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PVM(Paralle] Virtual Machine) W ES]oL Aol Jat=le] gl o8] AlAgE-& FH#b] a8l ALl
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Efjojolct. a4 FAINE 7IREQR 3 PVMellr= )99 dlamaie] 94 dazz shis] #Axg A
+371 S8 A He) AR ¥aPL WaslE, ol PVME] Als AR 7P e 8 fl]le] Mok o]yt Al
A& AMda] f3 o] il M zerocopy PVM FAl 2ald Alglglel AtE 24 PVM A3, PVM o
¥, vlBNa Aese]lx B o) 28] FA) Ade] 7beat Ald F# wlxei(global shared memory)® o] 8-}
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ABSTRACT

PVM provides users with a single image of high performance parallel computing machine by collecting
machines distributed over a network Low communication overhead is essential to effectively run applications on
PVM based platforms. In the original PVM, three times of memory copies are required for a PVM task to send
a message to a remote task, which results in performance degradation. We propose a zero-copy model using
global shared memory that can be accessed by PVM tasks, PVM daecmon, and network interface card (NIC), In
the scheme, a task packs data Into global shared memory, and notify daemon that the data is ready to be sent,
then daemon routes the data to a remote task to which it is sent with no virtual data copy overhead.
Experitnental result reveals that the message round trip time between two machines is reduced significantly in the
proposed zero-copy scheme.
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BEle] Ak ol AY Ff wizelg ¢4 d4d
23 vize] 7k APHd] $E23}31 memory-
lock(pin-down)-& #] F22M, o] Linuxe) 7}
719 AR el AAwlel o o] Fle] okE )
232 PElAh) o] AFE swapout HX| GEE
o Bejo] fhEEH, Myrinet Sejo] By} A X5
o, o} =glo)u)y bigphysarea_alloc(size)-& &8}
o RgA aEE FejH viwe] IE 2v 4
ulo} o]F EPVMoZHE{S] Ana 8.3 ciuqt
ok oolett e WA A elamdl el 3]
¥l vlme] F7he Wb Unet”ahz <zi9
Hol7} gict

ol¥A ¥R o4y FulH olme] FHE A
o Ff WzsZ 4= 43 o)F PVM dHE
3t PVM eazEe] sM 7)Y ke wid
(mapping)¥e} At} & PVM &3} PVM elx
FEe 74 278 GAlelA] myri_init(file_name)-&
Z o810, o] file_name2] Myrinet Tiulo]X ¥h¢]
& Y3 Ay el doch()-& TEF], Myrinet
Oulo]x~ Egjo)tel #3] HFwg Fejy w=Es
I =271 W Al AHEE ot

ol% AlAYWl w4l mmap()& FTdale] iy
FelA viwe] F& PVM & efase] a4
H o7k o7l ke g wiggich o] #A el
mmap()-> Myrnet tlujo]x rejo]ro] sjivd Ay
2 P 2EE, ole ==y JMF 71 AR
2] Alawle] #d 2l remap_page_range()& F
Ftle] PVM dlEs} 239 M 7 2 F
FelA vlee] FakE SUi =709 o<qd W o

¢ Ao} wigA Hrk PVM  dlEL =gt
ioctl(myri_fd, MLANAI_GET_MEN_INFO, unif)-¢-
AMg3ld HE R dlmeld dfgE A4
A vee]e] A2t FiAr|Y SR deh o
AR} FAe Myrinet APLE o]88] wiXAE wu
At g 9 S 71 FAR AN FaEs
Ao Hehy vl AMgFIch Myrinet 2lo]Bze]
el myri_init)F Myrinet tluje]A ==2jojH 4
<4l ioctl()> EPVME #l#] #HAs] A=tk

5.2 ¥y =7 ozale] 2

EPVMo|| &j# A% HY I vixele AR
g%, FHqueue) 3%, W G T A /A 99
o= peizlth

AR oL ¥l A=A e Zz| HelA]
(free page)Td] ¥} oj&-g& Hiskr] AW F7)
3 AR Byt 7 F9L Z "aad sy
el ohe graaie] Al wARlES] ¥
o e ARE R o B oohdsh WA
fF2Ae 7lex Aol slek v TR HEgy
= WAlA] AAlg AR AT HEER R
o} #n] 9L 8KB2| ¥o|z] W E el ¥
olx}e] =7}y Myrinet MTU(maximum transmis-
sion unit) =Z7|s} Flslch weby shie] Hsle
2 #hfe] #Holx & 2|vighck

7 H2ae AAE Aesr] 8 21 AR
o] 3719 pvm_getbuf() 8 o] fule] Fyd
mAA] HH g g nlolo} Ak o] Wid W
ofodo]] wAA|F packing Bled Mgl wAlxE
A4 HAFE o]F unpacking ¥ed A3},
unpackinge] #x wlA]A] W HA] AlZ2e] F7}
5 pvm_freebuf()R o)-8sjed qbg¥ch Al
pvm_getbuf()#}  pvm_freebufO)= 212} pvm_
malloc()7} pvim_mfree(o]l 2]#] ZT&w e, o]&EL-
v}A] Zkz} PVM gle]daiz] el pvm_send()2}
pvm_reev(oll 3] F@=E oz, AMAL e AFgol
Al F3(transparent)s}A] B4k

A FF vlzele] =77 24 e A
2 A 7hey wive) ex AEEle) gick whehA
WAA] HEg 87q wame FF elEede]
W] AMg 7hegt 22 7l gld g
pvm_getbuf() ¥ WellA] tl7|(blocked)siiol ek
g 7o, VA A FF wlzele] xe] do)x]e]
7} foli elAz=rp 878ke #eolxe 47t rd
o, ro] R} Icky BlAzE 7} it A 7
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& W7 diam o] el ok et o) ¥
pvm_freebuf )8 ¥l c}B ej2Tq] 2]8) Alge]
W EEe] WhdEz, ofd iz o] el 8}
v} o]Ake) wlizrt Jlely of, oF el $41
g 3o AA 7E A FABRok gt} o]
o oot qh AME o o B ATl
Tl SRR Age] weld first-fit @
2Ed Aeslden, daa 58 piges
+ mutex(or semaphore)® A8l

First-fit ¢eled Wy fog 7ivjEles s
3 7] Feld oA o4 st xe) vime 4
B} A 4 o] WHg 87 dliag F
AR B AgelA B Ydthe ARkl &
HHE 874 ZE daai 8F A7l wel ¢
AR o8 YA, wolge] ubdg wiuicl A
A PVt =] we o) 7] 18] 7 ez
7b &7 W 4 B} 34 AL He] glEA
sy vy 87 WY aof Y S gle
A R wxzeA $4H02 wHE Yt
s Blazk 7Y Bk olF AdEA reid 4
e Ak §i Ze] sl gd wirkA o]
A&

g del, ¥ 4eA "lazm Hy] ffele 70
9] w27} visg 8T Aol wE dfr)sim
U, A 5719 o8 et =e] o)A} ExA
gk o] A4 a7 Y ¢ e HiIe T3
o} T5¢|x o]F T37} Wi+ 47-% 39or=, T3
oA 3749 Wy} Wk et o] A%
best-fit staE]Fo] AL= ek T3 hAl T5 of|A|
5719) Wmy) @gsich

Walting Queus
Demand Pagoa T1 T. T3 T4 Ta Te | T
Blocked Tasks 793 |10|5{16]| 8

Number of fres pages = §
Number of minimum demand pages = 3

OBl 4, fimtfit Yrelfel 2% e W o

5.3 oAR|g] &=l

Myrinet API# ©]-8-¢F $4 PVM w|Eold #
Wi ¥514 %2 24 Myrinet E{sfo]s B ol
A 9 ek 1t AMAl ol 2] Myrinet
APl 718HoZ Je|REF o)-84l event driven
/O (interrupted O) A4 X|3lx) ¢, X871

906

Hellq =24 E%Y(polling)#oF Bz programmed
JO W& AR} (d, Hdie] TCPIPE
Myrinet Selo]|= interrupt JO W] AHD). &,
select) e} L of7|(blocked) “gefellre] wl
A4 Al SR HRANs %) YO W& A
I8 etk

A 0] GFelA= Myrinet Tiujo]x el 7|
@AHfile descriptor)e} select) ¥<-§ o)84 #3
7) O WA AU 4 31A Myrinet MCP2} =
| u g pAsigch AMAL Ea] Myrinet API
7} ol43ks it A APdQ or 2)F wAA} 4
ARz AHHES}F WAY=A Myrinet MCPE ¢
A ow (O]l TCHIPHLE AM48l= #d
B AO)ERD JEHER TYARR), Wi *
Al A2 w27 A ¢ old AT =
ZAAPVM HE)E 78 Myrinet SejojHf
TAsgck 22t of 7§ Myrinet SElo] B o
AZE A% PVM dlEE e G g
w|Ax) ApAL] Melel fpedstA] eherk

aipy.e g shie] wAAlE packing A lA
ofe] el HReE vrel A4k pvm, send(
of sj#] EFH peer_sendOt p2te] wzle] ot
Hc FEE pvmd} Al BAT9] WAz H=
Frll ARl o A el Aot 1=
o]zl Meole] A4 ¢ dzivic) T ye] £+
ARHcontext switching)e] WAT 4 et HEhy
ol2iqt iyt ¥wl agt ¥ Wsl] S8
peer_send(Q-& wAA| HE Al B2z 7Y
£ peer_send_message()E. T 35tk

6.4 27¢t 83 Co-2N@Ez= walolg #
cR Ineg

EPVMellr Ao o] Alaja]l wjA)x)e] <4
Al Bt 28 PVM dlEe]a, wARe] &
o7} RAIRS] MIUXE} § 7% o[f o= 79
Hploz Haale Mgl ol PVM o HlER
AR sle FAald #8 afiold YUxsliding
window) ZE2EFE& ARaEc) H%y =771 19
75 Al e u A3lE g wuic) ol
gitie Sacknowlegement) MZI-§ $A1 Wl
A 2Rl (%4 Ale]lz7}t nd 74 nfe] A&
oozl wgh o o) &5 Azlg »ich
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glolry HEY TIEFAE AMESE, ol B4l A
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&AM A% me wlAx) ] Heg fHAl 2
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olgt WZlEe] FAE AR S Qlok EEleld o
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T AR A e AABY AEAE Fol7)
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A8 Fejdle], dEoR 3o A3l =3 S &
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PVM u&-& Ao LAlo] AsfelA] slo] B8]
Azkt BA Adg 24 AR e sick o] A
e =y gEleld HEY ZRERFA Hwmg
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8% 98 A)ZKround-trip time: RTT)& &%kl -

A Bl §le) o] WAvim Taaelg b
wol§ PVME] A7[A] e HA-elMm Aegals]
t}, ARl 7]&9] socket APIFEWe] TCP/IP
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A8 H# oJHE]) Addle] TCPIP TR RF-§
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P PVM #Hg a2 Ay, SPVYME
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6188 A% Wbt olielal Ay 74
e A9y, 627dME AY AF] AR
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6.2 TAIX] 2 A7 Hround-trip times: RTT)

HAA] Gu- A7 3L F 1A wekez A1y
Holek shie XY wazm Al &felx thE
ie U7 dazm sele] Aotk zH YL
EPVM, OPVM, SPVM 3ol AAElglen, w4
AR BE A daas) ol Al slEe
Hulle Al dlaznt Agsgle) oAl R A
7he AWl 2 ghpal gettimeofdayQ-d AMS-8}
o PPt 44 WlAzE Y A 1000709
A E Rkl Apgl F oolEe] YA AZHE
#A8 WIehE Ayl

F 18] 9% AL XA w2 Alels] WF o]
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oF #p7] wj¥oirk. EPVM(O,1}%t SPVM)F
OPVMstke] - A7t Aol wlAx]e =7)7} #
Ard o FHAeol, o2& wAR|] =77 AR
% vEsle A2 WALyl Eelr] HE
o]t}

B 19] 28X WAL WA iz Aol
WA R A7 BEEFm gleh HeilA
EPVM(O,1)4= SPVMo[u} OPVM Hi} ot A4
g WHslky, SPVM €4 OPVM 2r} t©] &
A¥H 2o F3 ik 22 EPVM(O,13}
SPVM Ale]s] RTT 2jo]7} SPVMs} OPVM Ale]
2] RTT 2e] 2} A4 o avke 24 8Rlg 4
vl o]ZL EPVM2 F &Alzero-copy)e]i
SPVM o 2] dAlx] WAl Fabg o] pefs)r]
whieln, o] Aol SAlA] @7t AR o F
A)A %k EPVM(O,1)2] 9k A7k wA)x)9] =2
7]7} aMB%] o OPVM} w)zaje] 51% Zh2%)
o] ZAz}ZNE] w|A|x] HAL FAbe] RTTo| A3t
P ol A& & F 9ok © el SPYM
oL} OPVMeollA] WISl ol A]2] WAL 8} 2]e)
X PVM ul&s} 7'do] zledqlo 2 yhAfsle M-
3 =3 FAY 4 fli-& g 5 sl
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E 1. "az Al fAA] 277E % A3t
(&%}: micro sec)

RTT between local

e o
™ Tem o4

RTT between romote tasks

EFVM
©n

21 670 10120663 516

OPVM SPVM | OPVM | (@) || Direct

2H o4 507 o6l 19 1009{0.66d 517

B 95
1288 4
25%6H %4
S12E 99

KB 9

KB 94

sofl 702 784 10100698 519
s 61 e 1090esa 52
s em) 14 1me0esy 577
52 es2] 758 10460657 539
s 1l 907 1.077o.68d] 368
saf 766 91| 1129079  e2d]
KH 97 58 sdq 1079 129200784 722
SKH| 10 803 13000 17600 1944{0.73d 1,601
16kd 1) 11y 116d) 1888 2619 28410720 2,485

SREIEEIFEERER ; B

NKE 123 124 20740 3026 4363 46360604 3117

o4KH| 151 136 4394 5205 8053 9043]0.646 6,350

128KH 218 243 9263 9514 15691 18,7900.606 13444

RSTKHY 519 501 18382 18,102 32156 37,887 0.563 27,183

si2kE] 93] 842 34,140 34445 64,361 74,6790.534) 35,677
1MB] 1,300( 1,278] 67,650 65,972] 127211] 146,7390.819107,627
2| 2,080 2,089 130,037] 129,811] 233,392] 290,488 0312221473
aMe| 3,703] 3,717 236,567 257,378 505,311 371,513 0.510]398,830)
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I8 5S¢ vt sfazms) N)sk AN WA
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¥/ Zerocopy 7)€% ©|44 PVM#| 45 /44

2354 $8 v, T $41 Blaagd 9
3 ZRE A7kl Agsle dAxe gk 9w
ok o] AHA 7t ejxze] #j8] AdEle oA
A9 F7)& T/ N o2 g dAc) T/ A
Ff cl=ee] =7]4MB) Rr} v} Zhg de
Bz )8l fefulx] ek v T}
4MB Ex} a9 drzge WuE o o) H¥
Ak, oH Biizme di7|blocked)dlol Yok
o] th7] A7k A= wAA] B/ A)7kel] FrpEch

B 2. EPVM(Q,1), SPVM, OPVMAMA2] A= 8]
el wl i wA)R] 48 AT
e izt Adshs AN A7) 27 24

(4): mili sec)

EPVM(O,1) EPVM(Q,1) EPVM(O,1)
[PMH4MB|6MB| 8MB| 2MB |4MB|6MB| 8MB [2MH 4MB|6MB| MB
157) 313 279 | 566| - 33| 634

158 315 [ 472 | 628 (279 | 564 | 840 [1118] 328 655 | 9861248

160] 320 | 485 636 | 278 | 559 830 |1127] 328] 656 | 981 [1317

162|321 | 481 | 641 | 280 | 560 | 844 [1124]329] 653 [ 988 [1324

162) 323 | 481 | 641|279 | 560| 843 |1128]332| 662 [ 989 |1322

162)323 1481 | 642 || 279 | 563 | 845 |11321333| 664 [ 993 (1321

164 325 | 485 | 648 || 280 | 566 | 853 |1135] 334] 664 1001|1331

166] 329 | 487 | 649 || 283 | 565 | 854 [1137]|341| 667 | 994 |1328

5‘““"‘"""‘“’”""%&5

166 331 | 490 656 || 282 | 569 | 854 | 11401 341| 673 [1012{1334

167{334 | 496 | 657 || 282 | 567 | 861 | 11401 341] 684 [1005]1331

a8 68 =z N2t 7} ezl o) A
FEe AR ZUS)E WA ey Ay
AIF Hel @k o] g AM wAA] =)e N
* 8 otk §19) F AY =¥ w2z 97t 571
Sl wle} o]2 IR A= FrI3 Helx ZoR)
& BT gtk

E 29} B 32 A2t oy 59 R 6ellA S
R AYst et =sleld EPVM, SPVM,

® 3. EPYM(O,1), SPVM, OPVMA}el|49] e~z <o)
W] M e Az R AzL
7 Byl Hgehe oY #27le 24 (9
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No. EPVM(O,1) EPVM(0,1) EPVM(O,1)

taslke|. SMB{ IMB|2MB| 4MB | 5MH 1MB [2MB | 4MB || sMH 1MB[2MB|4MB
1| 40] 79[ 157] 314] 69| 139] 280] 61| 84 | 168| 332] 634
80| 158] 316] 627]139] 280] s60[1118] 165] 329| 638[1252
120] 238] 474] 953]209] 420[ 840[1708]248] 493] 985|188
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285] 565]1128]2239]493| 990/1993]3987] 583]1 160123081179
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B 29 4% X7He AA XA =219 daa
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E 1500 = A036KD
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=27l 23

ol Hlazm Fr|shl o3 Hejurle Az
A7} 2HA dAEe EAL H817h o =37 9E
oltk. E 3¢lli] OPVM-2 wAIX|9] =7)7} 4MBo|
a 770 ol elamrt EAlo wAX B HEdln
A & 7, Ayl chigae g <l o oAF A
U& AR o glsdch olett Alawl chiad
Agdler @ A spslE Us Hdo)
TCPIP WHZ AR Al 7|9 A2 Hox & o
ol st W] Ea) AR 273

6.4 272kt &5 Co-2#A1EE B2l w2/0]
o P ZREge| oY
¥ dTelry Al WARA] ARE Al
PVM dl&2] 2AIET QAR F0)7] 948 7]
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of 24t o Az e 2o A gle) o]
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Abhg WM el CPU-bound eli3)&& Al
oz, Alagle] QHH ¥} A Hirk
24, 'N=n, Load=m’%} »fX)x] Aol A}

909

www.dbpia.co.kr



PR ¥ =F-A] '00-5 Vol.25 No.SB

ol - ] Al nsfe] elaa Adal
W Al wa=ye] o=, mole] Rt sjiog
o] =gl g-& Qvitich AY AeIA co-2H
#2144 S8l EPVMe] I1%A] 92 EPVMR
o et A wNthE SI% 4 glck e
iz s} oAlA] Z27)7h Folglel we), a7
54 co-2ged AHY EPVMS) K8 A7)
o] Aoz o ZhiFr) wWA]x)e] =7)7} 4MB
ola 47ll8] R} elxzge] FAY W, EPVM
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