2015 4 9 A TR A FFRCE KB FBO Sep. 2015

#32% %5 Journal of Chongqing Normal University (Natural Science) Vol. 32 No. 5
ZEEF5EH DOT: 10, 11721/cqnuj20150526

HAGA BB RS X B LA EE

WAKE, KA
(EPRIBIE A Beg B 22 B . HR 401331)

TEE: WAL SR EGKE S m T o E A x BT R A, T i Do E 5 5 iy & & KA
X EBREKESEN—AIHNEIREAEZHEMX. EREGCEDN RN BREFERELRE., ERERIRAXTT
BE S E TR A A, R R AR T E YT T R A TR U . AT 8 S TR R R, T BLAE b &M R
F- O = e R B I 2 W 7

SR HE T B AR s B B AT R

mESES 0223 XHERFRAERRD : A X EHE1672-6693(2015)05-0032-06

A B SE BRI TR R] 2 5 T B0 AL B R R 0 T A R) A DG A 3 R I G B R Sy A 280 B2 ) B
BB ARRIUR K 22 2 T LA AE 0 T ok R v A RE A L A7 R S 0 AR S B TR ] K 2 2 RN K &
J2 AL A I T R v R TR T AR R b, A R R A T AR SRR 0 T R] 23 8k . Biskup!®
Hl Janiak"™ 435 RG24 M T A 2 ) RIS AR RN 9 HE R () B Y — N SR 2Rk . TR 22 5 R]AE OC 7 HE )]
2, Gawiejnowicz™! ,

TE S bR Tl A 77 o HL R I T — B[]S o i THARR R O T8 @ TAERCR Wl de f5 B AT 4618 e 4R 12
], HLES AN REXT TAFEAT N T, Lee 1 Leon'™ 1 56K 4E A& 15 23X — & 51 A B HEF 0] 8, O Bt e 7 5L ER
Be bty — o 25 i B bR oR B0 S5 K 58 TR ) LRk 5 TR )R i AR K 58 T ) L B R AE IR AE) . Xue'™ 48 AN H &
LA B S B a0 T ) 55 57 AR DG i A e ) A2 B 3 i EAE IR K 7 AR A A EAE 2 R/ Al R 2 T ) R
Zhao™ 5 N7 1B A AEAE T 8 B/ S 58 T RSP AT HLHET B8, Yang 5 AW WFSE T A 00 B AL R
A58 T )R [a] B8, X R NSRS T AR AL S R TR A 2 45 305 Bh (% S HLHE e In) 8, TR A SE B i T
] 5 T 6 A6 B % T B in T TR A G L 2 B M /N A Jie K 5 T T [ 8, Kabirt'! 45 A 617 T8I %5 1& (1) 4% Fi 1F
o a0 HAT 2 2 300 R AR L T A% SEBR I T 6 1] 55 067 B A 5 . 5 FF 46 i T (B A 5%, 448 X Ja) K B 55 07 8 56
LA Z IR B e — T o RS T — AR AT e A B — R R 258

TE 2% JEZH AN G T B o 207 A7 T UK 25 B 00 S 31 . il 2P 4 B 02 e A AR A3 B e+ 1 40 B2 TR 2K
M I Z 22— Kuo S ANV BESEINE 1] pyrt s MPLe—1]| Co » HUE B ALV S W ST . Zhao 55 AW 7
Kuo &8 N B EAE EXS R 1] pr s MPLE— 1] Cox 0T 3E— 20 W 5E K AL R Bk o 5 T4 T, MG, IR T
A HAT — P ) 57 T AR AR, L A48 IXC ] Ry 8 B0 B K 58 TR ] [a) B, BRI 1| pr = pirs s M=k | Cp » FIFH AL
AR B 2R M G IR AT A S RA KA ie . T Kuo SN AR 8 TR H A AR HL4E B X K E S
T — 20 T A A Jm TS [ RN R AR G AR SCES R TR, 55 %0 40 o ) BB A L 555 — A DU 5 40 2 A K 5 T[] A
S8 TSR] 68 A BLHE 1 [0 A A DG 2508 M SRTE R I B Je — AT SR ARSI A IR .

1 16) 73 4 38
WA 0 AT TR T = (T o To e s T FE— B HLEE B A0 T, TELE N it B vp R AT v b7 EL 28 B %0 %5

xR E#:2014-10-24 & E B #:2015-04-13 ) £& H AR R iE] - 2015-06-08  12:29
BRETE : FHRA KRB S (No. 11401065) ; 1 F 1 1 /5 3 4 % Bh 3 H (No. 2013M540698, No. 2014T70854) ; H KT Z H AR B 243t 4
(No. KJ120624) ; B P [ S8 FBF 22 54 (No. este2014jeyj A00003) 5 T PRI i K 2% 1 5 35 H (No. 2011XLZ05)
1EE T 47 R L L WF 5 5 18] B HER 18 - E-mail : xq1803622@163. com; 15 1E & - sk B 2, B 242 . E-mail : zxg7980@163. com
P 2% tH AR 3k - hetp: //www. enki. net/kems/detail/50. 1165. n. 20150608, 1229. 007. html



%5 4 BHAKE S W H LM E A KB X A AL A 33

Rk, T T, MIEE M TR p, . HLEs AT DL T Z2 IR 408 G b 0<<k<<n) 4B B L2 H k) (ko<
n— 1 W n A TAFE e +1 H L, BHEDA AT ALk G5 IREEEIC R M, AH N Y 248 1X TR] K
BEC R ¢ 5 AT TR TR R e N F, . BRI 4B AR LA K 2 8 i 5 0 RS IV ik 4 g 2 )5 1 T
TERCR S —HME ST —DNF0 & H L+1 DM p RGBS B 2=[G, .M, .G, s M,y s+, G, s M, »
Gooy 1, Hoh b — Aok As i, WS r NMEE T T, WEFRIN TSR pr=p, +br b0, >0 REALR, 5
WHBX B K E t,=aF, o a>0 FE & F, 05 A TAFSEER I T a2 R, 2% 58 H s ok U K58 T R Al
S8 TR E) RS 2 4R B AR AR BT £ ST A T AR 0 e AT 91 oo, 45 B K 58 T 1) S 6 58 TR ) e /)N

ARSI R HE P ] = S 80k RoR

L pi=p,+br b, 0. M=k t,=aF, |C s 1| pj=p,+brb;>0,M=rk,t,(=aF.| >,C, .
B —DIFH) ma s k=ho MU TG ko +1 408K GGy soee Gy Gy oo s BEAL T AR B0 518

ko1

n 97129"'971} vﬂk +1E 2 n; *nvgﬁv 1 QE.%:"J 'LLEE/JI'H:lEj‘j] -,1*1’“"/30+1,r:19“'9nnmﬂ Gi ﬂ‘%‘%i_\‘jj
Gi=[JasJassJu 1 I#FJ B IE B I BC R po AR RBRACRCRE R b, 58 TS TE 2 C, 0

Co=pntbn + 1,Co=pu+by « 1+prtby, 2= Z 22T P PR
r=1
" " "
= 2 (pr, T, + 1) ,F, :Clnl = Z (pr, b1, * 1) st;i=aF,=a Z (prtb1, 271,
7':1 7‘:1 V‘:l

C21 :Cl”l +[1+(p21+b21 M 1) - Z (pl,»+b1,» M r) +a Z (p1,+b1, M r)+(p21+b21 * 1) ’
r=1

Co= D) (brtbi = r)yFa D) (prtbi o r)t D) (potbo o r) G=Low )
=1 r=1 r=1

i1 " ™ Jj
=22(pi,,+bi, -7)+a22(p + b, -r)+2(piy+b,-, ey G =1s )

i=1 r=1

kgt m

ko o
Ck<)+1"”/g0+\ - 2 2 (pf" +bi7‘ * 7") +a2 2 (pzr +b1r N 7') ’

i=1 r=1 i=1 r=1

kot m; ko,
Cmax :Ck’(ﬁ»l,ub e - 2 2 (pir +bir‘ * 7') +a2 2 (pir +bir ° r) s <1>
o i=1 r=1 i=1 r=1
ko1 n ko1 n i1 i1 j
2.C= ; Z, E E [Z 2 (P + by » r)+a2 2 (b + by o 1)+ Z, (bs b 1) | =
ZZZ (o 400+ 1) F a2 23 20 (b +by v 1) (2)
i=1 k=1 r=1 i=1 k=1 r=1

Hardy™" 25 1 YO0 DC i Bk 64T 7 Bk .
I3 1 RIFHFEWNNEI] 2 oy, 2 o My, B R/NHESII 7 1E A0 2 B, R AL 22 E‘r;y, B f/ME .

2 /M B X 52 T B iE] 8] &3

A R A AR A B SE BRI T 8] 5 T B A A R R A G AL AR MR X ] S A — 2 T
F8 S TR T R S B BRALHE e TR L 25 1 L s o A W /N A B R 58 T ) ) 2 B9 AT

BIE1 XT 1 pi=p+br:0,>0.M=k.t;=aF,; |C . W WA EE U o, 1 KBNS 5
TAFF 5 R B de

TERR BB o R AR TAF A A e 4% b, R R BN/ HES ) — 5 A7 A8 WA R 48 TAFAT 0,0, , 22 HHk
TAF T ALEARRF I 2 A T AR RS . BT T RN T 20 s TR T AR S oo 5E T



34 FERIFEAFFWMELKF ¥ http://www. cqnuj. cn % 32 %

WA Co 72730 o g T EE S CFL )
Ci=tytpi+br,Ci=t,+p+br+p+b,(r+1),
C,/-:to—ij—Fbjr SCi=tytp;+or+p,+0:(r+1),
A 7 R T AR T S TR P8 o v TR, 58 TRFRIZ 2558 .
Cf*Cj:t‘)—Q—pj—Fbjr—ﬁ—p,-—i—bi (r+1)y—to—p;—br—p,—b;(r+1)=b—0;,
b, <<b, U CI—C,<<0,5 n HRIFFIE. TEEE
Wit 1 W ConEm 1| pi=p,+brb;>0.M=k,t;=aF,|C o TE k=0 B B AR X T 1] p; = p, +

b by =0 M=kt =aF, | Cond WL R Co— D pyamnin{p,} = 1o W &, K ELNHER 12019 T
P Ty B T 9 a
E Cone D) pyamin{p,} oj = Loowron BEBEE TR0 I A7) G 20 8 AHE I ) /1T 584 T/
R I 1 K FE DU 7 5 2T 1 B e
RS 1T RET 1] )= py by oby =0, M— kst —aF, | Con T2 i D) pyamin{p,}»j—1sw,
2

nya=>0 B LA 77 BT 4R
Y- SR AR — A LA o A TR I T S LR AT R RS K TR e +1 A .Gl Gy e
G WLn/ (k1) [<n,<ln/ (b +1) ]+ 1.

FIE2 T 1 p;=p, +tbr.b,>0.M=k,t,=aF,|C ... W ¢ FEE WAEAEFA T 554 T4 50 2
V-1 )

ER & NERACF L HLE LS ke B T ke +1 H 8N GGy oo oGy o IR TR BOR T 2
ZH A SR B DA LT & TN ZRT 1L ALK R GG, 4 BT THANED R non;
W o, —n; =108 7= [71,Gi om0 Gy ams [ sms s 3R FH) o B9 —38 00, B Go= [JasJusoJu 1.6, =
oo omesd s 1088 G Pla — AT T, BB G, ddie)a B IE 0 4 .

Go=aTov T 1 1:G= [T Tpeo T ier ] s
D # GGy AWURJG —4, W T T, AR P 5 o rp SEBR i T 8] S 4 it (R T, TA% T, #2750 o/ vh 92 B
T T ] B 2 A6 IR ) 1T, 53530
T\=pi+bn,+ta(p;Tomn;)s To=p,Tb;(n;+1)+a[p:+b(n,+1)].
HH n,—n,>1,80 n,>n;+1,a>>0,6,>>0,
T,—T,=bi(n;+1)—bn;+al[b(n+1)—bn;1=b;[(n;,+T1)—n:]tab, [(n;+1)—n;]=
(bitab) [(n;+1)—n;1<<0,
2) HG WEJE—H WG 5GP TN EZ2ERT 1WA T, FEF5) 7 v SR n T ] K 245 i 1]
731 T O 95 71 I ol S 9 | R T P 8 S
Ty\=pit+bm;+a(pitbn:) . To=pi+bi (n,1+1).
ZSyS] n Ty >1,0 n,>nk0+] +1,a>>0,b;>>0, N
T,—T,=b, (nkl]ﬂ—‘—l)*b,-n,*a(p,—‘—b,n,-):b,- [(nk[)+1+1)77/1,]7a(pi+{7,‘><oo
i AL T, <<T\. 5 = HEF TG 5
EFE3 XMT 1| pi=p,+br.b;>0,M=k.t;=aF,;|C ..o 8, W F b=k, B T B84 5 00 43 58 ko +1
WGy Gy oGy SR TERRAR T A R 9045 IR b, KRB /NGUF 75 2] AR TAF— D5 — A 3t 3 4
e AT AL E B — D TR HE AR 2R — A28 — D 2R A T HE AR 2R R — DL AR
ko +1 AT AEB L HEAESS ko +1 IR — DL E L b+ 2 A TR HELE S — 4L 0058 AN B AR e 2 4
WERR % m=mod(n,k, +1) . Bl m R n BELL ko +1 BIAE, 53 m70 Fl m=0 WF0IF O0 B3k .
D 2 om0 B, 2 h=[j/ (ko +1) LI FESIET m 44 7 AT HAHA h+1 AT, |

kotl m

i ko "
Cox= 2025 (b +by = r)Fa D325 (b tby = r)=

i=1 r=1 P —



%5 4 BHAKE S W H LM E A KB X A AL A 35

ko1 m; ko1

EEP JV“E EP + Ezb rJraE HZZJ;,.r

RO E r BHIE K a0 ﬁﬁ%&,ﬁ%lﬂ 15024
b1y Zby1 o0 Zhy 11 by by, =00 b1 0 =0 by Sy by = 2D,
I s C o UL/

2) M om=0 B, Bl 0 A TR0 30 ko 41 20 b T A T 4y L 5 BT 45, e BRASAE , HIE 5

B4 XA 1| pr=p,+br b, >0, M=k t,=aF, |C . LU b, th R E/NHES A7 7E B 74575 T AF
T 1< <n HETER A0/ (k+1) I & .

TERR pEE 1 AR N TR R o, B R ENIUEHES A . H s B3 0L B R /M e K 5E TR T
TR T TR IR b, i RBVNBF — A3 — WL HEE A e R T AL E . Y j=he+1D) 0 j BT R4k R4
HEFESE 1,2,k BT A S E A e+ 1 BIHT e— 1 A& a3 3,0 T4k T, WHEZESS r+1 A5 n & B h=
[/ (k+1) 10 Y j=hGe+1D+m A<m<<k, W j Fra Ao ZHAE S 1,2, om—1 4LAT A+ 1 BB F mom—+
Loeeeskok+1 4R A AL FHAEBE 3 00, TAF T, BB HEAESE m AL h+1 08B A+ 1=[/ (k4 1) |, e B4

Tk, kb
THEAW 1| pi=p,+brb;>0,M=k,t,=aF,|C,..HE%,
=17 |
HWE WA TR b, R E/NIF HE .
HER 2 HIWr Coue— Z pr<amin{p;}j=1s,n, BB/, AW k=0, F AW, M7~ —4,

LR 3 ?”Hﬁéﬁﬁéﬁmmﬂﬁlﬂ\éﬁ FH DRI Con (m(k)) k=

HIEA Con(x(k" ) =min{Cp (x(k)) [ 1<k<<n} U £ Eﬂﬁm%éﬁ@‘miﬁﬁu

EIE 5 X TR/ IR R 5E T R] R) R SRR 1 R R A A Oalog n) o

IR AR 1L 7EA TR 1 et a2t Oalog n) o XEREDNTAE BY kL BB 52 2% K o (1) , i H s (6] &2
22K O(nlog n) .

Bl 1 SR H AR 0 S A RS OB S A /b e K58 TR . X T 7 A TR EAE W — & Pl BiEArm
DTS 1 Y N1 D 1 DA PR ez o1 (1

p1=5, p.=8, p3=6, p,=3, ps=5, ps =7, pr=4,
a=0.2, b;=0.3, b,=0.8, by=0.7, b, =0.4, b;=0.9, b;=0.6, b; =0.5,
R ko, MRBIUNEFRIFI T~ ) > > ] =] J1sk=0,G = (JssJ2sT55J5sJ0:TusJ1)s

2 = max 52 Cmax E pjgamln{pj} ’j:17... ’7’ﬁ&%§géﬁ,{§o
— j=1

k=0,G1= (Js:J2T5:T65J7:J0sJ1) s Crax =052
k=1.Gi=(s5:J6:J7::J1):Go=(J2:J6+J1) sCrax (m (1)) =51.2;
k=2,G1=(Js+J5:J1)+sGo=(J2+J7)+sGs=(Js+J1) +Crux (x(2) ) =53. 16
E=3.G,=(Js+J1)+Go=(Js+J1)+Gy=(J5:J1)+Gi=(J5) +Crn (x(3) ) =49. 893
k=4,G=(Js,J1)G:=(J:5J1) Gy = (J3) G = (Js) »G5 = (J1) » Cruax (0 (4) ) =50. 58;
E=5.Gi=(J5+J1)+Go=(J:)Gs=(J3)+Gi=(Js)+Gs=(J 1) +Gs=(J 1) +Crx (x(5) ) = 50. 32

E=6.G,=(Js)Go=(J2)+Gs=(J3)Gi=(J5)+Gs=(J1)+Gs=(J1) sGr=(J 1) +Conn ((6) ) =49. 93,
ERTA E=3 B AL, Coe = 49. 89, el TSN AN (T J D)=~ JO—~> s J D>,

3 WML B 5E TR (8] 8] &

RN BN] pi=p, b, 10,0 M=k .t,=aF,| >,C; i) T Fe FFE M 0 1% 0 U A 15 IR ) Rt A7
SR e UE B AR /N A 58 T ] i 22 30T AT fige 1) Bk A JR O ()(n”» L HR Ry RSB ORI B

25 E A UCE b on A AT Ik 41 4L AR Mosheiov!™ , Jl p(nok+1) = (1 smyeessmpey ) RN B T
RSB 23 B 1] B B R AR UCEON ko T kg <<(n—1) . H1(2)3H



36 FERIFEAFFWMELKF ¥ http://www. cqnuj. cn % 32 %
I PR
S =N b e +a DS by by ) =
i—1 =1 r—1 i1 =1 r—1
k i 1Y
L+ D20 D2 by = 1)+ D5 D2 (py+by + 1)
i=1 (=1 r=1 =1 r=1
é\
A+a)(p,+by, = 1) s [=1,2, ks
ir (3)

k1 "

W DIC=272320,

12 1) 50 R] A A DA AR IR () R AT SR g TR T

SR "

min Z 2 Z 6{[,1‘ ir s

i=1 =1 r=1

A\ putb e re I=R 1,

s. t. 217,'[,:19Z:1a27""k+1v7:1’29”°9ni7
i=1

R

DDz =1, =12, .m0,

=1 r=1

X =0,1, i=1,2,n,l=1,2,k+1,r=1,2,,n;, 4
X 2y U T, BERHEFES L A r E 2y =1, W 2 =0, XTF 45 & 4B WAL b A1 50 BE 1) 12

p(nsk+1)=(nsny,e

s ) s SRERAZAG IR B I ] B 22 O’y , FHF T BCmE p(nk+1) AZ

DA X TR ERBEBRECE B G H B TN 0, nRERN 1,2, ,(n—1),i=1,2,,k+1, FHILUWRA 2 H
T A B S £+ 1 2] T A Bt sk T DAME— 8 2 B & p(nak + 1) DRI LR (n— 1D <<alo

WA LT 2 AT .
EIE 6

Xob A% /NP J 5 TS ) R 24 i ] A s ) 52 M O (n )
"LIEHH Xjﬂ:é{ﬁ\%ﬁg ]3 9"3%@ 1 ‘ P} :p,- +bj7' 9[1j > OaM:k ol; :CLF,-

D, W LI ik IR 1A AR A i ]

ZeBER O(*y ST & ATHLO B n—1 0 AME L i A LA RTAIE 1| pi = p, +byrob; =>0.M= kot;= aF, | >,C,

I 2Pk R O (nho )
4 258

i

AR SCHIF G A 19 S B o T B AT 2 7 0 A 8007 A A6 X T 32 5 T — 2L T A B T ek ] R A G

4 2H 2~y B LHE R )5, AL e VA AT 4R 18 B 09 5 K58 TR ] Clo i 2 Cle — ij < amin{p;} W, ¥ W
ML T AT e . U WM /N 35 52 T ) 06 Je 2 S A667 DR 0] . T ek e R A7 8 300 A 33 AS 0 19 M A Yk 1006
R R R B BRI T HE 5 . A B A TR 80 Sk et 3F B B /N Ak 35 K 52 T 1) ) 5 S 42 33

SIS () a] fige ), R [B] &2 20 O (nlog ) o #ETTAIFST T B/ el 52 T Ak [l A0 [t R JHC 5 A o R4 4 IR ) 3t

PEAT SR A  JFAE W2 22 T 8] AT A B9, JC ] 52 2 P O (')

S %3k

[1] Bachman A, Janiak A. Scheduling jobs with position-de-
pendent processing times[ J]. The Journal of the Operation-
al Research Society,2004.,55:257-264.

[2] Biskup D. A state-of-the-art review on scheduling with
learning effects [ J]. European Journal of Operational Re-
search,2008,188:315-329.

[3] Janiak A,Kovalyov M Y. Scheduling in a contaminated are-

a:a model and polynomial algorithms[ ] ]. European Journal

of Operational Research,2006,173:125-132.

[4] Gawiejnowicz S. Time-Dependent scheduling[ M. Berlin:
Springer,2008.

[5] Lee C Y,Leon V. Machine scheduling with a rate-modifying
activity [ J ]. European Journal of Operational Research,
2001,128:119-128.

[6] Xue P F,Zhang Y L, Yu X Y. Single-machine scheduling

with piece-rate maintenance and interval constrained posi-



Vol. 32 No. 5

Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn 37

tion-dependent processing times[J]. Applied Mathematics
and Computation,2014,226:415-422.

[7] Zhao C L, Tang H Y,Cheng C D. Two-parallel machines

scheduling with rate-modifying activities to minimize total
completion time [ J]. European Journal of Operation Re-

search,2009,198:354-357.

[8] Yang S J.Yang D L. Minimize the total completion time in

single-machine scheduling aging/deteriorating effects and

deteriorating maintenance activities [ ] ]. Computer and

[11]

[12]

ying activities[ ] ]. Omega,2014,42:166-173.

Kuo W H, Yang D L. Minimizing the makespan in a sin-
gle-machine scheduling problem with the cyclic process of
an aging effect[ J]. Journal of the Operational Research
Society,2008,59:416-420.

Zhao C L., Tang H Y. Single machine scheduling with gen-
eral job-dependent aging effect and maintenance activities
to minimizemakespan[ J]. Applied Mathematical Model-
ling,2010,34:837-841.

Mathematics with Applications,2010,60:2161-2169.

Lo XUk, A% 7. aB AL 55 40 T BAT 4483 2 i B L HE ) 17)
ALY ] BRI R 2224 - B AR5, 2011, 28(4) 1 6-10.
Liu C L,Zhao C L. The problem of single-machine schedu-

[13] Graham R L.Lawler E L, Lenstra ] K,et al. Optimization
and approximation in deterministic sequencing and sched-
uling:a survey[ J]. Annals of Discrete Mathematics,1979,
5:287-326.

ling with rate-modifying activities under deterioration[]]. [14] Hardy G H, Littlewood J E, Polya G. Inequalities[ M ].

Journal of Chongqing Normal University: Natural Science,

2011,28(4) :6-10.
[10] Kabir R, Strusevich V' A. Combining time and position de-

London:Cambridge University Press,1934.
[15] Mosheiov G. Parallel machine scheduling with a learning
effect[J]. European Journal of Operation Research Socie-

pendent effects on a single machine subject to rate-modif- ty»2001,52:1165-1169.

Operations Research and Cybernetics

Single Machine Scheduling with a Linear Position

Deterioration and Rate-modifying Maintenance

XIE Qiulian, ZHANG Xingong
(College of Mathematics Sciences, Chongqing Normal University, Chongqing 401331, China)

Abstract: In this paper, we investigate single-machine scheduling problem with a linear positional deterioration effect and mainte-
nance interval. The actual processing time of job is linearly related to its position and the maintenance interval is linearly related to
the total processing time of all jobs scheduled in the former group. After maintenance, machine will restore to its original perfect
state. We focus on minimizing two classical objectives: the makespan and the total completion times. We prove that group balance
principle is satisfied under the makespan. and we can convert the total completion time problem into linear assignment problem. Fi-
nally, we also present two polynomial time algorithms to solve the proposed two problems.

Key words: scheduling; deterioration effect; maintenance activity; group balance principle

(THES 3 ¥ RE)





