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2 Nurse scheduling problem (NSP)
ay


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

Olsti ;658 Sacind g0l dlas 5l 636 Jobe & w1l ¢(s jiner

SBCid (suile) B3l sb 53 Ol Sle ()8 Sl JS7 51 ai e Julgs ol 51 (S ipl 4 S
[V Y] g5 paal 331 glajg,y alias 5 Oliwslaw O e Calises (slaanlw o) 8 53 352 50 (5L

5 ool pael p ladde ol 43 8 515 sy 3,50 (103,208 5 sb 4 Oyl Ol ) dle
iloks slgriey Al for (1 55 o 550 (N5 5 6, slaz ;S

P 1 5 S U blos g o3lited s o (gl (Bl (63lodibe 3 8555 51 piioms 51 (5
S5y S [0] sasss 5 35k diles sas ol Oyl 4 s a¥sle Lanaid sl oLy S jyaeb, I
[V] 4 565 5 pgile 5 [#] read yo3 5 ok 47 Jlm 55 ciles sod oolizal s o (51751 Y (g3LaslT
Sl 1y Syl mptel p Jte G [A] OLKen 5 05T momen Llos S 4yl Toad 5 asls iy, oS
(W] 0L 5 5Ky gl 5[V ] 0L 514615 4] O, 8e 5 I dilosls slgii s i s & >
ol plol i3 ol 53 1y spelin lihons

50501 Llosls arw g Wl Jo glp 1) Glal o 53 Bby Gpotsby Gladde uiizes I Sy
56 lasa, ol al e 3 a7 Wlesls slgtiny 1) lal o 55 (5L (65 %0b 5 Jite &S VY] Oyt 51,
0315 jamass Ol IS Slajss 4 O GTLd pg> do o 53 5 0k und Ol 6158
oS Jsl al e 5315 (65 aab 31 Jgb 53 Ol (6L Slele JST IV 01 5 ueenS Mg L5 o
S NP 0L 5 05 crimad s on Ganais Ok 4 1) O Glatind o3 al> o 53 5 03 5e5
sl gl Ao\)l:,wﬁ Ol 5 51 DI ol Jf&}.pu O.}}A.;v.g.::‘:ﬁ Sy @l 0 95 (55540l Jo
e gas wlyl 1y )8

5 kol (Ll gas ealitul dlus > 6l 6,113 5 (5,8 suﬂ,,ﬁ\;\g&ﬁw;‘ﬁ; =
S5 DPTASS 5 5a les e sl s o s1n 1 s szt 30580 [10] O gl
W] Gst s sl grle s S oslital Al fo gl K55 025 S0 5 1 oo (6 st slag, S
e Llosls slgiiy 1 0B s S luagy p—’i);i“ DAL S 5 pls€ 5 oS3 p—b.)ji”
J= sl b T s ﬁ))i” [V ] OLSKen 5 o 5 VAT OLISKea 5 5555 V] owbedr 5 6 inr
Llosls asly) e

! Mathematical programming models

2 Heuristic and meta-heuristic algorithms
% Fairly assignment

“Lagrangian relaxation method

® Branch and price method

® Goal programming method

" Two-stage mathematical programming models
8 Nurses’ preferences

*Tabu-search algorithm

10|_ocal search algorithm

! Genetic algorithm

12 Ant colony optimization algorithm

13 Simulated annealing algorithm
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! Fuzzy modelling approach
2 Werner’s fuzzy operator

10
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Minimum fuzzy operator
Weighted averaging fuzzy operator
®Membership functions
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'Compensatory coefficient
*Triangular fuzziness concept

a9


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

Olsti ;658 Sacind g0l dlas 5l 636 Jobe & w1l ¢(s jiner

\ if TP >TP™
o= TR-TP g TP™ <TP <TP™ OF)
TPmax _TPmln
if TR<TP™

39 A 33 Sl Wlg oo slie s a Y S5 55 edd alyl Gl gl 9 Dl e 4 a5 L

MG Py o 8 Spoaeby 381 Jsb 5o ke 8 I8 Dl w ST 50350 aady H"‘;‘J‘f“ T3S
5 4 Sl 33 dsb s sl 8 )8 i sluw STlas 5 Bl ol ol ol el
Slr DLk Dl 5 Oljee 4 ol 0215 aradd polae & a5 L frizpes 25 Ll Ve AL Sl
boplp e ol Sl &5 55 8 (ol sl S5 A e ST 5 il (6,8 laind
il dauly 4 Ll g o Jiwy K& e 5 S i ST 5 Bl pl s s ¥y )
Vex¥ =¥ gAY = AL ol 5w esT Cawsay gduobe) 331 dsb 53 (65 4 0l 033 anass (5,8

Wl o ool DL S8 53T sl 4 by e s Sy e b L s il 5

0 Tpmin Tpnlmx > TPi
Q;'”‘)J{JJ}‘“JL‘“-‘JQCI{}'&G‘);J%L"‘ JS.:;

\J.AJLN.Asz\éLs..élﬂ)&kjmu_ﬁJ.X.acru:éq):av\.@ab‘bwjdv\.aja-\.ﬁ:Q‘J\C)b&.ﬁ.ﬁ.}:@42-}3'\{

133 8 o e sn b 5 s 4 ns 556 Shes Sl eslizal
Max{FuzObj =a+() —ﬂ,)(ﬁ D ]}

st

A

(TP™ —TP™)(ar+a,) <> (pmM, ; + peE ; + pnN, ;) -TP™ i=\¥,..n

a,a €[] i=\v,..n0
VB s gdons 3 8 L sl (1)


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

AF =)oY (1949) 20 0T (glas )87 55 Sldes 53 Guioes dlos

&b s 0
b g e alyl ol slgiie (656 By 55508k Jbe Sl edeT Cnsay Slasloes El i ol o
Slp &S Sl 30U Wsd o Jo onlgtiny 56 Jde Lw g g odd W5 Bola dse Al A sl
s 53 bl W5 glaesl ol 4 8 15 ealinel 5550 'nd CSIESK w55 wpe iles W5
03l CPLEX 133l 5 VY aend 51 4 gad Jilawe Jom (12 Gimast -l 0k 0305 QLASY g 53 35 4 5
B Bl Gl Jde vy odd A5 el filue o 5 odeT Cosats Slasloes Bl sl ol
Lopd Gl e Mis @igad Jilow ol o 12 S Sl S5 45 05N .l 0l a0 ¥ gl o
el ok w3 8 a5 )3 YLl s (56 Shes 4

Jiloe 1 (Pl S0l 2 5 G5B Sl Gladie 4 b gy e a5 gy 3l O g )3
SIS S5 (gl Ol Dl 5 S0l 5 Ly sde wlS Sobe Lloks 4] edd A 5 4 el
@ p3lie cpl uomen L Llodd Laseie doda cpl 53 56 poael s 3 Jsb s T 4 edd e3ls Laness
il o3l OL_550-Y G IS js e 5

odd A 5 i gad files 53 Lo byl anels Y Jgue

aals bl
DU [v,v-] n

DU [\, A] dm, de,dn
DU [-)] L

DU\, v] pm,, pe;, pn,

au\.fd.»\:J)fAJ}QJJJ_L.«Ad‘ﬁsb%éJB&kJMEﬁij‘yB@u.r Jou>

Oy Sl 5 o Kile e il S0 B e s b @36 Jde Ooda b

Slday
N o s
3P =S MatObj FuzObj Sk
ns= nsis
WK JIME e < IAOY ¥ |
YYD /708 VA ZAGY A Y
\iriuns /5 YA 10V VY s
\iat) %N VA < /OYF i\l f
YA PV FOA /00 \t o
YE/YO ¥%a) BAY < /OFF A2 2
YE/YOV < IVFE FAY «/OFA YA v
YE/YYY VYA vYvy «/OFF A A

!Discrete uniform (DU) distribution


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

b,y Joe Ban a5

Lo

td
)}

9..&.9&.)‘

o

1000

800

600

400

20

o

0.8

0.

0.

>

0.

N

Ok 6 Slacins (gunole dlas ol (536 ke & 41l (5 anr

1 2 3 4 5 6 7 8

Giged sl

a.l.iv\?“,idﬁ&u@ﬁdjﬁdj)uuﬂgjv\ad»cb%ﬁ:w.rJ:fb

iilillll
i 2 3 4 5 66 7 8

Ggad Jylows

i) 5 & g0 filos o (2S5 (S0l JHe e mb gy polae IO

1 2 3 4 5 6 7 8

&g03 Jiluo

olbld 5 4 paS e St e il S0l polie £ ISS

VoY


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

AF =)oY (1949) 20 0T (glas )87 55 Sldes 53 Guioes dlos

40

30

0
1 2 3 4 5 6 7 8

Ggad Jyle

o

=
o

Oy Sl 5 5uSibe

il 5 @ ga b o Oy Solowr 5 Kls 3lie 0 S

3,8 o S5 s g dasn sl A I3 Y &0 dles codd 41l (636 Jde (3lualid gl 048
e Sl ol Casay algs (shuOley asli s Lilodb a1y F Jgd 55 dlus opl 4 by e sla el s5laa
Wl o 0513 OLES O Jgd 53 5 (ealgiin (551 (554l

L TIPE RN A:A;JE):LSUAC_,.::)W;QQ),& b el ) g sl asl 4 a5
A e (St b 6T o pllan (6,17 (Glaidnd (51 Ol Slowar 5 i Lok 3ls 2y ¥
el a3 5

Yok s F Jgde 55 ol esls Ol le.aj:.»bl.;ﬂ.slinqq-jl{.u\.:ﬁizﬂja Y ke, Jie gl 5
iSO\ 5 Y 6u;,),>)uﬁalw.,\iu@Lﬁ(wywﬁ}#»u@\.&éw
b d"u\?).Sa-LjJQ‘)‘d-ﬂgdujMUJ{\{L}:U&O.M‘GJ‘JW}A@‘}S‘)A(C}Jmw&;d‘}‘m
,;wo:;gm.@uma;,m,w&4>1:éjlfsug@«:ﬁ@”w@ﬁv,uﬂc)b?;

@‘Mﬂb“@‘?}bﬁf&h)j)

Yoy


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

Olsti ;658 Sacind g0l dlas 5l 636 Jobe & w1l ¢(s jiner

Y & ged s 0 b g 0 Sla byl 0las £ o>

n=A dn=\ de=y dm=y

L _
B

pn; PE; pm; 59

B Y MY Y 4 A Y F 8 F YY)

¥ Y Y \ \
¥ Y \ Y
\ \ g \ \ ¥
\ g \ £
Y Y Y \ o
\ \ \ . ) $
v v v \ v

Y 4 gad dlae 6l 5 o3kt (656 (5 5 Hank s T 3l oo T sy dings GuuOle ) sl 5 .0 Jou>

V=50 A e b 53 5L 35 50 Db Sl

‘ijjﬁjﬁac\;&?:)bjyb)}ab‘)bﬁblubﬁ AIO\JbﬁJ{J\M

V=000 A S it 3 5L 5 50 Ol sl

BE3)
SRR R e R R R
85 Q& ¢ A Q| & | ¢ c
\F YW \Y AR \ q A \' 14 o ¥ Y Y \
A N L N E - N E M - N M| M - N \
A N E E - N E E - N - N E - N Y
A M L M M| M - M M| M - M| M L M Y
A E - E E E - E E E - E E E - ¥
A L M M| M - M M| M - M E - N E 0 s
A M E - N E | M - M E E - N | M L 4
A E M - E M - N E - E L M M| M v
A - N E - E E L N | M| M - E E E A
Y Y Y Y Y Y Y ¥ Y Y Y Y Y Y =
Y Y \g \g \g Y \g Y Y Y Y \g Y Y gy W
Y \ \ \ \ \ \ \ \ \ \ \ \ Y w

3B s wb g i g5 2 A Slem s e 53 6 Ol e Gl e 0l 00
J‘J“éb'ct’Jf:@fb”‘j:”‘)tf.;ﬁ.‘éﬁ)fé“:‘”““‘“";}?\":‘&i“u“\:‘)}:4"}"’" J{.Lu.a).:ov\.n'\—g;uwac\{
o 53 55 edaT sty gl Sl ok 41l # o )3 0kd A 5 &5 g0 il Cod Sl il

\oF


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

AF =)oY (1949) 20 0T (glas )87 55 Sldes 53 Guioes dlos

T L N N N e L ]
Wl o 0313 QLS & S 134 Sl b ek Cd 0 d A

A el oaT sty (656 s il 5 2l 4 e A Sl 8 liae SRl el 4 a5
3 @ls 53 bl dal g ol em 4 ) ol g g o bl Gl b e L g (656 Slas iz
C3os 4 el J105s 5Kk 536 Shae b dslee o Sl oo b o 36 Sas & obnT
s Al Gl p3lie b b e lie 53 1y 3 Shee g g 513055 (S0 538 Shes

Sldas
Sl dles
Ok
N/ +/q v /A Y id /0 +/f oY o /Y o/ o/
/Y'Y A'And + /YOO A% 4N A'A%4 /AY +/AF +/NOY +/AAA AT +/ANY ¥ \
/YA + /¥4 JEY O FY F +/FY4 JEPF /FAQ LVZ-X0 SRR/ o VLT A Y
AR /YEY Ak \d «/FY AR WAd'%d V4 +/0VO «/OYY I\ d + /080 VY Y
o /YV A ST AERYA 4 s ANNEYA 4| JEYA o /FAA /OYF w/OYF 0TV /0¥ +/OVF \# ¥
ALY /FY . +/F\F Widnd < /FOF ALY «/FAY 2 /00N +/OYY +/OFY V44 Y. o
«/FVY +/F40 AdYd /0¥ /DA /OVA «/OYY +/OFF /080 + /040 i Y¥f 4
ALK o /FYY +/FVN AL Yd 20V +/0Y0 «/OYY +/OFA Vi 4d +/OVO +/OAY YA \
/YA ALK +/FO. A JEAY DA e /0YF /OFF /DAY P /P\Y Y A
/YA «/FOV +/FaV C/OVY + /OYY + /00 +/FaY + /080 + /ON? i) 4 wi;l._.»
1.0
_3.
‘ij 0.8
2 0.6 F —
]
0.4
3
702
3
;3 0.0
By 00 01 02 03 04 05 06 0.7 08 09 10

Sz ey

u;lx,,%,,zﬁg.;paﬂb}iujlmT;Mwwu;}»c\j&ﬁpﬁuayu'.‘lbl:&

SAMEOZ § (S 5 4%
Sl 5 S g samme 03500 ooy Sl O b Obk s () laiad 0l dlae G 0l 5o


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

Olsti ;658 Sacind g0l dlas 5l 636 Jobe & w1l ¢(s jiner

Sromaby o & sz 2550 s & by Galysgdos 5 Slbypie 38 5 s bl
A s g p S 5 e 5L

kS b gl g 4 e Ll e Bls (515 Jrlen S| (Sokm 03 Conlid e (3.5 k5 o
s 53 Coalsd pde oy (612 ($36 (BL 5 G ael p de G Sl G pl 53 el 0 3,5 3L
Oty Do 5 S35 7 2 2030 Wlws 93 ol ol Eal 53 OLLE A 03zl Oy (5eis0le
;»\;9;_.;aldju@u&\jw.@uuafﬁﬁ5ﬁ)uuj@\ Jsb 5o 8 sl ¢l
el 43 8 15 eslinal 5550 555 56 Shes

EbB L J 5 A5 dse dlas i ol slgly (56 Sromeb s Je gL sl Sl o

Sl momed A (©3lgii (656 Jbe Lo g odd W 5 slaguuile ) YU CutS slian Ol odeT Sy

Jeloss 6 0T vz s S5 2 o 536 Shee @ by o Gl i o 55 ST Ol
36 sl pslie Sl s e 11 L eedeT Cense il 4 a5 L3S planil Sl
636 Sae b Jslas & o b ol Sl o b SlEe b s 656 Shar opmmen 3L dinl 5 alS
(s dal g ol pon 4 1) S o S el 513055 ke

Cﬂépdjuﬁw,[w]wwuﬁww;tdjuéuﬂwﬂuj\m;@ ST Olas s
3 g0 dglin SUSS L 1) oukeT sty gl 5 03 god o3lizel e Jom (12 55 [Y9-YA] 13035

&b

Yager’s Slee b 556 SVl glaiysglous 4 4y b s Ol ol Sloang (VAP 0l o5 cp a5 (VY]
YA VPP T slas )87 53 Slles 53 Gaims UNION:

Yager’s Sloe L 36 OVslas lalyssdos 4 a5 L 48> (o &b Sleag OYAV) ol 5 cp a5 [YA]
N4 (WA 0T (glas 1,5 53 Sllas s i UNION:

[1] Jafari, H., Salmasi, N. (2015). Maximizing the nurses’ preferences in nurse scheduling problem:
mathematical modeling and a meta-heuristic algorithm. Journal of Industrial Engineering
International, 11, 439-458.

[2] Demirbilek, M., Branke, J., Strauss, A. (2018). Dynamically accepting and scheduling patients for
home healthcare. Health care management science, 1-16.

[3] El Adoly, A. A., Gheith, M., Fors, M. N. (2018). A new formulation and solution for the nurse
scheduling problem: A case study in Egypt. Alexandria Engineering Journal.

[4] Al-Yakoob, S. M., Sherali, H. D. (2007). Mixed-integer programming models for an employee
scheduling problem with multiple shifts and work locations. Annals of Operations Research, 155,
119-142.

[5] Bard, J. F., Purnomo, H. W. (2007). Cyclic preference scheduling of nurses using a Lagrangian-based
heuristic. Journal of Scheduling, 10, 5-23.

[6] Belién, J., Demeulemeester, E. (2008). A branch-and-price approach for integrating nurse and surgery
scheduling. European journal of operational research, 189, 652-668.

[7] Maenhout, B., Vanhoucke, M. (2013). An integrated nurse staffing and scheduling analysis for longer-
term nursing staff allocation problems. Omega, 41, 485-499.

[8] Aktunc, E. A., Tekin, E. (2018). Nurse Scheduling with Shift Preferences in a Surgical Suite Using
Goal Programming. Industrial Engineering in the Industry, 23-36.

[9] Li, J., Liu, Y. (2018). Property analysis of triple implication method for approximate reasoning on
atanassovs intuitionistic fuzzy sets. Iranian Journal of Fuzzy Systems, 15(5), 95-116.

\of


http://jamlu.liau.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AE%D9%88%DB%8C%D9%86%DB%8C+%D9%85%D8%AD%D9%85%D8%AF
http://jamlu.liau.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AE%D8%B1%D9%85+%D8%A7%D8%B3%D9%85%D8%A7%D8%B9%DB%8C%D9%84
http://jamlu.liau.ac.ir/browse.php?a_id=14&sid=1&slc_lang=fa&ftxt=0
http://jamlu.liau.ac.ir/browse.php?a_id=14&sid=1&slc_lang=fa&ftxt=0
http://jamlu.liau.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AE%D9%88%DB%8C%D9%86%DB%8C+%D9%85%D8%AD%D9%85%D8%AF
http://jamlu.liau.ac.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AE%D8%B1%D9%85+%D8%A7%D8%B3%D9%85%D8%A7%D8%B9%DB%8C%D9%84
http://jamlu.liau.ac.ir/browse.php?a_id=14&sid=1&slc_lang=fa&ftxt=0
http://jamlu.liau.ac.ir/browse.php?a_id=14&sid=1&slc_lang=fa&ftxt=0
https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html

[ Downloaded from jamlu.lahijan.iau.ir on 2026-05-13 ]

[ DOR: 20.1001.1.22517286.2020.17.2.3.1]

AF =)oY (1949) 20 0T (glas )87 55 Sldes 53 Guioes dlos

[10] Zanda, S., Zuddas, P., Seatzu, C. (2018). Long term nurse scheduling via a decision support system
based on linear integer programming: A case study at the University Hospital in Cagliari. Computers
& Industrial Engineering, 126, 337-347.

[11] Svirsko, A. C., Norman, B. A., Rausch, D., Woodring, J. (2019). Using Mathematical Modeling to
Improve the Emergency Department Nurse-Scheduling Process. Journal of Emergency Nursing,
Inpress.

[12] Arthur, J. L., Ravindran, A. (1981). A multiple objective nurse scheduling model. AIIE
transactions, 13, 55-60.

[13] Valouxis, C., Gogos, C., Goulas, G., Alefragis, P., Housos, E. (2012). A systematic two phase
approach for the nurse rostering problem. European Journal of Operational Research, 219, 425-433.

[14] Leaven, L., Qu, X. (2018). A two-stage stochastic programming model for phlebotomist scheduling
in hospital laboratories. Health Systems, 1-11.

[15] Dowsland, K. A., Thompson, J. M. (2000). Solving a nurse scheduling problem with knapsacks,
networks and tabu search. Journal of the Operational Research Society, 51, 825-833.

[16] Hertz, A., Kobler, D. (2000). A framework for the description of evolutionary algorithms. European
Journal of Operational Research, 126, 1-12.

[17] Majumdar, J., Bhunia, A. K. (2007). Elitist genetic algorithm for assignment problem with imprecise
goal. European Journal of Operational Research, 177, 684-692.

[18] Gutjahr, W. J., Rauner, M. S. (2007). An ACO algorithm for a dynamic regional nurse-scheduling
problem in Austria. Computers & Operations Research, 34, 642-666.

[19] Doerner, K. F., Maniezzo, V. (2018). Metaheuristic search techniques for multi-objective and
stochastic problems: a history of the inventions of Walter J. Gutjahr in the past 22 years. Central
European Journal of Operations Research, 1-26.

[20] Lin, C. C., Hung, L. P., Liu, W. Y., Tsai, M. C. (2018). Jointly rostering, routing, and rerostering for
home health care services: A harmony search approach with genetic, saturation, inheritance, and
immigrant schemes. Computers & Industrial Engineering, 115, 151-166.

[21] Klir, G. J., Yuan, B. (1996). Fuzzy sets, fuzzy logic, and fuzzy systems: selected papers by Lotfi A.
Zadeh. World Scientific Publishing Co., Inc..

[22] Zimmermann, H. J., Zysno, P. (1980). Latent connectives in human decision making. Fuzzy sets and
systems, 4, 37-51.

[23] Zimmermann, H. J., Zysno, P. (1983). Decisions and evaluations by hierarchical aggregation of
information. Fuzzy sets and systems, 10, 243-260.

[24] Werners, B. M. (1988). Aggregation models in mathematical programming. Mathematical models
for decision support, 295-305.

[25] Zimmermann, H. J. (1978). Fuzzy programming and linear programming with several objective
functions. Fuzzy sets and systems, 1, 45-55.

[26] Yager, R. R. (1988). Ordered weighted averaging aggregation operators in multi-criteria decision
making. IEEE Transactions on Systems, Man and Cybernetics, 18, 15-29.


https://dor.isc.ac/dor/20.1001.1.22517286.2020.17.2.3.1
https://jamlu.lahijan.iau.ir/article-1-1650-en.html
http://www.tcpdf.org

