BAEH R E

AP HAB
728 dg

{swlee, dryice, lrunner,

A% H5H T2EF

483 4¥d 7719
A% HETGH

hskim}@purple.knu.ac.Kr, yook@knu.ac.kr

Adaptive Protocol for Distributed Shared Memory

Sung-Woo Lee’
Dept.

.
B dFoME AN FH vEe Al2"9g s v&9 ¥ TIZEF, Lazy Multiple Writer
EY A TZEF, Adaptive Lazy Multlple Writer (ALMW) € AI9HSch ALMW

based ZEEE([6]&

£ F AANT AodEE Ba 2z Holx ¥ AP TIeZ

Shi-Ryong Ryu Yong-Kuk Kim
of Computer Engineering, Kyungpook National University

Hyun-Chul Kim Kee-Young Yoo

o}
= 2% 2(3] 3} Hove -
T ERE
S ydsel A5PE AT B ZeEEs

CVM[10] #H71A o TR /& T Z2EFH 84 IBM—SPZ‘}H‘JQ] 87 Z2 XA 4 &8 T2 o

8 4% #7HE TPt

1. A&

Hoo & o UEHIAY W22 YE2E 7oz 3
Fej2E A29e 9 AFEE A¢ A&3U #7202 g
3 ok olE EAH ANHANAdAM F o HeEg T2y
#748 98 FF dzg 2R AFHE 2TEo] EA FH
2 2] A2 ¥(Software Distributed Shared Memory System, DSM)

of s #& A7t olFo A YrH1,4,6].

DM Ad#d =g F /M 3ictn 48 lazy Release
Consistency (LRO)ER(3]E w2 F ZZEF, Rice Wy
Lazy Multiple Writer(LMW) X 2EZ([3]% Princeton  thgte]
Home-based (HOME) ZREF[6]S HI DM dT9 F FHE o
23 ok, o] B Z2EZE HE3te 9F(8,9]19 d9E By
ol ZREEEL §4 $RT WY vy M2 Hd gy

A aze sl #9EE & 7 ok 25, A H5S

7l A e @ Alag o o] & ZZEZEE FAd THs
Alzdo] 34 Taad e HT ddg gasld &3
dolel dedz SPHoL s T2EFe MY, YAl
d77t dasc gagxd & dFME o8 F ZREZS £
% Adaptive Lazy Multiple Write(ALMW) ¥ 2 EZ S A¢tsta 7|
&9 ZREEN A5 & BHed.

2. #E4ET

LRCE Release Consistency(RC) w22 2 d[2]9 & FFolch
LRC ¢nelEe 3 T oAzt dAgde AAREL HASE
LT (acquire) UL FHY W7t 2 T2 AN A £ ALE&
Hutgle A AAAMA ZEHE pI ZEAL gRYEH 878
ZuU7] Aoll, p7} happen-before-1 partial order[2]o] ol&) o4
BE X228 FUE el 2AY FAMEE dEE 278
o a2 p7t &7 CAAE ¢l A B, o Wad 2 E

i,

TLEY 27|18 RGwrite-notice) ES FHIAH HMA-BF(release-
acquire) AR Hof pollAl B} A7|FHE AHG A W

%, HojX WE, 7 W32 T4 @ HXN 5 72 Udoﬂ*i
THHARES dAFAN AA FHE LA gt XVFRE
B2 pe Y HolANE FRINULL

2.1 Lazy Multiple Writer X2 5 F

Faskd dHojAld dis) H2sA =HA MolR du(page fault)E ¢4
gk olwf Hlojx) AME YA TzH2E A FUET TREN
(partial order) ol 28 AME F7E F¢ +38 $ANAESL ¢
g AOlE(dif)EE Hot a2 Holxol HE(apply) AA Fch olg
A Z2A2 pE AClEE 7 YA Fe RIFHEL Ro} HF
Hito] gt 2| FRE AT T2A2 goll A olBo) Ui AolBE
€ aFsts dAAE Bk 08 e gt 283 W XAIERE F
Aol 7FAS Qe AClRES Rol pollAl Btk 9 prt g2 R E
24 AolRES BF WUPoW IEL cHUE HolA o HLAH
FEF HolAa weErt asg bF A 7(multiple write) & 18} prt
g2HE 23F Aol&g BE Wz RO, HolBE HESH £
271FRE FolA g HTo GHA e LAY T2 A2 3}
OEES 8 FMAAE Bl 2% AolES BER HEY gzt
A g9 B S R

2.2 Home-based X2 EZF

Home-based T2 EZoA = 2+zte] 34 #Ho)A &= T2 1o o8 A3
o2 F ZaAxzt ggsozc. YAdd FABHE #A
(release) HUE & o, & Z2AME A9 AA gAolFe £34.
2E Aolqgo] dis] AolRES AT 2T HA4H o5
e oljxel & Ei*ﬂ*ﬂi"ﬂﬂl " e o7y, F 2449 43
HolAE2 2] B3 4uH(dne 7tsd dEhe € 5 AT Fas
dde 8 4
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B dTofa THE HME ZEEEL LRCY &4 2E7)
e oz Hold HMAL EAS A8 HElLPT TEE
Argstde, o 7)WL b #olA vheh flush_stampt page_stamp

= Eije wWE AWUITE fACH L2HA prt AolEE F
sz slolxo] EAAY doick po A FH A& p 9
flush_stampst & T2 flush_stampol 71F@ch. 18 £
= AN 718 A 2VBEE FUY | 239 T
2 AZZ 249 page_stampl 715 FT
@ z2 A7 Sasd dolAg Has volA AME LA
o Sue dojdE Ay A 2 HoHe F Z2AMAA
page_stampE AolEul solA &7 wAAE Rl o oA 7|
2 we & oMt A4 ¥ page_stanp®h flush_stamp 2t Bl
& GaF HolAYS HAE £ a2 HAox AAE AP ZEA
Mol A RWEct.

3. Nze T2EZY A
o] B xzEZe 452 Hasts JTE68,9FNN B AT
o BAYE A2 W] g FBEL 27 i goh

(1) oj=d Az HEg 7= dolg ol s s oHA
ot %] TRAMA T 27 ZEZAMAAH HE AbolEE
A% A @rh. 22y HMES ohAS %7 TRAAAA 2t
olg T ZagME dZE ¥ T Z2AMEXRH HoH
AR Ge 27 ZaAXA HLHolok e L] B
& oA fot A4 ol woldoh

(2) A 284 A2 HEANE HMEC) ARH o8 A%
2 o % glo LMwel ulsh fsih. 2 A &6
o] ma A7t AsEls ASolE LS olFA H el
AR ARl AHAR vE AYHAL HOMES F7HA
Q1 WA A 7t AT

(3) WA ZRAMN A8 o}F 277t FHE F 02 Y =
2 o8 it wAsE B, ZE Yyl ZEAMTL
£&% HolNE A7) & HOMER 2wi2r 79 AR 7L Bast
Rk LMWE 2wr 709 BiA A7 Bttt

welx  Aelste T EZEE Adaptive Lazy Multiple
Writer(ALMN) Z2EZL X Q8¢ F 7 Z2EZE A5
o AEAe Holxd us 53 TZEZo] FEF FH sEol
wAsH 7 TREZR ARY 94 AV EL AUE A
g the T2 MM thEA s LA EA Rl

3.2.1 Low 2=0l4 Home R=8 HE

LwEEZ TEAA p7t 2359 HolA pgol dal A7t
wgsE WRF AVEHES 2ol olF F Y HT 2VFH
9 MHAY TZHA gl A FolREE 27, of W g7t &
e 27|EHE Og FolREL BRF 23 A W0 pe
2 Hme REE AB3D ¢2REH $EUL p £ po® HET
ok, o)% p= AolEE WA @ A7|ER g thE TRAA
golA Mol a7 sAAE 2@ W oAl H1E B A
of Al pg,7t Home B2 A|SNULS ¢t olx Holx s F
& p7b "ok, 2@ pERE AolELT AAE P& TN
£ Home ZEE AHEA7)7l "ol 87 R abolE ¥ % ojy}

o ojEof xpAlo] YAHEAY hE ZRAgMENE ¥ 2E A0ES
z e pllAl Assier g BE pot HAANE Fa A B
TS L LwRES JAgc 29 12 379 ZR XA HolA
g7t Home ZE2 HWHHAL £ol Fol HAYTG. Po) Aoligd 8ek
o W QP friteo] HF Aol diff, BT ohet o1 F o wAgd
Friteo) tigr RAolE diffs $RWAANE dedh a2y KE ok
Low RER A4

Py P, P, P,
Lmw mode Lmw mode Lmw mode Lmw mode
Acquire(d)| Acquire(1) Acquire(2)
Write(pg,)|,  Write.(pg) Wite(pg,)
ll Make twin Make twin )
Release(4) Release(1) Release(2) Acquire{1)
Acquire(2)
Acquire(3) .- -
Wite,(pg,) \Wmvaﬂdatqu,)
_IRead(pg,)
Release(3)
apply diff
HOME mode,
"""""""" apply i
apply diff,
HOME mode

2% 1. Law B2ENA Home =2 HFS o

Home SE& HAGd wolAEd e FRE ARA7IY] A8 271%
W AgTzd Aolx oot TZEMA HE Y= FrHdd. ¥71%
A AN LwREE 48 e T2 p7t Hme REQ Z244A ¢
2HE Home 2T %7151 o5 Hme o2 A@H Atk p= 271%
BE we A "M ZA HmeRES FFHA Esin A 7ho] €
o el oS & ZRANAA BEY F REE AT

J)Ee HME ZZEZNE deo)Ae Fode HTAN LA
AT B Z2EIZNE LwEEE s An TIAM 4T
o oA Jolko] Fol BUHA 9yl WE TANE 3
A7 LAY 5+ Ak 29 20N HY LwREE ANEE 7 2
N8R B9 PolA AgEUE fE 1 HolXNE FARANG. oF
of Tolx HoAwst WA flush_stamp 7} page_stamp 2.0F 22
ZAMENA ol HFolBEL HEAA A& 873 force home_flush
YANE By HA HolAE Byt

PO P! PZ
Lmw mode Hon"e mode  Home mode(home)

Acquire(1)
Write,(pg,)
§ Make twin

Release(1} Acquire(2)

Invaridate(pg,}

............... Read(pg,)

I a apply diff

a2y 2. F Zaddeds Aods g e A
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% Home REOINT Fol obd Z2aA qol ole) 27d A
olmel WMol & mzalAel Holx) WAnT o HARY FE
dck. ol Z4E HolAst B BRE ol WATD ¢ B
@ Aoleg & ZddERY 2o H4 MolAz 24
.

3.2.1 Home REoM Low REZ A%

Home Z=olAl Law R2=2 H@s e 2L wod A¢Ege
44 o ddsith BE Z2AA7 Home RE2 AEE F, 0 F
2717} B AR Fethd Howe 22 HEHET. &, & 24
M7} Fol ofd TaAA qZEE 27 HIAde og oA
8F oA A7} Eolg} HolNE AT F, gEFE AHojRo]
A7) Aol 2919 TEANZRE 27143 Aol og #Holx
LF AAE Pevid Loy ZREZ AfEc) o] AbH Eg A
FHo 93 g ZIAMEANA AgGE},

45937

B EzEZo HAeHsE Yol HME Z2EZ T AW Z2EZS
CVM[lO] DSMAl 2= 5ol A PRSI LW ZZEZS oo] CWMol
FEaH A AL gt ¥ IBM-SP2 e H e oA 8
=AM 40 S EEZORE g e FHYsATYG

225%
200%
175%
150%
125%
100%
75%
50%
25%
0%

Bimw
B home
W adaptive

qs  raytrace bames tsp J
2y 3. 870 ZRAX MY Fq ATHe ujR

of et Ay Azt

HolE 1. & 84F

fault flush
protocol  msgs  msg diff (msec) (msec)
gs mw
243/1027 home 27409 11886 6407
adaptive 26009 13389 26174 314
faytrace . Imw 1607886 73893 24326
(52/7690)  home 198128 48221 15065

adaptive 168352 51651 30466 5099
bames Tmw TIE32 . 3488 40721

(245/250)  home 11385 35101 2180
adaptive 13027 4233 36079 2021

1sp Tmw T8 1363 7813
(1/197)  home 8366 4520 171
adaptive 9721 6763 2584 08

2% 3¢ AA Fegalzie) ohsl 3744 ZREZS wlwsin gl
it HolB 1& WAIX S(nsgs), 2FolE QP oA (msg diff), A
DA A AAIZHfault), T B AAAMush) ES M}
3oduh HolE AT vlA Xz LMW TREZoL} AMY TEEF
o] Lmw R oA b3t s, & 508 ALMW Q) Home &SV} HOME X
ZEFNA Ao aea AHA Ao 235 ok HA] ALE
#ojzlo] it ALK T EZEZo)A Home ZEE Q1A HolA
F Yephdc)

Qsol A ALMW = 25% A 2] #H o147} Home RER HE@o Y Aol 8
FoAAE w2 =gt Hxd g B o o|g #HolRe I 1 W
WA oo} FHLT = LMW Bl 8)ch. Raytraceis HOME©] LMW B}
423 B 7o vAAE SAAHEAE AT Ao AAA =
2ol E Zol AFel wig UmAL B & ok ALWAIMNE <Fzhe
Home X= Heolxz <& LM¥ Bol FHHm7)35% A& vhebzch
Barnesoll 41 &= HOMES wl&)l wiAA] = F7lsit & B9 @Akl &
28 FY5E 106HE S EHAC Tspoll A= AN 7 & 179 o]
27t Hme Z=2 AZBEHAAT o] HolA o digt F2o] ol Fol, LMK
of g AIA Adrto]l FaEHe 2 AR %AEY As RHE
At

5. 48

2 eRoMe
(HOME) =2 EZE
L ALE AT, 4%

Lazy Multiple Writer (LMW) X ZEZ 7 Home -based
E%5% Adaptive Lazy Multiple Writer(ALM¥) Z 28
Bt AE BY AN AARF 2709 3§ =2
I Bl A LM¥ < HOME) Wig) of & AEE EAch 2 HOME 22
EZo] Lol vlsl ANF ST BolAE §8 T2 E)]?F“H
£ ALMK A E HOME] HlsiM e A5 8EE 7HHL AR IMETGE
5‘%% BT o2 AW A o) g W vich Dol ‘3"3’*\
A & Z2AMA Agslor sk HMES FH& adR <dn A7 o
ook, FF ol mEe] g HE 71PE AT ok @k

Fx £

{1] J. B. Carter, J. K. Bennett, and W. Zwaenepoel, "Implementation
and Performance of Munin," Proc. the 13th ACM Symposium on
Operating Systems Principles, Oct. 1991, pp. 152-164.

[2] K. Gharachooloo, D. Lenoski, J. Laudon, P. Gibbons, A. Gupta
and J. Henoessy, "Memory consistency and event ordering in
scalable shared-memory multiprocessors,” Proceedings of the 17th
Annual Interbational Symposium on Computer Architecture. pp. 15-
26, May 1990.

(3] P. Keleher, "Distributed Shared Memory Using Lazy Release
Consistency,” PhD dissertation, Rice University, Tech. Re  port
Rice Comp -TR-240, ftp cs.rice.edu under
public/TreadMarks/papers, 1994.

[4] P. Keleher et al., "TreadMarks: Shared Memory Computing on
Networks of Workstations," IEEE Computer, Feb. 1996, pp. 18-28.

[5) K. Li and P. Hudak, "Memory coherence in shared virtual memory
systems.” ACM Transaction of Computer Systems 7(4), 321-359, Nov
1989.

[6] Y. Zhou, L. Iftode, and K. Li, "Performance Evaluation of Two
Home-based Lazy Release consistency Protocols for Shared Virtual
Memory Systems," Proceedings of the Sec ond USENIX Symposium on
Operating System Design and Implementation, Mar. 1996, pp. 75 -
88,

[7] L. Iftode, "Home -hased Shared Virtual Memory," Ph.D. thesis,
Rice Univ, Jun. 1998

[8] E. delara, Y. Hu, A.L. Cox, and W. Zwaenepoel, "Evaluating the
Effect of Con tention of Page -Based Software Shared Memory
Systems,", Technical Report, Rice University,
http://www.cs.rice.edu/~willy/TreadMarks/papers.html

[91 A.L. Cox, E. delara, Y. Hu, and ¥. Zwaenepoel, "A Per{ormance
Compar ison of Homeless and Home -based Lazy Re lease Consistency
Protocols in Software Shared Memory", Proceedings of the Fifth
High Performance Computer Architecture Conference, Jan. 1999.

[10] P. Keleher, "CVM:The Coherent Virtual Machine",
http://www.cs.umd.edu/projects/cvm, November 1996.

614



