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• aa lo
ed a ai a

ndano a otiet sat e o ‘re a )‘° d
p o am. 7 L.. whi1 i e ri v it o o ‘ , rd v a
workng r a rara le process.r pr ject He als asked i’ T

would be interasted in t1’i° project He spoke ir ar Easte
Wuropean accent, witt eve’y vowel ard co sonan uetic.ulou ly
pronounced. It was not surpriCrg to find out r a short while
that he was • °olis” mathematician. His name was W odzimierz
401 sztynski, which I stil cannot spell without looPing at my
notebook

So, I started wording on this para IC. processor project. Tre

processor

was produced by NCR, with a strange name—— Geometri’
Arithmetic Parallel Processor—— or GAPP for short. The centra
processing unit in it was a strange one bit ALJ. tt was very
difficult to think in bits, after cutting the teeth on 8 bit

processors,
and gradually migrating to 16 bit processors and 32

bit processors. However, Dr. Holsztynski was able to show how
complicated problems could be broken down and solved very
elegantly using bit-serial algorithms. When you have a very
large array of these simple processors woricing coherently
together, suddenly you have a extremely powerful computing
structure wi4h the throughout of CRAY super omouters at a very
small fraction of tne costs.

fter wor ing with him for sev°al mo ti’s, colleagie ‘ad mc
tiat he was ro less thar th invert r of tte GtDP chio. ‘Jo
worda tha’ h’ was so in c at sase i tttrking at tie . a
gate 1 vbl lr naly ways, D . folszty ski and C’ c “I “ a
very simi a Ir their programs they would ot allow r single

irstriction
yen a s igle bit in ar rs+ uct r, or a sirg e

aci ecy’et bewaste bynatsr gusefulfu t r nv
are conpater poetry i the ,. re’t for c°- ar t e peo?
who shte stat ofthea

Paal elisr sn is t b Ve o way t ac iev ti’e onautat or
tlroughput ieeded or arge and omp icatea aopli atio is aAPP
chip is a very unique way to link a large amount of processing
units together with the least amount of silicon and
interconnections. In this section I am presenting the imited
experience in learning to use it. Lots of material ar still
under development and are proprietary information. However,
what’s published nere can give us a glimpse of tne potentia’ of
this technology.

Once we build the processor array and some form of a controller
to operate the array, Forth can be of great help in the use and
the programming of tne processor array. Two paoers were
presented at the 1987 Rochester Forth Conference, and they are
reprinted here showing the status of this oarallel processor
proje’t. A GAP° array simulator was developed bef or— the array
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x. HIGH DENSITY PARALLEL PROCESSING

I The Proccssor A av irid Macro Con roller

A GAPP processor array of 11520 processors and it associated con’ol er
were built and tested. It allows the processor array to be programmed
conveniently using high level languages without sacrificing speed or code
efficiency The system is fully functional The hardware structure and
special features of this system are presented m this report.

1. The Parallel Processor System.

As part of the process of evaluating parallel processor algorithms with emphasis on image
processing we have developed a complete parallel array processor system. This is a necessary tool
because large programs require unacceptable long time to execute on a software simulator, and
because algorithm optimization ultimately requires testing with real time data, Included in the
system are a 96 by 120 array of GAPP processors(Geometric Arithmetic Parallel Processor. NCR
45CG72) and an MIMD (Multiple Instniction Multiple Datapaths) controller optimized for program
compression and fast program flow control

Rather than inventing a new operating environment, the system was designed to operate as an
external coprocessor to an IBM AT personal computer as a host. Paths are proided from the host
to the parallel processor system for program and data loading, run time operation, and statusmonitoring. in addition, high speed 12 bit parallel input and output ports are pro\lded whiLh are
capable of 10 megawords per second syncrhronous data transfers, and slower asynchronous
transfers

Processing within the parallel processor system is completely self contained so that once started by
the host, program execution can proceed independently. Our present system loads data ‘ia a DMA
channel in the host computer and the results can be unloaded simi1arly to host or to a real time s deodisplay dtut A software coiole program dee’opd c- ue r he 1’ost mpuer
the parallel processor system interactively.

2. Processor Array

The SIMD (Single Instruction Multiple Datapaths) data processing section consists of an array ofGAPP devices and is constructed from four circuit board assemblies, each of which has a 60 by 48array of single bit GAPP processors. The boards, which were specially designed for thisapplication, contain extensive signal buffering to allow array expansion in all four directions byusing multiple boards. This versatility allows altering the array aspect ratio for experimentation
with various classes of problems. Array expansion with these components is feasible up toapproximately 256 by 256 cells at which point it is worthwhile to design a unique board package
for each case so as to optimize density and area efficiency

The processors are organized as two arrays as show in Figure 1: one of 12 by 96 processors for
input/output corner-turning, and a main array of 108 by 96 processors. The two arrays may
optionally execute from independent instruction and address streams. However, in the present
system only one stream is used. In the main array, the EW and NS register planes are connected in
a cylindrical surface topology in both the east-west and north-south directions, although spiral and
other interconnections are umper selectable The corner-turning array is cylindrical in the
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GAPP v i hig pro’es o ders t a r ‘d e nor ird t I c o c I w
ready tin le iertatior of adaptive prcg amrni g de i oi trade y ii c t that 1 V I u 1 o
machine cy lea The top eve architcctur mnova on that 1e cor tro Ic s a MIMD maci inc vu
processes three different instructions strearr s simultane usli as shov an Figure 2 A Flow Cor u’ol
Unit feeds several (here two Macro Generator Ln t The instrjcti n streams from the Macro
Generator Units are combined to feed the control lines f the GAPP arra Each of these tint wi
be a single chip in VLSI All Macro Generator ants are iden cal

Both the Flow Control and Macro Generator U i t usc externalh wr tab e contro s ores o store
instruction streams The Flow Controt Unit sucvises plugram flow iuun DM( whue the Macro
Generator Units produce output instructions for the GAPP array The MIMD architecture is
hierarchical, i e, the Flow Control Unit directs the produaion of the programs from the Macro
Generator Units The final output stream consists of two 15 bit words combined to form a sir gie
20 bit instruction and address stream for the GAPP The controller offers a very high degree of
program compression. Existing sequencers have wide n icrocode words but little program
optinuzatlon or compression.

The Flow Control Unit allows eight levels of nested subroutines and eight levels of nested loops.
While loops increment, the loop counts of interior loops can be changed. Subroutine calls and
returns are performed in clock cycles. With the prnvica’n that subrout’es are at least three
instructions long, this allows penaltyfree macroprogramming External inputs may be tested for
conditional operanngs (branching, loop ng calling ard returning) The Flow Contro li nit uses a
32 bit wide instruction format It i designed to be a singl ci p unlike existing sequencer
although its primary function an the rca or coil r s o direct h ii err flow w if n he DMC
of the program

r e Mac o Gencra o U hi h ire a a] d r a d ea h i ed
have e era] io e feat ires

(1 C iJaber r ardad es r
(2 Automati r nrv aanagcrre i

(3 Static ar d dy ian em e’pretatio
4 A rc set of ack per t’on

Feature 1 is for prc grain rompressioi Prc oaded instru i ire -ci be ail d by spec fy g
a pointer and length Typically, these are not GAPP instructio a bu i istructior s w ic i cause the
Macro Generator Units to produce GAPP ode indirectly

Memory management calculates phy sical addresses given logical ones Thus all of the memory
addressing is indirect and penalty free A linked list of memory segments with ‘occupied and
‘free areas is maintained This handles allocation of memory and makes the tack of the GAPP
programmer much easier Also, if these functions were to be performed in software, the
processing system would not be able to operate at fuil speed

Reinterpretation is a method of program compression useful from both an opcode and memory
point of view, There are both dynamic and static reinterpretations available Reinterpretation
involves performing an excIusiveOR operation on the output with a mask pattern, A number of
patterns may be stored Dynamic reinterpretation allows an external constant to be loaded in where
the bits of the constant can be used to mod fy the output with one of several masks Stat c
reinterpretation is only selectable at the macromstru,cion leve Th a he ifithenelse con truct on
becomes available to parallel processors as thout penalty
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The usefuine s of eirlte vretation is that apo icatons .atur to eorneic SIMD maines tend to
be highly patterned. Addition, subtacdon and template matching to either a zero or one differ oni
in the selection of CARRY and BORROW loops proceed by alternately seie ting one ack or
at’ l’e e dy the la f ansfoan n t t A Pisken’a 1’ e 1s
frequen occ irrer e of sue pat ems a1lo ing wItchInE. between insrructtor.s with thf use of
reinterpretadon bits Reinterpretation of address bits allows svrnmeu’icai operations wi:hn adci’ess
space.

The conn’oller also provides a rich set of stack operators. operating simultaneously o ro staks
holding address pointers to the GAPP memory. Stacks offer a way of changang the instuction
sequence to the GAPP in nonconsecurive or nonlinear ways. Two stacks with two top elemerts
cached in the address Macro Generator Unit give the programmer conenient access to four
different memory areas to implement complex anthmetic. and logic operadons

4. Conclusions

This parallel processor system is currenth fully functional with the GAPP processor array, The
system was designed to run at the maximum clock rate of 10 Thz. Currently it is running at 2.5
Mhz. The computational throughput is thus 28.8 Giga insu’ucons per second. We are developing
software tools and programs to evaluate its performance for many different classes of problems,
such as image processing and understanding. real time signal processing and analysis, anslation
invariant and non-invariant problems. and the general studies on the using and programming ofparallel processing systems. Some of the results will be show in a video tape, demostrating the realme image processing capability of this system.

The controller is nch in ways that optimize the programming of GAPP-iike arrays. The detailedarchitecture will be presented in a patent application. We believe that the study of its concepts willallow better understanding of the maximum efficiency obtainable from geometric SDvID arrays andlead to distinct developments in this branch of computer science.

5. Acknowledgements

Dr Wlodzirmerz Holsztynski h inventor of the GAPP d ice prov ded tF e arci’ ect a d’ s .nof the Disthbuted Macro Con’roller. Irtegrated Test Systems of Santa Barbara, CA constra.itedboth the GAPP processor boards arid the Distributed Macro Controller system.

RL: Reinterpretaflo ‘i Logic



rools, utilities, assemblers, and compilers are needed to deelop prograir
which can be run on our parallel processor system, making use of the full
power of the GAPP processor array and the Distributed Macro Controller
Some of the software tools are described here and a few examples are also
given to illustrated the process of software de elopment on this system

In order to make the parallel processor system generally useful for experimentation by those n t
familiar with the hardware, a set of software tools is being developed. A host resident console
program was produced that allows program loading, program execution at arbitrary starting
addresses, program halting, and examination of status and error flags

An assembler program has been developed to assemble GAPP instructions and address macros for
the Macro Generator Units. This program has a unique structure as it must deal with three
concurrent instruction streams and keep track of relative timing or program lengths among them.
This assembler has also to take features of a high level compiler so as to generate appropriate
instruction streams for the Flow Control Unit, which is the focal point of the entire parallel
processor system, coordinating the GAPP procecsor arrary with the two Macro Generator Units

1 The Console Monitor

The Console Monitor is a program which runs on the IBM AT host computer It allows a user o
perform some primitive operations on the Distributed Macro Controller (DMC) systeir, such a
initiation loading code into the Flow Control Unit and the Macro Generator Unit running a fib
program and monitoring the status of the DMCGAPP system while t is running.

The DMC i designed so that all its writable control store memon’ areas can be accessed by tht. ho
computer In fact all the writable control store memory and many of the importar ineecra
registers in both the Fiow Control Unit and the Macro Generator Units are mapped to a contiguou
128 Kbytes of memory The mapped memory locations can be in errogated by the host and ne
code or data car be loaded i to these registers and memory areas through he Console Mon tor
Effective use of this feature allows a user o assemble GAPP programs and flow programs direc
It is extremely valuable during testing and debugging phases of program development

The Console Monitor also has many built in high level functions One is loading programs in either
binary form or hexadecimal form. The binary form of a program is simply the image of the 128
Kbyte mapped memory, which can be saved as a binary file on the disk of the host computer The
saved binary file can be loaded back into DMC to restore DMC to the state when the saved file was
generated. A hexadecimal file format was defined so that code written in hexadecimal numbers can
be translated and downloaded into various selected parts of DMC. This file format also specifies
the output file produced by GAPP assemblers and DMC compilers which can be run on other host
computers for off line program development

The other important feature of the Console Monitor is that it can load data into the GAPP
cornertum or input/output processor array and unload results from the cornerturn array through a
DMA board inside the IBM AT This is necessary to test GAPP and DMC programs and to verify
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that the hardware and sofeare are in working condition. It is also useful in testing va1is

alaor’thms and vaiuaung their performance. The Console Monitor thus serves as the major user
mterfane to the parailel processor system.

2. GAPP and Address Macro Assembler

GAPP is a Single4nstruction-MuItipieDatapath (SIMD) machine, Its ALU is a one bit
full-addersubtractor, and there are many data paths around the ALU and the internal registers and
memory. A GAPP instruction is used to specify precisely the data paths to and from the registers
and the memory. A GAPP instruction is 20 bit wide, 13 bits for data multiplexers and 7 bits for
memory selection, as shown in Figure 1. A GAPP program is thus a sequence of these 20 bit
instructions commanding the GAPP array how to route data and results inside the processor ar”av.
It is fully programmable in the sense that any function that does not exceed the memory capacity of
the machine can be executed However, all processing units execute identical instruction so that a
general MIMD (Multiple ldstruction Multiple Datapath) command is executed at lower efficiency

To facilitate programming efforts, a set of GAPP mnemonics is defined to specify the source and
destination of data in each clock cycle. The Assembler translates these mnemonics into GAPP code
and memory address specifications, and constructs macro routines which are callable by flow
programs. Since there are many data paths independently controllable by a single GAPP
instruction, the assembler allows the user to specify multiple data paths in a single instruction, as
well as the detailed function which has to be carried out by the address macro generator, such as
pushing, popping or incrementing the memory pointers on the stacks.

The Macro Assembler generates two concurrent macro’s from a set of mnemonic code sequence,
terminated by the special operator ,,5_’. The address macro takes the most significant 16 bits and
the GAPP macro takes the least significant 16 bits of an assembler 32 bit code. The two parts iii
be separated and downloaded to their respective writabie control store memory in the Macro
Generator Units.

A library of macro routines is a sembled and kept in the Macr Generator Units for ie flow control
program to tall. For specific applications, special macro routines can be defi ie by the user and
downloaded to be used together with the library macros Fi1, 2 shows a sairp e of the r acro
routines required by the Game of Life flow prograrr

3 Flow Control Assembler

The Flow Control Unit st res its ir structions in 32 bi ‘ ords eac flow instru ions require to
18 flow words. The first word in a flow instructior i called Flow Control Word ich specifies
the program flow, such as JUMP LOOP, CALL, and RETURN. The second flow word specifies
the macros to be executed from the Macro Generator Units and the clock cycles and number of
macro instructions to be executed in this macro. It is called Macro Call Word. The third and
following flow words are Memory Management Words, which controls the memory management
mechanism in the Address Macro Generator Unit. The formats and the functional fields in these
flow words are show in Figure 1.

The Flow Control Assembler compiles the flow control mnemonic code, similar to those commonly
used in high level programming languages, and generate sequences of flow words. The flow
words will then be downloaded into the Flow Control Unit. Any of the flow instruction. starting
with a Flow Control Word, can be executed and the DDP will perform algorithm specified by this
and subsequent flow instructions until completion.
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can be modularized and written in hghh structured form. This practice greatly enhances program
readability and eases debugging and maintainence. The Flow Control Assembler produces effcene
code within th s sn-u nured fra new rk

An exaninle of flow program is show in Figure 3. implementing the Game of Life. It uses the
macros assembled by the macro assembler. The core or the Game of Life program is a 25 machine
cycle sequence of GAPP instructions, assembled into 4 macros which are called by the main
program. The most time consuming part of the program is to dump the map of lifes ou to the
display device, which is isolated as a subroutine called from the main program loop.

4. Conclusion

We have built enough tools and utilities to program and use the high density SIMD processor
arrays efficiently. Complicated algorithms can be broken into address macros, op-code macros,
and flow control sequences, which can be assembled from high level source program into machine
code loaded into the parallel processor system and executed. Effective use of macros thus
tremendously simplifies the programming efforts and greatly compresses the program. The limited
experience we have gained in a very short time exceeds our expectation that the DMC controller
allows massively parallel processors to be conveniently programmed using high level language
without compromising the performance. The program compression will allow much more
complicated algorithms to be expressed concisely for the eventual execution on huge processor
arrays.

Several articles of this project, as well as research results on parallel computations and onapplications have been prepared in more detail for publication.
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1. THE sA CL?

C. S_MuLa’,p DF A JA’’- 0

.

•JAPp (Geometrical Aritj,etic Paraliei Processor) is a Cbs chip
with 72 Processors on a single chip. It was intented by Dr.
Wlodzimj

Holsztynski a Polish mathematician when he was
with in Florida. The chip is now manufactured
by NCR as NCR45ca72 The processors are arranged as a 6x12
array. Each processor is connected to its fou naarest
neighbor5 Processors on the edges of the chip have their
connection brought to 1/3 pins, so that many chips can be
connected to form a very large processor array. As the
processors in a large array form a 2D array with nearest
neighbor connections, it is a very efficient strdcture to handletwo dimensional problems like image Processing

The internal structure of a processor is very simple. It is
basically a One bit processor with 4 internal regise and 128

( bits of menory. There is a simple *tti whic’i takes the contents
of three regist5 as input and genera5 a one bit sum, a carry
and a borrow in every clock cgcle. There ara five multiplexers,

J one in front of each internal regist and One in front of theK memory. These multiplexers can be prograrnj ta rojte data
among the registers, the flu, and the memory. it tntis belongs

h to the SIN) (&ngle Instruction Multiple Datapath) archjtocture
because the ALL is Derforming one and the sarne lunction every
machine cycle. It is a ul’, one bit adder/subtractor

However,
by configuring t’e registe5 Pronealy, the ALL’ can

perform all tne two bit binary logic functiors; therefore, it
serves as Vie basis of a very powerfal co’nputing strtcture.

Figure

19 s3”o’q the contents of a GAP? processor element.

Instruc’.iona to the processor array is used vO contnoL tha
multiplexers to define the datapath in a cloc,, cycLe. All
processors in the Processor ar”ay execute the sane instnuction
at any given cycle. The instruction is broadcast to all
processors and it is executed sYnchronousay An instruction
consists of 23 bits, 13 of them are used to control the
multiplexers and 7 bits are used to select a memory plane to
read or write. To run this processor array, a specialized
controller is requir to genera5 sequenc of the 20 bit
instruction patterns at the clock rate of the array.

It is difficult to convince People that this type of simple
computing device is even useful, not to mention the POSSibility
to compete against the modern powerful processors. Dr
Holsztyn made the following interesting observation to
illustrate the Power of SIMD device. In a conventional

—141—



roz,nr. tne r.. -.ist :e ‘:r” a n” .:..fa’ert fr.-

t’r’ f.’r-tir scrces a :ztr a ncan :‘ a

0ct’i cyci r one t”ac . ce e ax tar
me l1r ot og
oc ‘a s a r C

t on a fl tro a”, he r r ha
w’ui:h ...s acti.e a:!rvavs and t.us shoi-. tie .0e6 s’ii.3
efficiency. The rrole’i Is how t: prcgra’r te 3A?° arra; sz

tnat the 4fl wlfl perforrn usef. work all the tIme.

2 GA SI’ OR

As the GAP? array requires a nigh s1eed, pragrarraale onrollar
to supply instruction strea”is, not much one can do at tne
beginnIng of the GA?? project. To demonstrate realistically tne
usefulness of 31?? array to solve practical problems, a good
simulator wou.d be of great help. Here an old image processor

made by DeAnza/Gould was available •o us for this simulation.
Because GAP? ar ay consists of a large number of processors
connected as a planar matrix, this structure maps very well to

an image processor which stores and processes two dimensional

images. The DehnzafGould 1P5500 has one megabytes of matnoPy,

which can be thought of as 32 planes of 5’2x512 bits stacked
together. Physically these bltplanes are grouped into 4

channels, with 8 bitplanes to a channel. Among the 32
bitplanes, we have to use tne top 12 planes to simulator the
1APP registers and A.. . Orly 23 bitplanes are ajailable to

simulate GA ‘relor planes For not’ of te rnu’ation wor ,

only •he lower 16 b’tp anes a e a ira ated using ciannels fl ar

in the image ‘ocesa r.

The 34P? chip has four registers: C”, El, 15, and C. The D’4
register handles co’run±catlon it the nortn-scuth dIrectIofl.

The EW and 745 reglste”s are used for nearast neIghbor data
“ans £ , an he C r gister is usc4 to re carry or orow

fortrAIU Iha ra.e es rut rrthefl “ d

egis’e a, an gererab 5 the air arry ne Do w
esul a of ft thre it add tion •u.,tra ion. 10 ic.

function of t..s Wi is test descrea by the foLowlng trut’2

table in Figure 23.

This set of input/output relationship can be best simulaeed in
the image processor by table look ap tecin qua. This truth
table is used to generate an ITT (Intensity tmransformation

Table) in the image processor. When the image memory simulating

the EW, NS, and C registers are read throagh this ITT, the plus,

carry, and borrow bits are automatically generated and then
stored back to the appropriate memory planes. Thus in a single

TV frame time, we can produce the ALU results of all 512x512
simulated GA?? processors. In the next Ti frame, the AtJ

results as well as other data can be routed back to the prope”
destination registe a or memory rough arother table looic-uo

operaion.



Alflojxt ..APD aS basicaiiy a it :Jt. adder’sjttrt0.. S.
fecnr1gand stot:.ig dat4 :a OY:5ecutive memoy a..d ase t..e
carry or borrow sto’ed in t’e C rgiater, it is venv
rraigntfor to iD’ene4- multio:e bit integer aele’imat.cs.
A few examaes will — show iattr. The ‘none inberesting
Property of tie 4LU is tint 53 Setting or clea:ing o’e n r’re

C regaste among LW, .42, and 2, all the bnar3 aog functjo, can
be performed by tn±g L.t, aacing i is truly genena ounpaq

f COlputing device for large arrays of digital inforpiation. The
conditions to Pe”form logic operations are shown in Figure 21.

3. GAP? SIMJI,ATOR I’i FORTH

The DeAnza/Qould image processor °55 is controlled by a
L5I—ii microprocessor which runs a very early version of tSI—1
PolyForth fron Forth, Inc. The image Processing software system

was
described in some detail in my ‘Forth Notebook,? pp.

76—113. Since the GAP? sim1ator Uses only the image transfer
operation through intensity transformation table, very little
knowledge about the image processor is required to understand
the GAP? simulator.

The source code and shadow cornents are shown in Listing 12.
Screens i through io are Vie source code of the simulator
proper. Screens ii to 15 are examples of elanentary QAPp
functions, such as mJltiple bit addition, subtraction, absolute
valdes, ana image dilations and erosions. Screen 21 to 25 show
Vie game of life implemented in this GAPP simulator. As most
source code have fairly deta’ led corn’er.ts in the corresPonding
shadow screens, we shall only discussea som globai featjres cf

j this siz.iLator.

The syn4ax of a 3flZ instnuc’.ion is as follows:

destj: dast2 ... •src’ dest3• ..

One register can serve as the source for many reg:sters. A
destination register can only receiva data from one sounca.
Sourca registerg are prefixed with an equal sign, and
destination registe are appended with a colon In any one
GAP? instruction, only one memory plane can be referred to for
either reading or writing, but not boti. Memory plane used for
source is coded as n -?, and for destination n P: • The
bitplane number n mast be put on the stack before the memory
code.

$ terminates a GAP? instruction. In a real GAP? machine, all
the code before this terminator up to the last $ code are
executed in a single cycle. In this simulator, tRe destination
code like mEW actually performs the date transfer, because the
image Processor cannot process input from many different
registe at the same Ti frane.
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‘h. fl?? AS3EYS..E

i • IN:RoxJ::Io:;

GAP? O°CODES AND MNEMD’ICa

GAP is a SIMD (Sinf a Instruction Multiple Datapath) para le
processing device. Many cAPP d—vices can be connected to form a
two-dimenionsl array with ..st—west ar’d no thes,atl neare..t
neighbor connections. All GAP? devices in an array executes Via
same instruction in one machine cycle. A GAPP instruction
consists of 13 bits of opcode and 7 bits of RAM address, which can
be represented in the following format:

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

GA?? Opcode

RAM Address

VIE P83 t. ‘VIRONMENT

I RAM I C—Rfl SW NS I CM

6c4321 3

address

[ P83 is a language and operating system based on the computer
language FORTH according to the most recent FORTh—83 Standard. It
is extremely powerful as a neta—language because it contains all
the necessary tools to build new languages according to specified
syntax and grammar. However, if the syntax requirements are
specified in terms of the reversed Polish or post—fixed style
common to most FORTH system, the new language can be defined very
convenient.y while retaining all the utilities resident in the
host FORTH ooerating system. This GAP? assembler is defined in
this faslnoi to take advantage of the conciseness and

The asse bl
instru ‘so
ost signifi

s r fi a

will flu garcr e two 16 bi. w r or ea
ey a’s ‘rei in ‘iemor e oit w

a t I’ Lit’ con ‘i tia íA 3 tess a
bits ont r re “APP opc. de

ar

943
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.rte-’i”ti es t±

r I sm’ s oct .0 F t
which are t!en be ta da,riDe or define Ois
instructions ii tneor±c forn These descript±ons are tre courca
‘4eo °rc nrc rg rd nf e W rt

descriptions are oracessed by te :nte’Qrater, te rtn±s
are trans ated ir.to macro code wic!’ ae stored te.porar±ly at te
end fthesuc fle A ag nicero ditabaacaa te
of the so11rce file are dedica.ed to the m:crocode. 2kiese
microcode blocks snould not be sent to a crinter.

A number of FORTH utilites words are also provided to let the [user to exanine and modify the macro instructions either in the
file. User can interact closely with bo2 the asse’r 1 r and tle
microcode, making the programrning activity high productive and
shorten considerably t’ie time to progra’n and debug te GAP? code.

USIN2 TrIE GAD? ASSEMBLE?

The GAP? assembler and a collection of macro routines are defined
in a file named GAPASSM.BLK. T ex° ute the assembler and dowr
load all these macro routines to the macro generators, the user
should woe the following comranls:

F83 QAP?ASSM.BLY. (load FS3 and open filet
OC (load assembler an’3

assemble macro rou4nes
BYE texit assembler.

After typi & ‘0,” ta computer will oad ft .4?? a sem er a ‘1
assemble all the macro rout:nes defined in th±s file. mile tne Iasserbler is translating the source code, a list of aro narnes n4
their asewbler code will b%. di3pla e 1 tn nso1e ocr e • W t
appropriate prInter com’nands or output redirection, th:s :isting
car be printed on a line prmnaer or sav°d •y a 3e’arata fil° for
ate refe e

I
2. ThE GA?? ASS2IBLER

THE ASSEMBLES COMMANDS

The assembler commands are a collection of FORTH words which
cause GAP? instructions to be translated and stored at the
end of the file. They are used to control the process of asserab’y
and manage other activities such as outputing assembled code to a
line printer or to the console. These words are ‘isted and theI
functions explained as follows

156—
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4sF Cay ‘j y q grr

OP ADRE3SO OL

The GAPO address mnamonic.s vii asse’nbl ode nto trw 6 bi
address field in a 01?? instruction, which is processed in
parallel with the GA?? opcode. Within on° 34?? instruction or
between two consecutive $ coinands, tne order of address opc e
and GA?? mnemonics is not Tmportant. 3ADR is the general
address opcode command which can be used to put any 6 bit pattern
into tte address field

GADR Assemble the 16 bi4 number before GADR into tke
16 bit GAP? address field in the current GAP?
instruction. Only the lower 7 bits are taken by
the GA°0 array as RAM address. Other bits are
ignored. However, unused bits can be used to
carry information to control the 3?P array.

I
3. I4ADR RUTI!E LBRAW’

An extensive collection of macro routines are coded ana available
ii t e ma o routira Vbrary as a resu ‘ ur exoe i. en atio
with the 3k?? array. te source of this brary is also contaiiea
in the file A??XAD.B!A. It is assembled when APAD.BC is
load d wish £83 ard intcrprated “ser def’ned racro routine
be ente ed i. to this file and assemb cc with tn ib ary. Ir
eventual applications, those macro routines not ased by the
program can be coimeited out so ti-at tney sri.’). not be asseMb’ed
into tha aplication pr gram.

The source code of this asseabler and soma examolas of he macro
routiie library are shown it 4isting 13

Source code of the assembler and the macro routines are stored in
block files, which are divided into blocks of 1024 bytes. Each
block of text can be entered, edited, and interpreted under the
FORTH operating system. £83 provides a very simple and easy to
use screen editor for these purposes. Blocking the source code
into 1024 byte segments imposed on the programmer a discipline of
modularization, whIch makes the macro routines easy to enter and
to be debugged.

Excellent references are available on how the “3 functions and
how to use the screer editor in it for progra’ning
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2. Remove power be4ore aset a or remoae’ s

OPERATING CHARACTERISTICS

r

______

1SYM8OL MIN TYP____ MAX

____

Suppls Vosage V4.5 SD 5.5 V
Supp y Current (10 pF loads)

45CG722
— 80 mA

45CG721
— 100 mA

Input Low Votage

_______

V 0 0 0 8 V
InpueHqVo)taceIV20

_______

Outout Low votaae (i 2 mA V0 0.4 V
Output Hgh Va sage ‘l 1 mA V08 2 4

— V
Temperatare TA 0 70
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LtC±atace IC - — S — pP
Leakage Car e’ on a
Input or I/ a.
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-- - —f -—--
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SETUP TIME — 20 10 ns

INPUT HOLD TIME t 10 10

OUTPUTSENABLED i_toE 10 50 10

OUTPUT HOLD TIME tQ 10 50 10 30

GLOBAL OUTPUT LOW t0 20 iCC 10 — 70 s

GLOBALOuTPUTTRISTATE tOOT

CMN OUTPUT

______

tsw

NOTE (l d.c. Dy desgr; tested a 5 psec.

10 50 10

120 10

Figure 22 NCR A?P broob re tcont’



f
_

L
I•

—
‘

1
_

—

U
)

.3

C)
a

a
:

c
.a

:
C

)
U

)
w

O
Z

C)
U

)
F

C
’

a
:

J
O

a
’
w

C
).3

0.
‘

(_)

0(3

U
f

(3”
(0

(3
(0

U
)

U
)

U
)

U
)

(3
C

)
C’(

r”
(

‘I
(3)

(3)
N

L
a

0
)

<
(

U
)

U
)

U
)

U
)

LU
L

U
L

U
L

I)
U

)
U

J
L

U
U

)
L

U

i
i
L

I
I
±

I
I

.
.

‘r
‘1’

‘t
‘1

‘
(N

L
U

L
I)

(0
C

-
CX)

C
)

4
LU

C
”)

C
’)

)
C

’)
N

C
O

4
CC)

2C40L1.

2waU
)

-z44aC4zUU
i

U
i

CL:
C

U
)

0
0

ix

0

?
‘U

N
i

C
o
N

(
)
.

—(p
..

P
U

P
U

(-p..
C

U
5

(

L
a

(—4—
L

U
’
j

qrp.”
O

U

4
—

0
8

S
L

A
(3

‘VC
)

Ii.
a
’

4(3‘3

C(13
-3:‘I’

2(11

U‘3

aC)U>I)3(3
-C)‘V>1‘V‘I)3.3

’

2‘V2‘VU(3)
a‘V3..3a.0I’I)F—0z

L
I)

:33)33a
’

D
Z

3)3

z
<

C
)

...i
a’

(3)
O

H
0a’

L
I)

0C
-)(.3

C-)

LUDLX)

4F4(3L
I)

U
)

C
)

133

C
)

0

C
))

IN
C

’
-
l

N
(N

‘
)

S
N

(‘3
(‘-4

C
’)

‘
t

L
I)

CD
r’—

CX
)

0
)

4
LU

---:-f-

(I)

LU4F4(3IFa:0zU
)

C
)

z8

L
I)

DLU4H4UFL
I)
4L

ii

U
)

(U
LUU

)
C

)
LU

LU0L
U

HUIF00L
I)

If)
113

L
i)0cC)

U
,

(I)

LU(I)
LU
L

Ua:UU44a:

a:04a:

L
Uz-J

H3a’
H00C

)

4LU0-3
(30(3

U
)

—
.3

LUa)4-3

(I)
:3a
,

F—:3F-:30‘3)
0zC-)870

C
))

LX)

F3)-
zU

)
ci)

L
I)

C-,0L
a

L
I)

C
)

‘--3

4.)0ea))
0’)

‘-C

C)0C-.
,02CC

’,
C))LI)C

,

C-LI
‘HC-)

(3
0

0
0



-
a

t
f
l
.I

p
e
.

zL
u

L
uLu

ccU
,

z

‘cc.
t()F

LI
i

ccc
)

0
0

0

N
/

N

i
E

l

L
i

I
I

IP1w
L:

I

0L
u

-JL
ii

cc0U
,

ci,
L

u
C-,
0ccaccD0

04cc040U0-Jcc

7
3(20C)a)C)0aCci

L
a0toa-)

7(\J
QNj

CI)C
)

:0tor1

II)

C00a)0
)

a)

zCC
a

a)a)
a)Ca)00a)

a00

ti)n
Z

C
U

)
U

)
o

:1
Z

2:
cii

w
C

a)
a)

a)
>

a)
a)

,
a)

a)

a)
a)

C
C

.E
c
C

a
)

a
)

a)
a)
t

C

a)
x
i

o
-o

Of
3?

-o
3?

x
i

a
a)

C
a

C
‘L

C
c
c
i

a)
a)

U
)

-i
a

a
CA

a
a

7
D

Q
Q

i
x
i

1
1
:4

]
:4]

LI
Z

c
n



NCR45CG72
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XIII. * Sf:rM FR 4P1t AR4: ?ROcEs3o

1. IN2RODJ3q

Developing software for array Processors(Ap) is always a
laborious and tedious task because one has to deal with a host
of software tools to write and to test a program. Typically one
has to write A programs using a microcode assembler to assemble
the microcode, whic’, ‘las to be bound with a main line program to
be executed by the host computer. During execution, AP programs
have to be loaded into the AP program memory. Arrays of data

have

to be formatted and moved into the data memory in AP.
After AP routines are executed, resulting data have to be moved
back to the host for examination or further Processing.

Most
AP manufacturers provide FORTqA’.j callable library Packages

with the hardware, assuming tnat the user will use FORTRAN to do
all their work with the array processor. Since FORTRAN is a
compiler language, it is very diff±cult to build an interactive
system which allows the user to control the array processor
intimately. One has to go through the

process to get a snot at the
program and eapeat the process if anything has to be changej

Floating Point System supplies a big sotware toolbox for the

W
API2OB Array Processor, which has been a work horse for many
scientific and engineering apolications. Among the tools,
APDBtJG and APSIM do allow the user to try out various things
interactively and obsrve the reaction of the array processor.

‘fowever,
t)’e command set is Severely limited and d3es not give

the user full contro’ ov—r the entire range cf tP’2j’5
capability. Ideally, one should be able to access all the

facilities
in the array Processor, direct the array processor to

do elementarj operations as defined by progra’ijs loaded in the
Program memory, and also const’jct and execute high level
commands built from these elementary commands in an inte’active
fashion.

FORTH is a very powerful software tool, allowing the user to
access and utilize all the facilities in a computer system. it
was originally developed for instrumental control and
Programming. User can program at the lowest machine code level
to take advantage of the resources provided in the computer
system. Yet, it is also a high level language which enables the
User to express his algorit by strings of English... like
commands, which can be either executed by an interpreter to
cause immediate action in the computer system or by a compiler
to construct more powerful nigh level commands to be executed
later when called.
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: o °rn:o., ar •.ta’ — ces fr. 39- •a

systfl 435 nstCled n a arris q.. D:?Pcter for ex;arns :3.

ra tine signal proe5S±nf. A Fi interoretarecopflb das
rtte for the HarrIs €2 crate tc faci_ tate :‘ie testing at

inter e a be it rfac. atwea thc pa and a
ocr eral pit to cc 1 d d

o rose a y c 1 bib

orta tin Cl he tro op i ils pe 0
experimeft, an effort was iniiated t3 put a A? B una t?.e
control of this FORTh system so tnat we night be abe to test
the entire system interactively.

2 TiE FORTH OPERATI 5YSTE

This implementation of FORTH on the Harrs SC Computer was
essentially a transcription of the fig—FORTH for the NOVA
computer(1), released by the FORTH Interest Oroup in 1981. The
NOVA FORTH model was chosen because the architecture of the
Harris computer is very similar to that of the NOVA computer
produced by Data General Corp. These two CPU’s have the same
types of registers and similar addressing modes. A requirement
was to follow the fig-FORTH model as closely as possible so that
the programs developed on the Harris computer can be transported
to other computers with minimal modifications.

I

The most serious problem in adapting the fig—FORTH model to the
Harris co9puter is tha the Ma”ris computer is a 24—bit machine
while the fig-FORTH model presui’es 16-bit machina with byte
addressing capab lity Stadard I ig-FORTI omirands use the sa
address to ac.ess bytes and 6 bit words. This is not feasibl
in Harris 80 bcause menory is accessed in 4—bit words. Tne
solution adopted here as to nake a clear differentiation Ibetween byte— addressing co’iands and word addressing commands.
For the byte addressing commands, addresses are manipulated in a
byte memory spa0e. Tr special com’ands were used to convert
addresses from tie byte spas to t’-a wora aOace ard vice e”sa.
If prooer care ie exor sed i tna ad res moae pr g ams
an be transpo ed ..ro, tht ig FP ½ s a a tnis Ma is

FO!Hsctem.

The dictionary in this FORTH system occupies about 3 Kwords in
the core. With stacks and buffers, the entire FORTH load modale r

is about S Kwords in sIze. Two disk buffers are allocated to
interface with disk files, each one is I Kword in length or 3
Kbytes, equivalent to three standard FORTH blocks This is a
convenient size for the Harris operating s stem to handle the
data transfer betseen a random access disk f....e and the F)RTH
module.

The FORTH module contains the FORTH nucleus, the text
interpreter, and the colon compiler, with some extra utilities.
A text editor and a Ha”ris machine code assembler were written
in FORTH and saved in a disk file, which car be loaded if
needed. It was anticipated tnat the assembler will be esar

176—



to w S th: 3ev.. - dz:,er aO? the !PS Array r3cessor. t
turred OUt tin V. only tar. .a a stall code r’,utne
A°DR in the FORT? nucleus bO ca_i the array processor service
roatines already in.t3!led ir tie farris Ccz1,uar. Everytrig
ese neejed to inertace a0 tn A°1:oe were V..*ten in hign
level FORTh language

This FOP.jf nplenenta0,is esr”be. z”e 1:1 esew’iene I
this bcok 3.

3. PROQRL”JMI 42 MODEL OF A12oB ARRAY PROCESSOR

The array processor AP1209 is a very complicated machine, with
many Processing elements, a multitude of intenconnecting buses,

b and a large number of memories and registers. it takes a fair
amount of time to learn this macnine well enough to use this
machine successfully, In our design of the AP operating system

using
FORTH as the underlying control executive, one major

design goal was to simplify as much as Possible the AP software
as viewed frog’ the programme’ direction and hide the internal

complexity
of the AP to shorten the learning curve in using the

array processor, The Programming model, or the structures in
the A? relevant for its utilization, is shown schematically in
Fig. 23.

In this model of API2OB, there are only four elements in the AP
to be dealt with by the user: the ma_ri data memory MD, the

if program storage memory ps, the scratchpad registers SPAD, and
the interface “egisters including the switch register SWR, Vie
lights register LITES, and tne function register ru. The user
only has to manage these few ele’rents in order to com7and the
array processor to perform desired functions

Among these elements, the most cru3ial element is the program

storage
memory PS, where AR program or subroutine modules ae

stored. To simpVfy the implemejttion and the use of tI’is AF
control system, i is assumed that the Program storage memory is

preloaded
with a collection of AP subroutines selected from the

AR math library, To ease the task in calling these subroutines
from the F3RrH operating system, a table of subroutine entry
points is constructed and stored at the beginning of the D3
memory. Each entry in this table contains two AR instructions:
a JSR instruction to call the appropriate subroutine, and a HALT
instruction to stop the AP activity after the subroutine is
successfully executed. This way, the AP math library routines
can be used without any modification, it is Possible to
Optimize the library subroutines to eliminate the calling
overhead required by APEX and to halt the AP at the end of the
subroutine, These modifications will speed up the execution of
AP functions and reduced the program memory size, However, this
optimization will be left as future projects,

in the main data memory MD, the first 100 memory elements are
reserved to store scalar constants and variables, as needed by
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some 4° fr:tie: ztating dt iemory eleent ) ±s t-e :actr
stack, whi:h c’l be usec tJ most A? f ncticns ±o±citi. Tee
vect ‘ sta it -s uang I by wo ariabl $ in DRTH tha ari a
p t t oi , to of v r
ta a € a F ii a ze

eler its. in t s P3 n system, a v tor eme a. .x”
same size. This may be a limitat±on if tne applications
requires vector elements of different s±zes. However, for
dedicated real time apDlications in wh±:h data are generally of
the same cue aid forrat, tiis u.iforrr vecto format may be
quite adequate The advantage s hat he anguage syn’a i
greatly siaplified be use the ser doe not tavc. t spec fy
explicitly the addresses, lengths, and increments of the vecto s
involved in an AR function, as in most A? FORTRAN subroutine
cal ls.

The scratchpad registers SPAD are used by the AR to retrieve
parameters eeded in executing an AR functior. p to 16
parameters can be passed to an AR subroutine via SPAD. Befo
the FORTH system commands the A? to start executing an A?
subroutine, it has to fill the SPAD with the necessary list of
parameters into a buffer in the Harris computer. The address of
this buffer is then passed to the FORT command SPLDGO

‘ SPAD
LoaD & Go) so that this parameter list is read into the SPAD
registers in the A? before the A? function is executed.

The API2OB is attached to the Harris 80 computer as an I/O
peripheral device. From the side of the Harris computer, the
API2OB appears as three regIsters in an I/O device: two
read/write registers SWR and Ftl, and a read-only register LITES.
Commands and para’aeters aee transferred to ti’ A? and AP stat
car be examined by tie Har is compi.1ter •hr agh ti-ese r°g ‘ter
The prograirning task is essentia y de elop ng spe ifi “0mm as
whic’ control t’iese tnree registers. I

4 M°L MLITA I N PdF W DP’ AT! 05 I I
The entire program to control A?120B from the FORT operating
system is only three pages of F0R9 source codes, which are
shown in its entirety in Listing 14. It is equivalent to about
a hundred pages of FORTRAN “odes for t e equivalent functions
For the readers who are not familiar witt the FORTH operatirg
system and its peculiar language syntax a few guidelines art
offered here to help reading the source code

1. Source codes are arranged in screens of 1024 bytes. In
a

each screen, codes are grouped into 16 lines, each of
64 bytes in length. A line number precedes the line of
code, but is not part of the code.

2. Words are separated by one or more spaces. A word can
be a command, a number, or a string which mast follow
a string command.
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3. ( is a conent com’cand, -ausiz the VDRTi :nteprete ta
ignore all tne text up to and !nc1d1ng the d inter ‘

a ia au 4 W3 int° r to nS t

V 13 n 1 o d or i
rat gsem. he ta fa ewdenii i

: <name> <list af valid FDRTM words> ;

is th co’wand t terminate a ne’ conmand an oa’ce it
aila le for exe ution o corpila n.

. The stact effect of a command 35 docutented as a .omrort
after the name of the new command. Items before the s-

marks are those on the top of the stack before executing
the command, and the itns after the —-- marks are tnose
numbers left on the stack after executing the command.

6. DECIMAt. and O.At. a’ternate fle n,rnuer base betweas t.
regular decimal system and the octal system often using
in addressing AP registers and the Harris memory.

7. EXIT terminates the interpretation of a screen of text.
The texts after EXIT are ignored by the interpreter.

5. A? DEVICE DRIVER

Two physical devices or— assigned to tie A?42 B ir the Harris
I 0 structure. Devi e 6 is used to handl° the WR LITE. and P4
interface registers, a d device 66 is used to tandle interrupt’

from

the API2DB. The A? device driver routines ar installed n
the Harris I/O service package, acd the elemeatary A? functions
can be cafled directly through the standard Harris I/O calling
orotocol:

0 IOki( I, ‘ ad —ss a e
ist t t e r gister

BLJ Call the I/.i sertice.
...

.. .

..

IOPAR DAT xxxyy Device iumber xx aid fmctor
code yy in octal.

DCA word count
DAC buffer-address

Two FORTH commands I/O and APDR were implemented in the FORTH
module. I/O is to handle general input/output service to all
the riarris peripheral devices, and APDR is a adaption of I/O to
the A?123B. I/O requires three parameters as input on the F0t9
data stack: tne device-function code, the word count and the
parameter list address. A?DR also requires three parameters on
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the nta stAcy: the 4P Jri,e- fu-son code, tne p te”z t s
cofl 3 1 t a r & s • , d tie m a 3 t e ri t be cc?ie.
into the F’Z registen, A?D assames that tne device to be
addrassedisAplpoB Dei,6 rqri / a siol
Dice o dzne the aacion AwDPE.,, because it has to address
Device 66 t nitia1ze tne interrut nanilar far C138. C
o eeetr ?ntosaedrtdfyor;p)p

I/O buffer-a, word—count function—code -—— I

Tte most elementa y I 0 c mmard Passing control to the I/Q
service routines in the Harris operating systen. The top ite’n
specifies the I/O channel and the function to be performed. If
the function requires the transferring of additional parameters,
the buffer address and the the size of the parameter buffer must
be specified as the next two items under the fanction code. If
address and count are not needed, dummy nu’,bers must be
sappl ed.

APDR C parameterl parameter2 function —-- )
Fill the I/O parameter buffer with the tio parameter valles and
the functon code on the stack and executed the A? function, tt
calls the A? driver routines installed in the Harris computer.

I
6. ELEhSIIDARy A? FUNCTIOcs

Elementary A? function. are bi’rple derivat yes of APDR For
some fun tions, two paraneters ar.d the function code used by
APDR are suffh.ient to specify ti’e operations and APOR is
executed immediately or nor° complicatej functions, more
parameters hay— to be movea into a buffer called IO?AR and one
of the parameter is sed to pont to IOPAi APT)? then icks ap
these additional parameters in IODAR for its execution. A few
supporting functions are also included In his category 7 ey
are sed t, rove date a’nag buffers, memory and registers. I
APOPE14 C --- )

Open the logic Devices 65 and 66, which mast be assigned to the
physical devices associated with API2OB hardware irite”faces to
the Harris computer by Harris system commands. This command
must be executed before any other AP commands.

APIN C register ——— value )

Read the contents of one of the A? interface register whose
number is placed on tne stack. Returned value on the stack is
its contents.
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— r2

e ru A n —-

1, a b

——— l±es

tic is en r ‘5 •r r r b> “it .

r i i

WRE3 functIon swt:n

ernsi in ar A? egiater nnori by ‘r4’n ne c::”
ragstcr 4 tne WJ’ TT re° ste”.

f ——— error )

[ Wat for t ctrer.t A trograi o firis and reu” t’e
• ccr cr at or 3CC rre f + £ fl •“ o o is o

zeta.

error

WaS to” tne corn letio’i of a D”% trarsfer. 4 comDletion od. is
returr.’ n the st’i%.k.

regs:er ——— val.ie )

‘se F to et ‘ e c ntets f an 4P regioer.

regIster value

Store a valae into an A? register.

6B F ——— b fr—addr

Peturn an address of an array where the 112 paratieters are
stored to ba retrIeved bj the connnd liD.

SW, — d ea

Retrn the address of an array where paraeters are stored an:
ote int, the SAD in A° before an array prc:ess±ng ftznction Is
cx cr

cap addr coist — — )

A set of nurbers piled as a heap on the stacK are duzped to tne

mro”y sta”ting at addr. The number of itens noved is given on
the top nf the stack as a count.

!DMA ( control word—count ap—addr host—addr eee )

The foar parameters on the stack are stored in the I/O parametar
buffer to specify th° DMA actions to be toll wed.

I
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a
a

SE S S r VCP4 r
_s e asd t t esta 15 CC. 5

he e + e c. iAP firtir te t a 1 fl
0 i th a • a’ 4e w be re’ rntd

n ioa rdica s we he odec arc, to be loadea fro tie
an” p.’ s tr add of t e P3 m ‘nory.

RU.A

ExeuteanA poess Tiopaa instoaspaifiedb
SPAD co’rra

A°E’R ee err ) I
Return the error coda proda ed b the ast A° o eratio.

APRSVP (

Reset AP “,r stoppiig any P” act vities, alting the AP, rese+s
the interfae, and initializes various flags and data vs ues

7 OP “A IA4C?’

V tA r k. ra bo rt ralans ist f
yaa tero to so ‘if tiea3drases angtl’s adii elna

‘ze vactar tO r t”e o e’at s T esa a ante sara
passad to te 1° ulrr tii s a SL reg s er° U’ g t e
ei0 tat At f nr ‘.. e’ a ,,a we .a. pa 1 - a
rece’oa y oaraue e s en itl with SPA nra d ow
oas log ist f aametars tt dt stak ‘ ““

messy aid f r ens e t e u adability of t e pr gram
As’ulgt’atttE. ct stobeana ftP sa ad o wt
we ar constru t a e.tor stack r the MD emory t naiipulatc.
thase vectors. AP stack operatiois will rerova their required
vector operands fr m the top of the vector stack, and leave onl
the explicit results on the vector stack for tie subsequent
operations to used as operands. Thus all references to the
vector operanic are implicit and the user does not have to
supply the parameter lists. This vector stack greatly
simplifies the syntax and the programming of this AP operating
system, similar to the use of a data stack in FORTH.

VP and FRAME are two basic tools for managing the vector stack
in the MD memory. They are defined as variables so that the
s4ructure and the locatior of the vector stacic can be I’-nged
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drniecbv. rer ‘arl,ndc 3 i’ll °a t3 cui,-rt 4w fsne’jnw

ba Ce’4 c ie t-r stoc r ra .fi iePt.L3.

p —--

Rttrn th cu. ‘ent 3jit°r t’ e ta f te JeLr Stt-bc 1

is iritfaj4zed t’- ‘oct at ‘fl lo’t’o1 DO.

a-- s:ze

qeturn tat fran size f he JCC3ta on t’ie v°ctor S+aK. S

initialized as I o deaonsratioi mrposes.

?VP I———)

Chec1c the vector btac,c po.nter. If it points below 133, abort
the current A: D:ooess ana re—d.n.tjalz VP to 133.

+7?

ancrease the vectcr stack pointer 7? by or.e frame.

—VP C

Decreas th° v°to staer poiner VP by one frame. The net
effect of this cornaand is popping the top vector off tne vector
stack.

VI ( host—address ——— )

Read one frame of data from tne buffer starting at ‘lost—address
in the harris Coiputer into A? througn A transfer and pusi
this I me of data on tne ve3tor stac,c.

( host—address ——— )

Poo the top f”aae on the vector stacK and vrite th’s frize of
data to the nost buffer starting at host—aJ&egs.

( a——

Reto:e tne •oo rane on he vctor ataak an’ prin its contents
on the CR2 tmina’.

V. ——— )

Display the ‘ontents of the entire vector stac.,c on the C??
terminal This is a very useul command to inspect the vector
stack without disturbing the size and con%nts of the vector
stacic. It calls a low level command (V.) to do the printing.

SAME ( —-— )

Fill the SPA) with three parameters: the address, size, and
increment of the top frame on the vector stack. This command is
used to initialize the SPA) for A? function involving only one
vector.
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bis. t% , ‘ n,-e._3 spe ‘aat ta toprost twc,
franz ar’ ‘ be ti-c sou ‘Ce vacto’s ax d t’° seaon4 frame or the
vector steep to b tn.. desflyt%,fl vec4or for th- fcllov:1 AP
tunction. It s tscj uø 3?AD fo” bina.y ‘€or f,nr+jons
like a., 3.4ttrc.., rnu_tpIy, and d vide.

Fill the SzkD vit 3 speci’yjng an iiplscn A
function Which Uses topmo vector frame as tie source and
the destinatao.i.

I

8. VECTp STACc JPERAflD.;s

Most of the vector stack operators call t”ejr corresponding
library subroutines instafled in Vie PS memory. Taking their
operands off the vector stack and leaving their results on the
vector stack, the parameter lists required by the library
subroutines can be generated automatically by the Supporting
commands like SAME, BINARY, and INPLACE. All the vector
operators eventually call 3F1..DQo command, which passes the SPAD
parameter list and executes tne AP operation at the PS addresses
given to it on the data stack.

The mnemonic nnes chosen in this F0RT4 system for AP operations
mimic tne na’nes of their corresponding subroutine defined in the
FPS math library, exceot those for which FORTH type generic
names are flare appropriate, like ‘1+, V-, V* and VI. The A
operations included in tis sample systern a”e very liwtmd in
its Scope. The A? functions are limited only by the
availabilit, of the subroutine library and Vie Size of the PS
memory.

S?LDQc, C address I
Reset API2CB, opy P9ameters into SP.iD and Start A?120B at
the PS address givtv on tr.e data stac.c. I

(a——,

Clear the top frame o the stack to zero’s

VDJP ( -a— )

Duplicata the top frame on the vector stack.

VOVER C———)

Duplicate the second topmost frame and push it on the top. j
VDROP C ——— )
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rri • o •i• .rt r star.

t.
——a

Add e top to fr-ea oi tne vontor pop tne top9cst
fra,e, a4 re,laoe the nig seco4 fn ra q ‘Pj tte a

(

e crc topiost two I “amcs o, tn° ve3tor stack ard pusr ‘a

dffere’ine veoton on te stace second—frst’.

(—a

Remote the topmost two frames on the vector stack and push fle
product ector or the stack.

(an

Retove the tooo two frames on the vector stack and pusi tie
quotient vectbr on the stack (second/first).

.rc,.. I
——a

Convert the top fra9e on •he stack o its sines.

VCOs ( ——- )

Convert the tDp frame o’i the stack to its cosines.

VFILL C souce ———

Push a new franc on the vectar stack and fill this frare wit’t
the value stor—d i’i the MD address by the number on the data
stac.c.

VRAM? C source inceme’t

Push i new frame or the vector stack and fill tnis frame with a
ramp function whosa starting valua and inorenient vdte are in
tne it ner.ory addr’asses by the top two nutbers on the data
stack

9. DIA3NQS:Ic TOOLS

A few commands for diagnosing the AP system and its operations
are also defined for the user to inspect the registers and some
parts of the me’nories in the API2OB.

STATUS C ——- )

Display the contents of all the registers in API2OB addressjble
by the Harris computer. It is a power tool to inspect the

a185-
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auses tre F to exect° tre ntt s:rction ±1 the P5 meon.

1. 4’ t

13. A D!’35TRA_ SESS :‘

I

Do demonstrate the interactive features of this AP operating
systn a short terminal session was recorded and shoc in Fig”re
24. Prior to entering this A? operating system, ar AP load
modula must be loaded into tie PS meaiory. The load rodule
listing is shown in Figure 23, which contains only a set of
entry points with subroutine calls to the A matn library. It
was assembled using APAL. and the load module was generated by
APLINK. The module with the library routines is then loadea
into PS memory by APDWJG. A list of constants is also loaded
via APDEBfl into the MD memory for testing. This list of Iconstants is shown in Figure 26. After the AP is thus
configured, the FDRDH module is loaded into Harris SD computer.
The AP control program shown in Figure 2 is then compiled into
the FORTH dictionary. At this point all the AP commands defined
in the control program are available for execution and
compilation, as commanded by the use througt t1e ‘farris consol°
terminal.

In the deonstration session shown in Figure 2t, we started by
pushing some constant vectors on the vector stack and perforned
a vector add. Contents of the stack were displayed using tne V.
command. Then a ramp vector was pushed on Vie stack and
converted to a sine vector. The last part of the deronstration

t t a naw function VAK were defined and tasted. Pre
aoiiity to ccinp - ew ‘ands exist...” corifa d et
irtc’aciyib aof cry o fu teat e. ottkeF
lanquae I

r
11. CO’4CLUSIOK

It is demonstrated that the FPS API2OB array processor can be
used interactively .znder the control of a FORTH operating
system. Here the API2OB is used as a fixed instruction set
slave processor to process vector arrays of fixed length and
identical format. These restrictions reduces the APEX overhead
to a minimum because the library subroutines are loaded into PS
memory only once and remain static in the PS memory. FORTH
operating system only has to start the AP at known entry points
in order to invoke needed A? functions. Fixed vector format



oft’ a’s e I. e’o
cs:’ str tre. The veot stack eatly r4.ices
:r. passing S?r ;araeters cecause :ecto’ a-drssec can b
computed autozaically, ani the A0 comanas can be issued, usIng
very s±n;.e s:ntax, mak±ng A? a very friend:y copft’ng dece.

e ln!. ions the Li d instra tion sc and or a Lixc
aLe are r fici. rthi. mon aon

ay q cj e ela er
• oti. sotattil 4 an eraon

ni.ally for iu ti—tas applicati 5. fly vecto’ aata
v s+rurtare can be anommodaee3 if t user at willing to spe 1 y

all tne SAD parneter explicitly.

A microasseratlerC3) to develop microcodes for bit—slice
microprocessor was completed in this laboratory, under a FOrH
operating system. It can be adapted to the Harris—A?1208 syster

J so triat ° wicrocodes can be written and tested interactively.
N This facility, ‘ce completed, will allow us to bypass ‘ll t e

vendor software tools and used the array processor under a
single operating system using a sirle language.
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isting 14. Controlling API2DB array processor (cont’d)


