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Abstract

Introduction: Water, as one of the fundamental and vital natural resources,
plays an indispensable role in sustainable development and in meeting
human, agricultural, and industrial needs. However, population growth,
rapid urbanization, climate change, and the unequal distribution of water
resources worldwide have created major challenges in managing and
optimally allocating these resources.

Methods: In this study, a comprehensive ontology was developed with the
aim of intelligent modeling and addressing key questions related to the
identification and assessment of water resources, resource allocation and
analysis, modeling and forecasting, and the use of technology and alternative
water sources. The proposed ontology not only covers the technical aspects
of water supply and demand but also enables structural analysis and
provides answers to questions concerning allocation models, influencing
factors, and optimization methods.

Findings: The developed ontology considers various types of water demand,
water resources, quality of each source, factors influencing resource
changes, allocation models and methods, sustainability indicators, and
essential constraints and solution techniques. The results revealed that
pollution strongly affects water quality, thereby altering the usability of
water sources and influencing allocation decisions. Moreover, the
quantitative evaluation of the ontology based on three common metrics—
Relation Richness (RR=0.24), Attribute Richness (AR=0.38), and Inheritance
Richness (IR=1.20)—indicates acceptable diversity in relations, moderate
attribute coverage, and a balanced hierarchical structure. A review of
previous studies further revealed that most focused on surface water
allocation aimed at reducing shortage costs and often relied on linear
models, while less attention was given to pollution and groundwater
resources.

Conclusion: Queries applied to the ontology demonstrated that existing
quantitative studies have addressed complex issues such as climate change,
hydrogeology, and multi-objective modeling. Although simple models
= provide preliminary insights, incorporating more realistic factors such as
: pollution and environmental characteristics leads to more accurate and
practical results.
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Ontological framework for optimal and sustainable allocation of water resources

Extended Abstract

Introduction

Water is an essential and irreplaceable natural
resource that underpins sustainable development by
supporting environmental balance, economic growth,
and human well-being. However, accelerating
population growth, rapid urbanization, industrial
expansion, and climate change have significantly
increased stress on global water resources. Over the
past century, global water consumption has grown
more than sixfold, with an annual growth rate of nearly
1%. Unequal geographic distribution, extreme
hydrological variability, declining groundwater
reserves, and widespread pollution have further
aggravated scarcity. These conditions highlight the
urgent need for robust approaches to manage and
allocate limited water resources effectively.
Traditional linear models and sectoral planning
approaches often fail to capture the complexity of real-
world water systems. Thus, advanced tools such as
simulation models, decision-support systems, big data
analytics, and ontology-based frameworks are
increasingly critical. Ontologies, in particular, provide
a structured framework to represent concepts,
relationships, and constraints in water resource
management. By formalizing knowledge, they enable
automated reasoning, integration of heterogeneous
data, and identification of research gaps. This study
develops a comprehensive ontology for water
resource management and allocation, aiming to
provide both a machine-readable structure and a
decision-support tool for policymakers, researchers,
and practitioners.

Materials and Methods

comprehensive search was conducted across major
scientific databases using keywords related to water
allocation, optimization, and ontology. From over
600,000 initial results, filtering by relevance,
publication quality, and domain narrowed the dataset
to 23 core studies. These were analyzed to extract key
elements of water resource management, including
demand categories, supply sources, quality factors,
allocation constraints, objective functions, and
solution methods. Based on these insights, the
ontology was developed using OWL standards,
encompassing hierarchical classes, object properties,
and data properties. The design process followed
iterative refinement to ensure logical consistency,
structural clarity, and practical applicability.
Evaluation was carried out using both qualitative
assessment of coverage and quantitative ontology
metrics, including Relationship Richness (RR),
Attribute Richness (AR), and Inheritance Richness

(IR).

Findings

The developed ontology integrates 77 classes, 30 data
properties, 30 object properties, and 336 individuals,
resulting in 1,967 axioms and 11 equivalent classes. It
systematically represents water demand (domestic,

agricultural, industrial, and ecological) and supply
types (surface, groundwater, and unconventional), as
well as water quality. Pollution was identified as a
decisive factor influencing usability and allocation
outcomes. Literature analysis showed that most
studies focus on surface water allocation with linear
models, often neglecting groundwater, pollution, and
hydrogeological features. Quantitative metrics
confirmed a balanced structure and coverage, as
indicated by Relationship Richness (RR = 0.24),
Attribute Richness (AR = 0.38), and Inheritance
Richness (IR = 1.20).

Discussion

Ontology-based analysis revealed that decision
variables in prior studies were mainly limited to
allocation volumes, while sustainability indicators and
environmental factors were underrepresented. The
proposed ontology fills this gap by capturing broader
interactions, supporting queries across pollution,
allocation constraints, and optimization goals. It
highlights the need to integrate hydrogeological
characteristics and unconventional water sources,
alongside Al-driven forecasting and multi-objective
optimization, to enhance allocation realism and
sustainability.

Conclusion

The study shows that water allocation research
remains fragmented, with excessive reliance on
simplified linear models. The ontology offers a
structured, machine-readable knowledge base that
improves transparency and decision-making. Its
evaluation metrics confirm both richness and
extensibility. Future research should move toward
nonlinear and multi-objective models, leverage Al for
prediction, and promote collaboration to achieve
sustainable and equitable water management.

Ethical Considerations Compliance

with ethical guidelines

The cooperation of the participants in the present
study was voluntary and accompanied by their
consent.

Funding
No funding.

Authors’ contributions

Design, Methodology, and Conceptualization: Mahdie
Sadeghian.
Methodology, Supervision, and Final Writing: Saba
Sareminia.

2 Water Resources Engineering Journal. 2025; 18 (66):1-16



-

o Gl b 5 e amass (gl ol ol ga sl
T ol bo ol 400

Oyl eoleduol (ool gimino oKl i 5 @lino (wdige 0aSUil (luo wline dd) |3SD (gezuisly—)
Ol ool (ool gimino oKl da piuw 5 @lino (cwlige 018l (lolwl-Y

S VESY/V VYA bl s &,

el g Ik dnogs )3 g Myt i oSl g el b i S (S5 lyied O raando VE g/ VN0 159l &2,
2595 5 ool Ol s ¢ ndld yod )% yiunS cCumoz Ay (b ol b o)y imio 5 (65,9liS ¢ Sl sloils
03yl 3929 4 @lie ol dinge paraSS 5 Cupde diej 3 1) (i Gl (Glea > o gle plpb

VELE/oVIT s by G,
OJJ|5‘> 9 OSJ dl)‘. d9> oS jl

- N 1S o3zl pWT Alio
aej ) (S SV lgw @ gl g Meddigr (Sllo e Ban b galr (s5olenl S imgh cnl )3 i) =R o et

dnogi Ol (Ll g (65l 5 it 5 il e lie parass 5 Jilos (al lie ()l 5 s
3l o IS ol (Lol g 4o | L po 36 (sloasin a3 by 5 09dle (£55IsT )1 03l
5 9 3580 Jelge (loliss e panass aipej )3 oxbplae slaaiiz | Laiye &Yl 4 sl 5
Syglise pald ) (silodig (slo s

Jelg cavio 3 kS o plis gl T SO glgl citngiy o) o ssiodls anwss (s3gdsil aidly
gl ol @l slapasls 5 Of gl panass gy 5 b ol gle s S5
by (Sogl o o olis (55l b sl 0> S5 sy 3590 1) o B9 9 5l 2590 slacadgime
28 cow Ol anass a3 g b dalg glite muie ol 1 odlizul g el )8 sl cou 1) Ol cuis
oSy ke (RR=0.24) Ly (sbe (adls aw ololyy 55395] (o8 el ccomizpan 255 o0 )3
Laosio (£lé gy 5> Josd B g5 51 sielsil & s olis (IR=1.20) cdl,g clé 5 (AR=0.38)
BB g 0ad It ey slagingly sl 3 il JIay0 5 olste (ol edluds U3l 5 b Shg
ol B b daw ol mle janast p Udes b b ingh 03,5 gl Slibss
comzmed Wload b (i Gyaody il snddll)l cla e g il el dgeS gladn e
ol 413, )))5 45 390 a8 waipi ol @lie g (So9b baye (slacydgie

Slodmn Jlus 4 (o5 cbogiagy o 3 pasie sai Shb sla Sl oslitel b :(6 5 dout
Lol ettt 655wl ool (gla Jao 4> ST ulasly py adiasis sla Jio 5 (£5905559,0um ¢ onddl il yuss Ao
Ao )] (6 it @l laee sa Sy 9 (5o szmen 5 ly else (58,5 k0

DOLI:
10.71632/wej.2025.1199682

15 (slaojly
il ol e parass ol g
csoste (6o yzily 8IS

Lisoylo Lo 1 ghumo BXuws o5

AFVOE AN ool el e ool o lagol (sinio oS5 gposiases 5 @l (o oSl 1 St
STTINIVA.  FITFANIFAQ &0l

s.sareminia@iut.ac.ir : g pSJ Couny


https://doi.org/https:/doi.org/10.71632/wej.2025.1199682

Ol @l b g dig pawass 51y wldlns wga s

Ly S g glittal 1> oS s pdycillan] 5 5513, 00 oMb
Laly) 5 il poaludus ulio 385 iy a5 L lagsilsil o)l laiy
obe b ph sy e Gijby Gl dagl e
00) 5555 o el 1y Cien (sl g

Sy a3y 8 )5l Wl e b 59T (ol lio o pte dise 4
lolid Coled 3 9 %o Jalge ol Lily) (alolid daodlsy Julog
b S e S8 o) Sutings 4 )3l ol ity liow clailss
whpas dox 1Ol b Lagye Gl (slaoje I sl S
gt |y 353 laiagh o sl i )5 Cusl 5 (bl
(V7) w8 celia ojon ol lagille U cua ) edin
2 odz baly) om0 il Ui g8 8l clapteg,
35Sa5y ol oS wlools lis 5 (VW) wleo,S a1 (slaojgs
S%955 phal Herbs SlapiugwsS] Gilebe ly Sl
(VA) 23L f5e 3 diadn

il el gl lslid g e 0jp 5 ool (slaadlge ol
» )J?A JAI}C ‘u.»'l t)l.m ulf.h..fo.)lmml ‘G’-l é»l.m uL..ol.n.m 9 é.»l.m
(ol @le i 9 parass slaby, o e (ol bt Sl
350 o S 5 O glio ludlite (gl edlitsl 3,90 (slo sl
snlin ) o gy 450l e el olite (sl ozl
5 4L Bie (535)g0l dnogi b Bun ul 335 e 35 sy
5 hmek SdlSS olulid s5gnl ol oz 5 S
Al o gl parass 5 Cypte dilise clagisy 3 ol
5 el Cawd s 5l (g5elgnl Cumle 4 dngi b canl S LS
9 m Adb g0 dame odlal 9 oA&b& B Omile lawgs ‘6)9192;]
albe parass 5 Copde giludiadsn 5 glitel Gl jol (ren
Slakig) (owyy 4 a8k WS Qlolid 1) g5 3)90 slaojo LS
&ly 3 Bl ST Slaios gl Slegdse cabaglyl 5 odmgk
]ol...';)l ‘)97“’():‘5") u9>)l> S5 ool b oS ol O] @ P dlio O‘il
Sopllss (B 1) il slagadls 5 (SRS S pas @lio (e
lgieds Vg aud 2hb 5dsnl w8 bl
Slod Jos o b copie o S gla g S paonas
Sl as)lke pols lng lus b

» gaiie OledMbl g baodly wilgy oo el oS S @

OB Lol piselss 5 038 a2y ]y ol o>
Apd

5 gl SBSS plolis el Gl ang @

2 Jacob Lorhard

VoY o (V1) YA 9 E0 £ .0l qlio wiigee iy — ol doliliad

Aol

5 Gogrs Spais 5 cul ez Slo b e S O
ae o (V) doree Jod il axwg i Sl BBy
O 48l Canl (6900 0855 hagrge iy (sl i & diad)l
o ol b8 o il olaza! ol g Conjlasee bl 3 ot
Sl 5 0358 (Gelipd gy o (ke Cumax G
L& 51 oyl 53 20,05 0 ol molio 4y guwyiand 1 o ey ool
i g ol Lol ply i b anslS Jlo s Jeb o 1) O
L] don (V) 295 yids doyd V dga> b yo lise cpl 395 00
2 Candg dwy (o 45 4 g Conl oad Ol o 398 4 e
oo 23 ol el @8 b ol e (F) sl 0sd oy 31 (sladn
Sblog 5 soaldl Slisss ol p 0gMe (8) 3580 Figres S
gl s WS o e |y O gl CuaS g cdS (S
o 3l oy o] pBD (el g b (sla JuSlis g5By ¢ i)l
claills by ol mle copte a5 dien s opl lasely

{F) Blos,S" axlge (stsix

@YU el 5l e yobo 4 Of plie Copte o dulyd iz 5
@i b el (55,0li8 5 aio oSl cilise B)las (4l
ol 35 1y o9l slad il s o] e j cbls @Yol
byl & sl ojg nl )3 oulid sla Sam 4 a2 b 2sd e
V) 2980 poles] O @lie Copie g Julos 5 4555 Glp g
5 ilwand gl ol & e lpl ol b
e CBSESS g 0ylme ki (6 S prenal (Sl ¢S jlwdingg

LA A) 0,8 o)Ll S5 slaoals
dS\L.: ‘ui é»l.m )I.,\)L: Co o dl).: LQ(; & 0y Q"l adllas L)"‘)’L"’
5 et Ol (als slasl clie 5l glsebl )
sl U.:L.uL.w 9 0)9> C)i] BRI rol;d‘ Sldlao N dl)-f
drwgs (VY) Gl ,_55919:3] 5 Ll Al dgus oo odlaiwl Sladss

anwgs adllae gly (o))l o 4 Ol @lio 3)90 )3 Ll (sl loges
Coldg |y ol (gyaps )5 S ol b g adkie § lub
Camaz oMo g olatil (G581 o (sl 6y Cumdg 93835,
s VAV Jlo 55 € s39l55D oMol (VY) 3,5 o 5l adlaio

W} él.}u‘ ¢YJ)LQ)9J u&> 9 \J§9§ JJ9.59) A.S}wlaﬁ 9 ]4»;9: J.QAMA
(599551 () canla ] e alyy 9 lrudgege aslllao (slinods

2 bcodgge g madlie 5l 385 g zol> (gaiadds S olul ua
Ollllas a8 a0 1y S (ol o, SKidg s 4 < yasuie 059> S
WS Sy e 1y S pablie e lblsyl 5 03,8 adilejle |y
Wle (SleMbl (glapiums dawgs (3,59, plo b duslie )3 (VF)
3 o3l oulgd p e slasz e b slodb oS0l (slaJao
W5)03)95 p rodly (il ) LSG g (line (2ledjl ) sy )08

bl s 0,33 & Bpo Yoeme odl oSl (slaJie o5 Jbb o

I Rudolf Gockel



W asbe 5 plslo

S92 2 eoden U 35 O e ) e i 0 i
Capde cbbyy b (A) adlle S o Wyl plie janass

R (nl sl 03,8 yp Glpl 29 )005 adge 3 1) d2)lSo
sl e sl Jols Slgi oo a2yl Co e & amd o0 (LS
SxSmeeal Glp o)lmedin GpSmeal 5 (2305 sl
alyglgs ol g, 5 ool aulio dguaS” bas) b 55 .ol 03,8 o3lil
oBgR 3 sloiy ool (Suajn g (Plaw ple <S5 lp
w1y 656 ol p (e by (gilodinge Jre S @)l 4 (VY)
Ly plie cople oUlg waneS baylpd j3 o3sds Jdo cpl ccasl
dallas oyl Bun mlg aad o i el pae 18,5 15555
zhsl (3,8 Pl 5 ok 03y jawass Ol i (ojlo xSl
5 aw ] b Lol el (ly g conl wojp; sla]
o) e yibe s cpl gbCdgize Wl odd 48 )8 Jaiyy (duejp;
RS cgi 8]9}] LS])‘. Lol ul).ua ‘um Jf )l.\.a.a LD A ye u'l
Sl 3l il o (ol o8 Ll 0w gy cnl sl e 9
ol 0 (gilwodly el oy

(VF) addllas ,> wlond 4ST 35 lllas plo > (65l slad ,Sug,
ladlais ol 1> e parass gly Spelis 56 Jao S5
oSy g baabd pie Copde b Jdo opl il oads ool
alizee glagylw 0 oYU dSlos ¢ duojyj g (Ddaw sboodly
olail Canttin (g jlwdiui o yidghy opl Bab milg . Cawl 0ald LS
cov 45 cul COD sV jLisl as ials 5 b ke cols)
LD yrauddl ol clols Lises ol U‘AL Cadyb slacgdgio
aallas Dgd 0 (giludio o_\;i\./T Jlissl s L:)T Jio.\g’l slolas
B9 e Cal 0392 (32 53 (ISl B )3 Adgy cnl 63590
abe &g Capde il @3B il ilwaire slodse I (V0)
i (6L dgut 31 (ST ol g 03,5 ealil ey Ol ddgs
oolasl xdlio gjlwdiniy sl ol 1> Bun &b i Cuwl 034
apal oy Loy S s e S slacudgione cod oS oy
il ol ys 0 (S Joo ol 5ae g 33500 o3litl cud b clay
Lol 045

0 & e ol glie Capte )3 atua y sl Sy, S0 )
Copde Coonl ‘® Ohboh 23,5 ol u,.ol, 0,555 sla e
bl ot Sy GRIB! Gy |y 08D o3l Slkes
lding 48 Canl 03l (U5 gy oyl sl 031 )3 08T 590
BB 9 ()90 10 d9ske 42 ke Slgi e 035 (jbe Sl ()l oo
oAl sl loShs hagh ol Baa es ol céy e
0390 3 353 |y (6j)gliS ©¥ e i o daw (g (vl
Oiposs Cpl el )3 sl 03905 03l ) 3l paeuai puiie lgis 4 g
S o)l eolaiwl b g odds (gilwodly (edgmo limsye jd

VoY o (V1) YA 9 E0 £ .0l qlio wiigee iy — ol doliliad

cole b 4 sl ) easglpeld ub e
055 zlisisl g daome oalaiwl Cubls ¢ 39y ylgd il
D) ozl gl S o sy )
Do go 4o 5 7y 4 S gk 4 Gimgl ol syl
5 Capde ly olaisl (g5gnl giluosly g (2l o

arasS 5 Cupde 3 plio siludie (il oGl Sl e

uw uL.:.)l )90 )] oﬁl.o...w] L: ui é’l.uo

oS o asls ekl b (ooleriy (s5e0e5l bj)l @

DRk Ay oy 4 Oladl 950 iS5 (g cnl el )
d90 gl pbxl hg) ulid gy LiSR )3 w g wSly
Clrds 4 (il dmugs (ise ) aabl )3 28 o0 )5 cou
oit g by Gimgly cnl o 0ad (b (s5gstl 4 by
390 559981 31 5l 3,90 SleMbl (s3lgl 5l leMbl gl el
odleidiy 5 (659 5w ) ol ) dpde glyinl
spog G Gl ingh sl oletn «stingly BS (e ol

] 0L

Sl y9,0

Copde s byye (slahnghy (150 93 0 Glagh (ol Slodl g0
rp 2l i 3 al dnwgs (lasidsnl g Ol gl janass

g g0
39205 059 0l 1l YUy (o0lail (35)) b pppSole LBt (VI
alhe 2905 5l (26 slag) o g ol plaz 3 I 23S ]
5 Ceodls 5 Can o Jloly dmsgs gl (2 S35 G

‘di el.»o Cuwyd um 9 Co o u.:‘);l.u (Y') Cawl ul.m;l blé)

5 Ol (V) Conl 00 s imgy Slogdse cninte jl S &

Lulyd 5o ol aulio g papass 4355 Gimggy 5 (YY) o Ker
sl o Gl g b e ) adlas ol e ol
35509y & 3o Ui g S o (PIjliel LB, (gilo e
A8 SKaS o ygiS e O plie 4Vole mj5 4 Wlg5 o 0,51k
b ol pavass (298 Caslls (gilodindin (ingh ool aa
adllae gl g 0392 Cunglio dlal g Aldg) Of Codgiome (655 iy
(YY) Gy ol oad )5 Jlasys il b g alad ldg) <9340
Ol gl papass pglio (siludingg gl jorizy Jao S (Bymo L
Je opl il 03,8 cwyp (oulil glacushad pac b agalss jo 1)
Bl @ 1) 35008 g panass 4 by sduje U usS o oMW
S e (oeldl Sl 3 1) s 50k g ol
s e il e bl i e slacysgioe
2 45wl el el ploj Jsb )3 (aprecin;

g 03l 0k ol Caslyy dime > (sl

3 Yinma



Ol @l b g dig pawass 51y wldlns wga s

Bl panass sl |y (aw 93 (Gilodiae 3,50, (V) Giagk
Waodpob g CandVl polw 0 Jao cpl Gl 008 By
Sy Ban g > 5 1) (aiecals) Liagh cnl aed e plos]
a0l il Sl b 03,9l g g Sl arass g aib S
Qg ol 00,8 ddlal Ban mlgs cpl 4y Codgizs (lais 4 )
Lj j)‘l&w] d)b )l liuo OO D)SW > g Cudgdome dg>g
a0 03l KKT > g,

Seolnd 3,55, 5l oolaiwl cwyp 4 () dlde (K> (gom
Ol (s e lacuslow g @l b pas (o by Lily) (iloJae
O ol g asye e Sl Jols ol o 455 45 canl o3l
Clay dial ¢ busjy o daw o (et cpl jd 28 sl
Sloli g Ol el mlie olgie 4 ord objSes Ol 5 LS
slols @L:.a C)‘?‘T’ L Uﬂg) 9 (o ‘O.&,\.ALS] ‘L;)b.d ‘LS)'BL:S
Iy o dls Ve o3l i cpl isred MG a8 )5 lasys ol
ilaipe Copluss Jlod 1) dbogiye gloyiio § (i

Sl Gy lacwod 5 el SOb ) pdl Gbed iy
Slotiugms y50 42 (1) Shmggy wlod ) wald Ol glie e
Wile (alaety ol g 4313 0j9> (nl )3 (ile 650k oo )8
Wilgi e oS Cunl 03,5 (Bpna |y (0g8 (5 50L 5 (e sl
Al 4l 2,018 O e (gjludinge g (ot

uT L)M 0950 ‘ui C;L..o &I}:‘ ;ui L;Lol.m &lyl 2 ;).\ol> CJLJ.)]
5 pamass GBlal (yauass bcudgione Lol a4 xis o jl
aobdl 3 aS oads 18505 gyl (asls dles Gl byl slaadls
g g0 odlawl .>)|9a ol 5| ‘L;”J}.j b ey

Silwod LSS 5L ol wlie Co e g L;L.ol sl ills 5l S
‘Lwal) L)’I BEl Lol )494 d)JW ‘_5']): leMb| 9 Wosls
Ol il (gilre ly )l Dlsie 4 idssl 5l ealis
50 sl 038 el B 1) ol lio Syt g Ll s
gl Gasiglotl p 15508 g lolid (S5olgl dmwgs dnlS )
o b duslio ) ol Cuonl Bl jlons o)y 390 (505> 53 adly
3 laselonl j oolatul ( SleMbl (clogimmw dnwg sla bs,
0303 055l i (slaJde 3l ()] (sl iy O wlio o pte
bodgalye )0 Glil wjlmoris gpSmeal sl (> s
B 5> Ngd e Cudgiome slad aodly £95 g (ogpde sla Sheme
slrosls Jlasl cuybls o slise (Y (gilupnld b bogsglg] a8
Sl 355 Nl 5 ity ol 2 gl il o39anl
sl 2,05 )il 4 ) idsnl da Sy ol (YY) WS
ol 03,5 Ja Ol e 55 i Co e

Cusl oad (b Ol @lio Gl slp hlgsl S (V) Lo 5

A o o shilate gl ssgi (sl S )3 s o

¢ PSO
7 Fenhe

VoY o (V1) YA 9 E0 £ .0l qlio wiigee iy — ol doliliad

Sl 33 o Pls gl 8 S TS5
@ b sbgiagh 3 @l byl I (Keyse oS
P s Sileaig 2,50 Ko (V1) adlas ol O cype
w3 o0 Bl (SIS (silodiare w98 g (3LaBl g (6))sliS dmwgs
b oge ool claptysl 5 B sl (2 hagg
A8 odlitl ] bt yamass ok Bluo U csly Juss s
Bl (5559l x50 e Sildinge Jold B @y ¢ Jse ol 5
lacodgione s Jasecun ) @)lhl g odladl gl j»
o Sl g (655lS lajls o yied o Ol glie (Jaa
o 5l eolawl a5 sad e i ey cpl s e gy |y
S8 sladlain golaw )3 (6 S mrenal dgute 4 Hlg o0 (223,50,
Sbyl b mlo jl cblis g (olabl drwg e ol g uS
a8

Oleipp parass & whiaiz bdie p S5e5 b (YY) adlas
B i e ytmg3y ol )3 sl Ay o005 9 (e O gylio
ol 48l olaid] o)y Ol sl p g Ol dgaeS (93, aieS &
g (ol ple clbcosgixe Jold  Jte clacgdgime
ol b (iaghy ol scunl Bpan pite slajls 5« Jamecins )
sl Ll )3 9 o g Jelod o (Soliod it 5 S35 o551 5l
ol 08 o3l 15 i Sl aslite bl fpo anass
39 S gyl iosmn golaw 1> Of glie e (ol
el (YA) 25l 35 6,500 Sllas B, )5 dag 350
i 1y ouldl s L dglyn 1o abamsin (ol i 51 o3lizad
Silwad o @l g1y onl8l Olyuis 15U Gimgd cpl losls
ol s &l Ay pawass glp ol sely 5 00,8
iy (559551 g (imio «5iygldS (Saeldl Sl imgh
Consj g bl lio o (el Bun @l g 0l adS
Lolis 5 asye lacodgioe b Gimghy opl sl 039 (oo
ooy b g gildie ol bl Codgie o O Lol bl
o392 (YA) gl alie MalS” (V) Limgsy .ol 0ad J> PSO
g 4o gl MdSed & (gl 2 o Oslis ol b
Jleslly Jd imgh Ban mlgi o lacudgiome uw g 4idl y Lol
ol 00 A1) (gilwdiny Jho (V) adllae ) 3y ogMe a8 o
905 5 Ol (o901 5 il slacudgize 4 lojes g 4 4
ol dipie e Jled g3 Yan 5p By, adgs Ol wlie
O i gl g 03 0yt e il sloe | adlae
g dlizie o) 4 Ol plio g parass ((Sogll Shals” Lol
ST
S )b ol @l & (s e Jold Jao slacydgize
Oikos ol ol (Sogll LialS Glial 5 ol abal (clapiame
S ot S5 S5 o3 Sogy J ot S ol o
&S Cypie |y O plio (39l g 39008 3l 5L OMSie

4NSGA
5 Ant Coloni



W asbe 5 plslo

Wilgi o ol @lie Ca e ;3 I g3glgnl a8 wlools Lis Y- Y0 Jlo
Wgos plyieds Lgd &b JE 4 35 g5 paasS slaoje
Sl oM 539551 colo (sl 050 sl (V) Lo

sboodls 51 550 oolitul g Sy bl s B b a8 Wlod S
3yl K (V) gy e Gl 00 21 Sajglyen

L oS Wlodls dmwgs M sl ol ly s GBS
9 yé.ab dLmJﬁbd d&n] ‘UJMM: sodls »e u.:bJJLo)'L»
Sjloee pald ) ol @lie Copite )5 5385 (4 S preual

Gl U S 5 sl Slodl 5 ol golie 1 ogdle
sl 025 plosil (5505l g (ol b Lo po manlie (65 )5 4
slaodly (gl (coliplivn oS S (FA) iagsy iges slp
a5 (€l ol e 4 Ll &Sl 005 ol b (gloslal b
25 B g e Ol glie 5 Cujlase iy byl
Sl gy 2b)Saly g gl (Y4) Giagh 53 comnen
ly W50 88 (o0 ilord )y )b 5 )3 sl
Slallas 4 31 sl 4zl 3,8 O Lo slaesgdgs] b
s g 5 el Lol el sga0m0 Ol (g5 glgil e 5 (gl
Silodde G 4 &8 o sl Glaises Glnl ole glab > &S
e ool 3 Slgie pSl gl 9 215 3529 3l 5 i
dox I i Sl biagn ol (Jb ol LS 1) IS
o5 ol o 3 o 56 g lgn 5 O Sl glsl Lol gl
med i |y pasass gy @b i 5 ol anass
Olejen sgbss o aolr (555l Ko @l L pl Limghs ol ple
slaJie g Gun wlg dacodgize Loli glyl ol calise glio
Sl s ) b 48 o 5 i o by |y e
o @lio Juk Cupte g dibs gl a2l il 9035 2 )

591 ol 3

u"”l“w" 0'39)

5 ORo Cladl Slestuge j9pe Jold Jimgly ul plsl b,
o 9 &)yl Abgrye Ve lanl > bl o (5g5] drwgs
099y ) S ol 00 031 dxwgi s 3590 (500l dlagT ol

a3 e L3 Ty (gl cul plos

VoY o (V1) YA 9 E0 £ .0l qlio wiigee iy — ol doliliad

(325 oyl Lol Ban sl Jaote Jelse 5 Sl slacdls
Gpas gy ol i ol CuleS Gezman s lojzally Gk
sl Sl 3o ) 5 s5elgil mmlin 3] oolitol sl gl
Judod 4y g 00,5 wal 3 1) gldalaio Calisee golaw )0 Jrure (glaodly
Phb b 3 ol WS o0 S5 (S paeal 2900 9 )00
ErSmread 3 5l Jibo el Ol e il sl 3955
5 siomsly sldas slaills 4 o Jloglh 5 00l 1 i
‘@ Oibgk sl sl B dog mle jauass (gilwdisg
3 cslmodls 51 (o)l e 5 )il (sl (39lsnl e sy
d)b)"‘:)‘ef)’u“‘h?)" u;l Lol 004 djl)l L;”l C.:Lw LA)JJA[J]QU)A
uL" JALU 9 SleMb! 4y (o Y dgukys LS‘)f SVgn sosly )’l
ol 4By B 4 Glacedgrge 2 e e lapiuge
o el bl gl Lilsy 5 )l ol @le Jols o2l
5 |) L;)J.\:JALU 9 SVen sosly )'l o3latwl OK@I u9>)l>
loodly 1 odlil [> (cyg0,m0 9 0l il ol b o pie
9 Lol d)—.{;\:’.p""u wdbdl)l Cgyls disu o dgda 1y D390
doko (6Vgm sodld 51 6pSoyy b1y ledbl 4wy
Al g calbodly Copte p yuin o 5,08 bl iso e
P8GR gk NS (o gwpp |y dlaidl g (et
Syt Sl oy & oY) Gy sl 48,5 & 90 059> (3
ol el @l Ol e gy0ltS sl 5 ol
Slpis 4 bgsype SleMbl a5 Silonss (b olacedgnl ¢ saivs
Sladie 1y o glio 2 ol b 5 (555l (slabs, «(sosld
gl cnl Ban sl () g led ()l (slaoged «(5j)9liS
il Jered 5 lizee sloojex Gl baodly (g pdy ol il
o5 oyl sl o] sl 555> o (sl leM
et 1y ol i (5518 5 sl e 1y (s
wiojls Jlcpll an3e il 1y besls gy Jals 5 00,8
Slr @)l Gl @)l 5 (g alpd > i (oeie)lisl
$ilodde ly 5951 S 5 (FB) g3y 3 sl (6 S onenas
39551 ol sl 0 (Byme (o i (Sl )3 il 1 (e
ol @lie Slapium 53 alS Llg) 5 ol b aiS o 336
o3lxS (g59lgnl ol 0 ol (Lol 5 Ol Copte slacsloy;
oo > llanl b5 (ol Jan ) 3zl oSl 3,505, o] o
oS iyl g snihn o 4 g 005 eald ) o ol
5 mobe ook cnl 2 IRl p e Giledde S
Canl oo Jdo (Samo bol a0 dgutn 1y Ol wbio (652540l
590 yiaS (oolasdl g elainl olal g 035" Hladn ) Jas (g5loodly
oolitwl 5 (S1b a8 w0 s Oldllas (ol ol 48,5 1,8 do g
1 ptamnnns g L0313 (6 oy Joles L5 5 el qolio 09> 5 L s59gl ;|
Cupe 5 (Smoin 38 slailos el 4l amd oo ol 81,
2 sl imgs ol 2 g3l S o w0l ) ol e Al



Ol @l b g dig pawass 51y wldlns wga s

woled jl aebl o cdl ials dlie AYA & (IS @Yl sl s
Y lie (295 TiS Cyguo s 0l plol sl yilid & a5 b LaolSL
plai g a5 XISX (295 4 (0l (IS b (298 pl g 485
sl San 03 oL jo )0 MG (gy900)5 b1 SO @Y le
Vs Vi pb ololy el 095 ol (o),S5 <Yl
ey dlie YYY 4y Ve IS ol g S Bls ()] ST
a5 MolS 5155 o o] yanass 5 o pie 0jg> Ve bl |
sl sy ;03 5 @l redive (gw)p 0399 I )15 4
aidyge 050 5 s 4y &S (SVUhe 5 (S e Vlo (pglis bl
¥Y plp oYlie IS olaw jild ) Jloel b ey )5 CBis gy y90
o Ll 51 (olun cons 488 Ve oS adlllas b aoldl )3 i
bl sl Bua gadge b ladpe 45 Sl dllie YY oliws 4
A5

S59)95] arnwgi

S sl o] plie panass g Copte & byye cdllae 3)90 o)
a1 03l L b sl s Ly ol oy LB g il o pdgo
e s ool cubS n Jee bl iyl
Sedb olwld Ol Lawass dlaal 3 Lewast glcgdgize
9 Jalod 3)50 w0jen oyl 50 ol plodl Cllllas doldl (o pisres
S SIS i oS alaisn (oo 53 9 5350 )5 (oyp
gy ol el 55 80 05 55 ki 35 sm ol i >
Cupde 0jo> yig 3L (Sl mlio rwdige 4 S8 sl >
(V01 XTIV sl g ol o plonl ol qobio japass 5
gz ol b wlasiloyy oje cal )3 &5lsl ) 5 (Db 4
5 by oy b ol glie panass § Cuypte (o (s5gtl o
S Sy Jold oy 390 355l sl oais (Sl (> g
o cnl 4B Oygo (sildde g Ly izren g Ol 4 lasye
e O ol glgl 5 U alio glsl anass g Cu e sl
ol o & 0nd sy 39551 90 sl & (Vg 51 (B
4 Cawl ol awyp 4ol jd g o odblie N Jgdn o
Al odts 03y gl )l 4 (LS (sla g 53 0sd 2 e <Y lgw
Ol Gl i3S Glaimghy 53 (B Mg (S9S LE 4 g L

ol 00 o &Y lgus

aliecs dua

o kst v i il daey

alyrye SYlin g 39730 o plyl g9y
(60 s a3 e ol

walogepn Salllan g o5 al slassylgl
68 1 solia) g asllis 3 g

-

By Oledl SClaias y9 0

Vi
Scopus ScienceDirect ‘t?bg"‘me
87 18218 by
: T

With year -
All Articl Filter ICR.
7108 '— (2018-2025) "o

: 16376

Final Abstract Filter Title Filter Non repetitive
23 23 42 232
syl ananyi
by L~ laca3grgn

s slacudgrge iy iy s o by alge gl o

Lasigad Ty g uspmge oo ly, ST lbling alez 5l o lel slazusgzga

cssaf iy ol gl asaslisd s
TT N
5 L
Slagasy by sy sl asls ] gl

ool gl pldline oy aslid)

Ly g oyagame ol ol 0 .
FETERE AR JCWK o

PP

g Pl awlind gy - S
G5 Oludl Suiloduans g 0

5 Scopus, ScienceDirect (glaosls oL | Yo gl el (ly
sojlgls” 51 oalawl b .435,3 salatwl Wiley Online Library
Yo dlaw wol mlbie Cople 5 Larass 4 by paass
water « im ‘ol 4 bgsye (lamojloads ol ) .05 2l Sel abogs pe
Slea! owyp b 45 z,w management, water allocation
water resource management, water oleA:lf dw Yo
o BB slaojlands 4y water scarcity 4 resource allocation
04 Z pw ol 48 031> (glaolly ) 03laalS” iy () )5 aslsl

ol Cowds dllie SYVY-F & coles)s

u,l‘).:l.u ‘.\))5 )‘)5 )M )90 BETRY) YA Yo b el 0dg2 'D)\j
VEYYE & Yo slawi oS Wad adlsl oald oL 2 o Jo ilid
Yl wyp sl g Bl Sl Ve b5 deld] )5 g,
o Jlesl by 3 Qlsasl IST 05 V0 Yo s 3V mdaw

S99 (Sl Vg Y Jga

le» Alwd J‘y» o)Lo..f;

Sgud oo 03l ddlaie b yguS Wiy S yidhie O ygody o] @olie pliS ¥ g

Dgdn b)) B8 (ol mie S o CudS

¥ Jlges

&l ale b g alulis

S, cud )b alS (ol b > T wlie plaS ¥ Jlges

S )3 (Sogll s Lo yme 5 ol aebie plaS -0 Jlges

S50 1) (oS e 50 Gdial st 3l plS F Jlye

plool lxe slazsboalail claasls Lolul o gl Lavass 515, b a Y lges

S5 i avass o s

VoY o (V1) YA 9 E0 £ .0l qlio wiigee iy — ol doliliad



W asbe 5 plslo

Jly wwdJlgw ojlad
Sl il anass (55l Bilas (dlp pasutio gie G5l Ol i 42 A Jlpe
S5l yasdio ddbaie Sy |y o qwlio ) oty yiaier clalslis plaS Ve lgu
S48 o dlatsl ) (BL3L o] 5l oo oyt (bolia pluS N Jlge
§aitd Aty ols ] lie & inkeo sl ik plaS W lges
05 Jdos |) ol lte Slapagg SleMbl (pagpie gilodde ok 5l s 4552 W g
g S 3blio > A gl yarass ) b st orldl Sl J 258 4 W g
D, S do
)5 e |y Sxiio 9 555l sl o e para 5 Ol CuisS o iy i @isSe RN V8 Jlgw
B s o o paeass 3|y oot M bl b g w55 T V Jlge
)1 de39 Gl Lamass (giludas > oM 4 W Jlgw
Sl @8ly sbid p Balaie do dx b o plol slagludis YA lgws
)1 929 wlio BUS B pan o Jleis! slags,Kan b ol w i oSl U V& lgw
S Sy e s ) (o e anass Al e (Sgan Gign ile yspbsi slas sl L Ve Jlge

e (230l 5 (g5l

S35 (b o lio J) (5w a3Rule Al e Bylate it lio (e ol Sl L M Jlge

ol S il wlwly o pastin Lol ganaies dul p» Gl S
s ye elgil Lolas glgl ol 4 bgs po (caiwd y3 ¢ Jlto lgie 4 .ol
el o By 500l 05> 5 (Sspaem sla S ool cokS
5 B mloi cprenal psio (giludde £o5 (Jdo dtwd Hd deldl o
@ by dbvly @ & st Jol gbcodpge okl
b Ban b S e plyis 4 tailond atly )So5 glacadgse
wWan b S Loy ey s 1y (Sogll 18U alg e «udgize
sl (saod 93 08k osd 4ty Of (S sla Sy (elul
anasS bey 5 45 ddlls a5 Canl SVlis 4 bye S0
Srcudsge 4 lailg) dlawly 4 50 s (pl 4 by Codgrge
M (e Lallgy 4 bgrpe JolS Cledbl b9 oo Jog 503
Ol iy ) Cuwl odd iy 5 object property 5 b 5l a8
oig3 ol 0 s3Isnl amog ] B ed oo ol «sSdsET ik
aiels 1) sl 005 plol (g5 ols] oo 3 lll Jolie olol
lool dapllas jg50 b upm 9 13,5 asede (sjslgnl Blial 5
A gl sl O gl anass § copte b biye calS pnlio
S S hg 9 bt pj da WM ©)g0h mualie cpl (sdn pB )
ko adgl ol 1 e nd aSlojls jemor b g (clodls
laylno 5l o3kl b g i (glwodly Protégé jl5sle 5 45 (s5elg0]
285 )8 i 3y9m ol 5 U Sy Ao ¥ Slas s oS
sxdhb s 58 syl 5 cudlad omw ln ecales
5955 Camals g ColiS 511 0 o3lisl panlio o Lailg) il

298 Jobs Gliabl

VoY o (V1) YA 9 E0 £ .0l qlio wiigee iy — ol doliliad

59951 0ad LSuid polis yutd
b ( ololis Baa b Ol ple yewass 5 Cupte s59g0]
5955 ) sl o o U ol Lo il (65l Jio 5
wbilis gble blol ol mlie she by, S Le 5
o oliwd lp S leddlas 1y oy awess gl
weole Sldlas el wlio oo 0jgn b Lo yo pls (slmosls wbn
e adllan bl yr ol 3,5 41,5 ozl 390 0593 ol b Lo
ol 4 bayye Ml gl oS ¢ Lol malie gl5l o
U9y 4 basye GledMbl 5 alime slagildio 4 bosyo SleMbl
b s ool oIS (s 355 5 el 30015 o
Sl Shy Lol g asye 98 Jold ol 50 g oS
Ol (3 5 T S s g Ol Ll Gyl g ST (g
U gildis gg5 ¢ Jols s (g5ludin 4 bgypo (gla WS .l
2 B o prenal glajusio 5 Jdo Cuslad daCudgie «din
o3k (> gy oo (s i gy pisk oS coles
ol ol (a3l g oo cla ) ambus 5Tl Sl
Al ilaie (e Al i 51 &S 0nd (Sl (glaisS 4 g5l
395 ,lgd o Ca e 45 Canl odymg 3o 1 s 45 la oS sl
G Nigh ez I S )5 e AL 45 a3l 15 5l i 4 5
S 8 5 il oy S bl 53355 ] o
G150 SaS Ol wlie Ay Copte g Judoo 4 wilgn oS ol
ol el aalie LB Y US55 il o by 5 lacadge e



Ol @l b g dig pawass 51y wldlns wga s

considerClimateChange
R hasDemandResource
[
_/ | = ) k
AL Rl = Ll g g
,,[ u—,J,.“ma,] [ - ] ] g
i
f [ - - hasResource H &
= 2 F — &}
7] & g 3
E = o
& E o g
g = hasWatcrBasi g S
8 5 terBas -
R o
—J hasCountry
- ST
effectWaterQuality
hasOptimizationMethod [NEFTI)
—
= -
T - usingK P!
= ] hasCertain liing
El ] 242
3 = 5 =
2 | hasDecision hasObjectFunction E)
£ | Variable g
[ hasTimeHorizon 2
g £ 2
- 8 et A
i‘j cansiflerPollouted z
E £
oy pdone o= eauicr a
| o gl requicrMethod g
’\ hasConstraint . Z
QL‘/ considerPollouted hasAnalysisMethod -3 _E,"‘
E
a

ol Ll g W S Gy ya5 1,5 - S

Gy ol o pll O plie Cupte 3yuikusl (cla griamns
> jlote (SOl b (Shom jl Sl 9 Gile dlude (giluainge
) s Sy syl ot (sl ol &Sl 005 LN
oarasS Casls 5 00 B pas ol glio ¢ Jlto (sl il s
L b pe wlije a5 b iy )18 il e bk o o VL 5

Slosds sx5luS Pomb zolaw jd plS” o

isu Y S )3 cpiomen S SLLs S8 O wlie o pite 0g>

3o i 1y ol sl s o ol mlie (IS 4 bgyye SIS 5]

o WS 510 Albadus
35549 J o glie apass 5 Cape lp ead b iglstl
seedilen cnl D0 0y NS Sl pealuds (23,l3 Lo (6l
o b by slasnl b g mealio (38> gjlo o glaion; (555)g3]
2 a0 shb anass glacwlw 5 BuiSG pae ol
ol 4 b 5,Ses, 5 ol ol colealuls sk ol
ol 0 0zl Lol (sla o3, patlio «of glie w38 (ol
i gl (o ol al IS 8Lk slac]
ool 3 (s () Wlods o Lol sl oS lgieay
S23e Ui 1) oS 5 olyen 4 M 1 (S o J>
DhieS Cublb g (g plpbllanl Gan L (gjelsnl nl (IS psba;
i Jile (bl publie 0938 Sl 5 cunl oids (yb
ool ol )3 qulie Sy e dibpty (clagsysld b oS o]

0 LS)SM‘” L;Ltz’)l)‘.gl drwgd &y .&5\93'@ )E$Lu Qﬂl u.'>|).|o Ll

LS 51 (B Ol T Jouo

& R Sloesgs o
ClimateChange ol o wglize  olon 9 O balys ) O u,.ol.: Oljeo ASWI 4 a5l
(v¥) Sako Mlgi oo b Cunl odd 483 Hlasyanlen o Ol Lulps LI 4ol cplple ClimateCondition
OtherCondition 35 gy
Enginearing Clnl (i ¢ S o o3lital sl Sy jl iz o 4S5 4 dgi b
(vv) Manageres . o EndUser
Other Gl o leaind olwlids eyl (Jolate
Reliability ke s 3,Shas 35510 el Fglite slo yadld «dun yo g dliuws o )
() Olisebl cublB 5 lnl by yasls il o )3 e a3 LE ¢ KPI
WaterSustainabilityIndex Lig oo duwle (Jglite (glb yBgy ¢ ladind &) do g3l A5 Aitu
_ GameTheory .
MADM Modeling'sType

VoY o (V1) YA 9 E0 £ .0l qlio wiigee iy — ol doliliad



W asbe 5 plslo

& B oo o
é\flulii%??ai,ve Ol b el Gglite 6 (giludie go5 cdline CBun g alius £g5 (655 a5y0 b
t . . . .. .
ngietjojective 59 CSalsS g 00 ISyt (giladio g5 plIS 39 0 et ooy ge
Hybrid S K el
Max )
- — L . ObjectFunction
Minimax ol o 48,5 L3> Clual pluS 29 et U
Maximin
BiologicalPllouted i i
_ ChemicalPolluted 9 lolid ls (olite ell wipd oo Ol CudS i Col &S ol 5o Pollutants
FisicalPollouted A5 Ko Ol odlil g hiai g5 4 Wilg5 oo ol (65 as
MiendedPollouted
Exact
GameTheory
Huristic ol 3 el il B3l glate > gla gy b el (S0 cgiludie s
- — T ) SolveMethod
MetaHuristic Gl 0l 418 )5 jla5 > glae sl J> g ¢ il
MachineLearning
SpecialMethod
SurfaceWater o T ol Ca 7 . Tl g
(vv) GroundWater W 0 WaterResource
OtherResourceWater = O e pRras &
ot ] [Fe wawomma ]
o Watevﬁesoum |
Ve ] A
[ & J_l @ ] * @ OtherResourceWa
B - o d ter
_ar— v v o
* @ KindOfFeeding ] 71' ﬂOrw ] } [\, ] [’ @ Storag ] [’ ® Depth ] [’(u FolowCondition ] [‘\ pm— I [' ® BasedOnFollow ]

O LS5 9 ol @l WIS 43 g po SIS 51 ales - JSUS

2odly wges b ol 3V (lai 3)90 (59lg5] oSS (glps aaldl )

sokaie (s D9 gl Sl gl e 5 025 3l Codgrgern sl

Cawl odd (astdeo ¥ Jgda )3 w0 3)ly (sladigel dged «lodl jape IS 50 odd adles glayimgl 4 axgi b
b WS adiged jI (S0 - g

iy baly) 9 (Shy 4 @2 b e g )Rl 2y aCadgese
By b ol polaid] (o casle (glipl Wigedpn 4 s

laaiges 5| (& G o
MaximizingGroupUtilityOfWaterAllocation,
MaximizingIncome, MaximulAllocation, Max
MaximumEconomicProfit ObjectFunction
MinimizeGroundwaterExtraction, Min
MinimizeWaterScarcity, MinimumShortageCosts
Benders_Decomposition, BilevelProgramming, KKT,
BranchAndBound, DynamicProgramming Exact SolveMethod
]S)lzll;bleDQN’ DQN, DuelingDQN, QLearning, ReinforcementLearning
DNN, Inform, KNN, Linear Regression, LSTN SupervisedLearning MachineLearning
C-means, K-means, OPTICS UnsupervisedLearning
FecalColiforms BiologicalPllouted
"Ammonium(NHa)",
¢"ChemicalOxygenDemand(COD)", Radium ChemicalPolluted
"TotalPhosphorus(TP)" Pollutants
"BiochemicalOxygenDemand(BOD)", .
"TotalSuspendedSolids(TSS)" FisicalPollouted
"Chlorides(CI")", "Fluoride(F-)", "Sulphates(SO+*)" MiendedPollouted
NonShortageYear Reliability KPI

VoY o () VA €0 £ .01 mulin omitee suidos — ool dolibund [ ]



O @lio Jlasly g dlugsy panass (5l (awlidlms Cga )l

loaiged 51 (&2

S oS

EnergyWaterNexus, EnvironmentalFlowMaintenance,
SocioEconomicEquity, SupplyDemandRatio

WaterSustainabilityIndex

wl.c) d)}JS‘*’i o) ).wl).w 3 d)l;\fpl} eovew O"I A5 oalaw!

g 50

lp PascalCase (¢ li8pb ols)l,8 51 oolazw! @
o oM (5 1386l

pb sl CamelCase (¢,li%b ols)l,8 5l oolawl @
b (Shs

msplio don (gl 3520 py8 5l oolatw] @

39551 (o lsb Sl
PlIS o el F JSS illan 133l 5y (ol oz ge toles
OLE Y Jga 53 o st i s sl 355 b edlS (5
&y gm0 sl 51 (65995T masy (sly dnlsl )3 el osis o3l
OilEd, OntoEdit calox ;I 3505 odlitwl )lg5 0 OWL sliwl sl
Protége )l38le s (g S )5 5 Copmol> & 425 b Protége s
015 o3litul (£39)53] sy gl J38le 0 cnl 5l ey ol o {(Y0)
O g 53 00 o) (539l55] 4 bgyye aleg el

155 5 olgd 3l eladls) 5 M (lSpl (el .l 05 00l

* 5 Optimization ] *@ Certain

i’e Gridng | -
+ ///
Y® waterQuality | .

\ CERAR

]
Fones

I’

v S

o S *® DecisionVariabl
P ; N es
= . >
- > s
*@ ObjectFunction | '\ Patsalh A 4 4 3 "D ‘ e
I o~ Ti‘“-~‘ > “»” \\\‘ y, 7 Ra . e \\\ N\
/ oY R “‘————2:\_‘ 7 ) By
/ ey SR s - Y, D =~ /1" ® climateConditio
P e \ = < s N == e e "
N ~~\ T———F e ————— e = TS 7 A
I\ D e e S @ owlkThing |[— AN — _E g 5 S N
" N e e e N N e b e oy S %5 Pollutants
& Constraint g0 = i 5 AT B RSN TR Vs Loy
\ NG et Y- T S |
e S ; e X B s S
~ BT I F=T b N - *® TechnicalTerms
*® HydrologicalFea “ A QL = A
ture b R ‘ ‘ e B
y ) Ned \ A// b 7~ — S
N e Y. \i 3 N b ~ ol
3 L P~ 1\ ol o \ 3 T - .
& WaterResource N / “al _-q \\ © Policylnstrumen
2 ‘ 1 ‘
N / A \ \ -
\ - & / // | \.\ \
. B s X *@ TimingHori
Lt =\ imin zon
* @ SolveMethod / 2T R
~

\ - P s
\ - @ WaterBasin

e | [0 AgProduct |

Vi - @ WaterDemand
__{*e Modeling'sType

3dle s 53 ol S WS Lo —£ S

olass S yio
A\ Equivalent Classes
20 SubbClassOf (H)

Co Sy (Shy U Sl Y da @ (aled (3905 35 5l e
Entity yico 3,01 gly 09 )38l 0 5 5,19 data property - lsis
oo 9 Dly L Sk nl data property & by (iZup; 5

Cauol 005 031> uol.ao‘ “_;;LJJ LI 199:\).0 L)"’%

S oM Gy (gl olgi o data property yolie (hyyei p
(YY) 2505 o3l 5 LSy

V=Y o (1) YA V€0 £ .00 gilio wiigee ouidg i — ol doliluad

oawd oy (S5 T (S o —€ Jguo

Slaxs S o
A4 Class count (C)
Y. Data property count (att)
A Object property (P)
Vasy Axiom
YYS Individual
1Yo Logical axiom count
vy Declaration axioms count

2l L Iy Shag cnl 5l (B amdie Ui 1) 3190 cpl & S
4 bgipe Cudexge Equivalent isy > a8 5,5 opps |y ool
3 e Jool 5| S Equivalent .9 oo 3)lg data property
oM i ol 3l sl (G55l ) > oI5 5 Lo oS iy o



W asbe 5 plslo

LM (Si1g 5l (B - 0 Jgoa

P olbusg Range Domain Data Property
(¥7) sl sy 5,3, glelate b (Lo prlaws )3 Casl (ySen (ol I3l 2 String PolicyInstrument hasApplicability
Yoo ol Sk b a8 )y classp Calias i (gl g ool
(vv) Sl of s ’ ) ” . ” .)} ? . Float PolicyInstrument hasCost
Sges gl ) ol )39 40 & (9,0
3y90 ddllae ] Gl )3 &S 3yl umen adlllas 390 adlaie
- * © ’ ’ ” L )h Float CaseStudy hasPopulation
Solite <l 13l el 45 5,5 o il (Sl muie S5l Sod)l
(v¥) <3 * o S N ’ L; Ao String Pollutants hasSource
Sedie ol gyl s5)
Sl Lasly g (LS 45 )1 (asly (Bin @l g prenalyuiiie 2 . ObjectFunction, .
- String s . hasUnit
Lol (6y5p8 (ildide > jl el DecisionVariables
(v#) )15 55 sold e (sly ol patio Juie 4y Jgamo o Float AgriProduct hasWaterRequirement
(v#) sl lon g Ol dilaie S 4 3late Jpae o String AgriProduct isCultivatedIn
- g o THUE (Shg ol casl anily jes of 4 5l Jgae 51 Boolean WaterDemand isFreshWaterRequired
Wil Al Sl slaasly wbgpe Codgize 5 Bun i 3] Constraint, . .
- Boolean . . isCompatible
Sed o True ObjectFunction
| ilite Uik Mg 093 o sk 4 b o slelis
o IR TR e e oo e )E)m String GameTheory playerOfGameTheory
YN )

s kindOfQualityWater alal, o .Casl joiS & @
CutS & lold g4 itwd ue sdlal) 93 ¢} isSutableFor
3 i el O cglite cudS uizen g 3)b L ol I ol
Gl liged g e WS o el o ol &S Lol gy

Wl 0 020> lis & IS5 > Object Property

s kindOfQualityWater dlal, g3 .Cunl jodS & &
CautsS 4 dSlE g9 b it us (galal) 93 < isSutableFor
3 g el O @glite cudS wizen ¢ 3)b b ol 5l ol
iy | lges gd e S o ool Ol ol &S Lol g

Cawl 0 020> i & IS5 > Object Property

CutS & lold g4y b ue gdlal) 93 ()0 isSutableFor
2 e el O Oglite cunS romen g ) b Ol ol
iy | liges g o S o ool Ol ol &S SLolE g

ol o 03y L & IS5 5o Object Property

oo b ple 35l (Shb Sliz i )3 o ailen
dal) Wl Jale ;RaS 4 kalyy bwg w0ud iy
(HokS S5) 62y50 gadlllas S oximd L hasWaterBasin
by ) ol oSe g sl pl eje Gl & el
Glxe 3yl 05 S5 a5 cl ol ,Siky a5 Wb hasCountry

e Gl |y PS030 g Lulg cpl 5l (Bp & 9>
9 Domain jlage z8ly ,> fasl a5 A uSe Wil oo kil
daly o Jhe las @ fcwl K0S WSe Ll Range
(HoS S0) (e2y90 (gaalllas S aimd L <hasWaterBasin
by oy, ol wSe g cwl iyl oje b &S cuwl
Glxe 3yl o5 SO &S cal ol Siky &S WL o hasCountry
&3y80 sadlllas S oximd yLis chasWaterBasin alayly & Joi>
oy el ) oS 3 ol oyl 053 sl o5 ol (1525 )
Glxie 3yl 050 SO a5l oyl Kby &S w5 e hasCountry
s kindOfQualityWater alyl, g0 Cowsl joi8 S o

b WS basly g 25 -1 Jga

Slrog Range Domain Object Property
1l 0565l (Son cunl H9ulS Sy 4> 45 (6390 dnlllas
B34 2 1 » . )
” i A) ) o WaterBasin CaseStudy hasWaterBasin
Sl ansly i 1y ol
ool 528 S 4y (slate S ol 05> 2 CaseStudy WaterBasin hasCountry
A 1y Cuslad pae Wlgh o il 1B L g (gilwdigy Jio yo ) S -
7 i ey it _ Certain Optlmlzat1qn, hasCertainity
2,5 ObjectFunction

VoY o (V1) YA 9 E0 £ .0l qlio wiigee iy — ol doliliad

8 Inverse Of



Ol @l b g dig pawass 51y wldlns wga s

Slbs g Range Domain Object Property
)nwmm‘.x.f a.)l.&.L»l;‘juol& o~ ‘—ii“‘ ]dLoLQ?fh
< _ . S R WaterResource WaterDemand, Type hasResource
D5 S |y Ol ds e gl canl (S dldo
ol canlio (o8 (6,8 (6l Cunliw s EndUser PolicyInstrument influenced
oslizal JFglize (s 5 o ol g5 5l (5ysLiS Jpuaeo
oo dlie s oot &9 S usingis ” WaterDemand AgriProduct useWaterDemand
.A;;Lsﬁ
ol St ol (6559liS Jgamo sl o g5 pa AgriProduct WaterDemand considerAgriProduct
ol 0ads (gilwosly (ol (63)90 dddllae S (ol Cunlow 2 CaseStudy PolicyInstrument appliedIn
a8 syl gl 5l old so5 cudaize L Ciin b ; i
5L SIS ook &5 Codpne b e Pollutants ObjectFuns:tlon, considerPollutants
o] Constraint
Wbl dg3 4 diunly paenal (gl puiio (gl)l> Wilg¥ o «Cydgixo ;6 DecisionVariables Constraint hasDecisionVariable
g e ol )3 Folite cusS sbul el ( 539l ya WaterQuality Pollutants affectsWaterQuality
4 5k s pbol slagilwangs 9 iludie p cwl Sew
’ f et s & ’ . HydrologicalFeature Optimization requiresDataFrom
Al o (Sdgyian sloodls 1 eslatul
S o ool O eglize cunS S 5l ] Lol a WaterQuality WaterDemand kindOfQualityWater
ool 39 ) oguase ((LolE Caslio «ol CuisS o WaterDemand WaterQuality isSutableFor

- @ considerClimateChange

- @ considerPollutants

- mmforConstraint

- mm hasAnalysisMethod

- m hasAuther

- mm hasCaseStudy

- mhasCertainity

- m hasConstraint
hasCount

--mm hasDecisionVariable

/ Fangesn

Inverse Of

= hasWaterBasin
Domains (intersection;
hasCountry max 1 CaseStudy

= WaterBasin

tersection)

isCultivatedIn some {"Dry"~“xsd:string , "Ghare"~“~xsd:string , "Ghotbi"~~xsd:string ,

"Midium" ~~xsd:string , "Mosemi"~“xsd:string , "Rainy"~~xsd:string , "Savan"~~xsd:string

, "Step”~~xsd:string }
AgriPreduct
= CaseStudy

ol s 39 g Object property Gy y25 digei —0 JS

Gy Y gl llas 3ylae cpl 51 By bl atily Gus ol S

ol 0

90 JBlas &S 55 oo ai8,S Jlasyd adia

Oleie 4 D35 [asuie Hss gl WS B cwl piY bl jo

L Sloj Jao SO (Jle

s HST ol @b SO (Jio S iored AL At Bas &)U

LEquivalent & ,25-Y Jous

Equivalent s, =

EXTY Codg>go
3G 90 JBlas &S sl ddin s o Jdo SO
hasObjectFunction min 2 ObjectFunction & d ’ o MultiObjective
AL awsly Bus
. . . . &b S b & col dan S5 Gloj S S . -
hasObjectFunction exactly 1 ObjectFunction - SingleObjective
AL awsly Bus
hasOptimizationModel min 1  (MultiObjective or €4 <Sb &S cul (gjlodingy Sloj dlins S, P
. L . Optimization
SingleObjective) ol ddas an b
hasCountry max 1 CaseStudy FOW BYWA S ST I T }e.y.i 09> y» WaterBasin
: 13 " NANA ~atri s> b > wlgs Lo JL"’ |'.|
}?asAppllci?blllty _ some {"Global""xsd:string , S b e e Wl 354 Policitylnstrument
National"xsd:string} Lg (g 5lwodly
isCultivatedIn ~ some {"Dry"AAxsq:string L Ay el ldilale > (gjygliS Jpae o
"Ghare"""xsd:string, "Ghotbi"xsd:string, N
"Midium""xsd:string, "Mosemi" " xsd:string, e AgriProduct
"Rainy"xsd:string, "Savan"""xsd:string,
"Step"~xsd:string }
hasSour'ce some {”AgriWasted”std:string L Ay LA pasis et ol (So9 a
"Bakteria" "xsd:string,  "ChemicallnWater"""xsd:string, Pollutants

"Industrial WasteWater" " xsd:string,

S o s (Sagl g5 )

V=Y o (1) YA V€0 £ .00 gilio wiigee ouidg i — ol doliluad



W asbe 5 plslo

"OilSpills" xsd:string,
"WaterInSolubleSubstance"""xsd:string }

"PeoplePolluted" "xsd:string,

oads didy (V) ailiio 3yg0 (pl sl atily 1) soly lon Wb g
aS bl o (V) alaly cyisu cpl ) oAby balyy 500 51l
o551 «eusls FreshWater 4 5L «ol (slolis G )31 a3 o lis
0l Ly y5 S5 g o G yguo 4y &S dbog e data property laie
3 ok wuy (659951 4 bgrye oles SleMbl gi True wul

ol o 03l oyl

Semantic Web Rule (olus Jlaise (cjolgsl (slp ashl
4 99d 8, bindividual oy bls,l U us ausy Language
individual | cushd pas (gl B ob S ST (ko lgie
ik (gildie 35 Optimization Codgrge 1 Lb cul (551
ST oizmen (Cal 00 ditdsl (V) Gygo 4y (il oyl Dguds 3liiu]
Gan @b o 4 bgyye slacodgame wush casly wdun @l S

ObjectFunction(?0)  hasCertainity(?o, Fuzzy) -> hasOptimizationModel(?0, fuzzyInterval) )

ObjectFunction(?0) ~ hasConstraint(?c, ?0) ~ hasUnit(?o, ?unitl) ~ hasUnit(?c, ?unit2) ~ swrlb:equal(?unitl, ?unit2) -

> isCompatible(?o, true)

(v)

WaterDemand(?a) ~ hasDemandResource(?a, ?w) * WaterQuality(FreshWater) -> isFreshWaterRequired(?a, true) ()

B n M) s dile o oje opl 3l Glaiag
Dgd oo Gl asbl 3 imgh il 40 ol dlby (sl g 5sS

Lanass Bub mle 4 a8 oacudgioe gl swl gly @

AL g & J.iw 2D odd asude 6)59§ ol 0045 031>

&l a3 e L ey 5 IS g5k 4 (5555l i
Gl BCudgiome d> glyld «din

&5955 51 O] 1 !

SleMbl b ol p3Y SWRL (13505 3)lg 9 (559095] mavy 5
585 3l sl 93,5 gl 0l ) 59551 1 Sl 3590
sokaieds b g 558 .Cawl o odlitwl SPARQL yisw > (aws
$9y 2 cilisee Sliles sl b (g5lgil 51 (ol wleMbl gl sel
3 e 5eS 5l onlatul Mg so odlitul ] ;5 sdide s (slaosls

SPARQL query:
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PREFIX - <hitp Www. " 4111 Aunti
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