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Application of Ant System Algorithm on Parcels Delivery Service in Korea
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B EA(TSP; Traveling Salesman Problem)“ Az HHsEAZ Eed G B4 (NP-complete: None-
deterministic Polynomial-time complete)oll £3t2.2 {2 471 Woldlol] mel F28) Alkrizto] S713tc, wj &l A 84 B
¢ ARG Roe 4 Al gk 27233 (heuristic) %}"’E]f:“é g o] 43t} £ d3E TSP Z45e 274 dueEog 7]

A28l E(ASA; Ant System Algorithm)S ZAEsw, =) E‘i“ﬂ*]’\%ﬂﬂ] ASAY AE71549L AESST

ASAE NP-complete FAZ $13 2434 dneglZer 1990dd] 2 M. Dorigo Sl 2a] drHolgth ASAE 7in|Ee) o]
7kl HZRolghe 4% SRS PHE “ﬂ, OlEAR Aol %ﬂ]—ﬂ HE2E T W}E} 84 wylog A2E AXsHA dt of
218t ASAE NP-complete ZAl9IA AAAI 7t HeAzekloly 958 292 dE AoR wEs s glon wEHoplA A
ekt ohjet Ve A Ael 3 =2XEAE 5 2 A48t A sl n i

A 2 A 2l A X}E*“HXW HEg 7]*"1 nor F2 g $3xle A9 A ofs AR, £ deE 2
A28l ASAS] AL7VsA S 7&56}9;{‘:} I £A2e AzAA o] 712 10.0km, AR 10.0kne] HEolA °V)3°]7°:%}_Tlﬂ%
(NNA: Nearest Neighbor Algorithm)& W&tia 7M8E v} d9a 20719 ARRAE 714 o, Jgjn -n-Z] FE 1008 =
7Vl 20070744 2718 WS vl m BA8 23 ASAo] NNA Brb $aigith ASAS ZleuA| 2o 284] S5u]8 27t E«I
TANAE 71 E & glom, 53] GME guiiAldlN Bt AEein $0g B A8 25 4 9E AR Bolvh

The Traveling Salesman Problem(TSP) is one of the NP-complete(None-deterministic Polynomial time complete)
route optimization problems. Its calculation time increases very rapidly as the number of nodes does. Therefore, the
near optimum solution has been searched by heuristic algorithms rather than the real optimum has. This paper
reviews the Ant System Algorithm(ANS), an heuristic algorithm of TSP and its applicability in the parcel delivery
service in Korea.

ASA, which is an heuristic algorithm of NP-complete has been studied by M. Dorigo in the early 1990. ASA finds
the optimum route by the probabilistic method based on the cumulated pheromone on the links by ants. ASA has
been known as one of the efficient heuristic algorithms in terms of its calculation time and result. Its applications
have been expanded to vehicle routing problems, network management and highway alignment planning.

The precise criteria for vehicle routing has not been set up in the parcel delivery service of Korea. Vehicle routing
has been determined by the vehicle deriver himself or herself. In this paper the applicability of ASA to the parcel
delivery service has been reviewed. When the driver’'s vehicle routing is assumed to follow the Nearest Neighbor
Algorithm (NNA) with 20 nodes(pick-up and drop-off places) in 10 Kmx10 Km service area, his or her decision was
compared with ASA’s one. Also, ASA showed better results than NNA as the number of nodes increases from 10 to
200. If ASA is applied, the transport cost savings could be expected in the parcel delivery service in Korea.
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ol 53t Age AZAYEAME FHEA, 9
At 22 E3ujgo] a3 ¥F o dhifolt}, Ak
o] AzAMee] BAE TBH 2 VRP(Vehicle Routing
Problem)2}at 3tH, o VRP= &EA]d|X HAX]71A]
A 2 (shortest path) B4, T gaw 29| A x
A g ek xle¥(Dial-a-Ride)d) =423, a8
2 Hujaige] HAHZ g4 5o FAE X of
VRPE AR1F8HEol = 4 AeHTooll A AT olA]
£ 2A1EYEA (Scheduling Problem)E 9] sluz
19599 Dantzig®t Ramser7} @73 92 mEFokel
A AR B d7e #iel Hu Uoh(EHE
1990).

£ d7dA =92 VRPE 938 =48 A4 &
= AFER 39T o] ng g2 74 AH 1
A £ gEd 8] MH|AE AFety Hx FUet X
o7 Eolg w9 F AT, FPANE Hrskhe
Az, 9B EA (Traveling Salesman Problem :
TSPl &3},

TSPx %3323 combinatorial optimization)
o &etmz EA7E ARSE B A 87Ee "
Zx] ¥ &AL (NPcomplete:  None-deterministic
Polynomial-time Complete) o[t} dwEo =z TSP
9 & 7] Y8l onHd(n:A/HA e ==4) A
A ATE PeE g o2 Qe dH AEA] Y3
e Hoke #2248 (near optimal solution)?l &
A (heuristic) ETFS ol &3t} WEAHQ] EHA
ByelEo 2= FaRRITEIE Genetic Algorithm), ERFEAY
(Tabu Search), Ba2%38lE(Simulated Annealing),
A7 nz]E(Neural Network Algorithm), $1&el%
<112 & (Nearest Neighbor Algorithm) §°] 3ith.

Aix 2l 18] E(ASA: Ant System Algorithm)
< NP-complete EAE £7) A% ¥84d duzEs
Z shtg QAN (real ants)7t 71013 (nest) ol
°|(food source)7iX| HRAZE F= JHE S8
duglEo 19904 =¥ M. Dorigo(1991) &
o3 A7zt A=A ASAE JFEe] olF Zh
¥ 22 (pheromone)°lehs ¥¥9 HHEAS EH|E
o), o|FHR o ®v|E #H|ZE %3 (pheromone
trail)el meh B84 WHoR F2E AHsA dt
o]Zg ASAE TSP9 22 NP-complete@TENA
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Ao} HAH A 2R $8 S Ho] F31
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HAA dnEFEe tioke s AAE £ e ASAT
AEsta, TSPE £ + & Iuguirl~gd ASA
9] AErlsAE BAT WA, A2AdE ASA
ol wiAd 1 BEAE HEINFH, A3FdM=
71E AR d3n21%3 ASAE v|mEth A4
£ AEHA S B3 dA SeuiA2Ele AFAR
ARy ASAE AL% ARAZAPWHE vim
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AZoz AYPse BAHAN BFLA ALE 4+ A
o RE u|Ee] 5@ £x2 oo M &
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(a8 1) A 7ioje] et REMY IRy

o 2] +H(positive feedback)dHAl Ho T Zdj
U3 28] FHE o] Aol AN NEE
Avlge] Bz A 43 &9 a4 Arh.(ad
Del(d)). 3= Az 2PN A2 A4S Flof 3t
€ Ee] HREE FHo] Be ol 2E o ol
A&7 g2 olgZE 2o H2Ee A% dEg o
& o go] 7HEHe Z o] RE /e HEEH
Ho o5 HeE=Ql ofe|% 4 €A "o}

2. U 57

ASAE NP-completedl &3t Ao 485 2
7] 98] M. Dorigo, V. Maniezzo, C. Colorni(1991,
1996)° o8l A& A=At 28] ARG 2ol
t](artificial ant, °©|3} 7fv)e AAAANE 22
TR o3t SR o AWHRE Feth 8
v ASAd EHAQ AZFAL 93] AANe] 2
2 3] ol9)o] B i TS FUIH R FAsth

AR, Aele e AFE 7T e AeZ 7t
st

olZ& ASAM Al (visibility) &2 VERKH
232 e ZHA(0]3 =2)7t Aol winl# @t

ARlggte g2 HHHE 2& & AT A9 k7t
XE oA xE jE AYE o, A" WEMdE A
AlsP|= gt

A4, Avle g7te) 7198 (£ ‘tabu listak:
23) 2 7Kz ik AjulE Aol ofn) WMER k&
£ 7193 Ayt A2gAaE Euldl wzix] A
8 w=E o] Rk gerh

AR, Aule AAAEZE APl 2RAEE 8t
£ Age 2 Rl & RE AP nEA HA
ZA3Htime discrete). 1A Mvl7}t &4k &
Zte] x&E EWHoE 3 FATEAY AZgag
7FssiAl @tk (& 1)& ASAdN FEHeld dFE
7in) o} AN ghe] Aol & HodFr},

ASAYAME AuZE 71983 AlEE R Sl A
T} gEe] HANE 47] Y8 FH g Avlgrt 2R
oo} g}, ARE Jnlee AEEA A3 BAY
o] ¥islt}, whek Aulgrt UF Bow, AR
HEZE FHo| o} WY Ha o] R B4 7]
E2 23 &d FHsA "k quickly reinforce
suboptimal trails). ¥rel 7Aul$rt YF- How, i
ujzke] FH A 93 H2ZE o] FAE 5 gloth
st Anlrl BHE HR2ELE AjFke] A it

(& 1) &HHoler(=2el)7Hole] b|r

FA o)y
- ARAZE F7] A AN () Ave
o Az gt « 2kzke] 7194 ol Utk
HEEE AMERI) « of7te] Al o] gict
R Zusi « Azko] BdLA ol 87
«gE5A wHoE A2E AR | (Discrete World)olA
kisas ZEA3t
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Fs7] gioldt.

. Dorigo(2000) 52 ASA 978 %59 7Z=%
Aofla} FojR =g 9 Au|eE FAHse Ro] 7}
3 2285 4& & Aok AgEA

2. TSPl ASASl HE

ASA°| H&% NP-completeZA & 3hh= nrje
ET(EE TADZE FoA TSPolt}. TSP & RE&
& WA ARt A2 28 =22 O] Bole e
o3 (Closed Tour) 2.2 FHa o3PA2 & 4 o
AIEE TR E BH =5 SAE 2E B gt
QI TSPQI %ol dAAe) = w2 i 9 =X j Alo] A
do], d,2 B899, 4,8 == [, j A0l9] Euclidean
Azje} &tz olde} Aoz FE g 4 Uk

di= [(x; — x)*+(y; — y,-)z]l/2 1

A7, %8 ye =5 19 FFolth, ¥} =
A7t vldiA el TSP(ATSP: Asymmetric TSP)$)
= F =2, j 8 ddske Age idA j 2o B
of e} dari g, + 4;). 2 TSP & ATSPd
A} ASAd I3t HAs By BUA Hedr)
ASAE AuEo] YL AR w7lA] i) =
A T x=T2 olFdHA TSPY #HE Ferh
ASA°] WESY B 5% 7 AR kk=1-m)E
a3 WHEE ye £y} oo
HHE (iteration) < t(l1<t<tmax, tmax: o #h&
43 )2 YepY d3tato) 2lg) 23w}
EF, o0 t WA WA =5 o] EAshe
Aol 2t &, m= 3 b(D€ Avlel % Folc,
ol& 7t Jimle LxElE t WA NN k= o
A == j 29| olFe glof ofele] EAE wrEc)
k= o EAEte Jinle =2 dZ3 gas
o &l HZE FHI Al ¥ FEe=
ol & jE AEdi)

col] HEG w=x I Aur) d8E Eobd o
7] oA e 4 gl

« ASAYA =] 9 B4 i) ol 5 ARE d(4, ))
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TR e HRZEE G, )= 1,0 FEYFE 5
Hth,

A2gAA AnEL FEHoR HZE 139
2 ZA2E Az <@ Jiviee AzgdS
STR(State Transition Rule)°l&t &ti, o] STRell
o3 el k7t TA] i dlM BA j2 015E BES A
HTH A (2)).

[Tij(t)]a - [77,‘ ,‘]B
Ef_[ (D1 - [9,1% 2
' Jifje b
0 , otherwise

Pi(t)=

A7 e B3, j)3T HEE 74 H=(pheromone
trail intensity), ;= 70v]e] AldAo)H AF o4, 5)
o SR 9, =1/d,). JF & T4 1ol SlE k AR
Nu7h o2 MRS SAE(o0] HEE BAIEL A9
ol 38 a, fe H2E 74 Zxd AU (5,)
ol the #AE BH e gepieteln T BAl= AT
A7t AR Ha,B0). )

EG N EA A BEY PH(OE BYER =X id
EA (Discrete World)she F 7fuiell dis] xjol& 2
d & Aok G Pi(He in) kel el oz
2L BAIE g Jig] g=rolr] fiieln)

BE =AY dis) Az =4 289 s
ogo] AW o] F 2L FHIZE FHo 23 H7
zgAo] o] Fofr}, ojuf 7} sju] k& AMlo] o]F
e 2t "3 ) 4%() @Y HZES EusiA
Hu, kAR vzt AP ekl F k+ 185 A
7} & sk AAA LR S melA ol
A7t 245 28 FHGE HojAH, olze Az
o whlghs A YA EF £ ot w=kA
Ari(8) FHe Auzk dehd £ A2E AP0 ET)
of ojEdch tA WEgM, ] ke AR(,])
o d(nel HEEE Rulsta o] e A(3)ez F
o},

Al‘f,-(t)= J[?; ,ifG ) e THD (3)
0 . otherwise
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A7IM, THHE t WA wrEEgolA o] kol 2
8 39 d3geln, L,z ame & Ao}
a8a Qe AAgolth

HZEL AlZto] Ao wel dPH|&(GtE o
2 AFAY AR 2 FE. ek H2&e] Fudt
A gom z7) 3oz YAHE P38 P,e FY
s 92 HZ 2 FAY 718 Rold, HAHE o
< & ik mEbA 523 B S X e HRE
(pheromone trail intensity) Z&o] o] oo} i},

ASA ¢ ¥ BHESolA Fu] k7t o8 FA(, j)el
A7) H 2 &) 2 FH|Em, A7t Aol upet ¥
E$o] 2938l A2 GPUR(Global Pheromone Update
Rule)°]ztz &},

Tz‘j( H—(1—p0) - T,‘,‘( N+ Arjj(t) (4)

A7NN, o HEE FWASolT, H2Ee] Febg
TEE A7) A 0 < o( 19 WA= Aot oA,
€ 220 da A2(H WA o) w22 FAL
Hig 22 @A rp) 22 7P e

o] GPURY ZE 7| mo] W&
= Aejdr.

oo

TR A6

T,‘,’(t"‘ n)=(1—p) . z-u(t) + ;ZIAT%

n (5)
2 Vite'0)

dr,»,-( t) =

ASAdl gt TSPelM HA ] &4& STRel 9%
z71808 dAHZ slod, AMmEed nd WHEAY 33
Z HE2Ee Fu7 f2E HEE v3L B3 AXE
AERAS YA ") olw sjule) whEoigel A
ol ARI} tf o] AR ¢kod, 1 ARVt A
&7+ €t

Ef gz4x ging|ZEae| Him

ASAT F2 v¥mHE dndgFoze faxgae
Z(GA: Genetic Algorithm), Z3}Z2IY(EP;
Evolutionary Programming), @284 18&(3A:
Simulated Annealing), 22|32 EFe41(TA: Tabu

85

(& 2) ASAZ} B} wais atnz|FEntel 8|2

duE
Problend ASA GA EP SA
Name

50 e A 425 428 426 443
o x{]_‘ B 427.96 N/A 427.86 N/A

C 1,830 | 25,000 | 100,000 | 68,512
75 o A 535 545 542 580
"\i-;r B 542.37 N/A 549.18 N/A

C 3,480 | 80,000 ] 525,000 | 173,250
100 A 21,282 | 21,761 N/A N/A
24 —| B |21,285.44| N/A N/A N/A
C 4,820 ]103,000| N/A N/A

cACEAZE AR A2 oA o HARFH(FAEAY, km)
B EAZ ARt A5 Fold o AH A5 (FAPAE, km)
-C: AR E A7) A oS ERP

-N/A: AERE

Search) 5°| $ict.

ol gudldd tF vlmEA-e Dorigo(1997) 2t
Gambardella(1997) ¢l 28l 7} 718421 NP-complete
A2 487 TSP, QAP(Quadratic Assignment
Problem) 5¢] £41& §3)] S3sloizion Hag 3
< Q7A9] F Az, HEIS: Fo] HlmAHT R o} &
oAt (& 2)= TSPl tigh ASAT EF 2743 23
2]&, GA, EP, SAY H|m Z3jelr},

ASAsH b2 A dmelEde] HmEAE 918
ACSe A% 207tE] HujE ol 8std & 1,2 O‘ﬂ
Alggolds wY3thon, ol CA, EPS &
A7 gzuege] 13 AlEgolAd 3ol glo] HFE
o2 153]o|¢ WRAE galo] o|RolA & Z} H|
& 271E AlFsigct.

(& 2)0lA e nhe} o] gjFio| @*MW ASA
£ A 43 TSPellA A&7t BoFlc}. &4 50 ==
AdA degio R Fol7 A (real-valued dlstance)

2 BNHUS o, ASAY F A7t EP €@ &
AP A Bt 243 Aol 2 ¥ A BAHU. kA
ASAL A8 E A7) 918 1,8309 A& olHE g
3 ubdA | EPe] 7%+ 100,0004] Aol wE
< B3l AFAE 4& 5 U

peiy _124, e, L

V. LY EHHHAJARIGH ASALl X2IISM AE
1. Sy SHHAIAL

seuete) A$ FERAe] Fouk Awd ) 4
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Aoz z2io] Waslgly] Wi &5
S lEAEA 92(92%) st ot gle o
R o2 30kg~100kg ool 4%, 4% Z4E ¥
A2 BUaA ke Faxe] FAdA Q3
FoAIA QA=A 3, xF, &5, WY F
EFMu2E dBEHA AFste E4uE(Door to
Door) AjH|zolth(o]$5 £, 2001). wetr] =ujA]
28le gk oz AAe] YES AV DA EF
Mulagta & 4 Qo £ guja2sle A% ol
Tof we B3le 3 - el dee) gFgEA] &L )
gxgez 23EL WE A U 2458 F e
ERAHAE M & FE2A7)E Al 2"l % gt

duA|2vle IAE2HE dYae 1.5~2.5
E Az AFE olgd £AHos ulg WE}A
v QskES] Afole AFEE B3 ke o
1, o|ZA A3E 382 oA AuFAEE AR A
U digaExEe o83l FUEmdE Rt
FLE e FES QY2 AFEFA AF
A deoz HAFFAANA widEA Eot oy
FUEAIE (28 2)9M BiF1 ok

U el "N 4 nAE BEske AR
e AE7A 4% e =2 a9 glo], 7
dPaER AYe Bdala ddae oA 7 7ol
2 232 e ARE J2s B, a7el 84
o] B0l d%F £44 EE gioAM Y FEALS
ke WS Adsin ot AT A 4 99
2o 99 pddA ) P 7150 glo] B, =4,
2, EERRE, Ay 3 2L A9d E47
HAEEZ et 234 2 9Y9a9 ddFde] A
A3 e AAolth T 7I19E HuidA A5
oot e 3 7= Fad 8 AHE 994 ¢
FLTE LS (B 3)olMg} Zo| EFske Aoz A}
HAd, =& A9e x2gd 4 2 a%9d Boke
AGH oz HFHe HTFEFH &) dP4e 2%

|  maasm J>| Eﬁ,mm@ﬁ>| WsI5 )

ISPy Point to point ool 4/

HetsemHag

Wz TS
Ve 4 *| BgENY ]" 4 g |

e %

e

o

., BH 28 e

(7" 2) 24 =uieiolg A2

™

(£ 3) 3 DANGD) 2| @ S HYIHTY
3

2
A ) 39979
U BHE BRI FE ST
(g AE Az
B 3% 5245 55,78 99T 9,
#F(37))
AF 8 72 53 52,95
2N 1A, 28 A BEFRAAE
Sl e R R N A b
e G N
ANE ANEAFLE
JiE | HUE.EE 54T
S R P R i e e I P KT
T o1 Y, A 89 Y QM (ET)
A |HbAE
R S A M R R
QAFATH VA=A 3Y

A

o

P2

79 B AAEE 2oz soEgint

=g RAatgAd sloNE 2AF A, =4, 3
e ol ul EftAAcl7] i 74 dYdA
Hzg A 1ARRARAY(HIANDFER) TR
thal A @ 73 glo] ¥IHT ot

2t A0 RRE MHAE AW AFgeA
T NEZNA 3de) ANE HUAsl A 222
AR2E 9l olgsiA dnt. HTHoE Auxs
s8Aske nAFE 50499 (504AH/AHHA Aem
ZAE AT

Qe 2AHE EA 2IHR e AFAR 9
g BAY AL A9 o]FA=, olFAL, W
A ol 71522 AR &) Wi HEAF
S AF aapugHo] oo, 23z
A Q4 o welpol miet S AR, LA
o & AelE Bole o EAIC] dtt.

3¢

i

o AN Fo

2. SLH EHHHA|ARI0H ASAQ| HBItSM HE

1) 2j SjA|A=e| 5

2 Aol S dualzsle] ASA AE7FsE
AR} A8 ol 2ol Ul ujr =S Y3
(GEEUL) STt EA) U "ujA| el 7P A 7
o9 JHAE JIELR djod - vigshs TSPE &
T glen, ASA #& A7 AL Fo| &A4E vw-
ok A L o B P b B 1 P e R R S o e o
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£ AFsit

A, AA Zu HufAl2Bl NNA(Nearest Neighbor
Algorithm ; 133 o] % ¢xelE) & wertn 7143}
et ol g 71L& kA A3 uis} o] S EujA|
2le] A7 270 glo] A B o] 2
A=) W], 43& FHo| glo] AR glef A
2 (dWrE o2 FaAMAR oY Hed AR 713) A
02 71} ke ZRE Arehe Aol gutE] Ao
2 QA= 3 §l7] wiEeldt,

Z JdYgaE U AL 4G2M A=A 7L
2 ke 2AE g WEstn, WEY 494l
A oAl A R S gaske o1FsA Ech
ol A HHEZF mAo| thEiM = Aol BE AL
BEdtn Hx 29 dPiaR Botes] AnA o
Al HHESIA] et

A4, AA U gujazge] A HHE 2 L
oAM= AR Ak 2 AR L A opEgt ohel A
YA, SR e, gL, ¥ Y s T
3 ek ol2 A& A WELA FE vlg
st} wEbd BE 8HF A4 2074 Hdl 20039
A (A e LA 4%)E WESE TSPE 7148t
et 2070 o)de] nag ddEA MYshe A Al
ZAAAe BraAdS Ao vkdsly] 9@ Aol

Als), Apgo] &usly] Mol nAg R 9 AMH)Ag
(AL g FRE AR g3 e ASR 7}
A3t ol e AALBHT A0 B

10Km

0 Km
(a# 3) AlEsfo|ig «iFt SHujAlatel F2t

12
oz
do

87

ol A& Aoz, 1Y F3E A3 nAtEe] FRHA
< u ApFe] AR LFS 2skA] et

YA, HA gujasslols ddad, 7 Alard g
FAATHL dFA 7] wio AlEHold L
(28 3)3} Zo| IYALE F4 o= W3 5mE EF
e 712 10km, A2 10kme] F3HH WSlolA Fa3st
Aot AL AFE MY F8 AAge Aoz
Pgetitt. w3 Z4zte] ARAE AskdAelA AlzE
A ¥(time window)-& §lv ALZ Ji}

2) NNAS} ASAQ| H|mEA]

(1) AfA +8 2A4E A

U] HejAlawe] NNAE ma2e AFA29 ASA
AEGAY AFAZY vm BME Y], NNAS
ASA Z47Z} Visual C++ 6.0 374’3 ‘web(http://
www.cs.gbu.ac.il/ ~sipper/aco.appletPage.html)
49 "E JAVARHE'S 24 PCEAAA FYHEE
HEst] AUt

O 1501 ARXIE ME

AL 2] A2 ARAES 498 W )
o141 2070 A& APeA APAT. ol =EE,
#(i=1-20), y,(G=1--20) 3+ ZHe ‘VRP.tsp' 3o}
2 ARE, olgl A48 HUe 9% 242 9l
NNAS) o1& VRP abolufe}, n|A|2sle] VRP 4
& 9% vEYas Ag8d

@ 2CHAl ¢ NNAOI 25t 24

VRP.tsp GElZ AFE WEYINA 49 94
LA 2t wTAR|9] ArlE gAlsld 71 7 =
=2 oEshy wiAT mEoMe Hx 23 994
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