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Engineering/Science Applicarions

(Except architecture research)

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

01l exploration



"The Deal”

You get: 10:1 loncrease in available compuring rescurce.

Cost: Different programming style.

Computer Science gets:

Algorithms research and exprience in concurrent

computing for only the cost of guidance,.
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16-40 connections (maybe more?)



YTTY
SR

100-3D0 chips (depending

upon wirahilicy)

B .

— V————\/

edpe connector, 20"220 connections/

inch = 400 connections



100 boards




oot
rom

—-=

cphU

Thates:

fi

EAM

64Kx16

_f

misc.

transistor count

Area

model




Yomogeneous System Design

connections to

other processors

Hemogeneous
== Machine —p
Froucessor




Multiple Von Newman vs Non Von Newman Concurrent
Architecture

Multiple Von Newman Architecture:
cPu CPU
ceru CpU
CPU CPU
CPU cpu
four VYon Newman four larger Von Newman machines
machines

Non Von Newman Concurrent Architecture:

16 processors 36 processors
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Spatial Decomposition of Problems

PDE: conventional spatial
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Partial Differential Equations

Laplace's Equation:

surface described by: height = f(

film

~—— boundary fixed

~

[~~~ surface

X,Y)

44— boundary voltage
fixed

internal voltage

4

voltage is: v=f(x,y)



Equation:

Grid Point Approximation:

0 0 )
&0 0 o{i;\\\\‘f(x,y+l)
0 ) 0 &__ f(x,y)

\ 4
(vf(x-l,y)

First Order Solution:

fix,y) = % (flx,y-1) + f(x-1,y) +
flx,y+1) + f(x+1,y)]
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Multiprocessor Sodution:

n+100

n+200
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communication link

Iteration: 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:

100K bytes memory / 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 Time: 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



Limitacions

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 variatiens

Actors



Processor Characteristics

CPU
Mainframe Memory
108 transistors (10 Mb)
P CPU
Mcmory CPU Memory
Intermediate
6 )
10" transistors cro CPU
Memory Memory
1] CPU M CPu M| CPU M| CPU
Systollc Array/
Macromedule
. 4| cpu M| cpu M| cpru s>
10 transistars
Ml CPU | cry




System Performance

8086/
8087 NNCP

8748 CRAY-1
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processor

malini rame

10x10 KXCP

1000x1000
syatolic

Problem:

triangular (ne pivocing).

sequentjal steps
10°

10

10

time/step total time
1 uS 103 sec
10 usS 100 sec

100 uS 1 sec

conversion of a 1000x)1000 matrix to upper

size fichips cost cost*time
1 Mb $200K 2x108

100 bds $200K 2}:107

102 chips/ $20M 2x106

10 boards



HOMOGENEOUS MACHINE

DH8086 DEC-20
TTY [~ DEDICATED ROSTS
HOST
280/8086
VAX
TTY
2 >
CONTROL BUS —» yr-CORNER CPU
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64 CPU
HYPERCUBE
DHB86
512 K iSBC86 INTERFACE HOST
RAM CPU & MASTER [NTERFACE
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Software Development Plan

Kardware Machine Model

/N

'zer Prograsming Phase 1 Virtual
Machine Model
Rigid CSP Phase 2 Virtuval
Machine Model
CSP Extensions Phase 3 Virtual

Yachine Model

AN

At!:ﬁ 12 ’



Hardware Machine Model

nessapge read
B R y

interface
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upt
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Phase 3 Machine Model

Features: Dyvnamic Process Movement
Global Pointers

User User
Process Process
Svstem System
> L. . y
Process Process




Phase 2 Machine Model

Features: Message Routing
Debug Aids
Plagnostics
User
Process all
Message B e | B S
Router phvsical
1/0
Debug Hardware

Pracess Monitor
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Phase 1 Machine Model

Features: Storage Allocator
Process Scheduler
Interprocess Comnunication
Pnhysical I/0

cPU

1/0 Process

Process




Caltech 8086 Hi= temenus Maoline

stcrzge
- 6 .
1.25 = 10 trarveicsters
x>

30 us ~ultiply/add (éouble flezting)

30 us corownication time (64 bit nwessave)

x{ucing 5 Mdz clock, t2lf for 10 MHz clock)
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toral rerfornance of nurher fractional
= x %
erforrance cie CPU of C7Us utilization
6.4 VAX 1/8 vAX 64 0.8
total = cast of « nunber of
cost nre CPU CPUs
SA4k S1000 64

10:1 cost/performance improvement over

VAX (PDE problems)
20:1 with (speculative) full speed parts



tu—ber of CPls

64

ractinnal Urilization

Mest PDE pratlems: greater than 0.8

Other problems: unxnown but prebahly Jess



6)

7)

Communications

Fully asynchronous

4 bit serial

64 bit software/hardware message format
Flow control (1 message queue)

Full duplex:

data }
/ ’
req
h
ack
=3z
— data /4 —
7 :
re
- 9
- ack -

Interrust or poll conditions:

* receive buffer #n full

* transmit buffer #n empty

[nput/Output of message as 4 word 10 operations

plus 4
grounds



8 Global:

Global bus;:

Ram Refresh:

( power)

Clock

Reset

Refresh Interrupt

Global Open Collector (0-3)

Global Data (0-3)

Non maskable interrupt signal is asserted every 4mS
to all processors to invoke a routine that refreshes

dynamic RAM.

Global Open Collector:

input

<

Global Data:

driver

/\

0. C.

...to other CPUs

HM CPU HM CPU
* OI c. *
HM CPU HM CPU

A

D

...to other CPUs



8086 Process Control

fata sooment stack segment
#————
(user stack =)
misc.
code seqment registers
0S
)
ES
misc.
N registers
—
sxtra segd t
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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