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A Heuristic Algorithm for Crew Scheduling Problems

2 A A

Abstract

This paper presents a heuristicalgorithm for a crew scheduling problem with dead head flights.

This paper modifies and improves saving method for finding the Multiple Salesman tours in the
graph.

The results show that the computing time from this algorithm is implemented very much than

those from general crew scheduling algorithms by set covering models.

1. M 2 Pierce & Lasky [1] & Tour& 7}3 w2 73
4 JFee HHsln 27 AdYsEHE Al
£2EAHEALE ALY $HAAFL AJRLOT A Branch and Bound Search 71428 s{Ad= 7|
27759 7] & Zusled dede] FE A= 8-S sNatalgd o, Lemke [2] & A3l s
g T Tas e AR i) HAsTa e & Branching 714-& ©]-83le Set Covering TA&
2 shs Aol . 3l 73191 2= Javier Etcheberry [3] & Lagrangian
o] AN £85E A7 g u &L 3l E Relaxation & o|-§ F4¢4¢ 3k L(u)& T
Aol Exoln], AMIzAL Sl 2 24 Y = Subgradient Optimization & -§ L(u)3t& 7t5%t
2719} 718k=18] £, HEF7d So|c) T SIS u@kE BEdo® Talgsh
BTl ¥adel £548EAE 25 & Stel . 4A" e AdzAES me st
A3 2yl e 2 sl By use B TrES 28tetd ’fiﬂli!% Bk ofef] cf g u]
He Murstd MY Yol 25438 FEs 4 58 ajz] A4kgk & ZF combinational 71¥ S
2402 Fhe}, Agatod al§ Tk Arh
ol9} e AL Qutd oz chSm L Set o] ol ‘w3l Baker [4] & eE3F-TAE ol %
Covering Solution 71#. 22 chFr}, g heuristic 714 & 2HEol T4 E EEHOR T
3913 Giannessi and Nicoletti [4]& Asymmetric
Min Z = 3 CjX; ; e
i directed graph Aell4 & Al 7420 HA3l4)9] =
st.Z aX >l V; Bt EA R HE T ol 5 rha] ddbelstd®
’ B A2 M3 4l A nearest unvisited vertex Y OZ
g, X; = 1:Tour j7} A% 271818 Tot HATANYE o] &, FA=Y &
0:7l¢ek §ake Tele ¥ iAoz T4k E el 9
a; = 1:7T7bi7F Tour jell 4] 2% c}.
0:~e}t
C, = Tour j2| #7412 (v]E&) 2. Net—Work 28

* HFosta Add e E ATl AL $¥ALEAE directed

il -1 =



80 4 3 A

Network & 8] 8le] E-49lzl
712 sgdel Hslae] Mok e popw Aby

(3) A FAIZEL 72417F o] e},

) Dead-Head (B® )2 £Z47te 2z
(A" )2 2HE A 23t A zbojc},

(5) T7oll A melsl BREL Al F417ke] 547k
£ o A F3ch

ololl =te} 7L node & F#I I FE o]
9] dAAYE arc 2 Faldbcl,

node 2] 3§ Nl DH*‘H"‘]-‘& N,(i=2---N)ez &
Hsln 7+ F7o #F47HE 714 g}

& arcf] A A°ﬂ Al A= N2 N7 24
off jeds }—“4 arc(i, )& =" olal o) & AA~
485 AFAZE ARz, =G vjEsF HE
T7r& Ki o 7 ghet.

E. Fy F,

~ NN O W ‘©
1 >

&, F,1 ¥z oA % A7k

da D T2 il AL F2 kB AAA] A FAl
zt
D/H:®%5A%
227 w4 A "HAl dy= chEsk 2k

G770 jo AR
G771 i A4

d,‘j = (

=

@, da€ Fioldole datde & Fool 159014
EAAANA Fushe Aol dyE

F{o r-{o

BAAE AgbetE A9 do & et gol g
8 £ 344 7)

o, daE Fol4bololo} aheh,

Fl Fk [
@ di —*/k\ 0 ey
7\\‘J 1

D/H

Ab7leb zrol 1@ 14 el#lE Network G(N,
A) R Zaisled 29 29 23 A FAZG PHL B
134 zhet,

2ok FAE 4P AL
E 4ok Aok 2oz Wi 7}—;;3} o]
A4 Ao rel BAl

Helsok ot

3 BT

4% (Dead Head) 2 10417k o] Abe] £.2.4 7)0]
285 F2& Zgeh oA 72 Set Covering
2ol de 2ol gl S5 Ao Fsld £
2 Tour 5% generate ‘]'74 Aedg ot B o o

2% U
ST EUA EAax g9 4 A1z T Azt 3 A7 v} i
2 44 HNL 9 11:30 20 : 00 8:30
3 A% LA 4 9130 20 : 00 11100 Dead Heading
4 HNL LA =} 2200 31)3: 00 5:00
5 LA HNL 3 17 1 00 22:30 5:30
6 HNL A% =+ 8:00 17 1 00 9:00 Dead Heading
7 LA 4% % 10 : 00 21 :00 11 : 00
(F) 1) & 744l 2 3 A7 U=154] 7
2) A& SFAIZEL 10417 olsteld, £5F F 747 159 o4t AF F AR T
3) AFAZE 7247 o]
4) TET2E el 4 t~r7} el &l —E% def 2 FAlZke) 54178 A& Al R

B
3
Py
[}
S
3
(9]
o
@
5
g
)
=
£k
(3
-
5
.’_‘1
g
®



ITHgE2an

HOKR F 134 1986FTH 81

— 3(1D

7(11) =

node% wr

A& dead head T7tell &l &hél=
2 2728 node & V1ol 1718 nodeo) 1Y

gt £ 73R E 25l A Network G(N’,
AN Bylste] Aelstna) foh A TS T A
2| node & Z:XJE]-“? 44 7]“3_ node % dead
head 77+% v}2 acr 5% node rpoll ) el 2
A5 node T3 A Aol Al arcF abE b
o)} 2 o] f-ubsF Network GIN’, A’)7} =ich

Ab|gF wbadoll ofa) 27 33 ol WS TLE
i}_;o\,_;d el 51)4-01 _\1L _9,}_1—)-{ o ksl
A 7re & 29} o] HIEo] HAL

woh Bgdez FY 4 ek

L

2 Els

4, M22 Heuristic 7|8

A Aol Aot o] REFAE A SEndd
Al = Vehicle Routine Problem 3t 2+ ¥4 7}
2 7 5839 Fo9 4F AL EFA7HA
L v go} 34T He HAPRE Tiln A atek
4% Fele 2ARZ A8 sbedteh o] A% Sav-
oach 7} WA A 245 T4 ffo] o] &5

-\“_r‘

[0 Ho

>&°i*

ing Appr
a ek
4ol 2He

vk 9} 7ol %

o] &4} Savings Algorithm &
] gkch,
g me gk Href et (A 4]

ohe

NE

gbA] 2 ! Saving list =H4]

- A(B)
Al geTs
B 337
M
ol®) 2| Savings & Descending Order 2 4 2l3+
c},
thAl 3 Best Savings ] arcg& Al# el
max
Sy = T [Sq
tiA 4 inode 1%} jE Tow® 474
Al 51AEe YAARE AA
A 6B Tour T8 A4 #HE Tours S A
At
WA 7 AN E Ao

4G FFo2 F W Fa HgaT 7
28417k, AHFAI7 D=(di) & P D°=(d,~,-°)i 7
FAZYE D=(d;)& FT oq
list+= ¥ 33 zZm, £¥ Toursd Aate
An. A= & 59 7

webd] ehgst e F42S dich

RA=Z L oAlel 4+ Savings 9 Descending
Orderol] w2} Savings 7} 714 & Arc B8 A3k
Aot 283 EAZ F2 Toursd Agel4 24
8ks}l 2Fe] No 1~No 6 o]Sjol = H27} A5z
gt

PRAIRro R Ao 4 AR 1-3-7—10] FE
e AE F4Ael $aTRE ofm, ez
HE SR FETIER Qs Aot ‘6“3—5]31‘4.



4 4

7

82

)]

0
1

dIFAIZE @ [D=(d

X

1.

49
62

68.5

32

34.5

0

8.5

60
36

45

26

69

11

38
31

21

49

42
18.5

29
9.5

14

5.5

11

W
< ™
Jp kg
W
™ o
TN
—
Ty
Rt
l’ 'l
ok o

mmem——ieoeoy

68.5

(11)

J% 2. Graph2 XMEE S2AHE2H



9% I3 19864TH 83

THEERBEE

(dy)

b HE A0 HF AlZH @™ D=

&
er

HsTUe =3 43

31

34.5

54
67

49
62
38
38
31

68.5

32
45

8.5

60
36
36
29
9.5

26

69

10

43
43

21

49

31

21

49

31

36

14

4z

18.5

(5)

i
1

6%

Arc

-
T

P R EILE
> M Ao adw

Arc

.
o=

t Graph

&
=

s77v2 T8 B



84 A A 4

¥ 3. Savings List
S-‘j = dg+d;;—dij

; 1 2 3 31 4 5 6 7 71
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2 1. 000 77.5 56 77.5 56 56
3 1. 000 60 81.5 60 60
31 1.000 60 81.5 60 60
4 1.000 60 81.5 60 60
5 1. 000 77.5
6 1.000
7 1. 000
71 1.000

(M7} : minus 2359 Abszh)

Savings 2| Descending Order

%4 Arc Savings 44 Arc Savings
1 3—6 81.5 10 31-5 60
2 31—-6 81.5 11 31-7 60
3 4—6 81.5 12 31-71 60
4 2—4 77.5 13 4—5 60
5 2—6 77.5 14 4-7 60
6 5—6 77.5 15 4-71 60
7 3-5 60 16 25 56
8 3-7 60 17 27 56
9 3-71 60 18 2-71 56

¥ 4. &5 Tours2| Z|Et

No.1 A 5Tz U=1547
Tour 7 2 A7 A7 ¥ Az H] i
1 1-4—6-1 34.5+29+0=63.5 5+9=14
2 1-3-5-1 0+21+19.5=39.5 10+5.5=15.5 infeasible
3 1-31-7—-1 0+38+0=38 1+10=11
4 1-2-71—1 0+67+0=67 8.5+1=9.5
A7k 28
No.2
Tour 7 = AF A7 &2 ) zk W m
1 1—4—6—1 34.5+29+0=63.5  5+9=14
2 1-3—-5—-1 0+21+18.5=39.5 10+5.5=15.5 infeasible
3. 1-31—-71—1 0+43+0=43 1+1=2
4 1-2—-7-1 0+62+0=62 18.5

AL zE 208



1—3-71—1
1-31—-7—-1
1-2—-5—-1
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No. 3
Tour | 2 A A7 % A7k H] i
1 1—4—6—1  34.5+29+0=63.5 54+9=14
2 1-3—7—-1  0+38+0=38 104+10=20 infeasible
3 1—31-5—1 0+21+18.5=39.5 1+5.5=6.5
4 1—2—71—1 0+67+0=67 8.5+1=09.5
A 7k 208
No4
Tour 7 = A7 AT 5 A% S
1 1—4—6—1  34.5+29+0=63.5 5+9=14
2 1-3—7—1  0438+0=38 104+10=20 infeasible
3 1-31—71—1 0+43+0=43 1+1=2
4 1—-2—5—1  0+45+18.5=63.5  8.5+5.5=14
Az 208
No.5
Tour 7 2 A% A7 &% A7 Mo o3
1 1—4—6—1  34.5+29+0=63.5 54+9=14
2 1-3—71—-1 0+43+0=43 10+1=11 infeasible
3 1-31—5—1 0+21+18.5=39.5 145.5=6.5
4 1-2-7—1  0+62+0=62 8.5+10=18.5
B EL - 208 .
No. 6
T(;ur 73 2 AE A7 %:_7_)]7‘1, o] )
1 1—4—6—1  34.5+29+0=63.5 54+9=14 ) feasible
2 1-3—71—1 0+43+0=43 10+1=11 D/H:7
3 1-31—7—1 0438+0=38 1+10=11 D/H:3
4 1—2—5—-1  0+45+18.5=63.5  8.5+5.5=14
A| 7k 208
X 5 HYoi9 L&
Tour % = A F A7k S Az u) I
1 1—4—6—1 63.5 14
2 1-3—71—1 43 11 D/H:7
3 1=31-7—1 38 11 D/H:3
4 1—2~5—1 63.5 14
Al 7k 208 50
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