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ABSTRACT

In this paper, we suggest a cache mechanism to improve the speed of query processing in distributed directory
environment. For this, request and result about objects in remote site are stored in the cache of local site. A cache
mechanism developed through six phases; 1) Cached information which stored in distributed directory system is
classified as application data, system data and meta data. 2) Cache system architecture is designed according to
classified information. 3) Cache schema are designed for each cache information. 4) Least-TTL algorithms which
use the weighted value of geograpical information and access frequency for replacements are developed for data
caches(application cache, system cache). 5) Operational algorithms are developed for meta data cache which has
meta data tree. This tree is based on the information of past queries and improves the speed of query processing by
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reducing the scope of search space. 6) Finally, performance evaluations are performed by comparing with proposed

cache mechanism and other mechanisms.

I.M &

Ay FAYNM e dAD 49 vt AAAF
22 FAtE o] glon, oy =g T4 e 3l
dojot AT e oJAAA JHE AR B3P
Al Tt vhd, B go] Bz AXHA
4 ddel did Fro F& ANstEgsIez o)
st o], tiFe] EAtdlolerE Adtdoz #ed
F A BAAE gL ggdo] s a ok
ol¢} e & Algel B8 + Ae AT T8
71% % 317} ITU(International Telecommunication
Union)2] X.500 o 2] Ea] A2 o]}1][2].

X.500 Y Ee] Al A2 AXAE, §8, 3 )
o T FRE A ste, 2 A HTde &
£ 22038 A% 724 AU EL AlFskn Aot
53], ol @ AM¥lis U R 24 AFY FH A
T F4% 7iFelat ¥ & Ak UAEYS] HHe
tAEd AW w)o]2(Directory Information Base;
DIB)ol A=, DIB= 2zte) A Ao dist Y1 E
TR dEHER FAE g dE-E
2] AKX E](Directory Information Tree; DIT)
2 AlE3 o]& F7Hhierarchical name space) o &
EE AL

AAAH o Z Batso] Qe BA Y EZ A 2
A(A29-H, MHS, FTAM 5)& A48t 59 A
Z(naming service)E YA G AAHQA 7
A& weotstdol sin, Ao Wg {FUYTF A2 ¥
€ FE8oF AU BRE BEE Faistoofp g
a8y AHERE e Y ddel He A g
AT FA B2 BE UiVt o, &F
AHERLE Ao i A2 HE XEYH EL b
ole} AFAE G s o} sl ofBlgo] Bz o]
o 2L BAE FH37] A ditez Mg W A
H] 2(descriptive naming service)2t= H| A A& A 9]
Aol & Aldste WRlo]l Q7= svH4l A& ¥Y
A 2 ol 8 S0}, “select * from people where name
="kwlee’ "9} 7o] AH 9] HNEFEE 7|E3td 2
AE AMsle WHo =, AAge Bt #5237l

206

A ol T FZE oY "avt glo] AA
H42g & A e wolth. 28y Me WY A
H2e Ay HollA 2 93 g 7HA 2 sl gyt
Ao g ALEEE X.5000 @4 7]5E Ag WY A
Hl 28 A A9 Me(global selection) A elg} & & 9|
th Hde A Ao wig A g 47 MM e
W, o] dlojetu o] A8 g sokut g3 o
g 2ol 45 At i g2 E A A
Ae AA o F4 FRE 3HA Y Ao A=
o] & sl (name caching) WHe] A, o] WEE
o] &3l A o]Fo uidt o] & HA v LE FYo
22X Aejo A% g 7l ¥+ Uk a8y ¥
A7A o] Fopoll g FW A7k Xsxx Alg= A
I GAME FE A A7 o] FolA L g W
Aol Bgh A7} o FofA A AA P& Aol

malA, B =Rl A g Ee] &7 A
o] £x & Fo|7l A3 A= Ao A7 A9}
A3 ga3A ] Ard HAee A AAUES
AA AT B A E AlA"e AgE = A4
ARE & dolet A2, A&d dolet A, vet
tolel EE FH3, £HE MA ARE 7o
2 WAl A 2E) pze) zhzte] AAl AR g A
g F2E AAstdo. E8, diolel AMA(LE dHo
el A, Al djolel A UM drFen
Ael AR AT A4 E NMEAR FoAT HATTL
A Gzl EFg At deojol dg g T
o HANE FILEN F 58 FFA7 A9
old Aog - rAd3 We dolet EBE AAEe
et dolel sHAl o wd G FE AR v
Aute g, Ad AMA wsEs g o sy E5
4% W7HE 8 AYE A EY $54E
RS A=

=i A4E g Ao Al 282 X500
A AlQre Y Er] o) B4 Wy} Sprite Al
oA o] A3 g4 o B Al 2de] Ay &4
S AS ANE FAT BE APz, A 3Pl =
Hd gz YR E FH39eH, Al 43l Me gy e
2 A AAUEE HARAT, A 5FAMe A



RA/EAOYE 87 stolA AEHA AA AAUF 4A

g 7193 e AU ES HE Boheg R, vhA e
EA6FEAELE FAEY

I. gl A5

2 g gy A2gdME AHERA AR
F44E AT As R AIE FY 58 F319
Aol Mul2x £ AN A Fojof F Yool
Actk. ol oL zHe dER @ F3d #
dg FHo) BAE gsimzy 4FAE F+ Aok
X.525 A2 ¢tolA B4k tjPEe] A2 EA
&L umAaE/EYolE 2d-g A Qo
Z B 844N 45 3717 A8 BA
&L EYste Aozl Wi #5 87 §
AL BL 23 e @0l B DSAA athE 88
2, 7] a7 daMT 4EE 2T de v
DSAdA 838 in, 27] F3o] FYHe F
oholl Y = e AR FHHA YA AL
g3y ek 2y o)zte BA e 4% ¥
Aolle 7195, vkiEl DSAS] IE3her HQl &
A, Fg8 BA 59 oz gol As=x eIl

Baztd Al A9l Sprite Al2H e 2E Y
AMule] g gy 12E THE olF 3 H(name res-
olution) TR EZL Agtstnon, FeoldEE A
ol o] F2F vlPsle Fi HolEE A
Ao e olF AAd AT FFE HaUh 2
du 4, 371 59 2 @ £3 Aol
g FolA & R rH4l

oy e EAIEL fAsedH & 7FHE F53
2 2 de g9 FAE ALER Foje §8 AT
& MAE H8 AL 1Sl dFHT ATHI)
AN 718e B FAE 71F22 o] BH,
7 AB4 A8 B fYez B S QU I
Q4 FEe AAE el AL E KA E) S
Qo) £AFA 2t BARE FA oo} st A
(propagation) #4o] ¥ g 3}n}, Mariposa A 2%
ME 7732 7)uHrule-based)o 2 £F A 7jYE
HolZ3 vtk o 484 71U AR gtel F9
el A BAAE 5 8de vYPer, A
g ARE PESMN HFFHEZH B4 A=A
o] 78 AMA VYL AV e FZ Pl AH

g wgoz AEa BALE Ato]o] BUXE 543t
£ Quasi Y& B FOHS] zeivt 4 dAA 71¥
& FAA An wjgo] ) v, o A4 7Y
& Jro YA FA e ool Hen

0. cyee=] 32 £/

gy Eze] g AHE SAdae &8 dejst
AR, A2 delel FK, vlel dloje} ARE FF
sk 8 dolel AR ALg Ao, F2, Mt
ME, gaN3 F3 22 Wgo] oo g A
2% dojgt YuE vdEy Fy P, vPEe
A4 Ar, Rt RN g2y Hu= J5E
A7 nat st A Rolc) wel dolet FRE o
A ZE F37] A% el AR EA o]d WSS
A3 g Y Hojrt

31 7Al2] |X| 7|20 T2 &

MA) AAE ARG dvp 2REFS FAY A
olukel] uwal A7zt AR AT R F 7HA
oz RFsAt o9} & Bie AMAd A%
B ARE YA o Yo 1FA WENA FAY
o Aot AVATE A E FR 7HEAR ¥y
7] 98 EHolth &, UA2 AR AF A Tke]
721 AEE A A FL FAEtY 2AE Be A
8 A7he] @ AX Hoe 948 Ee AF AT
o] 71 MOl JELE FIHIIERN AL B
#23 g 3o

32 7HAlS) QB BRI TtE 2R
HeEa R g A4 Ho7 A% Fuel gl o
B4 B fAs= 84 Yyl et §

H LYY #Ad & PR EF
Table 1. Classification according to the consistency of cache

5 u £ u 3
-F2Ed Y2 e VEYR

3 Efy Jy 434

Py | -EAAR FA
-0, AY HH

AA | -UENZ 84 H/W 74 8% | 48y

A8 |- EQA 229 S/W T4 84 fAl

207



RELERSAR I "97-2 Vol.22 No.2

W Yust 44 YR BF5 E 1] e
V. cl¥E2] JA] iFhE

AL e FEe DSAE gAste 9y Muls 3
o9& s B2 A7ke 7igd 4= flv)h o8 DSA
7vel AL Fol7] Y35ld, ¥ HoME delst 4
9] xzejol] it g MA ol ARsla] o|Fel FY
& Ao 3| £ DSA F28 A =3, ¢
AFE FE Ao s AE AYsA Y] A
el dolel A o)A A E AT wE Hol
e EYE ALEEE A dAUES B9 FE. 84
AN FFe MY AR FHE A¥EE H 29
Fig=

H2AM S5 A% B3R
Table 2. Stored information of cache according to types of

caches
MA FF ekl
S&dolg Aol A, |SEuolel B, A2 olgl
S8 diolel A|A) AR(HY PH)

Alzgdolet Ao AfA | A2Hdlolgt FR(FH FR)
v ebuj o) e} 7§ 4] vl ehe) o] €} A B

4.1 S& GiOjE} FHA| BIFIHE

&4 dolgt A wFtEL Ao A g T
A717] 8] Aejet Aojel g SE-E e v
of ZAHE 317] fsf &-& dojet A A &8
dlolet Aol Aggdrh & dlolet B} A
AgE Hgore o JRE oyt AYE &

l Bol™e | TTif at| d_f| tt | a_f| data_ptr

\ Hold (Are ey (£

( people | * | [ on [kwied | ¢ T r |

32 1. &8 diolet Ao Are AR 7=

Fig. 1 Stored structure of application data query cache

208

Ade 718 243 AT AR @A At

&l & £}, “select* from people where cn = ‘kwlee’
and c="kr’" o]tz FHort HAsA 1Y 13 e
AEx7t &4 dole & AR AFEct 29 19
A a_t(alive time)= Z} AEZ O Foljx = L XA
g Al 7kolt}. d_f(distance factor)v= & 2ol gt 2
g @4ste Ao i JRIZA JEHA 74
4] A HEQ g A2 A oy, t_t(turn-
around time)2 Ao} AP AE AT FHE W
331 Ztolth. a_flaccess frequency)e B 3+ & o
v, M2 Ao 3] sHAl S|E7L dojutE
738 S7hete ftojvh. data_ptrd AA ulojel(A &
o digt EE APty Ae & diolel AMAIY
FA2E ovigth 3§ dolg AAY AGHE NE
& 2% 49 22 Fold tig At AFE

A AR dA A& PEA7HTime To Live:
TTL)E 71&22% HA-TTL tA 7Y (least-TTL
replacement technique)-& AF&3tsl 2wy, TTLe A4k
e ohga 72

TTL=a_t +7E6A -~ d_0) +7F5X =20t} +a_f (1)

a_t:1 )

7} = A —1(d_f):

if z 0 _ 1)< Quurenld _f) then 1

it £ Qd_)/> Qarnald_f) then 0 ®

7V A -2

it 50Ut /1< Qo 1) then |

if Z| Ot _D/1n> Qeurren(t 1) then O @

a_fi3|EA] F7igk &)
A)AAM Qd_fe= i WA Hoe Ad FE @S

9,]U]$}—B"-1, chrrcnl(d_f){.; %xn 7&9494 7"?’] %E— %l-%
ojugeh @M Qt_te i {A Aol AF A



/A YdEe] 874 stdA 2&AA A wAUE 45

2+ 9989, Qurenlt-)e A Ao A A}

ojm gt} H1)oM a_te AN AREHE BE
Efd g9€e $og 1& ggach 409 7t
ZFA —1& o] g 78 YR B & NELE
ARs R, 40)9 A -2¢ old FEe AR
A HFg 71Ee2 2F et A9 afe A
o AFE Frrt JEA vt Frtste o= 5%
o ANgFoldE Bt AP PHEHIE A&
ol At tuhafe] W& 100 1Y F¢7H7HE
£4). A3, MAA dA=He dES e TTLO| ¥
A9 dEY7 AAHE Aoz ¢dFL 19 2%
Zo. AN AZE AE Y TTL 3N Frle A
Ao g FHrt A4E o) BE AE TTLS
AN EA ALste AR

.
3
A

Boolean Application_Cache_Replacement()
{
IfCACHE_FULL) then
{ repeat i
TTL(i) = cacheRec(i).a_t+WEIGHTI(cacheRec
(i ).d ) WEIGH T cacheRecol it ) veacheReo(iDa
until(i>n) /% end of cachellec »/
DELETE(MIN(cacheRec(TTL)))
J
STORE_CACHE(newCachellec)
EXIT
}

a8 2. &8 tolg A WAl gxeF

Fig. 2 Replacement algorithm of application data cache
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Fig. 3 Stored structure of meta data cache
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A 2] 1:select* from people where cn = ‘kwlee’ and
c ="kr

2 o] 2:select* from people where cn =‘hschung’
and o =‘hongik’ and ¢ ='kr’
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olE} AA(SE Hole Ao} AN EE A2 ool
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Fig. 4 Search example of meta data

watA, X.5008] SEARCH 7|5 3 $£%< DSA
58 243ty Ao ug S A Aot} A
o} 19] €§-& AU A s, AA Aol o
SEE AYE 8T/ AHLANA BAF3, Aert
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ole} A Aol A A viel dloje} EzlE o] 83l &
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gl dole} Ezje] g4 4 EFE Foo €4 37

SEARCH_DIT_SNODE(query)
<= structure { ¢, o, ou, p } query =/
if DIT_ SNODE.ptr_CNL = NULL then return
else if SEARCH_LIST(query.c) = FALSE then return
else DIT_SNODE = CURRENT_LIST.CHILD
if SEARCH_LIST(query.0) = FALSE then
DATA_ACCESS(DIT_SNODE.cacheAddr)
else DIT_SNODE = CURRENT_LIST.CHILD
if SEARCH_LIST(query.ou) = FALSE then
DATA_ACCESS(DIT_SNODE.cacheAddr)
return
END SEARCH_DIT_SNODE

O3 5 'Y dzEE
Fig. 5 Search algorithm
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Bt FHAIS] F71 RH & FFe] A E o] &3ty AW
B ohgat o

A 9} 1:select* from people where cn =‘kwlee' and
c="kr

A 2} 3:select* from people where cn ='‘jhlee’ and
o ='hongik’ and ¢ = ‘kr’

Aol 19 Ayt 29 49 2o o) v Wig diojegt E
2ol A8 dejolr A9 39 $go] =asd o
e} dlojel Eglo) 7} G AFE St MEL >
22 F7} slojof grk. F718 A foe 71E ve
tlojet Eal g} wi W 34 & F3to vEl dole} B
o N2 =22 Frise] Atk 29 62 F9f 34
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e Ed) o 37 ¢ Ee 29 73 2ot

(el o T-T-]
&kr 1 g l 100 2% 9 10 ]/\-]

[3]renedd "o T 1002003613 [A]
[

af o 0 | 100200365 | A

[i[lwlul A T 1000365 la——“’{sl‘"'"l A 00200365 [A]

T2 6. v} dole} E8jo 27} o
Fig. 6 Example of adding meta data cache
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ADD_NODE(Q _result, LEVEL)
if LEVEL >= 4 return
if DIT_SNODE.ptr_CNL = NULL then
ADD_LIST(Q _result{ LEVEL])
else if SEARCH_LIST(Q_result{ LEVEL]) = FALSE
then ADD_LISTYQ_result{ LEVEL])
else LEVEL := LEVEL + 1
DIT_SNODE = CURRENT_LIST.CHILD
ADD_NODE(Q _result, LEVEL)
return
END ADD _NODE
Func: ADD_DIT_SNODE(Q _result)
Q_result{4]IMAX_LENGTH], DIT_SNODE
LEVEL =0
ADD_NODE(Q_result, LEVEL)
return
END ADD_DIT SNODE

O 7. 37 42EF
Fig. 7 Add algorithm

4.3.3 tlE} HIO|El E2[9f == ALY

viE} dolgl Edlolr el A= diojel FRAISA
AAHe el dg AP EE vE dolet E
2ol A atA gt dEl wlol gl sHAlel 29 83} 3ol
el dielet E&)7F A AL, “select* from pe-
ople where cn =‘jhlee’ and o ="‘etri’ and ¢="‘kr’"¢] &
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Ae =EE Fo} =29 FAE A e o

olet Egl] A4 g F L 24 99 2}

/

e [ew [g——~ [ Temn |
4| e 100200365 | l‘l db J/ol 100.200.36.5 ['I
J; el
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218 8. viel diolel 8] 9] 2hAl o
Fig. 8 Example of deleting meta data tree

DELETE_DIT _SNODE(entry, LEVEL,DELETED)
/% entrys cacheol Al WA EE FHE «/
if LEVEL >= 4 or DELETED = TRUE
returnlDELETED)
SEARCH_LIST(entry[LEVEL])
DIT SNODE = CURRENT_LIST.CHILD
if COUNT(DIT_SNODE.ptr_CNL) = NULL then
return(DELETED)
else if COUNTUDIT_SNODE.ptr_CNL) > 1 then
FLAG = 0 else FLAG = 1
LEVEL = LEVEL + 1
DELETE_DIT_SNODE(entry,LEVEL)
if FLAG = 0 then { DELETED:=TRUE,
return{DELETED) }
else DELETE NODE(entry[ LEVEL])
END DELETE DIT SNODE

a3 9. AHA el E
Fig. 9 Delete algorithm
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Fig. 10 Structure of query processing
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Fig. 11 Performance result of proposed algorithm and LRU
algorithm
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Fig. 12 Performance result of proposed alogorithm and LFU
algorithm
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A AdE Ay A% A dHAER] #A3-E
DSA7} “organization(o)” @l A} 7},
“country(c)”, “locality(I)”, “organization”®] $7} %
63 7o) @AM R Watx, vel dlojelE AT o
o AFR-E R & W 7t Feolo] did HF DSA H
Z Qo g vl ZE 29 133 29 149 vehy
Atk 29 133 17 14904 B vpehtol 53] 2
9] 6,7, 89 B9E X.5009] AH ga4rctve} oo
B A4S mdo) AA gL A5 DSA 28T

7t A3 Aadte AL B Ao

A 9] 1:select* from people where cn = “kwlee” and
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c="Kkr":

A 9) 2:select* from people where cn = “hschung”
andc=“kr":

A 9] 3:select* from people where cn = “hschung”
and | = “seoul” and ¢ = “kr" ;

7 9] 4:select* from people where ¢n = “kwiee” and
i = “seoul” and ¢ = “kr” :

3 ¢} 5:select* from people where cn = “kwlee” and
I =“pusan” and ¢ = “kr” ;

A ] 6:select* from people where cn = “kwlee” and
o="“pwu” and ¢ = “kr”;

A 9] 7:select* from people where cn = “hschung”
and o = “hongik” and ¢ = “kr” ;

7 9] 8:select* from people where cn = “psshin”
and o = “hongik” and ¢ = “kr” ;

X 3. 948 DSA & %3}
Table 3. Number of DSA by step

@ A
AEF
1 2 3 4 S
Country 1 i 1 1 1
Locality 10 20 30 40 50

Organization 10 20 30 40 50

3+ A 100 400 %0 | 1600 | 2500

S Me

O 13 AlgE BdolA e AE B
Fig 13 Performance result in proposed model

2 U

8 14. X500 21 2] A5 ¥
Fig. 14 Performance result in X.500

Vi.d &

B egdAe B4 OdE] §40M A A
S5 8 ¥0)7] A LAY A At Ao 4
Fg 23N AA AFse AY dFAUEE %
Asdt 8 EAL a8 &3 2o

A, B4 e A2 A% Al st A
BE £4 dolE, Al2d dHelg, wEl dojet FX
2 2Hedt EA, EFE FEE AN YR,
N7 Y, T4 AR, AF PRI BHse AL
F3 713 A g A4 NES AR
A, BFE 7N ARE AFse AA Al2d 7
z9 AR E AA A AR, dlolg AL
diol e}l A A, A28 dlole} AN A G Fe
2 A9 AR 4 AFE FAR AT o
TTL diA ¢32F & Atstdct dAA, doel o
8 g 0o YAE FYoEMN A £ 8 FY
AN 717 $ish old F e g A 743 e dloje Ed
& AAste v dolet AN Y &9 ¢S E Al
gtatdct. opjate &, A kg 7 A diFIF(TTL
LRU "7}1 % LFU W7l & 3o 4% H7HE 59
s A% FAL dSsiden, X.5009 AA @Y
B} wel dioletE AHE g AU R RdA DSA H
237t A3 Ziste AL LA

BE A7 Bol2e B =R HE A4 AN &
AL AA A% T 2R HZ A ANE
FHstnen oS Y 43 g dEE3n, o
dEg 27vle B4 @7 gl digh AU
MG A5 oo} g}
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