addressing, the lower ten bits of MAR are transmitted directly to
the memory. They represent a page of 1024 (1K) addresses. The upper six bits
select one of 64 page address registers, The contents of that register become the
upper six bits of the memory address and effectively select one of 64 1K pages.

The page address registers must be correctly loaded by program means, using the
operation code 54 macroinstructions. The uppermost bit of the page address regis-
ters is set by the control logic or by bit 15 when loading. It is used as a flag
bit. When loading or storing the page address registers, the register number
(address) is placed into the page counter. For multiple loads and stores, the
counter advances to successive addresses. On master clears, an initialize subroutin«
residing in address 17g - 23g of micro memory loads each page address register with
its own address, i.e. (00) = 0, (01) =1, --- (778). Therefore, in the initial
condition, all memory references are to the true memory addresses,

3-70. Memory Data Interface, The memory data interface section transfers data to
and from the main memory, It comprises the memory data register (MDR), the MDR
selector, and the byte selector,

3-71. The MDR holds the data being transmitted to or from the memory, It receives
its input through the MDR selector as follows: S3Sg = 00, Source Bus; S$1Sp = 01,
Destination Bus; S3Sy = 11, Memory Data In, The data on the Memory Data In Jlines
can be either from the main memory or the NDRO memory. Data transferring in from
memory is gated to the source bus through the byte selector, Data transferring out
is gated to the main memory through the byte selector. The byte selector normally
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Figure 3-17. Page Addressing Function

transfers the data bit for bit, but when the Reverse Byte signal is present, it
interchanges the upper and lower eight bits. MDR bits 12 through 14 are also sent
to gates appearing on figure 9-206 which enable the microprogram to look at the
J-value of indirect addresses.

3-72. Indirect addressing of operands is possible on RX format macroinstructions
"with m-field values of 10, 12, 14, or 16. The programmer controls indirect address-
ing by specifying these m-values and by controlling the contents of the indirect
address control bits in status register #2 (see figure 3-11). Indirect address
words are double length and have the format shown in figure 3-18. The J-value of
the first word determines the formation of the operand address. J-values of 4
through 7 specify a cascaded indirect word; that is they cause formation of the
address of another double length indirect word. Cascading may be repeated any
number of times before the final operand address is formed.

3-73. NDRO. The DPS has 192 words of semiconductor ROM called the NDRO (non-
destructive read-out) memory. It is divided into two blocks. One block contains
64 words and is assigned addresses 00-77g; the other block contains 128 words and
is assigned addresses 300 - 477g. Generally, the entire 192 words are used for a
bootstrap load program. The programs vary according to the channel and type of
peripheral device used for program loading. ROM memeries are programmed at the
time of manufacture and cannot be changed except by substituting a different ROM
card. Access to the NDRO memory is exclusive to the processor, and is performed
when the NDRO mode bit (bit 12) in status register 1 is clear., The BOOTSTRAP 1-2
switch on the operator's panel permits choosing either of two bootstrap programs
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J X

15e—»12]|11 Unassigned 4|3 @—0 IAW 1
15 - » O TIAW 2
J Value Address determination
0 Final operand at address specified by (IAW 2)
1 Final operand at address specified by (IAW 2) + (Ryx)
2 Final operand at address specified by (IAW 2) + (Rp)
3 Final operand at address specified by (IAW 2) + (Rp4+1)
4 Cascaded IW at address specified by (IAW 2)
5 Cascaded IW at address specified by (IAW 2) + (Ry)
6 Cascaded IW at address specified by (IAW 2) + (Rp)
7 Cascaded IW at address specified by (IAW 2) + (Rmpt1)
10-17 Unassigned

Figure 3-18. Indirect Address Format
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combined in the NDRO. In the BOOTSTRAP 2 position, the switch enables the execution
of a conditional jump instruction (operation code 40) with an a-designator of 7.

The switch may also be used, at the programmer's discretion, to control branching

in other programs,

3-74. The NDRO memory is addressed through the NDRO selector. The address is
normally from the MAR. Howewver, for the optional CORDIC operations, additional

ROM locations are provided in the NDRO, and they are addressed from the shift
counter, Bit 2 from the macroinstruction register m-field, inserted as bit 5 of

the shift count, determines whether the NDRO memory reference is for a trigonometric
or a hyperbolic function, The NDRO memory output is gated onto the memory data in
bus for gating through the MDA selector into the memory data register, For CORDIC
operations, the NDRO output is gated onto the source bus via the IR selector,

3-75. Memory Control, These circuits control the memory interface. They generate
the control signals for the memory and receive control signals from the memory.
Refer to the main memory description (para. 3-78) for a discussion of these signals
and their effect on memory operation. The memory control circuits are directed by
memory mode bits from the S-field on Micro Control (F=15) microinstructions (see
Appendix A), or from bits 15-13 of the emulator control word (see figure 3-9).
These bits are gated into a storage register and translated by circuitry shown on
figure 9-78. Mode bit configurations of 000 or 010 generate a whole word read
operation; the full cycle signal is active, and the write upper (zone 2) and write
lower (zone 1) signals are inactive, causing a read operation for both bytes. Mode
bit configurations of 001 and 011 generate a whole word write operation, with the
write upper and write lower signals active, to cause a write operation in both
bytes. The write zeros operation (101) is identical except that the MDR to memory
bus signal is disabled, so the bus remains zero to write zeros into memory. 010
and 011 generate the memory address 20 signal, forcing an odd address. A read byte
operation (110) is similar to a whole word read, except that bit 15 of the condition
register is sampled by circuitry appearing on figure 9-76 to generate the byte
point odd signal on figure 9-78. Ry 2% of Byte Load macroinstructions is the byte
identifier and is shifted off into condition register bit 15, If the upper byte

is required (CR213 clear), the reverse byte signal is generated, causing the upper
byte from MDR to be gated into the lower position through the byte selectors. On
write byte operations (111), CR2l5 causes generation of either the write upper or
write lower signals. Mode bit configuration 100 generates the read split cycle
(read, modify, and restore) operation. The full cycle signal is disabled and a
split cycle flip-flop sets to enable generation of the write initiate signal (fig-
ure 9-79),

3-76. The write initiate signal is generated only for the restore portion of the
split cycle operation. The read initiate signal (figure 9-79) initiates all other
memory operations. The load MAR and initiate signal (figure 9-77, element 12) is
present on emulate staris and branches, and on Micro Control (F=15) microinstructions
with D=4 or 14. It produces the signal called "words" (figure 9-78) to cause the
setting of the memory request flip-flop (07905) and generation of the read initiate
signal (figure 9-79). When the data available signal comes from the memory, it
clears the memory request flip-flop. This sets a data available control flip-flop
to disable the clear signal until the memory drops the data awvailable signal.

3-77. Time delay flip-flops 08 and 09 on figure 9-79 control the memory resume
fault. The read initiate enable signal sets flip-flop 09. Normally, it is cleared
again when the memory request flip-flop clears. If the data available signal
doesn't arrive before the time delay expires, flip-flop 08 sets., After another
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time delay, its output appears as an artificial resume signal to clear the memory
request flip-flop and set the resume error flip-flop (figure 9-76). The total
delay for the two time delay flip-flops is factory preset at approximately 12 nsec.

3-78. MAIN MEMORY (MM)., The MM stores instructions and data for the macroprogram
and, if the optional direct memory access (DMA) logic is installed, can be directly
accessed by external devices. The memory is a random-access core storage device
using three-wire, 2-1/2D organization. It is capable of operating in two modes:
full cycle (read/restore or clear/write) and split cycle (read/modify/write). The
memory performs a full cycle in 750 nanoseconds and a split cycle within 1000 nano-
seconds. Access time is 425 nanoseconds maximum, measured from the leading edge of
the initiate signal, to the time data from a specified address is stable on the data
output lines. The basic storage unit in the memory is the Memory Array Board (MAB).
It is an 8K word X 16 bit core array. The memory chassis can accommodate up to eight
of these 8K arrays, giving a storage capacity of 65K words X 16 bits.

3-79. Memory Organization. The memory core arrays and all related circuitry are
contained on three types of circuit boards: memery control board (MCB), memory
data board (MDB), and memory array board (MAB). The memory is arranged into two
memory banks, each containing a control board, a data board, and from one to four
array boards. See figure 3-19. As supplied, the memory chassis contains the con-
trol boards and data boards for both banks, and is designated the Control, Memory
Unit, Array boards, designated Core Memory Unit, are inserted to produce the
desired memory size. The functions of the individual boards are detailed below.

3-80. The memory control board (MCB) contains most of the interface circuitry and
control logic for the memory bank. Included on the MCB are:

1) The timing and control logic, which receives the control signals from the
processor and generates the internal timing;

2) The address register, which stores the incoming address information and
drives the address decoding logic;

3) Address decoding logic, which selects the address and enables the read and
write drivers;

4) Module read and write drivers, which provide internal control signals to
access a memory address;

5) An optional configuration of the MCB also contains a portion of the DMA logic.
3-81. The memory data board (MDB) contains the following circuits:

1) The data register, which receives and holds data read out of the memory or
data to be written into the memory;

2) The data out gates, which gate the contents of the data register to the data
output buss;

3) The module write bit gates, which gate the contents of the data register to
the bit switches on the array board;

4) An optional configuration of the MDB contains, in addition to the above, the
balance of the DMA logic.
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3-82. The memory array board (MAB) contains the core arrays and switching and
diode circuits, as follows:

1) The core array. This is the basic storage area for the MAB and consists
of an 8K X 16 bit core array arranged on one double-sided board. The 8K array
further subdivides into 16 mats, one for each bit;

2) The sense amplifiers;

3) A word switch-diode matrix, containing two sets of 16 X 16 diode pairs (one
set for each half of the core array).

4) A bit switch-diode matrix containing 16 sets of 4 X 4 diode pairs (one set
for each bit mat).

3-83. Operating Modes. The memory is capable of operating in two modes: Full
cycle (read/restore or clear/write) and split cycie (read/modify/write). During

a full cycle read, data is fetched, or read out from a selected address in memory,
and then the same data is restored to the same address location. During a full
cycle write, existing data is cleared from a selected address in memory, and new
data is written into that address. During a split cycle, data is read out from

a given location and replaced wholly or in part with modified data.

3-84. Interface Control Signals. Table 3-15 lists the memory interface signals.
The control signals received by -and transmitted from -the memory interface regu-
late the operation of the memory and inform the controlling equipment (processor

or DMA device) of the memory status. The interface signals are described in detail
below.

3-85. The +memory select signal functions as an address signal by selecting one

of the two banks of memory. Only one of the two memory select signal lines can be
high (active) at one time. The signal, in conjunction with the memory initiate,
activates the control circuits of the selected memory bank. The signal is received
by the memory at the start of both a full and split cycle operation and at the
write initiate time of a split cycle operation., The signal must remain active at
the memory interface for a minimum of 100 ns.

3-86. The +read initiate signal initiates all memory operations except the write
portion of a split cycle operation. The signal activates the memory bank control
circuits and must remain active for a minimum of 75 ns.

3-87. The +full cycle signal is received at the start of a full cycle operation.
The signal activates circuits which enable the memory timing chain to cycle through
twice without interruption, once for the clear or read portion of the memory cycle,
and once for the write or restore portion, The activated circuits also help to
initialize the control circuits at the end of the operation. The -full cycle signal
is received at the start of a split cycle operation and specifies a read/modify/
write. The signal activates circuits which a) enable the memory timing chain,

b) enable the memory available signal at the end of the read cycle, c) enable re-
initiation of the timing chain at the start of the write cycle of the operation,
and d) enable initialization of the control rcircuits at the end of the operation.
The signal must remain in the desired state for a minimum of 100 ns after the lead-
ing edge of the initiate signal goes high,
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Table 3-15. Memory Interface Signals

Inputs to Memory:

Address In (15 lines)
Data In (16 lines)
+Full Cycle (1 line)
+Read Initiate (1 line)
+Write Initiate (1 line)
-Power Fault (1 line)
-Zone Write Upper (1 line)
-Zone Write Lower (1 line)
+Memory Select (2 lines)

OQutputs from Memory:

Data Out (16 lines)
-Data Available (1 line)
+Memory Available (1 line)

3-88. The -power fault signal is a reset signal generated by the DPS power supply
during initial power up, or when the power supply shuts down due to input power
failure. The signal causes the memory to clear its control circuits and address
register.

3-89. The +write initiate signal is received at the start of the write portion of
a split cycle operation and is an order to write data into the memory. The signal
activates the memory bank control circuits and must remain active for a minimum of
75 ns.

3-90. The zone write upper and zone write lower signals control the operation of
the memory on their bytes of the memory word. When a zone signal is low, the memory
data register accepts input data for that byte and writes it into the selected
memory address. When a zone signal is high, the memory data register reads data
from that byte of the selected address and restores it back again. When both zone
signals are low or both high, the memory performs a whole word write or whole word
read, respectively. The zone write signals must hold the1r state for a minimum of
100 ns after the initiate signal becomes active.

3-91, The -data available signal informs the processor or DMA device that data
has been read from the memory and is available for sampling on the memory output
data lines. The signal is present on a memory output line between 300 and 400 ns
after start of the read operation of both full and split cycles.
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3-92. The +memory available signal is present on a memory output line except when
the memory is processing a memory request. The signal informs the requesting device
that the memory can be accessed. The signal is needed by the processor before it
can initiate an operation and again before it can initiate the write portion of a

split cycle operation.

3-93. Timing and Control Functional Description. The organization of one memory
bank is shown in the bank block diagram, figure 3-20. The dotted lines on this
diagram show the partitioning of the bank in terms of printed circuit boards, while
the blocks inidicate the basic functional units. Each memory bank contains one
control board, one data board, and from one to four array boards. The diagram
shows only one of the array boards but does show the signals running to/from the
other three array boards. Reference may also be made to figure 3-25, a detailed
schematic diagram of one core stack and associated switch and diode circuits. The
timing and control block of the bank diagrrm is further detailed in figure 3-21,
The timing and control section receives control signals from the memory control
interface and initiates internal timing and control signals required to execute a
memory operation. The following paragraphs describe the functions of each block
in the timing and control block diagram,

3-94. The busy control circuits consist essentially of two flip-flops which are
set at the start of a memory operation and whose outputs enable all of the other
timing and control section functions. The circuits remain active during all of

a full cycle operation, During a split cycle operation, the circuits are active
during the read portion, then become inactive, and are again activated at the start
of the write cycle. When busy control is inactive, it enables the memory available
signal to the requesting device (processor or DMA device).

3-95. The clock-oscillator circuit is activated by a signal from the busy control
circuits at the start of a memory cycle and continues to operate until busy control
goes inactive, Outputs of the circuit are nominal 30-nanosecond pulses used pri-
marily to clock the timing chain. Figures 3-22 and 3-23 show the clock-oscillator
and timing chain pulses. Figure 3-24 shows the clock-oscillator and timing chain
circuits. Two clock signals are produced by the clock-oscillator, CLOCK 1 and
CLOCK 2. CLOCK 1 is used to produce T1, T3, TS5, I7, and T9 of the timing chain,
while CLOCK 2 produces T2, T4, T6, and T8.

3-96. The timing chain consists of nine series connected, -edge-triggered flip-
flops which are connected as a shift register. Outputs of the timing chain are
timing pulses and pulse complements designated Tl through T9, each having a duration
of about 190 nanoseconds. The pulses control the sequencing of the memory oper-
ations., The timing chain cycles through twice for each kind of memory operation,
For a full cycle operation, the timing chain runs continuously until completion of
the two timing cycles. For a split cycle, the timing chain cycles once to time the
read part of the operation and then becomes inactive until the start of the write
portion, at which time the timing cycle is restarted. Pulse T9 is shortened at the
end of both timing cycles during a split cycle operation, and T7, T8, and T9 are
shortened at the end of the full cycle operation. ' This occurs when busy control
becomes inactive.

3-97. The general reset control initializes the memory control circuits during a
power up and prevents accidental loss of memory data in the event of a power loss.
Inputs to the control are +5 and +15 volt power, a power fault (-PF) signal from the
processor, and a signal from busy control. Outputs are a master clear and enable
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signals. During an initial power up or following loss of nower, the reset control
master clears (initializes) the memory timing and control circuits. When power
reaches an operational level, the circuit outputs enable the bit selector, module
write drivers, and module read enable drivers. The reset control also permits the
memory to execute an orderly shut down sequence when a powev faiiure occurs. Under
such a condition, the control maintains its enable outputs until the operation is
completed (full cycle) or until the timing chain cycle is cocmplieted (split cycle).
Thus, in the case of a full cycle or the write part of « spiit cycle, the memory
has time to write data into memory before complete power failure cccurs.

3-98. The cycle control section censists of a single f1ip-fliop which is always in
the clear state at the start of a memory operation. The Liip-fiop is set at the
start of an operation by the active +full cycle input coriyo! signal to specify a
read/restore or clear/write operation. If the signal is .nzctive (-full cycle) at
the start of an operation, then the flip-flop remains cicar, specifying a read/
modify/write operation. Outputs of the flip-flop enabie :the timing chain, enable
the memory available signal following the read portion © split cycle, and enable
final initialization (clearing) of the busy control circuiis,

3-99. The read control section is comprised of two read Ilip-flops, whose outputs
combine with other timing and control signals to provide secuencing of the read
operation. The Read Initial flip-flop is always in the set state at the start of

a memory read cycle, having been set either by a master clear, or by the TS pulse in
the previous memory operation. The flip-flop is cleared by the NOT TS pulse at the
end of the read cycle. The Read Final flip-flop is always in the clear state at

the start of a memory read cycle. It is set at T3 time of the first timing cycle
and is cleared at T3 time of the second timing cycle.

3-100. The write control section is comprised primarily of the Zone Write Upper

and Zone Write Lower (ZWpy and ZWp) flip-flops. They are set only at the start of

a memory operation if the corresponding ZWy or ZWj control signal is received. The
ZWy flip-flop clears bits 8-15 of the data register and gates bits 8-15 from the
input bus into the data register. ZWp flip-flop effects the same actions for bits
0-7 of the data word. If a flip-flop is not set, the corresponding byte in the data
register will retain the data received from the memory matrix during the read cycle,
so the same byte data will be restored to its original matrix address.

3-101. Memory Address Register. The address register functions as an open latch
for address bits 0-14 received from the memory input bus. Outputs of the register
are continuously applied to the address decoder circuits.

3-102., Address Decoder. The address decoder receives the memory address from the
address register and continuously translates the bits to select the address to be
accessed. Fifteen address bits are required to select an address in one memory
bank. The bits are decoded as shown in table 3-16. The address decoder contains
three sub-functions which issue decode signals to select the memory address., They
are the module selector, the word selector, and the bit selector,

3-103. The module selector decodes address bits 13 and 14 to select one of the

four array boards (8K of memory). As stated in paragraph 3-85, one memory bank
(32K) is selected by the memory select input signal. The module selector is enabled
if the array board is present in the memory chassis. Outputs of the circuit go to
the module read and write drivers and to the module write bit gates.
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Table 3-16. Address Bit Decode

ADDRESS SELECT
BIT

14, 13 Select one of four array boards in the memory bank.

12 Select one of two core stack sections on the selected array
board.

11 - 8 Select one of 16 word drive lines in each of 16 word groups.

7-4 Select one of 16 word groups (bits 12 - 4 in combination
select one word drive line in a core stack).

3, 2 Select one of 4 bit drive lines in each of 4 bit groups.

1, 0 Select one of 4 bit groups (bits 3 - 0 in combination
select one bit drive line in a core stack).

3-104. The word selector translates bits 4 through 12 to select one word drive

line in a core matrix, Bit 12 selects one of the two core array sections (upper or
lower) on an array board, thus selecting 4K of memory. Bits 8 through 11 select one
of 16 word drive lines in each of 16 word groups, thus narrowing the possible ad-
dresses to 256, Bits 4 through 7 are decoded to select one word group out of a
possible 16 groups, thereby narrowing the possible addresses to 16. Outputs of the
word selector are word diode and word group signals which are continuously applied
to the word switch gates on the array board.

3-105. The bit selector decodes bits 2 and 3 of the address register to select one
bit drive line in each of four bit groups, thus decreasing the possible memory
selection to four addresses. Bits O and 1 are decoded to select one bit group from
among four groups. At this point the address bits have selected one address in the
memory bank. Outputs of the bit selector are bit group and bit diode signals which
are continuously applied to the bit switch gates on the array board, except for a
period of about 70 nanoseconds at the end of a memory operation.

3-106. Module Read Drivers. The module read drivers consist of four sets of drive
gates, one set for each array board. A gate is enabled between the 25 and 365 nano-
second times of a read cycle when the array board has been selected for access by
the module selector. Outputs of the gates are module read bit source and read bit
sink signals which gate the bit selector decode (bits O - 3) to the bit switches,
thereby causing read current to flow in the selected bit drive line of each mat in
the core array.,

3-107. Module Read Enable Nrivers. The module read enable drivers consist of four
sets of drive gates, one set for each array board. A gate is enabled at T3 time of
a read cycle and remains enabled until 365 nanoseconds after zero time of the read
cycle. Outputs of the gates are module read enable signals which gate the word
selector decode (bits 4 - 12) to the word switches, thereby causing read current to
flow in the selected word drive line of the selected core array.
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3-108. Module Write Drivers. The module write drivers consist of four sets of
drive gates, one set for each array board. The gates are enabled at T2 time of a
write cycle if the module has been selected by the module selector, and remain
enabled until the end of T4 time of the write cycle. Outputs of the gates are
module WRITE signals which gate the address decode to the word write switches
during a write operation, thereby causing write current to flow in the selected
word drive line, :

3-109. Data Register. The memory data register, physically located on the data
board, acts as an open latch to hold data received from memory addresses via the
sense amplifiers or data received on the memory input lines from the processor or
DMA device. The register is cleared at the beginning of the read cycle, and again
at the start of the write portion of a split cycle, depending on the setting of the
zone write control signals (paragraph 3-90). During a read cycle, data from the
sense amplifiers is loaded into the register by the strobe signals, which are active
from approximately 295 to 415 time of the read cycle. During a write cycle, data
received on the input bus lines is gated into the register by the data to DR signal,
which occurs between times 45 and 160 of the write cycle. Data loaded into the
register from the input bus may be a complete 16-bit word or an 8-bit byte, as
determined by the setting of the zone write flip-flops., Data register outputs go
to the data out gates and to the module write bit gates.

3-110. The data out gates enable the data register outputs to the memory output
data lines. The data is gated out by the data to bus signals, which occur during

T9 time of a read cycle. The module write bit gates consist of four sets of gates,
one for each array board in the memory bank. Each set of gates contains 16 gates,
one for each bit in the data word. Inputs to the gates are from the data register,
and they are gated by the EN WRITE signal which occurs during times T2 and T4 of the
write cycle. Outputs of the gates are write bit (0 - 15) signals. The signals are
applied to the bit write switch gates, thereby gating in the bit selector decode and
causing write current to flow in the selected bit drive line.

3-111. Word/Bit Switches and Diodes, The word and bit switches consist of gating
circuits and transistors which "switch" on to cause current to flow in matrix drive
lines. 1Inputs to the switches are address decode signals and internal read or write
control signals. A set of the switches is located at