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Processor Characteristics

CPU
Mainframe
Memory
108 transistors (10 Mb)
P CPU
Memory HEY Memory
Intermediate
lO6 t istor
ransistors CPU CPU
Memory Memory
M| CPU M CPU M| CPU M| CPU
Systolic Array/
Macromodule
A M| CPU M| cPU M| cPU are
10 transistors
M{ CPU M] CPU

&---



Comparison of Three Types of Processors

Problem: conversion of a 1000x1000 matrix to upper
triangular (no pivoting).

processor sequential steps time/step total time size fchips <cost cost*time
g 3 8
mainframe 10 1 uS 107 sec 1 Mb $200K 2x10
10x10 NNCP 107 10 us 100 sec 100 bds $200k  2x10’
3 6 R 6
1000x1000 10 100 us .1 sec 10, chips/ $20M 2x10

systolic 10 boards



Software Development Plan

Hardware Machine lodel

o

User Programning Phase 1 Virtual
Machine Model
Rigid CSP Phase 2 Virtual
Machine Model
CSP Extensions Phase 3 Virtual

Machine Model

N



Hardware Machine Model

gessage ready

interface

o _Jnﬁfer empty 0

CPU upt
{ —_—
interface
1
6
10 bits memory

other

interfaces




Physical
ysica

Phase 1 Machine Model

Features: Storage Allocator
Process Scheduler
Interprocess Communication
Physical I/0

CPU

I/0

Process

queue

Process




Phase 2 Machine Model

Features: Message Routing
Debug Aids
Diagnostics
User
Process all
Message e -
Router physical
1/0
Debug Hardware
Process Monitor




Phase 3 Machine Model

Features: Dynamic Process Movement
Global Pointers

User User
Process Process
System et - System
Process Process




Engineering/Science Applications

(Except architecture research)

* PDEs
* Matrix operations
* Sparse matrix operations
* Computer chess
1/2 Simulation (circuits)
Design rule checking
Weather prediction

0il exploration



"The Deal"

You get: 10:1 increase in avallable computing resource.

Cost: Different programming style.

Computer Science gets:
Algorithms research and exprience 1n concurrent

computing for only the cost of guidance.



Spatial Decomposition of Problems

PDE: conventional spatial

s 1201 3R& 1 3

17 1Y e

[ | x| 4] U5

e | |I1e| 1| 20

w |2 | 23| 24 | wr

update lattice points update yourself
sequentially
DRC: conventional spatial

® @

ME e

for every palr of polygons (1l)sort self
check all design rules (2)make sure neighbors
are far encugh away



Limitations

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

(mutually exclusive)

Rigid Machine model

CsP

CSP varilations

Actors



Project Schedule

hardware

DeBenedictis
Seitz

Athas
Cavallero

POE’S

Lisp

Fox
Brooks
Otto
Martin

Athas

Cope

Lang (until
he leaves)

Actors

Volunteers??



Motfvations For Homogeneous Machine

1} User community exists before the machine is built.
2) Cost/performance of the machine will be considerably

less than existing machines (performance leverage).



System Cmﬁ'vucl-n'oi

Syskem Shp A % Neavest Neighbow Commonicatron.  (Read [Wite
T any phygrcal lmk jaud guawﬁ.)
¥ Loadev-.
(- Shp2:  Sysiolic Applications.
Sigktm Shp 2t % Shvage Allocator. (Onix shyle MitLoc [FRee€.)
¥ Processes.
¥ Tatevnal Brta.
¥ Exdevnal Rovis .( Messane fod-fng-)
User SMep 3: csp ){Pan-h‘ons.
Sgen Sep 32 & Rocess Movment betwee, CPUs.,
#Qlobal Foiteys.
(sir Step 42 Ohject Oviented  Apheations
Actor Systums.




Hardware Dmn ostics

SUf yephoting  chiguostic programs fo~ CPUs and Tlo lnks.

U
et




SO‘P{'wcwt b'lqg 0 os‘l'\'c.i-

* DPonde some Secove soﬂ-wo,v-e.) erther Rom ov Ay os’m_g a
Su‘m\\'nscw-{ ustv  pedle -]}mluve. SHware mevoles:
* I/o {w'-mirﬁvu CafaHt of c{ifﬁ[iugc;t:ln:hg wiowitov
MesSQaps 'Frw USL mu:aqu.
* Drovg soffwove. All fhat s regured s dgosid [
oamamine ptwiovy ond process cotrol.
& Provde a o‘Qng program 1w a host with a vser ndodace.



Process [ Povt [ Messane System

A ‘Ia\-ocu: [ on ,‘nd-tpmdevd' prograw 6_4_'%5_&{”
(> ot refevence dak dype.
(2 "Create ForJf.OQPa,’;'l[l'tLy (monidom call ).
(D Knows 4he vames of ofhe- processes ( hbe fnawing how
1o nvolee guothtw procedive (e PAscAL)
@ ‘Cveste proeess” copabihty,
() Can send aud recive wiecsaoes yie @ ,1:}0»:-1l refetner.



Arpl\'wd'nbnj ‘I‘o Syﬂtvh'c. Pmﬁmmmivm

GA'W‘W o SupH\‘ Prosmm Ca-ny:;'l‘ibg O'P :

Topology * BT
3 'B

B—&
P\'OavoMA‘.

@uabq haad €na‘
‘Procartw\ Bi
Prqucuv\ C:

T Pl-%n entabion :

"Master g&uP Prqmm" USes the -!-opology SP-eci‘Pt'cq‘l"!bh
1o Create ?ord's ond processes.

riakt 14t
(W=
-t

Pro cess PYOCCS:



AFP’,-CQ'L!&M{ ‘{o GSP R@ﬂmm,'ﬂﬁ_

CSF |I\O.S a D'eaw'-ly S-H't'c +°P°l°%y (on[y m’WYS 0\e
Froccsscs ave a“OweCU,lou‘} G”OWS‘ Cammvméq.zébw [)evlwe-ew Proctﬂu‘ J

ot Fop{;s

Pat X(¢) ; P12 X(3) ;
P27 Y(4) P! Y (8)
Ton Pkmtn’h‘l‘:’ou :

Master serp progrom does .Q,['OM;,G;

Pa.X @ Pa.x
/P,,y

PL.y



Actor [ Object Orienteof

Chui V CPU q CPu 3
/ -
X X X

———

o1 e e

|

‘ fevlor -"'\“-'no
Pf?‘POYW\IV’s _:[\\ Pu)(
Outp et



Hordware &;\iv; Con s:d-iva‘l‘l‘o-'}\‘_

oct
Miwimize — Co “
FCv-FoVMahQB

Redormonce Veasyres®
MaXimowa Size Of problem & okl Witmovy o all proctssors,
Speed of Solviwe problem S $of GPUs avalable 4o uaev -

(hofe aboct ovedhesd, rovtiing

FNCCSSW‘S -)

CIT G-cobe

64 cPos |, Yo wb [cPU , Y4 VAKX [cpu (B0 M=)
> I S 32 VAX

D:s'lgmklc %mme,ﬂv&_:

Sa Og memovy
C?(} S.PC'Qd‘ /oomrnVnicm']‘-'CM '+l.lm-ﬁ



Size of Memoﬁ

We cheose:  BSK U_v;___"j’ﬁ (- 65k RAM CA,P)
To big? 65k BTE poHer®
Reasanas
Each CPO most be Llrcﬁb gmovgh fo hold:
opevating Systew (2K byfes)
VSt prograw: (RK bytes)  (modvlar)
User (lada (e8x b\,er (svmaller—the ~better)
Experitnce: HEP people alzuays want move memons, bt ater
Some pevsussion —H\cy will ctidb cotlle Lor wove CPUs wilh
egvel mimary.
Exciphigns:  Sowe real progvams can rom jiro svbstantial aprepmis
of coole . Tt rewmainsto be scew i€ Hhic cool con always be
wedvbvizd. Ador—-oPcvw'Hﬂg Systems  ave Fmtn'uy hy@-o.
Rychology: (A2 want o encouveay, Comcuvient Programming. with

[qwab a,moun“z's 0-( mcmwy MieWg  poevs aa’op{-q "MuH‘fi:sl-c Vo -
Mevman ! S-I't[l& Ey {ccql‘Mg 'H‘-c Wm”y Ov'} ‘Hﬂ- lourtr l"M'rld' 0\('
the vseful rovige, we wl cotvet yvs fo Comepveont pregrammirg

Soondw-



CPu Spud [ Co'mmum'co."';oh Time

e Choose: 20 pS [64 bit message +rausfen
QOva /'Fba."‘fns Fo:'rd' Qb“f\l €7v0/

To b Comptietivg with convirtiomal YNMs pe must bavta fache-of*i0
CUS‘{‘/PtV'RNMO\V\% admmlc-%. We Can Gu[y wiamta This adyan-ﬁzq,b };y

skl‘h‘f';’lﬁ on the Commg puica b,

F‘Eﬂ\‘n‘}’bﬂ Communnlq1‘/;4 WVAC'd
gllgl-ol:C <0%b

’ |
Ac_*ﬂ"s ém!mvass'-f-ezy [m'gk

COMMUNICATION caip !
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