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INTRODUCING THE GRI-909*
A DIRECT FUNCTION
PROCESSOR

The GRI 909 Computer s the frst of a
new class of general purpose dgtal
computers Called a D rect Funct on
Processor it represents the next log
ical step in the use of computers as
wholly dedicated system controllers
The nternal architecture and the ma
chine language of the D rect Function
Processor greatly enhance the system
designers ab lity to ut| ze computer
control effect vely and econom cally
Its programming language s oriented
funct onally not arithmetically The
GRI 909 can be programmed n the
ktnd of functional terms a systems en
gineer must use to define system op
eraton It keeps the respons b ty of

the system program in the hands of
the des gner by provid ng a means of
relat ng systems funct ons d rectly to
computer nstructions

The ntrnsc modular des gn of the
D rect Funct on Processor permits a
variety of machine configurat ons
ranging from highly economic mini
mal processors for systems requ rng
simple data manipulat ons to large
configurat ons combin ng powerful
comput ng nstructions w th a var ety
of peripheral devices Hardw red firm
ware operators can be added n the
form of plug n modules to provide
virtually thousands of computer in

structons These modules or firm
ware operators provde a flex btlity
and expandib ty unequaled by con
vent onal computer des gns Data
transfer between system or computer
devices s accompl shed directly na
single operation without temporar ly
stor ng the data n spec al tnput/
output reg sters or accumulators

Essentially Direct Funct on Process
Ing provides expanded flex bil ty con
siderable potential economy and
systems or ented programming wth
out sacrif cing any of the capab lities
inherent in the general purpose digital
computer

GRI-909 FEATURES

16 bt ful y paral el processor w th 1 76 m crosecond cycet me

32 768 words of random access core memory d rectly addressab e not page
or ented Mn mum cores ze s 1024 words

e Functona organzaton permits smpe assemby language programmng n
user system anguage
Every dev ce nthe system both ns de and outs de the computer s d rectly
addressable by programmed nstructons a ow ng d rect data transfer between
dev ces w thout spec al accumu ators or need for temporary storage
F rmware opt ons can expand hardw red on set to prov de system f ex
b ty unequaled by more convent ona computer des gns These nclude mul
t ple ar thmet cunts mutpyoptons byte pack byte swap square root etc

Drect memory access channe s ava able on the same data and contro! nes
as the programmed nput/output channe (I/O rate 176 mcroseconds per
16 bt word) No DMA mutp exer s requ red for mut ple DMA dev ces

e Prorty nterrupt system has fu capab ty to be used as as ngle channe nter
ruptorasafu hardware nterrupt at the opt on of the system des gner
Core memory and read on ymemory are nterchangeable
Bas c chass s occup es 10% nches of standard 19 nch cab net wth space
ava abe for 8192 words of memory three major f rmware opt on modules and
16f rmware or dev ce nterface modules

Memory power fa. protect on and automatc restart are standard Also remote
start and stop ava ab e for use nsystem nterface

TTL ntegrated rout and med um scae ntegrated crcut modules used for
max mum economy

e A system regsters both nterna and external to the computer can be ds
played on conso e Data can be transferred from console sw tches to al system
dev ces

e Perphera optons ncude mass memory meda nput/output devces com
mun cat on nterfaces dsp ay andd g tal system dev ces

The GRI 909 s the dea system control computer ts flexb ty modular ty and
ease of programm ng are ntended to provde the orgna equ pment or system

nherent n convent ona computer des gns The D rect Funct on Process ng tech

both the des gn of computers and the use of computers n systems In the GRI 909
the nternal computer dev ces are treated ke funct ona e ements of the overall
system The moduar frmware capab ty of the GRI 909 prov des the system
des gner wth a fexb ty to meet chang ng system requ rements the abl ty to

ncorporate h s own propr etary and un que control features and a hedge aga nst

manufacturer w th a system contro center wh ch m nm zes many of the problems

nque mpemented by the GR 909 S the product of many years of exper ence

m GRI Computer Corp obso escence by the ntroduct on of new system dev ces or c rcu try Its mechan

(617) 969 7346 v rtual y any system decor76 ROWE STREET NEWTON MASSACHUSETTS 02166 Ca des gn smp fes ts system ntegraton and ts styl ng compat ble wth
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A NEW APPROACH TO COMPUTER ARCHITECTURE

The GRI 909 computer differs from
the conventional computer in that the
input/output data and control buses
(groups of parallel wires) on which
peripheral equipments reside, exfend
inside the computer. All of the internal
elements of the computer, including
the Instruction Register, Sequence
Counter, Arithmetic Unit and Memory,
are connected across these buses.
This type of structure is made effec-
tive by the addition of a program-
mable link between the input (Desti-
nation) and output (Source) buses.
This programmable link provides a
controlled path for transferring data
directly, or with certain optional "on-
the-fly' modifications between the

buses. Since all functional compo-
nents of ihe system are connected
between the buses, any device can
send a word in parallel directly to any
other device, regardless of whether
either device is internal or external to
the computer. The result Is a com-
puter in which every processor com-
ponent or input/output element is
directly addressable, as if it were part
of the internal processor logic. It sim-
plifies the writing of programs and
minimizes much of the bookkeep-
Ing' associated with the manipulation
of data.

Following is a more detailed exami-
nation of the arrangement and com-
ponents of the GRI 909.
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SOURCE BUSES
FOR DATA AND
CONTROL SIGNALS

1 6(2) ly
BUS

MODIFIER

BASIC COMPUTER
ELEMENTS

Bus Modifier The bus modifier is
designed to take information from an
input device and move it to an output
device, while performing simple op-
erations on the data as it passes
through.
This programmable path provides a
means of getting any data word, from
any functional component of the sys-
tem, appearing on the destination
buses back to the source buses to be
delivered to any other functional com-
ponent in the system.
It can transfer a data word from one
device to another, complimented or
not complimented, and can modify
the data in one of the following ways:
(1) no modification, (2) incremented
by one, (3) shifted eft one bit, (4)
shifted right one bit. A two's comple-
ment (negative) number can be ob-
tained, on the fly, by combining the
one's complement operation with the

increment by one operation. Associ-
ated with the Bus Modifier is a Link Bit
through which data can be shifted for
testing one bit at a time, and an Over-
flow Bit for tests involving increment-
ing data.

Sequence Counter A device is
provided to keep track of the program
information. This program or se-
quence counter is common to all
computers and indicates the address
of the next instruction.
In the GRI 909, the sequence counter
is connected across the buses, as are
all other elements in the system, pro-
viding direct access from device to
device. An external device can cause
the program to go to some special
subroutine in memory by transmitting
an address word directly to the se-
quence counter.

Instruction Register - The Instruc-
tion Register contains the current in-
struction in the computer to be
executed. Like other elements in this
system organization, it is connected
across the Source and Destination
buses.
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DataTest A thought process that a
computer performs is to decide on
the paths that it will follow, based on
the value of the data that it receives. In
the GRI 909, Data Test determines
whether the value of the information
it receives is less than zero, equal to
zero, or any combination thereof (in-
cluding the negation). This tester is
connected between the Source and
Destination buses, and is pro-
grammed to accept data directly from
any source. A positive response to a
data test results in a jump instruction.
The contents of the Sequence Counter
are automatically stored in a trap reg-
ister associated with Data Test when a
jump is executed.

Function Generator Most periph-
eral devices require control pulses to
perform such functions as Start, Stop,
Clear, etc. Up to sixteen different con-
trol commands can be issued to each
system device by generating the ad-
dress of the device and control pulses
on four control ines provided for this
purpose. A typical instruction to be
issued by the function generator
might be, ''Start reader'.
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duce status signals which indicate
certain conditions to the computer.
The GRI 909* contains a Function
Test Operator that looks at these
status signals and acts upon them.
Three control ines are provided for
this purpose, plus a fourth which pro-
vides logical negation of the other
three. A positive response by the
Function Test Operator to the sense
lines results in a skip instruction.

Console lf a peripheral device is
added to a system, a set of lights may
be required to indicate what is going
on within the device.
When the switches on the console are
set to a device address, any data that
is delivered to that device will be dis-
played. This is useful for maintenance
and debugging purposes. In some
systems, this can eliminate the de-
velopment of large display panels
and their attendant cost. The contents
of any register in the system can be
displayed on the computer console.
A programmers console is optionally
available which simultaneously dis-

FIRMWARE OPERATORS

TO aC e o im t c
computer in addition to the selectable
data display. Both consoles are plug-
gable and interchangeable.

Data may also be transmitted to any
device in the system from the console
switches by selecting its address and
activating the Transmit Key. Control
switches on the console are: Start,
Continue, Read, Write, Display, Trans-
mit, Single step and Stop.

Minimum Configuration The sys-
tem described so far is the minimum
configuration in which the GRI 909 is
available. With the addition of some
kind of stored program, it can provide
all the control capabilities of a gen-
eral purpose computer. It can test
data, transmit and receive control sig-
nals and perform arithmetic and logic
operations on data, one bit at a time,
as it passes through the Bus Modifier.
Although limited in the execution
times of its arithmetic operations, it
can be used as a special purpose
controller with read-only memory or
a general purpose controller with ran-
dom access memory for those appii-

SQUARE
ROOT

OPERATOR

cat ons racu r t e 6
metic, or where the execution times
of arithmetic are not a critical factor.
This provides a very inexpensive ap-
proach to system control, with the
capacity for expansion to full com-
puter capability if required.
Core Memory The memory of the
GRI 909 is a 16-bit, random access,
ferrite core memory in 1024 and 4096
word plug-in modules. It can be ex-
panded to 8K in the basic processor
frame without additional wiring. The
total expansion capability is 32,768
directly addressed words.
There is a multiple channel, single
cycle, direct memory access system
in the basic processor which permits
direct, single-word access to the
memory by a system function. The
complexity of multiplexing multiple
devices on many different data chan-
nels is relegated to each device as it is
added by a simple priority allocation
system. Similarly, a range of com-
plexity in implementation is available
to the system designer. The data
channels may be used to transfer
data in or out of memory, or simply to

"PATENTS APPLIED FOR

SPec
tion. A replace operation Is also per-
missible, 1e., read/modify/write, all
within the one memory cycle.

Read-only memory can be substituted
for and intermixed with core memory.

Arithmetic Operator - The arith-
metic and logic manipulations that
can be performed in the functional
Arithmetic Operator are ADD,"
"AND," "OR," and "EXCLUSIVE OR."
This arithmetic operator operates
somewhat differently than that of a
typical computer. Instructions are not
issued that say "ADD', which in a
conventional computer says, ''one
number is in the accumulator and the
other number is in memory. Pull the
number out of memory, add the two
together, and put the sum back into
the accumulator."
In the GRI 909, the Function Generator
is used to generate the "ADD" func-
tion. What the instruction looks like is:
"Eunction Output 'ADD' to the arith-
metic operator.' This element will
always perform the ADD function be-
tween the current value of X and Y
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another command changing the state.
When either one of those registers is
changed, a new sum appears, imme-
diately available for transfer to any
point in the system. New values can
be presented from a system register
with a new result obtained in a single
cycle time, 1.76 usec. The result, con-
tained in a separate register, always
reflects the instantaneous output gen-
erated by the contents of the X and
Y accumulators as controlled by the
function selected. It can be stored in
memory by a single instruction. The
introduction of new values to one
accumulator does not alter the con-
tents of the other accumulator.

FIRMWARE OPERATORS
Since the bus structure of the GRI 909
is open ended, other functional oper-
ators can be added on a modular
basis. Each time a functional operator
is added to the system at least one
instruction is added, plus all the vari-
ations on that instruction provided by
the Bus Modifier. These functional
operators can be selected from

BOT Sten
or can be developed by the system
engineer to incorporate special or
proprietary instructions. The standard
options include: Multiply, Square root,
Byte pack, Byte swap, additional
Arithmetic Operators, general pur-
pose Registers, BCD/binary conver-
sion, BCD comparators and others.

DEVICE OPERATORS
Device operators provide the inter-
face circuitry between system devices
and the computer. Direct memory ac-
cess and priority interrupt circuitry are
provided for each device, as required,
in the device operator. The high
speed signals related to the internal
operation of the computer are term-
inated at the device operators so that
external devices see only relatively
slow signals that can be cabled to the
device. In some cases, if the device is
simple, the entire device can be pro-
vided on the device operator plug-in
module. This module is approximately
3% inches by 9 inches and provides
an output cable termination.



SOFTWARE

Standard software routines provided
with the GRI 909 include:

Programming Support Software:
FAST an assembly program
supporting a functionally-ori-
ented language.
BASE: an assembly program
supporting a basic assembly lan-
guage.
BASE 360: a version of BASE
written in PL/1 for the IBM 360
series computers.

Source Tape Editor: an editing pro-
gram combining line oriented
and content oriented commands.
Debugging Aids
Loaders

Math Routines:
Fixed-point single-precision
arithmetic
Fixed-point double-precision
arithmetic
Floating-point arithmetic and
mathematical functions (an inter-
pretive package)

Utility Routines:
Input/outputfor standard devices
Data conversion
Diagnostics

PROGRAMMING
Machine Instructions
GRI 909 instructions are of the gen
eral form DEVICE X TO DEVICE Y,
and are described by a single ma-
chine format:
15 10 9 6 5

SDA MOD DDA

Modifier
Source Device Address

The actual operation performed by an
instruction is dependent upon the
unique combination of SDA, MOD and
DDA.
The four functional instruction classes
are Outlined below. Each class Is de-
scribed with examples of machine
and corresponding functional !an-
guage instructions shown in Table 1.
In machine language SDA and DDA
are represented as two octal digits
each, and MOD is represented as four
binary digits.
Function Generator: The source ad-
dress of the Function Generator is 02.
It causes control signals (rather than
data) to be transmitted to any system
device specified by the DDA. The
Modifier defines up to four pulses in
combination to be transmitted in par-
allel.
Function Test: The destination ad-
dress of Function Test is 02. It senses
the status indicators associated with
any system device as specified by the
source address. If the status test de-
fined by the modifier is true, a SKIP
instruction is performed. The format
for the modifier is:

Complement inclusive
"OR" of test results

Defines up to three status ndicators

Data Test: The destination address of
Data Test is 03. it can test data from
any source address for less than zero,
equal to zero or any combinations
thereof. If the test defined by the mod-
ifier is true, the next word is taken asa
jump address; otherwise, the next
word is skipped. The format for the
modifier is:

9 6

Complement inclusive
"OR" of test results

Test for data = 0
Test for data <0

Memory reference: A memory ref-
erence instruction is designated if
the source or destination address
is the Memory Buffer Register (06)
The next word 1s taken as a mem-
ory address or an operand. The
format for the Modifier is:

9 6

Deferred address mode
Immediate address mode

Select bus modification as in
non-memory reference

SOFTWARE

INSTRUCTION EXAMPLES:
The GRI-909 user-oriented assembly
language is easily comprehended by
engineers and programmers. Each
assembly language functional state-
ment is translated by the assembler
Into a single machine Instruction. Ex-
amples of both assembly statements
and corresponding machine instruc-
tion are shown.

5

Function Test

Class

Data Test

Data
Transmission
Non-memory
Reference

Memory
Reference

Assembler
Description Machine Instruction Instruction

Select Arithmetic Oper- 02 1100 13 OR TO AO
ator "OR" function

Skip if teletype input 77 0011 02 SKIP IF TTI
not ready NOT READY
Skip if arithmetic oper- 13 0010 02 SKIP IF AO OVFLO
ation caused overflow

Function
Generator

START TO TTIStart teletype paper 02 0001 77
tape input

lif teletype input equal 77 0100 03 IFTTI ETZ
to zero, go to ''done"' jump address GO TO DONE

"DONE"
If arithmetic result 13 1110 03 IF AO GTZ
greater than zero, Jump address GO TO ALARM
go to "alarm" "ALARM"
Increment the multi- 35 0100 35 MUX + 1

plexer address register
Transmit teletype input 77 0000 76 TTI TO HSP

MOD

Deterred address mode

character to the

complement of the
analog/digital con-
verter register to the Y
register for a compari-

Store trap register 03 0010 06 TRAP TO
immediately destination
ncrement value 06 0100 06 COUNT + 1

of counter address "COUNT
Transmit an immedi- 06 0010 35 112 TO MUX
ate constant (12) operand "12
to the multiplexer

net
1

lf a jump is performed, the current
value of the Sequence Counter is au-
tomatically stored in a trap register
associated with the Data Test. If the
jump is to a subroutine, the trap regis-
ter provides the link back to the call-
ing program.
Data Transmission: Any instruction
not in one of the classes defined
above implies the transmission of
data from a source device to a desti-
nation device as specified by their ad-
dresses. The source and destination
may be the same device. Data trans-
mission instructions are of two forms:

Non-Memory reference: The Modi-
fier format is

9 6

00 no modification
01 increment by one
10 shift left one bit
11 = shift right one bit

high speed punch
Transmit the two's 51 0110 12 C ADC + 1 TO AY

In the X register
son with a limit valuea 7

Transmit upper limit UPLIM TO AX06 0000 11
:

value to X register address "UPLIM"
7

:

MOD

one's complement

wg
Select bus modification

9 6

MOD
: :

: :

1

4
:

: :

MOD :

Destination Device Address
::



SOFTWARE

INSTRUCTION SUMMARY

Class

Function Generation
Function Testing - skip

- no skip
Data Testing - no jump

- jump direct
- jump deferred*

Non-Memory reference
Memory reference - direct

- immediate
- deferred*
- immediate -

deferred*
* The deferred mode selects one evel of indirect addressing with auto-index-

Length
(words)

Memory Time
Cycles

1 y

1.76
5.28
3.52
7.04

3

ing; the indirect address is incremented prior to instruction execution.

FIRMWARE OPERATORS

GR! 909* capabilities can be ex-
panded by adding firmware operators
to the system. A firmware operator
presents at least one register to the
bus system. Each functional operator
added to the computer system adds
one or more hardware instructions to
the computer plus the variations pro-
vided by the bus modifier. The devel-
opment of these options is a continu-
ing corporate effort providing greater
flexibility and computing power with
software compatibility, on a modular
basis. Examples of some of the firm-
ware options currently available are
described as follows:

Multiplier - A multiply can be exe-
cuted either through subroutine in-
structions or by the Multiply Operator,
a firmware option. The subroutine for
multiply has a maximum execution
time of 360 microseconds for a full
31-bit signed product and occupies
42 memory ocations.
The Multiply Operator performs a 16-
bit unsigned multiplication. It uses the
Arithmetic Operator and issues exter-
nal instruction requests to the proces-
sor. It uses a single address and con-
tains a 16 bit register (MPR) which
may also be used as a temporary
storage register.
The 31-bit product is available in the
X-accumulator of the Arithmetic Op-
erator (most significant) and MPR
(least significant) 56.32 microseconds
after starting the operator.
The execution time might be extended
if direct memory access requests ar-
rive during the processing of this in-
struction. A higher speed multiply
operator is also available with an exe-
cution time under 10 microseconds.

Byte Swap - The Byte Swap subrou-
tine requires 20 memory locations and
executes in 124 microseconds.(usec.)

The Byte Swap Operator is a 16-bit
register (SWAP) used to interchange
the halves of a computer word. It exe-
cutes the interchange in a single cycle
time, 1.76 microseconds, exchanging
bits 15-8 with bits 7-0. A Byte Pack
Operator is also available to form a
16 bit word from two 8 bit characters
that are loaded sequentially.

176
1.76
1.7644

1 1.762
3.5222
5.2832

Data Transmission
11

32
These two examples are indicative of
the flexibility inherent in the GRI 909
computer. The ability is intrinsic to the
Direct Function Processing technique
permitting virtually any operation to
be incorporated in the instruction re-
pertoire of the machine.
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INPUT/OUTPUT OPERATIONS

The contents of any register con-
nected to the computer bus structure
can be transferred to any other regis-
ter in the system in a single instruc-
tion. The registers can be any devices
in the compuer or in the system, in-
cluding memory. The GRI 909 recog-
nizes and services interrupt requests
and direct memory requests gener-
ated by system devices. Devices may,
however, cause traps to unique mem-
ory locations. The cost of generating
a unique address is borne by the
device interface itself. In a multi-
level interrupt environment, priority is
enforced by manipulations of an in-
terrupt status register by the respec-
tive interrupt routines. Each device
that is interfaced to operate in an
interrupt mode contributes a bit to the
Interrupt Status Register so that it may
be selectively enabled and disabled.
Interrupts may cause a trap to mem-
ory location zero. If two or more de-

u praroad

vices trap to the same memory loca-
tlon, a standard SKIP sequence is
used by the interrupt executive rou-
tine to enforce priorities and isolate
the device.

Input/output devices may be driven in
a programmed synchronized mode,
normal interrupt mode, or direct mem-
ory access mode. The permissible
mode(s) for a device are determined
by its interface with the system.

A device to be operated in the direct
memory mode presents at least two
registers to the bus system (memory
starting address and block length). A
typical direct-access device interface
will appear to the user as follows:

3 addresses - DSKA: starting ad-
dress on disc (prime register); DSKM:
starting address in memory; DSKL:
block length to be transferred.

Example: read from disc
TRACK TO DSKA : SET DISK ADDRESS
BUFFA TO DSKM: SET CORE ADDRESS
LENG TODSKL : SET LENGTH
READ TO DSKA INITIATE READ
The device will steal one machine
cycle (1.76 usec) for the transfer of
each data word. When the block
transfer is completed, the device gen-
erates an end-of-range interrupt on
the priority interrupt channel. In addi-
tion, the disc contributes one bit to
the machine status word to indicate
its active state and sense flags to indi-
cate parity error and up-to-speed.
Another interrupt mode, External In-
struction Request, is provided. This
Interrupt mode is used to exercise the
computer with hardware diagnostic
modules. It can also be used in con-
junction with a read-only memory.
When read-only memory is used in
this interrupt mode an instruction is
executed in 880 nanoseconds.

SPECIFICATIONS

Physical

Functional

Mounts from front in standard 19-inch cabinet with provision for rack slides.
Size: 10%2 inches high, 20 inches deep.
Weight: 50 pounds, approximately
Space is provided in basic frame for up to three major functional firmware
options and up to 16 firmware or interface modules. Memory capacity of the
basic frame is 8,192 16-bit words. Extender frames can be provided for
additional 24,576 words of core memory or additional firmware or interface
modules. Read-only memory modules can be interchanged with core mem-
ory modules.

Power: 100-130 vac, 60Hz + 3% or 200-240 vac, 50Hz + 3%, single phase,
4 amperes.Electrical
Power Dissipation: 150-250 watts
Logic Levels: ground and +4 vdc, DTL and TTL compatible

Machine Cycle Time: 1.76 microseconds, when executing instructions from
main memory. 880 nanoseconds, when executing instructions in External
Instruction Request mode.
Word Length: 16 bits
Core Memory Size: 1024 words, expandable to 32,768 words, directly
addressable.
Instructions: The number of machine instructions is modular and depends
upon the firmware and device options used. The theoretical limit is in excess
of 50,000 instructions.
Interrupts: 16 levels, more than one device can be operated at each level.
Input/Output Rate: Direct memory access or device to device at 568,000
16-bit words per second, maximum.
Registers: 11 in basic computer including arithmetic operator and memory
plus Link and Overflow status bits. Registers are also provided with direct
memory access and priority interrupt devices. Additional general purpose
registers and/or accumulators available as options.

Environmental

Temperature: 0° to 50° C, ambient
Relative Humidity: to 90% (operating)
Cooling: Convection, no fans required for operation over ambient tempera-
ture range.:

Switches: All console data and control switches are photo-optical without
mechanical contacts subject to wear or arcing.:
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(617)969-7346

GRI Computer Corp.
76 ROWE STREET, NEWTON. MASSACHUSETTS 02166


