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Contribute to solve Vehicle Routing
Problem with Hard Time Windows
(VRPHTW) To Support the
Transportation System in Hospitals.

Abstract

In this research, we study the possibility of contribution in
solving Vehicle Routing Problem with Hard Time Windows (VRPHTW),
which is one of the optimization problems that, has attracted a lot
of attention at the present time. It is a problem of the NP-hard type.
There is still no algorithm providing us with the optimal solution of
this problem. All the used algorithms give approximate solutions.

In our research, we will present the Hybrid Algorithm (HA),
which integrates the  Guided Local Search Algorithm (GLS) and the
Tabu Search Algorithm (TSA), which is based on the Saving Algorithm

(SAv). We will then compare the quality of the solution resulted from

this hybrid approach (GLS — TS ) — SAv with the results of well-known
standard tests to determine the effectiveness of the presented approach.

Keywords: Approximate Algorithms (Hybrid, Guided Local
Search m, Tabu Search, Savings).
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- lgiall A6 Jag by A

1 JieF sudlsxie s Jall S 13

fi(s) = (21)
0 ,LEF 3yall Al s Jall (I8 1))
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elall abye Jid F = {1, oo vevtt, G} e sendl)
P=[P;i=12,....,G : Lgiall dgaia: P
oL yal) Adilee Clye 2 a5 1 P

1 Byl A8l iy 2 G

: GLS dngall laall ciagd) e lsa cilghd 2.10

pseudo-codes (GLYS)

1- P=0.

2- S = InitialSolution( ).
3- §* = LocalSearch(S).

4-  while not stoppingCondition( )do.
5- f = ChoosePenaltyFeatures(s,p);
6- foreachxinfdoP, =P, +1.

7- S = LocalSearch(S) .

8- if 0(s) < O(S*) then

9- §¥=S8§

10- return S*.

2Y) Alygla 3803 Ay Jaxd P Aysiall dgaie of ddaade alaadl i) (e
Caaiy Lall Alaal) B A el Al Lo asepall e Claall 8IS Ladal
led 2 dasl) A o S Apatl) Gl iy aag WS il L3l
o DBl ol ¢ ansall Jadl) ) duadyld el st o S i
Lovie 43 3) dia) Mlys e el dungi Al Jal (g 350 ) Jall Loy
e Jaanally i€y Aaiis Juadl daa)jloall Cidaely 0.3 5 0.1 o A dad Cangld

101 21=10.2 Jdal
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s Aapall angs Al Jal e pstiaal) diad) 4 jlea 3.10
1dgia) Mlgd
S)SIAN aladin) Jiay u hlam) AaliY) elys Lo il lsadl ST g aa3

osbad) Gl Aalk e g Y] Cililery Alaial) il sbeall 35805 8k Al

SIS sl Gl 3 lsd Jie Capa® TS jshanall Sanall da)lsa ¢
S demsill gy Laties cAdadll LB b g gll Ga gpell Bane e Vs Ui
LAl dall e Toud mipe da Hlaal o shiaad) Gindl Jory dlae e Jalis

G35 Bzl 13y el die e agy JeaiS ad) Dy 8 ghadl Gl o)
Jsaall Cimily Al e Wl o)lhe Jsla HLaS) (Sa A2 jhe Syga 8 Jsa) Y
Tin P e Ble )l @ W lad) dalay TS jshaadll candl Shyps b
Dase diladl) lSntl S Jslall 5813 iy jslaall Ciaally ¢ Y] Gl lse
Gl OIS IS s sl Bl 3503 JCE5 @phad) A es Al

il gad) e s QI Gaay TS sanall

Gy cOaills BSIAL eDlgiul sa 3)shaaall Al & bl Jolall J< Guias o
esinty pylhall Jslall JS AailE ) asmy Y Talge Sa IS 13 IS8 S b 38
aseia JRY PR ey pyshaaddl QAN e Gl 2 e b)slaad) Al
Gl 5803 Jon laglaall am 28 Ly oclSiall o2a Galsiy Jall il
A e aa i) G 3 (V) a5 W el mi o oS
OB Gl pas desien (S5 3 Balge e Yola Gl Taa Bae (65 Sl skl
Bshiae e Usdl Jlall Jsla a5 yshandd) Jolall Yol saat zgalall yulas

il e Jesiy
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Gy O i Aie) 3l e ASHall gagt Al slaadl) i) (Baas (I
Leadiedl Gadl Gl (o desane Cial s ¢ gshaall Gl Gl
[13] 1 VK ssinall Allal) asbnsif il
Aldiaa)) leall Jolall de gane Jady téiagl) plad ]
Jal Jias 2
k) iy caua e Al AL e il B Sl ol Jaty
A¥) Bl Gl asll Spe Jiaps el saaly 8ye s IS b
53\
LAY Jal) sl el .3
(el Jall e Jsanll & AV sshall 0 I dall oy o
f ) e salagYs
s il () e Jas bl e San ee da aagi -1
- shanall Gl 8 (e ddad Jlai =2
Y Jall axy Lo dla e uks -3
Sl da e Jsaall deladall Gyl Jie daldyy) il ylsall aodis

S sl U5 Gk 0o Jadl 15 cpmend e e a5 Aled gyl 2
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5 lepnd SV Rl ulaas Guhl)l (4l o) Jil (Ao dial) dileal

4 zsaa smas o) QA ¢ Aled 2o s Gl e (L aad

gl e Auyal) Angi Alal TS ghiaall adl) dpajlsd cishd 5.10

:4ia]

r

pseudo-codes (TS)

1-

2-

Choose an initial solution x in S.

I. Setx*=x &k =0.
Set k=k+1 & generate a subset V~
of solution in N(x, k) such that either one of the Tabu
conditions is violated or at least one of the aspiration
conditions holds.
Choose abestj inx* and set x = j.
If f(x) < f(x*) then set x™ = x.
Update Tabu and aspiration conditions.
If a stopping condition is met then stop.
Else go to Step 2.

: gl 4aailed 6-10

5 3aldy) Ayla o Savings Algorithm(SA) s il 4 led ¢
ol A o[14] M\mm;@uuﬁqusybj@ S Jall e Y
1(6) JS&N 8 mage o WS lgle Jgaal) 8 Sl callall 8 &yedg e
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AR

b a

o) @il $se Jiay 0 Cun JANY) aggha gy 1(6) JSi)

Sall IS o i Y llaall Cluay Jall eld AY) Jall s )
dally Blaia¥ly calull Jslall 8 550 430))ld G oo (Do i W)y
TSIV s adlS S agle Jaanl) &5 (53)
daadly ((@=6) Jsall & dladie Gyl Pla e j ol L 3L G
LS j = @ dadadll & JBal daans e o Guball pain e Gl i of JuadY)
Chsisl) Gl Sy ¢ slare Jil) Cayjlas O (b —6)  JSE) 3 minse s
Jeall & cphll ge Ya (b-6) JSal b Gkl e JEY) e aan
LS D, Jal 44l Jea) 5 joi odaiedl o Jall &K e Js ¢ 5 (a-6)
P (376) Jeah
D, = cyi + ¢ + ¢y + Cjo
Do (@-3) Jlal) 8 LS Jal) Ads Dy oeop A S
Dy = coi + ¢ + cjo
Sy sl e deand aaly Bphay il G pead) PA (e
Sij =Dg—Dp = ¢ +¢oj — Cjj (22)
J VD saal) (e bylee Ul WY Adas L 508 aeall (e Anslil) ol
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s b i) dsal,lsd ki 1.6.10
pseudo-codes Savings Algorithm(SA)
1.Make n routes: v, »v; » v,, foreach i > 1.
2. Compute the savings for merging delivery locations I & j,
which is given by:

Si

j= diO +d0]—d

ij Hforall i,j>1&i=+j.

3. Sort the savings in descending order.

4. Starting at the top of the (remaining) list of savings, merge
the two routes associated with the largest (remaining)
savings, provided that:

a. The two delivery locations are not already on the
same route

b. Neither delivery location is interior to its route,
meaning that both notes are still directly
connected to the depot on their respective routes

c. The demand G & distance constraints D & time
window are not violated by the merged route.

5. Repeat step (3) until no additional savings can be achieved.
:MUAJ C..\ll\

(GLS — TS ) — SAV dasial) Llagl) dua) lsdl) cifghad 1.11
Baiaally (Lstiaall Gadi-dagal) daal) ciadl) dadiall gl daaj sid
t sl daajlsd e
faaylsd O el Tane o adiad diaa el Jeall 38 b il

D8l A s e stiaally sal Cindl a3 3 g dnsall sl G
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Jolall il 5 clygigll (pa SN 3atl sasall Chngl) aili Aals 0 SAV
Aails; Alaie 3503 A ahaiuly sbaad)l Gl dpahled J8 e iy A
Ghhaal Ala Y LS o oSa ) 3shaal) A a0 Cigug ¢ 3)slana
S 5 LSl Cunil 5yglaaal A aaay oSl A (ag cn el s
o osbaddl Gl aasid 5 Lo Jgiee da ) allailly ddaddl 4B
Gandl a8 (Y 3l Aaall logleal) aladinl e Yo angal) Jaall Gl
Faa) Al aadivin 13gls ¢ sae sl At allial moaaai Y ) sy
Ciags Ofia) Al e JSI o) Wial s3a G wend il (GLS-TS) dingl)

 Aaybin dia) Al e S yal) 4uas Alial Alle 3353 (53 Ja e Jseanl)

:(GLS — TS) — SAv dadiall dlagll duaj sl cighd 2-11

Aadiiual Geapll VY mia sl Al dpa) lad) Cilsha aje J8
. Sall Jallsaled) Jisall aaf: NH o
shaaall Gl Ay jla DA e (Y1 s Ae lsa Juail - Best_NS o
ccgll hagpd 38a3 s aly Ja Juail : OPt_NS o
sl Gl daayla P e dse Jal Jall s Juail : NHG e

. dasal)
ladl Gl Ly )ld P e V) s dlse lea Juail - Best_NSG o
. dasal)

Giad i dagall sl Gl DA (e g Ja Juadl Jiy : Opt_NSG o
gl g

Ll sl i S e

c el Jall e Ul sl Ldlea) ddl<l : M(S) o
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pseudo-codes (GLS —TS) — SAv:

1-The First Stage:

I initialization
ii. S = InltlalSOlutlon(Sl]) /i Sl] = CdiO + Cd()j_Cdi]'
iii. S*=§,

[] Al JYA (s el aan O sl Asailed Gadl VA e S AV Jall il
[ 3saal) Gisgh) ali Aali (e Al (B 4dle Jgaanl) a3 52 Jally BliiaYlg S
/I the best solution S* found and keeping the solution obtained
at the lowest cost in terms of the follower of the specified target.

iv. TL=0 , //Wwyaxias,shsdaasl Tabu List TL=12.

2-The second stage:
Generation N(s) by 2 — opt local search algorithm.

3- Third stage:
TL=TL +1

J/ G Jgina Ja ) adbailly 3) glinal) Aailal) IO (a LSS il ghinall Gad) Apajlod ks
4- The fourth stage:
Apply Guided LocalSearch(Tabu list)

[] 3amsh dutaal cilagtaal) plsiiad ¢oa Yoy gl Aikiia (b Agasill §)shiaal) Aadl lo Ansall aall Cingl ks
4-1 When there is no improvement S (in the 13 consecutive
times)

Best_NS = InitialSolution
// Best_NS as a primary solution in the Guided local
search area,
Best_NS = InitialSolution
Best NSG = Best NS
4-2 Generation N(s) = InitialSolution
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A NHG 42 gall Aaal) Eaaad) MA o Y Aol Jall i s 2l gs
4-3  Initial = Initialsolution(). //Initial is current solution
S = Localsearch(Initial). [/Make sure we start with a local
minimum
S* = NHG /|| S" = best represent the best
solution found

If S < s then

Best = s
Endif
P=0.
whilenot stoppingCondition( )do.
f = ChoosePenaltyFeatures(s,p);
,/and continuous visits impose a penalty on her 0.2 If the node is

visited before the specified time to avoid node repeat visit
foreachxinfdo P,=P +1

4-4 Calculate total cost M(s) for the current solution
S generated
If M (S) <M (Best_NSG) then we proceed
Else go to step 3 (Third stage).
4-5 Repeat
step (3-4) & (4-4)
Choose Opt_NSG =new solution
Until (Terminating Condition  in the 50 consecutive
times)
5- The fifth stage:
whilenot stoppingCondition( )do:
Repeat the steps of the algorithm.

11 (3455 oa) 383 gl cyuna Ja Ao Jguanll) Gl Jlna (i3 ia Tpajlsall clghis LSS

145



(Aldiall B (8l da glaia ao ol dajlia 43ia ) 380 g3 pa 40 pall Aua gl Allaa Ja (B Aatliwa

:@.ﬂl’d\

Laylsd) et Al Aedall dimgd) Laapball dupail) @hlERY) Cual
5 odsl Al o satiually (shaall diadl daa))lsa 5 ansal) Jaall Syl
plaaiuly PC 8 dpgulall culadll Lde 5 dpaylsal) 2asl € + + pladin)
ipapylall eda clael 5 ¢ Jlsdiall Jpadl 3513 0 & GB 5 corei7 zlae
zrial Jall ol i) deadiiadl bl 5 ¢ 14 Jual (e 2 @Vl Al
o 2 Aol Aiie) Mg ae AS5all aag Al L[17,16] Solomon’s sl
o b Alas 12 00 0S8 R 5 oflls 0 088 RC &un RRC g5
. Libas 5y3iie Alls 100 (e b sl 2 JSLaal o3a (e 415
EDE ) R s adis g 1oV o2 (e g3 JS pailad b lan Al &
1Ol gana
A0 sa Al o2 4 el Jualilly R101~R104 3 A5Y) A ganal)
30 )l LelalisR105~R108 A5 s gagall
60 s )l Lelalis R109~R112 43I A ganal)
60 s w3l Llalis (RC105~RC106) RC gsills
rLANY g8 aaad iy sulee AU 2349

TL=12 3)skhaal L@l aaa Lapca &5 13) glaaal) Aailll) ana -1

comaai Nl ) zliay polaadd)l Gl a8 o rpmaadl) ciead -2

Baclgll Sl Jal (e dasal) sl Gl sl
Gy cabiay chhSll (e de 3 Gl ¢ Ladll CaLiSinl (o tBagall dapa 3
Bagad) daal
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A5a3Y) Jana & s cliahlll Aad Juadl waa 53 ,Siall Colaill PUA (e
Gyl dshie e @bl e g (13,11,10,9,8 1 shadll sl

C A yra danl Al ae Ll ()8 Cagus < 50,40,30 :
(GLS —  4adiall dipgll dpajledll dpujpil) gilill) cpu :(1) Josad)
Rgpa dhan Lol ol s Wby LG 600 Geis TS) — SAv

[19,18]

Nu | Instance | BK SR SP-600s Gap
1 R101 1645.79 1696.54 2.991382461
2 R102 | 1486.12 1535.81 3.235426257
3 R103 1292.68 1294.01 0.102781277
4 R104 982.01 1011.97 2.960562072
5 R105 1377.11 1377.56 0.032666454
6 R106 | 1252.03 1298.54 3.581714849
7 R107 1104.66 1151.47 4.065238348
3 R108 960.88 995.14 3.442731676
9 R109 | 119473 1199.51 0.398496053
10 R110 1118.84 1145.63 2.338451332
11 R111 1096.72 1123.19 2.356680526
12 | R12 982.14 1017.21 3.447665674
13 | RC105 | 1629.44 1685.43 3.00952381
14 | RC106 | 1424.73 1450.11 1.742758621
Average percentage deviation 2.407577101

Best-Known Standard Results: B K S R.
The Solution Provided By the Algorithm Is 600 Seconds: SP-600s
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Al ity Aadial) Alng Lpajlgdd) (s A3 \all Jabada :(7) JS)

S Asyiiall Anaedl dayldl) o) (1) Jsasll (8 Asimsall Ay yanll pilial) G
bl il aat ¢ dngal) Aaall Cnll G yld 5 slaall Canill Giad oA e
Hally lEl deju Cum o Jundl el Gl AplS) 851 5 Jsine ) e
Gl lsd giling Lay)lsall o38 G Bpsna Beadll CulSy ¢ Juall Jola dlayl e
Cliha) dad Jangia ) 5 ¢ (7) JSAN B mage ga LS Adgyme Dpuld Aiaa
pa)ylsall 3l il cpelily ¢ % 2.41 s Wylidl & Al eVl Al

fmidie G Alad) Ja 8 craales 38 Ll Whall (e LS LSy da sikal
. ;‘.;Y\ U._L'Lu;)
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il 200050 Taiall Ainell Gua) lsall Rpspyal) il (2) Jsaall elays

(GLS — TS ) — SAv Lasial) Lingd) 4paj jlsdll 4 pail) gilidl) :(2) Jgand

119,18] g e dan uuald il ae Lgiliag 2ilt 2000 (paa

Nu | Instance| BKSR SP-2000s Gap
1 R101 1645.79 1661.8 0.963413166
2 | R102 1486.12 1490.89 0.319943121
3 | R103 1292.68 1292.81 0.010055615
4 | R104 982.01 1001.09 1.905922544
5 | R05 1377.11 1399.99 1.634297388
6 | R106 1252.03 1270.85 1.480898611
7 | R07 1104.66 1109.85 0.467630761
g | RIO8 960.88 964.05 0.328821119
9 | RI109 1194.73 1196.97 0.187139193
10| R110 1118.84 1137.94 1.678471624
11| Rl 1096.72 1106.96 0.925056009
12| Ril2 982.14 999.86 1.772248115
13 | RC105 1629.44 1639.88 0.636631949
14 | RC106 1424.73 1437.05 0.857311854
Average percentage deviation 0.940560076

Best-Known Standard Results: B K S R.
The Solution Provided By the Algorithm Is 2000 Seconds: SP-2000s
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A (GLS — TS ) — SAV iasiall Lingl Loa l5al) oy 552l griagy Jabadia :(8) JSill

- Auld A claj s iliiy 466 2000
A 2000 enn Lediall Aimgll dyay lsall Ayl ilill (2) Jpandl jelans
Sysua Bsadll () Jaadl (2) Jsaall e ol (7) JS&) ) I ks DA e
Ajladl adly 3 kil DA ey .%0.94 8 Agiadl Gl dsad Lassic s
() Do pe oo ey )l g Ll lgle Jgeanll &5 ) ail
LDl @AY YW cllll 5 RIOYRIO3.RCIOS bl s
aasall ol Gadl Pl (e Gl Guiaisg Gl Hsse @b S )l
DA Ges ¢ CYA e 288 Tan s ot jglandl) Canll da)jlea o st
) Gl ) slaaall aad) e JEY) U Jolall dae (e a3 258 (i

cdal meat Jeoaall Ll ds g assdll
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ALY il Leadagis (gl Auad e I s JolS5 Gl 3k 21581 1

sl alaadl sy (5588 o) Jaing Bapae laladl gl ady =2

ol el llea 4 ()l dlay GdlllS) 4l Jalsadl Jio) -3
clsially sl

Ly ohail Aael) dpa)y lsadl JSliagy Cann Llay e aldieWh chlipesd Cbﬁ\ -4
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