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A Heuristc Algorithm for the Traveling Salesman Problem
with Time Windows and Lateness Costs

Byung Kyu Suh

- Jong Soo Kim

Department of Industrial Engineering, Hanyang University, Ansan

This paper presents a model and a heuristic algorithm for the Traveling Salesman Problem with Time
Windows(TSPTW). The main difference of our model compared with the previous ones lies in that the time
windows we are concerned are more flexible and realistic than the previous ones. In the typical TSPTW, the
service at a node must begin within the time grid called the time window that is defined by the earliest and the
latest time to start the service at each node. But, in real business practice, a lateness cost is usually penalized
rather than the service is prohibited at all when a vehicle arrives after the latest time. Considering this situation,
we develop a model with a new time window that allows an arrival after the latest time and penalizes the late
arrival by charging a lateness cost. A two-phased heuristic algorithm is proposed for the model and is
extensively tested to verify the accuracy and efficiency of the algorithm.
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19 1. Proposed Time Window and Its Lateness Cost.
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6719 w28 AR Y EY 9] 183 H(cost matrix) L ©]
% A| 718} H(traveling time matrix)°] 212} <¥ 1>3} <F 2>
FoiA4 3ot

£ AT AABE T ie;= af(t;— b)) AQHE
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& x=E 1 §h Phase [ YHESIGE g=30|ch < 52
dA Fete 24 == AMuls AZHg 9} AMul2 AIZHE

¥ 1. Cost Matrix

1 2 3 4 5 6
1 - 13 15 8 2 20
2 - 18 24 9 12
3 - 12 21 5
4 - 16 11
5 -
6 —
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B 2. Traveling Time Matrix

B 5. Result of the Algorithm

1 2 3 4 5 6
1 - 0.5 2.5 1 1 1.5
2 - 1.5 6 1.5 1.5
3 - 1 0.5 1.5
4 - 4 0.5
5 - 0.5
6 —

¥ 3. Time Windows and Service Time

Node Time Window [q;, ;] | Service Time s; (minutes)
1 08~22 0
2 09~11 20
3 10~15 10
4 12~16 30
5 11~17 5
6 15~18 45
UE 2 gl
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oA B3 ote] A= HA ARAF A o] FH L] 023}
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th 0.2 334 Phase 119] ATHE <3 5>0 2oF5tHtk
TR 1M <B 4>9] 20 F 7P AL g 2e
A2 (WA A2 ¢eF AAn &8 233 2088 A
A EE 6628 QoEZ o] Fo] A9 YA Ha H|Eo]
o] gET & A28 8-S 2= (9)~(11) AZRE A AL
()9 AdeF T8-S A st <3 5> FP A 2004 4
W FHl8o] 62.57F HEE A HA B L& o] oz ol
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¥ 4. Result after Phase |

HL-E 2713 A= A o]Z )&
i) 7h~d
Az |ogug| MHE AR %
1-4-2-3-6-5-1 64 (6)
1-2-4-3-6-5-1 63 (5)
1 1-2-3-6-4-5-1| 65 (7) | 1-4-3-2-6-5-1 59 (4)
1-4-6-3-2-5-1 53 (2)
1-4-3-6-2-5-1 48 (1)
1-2-3-6-4-5-1 65 (-)
2 | 1-3-6-4-5-2-1] 69 (9) | 1-4-3-6-5-2-1 54 (3)
1-4-3-6-2-5-1 48 (-)
1-4-6-5-3-2-1 78 (10)
______ 1-5-4-6-3-2-1 65 (8)
3 1-6-4-5-3-2-1| 99 (11) 1-4-6-3-2-5-1 53 (-)
1-4-3-6-5-2-1 48 (-)

T 74 A=A FH) 8 AA FH & &
1 (He] &urak 66.2 66.2
2 (He] Ak 62.5 62.5
3 )9 &wek 82.0 62.5
4 ()9 gutat 60.5 60.5
5 3o & 68.7 60.5
6 ()9 ¥ 64.7 60.5
7 @9 £=Hre 70.7 60.5
8 4)8) gurak 90.2 60.5

ek S 3o e FH]80] 82022 HAo YA HA
H 89l 6258t AR ko g2 APsich A 49
A 2)0l tg GukeF FHjo] 60.50) 22 o] 3tE YAl A4
H] 202 A 8lT HZ (5 AAY = Aok A 5~8
oA g FHlgo] Al YA HA vl EET IEE A=
A gor o ole Azrl EAEA gonzg e B9
th HEHE A2 1-5-2-3-6-4-10|0) FHLL 605
2 AEH o]l & 4= 3150] Phase [ 9= HAES
2g F AEE 7158l 49E §4A7) e 98-S 51, Phase
I @ANME 7h58) 990 T3eEe 425 $ 98ve
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2 AEIA nug e V& el gleng Wil &
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B 6. Average Percent Deviation of Computational Results

3t 7. Computation Times for Various Sizes of Nodes
(unit : second)

(unit : %)
vegm— | wmen | Amen | Asen
5 0.82 0.88 0
6 1.05 1.10 0
7 0.90 2.78 0
8 1.08 5.72 0
9 1.28 2.33 0
10 1.19 1.24 0
2 Xt (%)
1.4
1.2
1 ’/\//\'
0.8 h
0.6
0.4
0.2
0

574 674 7 874 92
e =

1074

29 2. Average Percent Deviation of the Algorithm for Various
Sizes of Nodes.

A, e AgAE A3 s AAE e A
<} complete enumerationo] &3 2| H 3] & v 3} 3 =
= 100747421 9] EA o) tf3te] £ A HE SR v}
Aeto g B ey B8 Ml A Y A7 H A
o] eate] Frof] Y-S & 7HeAdol ARE AB|2 AT
o A7le W& ate] WIlE AYPE T gotrth

1A, A8 B HEL2 < oM B 5 50| HF
s ok B gy e] 319 @17} Wt 1.05 %(=(0.82+1.05+ 0.90
+1.08+1.28 +1.19)/6)¢1 Ao 2 Velydth <a1g 2>& E3)
X & IZol FAY 277 A E Y oAt Fte
A kgt ¥ o] P Flele HlE A EA S B
T3tk

<% 7>& £ 5§ 3} complete enumeration®] A7+ F
E Uehd Rojtk. k=9l 71 Z71gte] wet kgt Hej =
/M ¢ 5 ok

SRk 2 Al A2 Histo) mE Q3] A E o
olE 7] A AE S TP o] F A3 = 8AE 2e
Aol sl Aulz AIRE 9] BEHE S T Al MR E o
R AR G AT SR ATFEA 2Ake] MetE 243
Aok P& B3 AEH 229 FES <E 8> YER)I T
<O 3>o] ah= 2 yehf Atk

<E 89| A3E HY Mul2 A7 7HF 0] oldsE
e P NHEE & 5 Stk F, Mul2 Al 74
o] AXA =W 1 v+ N AsHA & 7543 0) ZAsHA o

o = = -
weo B daEE Complete Enumeration| o, 5 E]i‘é‘:l;jé&)
57 11 0.27
67 15 0.32
[ 153 05
87 11138 18
97 12188 53
107} 22,3902 67
207 - 8.36
307 - 21.63
407 - 4523
S0 - 60.23
il - 89.71
7o - 154.23
s - 311.58
il - 578.21
10078 - 1056.82

# 8. Mean Error of the Algorithm for Various Sizes of the

Time Windows (Unit : %)
AMulz A Zh {d AIRE HE | are] B | ) E&(%)*
2A)17E 2.13% -
3A7E 1.62% 23.94
447k 0.91% 57.28
5A1Z 0.49" 76.99
*AAE =[(E,—E) / E] % 100, where i=2,3,4.
H#HILX
25
2
1.5
)
0.5
0
2417 3AI2E Azt 5AIZH

AMHIA AN 24

1§ 3. Computational Behavior of the Algorithm for Various
Intervals of the Time Windows.
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