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One of the way to design a cluster computing system is to use Shared Memory enabled
all node, computers is connected with cluster network, to access shared data. This paper presents
the design of a cluster computing system with Distributed Shared Memory(DSM), is a kind of the
shared memory distributed for all nodes,using original PCI-Card, SHOKE-2, implemented with a
FPGA and a DIMM. It was researched Distributed Supercomputing Environment(DSE) based on
Shared Memory Model, a cluster computing environment implemented with software on UNIX, and
it was able to do parallel programming and test it for users on this environment. A lot of discussion
about this have been made in our lab. Therefore, we started implementation DSM model cluster

computing system on general personal computers using SHOKE-2.

FPGA, Shared Memory Model, Parallel Computer, Cluster Computing, PCI
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PE: Processor Element
GM: Global Memory

X 1. BEEE T 2SI ERRE

Distributed Shared Memory, DSM
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void main(){
ULONG length = 0;
ULONG Address, #pData;
AMCCB933_MESSAGE sendMsg,recvMsg;

/% EWE x/

/* Send node number to SHOKE-2 by Outgoing Mailbox 1 %/
sendMsg.MessageMailBox = 1;
sendMsg.MessageValus = node_number;

if (1DeviceloControl(

hbevice,
(ULONG) I0CTL_AMCC5933_POST_MESSAGE,
&sendMsg, /* Send Buffexr */
sizeof (AMCC5933_MESSAGE), /* Buffer Size %/
0, NULL,
&length,
NULL)) {

printf("s+Error: I0CTL_AMCC5933_POST_MESSAGE failed,

hd)\n", GetlLastErvor());
return FALSE;

/% Receive ACK from SHOKE-2 by Incoming Mailbox 2 #/
Message .MessageMailBox = 2;

if(iDeviceloControl(
hbevice,
(ULONG) YOCTL_AMCC5933_RETRIEVE_MESSAGE,
&sendMsg, /% Send Buffer #/
sizeof (AMCC5933_MESSAGE) ,
krecvMsg,
sizeof (AMCC5933_MESSAGE),
&length,
NULL)) {

/* Recv Buffer */

printf(“"+«Error: IOCTL_AMCCS5933_RETRIEVE_MESSAGE failed,

(%d)\n", GetLastError());
return FALSE;

/# Read Data from DIMM on SHOKE-2 by Pass Thru =/
Address = 0x0000;

if (!DeviceIloControl(
hDevics,
(ULONG) I0CTL,_AMCC5933_READ_PASSTHRU,

&Address, /% Physical Address */
sizeof (ULONG),

pData, /% Recv Buffer */
sizeof (ULONG),

&length,NULL)) {
printf (“s*Exror: IOCTL_AMCC5933_READ_PASSTHRU failed,
(%d)\n",GetLastError());
return FALSE;

/% HUE */

M9 7FVr—vary/als a0
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SREMEMETH D,
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X 13: PCI #—F SHOKE-2

4 SHOKE-2 (PCIh—FK)

4.1 2EER

SEMEAL 7 PCI A —F (SHOKE-2, B 13) 1324 Y o
MIFERL 6O T, FPGA ###E L T35, HE. PCI
oy bha—-SERRRTAHECE, HROPCIay ho—
SFvTEFBTIHEE, FPGARY DT urS<T7 L
FRA A2 —FIZEDMBRHAZTOIZOFERH B,
SEIX. PCLA—F OREBEZEEL 2 DRIFEOHIR
Eh=F v (AMCC S5933) %L %=, £7-. FPGA
& LT Xilinx Virtex ¥ U —X (XCV300), »E U IZMHstE
el & < HERMO B VLA DIMM 28A L, &6
FPGA DA 7 4¥ 2L —3ialik PCLNAD S EE
>l bDHIHAEKE CPLD(Complex PLD) IZE#7 5,
Z@T N A A Kilinx #E XC95216 28 AL -, SF., 1
B 7 PCI A — N O#aRE K 1412777 [10],

Dowmoad Cable

FPGA
Virtex XCV300

4
AddonElLs

to Interconnect Network

¥ 14: PCI »—F (SHOKE-2) DX

#* 1: SHOKE-2 55k —%&

PCI Controller || AMCC: 55933

FPGA Xilinx: Virtex XCV300
CPLD Kilinx: XC95216
Memory DIMM (SDRAM)

42 PCIZvhBO—3 (AMCC S5933)

PCI =y bu—5 & U CHEMLL AMCC S5933 i3 P-
© CI $l4& Rev2. 1l B TRV, BETILL OHAEH
(EWS,PC) WBWTHEAMETH D, 55933 iX PCI #H#
DuTyy (1] RRERL . A3 22—t S5933 23R
#9° % Add-on Bus DEMAL Iy 7 & T 2 EEKE
AEThE LW, F, F— it hRE LT, Mailbox,
PassThru, FIFQ E—F 2L T3, Zh 5 0BIED
R LIRS [12),

Mailbox CPU %*5 PCI 7734 A (Cutgoing Mailbox).
PCLT /3 A 2926 CPU(Incoming Mailbox) Iz Zh
Fh 32-bit 4 DOV I RF (HEF 8 D) I ko THEK
S, VORFIT—F (A NA) BB L EED
ARCE ST, CPUBLLIZFPGAICHBESZ &
TREGIHE ERATRE, LYV R ~OEETHDHOT
32-bit VU INT - FEETHY | AU FRAyE—
PORBIZANTN S,

PassThru PCI #—% v N E—F L LCEHEL. CPU %
AL 7= Programmed /O W £ BT —# 7 7 & R %1772
Yo 40F C PassThru DA RR T2 LB TED
7o, INEFALTTF NS A LD AT IRV I RS
DT T ARRD DT DI ENAEE, SN—R hE—
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FIZ L BF — F Gk RRciE 133MB/s DR EIC B
EY 5,

FIFO 32-bit TIESHM 8§D 250 FIFO IZ L » T S
%, Add-on B¥ v 73 FIFO D 25— % AMEE%E
BLANG F—F% FIFO ~HLIZY ., ZTW-o7
NgBZET, 2—-FRAEBIZPCINAVRALE—N
LLTouYy 7 EERTE D, RATALZLLTH
Ve D70 CPU A ETIT AT V2, hDT /84 R
~DHEBIIZR T 72 AR FRET H 5,

4.3 FPGA

AERRIRL 72 SHOKE-2 ~FET 5 FPGA X, Zh ¥
TOEHEFL2NVFTAL TV 5 EDA V—» b, Xilinx
# Virtex & U —X XCV300 2 EA L7z, XCV3001% 305
S — MY OHREORIFESERTE 7D, SEO L
L Ci-H o tiEERE RET 2N TED,

%72 FPGA Oav 7 4 ¥ ab—vavid, {EkOER
OFETu—R =T A bIT O FiEE | PCLAARES
LTCF—2%&vru—RdalFsEX TS, HiFd
SHOKE-2 ICEE SN - —7 WViTh 6| #%EIT—HB PCI
NANLESNDERT —F & ATV ~MEFL, T2
ERETREIZFPGAD a7 4 X ab—Va v BT
%, CPLD ~EETHa L 74X 2 b—v a UHlHEREZ
BEREPTHD,

4.4 DIMM

B AT Y EEIIE AT VL Lo THEREN DD,
REEMER EHERM A O SD-RAM £ &L 72 DIMM % £
A+ 5, AEIT 128MB 2#ER L 728, FPGA A® DIMM
aybhe—S5 3 EHETHI L CHORRER T AT Y
REAT AL LERETH D, DIMM OF K L ZHEEE,
Bank address. Row address. Column address @ 3 DIZ
Lo TiFebihv 5, 128MB DBET KL 2 & LT 26-bit &
PELT B0, £20L 5250 TW5 [13][14]

# 2: DIMM O 7 F v XI&

Bank address 2 bits
Row address 12 bits
Column address | 9 bits

5 REL IR
51 HEEAFYEDa—-ILELTOBEE

SHOKE-2 # £H AE V€V a— b L THATAED
BEx [ 15127/, CPU LT ANA AR FANT Lo
T, SHOKE2 D AEY~F —F T A b &R ERTSH PCIAN
A A FADRBEBENTSEE. R =7 HITHE (1)PCL
NRA~NELNBT KL R, F—4#% FPGA RIZIY 2%,
(2)DIMM ~#F & iAte (PCLF —4 U —F OHAIX L OH)
YEENMEE 2D,

(1) £9°. CPU»bOF —F % 55933 8 PCI S AD L
48 . Add-on Bus ~H AT %, AEIEAEVEY 2 —
b LT OBERIEAEET 50T, PCIY—7 v b7 A
42 L COBETHITHHEEXLN D, LIZR->T,
5 g ERYEHFL LT PassThru Z3A L 72, 7o, 3.280

Chip Set

[ pvm
g

a

\| Virtex XCV360

=
to Interconnect Network

® 15 AF VY 2 /VOBIEY 0— (Write)

THA L HCV AT AEETOT KL RE—RBIZTRT T
BT, 2RET Ry SR BAL O TT — F B3R OH]
W) —REEORELRITY. £, Xy b —2%NLE
) —R~OF =BT I EATHHBRIT, M/ —FD
F— RS EEEOT-OOT 7 ) Vv TCERBTALELS
B, fi/ —F OEFHIBVKRET — 5 ki BIET D HiE
LLUTH, M/ —FOEHRZET LMY d0E EICER
FTER-V T DEIRFELEXLNBN, TOHEIT
WHEE L ) —F & OBEELBEL 5D FIVIARKC
kA FERBALE, LENRST, PassThrull L 57 —%
O RN Mailbox (2 & > CTR742 5/ —F kD SHOKE-2
MoOBE#E &0, EVOBEFSERSNLTHLT — ¥k
BhT 5,

(2) KIZFEATEN D DIMM ~D A€ Y 7 7 EARRITE
B, DIMM ~ 1 EITHRK 16 bits FTOT F VAL
IHETERVED, 2EEHTCT RV AZEET L
ENH B, (2-1) £, Bank/Row address(14 bits) & &1
#%. (2-2)Column address(9 bits) & #{ET 5, 74 b #{E
AT Column address D35S & FERICT — & b kE
T 5,

LA EOSEES FPGAIZ. LT NA AR Z AL L
TEETHZ LT, SHOKE-2 3R AT VEV 2 — &
LCEMET D,

52 AEYED 1-—-ILOEEREE

B 5.1 CRLIE AT VEY 2 — VOEBROLLHIT, F-
PGA LT (WPCl av hmr—F A48 —T xR,
(2)DIMM = hm—F, (3) 7—t & (Arbiter) & E3EL
2o (DPCIay b r—F A v & —7 = A AL, S5933-FPGA
i Add-on Bus(® 14) oYy 7 {4 2EETH 5,
(2)DIMM = > b B —F 5 A Y ~DT 7 & AHHHERET
HHM. PCIOF — FEEEHEE L AT Y ~OT —F MkiF
DEEL AV RIBOER RN IOy 77 YT
L oliEL S, 3) 7B X EeEom#EEiT 5. 45
X PCIAY#—7 = A A, DIMM =2 b n—35 OFfiL L
TOHEEL | BTl / —FEELOM ./ —FhE S0
OYEE T RIS — R b 0T —F A EXT D
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- FPGA TFRLR-F—4
A X
m—ﬂﬁ—‘ ‘ DIMM
> A Orka—5
‘ l—r PCI =z 4
’3/"':""7, avha—35 M
| 55933 o | RobI—5 >
P J AVRII—R| p—E4 AohO—s |
P <l

‘ S

F—AatnE A PCIZ—4"yk: Mailbox, Pass-Thru

16: EEEA]RK

ROy y 7RI, . SEIEEEL TORLR
16D & DT/ —F HBESFICER T Xy hU—2 ar k
u—=ZbREPTH S,

P EDEEEZEEL | Mailbox iZ k3 /—FEEDORE,
PassThru {2 £ % DIMM & OF7 — % B (Read, Write) %
(AN S N ED S | /NN AR N WA T S
REZMEEL T, SHOKE 2 X HEHEFE AT Y ED a—/L &
L COMRER B HEANE D hORIEEITo70, 7=, F%
BIE L U CRFEEIC Verilog HDL, #HESR Y —/i2it
Synopsys FPGA Compiler, BB EEARY —/MiC Xilinx
Alliance Z{EAL 7=,

PCI OHE COBEEE L 33MHz TH 5720, PCI 2
e —5 EEURBITENEWmETLER DB, F 3T
AT LI, BEROFT — 2 IBETREEL B 52 &
DE[RET hoto Fiz . PCOHLTF AT AU —avk
FERALTOARVE S 2a— L LTOBELIL AT —
FEEDLBHER SN,

* 3: [FIRRIERA R

BB (SLICE) | BhERTREEE (MHz)
245 665/3027(21%) 35.922/33
DIMM — 67.335/66
6 BbhYIc

YRR THIRSNTER Y 7 b U= FIZ L 58 H
A ) BN FIET M OBI R R A TG L, BRI~ Y =
T LD WFFHEBOBRRBICEFL 2, ARFTIE, 20K
POBREE LT, BfFET 5 PC. OS ECOEREBIEL L
7= PCL 1 — 2 L D WHMEHBRE 2 OGS, BEmRE
EHEZ DN TR,

SENE SHOKE-2 % PCI ¥ —47 v FF /84 AL LTDOH
AL, "2 Z2ZE L TBHESE A2 LT CPU RN
LRV PCI A AHIEREITTE B, ZhEx BOTiEs 77
Vr—arORTEHE, AT VERRY OHEEY = —
NE% FPGA & U CEMESE, CPU MBI 77 Y
= a VOEFICEFT ITETHEE HT D LR
T& 5%, £z, PCIA—F (SHOKE-2), %y h U—7/1—
% (INUNAKI) iZZ ORI 2 v 27 S EHR e FPGA
BFRIELETNARATHEIDT, 5%, a2y F 5
BROT A MRES L THFEIN S,
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