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There are two programming paradigms for parallel applications, parallelizing Compiler and
~ parallel programming library. Parallel programming library is one solution of developing parallel
programs. Using a pax;allel programming library, a virtual parallel machine can be made with
Workstations. We impleinented PVM, one of parallel programming librarys on AP1000. In this
paper, we describe the implementation and communication performance of PVM/AP1000.



1 JIU&IC

BRTUTSIVTIT4TTIE, Yok Pavd o]
BRIz Y, BHIMIICOER SRS HE L
TATIVTHS, ~FR7UF 5 ABTRICIN
HORMBERUETILICED, BHEFENL SO
TIRERRTAS. HLdPoAFIRBEERL TS
O 62BELILICRDI0, 70X 5 A0ETE
DHEFIEDPEL 25 LRSI D, —BH2IEF
EERTHMBCEF Y ur 93075475 ) 258
BEN, 7705 —2avds 475 ) EKEITOM
TILREVEFIRIEZITI FRME SR TWB L
P&\,

EFTUr5IVTS54T7F5IEMNT, T—F R
T=ars IRy LT A RESH IR E ML EH
TAIENTEDL., V=2 RAF—YarrIRyEid,
BY LT =0 AF—vavteidy b 7— 2 THEREL,
18DT—=IA7—Yark 12070ty v 7L
AVPERBIET, ARPTLE 1 BOWFIEEEE L
THATHE NI bDTHE (6], HF7urs3Ivy
TATINE, BTV AF—a v ECERINS
HEO7 0L AMOBELERTS. BEAVLRT
WAT—IRF—=2av 52 BT A00E
%517 475 & LT, Ork Ridge National Labora-
tory(ORNL) @ PVM, Parasoft £ Express, Argonne
National Laboratory ¢ P4, Battelle Pacific Northwest
Laboratory @ TCGMSG Z EZ T 5 Z L 2SCE 3,

SE, BAGPVM Z Ay —U Ny L v RIw LS
T¥Ea—% AP1000 ISEHE L7, EROBMILAD
2DOTHD.

e PVM 2 L7 AP1000 FH 7' 02 5 A DER:
AP1000 Ho 702 5 413 AP1000 BOEES
477 JBECE BV TIER T 5 25, AP1000 ;8
BIA7I7VEBOTHERENAT 0S5 L,
AP1000 LCUDETT 2 Z LM TEFTRAMES
V. FIT, PVM kWS —HoE#E LS 7
TATIVERVAZ EIZE ), PUMMERS
NTVBRHMDEEREDA > ¥ T 2 — ZADFK—IE
WL s,

o BHITUT SIS 475 DM LD
r3e: )
~ SEMERERE
WH7ar 530475 FAwizi

7Oy S5 LADERIZBWTIE, S475Y
BB oG, BN HPEEL 25, PVM
Z AP1000 I23E# L, $EBITur s
ARERTAZ LWL, 9475 Vsl
BIMEREIC DWTERN B, $7-, ERcERy
TH2 LT, BEEE, B, ¥ 22706
ERBLUVETES A7 5 ) Okl £H
FTRLDLERN—F Y27, 0SEDkk
RELHL MR B,
- EEMERE

W70 rS Iy 475 KPR
TR BRI, Avt— Y oig
BEBLUIATSVEBEED A~/ —
ANy FEEOERTH L, SHEREIE
L AEREBLUBELRT AT Y »
PEE LS. PVM % AP1000 I2EEL, &
BRABLITIA TSV 0FENIC L 258E
HREDBWE AR, LY EEIPOBTEEED
FGATINIZOWTHIZET 5.

AT, AP1000 B33 L7z PUM ICBI L T
E2ITH. TT2HETPVM OBBHEITV, 3BTER
DFFHIONT, 4B TER LB EOREIC OV TR
5. SETHIEDFMS L S FDEROVTOLLE S
TV, 6ETEBOI LD ET 2.

2 WIW7AI53I954751) PVM

2.1 PVM D&

PVMIE, V=2 AF—3av s 9 A% %ERTH7
OOEFNTOTTIVTIATIITHS., 1—FiF
BRUEFRETHEINATUT 5 LADHTPVM OB
ZIFUHL, DT -2 X5~ a vy EOPVM OT O
TALBERITIZLET, ROV -2 RAF—Ya v
EHLEPL—BOAy -V E TV F O a—
FOEITHEATHILENTESL, BT, PVMIcL 3
RBIEFIEEREZ NN —F v LTIy, N—Fy v
VOB AEADT I AF -3y E% PVM &
A b EFREAR,

PVM id, LT ® PVM-Daemon(pvmd) & PVM
SATSYD2oTHRESNS. '

PVM-Daemon



ZPVMERAMCREIENTWS, ¥AZEOMBER
FTXRTpvmd AL TITHbNE, DO PVM KA M
HBHYA7 LOBEIZUDP 70 b a2, Fl—PVM &
AbEEHBIAIHEOFT—5HEXTCP 7ot
V@ Socket Zfio TITbI 5.

PVM 54754

PVM S A7 50, XN=Fx V<L vy LTETFTTLHTS
Uy ACHERTAEKDIATIITHL. FAIH
DAy —T@E, NIVTEM, ¥A70%K, PVM
FAMEN—=F XTI IIMAD, SOBENEK
ELTHEZIRTWS,

22 PVM DHEE

IN=F v LT S DI

N=F VI VBT HHRANOEEIR, BEIE
PVM %y L7214, I v V=M b7V TET).
¥7:, 705 7 AW T pym.addhosts(), pvm_delhosts()
BMBEHAWTTI ZELWRET, S0y J AETHIC
BHEICHEREER A LATED.

2T DER

N=F w2 ETEFTENDZ Y AZITE, (1)FL
DICHIEND YRS (RAFFAIVE (2)RRI ¥
AZHORBENIIAZ (AL—TFA2) O 2HH
BdHb, ¥ATDERKICIE, pvm_spawn() BEEHW
5., TRY VAT BBEHRBAV—T ¥ A EERT S
TEWTE, SRIIRIPERLIZAV—T IR
b, BRI AT 2ERTIILNTES, T4bb,
WN=Fy Vv EDF A7, ETERICEINICER
THILENTES,

Xy - TORELLURE
WOFAZICAY = TVERETHITE, TTAVE—
Uy 77 2ERL (pvm_initsend()), EET AT — ¥
29T TIAILD (F= 8 D9 %27 pumpk+()).
FD%, Ny T THOF— I ERELLI A ICERE
F % (pvmsend()). A v-t—TYDREICR, FR
(pvmrecv()) B & UIEFMK (pvmanrecv()) 25H B,
EBLLFRLAF—FENvTITICAR, Ny T7TH
OF—F2WHY T (773 % F :pymupk*()) =
LIZ&Y, P EEERTT5. W{2phDT—%%
NoF 7 LTHELILIZED, M 2iF int B & float

e VoBOEIERDOF— 2T L OTHESET
BT ENTES.

RATDTIv—E T

PVM Tid, WS ODPDIARIZFLDTIAIDT
V=T EfEBZLDBTEDL. 3k, Bz Vv—
TREHLTITIZESTRETH S, F =T ~DEM
(pvm_joingroup()) B & M (pvm_lvgroup()) i,
BERRAT ) &N TE D, F/2, —DDI A7 BHEHO
ThMV—TICBTAHILOHENTNS.

3 PVM/AP1000 DEHEHE

BT, 4 2° AP1000 L i2ES L7z PVM %
PVM/AP1000 & If:5. PVM/AP1000 % £+ 5123
7ooT, HEtE LTHROLREEHIZHE,

1. PVM/AP1000 & fliod PVM & A b 23EHT 50
2. AT T VB LDV AV TEHIET S >
BHY, ENFRUTDVTRO & ) LRSS 5.

3.1 O PVM KXk &DiER:

PVM/AP1000 %2 PVM sk A b LEHT 225
T, AP1000 DFR A b L TEITENL T TS T LN
UTFTn& R 5.

1. PVM/AP1000 %thd PVM R R h LR L %\
e
AP1000 ¥ T, PVM O8—F v <V EF
H0LbOEHRTS. Thbb, AP1000 DNV
121 29BPN—F VI D1IT—I AT~ 3
B L, AP1000 TR LR 0+ T PVM
2ERTS (F1). SO, [AP1000 DFA M £
TIPVM ORI TOT T LADBETEN, <A
Y7 I AIENE N ECAV—-TTUS T A
PERBIUTETENS | L) AP1000 TD8E
BO70r I AEFTHELERLICRS,

2. PVM/AP1000 #1> PVM = 2 b & 48517 235

&

API000 iE, N—F ¥ VT v EHBRTIT— 2
AF—varm12kih, AP1000 DV ETE
FTENDZPVMDAL—F ¥ AZiF, N0 T —
IAF=avEDIAY TS0y ANLEED



WCERBIUETTLILIThRL 5. Z O,
AP1000 DA b ElZRAMNHEO T -2 25— 1
YEDAY YT n—A LD pymd DEI T LT
%% (E2). Ik [3] T, SOHFETPYM %
AP1000 (ZEFELTW5,

Master task

AP1000
Host

Cels

1: PVM/AP1000 %4> PVM R X b & EEHL &
BE

{4DPYMA X b
PVM Host
ws)

B 2: PVM/AP1000 % ft2> PVM & & b L #4515
BE

32 SATSUBBOBHELANIL

PVM 475 %, AP1000 D5 475 ) EK
EFRWTERT S, ZhiZid, KO3 20 LR
=Y (-

LA L ZEMIC pyvmd BBET, AL—=T5X70D
HEEbESH. PVM OEERBEE, Theh
EH# AP1000 ©F 177 VK TERT 5 (K 3).
L, LV 1 BT 2078 H 5 b EAKMIC
V—JAF—aYHPVM 2 £0D % ¥ AP1000
KHE LY ETr0 L, PVM Bz Nk
70y A5 AP1000 THEIC L i, PVM @ F

177 V&% AP1000 ED S 475 VK%
HOTELENIDTHS.

LA 2 FRNVIZAV—T F A Y & pvmd BikELHE,
PVM OARET, HHENLYRAFLI— L%
AP1000 D5 477 VMBICE & 5 (T 4).
LRV 3 EBTVAED, PVM ROV — X7
Oy 5 A%EEL, PVMBIETHET ORI RF
A=V TIE% { API000 ©F 475 ) %L
RoTWhEMNRES.

LA 3: FENMIZAVL—=T ¥ A7 & pymd 2ESHE,

PVM #ERH§5 UNIX O A5 42— V% AP1000

DIAT T ERNTEUNICERT 2 (K 5).
PVM 2M#H 35 UNIX DY AF A a—)b (EI
Socket BEM T AF 43— 1) % AP1000 D&t
VETCHZBLHIERABDT, T— A5~ 3
YHDOPVM ZOEEL R LICKEELD EIZF
DTV TEFTTHILHTES.

4 Ho PVM/AP1000 Tik, i PVM |2 k &%
HET, LW TOERFER Lo/ IhE, B
ToOBEHIZLS,

o D PVM FZA P EEHRLZWVLD, T—2 2
F=3avelEDAV I —T 2~ A%hEZLLEN
L, REIFLBMEHETH S,

e PVM-Daemon %ffib ¥, E#H AP1000 D5 47
SUEEEERLTWA D, 5475 YEED
A=Ay FHIPNEL LD,

FROICHE, O PVM FAA M EEHETAZ L2 E2
Tw3,

4 PVM/AP1000 DOHEEE

4.1 HIRR - EE S h S HEE
PVM/AP1000 TiZ, AP1000 Dtk BELE, BT
DI EHIE - BEENSEED D 5.

PVM DA IBEDEE
PVM TiIN—F ¥ VeIV OFRA MERETIMIZEZ
LT ENTEDLH, APL1000 DEHLMER I 7O Y S

CAFEATHRICEIICETE T A LI TELR W,

—100—



User-Program

pum_send()

PVM-Daemon

(a) PVM/WS

(b) PYM/AP1000 L A3

3 LoV LPVM DO E EE AP1000 ORETE
B Zhe a2}

User-Program

(2) PYM/WS (b) PVM/AP1000 L~ L2

4: LRV2IPVM OV —A 70l 5 LDV AT L
a— )% AP1000 DBEEUICE X]Z B

User-Program User-Program

'pvm;rucv()

[Socket &K ]

|Socket #ix ]

=

(@) PYM/WS

{b) PVM/AP1000 L N1

B 5 LA BB AT AT -V EES

3 1: PVM/AP1000 THER LMK

pvm_barrier() pvm bcast() pvm.bufinfo()
pvmexit () pvm_freebuf () pvm_getinst ()
pvm.getrbuf() pvm_getsbuf() pvm_gettid()
pvmgsize() pvm-initsend() pvm.joingroup()
pvmlvgroup() pvmmcast() pymmkbuf ()
pvmmytid () pvmnrecv() pvm_pk*()
pvm_parent () pvm_perror() pvmrecv()
pvm_send() pvm_setrbuf () pvm_setsbut ()
pvm_spawn() pvm_upk*()

3% 2: PVM/AP1000 TEHL & o2 HE

pvm.addhosts() pvm_config() pvm_delhosts()
pvmkill() pvmmstat () pvmrotify ()
pvm_pstat () pvmsendsig() pvmserror()
pvm_tasks ()

2 27 OEHREY) 13

AP1000 Tixt NV ECEITEND ¥ R 7 DERIZFA
FERRIZATEFNLEORTIZ EHNTEE.
X o TPVM/APL000 T, AV—7 % X7 DAERIZ 1
B )T, FAZOHUERS LU HIHTETE RV,

BAIDTI—ELYT

PVM TRV DODPD I AT T V=T %), 7 v—
FHTN) T REMIRHEEIT I LATES. AP1000
TR AV E—VUREB LU TR R EFHOT T
DY A ZIZDOVTERIZIT ) Wied 505, ZhzHv
THES ATBORT Ay b= TVHEE L U 7 EE
RESATH 2 L2 TERV, L7 oT PVM/AP1000
Tk, ZV—¥ 7 OHEEX AP1000 DN—F Y =T
b ORGEE L U TR OB ED I, @E
OWEOHETHANT Y7 by = TIICERT 5.

4.2 PVM/AP1000D7OT 5327 R4
1 I

PVM/AP1000 TERTRELT TS 7 I V7T
Y It

o PVM O&R (CEE+PVM 747 7 VB 1<
oTE,PNIT TS T 5% AP1000 L TETT
BIENTED,

—101—



o EfTOHER, WED AP1000 TOTUY T LD
ETHELFALTHAE.,. YAY ¥ 2 2% AP1000
DHRALETREL, A% 72735 AP1000 ®
TVERZAV—=T Y 27 2 EHB L UPETEES,

¢ TAIFAZILEBAL—T ¥ A DERIE1E
PRIFHIZ LI TED, AL—T ¥ A7, B
WKIAZEZERTAZLIITELR W,

¢ FAIDTV—EUTIZELTIX, PVM TOH#
R EDE IHATES.

5 MLAERHE

EXRWLEENY -V iiB s MREMET A &
21, PVM/AP1000 DR % v 5 2 & A5EETERE
NEDREDEEEEX DL EHND.

5.1 MHEERHESE

fERL L 7- PVM/AP1000 OME %, 5.2TR~<5IHE
EDWTHINS, F#HOEFIIOoVWT, T—2 25—
¥ 3 ¥ LD PVM(PVM/WS), AP1000 B D5 475
VOENENTHEEL, M higd s,

PVM/AP1000 & U AP1000 SRE DS 1T 5 1)

¢ FAM L NVEBIT V- VEIZOWTEFR
FNIAZ 4BV 64 TIT.

o RAP—bIBIZOVTIE, 1 KA M43 LB E
U1 RAM4+63 LIV TFFS.

o EV—LLREIZOWTI, 1RX M) ErBE
U (1FA b+)64 VT,

PVM/WS

¢ FAZHEATIT). 45 A7 PTRTHL PVM
FALLEBHDHEBLUENEREL S PVM
FRA P LEIZHBHEICDVTITI.

KEOBEIR, 7075 Ao EHEORNRICH
At bBEOMBEEOALI LICENIToTR S,
WEHEEZNET 2HA, THELEALAvE—TD
T AXEEXRBSPEEIT 272 (0~4000 /51 b).

5.2 FHMEER
FMEEELT, UT2EHT 2.

e 1M 1:BE: 1 2DY R0, fhn12oD% 2 ¥
EHLTAYE— V% %ET 2.
BEY AT N Ay - VREERBELTHL, B
B AIPRAv -T2 ZEBLERLEITORES
WESZ. 20DFAIBTAVE—VEFEIC
EBEEL, Mo RERKTEH -T1IH
DMERFEZRD S,

o 2R TRTDF Ay BENFMO T
TOIRAZIHLTEL Ay 2=V F%IETH,
FTRTOI A7 B —FIHGERAEEE HwTES
ERAEFAZICAvE—VRREL, BO%KE
KEIRIPOEDAYE—TV R EETH T TOR
MEHET .

o NUTREHE: ¥ RXTOFAZETNY 7TEM%E
L3,

HUBOF R 30 TR ASTHS, /5
TRMAET LTHRTOS 22 #5472 Bl
I TORMENET 5.

53 £8
5.3.1 13 1:&(E

BRERGIRT. 75 712BWT, Avtb—TH4
A0 DB O (BEEO A —/N—Ay F iBEROH
BE), BOEEBREBONSVFEZELTVWELEEL
bils, ¥/, M—@ERCBT 2 EOENT AT S
VEBRBEDOF — /=~y FOEEELTWELER
HEhs,

ZOFERH, S, PVM/APL000 12 B1) 258EF 1 Hh D
AR TORTEETE S,

host — cell : t._. = 1.72 x 107* x n + 0.10(msec)

cell —cell :ty_.=5.36x10"* x n+ 2.45(msec)

PVM/WS & PVM/AP1000 % lid 5 &, PVYM/WS
Tid UNIX OBEFETH 5 Socket BEZEoTWVS
e, SATIVHEBOA—N—Ay FRKEV, ¥
7z, WEWD/NY KRS API000 & BIL T/h 8w/
D, F77DOWMENFKREL ZoTNE,

—102—



2 3: N T EEBI A B B

sync ) EEMIAA Y b7 —2 S-Net ZHWTEY A7
PEEICFE %47 5. PVM/AP1000 @ pvm_barrier ()
TREELLIAZHMTOLTRHRE L B2, Ay

W | = VEEEANTY 7 by =T AR L o T

(74750 [s2706tk [ s A7%]
PVM D S N P 4 | 5.71[msec]
JAP1000 64 33.49
EES e 4 2.78
64 24.63
PVM/WS | Bl PVM &2 b 21.15
£ PVM FA+ 34.31
AP1000 KA - 1.35
64 1.35
3 4 0.18
64 0.18

BMEDA—N—Ay FPR—ETHDBLTREL, XV
b= VYA XDPKRE B ONERFHITR(RD,
BEBBEEIED2BEOF -1 -~y F O &
NEL BB EELLND, EBE, V-V EEEDY
EAYE—TFAXONA L DLEEDF ==~ F
AEN-LVETH 70%E L UFRA b-LVETHIRT
HHDHL, 400054 POk FiiENV-EVETH
3BBLUFA - EVETH L EoTnE. A1
BERER Ay L—VOBERETHERANTHL LW
25,

5.3.2 2&FELiX

BEXR 7, TIORT.

PVM/AP1000 Tid pvmmcast(), AP1000 Tid
cbroad() &V o7-BGEAREEEMR L TVv5. AP1000
D cbroad() IIHGEM A Y PV~ B-Net T HVTE
YA I—REIZEET A, PVM @ pvmmcast ()
THEBELZFAZIC1212EFC 11 BEEZH
WTEETA, Z07/®, pvmmeast() TIIF A7
HHEZ A EBEONEIHEI LD, VI 7OHEENK
L5,

5.4 /N PIEHE

RRERITT.

PVM/AP1000 Tid sync(), PVM Tid pvm_barrier ()

o) TEMAMEEERA LTS, AP1000 O

A, IOk, NUTEAMI»PBEEEE S X 7 HIiC
WHLTHz 5.

10 T T T T T T T

PVM/AP1000 (host-cell) -o—
PVM/AP1000 (celi-cell) -+ «
Native AP 1000 (host-cell .
Native AP 1000 (cell-celf)
PVMMWS (same)
PVM/WS (another]

]

ft

B§[R [msec.}
o

1000

1500 2000 2500 3000 3500 4000

Xy t—=I%q X {Bytes]

K 6: 1xF 181

6 HHHIC

Y=Y AF—3avsIAY EHET A DDIET
Uy 5375475 PVM % AP1000 ko33
L, AT, SAT7I5VRERETLEEZOEKD
EHEOFEL LOERMBICOWTR~N, AR %2 BE
HREZ HE L7 RISV THRR,

41, EBORYFI—s 70T 702V TOF
filiZe E%ATV, FIF AT 5 ) ORES 2 EIZDOnTO
WEZITHITFETHS. I/, MOPVM KA DA
Y= T = AT AIMAOEELITITETH 5.

HEE

BEIHWIEL, AR KERESHITENEH
EHEAN HF2RICD, THHREOHKICEHL

—103—



B [msec.]

120 T T T T T T T
PVM/AP1000 (host-cell) —e—
PVMWAP1000 (cell-cell) -+ -
Native AP1000 (host-cell) -0 -
Native AP1000 (cell-call) -
100 PVM/WS (same) ~a--- -

PVMMWS(another) ~s—

$7.

ARG —T, CHERSFHEEMI 4 IS AT
Z [REFIRIIC D IEBLEMASR ], B U, EAGL
R TR EC L B,

SEH

a0 .
(1]
60 | N
40 - -
— [
PSR ——
T
20 4:::’/__*_—_———*——""_1
] (3]
[ RS Rl Ammm - - m---- -
0 Mimss sttt e g fzoipcce Froiipiilly
0 500 1000 1500 2000 2500 3000 3500 4000
Xyt = T4 4 X [Bytes]
[4]
T BAERHGE (45 A7)
500 T T T T T T T
3]
PVYMWAP1000 (host-cefl) ~e—
450 PVM/AP1000 (cell-cell) -+ - -
Native AP1000 (host-cell) 0= -
Native AP1000 (cell-cell) »—-
400 .
350 -
(6]
300 -
260 |- .
200 -
150 - .
100 g o me === e aadale *"‘""_‘_'_:1
- B2 S o
soF .- s §
et ”
bt - - 7t
0 T ol i 1 1 1 i
] 500 1000 1500 2000 2500 3000 3500 4000

Ay t1— T Y1 X [Bytes]

B 8: SREH% (64 5 R 2)

—104—

Al Geist, Adam Beguelin, Jack Dongarra, We-
icheng Jiang, Robert Manchek, Vaidy Sunderam,
PVM 3.0 USER’S GUIDE AND REFERENCE
MANUAL, ORNL/TM-12187, Feb. 1993.

BABRFZRT, AP1000 702 5 ABRFESE () C
EEAVI T —X, E2NR, 199245 8.

C. W. Johnson, D. Walsh, “Porting the PVM Dis-
tributed Computing Environment to the Fujitsu
AP1000™ Proceedings of 2nd Parallel Computing
Workshop, P1-D-1-P1-D-12 ,Nov. 1993.

Shigenobu Iwashita, Katsuhiro Kunisada, Kazuaki
Murakami, “Implementing the PVM (Parallel Vir-
tual Machine) on the AP1000,” Proceedings of 2nd
Parallel Computing Workshop, P2-E-1-P2-E-6 ,
Nov. 1993.

EIE=A, BEWH, B —, WOBEH, “$EFHE
B EM-4/X D RICA LB Ay t—VBEDE
B LA, 93-ARC-102-7, pp.49-56, 1993 4
10 B.

FOER, RIBEL, BMFHRF, “I—2AF—V =
VIFGAFE A=V NI U TGTATSY I
B4R, 93-HPC-47-3, pp.13-20, 1993 £ 6 7.



