R 2851 85mi1¥1 #8779
AL

Graduate Institute of Industrial Engineering

College of Engineering

National Taiwan University

Master Thesis

ﬁﬁ%ﬂﬂ?ﬁ@ﬁifﬁ%“ﬁﬁé
Bandwidth Restricted Transmission-Simulated

Discrete Optimization Algorithm

*
=%

Ren-Fu LI

g P #4
Advisor: Feng-Cheng Yang, Ph.D.

P 2% R 100# 8 7
August, 2011



B2 RKRB2HELZMEm
DRXEBEELE

WX PR E IR IR EORHE 2 B R AR Tk
X 3 x#8 B : Bandwidth Restricted

Transmission-Simulated Discrete
Optimization Algorithm

ABXaZE/i~F (R98546023) AR L EEALI X IREMA
Rz AL SmBmx c RERBE 100 £ 7 A 29 BATHHRELEF
Fi@iB R ORXEME 0 HFLER

oREZ R 1D Ol .
B E ﬁ%ﬁft/@

(46 F#3%)

wie s W
E 5% %ﬁt%

)
mu 2o Vm X8

%x4e - ik FRIEH) % 3 B




TR E - wf}“@i T RKFRL R G RAM ¢ I RS
e PR R E M o WY 0 A ¥ BZE G DR R o B HHE
FFAam il g 3 REG hic ¥ 3 8123 A PIREEE R 0E 2 2L Hh
2o Bt R Bod R B IRE o2 REBERMKE -HBBRE-F 2L

FFe v R and L Bk T RBHL o

RO AHA A RFERAF AL BRI HELES

I3

L
B {er L en ¥ o Bt groupsi) el &5 R A > 3 F AS ¥ b ehT 4p
Feho ARFEE L - 42 B § (T8 o B #groupsn® ¥ 4 & & ~faip - 574
AL AL e F i iFo 0 Fe A PRy vk AR £ ik
P bR RfIE R AL F e KRB 2 RENT AR
4l R BRAR G- BEET R mEa- £ 5B L LA LT RITE
PR F o HFRBFAEP G NONO~ E4pF » afT g 24840 — A2 -
PR A R P AL B o Bt BB AR AR REE B

S L PO LS e

S

AR FEES AR BE X § 7 d e

i.»ufg.\— R WO AAR S P 3 TARR 2 (S 3Ra BreR o g gl s

Fiow e
& = \;/% %\3 i_' ﬁiﬁﬂm"ﬁ'
PERAR-FE AN



i &

AP RN - BRI FENFEE L TORETLIFTH @ﬁi?]%f“ W
/2 J (Bandwidth Restricted Transmission-Simulated Opation Algorithm,
BRT-S)° BRT-S crjif & #4187 s i 42 # §i i 4z - BRT-S £ 413 532« &
JReri * hF e ] RIEA BRI TR EFEEgEe g AT
I AR T REHEH I R R NI R TR S B i
FEHE NG FRAEEA I FBFERY REBDI R Y LA AT

SIS B E TR X s

T /)Ek‘ b2 ’]‘%’.

Y

TR SHEHFOREARFRFR - & E TR

o 3 iE Tﬁﬁ#ml* LRSS §a5 & ’f?ﬁ)'g? *q%ﬁﬁ*w%‘rm' 1

B TR ik fREE (4 TR o

AL NS BRT-S £ U 4R PR REBEH LR FE AR LR
FIAHFERE BRI gk 74 8 f I 38 (Traveling Salesman Problem,
TSPy # & o # ikt P3¢ % 45 1 3£ (Bin Packing Problem, BPR)= BRT-S
AJRHCSE FE 2 B 4 BRTSDOSAf8 4 5t « £ 12 B 4 ehiffia k542 TSPLIB
fr BPPLIB ¥ i % B 4T » ¥ fof # g ;R 2 kg % o Rz TSP
el ? o BRT-Sat e T efaig ok i 27 R F H B EFfE . 2 AR R
St e TR PR o R BPP#HY s kAR ER
Meih 5 AR 2 & F 5+ 5 & U e 287 3 LIRTEO DA BT TR 0
W1t B A F ok 1f2 TSP{o BPPA fER AT 0 ¥ 4L 7o b el B TR R

S B LAF efE o

BEEZ | Fo N B iR R4 L R AT ﬁ&m‘ﬁﬁ%mﬁp%®%%“
P NPES



Abstract

This research presents an innovative heuristic rdihgo called “Bandwidth
Restricted Transmission-Simulated Optimization Aidgon” (BRT-S) for solving
discrete optimization problems. BRT-S simulatespitaeess of transferring data over
the network. BRT-S restricts the resources thatstilation agents use for searching
solutions, so agents must compete with others tairolbhe resources. The preceding
agent can obtain more resources than the succeadam, so the succeeding agent
needs to avoid the construction steps lacking ebueces. Only the constructed
solutions are subject to objective value evaluatifor saving computing resources.
Concluding the construction steps selected by ss@akeconstructed agents, resources

enhancement and deduction are performed basedwimsajuality.

BRT-S is designed for solving discrete optimizatiproblems. We develop
BRTSDOS solving system for Traveling Salesman Rroband Bin Packing Problem
through programming language. Using the benchm&rkS#LIB and BPPLIB, we
compare results with other heuristic algorithm’sulés to verify the feasibility of
BRT-S. In the example for TSP, BRT-S can obtaintdoesolutions and call less
evolution functions than the others. In the examfole BPP, BRT-S can obtain
optimum number of bins in the benchmarks which h@Wferent capacity attributes

items and effectively balance the load betweerbths.

Keywords: heuristic algorithm, traveling salesmanbtems, bin packing problems,

bandwidth restricted transmission-simulated optatian algorithm
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Bandwidth_Restricted_Transmission-Simulated_Opttian_ Algorithm()
1 Initialize_BRT-S_Optimization_Algorithm()
2  repeat

3 Messengers_Compete For_Bandwidth_To Send_Me3sage(
4 Transmission_Evaluation_For_Optimum_Evolution();
5 if Termination_Condition_Met()
6 exit repeat
7 end if

8 Bandwidth_Deterioration_And_Modulation()
9 Reset_Transmission_Orders()

10 end repeat

4

-~

#indz? 7 1 Initialize_BRT-S_Optimization_AlgorithmAg) 4 i @ﬂi%l.%ﬁé&%
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P REFRL ?—é‘lﬂis?] o {7 4 1 Transmission_Evaluation_For_Optimum_Evolution()
T @ﬁ%]:,\lﬁ fReh & B X RS R AT 5 kR 78 0

Bandwidth_Deterioration_And_Modulationg#t 47 5 e % i & 145 i3 & 745 5%
26



AEH e & Fo 48 B - 17 9 Reset_Transmission_OrdenS@x P 1% 5% {8 ez &

B E AT T - 0L G R

A7 451 BRT-S g & 3t

BRT-S 4~ 4 1t B (L) 2% 1 108 ek 6 Bh( AShs 8UE0)~ (27 4 1 0 45
K BEER O« fo Q)R LBEF & ¥ SRR o v Y R L T
befeif B ) IF L B OEARE T B ¥ o BRI o Bofd o 3K RUF (L iRk 1E 12 chp B

A B E B AL AT

Initialize_ BRT-S_Optimization_Algorithm ()
1 foreach messengerk in M

2 (s, ") = (Rand N) ,Randl N))
3 f, < null
4  end foreach
(2-m) K+ nf -2
2m? - 2m
b, - kO(i,j)0E
S < nult f < null
9 t(iter) - O;t(obj) - O;t(im) <0

6 C. « M [;K=12;-,m
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Messengers_Compete For Bandwidth To Send Message()
1 t(iter) - t(iter) +1

2 M{}

3 B ~h,0(ij)0E

4t _ current_Time(
5 for k<1 tom

6 kK < 0,

7 s-[(s¢)]
8

9

failed — false
for r «2 to N

10 J « Construct_Candidate_S& K)

11 if J={}

12 failed — true

13 exit for

14 else

15 ( ) Select_LinJ ,stochast)c , if U( 0% A
b ) Select_LinK J ,deterministic , otherwise

16 S~ $0()})

17 end if

18 end for

19 if failed =true

20 Af, < 0
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21 (Sf,i") ~(Rand N, Rand N

22 ese
23 M « M U{k}
24 )Gak’$k — 18$<’isk _Ck’)Di :112;“ !n
25 end if
26 end for
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Construct_Candidate_Se, K)

1 J-{}

2 J ={(§, i)} Current_Constraint_Satisfied_Lin(@)
3 if J={}

4 return J

5 endif

6 foreach (i,J) in J

7 if :8.1 2 G
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8 J < Jo{d, i)}

9 end if
10 end foreach
11 return J

{7 244 {7 & Current_Constraint_Satisfied_Link§ )i & & 24335 p % ¢ 4
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Select_Linl{J ={Cin i =120 |3 i ON] ,selection_moc)‘

1 if [J]=
2 return (1)
3 endif
4 p<pB;m,0i=12 ]
5 if selection_mode = deterministic
6 1 -arg max{p)
7 dse

P —P ni=12,- N
8 I z P

0i=1,2;-4J]

9 temp -~ Rand(0,1
10 i< ||
11 for i « 1 to |J]
12 if temp< p
13 i
14 break for
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15 else

16 temp— temp- [
17 end if

18 end for

19 endif

20 return (ji*,jii)

7l REFEEEI P EREARPE NPT E S R N T ok
SR ERA o 7 2 AU R B P E R o e R A A PE G RIRF
F3w @I A TR EPAPERRIFGEF 5 I 15T E - gigd)
Bt A rEgEn > ¥4 Rand(0,L 2 2 - B 43 2 3] - it i &

temp— U(0,1) o 2|#7tempzstom— £z E s R P 3w djp s ¥ o

L AR NI

3R 3 B iR D S R AR D

2SN LTS CL N S

\T‘-
E,;
i
b
\_.
~y
W
3
A
i B
1%
M
K
!

EfE e T A REIRIARSE o

Transmission_Evaluation_For_Optimum_Evolution ()
foreach messengerk in M

1

2 fo < T(S.)

3 £(00) _ ¢(ob) 41
4 if f, =null

5 fo « i
6 Af, <0
7 ese

8 Af, « f. -,
9 fo « f,
10 end if

11 end foreach

12 k < arg DrnI(Df%){Afk}

13 if fznull Of/>f
14 (o) ¢ 4 q
15 dse

31



16 "o f,

17 S - f
18 t™ 0
19 end if
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Termination_Condition_Met()

1t _ Current_Time(t®@"
2 if (t(iter) 2-I-(iter)) D(t(obj) >T (obj) ) (t(lmp >T |m[)) D( t( cpl > -l-( cp)J)
3 return true
4 dse
5 return false
6 endif
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Bandwidth_Deterioration_And_Modulation ()
1 for i 1 to OLE|

2 (i,j) — RandE)

3 b, — max(h,; - ph,.ub)
4 endfor

5 foreach messengerk « 1 to M
6

7

8

if Af, >0
b, — min(h, +ph,Tk),0( )0 H(S)
dseif Af, <0
9 b, — max(h, -pb,ub) O, )0 H(S)
10 end if

11 end foreach
12 b « &, 00, )OH(S)
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Reset_Transmission_Orders()

1 O-[gqqg- q]=[123" 1]
2 for i<1to m-1

3 for K <1 to m-1-i
4 if Afok <Af%

5 temp— Q

6 Ok - 0k+1

7 0., « temg

8 end if

9 end for

10 end for
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BRT-S &% TSP & j & /i 4de 3.3 & 4 » 12 T 3P Ff2 TSP ¢ * e
Current_Constraint_Satisfied_Lin(@) AEARS o (FE Y RAUE P Y hfE

JESAIRSTEN =l A N rER G EX R L J o FEARA mFAoT AT o

Current_Constraint_Satisfied_Link&S,)

1 JcoN

2 foreachcity i in S
3 J - 3-{}

4  endforeach

5 return J
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h «L-L,jOX
foreach bin j in X
J - 3U{(q,. j)}.if >0
end foregch
return J
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| |[EDGE_WEIGHT_TYPE : EUC_2D

m global bestsolution e bestsolution sofar
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---- global best solution —=— best soiution so far

— best so far 1
average 115
- #ofMessengerf |

Bl 4.2 TSPHfEE% 4 5 B 7

best so far

average
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% 4.2 BRT-Sfr fiskipiz £123 = TR E R

%5 B f2 Ffziz
7 3 B AS ACS ASE  MMAS RBAS BWAS  BRT-S
eil51 426 437.3  428.1 4283 427.6 428.1  427.9 427.2
(50630.4)
berlin52 7542 7554.6 7542 7542 7542 7542 7542 7542
(17436.6)
st70 675 702.1 6789  696.4 676.6 686.4  676.2 676.6
(126306)
eil76 538 548.6  542.3  545.9 538 545.5 538 538.6
(67415.4)
rat99 1211 1255.8 12154 1251.8 1211.2 1221.3 1213.8 1212.8
(138684)
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# A3BRT-Stf sk bl - ¥ v BHEF LS EK TP F

R T , FEFR
att48 eil51 pr76 rd100
RELBH/FEEM 48 51 76 100
IR A i g b, 240 255 380 500
FEERAPER @ 5 0.99 0.95 0.9 0.92
PRTIFD 0.1 0.1 0.1 0.1
A AR R 5] 0 0.01 0.01 0.01 0.01
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BRT-Si# & %% eil51-pr76f- rd100= B ¥ KOG F g2 o v Big 2 -
F% att481% % ¥ BRT-S# PS-ACO it 45 FI B A inb & f2- & 412 5 BRT-S
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# 4.4 BRT-Sfre f# & 2 RfERAE 2 of v PRS0 fic=t it R

T , N ,
3 " £ I yoin 3 ; B I 3ged e
(hgpRAL) W RAL TERHEL sapras 0]
- , 5 (%) % =3 3
[ 4 B i 4]
att48 GA 35172.40 4.92 34099 -
(33522) ACO 35066.25 4.61 34123 31051.20
[96000] MMAS 33739.76 0.65 33524 66015.36
PS-ACO 33560.70 0.12 33522 57007.20
BRT-S 33571.70 0.15 33522 53934.70
eil51 GA 442.20 3.86 433 -
(426) ACO 441.45 3.62 436 32226.90
[102000] MMAS 433.15 1.67 430 27389.55
PS-ACO 427.40 0.32 426 59022.30
BRT-S 427.25 0.29 426 53706.55
pr76 GA 114678.13 6.03 112380 -
(108159) ACO 117390.55 8.54 114083 75323.60
[152000] MMAS 113055.50 453 112372 142366.24
PS-ACO 110162.10 1.85 109744 118841.20
BRT-S 109986.20 1.69 108274 116664.60
rd100 GA 8251.76 4.32 8138 -
(7910) ACO 8410.40 6.33 8255 119940.00
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b = F Bk ok R f2 < TSPAME X B 88 chs se %4 11t i Yangf- Chou
(2009}t 41 =12 Superior/Inferior Segment-Discriminated Ant Syst€BDAS)Z f- 7
FEdkdp 2 i idy o T fikdri2 » W E_Ant System (AS) Ant Colony System
(ACS) ~ Max-Min Ant System (MMAS)- rank-based Ant System (AS_rark)
elitism-based Ant System (AS_elite} %k = ehid ik iF it kg~ g @ % Lk
& ffEie r et et PR SR BT P E R 2 e & 4-5 0 BRT-S Sdicik 20 o
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a2 EERFAE
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# 4.6 BRT-Sfr= fdlkipd i i* Hi < 3] TSP# b ¥ RfZEL AL 2 ef e p

e ek Hort

Ptz Tioeeed

Ll oy ok HfERREL PHEL L. o
e £ f2ik , ; ! Tygeeeip P fhadE
(B HE) fRRs K L %) eamcw 4k
a280 SDAS 2856.93 115.661 10.444 7397.3 8015.3
(2586.77) AS 3067.82 40.085 18.597 4446.7 7966.0
ACS 2981.63 58.350 15.264 4950.0 8364.0
MMAS 2915.54 84.239 12710  8337.3 8584.7
AS_rank  3027.98 48254  17.056  5769.3 8008.7
AS_elte  2952.95 54730 14156  7296.7 8427.3
BRT-S 2909.33 56.635 12470  5557.7 8227.0
atts32 SDAS 3223150  559.337 16418 48533 5536.7
(27686.00) AS 33290.03 263.675 20.241 3900.7 5686.0
ACS 32526.90 227.463 17.485 2196.7 5294.0
MMAS 35286.83 785.648 27.454 4456.7 5239.3
AS_rank 32992.10 278.888 19.165 4033.3 5740.0
AS_elite 32611.83 505.634 17.792 4318.7 5284.0
BRT-S 32212.80 334.142 16.351 3466.8 5463.0
d1291 SDAS 61363.03  837.163 n/a 2190.0 2870.0
(n/a) AS 59680.17  603.799 n/a 2266.0 2760.0
ACS 5823276 537.835 n/a 2198.0 2984.0
MMAS  64409.44 568.871 n/a 2706.0 2962.0
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