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�v+
j = maxifvij3g
i = 1; 2; :::;m & j = 1; 2; :::; n
u}twU w u}rw= |xOvyOu=Wv ?}DQDx@ vij3 w vij1 QDt=Q=B wO QO 3 w 1 T}Ov=

"CU= |FrFt |R=i OOa l} QO OwHwt OOa
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|xY
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OvJ
|Q}
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YD
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vmD

OQ@Q
=m"C}r=ai Qy x@ =yQ=}at Q}O=kt X}YND "4 pwOH

C}i}m lU} Q xv} Ry u=tR C}r=ai s=v
�1 2 3� sm ,=D@Uv �1500 2000 2500� �4 7 10� 1�2
�3 4 5� sm ,=D@Uv �500 1000 1500� �3 6 9� 1�3
�2 3 4� \UwDt �200 700 1200� �2 4 6� 1�4
�3 4 5� \UwDt �200 700 1200� �3 5 7� 2�5
�3 4 5� \UwDt �1500 2000 2500� �3 4 5� 3�5
�2 3 6� sm ,=D@Uv �5500 6000 6500� �2 3 4� 4�6
�2 3 4� sm ,=D@Uv �1500 2000 2500� �8 10 12� 8�9
�4 3 5� sm ,=D@Uv �1500 2000 2500� �2 4 6� 3�6
�2 3 4� O=} R ,=D@Uv �700 1200 1700� �5 8 11� 5�7
�3 4 5� \UwDt �1000 1500 2000� �4 5 6� 4�8
�2 3 4� O=} R ,=D@Uv �900 2000 2500� �3 6 9� 6�10
�3 4 5� O=} R ,=D@Uv �3500 4000 4500� �3 5 7� 7�10
�1 2 3� O=} R ,=D@Uv �2500 3000 3500� �4 5 6� 9�10

"|tm Q}O=kt x@ |tqm |=yQ}eDt p}O@D "5 pwOH
�5 7 9� �5 7 9� �7 9 9� �7 9 9� =yXN=W uRw

C}i}m lU} Q xv} Ry u=tR =yXN=W
=yC}r=ai

�1 2 3� �1 3 5� �1500 2000 2500� �4 7 10� 1�2
�3 4 5� �1 3 5� �500 1000 1500� �3 6 9� 1�3
�2 3 4� �3 5 7� �200 700 1200� �2 4 6� 1�4
�3 4 5� �3 5 7� �200 700 1200� �3 5 7� 2�5
�3 4 5� �3 5 7� �1500 2000 2500� �3 4 5� 3�5
�2 3 4� �1 3 5� �5500 6000 6500� �2 3 4� 4�6
�2 3 4� �1 3 5� �1500 2000 2500� �8 10 12� 8�9
�4 3 5� �1 3 5� �1500 2000 2500� �2 4 6� 3�6
�2 3 4� �5 7 9� �700 1200 1700� �5 8 11� 5�7
�3 4 5� �3 5 7� �1000 1500 2000� �4 5 6� 4�8
�2 3 4� �5 7 9� �900 2000 2500� �3 6 9� 6�10
�3 4 5� �5 7 9� �3500 4000 4500� �3 5 7� 7�10
�1 2 3� �5 7 9� �2500 3000 3500� �4 5 6� 9�10

u} R=e; C}r=ai R= xm OvQ=O Q=Qk xSwQB R= |}=yQ}Ut QO xm |}=yC}r=ai u}}aD "3
=yQ=}at Q}O=kt X}YND R}v w 'OvwW|t sDN u; |v=}=B C}r=ai x@ w ẁQW xSwQB

"�4 pwOH� xOvQ}os}tYD Q_v R= =yC}r=ai R= l} Qy x@
"�5 pwOH� |tqm |=yQ}eDt |=Q@ |tm Q}O=kt u}}aD "4

R= xm |}=yQ}Ut |=Q@ |FrFt |R=i O=Oa= `tH j} Q] R= =yQ=}at Q}O=kt u}}aD "5
p}mWD R}v w 'OwW|t sDN u; |v=}=B C}r=ai x@ w ẁQW xSwQB u} R=e; C}r=ai

"�6 pwOH� |Q}os}tYD T} QD=t

"|O=yvW}B sD} Qwor= |WOQo Q=Owtv "1 pmW

"xSwQB |R=}vV}B |xm@W "2 pmW

"Q=}at Qy C}ty= =@ Q_=vDt |tqm Q}eDt "3 pwOH
Q=}at xDi=} X}YND |tqm Q}eDt
u=tR q=@ |r}N
xv} Ry q=@ |r}N
lU} Q q=@
C}i}m q=@
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wYk
tw

|Q=
Paro

xv=L
Qi "|Q}os}tYD T} QD=t "6 pwOH

�5 7 9� �5 7 9� �7 9 9� �7 9 9� =yXN=W uRw

C}i}m lU} Q xv} Ry u=tR =yXN=W
=yQ}Ut

�9 13 17� �14 22 30� �5900 7900 9900� �15 25 35� 1�2�5�7�10
�8 11 14� �7 13 19� �2900 5000 6500� �8 16 24� 1�3�6�10
�11 15 19� �14 22 30� �6200 8200 10200� �14 23 32� 1�3�5�7�10
�6 9 12� �9 15 21� �6600 8700 10200� �7 13 19� 1�4�6�10
�8 12 16� �12 20 28� �5200 7200 9200� �18 24 30� 1�4�8�9�10

"T=}kt|@ |Q}os}tYD T} QD=t "7 pwOH
�5 7 9� �5 7 9� �7 9 9� �7 9 9� =yXN=W uRw

C}i}m lU} Q xv} Ry u=tR =yXN=W
=yQ}Ut

�0 47 0 68 0 89� �0 23 0 32 0 5� �0 29 0 37 0 49� �0 2 0 28 0 47� 1�2�5�7�10
�0 42 0 58 0 74� �0 37 0 54 1� �0 45 0 58 1� �0 29 0 44 0 88� 1�3�6�10

�0 58 0 79 1� �0 23 0 32 0 5� �0 28 0 35 0 47� �0 22 0 3 0 5� 1�3�5�7�10
�0 32 0 47 0 63� �0 33 0 47 0 78� �0 28 0 33 0 44� �0 37 0 54 1� 1�4�6�10
�0 42 0 63 0 84� �0 25 0 35 0 58� �0 32 0 4 0 56� �0 23 0 29 0 39� 1�4�8�9�10

"uwRwt T=}kt|@ T} QD=t "8 pwOH

C}i}m lU} Q xv} Ry u=tR =yXN=W
=yQ}Ut

�2 35 4 76 8 01� �1 15 2 24 4 5� �2 03 3 33 4 41� �1 4 2 52 4 23� 1�2�5�7�10
�2 1 4 06 6 66� �1 85 3 78 9� �3 15 5 22 9� �2 03 3 96 7 92� 1�3�6�10

�2 9 5 53 9� �1 15 2 24 4 5� �1 96 3 15 4 23� �1 54 2 7 4 5� 1�3�5�7�10
�1 6 3 29 5 67� �1 65 3 29 7 02� �1 96 2 97 3 96� �2 59 4 86 9� 1�4�6�10
�2 1 4 41 7 56� �1 25 2 45 5 22� �2 24 3 6 5 04� �1 61 2 61 3 51� 1�4�8�9�10

"Q=}at Qy x@ xHwD =@ C@Ft p;xO}= R= xv} Ro Qy |xrY=i u=R}t "9 pwOH

C}i}m lU} Q xv} Ry u=tR =yXN=W
xrY=i

4 59 6 52 5 83 6 39 d(A1; A+)

5 08 5 11 4 02 5 32 d(A2; A+)

4 05 6 52 5 96 6 21 d(A3; A+)

5 73 5 49 6 09 4 41 d(A4; A+)

4 85 6 25 5 49 6 47 d(A5; A+)

x@ xHwD =@ T} QD=t u}= |R=UT=}kt|@ "|Q}os}tYD T} QD=t |R=UT=}kt|@ "6
OwW|t x@U=Lt 2 w 1\@=wQ |Q}oQ=m x@ =@ =yQ=}at uOw@ |}xv} Ry =} OwU |x@vH

"�7 pwOH�
|Q}os}tYDT} QD=t ?Q[ R=T} QD=t u}= "uwRwt T=}kt|@T} QD=t |x@U=Lt "7

"�8 pwOH� O};|t CUO x@ =yXN=W u=Rw= QO xOWT=}kt|@
"|ivt p;xO}= pL x=Q w C@Ft p;xO}= pL x=Q u}}aD "8

A+ = f(9 9 9); (9 9 9); (9 9 9); (9 9 9)g
A� = f(1 4; 1 4; 1 4); (1 96; 1 96; 1 96); (1 15; 1 15; 1 15);

(1 6; 1 6; 1 6)g
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=m|=Q=O 1�3�6�10 Q}Ut p;xO}= pL x=Q x@ xv} Ro Qy |m}ORv u=R}t |xOy=Wt w

|v=QL@ ^=Lrx@ 1�4�6�10 Q}Ut 'u; R= TB w CU= Q}Ut C}v=QL@ u} QDW}@
|v=QL@ Q}Ut u}= ?=NDv= QO xm CW=O xHwD O}=@ "OQ=O Q=Qk swO |x@DQ QO uOw@
"CU= xOW xO=iDU= R}v C}i}m w lU} Q 'xv} Ry pt=a 3 R= u=tR pt=a Q@ xwqa
's}yO Q=Qk Q_v Ot |v=QL@ Q}Ut ?=NDv= QO =Q u=tR pt=a =yvD s}y=wN@ xJv=vJ
QO 1�4�8�9�10 Q}Ut w pw= C} wrw= QO 1�2�5�7�10 Q}Ut p=Ft u}= QO
Q=Qk Q}Ut u; QO OwHwt |=yC}r=ai s=Hv= u=tR u} QDW}@ ^=Lrx@ swO C} wrw=

"OvQ=O

|Q}oxH}Dv "6
l} *|v=QL@ Q}Ut u}}aD QO xDiQoCQwY C=ar=]t uDiQo Q_v QO =@ Q=DWwv u}= QO
C}ak=w x@ xm OwW x�=Q= |tD} Qwor= OwHwt |=yVwQ R= xO=iDU= =@ xOW |aU 'xSwQB
uOw@v|a]k x@ xHwD =@ `k=w QO "Ovm x@U=Lt QDj}kO =Q Q}Ut C}v=QL@ w OW=@ QDl}ORv
K]U xU uDiQo Q_v QO =@ w |R=i O=Oa= xawtHt R= xO=iDU= =@ 'C=aq]= R= |Q=}U@
?=NDv= QO 'xSwQB C} Q}Ot OQ=Ov=DU= |xv=o9 |=yK]U R= C}i}m w lU} Q 'xv} Ry
"CU= xOW xO=O C}ty= R}v jwi XN=W xU x@ u=tR Q=}at Q@ xwqa |v=QL@ Q}Ut
C}ty= u=R}t w =yC}r=ai R= s=Om Qy x@ |QD`t=H x=ov sD} Qwor= u}= QO `k=w QO
=@ w Ow@ Oy=wN QDj}kO |R} Qxt=vQ@ OW=@ QDpt=m CN=vW u}= xJQy "OwW|t =yu;
=Q xSwQB u=wD|t xOW xO=O X=YDN= |xv} Ry w |R} Qxt=vQ@ x@ C@Uv |QDsm h=QLv=
|Q}os}tYD |=yVwQ R= xO=iDU= w QD=Q=m |=yVwQ OQ@ Q=m "Ov=UQ u=}=B x@ C}kiwt =@
|D; C=k}kLD u=wvax@ |R=i \}Lt QO xSwQB l} |v=QL@ Q}Ut ?=NDv= QO |ywQo

"OwW|t |iQat

"Q=}at Qy x@ xHwD =@ |ivt p;xO}= R= xv} Ro Qy |xrY=i u=R}t "10 pwOH
C}i}m lU} Q xv} Ry u=tR =yXN=W

xrY=i
4 15 3 05 1 62 1 76 d(A1; A�)

3 26 4 8 4 53 4 06 d(A2; A�)

4 9 2 03 1 48 1 94 d(A3; A�)

2 54 3 62 1 29 4 87 d(A4; A�)

3 82 2 47 2 02 1 41 d(A5; A�)

"|@Uv |m}ORv u=R}t "11 pwOH
CLi d+

i + d�i d�i d+
i =yQ}Ut

0 3120 33 91 10 58 23 33 1�2�5�7�10
0 4601 36 19 16 65 19 56 1�3�6�10
0 3128 33 09 10 35 22 74 1�3�5�7�10
0 3620 34 05 12 33 21 72 1�4�6�10
0 2962 32 79 9 71 23 07 1�4�8�9�10

w 9 pw=OH� |ivt w C@Ft |=yp;xO}= =D xv} Ro Qy |xrY=i u=R}t |x@U=Lt "9
"�10

x@ =yxv} Ro |@Uv |m}ORv u=R}t "p;xO}= pLx=Q x@ =yxv} Ro |@Uv |m}ORv u}}aD "10
"CU= xOW xO=O u=Wv 11 pwOH QO p;xO}= pL x=Q

|Ov@x@DQ QO OW=@ xDW=O |QDnQR@ CL Q=Okt xm |}xv} Ro Qy "=yxv} Ro |Ov@x@DQ "11
10 pwOH QO xOW s=Hv= C=@U=Lt x@ xHwD =@ "OQ=O Q=Qk |QDq=@ K]U QO =yxv} Ro

CWwv=B
1. critical path (CP)
2. technique for order preference by similarity to ideal solution|v=tR Q_v R= =yC}r=ai u}@ \@=wQ |vat x@ =yC}r=ai R= |}xm@W QO |R=}vV}B \@=wQ "3
ẁQW B C}r=ai A C}r=ai s=tD= =@ "1 % ẁv 4 x@ |R=}vV}B \@=wQ u}= xm OW=@|t

start� OwW|t ẁQW B C}r=ai A C}r=ai ẁQW =@ "2 &��nish to start� OwW|t
&�start to start� OwW|t ẁQW R}v B C}r=ai 'A C}r=ai ẁQW =@ "3 &�to �nish

|Ov@s}UkD & ��nish to �nish� O@=}|t s=tD= R}vB C}r=ai A C}r=ai s=tD= =@ "4
"OvOW

4. project management body of knowledge (PMBOK)
5. fuzzy multi attribute decision making (FMADM)
6. program evaluation and review technique
7. ranking function
8. Defuzzi�cation
9. multi criteria decision making
10. linguistic variables

�References� `@=vt
1. Haj Shirmohammadi, A., Project Control and Manage-

ment, Application of CPM-PERT-GERT-PN methods,
Esfahan, Jahad daneshgahi publisher (1385).

2. PMI Standards Committee, A Gide to the Project Man-
agement Body of Knowledge, 3th Edition, Project Man-
agement Institute (1996).

3. Shavandi, H., Fuzzy Sets Theory and its Application
in Industrial Engineering and Management, Tehran,
Gostareshe olome payeh publisher (1385).

4. Atkinson, R. \Project management: Cost, time and qual-
ity, two best guesses and a phenomenon, it's time to
accept other success criteria", International Journal of
Project Management, 17(6), pp. 337-342 (1999).

5. Chen, C.T.; Lin, C.T. and Huang, S.F. \A fuzzy ap-
proach for supplier evaluation and selection in sup-

16



|Q}
t=O

wYk
tw

|Q=
Paro

xv=L
Qi

ply chain management", Int. J. Production Economics,
(102), pp. 289-301 (2006).

6. Hillier, F.S. and Lieberman, G.J., Introduction to Op-
erations Research, Seventh ed., McGraw-Hill, Singapore
(2001).

7. Kelley, J.E. \Critical path planning and scheduling
mathematical basis", Oper. Res., 9, pp. 296-320 (1961).

8. Zimmerman, H.J., Fuzzy Set Theory and its Applica-
tions, 3th Edition, Kluwer Academic Publishers (1996).

9. Krajewski, L.J. and Ritzman, L.P., Operations Manage-
ment: Process and Value Chains, 7th ed., Prentice-Hill,
New Jersey (2005).

10. Kurihara, K. and Nishiuchi, N. \E�ective Monte Carlo
simulation method of GERT-type network for project
management", Computer & Industrial Engineering, 42,
pp. 521-531 (2002).

11. Regsdale, C. \The current state of network simulation in
project management theory and practice", Omega, 17,
pp. 21-25 (1989).

12. Shipley, M.F.; Korvin, A. and Omer, K. \BIFPET
methodology versus PERT in project management:
Fuzzy probability instead of the beta distribution", Jour-
nal of Engineering and Technology Management, 14, pp.
46-65 (1997).

13. Zadeh, L.A. \Fuzzy sets as basisfor a theory of possibil-
ity", Fuzzy Sets and Systems, 1, pp. 3-28 (1978).

14. Chanas, S. and Kamburoswk, J. \The use of fuzzy vari-
ables in PERT", Fuzzy Sets and Systems, 5, pp. 1-9
(1981).

15. Chanas, S. and Zielinski, P. \Critical path analysis in
the network with fuzzy activity times", Fuzzy Sets and
Systems, 122, pp. 195-204 (2001).

16. Slyeptsov, A.I. and Tyshchuk, T.A. \Fuzzy temporal
characteristics of operations for project management on
the network models basis", European Journal of Opera-
tional Research, 147, pp. 253-265 (2003).

17. Zielinski, P. \On computing the latest starting times
and 
oats of activities in a network with imprecise dura-
tions", Fuzzy Sets and Systems, 150, pp. 53-76 (2005).

18. Chen, C.T. and Huang, S.F. \Applying fuzzy method for
measuring criticality in project network", Information
Sciences, 177, pp. 2448-2458 (2007).

19. Chen, S.P. \Analysis of critical paths in a project net-
work with fuzzy activity times", European Journal of
Operational Research, 183, pp. 442-459 (2007).

20. Zammori, F.A.; Braglia, M. and Frosolini, M. \A fuzzy
multi-criteria approach for critical path de�nition", In-
ternational Journal of Project Management, 27, pp. 278-
291 (2009).

21. Liang, G.S. and Han, T.C. \Fuzzy critical path for
project network", Information and Management Sci-
ences, 15(4), pp. 29-40 (2004).

22. Ravi Shanker, N.; Sireesha, V. and Phani Bushan Rao,
P. \Critical path analysis in the fuzzy project net-
work", Advances in Fuzzy Mathematics, 5(3), pp. 285-
294 (2010).

23. Shahsavaripour, N.; Modarres, M.; Aryanejad, B. and
Tavakoli Moghadam, R. \Calculating the project net-
work critical path in uncertainty conditions", Interna-
tional Journal of Engineering and Technology, 2(2), pp.
136-140 (2010).

24. Ravi Shanker, N.; Sireesha, V. and Phani Bushan Rao,
P. \An analytical method for �nding critical path in a
fuzzy project network", International Journal of Con-
temp, Math, Sciences, 5(20), pp. 953-962 (2010).

25. Chanas, S.; Dubois, D. and Zielinski, P. \On the sure
criticality of tasks in activity networks with imprecise
duration", IEEE Transactions on Systems, Man, and
Cybernetics-Part B, 32, pp. 393-407 (2002).

26. Chanas, S. and Zielinski, P. \The computational com-
plexity of criticality problems in a network with inter-
val activity times", European Journal of Operational Re-
search, 136, pp. 541-550 (2002).

27. Bohrani, R. and Sokhakian, M.A., A New Model of De-
termining Critical Path by Using Time, Cost and Risk
Criteria, 4th International Conference of Project man-
agement (1387).

28. Kamal, M. and Al-Subhi, A.H. \Application of the
AHP to project management", International Journal of
Project Management, 19, pp. 19-27 (2001).

29. Cagno, E.; Caron, F. and Perego, A. \Multi-criteria as-
sessment of the probability of winning in the competitive
bidding process", International Journal of Project Man-
agement, 19, pp. 313-324 (2001).

30. Lin, C.T.; Ying, T.C. and Frosolini, M. \Bid no bid deci-
sion making, a fuzzy linguistic approach", International
Journal of Project Management, 22, pp. 585-593 (2004).

31. Meade, L.A. and Presley, A. \R&D project selection us-
ing ANP", IEEE Potential, 21(2), pp. 22-28 (2002).

32. Mahdi, I. and Alreshaid, K. \Decision support system
for select the proper project delivery method using ana-
lytical hierarchy process (AHP)", International Journal
of Project Management, 23, pp. 567-572 (2005).

33. Hwang, C.L. and Yoon, K., Multiple Attribute Decision
Making: Methods and Applications, Springer , Berlin Hei-
delberg (1981).

17




