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1) ﬁﬂﬁmm@ﬁuﬁmamqmaqé'fytywmmnﬁgﬂ (Maximize signal coverage availability)

sumyiaglszsmduini (f) uwmsiavmanunaseuagudygine Jududansimes

1

a

NwInanaseuilszauanunsssuamniulduazdasle aﬁg\md'}ﬁﬁmLmﬁﬁwuﬂH

v o

2 Zghj

VheG Vjed (1)

Maximize f, = |G[

2) ﬁ'}‘lﬁmmwa‘lﬁﬂu@}mmwmiﬁamsﬁa;&amaagﬂ%ﬂ%ﬂﬁu']ﬂﬁq@ (Maximize user satisfaction)
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ol (7) usz (8) ﬁvlfj’f%m'i”uﬂs:Lﬁu@]mmwmaqﬁruutyﬂmﬁ@‘mmm?@maau h G
mMisliudanuunsymuaszauedtons lesdudsaeiule g, sxfiduiun 1 ledthdn

ANuLIaIsyImiganasey h Suldanadhisidunis j (P, in dBm) uazdesloant
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sunsivadhfisfisumily j (fedanuussdanm (P, in dBm) 8UAMNLIIVBIFYDYIM
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unIngaa (Intf, in dBm)) Felaitasniddautafiimualy dfiaciuduls g, sxddniugud
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Wowlefi (9) uaz (10) Muuai BT 7 wezganemay h ansdanugadhiieh
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AR UINATLA U | LLa?ﬂzﬂﬂﬂwﬂqiﬂﬂ@\j?ﬂL"ll'lﬂ\j'ﬂﬂﬁlll'ﬂuﬂj wuaaaILYT bj ‘ﬂdLﬂum?LLﬂﬂuu’li

D

ugaIMsaandunivAaasattisazdaslandu 1 damdenlan (11) fnuadwngarnfeg
nfganaunIndiaasldluusnmilisimsedatie dwsudanly (12) (13) usz (14) Amueh
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3.3 msLuJaoaum‘smﬁmmam{uuunmﬂ'"iﬂnﬂs:aaﬂﬂﬁ’asi‘lusﬂmaoaumsamms‘
sunndiamaniuuunasiaglsssdvasiiymnimmefine awa@mmumiaan-

LLunLﬂsamUﬂamuvl,imavlﬂnﬂuﬂaolmUluiﬂmaaﬂmmﬂwmmﬂmm awamuuammi

(Scalarlzmg function) [14] I@U’L"naummmmimmuﬂsmamvxunmmuLmawamﬂraaﬂ GR

9

Wewlaaadh

Maximize F = wf; + wyf (15)

w, Uaz w, Lﬂuﬁmﬂsmoi{mﬁnf%”mi”uaumﬁ@qﬂs:mﬁ (1) usz () lossulsnasass)
ANUFURUTIUAD W, + w, = 1

lummﬁﬂrymmsmmﬁmm:awﬁqmmuamm{ffu gﬂﬁmm:auﬁq@ﬁm'{umsm
FNgYEA (maximization) ﬁaaaﬁaﬂuuﬁm%ﬁwwmﬂm (Pareto front) S9duWHEAUAEaviminA LY
RLERRE mniﬂ‘n 1 JuMIamans F, Lﬂuaumsnlmmmomﬂunm q Wip W) U899 F, o
ammaumammwuﬂiﬂﬂaummmms F, SURENULEUID LY feasible region Wuda F, Lﬂua@ﬂ

]
~

agfunmunihnislae smLﬂumﬂ’lﬂmqu@mmuaumsamms Es
lumadszanashdumiwisla (Pareto front approximation) susnansarinlglasnis
LLﬁﬂtymmsmmﬁmm:aw‘ﬁq@Lmumwi'ﬂqﬂ‘szmﬁmmﬂﬂ%v'a Tasudazasslfarcniming
A9 %anﬁl"ﬁﬁ']mm{mﬁﬂLwia%iwwmi’nvlﬂdimma@ﬁ@mﬁuuuﬁmﬁﬁwwmﬂ@
fvuald Q Lﬂuﬁlﬁummmaommomwun U8z g Lﬂumuuanm@ummam'ﬁuﬂ i
@m sjmaammamvxunlu Q wnTENBtIRILEUaTIAIEN 0 A4 1 mmam%uﬂmmumma

iwind q (Wyg Wy,) sansadmnldanauniseeludl

19’

Wio = (@-1AQ-1), W, =1-w (16)
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4. WININMIWIATIIRNIEANNFAUUUANBIE190 (Heuristic Optimization Approach)
mu‘i%ﬁ'[ﬁﬁwuﬁ%msmmﬁmm*vawﬁa@‘[ﬂﬂl“ﬁummaLmnﬁnmﬁﬂﬁn fINITUNT
LmﬂmmmﬁaanLmumsammamu"l,smm‘lmawmﬂmwmmmnﬂnammuﬂaaﬁmr_l'l,umma

b

‘Yl 3 LmeamiLmﬁmmmﬂmamm‘mmsmmmﬂ'samzmmm E‘m“ﬂﬁﬂ Iﬂﬂﬂ?‘lﬁuﬂﬂ’mﬁu{l‘ﬂ
tAdANS ﬂ&lﬂﬁﬂﬁﬂ%iu%ﬂ(ﬂﬁ]@t"ﬂ’]ﬂd uaﬂ%']ﬂuﬂdﬂ’lﬂuﬂﬂ"lﬂ’ﬂ&lLLSGﬁfUZ]J"Im LR "Haﬂﬂ’l’lllf;ﬂ
LW&]"I&&&JY]N@lﬁﬂUﬁ)@L‘IﬂﬂGﬂ’JU

Tmoaswmsmmumaaaﬁmsmﬂ’mmm ﬁ&l?’lﬁﬂi(ﬂEll‘ﬁLL%')Y]'NLL]JUﬂﬂE']Eﬁ%ﬂ
ﬂsmaumaaawu@auﬂa muﬂaumsﬂ’mu@mnmu (Initialization phase) LLﬂ‘”}Ju(ﬂE]uﬂ’]Tﬁ']ﬂ’lﬂ

mmwau'ﬂ g (Optimization phase)

4.1 TUADRNIIAIARARUS NG (Initialization Phase)
muﬂaumﬂumsﬂ’mumﬂLLqumammsmu I@]Uﬂ’]ﬂa anﬂ’mmmmaaﬂmﬂimo G]"UEN"I]G]
BRI muﬂauuhmﬂmimaamsaumamLUﬂan (Greedy based search technique) ‘II\‘HI LRaNeN
°lla\‘i(ﬂ’)LLﬂiﬂﬂ”llﬁﬂ’]’Uadﬁ&Jﬂ’]iﬂﬂ’]ﬂ’li (15) umamaﬂ mnmsnﬂatmawiaumaommumﬁmau
(lteratlon) W mmmﬂmﬁmm’mam LﬂSEN %um‘”m@m@mmmemummuﬂﬂ’mumvh 1%LLG]R°‘
SE]II‘WH:ﬂ’i] ‘Y]’)ﬂ’]i‘ﬁ’]ﬂ’]"ﬂE!OG]’JLL‘IJS“UEJOE]@L"IHQG (uuﬂamLm '\‘1'17\ 6161\1 mwmmammﬂm LRETD
mnm) ﬂmm'lmmﬂvlm'mmsmmmaumia’mmi (15) Ag x‘)ﬁﬁ@] muﬂaumsmm@]aumnma

9

ar

mmiﬂaﬁmmﬂummsmom (Pseudo-Code) \1

Algorithm 1 Initialization algorithm
Input:  Objective functions (f1, f2), weight coefficients w; and w,
Number of base stations
Service area characteristics (# floors, size, wall materials)
Wireless user characteristics (user density, distribution, traffic profile)
Output: Initial network configuration specifying values of power level and frequency channel
assigned to each base station

Step I: Initialize parameters
k =1// place the first wireless base station (BS)
Step 2: while (k < N) do // Find parameters location, power level and frequency channel for b,
For all jeB do
Place BS k at location j temporarily
For all peP do
Assign power level p to BS k&
For all ceH do
Assign frequency channel /4 to BS k
Compute the scalarizing function with BS k installed at j using p and ¢
Record the obtained value as F(j,p,c)
Select the maximum Fy(j,p,c)
Assign the optimal parameters (j,p,c) to BS k permanently
k++// place the next BS
Step 3: Return the best solution found and stop
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4.2 il'u@laumsmd’lﬁmmzauﬁaﬂ (Optimization Phase)
Tuaaum I Tinan: auﬂaﬂ‘l’nummqmiﬂumu.uumu (Tabu search techniques) 49
Wuwmamefiaussiieuansausnlas Glover [15] 'ﬂaﬂmswawumaamiﬂumuuumma

o

m3ltlassaiennuin (Memory structures) Liuumamalunisdumenfiman: amaﬂ iafiazh

d

lﬂﬂﬁﬁﬂmﬁ’]ﬂ’](ﬂE]ULquLﬂaU’N&JﬂiwﬁﬂﬁﬂWW T@Ummumuuumua Smssumidiaauianae

9
=

ndaaulnalfisy (Neighborhood) va9faauiligin Tﬂy’luszwmmmumumwaafhaLﬂaau
VIJJzTaﬁmauﬁuziaovl,@ﬁﬁaﬂaaﬁuﬂﬁsaﬂas}ﬁﬁmauﬁﬁﬁaﬂLLuuﬁaaﬁu (Local optima) %ana1niinis
ﬂumuuumummeamnmaommau‘lnammm tndanlyle Lwaﬂaanﬂulwmmummaaﬂu
fl T@ymﬂmammn‘[maaswmmmaammumm@auwmum‘tumsmvxumamn@mﬂma
1%01%’3%8% mﬁmvlﬂweum knowledge-based move operators [16] mLﬂmwuumauaLLaw
IﬂimswﬂmumﬂmU'Lumiﬂumm@au‘lﬂammamwﬂi LENTNIN NANAIFNIUARaNI LT
mammmmmmmwmﬂﬂmmmaamsammnﬂ'lumimmomiﬂumm@awanﬁmu Tasms
mwu@muﬂsmmmma dulunisfias mlﬁmmsnﬂmﬂimmmwm{l%mmsmsamsJ"l,@
TUAUNIMEN TN ﬁm’laﬂitiwﬂuﬂﬂﬂﬂﬂiﬂivauﬂmﬂ’l‘wLﬂiﬂ‘ll’]UY]NS]JLLUUL?]SE]?I"IEJ
aufin NI Ao TN UAR B (Initialization phase) MIFUMILLLMMYAZIIM I IMUA
nanvasmaevlnaidssaifaauEuan uaz maawﬂ‘lﬂmm@]aumm@luﬂamaam@aulnamm
uumvlmmamnﬂlm wismiuiezimsdumluseudelUludnwmedy aummammaua@

ﬂ'ﬁﬂu‘ﬁ’]ﬂ’]@lal}@’]NY]VL@ﬂ’lﬁuGIVL’J mu@aumimm@aumﬂmammmaﬁm gL udIN1I9U

¥
a

(Pseudo-Code) a13%h

Algorithm 2 TS optimization algorithm

Input:  Objective functions (f7, f2), weight coefficients w; and w,
Number of base stations
Service area characteristics (# floors, size, wall materials)
Wireless user characteristics (user density, distribution, traffic profiles)
Initial network configuration

Output: Optimal network configuration (specifying base station parameters: locations,
power levels, frequency channels)

Step 1: Set the current solution (s) = the initial network configuration
i = 1// initialize the iteration number
Step 2: while (i < Max_iter) do // Exploring the neighborhood
2.1: Generate neighborhood of s denoted as N(s) according to the specified
neighborhood structure and the knowledge-based move operators.
2.2: Determine the best solution in N(s) while taking into account the tabu status and the
aspiration criteria. The evaluation function is given by the scalarizing function in
Eq. (15).
2.3: Determine the tabu tenure which is randomly generated from the interval
[Zmins tmax] With uniform distribution. Update tabu status.
2.4: Update s = the best solution in N(s) and update the best-so far solution.
i++// do the next iteration
Step 3: Return the best solution found and stop
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