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Optimal Solution Algorithm for Delivery Problem on Graphs
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[Abstract]

The delivery problem on a graph is that of minimizing the object delivery time from one vertex to
another vertex on a graph with m vertices using n various speed robot agents. In this paper, we

propose two optimal solution algorithms for the delivery problem on a graph with time complexity of

O(m®n) and O(m®). After preprocessing to obtain the shortest path for all pairs of the graph, our
algorithm processed by obtaining the shortest delivery path in the order of the vertices with the least
delivery time. Assuming that the graph reflects the terrain on which to solve the problem, our O(m?*)
algorithm actually has a time complexity of O(m?n) as only one preprocessing is required for the

various deployment of n robot agents.
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I. Introduction
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II. Preliminaries
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Table 1. Minimum Delivery Time Algorithm
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III. The Proposed Scheme

1. An O(m?®n) algorithm for delivery problem

o] oM LmoAe] siZZAlo] thgt F|&sh &
15 Aokttt o] ¥ale]Eo] 7|2ARI A2 te]
AE} da B0t FARHH 1] ARl sAES B
W oS 2ok BA v ol 22mo] tgE BE kE'
o] R|AHIZAIIR EAfstEg o]2iet FABIGAE £A
2 JA¥ES Uget #ME o400, Ol2F SHAL O],
v, = 0,0 €0}, LnajFo] FPIPHOIA o, ..
AT Aot

olN] e 2EL AU

J

o
) Om =2

WA v, o 0,7bRl0) 2| 2uf
ARZE} oRte] 716Q] 3RS Rk Tk YA o,
oA o,71K10] A 2uigARIT} oRzle] A7bAQl HRE
Tk ol WS A4 Agsto] 2AOE v Al
HAUfZAIT} ofzte] Z7bRQ) ARE P, 0|2 7]
BIO2 v, 04 v 7HRl) ATsiEaNE PPl ek

SOl BRIAY Yue AshL. guelse Jk
kil AP ES ARSI, olnf o]F Lne)
RoIA Aztel ag4e Ystel HAle WA
AEztel Al 2o] dolg vl i,

A
o

Fo ooy ok
l"lﬂ 1 -IOI

DERlE] S 0|30 28-S 9lstel Ty HRE
o BE Ao thslel AUAR0lE Pt o WYL
Z2ol=o] YURIES olgste] O(m?) Ao Ak
Sl 12,

0|39 WASOIME 2o BE o,....0,9 24
2 2249 v, 041 o7HK10) A|asiAltnt Z71R2)
Aug 3k ojrf 71HQl PRt Cheu Pk,

T(o;) : v, oA o7}x]9] %|4H
P(o;) = Y9 FAHIEAZES BASH= HiEeA]ofA]
Ovzt‘}i S LS
R(o;) : 99| vigsAoA] viEE2
Hjgsh= 25 ofjo]M EQ] Ao

HEAIE

P(Oi)oﬂﬁ Oii

[SA 1] v, oA o, 7HK]9] & AWHEAIZI} 2 ARt

o, v, = 0,°12&, T(o,)=00] EH, P(o,)=0,
R(o)) =002 53 7Rt =EQstx] . ojm,
P(0;)=0, R(o;)=09] 2u]:= o] A7t sidsh=
25 oflo]dET}T ExlsHA] ¢FS-S oJulsttt.

(A 2] v, oA 0, 7PR] 9] A AHlEAINY F2 ALt
v, (= 0,) 014 0,7FK]0] HTHLEA S v, 9 0,7}
M2 e Ho|n g e vt WAKsA| oFett. &,
shte] 20| ARAIY| YRIAIA v, 2 0|53t & HjZES
AL, 0,2 O] 55 Hot. BA] 92l of =30 ofd
FgoR ol5sterle ng olrh mahy Lajolq
OIUI Artol H2H o2 At ZE A v, o BE =2
;9] Aol tisiA 7t BiEEE v, oA v, 2 BiEs)
AZFS RolT 01 B4 2H AR 0,7} 0,0] &
o % Qlek ol b MIREL v, 0lM v, 2 Hele
| 4H)QARES CRSTt 2ol % 4 9k
d(pyv,)/s;+w(vg,v,)/s;
A Tl A e guelg 1ol A
}%ﬁ% AR GAN d(p;v,)E Ol2] Aktst
© We =AM TOWUr A71M v,
(m—1)xn7 EAftoZ, T 29|
O(mn)Q] A7FEAIE 2 sj4a 4 Qi) 22 1§
10] 95}] o, BT} HE7t Lo 2R3 AQIAZ
o] A% o7t BasiAln, AREAEAA
7 enz BE 23 ool e tishAl ARt

Brogo rr e

R r_ 4

[d
1©
1
*F

3
1o
S o
rlo
a
—n

4 pE oz JQL
o o oF .
Ta iC) l‘lo i

HJPE = s

i)
din
filo

z
&

[2A 3] v, oA 0,71K]9] F|AB|EAIM} F=2 AL

v, = 0, A 0y7HX|9] A AR 2= v 057t A,
v,0,050] ©Th WA Tefjmo] B AR (o]u] Aol
= 0,2 0= A v, Ol TSt} HIBHREE v,v, 2 8
Bl 2 AAh} v000, B BIZEE AAARES ARRE &
olF F&E A= v, 7t 0p2f L 2 T o, vyv, =
[TA 1]oMe}F 22 gE o2 O(mn) At ALt 7Hsst
k. oAl v,04v, 9] 39S BH, Bx72]20] Wt R(o,)7}
HiZ=22 0,94 0,7 HEeS 7MdE & ot oA
Ty ax (i) = max(T(v,0,),d(p;04)/5,)2F SHH,
T(v,00v,) = min{ Ty, (i) +d(oyv,)/s; | 1< is n}
of Zo] F& 4 ok, [T 1ML FABHA v, 2 ;9



Optimal Solution Algorithm for Delivery Problem on Graphs 115

039 LSS RAWsP] Aol thgo) Baalt T
Qsltt,

BEAY 3. v, 0N o719 B AHERAME v, oA

E9510] {0y, 04, ..y 05— 1} ARATE AR H 0,0 &
gole 22 dE.

39. v, OllA] 071119 ESEN B A ]
V—{o01,09, 0,1} H& v,7F AL sHAE 1

H, 2= 0,0l BIEE71R] v, ol viZE ooF sh=d],
ojuj7tx] Ael= A2 7Pdoll @t o, of viEE=E 2
2le ARES 30t oy, .., 0,9 790l T2t o2t A
2 WY 4 ot et B deitt [

(97 K] v, oA o,71A19] Zlavhalciat H2 A4t
940t 2 WHOZ {0y, 09,05, JOll THEF F 48]
DAY} 24710} ol gt T(o,). Plo;), R(o)o] 7
SHRCHL shak. olA] BaRE 3.0 wet cheat o) o

o cigt AAHPARIS 33 4 ok
of Masj@ARIol PolAIAl e MEE W

(]

V—{o1,05, 001} 2249 787 v, 00 Tistof The

a

01 1O A A 0,9 1y
d(p/a /8 + w(o'u’va;)/si%

ol o|A| AXE 3 F A4S 2 0,7} 07} E
o}, 91| ST} ORI ol sidsk 17t Rlo) 7}
Ao, ARMEAEE 0,7k 2T mAAolo, v, 7k 25 m
oL, 7k Af n7jolo2 O(m®n)o] BE & 4 etk

o] WA= BAe 10| Ge} Rlo,) B} 57t Lo
2RojolHES Aolaozn APATIS UEZ 4 r.

oje} Zro] RHEsto] Tejmo] wE FA v, of tiste]
T(v,), P(v,), R(v, )& 7 4 At} olwl, P(v, )&
ZF 7 v, oM ATEeAge] o) S 7had)
1 Qomz oot Tfmo] wE FH v, o Tisto]
T(v,), P(v,). R(v,)o] AXIEH, v oA v,7tx]9] |

x

AL olgstol

duiderte 4249 B 0,9 Plo,) A
Jst A o
=

ANE % 9tk W, 04 Altstel 2A2 Plo,) 2
TR, v,0] EZoHe ATZaA7 TPE. ol
5 o gygo2 mas oea 2o

Table 2. Shortest Delivery Path Algorithm
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T(v,)=min{T,,, (i) +d(o,v,)/s; | 1< i< n}
oF ol & 4 ot} o, v, ot 9 2 L&

(m—k)xn7ll EAfstez, T k9
O(mn)o] AR SIAT 4 Qlo.

Pge oA

AAIE W3] Jebd2 3.14 oxet EYsHAl 537t

Ssfo], AR RS B, ARYFAA Olm)e A

)/s; | 1< i< n} 74l 2Q% 0, [GHA] 1]oA [@A] m7K] O(m?n)Q] Al
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Zto] 4au], Aidass F2sker], 0(m)2) Al
Zto] AgEloe A Au2lEe] ARRAEE O(m?)
| =ik

o] LAY 1ejmE RS vt SUs A
o thatol Wi A& 9|9} v wA} 9Jx], 12l 2y
olojE0] E7]ojxlet &7t HHEE Chokst whEAlQ)
o] ol Axl2le 155k At sk, o] U

25

o

IV. Conclusions

¥ ERolE JEmolMel  wiZEAl]l  chstel
Om*n) AZE BAFEO] AMs] ADEE AT o]
sl O(m?)ARFSRRES] A)KjE) Aneksg A
s C I G IRE EL PO =S et
2 ujrele] 71 Werel Felek @ 4 glonf, o
n25e) PAE TR P2 PYHo] olF T AT
o 282 F 4 92 R0z st
Qro2o| eApoAl: 7Py QurEel Felet & 4 o
Sefmo o] R T it A E stk ok
A7} Bastol, ¥Z o] 5 7] oyl 9o ot A7
o} 23ololHESo0] FAlo] 5 7 ool Bi S shln
o158 4 9k 2ol Tzt @A77} Kagslofof & Zolck.

i
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