A Solution Methodology for Distributed Infornation Systen
Configuration Problen Simultaneously Considering
File Allocation and Computer Location Assignment

Z2HE (Agien Ad3H 25)
A-g8] (Agrida g3 )

We have undertaken to develop an efficient solution methodology to
adress distributed information system configuration problems through
mathematical programming. We have simultaneously considered file alloca-
tion and computer location assignment problems vhich are two aspects of the
design tighly coupled in a distributed computer system.

A model for solving the problem is shown to be a class of nonlinearinte-
ger programming problems and procedures are developed for computing its
jowver bound. A heuristic algorithm is also developed and some results are
obtained. Numerical results yield practical low cost solutions vith

substantial savings in computer processing time.
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A EEEE UEHNZY HelE EFSA(AEEC] tree network Fef) A3t
AlZlctes 715t BAE thRn glon AA, T E £ gl BA Aar=

A HBE aette] gu FHUYSL Bl E3jch

2 A7 YoM &7t Ze¥ EAFE AL"o] Aol ¥ TA Fol
A el Bl EAE B2 @FAA thFo] Bl R o]Fo|Hch

&, 2 =32 file placement®} computer location problem& E-A]o] 183}
o EAMEE AlAgle] Brl dRiE BRYE Aee 3 o B¥ oY A
Z el algorithnd 7dy W del 23] ofFo] zcl

2. ©EY

AR FATIU HAREH UEHINAN HY uiF FAE thEed A7
dYUe & ROZ Chu (11)8} Casey (20)8] =EL & 4 arh

Chus ZHAIAL Qe 2 ¥de] A7t dAFsict 7Pgsta, 71983 oyt
HefAzt g Jiof A dAE HFAFIEA F 8 v]EE HA2EIe=
e} wixlE Fotodch. WH, Caseye 2P Hdo] ZAEHE YU HUY A
§ A%l Ha2 FodEed, & o] =8ddA A& 7] (query)o] iyt =}
E57% (up-date) ] H|&o] F7ltef wiel dx|siol & FUHUL Aem FIHH
< Egrh 284 Caseyd] E¥H-2 NP-complet EA[Yeo] A3 Fch (9)

o|4te] & =F2 Simple File Allocation EA]8] tjE el 2 EFHE
o, ol Felo] EAEL IF R ool el dddF ¥ #12 d
A& (single commodity warehouse location problem)¢} 2 47 ¢ BEA|Ye]
ezl ol2H oln JPuEe & WL JYES ol T2 Simple File
Allocation FAe] tistel T2z} B st=go]s] F4& 71 EHAF]
3, AQAZ719E8%, Hde] HEEEE AUz Yok olmfe] HY
FE 719384 g = B &} FANEE asla vl ole¥t Fejy

F#|+= General File Allocation Problem o]2}3 &FHc}l. (9)
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ady, 3y w8 23} (optimal file allocation)dts E3e UES
el tizpel A& Bt &, ZT2IaPoly AEHUAZ FHF o vl
e 2 oldlolx Balelale] AR, #HHE T2 M poverd] AH, 1AL
connectivityS A StHAE L ¥bA (radius of the network)e] a7t 7
st Bl PAStE o EA7t A zslojof dth ol WA
o3t WENIE tiatdsts ZAo Aasde] wjAEAE FAld #HIshe
A7 A ztE o=t ol 23] Hae =EEolM 3otd 4 glth (1.4,5.7)
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ARAZ QAT F

olo] AW EAP4] Hefole oA M7t aleh. I FollA X Mahnoud$t
Riordon(5)2 1 22tQ = gol © 8183} FALE drhsted AH8Y Z92 V]
&g EARPLE stgry. &, Irani (4) £ 97t 4 UENZSY
termination B]&-& Tstgr) o8] Frkx] E¥eldE Sl Y §&
Felz glon Y AEAT ATAITe] oY MeMolME query2t update
of e Ho|dE a3 Yndch U, oj&2 BF FAUEHIANLG F

A% He) 2 FojHrpa (fixed network topology) pa stz ach

¥o Loomis o Popek: T2 AEHE 24582 T4¥ F34+E AU
Tl &, 7} queryd] W LT B Foxle ZAF, & AEAY 24X
=, A3 o] ot AT, A AL, FAd FrA Hde F2Y 5
Qlivtoll thyt sHsd71AE s lrh Chen3} Akoka (1)E HiREA B
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o] AE o]ox]= query &} update 2e] A4 Fol Way 8|8 3 UL
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rij' :branch iolA &7 transaction®] branch i7} VIEA 4te
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MODEL NIP (nonlinear integer programming)

d d
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J 1 i
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- FEHUTAN AR YRle stEge] B Az Eo|e] Axu]go]n

sl g2 s 3 FRAYS 913 Ealv|Lo|t).
. A4 (1) 2 branch 7} A ¥3] sli}e *l"‘%"ﬂ dHE g Y
3} '\.v:'t}.

CAGY (2)e 4 A2 Hdo] FYS) shte AlAR wiAY R B
Bdte] Frl

. A (3)2 Z branche AlA”o] Aol ¢le oyt dAY &=
A& I—}E}'ﬂt}.

A (e ARHYL A Aol g Rojgt wixg £
ATE L}E}L“C}

4. A8y

3.1 AAIY dF =2¥L  zyAHE 24 (combinatorial
optimization) oJt}. o] E&|= NP-complete classol] &3}t o] AjAlE B
oA ojalrem viehd thg AHAAARE ¢ 4 Qrh. o|xaoz muy &
= AAXNA Eejo] AR ey HelE njRe] 2d olme Exs
uncapacitated plant location probleme] & ¢ 4 93 o] EA= oln

NP-complete class problemd o] ¥}&4 aic},

NP-complete class -ZA|oll ti3} polynomial time algorithm® 7|WUZtcle= R
< o3& dolojA, oluj A|A® r]xlo]U& heuristic ¥Ho|L} approximation
algorithm Fofl 2]&3}o] 8§ F3}ofof Yr},

2 dTolMe AR 2uo thsh tight¥ 3IRIAE F8le] 7)o EY
feasible solutiong o= WY 2 heuristictt ¥WH & o] L5l #HE L3y
Tt T HIHE AEs] Bl
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Tight%} lower Boundg
feasible solution& T3id Q)
Procedure® Thedt g whdeg wid 47 23l A g3} SR E T8
Tt
1) 3.1004 A A% model NIPoll ¢ij 2hs BFE gozH Y

Al ZICH
[ problem LIP ]

o) [ 28 LIP ] & ALAF Q]2 Z Lagrangian Relaxation PAE4E-2
W i i-} xi;8 AESE o]&3}e] T}A] transformation AlFith

[ Problem LRIP ]

3) Fixed ¥o{ ¢l Lagrangian Zsuigo] cf3f [ Problem LRIP ] &
OR BotolA ¢11E o] uncapacitated plant location problem
(UPLP)Z} convertible¥t sigjolct. Al UPLPo e e
algorithme] olm] 7AuEe] WALEE, ol @ &t algorithn&E& ©
=y g, A8 4 Aok

4) 3ollA Fs]A solution subgradient algorithm && o] 23}
Bl tight¥t lower boundE Goluj= WELE AAAg 4 dch

ol2] RS FA Ao J1&shd ch Zct.
d
thAl 1. 3.1604 AARE 2% Problen NIPo var. ¢ij & E=Ystel A&

Azt Azich
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[ Problem LIP ]

J i dj

dij i

—— Min { Zyj vi +Z2Cij x5y +23Z{Cd +Zr -

+ 2232 (r'iy ~r"i3) Q4 - x4 v oxig)

d

Qf’)z—

i i

AR3t 2714,

J

—— Min { 2y; vj + 23 Cij +ZZLCd . xd
J b dJ i
+222Lrij . Qd . ¢d }
d §j i i
Sub, to (1) - (4)
Xij +xd -1x ¢d (5)
J i
¢d - iy s O (6)
1j
gpd - ¢ £ 0 (7}
iy 4
Xij, X, yi, ¢ - - {01}
i i

THA 2.
(7)ell th3) A BijaE Lagrangian Relaxation A]ZIt},

A 18] < Problem LIP > & A|o}4] (5)o] thalA Aija B Aoy




d d
—Min { I vi VJ+EZCini5+§ZLC‘?-Id+§22Lr13 < i -¢uj
J r J J J 1)

d d
+ ST S Aigd (i3 - xis - X+ 1)
dij
4 d
+ TS Bisa { - ¢ii)}
d i

Sub. to (1) - (4), (6)

U4 Auidstel Felstd,

—  Min { T yjvi + T E(Cij - ZAijd) Xij
J i d
d
+ SI(LCy - T Aijd + T Bija)xd ¢
d i i j
d 4

35S (Mijd - Bijd + Lriy - Qi) ¢1g} + 2 T3 Aijd
d i dij

qee A+g sostel Ty gl Feashd o ol #rl

—— Min { S yjvj + ZZRCij -xij *+ZT2 RCd - xd
J i dj i

+ ST S Rrijd - ¢ij¢ } + 222 hijd
dij d i

Sub. to (1) - (4), (6)
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1. Ne.l

J, M4 gi) o M 1 Aoloi T} Be MAo] Ezjic).

0 if xij = 1 and Rrija 2 O
1 if x5 = 1 and Rrija < 0

th o ¢isd = A2 [ problem LRIP oA, ZBH S4Mejo] chyt 2 A s)
o], xijt= olwf 1i;9 fixed feasible solution,

2BE 2] HAF IR Hp ¢ jdF HS rgol B3 @Y 4= A
"k

$ij¢ - Rrijd = xij - min { 0, Rrije }

©A 3. A2 [problem LRIP 1§ ¢4 4A& o] &8t Liehfd o}z
gl

—[ Problem LRIP' ]

d d
Min { £ yjvj*+ ZZRCj - x5+ Z 2 [RCij +Z min(0, Rrijda)]lxij}
i dj i d

Sub. to (1) - (4)

[ <A 3 1 712 2] procedureE B3} ol [ problem LRIP' ]&= 2 #Hejs}
simple uncapacitated plant location (SPL) w34} convertible®t & LAY
4= olcl, &, J& candidate plant location?] Z3te= 18} DO union

customer locationd] Aoz B 4 olA Hr}.
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SPL probleme NP-complete class®] EAHo|L} olF rtjatez U
algorithnEo] Tto] 2t} 1 2o|AE Erlenkottetr[8] 7} 71¥t " a branch
and hound dual based procedure for solving plant location problems"& & 4=
ol of¢ &AM algorithme @ ¢a= glcl, I EZ8, lagrange S
WiE] 7t fixedSlo] it 7FA #tchd Erlenkotter?]procedures [ problem LRIP'
Jol &A1 < ¢lA =r}, Lagrangian relaxation?] d3lef &3i Fofzl
lagrange &< WElo] thal L(A, 8)%= optimal solution®] 3}{IZ A X7} Hc}

3, sHeuyt A tight®t SIRIF AR, F A lagrange sTUE = T
<9 27& R&ste Zlo] Hrl

L (x, 8) = maximize { L (X, B8) }

o, ol A lagrange T4 WEE Foluls 42 e o
ohi]ct,
A, (A, B)E AAts] i approximation algorithmEo] ol 47fo} 9l
=l th7Re] A9 subgradient algorithm& AME3}3L Qitl.
Subgradient algorithmE &7] lagrange &4 WEE 7}z A|2s]A] &1%

A E AT Wge g alg A8 54 YHE ToiUrzbe Wyl
4.2 Heuristic el 74

E AR A U3t heuristic 31 S greedy type?] algorithme|T}. o] %t
algorithnd el w3 E=L} 2HE ¢ix] A3 A 2zte] BF simple plant
location problem (SPL)2.& #|3F¥ 4 glon, o] SPLoj thsiMe EE&HQ &
algorithmo] olu] 7Husle] QlojA of algorithng o] &3le] Hal= 2l=olM ¥
B o] Fojzct wtd, 3de wjxst olu] AAES Qluid w2l EAe HF
B 2lx] sddecid EA2Z H4H g Yoistz, oo FEE AFH ¢IA
Mol AAH Aefaid g WiH AV e Aolth




Heuristic algorithm®] X wiA|& feasible}} filed] WX § 27| Al 2
£ Zo2XE AMULh  Fojd Huixe] ois] e 92 MPEME
2, chA] dBE FRE Aol cis Hdg A AAN AHY HE Aol
th ol WHo R O o)i 39 s gl& "i7tA TS RS wRICH

FAAA AL #49 BA el 29 ok

©HAl 1. 27)¢] feasible file allocation® A3t} &t}

HA 2. B4l wiAS} olm] AW el (&, W4 25 7 oln] FepedA AEl)
o|2E, [ problem NIP ]& thg3} e EAE F4¥c)

< problem FIP >

£

—— MIN { T yjv; +§§.Csj xij }

JEJd

Sub, to
2 xij = 1 Vi

Xij -yi 20 Vi, Jj€Jd

Th Ja=J-{jlxi=1landdeD jelJd}
A d
Ciy =Cij + IRy - Q+Z(r'ey-riy) e
Dj
Dj={d1x?=and deD}

AL 3. Al 27 2} branche] AFE A Aol VY MUt 2yH

ol glvlal 7Yl (&, W4 xij 7F AW Afed) 7)ol cfs)

fileg 2j2] A]A Fej=iE sfof 7jido] A7l AmjEe),




olw} [ Problem NIP }& th&t ol 4%l

¢ Problem CIP >

ad d
 Min{Zy;vi+ZZCix}
R d j
jeJi
d
Sub. to Zaj =1 Vd
J
q .
xj - yi s 0 Ya , Jedi
e Jj=J-{jlx;=1 and iel, jel}

ad  d d d
Cj=Cj +Zr’ij - W £ 3 (rig” - rii" ) Q
i R

I

Ij = {ilxyj = 1 and iell

rinitialize file allocation

|

Sub-problem
—
FIP

Solution improved 7 ‘—N—————
Y
Sub-problem S;TEP_I
CIP ]

|

N
Solution improved ? \ —_

JY

<13 3> heuristic whH e] iterative process TET




A 2n <A 39 HE Wi o R, ©A2et BT WY o sof siado] dEx
CR )

DA en+l ©A 208 & HIYL R, TARY WHS M, B9 Aol e
A At

ol o] ldel g w7k ¢le A& wEYch

4.2 3y HE o

4.2 FAo)A AAIRL heuristic algorithme IBM - AT computerd] program E}o]
A, el 71A] Z-92 ofol chs) Hy=gch

& Hollds 4712 24 ofof tidt JL&FAE HA)st it olxel ¥
1]o] 2 A& feofste] ot A2 Frixl oe of$ AL sized &
AHeolz, ol HSe AHFAHY IP algorithm 2T HL7He¥r Al
optimal solution& €of d 4+ v} gL} o2t ALE heuristic
algorithn2 A 3fo] ZHY & of whE Al ol Hohd 4 glgic}l, = )
2 F7HA B gAdBoM Y B4 AR AlAY EA sizeo] EYshE oo]
=3

dAM UEY =FEEY ZMo] wEE ol ZEEE= IP algorithmeTE
solution& AMF¥ + gl Zoldrl. £ 7oA A AR heuristic algorithm
of &l olaiyt AP, F oA BF 29 iteration THo] solution® A
24 4 9o, computaion time2 28 ot %W, heuristicyt UH O
2 F3x|= )= feasible solution ©]7]&= 3}A| gt optimal solution o]gt= B

B2 U 5 gk

2ANE A £ QP22 E heuristict ¥H 2 8 Ato}R solutiong BAIE &
= 71Ee] Watt, ofay Weel uizl &3¢ wpHoz Mol iyt 8t
HAE e W& A, AMgSdTh o) iyt sietal= gke] 4134
Al A A% Lagrangian Relaxation Procedure® E3jA % do] W 4 gloi} o
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o Axteke] urol MM FHolx RIEZ, ° s 08 Rrh tight¥ bounds
JoiE 4 gou AAEe el &4 A T8 4 U PEE AEY

CE- 1> 3 A Azl dY 29

B A size Heuristic 3ig 2
Ao | HEFH
| gt
PAR-BARIRE -3 2atgiglolel| HyA] solution {iteration

& |sixlel | wolae] kS

1 4 4 4 17,017 17,017 1
2 4 9 13 20,575 21,005 1

3 23 10 10 116, 034 124, 443 2
4 23 10 10 120,012 124,832 2

5. 4 <

H odFolA computer location assignment problenz} file allocation
problensr =AY E¥E formulationdld 21 IHE F3PeeH
distributed information-system 2z 71&e A WYPLE 8o AR Al
A8 BAAAAHN B w A she HE gy 4 ododch

®gr, oA 728l solution methodology7t WIEH 3 2] | 3te] 20|21 Aol
N zoizmm, tjatez & 4 e A8l FRI AFGBAE nj gl Aelel
W o Hjsl £AHQA WG olEYLEH THE 4 9l system size (&,
branche] 784, computer sitee] 2371 A=, oA KT} HZ computing-timely
of A28 FHo] Way HauE 3 Tzt g gold 4 ATh
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