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Combining the Fixed Rate Approach with the Artificial Bee
Colony Algorithm to Solve the Economic Lot Scheduling
Problem under the Basic Period Approach
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Abstract :

The economic lot scheduling problem (ELSP) is known as a NP-hard problem. The
goal of the ELSP is through optimizing the production schedule and production batch size
of all products on a facility to minimize the average total cost. The production schedule
must be reasonable and feasible. In order to make the production schedule more suitable
for real world production, many researchers started to add different kinds of constraints
for solving the ELSP. For example, some production managers must consider the shelf
life constraint for all products during generating a feasible schedule in a food production
system to avoid lost profits, or a machine may produce defective products.

Several scholars pointed out that applying the fixed rate approach for generating a
production schedule of a facility can lower the holding cost of a product in order to reduce
the average total cost of a facility. In this study, we apply the fixed rate approach to
calculate the idle time of each production cycle and change the production rate of a
product in order to solve the ELSP under the basic period approach.

In this study, the key problem is to find out an optimized cyclic multiplier set {ki}
for all products. The multiplier ki means a product i has to be produced for every ki basic
periods. In this research, we apply the Artificial Bee Colony algorithm to search the best
cyclic multiplier set {ki} of all products, so we can find out an optimal solution for the
ELSP with the lowest average total cost. Our experiment results show that our method is
more effective than the traditional basic period approach for solve the ELSP. Our
mathematic model can be a reference for other related studies.

Keyword: economic lot, basic period, fixed rate, Artificial Bee Colony algorithm,

idle time.
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£ d1L g0 Shun(2014)4% 21 :& * TPSO(twin particle swarm optimization) ff# & 5 £
ik EEE PR S S 1 AR 3 R AR 3T - Fuging(2014):c 2 PSO - & 3% )
DDPSO(particle swarm optimization with decline disturbance index) % 4f% % p %% 1
1 B A2 R AT o Milica (2016)3% 98 8 o4 45 3% B 2 K3 & it e
R AT o

2R g
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125 5 2 ¥ d Karaboga*t 2005 #74% 41 » 2R AT AR 8 LT B
53’{ﬁﬁﬁﬁ@?%ﬁﬁiﬁﬁé’&r{?%ﬁﬂiﬁﬁiﬁgﬂy%o
BENHMBTER ALY 2 BRGEL:85 R B FHTE (employed
foragers) fr& 4% 8 iFeh% % (unemployed foragers) - % 8 s 35 2 £ § 8 7| &
PRE R GRS AT LS cBE - E AL 1 BB B

B FHEATE  FRESHFANSTALE LS FopmB o RN
BBl B L n A RiEeEE TR o R

fLaFRcE R EF RGP TR IR R o JF R EATS

BEFEZOWAI LT ARES PR a TR MEST FiEOERAE
AWK T - BT A4 IF R KGRI BINZSFRTTHFZ  +F
(G B )i L @Gl 8 Fenp ik > el ANaHRITI R

ATEN G4 KR TR B2 WG SR RER F iz 0 10k § e BATOE SR
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EER P P N TR F e SRR D SRR e
LKA L S FRTTE H

—

Lo FRBEFRE NI RERADT ZFEIH
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S B IEE o F - B K RNTR - A BRI el 18R

WHFZ SR & R RS R ITha SR o
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RHFL 2 AT E I RB LSRR E 0 A REAIRTIEE S 2 5 sl
K é‘i’i AR T ATy TR At WA o Pel (2009)4% 417 Interactive Artificial Bee
Colony (IABC) » 14 /n xABCen7E H5 A#H > b is B * § 5 514 L R AR
2 eniE H 4] > Guopu & Sam (2010)#% 1 7 Gbest-guided Artificial Bee Colony
algorithm (GABC) » 41 * B # #r35 | erd k2 (75 H3l > k3l F1 e ppia
e iE TR Y "ﬁ’fwjﬁﬂzﬁ. pF o Harikrishna(2009)4% 4! Parallel Artificial Bee
Colony (PABC) » 11 {7 R s £ 1 A 1M H iR B2 > JFot #4418 B ¢z
B o Reza® & 4 (2011)# 21 % B Rt 1 # & ;% (Multi-Objective Artificial
Bee Colony, MOABC) ! ff2 3k 8 ¢ 1 1F/n & #4205 & i i 48 - Quan(2011)
B®A- B L5 3T 1 8 3% 5 2 (Discrete Artificial Bee Colony, DABC) # 4%
SRR 4 A F 4 2R 32 > Onder & M.Faith(2012)#% o)tz ¥ JL A 3F Hp 2

TRETBBEFEERE ZATQR014)E A KR UHEY SR A I BEFE
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2o BEAPHEE R EE o F R ARITNB > IR & Guopu & Sam# ik
1 enGABC » % B 1 & 5 CSGABC(Centroid-Strategy and Gbest-guided Artificial Bee
Colony algorithm) sz 2 384 3 5% & 2 © Jian(2017)41 * s 3,7 & 2 £j2 5 p £
LR AT o

N
hrad
i

b

@@@Eégkﬁﬂ@ﬁc’ VO IR ug_éﬁip B HTEF 2R AEF
e ELSP o5V pF > < JF’—ELL FBiEdpi > 587 12 (2014) 8% - BH I AR AEY
Tl@quﬁ—r/f%g*é

AR E R - 0 Sl RE 2 AP B c BEFEIR I A - BT E B AT

FonHBERESBEYAF PR RIS - B2

ﬁ%’ﬁjw%aﬁ&&ﬂﬁﬁwﬁaiﬁﬁ%ﬁ’af%Jﬁ*ﬁ%%*ﬁﬂ

{2 A %5 ELSP AR ATL « A E B {1 3 82 X R A A
TR FRE Fi2 ELSP WAL & hk BAARDEMVEEMERT 0 1
R Az TR R
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F-8  AFBEX

AEFARBER ST
A& RAF 7 Eren .
R A - R - X
A-2ARYPEFK*BR » AFI T EL A - % o
BEREEFEN > AR ITDFRF iy 2 AEFp - FAFTs; ~ FH =+ 24
P g o
S50 MFAFFIR-PoL A 2P LPELT IR ASHOF RE
6. HHIABFEBAI LRI AN KNALIH > Z2ATERZ PR L]
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fo F#F S kb3 4Er 2 g4

\
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e

CEE S T S P S

Buzacott and Ozkarahan(1983):% & % & &t 5 sy {|* S Benff § pFF 274 4 >
pEREY - FAENE ARSFT O HEA R UGS L AFEFEREFL A AT

MR R o m AR AAFHE L A N EREDPAANE T LT o
KADPEFFS 3R FRPF ARG ERELBIPDREFE > A i - L& Ao
PR AEFRFRAGYDESELER T GFL LY EGE DA S o
CRATLAYREER  PE-ARAR R AGY RG-S § T R
EERFA G AR aETd A oo

B¥ > AAAGYE TR LE ML AR FPESF —iﬁﬁ%ﬁﬂﬁgié’
B e R AP EET  RER I RIS ks ER
ZAPE TG R > A(dih)E B A 5 k' i (Buzacott & Ozkarahan, 1983) -
PR P B R ko & B-L P L L EGE G ZBAS ARG ZE

A A AR gt Rikkiil AN ki3 AR akis 2 HixpFRE
F R 4F 3 2 A(dih) 5 dshs > dohz > diht > @ 45 dihid * ehd Sk s 4 A 0 %



FE TR A FIEN R E RERBALEI AR > A S > F K-
ik A Fdihi < ) KRG RAEDRE R Ry o

231AAEYETEEA S ER
s A 2 3 4 5 6
2 (K=l 0 0 o 0 0
2 5= (ki=3) 0
A5z (k=2) 0 o 0
FiR A & 3 1 2 1
Oi7AFLadh 72 4)

B A2 AR PDENNEERI IR ENE | 2R HEPF S EF L - BE
A2 ADRREY > FURE- A &6 T 0 VT FREDP DL FH 2

Ao H A E TIOE mpE A A

AT B BN e

d;
kih;d;B(1- pnew)

Tcly(pnew = —2 +ﬁ (3-1)
TC, = 2=y @iy) a2
Zi
K__rc: new
kihidiB(1—%> FASIEYYBREY T A A

TCy =17 *is 34
0 ' FASI A YyREHLT LA

I,=B-Y", U,(s-+i£5) ye (1,2, ..,K) (3-5)
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dik;B
B = Zi Yi,y (Si + p_) (3'6)

1 FASIAY Yy BREDRFL A
Yi,y: (3'7)
O %é‘_\.’r‘:”'l £ ’Vy'ﬁ&ﬁp/)s f:"ié_
0 FASI LY yREHPRLFEFLE
[ = i Hp g {7 4 Pl 4
plr‘lﬁw dkBZl . FASIAS ylﬁiﬁifﬂéi PR A A (3-8)
i Ak, ASiF A yBRHPMLIE 2 FEES A
b
ki =2”i,ul~ EN (3'9)

SREDETASIAS YFHOHE EFERF LSS A
ARGB2E-FAFNTHE EER LA B Z, 5573 A b KGPp o
4 A=l KRPJE G T8 foBeend | & 5 ¥k o
ANEI A P AF LA A Ao d AR LT REPT G T
FeH o m F A BT EoE EER AR B ERA 0 REE S o
A AR e SR ER S Ko § - AR K B pEms
AR K BEHP O AR fe g fple o orrr > D5V (3-B) A F B K Bk p 75
E%leﬁaﬁﬁ$$%$#%ﬁﬂgo

(=
L

SRE) R EAE I Y YyREFHAE AL ATCiy FASI Ty BiE
izt 4 A B TCiy=0 o

AR@EEA NPT EEREHARERFEF L Wy E ¥ yEPOFE

DN(3-6) LT E BRHFERER BETE A ENTT AN AR o
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HRERY; =0

AREO)F NP R F SR A ST Y B AR T A S04 A
5

N

FFRREASLZEY ORIRG F Z AT

1LAS IR Ly yBRIHPPr 242 H2 235500
22517 ryBFHP A Z > LG FiE o
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NNB9)mp kichE & AAEDHET o KPR ki 5 MR K
f2 v < RA LA A - A0 d K v% (general integer policy)fr= K v (power of
two policy) o — & F R vt g ki Jp <3 0 ghl e - T d McClain,
Thomas and Mazzola (1992)# ! » Fz_ki & Jf §_2 0=k = & (2%, u; = 0) - F] 5 =
G E RV J:ﬁﬁ/}é‘“:}f'ﬁ R TR s @D G NfEE o AT L EE R ELSP en
pa e #ﬁuéiﬁﬂﬁé@mﬁgﬁ » 4o BP j24c EBP j2 » 327 * = TR %
Yivdp o Bickize 7 1z o

ln

P& A1B¥EFE2 Kz

AR ATl k2B BRERE HST 452 1 (3-9)

o FRY R R R B @ E ke F ipzéﬁﬂ*AJﬁﬁ;E%
P
g REFEET F A RBERGER T ERHEI 2R

A1 3EF S 2 Karaboga(2005) %1t 2! > 8- AR B 7 A ek iE

oo P RBET - g’;y&ég< AL 3 RS P 454 f (waggle dance) % ¢z

B gied wRhd & ppides v o 5 I SRS v PR L B iz o
BBl ch Bk 5 0 Bl A3 8 PRI S Ad o 0 3 - RSO

{ﬂ*%%%ﬂ@4ﬁ@§’%%%ﬂwﬁﬁkﬁ%%%ﬁ%ﬁi?im’&%
AR iE P iE e ¢ SE1TARM > FEHRARIT PPE I SEEARE L F e B AR S o RIp
REFEARA - ¥ FRPFPEFF BT o BT AR R L DpHTE

3

gk R o A ABCY > B T L Slchod b RS 2

\_x

Bsthoonic 5 BT) - BAERIE 1 AT BT £ R E ST § (g
B) AT R T E (G B E) PRI R B R B ST 1
a&%@ﬁﬂiz%ﬁﬂwmlﬁ@ﬁ?aiﬁf#wwaa$%é%ﬁ’ﬁ@

KL S

o

TRk G HHEH RO RE > L5 2k E(global best, gbest) -

>~
[}
R
™
=
du
W
21}
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(Onlookers)fr 1§ 244 (Scouts) : A f(7 5 : BHIF 64 RirkH L B aF ko v
BEAER Ak P s LIRER BB « # SRR -

GhiR - BRITAG- Bl ARE-BfEoa dPpROTET > THER

L
1B °

R AP R AR B R REFSATHE R T 1 T
2 &Rl 5w P .
T FANRBST ARG P E ARG RE) S BT AL

B R > RFEF Y ERBEH I N IPGTAE FH T 0 wsk T {
R e L BF IR R RE) LG g (S 1k g

WHZEF R Aol BRI LB ATHE SR

BB FRe 1k bR g L BN B RS E

E MOk AT B PR 81 e B AR o

xéi = Xmini + rand [0'1](Xmaxi I Xmini) (3'11)

xé{%b%l%ﬁﬁiﬁ&ﬁ@jﬁ&ﬁ’&mﬂéﬁﬁiﬁﬁLﬁ&ﬁjﬂ’
Xpini o FfAZES 1 AR Lo BF AU LR BE)E > @I P 5 nip
B &2 RIS 1 g 7 ) 28k 1 B (global best, gbest) » i #-E §

SRR BopE o LRty € 2 I PFBERLDTEF

-9:
MA-F PR & 18t e B LB HEE o
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wHe A R LR DI B AT ARBE G IR  E B - S0 ¢
TAET - LA BITL B E
vl],'i = rand[—l,l](xii —xibi) ob= rand[1,SN] ob#b (3-12)

J+1 _ _J J
Xpi = Xpi T Vp;
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(3-14)
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FHFE R
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B
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Step 3.4 -1 8% cif Ji i §9 gbest vt #& 0 4o % iF & B - gbest
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S RET LSS E SRR
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Wi

Pei & Jeng(2008)#% ! 7 Interactive Artificial Bee Colony algorithm (IABC) »

BOE A B 0 AR 2 0 BB hte » B304 O R R
F5= o

X

Reza® ¥ & (2012) 4% 41 % P fhein 4 1 #2357 5 /% (Multi-Objective Artificial Bee
Colony, MOABC) " & R e RIEHE Y B zenl (F/n g 48 > T F FRP F a8
SRE T om F R e P A R REERBATE DOV AEFRE . XD
BACELR Y i frii B2 A de g s S 5 MOABCT W 4 K121 4% i 24

B KR TR PR Y BN HOR R Y AR B 2 o

Zhu & Kwong(2010)# & Gbest-guided Artificial Bee Colony algorithm (GABC) >
WP EerS Rk EfETL E o Brra B E R e AR E Ak EfR
SR SCALE L S
vl =x] + rand[-1,1](x), — x], )+ rand[0,C] (y; = x].) obe{1,2,....,.SN}

ob#b,C> 0

Obl

Yi & g-best &% i BERNE > ZIEHE 2o PSO e B R I B S Hw B

GRS e DRILIF A BIRFRAFT BBE SRl AR B ST
/;‘Z’ﬁ Psg s e EF Ramc R Friiy poAg o i 3 ey A R HOE B R R
faiE &> Flut > AR %4 GABC ¥ 1k 5N ki W H A B S
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FI8 X1¥EFEZRFELSP

AR AFYEY > R FEEB A A Rk ik ki 2 s o F

BERFLAG N AT AR Y e ABC R KfEdrE A S e s o 1k
B R S A o 15 iF Soman et al.(2004)#% 11 i 3V (- ) A i E o R P o
Kicnt T o R4crdd R L Z N RIE-BZFBH 2o n - B LAz @

Jod J 14 2
= [Xp1) Xpos Xz -oor Xpp] K

FFR o 1B bANATFHEET LY =8 % F pv

oo MAFT P RFES F 0 ATl e G H AT ARl Rl
Lomallw @Iy E o TH =¥k e (fitness value) ™ 'ffltbz\ﬂ‘ b £
RE 14 - R EATE by B BH mfzt’ TE PP S T ik A
Aoty BH AR - BiE e LERE IR E A HEEI- B ARG P
Bafct B @A TR A A o L RN S et A7 5 h ELSP R 3% -
ity FAFG AEF AP RS RMAT A FRBEL ]

¥
Rl Zm T3ad = & g RERRPWmEZRE > TUFEE 2@1)% L =

Pw = 51 (3-15)

HZ» 50 4mE2a { §remEimifd > A8 7 ¥ %< Zhu & Kwong(2010)
17 Gbest-guided Artificial Bee Colony algorithm (GABC) ® 1 % {rp %34 cff & = 54,
- 1(3-12)5c B & 2 34 (3-16)

vl =rand[-1,1](x}; — x/,,) + rand[0,1] (y; —x],) ob=rand[1,SN] ob=b
(3-16)
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1 4-BLEHS T s %

A 5Hcn A Fl| 37T 38 (2014)f2% | pER *E Y fRiE (%) H AR
» % |Min| Max | Avg #) | Min | Max Avg (#7)
[0.5-0.6)|8.48| 13.8 | 11.33 1.8 994 2495| 1431 2.2
[0.6-0.7)|6.44 | 11.54 | 10.16 10  110.26|14.196| 12.21 1.8

3 [0.7-0.8)[4.53| 12.75 | 8.13 36 |6.59 (11.305| 8.54 1.6
[0.8-0.9)[1.87| 8.10 | 4.77 12 1389|810 | 551 1.2
[0.5-0.6)[1.72| 7.36 | 4.75 3 6.65 [11.02| 8.77 6.8
[0.6-0.7)|0.28| 7.73 | 4.34 42 1493|882 | 7.38 3.7

> [0.7-0.8)[1.12| 5.41 | 3.32 16 |3822|7.76 | 596 5.2
[0.8-0.9)[1.71| 3.62 | 2.39 10 |1.84| 448 | 3.62 1.2
[0.5-0.6)|1.44| 8.30 | 5.05 82 1256|13.23| 6.51 8.3
[0.6-0.7)(0.35| 1.63 | 1.10 58 236543 | 355 8.4

8 [0.7-0.8)(0.44| 2.90 | 1.34 6.2 1234|415 | 3.48 7.1
[0.8-0.9)|0.37| 1.40 | 0.93 26 | 137316 | 206 3.0
[0.5-0.6)[0.92| 5.16 | 3.43 7.4 35 | 6.45 | 4.48 9.2
[0.6-0.7)[0.83| 451 | 2.15 7.8 22 | 545 | 4.16 10.2

10 [0.7-0.8)[0.45| 3.61 | 1.43 8.2 2.1 | 404 | 2.79 8.9
[0.8-0.9)[0.07| 1.32 | 0.84 78 1079 | 254 | 1.49 1.2
[0.5-0.6)|0.18| 3.26 | 2.11 75 1293|598 | 4.26 7.2
[0.6-0.7)[0.04| 453 | 2.35 66 [275|357 | 3.29 7.8

B [0.7-0.8)|0.04| 0.60 | 0.32 65 [164|258 | 1.91 6.4
[0.8-0.9)|0.62| 1.16 | 0.47 6.2 1065|167 | 1.20 3.2
[0.5-0.6)[0.03| 4.18 | 2.26 84 12911389 | 352 7.1
[0.6-0.7)|0.48| 4.36 | 1.69 86 |1.85]| 343 | 265 6.6

15 [0.7-0.8)[0.56 | 3.84 | 1.73 71 1157|219 | 262 7.0
[0.8-0.9)[0.01| 0.51 | 0.21 82 |075|159 | 1.05 9.6
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