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A Consistency Control Mechanism Based on the Action in Distributed file Systems
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ABSTRACT

This paper presents the mechanism on the preservance of consistency through an efficient concurrency control in distributed file
systems. According to the importance of data, the data sets of the distributed systems are composed of the atomic data region
which always preserves consistency in spite of failure and the non-atomic data region which preserves consistency only in case of
completing processing successfully. Three new action structures in program are proposed - serial action, glued action, and process
action. We show that the efficiency in utilizing the resource and the performance of the distributed system are achieved by provid-

ing the proper concurrency control and consistency management according to the structrues of actions.
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2.1, Ml Ho

2.1.1 dio|et Aol st Fo

(9 1) {7 2AY A-om FY dAFel &
e 99¢ atomic slolgt dgolat g}, o] 49
A e F7F YL A EAYH A7y
ae} Al AF oA BT

(A9 2): ZgA27 R FHHe2 +¥E
Agole Aol FAHAYL FYFo L F{F7t dAs
9 dxAo] RAHX % 99<€ non-atomic HolEt
doolat g}, o] FAdL Ynt T FPYHoF
850 o Frb WA Al BFA] gn A}
£A7} BFE gste d9elt

BAA 2o Hlolgl A9 deleld FoA4 9 A
of da Aa"loN g4 AT AL A AlAG
& atomic dolel ¥ ALEA7E 2 Fo] Y T
4 ZAA A E FF8E non-atomic FHL2 FA
"o |

2.1.2 Mol Cigt He
(Fe 3): EdqHe durgl dHeyaA YXP&
#AsE WER Mzt AFHoR FYHE 44E
A4 M (serial action)ele}t ot
(Ao 4) 5 Ao A4 A% AflA A AT 9
A #gdn YAt dXNAE FAHY, R RE
bzt A ARl A Y R Eelst ¥ g A& HF
e dH4E 93} A4 (glued action)oldt @t
@ (Ri=2R)
@ AY F¥o] Bure AR A Yo AdHe
A Aloldl Rel Age thE dMe] o8 WA
g ¢ g
g e A AMe] BEF AL ¥ A

—>» time

I3 1. ¥ Z2ade 72
Fig. 1. Structure of nested program

(B9 5): =2 A2 Y (process action)olF 27/
Bl dANPE FAAINA REe AR AL
2 £4g 4aE A dXN4E fAse Aol
ot o] dHE B AlxEle] duk 22 A 7Y
o Wel L7 BT Ha dxAe] fAdT

2.2 Yol 7x

2 AdoME ZEadda &3 2 5 dE 34AX9
T8 AN 27 JHes FAA AE Y%
u GMztel BAE 71eP,

2.2.1 XM A4M

g4 dM(CP Action Consistency
Preserving Action)& Al&®lold FAIA Aol 2 &
T 995y Edddel A iygE dEe 448 2
gk, ool £ dnict YAsle FFARA dH
He 4434 A daf AF d%E v Rl of
Ui 454 wAE YAdsteg st JHe 39
HEHez BUYdY F£APARE =8 49 Jlx A
(base version)o|\} ¢4 ® M (stable version)dl &
280, 944 4L AP YH(serial action) ¥
& M (glued action)e g FART,

® 34 944

EdA dutAe A WEE JA% 3
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astch,

2% 2914 Be 3ol ERE o, B BRT 52
Adl dAFH Co 2ol WEE HMdA ol& ALEF
=

e S oy
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e SR et

% 2. Y 44
Fig. 2. Serial action
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ole AE M F EEY AF2M FANE 873
€ qA9 At FA £ AAE £ol7] HE 7R
At ANt FYP& gste EAMM] 4EE o
7R 5E EAstd FAIFY R AGE Fl |
Tolt}y, FA| Fae AAE gole ¥ 7HA ¥HezE
& Z7]o afAlste deletsl #8A4E Eele Hol

o

Z7e BS AAEHEE AT 2Ase EAe 94
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ofda. dM A9 71w & deole HY P =
{0,.04........ 0,1 & N3 Po| 22AFY Q =
{O....... Ok. 1<i<k<n}l g F&dt. o BE J9
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H7t2 & gMdel| ofsfA WHasolME gt ER
Pel & A9l A3ty B7F H4dE w ol 77} Ho
ANe g

npAjEte] 2o 2RE A4 A4 AHoR YXE
Al "aidel glold, & ¥ 3(a)9 #ol Ast B
& F4Y dHez FYPAL £ AT QoM z

(a)

T A T

b \\

Sy

\ !

N /s

\~\ //

TTreTTT ——> time

(b)

28 3 43 dAe] 2HHY
Fig. 3. Unappropriate execution of glued action
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Fig. 4. Glued action
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T oM AFE asx g ABE &, YA Y,
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BAastn 449 sl SAgT. & 32X gMe £
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4o, HAHe X JHL d&HQ BA $3AF
& ¢},

3.4 YMe| HEHE

ZgAa AL FL HAE YA ¥, G4 ¢
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v ARRzEe] BAIA Aolzgel wek xre dALE
BARskA] Rate A7 24" 4 U

gx4g dMe Er FRe Iy 59 Zo &} H
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A4 g Ee] FYEH EAdNM YL B
FE atomic dielet d 9 disiMe &2 A% o
Aol BAslojol it ol & & 4 YMe] dlofe
d9g F2se HHL e 2o

@ non-atomic Gole YL A4 AMn zg
Mz A BF read/write F 2ol 7badict

@ atomic deolgt g9 XA JHY HSele
read/write Aol 7he3hyd Z2AM 2 HAHAME
read® 7}g 3t

el 10 dAdol A2 A& w29 atomic Hlolg
dAL P4 Yol EyEt

Z9 . 73 @2 Q3 ZAMA ML atomic
dolel d9 & +3E 4 ¢glen, atomic delgl 99
of 3L dAA YMel FHMN 7Hgdid. 1R

atomic tlolE A e L F HYT HSNE A U

Aol A,

el 20 T2 el A AT T R
ol FEY AL, FHF dojgte dX42 By
AN AT T2 AHo] A LA
e A%e o 37HA ot

o -

8

Lk

ofN

up

k°_ e

o)_-;

Oy 5 & Heh oA Fete] UA
Fig. 5. Relation of instantanious view and stable view
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24 ANHA 45T FHAL & Uk

V. 24 A2"olM dx|d Ho{7[y M

A AARY Z rEg A A4S B =
227 9974 +EZ(remote node)dl e ALE A
Zateld 974 Z2rd) 2 1 AL Y
ATE wolerh, oY AYEL €3 Z2AF 3
Z(remote procedure call)ol 93td S}, £
F& 2 Ala"e B4 A2HgM BRE 228
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2H vz FEE MEA
space) & AFgL} “}3}1 A FF v Ax"e
AL ZE2A 27 o] MY F4 FAE AH(local) MR
B2 At ”ﬂh‘ Zol ¥ F UxE F 7 ¢
& Jyolh9 Bal 34 vza Aaue ohg 7

3 (virtual address

Ab v2e Alaglode Z2aYgel F
e —’rioZl(global address space)°] EA3}7]
2ol 7 ZRAAE £E2Y 9, FGAA AN
€ kz9 g9o] N2 EATE AHEAEA
= %94 (transparency)® A ¥& Ft
ZzA2g dolete 9&43HA M 4 FT
(virtual address space)2 ¥4}

%4 xe T R dRE AR AREA FH
dee g A5G HI9 T k=9 TzAA
A7) w9 JIAFA(F AARH T BE GFA)
o e deeg HIZY Atode WEHZ #olA
A{fault)7t A& AT solxle 97 == RE
AASGN S9PT UuHoT ZRAAEY £HE X
A4 (locality) & Webll7] qf&e] 47 smales 7t
A HoA e AY vjnale HIse A ge A
e 7HA-E F Ao ol Adde el spd dR
2] Alzdle] ol F& wizzlel 9] HFE FIYT
o

®

4.1 94Xy Aol o 27 =29

HHo] 43 Fo Y RE oA Alxg 2%
oy} @ {7t HAEHAZ o HFUt sbFdtdol @t &
TE A8A dAA ddo] £ ZE oA i
Me qads A2 WA g4ack Z& vizg A
e 2 wAE YYste Yoy Aol &
A solATE AH AL AFdte A=S ol
(shadow page)’1'8& Ab&-3ch. HHL o] xxof
Je HolAd dH 357 Yo 204 ¢85 T2E
#(2 phase commit protocol)& A&&t},

HAES HolAe Z2ay #eixle ¢85 212 ALE
Hoh £HE oA TS IRz 204 €8 28
EZo 19AQ &8 dAAA M2 vy FHE AT
A% g2 AT F3ich. 194 precommite] A
t AavEs] 4= waoln dael AaUE e
d=$ WAg 7tegic.

26 AN A=t dolAle AR 4 €3
of ¥5HA viAo] B} AMo] HaxW ¥ Hade
dole 49 AaRE o2 dHe Am, AE$ o
Aoz ¥9dE HoAEL i HarEd

Q9] M2 A8 Aol AAZE wE 3.3 A
AFE v} ol AL QAEE AP 2y
dA22RE APt may @ 4He FHLE <)
8 H Zeade Hade BAYE FATY

A FH e @344 Z2ade $A4 A
R o F BTl 48 44 T2 29 63 2

1) & &2|7{(Version Manager)

F 1A e 82 7]dgA] Alelg WA olF, HFE
719 AR A 9 AT ARBAE @I ole HA
WAL g4, €8, &, a=lz gAl 31%1-4 H23
A4 R d2A2RH H2 v o] 5§ I Ik

(1) ¥4 &+ 9=z (Distributed Shared
Memory) A" T/ vi2e] dere dB84& /A
Ale dEE gt ZRA2EL f9He ZE kX
Bo] v A xzoM P e RAY £y
M AanEd g vde 44, g8, H4 5F& 59
Lia=

(2) ¥+ #2]7](Recovery Manager)

B2 gele dolx st LY ¥ 23S Ho|A ¢
AR wa} BT S vine @iy A9 B3 @
AN agld 843t FPct,

2) 24 & #2|7|(Distributed Lock Manager)

4 F& drely 484 /A ¢ delete] 4R
& A E7 AEA B4 Ax"le 278 F9Pc. 2
£ #rle e 2L & golEE #X%

o

segment.page# { lock_mode copyset lock_owner

o] Holg# dEz A lock_moder #NF mHolx
£ 4¥& Jehl9 read. write, none 4 3ol
. noned #Hojxle| Zo] g AF+E ¥ copy-
setd BEAES 1A xx=9 JAEE vehdie,
lock_ownere F& 4A#% T2y WIE 7|29
t}. copyset& Helxe] RAZ} Fo 4B HXE ¥
& AEE AAFP
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( Action Manager ]

Action Invocation
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Action

Memory Fault

Virtual Memory Manager ]
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Systemn

~
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Preprocessor

Y Distributed Lock
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N
T ©
4
~ t
w
Bi 0
Ny ,
Recovery Managemmtw K
System .
///
L.

a8 6. AN R §TF B

Version Manager

4

Fig. 6. Model of consistency control and recovery

$ %3
#A5

ay 7

i zy g A9 27 PHgeze
| 2¢] 83 ¥ 9 FRE BAHHLR
gejrld s 88t dnFe

o

7) Al
ER

3)9M A x2]7| (Action Preprocessor)

o] ToA LA dMo] HE=E WH AN
Argste 420 Arg Ao FHE PN PP
oa g FEe = G439 AEE HArdT olE
A8 F2e 2ol #AsolMe ¢HY of A8 FEF
o] 228 & BZ2(lock list)olat @k ZEHl4A
A8 2E wolel g2 oA F E5d gle dele
& A Al dAte] Hu TEaYel £
Zo] olZ deoletel =g Ay A F AA=FH

=

(=] 20
2 25
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{unlock_list)el A4 g},
2 unlock_list = Rp - { lock_list } oIt}
Rp ¢ Z2aWCA AH4g 2 dolet 259 3
=i 2% A HolA &
Unlock_pagelist = page_list of Rp - page_list
f {lock list} oIt}

2 (page_list) ¢!

4)4M && 2|7|(Action Invocation Manager)

M 52 BErle 2 gHel 52E driy JA 4
228 AT 94X Ao F¥o] B o AA
o] A4 AXY ASoE Y& wAd] @R
a8 geow F8 Ao grict

ZeAds Mol E&EW Yk T2 A2 A Y
wpeb ot B 455 wdel 445A o £

T2 2
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DLM(page.lock_mode, PID)
/* lock request */
case(lock_mode)
Read:
if(lock(page.read.PID) == nil) then return(0)
if(Info(page).lock_mode == none)
Reconstructinfo(page, read PID)
else
Info(page).lock_owner = Info{page),lock_owner U PID
Write:
if(lock{page.write.PID) == nil) then return(0)
if(Info(page).copyset = nil)
Reconstructinfo(page, write, PID)
else
Invalidate(page, info(page).copyset)
Info(page).copyset = { }
Reconstructinfo(page, write, PID)
end_case

/* unlock request */
case(exist_lock_mode)
Read:
Info(page).lock_owner = Info(page).lock_owner - PID
if(Info(page).lock_mode == nil) then
Info(page).lock_mode = none

Write:
Infor(page).lock_mode = none
end_case
a8 7. ¥4 £ #e7|9] gnFE
Fig. 7. The algorithm of distributed lock manager
229 oo 58 go| Abgart Aed BAA Aol fAEL
Aol N1YE weart,
YAA4 AMel x2HW WA BAVE 1V ¥ V. 24 ¥ 4587t
AP L A8 A= ADHE izt A=A, of 4
Ef AZUE e o: gE Z2aPoMe F28 A F& o2y Alad 873604 J1Ee] EdAe
+ U=EE BH3dr}, A7 T AN ETGe] A §EEE FHoE
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