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Modeling Location Allocation Problem in
Earthquake crisis Situation and Solving by
Metaheuristic Algorithm

Liona Tayebi!, Mehdi Yazdani™

Abstract
In this study, a location -allocation problem is proposed regarding capacity factor in a critical situation of an
earthquake. The output is the selection of the best places for temporary shelters and the optimized arrangement
of the casualties in those places somehow minimizing casualties and damages. In the following, efficient alloca-
tion of the casualties to the medical centers will be discussed. Reaching these goals, a mathematics model propor-
tionate to the problem conditions and constraints is presented. In literature, location -allocation problem has been
classified as NP -Hard Problem. For these problems, metaheuristic algorithm was proposed. In this research, Im-
perialist Competitive Algorithm (ICA ) and Genetic Algorithm (GA ) is used and the results comprised with each
other. Based on the results of research, in such cases, ICA can be an opponent for Genetic Algorithm, because of
the average of the solution obtained by this algorithm is rather better than Genetic Algorithm. However the GA
convergence is faster than ICA. The case study is performed on region Y of Tehran. Using available information
of this region, the most appropriate places for sheltering are extracted from GIS science and ARC GIS software.
ICA is implemented to solve the problem. Finally, the number of optimized shelters and arrangement of inhabit-
ants in these places and also arrangement of casualties to available medical centers in the region are presented.
Keywords: Geographic Information System, Earthquake Crisis Management, Location-Allocation Problem,
Genetic Algorithm, Imperialist Competitive Algorithm
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il glie (2al8 )3 Sl Jols oloj - eadl ansly (Ses
E989 5 L adsl el YF &S clisS 4 el a5l L
29 ey el pBudaiols 4 S sl (b oy A
313 339 by Gl 8155 Jloxsl eyt besly oyl
Ol slaglSe et sl cuslio 9y Garwgs crlle
2 o 3236 (Ll el & 03 (i panass 5 e
LVTo)ls byl g 589 51 (o (slonl alS

5 bolKe caline cly Lol Jae S dlis ol o
il ol bl )d el 03 (B8 0 b parass
o 5o ity el calis Blanl . casl 00 0015 drusys
4 ol cdigy Lanass opimen 5 ol cdse Sl gl
b slcwl g olils Ol &S (6550 el Sl ]
panass deldl )3 298 Jilas (ol 3l an (sloes) o 43 5l
s S0 b8 o S50 53 Jloyd Shhe @ OBl satee
odliatl (5 8l5 slapysSl 5 Syim ol 5> aliewe >
ol i ¥ gaihio yp (gdy50 (gAdllas uw ol 0l
ol Gallas bl (chls oS ola S0 09 o 0010 i
alis el J> sl ) BaIL8 sl conis Sl caitn
uamass g o&m'}fl).o (S Aot ol O‘:?‘:j)a 90l Lg)’L»o.)L:g
By 4313 Gavass grizs 9 5She cpl & adlaie sl)31 dig
ol ol &5y calaie yd Dg3g0 Sloyd

e
g o oly S il o ol slaagl S oy il
)9 (_JLA )9b4.» L G 054 ua.uaJL'i 9 ‘:»L»ulssa lem.o Lg‘)"
Gyt caslie 51 03,8 Ty (sl cnln 54T cadsl sl Lo
S gty 0wy slaaslys ) byl oold )5 wsle
9 L;:Lulgw dé\.k.«wo g Jﬁlb U)I)b 9 o.\w).s.ﬂ» Ca s
9 L;»bu&n dd.lim.n A ‘3)'-‘5@ )I)B oo léw dyge pamass
29 ‘_gdzJUa.a [‘\] M)LCT\R~R ‘_JLA)‘)\ﬁﬁ LgdlLAM)I uamass
2055 LAY Jlojl o ysbo s (blSe (galinn 350 5
LARPE s 33 g 5 @i S 0500 s (3552 39059
5 bolSe Blae Giolio ol 3108 5Ll oS wlisios
Ly 38> sl gig) alex 5l ool sla g 98t panass
sl gy 3l oolatwl bol L cunl ouis  3y2e l.taQTd.s sl )8!
shal sbole eds & Sy g oazmn Plae J> sl 330
28 L byl s clde pred & s (e plaiz ( SYsb
@by ol o wssSenl d> sl )0l Loy
sl a2 3 plool

Sy g3l oelg) @S plaol b By o268
Os leas ST SbelSe (salins J> gl [V] Y56
A S IS 4 g gliad o cadls uB B )S las )
b sl e 53 [N ohlSan 5 5 Jlo los 3
@ ol g w8 Wl Jae olas sl claoliul (caugo

dodio
3 daghon 5l @b gldely s ol slaygis )0
559 o9oe U1 Al o slas 4 dxuogs (sou)l05L ol Jalge
ladsis Jlgel s ylus sldl el 5 Spo il aisy s Eolss
G555 S0 32 3l 45 )3 5 (i) Slumsls g Lot 5
oSt Sy gdomats ol [V o] sy 5 eleznl slol 5
ol -l g lae 5 sl g bslg) o (daiecan;
9 (o 9 0Bgb el ¢ Jowo wislo) (anbo (L o W5 o0 )
i ¢ smgygyd (S dlon Alo) Hlusl Cuwd (aislo poloxd oo
2ol g axxld dee gl Gty dllos po sl (008 5 (lionid
15 Ve g oy 4 el oS Wbl o s Lo (goylums
[T 88 o o @0 it lystls a5 ogabao Yoo 5l i 25 000
)0 &S WS e Sy dblie ;o Lod paye duoyd VO 39 4o
29 Sye sodos Jolo Jloz 51 (S g589 B> o3l slaans
25 ) Jusas b glsb < Jow iy (o ool 5l (50
oS ol 3l lasd g pilom £689 bl slaJlw o Wsles)S
39 ol 4l Sty il ool 5l b Jle chlus 5
23133 ol )3 585 Ogilee g Sy 5l ey wBIS (gand 9
L o el g Wlesld cud Iy 095 e (il glgw 5]
Lol 31 (S plas (oyme 33 3145 ¥eee y (bl ) bawsgto yobo
w2 SIS g e cdyin b (oo 5oyl B[N 98 o0 axsS
o2l 3o @le doydds ysb s &S ol ssols palyd el ol
Sl ol el t5lys oo 401y s lyao b 5 d3gi5 o0l
Sod jmalsl alhlus ol e (090 15 aS 55l0 0954
5 bl SIS ol glse 15 355 5 phe Jlows 5
Syl b g e o sl lyzm 5 dhal S (el
b chlud e 2l )3 b glyo ool Cdloe o g g
7] sl axsls oyl
NS ERVRERIC Y O RCH PP AN AP T ANE
sl o8l 4 S8 jglatods ol by JS s oo
S)hbol el gl Solatus g5)aeby Jb 0l b
33 cslie gasliyy (gl (clys [ ¥] 5 oo d1bS o3l ]
39250 Sy i)« (255wl 3B polr (e oblasl s
0] casl (3l 5 1383l jlw aip (5y9000 coizmed 5
b @l g 58y Jlojlai 515 el (Ll soynS
Casl ey g0 Gl i iyl 51 Al ohagay
b9 S sboylus cage Solys ol g3y Al ja oS
5P Gz olsan 5 et slooynS 5 258 0 l5ld
Siyaeliy plrol duy o a3 & 5 wilawsls L3 58yl 9y
@9po Spch slalad yrin 4x 8 (GGluggas sl (ol
@l £93g (Saine) 50 29250 Sajlel & ax g L[] 3yl
Copde Sl (dos g cwlie Sloagenat (gunl geaS )
A ey alisee slaglon g @ole> (sl yeiS ) ol
Wl 2 )9S So Lo jpiS Al & dxgi b 39 3Bl < o
Blye slr ohlasl giyaelyy Jb 5o 1L ojlgen 11 el
Lol b b )by oY (SO ey b masl Sl

popboled
Olimabbl%
\WaA
alilasys
g Gole

*

%

3

589 salasgay o U g 133

&Sl gl

&l ol )3 (anads § (o (sl (G5l o



popboles
Oluwliy,le2
YA

aoliliasys
Ggig

ol blpl )3 awadd § (oo galis g5lw o

b4

®

%

94 ol S 9 U35

SSRN3 sty oIl (sl

2550 iy 5> - wloass bl baanse Glime 09)5 Bl
9 ooliygl lwycwas Sl auass galiuwe V30 Jlo
Sef winsSIl o b 5l eolSoly ol (RS izren
s ozl )3 28, )8 axlllas 350 a2 LSy (bt Jao b
indy 39 5 odis puyys (Lol blis) Jlaw cilien (sla_odS
Jue 3> (Sloplaal (slogyoss 5 usllysl solily) azys
sew (i Jles] Gl xSl 4 diae Baa L 5ud bl
oilipgl s $STya 13 aBly (slmools 51 5 g0 Lzl Jlon o
o 5[] ohlKan 5" odss 1] 392 0 03lizel oy
o 9 oS0 Jlo 5l b L 985 @ o)Lal L
g 2L (lodinge sl Jae o5l B @IS
s S g 385 0y sS S5 g 00l iyl llacol byl o

5lo,S Slgsiy of > sl Bl

Sloodla g axflian 390 (saaie ldlyie Conlgo
salawl 390

A8 Y sojlad sadhie g cnl)d 6350 saalla
S0 ORI e g alate YVl (SO ¥ (gaihaie . ol (I3
slolSi & Jlod 5l atlaie ol - ol g8y o (S Jlod
an g oy sl Sy 4 o 5l plen 5 poyde o
obls 5 bl Gl & 3yi 5l 5 e oSy 4 e
oyo yogS YV/VeA ddhaie coslune 00,5 o dgdme sy
Y/ 9313 L3 oled o w20 43 53 S ol 3l g el
hl ke ol 3980 Jold |y s o Cammg JS 51 oy
[y 85 YYVYeo Jolro a0yl Comen . Cunl dlows VY g 4l £
Jsl ctlgo )b glys - sl 0315 (gl 355 )3 ,l5pl5 VAAY
5 00,5 ololis |y dihase byl vyl 5L ol s altucs ol
gl J> 55 8 sl oS gyslgen |y alio (slaeols
sloobbalaly o sledlbl g ddlaie dids publd ( bylSe
SLole 5l 0)5e slaoals dllie (ol )l 5L5 5,50
9 Lolulean) 29290 (Slaad She o515 5l wleoylie cadyl
CanBse ol glaoly cusdye b JuS cusbye (i
5 Sy e w15 (e Limen lbSiyb) Lol bl
e J> slasby) 9 328595 gy ol 5 g - dthaie o
S ) pyguas .Q&‘b)ﬁ N“‘“IP $dy90 o TS @
A2 o lis |y dxlllas 3yg0 (sddlaio (godgave

BT (9,
cdge Sl SThe (b olSe 59y p oo Gidols (ol o
wanass e . Cal (Sl ol 4 01,81 sdiny anas
DyS 0 )8 sy 0390 525 39290 (Sloyd 3STye o Oldl gt
ol pBY Jolis 3aim ol 3 31,31 Sl (g5l dings dulyd
o]
& () (men LS sain parass LY
(S Sl g el saSee

& s b Slas il claslan] jarass 5 (obolse
L;Lmolf&...\gl .)L?L"’l dl)-.’ %“‘"h"" Lgl.mol.io 999390 Lgl.mo@‘
3 oolaiwl b gl ol po odss alSl)l Jue Laaxdloy as
lodse us o e Sl prum 5 08250 winsS]
AV cand ;0 (gllas! w8l 1o )b gl (oilwaigs
E3VAVL 95 cand 3ol 0 aS Dby ganslB a0
5 Gl s lgus 53 (39058 655 a2sS (g0l Jlio (g, 31
LIY] 350 001 drwgs (VY F Jls 1 g lle o 8] dxs b
doe 2bole s Y] ohen 57wl 50 sl e
ebole Juo 5l gllasl adlss jo  Slhuyolael 3T Elas
Blas SLolKe (oo ol jd Bus . 100)S solasunl T gy
oty Lol bl cadS sy cly Sliazs oSos s
oped & ol 039y Jolgh g Comer slolire (B3 a3 5
3590 Sl 31 (63b) e alolis (cadlS a9l (61 b
P pSIa Jlbgy (g aliune (S ol @) sl -l 0392 5L
ST bl sy Jte izead ad g ykae VAV Jlu 4
50 aS ws SHIP] ohlen 57 ooly ey ( pocwas
ol dgdse (IS (¢l drdy S 4 wligsd dlass ¢l
Sy ol y2 50 siddcwas SOl i oge jo Lol 0y
.)L>u| LS‘)" wl.m LngulSw S Lgl)" L ool Do
Loyl dix (gludie gy o o las sl (slaolu]
ol)lso.b5vL§)Jg Ja.wy <).O.u: uﬁLmas Ao QJ;W;_SIJ@I
Sirdeby Jdo oS 0 pllel Syao @ ol .ai aSLI[VF]
@ g ol ygSie (caliue (glp mlio Jho gusmo das Sl
ool Joo (sl calio 80 8L sl lpSenenas
S o (6l ST gl 151
5 dmgd yruno 33 1ysdS 5l gyl &S0l 4 a2 L
510 il (gl caslio Jio Sy 5] pas) it by
3 y9pe sallie o ) polyx Conmg 4 23 b Slops
(FYRV U”l ‘;MMJLMJ u)}cj dxlllao u.i‘).) (KPR uL.’ Yooo
Shy Sy ST g codls Sla gt sl b g (b 6y
OhKen 5Kl [10] ol 033 (si9p0] molyz (sbajlis yols
#8550 b 3l (b lSe (g alins gy 4 glalio 5[ V7]
SAsp (13,8 aineS Baa b g gy (Bolas slolis b)S
o Jice oyl 5 sl gpntie sl Lo 5 i JS
oS b Mg 1303 4 an g b ybyis Bolas ool
285l Gl s (2l (aliuns 0 a8 s o
S R R
L;»L»L.& K9y » LglduJu:u Jel [Y] ol)&n.fb 9 Sy L wlodis
22 shadlase 6l She el (2bolse o (UL S
el 53 B 00l Wl g ol bl 53 e laysls
Lt 53 ol il Sho (ol dlass (gl slas oo
ol 3g150m 255 3 b 3l ol oIS iy
hole Jua 5331 canlllan 5,3 [VA] 0lySad 5 s . s
odliul o yliuylony (gaSud (gizydelip sl panass o
oo 5 ldlis wsnd degs Bua bla Jue ol 53505



(0195 S0 3e) Oyt yoeid ¥ (Ao (G Al 1) yyguad

o olSusl slys eyl Slol Olss (13905 iy < Alius
ol (plealy sania goee 13,8 digeS 1)l
93 4aS g ool o Sbol b (i) Sloxsle slacSsl
(ae) lozslos oSyl 51 olrarls ausn g goma
sl layd STyo s
site il 3 31,31 48 Slexd b sl Sl caliue oyl yo
VF caliune bl - ol oas a8, a5 5 Tae (caljiods ditun
Sl el (o g sl il ol g8 5l g gl sl VY L
00 Ll el Sbol s <o gy olatiles S5 5|
alis i 3SO0P gl b o Ganass Sleys S1ye o
A1l (gl oad Lul el slaglSe (Bly Laolys 4
ArCGIS il bausss i Jsl p 55 «(cdse Kol 5T,0)
Ll Sl S oy 3l ety (gl po 50 s g g0 ]
Sl g oSl ST Sl gl ool it <osid
Fle o Sladlo slacSel jlahdl gange Jis! o5 290
s Pl Ay (arass g aB)S I8 (350 Sl
3929 55 pabre 9 oll sl b (oloyd 3She (oolaad oy ol 5
a5 lass bl oSyl 51 ol sanay Sl Sssks o oyl
Gl Je 125500 518 (i 9 S 350 55 Sy e o
T & &S cwl oad S oy bl Gl ol 5o 0ad
:wl):’)'

Alins Sl g 400
Sbyline had 093 0 (o)} Alis Sbole Sl 0

izt IS5l alias (5 2 (s
b )S slas o (JEsl Glapime Sl o ol )0 e

5503
399 e Sl Dol el bl gl> aen ;0
2yl

ool pslas b g g slajiebl salS o

oyd )3 9 39> g0 wledbl 5l solawl L Jsl 18 o
robal ((2lop (lapSe maiss) gles o ladhio
wolae blys (Shls &) ooyl plgice (08 9 Sloylsale
o2l 303l 3ys0 slaoold Loged zlsuin] cdiia oSl <l
athio )l gpizmen 9 Olw Copde ool 5l P8
Sledb ] gt 31 00kl b axlas (ol 53 - sl ool Canday
culio gblie (2o 9051 romiw sodls " oldlax
S35 5o 3138 smyyt Oy30 colSaliy (gt (s e oolinal <1,y
b oSl blie (saan y3 S e ol lasl &S cuils angi b
ooy 3l o &S iblie 1 alols (JuS 5l Aol Ly
rlie (pupiwd bl g (i caey disle 510y lomisl Jloss]
Sjline Wilg3 oo (s y5b & dilate Slaciond sden 4
sl ol oSl Slant (gl caslio olSo eyrans (glys omolio
9 ool jSThe b ge il SThe (1392 S35 (izeen
Aol ol ple @l 3 (6350 5 Llgi e b ol o
S L
M sty parass 5 (pbolSe s ax o5l Ban
Coley g by 93 45 (gassS & cens] oyl sbolio 4
cdge oSl gl oas LK (o Ko o3l V08
Bl <o iyt (sliylin 3o 8o it <l
Slzle (LSl jl cumer (plrals Y 50l
oo b 331 b sl J3las bl el slaglSe 4
OBl el gl glSe )3 lali (lise pteS 9 coopus
bl ggexe b (plbcgdgaze Ll ol yo a0b
slline 05 g0 418y a3 5 coslinal 3)50 slag e
ool oSl 51 lazsls (clacSsly (calols coslizul 3,50
sogdls & CaslaSob ol Camer g «(Slapd SThe 3l
wd)S5las )3 ol (Sl 5l S50 sl oS bl
Wb Sl cores plraly Sl Gl ol a
O“ Lglmolﬁn A Cura> p u.,Lo.oL.: L;Usz?lg wb
ol 50 olpiin Blaal &3ly o Lanb Jlsl 5o

popboled
Oyl
YA

alilasys
R 9

&l ol )3 (anads § (o (sl (G5l o

3

*

%

589 salasgay o U g 133

&Sl gl



popboles
Oluwliy,le2
YA

aoliliasys
Ggig

ol blpl )3 awadd § (oo galis g5lw o

b4

®

%

94 ol S 9 U35

SSRN3 sty oIl (sl

K oliylog cud)ls - Hy
J ol gl cud)ls T,
(s Js 28 51) 80l (13 1318 gl 1850 3l 1
g o ittty lons 41 S5l 31 &S (ol oluss : O
g oo it sl SThe 4 Syl 51 a8 o33l Shass : W,
Sis sl 242:Q
EJA@MGLQ”&‘.@
g o Jitie] cdge (Sl Spe 41 e 5l a8 time 1 X
g o Jaak (sloys 3Sye i e 31 a5 men 1 X,
b yelys 09 ooyl las 090 s athate )3 cBge oSl 3Sy0 S1:Y
g3 dbled ¢ yao il e 10 g )

Ssb il (elraols grame Bun 20U Jgl ceand )
P90 oo 53 sl 00 digeS Sl o b Tie Slazsls
21535 008 S loy She b e 51 plo ol ggexa
o a8 jlas )3 g Sl S0 Sy sup ol saie
Carex S o) 0B aS S o o)lo ) (goylois codgisme L ol
A amd oo litd ¥ (gojledd Codgizme Mg oo Jitie i)
JpS Y Codgisme . Mg o Jiie K 13l cuzes S any0 A
oS b g oo Jite Kagi 31 a8 oolybl g saze 45 S oo
oo ¥ codgize boly) b aabk of cudb (gglus
J ol eud )l (golue jaS Wb Wigd oo Jitio j 4151 48 521,81
Jate j 4 oS ooldl S as ues o lis & codgase L ausl
Gl sl oSl She S cadils (golus a8 Wb Wb o0
U a8 ot bl ol (glo oK 50300 5 cadgaee Ll
Y codgdme . cusl (8wl gl LS sla e dlass (g glue
s ool ole Sy & Lo lase il 10 oS WS e ol
A Sl yo il aS cwl ol sodmaglas A codgae (L
g s coli dde b O)) Wad o Jatio by oliwloy 4 4a
33l &S WS e ol A Codgase (Wl o Cawd 4 Bolas
ol das LW)) Wb oo Jitie glSul ST & 585 2 Sob
aS WS o ylo Ve Codgaze L (Al oo Cawnd 4 Bolas g A
ol & Ssbo5lalidl cats sl gl Sie plgie 4 S8 S

S g panass oK
M&u’bg)

Silwange aliwe S (anass g obolKe saliue

G35 i Loy b 5l Blue ool Jo el odzey
ol o)y Gl o sy sl 93k (Sl gloj 4 5L
g J> 385 Lt sla o) 3l £ 9 ol bangs oS glaline
Sluolse Gloy Judo 4y (=B gy 51 eolbiwl ol S o8
clplo [V] s o (el Jilao ol S sl (Yo
9 bl jlre 1 b SO le p oS e J> sl (2la gy
o gy ol e Al b 03,85 )13 e digy salats )
St Sl 5l 3ais ool 5o dies 8Ll cla b,
33 .08 dalgs oolial Jto > (sl (yloinl ol 5 S

sl palre Slatle Sobya coren g JS Cures e

A yo cBge Gl She s b Shist ganms o
g aBS

She s oSl Sho b Slazslo cbSsl cdlols o
- polas iloyd

e Opiged B8 a0 Alius )3 e g Syo e
2935290 Camer (olol Sl (iyaeliyy &S ne
1 dalgs gy |y ddlate

2b il de

z=min) > C,X,+> > C, X, +>.CY,
i ik J
D> X, =B*P 0)
i Jj
D> X, =4*P Q)
k

i

X, <H, Vk (v)
S XY ST ™
IDRE XA 8
l J J

ZY/Sn *)
J

DX, Y, 21 Vi ™)
J

> X, <0, Vi W
k

ZXU,SVK Vi ®)
J

ZXWSY/*Q vj 09

=1 55t ol ylas )50 (galatis 5 cdige Sl 3Sye 31
=0 ©)9o ool 34 )
(IS () laaslo Ssh i

USIST) ISl sl eyel Sbol lyital (lys 1318 81,02
(ISKS K) leys 8Ty 0k

o s (53959

oS cdge oSl 3Spe 4 i Tae 51 o8l Jlisl sanse :C

<<

2310j b1 31 dlolb b paiins s abasly

salasly Sk (leys 350 i e 51 031 Jlisl ey :C
ok b1 dlo B b pudiiune

g0 Sl Sye S 50205 b 2wl ol gansa :C,
o) By o] Sl ai T 31 48 e JS'51 s hnyo : B
(b

Sgpese kobunylow 4 Taus 51 48 Cunon JS 51 (saunys :A
adlais Cuxes JS:P



Sl ) adsl glagysbolypel Y
Sl 0L 900 0 ]y sl (slanygiS ¥
295 8 38 9 03903 (Sly313 1y (gl winys S YT
oS ile ly ol (Ban ol )lude)
loygisS @)ad (Slsayy |y glishanius 9 bajsbolyel .1, ¥
oy <S> Camdliypel joiS o & ) Slyasius ¥
(i b loplues cuslw)
oS el ) O3l Slas
A3b dwsld g3 9 gyl SO 30 (logosiume )fl N4
Gl sl 4zl Candlypel 51 a8 (lae 4S
(08 295 o8 by Candliyeal 5 0 paniane
A5 50 L) oS Clus by gysblel SO U ganze LY
(Olslyentons 5 Candbypsal (caim 28,8
9025 Bl (5ysblisl (rayicianis jl oyesitios oA
1) colai Jlasl 2 i &S 615)9]01).;.& 4 ]) OT
Lodu yld
oS Qs ) Cris sla gyablpel .2
oS By sl swle (Jb (gsblyel S e )51
SIARYELSS
S5 oSV
JoS sl 5 Sy ole 5l oo S s
b Qs b ey sl (bl o g el gl
o 31 ool (S5 iy s8I Jghite 3lS (S - ol gl
stedg il S5 i8] ol ssiiSatge 2 olsiew
ble 6350k 9 gt ) ¢Sy Ll oSl litsl )
g ge (S5 JolSS 0970 (S5 s eiysSl )3 e
b ol eIl 058 il 98 o (il 035
IYT ol gl "y ()b (oSS oo
S oty o] > gy
2 Bl e S0 S iy oSl sl b
b cooldlaniS o o s oSl lapme ) litsgllae (ol
damlod |y i Jro Mdgi g glgdjl il pip ool
Sl e (2D L (Sl Jus wiz 5l am plply 8l
S Sygo & Canex 5l pias jp S oysSl o L Nigh
o iz Job 5o apgisenyS 39 o0 (Byne pojeegyS
9 Wb o (2Lhl LapgigenyS Jus y2 53 1598 o0 5 JelS
o g5 b iS5 5 b el 255 ) b Gaslize
g o 9 dbl slaySles b S iyl eon 5
Sl @b So bl mer oo )3 5y s 20,8 0
LYY] g o ol
Silodine galins J> sl oai Shb oisSl WSact
sl 0l 039l dsldl yo Badises -l 4o
s3]y coiloategs Jio clayably )

@ iyl (ols job g (LolS5 la by (wpy & 4ol
WJ)“))"Ls‘ nguu;‘)d 0l 4»3)?)&

" oo o) wiyoSl o 3,505,
slerrlanld ol PRI (lomtusl cold ox)sSl
b5 039 (YL (2155 Sl slagg) ol 4 s ¢ awliws
i 51 4B S oSl nl - ol g 513 93U sl >
s ol glaarl cdiis 53 ol (elora] (ganugs g u)
ol o by pio (slaial oSS (0500 (gilwdnnds (slipe 5
> 50 el ey 068 (b (S & a2 L [VY]
she @Sl wissll ol odzy Su @l b Bl
sl 00308 Gl rdgiy ol )0 oAb (Byre At J>
Eard Ayl (max adgi b winysSll el o (siluainge alyb
Slosinl €y wiyelll by wanlie s o O52 00
slgs TsiS bl oSl ol 2 g slacls>
ol a8 ol lis cdds 10 Olgx p (gdAi L Med o
Olyieds a8 eyt g A cppteS b baygdS . cunl yoiS
oy g S0 5 b8 )5 g gbolysel ol 53 ysbolyesl
sbolysel S S 08 [YY] aivd oo ly3 955 lantas] 5 dlales
3l gaoys gablol 4 Silastol 545 )38 ¢ gaze g0 4
D90 iy ) bl Ballae ol Slyantine (ke )08
N gably
Total Cost . =Cost imperialist +& mean {Cost (colonies
of empire )}
oy S Lol sl Shas ¥ 5 P s3locsSan
Sy Gl iloosSen Mo 0350 Cguie )lanil
Lo ] ey aloold (13,8 oS 5 lnysbolyeal Gyl s lyantans (10l
o arBse 3 ) GRS (Jlhaas QM Slas 09y 00 ) 4
el by glacilil g lagloosSen w8 o ol laygas
9 458, (i 955 Sbaysbolyal il wlyastune sl (350 395 o0
Coldy 158 )5 b gygblysel ol ) i jobolsl clgieas
2l Sles @ oysSl el 5l 680 Gise ) lexial
Syl lposiane B 2558 o0 b gobolypal plos crond 1]
@ 5blpel 18 s 1S5 52 50 23S 05 S e
R 3l opaniinn iz b S5 Bpat olSel 395 )08 Capnd
oS g o sy (g ool gl [YY] 0iS oo Ly Ty (6sbolol
2 rsblel Sl o 13 & o Al 4 oloj yp0 4
&S cunl loy cdls il a8 o oylol ]y o aS 5l g Lo
(Ban b5 diag (b 45 sy b (6ylaniool ol oS
VY] 09 o cigio
Siloaiy salime J> sl oas b pinsSl WSans
sl ol 039 dslol o (343
ol ilwdnge Jbo slapally
sy alox 5l Sl slojzebly & by polie Y
5 O 5 ablis doyd cadsl gl gsblyal laypis
SASPULSIFUFeRS

\e

popboled
Oyl
\Y4A

alilasys
R 9

*

%

3

589 salasgay o U g 133

ol bulpl )3 pamass § (oo gl (g5lwde
&y SM3 ooy S



\

papboled
Oluwliy,le2
YA

aoliliasys
Ggig

ol blpl )3 awadd § (oo galis g5lw o

b4

9 ol J> 9 45

&

%

&Sl (sl sSl (el

s0331) p33509)S )3 99250 sl Sl K abaly ool 5 45
pdbdpmloee S Joro 3l Wiy (sl pgigen)S - cunl (poj509)
D38 bl Wb slapgigesyS s arnSs Vb gy )
P55 Wls 31 ol p5d saess 5 Iy sl Jsl w3558 Jsl (e
2929 4 oy owladl oy 5l w58 (pregd o9 0 axd)S
Ly olulis olusgd slapsisas,s )0 LS5 slags -l o
V solas prpa slaally Jia g & g o bl S
Olsisds +/5 2ue (o8 )5 4 5 S sk 0 |y o V0 dlass L
ol ol QL] cunsls § 5

Break-point = round (0.6x15) =9

031> Gl ¥ gt )3 & jobolean cily slapgiges)S
g o AtmS phd g 3 elodds

Slos (gilwosly (e 1> olssb (sadsl slapgiges,S
38 sLpgisenS ) SIS sl 5 WS e Mg dblis
SlaylSS o ol gilodz g cly 2508 o it
oo )2 g ot vl SoaSo b olusypd (slapgises,S 5o
ozl &5 Wb o Jols gblis (saze )3 azge slapgizesyS
REIW PN IR R FAR GUTWS SRS

oA 5955

Cunl 08 1S5 b pgisng)S i y53lil 28 sl yoj w2l
3380 lwodley JSb il & sl
fpabes ¥ (sabaly b Lo (bl ol il 5o

203 ez g3l dlax ) oSl lapzally Y
o3 9 G s abids US> 9 éJoLo_» ¢L5)L\e§/d
(oS 2 e |y (Ui Slas o (>l
Sl adsl comen Y
o8 Bl 398 (Bl lsr) canex Y
oS 2l i85 by ()3 5l i By oy gail> ¥
(sl Lol g ail>)
(i) oS paseiie ]y 455 lapgigenys ¥
1) 0% plully 5 08 Lapgiges,S (canty shla .Y, ¥
p3509)S <35 el gblis Mlas oS y90 5317,
(oS oelr J s 1islepsises)S 458 L)
Al i 5l i Slos Gl @ygo 0. Y,Y, ¥
-0 ol pojsag)S
(08 a2ge ]y dlols Clox (giludrgo dld SaS 4 Y F
(05 S $9me Sygod g ln ) dlols Cunex ¥ ¥
oS o d g ool il ly Dl s L0

&b 5531yl

g sl o S3pojoeg)S dbolis ygill 55 (sl oy a2l
2338 0 s3lodly oy JS& 4 Sl o

9 P9i909S 2 S0l & 423 L pojsag)S cunsSit (salaii
obasone G s Vb - oo aS RB) cwslss Jow ¢
33,8 o0 dumslme ¥ (sl 51 oolitwl b 05,8 o g5

¥ gabl,

D08 e
Break-point = round (RBxK)
Parentl | ¢ | v | y) VIV Alafra| ) YIFP Ay [ a] Yy |y
Parent2 | v |y [ya [y | YLIAF |7 Ya Y MY ¥ AlY] 4] o
BT oS Galaits g cyplly S p33909,5:Y yigea

Chlild FlY Y Y [yr | Ao ye| Yy PN EL ALY S| 2

Chzild YUy Yoo | Y [ae ey faY | vy [x ] ]aly. ]y

Chlild sl¥ Y| v [ ye L Afafvol Yy DY ALY] a0

Chzild vy ya x| Y [ye sy Ay Y e faly. ]y

Chlild FUAY | Y LYYy Y oYY F] ALY] 9] o

Chzild vy [yalx¥ oy ye sl Ao Yy [e]ar]aly. ]y

bl Jos (b ag0 pg)g0g,S (i Juols Wigy 1Y yigual



2 P Jilwe 5 o945 ) Swld sl oSl 4w
o Smlie;d prizmed iy o0 (20l 4 35S o)
sl @y900 30l 4 a0 o3lansl (63 (gl ool
pisl0 (2l Dl cBan B GGlupesine & a2gi L oS
@ 1y S5 w2ysSll 4 o (g AlRe ke (g)lontisl B
S iy s8] 30 (2hSed (sloj Lol el 231 olazs] 395
opze 9 Ly sS Sa e ol polie ol - sl oS
FS1s bl winy oSl Cabes byss ol sl )L Ve bauwgie
el 358 ee 48y 3las 55 conis 00l oilal leslons loj
S (Glostal oy w258l clagio jobo & S o0
il gy 20 Cla 0Sle s Sy eyl &
2591 AL (lSen cop Sinf oSl & g0 50
S 08 Jebos ysb ol Wl -y Clox b gymeS Ol
o3l ot y3olisS loj 55 e Jo Jid 4 &5 Sloj
P82 85 oy 9 e a5 & yidlate S w5
colBy wi0yeSl 51 solitwl (] cogdsl )0 Sles Olg> 0

D9 g0 Mot ()lowins

$9y90 sandllo

ol 30 G5 saalllas it oyt oS Hsbolen

dol salbye ok sl -l Gl b ¥ sailate ool
1ol )5« cunl dilazo cdgo Sl SThe b olKo a5 dlis ol
h culie slaodly g 008 olulisr | adlate Lulys ol 5o
ol (bl salius J> )0 pB sl oS Gslae
59wl 3lo 8590 slrodlo b alasly o Sledbl g didlais (gadds
5l leles cadsl oblKo (el 5l 350 clmosls anlllas ol
Capbgn (imeaoy 9 Bolilon) 392 50 (Floas 1STyo oS3
oSl Lol blis cumdse < Lol slaely condse o Jus
o uiSTyy dilaie 1 31t Hobds Ygone 4 ((ise ure>

¥ gkl
Swap-number = ceil (RMxK) =5
sl sl g £ RM 5 pgi009)8 sojl K ol o &S
EP IS 28 S a3 )3 ¥ gt )3 el pojgeg)S Jle
Vogdnl) 4 dagbasl /Yoae b ply sddpuss e
ZM)IJ
Swap-number = ceil (0.3x15) =5
S 38 0 gilwodly oy yge & (e syl coles )
ol odalitin LB 55 051 g (26 Sl ¥ jogeas ;0
J>9 b [ WWRWY;
sl wlido jo diue (goluas ol gyb Jiw b
b g o sy olas 5o & 5 s (slmodls by ccdlisio
ol 33 ool s @ gl W58 J> 0L sla b
b Bl ool 250 dinlss S50 Jo sla gy (2byl )3 ccon
> coplasiol o) 5 Sj sl ezl s GAMS lsdle s
bmﬁl)‘@bgmw)dd&@bgkuln)sbA.w
byl cadils (Sl SThe codils puomen Lol
31 JWsl sase (Sl 5Spe S 5020 boll eolb ganse
Sogo & 50 b obulen 5 oSl She 4 Slaxs b Sob o
ol 4288 )1,8 00zl 3y90 Jio > 50 5 0del Cand ay  Bolas

bl gl
cosd I3 Bolas Jlue 39 0 oanlie oS joblon

@i bl owd 1) Jgas yo ba T Bus ol g J ole
Pl diwod dw 1) Plaso ¢lgs oo gl (wyyr 5 Plue J>

Jslaz 33 0l gl 48 0905 (S pamadls Sy 5 bansgio « g8
PRI o liv 45)5wa R PV o.)lJ)])_'é YoV .¥

J> slegbs) o xS BB 5 Se S ulide b Plue
ol Jo oley samlio cccwl ol Ol 3,8 lag yo

| InitiaIChromosome‘?‘V‘H‘\/‘W‘/\‘a‘\a‘\‘Y‘\“H“‘\‘M w‘
Chrc'):itc‘)as'ome slor v v e[ Al eve [y [y Flaraye |y
Swap#l | 7| Y| O [V [P [ Al oo [V [Y] Fov|a] . [y
swap#2 | 7| Y| OV F [ Al 8o ¥ [y Flov a0, [y
Swap#3 | 7| Y| O [V F [ AV | vo ¥V FIO¥|a] o[y
Swap#h | 7| Y| O [V F [ AV Do Y[V T ] Fla] o[y
Chrz"r::;:;fe% slav [y v ve|alyerolv [y r| flal af ¥

e 593l S3lwosley Gazis 9 aulgl pg3geg,S :F yagual

\Y

popboled
Oyl
\Y4A

alilasys
R 9

*

%

3

589 salasgay o U g 133

ol bulpl )3 pamass § (oo gl (g5lwde
&y SM3 ooy S



\Y

popboles
Oluwliy,le2
YA

aoliliasys
lgis Gole

55 9 (oS (el il

Bty 5

ol

b4

94 of S 9 4535

®

%

SSRN3 sty oIl (sl

oL Jilwo algi 1) Sy

i 3,8l Jo, | Jase S8l 3o, s
(130) Lo S3L sl hadlos s Sz S J;;: a..\.‘: J;;f o.\.:,)
ol L oy s, Loy dikie s s
et i j k P B A
\ bz o £ Y \ee 5 -
Y i Y £ v \0- A .Y
Y salis \e o v Y. “A .Y
f i 10 o £ Yo- oof? -
O cadlins Y. 4 f Y. N oY
5 st Yo Y f .. " Y
Y salive v Y o . N oY
A salives ¥o A 4 oo <A .Y
q salins £Y A 4 Y- -4 -\
Ve saltinn 0. Y v A- -4 -\
W salins Y- A o 10 " Y
\Y bz A q \ Yoo <A .Y
W salinw 1. \. q YA <A .Y
¥ caliu \0- \e A YA <A .Y
10 saliuw Yo- \ \. £0.. Y Y
\$ salinn v.. 1\ \ Oeee 5 F
\Y bz f.. 1\ 1\ Voo <A .Y
A salinn fo. \0 \Y Voo “A .Y
14 saliun o \0 \Y YO -4 -\
Yo caltun . \0 \d ¥o... “A .Y
Y\ ki A \$ A Oeer A .Y
YY calinn Yeoo \$ A oo <A .Y
YY calinn Voo \$ A Aees -4 -\
YF i B 1\ \$ Yeores <A .Y
YO salinn ny- \q Yy Weeo -4 -\
Y$ salins WA- Y. Yy 1. “A .Y
YY salinn Y. A ve Voo -4 -\
YA salins \YY. Yy 18% VAeee “A .Y
Y4 alins Y. Yy v. 1o -4 -\
Yo st \YE. Yy vy Yy Y oY
¥\ bz \ws. Yy vy Y5 “A .Y
Y calinn YA Ye ¥\ Yoo Y Y
o JETTW . Y. ¥\ YV -4 -\
L U1 12 Yy vy YA “A .Y
YO salins \FO- Yo vy v4. <A .Y
¥5 salinne \0- Yy Yo Pooee -4 -\




S 58 3l b Jilueo (51 ool s 4y gl :¥ Jga

GAMS IDE-Cplex ICA GA
ol B BECHN v ol vl I ICC Mol Rvrll Bl I
\ 4| Y0,A RCY RCY I RCY RCY 1
Y \vay. YA 2\ \vay. \vay. Y. f \vay. \vay. W0
¥ Yav. | orefr | rar Yav. ¥ Yav. Yav. 32
£ FTEVA | YOAS | FTEVE | YPRVA WoYE | YPEVE [ rPEVe 18, AA
o £A0 | LS | FA £-A10 WYe | FAD | FBASS | er | sy
4 OAYYY 4.4 OAYYY OAYYE, 5 yeo¥ Yy, vy OAYYF OAYYON yee Y T, Y4
Vo[ OAVRRE | | AVRE | AVESY | . LYY | OAVYSE | AVEYY | v | YARA
A Wrsy Y-A00 Wrsy,f MAAN yeo A OA,-f WYFY,A WYvs ye e of,vYf
q WVAs | YPATE [ ANVAS | ARYVAYLY | e | O%EY | WeYAS [ TVAAY | e | avay
\. \YYss. Yv\,45 \VYY&s. \WASAY,Y | 045, Y&\ \VYY&Fe \Y4740,) “47A Y-, 7Y
W[ YPOFYE | RVLEY [ YYOPYRA| YFOFNLY | ofY | AN | YFOYYE [ YPOFYEA| 5T | AdNY
\Y Y.fav. FYV,.V | Y.faY..7 | Y.0.0Y,Y 10 4.7\ IR SN A R KT R A S} Y ANAY

Lsgio olal b Siluwe (sl ool o 49 gl :Y Jou>
GAMS IDE-Cplex ICA GA
:’Jﬁ Saagb | oly | Sl omie | Dly b | RPD 1ol | Ol gt | Slsz bga | RPD | oL
WO OPYRLE | osnrs | rveLe FAAL | YAY | W04 | PYRLEY | FARLGY | AT rEYY
V£ | SVAROA | $A.5 | SVARAA) | SVAAFTLY | el | WAL | SVAFAA) | SVASAR) | .va | RN
10 | YAPYY | AYSYY | OYARYYS | YAFARLA | ¥ [ 1855 | VAFVYSS | VAYAELF | a4 | 1055
15 | AARYSE | Q00 | AAFYSEA | AASYVS) | 5004 [ 1ASA | AAFYSO AGEYVY | AFY [ s
W | ABRSAAY | 14500 [ AORFAAYY | 155810 | S00) | YYLA | 10AFAAY | ASINYLY | S48 | YV
W | Fes1s5a L AYOROF | TeR1SFA | FSIGYLA | oY | YEVLY | RSISSAY | resYYa. | a4 | oo
| PYEERIE | 10T | PVERIG0 | PYYNAL | SEFY [ YALA | PYVLRRYLY | FVFINES | VAV | YAR)
Yo | OATED [ SVLAY | BVAFEA. | OYVVSAD | w$IA | LAY | OVAFELY | aYSSarY.Y | LOFY | vary
YVl OVIOEYe | SVAe | VIOFVAEY [ VYSREFEY | LEV) | PYEY | YIOTY-) | VRRLEY | GAYY | M
Yy ABOO-#Y >\A.. ADQO-5F,F AOYON-\Y YYO | YYO,Y | AQOO-FAA ANNFA L Y EA L YT
YL NFAVORY | VA | WFAVERL) | WEAVAS-A | ooV [ RIS | WEAVOLE | NEAVORE,A | oo | TA5.A
YE [ VEYAAVAS | >1A- [ IPFAAVYLY | APEAAVYLY | Y08 | FFSA [ WAAVAY) [ 1FTeaq8 | 5.F0 | FYa

slaoly s awyiuwd 35l Wleuyle baybss L cunliome (gdinds S
JuuS 3l alold ¢ cppiincon 3l aliold ¢ Sloys 3ST1e 51 alols o]

Jol o8 13,15 alosl U lpe

Sl 2bolSe yslatods  idosy coand ol 0,8 J>ye
sl oy 2 o ol bulyd j cdge ¢S]
(4...]5‘ Lgl_hbbl.)) o g u.’&n eledb) sas )
5L 9y90

b coled )3 9 Sl Camex (ST (rizen loas

gl (bl 53 513 3y90 (Sl lure

Yo ol b ool lysst abole plol i

s )8 iy |y (e slajline 5 315 )8
Al poye cumw 5 Kinyd (solasdl wllasle ccol
2> Jelss Sl 5 s (4505 9 (BS5e58 Ge (sliad
33 [VF] ol bl S plonil o 550 (slny3iSs alos]
ad,S las 5> adsl bolSe sl S Hlne @ty sl o0
Sygods o ldley )3 s ol sl plaSye (s 3)ly . cawl 0a

|}

popboled
Oyl
\Y4A

alilasys
R 9

*

%

3

55 9 (HboSe (galimo g5l e

S sl sy o1 salwg s o S g 33

ol bl 3



Sy Sl b Sl (5ly ool s a3 gl : ¥ Jou

GAMS IDE-Cplex ICA GA
ol sl | ol Iy o lyr bugio | RPD | L Iy e lyr bugo | RPD [ oy
e DD oL HE2 e | SF e ol P2 ey | S oo ok
Yo 174V FEYO >\A-. VFAYATY F QY F-YEF,Y A5f. for.vy \0-YFWY,0 \FEAYIY,F WAy fFYAY
Y \AFYFYaq >\A.. \FYFYASY.A \VO-40YV,A 7,4YY 7Y | AWYORAQGALY | QYT FAALY LAYO FrLY
Yy Y.-0-FOF >\A.. \AQF--1\,0 YA\F-AQ-F 7Y A \g4d VAYIYY, O Y-4F0FFAQ 4,14y fFEY.0
YA YFFVFaq. >\A.. Y\-ANYY, Y YY-YFYYY,. 1,F7¥ FAE,A | YYAYYAYS,Q | YEAVAYSA | WA 0.\
Y4 YYYOOAQ) >\A.. YOOfYY4, Y YA-FYITAN HAF fa.,\ YYVFAAYFLY | Y.#4574.,0 | W)W AQ) fo)4
Y. YAAQAFFY >\A.. YOAAYOW, YA\-YZOVA ANOA 0-Y,Y YYFNYYL,A Y. Yairy.,q \Y,- 2\ FAN
\ YYZOY-A\ >\A.. Y#Vyria4a,y Y AVYASN O 4nl avYo,.a 1024\l41R¢ YAFYYars,f | 10,0A) fa.,f
Yy YYOYVYAY. >\A.e | YZAQYYOY,A Y- YAYASN \Y,7-f av-,A YYYAQ-0\) 140474\, Y \0,Y'FA 00,4
Yy YOovooyf >\A.. YYYOOY\Q, ¥ YAYOOWIF,4 | \WW,AYY | OY4F | YYARQAW,Y | YYYOYYFF.Qa | \O,AVO | OYY,S
Y'f Y#A44044 >\A.. YA-F\7OY.4 YaY.ff.v \W,AZY | 00.F YAAYY4Y | YYOFVIF-,0 | 10,--F oYY\
Yo YYrYnrv >\A.. YA\ Yri.vay,y \WLAYO | 6F4LY Yaonr-4,y YYAAYYLY | \F08Y OYAN
Yy YANAAZQ >\A.. Y. F ) YFYo\of,A | V0, F7F | 045,A Y44144Y4,) YEYYSYALA | VLT 00,0
Average of RPD VoA Average of RPD YA
adgl (SL O sl oo Lol slaylame ¢iligl :6 Jgua
ISR s3Slas JEY b
ol slaol, 5l alols st e 31 aluols lays 55Te 5l alols aibio s JuS 5l Al
Y0 Y- Yy 6 Y
ol asuie Hytiwl gly canlio slaylSe alsye ol 3o 50 odb Bl slaylae & baye slaay ool LY
e o Jore (g8 ¥ ddlate (gasis jloolitul bl b jlae ja b bt glaadis 4 a2 L) libleys
olgisds 5 WS o Byme LI slalKe 5 sdaleawsas s ol (7 cadlate (yloyeit 3 ldaids s
S oy o2liol 3y90 an P53 (355 0lSe),5Luls slagyy LS 4 bygoye Lol -
i hdley 3ly adds b 4 adhie glaosls Tl (oS & o copmByo 5 iy
10 atlais godguome 515 Connd ol 3 oasplol el ples  Shho o50) )85l (slacsyo)lS @y bigyye cledlbl -
wﬁéb»t g ploul lrs ¥ (o
O e Lavoly du  owyiwd wd 4o basyo coledbl -
?&2’) L ylomo (39 (s umolons SLBol) do (quyiand) (quiysand do g0 "
i 235 e )8 plawsl Jolie (250 55 45 psbolen e cob 4 baye wledbl -
S/ sloasis a5 bole slalae b Gasuie | Sloe o gunarb 5 ArcGIS o Lol Jlaul ¥
W 535 0o B o lalas 51 G pe ool pline Wb cdbsie sl (B8 K 0 b b lasye baylss
055 plowil (lod (s AlE (g4 plated plUS 0 & paseie oaBymad bulso (el ye sl 5 alold
5 = 3 elre gl s sl gl 5l dloge el )3 bl ol 2 bR e b Cappde s §pSie olojlu bawss
is o 41 S o 0 Expertchoice l3dlpy5 o (295 (s dunlio SiSS b oaze (gavdinbs g8 addi gans ¥
33 ool s 5l izl 2003 il Jdo ol S B 3l (sugliio by 51 oolil b oylixe 5 (s dmoline
i 3’5 olelity)ls el 51 {Volopde @ygo plaasas Jos g coerl plie souindplis )55 12 o) (29
3% o ool (od Ol Cupde soje> plaastie g it Gl Slles 0 layeSlh Koo 4 s ol U3y
3 V‘"i T & ol g oad 3l 8l )3 (Jde (63909 syt (ewl pbole
-" 4 0,8 sl & Jgas cwlie Ko pnd 9 58l slaasss guals .5
,,qé*. SOl e oS slaasss 3l Sun)
% 3 ool e canlio g8yl il gl canlie

ol

(cawl cBge Sl LSL“"K\.?‘;?



5 ARC GIS l331p 5 5l ool cwd & cledbl 4 angs b
350 (sdliue (slaosls (s ¥ sdilaie claodld (pien
I PUES MR T YE S PRI RS PRIV T SV SCTUW) S 7 g0 P TR £
oo Jolgd . canl o dygls Sl WWEL Laools gubs (lawe)
Oy g0 wid)S Hlas )3 Sob S5 (28 ool

i=1240 sl b (sl Sols oluss
=23 bl 1Sl 580 oluas
k=38 sdilaie Jloyd 5S40 dliss
P=237100 i Cozes S

B=0.9 109 Jatie Sl 3 The 40 b a8 sol)3lasys
A=0.1 109 Jaie s oy biwylows 0 Wb &S 0481 by
45k 5855 ol Capmie sl Ll b
ly cBge oSl 3100 a0 Jlis cabld ol,3] 79+ sgus Lol
Bl g Wb o i sl jlad sdilendl 7V dgus g .05l
SSsh o s alol rizmen X5gd Jitte (Slopd jShe 4
0293l loyd S e caizeed 9 RS Sl 3STha o Sloss L
tcawl odds dunle ¥ galaly ub wwildBl calols

RETEIPYES RRANPES e
& 4555 L g ARCGIS 158155 51 oolasnl b alsyo ] 50

o] Candds glaaiss <J..3 641:>)A).) oD Ebm\ s egig
22 bjlire 09 S b e(lod st g ous 52l SuSH b
90 odalio 1) ygai 3 oS jshailen 98 0 Mg )33l
o dbgiye ¢j9 50 9 Pl (y)liee) 00 oy slaa)
Ll 5l g 5 00 o S0y b oy SO g 0
e s o (los (4 cdle

cddds ol 50 09 0 odaline B gt o ol (cadds
bl (sl bl o 5calio it s S5y & o (ol 2l
sm Coglsl 33 25 Koy b (g T - A 10l 38T,
PSP 43085 590 2l (2l A STy il <y
oSlel izl (sl ki olia 2513 18 (0o (sloogly
opizen .l 04l gyl cwlle 5 pgal s cse oS!
ISl 48 (g9 5 aalllae 350 satlate Slops STy
g oo 0db e VY gl 3 ol 4 bgsye (cdids &S ol

N
2 .
w E
4 +
s
Y |.51 - |)

] il il s gl e BT
Ej.fLsf,_fﬁc_ﬂgﬁLﬂLL;
Wl s ol Syl e Bl
] sl g g alyl Ly B
- ol g g g Ly B

Bl ey e b

4,500 6,000
Meters
2l (SAd: B yguas

0 750 1,500 3,000

4,500

At glaacml,

[ R R R P B
Bl s ey S Yl Ly B
Wl s e ey o bl
e LR ]
Bl s g e sl L BL
[ T PER T SR
PSS O TS (=S 8 -2

6,000
Meters

1

popboled
Oyl
YA

alilasys
e )

&

%

3

ol bulpl )3 pamass § (oo gl (g5lwde
SIS oLty oSI (selamwgar o o 9 A5



4,500

S glacal

[ L A ]
] sl ey 2yt L B D
|
[ st e iy L B
B s e s b
Wl eyl L WL

[B] A 51m Jot

0 750 1,500 3,000 6,000
Meters
adlaio (G (59 ouudy (yasuino (Sloyd 3STp0 1V yaguai
38 Ly
.l
sl
)
s
EL
b £ B
o
0 750 1,500 3,000 4,500 6,000
Meters

\Y

Ivma}ilga)Lm& YA "‘"3“970 ‘ﬁ)_)’\a.: . Cawl 0l ul.’?t.ul ‘\J)-‘))‘ o D“\-’Q‘-"'f:"‘"]

© \\’“\i\) 4.0.‘a.~.¢oL;»L~.'>LA dLthlgngM‘aw))W@Lo)b)f)ﬁ

i QApasS (5095 (Vv gl )> Aad g0 S AAE (69 50 )
929

oumlive Wl cite ol 3550 1 4 Slaxdls clbSsh

5 leyd 1o 0 el slaSl ke parass
-l 00 0013 L VY jgua jo

&

%

b4

20 Come S & dagi b gl 0 0dalie oS jsblan
OBl e (2l 43k colid ¥ gadlate Byd Jlad g By
el el Tl S0 39 oo s ¥l iy iyl U
e oml cadls (D (Son athaie (Bps Jlod ciond )
o > @byl gaes Slasly ccwlobdl oo
Sb sl by ol golaml gddpe (piysSll
b oSl el |y s lus sl 4 atbat of sosilo
a5 03}y ols hlus Jleanl ol ol 42l &S (3505 dinlss
cadb b olad polassl cplple 35 Vb |y 0354)3)5 51,31
S cadlate (Byd Jlod g Gpd ceond yd O3l ppdy YL
b DIy ol 985 51 g 2L31 Gy sl (o SOLel
S0 dpog

9 ol J> 9 45

ol blpl )3 awadd § (oo galis g5lw o
&Sl (sl sSl (el

o Ky o Q! 10 1A yguali

dy=\(x,—x) +(y,-y,)  Teb

A5 (53 a5 3,90 blis clarses F sala, clasol,l
.l 09550 ARC GIS Hl33lp,5 30 abgyye (s ¥ 0 oS distuds

Fhe g oSl She cudils 5290 Cledbl & 295 b
bugio jobds 38 y0 (sl cpmizmed -l (gt )3 (Sloy
90 D9l NN uoLa.o‘ oSl le).g Lad oy o O Gy o
ol o xS Jlas 3 Liab oy yie ¥ 08 5 (sl gl o
Cawd o golis g oy o ¢ gylaxtol colBy oo SN alins (0]
ool 04 0013 2 b s Caaandd ) ool

plantanl ol 020681 b dlians (1 o,Ls] &S ysbo sl

SLSH jarass (sogs (i Sl STy 5 0ais Jo
22 ey Sl o pizmen 5 oSl 351 an Slos L
A ypgad y 45)9100‘.«2: L Cawl 04 001 u».,Lou)_:) Lngh).:ya.?

Syl anass glp Slodd astie juw K3y 4 45 3Sye Ve codis



%1k
EECI
EEI
J"L-(:u
o'
0 750 1,500 3,000 4,500 6,000
Meters
Y Gadhio Sleisle Sl g Sloyd 35 Tp0 Cundgo : 4 yguals
et
: T T T T T T T T
E
10 il
Iy
29 s hesal,
EEN Wl e S Sl
@ e sl S
EESS 5 e el Sl S
I —
"!"-'..'u "sIT ":i'ﬁ !':I?? :':f'l’: "1?19 ":IJ 541 "ull) '3'(? &
r
0 7501,500 3,000 4,500 6,000
B e waaaaas s Veters
e Ol 5150 4 (Sloas L SlaSly (g (et :V yogad
A L T T T T T T T
g .
s .
3t 4
18- .
1587
kL
i L7 (3 slas 55; 5139 ] 5 sju [ i s
0 750 1,500 3,000 4,500 6,000 s

Meters

SLoyd 35Ty 4 Slosis L (s Sely oLy (masss 1) pguas

55 9 (HboSe (galimo g5l e
alewsges of Jo 9 U35

ol bty 53 e
& BN5 oy oSI g



!

popboles

okmabﬁ)l&’
\YAA

aoliliasys
Ggig

55 9 (oS (el il

Bty 5

ol

b4

e

®

%

94 ol S 9 U35

SSRN3 sty oIl (sl

4. The Location Set Covering Problem (LSCP
5. Maximal Covering Location Problem (MCLP(
6. Bianchi
7. Badri
8. Wang
9. Mestre
10. Boonmee
11. Geographic Information System (GIS¢
12. Imperialist Competitive Algorithm (ICA¢
13. Country
14. Imperialist
15. Assimilation
16. Revolution
17. Imperialistic Competition
18. Revolution
19. Survival of the fittest
&l
-0l e pid (g Auge . Hhow Copdo . (VWAY) bsle ¢ s )
2. Wassenhove L.N.V. (2006). Humanitarian aid logistics:
supply chain management in high gear. The Journal
of the Operational Research Society; 475- 489.
2y el Jde (anugs . (ITA0) g <ol slongy ol . ¥
ooz <0l Slel St (galiuns )5 parass - Ll cox
e g 095 0l @l (iine sl iaghy (o iilon
4. Sheu J.B. (2007). Challenges of emergency logistics
management, Transportation Research Part E: Lo-

gistics and Transportation Review, 655- 659.

5. Boonmee, C., Arimura, M., Asada, T. (2017). Facility
location optimization model for emergency humani-
tarian logistics. International Journal of Disaster Risk
Reduction, In Press.

YA o3 Slasssy 3L 1ol O3 e Hloyien (L 5

e orl & gegias panass o920 5 Sluysliel e obolSe

Ol b oo g Sioyaalin S (aegd il £939 lej )

g oS 1009813 < (ot S hnms dado ¢(§)Sume i (S daali] Y

9 il e (giloaie sl 0] gy o Gdmss . (1Y)

ivlolg giydolip . iy loghuas 4 Sluyoliel cldes )3 jamass

NE-BY & goylais lad

8. Lindeskov, C. K. (2002). Ambulance Allocation Us-

ing GIS. Informatik or Matematisk Modellering, Dan-
marks Tekniske Universitet.

9. Farahani, R. Z., Hekmatfar, M. (2009). Facility loca-
tion: concepts, models, algorithms and case studies,
Physica-Verlag HD, Springer Dordrecht Heidelberg
London New York.

10. Sevkli, M., Guner, A. (2006). A continuous particle
swarm optimization algorithm for uncapacitated fa-
cility location problem, Ant colony optimization and

swarm intelligence, 316-323.

Lo dlgriitar 9 (55
Lol )3 eyl 08 (8,85 10 b Jue e gy ol

Fhe g ool oSbl & 23 pavass 5 Lbole slr wlo
ol odd b calily £.689 51 o gl el VY 50 leyo
elmodls b alises (laoglasl s solas Jiluws < Jio gy 5
GAMS ,l581p5 51 olisasl b JSluws sl - sl 0 slos] 03
0 sl 00 > (glomtol <ol 5 S (slapin Sl 5
39 35S sS Plus a0 o lis cCeond (] y3 ool Cuwd 4
b5 00b Oluss Clgx> (58S (sl gy g GAMS Loy
Slex a oloy andl L cuwl sy (gusly das 4 aliie Bun
GAMS 5 > giloj 31y (580118 (slaetysSl )3 s
o BT 09 5 S5 0t Syl o ulidio 4z 50 -l
228 Cloz 098 o i« J> ooy g Sa U 2l s>
aise b 4 (Sl glapi sl o Syi wlide b Jilae
b Jie el o ( Pluwe ol g5k 5l B ol S0
8o (50975 (guwyp ciren g ccilitie (glapolidio )3 0
odib 4x)S ol & 4> 55 L o odlansl (6 Slly3 (gl ool
o2l gaeldlyd e L cuwsl GAMS Hlidleys )5 Jao o 5
ols ¥ sadhie gl «g3)90 adllae S b b aghy
blps (as 3SGp sl sl odds > p 90 50 dlius (ol
ly 0 LS claylSe ol o8 o ccudly 4 Aline ]
b s o850 s g <oty aseiie oyl ¥ sdilate jo (Su]
Ol SLel it Jao slacodgazme s Ban 188 s 5
cadhaie (3loyd jShe 5 el (Sl & L3I Saisy papass 5
cal ool s & )8l oS L oo > 5l g
s 55 (2Sen loy amd e s sl Cusd & gl
2 2 Olyz Lol el (glomzal ol ) el S
-l 5S35 g @l 4 (glomiasl 2l sl

(e ol )3 g e ol sl gl (gl dlaiin (B,
e 5l (s 53 9 <88yl )3 525 ) Jlis gl Sl
iS5l olgice crzeed 398 oS 55 (e
el 1y ool s 4 golis 5 00,8 oolatal o (sl s (6,500
g 00)S s Iy (69y90 (saalllas olal (g5 o (ypisrod L3500
3o ol 50 0gad o 1y aliins i 1 ddlaie din (glaoold
0 > (08 0580l 55 (galiws 4 abun ST (el
ol Cyas (6,500 Clual ¢ ol @lidisd gl 39 oo dlgiiu
99 by & ) dddadix janass 5 2bole galiuw
358 dullio o Ly ool cawd 4 (slalg 53905 o oy oS
5 Ss§ iy sSl )0 2Sed (salige oloj 4 4295 L prizeen
(yloninsl o) )81 )5 oual s & (it (oo s>
Sg03 o3litisl aliuwe ool d> (sl (25 sV 3l Ol o0

gl st
1. Weber
2. Sevkli and Guner
3. Toregas



11. Liu, N., Huang, B., Chandramouli, M., (2006). Op-
timal sitting of fire stations using GIS and ANT al-

AOTAT) ) gl g < Gled elate & ( GB  (liuyd § (s LYY

ol Lol 5 ohow copie 3 cdge Sl laolol cuonl

5 Ohow Copte o (uihaiS megd ((Sdpaml (ol jolated;
c0lel R o Cupde g pluo Sl by, HSE

25. Saaty,T.L., (1980). The Analytical Hierarchy Process, 12. Caunhye, A. M., Nie. X., Pokharel, S. (2012). Opti-

Planning Priority, Resource Allocation. RWS Publica- mization models in emergency logistics: A literature
tion, USA, p 20-33. review, Socio-Ecomonic Planning Sciences, 4-13.

gorithm. Journal of Computing in Civil Engineering,
361-369.

13. Church, R.L., Gerrard R.A., (2003). The multi-level
location set covering model. Geographical Analysis,
277-289.

14. Badri, A.M., Mortaghy, A.K., Alsayed, C.A., (1998).
A multi-objective model for location fire station. Eu-
ropean Journal of Operational Research, 243-260.

15. Rahman, S.U., Smith, D.K., (2000). Use of location-
allocation models in health service development
planning in developing nations. European Journal of

Operational Research, 437-452.

16. Wang, Q., Batta, R., Rump, C.M., (2002). Algorithms
for a facility Facility location problem whit stochastic
customer demand and immobile servers. Annals of op-

erations research, 17-34.

17. Dekle, J., Lavieri, M. S., Martin, E., Emir-Farinas,
H., Francis, R., (2005). A Florida County Locates
Disaster Recovery Centers. Interfaces, 133-139.

18. Mestre A.M., Oliveira M.D, Brbosa-Povoa A.P,
(2014). Location-allocation approaches for hospital
network planning under uncertainty. European journal
of operational research, 791-806.

19. McCormack R., Graham C, (2015). A Simulation f.
model to enable the optimization of ambulance fleet ol
P50
allocation and base station location for increased byl
(o) VP9 )N
patient survival. European journal of operational re- WA

search.

20. Li, X., & Yeh, A. G. O. (2005). Integration of genetic
algorithms and GIS for optimal location search. In-
ternational Journal of Geographical Information Science,
581-601.

elean ] (gloaing wiysSUl (dmgs . (WAY) Juslowl (6,83 5T .1

9 By it 03531 wiyl oli)lS bl ol (DS e 5

Lol oy guels
22. Atashpaz-Gargari, E., Lucas, C., (2007). Imperialist

competitive algorithm: An algorithm for optimiza-

tion inspired by imperialistic competition. Evolution-

ary Computation, 5461-4667

3
o)
3
3
1
9
3
3

2
%
o
4
i)
S
;
4%
3t
E]
0
>
g
)

23. Tseng, L.Y. and Yang, S., (1997). Genetic algorithms

for clustering, feature selection and

Classification, IEEE Int. Conference on Neural Net-
works, P.1612-1616.

ol bl 3


http://www.sciencedirect.com/science/journal/03772217
http://www.sciencedirect.com/science/journal/03772217
http://pubsonline.informs.org/action/doSearch?text1=Dekle%2C+Jamie&field1=Contrib
http://pubsonline.informs.org/action/doSearch?text1=Lavieri%2C+Mariel+S&field1=Contrib
http://pubsonline.informs.org/action/doSearch?text1=Martin%2C+Erica&field1=Contrib
http://pubsonline.informs.org/action/doSearch?text1=Emir-farinas%2C+H%C3%BClya&field1=Contrib
http://pubsonline.informs.org/action/doSearch?text1=Francis%2C+Richard+L&field1=Contrib

Sl 33 s 3ot G103 o (S 3551
S8 i 3 030l L o5

ol e ¢ oMaol D51 018t « o8 sy « Ssad 09, ¢ Sogudis vyl awliiylS ggmitolo s gyl o
f_farahmand@qom —iau.ac.ir ¢ylyl « w8 « oMol S15T o121 ¢ o8 Ay « S8 09,3 Ll * ko8 315, o5 A3lid
el ol ol sl 1l oty « Su5ud 09)8 « 53S0l 3home 9 Sty i o o

WAY/E/Y0 1 s gy

ouuS

cslosslas Joloos 5 ol (asciio oBus Lo 5 5 (e 558 ot (40> Glie (it <03 ey b Jelow 5l B
olyan o opalad pas b olidsadlly liios 505 asilo (glogy) o sl sl ol 3 05) (2555 03)) 005 hboleo alS (<1,
olesS il Cozyle addlas 3y50 (oldlan gopud o) oolinul lgice ccunbad pas bl 0t Ly (g6 late 5l &S ol
48 51 48" sl us05)) bl 31 (SO 4 canl By Jobo (64550 02/0 5 0F /0 g Jlais joye (5430 YY LB YS /0 (sodgde 40
o5l saadar YVl as Qll oSt lsis & yrwdy o aslllae ol )3 sl 03,5 425 ]y (e sloeilne) 058 b
o § S8 590 pgmsye (gl 3390 & bl slop) s gl (gl ol 3 - el o o3lisal anllans 390 (5058 )3 o5yl o)
Pl Ay SlpadS cpomiye (S ) & ool Cuwd o ol & dx gL b plol (68 late 5l ooliul b i (sloy) las 5yl
lpois a8 w0l las (5 slate 31 odlitl b uns (slog)) o dy5l 51 Jols gulis a8 Jlsyd canl +/FVG L5+ /Y gy A8
s 550l 51 ol 881 Ol o a5 ol ¢lis odi 413, )54 gy 90 (cdunlie .ol +/0F gL /N g o 88 Ol Ao
o5 L 3l (g y205LS YA/0 (saliold )5 usSae (deS ) So5lu b Y/ B3 LAY (oylaids (gdaiix 3 Juols oS cunl +/0F g s
sl /Y @ 5] s 455 s s el sl 3l ytiis )0 45 Am3 o Lt gl . aasl (psasdys y4e)

ey < 56 g i3 Y3l ccslojp) s 155 Sy

o Evaluation of Deterministic seismic hazard in
-~ Bardsir city in Kerman province by using fuzzy

okmabﬂ)l#ff

o system

et
R Mohadeseh Ghafari', Fataneh Taghizadeh-Farahmand? *, Tayeb Jamali®

®

Abstract

he Iranian plateau is part of the Alpine—Himalayan orogenic belt. The region in this study includes the area

located between 54.5°-59.5° longitude and 26.5°-32° latitude. This region is among the seismologically
active regions in the Middle-East, and has experienced many destructive earthquakes. Seismic hazard assess-
ment like many other issues in seismology is a complicated problem, which is due to the variety of parameters
affecting the occurrence of an earthquake. Uncertainty, which is a result of vagueness and incompleteness of
the data, should be considered in a rational way. The fuzzy method in this study makes it possible to allow un-
certainties to be considered in this study. In this study, using fuzzy inference system, as the practice is based on
uncertainty estimation of seismic hazard for the Bardsir region in Kerman province, is done. Using the results
of the seismic hazard assessment to improve building design and construction is an effective way to reduce the
seismic risk. Peak ground Acceleration values estimated to be for conventional deterministic method 0.41g and
0.54g application fuzzy logic system in the deterministic method, respectively.

Keywords: Seismic hazard, Deterministic, Fuzzy System, Kerman
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Number R (km) M. Raipe | DR RS
1 215.6 75 0.062 032 0.38
2 250.0 65 -0.044 0.11 0.16
3 2495 65 0.062 0.12 0.27
4 199.8 65 0.062 0.13 0.27
5 239.6 65 0.062 0.13 0.27
6 250.5 7.0 0.062 0.19 035
7 1753 7.0 0.062 022 035
8 199.8 6.5 0.044 0.12 0.16
9 182.6 7.0 0.062 021 035
10 1763 7.0 0.044 0.19 0.20
1 150.1 7.0 0.062 0.23 0.35
12 208.3 7.0 -0.044 0.18 0.20
13 130.8 7.0 -0.044 021 0.20
14 28.5 7.0 0.062 0.41 0.54
15 214 6.7 0.062 036 0.53
16 324 7.0 0.062 038 0.53
17 74.4 72 0.062 033 0.35
18 85.9 75 0.062 0.41 0.38
19 93.1 65 -0.084 0.15 0.08
20 99.6 65 0.062 0.17 0.30
21 76.9 7.0 0.062 028 035
2 122.6 6.7 0.062 0.19 0.34
23 228.6 6.0 -0.044 0.07 0.01
24 144.8 7.0 0.062 0.23 035
25 162.7 65 -0.084 0.12 0.08
26 1943 6.0 0.062 0.09 0.10
27 1255 7.0 -0.044 022 0.20
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A study of earth surface displacement
influence on damaged buildings in Bam;
applying Insar and fuzzy object-oriented

techniques
Khalil didehban', Bakhtiyar Feizizadeh? Khalil valizadeh Kamran®

Abstract

One of'the most important risks that ever has to threaten human society is an earthquake. we studied these ground
changes after occurring earthquake in Bam by using optic and radar images. In this research, we estimated amount of
movement occurred in preceding area by using these Envisat satellite Remote Sensing images before and after earthquake
in Bam. Also by using Indian IRS panchromatic image with 5-meter local accuracy and doing fusion techniques like HPF
with Aster images and aerial photos of Bam in 2004 with Fuzzy object-based algorithm technique automatically studied
building determination in this area. According to the effects of geological formations, in terms of finding appropriate places
for building and construction as well as evaluate the effects of regional formations in the study area, which earthquake
was occurred, 1:100,000 geological maps are used. In step analysis of research , the results from every step adapted with
each other so that amount of movement through earthquake had changed between -0.19 to 0.32 and results from automatic
determination of ruined buildings by And & Or operators had accuracy about 93% and 98% respectively. Correlation
between ground movement and damage of buildings was evaluated by adapting these levels with each other. This correla-
tion demonstrates linear correlation between results. Awareness of correlation between construction and building
reactivity to the earthquake movements can improve urban managing and planning and decrease damages to the
minimum.

Keywords: Interferometry;, Radar, Fuzzy object-oriented, Bam earthquake
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A robust possibilistic optimization model to
relief commodities distribution network under

uncertainty

Fatemeh Sabouhi !, Armin Jabbarzadeh **

Abstract

ne of the most important issues in disaster response phase is to supply the relief items which is needed by af-

fected areas. The uncertainty of this demand causes many problems.

his paper presents a novel robust possibilistic programming model for a routing and scheduling problem in a

relief commodities distribution network under demand uncertainty . In relief commodities distribution opera-
tions, the possibility of servicing each affected area by multiple vehicles and time window constraint have been
considered. The objective of the proposed model is to reduce the total time required by the relief vehicles to reach
the affected areas.

he fourth region of Tehran city as a case study is provided to illustrate the performance and applicability of the

proposed model. Finally, to assess the robustness of the solutions obtained by the novel robust optimization
model, they are compared to those generated by the deterministic mixed -integer linear programming model in a
number of realizations under different test problems.
Keywords: Robust possibilistic programming model, Relief Commodities, Time window, Routing, scheduling

1 -Phd student, Dept. of Industrial Engineering, Iran University of Science & Technology, Tehran, Iran.
2-Assistant Professor, School of Industrial Engineering, Iran University of Science & Technology, Tehran, Iran. Email : arminj@iust.ac.ir
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Abstract:

A he occurrence of Unexpected events and natural disasters and the effects of their occurrence, communities are
required to do the planning necessary to meet current and reduce the adverse effects is relevant. Although in
minor evens, this is experimentally possible and don’t need to special tools, but in the event bigger and natural
v 3 disasters such as flood, earthquake, ad hoc disaster and especially war, because of the size and complexity of fac-
> 3, tors involved, do it was not possible in experimental and for decision making is need to decision making tools.
3 3 The main objective of this paper is to present a model for the structure and identify the impact of factors affecting
:Tq‘3 B the emergency logistics so that any appropriate decisions for the activities of logistics crisis in a way adopted to
on make the best use of resources has been done and the highest efficiency in order to reduce the impact of disasters
31 ;: resulting be. Society and research sample consisted of experts in the field of logistics and analysis using the “Del-
:3 \’;45 phi method” and “Dematel technique” was conducted, the results showed, dynamism, speed, capable of sustaining
35 . support, preparation, integrity, and effective communication among the elements involved, flexibility, reactivity,
é"‘ 3 and information Technology are 8 main indicators affecting on emergency logistics. The results of the structuring
3 3 factors affecting supply chain agility showed that the factors "IT" and "dynamism" has the greatest impact on the
lﬂ' 3 logistics system crisis and the "reactive" and "The sustainability of support" have the least impact and the richest
3 are variable.
%; Keywords: crisis management, Emergency logistics, ad hoc logistics, Delphi methods, dematel techniques
3 1 - Phd Student Of Industrial Engineering ,University Of Kurdistan ,Sanandaj, Iran, Email : Abbasiali60@gmail .com

2- Professor of Industrial Engineering, Faculty of Engineering, University Of Kurdistan, Sanandaj, Iran
3- CEO of National Codification Center for Iranian Goods and Services, Tehran, Iran
4 - Master Of Science In Operations Research, Faculty Member In Imam Ali Military University, Tehran, Iran


mailto:Abbasiali60@gmail.com-09125113326
mailto:Abbasiali60@gmail.com-09125113326

Copppde plugw &5 B ax olyi e B9d il |
225 hol el by e 15 )l 40 olsSee |y oo
2,8 (S oS
Capde g plileyd .l
olles Lo
clebl ¢
(bt g abel) St L0
antd Sp o slasl & ) gl Copie w5
ol oSl 5 (558 Gl (Al g coppier cerles
@ledbh (S ol keSSl 5 I3l (oldasy (i
o | oo ool CBB (oS« Sansdy 5 Bz slas
3)S dalss
Ao s 3)50 dus g0k jl Allie g 9090 4 4245 L
DT milonse S ) (Byme 4 S g 03,5
St i) ol Copde Sptmmm) o 50
o Sldes slaglels jo Lol oLl (S selyens
oge o dgmo (clacoygele dyniu 13 (sloaiiS peans § bl
(ol Sptwady glsie b pimn) ol dlis (]300
S Sy ) g & g 00)S 03k (o Sy b
gl 358 03,51 yskiaiads &S Stz (slaculady
5 b)) ohow G pin 5 sddud 0ly3l ()50
Sygo > glab g glow anels mals ((Sasls
g8 oo (5)hlad] St |y 0y.8 0
A8l sl & Gl o)hlaol S Sun o 8lg )
Cappdo -l o (satold (a5l S5l 5 o]
Ol plya 53 298 BB goge SO )il S
oy «Jle yob 42) (Saslo g (b gl sl o el
Stz sl 04t grkas (1 g Sz < g «oliges o)
el Sl (1l8 )3 ns o el IS Jule S (gl
o Gl (sl Situad o)b gl (gam CBlge g plxd
Stz 9 0Ly coahad pae dlox 515l Al gdlins
Setazd s plo Sl @ ]y Lol plgs s oS el
S (o

S5 St U (5l ] Sustnd glis

Soblol Sutued glacdlad gl S B 5
crieS 50 2l g 4B S 050 oz 9 olinebl pas Lyl 5o
St jlad 0929 (IS pobo 4 a5 005 S5 (S )loj
35 4ods 5 3)l9e 53 Bl e ) 5 S 5l !
Y]
Lol b sye oledbl 3 coo o
ol S BB i ol 3 s o0g piR 4 e
Seind byze (090 (phdps cle ) Bl copie o
sl Qs S (5!
cols coslizasl Dlipé loyme) L) Connkad pic o
(Lol conlad pas (M Cudyls 50y ¢ el

G0 (515 (Sl g Ao
o g by (o jsb 4 &S ol gladols gl
dnel> & Iy it g (s g 3Bl e Bl SLSL @90 &
ool SLolil aiajlis o 535S Ciyloys S wlas o e
Toly les gazme aile b eylojles (ST V] sl 0alall b 5
#S) omizmen g Toste bl Jhad plow copie ulil
5 Sloolul sl (03 90 4 ]y Lol <l
WS saudisd ) Jods L iledged padis T s (ol ylysu
slr ladle SSLesdy e g g ol g9 s oy gl
A2 o lids atwd ya
Ol Elgil avaiws 1) Jgu
| b gl

(205 pynt) kit ons

2L p928) Jow 9 0Usb (4j);
(o)]é.zz.o

combw slagl

g{&/' > ¢ )95 o>

Syl S 9 ¢l 2w Cutpe i
sl ooyl (6584 5l oylie @Bl 0 ol cope
sl Slesl p3¥ SIS 5 dinej 390 wald 5 (Solel sl
il o (o3, T by S8l 45 oo b (29l
@ &S ol (2l ele (o copte Koo ol &
b o)l o 9 435205 5 by oo Silois (sos0lie (s aliwg
ol Lol (galomy & o cosl olaylil (Bl (pzans 5
4 o o jop @0 )0 b g 03503 (6pS st 0 s )
Jolser Jolis ol Coypdo basea 31 LIS gk ) g
ol ol ol ladaigs b 22d) (ae
oieled y paSia b (mg)lg) sladpaly g (g sloal

.AQJLf

el sles al;
e et g Jele iy,
=

o"\"{:

j;un.:."il LGI'"‘H"_,
Lyt i sttt

reial olas oy

T it SO

Oy Coyie b 1 ygual

o1

popboled
Oyl
\Y4A

alilasys
R 9

& ()5l g (o lwlidd 1 Sl (5090 9 RIS (g, 9,5

3

Ol St (Sl 213555 slo sl

*

%



oy

popboles
Oluwliy,le2
YA

aoliliasys
Ggig

4 (23U L g (bl 3> Jhord (Gogar g (AID gy 351,18

b4

Ol St (Sl 2 13555 sla sl

®

%

sl 5 GBuscan] wlgriy 9 slaodes (old o

cSlie 5 o)lSen pas g o)l Lol & GUT 55 @Bgs

ol axsls JUss a1y o Bus e
slasliw a0 095 Llan L5205l p3pe plisebl pac o

& plaBI LTy 095 witd Jile Ul 2t S 6y Jgtume

pled ol s 5 ajes
bjls 5l gwee (bl oy @wle Jlo)l @

Sl 9 by Llg (SOly S i S5 3929
obo wlals 3l wlys co (ol olie 40 oo pBan
soles b g (aljtods St s les (6Sol>
@ 287wl cobl Wb Sy SeS 5 ol slaelles
Jos chanin 5 42)lSo @ygo 4 g Aok ansly |y puine bals
spasls olols Leils e iz Sl Lales
bobiz & s cwla ol 4 a0)lislo g o 59y 0 13853
9 3530 Jlos 5 e Sad IS0 ulsl (slapasles
slelus b odges ()b 095 Blaal & slowws o1y olzu
ol 9y el il sl JBlas &) ol 5l (36 Jbo g Sl
Solz 1368l sl asls & kil 5 olukis dlis
ol 488118 5000 55 (g hlao) St

ppale a8 sl 1S5 BB gl onl (y5lys pogat 50
Copde phe glaasling sl SO oo Sunsd £ 590 40
2l g 2l & byl 5538 )0 ST D98 o Cgme Ol
oo 5b s gl dlie il 5o Ll dis aasloy ol L
O 59932135536 clvansles « ol ymo S coonl puyis
w2 $9) 3 Lpadli ool S 9 3L etess Gl g s
)8 jasiie Al (68 paenat (sl LS 3l ool U

gt 590

e oz 5 0pSt bl Spcd g9g0
WS 8 g 9 Jelod 990 il sladae Logase
Seunzd ($0j9> 53 09:b ol & (Agfy S Ll el
L BT Sinduy e 0 Wl ouis el (gl
039> 53 odd Bl (GGlwdisge b Jae 900 4 paise 5k
5o diblys (gylain] St

Mo ade el diesy a8 gylpl (gilwangy b o
L @ byye clles Wb o gune (5)hhdl S
b3 (g 350 @3y g959 5l an by JB wlssie )
3t b olSo oo epayiolisS 5 arlss (sl el
Tole b gy 5l 3 (ol wlles sdliioas )Ll 5
b L g8 5l an cllas aliods Glogias Jlinl
(Y o) 5350

duw 30 Yo jo sus Sl wlidss coldes ol 3ub

‘LS“’L"’)‘ 105.‘4_5 4 WT) odutn ugu.b‘.o& 9 qul.u)l .

Mg 5 cJss (b Loludl 5l gyl oAb 5
SahlS g adge d Joso o092 )lso
alises Lgl.h:ul.n)lw Gy Jo..c J)|9 .
G Pl €190 g Abanns b2

29885\ Cpdy )3 lial 58S ool Jos & (gl sy 3ibo
00t ais s casls £33 ¥ a5l Canl olas 3o ol sl
35 g 535 Jlesnl ol 3o ol go5 ¥ wlawlio oo pxdans o
ol 51 s JSas 5 Jaw il saiols dw Lasuin
i ledsl ulasl s sl 039 Sl Lo 45S (gl LSl
2555 Cumex Lo)d AT & Soop alily g (soaStagly
SR b (b g Lad opee) (i Jlad b gblie o ol

e b oylged colgs 390 pia 10 oo copie
Sitnr) oo S 5 (Slandy - cwl 03g) 535 (92>
orlil ol copie ol W11 (S ity 00 () hla)
dloA.;.zSo.:."u.'i 9 L;"“‘L‘"‘ s St s (o IR
ST )90 55 4 ) ode p e copde Slariy )
oy JSie b o copie ol IS (a8 ol sl 5
Stz b e St [¥] 0 anlys ST los 5 0
5 o ool 2yl slaailyd aulS Jals (gylylacol
i s Sloss cwlipzs S aoe5 5 eSS (Jis
293 oS canl (golsel (slaess 5 GBIl (lasaiejls
ol Sl ) 5 (Cuslio loj) Sewe (loy (2eS
9 o8l & (cunlio Hladie) 5L5 2y50 e 4 (cunlio (450)
9 352 9 (ole 9y b g (paseie 31)31) Hlas 3)00 (slaes
Cod & (Gawlio g)) ol sl @Mte cyieS’ Syl
Cabge & (31 3945 U (lg3 0 ABb )10y 55 52 0le g i
S92)lydeel Gl copie 5

olis hoo St (Sl s oy A1 el
59 Slods cud slalas col)Dg & &9_95 PK& oS 23 o
ool s 51 a8 315 3935 GBwICan] 4 Sluylel plEin
:[()] .))5 D)L.:‘)_)) .))‘9‘0 LY ulyuo
sl p3y0 8 1590 Liany 5 (s Slge calial s o
il R ngJw»T dLmuL»)l J)w u,é))f ool e

obl syl 3l s
5 5SS 5 pglaar ly (Sl SaS )0 oo ino o

Sl g e (220 SSWS Wl g8

ol§5.>)\ J}m
3l san bwgs (asslejle g sl 2, lacdstune Joud o

Loyl Loy loglus



L3 51ty Slalas

(P

i
el assad tst 0.&0
Aisl=Faly
» plegime ool
)
—

Sylludl Stmzxd Uy g b eadled (o St w925l ¥ yoguai

4 aaldl ) i Lol las y50 lene s T (g 3l 0
2 a1y slene yo (e (51 202 51 (b)) ()] (s dmlie
3 aalllan ol 5o ol o 031 Hlxe o] & s (gom 3l &S
@ o By 55 (Bl (sl (Y] (i 0SSk b
bl il &S canl el )8 L sl oui oolaiw] e S
Wy = (abies)opsn gl solads (gops oS5 5l jyluns
ccwli=1,2, 0,0 Ao gj=1,2, ..., m ,lade &S . ol
dle V gojlads (galaly 51 Hlme (L8 () i e

RO LA CRIEC) B NPT SR

a, =min {ai/}
1 n

bj = 7§blj

¢, =max {c[/ }

aSiee 00l ¥ g dlasly 5l (ilusilans sl

. a, +4b, +c,
/ 6

N bl

N j :1,2,...,m Y ‘_dea.')l)
Sl b i olas 990 slalre ghsenl sl ksl )
Loasdlhao ol )3 - ppeSise 515 )3 sleme ol Jod pis b s
A 92y kae 092 Joud BB e YemAe (9B 4 drgs
A de s b e (g5l das gous (gl Hlade STl
J93 LB jlne (sdliiods catl it b oA 4 o3 s
9805 Bly Jgs3 9y90 pgol et 50 g 05 oy
" JRosd ySeaondl b3yl g Shlel sogab
bl 12 5pSermas sty glash 3l Jrapd SSS
2 oByd wolad 5l guteoppe b & cusl (295 lodunlis
bl & aepllas (2,libls 5 s S Jolgs hsenl
Jelse 3l elpoalid ()il BT ks Jsol (625,

cam3 o bl liza 5l 5 13 Lalgy L olyed oisms )3 29250
o el s 1y 5eS0e Laly) il s o laiS &

Pl it (slaiaghy (st y 50 oS wiloas a3l)] wlles
Cowl odis
2% g Golysl Sead gladasls pgas )
Sl & a2 b el oss oplal agl & b iagsy 5l (S
OlPe g5 5 038y 6oL olee & bl ole oloj o
3] L 45 43S Cloal |y ol el gingls Wlss oo 3
Wb yl0ygay (Setwzd 3l plyo copie (lazslis dg2y
L;Lmog)fg ulfdu)wT s syl g Lm;wl?)o JJ|9:.3 &S
os sl - bles s Sme oy eielisS 5 1y (solel
b g Lgy SOl Wb glyoe St pinn ol (ol s
SO sl caliseo B g bawgs alise sla yaslis . asb
Y Jsi 53 &S il o a5l 2oblS ey Stz ptas

Llodds dsoSs

W,l5l g Baiodd g,

9 9y (hol g cpl 0358 Trbae b (g ol
g it 1S gylylaio] St 3 350 sl sla sl 45
5 otsi el 0500 9w 3l el 6555 lagl oo busly) Jae
AS goe JAL.: 45])_'3 ‘W]Lf“""’“‘.? u_o....oy&y)l UR9) olf..\.;.)
S0 slotsss b bl ciuogs byl Gan oS sl la b,
Sy S sl gy 5l oalal b (gl ool )3 sl gy
wged eljtods Oys 51580 00 By 5l gpSone 45l
93 slaeb iy (Gingi gobge 4 dxgi b L aoud bl
(il Ad ey 3l eolatwl b g ais axsliS o Bs plos )Lusl
P8 35 5 glysetal gy lylaisl St 53 350 uslusl (el as s
O3 sanelx lasl )3 acbJuny G 5 b pasls e
Gl Jrond gy 31 oolaswl b p3¥ claodls b5 ais oolo I, 8
Lgd Silwdae

3w AD gy
apasS 5 0dipSeraal 09,5 whlas (g)slaex Tzl )
Sl by osly 4 ansib By o8y 31 tlte (gl e

oA

popboled
Ob“ebbl%
\WaA
alilasys
gy

*

%

3

& ()5l g (o lwlidd 1 Sl (5090 9 RIS (g, 9,5
Ol Stand (Soly 2 5135550 slo b Ly



Sslybud! Sesannd 59 515550 Lo asLi ¥ Jgu>

DAt vasls
Dessouky et al.( 2006) [6], Horner and Downs (2010) [7], Iakovou et al. (2009) [8] , Wilhelm and
srinivasa(2010) [9] o2l
Jia et al. (2007) [10], McCall (2012) [11], Sherali et al. (2005) [12], Yi & Kumar (2007) [13] ui-?)'z&j
Balcik and Beamon (2011) [14], Yi &Ozdamar (2007) [15] uf-‘L“T
Duran et al.(2013) [16], Psaraftis et al.(2005) [17] )W| C”_L[;
Song et al. (2009) [18] Jos sy
Fiedrich et al. (2000) [19] Sy yiSTy
Dessouky et al. (2006) [6], Barbarosoglu et al (2002) [20] oleMb! 6)9L33
Viswanath and Peeta (2003) [21], Barbarosoglu et al. (2002) [20] J_,La_;ﬁ Sloxel
Kongsomsaksakul et al. (2005) [22], Srinivasa & Wilhelm(2012) [23] ):f).‘»,wt.c L)l':-‘)7§° LLJ)I
Rawls and Turnquist (2010) [24], Sheu (2007) [25] U{_\A[‘m
Belardo et al.(2012) [26] Sle Ml o Jlas! 9 u;,_,)f
Mete and Zabinsky (2010) [27], Knott (2012) [28] Ao &%
Ray (2013) [29] F3e Ji g Jo
Chang et al.(2010) [30], Charnes et al. (2012) [31] Ls)g-'\gJU:\xil
Sheu et al.(2010) [25] (cubdlas) z¥os
Ray (2013) [29] Syl
McCall (2012) [11], Ozdamar et al. (2002) [32] @Lu M)I 05l
Mete and Zabinsky (2010) [27] QKJgDWT‘_;.LMC,ng)
Psaraftis et al. (2005) [17] Spinn & U";C‘”L’ L.)[Ja).
Rawls and Turnquist(2010) [24] (:éjﬁ 4 J’:‘,k;
Wilhelm and Srinivasa (2010) [23] UKJ“"‘SQH'L u:’l)lf

Jiuh-biing & Cheng Pana (2015) [33] ledb! 5 J|y° Ol:’)-?' k}:_q_lj
Brown and assiliou (2011) [34] Ulf_x_u{umi, Lbls,l, U_,LCM

Charnes et al. (2012) [30]

04 Haghani and Oh (2001) [35] a3l pajgal
papboled Sheu (2007) [25], Tzeng et al.(2007) [36], Yan and Shih (2009) [37] 05,5 Sl canlin e Mbl iy
Ol e Yuan and Wang (2009) [38] oledbl
\raA
2 ¥ akay, S oS ol 0 00lgs Ly bl ol 2 Jogd bey (sl
- ’ ¢l 0 a a, 5 sl C=(0C0nnt, Jalino 51 (glasgame Jolds itumpes
ol cylay 0 @, woby @¥olee gdlusges Lol oo bals 29 SAmlio
M= - 5] ool 3 25 & by ol c0plS 358 oo Joo
3 N 0 P95 S5 g (ublen] slaggy il (S SeS
3 il G b L« mrgisSE cg3t0 olish wwilo <o ys 4
k] 12 . ce w R Z =z st e TS . ae . . a s
;{) AL Ua.S Lgl.lb)w.o d,.))]o )‘ uls)o).la.» & el g.,.aS L;M )9 190 9 Og>g0 L«L"‘}c )I R ‘w|)m5

3N

D5 (il oS TV i rllae oS D5 o0
pas bog2g 9 ey U3 P55l Jols lagpple ¥

gl lojles lulitylS 09,8 Jlas 51y sy 390
DB Gheaa SIS BISLy o (gl 50 5 oS

G 52,138

ST sly Lanags |y Jole 93 o 2la5 selsly 2925
cdslhe oS odis adpdy (clba uyile y0) lulislS
il 5 00d pSpraal (A5 oo b gyt
2 000 S5 HM (0:0ke) posiitans bLs)|
B A Jole 3l cas ololis)S'5l e 5145 @)g0
J,,::’L"BﬁA 0958 3l (o 09 00> s yauo |y

& ()5l g (Uil 3 S (5090 9 RIS gy 9,25
ol o

S

009 om oS bolyy coluliyl8 s sl eslanal b LY
obe 29y Gluslie n*n uoyile 5 ol astine
5 5 sl s 55 Ol Sl o5 Jlge
St azyday ol )3 45) 25 0SS5 ulidylS 50
(cwl € ¢ ke


http://www.tandfonline.com/author/Pan%2C+Cheng

Ol yi Goue prolio fymsi 1V Jguz

Sd3s ,laie

walid Sglad b ol

Low no influence

(el al5) (5,385 090

\ Influence Very

IS 31 68l

Low influence

F,{,_s)l_:\f}.'?l

High influence

b (5,185

- t —

Very High influence

S b

bolgy gaSd g 03,8 laschyo (S baoly) 5l ol by
ol 3 ol yolio o auly) g5 3505 pmsys | Lusel 15
L dalgs 030> iules NRM ;o wil 585 asbl lade 51 T
o0 o 4y ikt 5] 5 Sn g8 AT il poolis oles g
e ab)S a3y e gabaly of i
Slawloxs 9 (598

MGl bl gloasls b sl ragh cnl )
oS dg>g90 ciliste sla s ly e ) (g)hlabl Sansd
olaxs (538 > gy 3l eolaswl b cdslonds ands ¥ Jgis 5o
St o 85l Lol slogasls saliien jasls A
Silte (6518 due (goud (5l slade) Wb s ()l
0392 > A (Sobune b 5 Sy () Byus Jlas & dn g5 b yasla A
;51 a5l Lmui)wu Two s olyen 4 by yasli ol (sl

‘5»1393 :C1

ol s oo Seraxd Lol ghansis 5 (S
SOl copder pb ds iolS 5o (Yoo F) Wigedy wlig . ]
s duaSedio ol & (yde e Slogys ) Situd
S0 5 03,8 0yl Sid

29 bl cple SO plgis 4 |) St pian olgi g0
2bsr g4y 50 gj by g leglsd (eSS u_e)f)b_:
Jole criinte s pgas BB ol p b5 o w0 )l
OladelSs By o ol ol (St iy (Gl phiasns rdidgo
ly zolam (Saem )0 damn 9 by Loy o )0 5 3)lus byl
S o dold]

dﬁ.}\gs.él]a;dl :C2

s> blps blie )5 cuslio g @y Joall S Sblgs
slcuidge 5l g 4 (goolitwl g ouis g Eolgs
Loy 5 4ug) ol anS Glaasl cobl ) el canday
2 Iy Bl 80 |y (Setd lilas Ysans il
slcuroy o b iiogls hlie )0 Wb Spwd Jb> e
bl asls ]y coygele (chal cubld 5 coplazie e

2550 polis ol 3o bLI)| g (So )1y :C3

lwd Gl b & cul (b i 58S S
St i (So)lSo 098 4 USo @l epee @
byl Gl g e oz p2 0313 )18 @ )8 3 (e &
088551590 (Sstrd slaclad plo 5 sl (slaoliuny!
P Sty 5 Siblad o S | i g it

..))SGO).Q«O)‘AMM u,\u);l,a)\)).lol.a.w LgA:vl)Jﬁ o
L ololidylS' (gnox (33195 4 a5 b yg0 ool 850
Iy dbgsye slonel ccnlydas goolus (uSSlo 3 oozl L

D9 0 033 )8 (llite 43133 g pnad
5lodloys |y M uile ¥ cadasl, 3l oolaal L ¥

B 1 oS e
- n ¥ calal
maxZa,.j G
j=1

N =a*M

a

oo Lalg) 5139250 (g @8 Guppile o8 oly> -0
JiSas 0 gadasly 0 angs b (T) pplitneyd 9
D9 g0
0 gabhl)
imeiSie o) 3 20 Ty dobre g e Jloges 7
e yS0Las ol p el sy polic gor R
Olyn) ol s s bole polo p Jole o () 38)b
(Lo (5,385,505
ot (lyse Solis Jale i (sl igins polic gaz 1]
Szl Olpne) sl s slaJole ol ) Jale o
(L)
39 5k3 3590 Jole 35 ¢ a3l liwe (R+T) 81 jloy0 R+ T
ol Al iz R T e dz jo K00 clie & ol s
)1 s Jalge ol b (i Jolss Jole
ol |y Jole o 6y 38uls yus (gages ylop i R-T
e pite S pite bl cute R-T ST IS joboas s oo
g gmne Jolae sl ite ST 098 0 Cogune
olusd (ol )3 398 o sy (580 lazsie oiws SO
Cwl RoJ (olalyy (goye j92ee g R4 T oolie Jobo joce
2 R TR T) latses 4 labis b Jole ya coxbse
@ 5 (SeBlS Hlages S a0 Os e came ol
el dlgs Cawd
cSse paseiie ) bayliae s bo b calpe aludss Y
R-J R+J J R ypolie yolul s Jolge 33,8 Copo b ol ool )
3l oSes ana) 5 )lisle S olgie S puple 5 ol
)9l Cuwd 4y Jolge
wlil gambre Gob 5l oo bolyy gasis LA
LS Lol
s alewl b5yl b (NRM) *aSs baolyy Ads w5l
ol b ot sl T upile joslie 0k Gl 51 bl

T =Nx(1-N)"

popboled

Olh‘abbl@f
\YaA

G939

& ()5l g (o lwlidd 1 Sl (5090 9 RIS (g, 9,5

Ol St (Sl 213555 slo sl




1

popboles
Oluwliy,le2
YA

aoliliasys
Ggig

®

%

b4

& ()5l g (Uil 3 S (5090 9 RIS gy 9,25
Ol Stand (Soly 2 5135550 slo b Ly

Gk 3l g conl o oS g lej ) e Slatiy
0 dlorel St i 4 Comd &S ol (Gl Sy
il 00929

oleMb! gy9ls :C8

O(EDI) Laools | SuigyiSIl sahslis aisle ol syslid
20old ;1543 lais 5  lusliss (oo it < b0y (s1o ptamumn
VRFID) gdly glysl basgs ololid (55l 5 (AIDC)
it Sitd (So)lSo Gl e 5 cuslie slaylyl
My oo Sead ghlulews (blol cbgsls ol
dioles o N ol 0 Wi g lolel cunig g CuxBgo

@ gy 5l eolanal b (ol slajasles s 5l
b ez o )0 g o Jrand gy Jolye sl )l <538
o jaslsy (glodie 5 gunds) & plBIM uyle JSs
cCanl 000l ¥ Jgdn 13 dets &S w3503

S Silwdley h Mpople # (galasly 5l osliul b

1 # gl

n

max Y a,

o=

j=l

N =a*M

pliiane il 9 oaditans baslg) 5105250 (cd dd il
ccwsl 03el & Jouz 55 ¥ sdlasly & 493 L (T)

T =N x(1-N)" Y sak,

T (T (yilo sl 12 polis @o2) R poolie (sdmulxa L
3y RT g R4J yoolio 9 (T opile oigins o polic go)
J9a2 50 gl &S oged paseiie |y oS 2 o pas s 39
Ll odol £

d(wledbl y5ld) C8 Lasdls cand o lic Bed Jgi>
25 a8 sl pasli ol (g5 2 1) 15 appiin
5 C1) (2bse sl pasls ol e 5 21 ) oo Stz
510,89 (C4) Sobel

5 Slaiss o8 SO Jrend SuSS pinis p8 5l
sp7e g R T ol Jobo jgome ol ol )3 1358 oo oy
w labts b Jole ya comdon . cowl R-T (bl (oope
) ool 4058 o pure 08wd P(R+T,R-T) wlaise
0505 ¥ yoguad 1 L del dalgd s 4 35 (SuBlS Hoges SO
s (syhlaie) Sz 2 350 (slaasls b g il SIS
-Gl 04 00>

Cl o jaslsy ccanl jasuine ¥ ugad ;0 a5 jsbjlen
slie a8 (((Solel) C4 5 (wledbl 6y5Li3) C8 «( bg)
aS a3 1,5 lges (YL )0 cdol Cowd 4 oo La | R-J
S8l sl asls plo p ool l8b conmaglas
lopasls ol 500 ls a0l glyoes St
S RS0 50 s B asls ple p (658 (GouniSdels
3,8 o gy Jado y5b & Jol> gy

@ (2ltod 28 ol K0S b Sasd il e
sl Sl 551 « St S LS

ENEer!

o2 sl (SObl glyoo galy oo slaanld sl (S
Jos 3)ly olhow pBaa Wb 45 ol slaplejls 48 ixe
ol LT sl cdgtne § cillog g ot lulids i3 51 cdigs
2l 0 Solel ;o0 ylie a [ F1] wbb ol iy 9 ascine
Sy o3wilSe sl (el oS sl bl Jolis olyoe
b Shble (giludguce jolaiods diodsl g mp (25T
<0 59 Stz s (SObl 15,8 0 plol ool il 5
(Ssd) )3l el g brcyysale (slyal cobll 5 1S
3 (Solel slal o)1y 6t s i 9 oylatiepe slaglos 5o
sl 2 2 Oy S

o] (5lwoyssd 5 p¥ p38l yuels .l

Sed Hlisl )3 pWl Cunig 5 (539290 5l EMbI 0

Ol 50 Jge sl olojls

St ] )0 @liass o LYK o9y 2S¢ ,8 & oolel Lz

Jyie o plojls Sz

(Sl slyakl g o9l CoslB:C5

ool 5 3233 2yl (Sl S 55 Culbsn (seo
ol .ol a5l @Bge a4 Sluydlel 5 b cuiojls
s (Lol g bag s g b Syl dav 55 (slesniy
st (S 5 (o ka5l b siails el 5 ol @ e

Boe 9 guno g 9 by b (SeSU gdaw 50 9 pglie
Ao g 350 Sloj solel (glacallad 238 o ol g ainjles
._\.’L: L;)Lw)JLoT dl.b»b 9 A.w.!L: f5‘..\o 9 yodumo ASJJJ;UA 6.9‘5
ol g Wl g8y 5l an g > )3 |) petie (Sl cubB
sl awsls

Jos e pw:C6

DS Ll 5 350 Jalse 51 (S St Jos sy
sleagia jalsy Bl S5l el g oluel slassly ylgs 5
oS e i 4wl 13500 By 5l g wlidie yo (golal
B e Samd alods 9 Y @5l wlas] 51 Sley (calold
olisebsl eyl S loss L YIS & gaiales (o o3yl
b Gilil Stnzd 51 0o o ple

bl ool oliae adly 50 Sutuzd Jos ey
i «Jlie (gl el pasciie Sl 55l ) (St
2558 g 511 YIS 5 liaps Ll o )b 232 59y 253 sl
Satzd by s bles o> oo 5 dols Joe 4
v > (St cutibge Jolgs (ppodiiSoymad 32 0jgysl
e Dl 4 Sl o> oSS slilas

Sry RSy :CT

5 bawwlss blie )5 5.8 job & b Setwod v
A las 2aSTy 393 51 o (eolel sliolas

2ohlS St ot slp (Ve de] gy STy
Lg)l.wrv_ml)_‘i u.;blj.» ‘_g)_»..\.:du.ﬂﬁ ¢)_’50.)Lw ‘_)Lu O G|



C\
(03¢
cY
Cf
Co
(034
CY
CA

C\
CcY
cY
C¥
Co
(034
(027
CA

L_;)l.lf):ﬁ;ls

> v < <t v o

Cl1

LAY
-YF

-\Y
-\Y
1Y
Y,\Y

Cl1

BRI
S\

.4
oo
.-fF
o9
LYY
YY

C2
Y,0Y,7Y

LY
Y.rE
SYF
)
v
Y.ve

M yilo) s Lslgy uayilo : ¥ Jga

Cc3
Y.sY

1,0
L
\
Y.
¥.0

c4
¥.0
LAF
W%

-\Y
LY
0
v

Cs5
\
“A¥
v
Y.\Y

Y
LY
A¥

C6
Y,\Y
-\
Y

P

Y,\Y

(T u2yilo) padlinnnoynd 9 b Jolgy (putilo 10 Jgae

\,r4

C3
“YYS
-\Y
oe§
\5
oF
)
S\
Ty
\\ Y5

C4

e
-\F

.5
oY
.9
Y
-Y0
V4

LYY

C5
<A
<N
-\F
<A
oY
-\0
-\

Y

C6

PSS L L 398 i 17 Jou

R+J
Y.0-%
Y.ra
1,47 ¢
YA
LYoy
LY
Y,AS
Y,YA

R
\ZYAS

AYA
LYY
LYY
LYo
W AA
Yo\

1,4A

S YY
v
\,\Wf&

4 18

Gylyldo! Stz 3 55550 (sl as Ly BITLS loges :¥ yguai

C7
Y,0

Y.7Y
Y. vf
N
Y,A¥

Y.rY

C8
"l
R

Y
oY
oY
oY
.-

Yy

C8
LYF
SYF
SV
SYF
i
SV
LY

1, VA?

SYIA
LYY
SYPY
LY
SAA
Y,
ABAY

C\
cY
cY
Cc¥Y
Co
(934
Cy
CA

1\l

popboled
Oyl
\Y4A

alilasys
R 9

*

%

3

S 2 3550 sl pas Ly

4 (23U L g (bl 3> Jhord (Gogar g (AID gy 351,18
ol



1y

popboles
Oluwliy,le2
YA

aoliliasys
Ggig

4 (23U L g (bl 3> Jhord (Gogar g (AID gy 351,18

b4

Ol St (Sl 2 13555 sla sl

®

%

Cowl J3EWSBCT 9C5 ,5C6 -

5 ol bl o Joe ey pad L 45 ane oo
sl asli g 035 I8yl (605 28Ty 5 Slsaiiy slpesa
Sl )98 5 (LT ( Sl sy dllasl  obsy
Syl e il

Col J38,5GC6 gC2.C3 pCT -

Sbasles p (gip Sty pasls 45 e o
35 0392 il Jos oy 5 (SalSe «syepidllas]
5 Slstdy yhosasl 5 pglas bl ( Sobel  obgy slapasle
Dy e il wledlbl olid

3856 €74 C1c C2¢ C3:C4 < C5: C6 w C8 -

Sl

(C8) wledbl 5yl asls iagiy ool @l b
Rl B9y 5 & ol gl Sytd pabls oSyl
Bg) & 4253 b gl ol )1 33l 55 K00 oo sloaas s
il 5 al (G020 5 St Canio )3 ICT iy 4 5
033 Jged BB SalS’ Jlrazs St 5 pyle> (inio M
ol Bz golt L cuwl Gaiod ol sy umdolic 5
)i..gb 0l ¥ gden (59 p oledbl gy0ld yadls aS ols
Sy o 3 s yaslis ol 1S g 515 0349 51385k

sdlgie 90 & dagi cuenl g 5l Jols gt Juboo
e olas |y oledbl (5l 5 Sasd bs
90313 (839 (Jaroe wlais Ly 05 Wlg bk oo S
3o SNl Sl pius (5039> 53 59y 4039 & (253 b
il ohou S ey p B jo wilgn 105 ol e «aiiS oo I
2nlSo ol gaald [y 3l 90,5 JBlas Iy o

(52950 §4iged

)bl S (caiels i ()l dodiia )3 a5 job olon
etes Sin wile jluglus! laglysn Sewed Joli
il <o aiilo (abo olan S g .0 g oy
s yindy Sz Syt Coond ol 3ol oo g (Ggm il
@ L gl (ghhol St jl vhe (53)50 (sA505 S5
S St a2 955500 )b Sl 9 s 390 ol
Sy cualad pus b pollss cilisen (sla ST Jlos] o 4
St (059> cppailo b Sty S ol olyon
caodd (go3lil & Yoxn] Stud oot Koo ylis 4y ccansl
035> 3 St wuilde & pblan gl Sz 098
08 (5l (o3> alax 5l mojen ol oyly ollas

S Wl (ollas ldes po 50 (owlul (285 S
el slagys s )0 wloss 5 Y Wl Stz ot
caslie ol 5 oy )0 ccumlio CatSTL ccwlio oo 4 )
2 S anld e pald (See sdige JShs L
5 "MK g e s M emals Joli allas (sl s
Y] sl )izl

TW gy

bl peate jadls SGR-T e ax o & Joas o
S bl bt azym 5 (555 souniShehs Sy (sl
C5 3 CT4 (6,383l cyopten shlo (1,05 5) (Db 5 (VVF)
Sty Jhetul 5 polas cubls o (-),) (gpdy STy in
593 dDu\A.AS‘)s.QJ wledb) Lg)gli.é 9 Ls"b9" ¢)§3) U)L.C 4O
ourle Jsaz 5l Jols sluel S Sl bl slesliad
ol oyl - cwl (Tomple) padimnyss g puiitune baily)
39,50 oo ol YF e b polys aslllas ol y> (clasbinl
WY i S laaslys 51 plaS o (¥ o)lais Jou) T Lpospilo
o 5 el 805 Jlire g slime o ()G (sline & casly
5 S Cawd Ol 55 S8 ]y bylixe (6108550 <l
\))fdu.l:u

Gl 38,5 C2¢ C3.C4¢C5.C6.CT wC1 -

e sloasls ST 5 obsy (asls 45 e o
(ST Sl cspmblas ales 31 o St
SIS 2 e 7 Jgi> Jelo 5050 ol sl 1850
s cgenl el ol S 0wl ) Dbg (asls o8
orzen S e paseie |y gl St 30 (2bsy SLy
UM.:).:LA C,w.\.’ﬁv_'s).la.»:)\) (eledb) 6)9L25)C8 Cupo 039.3).’145
aS 89.\050 d‘"‘ L;DMQ‘JLZJ <d‘4JLu»i w))l)lm )] T
sl il ledbl gy5lis asla 5l obey asle

ol )38 5GCT4C3cC4 pC2 -
St s Sl S5 5 (SSe (SOl <ol
5 pols bl Lbg sl jasle 5l 5 cul 1856 oo
il ledbl (6yolid g Jos caspuo ¢ Slostio )yl

ol )G CT 9C5 w3 -

rolie ple 30 bl s (Sl pas s & e oy
S tiSly 9 Slanty slretul 5 polis el 5o Sy
<§)LAT <Lg)_>..\;g.9UaAu' ‘L_;"L’9" L;Ltbuablw )‘9 0092 )ng).JL
Sy o il ledbl gy5lid g ¢ Jor caspuo

Cowl 13855 CT 9 C2¢C3:C5:C6 wCa -

(S gy dllasil yy  Solol (as i oS (e 0y
Sl Sl 5 Jos sy Sl el 9 pgls ol
oledbl (65ls 5 (b sl asls 5l s 5 039y 18,50
e

M)‘Kxﬁ}' ra‘.\f@b).g cs -

bl s C5 asly oS dad o plis Gz gols
156,500 sla pasles I pIaS gt o Sluzin slyanl 5 polis
Dyl e 3l K00 asli ¥ den 3l aSL . oy



¥ Syaebiy g (Solel sl b b Sz it . !
O 5 oloj 50 calie CodS 5 Cospu L |y YIS 5 lipos
3855 - dyles (50lal (sloog S 5 Bl Joge 5L 350
St g gl b S 390 anlyso oSl Sun oyl
ot (S 0L1S ol bl b 585l sl Siog L 5 al,lS
g amles o (Sila g (SOl 5,5 )0 Sz
@ oty opl <l Shtued (Sls @ygpo 4 ar gL
Shhol s (Soly g 50 (ool Slaaasls )p
ooldiwl b g wlool (sadllao b jighy oyl yo - canl asloyy
Aolass ccalises (slayadlis o 5l laml (g5l (&)oL, 3
A ol & 00008 glsuul plo Sawsd (350 asle
Slyeil g pglts bl « Joo casp « (bgy 5l wle pasle
53 yolie o 50 blsyl 5 Sl ( Solel sl
coledbl ()5l 5 (g aSTy < sy Slass]
)54 jadles A @ 2o)lidle jpaad ;) Eidss o
@ledbl gylitr asls &S ol ol St Sols
St oiises 3 G it G (2bgr 9
St it S 0392 b g0 40 (Lt oo
352 )lgdsel Qi oy (Sleol (sl gyglid 5l oolazal 4
dos (255 & e Semead (Sl ke slapasls plo
b (Rl w258 BBl & ol Sl ;s g 008
(Sl pasls oS ol Hlis Guios wls puies
5 550 S Shlo (St lpeial 5 polas cublly 5
om 3 0a3ls 99 ool i a3 ls ayipdl
Setwzd (Sols 59y 2 5208 il (ool padls cutn
L dalllan ol )3 cpmizeed ditds 1ol it )b olyoo
oy p pasls (I8l (Sl oyl samle
Bua &S i Wb ibgi ol slacodgize jouas )
ol lassly g)hlasl S (g Sanghy sads
el A s 45 b Lol ccasl 0355 (St sl St
S gla e glaslep a oje> ool 065 5l (s
Sz g 5050 D513 @l Azbly €558 (oo Six loj
B8 518 (pupn ge IS @yp0 0 Gl
S5, 058 e ety <5l slaolertiy pogas )0
ke gl o5 dlge (g9 ol )
oo S gilwdige gladae )
5895l w9 JB s pbole sladus Y
ol
logtuas Jsl g (solsel sl SaS ajes (S8 Y
obe oley
oo pBa )3 loj yieliss o adss gladas ¥
g o
1. Delphi methods

2. dematel techniques

3. World road association

Wlia 43 008 ) o bl o1y (63950 (s Ai905 o]
o b Bly )3 08 Juloxi g 42 wlgsion ) g @
N8yl sl pas s iagsy Jao )l Jols golis 3o oS 0
2bss 5 oledlbl (gy5ld 48 Taelas’ S St p
5 fasl Six Sz 53 lapasls o588l sl o
sl Sty lhetal 5 pols cubil y oy STy 5555
fassly Six Stz )3 o ol i byl
2oz coledbl (6lid  pmgin polo ub o
Sl phdlast (ST (gl
0adls e« Slundy el 5 polis el
s S Saund jo wledbl (g5l 5l solanw] e
Stz 33 Miadsp puzes sloaslolus 51 oolisl

A glas 53103 aile St g0l ploil 5 St
eyllas 0 Slas (65803101 HS (c39> g0 o LSl JyuS
).wu)l oo lasiwl L) YK L;)Lwo)od 9 Y& J.O.ogd.ob).:
S 30 ladasle ales cgpol iz

0938059y Sl 9 (olls S bae (Suzey o
Seezd (b @)opo < ollas slasyolid g5 )
(S Sy (obg Oyl e bl ) S
018 Sl o SIsSs Tl 0ogr pBan (iny
s S 9y o2l 3l el Sz goj5> )
el dlasl S 45 oolel i STy clogy (St
g2 aales Jos cop sh g yetane xS

Se g3 iz pa Slatdy jlreinl 5 polis coblE e
san L Lol el Kis Sud o )38 Lasls
Sy Stuzd ot slopasls plo p i806

2 ke slopasli sl SO gdieds i gl iSly e
Sl 5 dos copu Wl e (S St
$9d < bsy slapad i 315 )3 550 Strd
Syl e il Sobel g sl ylyesl ccoledb]

¥ uo Grllae g ©ygo et 4 (lgi e 55 ]y L pas L ol

35S Jalox g s gl

SSasu

b Slas 5 okt 5 Eolsn 315 & sl Ll lyovs

SUj 9 W30 59) SREU sk & o byt by (b
39294 S g0 oo |y (3L slaclud 5 Juses |y yis
el ploxl o blSel gram disjls oo b ablis .1 o
S Oy 5 odle el @ cons 0olalByd g bl
15 ] lnceels (oS> laalh ol pia 45 48 b
ol S (oo copie Gl prplel 5 (S

1¢

popboled
Oyl
\Y4A

alilasys
R 9

*

%

3

& ()5l g (o lwlidd 1 Sl (5090 9 RIS (g, 9,5
Ol Stand (Soly 2 5135550 slo b Ly



10

papboled
Oluwliy,le2
YA

aoliliasys
Ghgi Gole

®

%

b4

S 2 3550 sl pasly

& ()5l g (Uil 3 S (5090 9 RIS gy 9,25
olpe

13. Sherali, HD. Carter, TB. Hobeika, AG. (2005). A
location-allocation model and algorithm for evacu-
ation planning under hurricane/flood conditions.
Transportation Research Part B: Methodological
25(6):39-52.

14. Balcik, B. Beamon, BM. (2011). Facilitylocation in hu-
manitarian relief. International Journal of Logistics:
Research and Applications, 11(2): 101-112.

15. Yi, W. Ozdamar, L. (2007). A dynamic logistics coor-
dination model for evacuation and support in disas-

ter response activities. European Journal of Opera-
tional Research, 9(3):77-93.

16. Duran, S. Gutierrez, MA. Keskinocak, PN. (2013).
Pre-positioning of emergency items worldwide for

CARE international. p.54-73.

17. Psaraftis, HN. Tharakan, GG. Ceder, A. (2005). Op-
timal response to oil spills: the stra- tegic decision
case. Operations Research, 34(12):17-23.

18. Song, R. Zhang, L. (2009). Optimum transit operations
during the emergency evacuations. Journal of Trans-
portation Systems Engineering and Information

Technology, 9(6):54-60.

19. Fiedrich, F. Gehbauer, F. Rickers, U. (2000). Optimized
resource allocation for emer- gency response after
earthquake disasters. Safety Science, 35(13):41-57.

20. Barbarosoglu, G. Ozdamar, L. Cevik, A. (2002). An
interactive approach for hierarchical Analysis of
helicopter logistics in disaster relief operations. Eu-
ropean Journal of Operational Research, 140(12):
33-118.

21. Viswanath, K. Peeta, S. (2003). The multicommodity
maximal covering network design problem for plan-
ning critical routes for earthquake response. Trans-

portation Research Record, 18(6): 1-10.

22. Kongsomsaksakul, S. Yang, C. Chen, A. (2005). Shel-
ter location-allocation model for flood evacuation
planning. Journal of the Eastern Asia Society for
Trans- portation Studies, 6-52.

23. Srinivasa, AV. Wilhelm, WE. (2012). A procedure for
optimizing tactical response in oil spill clean up op-
erations. European Journal of Operational Research,
102(23):54-74.

24. Rawls, CG. Turnquist, MA. (2010). Pre-positioning
of emergency supplies for disaster response. Trans-
portation Research Part B: Methodological, 44(14):
21-34.

25. Sheu, JB. Chen, YH.(2010). A novel model for quick
response to disaster relief distribution. Journal of the
Eastern Asia Society for Transportation Studies,
5(2):54-62.

26. Belardo, S. Harrald, J. Wallace, WA. Ward, J. A. (2012).
partial covering approach to siting response resources
for major maritime oil spills. Management Science,

30(10): 96-184.

27. Mete,HO. Zabinsky, ZB. (2010). Stochastic optimiza-
tion of medical supply location and distribution in
disaster management. International Journal of Pro-

Federal emergency management agency

Disaster human made

Natural disaster

stock pre-positioning

Decision Making Trial and Evaluation Laboratory
Network Relationship Map

0 0 NNk

10. Electronic Data Interchange

11. Radio Frequency Identification Technology
12.  Acquisition

13. Distribution

14. Sustainment

15. Disposition

&b
Ll 3 Ul ohisl St (64 pggs - ('Y4D) Linybas « ooyl )
N0V bued S ol eyl gl Sy lipoms . 5l
e b copde St o Jdo (WAL s (s Y
(§) > plol oKisld Senzd b g g wlilae
Ulysl oy )0 (gilwaingn Joe o il (YAY) Il o lbls ¥
23 Ol SV qgs 5 (iluopdd (pbole 4l lede)
oBaly olio tiges 2yl (wliylS (S0l L - (5 o] St
YeoVA (s oillyas a2l ano
p9d Juo puis” dolilad . Suzwzd Copde L(OYVYY) jrol o Soie . ¥
AF =YL (ol g,le0)
Sl S 58 i 3 B OTAP) s < 2
a1 G el 5 (olesal) 4 St i
(§) e pll ol . s golto SilS Cppte
6. Dessouky, M. Ordéiiez, F. Jia, H. Shen, Z. (2006). Rapid

distribution of medical supplies. Delay management
in health care systems. Springer, 38-96.

7. Horner, MW. Downs, JA. (2010). Optimizing hurricane
disaster relief goods distribu- tion: model develop-
ment and application with respect to planning strat-

egies, 44-82.

8. Iakovou, E. Douligeris, C. Korde, A. (2009). Optimal
location and capacity of emergency cleanup equip-
ment for oil spill response. European Journal of Op-
erational Research, 96(1): 72-80.

9. Wilhelm, WE. Srinivasa, AV. (2010). A strategic area-
wide contingency planning model for oil spill clean-
up operations with application demonstrated to the

Galveston Bay area. Decision Sciences, 27(7):67-99.

10. Jia, H. Ordéiiez, F. Dessouky, MM. (2007). Solution
approaches for facility location of medical supplies
for large-scale emergencies. Computers & Industrial
Engi- neering, 52(2): 57-76.

11. McCall, VM. (2012). Designing and prepositioning
humanitarian assistance pack-up kits (HA PUKs)
to support pacific fleet emergency relief operations.
Master’s Thesis, Department of Operations Re-
search, Naval Postgraduate School.

12.Yi, W. Kumar, A. (2007). Ant colony optimization
for disaster relief operations. Transportation Re-
search Part E: Logistics and Transportation Review,

43(6):66-72.



duction Economics, 12 (6):76-84.

28. Knott, R. (2012). The logistics of bulk relief supplies.
Disasters 11(2): 5-13.

29. Ray, JA. (2013). Multi-period linear programming
model for optimally scheduling the distribution of
food-aid in WestAfrica. Master’s Thesis, Depart-
ment of Geography, University of Tennessee.

30. Chang, MS. Tseng, YL. Chen, JW. (2010). A scenario
planning approach for the flood emergency logistics
preparation problem under uncertainty. Transporta-
tion Research Part E: Logistics and Transportation
Review, 43(6): 54-73.

31. Charnes, A, Cooper, Harrald, J. Karwan, KR. (2012).
A goal interval programming model for resource al-
location in a marine environmental protection pro-
gram. Journal of Environmental Economics and

Management, 13(4):62-97.

32. Ozdamar, L. Ekinci, E. Kiigtikyazici, B. (2002).
Emergency logistics planning in natural disasters.
Annals of Operations Research, 129-217.

33. Jiuh-Biing, Sheua. Cheng, Pana. (2015). Relief supply
collaboration for emergency logistics responses to
large-scale disasters. Transport Science 11(3): 21-33.

34. Brown, GG. Vassiliou, AL. (2011). Optimizing disas-
ter relief: real-time operational and tactical decision

support. Naval Research Logistics, 40(8): 1-23.

35. Haghani, A. (2001). Formulation and solution of a
multi-commodity, multi- modal network flow model
for disaster relief operations. Transportation Re-
search Part A: Policy and Practice, 30(9):23-50.

36. Tzeng, GH. Cheng, HJ. Huang, TD. (2007). Multi-
objective optimal planning for designing relief deliv-
ery systems. Transportation Research Part E: Logis-
tics and Transportation Review, 43(6):73-86.

37. Yan, S. Shih, YL. (2009). Optimal scheduling of emer-
gency roadway repair and subsequent relief distribu-
tion. Computers & Operations Research, 36(6):49-
65.

38. yuan, Y. Wang, D. (2009). Path selection model and
algorithm for emergency logistics management.
Computers & Industrial Engineering, 56(13):81-94.

39. Gkonis, KG. Ventikos, NP. Psaraftis, HN. (2007). A
decision-making model for oil spill response at the
tactical level in International symposium on mari-
time safety, security and environmental protection,

54-73.

S (12 35Sy 5l o3l b olyal (s3lb 5 g cenio 53 lyniie
AY=Ye oY soglads . ¥ (g0y90 . 5L oo dolihad . g5 Jrasd
ool St canlo g panlio (o900 ((OYAY) L)l cyge)] . ¥

%Jbﬁl‘*‘*“’ﬁ wl; oty
Syl 163,517 Krasd (WAY) e ¢ (gduon 1350500 <aS5l0g3 L FY
St o nssy 5 s

Yy

popboled
Oyl
YA

alilasys
R 9

*

%

3

S 2 3550 sl pas Ly

4 (23U L g (bl 3> Jhord (Gogar g (AID gy 351,18
ol


http://www.tandfonline.com/author/Sheu%2C+Jiuh-Biing
http://www.tandfonline.com/author/Pan%2C+Cheng

b 30 B oL 43,1055 (G 0glgl § (s
ol adlon Lo 31 6y18! (S stoisL gylomo
AHP)' _5ty0dlads Joado g 51 08lims! Ly

oglis Jle ol Lussls: UJLN)S e Loyedle
mojt_civil@mut.ac.ir « yuil o  mino o815 ¢ Jole st 028l 2El5 poszre lsidghs * 005 (8lye  pitrs
Pl dle -y plol o8ty ole cim s (Sjlitnd oonirld g daww

WAY/F/Y0: il e

oS>

ot (cailsg g dtan S 5 b edgd 4 caniio a5 uljl o oyl gy, S 323l €)1 oS aitud  ola )y dlas 51 g)lol sla yless b
25 )90 (e (stumyo Syl b axd S Sitge — 2lom waitas (galon 51 S55LsS SISl 4y 0)lsan cals osgs a1y p3ye 5l g0yl
3 i e ol loygaS (o)1 = (gl 38Ty dele (gt 5 (gl wel i il glgil (38 us b jogad 4 wlody
el sy ool b slazi s w35l bl g bl Unlyo , Joleyet aily cleladl gloosle gyl sl 03505 blas |y 355 i
sbolslo (2hb o lawe lagasls ool ol oas (B30 @b bas (seljiads loxil g g0 g )8 55,0 b dllis (0l )
Il gy & redls (5308 5l g - 008 samcaglyly (loliss (ilhedlads o gy 5 0B5s (sarelx a5l o b )]
ey plrol & oodladus Jelows b AHP g 51 oolissl b gl Jloxs « o8y 5155 YA bawsgs daliss oy JraS5 9 0l b aslas
ohb colasly 2yl clos (sl jasls Expert Choice 11 ldlays 5l oolizul b ibgss ;5 45,5 ©yp0 sla byl 5l L obl 5
P e - Bab Jolegad aidly 35805, b ()l slaplesdbo (gilaxe (Sl s caglsl nyiivn Sl cud & ol sliad g S5-I
oS @b padlig 1 Sy cuwlondS (8 5ol gallie ) pizmen (S sancuslyl 5 Lasls | S e sl el
9 awblSs bl gl Jgan b 3 (Jlow cwslansls |y cuenl oyt

Determination and prioritization of the most
effective criteria in architectural design of
ofhice buildings from passive defense point of
view by using AHP method

Gholam Reza Jalali Farahani', Mojtaba Araghizadeh™, Sayed Javad Hashemi Fesharaki®

Abstract

ffice buildings without regarding to their sub functions are some kinds of assets that because of being related to

the governments and states and their important role in governing people affairs, had always been under differ-
ent kinds of threats from airborne -missile attacks to terrorist near-by blast. Especially by increasing different kinds
of attacks, including terrorist and non -terrorist attacks against political -bureaucratic buildings of our country, this
issue has exposed more than ever. Hence, implementation of passive defense efforts in design and building steps of
these buildings, is an essential issue. In this article, with considering of blast wave as the base threat, efforts have been
done to identify and prioritize main architectural criteria in designing office buildings by using experts' opinion and
Analytical Hierarchy Process after gathering data with library method and expert interview and filling in the ques-
tionnaire by 28 experts, records analyzing were done by AHP method. At last, after the assessments in research by
Expert Choice 11 Software, building envelope, interior design and protected space, respectively were chosen as the
most important criteria of architectural design of office building with passive defense point of view. So, efforts have
been done in this article to write a comprehensive analyze for the most important indicators.
KeyWords: Architecture, Office building, Threat, Vulnerability, Blast wave
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Pre-storm restoration planning of medium
voltage distribution networks for proactive

crisis management
Masoud Sadeghi Khomami'* , Mohammad Sadegh Sepasian®

Abstract
Pre—storm proactive recovery planning is an effective tool for reduceing the time and cost of electrical out-
age and resiliency enhancement of medium voltage (MV) distribution networks. This paper presents a
new framework for setting proactive medium voltage feeders recovery priorities. In this method, the proactive
recovery decision making and MV feeders priority setting are considered based on the comparison between
different criteria including technical isuue, criticality of loads, economic and accessibility conditions. In this
regard, the MV poles fragility curve and Monte Carlo simulation have been employed to predict and estimate
the damage of the network. To eliminate the problem of the lack of accurate data and the uncertainties, fuzzy
analytical hierarchy process is used to determine proactive recovery prioritization. In the rest of the paper,
the proposed approach is applied to a test network. The results demonstrate the suitable performance of this
method for determining feeders recovery priorities especially in the less developed countries which have been
facing with the lack of access to the adequate data.

Keywords:crisis management, recovery, fragility curves, monte carlo simulation, fuzzy analytical hierarchy

process (FAHP) resilience

1 Phd student of electrical engineering, faculty of electrical engineering, shahid beheshti university,Tehran,iran; Email: sadeghi.m32@gmail .com
2 Associate professor, faculty of electrical engineering, shahid beheshti university, Tehran, Iran
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Identifying Vulnerable Neighborhoods in the
City in Terms of City Water Network Events

Using GIS.
Case Study: Ardabil City

Alireza Mohammadi'*, Elahe Pishgar?, Sepideh Noori 3, Hojat Arzhangie *

Abstract

he water infrastructure is a vital facility of a city and its destruction can lead to crisis. According to the records,

from 2011 to 2016 on average, annually, tens of thousands of incidents occurred in Ardabil water network in-
frastructure. Since water infrastructures are location-based, therefore, identification of vulnerable zones of the city,
in order to prevent a crisis in hazardous times is essential. Such knowledge requires the use of appropriate methods
of spatial analysis. Therefore, techniques such as Kernel density in GIS and Analytic Hierarchy Process (AHP) are
used for the identification of vulnerable neighborhoods. The geographic territory of this study is 44 neighborhoods
of the city of Ardabil. 11,222 registered incidents in the water network of the city by the end of 2016 are used in
this study. Moreover, 8 key criteria including the number of registered events, population and building density,
construction activity, the quality of the road network, the physical quality of urban fabrics, age and the pressure of
the city water network are used. The results show that 13.6 percent of the neighborhoods are in the zone with severe
risk, 22.7 percent in the high-risk zone, 25 percent are in the zone with moderate risk and 38.7 percent are in the low
and very low-risk zones. In conclusion, neighborhoods 2, 4, 5, 19, 28, 39 are in crisis condition and at great risk of
events on the city water network and crisis such as earthquakes can damage the city.

Keywords: Water distribution network, Vulnerability, Crisis management, G1S, Ardabil
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3. AHP - calculate weights - step 2 of 2
Sl preference ma
dilid [wbad,  Jaedpe [spboibba st T T
- : ; : [Pt e |
Sl ke 01429 1 1 AHP petats
A b 02 1 1 0.3
i ot 0z 0z 3 [ E_“T""_"'L]
Castgte ¢ |3 02 oz 5 Weights
il g 15 01425 nz 3 0% | —
|| [ 223 RREL] 01423 0z
s d_ach S 1.5
CR: n del
Detads.
s [#] Create mpor e
[ Abow. cPevour | | Cacel | [ 0K

Ly lizo o (ot g (29 (Sdumslile 1Y ygua

aslllao 3yg0 63940 gml

Glaal g bt b

Lbua>l.ﬁ 29
I
GIS )3 2015 oL LS
I
o asli cline )lne sy boosll
lro aS S lesslo culled ezl 113 Bl
ol s lad ol ais yas e 50l el cuas Cyrez oSl

(Inputs) Jio 4 (s39y5 (slylize Julos

AHP (g b yliro 59 cpend 9 (83 boyl5bias]

GIS )3 AHP Juo L o Slogeen

O3 Syl Wiy sloged F pgual

Ty oy
B g 439 Jlgl,8

ot Mol 5 T S 5l ot a1 slaools ol
3995 WA Jlo Jol sdas obl B c(0¥88) Jusyl oliu
Sloyd ol sad o b Ol (oSt 40 Blisl 5y90 WYY
Shb ¥Y 5 0 ojlois sladloe aS wad o lis wlBlasl
) Jgaz) dmn Of (aSs > @Bl (pppeS g i
oUlde (gl claale Jols YU Slslyd b (claalse
BT (o8 capulie blpdhal oblisw ooley casles,
Saiior Ul il (35S Sy g (i1 ((daw ¢ N

e (y ©olis pas 50 5 GIS Lo )3 S0 slag gy b

Sllos dlayo (pl )3 sl o)lse £93 503 51 sy lne 0 b o
Rl o ol ploul b g AHP 39y & bajline (Slivgeon

b sl AHP

2 p8 ol o sbadl gpdicuml Julos 5 ajzs ¥ a8
ool Cawd & gl « ey (o plS 3l el 4 ol ol
ol 043 Cou g L..lz';

Sl el

.'a;,w.ﬁdudm Rl

B 5 51 g 0



3
3
.
3
3
2
}
EE
X
!
5,
3
5]

B

3.
2
I

[1F20¢ o biaw 3 g T i (S Lo 03131z yiance] bty e (L oo Sl by ol anis o o8BS g 3oy gfuasi: Y Jg

‘ Loy Slolyd al>s KWK Slolys al=o W) Slolyd Ao EWI) Slolyd PIESY ‘
Y/-0A YT Yf Y/-¥Y YYA Yy /Y 4y \Y /N Yrq \
V/454 ™ Yo /- \B! v /Y- YA \ \/AY v-f Y
Y/YsA YYA \nd f/0A- of Yo /Yy \nd v (VAR \FO Y
</A) \ee vy f/E0 o.f 4 v/F0 YAY \f \/4y s f
AR E v YA \WARS YAY Yy /v \-f [ /¥ OYA A}
Y/Yo) Yve ¥4 Y/OAY f.vY YA \VIANG \\24 \s Y/-0 YY. b4
Y/-0A YT . \/55Y \AY AR Y/AY fre \\4 i¥'/o Y'Yy A
\/&A¥ A4 A Y/550 ARVA Y. v/a5 FYf \A Y/\Y Yff A
\/YYY \of fr \/YYY \o- A Y/ vYyv 4 Y/f0 YAY i
-/-0Y 4 fy VAR oY Y \/VY 9y A \/Yo \hV4 \.
\/5F4 \AD ff -/ \td Y f/f0 f44 A Y/ YYA \

slcsluygg g Gloas 5l oolatwl ccames ST olidl L
&Sj.e(».w‘ l) ceslods )] oo law! )L».S u»)‘)ﬁl L) ")9)6"’ Yb ui
2 sme S| (AL (gangs [A] Ab oalgd axlso aSts s
s soign wlde ;0 VY0 Jlw cumes (slaoold ulul
S 0,85 YA o Caned ST Sk &S B0 o ylis
Aed sladls gl iso 5 Sle laiso )3 (o515 el
Y YO XY DAY 0 slaale . cul (1 Ske d> 5 YL
25k & (5 jpad) Beb o o wSlite sladl gix VY
Bl b dil sslen  Jare wliblswe g 989 (loj jo «(gylas
alg yiiy Slye 4y Ale el Bl S (Ol (g4
<O

Sleidlo Leullad g o515

bl 3 36 (slapuina 1 Koo (S0 el o1y
leslo o815 byt b (s jobay . cul (o O
orzed bl Galdl o O A )0 Bl i
Al alen (Jaroe whblie £989 oloj ) (Slesdlo o515
ool 32 K coming 02 Show p (63L; pil Wlsi e
A5l eyl e V] e ol )b 3l 0 5 (slaoold
WS oS st Jolis (ol sattesloz & lexs bl o1
wSTizo WolS 5 (%3+) YU o515 (% V) pSTy5 Lawgio «(%5-)
3 Sledle o515 (WY pgad) Cunl 00 s (%)Y )
ccwl Yo e Sleo o i
Ol il O (a8t o Blsl £ 439 o 45 (6,300 puiio
Yl guile dol g cdy ol Sload bl cullad o)l daxie 5
5 A5y Slles () 50 (oS 5 JUI pi> S
5o oblisl go35 1 Glo 5 calo b by sbegld ol
3 g slaosls ol o u5)liS o il O (ass
Y0 Jlo b g)lapei bawes oui yolo Slaslo clajexe
Aoyd YV g VY (YO (TY (g L F ) Y (F gblie cusys
i ol yaiwe wis sl le glaedlkd b

5 2y Sieb can cien blglabs oblle U
Sleaslo oS5 Ghls et (ol el iz oLl uou
Jb 0 lhdlw va (3905w dlaxs L diid YU sumes g
REVCWE SN

b layss Bl & byyyo slnodls o syl by
bl GlSe imlis b oS5 5 (oliad blsyl 5l ol (g4
29 BT LA (S5 29 0 9y (2l ag o2
oy b sy b oslS oly e |y olidlyin (s dige
oSl lad 8l o oS ol 51 [FV] aelb ol
QSM)».C ;«LC‘ 9)‘3»5.) d”“’ Lg‘)‘ WLUO)‘)JI)l solastwl Q9
o5l L;»Laﬁ J.‘bo 9 ‘_S)l;-’m wl.uo le.bu:bg))l el
s 31 03 litusl by T (0 y> clBlas] slglyd o9 o
5 lad e Julidl jglatess late cla alodin 4 i
gas) Canl sdal)d ioles 4 Slgld cands o wygo o
(Sl 1S (2585 L o515 it Il S 3 S (A -
S Cou & ol Sake (2l 0392 Jpo ©Ab s
Ll 6l 4\.’&-“))_3

NYYY o b slaoals (i8S bl o idgis ol 3o

(SanSt « S350 « Sy Jolin) O caSid yo (3las) 390
W1 gy 31 ooliul (oput 5 youiS 3l s T jLid Wiy
e 3 Shons sloing s sy ad (Bpmo U3 &S JiS
bl s sl 0 0315 o B —D yge3 g0 & Bl
KRN YE YO VY sojlads sladlme cosy & gy gols
b obdlin (cdign ;0 TV 530 (YA A O A N VY5 D
Ol crdgy yobody a5)ld )8 BT (S35 5 oSy us
a5 315 sl oy o ol 13 ool oS5 5 O clilisl _Suops
9 eyl sl als g |y lodlone (ol 0l oo o Blis oS5
D903 (Bye e (Sl

Caxos @51y

o by 51 (o oy sdlxe )3 cumes (ST



Losal

— e 03gdk
BT gl o
I 0- 46

47 - 157
[ ]158-244
245 _ 402
I 403 - 528

30 BT lgl 8
S O 4y

s

N
0051 2 3 4 %g

W — e K ilometers
240000 208000

Loal,y

— e 09§
I:] e e
Gl 4l o515

S 50 olasy

[y
[ ]y-v
[ r-¢
-
B -

GBI gl aladi 51,5

ansone

Of 29 4 5o §

0%

ooz

Kilometers
260050 208000

555 gy 3l 00Uitanl by o s 33 BN 5515 9 gy D gt

s,
— s 063920
[ e otne

S o515

oub
[ s
-
I

e 5l Ao j0 Curosr o515 ol
)m)éﬁ

ax3so0e

Kilometers
200000 283000

SLKB 30 poeid Cros 1515 5 ygual

sl ol

x|

3

T 53] 5

&l g4l



SBLS1 a5 5 g sl slaale (lwlids

Loal,
— e e3game
s Mo
03 & o515
-
-y
I v -4
[ KRS

Foasle o515 Cul -l
e (5B alxo yo

42300

&5z
42000

Lol
— e s3gue
e DMz
loisbo culled
[ e

[ e
B -
B - s

Sleale cullas ald -
b sl alma 5

2000

ey

Kilometers

s &z

10000

P 33 i s Sl Ofinn g 05155 Sk Y g

5 035uyb 5 sardd sl Jolis S 0+ o ol 31 .5l
aszte cudiS 3l 5 (A i) Cuwl iy odis pléol claliwg,
e lups o GBlisl g g8y gyl job 4251095 b
ol cpl S o ar 090 dles Vb Lo s 51 jise ol 5o
SASh 0092 gy s ol CuksS b plerilu ol cudd
ygo 3 ol (oSl )3 GBI LS 5o a0 s & plee
Shlas b lags 5| iy ol 4 ke Jame e g5

b Aidlgd axlse gyniv

JBlas 5 )b ¥ ST oy ool 3 s T lad

o olelo o las gaslale (1 Sle Jb ue jo ol )b </
D9 ¢y Mo 3l duoyd Ae yd g ) Bl ¥ /0 iSTas CByao
lg5 g0 4 )3 0T ylad lug (¥ Jgaa) [Ve] el )b Y /0
LA bogh o ol 4o 50 GBll £ o3y 4 i
3 )b gme gl puite ol b Hd o Hlad g Sen

R e (B bags oad ans Slasslo slacalld
w8 oS 3 Jolt dg gy 0 Slesd Lo slaclad jlas
(@Y 2ga3) 0,8 s Yo (L 9 b clansgio
LoLLS Culs

Rl ais &b slaasis 3l T e slools u»Lul).g
Sl plae [FA] o (so09m)8 slacdl wlilhe 5 [V-]
22 0 plesl glabiwgy codgud lacdl (o33 5 (35
u5.u=ml; Coyrdg L;l)l\) ARV Jl:-)b dl.bd.l.’zn)‘ P9
9 RS 55 Bl (Sp88 > @ prizeen A puia

U5 ol plae (S g lagyool o)lged pmoj (08 £ 05
(A ygeas) Blaxlge (gylas llas b 5]

S SRl CudsS
il ellae oS 5l oas gl cledlb] ol



— )@:r e3gde

[ s otas

[ ] otiae
[ oot
R sttt
| QERUREY

4345000

— bl
plro Al Comisg N
R gl alxo $ ﬁ
Kilometers
St o (ATl CandS Caamiog 1A ygua
Leal,
— b 03 g0 §
[ o ctm
— bl
oo SN0
2 ATe D
b csb £y é%-;@
) ) A4S I'l"?
[ e to it BN :
s 3 o o il S = IS
B o st 5 Sl b
- oa,.n,é 3 ﬂds C.dla
Gl b sy N
e B alxo % %
Kilometers

oo S 49 e S B SS9 £93 1 el

lS 45 o b clalons o 5 s 5 IS sy
¥V oylois sladlowe Jle (sl cunl Glon a5 0l
aS Akt i (03d8 5 (53Sye (slaloe alas 3 FY YA N
ol it 150 55 4S8t yos

il 5 s

(Uyly20 S8 41) yodycoonme] sl dlomo (B ymo
Sline 3l oS 50 4 bgyye (sl i 5 Coedl s gl
B9y U 53 ol ) g S AHP (o) 5l eolissl b g
o /YOL Blas] lmo iy do aS 0l lis A  Byxo b ofy
Shre o/ o8 b dSl jos Jlre /WY L el cunS Lo
Sbre /WL Cumor @515 slre /N1 Slenslo collad

Curodl s 9loj 33 corelil -l St Slvaloe aws
A dnlgd 4255 ¢ 990 ool 4 AHP gy 4 bayline

S (a8l yos

S ol ladlg osas 5 OF el )3 (Soguyd

ool y ol oy Ol (g4 o @Bl ¢ 89 )5 pre Jolge
eyl il (et oMol 5 T Sy 51 o 351 (laools
B350 b 000905 4 Of (4 yos b e Sy 3
G yor (uSle yobods duy o Jlo 0 3 a8 4 lle
Jb ae 30 (F Jgan) ol Jlo YO 3505 33 Jod,l oy ol
S e olts ed slaloe gaw )0 &b jos
B9y b guned 5 Cosl 2o o (53550 slo 50 53 ladly) jas

SBLS1 a5 5 g sl sl  lwlidy

<l g



popboles

okmabﬂ)l&f
\YAA

aoliliasys
lgis Gole

sl bl
<l gl

!

= v

(AL NE Y PPV

Y]t me el 53 Ol )Lad bwgio :¥ Jgur

M &S L oo N S )L Ao Mz S L Ao
Y-Y/0 \ Y/0-Y \# \/0-Y \
Y-Y/0 Yy Y/6-Y \Y Y-Y/0 Y

Y/0 \ng Y-Y/0 \A \/0-Y Y
Y-Y/0 ¥ Y-Y/0 9 Y-Y/0 ¥
Y-Y/0 Yo Y-Y/0 Y. Y-Y/0 [a)
Y-Y/0 Y5 Y-Y/0 \al Y-Y/0 4
\/0-Y Y'Y Y-Y/0 Yy Y-Y/0 Y
Y-Y/0 YA Y-Y/0 Yy Y-Y/0 A
\/0-Y Yq \/0-Y Yf Y-Y/0 q
Y-Y/0 f. \/0-Y Yo \/0-Y \.
Y-Y/0 f\ \/0-Y \vd Y-Y/0 \
\/0-Y fY Y-Y/0 Yy Y-Y/0 \Y
Y-Y/0 fy Y-Y/0 YA Y-Y/0 \Y
Y-Y/0 ff \/0-Y Y4 Y-Y/0 \F

\/0-Y Y. Y-Y/0 \0
[NTIYR0 « gy oMo US54 syl e Ol (§45id yous :F Jgu

S o 2 45y oo Y oy A5 pu alne Sl s 45 pue dlne

o-Y- ¥ 0-Y0 \$ 0-Y0 \
o-v. vy Feovo % 05l Lt Y

¥y vy 0-Y0 A o-Y- ¥
0-Y0 ve FO5l e \q4 05l Lt ¥

VY. Yo 0-Yo Y. 0-Y0 0
\--Y0 Yy 0-\0 T\ o-YY 4

\-0 A% o-Y. Yy 0-Y0 Y
Yoy, YA o-v. Yy o-v. A
\--f ¥ 0-10 ve 0-Y0 q
0-Y0 f. 0-Y0 Yo 0-Y0 \.
0-YA £ 0-Y0 42 o-Y. 1\
o-v. Y 0-Y0 187 Y-\ W
O-Y. fy 0-Yo YA o-Y- Y
110 i 0-\A ¥4 o-Y- i

VN Y. O-Y- \0

R (B gl (gdign 9 VF 9 YA O sojlads slaalxe
Jxiuno Lgl!ad.;.ed 05)3)3 YA 9 4 L;o)LQ.:Z: L;Uac\lm O9Ted
Jlesis yg2eo 3l JSiike dl% csledly cdlxd lie Hlxe
5 YA YO A sojlois sladloms dlox 3l iy Cgin 4y By
(Ve yrgad) At 1ol 53 Jlois] Blisl ¢ 989 daiiuno Y5
4 ke shasds glwoyluliwl Juls & Y poas
<)3le L;d&.w: M.S)Luw aS SR ulm) cusl AHP o9y
a8 yd Jloant llast b co ) o 5l ol slvang
cunliol S bl o Sle @ amd oyl E (g O

oS lmo g o/ F b O lad jlns o/ ¥V L Glaaslo oS5
b gdcaml s )0 Gliel <NF b plae oS
ol s lre a8 axa0 o s ool Cuwd 4 golis L a5)ld ool
Jole 0lg5 o b (slmalee 31 plAS > colblist IS5 b
5 elolid )0 pre slylire 00 51 Slasslo glac b
g g0 e cpycpl o dlore (s
dlmu;zis 9> 9 Lo diits Lg)’u.))b.jLI_M C"L‘"
0las 515 (V- 2gea) bayleme 51 1S 5 &4 Lo 1990 9l skeus
S ptdled sang SBLsl Sl Hlee jlas 5l a5 wind o
OsTeR (£55)0 (SaxRy YV YO VP (gojlads slaale dlor



A B
Leaaly Lol
— A gk — A g
A s A e
Value il value i
High:9 High .9
— |
== —_—
Low:1 Low : 1
_ 2 P 4
ST Gl 8 ¥ E Canxo w51y ¥ E
c D
Lal, Lol
— e 83§ — e 33§
A e A e
Value E Value i
- High ;9 - High .9
= =
Low :3 Low : 1
¢ & P I
Fislu 51y 9 | Slesle culld olime 2 fl
LyLxo 4 b po (39390 Oylailw! (Sl il :Ve yguali
E F
|
Laaly Leialy
el S LT — S 33y
[ | s odlme [ asom
Value 1 value i
- High:9 - High .9
— —
Low: 1 Low, 1
y y
e SndeS - Sl i @ i
G H
1 1
Leialy Leialy
— S a3y — a3y
[ ] Ad it [ ] Ao
Value i value i
- High .5 - High .9
Low .1 Low .1
. o 4
=l s e 1 ol a5 ee ¥ k

LayLro s g9 50 (39390 8lailiw! (AL (Gl 1) yyguai

4 ol dlox o)l i ©0ls> £ 589 Jloanl a5
S o)l V5 ¥ g0yl slaale

(Loasdls £ g0200) et o] Sloaloms  Bpne

09ige Skl loasds g Gaaghy slaylre JS 52l )

s 3l e sl (gl o5 (s ass AHP gy 4
oy 45 5 ol Casd A oyt Ll (4 o Jlazn] e lalas]
gas (WY jogal) delyd ioles 4 wlite JSi b asds g0
olas ly b 2 0 ) AHP gy 5l odel caws 40 dsus \YA
R S R R e R CCRELES

9 YO VY soylais slaalowe diged (slys g i (slaale
S5y B ¢ Sy Bl cudsS jlixe Jlas 5100 0gng Y5
lBlisl 589 Ly YA 9V Y soylaids (cloalos o (gy0is
el i 30 Bl g g8y Jloas! ccwl ol oyl el
23,5 oyl Y8 5 ¥ Ve ) (solait slaaloe 4 g5 o dlon ]
Lol <ot pos slome i 51 5 23 0 s s e
9 915 (plicl cuniog g (28 5 (53550 slralxe e

Sl el

SBLS1 a5 5 g sl sl  lwlidy



SBLS1 a5 5 g sl slaale (lwlids

Lusal,

— st

[ A ot

ey N SFliger |-
AHP "
o3 i
- o |
— ;
g-
B las Sligsen (17
PN
AHP g

Sy s ali !
Sl ol |
ot G
!.
e '

Sy olise |b
S e dlxo
5‘ 0051

L, O — wp— K ilomgers :
o awos s

i | i i
Qe i aesin o

i
aeeie

] ) @';

i
1o w00

e Sl Ao (65 ool (S - 0 g AHP (g, s Slibgunds - A1 Y yygua

CYE LYY VY YE YO OA N A Y oylet slaalxe
sladloo gin wimd o LS |y ladlowe jl loyd YY/V &S FY
oo Jolis il dmales eyl 45515 413 0l cspmyisndl b
Slosilos (5388wt 1050 iy lpe sloalne g Sl
I e 33 - sl Yo nlio ol 3 casmas w15 5 ooliand 5
i) cnlin SolS I aleo (ol 53 345 plao (545 Cning

CFF P YRYY Ve Y e A ) soples sladl
olbalne 535 Wgi e Jolis | lodlie §l 1usyd Y0 &S ¥+ ¥
ol - laxlse (lauwgio) b5 (545 1 (godiannl b &S sitn
JS (slmaline g i 3 0 pled] (slalinsgy 2] 55 o dlino
&S i gladle ple  WlawsdS godw SO (b o ad)S
L sladlx g3 cdiiwn i slaals 5l doys YAV Jolis
ol it Ol sy (556 )0 wS UL 5 08 ey
JeeSI b3 sladloo b et dliiss (slaalome 2l daaloee
g o b (Gxie S S Jold j0 s0)lpe 50 ditn
ST e Jline S el (Sao 4z STalrs ol 5l (B0 50
G5 Bylens b oS sl pSese gl b coner
51 Sy s a5 (508

59 1y )0 e sloalme (gpayplas b (gpodanl e
ol )3 09 oyl ouped ol (aSs Hd wlasl
95 Obee by Jolad V coow & &S (39 (153 ) 8l
aSed ) Jlasl whlas £ 589 4 cand (53205 (gpudy e
@8 gy 23l ol slaasdl mols glo ¢l
AL ). A gaaiib a8 s 0,0 ool s 4 gl
Vsbegipl elel 2 b slaalxe OWYB pogas) (ols
3y 3o b oS (@S ls o] Olime canig b AL
load anaib (L5 (bt L) wai 9 0Ly «(lawgio L)
S 4 (295 ol ) (Ragh ol wre sloassly
dde sl (2ls (29> ol 20 4ds izl ol
g YA N0 ¥ oY sojlais slralowe culys 4 (GIS o AHP
slaals gy Wi o LSis ) lrdlsw sy VW/5 as ¥
hhale Jols (il bl ol ditud plcanl 14as
L;c\S.w Curdgy  Jud ).Q(w)g)o )0 5'915 039.»:)_@ 9 UAJAB
o el by cdsr o8 Jo 4 loaleo ol 5 yleo
9 5 Flaxdls (53,88 5 o815 (izman - canl canlial
ol YU Ll



(i Sl g Bud bl ) (St Ol (SaSid 3 slyow 9 ©0lg> &899 51 (65 sty (Syo Sy S, :0 Jgu

Sy oles lles iy
s Lol g ol b anlin Yl g a1 ol 033my5 Yl 5 aaly) 55lunsl 5 Ll T slady
b e ol 3loaz LS 5 5lo Sinlon |3 (508 pS e g 039m,8 (> l55)3 Gere lapSTy p2als | .
Lias (53,40l (55l 4> LS leL»r,flJ.;.m -
G2 Sj)debn Sl A3y 9 & s slais b ST 20 el o 5 T el s bo s cuais slas b <15
b 2lslaeslog; 65k b e < phm Slagise,> lslecsloy el | o e
& b k:)lﬁ)lb]l:’L"JLd—:?Lu slcdls gileKalea PRI W ol slaasus 39?3)‘|U3Lu)&>lb|3d):.‘5 slacules
S ol slacsly; G LAz slasle EDEE
srls 58h Sialoa 5 42, L0 (s, daliy 9l Saeal> 53 0329 35250 (50 plae Silute s
St B> Sladrwg )5 Ol slacslu s Syt (S839m,0 Sladly =
S b slacsloy; g lady salus g5lwg X . . .
2R SRS X ’J‘S ey S S039m)8 5 a8 Sla il 5jluge S slacdl
P 502 A9 Sl o
i platly e bl g Tl i 5L 5 lady s St e
£33 2)l50 55 a5t (sl g (S5l cranl yshain 4
~Ln-LwlmuTL:._éd,:;fm Sl sbol - -
90W L ¢ D) 92 X R . e . .-
b s u.jol:’)-? s alivs sh)ls slaasgy )5 Ol Lis ‘5)L.~e49[,:b.u ol les

WSty 5 >Nl @lolidl plosly Jolse okt )
Sagi o2l 0 & She el 1o s O
ssbiieds Cazex aojsd (ogd 4 dSu Dl LY
b ol el sl dtgy solinl
Sl Sladlo slacllady (S a asools ¥
(Slopd g et slag b guoe 2
k85l Sl jslareds (gpd plae iloanlie ¥
e 2l esloyyg
gblie (el &S o (g555e slocdl Jlul (hil
oS el Gilug s g d e JSas ]y Sl
il Jlos Yo 31 e a8ty &S ladlxe yo O
5 Bl £ 85 5l (St sl llos sl L 5
lodds aoMs B Jgdz 53 syt Ol ajes (48w 43 ol
e Somlon 48 el (gy9yio 4S5 4ol 4 oyl
S glacalog @by b spd lad ghaely
lseSet ) Bl e syl S i e pree Hrore SReE
bgpe (ol pote (58 polate (ol (sl - cul 00
2bdlpe cledbl galols 3l oolitw! puzman . cusl (gy9p0

S g8 e Jless] llus )

1. Geographic Information Systems
2. Kernel Density

3. Weighted Overlay Index

4. Convert Feature to Raster

5. Reclassifying

&b

c@llae 00l) (5 desme 1o yte . ol (o LyteS OTYY) husle (Jrwl

Wolgidu g (S
31 eolamwl gulis oes (g ppai ol aSun )3 A3l ggdg a5 5
RS loding g alee sl (B oS w30ls glis S g
315l b3 b gppdocuml b cunig 53 cllal yaze s
.a)f o)L‘Z:])Jg(.i': (Suro> rvfl).“:)_» ladl>e 4 0153@ o ol
lalxe (gppdycanl Ghee caslys (295 & S o515 by
5 tnren pSh slre oll s ralse oo S uSiate
5 ol 51 3 a8 8l ol 5 bylgsls (eolasd] Conioy
o515 e Jelos 05yl 513 WU (ol Jlas )0 laaigy
3 e slais o 015 ol 55 b ezl el s
iy sloaloe 5 Sl cloisn 5 Slaxslu oS s
I8l g8y s 1 5 Slazlo slacalld o b 5
€l g plae (oS pite iy bl O (4t 5
R (o238 9 (53550 (Slaaloe &3S (49 (293 & 55 S
by).o LSL&M.».‘)L) ‘b‘*-’l'?(' )9 JJ)JJJWT 9 092 035»:)_5 u.l.c]
5By 3 48 310 0lits 35 Ol (4 50 )L 5 jes yuine 4
st o sl 038y o3l by g5yt ) S bndloes
el YU Of oSy i lBlis] £959

ploxl g GIS Lo ;o AHP Juo (gilwosly (gasns
29 b Srdn ol ((ABES cAS 4 e (Sligpen
D sy el iy 2 ool Cusd & golis . 4 (g0 ol (45
& eyt )38 b (sl Olie ka5 098
laalss 5l oyd VW/5 dgus 10 aS 0y (pl o ol (sl
ool 9 las (20 )3 <l atilo Sl bl g 53 )90 5 s
Jte Bl 635552 £985 90 50 g goze 53 a5y 8 s>
(SRA Sl edlop )3 b bl jlaoyd 45l i (Al
Sl 5 e copte clr Ulgie | s ok
12,8 43yl e (liad ogllas

3
3
.
L
3
2
}
e
X
i
3,
3
)

B

‘\‘3.
2
3



3
3
y

X

:3'
2
I

el (sl

(AL NE Y PPV

Joal ol copde (VWAT) 08 608 syl p Slalllas 55 50 ¥ -
S Sroaaly Slalllas 555 oo slacdss (slp (oe sloal,
RUDERE
21. Foster, H. D. (1980). Disaster planning, the preserva-
tion of life and property. Spring Verlag. P. 275.

2 0 il sl LOYYA) 3y o)) (AbL 5 colgy VY
ol Silon o 5 - 5 e 15090 s aalllas 03] e
Pl A i) pwdigo 5 liis 4

23. Fischer, H. W, Scharnberger, C. K., & Geiger, C. J.
(1996). Reducing seismic vulnerability in low to mo-
derate risk areas. Disaster Prevention and Manage-
ment: An International Journal, 5(4), 5-18.

24. American planning association (APA). (2006). Plan-
ning and urban design standards. Hoboken, New-

berys.

AOFAYF) (Ggo ¢ st e «Bymibo (440 <5355 GaeolS <ol YO
NPV piin goylads hou Cupdo dolilad g0

26. Shohan, S., Ahmad., & Slobodan, P. S. (2013). Spatial
and temporal analysis of urban flood risk assessment,
Urban Water Journal, 10 (1), 26-49.

27. Zhang, T. (2006). The Application of GIS and CARE-
‘W on Water Distribution Networks in Skirholmen
Pressure Zone, Stockholm, Sweden. Pipeline Tech-
nology 2006 Conference.

28. Hill, C., & Jones, G (1995). Strategic management
theory. Houghton Mifflin Company.

29. Jiménez, R., Magrinya, F., Almandoz, J. (2010). The
role of urban water distribution networks in the
process of sustainable urbanization in developing
countries. Case study: Wuckro Supply. Wukro Town
(Ethiopia). A: International Conference on Sustain-
able Urbanization. “First Proceedings of the First
International Conference on Sustainable Urbaniza-

tion”. Hong Kong: 2010, 1-6.

30. Yamba, H.O. (2011). Improvement of water supply
through a GIS-based monitoring and control system
for water loss reduction. In: UN-International Con-
ference Zaragoza, Spain. 3-5 October, water in the
green economy in practice: toward RIO+ 20.

31. Aburawe, S. M., & Rodzi Mahmood, A. (2014). Wa-
ter Loss Control and Real-Time Leakage Detection
Using GIS Technology. In: UN-International Con-
ference Zaragoza, Spain. 3-5 October, water in the
green economy in practice.

32. Usly, A., Bakan, G., & Sisman, A. (2014). Employing
Urban Information Systems for Water Distribution
Systems. Energy and Environmental Engineering,
2(6), 129-136.

Jlad copde L(OVRL) £ ool sg Garsyde o elld csbml LYY

aegeze 3 O e jl g oolaul 5 et O @ig slaases

et wiige slddlaie iglen oyl Yo
sl ohoo copis bl (Shb . (WWAY) L@ guly £ B gl XF

e S il 8 5 153 b Al 5 Tl o

SRS Copde s oo (> slaglyd )0 HSE 5 oloe copie

TYVYYS ol VY Lo csKaigy ol sy
Bl GalSy cypte .(0TA0) hlusd (ol suag s Y
15090 sanllla Il (sdnss 3,805 b (SAD (iyasly 50 o
P90 (5090 S Cuppde g ho bz bl (st IS
YF-AY oyl
Sz plo (St L0z ) o LOTVY) LS el g ¥
YA-YO VYE gopleis

4. Cardoso, M.A., Almeida, M.C., Santos, S. M., 2016).
Sewer asset management planning — implementation
of a structured approach in wastewater utilities. Ur-
ban Water Journal, 13:1, 15-27. http://dx.doi.org/10
.1080/1573062X.2015.1076859

5. Roozbehani, A.; Zahraei, B, tabesh, M. (2012). Journal
of Water and Wastewater, Issue 1V, 14-1
B call b ¢ (08y8)  luad (g ((Gymde thurw Sy (el P
3l oolizal U of 5 1385l slaailge glysenl 5 asmes clblie ply
AA=0 Y b)LoJI'J (Q&?{J Copdo Muaﬁ}.)ys 51
s prazme Ol L gt leyol LOTAY) Bdee (go3ie .Y
ol oty el Ll
‘()‘)-Qj P9 ul} LS u}ﬂob; u_i[w)g/’.(\\“\") L;a.lma.a ‘)5.)‘)'.@(3 A
G oyl
9. Motiee, H., McBean, E., & Motiei, A. 2007). Estimat-
ing physical unaccounted for water (UFW) in distri-
bution networks using simulation models and GIS.
Urban Water Journal, 4 (1), 43-52.
o s (uadis qols 2yb  (VYAY) (29l 5 2 )b jgline ludige N
.d,...;:)l LS}L"‘)'QR:."B ol) Jf b)l.)| LS)L“){M ‘:435[#: :}l C)Jo u;“:)l}f
o b S Ll (WD ) Jwdyl gl ol 5 O ey
Mol g Ol S liios She )5 0as uts)] . oy s of s>
3 S oyl gl
A Nl 5 ppoli pols g3l cllliao .(OFAN) Gyl j5lie lsdige Y
1 sl
o Pl et (B0 Obre Cpde (YY) dizme  @lae Y
928 ool 5 syl olajla e
14. Price, R.K., Vojinovic, Z. (2011). Urban hydro-infor-
matics: data, models and decision support for inte-

grated urban water management. London: IWA Pub-
lishing. ISBN: 978-18-4339-274-3.

15. Cardoso, M.A. (2012). Urban water infrastructure as-
set management — A structured approach in four wa-
ter utilities. Water Science and Technology, 66 (12),
2702-2711.

16. Halfawy, M.R. (2008). Integration of municipal infra-
structure asset management processes: challenges
and solutions. Journal of Computing in Civil Engi-
neering, 22 (3), 216-229.

plol o8asly GIS 5 (gt (Sypcam] ((WWAA) EpogS g Y

IR () o>

ol whlaw!. oo copdo gl g Jso! . (OYAY) jL3le ¢ s VA
OIS A Ol o g Sy

sl Shlas] (g Sl . ohie Cupe (TAY) b (oldgm
e 2l


http://dx.doi.org/10.1080/1573062X.2015.1076859
http://dx.doi.org/10.1080/1573062X.2015.1076859

CaSus dlgiit L(OYAY) L SHlid adle g p g)ly ip 30y YO
Mol (5yglaar &b slo) Spplicaml pasls b)) dabn
5l aggy el (salme (50 15050 saalllas) GIS iy 5
N0-0 & oyl Mol

Sy g L OFAF) p diguilid 1w § gy 1) Loty Y5
sdolibad ( ilwpglio can s V) (satlate Syl gaSs (loj))
Oliss eprley (5ol oy (5095 cuh Cpnte 5 (K SR
VYA ATRY

37. Chowdhury, M.A.I. Ahmed. M. F and Gaffar, M. A.
(2002). Management of Nonrevenue Water Four
Cities of Bangladesh, Journal AWWA, 94 (8), 64-75.

38. Gerami, R. (1994). Spatial information system (de-
signing, modeling and planning applications).

39. Mitchell, A. (1999). The ESRI guide to GIS analy-
sis. volume 1: geographic patterns and relationships.

ESRI, Redlands [CA].

40. Scott. L, Getis. A. (2008). Spatial statistics. In Kemp K
(Ed) Encyclopedia of geographic information.

41. UNEP. (1999). Human Development Report of the
Islamic Republic of IRAN. Chapter 8:109-121.

42. ESRI. (2010). ESRI Production Mapping: Meeting
the Needs of Water and Wastewater Utilities. An
ESRI White Paper. www.esri.com.

43. Anselin, L. (1999). Spatial econometrics .methods and
model. Dordretch Kluwer Academic.in: A Compan-
ion to Theoretical Econometrics, Edoted by: L. An-
selin. Chapter, 14: 310-330.

44. Asgari, A. (2011). Analysis of Spatial Statistics in GIS.
Tehran Municipality Publications.

2 ohedde Jlow anhd 080 LOVAL) L baibwl ccaayy . FO
I goylait b (glayi (it o gladlate 5 (G rib (S5oyaeliy
B

9 Zuwyhas gl AHP ouss oass Juo L (WWAL) L Jaslows] ¢ gpuiio . ¥5
Y=Y Y oylats OF Jlos ccgpdo i 10 (2SS paomas

e boelan asl (goblus dus o Sloyde < eunlpl FY
ooy s oy slaooly Juloo bl sl gy 3 (gyape -(YAY)
AW-AR DY goylaids by lojls (gdmgizys

ol oldlas .(WWAY) (glore 5 il glabb jolie oludige. ¥A
3ot 5 oly ©)l55 SRS gudyl Y sl ¢ Joa)) o (5039003

X

3
3
Y
3
k]
)

]
s

BT 145 51 gyt o



Sl Bl 55 U35 3 (yl8 e Silwdin
CSuib (Sl dam n0yg8 el OB £ 999
3l (P w1 63)90 (s Ao

o anmab polie g (355LiS pole o8l ¢ (6355 (sgmitild: 0dlS dogaaro
raminfazl@yahoo.com « gyl anb wolie g (53y5LaS pale olzsly Lutsls #  Jgl biad yaoly
ol b golio 5 (39188 pole ol8tils ool : (g3les Liopale

WAS/Y /5 el gl
WAV/F/Y0: prd Gl

S

. e

oS g.j W}‘ Alg Lg)lb)go)g‘.; ] 0 é.§|9 ahassle ol;;ml)é J;b L;)lflmb)_:)j o> )'),_J| do)elé.;nx.% e Juw
C)b.c UM J)—A.AS RV ())J] duw LJL")-Q (STTR (SART O . Caw] o')b).;b){,) 9 ub.u\;o Axgi JJL‘) ul.cs»o’yo )] duw U"I u).’xo )9 04
ot Ol 81> 0 a5 L0 4t (6555L8S 5 pb (sl (nel (sl cmslio (61000500 lasalat 5110 (yloyh ixie g 000,85
9 5 Juypw cuas pis g (Al S yio WAY) dus y0 ol dusad glaodisSa s cudyls iSTas o (4ol o caSo y20 V£ 2 /0) du
b ccaliseo e85l (slaoygo b olow (satge (2bwigy plsl cubld oS ws ags Oew (ilodinge-silodnd ol Jae o 6399
0l 31 bl yslatosy ks St s & s Sl (SaD5> (13903 52t €90 ) I ) s 5| (BL Syl (GiluaiseS San
olas gbs . caby 5l (b oylus (GludieS s Ollow £585 (Show bulyd )5 gt (st Copde & Ul e < o2 9 £589
2B cuwl 3l e gt o el Y0 5 Ve 4y s 40 PMF g allo Vevow Gl 3l (86 el sl JBlas 4y (gly aS ol
035 38 s Jloys 31551 el o ¥ g +/0 350 s 4 i35 315 coNhoms D99 s alad

o ylgo Moo (Gl ~ GGlodnd Jdo el oyl (GlodiaS g5 o]y

Reservoir Operation Optimization in
Critical Conditions of Flood Occurrence

oy Based on Simulated Annealing Algorithm
o Case Study: Alborz Dam

okmabﬂ)l#ff
\YAA

adlilaiys Masoome Khademi!,Ramin Fazloula?, Alireza Emadi®

e Abstract

Iborz multi—purpose reservoir dam is located in the Pashakola Babol basin in Mazandaran province.
Optimal operation of the water volume stored in the dam reservoir is significant subject for managers

®

e and operators. In the rule curve prepared for Alborz dam, the purpose of flood control is not considered and
rule curve was prepared only from the standpoint of properly operation for drinking and agricultural needs.
) According to the probable maximum flood of dam (1466.5 m3/s) and the outlets maximum capacity embed-
3‘ % ded in the dam (1183 m3/s) and lake of side spillway and fuse plug at the dam site, preparing the rule curve
% 33 in flood conditions is necessary. In this study, in order to management and estimation of entering flood, a
3 simulation -optimization mathematical model of flood was prepared which is capable of flood optimal rout-
Z:: 3 ing for different return periods, with the goal of reducing flood damage . In case of equipping the dam basin to
23 flood warning system in order to information of the flood time and volume, can be paid to reservoir optimal
3, 3 management in critical conditions of flood occurrence and reducing flood damage. The results were showed
2 3 that for reducing 10000 years flood damage and PMF damage, respectively 10 and 35 hours before emptying
3 _:.3 of reservoir is needed until on the time of flood entering, the reservoir level is respectively at least 0.5 and 4
?{ § meters below the normal level.
i) Keywords : Flood Control, Flood Simulation-Optimization Model, Minimization of Flood Damage
x:‘h 1 Ph.D. Student, Sari Agricultural Sciences and Natural Resources University
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Study and analysis slippage in a trenches on

Khorramabad-Poldokhtarroute

Ali Veiskarami', Dr. Hossain Noferesti?

Abstract
I andslides are among the events occurring on steep slopes and are always accompanied with financial losses

and lose of life. Slopes are geotechnical structures, in which slip is expected if the slope angle is not appro-
priately observed; So it has always been among engineers' concerns to determine the right angle for a dip in a way
that not only doesn't it cause excessive excavation, but it also brings about proper stability to the structure. In road
projects, especially in mountainous areas, it is necessary to create trenches in the ruggednesses located in the route
of the road in order to observe the proper slope of the road. In Lorestan province, a large number of trenches has
been created alongeside communication routs due to the mountainous topograghy of the area. In this paper,an oc-
curred slippage in atrench on Y ath km in Khoramabad -Poldokhtar rout has been studied by both limit equilibrium
and numerical methods. The results of the modeling indicate that the landslide has not yet completely developed.
And the tensile cracks in the landslide anticipate that in the absence of an appropriate stabilization of the trenches,
a catastrophic event is not uncontemplated.
Keywords: Landslide, Limit equilibrium, Numerical methods, Khorramabad, Poldokhtar.

1 Graduate Master of Mining Engineering, Email: veiskaramiali@yahoo.com
2 Assistant Professor, Faculty of Engineering, University of Birjand, Birjand
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1. mass wasting

2. Limit Equilibrium Method

3. Numerical Method

4. Alluvium

5. Limit Equilibrium Method

6. Stress-Strain Method

7. Bishop’s simplified method

8. SLIDE

9. Rocsience

10. Advancced Numerical Methods

11. Embankments

12. Finite Element Method
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