Il

Il )

NP-hard

[]

(1T )

Email: moslehi@cc.iut.ac.ir



[] []

[]
[] [] []
/
. (ETp)
[ ]
[ ]
[ ]
[ ]
T[]
[ ]

[ ] [ ]

[]

[]

[]




v

Pm| [ETax
[ ]
NP-hard Pm||Eax
()
Pm||Eax Pm||ETmax
Pm|[ETmax
NP-hard Pm||Epax
()
[ ]
M | Y
M M
Gos (5, 2529 () Gos (5,5 295 ()

85w bl 53 1,5 Lawass il oy 1) JSWS
(Sos

[ ]

[ ]

3
S
T

~n

d; VZ,

E-max{ ,d-C}

T=max{ ,C-d}

ETmax= Emax + Tmax

Tonax

[ ]

ETmax




MST

ofk) . ETmax(0) -
k LB(o) o

ETmax(0) flo)
Mg o % 1 | 2 | 3 | . LB(0)

o =J/a)[k]

M )0 %

P |Eax dbue 5 cps b dawlonodgss (pilod 1Y IS5

o
Pm| [T max (JI)
. o
(1 )
* 1
Cmaxgcm:maX(;Zp[’rigiz({pi}7pm+pm+l) ( )
lec
C max
ETnax
LPT
wtm (P ] | 7o) (G | [
(o) ) NP-hard .
[ ]
( ) NP-hard
LT max — Ina'X(l‘min + Cm - dmax 90) ( )
bin 9
Pm| | BT
PM| |Emax
MST

MDP




Yy

Iyt =tya <ty

Gji

Oij

MST
Joi
0',-/ I
” [ ] DYNA
() ads cucld) )
M M '
Vk=12,..,m () L
Tonax B
M M J ( )

&

3 el e et S T e
AAEeq 3y MST g saalh

ap
2 B E 3 Sy Ik ke
T

e

%)

37305 et ke b oty
3 B 33 VA )

- . it [y g
; P il 59y 2 gl T
M J DYNA 31 s et

2 A Sey 2 ad

ke by A e
M 35 23 6y

%(i M%%)i | —

g AR g3 Seq’

4 A 8 el bl Seg J1g 52 ai
By outaal S’ outal s
3 1 2 Seg® Jlai dam il ke

.MDP

[ ]




ty + P+ P < Cp — Prax

() B
e () Coae Cn o joi Tonax(§)
Joi -
k Enna()>Enan(j) | ETm -
Trnax(i)>Tinax(71)  Enmax(i/)=Emax(j7) Tonax(5)=Tmax(j7)
[ 1] ETonur(0)2E Tman(01)
()
C< sty i) 7o
J ot (i)
() [ ]
k Ojj p,Epj
bpists
tAp< 1 Joi g;
O;i
() %
i Cm_pmux
J
C.,
o ~( )
! Pmax Ojj / i
CorPax
O G
k ~( )
ty O
m t, k
J i o
(o)) k o
() () ()
DSty ()
Di=Di ()




e Sle diin ggemme (53le aeS

YYo

PMX  LOX

CYCLE

LOX

]

[

(Ga )

LOX

nC O[]

]

[

-
jan] —
P ES
= ||
E =2
» ||z
< [|=
a <
T ||
3 3

C\:lrlal/\lvlﬂlvlrl?l\l

Pr:lol?lrlvlillel\lrl

Lol [ ] fu[ ["]

I I S D R R

Cr:lolrlvlt\lflflﬁlvl\l

.LOX

EDD

MST

ol psisns S

ey fefel-{]]

|'~|V|*|/\|9|°|‘|¢5Egi+?pjr);

]

[




Ll f-1e e fef]
L]
MST EDD
gbest
[ ]
g
g
v
RAM
XP

[]

C++

(pso )

[ ]

Vie=W,xV,,  +C xRand x (B, - X;, |)+
C, xrand x (P, = X;,_,)

Xi,t =it Vi,t

i )(i,t t i Vi,r
P;. t
P,  (pbest)
w. (gbest)
Px C c [
rand  Rand .
PSO . [, ]
D
pbest
pbest
gbest gbest

(




YYY O sl ain gaemme (g3le aieS
[ ]
() @
(R)
d; Jj
[P -=rl )y, P -ctrl )]
P=(1/mY p
! = | R= | = R= | 1= R=
= | R=
n " " u ( * )
(* =)
()
(* * =)
( )
( 1)
( /) ( 1)
()
() (4rE )
Lorr,-H
ARE = J J
( /k)XjZ::‘ orT, X ( )
H, OPT, k
()
MDP
)
PSO GA g (
( )g
:(Wmll/\)
GA 1 (Wain) P
(¢ ) pbest I
PSO

(¢ ) gbest




GA
PSO
PSO

ot @l sl ) wuoy (ailee Sl | olass oad @l b 0 5 w3 (Sl oeSilo | Slasi

oocls | oucls | oucls RS Jooley [ ages | m | n | o, oacls | oucls sacls oS Jooley | dged | M [ N | o,
Yade | Yade | Valke | oml | (B) | 4 Vakd | Yade | Vade | ol | (@D | S

8.73 [0.06 |16.31 [53.18| 000 | 20 |2 |7 1 406| 0.11| 13.53| 6635 000 |20 |2 | 7| 1
329 [0.07 |34.82 |44.48 | 0.00 | 20 |3 2 0.77| 0.11| 38.60| 43.80| 0.00 | 20 | 3 2
0.06 [0.00 |24.16 |67.53 | 0.00 | 20 | 4 3 0.00| 0.00| 50.38| 32.14| 0.00 | 20 | 4 3
0.00 [0.00 |18.25 |7556 | 0.00 | 20 |5 4 0.00 0.00| 57.12| 23.86| 0.00 | 20 | 5 4
15.69 (032 [4.00 |5889| 0.01 | 20 |2]10 5 527| 026] 321| 86.07| 000 |20 |2 |10| 5
429 {030 [23.05 |56.75| 0.00 | 20 |3 6 548 0.00| 23.06| 5457 0.00 | 20 | 3 6
129 [0.03 [44.07 |43.17| 0.00 | 20 | 4 7 1.16] 0.05| 4836| 37.03| 000 | 20 | 4 7
0.36 |0.01 |40.35 |50.02| 0.00 | 20 |5 8 0.04| 0.01| 6422] 2235 0.00 | 20 | 5 8
25.6710.84 (247 |5386| 005 | 20 | 2|12 9 6.66| 0.09| 020] 89.73| 0.03 |20 |2 |12 9
13.58{0.25 |7.68 |60.74 | 0.07 | 20 |3 10 7.76| 0.07| 16.08| 63.45| 0.04 | 20 | 3 10
2.35 [0.02 3838 |4825| 0.01 | 20 | 4 11 4.10| 0.15| 32.28| 4839 0.01 | 20 | 4 11
0.46 |0.04 |35.08 |57.47| 001 | 20 |5 12 0.63| 0.00| 56.98| 30.99| 0.01 |20 | 5 12
35.06 [0.31 |0.78 |47.62 | 2.08 | 20 |2 |15] 13 16.04| 020| 033] 81.65| 052 | 20 | 2 [ 15| 13
1820 0.50 |5.64 |6027| 347 | 20 |3 14 9.28| 0.10| 16.28| 66.08| 0.41 | 20 | 3 14
11.02 {039 [10.02 |62.18 | 881 | 20 |4 15 10.13| 0.04| 23.32| 54.55| 036 | 20 | 4 15
3.04 035 |23.17 |6391| 054 | 20 |5 16 292| 0.17| 41.11| 43.85| 046 | 20 | 5 16
43.01 (042 |0.87 443556959 | 18 |2 |20| 17 9.34| 0.15| 2.50| 87.92| 9479 | 20 | 2 | 20| 17
3123|049 |1.71 |52.95|162830| 13 |3 18 8.22| 0.06| 21.20| 67.90| 188.56 | 20 | 3 18
2094 [0.42 |237 |63.41|760.93 | 17 | 4 19 16.40| 0.23| 24.71| 52.65| 6584 | 20 | 4 19
16.30 [0.28 |11.25 |59.84 | 494.01 | 18 | 5 20 1224 023 20.11| 59.06| 384.24 | 19 | 5 20
54.66 [0.46 |0.89 [36.70 |3367.71| 3 |2 |25| 21 431] 0.02| 4.67| 90.22| 24022 | 19 | 2 |25 21
39.07 [0.47 |1.65 |48.09 [334034| 3 |3 22 0.00| 0.00| 34.72| 62.77| 0.00 | 20 | 3 22
2726 [0.46 |2.79 |59.16 |3600.01| 0 | 4 23 547| 0.03| 45.17| 45.55| 36098 | 18 | 4 23
24.17 1038 |3.52 6155356931 1 |5 24 842| 0.07| 42.41| 44.79| 58853 | 17 | 5 24
1.71 0.00 [12.99 |72.52| 0.00 | 20 |2 |7 1 132] 0.16] 1522] 66.77| 000 |20 | 2 | 7| 1
125 10.06 [29.77 |5423| 0.00 | 20 |3 2 1.17] 0.00| 32.32| 4736 0.00 | 20 | 3 2
0.56 |[0.00 |42.49 |41.64 | 0.00 | 20 | 4 3 0.31| 0.00| 43.61| 3936| 0.00 | 20 | 4 3
0.06 |0.00 |41.55 |43.97| 0.00 | 20 |5 4 0.04| 0.00| 60.76| 18.48| 0.00 | 20 | 5 4
577 015 |10.62 |67.74 | 0.00 | 20 |2 |10 5 552 0.11] 11.74| 66.18| 0.00 | 20 | 2 | 10| 5
329 [0.08 |14.25 (7059 | 0.00 | 20 |3 6 238| 0.09| 21.34| 58.01| 000 | 20 | 3 6
1.13 0.03 [17.35 |7422| 0.00 | 20 | 4 7 0.69| 0.11| 40.01| 41.02| 0.01 |20 | 4 7
0.33 |0.01 |45.92 |41.70 | 0.00 | 20 |5 8 0.65| 0.00| 54.45| 30.71| 0.00 | 20 | 5 8
11.66 [0.03 |530 |69.33| 001 | 20 |2]12 9 9.42| 0.18| 2.63| 69.13| 003 |20 | 2 |12] 9
2.19 0.09 |1020 |76.96 | 0.01 | 20 |3 10 3.03| 0.11] 836| 6929 0.05 | 20 | 3 10
145 [0.02 [14.11 |7722| 0.00 | 20 | 4 11 141 0.15| 24.03| 53.49| 006 | 20 | 4 11
1.15 {0.11 [29.63 |57.32| 001 | 20 |5 12 1.02] 0.12] 43.87| 3855| 001 |20 | 5 12
11.9410.04 [2.19 |7481| 011 | 20 |2 |15 13 11.44| 0.05| 1.87| 71.08| 081 | 20 | 2 [ 15| 13
10.00 {0.16 [3.20 |71.97| 044 | 20 |3 14 482] 028 9.63| 69.41| 068 | 20 | 3 14
337 011 |7.57 |77.45| 0.60 | 20 | 4 15 3.57| 024| 531] 69.10] 1.05 | 20 | 4 15
435 [0.08 [12.50 |65.44 | 411 | 20 |5 16 2.40| 0.00| 15.40| 60.47| 1.79 | 20 | 5 16
1828 (0.20 091 |6833| 7553 | 20 |2 |20| 17 13.85| 0.09| 0.93| 72.49| 32675 | 19 | 2 | 20| 17
8.55 [0.05 [2.00 |77.95| 4830 | 20 |3 18 6.97| 0.14| 1.34| 74.65| 299.92 | 20 | 3 18
6.84 [0.10 |5.81 [69.38 | 122.99 | 20 | 4 19 438| 0.07| 3.40| 73.74| 877.70 | 17 | 4 19
751 023 |4.07 |72.69 | 40895 | 19 |5 20 3.59| 0.10] 4.18| 72.45| 83858 | 16 | 5 20
17.43{0.11 [0.59 |69.49 [1505.76| 13 | 2 |25| 21 15.62| 025| 0.69| 73.51(|2013.19| 12 | 2 | 25| 21
1020 [0.13 [1.20 |75.71 | 184243 | 11 | 3 22 1332 0.11| 1.30| 68.89[3061.25| 4 | 3 22
8.97 [0.12 |1.96 |73.32|244257| 9 | 4 23 922 021| 203| 69.91|3114.78| 3 | 4 23
6.04 |0.16 |437 |74.77|2182.50] 10 | 5 24 3.14| 022] 6.73] 72.00]2708.08| 5 | 5 24




YYa sl ain gaemme (g3le aieS
NP-Hard
() n Vi di=d=
( )): Chax > G, Crd)=max (- Tyax = max (
Char Tinax
Cax
Tmax NP-hard
NP-hard
MDP
PSO GA
e | v MDP
T e
n WY Y Yo o Ve o
IEA
X
g‘_} v
Z. )
\
m |y Tma.
n
NP-

hard




1 - Baker, k.R. (1974). Introduction to sequencing and scheduling. John Wiley, New York.

2 - Sidney, J.B. (1977). "Optimal single-machine scheduling with earliness and tardiness penalties." Operations
Research, Vol. 25, No. 1, PP. 62-69.

3 - Baker, K.R. and Scudder, G.D. (1990). "Sequencing with earliness and tardiness penalties: a review."
Operations Research, Vol. 38, PP. 22-36.

4 - Valente, J.M.S. and Alves, R.A.F.S. (2005). "Improved lower bounds for the early / tardy scheduling problem
with no idle time." Journal of the Operational Research Society, Vol. 56, PP. 604-612.

5 - Abdul-Razaq, T.S. and Potts, C.N. (1988). "Dynamic programming state-space relaxation for single machine
scheduling." Journal of the Operational Research Society, Vol. 39, PP. 141-152.

6 - Azizoglu, M., Kondakeci, S. and Kirca, O. (1991). "Bicriteria scheduling problem involving total tardiness and
total earliness penalties." International Journal of Production Economics, Vol. 23, PP. 17-24.

7 - Almeida, M.T. and Centeno, M. (1998). "A composite heuristic for the single machine early—tardy job
scheduling problem." Computers & Operations Research, Vol. 25, PP. 625-635.

8 - Valente, .M.S., and Alves, R.A.F.S. (2005). "Improved heuristics for the early / tardy scheduling problem
with no idle time." Computers & Operations Research, Vol. 32, PP. 557-569.

9 - M’Hallah, R. (2007). "Minimizing total earliness and tardiness on a single machine using a hybrid heuristic."
Computers & Operations Research, Vol. 34, No. 10, PP. 3126-3142.

10 - Amin-Nayeri, M.R. and Moslehi, G. (2000). "Optimal algorithm for single machine sequencing to minimize
early/tardy cost." ESTEGHLAL Journal of Engineering (In Persian), Vol. 19, No. 1, PP. 35-48.

11 - Moslehi, G., Mahnam, M., Amin-Nayeri, M. and Azaron, A. (2010). "A branch and bound algorithm to
minimize the sum of maximum earliness and tardiness in single machine." International Journal of
Operational Research, Vol. 8, No. 4, PP. 458-482.

12 - Tavakkoli-Moghaddam, R., Moslehi, G., Vasei, M. and Azaron, A. (2005). "Optimal scheduling for a single
machine to minimize the sum of maximum earliness and tardiness considering idle insert." Applied
Mathematics and Computation, Vol. 167, No. 2, PP. 1430-1450.

13 - Tavakkoli-Moghaddam, R., Moslehi, G., Vasei, M. and Azaron, A. (2006). "A branch-and-bound algorithm
for a single machine sequencing to minimize the sum of maximum earliness and tardiness with idle insert."
Applied Mathematics and Computation, Vol. 174, No. 1, PP. 388-408.

14 - Mahnam, M. and moslehi, G. (2009). "A branch and bound algorithm for minimizing the sum of maximum
earliness and tardiness with unequal release times." Engineering Optimization, Vol. 41, No. 6, PP. 521-536.

15 - Nekoiemehr, N. and Moslehi, G. (in press). "Minimizing the sum of maximum earliness and maximum
tardiness in the single-machine scheduling problem with sequence-dependent setup time." Journal of the
Operational Research Society.

16 - Lam, K. and Xing, K.W. (1997). "New trends in parallel machine scheduling." International Journal of
Operations & Production Management, Vol. 17, No. 3, PP. 326-338.

17 - Mokotoff, E. (2001). "Parallel machine scheduling problems: A survey." Asia-Pacific Journal of
Operational Research, Vol. 18, No. 2, PP. 193-242.

18 - Heady, R.B. and Zhu, Z. (1998). "Minimizing the sum of job earliness and tardiness in a multi-machine

system." International Journal of Production Research, Vol. 36, PP. 1619—-1632.




YEY sl ain gaemme (g3le aieS

19 - Azizoglu, M. and Kirca, O. (1998). "Tardiness minimization on parallel machines." International Journal of
Production Economics, Vol. 55, No. 2, PP. 163-168.

20- Balakrishnan, N., Kanet, J.J. and Sridharan, S.V. (1999). "Early/tardy scheduling with sequence dependant
setups on uniform parallel machines." Computers and Operations Research, Vol. 26, PP. 127-141.

21 - Zhu, Z. and Heady, R.B. (2000). "Minimizing the sum of earliness/tardiness in multi-machine scheduling: a
mixed integer programming approach." Computers and Industrial Engineering, Vol. 38, PP. 297-305.

22 - Ventura, J.A. and Kim, D. (2003) "Parallel machine scheduling with earliness—tardiness penalties and
additional resource constraints." Computers & Operations Research, Vol. 30, PP. 1945-1958.

23 - Kedad-Sidhoum, S., Rios Solis, Y. and Sourd, F. (2008). "Lower bounds for the earliness—tardiness
scheduling problem on parallel machines with distinct due dates." European Journal of Operational Research,
Vol. 189, No. 3, PP. 1305-1316.

24 - Tavakkoli-Moghaddam, R., Jolai, F., Khodadadeghan Y. and Haghnevis, M. (2006). "A mathematical
model of a multi-criteria parallel machine scheduling problem: A genetic algorithm", International Journal of
Engineering, Vol. 19, No. 1, PP. 79-86.

25 - Tavakkoli-Moghaddam, R., Jolai, F. and Ghandi-Bidgoli, S. (2008). "A parallel machine scheduling
problem minimizing the total weighted earliness and total weighted tardiness by a multi-objective scatter
search method." Journal of Faculty of Engineering -University of Tehran, Vol. 42, No. 7, PP. 923-934.

26 - Jolai, F., Tavakkoli-Moghaddam, R. and Azadian, F. (2006). " Parallel machine scheduling for split jobs
with sequence dependent setup times." Journal of Faculty of Engineering (University of Tehran), Vol. 40, No.
4, PP. 495-506.

27 - Mandel, M. and Mosheiov, G. (2001). "Minimizing maximum earliness on parallel identical machines."
Computers and Operations Research, Vol. 28, PP. 317-327.

28 - Fatemi Ghomi, S.M.T. and Jolai Ghazvini, F. (1998). "A pairwise interchange algorithm for parallel
machine scheduling." Production Planning & Control, Vol. 9, No. 7, PP. 685-689.

29 - Holland, J.H. (1975). Adaptation in Natural and Artificial Systems: An Introductory Analysis with
Applications to Biology, Control, and Artificial Intelligence. Ann Arbor, MI: University of Michigan Press.

30 - Goldberg, D.E. (1989). Genetic algorithms in search, optimization, and machine learning. Addison-Wesley.

31 - Eberhart, R. and Kennedy, J. (1995). "A new optimizer using particle swarm theory." Proceedings of the 6th
international symposium on micro machine and human science, PP. 39—-43.

32 - Hu, X., Shi,Y. and Eberhart, R., (2004). "Recent advances in particle swarm." Proceedings of the IEEE
Congress on Evolutionary Computation. PP. 90-97.

33 - Kennedy, I. and Mends, R. (2002). "Population structure and particle swarm performance." Proceedings of
the IEEE Congress on Evolutionary Computation.

34 - Garey, M.R. and Johnson, D.S. (1978). "Strong NP-completeness results: motivation, examples, and
implications." J. Assoc. Comp. Mach, Vol. 25, PP. 499-508.




1- Just inTime

2- Identical

3- Uniform

4- Unrelated

5- Minsum

6- Minmax

7- Forward

8- Depth First

9- Polynomial Time Algorithm
10- Longest Processing Time

11- MST-DYNA-Pairwise Interchange
12- Permutation Based Approach
13- Priority Based Approach

14- Genetic Algorithm

15- Roulette Wheel

16- Elitist Strategy

17- Linear Order Crossover Swap
18- Partially Mapped Crossover
19- Swap Mutation

20- Particle Swarm Optimization
21- Particle

22- Swarm

23- Average Relative Error




