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FOREWORD

This manual is periodically updated to reflect the current
state-of-the-art of the Digital Scientific META 4 Computer
System. As an addendum to this Revision B, the following
statement is offered:

System timing cycles stated in this Reference Man-
ual are valid on META 4 Systems employing one
full central processor unit (CPU) logic rack, one
full core memory logic rack, and one full input/
output (I/0) logic rack.

A full CPU logic rack consists of a full complement
of registers (32), and a maximum of 4 read-only
memories (ROM's). A full core memory logic
rack consists of a maximum of 65K words of core.
A full I/0 logic rack consists of as many as 11
wire-wrap boards or 22 printed-circuit boards.

This is the configuration under which META 4 Com-
puter System timing is valid. Deviations in configu-
ration from that above can result in timing differences
from those specified in this manual.

vii



1. DIGITAL
SCIENTIFIC META 4

SERIES 16
COMPUTER SYS-
TEM

INTRODUCTION (1

META 4 System
Concepts

eOrganization of Digital Scientific's META 4 Computer
provides '"'general-purpose applicability' not only in a main
memory instruction set, but also in the underlying, micro-
program instruction set and in its flexible hardware organi-
zation.

Contrary to the traditional computer organization,
which bars the system designer from using registers and
data paths other than as defined by a core memory instruc-
tion set, each META 4 System designer can determine the
number and functional assignment of general-purpose reg-
isters for data handling, external input/output, core
memory input/output, accumulators or indexing, and the
core memory instruction set to use.

The object of META 4 microprogramming capability
is to allow the system designer to exercise all of the pos-
sible hardware interconnections as directly as possible
without intervening constraints., The system designer can
be both a programmer and a logic designer and can mani-
pulate not only algorithms, but architecture.

The META 4 Microprogrammed Processor can be
described as a "computer within a computer, '"where inner
computer sequences (the microprogram) emulate the machine
language instructions for the outer computer and also can
execute special sequences not necessarily related to ordi-
nary outer-machine instructions.

Conventional computer system organization limits the
permissible interconnections among functional elements.,
Since machine language formats and logical organization
of conventional computers are closely related, only one
machine language instruction set can generally be executed
efficiently and the full potential of possible interconnections
among the functional elements cannot be realized.

(1)

Digital Scientific Corporation is indebted to Dr. Robert Rosin
for permission to include some of his concepts on emulation in
this introduction.

1-1



The META 4 microprogrammed computer organization
offers the system designer an opportunity to optimize in-
ternal hardware facilities to a particular set of requirements.

Organization of the META 4 system is independent of
the machine language instruction set in main memory and
permits flexibility in specifying interconnections for functional
elements such as arithmetic and Boolean operational units,
registers, memory, and input/output devices.

For example, core memory instruction execution in
every computer involves a sequence of steps such as:

ePlace program location counter in memory address
register, ’

esFetch instruction from main memory and place in
memory data register.

eIncrement program location counter to prepare for
next instruction.

«Move current instruction to instruction register.
eDecode current instruction and addressing mode.
eCalculate operand address.

ePlace operand address in memory address register.

eFetch operand from main memory and place in memory
register.

sPerform operation.

In a conventional computer, specially wired circuits
control each sequence. The main memory instruction set
is fixed and can be changed only by rewiring the computer.

In the META 4 Computer, a high-speed read only control
memory (ROM) replaces the specially wired circuitry. Con-
trol memory instructions (the microprogram) specify inter-
connections of functional elements. The control memory
contents can be altered easily by the system designer, thus
permitting great flexibility in specifying interconnections
and allowing almost any desired main memory instruction set.



A META 4 microprogram emulator for another computer
differs from a conventional computer program interpreter
in several features, as described below.

eMicroprograms are stored in a control memory which

is distinct from the main memory of the emulated machine
and is read-only memory (ROM) for the purpose of op-
timizing speed.

sFacilities to improve implementation and operation of
emulators can be implemented at speeds comparable to
those available from hardware. Examples are floating-
point arithmetic, character code conversion, and control
panel operation.

Digital Scientific Corporation's unique Read-Only
Memory (ROM) controlled instruction cycle times average
90 nanoseconds, enabling 10 or more microinstructions
to be executed during each 900-nanosecond core mem-
ory cycle.

META 4 ROM microprograms (firmware) allow both
emulation of ordinary core memory instructions and execu-
tion of special algorithms to be executed much more rapidly
than in other '"general-purpose'' devices. These factors -
the computer organization and the high-speed ROM firmware -
mean that applications which would normally require special
hardware are standard capabilities for a META 4 Computer.
For example:

eInstruction Set Emulator for Other Computers (with
improved performance): An IBM 1130/1800 can be
emulated completely with higher performance and can
also be improved upon substantially by adding floating-
point instructions and register-to-register instructions.

eChannel Interface or Peripheral Equipment Controller
for Other Computers: A disc controller with code and
format conversion capabilities can be microprogrammed
to operate at high speeds to provide economical standard
interfacing to a variety of other computers; an IBM 2314
disc controller can be emulated.

eCommunications Line Controller, Buffer, Editor, and
Preprocessor: Serial-to-parallel conversion and data
editing for multiple nonsynchronous or synchronous lines
can be done at high speed to relieve a data processing
system of a substantial overhead load; an IBM 2703

’
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communications controller can be emulated with
features not available in the original.

eDigital Algorithm Processor: Convolution, fast Fourier
transformation, correlation, high-level language com-
pilation, or queue optimization algorithms can be execu-
ted at high speed, among multiple registers, using core
memory for data only, not for program execution.

eThe processing unit (see Figure 1-1, 1-2, and 1-3)
consists of data registers, data processing logic, sequence
control and the read-only memory (ROM), input/output
facilities, core memory, and integrated scratch-pad
memory. '

sData Registers are 16-bit, integrated-circuit registers.
Up to 31 directly addressable registers may be installed.
During certain operations, data from the Read-Only
Memory (ROM) may be used in place of register data.

In Figure 1-1, registers for addresses 4 through 31
are optional. The requirement for and the choice of a par-
ticular type of register depend upon the user's system re-
quirements for accumulator and scratch-pad registers,
core memory registers, and input/output registers.

eData Processing Logic consists primarily of an arithme-
tic/Boolean unit, which processes data received via the
A-bus and the B-bus; followed by a Skew unit, which
transmits data to a destination register via the D-bus.
The arithmetic unit is a 16-bit, high-speed parallel
adder. Carry-in controls, together with overflow and
carry-out condition register bits, allow multiple pre-
cision operation. The Boolean functions comprise the
logical connectives AND, OR, or Exclusive OR. The .
skew unit manipulates the result of either an arithmetic
or a Boolean operation,

eSequence Control for the processor is a program stored
in high-speed, Read-Only Memory (ROM) and coded in a
manner similar to Assembly language instructions for a
conventional (hardware-sequenced) computer. Addresses
in ROM instructions and in Register 2 (the Link register)
are used by the branch-control unit to shift control be-

tween various sequences as the result of testing operations.
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Input/OQutput

Core Memory

Scratch-Pad
Memory

PROCESSOR
HARDWARE
DESCRIPTIONS

Any single bit of any addressable register may be
tested for zero or nonzero, 8-bit or 16-bit fields may be
tested for zero or nonzero, and a self-decrementing
register (Register 1) may be tested for zero concurrently
with operations of functional units.

eInput/Output Facilities are implemented at three levels:

1. Direct cable connections to special types of directly
addressable registers. The sequence control pro-
gram may communicate with the system peripheral
equipment through these registers.

2, Chassis accepting standard controller for various
peripheral equipment on a plug-in basis. No field
wiring changes are required to add or delete pe-
ripheral equipment., Peripheral equipment con-
trollers operate on a party-line 1/0 bus or directly
to memory, as applicable.

3. Direct access to core independently of the adapter
chassis.

«Core Memory is operated by the control program through
special registers and controls, Four standard memory
ports allow multiple processors or special equipment to
share multiple banks of memory. Each bank of core
memory is an independently operable unit. The proces-
sor can use additional memory registers or interleaving
to overlap accesses to several banks.

eIntegrated Circuit Scratch-Pad Memory is operated by
the control program internal control and data through
special registers incorporated into the scratch~pad controls

The complete processor, including control memory,
mounts in a 19-inch-wide rack housing and requires a 14-
inch height for the logic and control memory chassis, a
14-inch height for memory banks, and a 14-inch height for
the input/output adaptor chassis. Power supplies are nor-
mally mounted on the rear rails of a cabinet behind the proces-
sor chassis. (See Figure 1-2.) Air movement is provided
by for assemblies which require additional space on the rack.

1-7
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Registers and

Scratch-Pad
Memory

Processor logic uses high-speed, emitter-coupled,
integrated circuits for reliable operation at high speed.
Major operation cycle time averages 90 nanoseconds
including Read-Only Memory (ROM) and data source
register accesses, arithmetic and/or logical shift
processing, and storage in a destination register.

Input/output logic uses a mixture of DTL and TTL
integrated circuits.

«Optional assemblies for directly addressed registers
are available in several versions. Optional assemblies for
integrated circuit scratch-pad memory are also available.
Register types differ in internal bus connections, external
I/O connections, and associated control functions. Register
assemblies differ in the number and types of registers.

TABLE 2-1. META 4 PROCESSOR REGISTER VERSIONS

DATA BUS
BOARD TYPE BOARD DESCRIPTION CONNECTIONS
Double-Bus Accumulators Four 16-Bit Data Registers A, B, and D
Single-Bus Accumulators Eight 16-Bit Data Regis- Band D
ters
1/0 Four 16-Bit Input Gates and Band D
Four 16-Bit Output Latches
Memory I/0 One Memory Address and B and D
Control Register, One 16-
Bit Memory Input Gate and
One 16-Bit Memory Output
Latch; Two 16-Bit Input
Gates and Two 16 Bit Out-
put Latches
Scratch-Pad Memory Sixty-four 16-Bit Data B and D
Registers (both indirectly)

Registers may be data sources on the A-bus and B-bus
and data destinations on the D-bus. Registers without
physical connection to the A-bus will function as if the con-
tents were zero for the A-bus only.

Register addresses 0, 1, 2, and 3 are assigned to the
basic machine structure (see Figure 1-1). All other addres-
ses (4 through 31) are available for general use and are
assigned in groups of four registers to seven connectors.
Addresses 4, 5, 6, and 7 are normally assigned to core mem-
ory and general 1/0 functions. 1/0, Memory-1/0, and Single-
bus registers can be installed only in the positions indicated.

1-9
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Dedicated Registers

Data Processing
Logic
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The control logic of the META 4 has jumpers installed
to control timing for any connector with a Memory-1/0

register installed.

*The dedicated META 4 register address functions and
connections are indicated below:

eRegister 0 Zero register: contains zero for operand
use and serves as a dummy destination.

eRegister 1 Condition/Counter register: bits 8
through 15 contain a self-decrementing
counter which may be initialized from
the D-bus and decremented and tested by
instruction control bits. Bits 0, 1, and
2 represent carry-out, overflow, and
shifter conditions and are not control-
lable from the D-bus. Bits 3 through 7
are fixed at zero. All register bits can
be gated to the B-bus for operand use or
program testing with the limitation that
if Register 1 is specified as both the B-
bus source and the D-bus destination of
a single instruction the counter contents
are indeterminate.

sRegister 2 Link register: serves 2s an address source
for the ROM address selector during
specific instructions. The Link register
may be set from the D-bus and gated to
the B-bus as required and may serve as a
single bus accumulator if not required for
ROM addressing.

«Register 3 General-purpose, double-bus accumulator:
has no special properties.

oThe high-speed, 16-bit parallel adder operates in two's
complement mode with carry input under program control. -
Carry-out and overflow automatically force the appropriate
condition register bits and may be tested in the Condition/
Counter register. Carry input during an instruction may be
either inhibited, selected to be the previous carry output, or
forced unconditionally. The ability to select a previous
carry-out as a carry input simplifies multiple precision op-
eration. The ability to force a carry input facilitates two's



complement subtraction operations using logical comple-
menting of operands rather than arithmetic complementing.
If one's complement arithmetic operation is required, the
processor program may use two-step additions in which the
second step provides the end-around-carry characteristics
of one's complement operations.

Two special addition operations expedite multiply and
divide operations:

eMultiply step is addition which is completed only if the
shift condition was previously true.

eDivide step is a trial addition where a negative sum
inhibits changing the destination register.

Boolean Function «The Boolean unit provides the logical connectives AND,
Unit OR, or Exclusive OR of the A-bus and B-bus sources. Since
Register 0 (containing zero) may be used as one of the oper-
ands, the Boolean unit may be used to zero registers using
the AND function and to copy data using the OR function.,

An Exclusive OR using a data field from the ROM with all

16 bits true is used to complement data.

Skew Function +The Skew unit provides bit manipulations on the output
Unit of the Arithmetic/Boolean unit. Both carry-out to the shifter
link and carry-in from the shifter link for shift operations
may be selected independently. The shifter link status may
be tested in the Condition/Counter register and represents
the data spill from the most recent skew operation having

| shift out enabled.

Skew operations comprise:

*One-place left or right shift
eEight-place left or right shift/rotate
*Sign extend (copy bit 8 into bits 0 through 7)

eScale (one-place end-off right shift with arithmetic
carry entering at left)

eNo shift.

1-11
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Sequence Controls
and Read-Only
Memory (ROM)

ROM Organization
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+«The ROM comprises a word drive and bit sense structure
which is loaded with firmware contents by sliding in storage
boards that have removable adhesive-bonded metallic "bit-
patch' patterns, representing bit positions in sequential
instructions. A bit patch is binary 1" and the absence of
a bit-patch indicates binary "0.'" See Figure 1-5.

eContents of the ROM can be readily modified or replaced
in the field by either Digital Scientific Corporation or user
personnel at the bit or board level. Addresses of instruction
words must be even. Logically indexed references to data
words may use cither even or odd addresses., TUp to 4096
single words may be installed in multiples of 1024 words.
Each reference to the ROM calls up a double word so that
access time is identical for single words and double words.

ROM instructions are executed in sequence unless a
Branch causes transfer to another sequence. Branches occur
in one of three ways: if the J modifier is specified during an
RR format instruction, the nextinstruction is unconditionally
taken from the address in the Link register (Register 2); if J
and Dmodifiers are specified and the counter section of the
Condition/Counter register (Register 1) does not decrement to
zero during an RR formatinstruction whentested, the next in-
struction is takenfrom the address inthe Link register;if a
Branchinstruction to test various data or machine conditions is
successful, the next instruction is takenfrom the datafield of the
instruction and logical indexing by the Link register is selectable.

A 4-bit field in the branch instruction "points' at any
single bit of any addressable register. Branching may be
selected for the true or false state of the specified bit, allow-
ing tests for data sign, arithmetic carry/overflow, shift
carry, or any other single bit condition. Branching on zero
or nonzero half words or single words is selected by a modi-
fied branch instruction. :

The system is initialized by an externally applied signal
which clears the 1/0 register controls and the ROM register.
Execution of the instruction at ROM address 0001¢g (normally
a Branch) can lead to a firmware routine that initializes other
parts of the system such as internal working registers.
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4 PORT MEMORY CONTROL FOR
UP TO 16K CORE : : .
PUEEL it OPTIONAL
PO eyttt MODEL 4060 CORE CHASSIS
EERREE AR IRERRRIEREE WITH POWER SUPPLIES
TIRERRREERR IR R ERENE o Verr
[ 14" VERTICAL
MEMORY PLELEPErEr by 19" WIDE
(OPTIONAL) IRRRRRNRERRRRIREEERRNN
Cererprreb et e
SRR AR RARRRI RN
PLLCC e
CARD SLOTS FOR MODEL 4065 RN AR R ARy
4096 X 18 BIT
SINGLE CARD MEMORY ASSEMBLIES I I
BLONER
NERRRRRRRRRRRRRRRRRRN
NEREERERREREEREEEEEEE INPUT/OUTPUT CHASSIS WITH 5V
|I||||l|ll|”||l|||||| PONER SUPPLY, 1/0 BACKPLANE
CONTROL CARD, AND CABLES
CEEEEEET ety V5% DEEP
INPUTZ0UTPUT CHASSIS !||||||||||||||||||H| t4" VERTICAL
(STANDARD) 194 WIDE
PART OF 4001 NERERRRRRARRRERRNNREE
FEPPTEEEE it
///z REERRRRRRER RN ‘l]‘k\\
P EERRRRRRER RN
1/0 BACKPLANE AERRRRERRERRRRRRRRRRY \\\__
CONTROL CARD CARD SLOTS AVAILABLE FOR
PART OF 400 22 CONTROLLER CARDS
BLONER
CORE CHASSIS S ———— PART OF MODEL 400)
PONER SUPPLY 'I[‘ 1‘ e PoneR //—
PART OF -
MooeL 4080 — [ | — L __ _
/

CORE EXPANSION POWER SUPPLY, MODEL 6066-/
REQUIRED FOR EXPANSION ABOVE 2 MODEL 406!

MEMORY CONTROL ASSEMBLIES

FIGURE 1-5.
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DIGITAL SCIENTIFIC META 4 COMPUTER SYSTEM

ROM BOARD, TYPICAL PATTERN
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META 4 System «The Digital Scientific META 4 Central Processor

I/0 Registers Unit (CPU) transfers data between internal buses and ex-
ternal devices using I/O or Memory-1/0 interface registers.
The design of the CPU restricts use of Memory-I/0 boards to
those sockets for register groups 04 through 07, 0C through
OF, 14 through 17, and 1C through 1F. The corresponding

I CPU card sockets are labeled A, C, E, and G.

Each I/0 board provides four independent front con-
nectors for external I/O cables. Each Memory-I/0 board
provides two independent front connectors for external I/O
cables, one connector for a memory cable, and one con-
nector for memory status, if the Memory Address Permuter
(MAP) option is implemented. The I/O board connectors
(ports) are arranged from top to bottom in order of increas-
ing register address. The Meinory-I/O board connectors
are arranged from top to bottom in order of increasing
register address and are: memory status, memory ad-

I dress and data, and two I/O registers.

Stopping the +Understanding the logical and timing requirements for
META 4 Clock I/0 registers requires a description of the manner in which

the META 4 Processor's clock system operates:

«The META 4 clock rate is not constant, but each

command operates in one clock cycle, except for Register
Load instructions which require two clock cycles.

After each cycle, the machine may be stopped with the
next command already present in the ROM data register
and partially executed in the sense that the internal
address and data bus paths are enabled. In other words,
the D-bus data is available but is not yet transferred;

and the ROM address for obtaining the next command is
selected, but the ROM data is not yet read.

«The clock restart cycle causes the D-bus data to be
transferred to the destination register and the ROM to
be pulsed in order to load the next command into the
Command register.

The META 4 clock may be triggered at intervals of less
than 85 nanoseconds (depending on configuration and bus
loading) if the ROM addresses occur in increasing sequence
unless:

«A command implies that the next ROM address might
beout of sequence (e.g., Branch, Register Load, or Jump).

1-14
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1/0 Transfer

1/0 Interlocking

¢P7 modifier is true.

A memory register is addressed on the D-bus (CPU control

jumpers define memory register positions).

In such cases, the start of the next clock cycleis delayed
for 30 nanoseconds (120-nanosecond total cycle) either to
allow for ROM address selection settling or to allow time
for the I/0 port pause condition to be recognized.

Once an I/O or Memory-1/0 register pause condition is
recognized, the start of the next clock cycle can be delayed
indefinitely beyond the 30-nanosecond minimum delay. That
is, a META 4 machine cycle can be externally controlled to
be any time longer than the minimums specified here.

eEach I/0 register port provides 16 bits of data output
from the CPU and 16 bits input to the CPU. The data outputs
are buffered by a flip-flop register, which is addressed and
loaded from the D-bus. The data inputs are gated directly
(no flip-flops) onto the B-bus.

Data outputs change state only when the clock cycle
pertaining to the next command, which may have been de-
layed by an I/O port pause, is initiated and therefore
finishes execution of the previous command. Input data
pertaining to a command which has been delayed by an I/0O
pause is, however, gated to the B-bus. Therefore, the des-
tination data during the paused condition continuously follows
input data. When the clock system is restarted, the data is
transferred to the designated D-bus register.

The separation of data input and output paths implies
that data loaded into an output register cannot be read by a
B-bus input command unless an external connection is made
to the register port.

«The META 4's clock system pause logic uses I/O control
flip-flops. Each input and each output register path has one
such control flip-flop. The control flip-flop for an input
register is known as the Acknowledge (ACK) flip-flop. The
control flip~flop for an output register is known as the GO
flip-flop.
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A control flip-flop is set only when the next clock cycle
(which finishes execution of a command) is initiated and the
1/0 bit of the command is true, that is, a control flip-flop
can be set only at the same time that data is loaded into
destination register.

A control flip-flop can be reset by:

«The CLEAR switch on the microprogrammer's panel
«An automatic clear on initial power up

«By an external signal on the I/O port.

These external signals are known as the Input-Ready
signal for an ACK flip-flop and the Output-Resume signal
for a GO flip-flop.

The clock system will halt as long as a control flip-
flop is set or the reset pulse has not terminated if:

¢The pause bit of the command is true, and

«The register B-bus or D-bus address in the command
corresponds with the associated register. The B-
address applies to an ACK flip-flop and the D-address
applies to the GO flip-flop.

When both PZ and 10 modifiers are specified in a
command:

e«PZ controls whether or not the command will pause
because of the current state of a flip-flop.

«I0 controls the subsequent state of the control flip-flop.

That is, PZ applies to conditions prior to initiation of a
META 4 clock cycle, and IO applies to conditions after a
META 4 clock cycle.

A signal, called Output-Enable, enables gates between
the output data flip-flops and the output data lines. This
feature allows wired-OR connections from more than one
output register to a command cable.
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Detailed Timing I eRestoring a Ready condition initiates a clock cycle if

Considerations the clock pause resulted from that control flip-flop PZ test.
for 1/0 Interface The cycle completes (including control flip-flop setting) and
Register the next instruction starts 75 nanoseconds later.

Input data should settle before Input-Ready becomes
active and the data should be maintained until Acknowledge
“ becomes active. Output may occur as soon as 75 nanosec-
onds after Output-Ready is active. However, the next data
output could be considerably later either because the firm-
ware may be executed in single-step mode or because the
program has not yet arrived at a ROM command which
changes output data. Similar remarks apply to the time
duration between Input-Ready and the Acknowledge signal.

Refer to Appendix H for signal pin assignments and
interface information.
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Core Memory
Read/Write
Transmission
and Control

PERIPHERAL
EQUIPMENT

1-18

+Core memory read/write transmission uses register
reference instructions in a manner similar to ordinary
input/output register reference instructions. The two
control instruction bits are interpreted as Read and Write
rather than Pause and 1/0 control. The program sequence
Pause function is implied as active when addressing any
memory register.

The core memory is a coincident current system with
a 900-nanosecond full cycle (read/write). Each completely
independent bank has four independent access ports. Port
priority may be assigned at the discretion of the user and
may differ between banks. Memory is protected against
power failure.

One 16-bit output register is assigned as the core
memory address register and a second 16-bit output register
is assigned as the core memory data output register. One
of the corresponding 16-bit input register addresses is
assigned to the core memory data input gate and the second
corresponding 16-bit input register address is assigned to
the input path for memory parity, protect status condition,
and memory control signals if the MAP option is implemented.
Input/output pairs are not externally connected except for
memory data. Only one standard cable is required to connect
the core memory with the four register paths. The memory
data lines are bidirectional and are shared for input and output.

Standard memory feature:

eOne 16-bit odd parity bit.

eOne 16-bit odd parity and one protect bit with automatic
abort of Write instructions when the memory cell is
protected and the Write control does not indicate a pro-
tected write status. Error conditions must be transmitted
to the I/O system and from there to the processor.

ePeripheral equipment is operated either by dedicated
registers or by a multiplexed signal bus using one pair of
standard 1/0 registers. One output register is used for
addressing and a second output register is used for control
and data output. One of the corresponding input register
addresses is used for data input and the second corresponding



input register address is used for miscellaneous status
and data bit inputs. Two standard cables are required to
connect the two register paths with the chassis of the pe-
ripheral devices.

Standard peripheral devices are listed below:

eKeyboard/Printer

«IBM 1130 Control Panel

oIBM 1130 SAC channel

IBM 1800 Computer Data Channel

«IBM 1800 Control Panel
«300-character-per-second Paper Tape Reader
e50~-character-per-second Paper Tape Punch
¢300-card-per-minute Hollerith Card Reader

#200~card-per-minute Hollerith Card Punch and Reader
combination

sMoveable Head Disc with Removeable Single Disc Pack
¢300-line-per-minute Line Printer

¢600-line-per-minute Line Printer

eMagnetic Tape Transports (1 x 2 controller, 7- or 9-track)
eDigital Input/Output Interfaces

«300-step-per-second Incremental Plotter

eTeletype Line Adapters

eHigh-Speed Communications Line Adapters

sReal-Time Clock

«Stall Alarm/Timer
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2. READ-ONLY
MEMORY (ROM)
INSTRUCTIONS
AND INSTRUCTION

MODIFIERS
GENERAL
DESCRIPTION

Instructions

Modifiers

«ROM instructions select specific operations of the
Arithmetic/Boolean, Branch, and Register Load functions
of the META 4 computer. Instructions are grouped into
four categories, as shown in Figure 2-1.

¢BR is the Branch format.
*RR is the Register-Register format,

oRI is the Register-Immediate format.

*RL is the Register Load format.

ROM instructions are described in detail on the
following pages.

*ROM instruction modifiers select operations of the
computer in addition to those selected by the basic instruc-
tions. Multiple modifiers may be specified and will operate
within the basic instruction cycle times. The modifiers are
described in detail beginning on page 2-17.
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ROM INSTRUCTION EVEN ADDRESS ROM INSTRUCTION ODD ADDRESS
0 1 2 3 4 5 6 7 8 9 1011121314150 1 2 3 4 5 6 7 8 9 10111213 14 15
OP CCME PZ 10 MOBTFTER
RR FORMAT| 0 .l .I . '“wlM“ | 4 [ J DISO sI cobE - —I|Cl 2
| 1
ARITINMETIC/ B- D- B-UUs D-BUS A-BUS Loop A- SKEW ARITH-
BOOLEAN  BUS BUS SOURCE DESTINATION SOURCE CONTROL BUS CONTROL METIC
CONTROL  MSB MSB REGISTER REGISTER REGISTER M8 CARRY
SHIFT CONTROL
EXTE“?‘AL CARRY
DEVICE CONTROL NON-
CONTROL TANDARD
USE
ROM INSTRUCTION EVEN ADDRESS ROM INSTRUCTION ODD ADDRESS
0 1 2 3 4 5 6 7 & 9 1011121314 150 1 2 3 4 5 6 7 8 9 10111213 14 15
mromur[q?”co‘m rz ;& X X x X X X X X X X X X X X X xJ
| Sl ok s Y NS TN A O I W N N VN T VT T TN
ARITHMETIC/ B- D- B-BUs D-BUS IMMEDIATE OPERAND DATA
BOOLEAN BUS BUS SOURCH DESTINATION
CONTROL MSBMSB REGISTER REGISTER
EXTERNAL
DEVICE
CONTROL

ROM INSTRUCTION EVEN ADDRESS

ROM INSTRUCTION ODD ADDRESS

0 1 2 3 45 6 7 8 9 1011121314150 1 2 3 4 5 6 7 8§ 9 1011 1213 14 15
PZ 10 ol - - L R
BRFORMAT"IOOD l_]m l X XQ| - - YYYYYYYYYYYY;I
I L1 M L1 [ T I LT N T NN R U A N Y S T B A
BRANCH B et s B-BUS Nt oot BYTE SELECTOR ROM ADDRESS
OP CODE  BUS SOURCE OR
MSB REGISTER BIT POINTER
NON- EXTERNAL SELECT BYTE
STD DEVICE TEST IF SET
USE CONTROL
BRANCH ON
ONDITION
TRUE IF SET
ROM INSTRUCTION EVEN ADDRESS ROM INSTRUCTION ODD ADDRESS
0 1 2 3 4 5 6 7 8 9 1011121314 13550 1 2 3 4 5 6 7 8 9 1011 1213 14 15
Pz 10
RLFORMAT|{ 1 {1 1 1 Mwm;l 1 - - - - -{Y Y Y Y Y Y Y Y Y Y Y Y
[_1_1]{11111111111111|11|||l
REGISTER TR VS —— B-BUS D-BUS NON- ROM ADDRESS
LOAD BUS BUS SOURCE DESTINATION  STANDARD
OP CODE MSBMSB REGISTER REGISTER USE
EXTERNAL
DEVICE
CONTROL
ARITHMETIC/BOOLEAN CONTROL SKEW CONTROL MISCELLANEOUS
OP CODES MODIFIER CODES MODIFIERS
kK
BINARY BINARY
MNEMONIC YALUE MNEMONIC VALUE SYMBOL SYMBOL
BRZ BNZ 000 (NONE) 000 CI L
AND 001 R1 001 D PZ
OR 010 L1 010 10 R
XOR 011 SK 011 IX SI
ADD 100 SE 100 J sO
MULT 101 RS 101 MR XQ
DIV 110 L8 110 MW +1
LOAD 111 EX 111 w
DATA
ARITHMETIC/BOOLEAN CONTROIL, ASSEMBLER CONTROL STATEMENT
MICROASSEMBLER PSEUDO-OP CODES PSEUDO-0OP CODES PSEUDO-OP CODE
cory BO EQU HEX
JMP BNO EQUR
NOP BS ORG
BRP BNS END
BRN LDI LIST
BC SUBI PNCH
BNC EJCT

FIGURE 2-1.
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BNZ

Format BR BRANCH IF NONZERO CONDITION
Valid Modifiers: R L R,L W IX XQ PZ IO

The condition specified by modifiers or a register bit
position is tested. If the test result is nonzero, the next in-
struction is taken from the even ROM location specified in
the operand field. If the test result is zero, the next sequen-
tial instruction is executed. Registers and machine conditions
are not changed. The operand field must contain either a
label or an absolute address. The least significant bit of
an address is ignored and interpreted as zero. Logical index-
ing applies if IX modifier is specified.

LaBeL  [7f operaTION [ LB 0 REG 2 rle B OPERAND |70 L

i
2212812930 31]32133] 3413536 [37 118 {39 [40 41 a® 13 (44 Jas |

1
: : - : : i
fﬁyﬁ, B[MI. ":3; i 1 ! BoﬁLx L Lo ARG SRR N T S S S

1

ilebledet 718 ]9 findong oty u|m'<.‘ srfam brad ool 21] 221230 2

In this example, the left byte (8 bits) of Register 3 are
tested. If the byte is nonzero, a Branch to the address in the
operand field occurs. If the byte is zero, the next sequential
instruction is executed.

ROM INSTRUCTION,
EVEN ADDRESS

4 5 6 7 8 9 10 11 12 13 14 15

. ROM INSTRUCTION
Y, Y, Y Y, Y, Y,Y,Y,Y ,
IR R RS R R R RS R R A B ODD ADDRESS

B = B-Register

P = Bit Pointer

R = Test Right Byte

L = Test Left Byte

# =Byte or Bit Test Operation Select
1 = Byte
0 = Bit

Y = ROM Address
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BRZ Format BR BRANCH IF ZERO CONDITION
Valid Modifiers: R L R,LL W IX XQ Pz IO

The condition specified by modifiers or by a bit position
is tested. If the test result is zero, the next instruction is
taken from the ROM location specified in the operand field.
If the result is nonzero, the next sequential instruction is ex-
ecuted. Registers and machine conditions are not changed. The
operand field must contain either a label or an absolute address.
The least significant bit of an address is ignored and interpreted
as zero. Logical indexing applies if IX modifier is specified.

LABEL OPERATION s o2 wha OPERAND
INESESRYSCE ENRATTLE HX SN TP ¢ RV R iy ::% THIEIRIESECE S TR I U L TR Y S A R I PN TIN N
TAIGI ElRlEl - 1 X b 1 B O GI i 1 = Ll 11 1 U I FE I 1 i J- il
L L I L M [ S S N S S WU S S0 S ST S S S S

In these examples, the left byte (8 bits) of Register 3
are tested. If the byte is zero, a Branch occurs to the ad-
dress in the operand field. If the byte is nonzero, the next
sequential instruction is executed.

0 1 2 3 4 5 6 7 8 9 10111213 14 15

7,

ROM INSTRUCTION,
EVEN ADDRESS

2 3 4 5 6 7 8 9 1011121314 15
ORly vy vyvvvvyyvyvy,y| ROMINSTRUCTION,
PP|Y

T S R T el Tl el Tl Mttt Bl Al ODD ADDRESS

B = B-Register

P = Bit Pointer

R = Test Right Byte

L = Test Left Byte

# = Byte or Bit Test Operation Select
1 = Byte ‘
0 = Bit

Y = ROM Address
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The use of mnemonics BNZ and BRZ is shown in the
following table:

BRZ
BRZ
BRZ
BRZ
BNZ
BNZ
BNZ
BNZ

oo® s

-

g 0 "W

=

Bits 0 - 7
zero
Bits 8 ~ 15
zero

Bits 0 - 7
zero
Bits 8 - 15
nonzero

Bits 0 - 7
nonzero
Bits 8 - 15
zero

Bits 0 - 7
nonzero
Bits 8 - 15
nonzero

e indicates conditions for successful branch

NOTE: Branch testing of an I/O register input must not
be attempted unless the I/O system is stabilized at the
time. Stabilization is assured by input/output system data

via timing interlocks.

Stabilization is not assured for non-

synchronized inputs such as those used for interrupts. The
effect of testing a nonstabilized input may be a ROM pro-
gram branch to an address which is neither the next se-

quential address nor the expected branch address.
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AND
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Format RR LOGICAL AND

Valid Modifiers: R1 L1 SK SE R8 L8 EX SI
SO J D PZ 10 MR MW

The contents of the A-register and the B-register are
AND'ed bit by bit. The result is stored in the D-register.
The four possible AND'ing results are:

BIT VALUES
A-REGISTER 1 11 ]0 {0
B-REGISTER 1 |0 |1 {0
D-REGISTER RESULT 1 ]0 |0 |O

The contents of the A- and B-registers are left unchanged
by this operation.

weeL |5 operaTion [T OPERAND

178929 %) 01 ]32) 33f3af33 ]38 {37 J1m |39 |40 a1 {4z Ja3 faa oy

3 TRILIERE

e borl g any 2211y e

S5 BN T W N I N ISR N0 U O W TN N N S | TR I

1
2 ]
S5 BN S S S PR U

PO W RS U T W W WS T T W W T U

In this example, the contents of Registers 2 and 3 are
AND'ed and the result appears in Register 14,

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7
0 0 0 1|B D BB B B/DD D D ROM INSTRUCTION,
| . | EVEN ADDRESS

ROM INSTRUCTION,
ODD ADDRESS

A = A-Register
B = B-Register
D = D-Register



OR

Format RR LOGICAL INCLUSIVE OR

Valid Modifiers: R1 L1 SK SE RS
SO J D PZ 10 MR MW

L8 EX SI

The contents of the A-register and the B-register are
Inclusive OR'ed bit by bit. The result is stored in the D~
register. The four possible OR'ing results are:

BIT VALUES
A-REGISTER 1 ]11010
B-REGISTER 1101170
D-REGISTER RESULT 1 (1 11]0

The contents of the A- and B-registers are left unchanged
by this operation.

OPERAND

.‘: il 2t2zl2yf 4

128129130131 §12} 331341383637 138 |39 [a0ja1 a2 [43 [eu Jus

b I W Y B

TS N SN VS S U S T [ S W S (N S Y '

0

B2 USRS i IR WO S SO U WAV TG WA S0 S A S T 0 T A W

In this example, the contents of Registers 2 and 3 are
Inclusive OR'ed and the result appears in Register 14,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0

01 0iB|D}
/I '

DD DD
11 1

0

A=
B =
D=

1 2 3 4 5 6 7 8 9 1011 12 13 14 15

A-Register

B-Register
D-Register

ROM INSTRUCTION,
EVEN ADDRESS

ROM INSTRUCTION,
ODD ADDRESS
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XOR

Format RR LOGICAL EXCLUSIVE OR

Valid Modifiers: R1 L1 SK SE R8 18 EX SI
SO J D PZ IO MR MW

The contents of the A-register and the B-register are
Exclusive OR'ed bit by bit. The result is stored in the D~
register. The four possible XOR'ing results are:

BIT VALUES

A-REGISTER

111{0f{ 0

B-REGISTER

1|10(1}) 0

D-REGISTER RESULT ol1y1] 0

The contents of the A- and B-registers are left unchanged

by this operation.

(B C s ] o P oa R
uecL [ opeaamion 2 | rte b5

QPERAND

o Lilaay oy 22y se s

s

27]28]29] 3031 [32] 33136135 136 |37 138 139 [40 &1 142 143 [aa ju3

N A |

N S (SO S A O N TN TR NS T N NN N T N M

) SR ) SN WD WS S TS T N S A U SO S W S S

S8 BTN S R R ol

In this example, the contents of Registers 2 and 3 are
Exclusive OR'ed and the results appear in Registers 14,

0 1 2 3 4 5 6 7

0. 0 1 1B
B

ROM INSTRUCTION,
EVEN ADDRESS

0 1 2 3 4 5 617

A = A-Register
B = B-Register
D = D-Register

8 9 10 11 12 13 14 15

ROM INSTRUCTION,
ODD ADDRESS



ADD Format RR ADD

Valid Modifiers: R1 L1 SK SE R8 18 EX SI
SO J D PZ IO MR MW CI +1

The contents of the A-register and the B-register are
added. The result is stored in the D-register. Addition
is carried out in two's complement format. Carry input
to the least significant bit is controlled by CI, which enables
the previous carry condition as input; and by +1, which
forces carry input. The carry condition is set to corre-
spond to the carry from bit 0 and the overflow is set to
correspond to the Exclugive OR of the carries from bits 1
and 0. The A- and B-registers are left unchanged by this
operation, but the carry and overflow bits are changed.

tBEL [

OPERATION [ R R OPERAND

7178179 ] 201311321331 34) 35126137 [38 {39 14041 |42 [4) fas (43

) HEED TS WS TN T WU DN 1O0S NN U0 Wl H S T S S DA S

1 7111412:::: [IRAEBE] .1;.‘
TAS, |

FENSRT I 323 ISR SRTUN St BNUYNN tct SRR oo MR TN =i N S GAT S

ediv e el cod 2n) 221200 24

HI T B S

5 SR N T VO UK Y U W NN O I [ T T N I |

In this example, the contents of Registers 2 and 3 are
added and the sum appears in Register 14.

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

ROM INSTRUCTION,
p,Db DD EVEN ADDRESS

0 1 2 3 4 5 G 7 8 9 1011 1213 14 15
V77,

ROM INSTRUCTION,
ODD ADDRESS

A = A-Register
B = B-Register
D = D-Register




MULT
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Format RR MULTIPLY STEP

Valid Modifiers: R1 L1 SK SE R8 18 EX SI
SO J D PZ 10 MR MW CI 1

If the shift condition is 1 prior to the MULT instruction,
the contents of the A- and B-registers are added. The re-
sult is stored in the D-register. Addition is carried out in
two's complement format. Carry input to the least signifi-
cant bit is controlled by CI, which enables the previous
carry condition as input; and by +1, which forces carry input.
The carry condition is set to correspond to the carry from
bit 0 and the overflow is set to correspond to the Exclusive
OR of the carries from bits 1 and 0. The A- and B-registers
are left unchanged by this operation, but the carry and over-
flow bits are changed.

If the shift condition is zero prior to the MULT instruc-
tion execution, the B-register data is inhibited so that the
A-register data passes through the input adder unchanged.

OPERAND

j21] 22123 24] 38 27128129130 )31 |32£33]34]135{36 [37 {30 [39 [acjet |ax 43 j44 (43

b S (N S T T T T N N I N W A N SUN N S

[

5 NN SN ST S TR 5o (NN S SN NS W S ST SN TS S S N U NS N W |

In this example, the contents of Register 2 are added to
the contents of Register 3 and the sum is stored in Register
14. Multiplication routines are constructed with this instruc-
tion and its modifiers.

0 1 2 3 4 5 6 7 8 9 10111213 14 15

DD DD| ROM INSTRUCTION,
| 1 EVEN ADDRESS

ROM INSTRUCTION,
ODD ADDRESS

A = A-Register
B = B-Register
D = D-Register



DIV

Format RR DIVIDE STEP

Valid Modifiers: R1 L1 SK SE R8 L8 EX SI
SO J D PZ IO MR MW CI +1

The contents of the A- and B-registers are added. If
the sum is positive, the result is stored in the D-register.
If the sum is a negative number, the D-register is not
changed. Addition is carried out in two's complement
format. Carry input to the least significant bit is con-
trolled by CI, which enables the previous carry condition
as input; and +1, which forces carry input. The carry
condition is set to correspond to the Exclusive OR of the
carries of bits 1 and 0. The carry and overflow conditions,
and the shift condition (if SO is specified) are changed by the
DIV instruction whether the sum is positive or negative.

weer [ operation [ o8 OPERAND

i

27]38]29 130031 (320 33] 34135036 [17 (38 ]39 Lao( 61 |42 {43 fas a3
1

N IS N OSSO NN NORS JUUN U N SN IS5 WU NS S A 4
t

§ TS TN WO SO WO W U WO U TN T NN U WA I O B |

REIRIR) Jeyrgugs "

T,A€,

| - |

In this example, the contents of Register 3 are
added to the contents of Register 2. The sum is stored
in Register 14.

0 1 2 3 4 5 6 7 8 9 10111213 14 15

%
7 DD DD ROM INSTRUCTION,
EVEN ADDRESS

ROM INSTRUCTION,
ODD ADDRESS

A = A-Register
B = B-Register
C = C-Register
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ANDI Format RI LOGICAL AND IMMEDIATE
Valid Modifiers: PZ 10 MR MW

The contents of the B-register and the operand field
are AND'ed bit by bit. The result is stored in the D-register.
The operand must be either a left-justified hexadecimal
constant or a label.

IMMEDIATE OPERAND 1 1 0 0
B-REGISTER 1 0 1 0
D-REGISTER RESULT 1 0 0 0

The contents of the B-register are left unchanged by
this instruction.

LABEL ] OPERATION |7 OPERAND

|
278829130191 132§ 35) 34195 |36 ]37 38 }39 (40 )41 |42 Ja3 [aa Jas

D W W SO S TS DA SN S U N SN TS S N

AR RN IR ]

|FEEES,

xp!xufi;: o1 nte biedy

TAS, AND I

{
S T S T T SO GO N 500 B WO O B O

PO W 557 S W WA 5 BT 5 ot ININ o IR SRR

In this example, the contents of Register 2 are AND'ed
with the hexadecimal value FFFF and the result appears in
Register 14.

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

ROM INSTRUCTION,

1 0 0 1|B
EVEN ADDRESS

D D DD
Pl

0 1 23 4 5 6 7 8 9 1011 12 13 14 15

ROM INSTRUCTION,

i DD ADD
HIHIHIHlHlH|H|H|HIHIHIHIH|HIH1H 0 RESS

B = B-Register
D = D-Register
H = HEX Constant
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ORI Format RI LOGICAL INCLUSIVE OR IMMEDIATE
Valid Modifiers: PZ I0 MR MW

The contents of the B-register and the operand field
are Inclusive OR'ed bit by bit. The result is stored in the
D-register. The contents of the operand field must be
either a left-justified hexadecimal constant or a label.

IMMEDIATE OPERAND 1 1 0 0

B-REGISTER 1 0 1 0
| D-REGISTER RESULT 1 1 1 0

The contents of the B-register are left unchanged by
this instruction.

] operATION T OPERAND

|

1381293003 }37] 33154135136 }37 {35 139 {4041 [42 |43 faa a3
l

) S W WSRO NS U AU N NN TS N U AU U N S

'

2 WU SO0 TR Y N WU IVHN SV T N NN T N S T B

1 6 1 sojai22ia3] 2a]
4. [FFrocd

11133:?:|11113 X I 552 T A N DU N S T

B

In this example, the contents of Register 2 are Inclusive
OR'ed with the hexadecimal value FF00 and the result appears
in Register 14.

0 1 2 3 4 5 6 7 8 9 1011 1213 14 15

DDDD ROM INSTRUCTION,
| 1 1 EVEN ADDRESS

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

ROM INSTRUCTION,

HIHIHIH[HIHJHIHIH|HIHIHIH[HIHIH ODD ADDRESS

B = B-Register
D = D-Register
H = HEX Constant

2-13
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2-14

XORI

Format RI LOGICAL EXCLUSIVE OR IMMEDIATE
Valid Modifiers: PZ I0 MR MW

The contents of the B-register and the operand field
are Exclusive OR'ed bit by bit, The result is stored in the
D-register. The operand field must be either a left-justified
hexadecimal constant or a label.

IMMEDIATE OPERAND 1 1 0 0

B-REGISTER 1 0 1 0
D-REGISTER - 0 1 1 0

The contents of the B-register are left unchanged by
this instruction.

f operaTION |7 o8 OPERAND

I
27202913021 {321 33134235 |36 {37 |38 |19 |40 41 |42 }43 a4 {45
|

) U W WS W TN TS SN JUU N N Y U N N

. |
Y SO T T N T ST T O Y U O B OO Y S S A

: p21122) 23] 24 =2
_LIFE248,

S5 SN 1 S R U T )

In this example, the contents of Register 2 are Exclusive
OR'ed with the hexadecimal value FE24 and the result appears
in Register 14.

0 1 2 3 4 5 6 7 8 9 10111213 14 15

ROM INSTRUCTION,
EVEN ADDRESS

0 1 2 3 4 5 6 7 8 9 101112 13 14 15

ROM INSTRUCTION,

HHHHHHHHHHBHMHHHHH .
B T B B ODD ADDRESS

B = B-Register
D = D-Register
H = HEX Constant



ADDI Format RI  LOGICAL ADD IMMEDIATE
valid Modifiers: PZ 10 MR MW

The contents of the B-register and the operand field are
added. The sum is stored in the D-register. The operand must
contain a left-justified hexadecimal constant, or a label.
Addition is carried out in two's complement format. The carry
condition is set to correspond to the carry from bit 0 and the
overflow is set to correspond to the Exclusive OR of the car-
ries from bits 1 and 0.

The B-register is left unchanged by this instruction.

weer [o] operamion [T Bl BT 0L P A B OPERAND

1oR129 10131 {92199 2878 136 137 T3m Mo [an et a2 143 Jed Las

) S D W S NS SN W S N N VN NS A T U N

RS REN E SIREL (21

’5? AppI S:;‘ 2

|FFFFS.

llllll‘lllllllllllll

In this example, the contents of Register 2 are added to
the hexadecimal value FFFF and the sum appears in Regis-
ter 14,

0 1 2 3 4 5 6 7 8 9 101112 13 14 15

D DD D ROM INSTRUCTION,
EVEN ADDRESS

0 1 2 3 4 5 6 7 8 9 10111213 14 15
ROM INSTRUCTION,

HH HHUHHHHMHHUHH HH H
T TR T T TR T TR T N TR T T ODD ADDRESS

B = B-Register
D = D~-Register
H = HEX Constant
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LOAD

2-16
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Format RL LOAD REGISTER
Valid Modifiers: PZ I0 MR MW

Loadis atwo cycle instruction. During Cycle 1, the ef-
fective ROM address is obtained by Inclusive OR'ing the instruc-
tion's ROM address field with the contents of the Link register.
During Cycle 2, the contents of the effective ROM address and the
contents of the specified B-register are then Exclusive OR'ed bit
by bit. The result is stored in the D-register.

The contents of the B-register are unchanged by this
instruction.

weer [ operamion [Ty B E OPERAND

39127120429 30031 (32130834 {23136 137 138 |39 Je0ga1 |42 J43 |ea fa3
|

142]9) c|v|.|9:::E.Emu a:
T‘IRIGI l“ lo 3L B { lclz'!{l i TS WO TN U W N W SN NN NN SN O 0 W O A
0 |

PRI 02 MU WU 32 NPUN o BTN o BNUUS e NN S UU Y < A0 WO O W U S A Y0 TG S TG S U0 S T B

alcolnt 2212y] 24f 28

In this example, hexadecimal constant 2C2 and the
contents of the Link register are Inclusive OR'ed to form
an address. The contents of the address are Exclusive OR'ed
with Register 3 and the final result is stored in Register 14.

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

ROM INSTRUCTION,
EVEN ADDRESS

1 11 1|B
|

0 1 2 3 4 5 6 7 8 9 1011121314 15

ROM INSTRUCTION,

Y YYYYYYYYYYYIYIYIY!Y ODD ADDRESS

B = B-Register
D = D-Register
Y = ROM Address



ROM

Instruction

Modifiers

o oThe‘ ROM instruction modifiers are described in detail
on the following pages. They are grouped as outlined below:

e Skew Control Modifiers
e Arithmetic Control Modifiers

e Instruction Loop Repeat Control Modifiers

e Branch Control Modifiers

¢ Input/Output and Memory Control Modifiers
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§

2-18

(No Skew
Control
Modifier)

R1

TRANSMIT DATA WITHOUT MODIFICATION

0123456‘789 10 11 12 13 14 15

ROM INSTRUCTION, EVEN ADDRESS

01 2 3 4 5 6 7 8 9 10111213 14 15
' ‘ ROM INSTRUCTION, ODD ADDRESS

Output from the Arithmetic unit is transmitted without
modification.

SHIFT RIGHT ONE PLACE

01 2 3 45 6 7 8 9 101112131415

ROM INSTRUCTION, EVEN ADDRESS

ROM INSTRUCTION, ODD ADDRESS

Output from the Arithmetic unit is displaced right one
place. Spill from bit 15 may be saved in the Shift Condition
register bit by the SO modifier. Entry to bit 0 from the pre-
vious shift condition is controlled by the SI modifier.



L1

SK

SHIFT LEFT ONE PLACE

10 11 12 13 14 15

14 15

ROM INSTRUCTION, EVEN ADDRESS

ROM INSTRUCTION, ODD ADDRESS

Output from the Arithmetic unit is displaced left one place.
Spill from bit 0 may be saved in the Shift Condition register bit
by the SO modifier. Entry into bit 15 from the previous shift
condition is controlled by the SI modifier.

SCALE

01 2 3 4 5 6 7 8 9 1011 1213 14 15

ROM INSTRUCTION, EVEN ADDRESS

ROM INSTRUCTION, ODD ADDRESS

Output from the Arithmetic unit is displaced one place to
the right, Spill from bit 15 may be saved by the SO modifier.
Entry to bit 0 is made from the current arithmetic extended
sign during an ADD operation or from the Carry Condition
register bit during operations other than ADD. If the SI mod-
ifier is specified concurrently with SK, entry to bit 0 is the
OR between the Shift Condition register bit and the proper
carry condition,

2-19
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2-20

SE

R3

SIGN EXTEND

01 2 3 45 6 7 8 9 1011121314 15

ROM INSTRUCTION, EVEN ADDRESS

ROM INSTRUCTION, ODD ADDRESS

Output from the Arithmetic unit is transmitted with bits
0 through 7 replaced by copies of bit position 8.

SHIFT RIGHT EIGHT PLACES

01 2 3 4 5 6 7 8 9 10111213 14 15

ROM INSTRUCTION, EVEN ADDRESS

ROM INSTRUCTION, ODD ADDRESS

Output from the Arithmetic unit is displaced right eight
places. Spill from the right is lost; zeros enter at the left.



L8

EX

SHIFT LEFT EIGHT PLACES

Output from the Arithmetic unit is displaced left eight
places. Spill from the left is lost; zeros enter at the right.

01 2 3 4 5 6 7 8 9 1011121314 15

G

ROM INSTRUCTION, EVEN ADDRESS

3
7

ROM INSTRUCTION, ODD ADDRESS

13 14 15

ROM INSTRUCTION, EVEN ADDRESS

13 14 15

ROM INSTRUCTION, ODD ADDRESS

Output from the Arithmetic unit is rotated eight places
so that bits 0 through 7 and bits 8 through 15 are interchanged.
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SO

SI

2-22
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SHIFTER OUTPUT SPILL TO SHIFT CONDITION BIT

SHIFTER INPUT ENTRY FROM SHIFT CONDITION BIT

01 2 3 45 6 7 8 9 1011121314 15

ROM INSTRUCTION, EVEN ADDRESS

ROM INSTRUCTION, ODD ADDRESS

Shifter spill is always from either bit 0 or bit 15 of the
operand being shifted. SO is effective for any shifter control
modifier code. Spill is the original contents of bit 0 for no
shift, L1, SE, and L8; and the original contents of bit 15 for
R1, SK, R8, and EX. Refer to the DIV instruction description
for use of the SO modifier with operations other than a shift.

Shifter input is taken from the Shift Condition register
bit when the SI modifer is specified. The SI modifier is
enabled only for R1, L1, and SK modifiers and controls either
bit 0 or bit 15 entry, as appropriate. If SK and SI modifiers
are specified concurrently, the entry to bit 0 is the OR be-
tween the shift condition and the arithmetic carry.

Circular shifts (end around) may be implemented by first
executing a single shift operation (right or left, as appropriate)
with register zero as the destination and SO specified. The
shift condition bit will then be properly set so that subsequent
shift operations with both SO and SI specified will be a circu-
lar shift.



Cl

+1

ENABLE ARITHMETIC CARRY INPUT

FORCE ARITHMETIC CARRY INPUT

0123456789 10 11 12 13 14 15

ROM INSTRUCTION, EVEN ADDRESS

ROM INSTRUCTION, ODD ADDRESS

Carry input to the adder is controlled by CI and +1 mod-
ifiers. If neither is specified, the add is without carry input.
If CI is specified, the previous carry condition is used as
carry input to the least significant stage of the adder. If +1
is specified, a carry input is forced unconditionally, regard-
less of whether CI is also specified.
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D DECREMENT COUNTER

J JUMP ON COUNTER NONZERO

01 2 3 45 6 7 8 9 101112 13 14 15

0123456789 10 11 12 13 14 15

... ®n @@ @

ROM INSTRUCTION, EVEN ADDRESS

ROM INSTRUCTION, ODD ADDRESS

The low-order 8 bits of the Loop Counter are decrement—
ed and tested using the J and D modifiers. If J is specified
without D, a branch to the address specified by the contents
of the Link register occurs.

If D is specified without J, the counter is decremented.

If J is specified concurrently with D, a branch to the ad-
dress specified by the contents of the Link register occurs un-
less the counter decrements to zero. The test is made after
conclusion of the instruction.
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TEST WORD (RIGHT