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e DsmUnlock(lockid)

ZFo] 7] locke] o) &l 4] lock2g- 3l A 3k} (release).

e DsmBarrier()
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e DsmExit ()
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#include <dsm.h>

char *ptrl, *ptr2, ... ;

void Worker()

{

/* 29 °2= 4°M £ %= == 2=h. DsmLock(), DsmUnlock(),
DsmBarrier() £° < °1 & =& Or=f. x/

int main(int argc, char* argvl[])

{
/* KDSM2| £ 7%, A3FJ Z=2M2 Y x/
DsmInit(argc, arg);

/¥ 3R 12 T */
ptrl = DsmAlloc(sizel);
ptr2 = DsmAllocAt(size2, pid);

ok

DsmBarrier();

/* worker Z E M2 AMI, =L Z=M2} Fe 2 F =l°H
FIeNN sTFTF */

Worker () ;

/* KDSM £ & x/
DsmExit () ;

return O;
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fd = open("/dev/zero", O_RDWR, 0);

mmap (STARTADDR + GlobalOffset, len, PROT_RED, MAP_PRIVATE|MAP_FIXED, fd, 0);
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mmap(StartAddHO M, . fd 0) j
" mmap(StartAddHM M,. 5fd 0)
; mmap(StartzAddr+(N DM, M, .., fd, 0)
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Shared Address Space
STARTADDR
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=2 7AdH
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9] Ffol 22 Fa(addr) W=, 3o X2 WA Ael(state), Ho] 27t £ o o A
Aahe twing 7h25)E LUE (twin)2 TR A9 e W=k 7)o yPo| 47
7 ¢ A4e)(UNMAP)el 4 ¢1715 6 4 (RO), ¢ m27] 4o} (RW), F5.3} A&} (INV)

A 3 shoh ek

e gGPage [MAXGLOBALPAGE]

e Ee] AA HolA o I HRE FA 8L, 7 FELS Fv e FHo|x] M 9

&

el gt homepid B=& 3 H o] x| o] & Z2AM2E ARt (KDSM A A” L 3

=

|22l 8 54 Z2A 2ol 4 $FE F ol7] WEol o] BEF whEA] DL s}e}). pagei W=

rlr
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2.4 SIGSEGV 214 &3

7% 355 SIGSEGY Al RS S 93 ATe)EL 94} 2= P02 HeRr) 2.1 HejA

A= Hie} Zo] SIGSEGY A| 282 F 7}A] 7 5-of &AY g}, SIGSEGV 2|21 d o] WA stH s
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Input: fault address
Output: none
Algorithm:
if (the fault page is local page) // write fault on local RO page
set protection mode of the page to PROT_READ|PROT_WRITE;
else // remote page fault
{
if (write fault on RO page)
{
set protection mode of the page to PROT_READ|PROT_WRITE;
create twin and set cache state to RW;
}
else
{
if (read or write fault on INV page)
set protection mode of the page to PROT_READ|PROT_WRITE;
else // read or write fault on UNMAP page
map the fault page using mmap() with PROT_READ|PROT_WRITE mode;

send a GETP to home of the page;

if (write fault)
{
create twin and set cache state to RW;
wait until GETPGRANT is received;
copy the fault page into cache;
}
else // read fault
{
set cache state to RO;
wait until GETPGRANT is received;
copy the fault page into cache;
set protection mode of the page to PROT_READ;

12 3.5: SIGSEGV A]1d S 93t g =
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£ Mol LT o] Ho| A2 W& WY F, TE G d|o] 9] F T2 A 20f|A GETP

H A 2 S A A H o] 2 S 2t GETPGRANT | 4| 2| 7} =28 w74 2] o) 7] 5} e} 7},

HAA] 7 e EE Fo]AE Moo EE oA R ¢lo] Sk MAdE AT FEel

ageba] RO E= RW Ae) & 7] Sghch.

o« 97 BEoE AAY AE dodol HalA 271E AENE o)
qref o so| o] gt 27)2hw dol 7t FHHGE EAR F, dolxe] 5 BEE
Yrzs) BER wTd Hok Aol AR 272 so|xo) et 7|2k Hol A7} 43

H9eS TG F, Fo|A o] HFt B REE gurry] RER vl 3 UFo diff S

oo

3Ast7) Sl A twin A5k, A4 A S RW=R wpEc).

2.5 4 seo|A Al Hel=
2% 3.6% ScC Z2EFof A N Ae) o] A& g okt Heolrt (W4 UNMAP Aef= A 9]
stsict.)

INV Abefel so]x]of sl read Q4H-& S8 3w SIGSEGV A5 ol 9JsiH & =2 A~
2 GETP A7} A4 o] Ho)AE ¢ Ae)E ROZ vl INV Abe) ol o] x| ol o ) 4]
write Q4+ 438 SIGSEGV ASa e a4 & Z2H 22 GETP WA )7} R4Eo] ¥
oA & Herh I F twing AANA &L AFstL NS Al E RW A8 2 v}

RO Arefal sl o] Aol sl A read AAtE FAsts AL FETF Loluba] F2, A Aejol=
ob-F-& d gL w] A A Wth acq, rel barr dite] 3 s = RO A<l Ho] A= o}
g WA edeth RO Aefel do] ol sl A write dAH-E 3 5tw SIGSEGV Al1de] A
o). SIGSEGV A58 & twing YA A 2 AF3 F A4 e S RW e 2 vl
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rd

acq
Kit acq, rel, barr rel
barr

wt(twin)

acqinv  acqinv

wt(getp,twin) rd(getp)

wt: write operation
rd: read operation
acqinv: invalidate on acq

ac
relq

23 3.6: 4] AE) Aol =

RO A=) = npF-ofof grt. v]23HA| rel, barr A4S 3 & wjo| = RW A8 & RO A & vt
o}.
RO, RW % Alg] =5 ACQGRANT v A x| 2} g7 @+ write noticeol| o)A F & 3}=H

INV 2ye) 2 npgic}.

3 w=Eg 3

KDSM Al 29¢ thg3t 2ol ol 74x) w22 93§48 AT @k 29 37 74§55 o

rlo

ERSE2SS

e DsmAllocAt(size, pid);
ZZA| 2 pidol| 4] HE| size nlo|E whF o] F /v RS EF3tc). 9hef pid T2 A 20
A 8kt FAMEEE ¥ WHE 4 gloeH pid + 1, pid + 2, ... o]FH Ao 2 ¢}

= ZEA 2 A TSI A 23
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e DsmAlloc(size);

DsmAllocAt(size, 0)o] 3|3t &, T2 A2 OHEEH THuEgE &9 0187 4

bt
=

o}

e DsmAllocBlockAt(size, blocksize, pid);
Z 2 A A pidol| A BE] A Ee 4] round-robin H}A] © 2 7} X 2 4] A o) blocksize Hfo]| E Ul

z
FA FAvREE S A, A size vlo]EF T3t

e DsmAllocBlock(size, blocksize);
DsmAllocBlockAt (size, 0)o] 3|3ttt &, T2 A A 0HEE] blocksize vlo]EuEA

gghe.

l l l l l l l l

’ Net wor k ‘ Net wor k ‘
(a) DsmAl | ocAt (4MB, 1) (b) DsmAl | oc(4MB)

ofofolc

l l l l l l l l

’ Net wor k ‘ ’ Net wor k ‘
(c) DsmAll ocBl ockAt (4MB, 1MB, 1) (d) DsmAl | ocBl ock(4MB, 1MB)

9937 Wwe g G4 AL o
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oz Al girh WAAS Bule AL Send(TMsg *msg) 45 553024 o] Fojx=

tl msg Hlo]Eo)] 7|EH o] gl A ZE2A L S E B Hdte ZEALE HAAE AF
ot W e=FHedAe 5 3 daa e el wA A7 ghew A A 7t A 8 F = SIGIO A1

F& VEYshel 0F/1H 02 AAAE 95 WAL e
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BE wARE 29 41 3 o] B Ho] gom 7 W= ofule ohe Boh

o type
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o dest

WA A S WS TR AL HE

e size

data BEo| Toi2 )42 2]

e data

WAz 2] AA UL data D=2 WL 9] %] 9 typee] wpe} t}=c}.

typedef struct {

int type;

int src;

int dest;

int size;

char data[MSG_MAXSIZE];
} TMsg;

18 4.1: WA A £
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4.3
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3R 7 ZRAAE $4 O E ZRAARRE WA AYY e WE AT st A

o

A& AT o] 29 LEMS & sl ke oAl ZEALV Y 2 gloE
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23 4.2: TZA A7 AWA

B 7t ze2AAvin 7R gho g dgstofof drt fAin e} 2 dHbH] A 2239 ©E
KDSM Al &8} ol A= 2ol Hal WA A7} £718 F2E& &9 7|ge]s Ae] ofet F4A] e
© AdE S5t WA 7L SoigkEd o] £ vl E7|H 22 A stodof . o]k L v]F
717l A= E A MEAZE T3 M2L wAA7 23WE o EA = A28 SIGIO
A& MY WS E S5 F 4 ZRALE AY] AAE A 27 o Z2A 207
AdA 835 It ol A 835 WS ZEAAE SIGIO A28 AE87E 555 e
Fefofof gt AYAH a0 = s SIGIO 587t s =H IS o] & Wolsoln
olel sste oY HAIHHE T35 Hrh BE Z2A L7} o]p 2 A dE 9 =™

ol Aot 22 HEE TWZ Fejo| A o] A4S FARES 27|37 EuiA "o

Input: none
Output: none

create server socket;
install SIGIO signal handler;
for ( process p in all processes except itself )

{

connect to p ;

}

28 4.3: InitComm() 48] %&
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2.2 WA AF

wl Al A e AL w A A E YT Send(TMsg* msg) el w2 2] 9] ZIEE WAF A
o] Zo]Zt}. Send() 4= msg->dest Y= 7|25 o] Q= SAER WAAE ALt 19

4.4 & Send() &9 dae|F ot}

Input: TMsg* msg ( pointer of message )
Output: none
Algorithm:

BeginCS();
if ( gDsmPid == msg->dest )
MsgServer (msg) ;
else
send to msg->dest;
EndCS() ;

1% 4.4: Send() 9o 418 E

BeginCS(), EndCS() & 2z+7} SIGIO 4|14 disable, enable 3} o &-& ghc}. 34x]ak o] A

o

FE27H Q) AL ohr BeginCS() 7} 559 A Hel A o|r] SIGIOA| 1do] disable o] 9
ttd EndCS() 7t 32 = tigtE A]2'd € enable 314] ek=th o| A3 wlAlA] AEF ol SIGIO 4]
ado] WAEA RIEE AL WAA £45e 5L AT Holoh A FEe] w9
Hgao ) 3ol A A2 7t AEs o] oA A Helstr] 97 MsgServer() 7} &5 gicta &
o (MsgServer F4& w417 W2 B2Y He|@5+& 55t Y52 ohSPolA A3 At
© % 5}7ch) MsgServer() 7} EohE W A|21S A4ste] T A 2471 Dok wbebA] Send() A

of SIGIO A|2do] dofjuba] X3tEF Fo g o]z £ A 7L WA shA] =5 o). v 2] 4]

Lo

WEe A7) Aol A B 9ot e T2 A 2elA BUE A2 o] A7 4 Aok

I
)

ZgzA2E YEM &= msg->dest =2} xHAlo] T2 A A HIEE 71E] 7] & gDsmPid £ 9]

wsted A7) Ao A Bl A$E A& 544 42 AR MsgServer()& 3 5¢ 224 48

T2,
~
>

|

T
.

W 3E33 WEY 5AE Herh FAAT OE Z2ALY Ay A7 &AL S8

A A& AE et
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2.3 SIGIO A|71'd 9E3
SIGIO A 19& A 2g AYH 270] Slgnsh AELE A7 9127 $ol Syt weha
SIGIO A1 WE2E o] 5 Aol that HAe A2l S ) Fofof A} 45 & o] 214 WE

o},

32

2o daFE 7lestn

Input: none
Output: none
Algorithm:

disable SIGIO signal
while ( there’s something to be served )

{

if ( there’s connection request )
accept connection

for ( all connection )
if ( there’s message to be read)

{

read(msg) ;
MsgServer (msg) ;

}
}

enable SIGIO signal

13 4.5: SIGIO X229 &5 4285

Ao A 7€ Send()oll A&t o] Al2d AE2F 3EHW 7HAHA SIGIO A]2d&
disable x]7]=d] o] s AL WA £ A2 S gs|Aolct SIGIO A1 HE
2 & SIGIO A]zdo] enables]o] gl&wat 35522 %A Send() ol 42 Zo] BeginCS(),
EndCS()Z #A9) 2123 84 AuE A2 2avt dok AZE AdH 830] Sle A% A
EEE o]AE WolEo AT ZrAL0e] TS ARG HAEY WAL dE A VE

=8 AL ZRE HAAE g5 msg o EAg3FE MsgServer(msg) & 353k} v 4]

i

Aol gk M7t vt gold A2 o] glew t4 SIGIO x| 23 & enable s}a1 v}l

MsgServer() g4 msge| type T=F B3 EIYEE HAY Ao FHE 583l 4F

24



o] we} gro|th 17 4.6 = MsgServer() &2 d1g]EFS HoErh 7] 4 ACQ, ACQ-
GRANT, BARR += 7z}7} acquire 8 ¥, acquire grant 3]X], barrier & & v A ] o] s F3}= AL

% MsgServer() & o] $hzo] E24at w2 %] 9] type WES w]iwale] Z47ke] 9o sl A2

FHE 358

Input: TMsg* msg
Output: none
Algorithm:
switch ( msg->type )
{
case ACQ:
AcgServer (msg) ;
break;
case ACQGRANT:
AcqGrantServer (msg) ;
break;
case BARR:
BarrServer (msg) ;
break;
case ..

1% 4.6: MsgServer() &2 %&
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A 5 %

Home-based Lazy Release

Consistency 9] +3

o] Foll Al HLRC =2 &2 T80 tjs) A7)

1 Home-based Lazy Release Consistency

W 22 d#A 2o (memory consistency model)2 FA-H| 2] t}FH | 7)o 4] o}F F 83

Sh

o|a, @M7tA] W Rl Fo] A=t dUA B st=dojot Zrad v 7k A felg}

u
i

T otk &, 994 B2 22090 dAEe] B AR E A AR, I W 2E
o gk HTo] o A E dojUExE XA}
£ o4 7| HLRC # 22| 434 Zd 7|25 2 2 RC(Release Consistency)[2] 9] gt
Tdeolgtx & 4 3ok RCe A% &< #lsiA §7138 ATE acquirestrelease F d4toz
vl A Zbgtt). acquire= FHE H9E AIsles TS A7) A A I, release= 1
AgHE wbdgtcl. RCE oha3 Zo] Wl Re] AZ Aol AlekE 7teteh: (1) 7138 ;T2 A=
sequentially consistent3}t}. (2) AUkl v e o] 545 7] Aol BE o] A acquire JAko]

A ¥ 5] ojof gt} (3) release Aiko] AHH 7] o] o] BE UubA <l v 2e] dade] Ay s|ojof &
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o}.

2 2] RCeA & o]k22 FAwEe] AL Aol g AlkE A7]7] $ste] releaser|
of A AGHo R FYEE TG o] 7S FH /HAdste LRC [10] o A= ok
acquired T 3te Z2A|Lute] o2 F WAAIGE TR EF sl AHH FPo 7 A H
FdAS A5tk HLRCE LRCS} Absht w22 dlo] Ao ABH & Z2A L7} S5
o] glthe Aol th ot HLRCo| A& release] 4% o] xoll tfjat Yug & 2 M 20 Hg
Al71H Uyl ot Z2ALTL T W ZE] Fo] A& AM 2T & o) F Z2A XA AT
g o] A] A& whop2t}.

HLRCE DSM S8 =279 $32 intervalS 2 72 3l=0] 3 interval released} thg
release A}o] S wHgtc}. Interval 2 release vt} 7151w interval o 4 2] E WA= 3] o] x|
W FEE SZE ol 7] 53t HLRCol| A o3 Z2A| A7k w22 d#A L interval &
7|8 SR st o] Fof ATt

dHA L FAE 8 4 Z2ALE A SYPAH 27 WE ehgl 28] Z(vector timestamp) &
FAG HEH YA EE ofjd TRA AV 4T QlE ohE T2 A A0 &A1 interval 72| ]
2LEolu o] WE & T3l o ZEA AV OHE ZRA LY o AZI7HA o] A" s THA]
I YEAE & F Utk dE 5o o, P, P2 o Al )8 Z2A AR o|Fof%] & A P o] ¥
E7} (1,3,2) g2 &b o]& 2wj7tA| Proll YA A Py & interval 174X, P12 374A], Py, & 27}
Ao FAHH AME ¢ deE T HE e AL A7] A Y29 H§ locks release

gu 14 F7bshe ohE A~

1o
¢,
12
[»
rlr
5}
e
o
0
(=]
o
=
=
>
A
m]ru

ulS ] o] A lock A5 AF] W
B BRI ARz o} A4l AL vlas FozA FH3

PeAss U el a9 29} 9o interval W o] WA Abakel B B2, F write-notice &
7153ke Hole= fAlsked o] Heole= T 54 ZEA L9 54 intervals-qhe] WA
S Hg TR A2 A AR QAsA] Qolx o & ¢it}. o] write-notice= locke acquiredw] o]

Aol locke 7R Wl Z2A A7} grant W A x| o] LA HA AL £}
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2 Locke +3

dubs o 2 Jocke A5 ujA & $13 £ o} HLRCol A& AbsulA] a9t ol g} locks 3 w
22 duAol i AEE n@ddrt. o] Aol A= KDSM A] 28] lock T3 ol o] A5 ul A <}

dHA #FA9 £A4Z 7|Es s ot

2.1 A3 u] A (Mutual Exclusion)

AsMAs BEEE 7|22 st 24t lock ZEg AHE-3gith o] W el 4] lockE acquires}]
S8l A= lock EZ& Hhofol 3lw o] 712 utE Aol locke S F WYY T2 A 2o A ol oA =
th o & So] #A oJH ZEA AV nHAE locke 2FATHA n-1MA locke S H3 T2 A~
ZHE lock E2& ol oA "o} of7|o) A A€ n-19A locke 23 ZEZ A 27} ofd 52
AE A9A & F dertste A, 714 A F © managerE Fo o] FRE F{A| A 3}
ek WEo lock E2& 7HA 2 YA ¥& A% locks #5317 9814 ¢4 managero 7 &
A& T §, managerol 9J3) o|A lock 8 Aol A o] o] £9T =1L, t}A] grantw] X A& U
o] 8 A A A Hull= 31 9] WA A] AFo] EQ 5t}

oj¢} 22 A& WA 7 ZE2ALE o5 9] Al BE(field) o] FHE F A Fet

e Jocal

lock 822 7}A) 2 glE=x]2] of &

e saved
o}A Ae|stx £33 LYY H lock 8 F HW A xS A&
29 512 oW Fo] o YA BHEAE BelFT st (1) & A2 AUEA lock E
o] P o 912 ™ lock managers next & Py 22 3l Pio)| A lock E2o] 91&& 77| 9

28



held = false
local = true

saved = null

next = pl
held = false
local = false

saved = null

(a)
held = true
local = true

saved = null

next = pl
held = false
local = false ACQ

saved = null

(c)

held = true
local = true
saved =

ACQF message

next = p2
held = false
local =false

saved = null

(e)

held = false
local = false

saved = null

‘ next = p2
held = true

local = true

saved = null

(9)

held = true
local = true
saved = null

held = false
local = false

saved = null

held = true
local = true

saved = null

held = false
local = false

saved = null

held = false
local =false

saved = null

ACQGRANT

held = false
local = false

saved = null

2% 5.1: B2 Lock 3]

29

(b)

next = pl

ACQF

(d)

(f)

next = p2



t}. (b)& P o] acquireE & A2 local o] true, & lock EZo] AAlo|A gloem = lock
managers A X A ¢k heldE trueE 32 2 A vl E lockg & E3gc). (¢)o A P7} locke 3
=512 & o) local o] false o] B2 lock managero] A ACQ #A| X2 2 locke & 33hch (d)
lock manager< next & B3 P22 ACQ WA|A]E Pro|A| LY FA|F)1L next = P, & HA 3
olwf lock manager o] WA A7} LY H A S G F7] A8 WA A9 types ACQF Z n}
o] AEget. ACQF vl Al xl= ACQH| A X] 9] type B=ut-E ACQFZ ulE #A] x| o]t} (e) X
9 E lock 8 F WA A & W2 P& 221} o}F lockS releases} x| ¢49t7] w<Zol vl grantd
4 glomE o] & saved o AAg T (f) Pro] locke release &l saved =& A F 3=
lock managerE £3] LY YE P2 ACQF vA A7} AAE ] gloemz ACQGRANTH) A 2] &

A A5t Pyl A locke grantdl] FA) =}

Acquire

ACQGRANT

local = true
held = true

Acquire

ACQGRANT

ACQF

(d)

1% 5.2: Lock AHe)

1% 5.2 & 3 T2 A 204 locke] A Ho| ot} locke 289} Zo] local , held,
saved A el wE 572 state of 9709 AEjHIE spAIch AEjHEl dojue AL
1 T2 A A7} lockeg acquire £ release 371} 2] %o 4] ACQF (acquire fowarded), ACQ-

GRANT (acquire grant) o] A] 2] & wt= 7 $-o|t}.
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(a)& locke 3 53} A) g¥gkom (held == false), lock®& 28 7} A 3 Q1 A] ¢ (local == false)

EZ9 9= WA A7} lE=(saved == null) AE]E YEMATE. o] AE]o A Z Z A AE acquire AF

= 73 o 32w ACQGRANT wA| 2} £ H " lock 8 3 ¢ ACQFH A& wrow Ay
3t7F dojdtt. (b)& locke F 53 AEl 2 releaseE 3t ACQF w2 x| & W27 AbelH 3

7 QojubAl Aek (0 (a) AeiolA ACQF sIAA & e Hgolch of el ZAs

rr

ACQGRANT " x| x| 7} 27|15 7]t} ACQGRANTH| A ] & wtow (e) Atef & upgTh. (d)

1

Fll‘

it

(b)ell A release® 48 5tHE H$ol A71E A2 lock E2E 7HAI T v} o] AEEFT 9
A ke Adolch. lock® 2 74x % 7] W&ol acquire® 4354 (b)deh2 ez} vlAn
H2 lockg 2 4 gleh. % o] AHlel 4 ACQF wlA|x & Wi | w A2 & AT Z2A
2 AIACQGRANTH A 5| & B ujFo] lockE2& YAFA Heh. () 8= (b)s} vparia 2
lock #58 Aelolit AFE SHo] 347] W&ol released 517 1" ACQGRANT w] 4] |

& Hujof et

2.2 v2g dHAA(Consistency)

HLRC Z 2 E Zof A lock®] 714 8¢ 7|52 vlE s Ee] d#AA BRE FatteZlo|t}. v
2] d3A FEE A dF3¢ write-notice FR Q| o] M = locks releasest= ZEA| Ao

A lockg acquired}t= T2 A 20 A AGEch U 2 22 AL ZH2 WE B AT E 713

r-‘.i‘

2 etk s dESo] oW maalse) WE B 28 = ol (1, 3, 2) B Aok of

ZZAAE B2 interval 1, Py 9] interval 3, P» 2] interval 271 %] 2] ¥H3lE &1 git}= o)ujo]t}.

o
N

AL oA | 2 7 2] ] write-notice F R E 71A| 1 Qo= ou]o|t). wEol 7 ZEAA

fr

|

= =2 A 2o )8 interval B2 write-noticeS & 3} B o] B-& §-7| 5o of gt o] Hlo]

td

Bo= a2 A0 HE gdArezo 7|E% Zr7re = & A A9 intervalzhx] &) write-notice &
27l 7155t HolE29 U go] tfE ZEALoARE APE = AL lock grant WA 2] & AET

o o] o},
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Z 2 A 27} locke A7) $siA= ACQ wI A X & Bulof st o]u A4l HE e AT
T E ACQW A Aol A7t} o] ACQW A x| = lock managerE AHX W A X9 type I=ut
ACQF 2 n}# o] lockg releasests ZZA| oA 2 A4Hr). relesests Z2AAE ACQF
7155 WE YAz Ax1] WE ElYARZE v ad 22 A locks S} ZEA AV R
23 9T intervalEo] i JHE & 5 vt releasedt= ZEAAE o] intervale] 333}
& write-notice A & ACQGRANTH A| x| o] L A]A locks S F g T2 A 2o AR AF3ct
ACQGRANT WA A & v T 2 4| AL o] write-notice JHE E3)] A4 9 memory S A A 3

invalid )7 1 2H419] #E] Ehe) 29 28 Y415 g 2441 ) B o] ol o write-noticed] L E 7]

-3k}
PO P1 P2
Acq(0)
WX)
Rel (0) W X)
ACQ (0, 0, O
muz::::;:f:;’””
ACQGRA]
(p0, 0, {X}) W)
Rel (0)
ACQ (0, 0, 0
(c) Acq(0)
ACQGRANT (d
(p0, 0, {X}), W2)
(p1, 0, {X, Y})
Rel (0)
Al 1, 0, 0)
Acq(0) D(e)
ACQGRANT
Eﬁ@ e¢Hn (pl, 0, {X Y}),
R (p2, 0, {Z})
Rel (0)

2953 vre QB Yo 58

7% 53 & HLRC Z2E 249 wRe Ui PHo 529 o2 nedach 73 54 =

2% 5.30] 4 ACQGRANT #| x| x| & A4 o} ACQGRANTH A A& wHg o s Z2A 2
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(@) 91X e P09 el
SWE BYAEE (1,0, 0)

_ write—notice Hlo| &

0 1 2
PO X
P1
P2

(c) o149 P19 AH
_WE gdA®ET 1 (1,1,0)

_ write—notice E]o] &

0 1 2
PO X
P1 X,Y

P2

(e) 91A9 P29 &H
SWE ERaET : (1,1, 1)

_ write—notice E|o] &

0 1 2
PO X
P1 X,Y
P2 Z

() o1A9 P1e 2H
S9E EBRY2EE (1,0, 0)

- write—notice Ho]E&

0 1 2
PO X
P1
P2

(d) 149 P29 3
JWE B2 ET (1,1, 0)

_ write—notice Ho] £

0 1 2
PO X
P1 XY

P2

(f) X2 P02 A

_WE B AET (1,1, 1)

_ write—notice H|o]E
1

0 2
PO X
P1 XY
p2 z

13 5.4: WE el A8 =9} write-noticeX] H.



o) WE} E}q) 28 =8} write-noticeS A FsHe B0 B9 & HERi T k. o] 2 Ak
ox

oo

3 Zrh : Pye lockes 2 F Ho]A] X& HATE F locks gt ofg o2 Pio]
lock& A1 Fo]x Y& FAGRT} P& lockg A7) o] Ao do]x] X& WAsIAh thH o=
Py7} lockg 1 #|o] x| Z& W3} upxat o2 Py7} thA] locks 93 X, Y, Z5 ¢t}
el A Agell Ry7tlock 22& kA3 giokx 7HA@beh. =@ B8 ACQ # AJA] = lock man-
agerZ §3) ACQF ®AAZ ui7le] T S0t o] wlRe] dAAY R 3534 F#
she} bAoA AAlE] Al R R o7 M Aot weta ACQ WA x| 7L vER o] A
lock 8 3% A ZEA2ARE ALEE= 7o FAsgch ACQH A A9 #3 et £AE
& Al W el 2= S et ACQGRANT W A 2| & write-notice B2 E sl
write-noticel= (ZZ A2, interval, 3% o] g|2E) & 2L |2 Yyt = (P, 1,
(X, Y}) & Py Z2A A7} interval 10] X, Y Ho] A& 459 &S E3lt) & %o RE Z 24
£9) WE g ARIZE (0,002 £7)3} o] glon write-notice 8] o] &L 2= ujojgic}.

(a) Po7t locke o] 83 Z¢l& B ACQGRANTH A A & WiokE A9l & Asjna ¥
B Bt 2 Z oA Aale] WE Zho] F7bete AlHE locke released wjo|th. Py (a) o] Aol
lock & release g ALef| o] 7] wZol o] WE B} 2®) == (1,0,0)0]t). o]uj o] Poo] Aef7t 13
54 9 (a) olch. Loz e HAgse] & ACQ HAAZRE Prof WE ghd2m = (0,0,0) ¢
< & 4 9l o] AJ”eA] Py Pro] Pyo) interval Ocfl gt WstS o&x] 232 o 4 gich uf
24 Py ACQGRANT #| A] x| o] write-notice (Py, 0, {X}) & Z3A|A PioA A4k

(b) Pro] ACQGRANT W A| x| & whgt&w & A3 B At ACQGRANT | A] x| o] £ 7% write-
notice (P, 0, {X})E &3] P& Py7} interval 0o] #o]x] Xof tha) HAsIH S-S &+ Ut
2A P& dlo] A X& F-A3} A7 Pyo] @A) intervale] 1 oAbl & & glom 2 A4l W)
B B ARZE (0,1,0) 02 A% £3 (R, 0, X)& A4 9] o] Eol A3 ofE 242
of A Pye| write-notice®: A& & UEF Arh o|ehzto] AT F] P Aej7t 217 54 9
(b) e]ct.

(c) Pro] 2R ACQ HWAIAE HIgts W& A3 RA P12 o]o 34 locke release 3}
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ez A P9 ¥y BYdadzE (L1,0)olth Ro Bt = 32 (0,0,0)o]l22 P2

write-notice (Py, 0, {X})2} (P1, 0, {X, Y}) & ACQGRANT w| A z|o]| Z3A|A A4etch 12

l

54 9 ()& REFEH ACQ WAIA & Wate W o] P Aejolct.

(d) Pioz 2E v ACQGRANT w2 A& E3] P AHAlo] WE Bl 28 =& (1,1,0) ©
2 AR HeolA X, Y& Fast Atk 2354 9 (d)& olehzte] AT F2 P9 Aejo]
t}.

(e) Rz el ACQ wiAlA] (1,0,0)& HokEw] o) HE 2z e (1L1,1)e]ch. whebA
Py 3} P, 9] interval 0¢]] o3} write-notices] (P, 0, {X, Y}), (P, 0, {Z}) & ACQGRANTo]| £
FAIA Pooll A3t 2954 9 (o) REFEH ACQ WA A& W3ke W2 P2 Aeolth.

(f) Po7} ohA] lock& 83 3to ACQGRANT v x| 2| & wigt& w) & AbsjH At ojw] Pyo] W E
Bl avl == (1,0,0) old] ACQGRANT w| A x]ofl ¥ write-notice (Py, 0, {X, Y}), (P, 0,
{2}) & &3 Pi3t P29 WE7h 1 o] o 5 Sl whebA] ARl WE Bl aml 28 (1,L1)7

X, Y, Z o A& Fas} AUt} 235.4 9 (f) £ o]hzEe] AIs F2 Roe] Aejo]

oA 7]€d lockE TRt elle AR AR Al oAl Z2 T3 Qe # o] A<l acquire, re-
lease W7} ACQ #A| X2 A2 s} AcqServer() , £19% ACQF w A% 2 =2 s} AcqFor-
wardServer(), 72| 2 ACQGRANT | 2] x] & X g]3}= AcqGrantServer 7} & 5 oo} gtc}. ¢}
& olF A7kl BT FmelFolth

138 5.5 & lock acquireZ $]3 DsmLock() Z 2 A& 2] dag]F o]t} lock EZS 7}A 2 )
= AL = local o] true & A= held Z true T v} o= T 2 returndtch. lock E2L
AR SR e A4 lock managerol Al ACQ M A A2 wuich ACQ #A|x|of = zHAle] w)
B B} A8 Z (vector) & E A7t ACQGRANT w| 2| %] 7} =243 w7 2] of 7] gk 5, ] A Z] 7}

=&3tw g & write notice A B (wints)ol] wpet s N oA EL Fa3}t A|7] HE E

35



2®) = 5 7)A13ke) local?} held B == ACQGRANTW| 2] 2] & uh= AcqGrantServer() §H4=7}
Ags] £} 18 5.6 = AcqGrantServer()2] o115 o]t}
Input: lockid
Output: none
Algorithm:
if ( local == true )

held = true;
else

{

send diff for all dirty pages;

send ACQ(wector) to lock manager;

wait until ACQGRANT (wints) ;

invalidate cache pages according to wints;
add wints to the write-notice table;
update vector according to wints;

1% 5.5: DsmLock() &¢22]%&

local = true;
held = true;

2% 5.6: AcqGrantServer() <18 &

1% 5.7 & lock release 2 ¢]3F DsmUnlock() Z 2 A& 2] ot 18] F o]t}. release Aol &= HA
A7) interval ol 48] 22 AT oA 50 difE AHsho] o] F & kol HEAU F A2
& interval& et Wt TG R ACQF H A X7} AZ= o] & A+ ACQF w217 ¢ src
e E 31 g A 244 ACQGRANT (wints) W A A & Bt wints &= write-noticeZ 5
3t o] A& ACQF WA Aol £ =0} dEe W EtYAH T lock & releasedts T A A9
W el 2Rz g vl waho] A BT

18 6.7 & lock manager Z 2 A Ao 4 ACQW A X| 7} 948 o] £-2]= AcqServer() g<o]t}.
ACQUW Al & YAH 2 = lock managero| Al AEH F, o] oA FA| &= next H=of 7|55

o] ol mm A 2ol Al TR ofu vl A% o) B} (msg->type) & ACQF = upiro] 50 24
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Input: lockid
Output: none
Algorithm:

send DIFF for all dirty page;

create new interval;
if ( saved ACQF message )

{

compare vector timestamp in ACQF and mine
then make wints;
send ACQGRANT (witnts) ;

}

1% 5.7: DsmUnlock() ¢118|&

ojZle] LA P WA A UE & Al Fr}. o]9pzho] Fo 2 lock 8L Aoz T4 A

g1 E F(distributed FIFO queue) 24] A ¥l t}.

Input: TMsg* msg ( ACQ message )
Output: none
Algorithm:

msg->type = ACQF

send msg to next
next = msg->src

138 5.8: AcgServer() &8 E

1% 5.9 & lock managere] 23] L% ACQF A x| & A 2| sl= AcqForwardServer() &
2] gz F ot} lock EEE 7FA 2 Qo) o] & AE35HA] = A $(local == true && held
== false ) ol wints & YA sled vfZ ACQGRANT WA A & A stx, YA 4ol WA AE

A A& 4] FF lock releaser] o] ACQGRANT dA| A& Bl 4+ 9J & & 3lc).
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Input: TMsg* msg ( ACQF message )
Output: none
Algorithm:

if ( local == true )

{

if ( held == true )
saved = msg;
else

{

compare vector timestamp in ACQF and mine
then make wints;

send ACQGRANT (wints) ;

local = false;

}
}

else
saved = msg;

18 5.9: AcqForwardServer() 418 %&

3 Barriere +3

barrier& release?} acquire® A 2+ 4 glt}. & barriero]] = 2stE 712 lock release, barrier&-
wubs A& lock acquire® 4 7He 4 ick. barrier £ Al 1YW barrier AB oA AHA1e] ¥
B E}Y AR 9} write-noticesES HUWH barrier A E BE Z A AA 0|5 F3ste] 7+
requester2] W E| g} 28] = 9} v] 3 5} write-noticesE R U F ).

13 5.10 & DsmBarrier() &2 41852 HolEt}. DsmBarrier() 7} barrier serverej] A
= ot barrier_counterg F7FAIZ] F o] gho] AA| ZE A2 NG} FLUS71A] of 7

3
t}. ZE T2 A A0 A A BARR WA A& w7 €@ 7 =2 A7 BARR ®| A 2| o] L3HA]H
B

(o
&
o
o

o) 28] = (vector_in) &} write-noticeE | §H3F wints_all & o] &3} wintsE YA

barrier server7} opbd L2 A2 A X 3E =S 7§ BARR Ao A4 9] WE EH YA

e = (vector) 2} write-noticeE FE A7 barrier servere] Al A435l2 BARRGRANTE- 12

S)
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A o) 7] %ttt BARRGRANT 4 A] x| & wtow 37 & write-notice® W (wints_in ) o wel

M7 HolAE& Fa3}t A}

Input: none
Output: none
Algorithm:

create new interval;

if ( this is barrier server )

{

increment barrier_counter;

wait until (barrier_counter == total number of processes);
invalidate all cache page according to received wints_all;
for (process p in all processes except barrier server )

{

make wints according to wvector_in(p ’s vector timestamp);
send BARRGRANT (wtnts) ;

}
}

else

{

send BARR(vector, wints ) message to barrier server;
wait until BARRGRANT (witnts_in;
invalidate all cache page according to wints_in;

}

update wvector;

1.8 5.10: DsmBarrier() 4128 %

1% 6.10 = BARR v A] 2] 7} 8]+ BarrServer() 342 418]5< HoEt) o] A E 7
Z ¥ barrier server X 2 A Ao A gt 3% %™ BARR #| A %] 7} & wjulc} barrier_countE 14 &
7}A17] 22 BARR w| A K] o]] &5 o] AE5 ZF T2 A| A2 W g e} A® Z (vector_in) 2} wintsS

eSS
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Input: TMsg* msg ( BARR message )
Output: none
Algorithm:

save requester’s vector timestamp to vector_in ;
add wints in BARR message to wints_all;
increment barrier_counter;

1% 5.11: BarrServer() €18 %
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A 6 &

Scope Consistency X & & & 9]

o] &o]| Al & scope consistency(ScC)el| a4 7teksiA] A& g F, ScCE ¢

e
[t
i
f
g
¥
4
r g

Kol a4 A et

1  Scope Consistency [1]

2

ScCe dlolE & 57|35} AL E 74e] A A Q] #A & A48 A consistency scoped FFghrl.
al

o} 2

(o

o scope Wel 4 loletel 7halal 44 AFgE T scope ol Auk Hef x| Ao] 1w
lockel] o]a) 4] B3 5= o)A 9L 5l}2 consistency scopeE A2+ 4 9l 11, barrier= A =X
2398 ¥35E A el consistency scopeE A 2 4= ¢lt}. Z} consistency scopet scopes

o] = open 43} scoped B close AAME 71T oW Z 2 A A7} consistency scoped 4

K

rlo
¥

A= 7]7H& sessiono]g}l 3tr}. 3 consistency scope session o X X BE £ A3
scope?] A Z-2 sessiono]| So]7}E= ZZA| 20 A Bzt s}A] "L, scope session ¥loll A 3 3] %I

SR A B R o] LAHA ghth

41



2 Locke +3

ScC Z2EFL do|x] 7|ute] &3} =3 & F(page-based invalidation protocol)3} & 7|42
Z 2 & Z(home-based protocol) & AH-4-s| 4] -} & 7|4k T2 EFof| 4], ofd o] x]e| 7}
A FAEL 2 do]A e FoE Y ARt whgpA] & =9 Ho|AE2 A AHE K
A5k, dlo]A] FEZ G w] oy =7} old & Lol AA Fo]AE ¢lo]er).

ScCx 7t lockel] w8 4] incarnation ¥ & & 7}#t} [1]. incarnation M= 7)o BE =&
A2 A 002 A5 1, locko] release & winjr} 14 =713k} incarnatione] $3F J B lock
vttt 2P A2 == FolA B} F, 7 locke] FellA = LF2 lock manager7} $lof

Aol elahis locke] FelA Thest Be YuE FA ek
e ) incarnation ¥ 3
e 7} incarnatione]| 4] =& % # o] x] 8] AE, = write notice
e lock 8 & £A4A 22 An|A35}7] Y37 lock request queue

B

AFAlo] A9 ¥l BE lock? w}x]9} incarnation M3 E 7|3t T ZAA

I

Z2A

[>
i

= lockg 7] S8 ACQ W A% & 1w, 3% lockel o8] 4] AHlo] mpxlto 2 443
incarnation M & &7 Rt} lock manager:= o] FHE 7|l 2 ACQE S AT T2 A 20
A ACQGRANT v ] x| 9} 3H7] &) incarnation ¥ 3.9} write noticeE A 43t} ACQGRANT
E W2 T2 A AE A4 incarnation HEE AFRle] 7| sl vlX] 9} incarnation M3 o) 1&
o3t 2t ACQGRANT o] x| x| &} &7 & incarnation 3ol 18 Tlst 3 5 & o g AA3

t}. 28] 1, write noticeo]] X A|E #H o] X &S FA AT}

2.1 Lock =2 EF9 Ay

2% 6.1 o3 22 AU s 714 ScC Z2EF 9 A d & HoAFrh Z2 AL Pyol

lock& ol X #o] x| & HAF F locke Wt&3it}. th5- 22, =2 A2 Pro] locke XY 3



o7& WAT F locks WA} g0 R, Z2HA Py} locks A Z Fo)AE WAT F
lock& W&o} vpA|s ez, T2 A2 Bo] tfA] lockE oA X, Y, ZE ¢=0

U A o 71§l =o| lock managerE E§3t BE ZZAMAELS EE locke] tjjsl] A incarnation
MEE 002 &7)shaich AU, Ryol ACQ WAIAE locke] Fo Mach 2ol ACQ )
AlA B35 k] 5 ACQ wIAAIE e ZEAL7} 7] 8tE vhA % incarnation W38 &
A1beh Tock ol AE ACQ HAA7H Soighe o) @) locke 748l Z2AL7 glenz wz
ACQGRANT " A A& Bt} o] w] P2 incarnation ¥ 3 ¢} lock manager?] incarnation ¥H 3.
7} Z+o B 2 write noticeE Bd o] gt ACQGRANT w A x| €& 2] 02 lock manager?]
¥ 2] incarnation H 3. 0|1, {}&= write noticeZ F A]glc}.

Py& ACQGRANTZE w2 9 lock 0of] tf gk incarnation HE & 12 AA3Ic). Py Fdo] &

el lockg ukest7] A9 locke] E.02 REL w4 <& A4@ch o] wj REL w4 x|o] <1<

l

incarnationel] 4] $& 3 ) o] x| 5-2] 2| AE, Z write noticeE A Bt} locke] Feo|4= REL
W X ] & vk o™ ¥4 incarnation HEE 1 £7}4]7] %, 1 incarnatione]] ¥ % write notice &
£ AAg} &, A A A A A incarnationS 1o] =] 1, write noticetx= {X}o|t}. 1§ 6.2&
lock FollA 2|5 JHE HAE
Pio] ACQ HWAIAE B W& Ag| B A. P2 A incarnation H37} 0o]1z, lock &2
incarnation H3 = 1o]7] wj&o] P& incarnation 18 o}# B A Ecty & 4 gt} vl
lock manager= ACQGRANT #] A] ] o] incarnation 1ol 4] =& = H o] x] 2| AEE 7] H it}
P2 F o)A 2l LB Rt Ho|AEE FEA T
Py7h ACQ ® A A& Bd W& AHEA Poe @A incarnation 157} 0], lock &2
incarnation ¥ 3 = 20]7] wj& o], lock manager+= ACQGRANT ] A] ] o] incarnation 1, 2] A

TAHE HolA BAEE I Bt e dHo]A] BAE dYsts HolA=s

o

¥ 5344 2o
ulzjat o & Pyo] thA] locke 7] 984 ACQ WA A S Bl W& B A Py ¥A) incarna-
tion 3.7} 10]7] v o], incarnation 2, 3& o}% B A X 3t}. webr], lock manager= ACQ-

GRANT 4| ] A o] incarnation 2, 3o]| 4] =& = #) o] x| 2l {Y, Z}& write noticeZ4] B it} Py
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Acq(0)

WX)

Rel (0)

i ncar nati
1

Acq(0)

R(X)

R(Y)
R(Z)

Rel (0)

i ncarnati
4

Po Lock Home P1 Py
ACQ 0)
. —
ACQGRANT( 0, {})
oy REL({X}) A @ ACQY( 0)
Acq(0)
-
ACQCRANT(1, {X})
WY)
. — |Rel(0)
B® REL({Y}) i ncar nation
2
ACY 0) Aca(0)
Al NT(|12, {X,
CQERANT(12, {X, Y}) W2)
- — [Rel(0)
.
o REL(KZ}) i ncarnation
3
ACQY 1)
. —
ACQGRANT(3, {Y, Z})

on REL({}) D@

1% 6.1: ScC Z2EF 9 A 4
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incarnation wite notices point in Fig 6.1
0 } -
1 X A
2 Y B
3 7 C
4 - D

1% 6.2: lock Eo| A FAH= B

ACQGRANTE b3 A}FA1 9] A 2 incarnationg 42 A A5}, write noticeo] w}z}x] | o] A
Y, 25 FasAZt) oluet doju= X, Y, Z F o] Aol g ¢7] = slo] A FEEE YAAIA 7

JE[’_.
gl o] 29 FellA A #Ho|AE o] oA AlS DA

2.2 233 locks] 78

1% 6.32 locke] $HE Z2399 o5 HoFt} locke] SHE o] A}&HE o, 2 lock?] scope

Woll A o @ Flo] A Fo] +A= A=A 2R A b3 22 Adgo] L3 = ofof g

o A, WF AFFlA X0o] A= U=A 2R A= HF dAFHd 517171

Aol o5 dAGFANA A" ZE dHolAE& RO Ae| 2 £7]3HE sl oo}

o S, W% QA Soi7br] Mol X0o] 2% QA G A £HHAL L 1257 93
A& X029 diffe} write noticeE ojt]7}e] A A s & 227} gth
Acq(0)
X0 = 1;
Aeq(1)
X0 = 2;
Rel(1)
X0 = 3;

Rel(0)

1% 6.3: THE lock 29 4
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o AA, Wi dAGHE Hold F X0o] SR H=A A A= F dALSE

Hojd o 7 Al A A" BE FHo|AEF& v RO ) = ulHof et

o U, W dAGHNA FHE FAo|XEL o dAGHANAE FHH oA 2 Koo}

g},

o2 & & ol A AL JAGAe] Fof 2wl YAG AN Hold wuirk RW
Ae)el BE 07§ RO Ae) 2 vhFojof Geke Zolch. £ RW o] x| 5 e] ROZ W37 A
o o] o] x| Soll ojgk diff % write notice® A4l of 3}, B ool Wk A ofof W}, o]

e 28 FRE AU

Input: none
Output: wint (write notices)
Algorithm:
for (all RW cache pages)
{
add this page to wint;
calculate diff for this page;
set protection mode of this page to PROT_READ;
set cache state of this page to RO;
free twin;

}

send DIFF messages;
wait until all DIFFGRANT messages are received;
for (all RW local pages)

{

add this page to wint;
set protection mode of this page to PROT_READ;

}

1% 6.4: ProcessRWPages() & 18|&

2% 6.4= dAIG ] S0 Z W} Heold w), RW A8 9] s x| &5 Helsl= &4l Pro-
cessRWPages()9] Z=& HojErh WA RW Al BE A4 do|x &l el chg3} e
A& dotdlt): dl T o)A MBS winto] Er}sla, diff2 AAls) A AAgch Ho]x9 nE B
=5 ¢gr|dgo® uFa, A AHE ROZ vl 1, oA A% twin & glalth DIFF

WA RS AL A AFE diffS 7 o] 29 & 2 A 20)A Heslz DIFFGRANT w A x| 7}
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L71E 7t o522, RW Aej el BE Ao do]x| Sl A a7 o] 2] W 3E winte]

F743 F Ho]x]9) BE REZE gU|AEo g M.

Input: lockid

Output: none

Algorithm:
ProcessRWPages (wint) ;
push wint into stack;
send an ACQ message to home process of the lock;
wait until an ACQGRANT (in_wint) message is received;
invalidates all cache pages according to in_wint;

1% 6.5: DsmLock() & 18]%&

1% 6.5 DsmLock() 93t 41252 BodEt} HA ProcessRWPages() @45 353}
A RW Abef gl R E o] X &L A g}z, write notice(wint)S A= o) A Aghr}. locke] & =
ZAAA ACQ WA A S Bt ACQGRANT w A %7} =38 w71A] o) 718k 3, W A %] 7}

=354 g7 & write notice B 1 (in_wint)el WebA % 714 o] x| S& Fa AUk

Input: lockid
Output: none
Algorithm:
ProcessRWPages (wint) ;
send a REL(wint) message to home process of the lock;
pop stack (saved wint);
append current write notices to save_wint;
set save_wint as current write notices;

23] 6.6: DsmUnlock() &2 %

1% 6.6= DsmUnlock() $1% dxn2jE5S BolEch HA A dAGHdA 38 ZE
# 0] ] &2 ProcessRWPages() 352 £ Azgct. 7 AHEHR wtESo]x = write notice &
B (wtnt)E REL | A X] &} 37 lock?] & Z 2 A 26 A Blth A= A AH o] A write notice
R B (saved-wint) S H-7-3ch W dAG Ao L o dAIG AN s ot &
4= 9)7] wjFoll Ul & A A ] write noticeS 2% <A o A 9] write noticeo]] 3E7}A]Z1t}.

29 6.7 locke] o4 ACQ | A|A7t So%ke o) 5F5E AcServer() ¥4 =g
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Input: ACQ message
pid  : pid of requesting process;
tncar : incarnation number of requesting process;
Output: none
Algorithm:
cur_incar = current incarnation number of lock manager;
if (request queue is empty)
{
insert (pid, incar) into request queue;
append all write notices from incar to cur_incar to wint;
send an ACQGRANT (wint) message to the requesting process;

}

else
insert (pid, incar) into request queue;

2% 6.7: AcqServer() d12]%E

HoFEr) pide ACQ WA E Bl T2 A9 IDo|T, incard I TZA A7} A B e

incarnation H 5 & 2]wu|glc}. whek request queuer} v]QtiH, & A lockS 7HA 2 Y= ZEA

=

27} giobd pid ZEZA| 2o A vt ACQGRANT w|A] 2] & B 4 glth. WA request queuee]
(pid, incar) %S Ay F, pid TEA A7} o}% H A 53 incarnation®] ZE write noticeS
ACQGRANT w)| 2] x| 2} g7 Bl o). gkof request queueZ} v] o 1] eehH, @A T 7}7} lock&

7R 2 gl o2 7 w43 request queued]] (pid, incar) #& Ab) 7|9t g}

Input: REL message
in_witnt : write notice included in REL message;
Output: none
Algorithm:
cur_incar = current incarnation number of lock manager;
increment cur_tncar;
save in_wint;
delete the first (pid, incar) item from request queue;
if (request queue is not empty)
{
pid = pid of the first item in request queue;
incar = incarnation number of the first item in request queue;
append all write notices from incar to cur_incar to wint
send an ACQGRANT (wint) message to process pid;

2% 6.8: RelServer() &x12]%&
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1% 6.82 lock?] Eo REL w227} =29 & o) 5% 5= RelServer() §+2 Z=5 H o
Zt}. A o 7] o] lock? incarnation locko] release® wjwmjt}h 14 Z=7}3ich ulebA] lock
manager+ ¥ #) incarnation 1 3.5 1 57} 7] 12, 57} % incarnation ¥ & ¢} REL =) ] x| &} 7
£ write notice & B (in_-wtnt)E A A3t request queue?] A HA 5L ¢lAlth. 2Hef request
queue”} ¥]gitiH locks QA st ZEALTF Qe Aol2g a2 FE3} vhef request
queue} v x| Skehe, queued] A FEo) AgE =2 A 2o)A ACQERANT o Alx & A

43t} o|u) 7 T A A7} B A] £3F incarnatione]] tf g write notice(wint)E &7 A43ghc}.

3 Barriere +3

ScCol| 4] barrier= A T2 7982 I35 A A gl consistency scopeE 23 4= gt} (F,

7V vl gel] EA5t= dAld g o g Az 4 g)tt.) whebA] barriero] 4 W= 7S consistency

e
4>

scopeE opensts O R 9111, barriero]] = &8l = 72 consistency scopeE closedt= A

22 B 5

Input: none
Output: none
Algorithm:
ProcessRWPages (wint) ;
send a BARR(wint) message to barrier server;
wait until a BARRGRANT (in_wint) message is received;
invalidates all cache pages according to in_wint;

1% 6.9: DsmBarrier() €18 %

Al A barrier®] 78L& 1% 6.99F Zc}. WA AA scopeolA] £AF BE Ho| XSS Pro-
cessRWPages() &2 5&34 A eg|dtt. 2 A3 =2 oAl write notice(wint) S BARR ] A] %]
9} 7 v)g] G4 barrier A2 W4 ¥, BARRGRANT w|A]x]7} 27]& 7|t}eic}. BAR-
RGRANT w2 x| 7} ©2ksp @) & write notice & B (in_wint)o] wiebd a2 74 o] x| =

& FaspA LT
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Input: BARR message
in_witnt : write notices included in a BARR message;

Output: none
Algorithm:

increment barrier_count;

append in_witnt to wint;

if (barrier_count is equal to the number of processes)

send a BARRGRANT (wint) message to all processes;

1% 6.10: BarrServer() & 18 %

2% 6.102 barrier A ¥ o] 4] BARR © A 7} £33 ¢ w 5% 5= BarrServer() 49 &
18 E&& B &} barrier A= BARR #| A X7} =323& wjulc} barrier_countE 1 £7}A]7]
3, BARR ® A x| o]] g7 & write notice & ¥& wintel] & A1t} barr_count Zto] Hx) W=
Zzade A7t e ZEA AL ot dASHH EE Z 2 A A7} barriere] =33 Aolm
2 7} =2 N ~o] BARRGRANT wA] x| & Byt BARRGRANT | A 2|8} g7 FH % write

notice A ¥ (wint) = 7 B ich
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A7
A5 &7

o] Zol 4= 27 HLRCS} ScC Z2 B 22 A& w2 KDSM A| 281 AgY A5 Ha)A]

At A% 42 500 MHz Pentium IIT = 2 4| 4] & ghx) sl 128M ¢] v 22| S 7}A] 8t &

PCE- 100 Mbps Switched Fast Ethernet 0 2 &2 ZF2|AE A|A”H A 3Gt A5 &S

93k ¢4 =2 732 SPLASH? [12] ¢ Water®} LU, Rice tfj3ste] SOR, TSP & 143}l t}. o}

Z 2249379 A58 2 E ¢ Chinese Academy of Scienceel A 7|2t JIAJIA [6] A| 2~ €S 8]
2 Abgprh. JIAJIAE ScC [1] B2 L AH235lE £ ZE go] DSM A] A" o]t}

F 712 7 Sgo A ZE2AMY FZ 1, 20,470, 808 AHEHS W HE AP 4

7t BejZEc)h. KDSM(H)2 %A% g2 HLRCE 2228 2143 Hao]x, KDSM(S)=

BE =233 8] KDSME HLRC, ScC WA B 13 A5 Bolo)h =3t JIAJIASH
vl st Sm A FAEAY 47 U2 A5 S Bk SORY WATERS] A-¢ atA] £ A

SEHAE A X3t o)< HAIA S A2 = Qls barrier o} lock o 4 2] 7] x| Zte] H o A]

l

7] W Eo|t}. o] AL AZE o] DSM oA Uutd o 2 e} B 24 oko 2 3 Aalobdt 3}
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| | | | | |
KDSM(H) —+—
| KDSM(S) -----
JAJA -7

Speedups
O L N W hM 01 O N ©

1 2 3 45 6 7 8
Number of Processors

(a) LU 1024x 1024

| | | | | |
KDSM(H) —+— o
| KDSM(S) ---x--
JAIA 5o

Speedups
O L N W b 01 OO N ©

1 2 3 45 6 7 8
Number of Processors

(c) TSP 20 cities

Speedups
O L N W hM 01 O N ©

Speedups
O L N W b 01 OO N ©

| | | | | |
HKDSM(H) ——
| KDSM(S) ---x--

JAJA -

1 2 3 45 6 7 8
Number of Processsors

(b) SOR 1024 x1024

| | | | | |
KDSM(H) —— A
| KDSM(S) --->-- _

JAJA ---*---

1 2 3 45 6 7 8
Number of Processors

(d) WATER 1728

19 7.5 % g4 A5
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application system processor count
1 2 4 8

LU KDSM(H) | 161.49 | 86.00 | 42.34 | 21.79
1024x1024 | KDSM(S) | 161.11 | 86.33 | 42.62 | 22.85
JIAJIA 161.48 | 80.68 | 43.85 | 22.41
SOR KDSM(H) | 28.95 | 31.95 | 19.79 | 17.14
1024x1024 | KDSM(S) | 28.81 | 26.49 | 18.09 | 14.60
JIAJIA 30.17 | 29.10 | 20.46 | 16.22
TSP KDSM(H) | 93.84 | 48.82 | 26.01 | 16.25
20 cities KDSM(S) | 93.20 | 48.82 | 27.09 | 15.71
JIAJIA 93.18 | 50.58 | 27.43 | 17.51
WATER | KDSM(H) | 104.04 | 56.52 | 32.09 | 23.76
1728 moles | KDSM(S) | 104.26 | 57.30 | 32.44 | 22.68
JIAJIA 104.50 | 56.85 | 33.26 | 25.10

7.0 A A7
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A 8 A

& HaXo e 22 2] 24 TAH 2] A28 KDSMej| a4 A 3ssict. KDSM |
288 EXLZ o] 7|Ht Fa3 22 EEH F N 22 EES AHS34] HLRC % ScC +
7} ] memory consistency model g % @t Aot} KDSM A|A®L Linux 2-°3A| A Alol
A ApEAL SE ZEAAR TYEE YL, 7)HF B4 &2 2 TCP/IPE AFg-3kc}. 100 Mbps Fast

Ethernet © 2 o7 ¥ Pentium IIT PC Aol A A5S SA 3 £ A7, wx| X9 ko] L& 852

ook

()

B% el & HE whd, A9 ool B S8 238 4% Mot dolubrlE Yok 7]

W F4 RS JIAJIA A28 e A4 d5E SN ZA, v e &&F Al (LU

TSP, Water)= A %5o] JIAJTAo] ZA3l9 1, 3 /1 =(SOR) A5o] 18] £x gkt

Fll‘

£ RIANE EA B3 U e F, AubHog TCP/IPe] A o] vh o] frol that 243}
SOR®| 73 KDSM |27l o] JIAJTA| ]a) w|A]%] %} ko] W& o] frol ik B4o] Bag
Aoz A7)

KDSM A|2%& 4%5& §5o] £ 92 |%s Z2erjs) DSM A|28o|ch. T &

7543 LUY Water®] 3%, 4%0] o]= = 45 9dcks 3 TCP7} ohd UDPE 4% o

4ol JIAJIAG) BHY FEU B o}F LAl gdrh od7lel, efe] shx] 2mE o] R F
FolEeel 442 4 Ak A% B4 W, AF B4 FE IFAINE WY 5E 847
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