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Key Points

* Modelling

— Optical, Optoelectronic and Electrical

— System Architecture and Software Abstraction
* Architectural Enhancements

— Capacity

— Distributed Network Intelligence

« SPA Functionality

« Shared Abstract Data Types
» Load Balancing
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What is a Beowulf
Cluster?

Distributed memory multi-
computer

Commodity PC hardware lf; .

Commodity OS
(Windows, Linux)

Message Passing
Libraries (MPI)

Excellent Cost vs.
Performance
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The Problem

* Processors continue to increase in speed at
equal or greater than Moore’s Law

« Bandwidth continue to increase in speed at
equal or greater than Moore’s Law

* Processor Speed Increase >> Bandwidth
Increase =g
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Solution?

Smart Pixel Array (SPA) to match high-speed
OE interconnect with low-speed PC bandwidth

* Greater Connectivity
— Lower Routing Costs
— Higher Aggregate Bandwidth

* Higher Channel Bandwidth

* Lower Hardware Latency
— OE Device Charging vs. Transmission Line Charging
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Modelling - System

Optical Highway B 5
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Modelling Parallel
Computers - BSP

HE B B B « Write algorithm in terms
F  [F] B B of “Supersteps”
« Split communication
- u . u and computational
- H . v costs
« Small parameter set
Local. Combining Communication Barri.er . o Measure pa ramete )
computation and.re- synchronisation
messutes. - Maps well to Cluster

ime  grchitecture
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The BSP cost model

Cost of a superstep:

C=w+gh+l
. 1/ AN

s Barrier
- Communication
computation

synchronisation
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Reducing Sum Algorithm

*All processors start with 1
number. Want total on 1

machine. Implement on SPA

layer.
*Each pair of machines add

there numbers then each
pair-of-pairs add and so

on........ Few computational
or memory
resources on SPA

*Log,(p)-2 super-
steps on SPA layer.

*Log,(p) super-steps.

Efficient on low connectivity.
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SPA Functionality?

o Red u C| ng-S u m Cost against Number of Processors for a Reducing-Sum
- BS P 4:50E:057
— >50 processors
— 32% performance gain s e
at 128 processors g o
o MOdel TOO Simple 1.50E-05 /
« SADT? ///
¢ Load B a I a n Ci n g ? 0 ) "’ Numbere(:)f Processors80 v -
G=gh= 2(ch + Lgp, + Rpp + Rgpy + M, M, +MJ
Bpc B,
M, +M
+(10g2(p)_2{LSPA +Rgpy + i j ‘; -— -
ERIOT By, sm A
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Modelling - Optoelectronic

* Number of Channels NEP\/ gf’ ;
Limited by Power P = g
 Signal to Noise Ratio of o
Photodectector
 Optical Power of vi
VCSEL Breses = 7 (B = V2
- Efficiency of Optical (I_ZJ
Elements
» Semiconductor Density Paevice = 2ch




Experimental -
Optoelectronics

(2) VCSEL Side View

p-contact

A Spacer
GaAs Active
Region

A Spacer
n-DBR

Optical Gain
Profile

n-GaAs
Substrate

(¢) VCSEL Top View

Output
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lon-Implanted Region

(b) VCSEL Perspective
Output

(d) 8x8 VCSEL Array
Magnified

VCSEL
Output
@=10um

Interconnect

Parameter Symbol Ratings Units
Min Tip Max
Temperature mning cocfficiem AT 0.0 amk
Theeshold current variation (1o +R$ Al 06 mA
Current tuning coefficien L 02 nm'mA

Absolute maximum ratings

Parameter Symbal Rating Units
i
Optical output power Prnay 7 mW
Peak forwand current Fomay o mA Siwm
Electrical power dissipation Pat 20 mWilaser
Reverse voltage Vi 5 v |
X
Operating femperature Top 0 to 45 «
Storage temperature Ty =40 1 + 100 <

(T=2T)

Electro-optical characteristics e imtiidust taeey

Parameter Symbol Conditiony Ratings Uity
Min Tip Max
Threshold current In 1o 1% io mA
Threshold voltage Wik 16 v
Operating current lep 1ypPos = 1.3 W 3 mi
Operating voltage Vop |ty = 15 mW 1.8 v
Emission wavelength® ES g = 5mA R40 B30 860 nm
Slape efficiency n Ip = 5mA 045 mW/mA
Beam divergenee ] FWHM, 1= 5m A 16
Differential Resistance Ry | Ip = SmA W 45 &0 Q2
Capacitance C Ip =5mA 0.8 pF
Bandwidth Tum | lp=SmA >3 G

*Tighies waveleneth specificasions svailible va regnet (To29°0)

Ordering information
APATIOLI 20000

830nm multi-mode array 1x12
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Modelling - Optical

* Number of Channels e
Limited by Aberration, Pap = JE
e.g. Spherical. 2Cw[hmax[/1? +1j+S5CSELJ

« ForCCNh,__, Is also
function of p_,

* Close approximation to

Code V simulation of T

(f /4y (-4,

A, =

small number of stages
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Experimental - Optics

Mirror

Bulk oW
Optics —» <] Patterned Half Wave > | Quarter Wave
Lens Plate (HWP)

| | # | , / Plate (QWP)j
‘ =
‘E“QS: il gy J y

Polarising Beam elay
Splitter (PBS) ] —
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Experimental - Optics

Mirror

Quarter Wave

Bulk
Optics ——» Patterned Half Wave L anil —
Lens Plate (HWP) ~ Plate (QWP)

‘EQE#U”UIU

“ Polarising Beam
Splitter (PBS) < =
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Experimental - Optics

*Massively parallel
Interconnect

*Polarisation controlled

*Reconfigurable via Liquid BN EE ST

Crystals

Demonstrator currently
under construction
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Capacity

« Massive Parallelism
— 1024 Processor Clusters

Cost against Number of Processors for Routing

9.00E-06
— Huge Routing Cost
Grid
« High Connectivity -
- RedUCGS ROUting P 5.00E-06 1 Hypercube
— Increases Pin-out o e /
. G. A. Russell, J. F. Snowdon, T. Lim, I. . CCN
Gourlay, P. M. Dew, Modelling Of Optical '
Interconnects For Parallel Processing, DonEs - . - - " - p ”
Conference Proceedings from PREP 2001 at Number of Processors

University of Keele, UK, ISBN 1899371281, pp.
29-30, April 2001.

R

e

ERIOT

WATT

UNIVERSITY

II.IIImul"" "
P!




Obsolete Bus PCI Loc Future Buses

r]"-l »

Modelling - System Bus

|
100000+

 Memory and IO bus

efficiencies :
— Signalling Overheads ;
— Protocol Overheads
. Processor Utilisation Hﬂmm
_ DMA Ao Mo MM

4 5 s

EISA
MCA

PCI 32/66
PCI 64/33
PCI 64/66
PCI-X 66
PCI-X 100
PCI-X 133
RapidlO
3GIO

PCI 3

— Cache Stalls
[ Theoretical Maximum Bandwidth B,
. . . B Mini Practically Available Bandwidtl
e Transmission Lines T M, Py Aviaots Bandwih

HyperTransport

Bus Type

Bper+Bact
Nop :Nm _NmaXO
B

~—
I
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Experimental - System
Bus

(a) RD2 PC Geiger PCI Card (b) RD2 PC Geiger Bay Panel




Putting It Altogether

» Processing System

Optical Highway

> / Jighwa
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Cost against Number of Processors for a
Reducing Sum
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3500

3000 -

Myrine

2500

2000 -

Cost / clocks

1500 -

1000 I I I I I I
0 20 40 60 80 100 120

7/

Processors

ERIOT

Illlllmll"" -
g

R

WATT

UNIVERSITY




Cost against Number of Processors for a
Reducing-Sum
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Sorting

Parallel sorting by regular sampling:
« This algorithm was chosen due to:

— Suitability for combining large messages prior to
communication.

— Coarse-grain PC computations, allowing data to be sent
from smart-pixel layer to PC layer during local computation.
* Results:

— For large data sets, algorithm can be implemented, with
effective communication bandwidth close to the optical
interconnect bandwidth.
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Cost for Sorting

 Most communication intensive part

— Each processor receives O(p) sorted blocks of data, each of
size n/p?

— Blocks must be sent from SPA layer to PC and merged
— By data streaming 1 ~1

— Send a fraction (1-k) of received blocks to the PC to start
merging

— If merging 2 blocks takes an /p then require

1 (- k)
4(a3pcjg(1_k)p and <<l

Bottom Line: We can exploit the bandwidth for large n
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FPGA

*Reconfigurable

Optics

—_== *Reconfigurable
-ngr_l Bandvyldth |_¢if;/i_f_;’”“ff_ " <High Bandwidth
required for internal -
operation. ﬂ%ﬂ%— . *Geometric Mapping

*High bandwidth Distance independer

desirable for external  Applications
communication

*Optical Interconnect

*Optical Neural Network

i | i *Internet Backbone
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OFPGA Layou

ngical NAND BIO.CkS Some logical blocks
interconnected with replaced with driver

reconfigurable silicon circuitry for OE 1/0
P |
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HOLMS - The Future

Memory Architecture ‘M u Iti ple Optlcal
Technologies

—Planar Waveguide
—Fibre
—Free-space
*Custom Memory Controllers
*Mephisto (ARM) Processor?
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HOLMS Optica

Technol S

reflective o;%tical eOom pomnents
onthe s

fiber array
CONNectors

planar optical systen]

transparent MCM substrate conventional
electrical B ] B ] e Ay o] BGA acke
1 S S A O e O I ==
) O Y O ] Mt ime] oo g e
electrical PCB layer SRS SN S

; opto-elgetronic electronic |
C‘Ptlcﬂl FCB laye _ P Ch?PS chfps

*Planar ‘Free-space’ optics
*Optical PCB
*Fibre
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Conclusions

Developed a Parameterised Model of an
Optically Interconnected computer System at
Algorithm, System and Component Levels.

Network Capacity and Intelligence can allow
Optical Bandwidth to be used in a Beowulf
system.

..... BUT Beowulf was the Wrong Architecture.
Models will Hold for the RIGHT Architecture.
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OIC Website

http://www.optical-computing.co.uk
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