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Figure 1. EHPC Platform System
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Figure 2. Block Diagram of the Platform
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Figure 3. Block Diagram of EHPC Board

http://www.sccj.net/publications/JCCJY

tcom_initialize();
tcom_send();
tcom_recv();
tcom_broadcast();
etc.

o000 MPIOOOO YFODOOOOOOOO
gdbooooooboboboboobooooooboooa
gooboooooboooboobooboooooboao
doooooboooobooboooooooooao
doooooooboobooooboooooooon
dbooooboooooboooooooooooa
do0d0DoooooooooPClDOOoOoOooOoon
0000 oooO00o IooooooooooOooan
000o0oO0ooO0oOoooOoooo PCO EHPCO O
gdoobooooobooboooboooooooboon

Figure50 EHPCO OO OO PCIOOOOOOOO
doodoedMBOOOODODDODDODOOODODOOO
OO0 BrdShmOOOOOOOTreeeCommO O OO0
goboooooooobooooboboooooooono
ddbooooooooooobobooooooooao
0d0o0ooOoooOoooooDo cpuooooaon
Jodoodo LS oooooooobooooooa
JoodoooBdshmOOOOO0OOCOOO0OO0OOOOO
0odd0ooOoooooooo L oooooooo
BrdShmO 0O OO TreeeCommO OO O 400 60000
0000000 oO00OooOoDoOoooOOg Tree-Comm
0000000000000 00000 BrdShmO O
ogoooooobooobooooooon

Z V) —ROTILFIOyFRIE
—WEVITILF IO YRR
(09— 70ty YRS

EHPCOZILF /Ot HIRR
=770ty Y EBiEig)

o Q\
&

25
o
N7

« ETOTOEyHTR—ONEEITSETIL(SPMD)L
EHPCERBIZ [ZBIIE A=W BZRIFOTREuH1F
BEREI L LA FPGAYCEALSIZESEH 5,

Figure 4. Tree-Comm

141



EHPC Board

Syne

CPU

A Tree-Comm|<

i BrdShm
Async i

Shared Memory

Host PC

Special
Purpose
Lsl

Figure 5. Asynchronous Communication

23 DOO0O0OOOoOooOoo

Figue6O 0O 0OOO0OO0OOOOOOOOODOOOO
40000 cCcPuOOOoooooo

OO0O0OoOocPUOD ODOOOODODDOODODODO
SH4@200MHzOx 400 0 0O O CPU O
SDRAMG4AMB 0O 0O OCPU OO 0O 0O 0OOOO
DPRAM128KBOO OO OO O OOODOO SH4
OoooooooOo pClODOCOOOOOOOO
OO0 SDRAMGAMB OO OO OOOOPCI OOO
32bit33MHz OO OO OO OO PCO EHPCO OO
000000000000 70MB/fsecC OO O0OOOO
pPCiID 0O00doooOooooocpuOonoOoonono
gboooooooobooooboooobooooon
goooooooooooooocpuooooon
OO00oO0O0OO00QoOOOO0O00O0OO oSl p ITRONDO

Figure 6. Prototype Board
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Figure 7. ERIC Board
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Figure 8. EHPC FPGA Board

ERICO0O0OD0O0OOOO0DOOO ERICODODO 2
OO0O0O0ODODOFPGAD OO O FPGAO 40000
OoO00OoDO0O0D0o0oOooOoOocPunDbOO SH4OO
goooobooooboobboooboouoobooooa
gboboooooboooboooooooobooooog
Oo00oooooboDOorPGAO OO OODOODOOO
oDOo00O FFTO GSMAC-FEM DO ODOOO0OODO

3 oboobouoooooobon
0O

goboboboooooooboooboooboooo
oooooooMOODOOORTDOOOOO

31 0O0O0ogo Mo

oooooo MoOOOOooDDOOOOOOoOoOo
gogobooooobooobobooobooboooooboooo
oo0ooooobooOOooOoboooooboOo pCcOO
00000 PCOOODOOOOOUODOOOOO [90
boooooooooobooboooobooooboog
EHPCOOOOOODODOOOOODOOO0O0O0DO0O0OO0O0
OO0OFgure90 OO0 OOODOOOOOOOOOOOO
goooaoo

goobboooobooobooobobooboog
goboooooobobooobooooboooobooboooon
O0000O0OO0O0O0O00OOUOoOoOOReckOOOOO
O ABINIT-MPOODOOOO APMOODOODOOODO
OoOOo00o eEHPCOODOODOOOOOO0OODOODO

http://www.sccj.net/publications/JCCJY

FragmentMO D AT LR (ACPUAR—F {3 I BF)

PG Gluster (MPI) H

= | EHPC Boamifa

P | EHPC Boarii2
EHPC Board# 1

Figure 9. Implementation of Fragment MO

goobooooobobooooboobobobobooon
gooooood

32 000 FFT

Ca-Parindlo0 00000000000 OOOOO
OFFTOOO[1l)OOFPGAD ODOOOOOOCOOO
obooooooboooobooobooboboooooa
ooOooooOoOo0ooooDooOooog AsIcOOn
OO0 FPGAODOOODOOOOOOOOODOOODOOD
ooOoooo APDODOOOOOOOOOOOOOD
gooooo

000 Car-Parindlo0 00000 FFTO APIO O
oooOoo0oooOoOOooOooOoOooOoOoO0FrTOOD
goboooobooobooboooboooboobboooo
O0O0O00OO0OO0O0OO0OOOCa-Parindlo0d O OO
gooooboboooobobobooboooobobooboond
gobooobooooboooobooo-ogooaoo
ooooOooooooooOo APMOOOOODOOOO
FFTOODOOO0OO00OO0O0OOOO0O0OOOOO Figure
oocooo APO

1000000
moooooo
moocooobobooooon
200000000
moooooo
moocoooooooboobooood
gboomooooobooobaoao

143



Car-Parrinellc Body
(application)

Virtual FFTengine

3D-FFT API
Layer Structure
on EHPC FPGA System

(hardware-abstraction layer)

FPGA Board Driver ~
(Multi Threading)

Software
On Hast Linux PC

PCl Bus
-std. or -X or-Express

Haost Communication Task

Board Status Control Task

Mult-Tasking
Firmware
On Controller CPU
And
FPGA Logics

FFT Control Task

FFT Logic
on FPGA Device

Figure 10. Implementation of 3D-FFT

oooooooooooooD FFTODODO0ODOD
goboobOobooooobooboooooobooboboooboo
gobooooooooooooboboooobbooon
gooobooooboboboobooooooooao
gbboooboooooobooooboobooobooobooog
gooboooboobooboooooooboobooon
gboooooocoboooooooooobooaooo

4 OUOO0OOOd

000000000000 00O0Ooooooooon
0000000000000 ooooooooo
000000000000 000000000000
0000000000000 00O0O0ooooooon
LSiooo00000o0oooooooooooooo
000000000 0oooOooooooOoOooooon
O000o0ooooLsSoooooooooogoo
000000000000 oooooooooooo
00000000000 103v0ooogoooon
O00oOoOooooOoooOooooooon

O0000oo0ooooooooo MmoooOooo
0000 00000ooooooooooooooog
O0000o00oooooOooooooLsiooooon
O0oooooooooooon

O000ooooOoPCiIDOOOOOOOOOOO
00 CompactPCl 0D OO ODOOO OCompactPCl O O
000 PCOOOOOOOOO 8000OO0O0OOO
00000 olooooOoooLsoooooooo

144

Figure 11. System Debugging
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In the development of special purpose computers for scientific calculation with special hardware, in-
cluding specia purpose LSI, for some heavy load processes (hot spots), the hardware design and system
debugging often become serious bottlenecks of the development process. We took a software/hardware co-
design approach to improve turnaround time. At first we designed the platform architecture (EHPC platform)
as the base system, and we developed a prototype system based on the platform architecture. The proto-
type has a large number of general purpose CPUs instead of special purpose LSl * s and can emulate the
functions of the LS| with the firmware on the CPU. In the next step we developed the system with special
purpose LSI. Then we have developed some special purpose computers for Molecular Orbital Calculation
(GAMESS, Fragment MO), Density Functional Theory (Car-Parrinello, DV-Xapha), Computational Fluid
Dynamics (GSMAC-FEM). In this paper, we introduce the EHPC architecture and show implementations of
some application programs on the architecture.

Keywords: Parallel processing, Special purpose computer
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