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Motivation

It's time to change
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Biocomputing

Example of Applications
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Challenges in C.S.

High-Performance Computing

5{Eic L2 =IEBEIL D T O —F

® PC/WS 7 T R%

® MPP MEEK = 7 L —%73 &)

o EFHDEMEEETERE (GRAPE/R L)

e LW —=F 77 F+: Reconfigurable Computing




Conventional HPC

PC/WS Cluster
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Conventional HPC

MPP: Massively Parallel Processing
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Conventional HPC

Dedicated Hardware
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Reconfigurable Computing

Flexibility and Performance
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CRAY XD-1

Cray Inc.

e AMD Opteron 2.2GHz Dual Core +
XC2VP70 / XC4VLX160 / XC4VSX55

5
3
i
;
il
T
=
3
-
P
]
i
-
= 'l‘
i
Iff
it
i
.
=5
=
.d-l
ir
hm
it
T
g
i
i
=5
=3
'_-;r'
-
=
—|-
=
TR
=
=
=
T
il
:g!_
i
ML
i
s
il
I-I.‘
=
=
T
i
B
—F
ff
i
=
.';. .
==L
RE!
i
il
!
=



FPGASs in Bioinformatics
Related Works
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The Goal

And, the Reason to Use FPGAs
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or, Rate-law function
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Mitotic Oscillator Model (Goldbeter, 1991)
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M: cdc2 kinase
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Simulation

EDETREB/DORETHRAZED D

— —

—_)
[X] f[X] [X]
VATLRE [\ RIGEE REE 2 AT LIRER




Outline of Presentation

= [[= =
==

Al e=2 e U=

ReCSiP DK

® Solver
o HIEE D e

ORI

eaH




System Overview

Optimal circuit, Always
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8-) % [ UE Sof ' FPGA PCI Card:
SBML Description: /F Soltware ﬁ

Configuration and dataset are

XML-Based standard to markup SoTr T e —— Tl s el
biochemical pathways ﬁ . G

Generate circuit and dataset
from SBML description

Lib.

Solver Core Library:

Verilog-HDL modules to
calculate rate-raw functions Here is result!
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ReCSiP-2 Board

2003, 2004

e XC2VP70 =&, U /= 64bitt66MHz PCI 71— R

- 8 {8 D 18Mb QDR-SRAM

- SO-DIMM Y 7 v k

-EL#Y %L —% (FDKE)
AN =Y

ST XILINX
VIRTEX:1I
PRO

08 LED8)

: o9 o33l = uy
DIOIPLED2S) a L o
D12 (PLEDM]

on (PLEDIS] | =
=l

N
IO s Ay

MR- REE B BEERS
AN EXE)




Problem

PCl Bandwidth Bottleneck
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Requirements

Stand-alone Processing Ability of FPGA
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Organization

Using Multiple Solvers
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Pipelined Rate-Law Function Module
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Integrator

Basic Mechanism
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Integrator

Control Method
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Integrator

Pathway RAM: the Key Technology
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Requirements

Stand-alone Processing Ability of FPGA
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Integrator

Pathway RAM: Instructions
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Integrator

Fuler’s Method
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Fuler’s Method
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Integrator

Heun’s Method (or, Modified Euler)
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Integrator

Heun’s Method (or, Modified Euler)
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Memory-to-Memory Communication
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Mapping and Scheduling
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Requirements

Stand-alone Processing Ability of FPGA
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System Overview

Optimal circuit, Always

EY a1 —I)LDBEAEL RS THEE

O SR JRN = B e e R 0D e

8-) % [ UE Sof ' FPGA PCI Card:
SBML Description: /F Soltware ﬁ

Configuration and dataset are

XML-Based standard to markup SoTr T e —— Tl s el
biochemical pathways ﬁ . G

Generate circuit and dataset
from SBML description

Lib.

Solver Core Library:

Verilog-HDL modules to
calculate rate-raw functions Here is result!
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® 3 solvers 1

Case of Cellcycle + Euler
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Hardware Resources

Average Case
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Performance

Replacing pPs
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Summary

In Architecture
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Summary

in Performance
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Integrator

4th Runge-Kutta
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k4 = f( x(t) + k3At)

x(t+At) = x(t) + (k1+ 2k2+ 2k3+ k4)/6
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Integrator

4th Runge-Kutta
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k4 = f( x(t) + k3At)
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University of California at Berkeley
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SRC-6 / SRC-7

SRC Computing Inc.

® Xeon 2.8GHz + XC2V6000 / XC2VP100

Hi-Bar Switch

GPIO Chain (2.5~5GB/s)
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