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This research studies an asymmetric travelling salesman problem with time
window constraints and precedence constraints in a real application of air travelling. This
studied problem is more complicated than the original asymmetric travelling
salesman problem because of the change of ticket prices over time, the time
window constraints and the precedence constraints. To solve this problem, this
research modifies a nearest neighbor algorithm. This research also improves local
search algorithms, which use special swap operator and special insert operator in
order to reduce a chance to generate infeasible solutions. The results show that the
best found solution value over 10 runs from each local search algorithm is better

than the solution value from nearest neighbor algorithm.
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Minimize z = ZLOZLOCUXU,CU = 00 fori =j (2.1)
Subject to zinzoxij =1,j=0,1,..n (2.2)
DX =1,i=0,1,..n (2.3)

x; = (0,1)foralll,jin {0, 1,..n} (2.4)

X =(x) €S (2.5)
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uansbiszmiamaiteldlunsdeansmeseniuanddulug

3.2 Genetic Algorithm [7] TnedstifumalindmSudumnaiaas w3
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3.3 Memetic Algorithm [8] lneddtuudunszuiumsnuItuneuols
Genetic Algorithm 11lausnnun1s Local Search 38 NMMIAUMILUULAWIEN LABAISAUAN

v
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2.1.2 Asymmetric Travelling Salesman Problem (ATSP)

Asymmetric TSP e ATSP fanwagasstgmimiloutu TSP Fadulgm
Avimssnaulavduniansiiunmadiaiiiloas saounfdesiuneludau N Was use N
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Tnedaym ATSP awnsaisuluguuuulinanisndlnmans vise Formulation

of ATSP [9] ledasioluil

Minimize

Subject to

Y

dix =1 (GEV,i#)
DI x. =1 (EV,j#D
2o Ss|-1 (5 V, 25[S|[<n—2)

x; =0or1 (i, )EeA

(2.9)

(2.10)
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muunuuielilarneuiiiun Tnefeg19is Exact Algorithms itanlaiu ATSP fie
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Branch and Bound [10] lnesuiseiildfinswnaueisfiaunsathanudidam ATSP Iioga
fiuszAvsnin uwazaevinefldininineisidssansamvant wufieldlunsnaaeunis
wilymiieftasaninsarinaieulidnslmiuiussdns mwlunsuidem ATSP annndaiu
2. Heuristic Ltz Approximation Algorithms %GL‘TJuEULLU‘U%%mimﬁmauma‘u
vostlymfiinnusinsandnds Exact Algorithms Tagidwinevesds Heuristics Huueidu

TBnslddmsulunsmameulagegmeldiianvunzauniannsamdmeulanieie lag

Aaa °

firneufildoonutusiveslildfmneuiidignvesinoufiannsafildluismnvestiym
visarnauiildeenuniunisazilrnlngifsiuAvesmneuiildannda Exact Algorithms Tag
Feg19we935 Problem-based Heuristic waz Approximation Algorithms 7itianldiu ATSP Ao
38 Heuristic [11] Tng3silldudtymlusnuiseiliuiiugiumeainds Randomized Arbitrary
insertion (RA) nevdnnisvesisdazisuanmadondumsiivszneuseqnseniiiine
wazarniufvhmadengasonlvifldlfegludumaiy wdaniuihgaesealmduiunsn
sewhadumadu eevimsunsniielildantmneiivifian Tnemsiduiie ey
msasadumaduiu uazndmintuianduduneuiiefivemeneuiiian Tasiiinsiden
naiumanniflemildludadiomilstumegisdu Tasfinisihgnsenuisgneanaindums
Lazmaidengngenaingageniinnsdaeenidunegisgu Taginisunsngeludaduna
Budu wazdumaiiadnstuanlnl udmdninduiiazhmasieudisuimeeurendumg
lyugindniu
3. Metaheuristics lngsatuduisvimesmsmmneuiiaiaslasende

vénmsUszanal wenluAsnvsraunnudisaognann ewnilarmaiElunsuszanana
Tumsudtamiifienududougeq Tnefegraisilflunsmmpouiddnwaslusuiuuyes
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3.1 Genetic Algorithm [12] Wlunsufdam ATSP Tnelusmuiseilad
nsvgensdum Tagsaludsnisdumdnouiidululald Tasunuiiagviinisnianig
nouiiululédheBnsasealenes uindurinisdumissnouiidululfuasdululails
Wiefiasiliaaninvesrnoudildoonuntuity

3.2 Memetic Algorithm [13] Talunisundleym ATSP  1ne3% Memetic

aada

Algorithm 1fduni13vinanusiuiuvesassiSie Genetic Glgorithm way Local Search lag

¥
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2.1.3 Traveling Salesman Problem with Time Windows

Ugyun Traveling Salesman Problem with Time Windows Lﬁu{]@mﬁﬁ
anwazad1siulegn Traveling Salesman Problem (TSP) Iﬂﬂﬁﬁmiﬁmumméuﬁu‘ua&
MsiuyaLazyhmsAumslUSnguuesgaineg musiusuiidivue uaziilovinisiiums
TUnsuyngaudrfszshmsiiiumenduandagaiusu Taeiegdnisifiadesiafeifunsey
LA (Time Windows) iisdusnludaym

Time Windows ¥3® Time Window Constraints \udieshinlubesmesnsou
narfnuae Fsfouiunuszgndliludgmfeaiunisyudasngg el miduiiana
TndiAssiunsvudsiiiinduass esannisvudadudiliiumegnéntluamduasaudar
saggnimusliidanielunseunansdsueuiiimun TaesliAnudgmuterdunisdans
Wdumsn1siiusn vie Vehicle Routing Problem [14] #s@nwtuldfiniaifiudasrinlu
593993 Time Window 138 nseunanimumdnlusie

Tnefimadafidonthunldlunismeaineuvesdym TSP with  Time

¥ [ =

Windows laln 35 Heuristic lngdlfvinn1s@nwn3s Heuristic wanhanldnisuddam TSP

with Time Window [15] Iﬂaﬁﬁﬁm&’]ﬁuﬁ%% Generalized Insertion Heuristic aniivelglu
nmsuAdemn Teefithnrugsesnisuitymiduiiiienas Anvivinamamuelglunisiiunig

%4 I

nilAoeian

2.1.4 Traveling Salesman Problem with Precedence Constraints

Uy Traveling Salesman Problem with Precedence Constraints Hu
Haymiidanuvazadafuliym Traveling Salesman Problem (TSP) Ingfifinnsfiinun
WEUFUYIN AU ez TRl U IngNvesRasieg musuiidmun uaziiles
nMafunalasuyngandafiazriinisidunenduindgaisuiu lnsfezdinisifiudediin
\Reafun138 iy (Precedence Constraints) wituarludaym

Precedence Constraints [16] vizefi3enia Sequential Ordering Problem
\udedrinluSesvesnisardiv %a%’aﬁi’wﬁ’miuL%f'aasuaqmiéwﬁuﬁﬁy'uﬁmzgﬂﬁﬂmﬂizqﬂsﬂsﬁ

futlaym Asymmetric Travelling Salesman Problem (ATSP) @sluasnduaiewesnisvuds

[ ¥
v v A a =

¥30N15UHUNINERTUTeI AR luTove N saIdUTuinsiAnTuLazgnldTuasalu
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Constraints oA 35 Heuristic I@ﬂﬁ@'ﬁﬁ’lmiﬁﬂwﬁ% Heuristic waaiuntagnisuadeym
TSP with Precedence Constraints [17] Imaﬁ“’ﬁﬂmﬁ?ﬂﬁﬁwmiﬁwuﬁﬁ Heuristic Tualag

#31UgIUaN Dynamic Programming lagEifn®l3en3s Heuristic 31 HOP lagiiidmaneg

YDINIANYINONAIINITMAUNUNL A TIER
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2.1.5 Traveling Tourist Problem (TTP)

o L%

Ugyun Traveling Tourist Problem [18] 5ULﬂuﬁmm1muﬂaWMﬂ518ﬂ§aﬂu
gy Traveling Salesman Problem (TSP) lngfifiagnisinuasiuinveaiiosiivedes
Wiunsld wazdinisssydidessuidunisinifleuariudaiidesiuu Tasfinisfumady
awdesluliinsunnidios Tnedhmnevestiymiduervslumemunuiidhiiaaitldlunis
WPunne Sauruuesnsiuynavanitiuonsvsiinsdsudasslumutaals ustlym
TTP ijuaziifefiunnsses sdmanaindam TSP fe Jam TTP duanunsafiasinunld
vmspumalilussdazdeadusiuiumnnniy 1 afdld Fsazumnsneanniiam TSP Taed
o ToP Huaraunsaiumslusasanideddifiesudndafouriniu Inedifiaulafinw
Yoy TTP [19] s'?fag’{ﬁﬁ']msﬁﬂmﬁiéfﬂén’h?aﬁﬁﬂﬁﬁiym TP Fwnlevinnsinwndull

£

ANty TSP nluAfesuyulunsidunsivihmsfnetusznisiUasunlas
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a

Tmugasaan lnefdvunevesfinwifeiiednyimaunuilldlunisiiumeisan

2.1.6 Air Traveling Salesman Problem

Jeymn Air Traveling Salesman Problem [20] e Air TSP {Judlawis
dnwaizadnoruliym Traveling Salesman Problem (TSP) Tnfifinnsivuagaisusuyes
MaAusaziMsAunsluSinguuesgaineg mudauiidivue uazislevinisiduma
lUasunneaudfiazvinmsidunanduindagadudu Falywn Air TSP furgdiauunneg
ndgyu TSP LLUU%ﬂLaMmiﬂﬁﬁmﬁﬂ Air TSP tuaginsfinnsannisiiuneanieerna dau
o TSP wuvdadnduazinsiansannaiunonaun Sdumaiunemnsennaiuf
ziidesrfafienvasiiusnniuninisifiunanaun agriulutlymn TSP WU
desfazgnidensietu msfagimsAuneainidies 1 ludades 2 Aszsinisidumseen

nies 1 Wdules 2 mgszagmeinuuaudinisiunisnauysal wilutagwn Air TSP 1y
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auladinwilym [21) Adnwuzadretdym Ar TSP Tnedagmitdiaulevinsd@nyiiu
Uszneulusmensiiunisesnanauindugaiudundiiunialudigaaisianieg fign
fmun waziiloviinisiiunisnsunngaudafiazidunandvan dsauudugaisusu Tned
Whneiftelisuuresnmssdunuiuiidehiign Taefiduusswinagadag dursiing

WasukUadlunuianan

2.1.7 Time Dependent Traveling Salesman Problem

Uy Time Dependent Traveling Salesman Problem L“T;Juﬂiymﬁ'ﬁ
dnwazadeiuilaym Traveling Salesman Problem (TSP) IagfidinsivungaiEudues
MsumakazynsAualUginguueaganiieg audiuauiidinun uaziileinsiiuns
UasunnIaudafiaginaiunanduandmasudu Tastlam Time Dependent TSP fuaz
faaunnssindamn TSP wuudaiunssdidunuiflilumsduiunuriedunuiildlums
Wunsiuazdifidsuuvasiuaugisaa lnensiazmdunuiidfianlfduseaiinig
ilafsrananiegldlunsfumaede

Tnawmatiantentunlglunismeainauuestyn Time Dependent TSP
I 38 Heuristic Tnedlfidnu135 Heuristic wdrial¥msuitigm Time Dependent TSP
[22] Iﬂaé’ﬁﬁﬁmiﬁﬂmﬁuﬁﬁﬂmiﬂf\mzm‘ﬂzgm Time Dependent TSP #ifinsifiudasiin
Tudesasnsaunaiivua uazdeditaludosonisdidu tnedAnufuléls pynamic

Programsnming Heuristic mﬂﬂﬂumﬂﬁlmﬂmm

2.1.8 TSP with Time Windows and Precedence Constraints

Ugym1 TSP with Time Windows and Precedence Constraints L‘ﬁuﬂiym‘ﬁ'
fidnwauzadnefuilym Traveling Salesman Problem (TSP) TagfifinnsivuagaiEuduaes
mMaAuILagi M aAuUSINguesgainag ausiuuiidivue uazileinnsiAumng
Tuasunneaudfiazsinaifunenduaindsgadudu  Taefazvinnadfiudesifnnseunan
v (Time Windows) wagdadninuesnisdifu (Precedence Constraints) tandlulu

Yy TSP Fanasiiiudadndinie 2 tedrintitnlunieunululem TSP duazvinludegm

TSP 6udimnugnUnnYuULasdnnudugaunIngay
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I@Sﬁawﬁﬂmﬂmm TSP with Time Windows and Precedence Constraints

lnewmallafg@nwianldlunsunlay TSP with Time Windows and Precedence

I aa

Constraints [23] lawn 35 Metaheuristic Imaﬁﬂﬁﬂmﬁ’uﬁﬁwmﬂﬁi’ﬁ% Local Search #3®
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BnsAumaniyy Jaduisuuu Metaheuristic uieldlunisudtam nefidmaneves
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AFnwvinsAnuidduligm TSP MTuegiunm

2.1.9 Vehicle Routing and Scheduline Problem

Yy Vehicle Routing and Scheduling Problem tutfutgymaifidnwey
Adefiuteym Traveling Salesman Problem (TSP) lag#ifin1smnun9nLsufiuYednIg
W aagyinBiunslugainguuedgnsiie auduunmnue lngasitnisiunields

9AA199 WBIRTaLAeT wazdioinisiiunisluasuyngandaifaziinsiumiesnduunds

q

gaEusY lneinsunsudiulvgasidunsitunmsessaiinnisussynaua lnefidym

q

Routing and Scheduling Problem tuaziianuwana1siuleyng TSP asa9d11Us0989019
Wuvatuazlinnnndt 1 Ay wasanuaiunsalunisussynduaniaiuinueanisussmn
auFnveassaudazAutuIzilogod 199110

I@Sﬁﬂﬁﬁﬂmﬁ@m Vehicle Routing and Scheduling Problem [24] Tneil

2 A o = o o

= J { o o o = | v
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a

Y
Jamtduazdisowesdodninnseuiarfmuainduuiaieiilesannnisdsduaifazilnng
AvuAIIa1veInsvuds InefidAnwidulaldinalla Optimization-based algorithm 41

Lﬁ@lﬁ’ﬂummﬁ{]mm Vehicle Routing and Scheduling Problem ‘ij

2.1.10 Vehicle Routine and Scheduling Problem with Time Windows

Ugyy Vehicle Routing and Scheduling Problem with Time Window

Aa o 1% )

Constraints ﬁ?mﬁuﬁzymwmaﬂwmmmEmU‘Uz:g‘m Vehicle Routing and  Scheduling
Problem Tnefidutlywifeafudewemnsdnduniavesnisuuas Tnemsvudatuazeanld
Yudagaganineg sufidmue uazidumsliuiazgaiissefuien Weidunansufiagiins
WFunenduangaqaisasy Tnefisrunusavesmsidumsduazinnnnin 1 fu uasyTuinves

1 1 o w

N15UTINNAUAIvRITLAaE AUt UIElogat1931in taadayunn Vehicle Routing  and
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Scheduling Problem with Time Window Constraints $uaziin15iindednnnnsoulIan

I3 A

AMuuA (Time Windows) @9LUN159UaAIINATUISILLTINUTEINTULUNIL LS D9U09TDINIA
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Imaﬁ{{ﬁﬁwﬁ]mm Vehicle Routing and Scheduling Problem with Time
Window Constraints [25] Ifﬂ&lgﬁﬁﬂiﬂﬂﬂ?ﬂﬁﬁﬂmﬂﬁwﬂﬁﬂﬁ%‘ Heuristic wiane¢) F5ifiefiasld
Tumsuidam waztnavesds Heuristic wandun3suiiiouiuinislnuanunsaiazm
fnouldfiniiiu Tneftmunevesmsuidymififtedesnisiazmdunuyesnisvudsdis

ian

2.1.11 Vehicle Routing and Scheduling Problem with Precedence Constraints

Uy Vehicle Routing and Scheduling Problem with Precedence Constraints ﬁgu

£y ¥ £

Hutlgymiia nuzAaIenulyyi Vehicle Routing and Scheduling Problem Taefidu

<

P v o !

Yy eiui3e9989n159aLduN1sveIn1sauds Inunisvudituagoonluaudedignnige
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i u,a::Laumﬂmwiaza;mﬁmﬂ%gqLam dlaiunipsufiaginisifiumandung
aisudu Tasfidnausavesnaifiunisiursdiinnnit 1 M wagUiinauenIsussnaudi
suaq'iaLwiazé’uﬁ?uwﬁagjasmﬁ‘iﬁﬂ Imetgyi Vehicle Routing and Scheduling Problem
with  Precedence  Constraints Huaziinisifiudesinvasn1sansiu (Precedence
Constraints) e Genisvuddlutlagtufiinaziinmaimssvuansvudsiounds
Iﬂﬁﬁﬁ&ﬁﬂmﬂmm Vehicle Routing and Scheduling Problem with
Precedence Constraints [26] Imarz:i“'ﬁwmﬁﬂmﬁulé’ﬁwmiﬁwLauaﬁ‘é branch and bound
udieldlunisudtm ImﬁL{]wmmaqmsLtﬁﬂmwﬂﬁﬁLﬁaéfaamiﬁ%mﬁunmmms

a

IGRIRITGT

2.1.12 Traveling Salesman Problem with Pickup and Delivery

Uy Traveling Salesman Problem with Pickup and Delivery il
Haymiiddnuwazadafuliym Traveling Salesman Problem (TSP) Tagfifin1sfinnun
BTN TAUM Az MRl Snguveaganingg audiuauiiimun waziilor
madunisluasuynaaudafiaginisidunenduindagaudu Tngaginisvinisidia
N3¥VIUNIT5UDRY (Pick  up) WagnIzuIUNTTaIUes (Delivery) L lulunistAunisiaey

Wiesndfimsfmuaiigalunsazgaiazyhnsiiumslitduuisgafazdeadunszuiuns
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I@Sﬁé&ﬁﬂm{]agm Traveling Salesman Problem with Pickup and Delivery
[27) TnegAnwduldfinsionsandedifnluSeseansaiy (Precedence Constraints) i
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2.2 Local Search

N v & ax A ° )
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a

Metaheuristic @935 Local Search aztduAsniin1svinaruglugiun Ingaziiniséneannaa

wagsunils (S) TUdmamasdnounis (57) Taensdetuagyinmuanuyuzed Neighborhood

v
aa o

Structure mﬁuumamﬁmmumLawwmumLUuﬂaiﬁiuﬂWiLLﬁﬂmwwmsmﬁ’lﬁwwauﬁqm
\3330n13 (Combinatorial Optimization Problem) Faduigmidufivuuenn (NP-hard) 3n
fadagninluvssandldluvannvaneisns Saaunsomuaaasialddmsuiaminulumg
R

Tnetunoundng 18938 Local Search [28] annsouandldsiat

fupoudl 1 Initialisation : Hutumeuvesnsiiuairmaiaas S Weftey 1 duna
\ABBURY wazfvnsmuInAIves Objective Function F(S) @efieniseuumves
suyuillunisiiums Samsadamamasisuiutuazainsaainslnenisiingg random f
5]

funoudl 2 Neighbor Generation : denwalaae S flaglnaiAssfunaiaasisudy
S wazTMsANIaAT (') Tnensiiazadne Neighbor S 9eAp11N153%Y Neighborhood

¥
Y A

Structure naw Ing Neighborhood Structure #iladinasianlauses) aunsouandlesail

Swap Neighborhood 18u3Sn1sufislunisusuugemneuanzigadunis

duildgusiums 2 duns aeiivannisnisvinaudiaguit 2.2
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Jumeuil 3 Acceptance Test : {unmsnaaeuiliofiazviinissensunséeain
U8 s uidalal Ermsthetiugneonsu S azluunud s Weidunainsetiagtiuuny widins
E’Jjwﬁguvl,zjgﬂaau%’u s nzdmutumneutagiuey Tnenisilazeensuvielisonsuiudiu
Tuajudaazshnaniidves F(S) way K(S) Tagazvhmssonsuidledinsimunindu F(S’) <
F(S)
fupoudl 4 Termination Test : ifumsnaaouindBnisemsfiagugauieds i1
Bsremganainasilieoninisfunanaeinfian widndueeduinduluituneu
Neighbor Generation

Tnedlnid8laus Local Search anlduAteyin Traveling Salesman Problem (TSP) %38
Local Search for Travelling Salesman Problem [29] I@EJ;:J}L%EJulﬁﬂé'n’j’l 3% Metaheuristic

9871919U35 Local Search Huansavaylinadwsnadmsudnwauydaminuu NP-Hard

Combinatorial Optimization Iﬂwﬁﬂu{]mmtwu NP-hard Combinatorial Optimization
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From To Week Cost (baht) Airline
Thailand (1) Singapore (2) 1 2616 Tigerair
(Suvarnabhumi International Airport) (Changi Airport) 2 2301 Tigerair
3 2190 Tigerair
4 2190 Tigerair
5 1990 Tigerair
6 1990 Tigerair
7 3182 Jetstar
8 1990 Tigerair
9 1990 Tigerair
10 2082 Jetstar
11 2430 Tigerair
12 1990 Tigerair
13 1990 Tigerair
14 1990 Tigerair
15 1990 Tigerair
16 1990 Tigerair
17 1990 Tigerair
18 1990 Tigerair
19 1990 Tigerair
20 1990 Tigerair
Thailand (1) Malaysia (3) 1 4390 Malaysia Airline
(Suvarnabhumi International Airport) | (Kuala Lumpur International Airport ) 2 4430 Malaysia Airline
3 4390 Malaysia Airline
4 4390 Malaysia Airline
5 4390 Malaysia Airline
6 4390 Malaysia Airline
7 4430 Malaysia Airline
8 4390 Malaysia Airline
9 4390 Malaysia Airline
10 4390 Malaysia Airline
11 4390 Malaysia Airline
12 4390 Malaysia Airline
13 4390 Malaysia Airline
14 4390 Malaysia Airline
15 4390 Malaysia Airline
16 4390 Malaysia Airline
17 4390 Malaysia Airline
18 4390 Malaysia Airline
19 4390 Malaysia Airline
20 4390 Malaysia Airline
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3.3.2 Time Window Constraints
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3.3.5 Local Search Insert (LS-INSERT)
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Pseudo Code Tst 5 Ls-SWAP Tullaymyndl 1

using System;
using System.Collections.Generic;
using System.Ling;
using System.Text;
namespace Swap
{

class Program

{

um + 1, num + 1, num + 11;

n; i++)
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}
for (inti=2;i<=nu !
{
if (i 1= 2)
{
if (rand[i]
{
solu
so

SC

ine("Total Cost(S0)";

Cost0 = co! ion0[i], solutionO[i

Totalcost0 lcost0 + Cost
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Console.WriteLing("-—-—-———

int a = random.Next(3, n
int b = random.Next(3, r

if (@ ==2)

b = random.Next(3, num + 1);

}while (b == 2);
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{
solution1ly] = a;
solutionlly + 1] =
solution1[x + 1]

for (intj =y;j <

+ 1] = solution0[k + 2];
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for (inti=1;i<=nu
{
if (solutionOli]
{

solution

}
for (int i =
{

if (so

‘ (solution1[i] + " ");






AMARNUIN .

> TUsunsy C# 8335 LS




67

Pseudo Code Tsu S LS-INSERT Tudlymnyaii 1

using System;
using System.Collections.Generic;
using System.Ling;
using System.Text;
namespace Insert
{

class Program

{

> ReadLine());

 + 1, num + 1, num + 1];

Console.Write("Travelling cost from cities "+ i+ "to " +j + " on we

ONI
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Console.WriteLine();
Console.WriteLine("Random
Console.WriteLine("--------
int a = random.Next(2, n
int b = random.Next(2,
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do

b = random.Next(2
if (b == 12)
{
do
{

b=ra
} while

b = random.Next(2, num + 1);

} while (b == 12);
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if (solutionOQ[i] == a)
{

}
if (solution0[i] == b)
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if (@ == 12)
{
if (x >y)
{

solutionlly] = b;
solutionlly + 1]

solutionlly + v

for (inti=y; !
solutior
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Console.WriteLing("-------------
int Costl = 0;
int Totalcostl = 0;
for (inti=1;i <= num; i+
{
Costl = cost[solutic
Totalcost! = Total
}
Console.Write(Tot

A

if (Totalcostl <






A15199 A.1 Han1Inaesveslensaii 1 1neas LS-SWAP
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$upssil | 1aan (Gunil) ANUNITRUNI AUNUII (Um)
1 0.046 1-2-3-8-15-9-13-10-14-12-11-6-7-4-5-1 117,918
2 0.032 1-2-3-10-13-9-15-8-6-14-12-11-5-4-7-1 176,670
3 0.025 1-2-12-11-14-9-15-8-5-4-3-10-13-6-7-1 207,632
4 0.030 1-2-4-3-8-15-9-13-7-5-6-10-14-12-11-1 158,073
5 0.029 1-2-7-4-9-15-8-6-5-3-10-14-12-11-13-1 139,186
6 0.021 1-2-6-8-15-9-5-4-3-10-12-11-14-13-7-1 159,758
7 0.032 1-2-6-13-10-14-12-11-5-4-3-8-15-9-7-1 136,421
8 0.022 1-2-10-14-12-11-13-3-8-9-15-4-5-6-7-1 159,794
9 0.052 1-2-8-15-4-9-13-10-14-12-11-5-6-3-7-1 128,449
10 0.037 1-2-6-7-4-3-8-15-9-13-14-10-12-11-5-1 111,193

M5 7.2 HaN1INAaRUBIlaYnsaiN 1 1neds LS-INSERT

Sunsadi | 1aan (Buni) A19UNISLAUNIS AU (M)
1 0.036 1-2-8-15-4-5-3-10-13-14-12-11-9-6-7-1 130,888
2 0.038 1-2-7-15-8-6-5-12-11-14-10-3-4-9-13-1 196,678
3 0.041 1-2-7-3-8-15-4-5-6-10-14-12-11-9-13-1 143,550
4 0.054 1-2-6-5-4-15-8-3-10-13-14-12-11-9-7-1 131,352
5 0.033 1-2-3-10-13-14-12-11-9-15-8-6-5-4-7-1 109,776
6 0.03 1-2-8-15-9-6-5-4-7-3-13-12-11-14-10-1 152,372
7 0.051 1-2-7-5-4-9-15-8-3-10-12-11-14-13-6-1 133,289
8 0.035 1-2-7-4-5-6-3-10-13-14-12-11-9-15-8-1 113,401
9 0.042 1-2-3-4-15-8-9-13-10-14-12-11-5-6-7-1 117,089
10 0.044 1-2-7-4-5-6-3-8-15-9-13-10-14-12-11-1 102,280




A15199 A.3 HanN1INAasUeIlenIaii 2 1neas LS-SWAP

T

$upssil | 1aan (Gunil) ANUNITRUNI AUNUII (Um)
1 0.047 1-2-7-4-3-5-6-8-15-9-13-10-11-14-12-1 116,309
2 0.035 1-6-10-14-12-5-4-3-2-8-15-9-11-13-7-1 148,700
3 0.034 1-8-15-9-11-5-4-3-10-14-12-13-6-7-2-1 146,976
4 0.036 1-2-7-4-3-5-6-10-13-14-12-11-9-15-8-1 127,577
5 0.039 1-12-2-7-6-5-4-3-10-13-14-11-9-15-8-1 159,364
6 0.036 1-10-14-12-11-5-6-9-13-7-4-3-8-15-2-1 188,505
7 0.041 1-2-8-15-9-5-7-4-3-10-11-14-12-13-6-1 155,053
8 0.037 1-10-14-12-11-5-4-3-7-2-8-15-9-13-6-1 136,349
9 0.039 1-10-14-12-11-5-4-3-8-15-9-13-6-7-2-1 134,835
10 0.042 1-10-2-7-6-5-4-3-8-15-9-13-11-14-12-1 138,062

M1599 7.4 HaN1INAaeBIlayinsain 2 1neds LS-INSERT

Sunsadi | 1aan (Buni) A19UNISLAUNIS AU (M)
1 0.052 1-7-4-3-6-5-2-8-15-9-13-10-11-14-12-1 115,122
2 0.038 1-7-9-15-8-5-6-4-3-10-11-14-13-12-2-1 162,193
3 0.039 1-8-15-9-6-5-7-2-4-3-10-13-11-14-12-1 152,400
4 0.055 1-8-15-9-11-5-4-3-10-14-12-13-6-7-2-1 146,976
5 0.044 1-11-9-14-12-5-4-3-10-13-6-7-15-8-2-1 217,821
6 0.037 1-2-4-3-6-5-12-14-10-13-11-9-15-8-7-1 136,306
7 0.055 1-8-15-2-6-5-4-3-7-9-13-10-11-14-12-1 149,347
8 0.050 1-4-3-15-9-5-7-10-11-14-12-13-6-8-2-1 214,212
9 0.031 1-12-9-15-8-5-7-2-4-3-10-11-14-13-6-1 198,638
10 0.033 1-7-4-3-6-5-2-8-15-9-13-10-11-14-12-1 115,122




M15199 A.5 Han1INAaesUeIlensaii 3 1neas LS-SWAP

78

$upssil | 1aan (Gunil) ANUNITRUNI AUNUII (Um)
1 0.044 1-2-8-15-9-13-6-5-4-3-10-11-14-12-7-1 153,419
2 0.031 1-13-6-7-15-8-3-5-4-9-11-10-14-12-2-1 174,690
3 0.038 1-10-14-12-11-9-13-6-4-5-7-3-8-15-2-1 141,966
4 0.031 1-2-10-9-11-14-12-5-4-15-8-3-13-6-7-1 201,186
5 0.041 1-2-8-15-7-10-12-5-4-9-11-14-13-6-3-1 191,504
6 0.046 1-11-9-15-8-2-3-5-4-10-14-12-13-6-7-1 162,119
7 0.026 1-12-14-11-9-13-6-5-4-15-7-10-3-8-2-1 222,031
8 0.030 1-3-10-12-7-2-8-15-4-9-11-14-13-6-5-1 171,252
9 0.034 1-7-3-2-8-15-9-5-4-10-11-14-12-13-6-1 163,622
10 0.043 1-8-3-5-12-11-9-15-4-10-14-13-6-7-2-1 210,967

M5 6 nan1InaesueIlgyinsiin 3 1ne3s LS-INSERT

Sunsadi | 1aan (Buni) A19UNISLAUNIS AU (M)
1 0.035 1-7-9-15-8-2-3-5-4-10-11-14-12-13-6-1 157,804
2 0.056 1-10-14-12-13-6-7-5-4-3-11-9-15-8-2-1 142,760
3 0.032 1-10-14-12-11-5-7-2-4-15-8-9-13-6-3-1 165,509
4 0.034 1-8-15-9-10-14-11-5-4-7-3-2-12-13-6-1 188,112
5 0.039 1-11-14-12-2-8-3-5-4-7-15-9-10-13-6-1 167,831
6 0.049 1-2-7-3-10-14-11-5-4-15-8-9-12-13-6-1 164,606
7 0.038 1-10-14-11-12-13-6-5-4-9-15-8-3-2-7-1 133,329
8 0.032 1-10-14-13-6-3-2-7-4-5-12-11-9-15-8-1 169,272
9 0.033 1-13-6-7-15-8-3-5-4-9-11-10-14-12-2-1 174,690
10 0.038 1-8-15-9-13-6-7-3-4-5-12-11-14-10-2-1 176,368
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v
v

Asel | 1 AAUNITAUNI AUNUII
1 0.085 1-6-5-19-18-10-14-13-3-2-4-8-15-9-17-16-12-20-11-7-1 213,069
2 0.071 1-20-12-14-13-10-18-19-3-6-5-2-4-8-15-9-17-16-11-7-1 213,453
3 0.064 1-4-8-9-16-10-17-15-3-19-13-12-18-20-14-11-7-2-6-5-1 275,477
4 0.105 1-5-4-8-6-10-20-19-3-15-9-17-16-14-12-18-13-11-7-2-1 241,484
5 0.053 1-5-19-14-16-10-17-6-3-4-8-15-9-13-12-18-20-11-7-2-1 213,402
6 0.076 1-20-12-14-16-10-18-19-3-4-8-2-6-13-11-7-15-9-17-5-1 255,096
7 0.075 1-5-4-8-6-10-20-2-3-15-9-17-16-13-19-18-12-14-11-7-1 245,537
8 0.086 1-20-19-18-13-10-11-7-3-6-5-2-4-8-15-9-17-16-14-12-1 215,741
9 0.090 1-20-12-18-13-10-19-2-3-4-8-15-9-17-16-14-11-7-6-5-1 200,610
10 0.097 1-11-7-15-17-10-20-2-3-5-4-8-9-16-14-12-18-19-13-6-1 290,495

3197 8 wansnnaesestamnsdid 4 1ne3s LSINSERT

psadi 1281 AAUNITAUNI AUNUII
1 0.083 1-20-16-11-7-10-6-5-3-13-14-12-18-19-9-17-15-4-8-2-1 307,390
2 0.075 1-12-18-20-16-10-14-13-3-4-8-15-9-17-6-5-19-11-7-2-1 221,146
3 0.152 1-12-18-20-19-10-14-13-3-6-5-4-8-15-9-17-16-11-7-2-1 205,330
4 0.107 1-12-19-14-16-10-11-7-3-6-5-4-8-15-17-9-13-18-20-2-1 221,869
5 0.096 1-13-18-12-14-10-20-19-3-6-5-4-8-15-9-17-16-11-7-2-1 196,620
6 0.054 1-19-18-20-16-10-17-6-3-13-12-14-11-7-5-4-8-9-15-2-1 273,181
7 0.114 1-6-12-13-16-10-18-19-3-5-4-8-15-9-17-20-14-11-7-2-1 224,317
8 0.066 1-4-8-15-5-10-19-6-3-13-18-20-12-14-16-17-9-11-7-2-1 284,091
9 0.063 1-4-8-2-20-10-13-5-3-15-9-17-16-14-12-18-19-11-7-6-1 267,630
10 0.068 1-13-14-19-18-10-11-7-3-5-4-8-15-2-6-9-17-16-20-12-1 251,976




A15199 7.9 HaN1 IRl NIt 5 1aeAs LS-SWAP

80

v
v

Asel | 1 AAUNITAUNI AUNUII
1 0.064 1-10-14-12-18-13-16-17-7-15-8-6-9-11-20-19-4-5-3-2-1 248,821
2 0.084 1-10-14-11-12-13-18-19-4-15-8-7-5-3-6-9-17-16-20-2-1 213,929
3 0.056 1-6-9-11-10-13-19-4-5-3-8-15-17-16-14-12-18-20-2-7-1 202,882
4 0.056 1-7-4-6-9-13-14-16-17-15-8-2-10-20-11-12-18-19-5-3-1 226,078
5 0.058 1-20-10-19-18-13-11-5-3-2-8-15-4-7-6-9-17-16-14-12-1 194,682
6 0.055 1-2-7-6-9-13-18-19-4-15-8-5-3-10-14-12-16-11-17-20-1 267,443
7 0.131 1-20-11-14-10-13-18-19-4-15-8-2-7-5-3-6-9-17-16-12-1 211,544
8 0.057 1-7-5-3-19-13-10-16-17-15-8-4-6-9-11-14-12-18-20-2-1 232,823
9 0.056 1-6-9-16-10-13-12-20-7-2-8-4-19-18-14-11-17-15-5-3-1 254,392
10 0.066 1-20-10-14-16-13-18-19-17-15-8-2-4-5-3-7-6-9-11-12-1 201,553

3197 .10 nan1snaaesesyvnsdid 5 1ne3s LS-INSERT

psadi 1281 AAUNITAUNI AUNUII
1 0.072 1-4-5-3-10-13-14-19-17-15-8-2-7-6-9-11-16-20-18-12-1 222,397
2 0.062 1-20-12-18-11-13-19-7-4-15-8-2-5-3-6-9-17-16-14-10-1 208,989
3 0.062 1-11-19-18-12-13-6-9-17-15-8-2-7-4-5-3-10-14-16-20-1 222,507
4 0.061 1-19-18-20-14-13-6-9-17-15-8-2-7-4-5-3-10-16-11-12-1 217,541
5 0.062 1-11-14-19-18-13-7-5-3-2-8-15-4-6-9-17-16-20-10-12-1 218,687
6 0.060 1-5-3-7-20-13-12-16-17-15-8-2-4-6-9-11-14-19-18-10-1 261,733
7 0.102 1-2-5-3-19-13-10-16-17-15-8-7-4-6-9-11-20-18-14-12-1 239,657
8 0.062 1-7-5-3-19-13-14-20-17-15-8-4-11-18-12-2-6-9-16-10-1 311,012
9 0.061 1-10-14-11-18-13-12-20-4-15-8-2-7-6-9-17-16-19-5-3-1 227,105
10 0.070 1-5-3-19-18-13-11-2-4-15-8-7-6-9-17-16-14-12-20-10-1 240,269




A1519% A.11 wan1svnaesuestyminsin 6 1aeds LS-SWAP

81

v
v

Asel | 1 AAUNITAUNI AUNUII
1 0.074 1-7-10-14-13-19-18-11-20-12-16-9-5-8-15-17-6-4-3-2-1 218,850
2 0.088 1-2-7-10-20-12-18-11-16-14-13-19-5-4-3-8-15-9-17-6-1 149,065
3 0.069 1-2-8-15-4-9-17-11-14-19-3-6-5-7-10-16-13-18-20-12-1 191,991
4 0.097 1-19-17-9-16-20-18-11-2-8-15-4-5-6-3-7-10-13-14-12-1 222,844
5 0.096 1-8-15-17-9-13-19-11-20-2-3-6-5-4-7-10-16-14-18-12-1 173,569
6 0.058 1-8-15-9-17-16-14-11-20-2-3-4-5-7-10-12-18-19-13-6-1 189,342
7 0.065 1-8-15-9-17-16-14-11-13-19-6-4-5-3-2-7-10-18-20-12-1 185,691
8 0.056 1-2-7-10-20-12-18-11-14-16-9-17-5-19-13-6-8-15-4-3-1 206,635
9 0.061 1-7-10-16-20-12-18-11-14-19-2-4-5-8-15-17-9-13-6-3-1 211,971
10 0.055 1-8-15-9-16-14-12-11-20-17-6-4-5-3-2-7-10-18-19-13-1 212,979

3197 7,12 nan1snaaeesyvnsdid 6 1ne3s LS-INSERT

psadi 1281 AAUNITAUNI AUNUII
1 0.116 1-7-10-18-13-16-14-11-9-17-6-4-5-3-8-15-2-19-20-12-1 190,878
2 0.079 1-6-8-15-2-4-3-11-12-13-9-17-5-7-10-19-18-14-16-20-1 248,927
3 0.073 1-2-6-8-15-17-9-11-16-14-12-13-5-4-3-7-10-19-18-20-1 182,081
4 0.117 1-6-17-9-16-13-19-11-18-20-2-4-5-3-8-15-7-10-14-12-1 214,377
5 0.089 1-8-15-17-13-19-18-11-9-6-3-2-5-4-7-10-20-16-14-12-1 228,501
6 0.070 1-3-19-18-20-16-13-11-2-8-15-4-5-7-10-12-14-9-17-6-1 225,346
7 0.108 1-8-15-4-7-10-20-11-16-14-18-12-5-6-3-2-19-17-9-13-1 226,895
8 0.063 1-7-10-20-19-18-12-11-16-14-13-6-5-3-8-15-17-9-4-2-1 198,810
9 0.077 1-19-18-14-12-16-9-11-6-7-10-13-5-4-3-8-15-17-20-2-1 267,923
10 0.084 1-13-16-14-19-7-10-11-17-6-2-4-5-3-8-15-9-12-18-20-1 255,431
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