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En lneering/Science Applications

(Except architecture research)

* PDEs

* Matrix operations

* Sparse matrix operations

* Computer chess

1/2 Simulation (circuits)

Design rule checking

We~ther prediction

011 exploration



You get:

Cost:

"The Deal"

10:1 increase in available computtng resource.

Different programming style.

Cocputer Sci~nce gets:
Algorithms research and exprience in concurrent

conpuring for only the cost of guidance.



Prl~ !' JrAt "('D£1.

1990

-
~

--
0-

( (
( ( U"

~i stars

j

I o ( I

Silicon

(

t r'Hl

~

~

-.0

~

r

" b__+-..D~

CHIP:

16-40 connections (maybe more?)



BO:\RD:

-
100-300 chips (d~pt:'ndinp,

upon wirahflity)

--,
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ed,l;e connector, 20"@20 connC'ctlons/

inch ~ 400 connections
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6 7r c:t,u1ates: Total size (c:r.. v,;(lr~·) h·ss than 10 -)0
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Uomogeneous ~stem Design

connections to

other processors

Homogeneous
M.ac.hine

frocessor



Multiple Von Newman vs Non Von Newman Concurrent
ArChITectUre

Multiple Von Newman Architecture:

GB
GG

CPU

CPU

CPU

CPU

four Von Newman
machi nes

Non .Y.Q!!. Ngwman Concurrent Archi tecture:

16 processors

four larger Von Newman machines

36 processors



PDE:

DRC:

Spatial Deco=. os1t10n of Problems

conventional
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•

Partial Differential Eguations

laplace's Equation: film

surface

surface described by: height = f(x.y)

4- boundary vol tage

fixed

~~~--~---internal voltage

voltage is: v=f(x,Y)



Equation:

Grid Point Approximation:

o

('" 0

o

o

o

O~f(X,Y+1)
o 0 o~ f(x,y),','y
Lf (x-1,y)

First Order Solution:

f(x,y) : ~ (f(x,y-1) + f(x-1,y) +

f(x,y+1) + f(x+1,y)]

I Stencill :



Multiprocessor So~ution:

x - n+100

•

n

n+l00

n+200

CPU CPU CPU
In #n+l In+2

CPU CPU CPU
In+3 In+4 In+5



•

•

• / 1
boundary

values
I' ~ grid POint, l-

• J

communication link

Iterat ion: 1) Transfer boundary values to neighbors.

2) Compute new values for grid points.



•

laplace's Equation: Problem Characteristics

1) The number of grid points per processor must be chosen to fit in the available

memory. Example:

lOOK bytes melOOry I 4 bytes per point ~ 25,000 points

try grid of 150 x 150 = 22,500 points

2) Time per iteration is determined by compute time + communication time.

Example:

Compute Ti me: 150 x 150 x time per grid point

150 x 150 x 150 uS ~ 3 seconds

Communication Time: 4 x 150 x time per point

4 x 150 x 50 uS .. 30 mS

Total Time: 3.03 seconds per iteration



Limi tations

Prograoming styles fall into two catagories:
(1) those that allow general abstraction, and
(2) those that are inplenented and are efficient.

(mutually exclusive)

r-----.------ Machine model

CSP

CSP variations

Actors



:1ainframe

810 transistors

Processor Characteristics

Hemory

(10 Mb)

CPU

Intel'mediate

6
10 transistors

Systolic ArraY!H;J
~3cromodule

4 M CPU
10 transistors

Memory
CPU Hemory

CPU

CPU CPU
Memory MeMory

- -->



",rformance
ops/sec

8748

System Perforttance

80861
8087 "NCP

CRAY-l

:l:l:'"her of tr.l:1~isturs



Com arison of Three !xpes £1 ?rocessors

Problem: conversion of a 1000xlOOO matrix to upper
triangular (no pivot1ng).

.Q.[ocessor se uential steps tice!step total time size 'chips cost cost*time

maInframe 10
9 3

1Mb $200K 2xl0
8

1 uS 10 sec

10xlO ~~CP 10
7

10 uS 100 sec 100 bds $200K 2x10
7

lOOOxlOOO 10
3 100 uS .1 sec 106 chips! $20M 2x10

6

syl'ltolic 10
4

boards



HOMOGENEOUS MACHINE

OH8086 OEC-20

I TTY ~ DEDICATED HOSTS
HOST

Z80/8086

TTY
VAX

•
~\

.

CONTROL BUS ... I "CORNER CPU

l·lAIN-........... i I,
I, ,

I
f

64 CPU
HYPERCUBE

DH86

512 K iSBC86 INTERFACE HOST
RAM CPU & ,..tASTER NTERFACE

l' 1\

,

MULTIBUS J



So f t \J;He E£.vel 0 CleJ!l .El.!!!.

Hard',.lare Machine !lode I

User Programming Phase 1 Virtual

Machine Model

/
Rigid CSP Phase 2 Virtual

Machine !-lode!

/
CSP Extensions PhAse 3 Vi rtual

Machine Model

/
?



Hardware N-'chine ~odel

~essage ready

interface

interr- buffer emoty 0

CPU
upt

interface
1

6 hilS aiemory10

other
interfaces



Features:

Phase 3 ~chine Model

Dynamic Process Movement
Global Pointers

User User

Process Process

/ " / ......
Q Q

'-< "- /,
System System

Process Process



Featu.es:

Phase 2 Machine Model

:-!f::ssage Routing
Debug Aids
Diagnostics

1

User /" "'\
Process r Q '--

all

"- - !'lessage
Router physica

I/O

/
J

/- ......
/ "Q I

I Q "-

/
/

Dt!;bug Hard...'are
Process ~1oni lor



Phase 1 Machine Model

Features: Storage Allocator
Process Scheduler
Interprocess Cornnunlcation
Physical 1/0

CPU

Physical

I/O
Process

/
( queue

'-.Q

Process ~



,

* 78 chips
Ii* 2 hytes storage

* 1.25 x 10
6 tT2~S!stOrs

*** 30 us l"'ultiply/add (double flo<lting)

" 30 us cOr.t":lunic.,Lion time (6li bit n~ssage)

**(using 5 ~ffiz clock. half fOT 10 ~mz clock)

I



PotE'nt1al ?forr(\r-.:.n('~

(no~alj?ed 10 VAX IJ/780)

total

p~r:(\rnance

pf'rfonnance of

one CPU
x

number

of cprs
x

fr;,ctional

utilization



total

j::lerfor1"'ance

p£'rfor~.ance of

one CPU

1/8 VAX

x

,

nurr:ber

of C?l"s

64

x
fTactjO~fl.l

utiliz.ation

0.8

total •
cost

S64k

cost of

one CPU

$1000

x
nU::lber of

CPUs

64

10:1 cost/performance improvement over

VAX (PDE problems)

20:1 with (speculative) full speed parts



,

:;u:rober of (PUs

64

Fractional Utilization

;'!ost PDE pro'hlems: gre.<tler th:m 0.8

Other probleMs: unknown but probahly less



COrmlunications

A rlain;

I) Fully asynchronous
2) 4 bit serial
3) 64 bit software/hardware message format
4) Flow control {I message queue}
5) Full duplex:

data 2
I ..

req ..
,ck...
data {4

pl us 4.. I grounds

4
req

• ack
~

5) Interrupt or poll condit ions:
'* receive buffer in full
'* transmit buffer In empty

I) Input/Output of message as 4 word IO operations



B Glob.l :

Glob.l buS: ( power)
Clock
Reset
Refresh Interrupt
Glob.l Open Collector (0-3)
Glob.l Oata (0-3)

Ram Refresh: Non maskable interrupt signal ;s asserted every 4mS
to a11 processors to invoke a routine that refreshes
dynami c RAH.

Global Open Collector:

HM CPU HM CPU

input
'* O. c.

I-+------l---------...L- ... to other CPUs

Global Oat.:

HI·' CPU HM CPU

>-+ .1- .1-_ ... to other CPUs
driver



•

8086 Process Control

t"ck senment

(user stack .)

mise.

code senment
registers

OS
r,
ES

mi St.
registers

• 0 nt

SP

process handle

Segment registers are either in the CPU or saved in a static process
record. The segment registers and segments form a set of objects and
pointers that can be relocated or garbage collected.
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