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Artificial Intelligence

Tabu Search

Overview of Tabu Search

= Used to solve combinatorial (finite solution set)
optimization problems

» A dynamic neighborhood search method

« se of a flexible memory to restrict the next
solution choice to some subset of neighborhood
of current solution

Introduction

= Tabu — socially or culturally proscribed: forbidden to be
used, mentoned, or approached because of social or
cultural ratherthan legal prohibitions.

(hittg; Memcarta mean. comidiclionany,_ 1661698691 Mo, hitml)

= Glover, F. 1886. Fulure Paths for Integer Progransming
and Links to Artficaal Intelligence. Compulers and
Operations Reszearch. Vol. 13, pp. 532-540.

Tabu Search Strategy

= 3 main strategies:

— Forbidding strategy: control what enters the
tabu list

— Freeing strategy: control what exits the tabu
list and when

— Short-term strategy: manage interplay
between the forbidding strategy and freeing
strateqy to select trial solutions

Overview of Tabu Search

- Tabu search is based on introducing
flexible memory structures in conjunction

rciion=and aspiration
/}Ell.ﬁei‘ as a means for exploiting search
/ spaces [1].
| » Meta-heuristic that guides a local heuristic
search procedure to explore the solution

I\V_E ace beyond local optimum by use of a
abu Tist:

Parameters of Tabu Search

Local search procedure
Meighborhood structure
Aspiration conditions
Form of tabu moves
Addition of a tabu move
Maximum size of tabu list
Stopping rule




Basic Ingredients of Tabu Search

= B chial wany B0 el ofl mesmany in labe search is 1o clessity & subaot of Iha
moves in 2 reighbahocd as forbid den (or taho].

« A relgiboreood is consucied bo identily adjateni Solfons heal man bR
reachad from current solulion.

+  The classificabion depends on e hislory of the search, amnd parbculerky on
ihia reacancy or freduency hal carlaim move Or Solulian camponants, calbsd
nn:rfb..uu::-. hiave particpated in ganaralimg pasl solubons.

+ M r;-.ht'.l.lsrrnr.-:-'l:ls forbidden mowes, which ans relarned bo &5 fabur reaves.

+  Tabii msiicliors are subject 4o an impofan aeoepion. Whan a by moss
hias & sofickently sEmctve evaluation whers it wodld resul in 2 soluban
btar than any visked sa Tar, then is labu clhssfcation may be cvarnidden.
A porcdibion ek alows such an cvaride b ccour s called an aspiradiion
crfiarian.

Example

— Minimum spanning tree problem with consiraints.
— Objecive: Comnects &l nodes with minimum costs
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Caonsirains 1: Link A0 can be nciuged anly Fink DE svsa [5 inclodked. finenaly-100]
Cansimaims 2 A2 mosane i the three fnks — AD, OO, and AE — can be Inoivoed.
{Ponaky of T00 F sevecfed two of fre three, 200 F af fee are seeched)

Basic Tabu Search Algorithm

Step 1: Choose an irttial solulon iins. Seti’ = iand k=0.

Step 20 Zet k=k+1 and generale & subsel 'V of soluian n M k) such
bt edtfier arne of (e Tabu cordilions e viclstesd or &t least one of e
agiirainn condions holds.

Step &: Choose a bes) jin 'V and sei = .
Stepd: Wi <Hi*ithen s i° =L
Step 5: Update Tabu and asgiraion conditions.

Step & If a slopping condition is mel then siog. Else go to Step 2.

Exampl

D

Iteration 1 Add | Dekin Coet
Cost=50+200 {constraint penakies) o= — T
2= AC | TOeZ2D0=ZTO
. {E] = 2= AB | EO+1D0=960
s co AD | BO+1D0=180

K o L
,-:;“, 10 {E‘, 58 oo AC | B5+300=365
" 2__ l = DE CE | B5=1D0=185
R N DE AC | BO=100=180
Dalatn 157 40 :}m
o] e | an | 7ee=rs

Misa ool = 15 [Heralion 2]
{ local opkiemurm

Consirains 1- Link AD can be ncuged onlyr Fink DE svsg Is incloded. fipsnalyr 1001
Conmralns & A2 moslane o dhe three fnks —AD, OO, and AE — can be Inoiuged.
(Panaly o T00 I sevecfed Swo of fire chree, 200 F a¥ fee are 2akeched)

Tabu Search Stopping Conditions

Some immedise siogpng conditions could be e following:

ML E+1) = 0U {na feasible solution in the neighborhood of solution i)
2 K= larger than the madamum number of ilerabons alowed.

3. The number of Rerstions since (he sl impraovenent of i° s Bnger
than a speched number.

4. Evedence can be green than an optimum solution has been obitained.

& ire] crib2man can, for examobes, use a foed rumber of ilerasons, a
et amourd of CPU tme, or 8 fived romber of corseoutive
ileralions without an improvemert in the best objective fundian
value. Also siop at any ileration shere thene are no feasible moves
inta e local nesgl oad of the currenl tral solulion

Tabu list: DE Agd | Dwicle (Lot
lteration 2 CoskE=7hH AD DE” Tiakos mosa
AN CE | Bs+iD0=185
AN AC | Bo+iD0=1B0
M“FF_@‘- EE CE 100+0=100
203, an e EE AT O5el=os
I P T EE A BE=0I=35
P i Ll Lk -l
i} LC) LE] Co | DE | Tabumowe
: = ey o CE | o6+i00=185
R
ol * A taby move will b considerad anty i It wooid
Fesutr it & batter Solehon thar tha best trial
Snlpeho Moeynd prasefodesly PAsnraton Cormaia'oe)
Heralion 3 new cost = 25 Escape kocal opbimum

Caonsirains 1: Link A0 can be nciuged anly Fink DE svsa [5 inclodked. finenaly-100)
Cansimaimis 2 A2 mosanz i the three fnks — AD, OO, and AE — can be Inoivoed.
{Ponaky o T00 F sevecfed two of fre three, 200 F af fee are seecfed)




Example

Tabu kst: OE & BE Add Dvd o Cosk
teration 3 Cost=35 Rt} EE" Tabu move
hI=} CE 1D0+=100
' s
[-E; =t RI-} . T'sl GhH=h
s o A =" Eo+ 0= 16D
I.d—- 0 &E 6 _a—._ll Al CE En+=0n
-\.h I-.::.."I = I-\.E.-' I’E‘ I’!':- Eﬂ'HZI=EIII]
_ 25 ehad %, oD E" TOHI=T0
1 = ~a0 | Tabu oo CE 10G+H=105
-
O zii = A by g WY Ba cois Roenad ool M AT eenke
Fesuk i g hoficor Sofntior oban sl BesT el
Zofuaion fournd prasviolsly Corafdong

Farabon 4 mow oisl = PO Chaimide bl shris

Constraints 12 Link AD can be inoivged anfy ¥ Do DE also (5 nciwded. (oanaly:100)
Constraints I7 & mosfone of the ffires fnis — A0 CO, and 4B — can bz Incirded.
(Fenady of 100 [ sxlected dwo off dhe thnee, 200 F all thvze g solecfed)
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Example

Ciptimal Solution
Cost=70

Additional iterations cnly find
. e inferior solutions

Pros and Cons

« Pros:
- Alloras nan-impraving solution (o be accepted in order 1o escape
from & local optimum
= Tlhe use of Tabu kst
- Can be apglied o both discrete and conlinuous solulion spaces

- For ger and mare difficult probilems. (schedulng, guadratic
a=mimrment snd vehicle routing), Bbe search obtsns sohsens
it rivval and often surpess the best solulions préevidusly found
by ather approaches.

= Cons:
- T mary parameters (o be detemmined
— Mumber af iberamors could be very lamge

- Global oplimum may not be found, degends on parameter
sitlings




