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Abstract:

To achieve the goals of national housing initiatives, it is essential to utilize advanced planning models in conjunction with a comprehensive and integrated
approach. Accordingly, the aim of this study is to model the national housing programming process in order to reduce costs and enhance effectiveness. This
study is a developmental-applied research conducted using a qualitative method. Data collection tools included semi-structured interviews and a questionnaire.
The statistical population consisted of 30 experts and managers in the fields of housing and urban planning, selected through purposive sampling. Interview
data were analyzed using qualitative content analysis, which involved transcription of interviews, initial coding, clustering of similar codes, and extraction of
key themes. In the final phase, seven proposed models were formulated and used to design a 22-item questionnaire based on the Likert scale. A second sample
of 90 professors and relevant experts was selected using the snowball sampling method. Quantitative data were analyzed using the Best-Worst Method (BWM)
weighting model. The results indicate that the criteria of demand forecasting, resource optimization, financial resource provision, and risk identification hold
the highest importance across the various models. The scheduling and resource optimization model, with the lowest inconsistency and the highest optimal
weight, provides the most accurate basis for decision-making. The needs analysis and demand forecasting model and the public-private partnership model also
demonstrated high significance. In contrast, the budgeting and financial resources model showed the highest level of inconsistency, indicating a need for
improvement in comparative assessments. The findings of this study suggest that national housing planning, using the proposed models—ranked by importance

as follows: scheduling and resource optimization, public-private partnership model, new construction technology models, needs analysis and demand

forecasting, quality management model, risk analysis model, and budgeting and financial resource provision model—is optimally achievable.

Keywords: Programming, National Housing, BWM Model, Modeling

Received: 13 January 2025
Revised: 05 April 2025
Accepted: 21 April 2025
Published: 10 June 2025

O

Copyright: © 2025 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0

R

LS g (ks 31 gua ooy (o (sSuwo (B34l g AT S (5 sl I
bay »

3

(Ugiue 08y 99) 1 woal oyl pal el 05 o ciniing s oKl ¢ gylomo 09,8 7% 00l5 odl o .Y
Oyl ecilytg e ool bl)'i olSld ¢6 )4 (o)) simed plol HBE0L dnly ¢ gylome 09,5 £ g, ST o Y

b-adibzadeh@sbu.ac.ir :J s eds 55 S SN oyt

o solane o e e laag e 2AS 5 s Sl sse skea e (S oasasl .L\.ﬂ)_e Slodde ((VF0 ) L e (ST 5 e o o3l sl g conly ol i paslawl o g
A=Y O il e

0 S

S iyl 53 o el ailrass 5 melr 3,50 ol 4y 4t iy (65540 sladie 3l &S ol (65,0 ;&O&éucjbg_é!M!g&lﬂ;ﬂ: Sy
a.x,.ivlq;.!_;é.:su':,}))'lcsum\L..6>ﬂ)K—L;leJthdiﬁl‘w\azﬁ‘;i.&q;l;ﬁ}Qﬁﬂﬁ)}b@dlﬁQLMfquﬁxﬁjédjum&wa\
S 035 S5 Sty 5 S o)y Ol e 5 Olulia, S 51 B T Jels ol asal S aelilon gl )l luaas glaaslae ool Lg)ﬂ{)f)l}g\ sl
,@méuﬁygjz‘qjlwlxv\scuwwwL;;Lﬂhag&u.«suftqa!Jgsdijww_;j,pupww.xugualm,\,aajyg
rjbwl?.d.ﬁcbm\&fﬁ%bmb\ﬂglj.ﬂvv Mwﬂ&f‘kdlﬁhdfﬂj.}.&djﬂd:%d#vch@JQ}f)bb};&‘éu(@c‘ﬁ\
das e 0L @Lﬂ Ll s BWM 23055 Joe 5l eslinal b a8 glaesls . is Ol 3 pal slS (o, b aS 55 Lo e OLulis IS 5 aslal 51,840 Jals
L{@tﬁ Solwangr 5 A0l Jde disls |y Gl o iy il gladis s LS, plabs 5 Jb Gtﬁ &:.a‘l: Actﬁ Sl Lol oo s Slaslae &S
o st 5 s SSHLie e 5 Lol s A 5 bl s Jue Ldas e ST L;;M;,UJL;QSJ‘%O;) AV s OBl Ol o eS
Spotal 5 &S A o QLS 5 ol @\:J Sl Slaglie 53 350 4 W 5 Sl LBHLLL 1 2ty shils Jbe C_lt\ﬁjk_s.xd.%)ﬁ Jde ¢ Jolie 55 il oYL Ceal
g sl sladue (o et — pges CS 5L Je cbe Sileace 5 A0k Lols el L3 w4 esleig ladie Sl eslanal U S Cjb
ol Ol g IS 4 Il b el 5 suams gy Jde 5 Sy ok Jee (kS Sy ke S BB st 5 WL e Jbe Gl sl
Sildds BWM Jus ¢ e Sis ¢ a3000 IR PRNLY

VY e VY by g
V¥ 523)9,8 V2 106,555 )b
V¥ Gyl Y igipdy G,

VFF obys Ve Ll &b

ooa®

ol 43,5 & jg0 (CC BY-NC 4.0) 2165 b illas 5151 oo yiwd &ygods dllio ) L) ol ot g5 4 3late dllio oyl L] ggis golod VEoY © 11 3> g 500



http://creativecommons.org/licenses/by-nc/4.0

1FeF Sl

. & ¢ z gw 0999
U//L’/’U//W”/‘Td{ S,u,m

dodle

03 55 Lites 002l pl 51 55 Ol 338 5 ol ol atlid anen s Il 3 la g pwlad la 8l 51 S Olgets Sms O o ol glaans s
2 b i (sadane sla il Lol cilodals |l daly308 LSl (sl ol o el i b e s 5 g0 (Sn i sles 1S slag b o
3L bl cpl il aaels ol i 31 2l o e eomar 3l 5 b lae sy S ol ke 5 3ble (sladi 3 csolgs (Kaalasls |
s S 5 e gleag Sy Jo oslmadin (il pl sede 5 s las o) S eslanad L L“CJL o) sl Al 3 s S5k
D) sl LS Sy e Glasesla

Slhkes 5 OUS sk 53 (S eands Sl ode Loyl 5 osls e (s pepmal p O (S o glasss 3 UL ol sl gome 51 S
e 3 3l olaslnl Olsea «(PERT) wolp il 5 obisl oSS 5 (CPM) Jlpms e oy Osmmes SeudS sladute Sl sslizal .o
Lol b5l Ol (Gl sl plulis es Wby, ol (2) s V.hlj_'é @t,, S g (a0l (gl BlLE gl Ll e o5
03 4 i (il bt S (SIS ) p e s Dlalllas .(B) sl e a3 15 mbie (50 4 Rl s e Sl rals ol Calis
(4 Klazsls ST S slacss o e oy ke

Sl oo 035050 31 6ok 53 .w\wéudﬂémﬂsuﬁ;} Jolse K5 5l Lamar slasls Lo 5 Lol ot 53 e ool s esdle
L Jlawl ¢_J\.:«4J.J>.r.;.a45¢~.~\ a S o eal gl jltle 5 il el & Sl Gk, et lacares eyl 5 8 e 55 Ol Wses
@3lasl (glaesls 3l 5 (65313 sl sy Jebowd la_iss ) elil U Lols i s W3l g5ladie .(5) ol o Ly ol 53 SISL 5,8
(6) 558 e el amniad b 5 GhOKG al 0 53 (6 3G85 S el & Ll 50 Slorl

SBLE L SISL el o gne s 4y JolS (Sl o5 bl 51l 3,550 (6305 el S 35 oKn o (slaodsn Jlo sl e Ol al 3
355 O geimn Ll 53 w5 oS30 B, e Il b sl sl LIS (6581 Ll 5 o (PPP) o seasim s g &S )Lie (sla 31 51 oalizad o
b woyd e eslinal IS0l gladstin 5 Jlo slaslg b b 51 6,86 e 5 BOO 5 BOT (slaslsl 3 dile laylipl 51 sy cnl 53 ((7)
(8) A3l (ol 3 oyt 5 (A3 o Do Lalss iS5l S LB 5 asiia (g313)1 3 5 i pllss oSG

(St Pl b iy Sl Sl eslinal il Lals Waed s a5 Ol (2alS s e (S e Ol 5 Slascstla s slagysls
33 5 Lo a3 5 84 05 28 jsbas 4 iy lay3iS 55 oS Wt ol dhe 51 d(BIM) Olatl Oledbl (g3ludde 5 (liadgn 5 0 s las
5 ole G rae 2ol a4 aeile el 5 ok Sl s ags sl cal 31 S S (9) 315 sum s e (slassy 53 LOT Sluesly b b 55 01yl
(10) &S o SaS | ol oo il 531

Gle3s il ol 5 B sim (s3latl ( Jaoms glacalal ple 5 Sy blos 0,5 515 a5 3550 L Ss el (505000 5 03 48 (5,503 45

9 S Q‘j:;-td.v_b\};& ‘“."‘"‘L.‘" 6]_")4.0[;};)&[..»\‘.& rJ& Q)}.A)AASJJIA;.-\jA L&gi.w.u)‘ L;lewmbcu% LSL“J“L.‘:E"’)> 0 94 ‘g}"ugﬂ“’




1F.F Jw

. & N >
Gl s ar i e

Sl 5 il gl gl o Ol il o 5 S50 50 (3l dile oS Sy Jolons sladie 5l oslizul 355 e Ly a2l 53
(2 11) 33l po ol p 1y SUlas iy s

Jae w035 ol 53 s Sl ) (Se el o AST OIS (S5pmel 55 sbanir S8 s 3,055 Somdl ke DLl 3 imes
L bsag 58 5 Lol (gocy sl OGH VL (50 5 S (55 Slolie L AHP Sl e sla s, S 0 &S sl BWM) (o S5m0y e
o 035 5 SOk Ol 5 4y S e Sss (g3 00b 0 2 S50 S slaslms o (6l 55 ol fass 55 Jae opl (14 13) 55l o oal 3
a0l iy O 3 (g3l sladis 51K ja

SOk 5 AOhol 5l aU Glaaypa als 5 LSl culs, Gl s IS 28 (S Sl 5 L Al s CodS o e 3 S )
il g cdlid Bl o ge Ll e OLKley 3 Slae (2L 5 et b5, (TQM) Csl;- kS Sy e V,.:....M.L.LA wlas Sy sl eslanal s)ls
(15) 555 ) ol e 55 s ,4

S5 e Sl 4 e Wl e Ol s w8l sl 5 (e (glaofs Ll Ol il ple &S ol o Sl 5 anddS Sl s Lo
OB 5 L0l Uyl & s Joar 5 A5 sdalin 33 g0 (Sn 2 5b 3 Wl () (16) 352 Slodst 5 S5, BB eS¢ sbl
(L) Al ssas, Ol g, (S 51 oS JLial b p3Y lactla 5

3l (Il b else Sl oS 5 dsld S e slaes s sl 5 ol e Sulbae & das e DL sdldelil sla i ol o
Sy ezl slagsssls  Jl el Gl Ll (b e (gduiles O e OSU S slal & (65500 1 ol sladie (880 .l olaz]
(7)) 33l ol b o gl e o (6 S el (5l ol (6 s Ll 5o s ik s Olajen 1) kS

A LS Cul oS 5 sl dde S amslasl 5 Hb Rags pl Gl e S laeS s (o0l 3 3 pe OIS L S L
A e 1 bk Gl Gl CadS 5 s Ol s ansa ileangr (et Bl esls st s Sletenn 3 S0,
R IF el

— S Sy el o = o5 3, b s Sl e s & el Wl iU bl s gl oS (6,55 Al s G )
3kl = o 3 Sy 5l sl wtls sl Oley B 0T 00 el sl Oley 31 J 5255 e (6 5ead 5 oS sl 4 S g opl Sl Sl
I35 s 53 Gl Dl oS oS5 o8 Sl 0l ol 4 e ¢ el s 5 s 55 (ST 3 sl e Sl ol slaatily o g )
St e 5 g (sl oS Jul sl el ) 48 8 a3 go jitmn sl olal s s e 0 50 s (G ) 5 el (550,8 d
el s o35 LT (S ,b O st cgloyl gale sl sl glaciils oLl A

ol 42305 1y (6 Sl 4y Kge ool Oljn s Bl s Ol Wl coiin Km0l 3 85 Ol sla e 51 LSS Olsims 55 e ol

30 Ko 3l ey St DL (6,8 IS 5 Ushis ed e SIS Sltle ol 48 S ) s S 0l 3 Ol (650 ikiis Slaed sl g




1FeF Sl

. & ¢ z gw 0999
U//L’/’U//W”/‘Td{ S,u,m

e ol Dl LY o Sedas Sl il (olens DU 5 (S S0 50050 Sule) oo it &S (Sl umexr elarrl Ll 3 st SMLame 3525 5
el 0392 (53, 50 4 503 Ol 5n
TR Sy

w3y geS pasie sl Ko 5l e $3lasl g se bl il (S5l 035 5 SIS Els 51 (S Oy Sl e (5Ll b0 4 S)
el 5,5 13 S5l e 0 Olaai

ot S e sb 5 18 Sl e b pa e (S LS sl (0l ) e 3Ll padse 4 oS G5 Ol
walyy SIS Sl s g 5dm b OTAN) Ol ol adl lid)S b0l & Ol oo dham ol 51 lsls 13 am 55 3550 1 Gls 5 01l e
©Olgaol dlazr dles K 31w (3lsbd Fsn b (YAY) OLGan 5 b shae s (18) (J5355 mitd il olaznrl Sl i Ko 5l o ilwsl
OIsLT s5lasl W, Jdown dlie 5 20) (WWAP) oSt 5 8 andi b (o 50 TS CE S W P P o) @b 3 e oz e (19)
21) 5.5 o Lal OFAY) G slas ani 3 (g o8 is 31 e > 5

£5 3 s o Slom ol s 5 35l 0T i 5 plainl Ly sl s ol SIS (S 31 s e & 355 ias s Ot el
S 3 (S5 Jomn S5 oo 53 45 AS o o)Ll (55 Hms o IS 1y (5 e il ool (sl o8 ol SUSL sl 35500 55l O 51 o8 S5
OLL 6 Sl 5 alme Sl clieon amale sy b LIS 51118 gy o o mles oo gs ol La,y (gl Ol s G a4 5 0T e OLSLL
slagb gl oo O w4 Gl e (8 51l o s (S slazl ol 5l gl IS pla sy S el el s s b
OLES Shass cnl il LS o o5Lal O & (tasss ol s Ol jald oS ool (63,5150 o 51 IS 3L 55 I bl 5 3l b 5 (53l e85l
23 1y el Ll e sl ol o g5l LSL“CJ]” Ob e 9 Ol y aali Jla3 51 aS eslor Lor 8 (635050 B L 05 S wdlsl ol a3 syl das e
Sl s eS osly 0F 355 0 bgse ol 5 (Son b ol ol OT L 1y 3500 (S5 il 5 ool K03 Sla oS 3550 Jba b (s JS rs 5
(18) (hslad oo S5 1y adlews 5350 ddl g (5 me o Ll 351 ol ple (il Jds bl s ol 1) baede Tros Kl

el el szl (3Ll L) 5 bk wOlgiol dler alowe Ko 51 ey 3L gose L OLKan 5 S shae Lo ol ool a3y 5o
L G 3 S 3 sy 30 $3lil gl Sl b O d@‘ﬁ&)‘méjbjh%ﬁt} s sk 4 Ol Sl ols eys Al
ol Wkiins alin eyl OBy 5 Ed 483 s 0T 53 0 iy 5 Slutal g Olgios!) e Ao > Sor 51 g 3Ll b s o 0L a5,
Slacdl s 3l o sast 4 5 CIs gl Ol saal s 5 e el 03V 5 sl il Sl 5 o (el (s o ()b el 5o e
(19) s 55 e ) s (5 Sl 5035 LT OT 0,865 bl b s,

D ot 350 508 0Ly S L L Gle 5 0l e ot Ko Ol 53 o5 |y 8 s Ko Sl s $3Losl SLIGH St 5 5

5 e eSHlie 5 s pde Lilaztls A WP TR sladle dols 5o g3lesl Aol b lacins abass 5 SN @ dlis ool s OB des 5 . Lilesls




1F.F Jw

. & N > ]
Gl s ar i e

5T (Kin s pmen 5 adkin (Bl 1 S 5 e b pde (ol O S s o e 3Ll sl el sl 3 dowe o) e
S itinn DSy 5 ol ok 83 0t r (55k3l Al i U Olginy e DSy 5 o5 51 S ol (5350 ahor 3l o8 Sl 03 05
g2 3 Ol 5 (3Ll il 5o DL 5 Slaladl sl 5ol Dle 2 5 30k 4 sad cadlaie a5 p3 0 DI 5 (6 Son 51 S5l b O s (il
3 S sl g 5o LOT Ol 5 e ol 53 3lesl Ladls s laladl (ladi 5 epsm 03K Lo Silsl S5 sdams bl 5 ) S
(20) cl sy onl ol 5 Sl ) oyl glaas o s oLl S

o Ll b glas i g (ks o8 ys 1 et 5 OILT (S3Lasl gy ek lis 4 015 o0 S 31 e 53l pdge b oo sl ta sy Sos
bt 53 a3l ml Sl s ke Glaaly olal S ele OIsLT (53La3l b gy 5y ilsen il Ol LSl g cpl 55 6558
s slasl ( ollan ( Susl slaaie) s b Sshe 3l sl bodaly 55 Sl e slaw i 5 St s e laal p e ol o
S Gblie ol 3Lasl 3 1 ol o (Kon b olazl slad 0d (3sal b 5 03,5 Ol IS slal 3 L 15 0T 5 e 5 (3Lail 3,505, (olozr]
(21) 545 e

g asly S g se plS o Ll Ll S Sl ey (53l § 050 40 5 sS 1 5 (2D o hae Ol pald Lo 5 o3 o sba fa s 4 S
= S Sl e 33l T Ol Sl e 33l f it e 4 S Slaasiie Kos Glald g oy iledl S 513 Gk 3550 Sslers 0L 5 S350 50 4
5 eVlie Sos l ot s O b s ol 4 8 13 x5 5550 208 oleme DL 5 G380 00 pdse S ol sl SLSS 55 Llassls
Alesgod Iz 1) ¢ 5250 S Tl 5 Gl i 5 Llastls g 985 ple sla byl @ Ol 5 ey 3Ll padpe b a0 S
SRR S S,

o35 s (1Al 5 (Shse Bl Gaa b e (S asasl Gl avg Je G G Jlooas 15 ctl (60,5 8= Slana 5 ¢ 58 51 Gl
ol 035 s gy 5 ol o camlias lamesls (65515 8 Il o iy S a3 48 Los g ol o

Syt 6 S agad oas 3l eslized sl 3l ol el a3 g S 3Ll 5 (el (Sl S o= Ol e 5 Olulis )8 Jols (gLl anel
sl 03 55 &8 Ve allae 3 50 3 31 sl 0UE Olknl dadda

b s A sl e S sl b o e Sl 5 sl s OIS 5 Ol ke b sl sl slaamLas Gy b ) imesls
5ol o35 4BB YO BT s amliae o Dlose 52 oal 3 08 ot 51 Gros ST (55T mar Ol b 4 sl anilslistlosas s Sl 4o
wbae Cols; 5l bas Lo 51 Jhy il SRl o 53 035 b s las baalaan A5 bl (LES s b 3l ST () s s sons
Aol 5o e sl il o Sege e 5 4" Wil K0S slab sl (sl ) diabits Vg Jold b Vg Jols Oligabl O 55
K} "?J\:;Sdﬂ sledg o2l 5 L;LAJ.;JJA See sl L S "l bells 5 ol 2 son Sl Bt SNl " S K

" D) G o A8 sl b (Se asasl 53 S 5 G sl ST il by Saly 5 cblgning oS (6l Sluper Y g




1P F S

. & ¢ z gw 0999
U//L’/’U//W”/‘Td{ S,u,m

Shodiws 5 GHIEUS (gl A4S (¢l e Jelos gy S eslinad (g s S oy daaslas e (giluesly Juld aslias glaesls o ol 03 5
el gy (3lgtg e s (sl LelSss (Slasls 5 acalis s 5 Laosls

Sl 53 S o lagal e 5 s (s3laesly baamlian e Jil o o s ol 03 i o i ol aliae 51 oy ()ISUS J1 e
A S S (sl 45 )l g SV 5 Sk 0T 53 o 340 e ol sl (55108US (s a e s i 351 MAXQDA wile S Lo
WS s BLI 5 55 503 b AS Slses Jdod o)lemr al o 50 L5l Gadiie Gl ool Slaed Ul (sluad b 5 oS 5 alie (SladS o g a1 o
LS a5 baalias 5l ool slaatil olol G o ghe Jo 5 03 ) gl oy o 53 0050 2 Sl (5,@5(5%@}@‘,\;,;\
L (Ghiutiws 5 (§HIISUS sdd oy slicd 5 baalias 51 ol (slaesls 0T 53 45 s eslid AS glgmn Jolowr 55y 51 Laosls Jodows (6l s o 55
‘d\ywumﬁ&‘%;d@.mb;mmuﬁﬁ%Qﬁy\ﬁua\,@g@%dbvw@wf)s.x,;dﬂ“\yléu}ﬁ\u
Al b o S a5 0 Cab 3l eslinad L

)'lasu.:..ﬁ\L,;lj_fa\Lﬁl.wlcsﬁé)w);)\ﬁpw&y‘6*1&4:5\‘Q_i.wa6ﬁ)uuﬂ‘6*.';@)_1.&»415@\}0&\;&)5‘&&»;)}»“:wlq-
6)>Iﬂ@>,6umm.uw;w¢a,m~ asmiali anal (gl 2 OIS S Jgn b 5l enlinad b andllas 5 50 3130 slias 0l bl b S (6,80 pul
A e BWM . asm 55 e Sleslinal b o

L bolas 23055 ¢lp S <l (MCDM) o lnsti 6)?5('*‘“3 sladds 31 S (BWM - Best Worst Method) oy sue—cp 2 555

Sl 6 VL s 5 s,ls 3L (xS s Dlaslie slass 4y (AHP) shimalids ot (o5 b acslio 5o (555 opl 355 s ealital baay 58 (sducy 4l

Loy 551 Lalins 4 gazms (i 1) a0
el (I 4 53 IS slie il e baslns sl i g o s o g gl ol 513 48 _slaay 58 L Uajlne 51 (slas gomeo el o ol 3
3 obre g <4y S ol Jals (MCDM) o lraiir (5 5 sl s SCBWM) (o Sim 2 oy 3l (655 el bty ST 1 e 015
oS sl sl 48 1 (0] ACLY L) ¥ O] Ualios 31 (shae same el i oS s el o 53 il loms oy S 4 0 Sl

LS u"“‘“‘ ;JJJJL;« oslaal

(Best & Worst Criteria) ;les oy 5 5 oy 2 bl Y a6

J“SL)C:’J\))[:MJ.J;J‘J))L,“JJ;@‘LAJWWIMbjjbdsgj‘;dﬁm‘}}””bﬁfw)\‘d‘}fcﬂ'Jé




1F.F Jw

. & . ) Pow 0499
U//L’/'/’U//W”/‘Td{ J,u,:..:.

Laslns il s ks G e G () aslie T al
Contl il sl & el S Gasiie (3 6) Ypens) oliie G 6 b Wslins o & Cod Dlons 05 (557 Ol il oS
2l el 8 el 555 sl el ol Cuenl o s Canl QLSS
WLgd peedls Ll BA s S s llas il
A _B=(@_B\,a_BY,a_Br.....a_Bn)

ol [ e 4 S B lrs o e 65 Ol B OT s S

Do e s bobae ple 5 aglie Y al>
)J.J}.‘:,dfl;ul‘\l.?\ wu.»uwd})ﬁc;lm.unwlmngl))gmdjxmwu)wﬁué;fulﬂxboxﬁfw441>le).>

s oo edls bl Hls O sen

A w= [@_'wa_Ywa_*w,....a_nw)] AT

el W lns o 5 4y G | slirs (655 Ol e AW 0T 3 &S

Lajloms digr 055 armlons 0 al> 56

5 ool sy SL0js o bosls Slis o8 oS Iy doly &l Ol sl oS g ) W ls ) Lajlas g slalsy ALl o ol 5o
23 Sope (W okas & o obas Sl ) @ W @_B)) o 1S s [ pulisl a8 2L s a5 Ll Bl w0 1) 08 renss S
2 g g Al

|W_j/W_b-a_jw]|

PO VIO e P VRPN S S Of Slowr 5 Sl oS o My 1 Dlors 52 055 8 s (315 3
W_j=preference j
sl W_W_B-a_jw| Gllas a3l ] slns o (5l 45 sl (sl 80 o035 1 8L BWM 25, 51 oot
o315 dnw i Jat Js (5 G 4 ol 0l W) anaS e acin (gdud g0 b S Ba ol ol gl e Bl «| W_B/W_j-a_Bj|

el 5 s 4 BWM g Jie 558 0




Glrghar i

1P F S

Pow 0399
Jat ol

[min] 7L

st

|W_B-a_Bj W_j |<EAL, for all j

|W_j-a_jw W_w | <EAL, for all

W_j=-, for all j

G5l Ol i (gl 2t ls Olgsa Ol5 o 1) ML) e il o s & ML) ag Jldie 5 *¥Wag sladss sles ol J=t

Az baawslie 5o YL (G850 sdiasplis ML) 5128 pslis .3 8§ L 55 laaslis

Laasl

SLslS Cod N i 3 A ke 5 S b he Sms msasl  gladol 3 s baan s 2alS 5 a5 il s s o)y oIS Lole 5 Ldue

J.,.ZC“):r.:M' L&‘t«:‘lﬁdﬂ)\ J.,al.li\/)q};l:.xi\‘\/ ‘J}JJL{: sdalie 45)_9.]90[.&.& CA.'.»\ ol Qb& ol rl}ul 6[.&4.:-\,,44)‘ ol C\J?r.:..«‘ 4.1};[3}4.:‘}‘

LM\—’W}‘ PE%A C|JP";~“ Q_QJL?J s\cj‘gl 6\.&.\5;'...“:3\ JJJP,'

A ds)

a5l glaus

ad) sloas

w5l slans

adyl sloas

Slegcslo (ng slacs,gld

BIM 5, 5Ls 51 oolaul

Lolis i i 3 3L o

Slogidle (ngi slags ks

tlas B rae giluasy

Loles i i 5 o5l Jedoss

Coro &) £

5 Cige (5lwans

LolEs i i 3 3L o

5l (558 S i

LolE iy 3 3L o

Core (S 8259

S s, olobis

Loles i 5 o5ls el

ez elnlr 5 ozl

shee sl olulis

Lolis i i 3 3L o

ek L b s

Lol&s i 5 o5l Jedos

@obasdl Sblug 55t Jlow

Loles i 5 o5l el

izl slavsg) Jlos

ol i b ol

Lolis i 3 3L o

wolaidl slassy, Juloo

o555 SlaSiuy ) Cu o

Lol&s i 5 o5l Jedos

S 5l oy

sl sl Julos

Loles i 5 o5l el

OSams gloaslins 53l

Sy 20U sloJoe

Lolis i iy 3 3L o

PIF 902 TP eon

b iloaing 5 canle;

PERT)azd piyy sloaSits Jodos

Sb ple 5 sanazsg

as 50 (g 5lodds

b iloaing 5 canle;

(CPM)ess . (550,24L 5

Sb ple 5 sanazsg

cSlo sloas e Swoiin

s silodige 5 ol

Sl gl g Ganazoy

EERTY ua....a?u

sl iloaing 5 ol

ylby sancaglyl

Sl gl 5 anazsy

Sl gl Jolos

sl iloaing 5 oo

cole by als

Sl gl 5 ganazoy

Sl 51 Jbo oels

s silodige 5 sangle;

Sl gl g Ganazoy

SN aLe s slageais 5 b ol

TAM) gl coiesS g ppie piian

Sl gl 5 ganazoy

oiox sldaze Cupae

coblo anl )0 cohsS Jyms

Sl gl 5 ganazoy

Sl @l Co s

CodnS Co poe

Ml sl sl 51 esliza

Jbe ple 5 ganazsy

Sa9yort Sanse Jlals




1F.F Jw

"
0@ ) Py 09
U//L'/"/’U//W”/{U&{ Jsl ol
ot g pae a3 5 polae o)l Sl gl 5 ganazog by g g Julo
i Co pae szl ceiS vge S ple 5 sanazsy Sl Jlo el slo Jo
oS Lo e OhSley o Sloe (o) Sl gl g gunazoy 5o slaply 5l oslizul
CodeS g e o5 (el I b pls 5 gonazon soya> G sl L 5l olitul
oS Ly e CobeS )l GBptu  jlegidle (ng slags,sld by Sl
(PPP) sosaz 5 (sogee S lie bl ol Slugesle g slags gk 8Lk olge 5l ool
(PPP)sogas 5 (cogoe oS Liw BOTslaols )l 3 slugesle (ngh slags yslid Gomdw ol
(PPP) g 5 cogos o5 lis BOO slasls) i jluscilo s cslogs 5l S syt ) ool

(PPP) sogas 5 sogos S \Liwe S yde 6,180 ke e slo Jao

Slegidle (ng slags ks

g gllas

(PPP) o5z 5 (cogoe oS Liw oy 9 Sy G Jobs

Slogidle (ng slags ks

Loligd GLQG)SL;-.Q

[Cad g

Slogedle (ng slags ysld

&5l Bpan gluaig

(PPP) pogar g (cogoe &S Lt blo)gtue ponds

Slogidle (ng slags Hsld

b 0505 Glapia 5l ool

(PPP) pogas 5 ogee S5 )Lt S lie @,k 5l 2l Gl

Slegidls (ng slags ks

BIM s, 5ls 51 oolaxul

EW C\Jpr;.,«l ol BV il cpl s als T slaas gl o ealgiiy gladie nd 4y daaslias 5l T Sleesls (188 31

ol Olge Jds o Sliasiie 5 5 baslae i ol 5 (N=YY) Ladue S| S slajlaa (Y o) Al e ¥ s 53 0l U3 sladie 4 &S

e
Jﬂ&&mc)’@é MUﬁdu)ﬁ)}bA.gcjﬁaw 6ud'\‘¢"‘*‘?‘~* d}-".
T GlS pobe Joe
9 %9, Julos slo Jos 5l eolaiwl b oans] jo Sus slolss 5 gumor lojls i SFlicores s g bls Jds o
.LmQT EF 9 Sxme slaasly olass s (6l gilwans Lol RSty ey Lol cim i

olaidl 5 claixl slansy, Jodoo

5 @l Ay parass aojgn lhanie (medS lp banie ileand 5l oslitul  loas e Silotd ple 5 Az Joe
Lo Gl 6 nSele ln ossn Jsb yo azog Copae  azog o] S
Sl @l Cu s
w25 glas 5 Ganan Oly il cole aibe (g s )ld LT e Al iy cEle (ny slagysld gloae
szl sleanse s el ol 285 jelieay (guman 1 e g elo
s gdlas 5l ool
5 Sy e slauas jleolial b aeme 5 (slotzl (Jbo g, giluand g 50550 &5kt Sy el oo
Sy 0l sla Sal, ] g s bl ollid glp gjloand  Colas Sl
LS, olobs
5 0595 Oley Cupde ly mbe gilewaigs 5 Goupley aid i e Jow ;I eolatul (PERT) ab iy sloasiis Jds o Gk Jowe
2ol jsbss lie (apass CPMy ojsn  iupaelin oo siloaig
&l sloaip
s CoteS (gmy2 oan] b OS5 (6l S Sy ol Glapians ookl (TAM) gl CopeS S o phanns Sk Sy e Joo
dolre ooles 55 el slas lbial Cule, 5 plaebl s oS Js
polae ol
&35 sl glin ol sl ogas G g g o S jlie slaae 5l eolinal JLe el oml g oagee S lie e

o5 jsbas baoss sy slyzl 5 cadgine

eyt 5 S it G ) K

(PPP) oy




1P F S

Srshesr e

6ol sl 5 e 5l bWMm Jue jolis 5,50 5 ¥ Jsi

43, G Wiaige 035 Bjonyin o G 30y Joe

I3 oA -.00 ¥ \ Lolss oo Lol swiim g sl Jlog Jow
LX. Y Al sebacares Julo
Y 3 0 olazil 5 cloxx slansy, Julos

\4 AR c 0 I \ S mlin cupoe Slo mlio 5 ganazog Joo
X0 Y ¥ sy se (g 5loaned
AT \ £ Axdg anass

"R . ¥0 v | oo gdlas 1 ool e g ele g slags sl sla s
S X0 Y Y aslo i oSle
\ | ¥ Gandw olr

s .4 B ¥ \ oSy, mlolis Sy Sl Joo
LY. Y \ o5 Cige (gl
.Y \ I Sl Julo

Y .. .00 ) ) O Srovy &b (il 9 goaple; Jow
LY. Y Y (PERT)as 2y sloaSs Jolos
AT | ¥ (CPM)ess 5 (550,40l

N RN LR Y \ WA Sy CadsS Co e Jde
Y

- X0 Y TAM) polr CeiteS ke pmns
Vo | \ pole &\l
Yooy -.00 ¥ \ o glis oels (PPP) cogas 5 cogec &5 Live Joo
- \ v eya> g Sy R om )
-0 \ ) Lo s s

3,18 (6 iy ULl 6;5(-:‘-»4—7)-’“6}“ rl?_v.«»..!\ Shls sy Slaslin (A2l 28 Tt ldds a a oS das e 0L (5, 85L0 astls )
U pldie o i ol dds ) 53 Slaslie VU (6,5l sdiaslis o sl /08 Slde b sbe (gilaag 5 g0l Jde & bgy o Qo s oy a8
oS T 5ldie S pladie (ol plo sl Je ol Gluglie 53 e (8 5Ll sdiasglis oS sl /N0 Slaie b JLe e 5 Guars s Jdo a5 by
el (e Slslie plomcdl B 51wl (g3luaig 5 (s A00les Je 5 Lias o L) (5 2 Lgfﬁ(,ﬁ..»,ajBWM oo B el
el i Je 53 slme OF el il YL W lude s e Sege il Gladis 5o bajlae oS 4T ias e 0L Lajlms 4 sa0 35
‘6*:wj}‘;'gmﬁ‘5k)4wu){))‘ﬁj@)y#@gzw‘\S&:,.M‘)L:*ﬁd;ﬁﬁ./aa)lmhuwﬁ&Quwﬁ&jungdv\-‘)}
IS Caal edasOlis a8 35l 15 035 a2 /00 Sl b b b 2o e Jbe wle 5 (guazms 5 Jbe o .;)\adwﬁgduw@&ﬁ
das e DL &S yls 1) O5s ot /Y0 s b g mllas Sleslinad Gl 5 cotle 5 lagsld s 5ol mle Sl aig ealinad 5 aay o
3131y O3 ot 100 Sl L Sy plalid (S o Je s .JJ\.sL;.sli)'J;‘lJ Cole CodS s g baag a alS ol dLm e
ccgh.a Silong 5 o0l dde 5 ol ol Gladl oo 5 lsl Gladusn 51 6 S s 6l LS,y Cupde 5 i Caeal sliasOlis &

@YLJ:’U e laods m Codbge )3 ars s 5 Sl O (64,0 5 A eslinal das e OLLS oS 515 | el wd;;;ﬁqao)lmlicu Solwang




1F.F Jw

. & N > ]
Gl s ar i e

Jaa 3 53 W Coeal Cotla ol 53 CaS s s 0 OLES oS ol fole (o S + 00 Jlkin b kS 58 (ZahS S ke Jda 53 5l
S g &y Ll 5 oad SleSs ot (B o el O A e 0L 4 )05 5 O3 e /00 S b Jlo s i o a5 e gee oSl
.Jw:ﬂ

Je im0 €1l (5 g (58 oo u.;w.leLa;)T Qoolaie 5 2ols Y 035 b S (slajlme 47 gladits cplonndl 5 wingy 055 p3lis @ ax 55 L
5> Jie pl A e OLES oS ol 2100 e b e (S3latings (51 035 VG 5 /0P e b (S (a8 (sl sl (S3laking 5 sAuObes
313 Se 5 5 Sioal 53 (93U el LB o iy sl /00 035 e b oS i 5 WSS ek Joe ol A58 bt (658 oo
503 VU 5l Jie cpl s Jle el s e OLES 45 el +/00 lie L Jle @uw‘u e 053 VL Gl o sart 5 o ges &S Lis Jke

5L Slaslie 53 55 a0 Ll5 e 5 el Slaslie 55 (LA sksOlis o ol /N0 Lol T Hlide o mis sl Jbe b s Gl e
A 355 3 2 s 5L el S Ll il gn 5 a3l aslizal (1 07RO 035 SMde L Sle s ol 1 (slagg) sl Jue il azls
Al acsls ﬁ; slag,als

AV Lalas ol s s s alolis 5 o lin (el oo (§3latings BB ot Jols Cilisin (sladibe 53 asbns 0 e e ulei 3
5835 3 dde ol o 6ﬁiwﬂajom4sw\@u@u%}6@ouj J.uK-:Ze)\.xbJﬁé;rwlﬁjldmwﬁ&)b Iy awge O
Slaglie 55 (850l stiasolis 8 CoVU Lol T Jltie |25 05 350 w0 3L Jbe e 5 ez Wil pladie ol Jla) 55 5 6 i (6,5l
33 e S e 4 L5 e ot 5 pages SS L o 5 LS Lot 5 L e i culie (gilaig 5 sduiles Je S ed o
LS SaS G s e glaeds

e S g kel ekl S

B S ea 85 S (b e (S b Gl S 5 s el 4l 2 S0 UlE e s S slakas 5 e oS s sddall] glaasl bl
O ol LSS ol K Ol LS e Jde cpl AL wdls slag 2 Shas ($ose g G b pa Rl s Sl s 5 (6,8 el
el 15 8 S5 4S glaesls (6,108 s BWM Lo sl 5 5 enls (sl 555 55 1) (SJS day Cn oS 555 b e s

(e o 50el,19) " e (3lotingr 5 stm0les" ke (555 50 anen )

ol 3l 1 @= 00 8) (5L 1S a5 (W= 2 .00) winge 035 5L o8 &S | 358 g0 a8 S a5 53 Jle S s ) 53 50 Ol iy i
ol anes ol s Lol iy s ol b g ool s bo3s, ol bl

L;\majgu‘gu\du%uwd—

Ol sl Jhals gl PERT 5 CPM gladate 3 eslinad —

g}?bcubub‘jﬁc“ub}) 6;_{)4.&[.'}4 -




1FeF Sl

Pow 0399

o & ‘ y
U//L’/'/’U//W”/‘Td{ Jat ok

' Jé}a}&}o&gﬁ)w"}"uwwﬂjujuwn :L;'vl._.:li.;djl QY.Y

S o fee Jlo sl ool s il ol 53 (6 S el S 5mk GG, Olsear Je 5 ol

Lol v 5 Lo g slarm! 5 alasil o mbiacamanr glaesls 5l aslizal L bajls Lo -
&bwwdlﬁﬁﬁéuﬁ)ujluwl—

LSSl 5 S gl o slad s 51 aslo v 0ol SBOO (BOT slasls,l 3 G b 5l oo gas iou b ST 5 -
" CM‘-:SC»J”JJJA" j”)'l..»}ﬁ,;'-l..u U'if 6[.&6)}\.\3" u.vb:-\ f}) 4._1‘& Al
g e 455 S IS w Al e s 5 Ll S e cotle il b sl gy Je s
QA;'-LNQL»)'}@.PJiAKSL;lJ...bbﬁ&b;w}éw‘éJgM%b;)'\wu;m\—

LKLy 5 Sas ool 5 (Mol las il 5leslizal et &l  TAM s (g5luesly —

S s s S e Ol Y Y

133 03l il (SlaiSigs U585 s g it ol w3Y ezl Sl il 5 055 il sl
sl s P e (Jb Glasn) gLl -

polie S3lupoenad S Comlom Lo 5 S8 se (Sloand 6l -

6:\5)‘15 laas! 9 ‘L;LA CLA BE] C},\: gujj)g: Ao A)Tijb _)‘ &MJ'_J U,L.Als 6[.&‘_5;‘}:”4\ )\ oalaal -

Gt 036 L J0) " Jl mlie 5 (sitmams " das JLo el Y 0

2358 olating 233 L b a3 8 Gl 1 0T Ol e bl « @= 20 )s,0s 1y (850 o 5L Je cpl i o
G phan s slaels ann s -

Loty Jle mlie oy e Sbla gl ) -

Sle slaay 3o 5l (S sl 5 (68 OL oz et SRk -

S Sl e ez Aol F S B s adaa plesl




1F.F Jw

. & . ) Pow 0499
U//L'/"/’U//W”/‘Td{ J,u,:..:.

Srotel s Mo il e e
Lols o 550 Judos-
a)y\s (5‘.&&..»._") J:.L>r_7—

4l Jb Jde oy 55—

e el 5 Akl zpss e
(o gas S5l Gskes pls) oS 5 Jbo ool iy 0 -

6)L~4M€.: 6LAJ.,\» )'\ oslaial L. 4.”J)| CL.» u.a:w& -

sl op g sl Leds, ¢l >l -
ol 5 LakS petes Al -

0BRSS 5 s ha0les Ladsa slajlile 3 5 b 5l e g e -

el s bl (ol ipoler e

s J S (8l CakS g e bt gl 2T -

Ole Jsb 53 sdome Sy Jodo -

psd Lose > Sl s Pl slaaal ol -
S S o 5 Lou

o SV Sl (5L S ol sy BWM 6 jlnntinr (6 S pmenal Jo 5 (S (slsmn o (255 51 (550 L oS ol a3 (slaasily
(Wit=+ .00) wige 055 (2 5YL Sl (s (53latigs 5 5AuOley) Jobo b o ol i o oS sl duT 3 55 (5S (glajlome 5 Lot
a0y Sl 28 AST o8 A3 (slata s b el ol ol o plilid Je 5 350 Ol 4 5 05 @itme0#) (5L L2l n ol
s o Ol Ol jsoks 4 055 2l 53 CPM 5 PERT (gladote 5 ssbital (9 ,2) ol il on 515 Sl sl slae sy o 3 mln (s3lotiogs 5 583

.(23>m6;%@?ﬁ¢tﬁ>~‘ujn)“>m%b@uﬁ‘u;_ﬁuu\)a;)ﬁ S gl




1FeF Sl

. & ¢ z gw 0999
U//L’/’U//W”/‘Td{ S,u,m

Q;A,g},,eugududwumaM;ou;,w;)l;fﬁ@);}g(W-»:e=~.aa>m¢)~;da,-up«ﬂﬂ>}&Nc,s)mnwwoiﬁ,w
e oS 3 o gt i b b ) (5 S e S o AST S 3l Jlges s Ll cpl ol o (S 03 2 (slaoSs sl 3
ool OBlas lalS g5l (Silupal b imman (8 07) 350 0 ey pa (LA 5 Lk LBl oS s e 4 e oo et S 5 S o Ll e
(Q4) el ek 5| oyt SIS ale v Sl 3 8350 Juls BOO , BOT il

s dl.a.a 5 Gt SOl sl i cxle Ll olag s CoSe e &S 55 Glascotle s glagysldn Jde (uenl L 5l £ Jbe
Wl 5 Al s slaeds g 3 1y Lsoskd ol Gl S ol tass b b ol slaasly s e S50 ol 0l 5 baaiysa SR8 (slinly 3
(9) Kss CdS ull s @tﬁ Sy e falS o ge LSl g 0 BIM (655k8 5 b3l 5 S slacy Jdad o9 éw (10 3) cusl guen

(o8 s i oo 81 War=2 00) Je ol (VU 035 Ll .ol azils G slaasl 5o oYU ol 0 (ols i 5 Ll s Js
28 et Sl b amd ol A dalpt el CeSE Lt liames laesls 5 Wl 535 bl oy S (65 el aS das e 0L
ol 3 b Jebons cnl OIS (315 55 (6 ,5) 3,05 Gullas el AST & e 5 ki gl Fr sy o 5l eslinal b by GLoll i iy s
(16) ol 0d 35 L anlizel sLa0ISe 53 plaodsy sl o go oy slaz b |

Slaasl ol o S (slaod s ()l 53 skl 3 5 llas CdS U8 5 peten QU551 50 18 S0l s ste 4 055 L (CahS g e ke
Jde izmen (25 ,15) 3,15 Gl gan Liles S oyl 51 20 lawypa 8l 55 Shee jates 5500 53 LTAM 285 &8 Slllae b i
S S ol Sl 151 il ko 5 S s (53t 45 S o ST (Wt 00) e plolidn add 3o 51 4 5 BB 035 b 368 (S o
o3 s 53 Conlad pde o 5 5805 50 (g3l 51 oslinad wins 53 O K s (olgidn (slon SCss b aomath ol ol Sla sl glae3s 0 3
(12,17 sls ol

S e ol e STl st Gl Jie o 35500 8 Ol @i 1 0) (U500 Olen e 5V Ll i s Sizers s Jibe ¢ e
(2l ol s il 5 Laesls s ;»LQ.AU Jdoa Ll el (baag 5o g5luansn 5 ( Jb (:)L'vd o e e Sl slajbae sl el LS
ool slaaun il Jolse 511 (s5oeras s SAeLISL o oy o258 b il cnl il arlgo Oluabl e L35 ol 53 (6 S oanss
(26,1) 505 Cdillae S o b e S e

3l o e el BB s i Dsmen bl Sl il 5 BWM 55 5 b slas sty o151 o a3 e 0L2 badte ol Jos
|t Sl gl Sl 55 g8 e 51 a5 ) S Gasde o (K el iyl (b 3 ol O Ol [ Sy plolid 5 aibie
(13 .2) ol shapdior 5 4L A5 o skie OIS (slaeds e o8 S o ST o35 o e 53 S smapion slas Sus) b yuolie ol Gos

S3letingr 5 S0l U1 2 o8 LS o slgiig ) (5l pmaleds 5 Sl gy G Jool sl o el 2 s ol sl Juke < saes 5

o3 ol Olatiy Y 55 (g o 5 (08 S, L8 (oo g o g0 S L) alasls [l le pladde 5 ¢85S 0 aten Ol & «Gl;.a




1F.F Jw

. A . 2
Gl s o

Ol 53 s e boels 6l rl 5 5m0 Sl 55 Ll on 5035 liwlyan 2tlo 5 slaeds o o e 55 Sler sl S0, b oo iy S
(17 3) 1l Lisal,

JolS (6 yens OISl &S ol 03 Lol ©o515,5 sl dm o 53 b o 03 50 gmensliad 5 S oo (i ool Lol slacus i 51 S
Sl Sy K3 (S 31l 0 ol (65 e 40 s Sl (s (bl analir Sl 3 (3l IS 55 3l eslinal (o piman LS o 3 sk | il
35 el el il Slglie 53 1y ISl b Ut 5y Jlaas OB S S Lt 51 5 s a5 Slaglie it ()l 525 5 BWM s 53 3
A bdde o SGds amelzel 5 Sle 5o s laslg s S a5 e sbaesls S

Sleslial cpman 3l 5558 Al Gble 3 @algiy sladis 3,8 S s 4 a5 e ST Sl Ghas nl @l 4 a5 L
SaS il Ll 15 53 e Lol 4 Bl g5 o La gyl (3l U (630 ootk (sladite (DEA) Laosls iy ol dle oS sla s,
ST s s Ot L5 8 S GLOE Sty 25 02 Grdle 65500 5 (o s (o A8l (58 s Slagosl AR ) 2 S
23 PPP slas o) e 3l so s Ol ¢ o gos Sins any 55 3350 sl 528 55 Jbe u,..alj sladds 5 Slae b o (pmmen 5,8 15 bl
2,5 dalg el 515 01!

Db e Sl e Sla i pel 5 Lpd i mbie (3l 5 s uOles Jobe sl 31 Lty (sl 3l slaslitle ol o3Vl 65
5 b codled Cosd Lol an g“;LAcE..N)J 05550 o pde am LSS slaaileles sl 33,8 &I, PERT 5 CPM sladite 5l el e)'j;-JJJLALSLaCJb
e 5o S8l e Coder (gl 25800 bl 31 (6 S g ¢ pmimman S SaS (S50, il 4 Ll e (e SO s BIM sile a5l 51 aalin
GBS i 3 kS S e & a5 (Sl 3 50 o peast Sl CS e s slatel I8 o pe Ll e ke S 56 slalS 55l sl 5 PPP

el o Ss Glal el ge i a03Y daes il s Ll (s poaal e s s Lol
O ks 5 Syl

LS ) Sl b 08 d 5 peled i ol 5K s
@‘5).\53 Sw-‘:'“

33,8 0 Sl 5 Sas kil oob b w Giass ol dele b s oS SLs el
Cmy,w

.;)l.u;ﬂ)dat”u:aﬁé,a‘yuwumrw);

b e




1P F S

. & * z gw 0999
U//L’/’U//W”/d"d{ S,u,u.:,

S 51

sl c.b_éjf &:/J_.ij L}j%‘ J)”p\}gﬁ)\}‘ &Loj J&}ﬂ U’-’-‘ r\;u‘):

Extended Abstract

Introduction

The intensifying housing crisis in many developing nations has underscored the critical need for systemic, data-driven, and
sustainable planning strategies in national housing initiatives. In Iran, national housing programs have aimed to address the
chronic shortage of affordable housing for low-income populations. However, these programs have frequently been hindered
by delays, cost overruns, lack of inter-organizational coordination, and failure to align with actual demographic needs. To
overcome these challenges, the application of advanced planning models, quantitative decision-making tools, and integrated
frameworks has been widely advocated (1, 2).

Modern project management methodologies such as the Critical Path Method (CPM) and the Program Evaluation and
Review Technique (PERT) have long been employed to identify critical tasks and optimize resource allocation in complex
construction projects (3, 23). These techniques enable managers to simulate multiple scheduling scenarios, improve project
control, and reduce inefficiencies. Yet, despite their proven utility, their systematic integration into Iranian national housing
projects has been limited (4).

In addition to scheduling optimization, predictive demand modeling and demographic analysis are critical to ensuring that
housing projects align with future population trends. The lack of such forecasts has resulted in mismatches between housing
supply and demand in prior initiatives such as the Mehr Housing Plan (5, 6). Likewise, inadequate budgeting strategies and
reliance on unstable public funding have constrained the financial feasibility of these projects. Integrating Public-Private
Partnerships (PPPs) has thus emerged as a strategic alternative, enabling the sharing of financial and operational responsibilities
between the state and the private sector (7, 8).

Technological innovation in construction, such as prefabrication, 3D printing, and smart materials, also plays a pivotal role
in reducing costs and timelines. These solutions not only boost efficiency but enhance sustainability and construction quality
(9, 10). Complementing these efforts, risk analysis tools like Monte Carlo simulation and sensitivity analysis facilitate the
anticipation of uncertainties and support resilient decision-making (11, 12).

Within this context, the Best-Worst Method (BWM), a robust multi-criteria decision-making (MCDM) tool, offers a
structured approach to prioritize planning models and criteria based on expert evaluations (13, 14). Unlike traditional AHP
models, BWM requires fewer pairwise comparisons and produces more consistent weights, making it ideal for complex urban
planning decisions. Therefore, this study aims to model the national housing programming process through qualitative inquiry

and BWM to enhance effectiveness and reduce implementation costs.




1F.F Jw

. & ‘ y Pow 0499
U//L’/’U//W”/d"d{ J,u,:..:.

Methods and Materials

This applied-developmental study employed a qualitative research design to model the national housing programming
process. Data were collected in two phases. The first phase involved semi-structured interviews with 30 experts and senior
managers in the domains of housing, urban planning, and infrastructure management, selected through purposive sampling.
These interviews were transcribed and analyzed using qualitative content analysis to identify codes, themes, and conceptual
models. Seven key models were extracted based on 37 secondary and seven primary codes.

In the second phase, the derived models informed the development of a 22-item Likert-scale questionnaire, which was
distributed among a second sample of 90 urban planning, architecture, and civil engineering experts. Participants were selected
using snowball sampling. The collected quantitative data were analyzed using the Best-Worst Method (BWM), which required
participants to identify the most and least important criteria and conduct pairwise comparisons to determine optimal weights
and consistency ratios for each model.

Findings

The BWM analysis revealed that the “Scheduling and Resource Optimization” model held the highest priority among the
seven proposed models, with the highest optimal weight (W* = 0.55) and the lowest inconsistency index ({* = 0.06). This
model emphasized advanced scheduling methods such as PERT and CPM, optimal resource allocation, and time-cost tradeoff
optimization techniques.

The second highest ranked model was the “Public-Private Partnership” (PPP) model, also with an optimal weight of 0.55.
This model focused on financing strategies through BOT/BOO contracts, responsibility-sharing between sectors, and
collaboration mechanisms for efficient project implementation.

Third in importance was the “Innovative Construction Technologies” model (W* = 0.45), which included 3D printing,
prefabrication, and smart materials to reduce waste, lower costs, and accelerate timelines. The “Needs Analysis and Demand
Forecasting” model followed closely, highlighting demographic analysis, migration trends, and housing market projections.

The “Quality Management” model (W* = 0.50 for quality control) emphasized total quality management (TQM), ongoing
process evaluation, and contractor performance monitoring. The “Risk Analysis” model identified key risks—financial,
environmental, legal—and proposed mitigation through Monte Carlo simulation and sensitivity analysis.

Lastly, the “Budgeting and Financial Resource Allocation” model, although conceptually vital, exhibited the highest
inconsistency ({* = 0.10), indicating comparative weaknesses in its structure and implementation feasibility.

Discussion and Conclusion

The results of this study confirm the centrality of scheduling and resource optimization in ensuring the success of large-
scale housing projects. Techniques such as CPM and PERT not only improve task coordination and reduce project durations
but also support the efficient deployment of financial and human resources. Prioritizing this model aligns with international
best practices and reinforces the need for institutional capacity building in project time management.

The high ranking of the PPP model also reflects the growing recognition that public funds alone cannot meet the expansive
demands of national housing programs. By leveraging private sector capital and expertise, governments can accelerate delivery,
enhance quality, and reduce fiscal strain. However, this requires robust legal frameworks, transparency in contracting, and
equitable risk-sharing mechanisms to ensure sustainability.

Innovative construction technologies, as evidenced in the third-ranked model, represent a transformative opportunity. By

employing prefabricated structures and digital manufacturing methods, construction firms can overcome traditional
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inefficiencies. Such technologies are especially crucial in the Iranian context, where shortages in skilled labor and fluctuations
in material prices often hinder project execution.

The emphasis on forecasting and needs analysis is consistent with the need to tailor housing supply to dynamic urbanization
patterns. Demographic shifts, household restructuring, and economic volatility must all be incorporated into forward-looking
models to avoid spatial mismatches and underutilization of built units.

Quality management emerged as a stabilizing force across all models. The adoption of TQM principles and continuous
performance evaluation contributes to reducing defects, ensuring compliance with standards, and increasing resident
satisfaction. Quality assurance should therefore be embedded into every phase of housing project development—from design
to post-occupancy evaluation.

Risk analysis, though ranked lower, plays a crucial cross-cutting role. Housing projects are inherently susceptible to financial
risks, regulatory changes, and construction uncertainties. Tools like Monte Carlo simulation offer planners the ability to
quantify these uncertainties and build contingency plans, making housing delivery more resilient.

The relatively poor performance of the budgeting model reveals systemic deficiencies in financial planning and monitoring
in national projects. Despite its conceptual relevance, inconsistencies in budgeting comparisons suggest a need for more
rigorous financial control systems, real-time budget tracking, and cost-estimation tools.

Overall, the integrated programming model proposed in this study provides a comprehensive framework that consolidates
seven critical dimensions—scheduling, partnerships, technology, forecasting, quality, risk, and financing—into a cohesive
process. The hierarchical prioritization of these dimensions, grounded in expert input and quantitative validation, equips
policymakers with a strategic roadmap to enhance the effectiveness and reduce the costs of national housing programs in Iran.

Future housing planning efforts must institutionalize these models, invest in the required digital and human infrastructures,

and foster cross-sectoral collaboration to realize the vision of sustainable, equitable, and efficient urban housing systems.
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