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Procedure PTSP
Begin
initialize the probability vector of each automaton
Repesat
//Phase 1
Initid City := Generate a random number between 1 and n (choosing the intia City of
the tour randomly)
CurrentCity := Initid City
disable action ‘ CurrentCity' of all Unactivated LAs
//Phase 2
fori:=1ton
if i <nthen
/Ichoose next node as a sample realization of active LA modified action probability
vector, P’
NextCity := GetNextCity()
//if there’s no edge between the current City and any unselected City, the current
path could not be hamilton cycle
disable action ‘ NextCity' of all Unactivated LAs
ifi =n-1then
Enable action ‘ InitialCity’ of LA NextCity
endif
dse
NextCity := Initid City
/lif ther€ s no edge between current City and intia City, so current path could not
be hamilton cycle
end if
CurrentCity := NextCity
nexti
//Phase 3
compute the current tour expected length
if CurrentTourExpectedLength < BestTourExpectedLength then
/IReward sdlected actions of all LAs along the tour according to L, learning
agorithm
forj:=1ton
/I <i> isthe selected action of automata <j>
pi(t+1) = p;(t)+a[l- p;(t)]
p,t+)=@A-a)p, (1) k=i k=L2..,r
next |
end if
//Phased
enable al the disabled actions of LAS
until (stop condition)
end procedure
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Function GetNextCity (j)
/I j isthe current automata
//modify the action probability vector of <j>(P') as:
. , . 4 “10i i1
prh =gy (pr = LPOWLUE o gy

r .
D[P’ xW(),1°
i=1
Choose an action as a sample redlization of j's modified action
probability vector, P’!

Restore the previous value of P’
End function

G 31 3l blogil slone gleladl 31 K ikl g1y GetNextCity ali b J5io

ooty v 681 b3, -

oarlg s slaaipes 3l Glys (Cool plp o ged den w3l Jltal) Guilate Jlotinl 9,500 saidis 3 slaaised ol sl
ol 5o axdllas 5,90 allis aSCyl 4 azmgi b 0 gune 0000 G a3l Jletia] G oyl 51 SO o au alats ol (gl 0,5 solil 0,550 00
s23l Jlexsl polia (ol n Lealejl ool oad a5 a5 o GLaSG Loyt pled ln gl Jltsl alle uile gg8 51 alli
Lol @l 5 hal oplite 9,500 saidy b allas 5303 V7 (55, 2 (golitn pioyosd i ot 223 5 ol Pp=0.10.2,...,0.9
0039,5 duillia ol 00 (3155 Als (ol J> (el a5 " ol ot 9" 00 ik e (6laol s (ol 4RI o268 90 gl
5 kroalO0 €il76 berlin52 &iI51 sloasges Jolds 5 oot Sl [18] TSPLIB gailsulis 5 5 5550 diges V5 5l aiged O und]
DIMACS ol aiges 005 0gs 05 Lausgd s0ilendls aiges V) ol 52 Vo) GOV o Lol (lo o olows a5 ol o €11101
AMD 1300 _Sil> SgualsS Sy 5l Litalosl plodd (gl ol oo 03 V0B YD gl 5 o 5lie a5 wiload 0 Jg5[19] Challenge
el o0 o3l (Lol abisil> =yllSs Y YA LMHZ

Sl o igiloaln ,55 ol sl oY Lyt a ez b b (gblegil g oS wibl oo (el st Ll ! 4y jlomo aSllab o (slaladl™
3,5 Sy Lol bz
3! path Probability



igh o bl Bolal g 505 50 Wik 3j90 slayed Wil o 45 ol Sjga 8 odlans s Bl s o oSl
Gibe Sy whupssdl S e QB ) all oo lagie sl (0 S L a5 (5505 0ol Sl slaygT e e 5 09,5 ol
s 9 il o 30 o g d a8 02 35 pe 5 Ll s o Slad dugly il 1y alls diged 13 3990 Sl el bt (595
Slaie §f 675 aSlo b plgin | sed goloss o2 35 50 Slatds igd (oo QB 5 0 &Bly lajed (Sl <Spe Al Bk
2,5 dils o 0.l
W e 203l Jletd Lo (et 9 00923 Lo e auo sl Jletiad 4 aidy (559700 (g5l 50 05,950 Lo g oo olomf gl 95 S5
2203l Jlotal aSiile; Wigd oo olaml 52 oS0l b a5 aleyg «gy970 (g3l ipe (Sl ol 0l el Lo o paSdl azeis o
S o gai by PTSP ()linels (sl aiges gl oo ol g [2] aiSis wds a0 Sz otz ol oy Lo
s oS ol i bl 51 S 45 il e o0l LB e aetis Lo gt st
g Jlade 4y azgi b Bolal (n e 5 897 ik e Sl sl b aalie 0 (eolpitay iy sSl d STF USS 0
daf; 5 &5 o gllaS (g3gec jeme g lojed Wil Jluisd (B jeme IS5 Gl 0 Sad sad el plas wajl Jlexs

st olowl g5 gt Jsbo E[PTSPDLA] alal, ol o 45 ams o olis |, 553 oo dswlone E[PTSPDLA ] — E[heurestic ]
E[PTSPDLA |

= G970 Sl wSya 5 BLS Lt s 90 3 Sy o Lawgs a5 gl E[heUrestic] 5 solertey o208 Lawgs
ol o sanlie LB ganSS opulgl ol o ainl 5,50 90 oaidip b allens iged V5 gl ool ooyl reSiles IS5 3 alai , 0l
s a5 3gle caalie Bl oo SVl sten (gl p anlie 30 05,95 9 2 il goleitey vy LT o9 SVL (JSS
gl BB A (reegd Wl o0 RS @l S (g9 (il re ot paSl 5 eoliiay ooyl b analie o Bolal 0y
S5 Cnl dube g8 sam il (o8 (00) Hp L) SogS SVl )0 (597 g3l T g 53lite @peS DSy Lo B b

Al oo e 4 S35 0003l YLea] S polie (gl (5597 (S5l e i yaS Ll 00 Sl (gl g7 4T el

-

—— (& emapt o e

o |

d_...-"- d‘l ..:'I

SO (39 it 9 (83970 (53l i yo by s Lo 30 7T s lgiiiing vty 59KI1 rid 151575 IS

# Center of mass' of the City spatial distribution
¥ PTSPDLA



oot 4385 L5 o Jlatal 50,50 iy b sloalls iged S| Sozed e Sloz Al 4 4zt b (g0 ldidey ot 555! e (28
B sl 9550 alls aiged dige oz Gy o Sl oaliid b (golidny o ysfl Bllae LIS cnl il ally ad Jaseiie i ol )0
Ol o LB 31 5l 055l oy 1 o080 Lo g 4235 plowl gllas (eWh o i Doz Gl o ) oolitl b fgis 0500
ool s Beo il o g gz E[L ] 5 s aiges ange sz
E[L.]=2LB (5

fog aslys 8 5 aoladls eaty g5 o (gllas (ol & jgand o wtl E[L, ] i wi, o805l eonl csay g 515

E[Lﬁ]—E[LA*]SE[LA]—LB (6)
E[L,.] LB
Sllas LI (sl slr ol 5l g 00905 (e (Joimd 9,50, oaitig b Al e Sloz Gl 02> ) Gl |y S5 addl e
2,5 ales ool golgiing i, s

(Lrep) 2,506,990 s0s2g )b allue diged gy gz 51 uilirito Jlatnd 3,500 ouitig b alls aige Dy omly 9> (gl ol
I¥T 5,5 ooliud 5 oadad ) 5l o) g ol aseie ool 03 1

LB=pLie(1-1-P)") (7)
Bl L ] o Sy golpiten 05,8 s gllas GV 0> £ adolas U oy Ceas 0 398 alad, 5l LB Jode ol 3L
el oo o0y a3V IS o Sl 48,5 b5y 0,00 TSPLIB alslis (o 0490 (slaaiges jf (oolass (gl a5 (golgidoy o, oS
100 * (E[L, (PTSPDLA )] — LB)/E[L,(PTSPDLA )] ,lads (g3g9ec ;570 5 5 w03l Jlaxal (881 jgme IS0 onf 3o
ol ol o 4 0l s b gt agosly Jlaml 2alS b o ol oW o o528, YU S8 ol 0 amgy W iS5 oo e oLt
IAD dgom 50 oz (oolaiiy o ysfll 45 Dgiie sanline Jlu (gl 0lly oo 00l 4S5 > algs Sl Gl 0x S35 S
WS o Rl aaosl Jletsd o ) age o>

.-I.'l | ]

[y ‘_E”'DI'
:3 : —u— herlin=’
5 gilv1

T
: Foroat v
y TS ——T

Ty -

. T T T =

e Y A g R
5 Fmin | [lasio-]

TSPLIB asleylis” 51 aigns & (6l yr (s0luion i 5651 (slad auo 0 (¥l oY S



S5 axi-Y

55 b g us)S al) Guilie Jletal 3,50,90 carligd s S gl 00D mje8 T0b Sllogt] Gl (o580 llis 0l o

50 oo b aliie po (olaitng ool cosl Gy @l Bk 0B dlie Bl (ot ofysl g (97 (3l e o508

b sleedsz ot Wi Lo g ouol Jlaxsl aSiiype 0 (ooloiian piepss a5 ol ool Lad i Jfoy0% 5 (50 (LIS 5l 0,65
S (o0 0y il (o sl

&1y

[1] D. J. Bertsimas. Probabilistic Combinatorial Optimization Problems. PhD thesis, MIT, Cambridge, MA, 1988.

[2] D. J. Bertsimas and L. Howell, “Further results on the probabilistic travding salesman problem”, European
Journal of Operational Research, 65:68-95, 1993.

[3] D. J. Bertsimas, P. Jaillet, and A. Odoni, “A priori optimization. Operations Research”, 38:1019-1033, 1990.

[4] P. Jaillet, “Probabilistic Traveling Salesman Problems”, PhD thesis, MIT, Cambridge, MA, 1985.

[5] A.J ez_equd, “Probabilistic Vehicle Routing Problems”, Master'sthesis, MIT, Cambridge, MA, 1985.

[6] F. A. Rossi and I. Gavioli, “Aspects of Heuristic Methods in the Probabilistic Traveling Sdesman Problem”,
pages 214-227. World Scienti_c, Singapore, 1987.

[7] S. Lakshmivarahan, “Learning Algorithms: Theory and Applications’, New Y ork: Springer-verlag, 1981.

[8] M. R. Meybodi and S. Lakshmivarahan, “On a Class of Learning Algorithms which have Symetric Behavior
under Success and Failer”, pp. 145-155. Lecture Notes in Statigtics, Berlin: Springer-V erlag, 1984.

[9] P. Mars, J. R. Chen, and R. Nambir, “Learning Algorithms: Theory and Applications in Signa Processing,
Control, and Communication”, CRC Press Inc., 1996.

[10] K. S. Narendraand K. S. Thathachar, “Learning Automata: An Introduction”, New York: Prentice-Hall, 1989.
[11] M. R. Meybodi & H. Beigy, “ Solving Stochastic Shortest Path Problem Using Distributed Learning Automata”,
Proceedings 6™ Annuad CSI Computer Conference, University of Isfahan’s Computer Engineering Department,
2001.

[12] H. Beigy and M. R. Meybodi “A New Digtributed Learning Automata for Solving Stochastic Shortest Peath
Problem”, Proceedings of the Sixth Internationa Joint Conference on Information Science, Durham, USA, pp. 339-
343, 2002,

[13] M. Alipour and M. R. Meybodi, “Solving Traveling salesman Problem Using Distributed Learning Automata’
,Proceedings of 10th Annua CSI Computer Conference, Computer Engineering Department, Iran
Telecommunication Research Center, Tehran, Iran, pp. 271-280, Feb. 2005.

[14] S. Lakshmivarahan, “Learning Algorithms: Theory and Applications’, New Y ork: Springer-verlag, 1981.

[15] M. R. Meybodi and S. Lakshmivarahan, “On a Class of Learning Algorithms which have Symetric Behavior
under Success and Failer”, pp. 145-155. Lecture Notes in Statistics, Berlin: Springer-V erlag, 1984.

[16] P. Mars, J. R. Chen, and R. Nambir, “Learning Algorithms: Theory and Applications in Signa Processing,
Control, and Communication”, CRC Press Inc., 1996.

[17] K. S. Narendraand K. S. Thathachar, “Learning Automata: An Introduction”, New York: Prentice-Hall, 1989.
[18] http://www.iwr.uniheidelberg.de/groups/comopt/software/TSPLIB

[19] http://www.research.att.com/_dsj/chtsp/download.html

[20] M. Alipour and M. R. Meybodi, “ Solving Dynamic Traveling Salesman Problem Using Responsive
Distributed Learning Automata’, Proceedings of the Second International Conference on Information and
Knowledge Technology (IKT2005), Tehran, Iran, May 24-26, 2005.



