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E+ILE FrHHEE

Let all things be done decently and in order .
I Corinthians

vE: schedule X BARAEFEAE “HEAZ”, A BTAAE “iH X7, K TH3 <BHE”.

15. 1 £=HEM B

AT K3 0 B Ay S REMEIS AC BT, de/IMUEAETRI i, iJE 3 SR v, DA KA BE
A ANERGE, XL AR AR SHER I ARARARN, RSN SRRl fiTE
HPEAEIN, BPRATIAT USRI i With2e . A HERE ) B AR R A IR B 5 H AR bk
B AT P

FEIX— 5, TA PR AR g HERE 8] AU & P i JRAT AR T8 SRR bR iR 1, JF
WAL G HERE i ARG TR (T HERR 1 AU e sfl DA ke, S LRSI K 75 45T
HIT A AR 7k, SE R ISt U r I TR L) dR)m iR e R R —— e
& L THE—5 CONWIP X ¥ (1 hr A5G .

15.1.1 BRX G

AEFEHERE ) — AN A H AR AT . XA A PR LR R YR Sk AR, B
DAL SR I 2ok 1 LA il R

AR A P IR R A IHE S T (AR I e S =R 0L, — RAIME
TR AT LUK ARG el SR IF, AR T IR 2 R TAF R AR 75K

TE& L P B ANAFAER A, IR AT 2% 0 1T SR AR AR s~ Rl A2 & 3R
FERELE AL, R R R bR XIS RGE TR o LU R 7 A Bl 75 2R 5 SERR (155 /7 1T 5
SRS, RSN A SN L % P TR i & AELLSE . (488]489) IXLLth A7 521
TR ETITJE AR Z R 7Rk, 5% @K A

A UM T RIS ISR, ARG i L,

BRS57KFE (Service level) (EfAjFRVERRSS), — M THHA= RS, ZAERLWRIKRZ
i B2 B L IO BRI BRI o 2R i, e R U B R A5 m N T RIS T i CAE 451K
el .

#MEE (Fill rate) 25 [FT 25 0BRSS /KT, 8 A HH R A3l A2 1 75 3K i L s
st =G 4EIR (without backorder) .

IR (Lateness) 21l HFACHIL Sbnse i H 2 M 22 XN TARSS j Iaciih d

s ¢, MIERBAR L, = ¢, —d, o (EESIEETIE Rk AL %75 T)

A GERE I TARSSERT 1o Rk, P 3R BBt AR e nT R 1 1N T4
G HAESS ML SE 18, X2 = W] BEFR RE M 58 I AR 55 04T — MR 58 L



RN, I FER G W TIEIRX AN R, BAEMAZ AN E 18I 2 o HATT
ZEHRAR/NIRIAEIR A RO K 2 B0 AT 55 4N BB 128391 56 1o

HEIE (Tardiness) & S MH TAT A5 HEIN B J5 N (B3R R RIIN T AT 55 (S %
PIE, - 393 E 2 % ) SIS — T R LR

R R 7L HAR, T T RBAHRE A . OO A — A B My
fBIE”s MR T, BRI AR A HERE SOk R, T ARAE M S AT RV, Rl
WAEIR T 727 AL TAL S P AR 5]

JR 55 KA RAh g 32 A 55 T b B o X7 et T A LUB ER, LU E AISER
J7 ZE I E AN EL o 4% 58 BN AT 55 (0 B IR A 5 ok, M SRALL T “ V8 5 i1 R4
A AT % BN AT 5 A8 5 S R H IS bR e 227 WA S i o AT, 957K
RN AT WK R L — BATINTARSS %5, RE BB T % 0 BRSO I e ds AR
REMITiEH S FEOCE HRE, FBKZA L5 BT 5 AN AL 55 8 0 8 i . 3
fIT4E 15.3.2 5 P — P IR AR R, R G I 2 i

15.1.2 RAUAAR

FE TV, BRAS 2 T S5 il e (AT R FH 26 o 58 v 1100 08 7 2% R 3 R T v TR 3 % [l
W, HRTHE SR AN T T s BN, BIEA T 77 D AARIE, LA
FHZRIE I PR AT, AERNE . A= HH S IEAEAER,  m 0R S AT 3

T JE AR (] BT ARG AP 2 BRI IS O T, 1) s s ARk s iR . 4R
I, (M2 = B R 1000 KR FH 22 ANl Be i) 728k DL 2 KRE B 8O0 A 22
(1) WIP FlJEmE ], B FILA AR M (Ko Pk stk sy, I 20 e qik DAFE R
1. HAh, WE-tEth G 2SI (practical worst case) #7x ), #7847 4 L A4 1)
HHE LG, JoIHAEA IR i . (489]490) I A5 foe U N Bl = 2 v BT AT W5 U5 1A A1
HET 100%.

RSP —AME e PR (makespan), & S 5 R & B0 i i TAT45
T BN I] o S0 T IR AU TAT S, A= s ARl I AT S 5 B LA 7= 0, 1 et e A
HERR U= R A I P N ANz, AR W HERR 3R 5T

A ZIKF SRR T ATERIZ R e s a8l B+ =%, T2 likf
G2 BAVE, ASREIE L R HR FH FOR P A ra iR o b, P22k AR B /KA 2 2 ko
Can, PEREFIHRIRE R R MR, XL R AR i % . BRIt TR H
(), FATRT DUECB A H 2 H AR AR S KPR 2 4 s 1Ko AR K ZHUE 0T, MBI ie) H br
I B AR iy o — PP AME DAL, 1w B AR SR 58 A0 1) 75 5K 5 BEAR LT i Y
YRR . XRRGAAAEIEFIRARAHZ, I EANEGHRE . 0 8RR
A TESRAH 1 =y PIRIUR FH 26 1) R 4

15. 1.3 HUE WIP F0 /& #A Rt (8]
WPATAEER e H AT 1e, ORI RE I ST (a7 — 2831, Q48 -

1 BAFHert R Z P o USRI P (I o) SR, D P S i S > e e

2. RAFFRM. BT RIE BRI TR R, e S AE AR RN AT 5541 R A A5
SRR/ o AR 10 A ST TR0 AT TR R PO B A et 1 IR SRR IR 2

3. Wa/mE. KIS AR B RGBS, R SRR BB 7~ 2 5 ki
R Z A EIR o HYFIXAN A, e 18 o IS 18] SRR 4 10 5



4. B HARFTOR . ARSI [R] L R AR N TR, IS A A (R R AR 2 X
ORI, TAZXTE I iR 2 B SR A sl Z s ik, S i T 1 A
FER] RERITEOU T A SUI IS TR] LT B A SR T 300

5. ks EAFGG TN, A YIS [ 2 S iU, TN AL ) B e . R,
A ] ST ] AN B A P il )9 IS 0 SO0 PR AP F) s e, ) ST i) P A7 e 4 T30 e B2
o TXHE T LA S 2 i BEAR TR R 2

HRpEd (CT =WIPITH ) fath, o= B ORRHEC SO0, H sk I ) 55280 T
Hil WIP. 4R1M1, AZaPEgme iR, AU Z R WIP K280 R, Frb
AR PE IR 2 WIP 3 [a] P09l el ) — A T LA

WIP & 39 B[] A F1 sk SR s 1 7. 3% 3R T e S8 300, AHEAIE RS LA BT X .
(490[491) WIP % T, PRI LA TATZ5vH 4G i FA) 33 B 1) DU) 75 2565 m 1A T 45 13 o
RGHATI o AEBERCAENE AR, ST o) 5 e A o o, 2% R — 44, A (4G
TR KACFEFNEN R S LA T 5, b2 4l it A Beiidgk (when the classis starts down the
assembly line) ? XFFIXLENHTE, AL R If 7k i ik HURE 2 AR A5 1) B 3 () (1 TR 2 1
MFEFT %S R A0 WIP (LLSETGT) FFRRLAPSH (BAZEITIR).

15.2 HIERTARNIR

VR — IS, HERE I [ R AR B — Al o HERRAT O — TR o 3, SRt
THAE LR R R A PHAE By o ERTHERR ) B A0 )™ i 20 A B2 — L TN AT L B
A TG AT, FATRIEOR A HRE B R I AR

15.2.1 MRP. MRPII 5 ERP
W = F P TR, MRP BUFEAEHRE LN . 2R, MRP b F- a5
MRET ARt LRREA LT LR, slbuR:

1. MRP EUE S TR mYE, S 4 mPRAT K. WA K, MRP BGE ™
AEAETCRR I o

2. MRP {8 I —/MERTIINE T W (offsetting) . v& Jo HIIN AT 55 i LUk 8 1) A7 A
KL ARt AR K R SR s 2 S L. A S ECE R MR, RIS, LA
11177 25 PR BE A [ S ST IS )

WPAHEH I HIE, XL R U A —SEHERERT 73 A2 56 i) MRP (7 1 5i it
MRPII, PAKEATH) ERP. HARM AT R T MRP 1% w58 288 IT. SR, K&
WP JUE THa e 22 Ul (e Rk, WBATLA R K ig .

15. 2.2 £ HHE

BATRRAAT () — 2L i) A 22 S HERE (), [ROR e T A0 25 2 SR P (AR eI H Ao X
S ) R K 22 B0 2 8 e B T AR Ak, BRI T e AT IAE SERR IS TE i B N . 8R1T,
B T MSZH I A FE R B AL, eI S T] DA A28 25 11 LA

KEHAEMHFE WG S — & WEITREE = ahlas. JLAIL R 1w R -



FERZ 46, FrA N TARS A (R, AR T2 G BIA I TAES),
TN I T2 5 1 o

IR RS HERRIE O (R, JEHe et a)) .

BILAS KA H B o

Jodise (BRI, I TATS— BIFaR RN, mias i se i .
ITARSS AN TN . (491]492)

o 0w

XSO A HE LG DL T n] DURFHERE ] 7408 o] B B ) e JR R 2 — 76T, B FRAT
B ) BRI S AL IR L, B HE . — ok, HERE (schedule) #5H#%5ANn TAT45%
FESAN R AL (T T ab s a], HERF (sequence) {45 H N TAT S5 ANV . A8 R
T WENEFF AR I TAR S5 w AR LI, A SRR T TR R IR, R e
TR BEAEAN A TR AL 3 M HE s TSR ) B, R B R R S I N D R G R (a
full-blown schedule is necessary to impart the needed instructions to the system). Jlf 22 - & 11
e 2, JOAE R, X RIFA AR

PRI 2822 SURREE H IR 19 5 N AT 1 — 2835 Az (best-known) [RIAJFS )@ F o

sAME BN E AR E] . p oG, FEREDS T AL, SE T N TAT S 1) & B i)
NG e SR——"E Wt e 5 A I AT 55 0 T[] 2 R o T DAFG 2 55— AN btk . — Pl e 134 4
HAH ] AP HERE SR R R O AR R 1) (Flow time)), & AT LA N T ISk a) (3, K e i
(A TBCAE S B e K AR B i, IR A e /M . X AR N B 3@ 0 TR I8 (shortest process
time, SPT) HEFHEN o 3X NG5S0 EZE 752, 0 )R 0 0 T AT 25 R s b b i 2 i,
ERT e 1k > 4 1

BAMEUBENRKRIEIR . 57—/l R bRME AT TN TAT 55 (W B K ZEIR , &) DA AT 1
(RIS H o - (1) T S i e R PRI A B i AN TR A B /M o X R A B R3S B Cearrliest
due date, EDD) Hi/F#EN]. XM A G ES Cintuition) &, W T a6 HER 58 T
N TAT45, EDD HEF Rl s — .

RMLBHIERARHEIE. PRGBS AR P . GEERE ST BEE,
DA RSP 34046 428 RIS B BR DA TAT S5 50 ) A2, 8 —Fh— e il LUEH /M 1)
Jiik. EDD PRI R R A7, AARRLRIESUR, IEUATE RN —iE 2 )
BORIGIFE . [RIAEH, BT S MU EEIR J5 22 (R HE P HE N o BATPHE LS A AT X A 1) 151 A K%
VF 22 JLAh AR i A LA A 1R o

MUV P8R 9287 i R e LA R, 56 BT 0 T AT 45 R S e i), 0 BT A= 7 44,
ANFARIEM T o JREET, FELeH Pl Re Sl AL SRS — G oM TAL4
KA WA Cidle time). Johnson (1954) & Hfe/Mb IRl ) A= 7= I (1 B0 S0, R
WOR: BN TATS 20 Ay B 4L, 7028 — G HLA A rn T a) /T B85 128 — 6 Abin T
ESHENA A, R TN B: 41 A RN TARSS 64T, P& i0 TN a] B B 48
JaAE 2 B N AT S, U A2 0 i ) e B s 45 SR a2 s ML AE 7= IR 41

Johnson ByATS G HIIEHLE, MTE—AMINTATSESE —SHEEZ i —ahla s
W, AN TATSAE . (492]493) 2K, W28 & HlLan Th)a— M T
R — G SN, BT AN TALSAEARAL . R, IXANEIVERE R/ NN TAT4
AT 0 9 S B ) A A R

MU ITZEEEFR. S/ME n AN TATRS LRl it m G LA IR G2
FEHHE BT A R I8 B 2% S0k 4 IO e . SLIRIME 2 AbAE T, 25 R T RE RS
HHEERM . RIS B 10 i1 TAT4 10 HLasm @, nlaefHERE SR T 4 X



10765 Fi CLEHbER B IR FiE 2 ). IERA B TX— 4, 10X 10 [ EH 3] 1988 44 th— & B
WL L FAS /NS BT H AT B LA
TXT ) J ) — PR HERRVEFR A SR E SR (branch and bound).

15.2.3 ik

BRI CUNFRAPREEE B FOSEBR Kl HERR A AR o R P 0 U AT 45 2 HE R o
AL G ITERA E A1 RIA LA I FAT R S ) 4k (dispatch) —— R4 e AL 4326
Pridk o BRI/ IRMEN] (R R P R A1) 2EstsE (first-in, first-out, FIFO).
FIFO ¥ JUI ] 5 42 FEUn AT 55 BA ML BIWUPHAT VRN . SRTT, 5 LA HL B s X 4 HE A
BRI T4 RAE: . RO B A BT 2 1) SPT 5 EDD #EN|. sk b, widkA1ss
SEA ERP ZE RN G0 i, IR SEHE AR LR S B i i B W50 AL e e T
B AR IREEN (L Blackstone %% 1982 {4\

SR, JITAT (23 URME A AS 5T _E & 2424089 o eI SCRIFR Y, e NS R SRRl 24
HIIE Ol WA ILAE I TAT A W B L S e T FEARMLAS DL S AR B AR 55, T BAFR
MITEIRHRIRAE N MG 245247 RAF: IFH, G858 b, BATWAGE. (HH TR RGN
THENRA B, $RIRAE =M b 4k 8 R 455G 2 A

15. 2. 4 HEFE A 4T E ¥

BATCAEIRIE B AHERE SR R . BEr—h, FONITEE 2 E 44 (conputational
complexity analysis) 25 T VPl &A1 2 Z 24 H1E U775 (4931494) JETHEEC A AR
FEWFTEE 2 Ak, FRATTIE R L5 e PR R IE VPN R AT 24T e R i) e vk 3 SR AR o
TEIX LI, FRAT I 18 T R R AR A B IRAR =T A7 H%

EREZER] (Problem Classes). WKL AFE, HF ] 73 Wik

1. P3ERE (Class P problems) & aJ i ik 145 s R [ il A ASE 52 22 T o K () Ry
Sl (1 i A

2. NP ¥B]& (NP-hard problems) F5¥A7 LN 2 T EVE I I R, A0SR gk s [ o i)
R R PR EON K (R, 2 IR 2 ). W ANBRZAE NP X in] 1R SR A AT R 1Y
)2 B, (VP2 A AR RO RIMCT o 4T, A LA IR 2R AN R A X
B ] R B SR ) (2D Hk

MERS HbPE, P IR S, NP MERER A M. thah, 728 NP i 8 bt LA 1) 58 s
Yo, X H b, SR B LA I A R AR . AR NP HE ), RS
ZAFRE IS, 5 A SR I LA A LUK -

HT B (polynomial) 5388 (exponential) [H AR ARIEAT EHM T HE, 1LFATH
S N AT 25 (0 B WLHE 7 ) 8o F =N TAT S5 HEP A 2 DRl ikWe 2 o 7 v] LUt = AN
ATAT AN, BB AL A M s RAL T T —A . ALk, JRA0E H 8Pk 363 (permutation)
& 3X2X X1=6, GE3!, ME “3 Mg’ WIRZLAERA HARRECR KA [
BAHT, BATEAEAEE (s D) SSPED. BT 2 RE0E K, &
ATTRA 200G 7 P B T A AR HOG G, DR 3 R e D A T 95 (1 B [ 1 i TR ASE 52 i

AR TR ST SR HOR B S 2 L THAEAT 2 1A i 2. 4, 10,000n°10
SEAMRKIZ A, 177 e /10,000 FE KRN F58 b, X THRUNMY i, 23R ER
THaER g, A7E n = 60 I FHE AL TR BR BT 0 L, 1I7E n = 80 I 4RER KL 2 1



KAETTifE.

[ 3 =0 TAESS I AR S, FRA R =R 3 JFAR K. Rill, BEXA LI Z
P 3! =6, 4! =24, 5! =120, 6! =720, 5. BHEEH)TOIN TAESBHAZ KR, mIhE
FER R H AR AR I A% . 10! = 3,628,800, 13! =6,227,020,800, LAK

25! =15,511,210,043,330,985,984,000,000

KT AT R L KA MS, BOTKEes GEED B, SEABEERIEREE
HIACFETC. BAR L, RBEEHE TS, RN RELE . T H TSt
JUTAT LA R0 0 2 — ANl s g N . 5 2 AH LR, 250 RS 2Rl mT DAZ o5 AN fl M ——
HIEEEE 6,000 32 BAERE R EHRRT o (BVF 2B 5 RIS kK RmB R
IR O

UAE L BAT PRI SR HORN 10 [ B R oK o BB BRATIAT S LA 1,000,000 A5 38 FE A6
PUFAI “A8” VHENL, FFA B — N B T AN I — 2 B IHE R R e 45 Db 2R PR A
ANATREMT AR TR, T T2 Gex 2 DA I TAT S ATHE R 2 38 15.1 45 Rk
H BN TATS SR, IRFR 10 AN TAT45 A2 e A6 23 Bl A i 18] 3 B4 7 HE P 19 B
PN

% 15.1 Ao TAFS-HESF 2121 B BT E 643t AT i)

%% H TS A
5 0.12=F
6 0.72%F
7 5.04=F
8 40.32=F
9 0.36F)
10 3.63F»
11 39.92F
12 7.984 84
13 173/
14 24,22/
15 15.14°K
20 77,1474

SUBBERATRIE T — G LAy “48” dHEHLR 1,000 F5HTHEHL (B, AL 112
ANIEE) o BUAE— TP N B 2 BEXS 2 DI AT S5 3EAT HEFe 2 AR 15.2 W] LA 31 [ KA 1 5 K
EALETHE] 13 4> (R KIS (A4 N2 1.5 738, w2 14 ). THEHLEZHRTT 1,000 %,
ACHERAEE HE I 1] Y SRAGE 8 T e KRR T 18% . BEA SR T 2 AR T A LI
JE, WANRE R B AT TR AR AR 22 T ] 2 A i

T HEE, DUAE S SR FRBOE A R o S ATIRERR 22 T AL, i PR SR A I ) A B
TIAE i) SRS 2 R B (i, 2, 3 4555, b n 2 UL D) .

YE =1, %51 15.2.3 T AN AL S5 FRIR e, JFEBORAISPTHEN . & 2R3k
AT T30 AR 45 I AT 55 1A 0 T B T FCREAT 43 Csort) e ot — 41 78 B2 THR I 1

VSR b, BRATTREAS SR IR CREEBA S, AT AN AEAREAN I T AT 45 2K S5 R 4. IR PR 4 L 3RAT
FEIZ HLIS 1 ) 1] AU ] PP



PSRRI TSR] R, APBRIEH D Hnlognilil e, Jehn @ BRI TR 2 H - (495]496)
XA REBR DT 2. B, DIRAHZIA B,

B HH T H (1, AR SEHL AL 100 AN AR Ta) (R, 3.6 #0) kxt 10
N TAE S BEATHRLE . 3R 15.3 o TN TARS5 R 10 AN HFRE I ). 1R FI7E 85 M
TARSSAAE T — 2380 G EGT-HERF i) 114N

% 15.2 A TAESHFAE 1,000 42538 643+ B AL L P& 644+ Foat1a)

%% H TS A
5 0.121 >
6 0.721H >
7 5.041H F»
8 40.32%Fb
9 362.887fb
10 3.63f
11 39.922F)
12 479.00%F}
13 6.23F»
14 87.18F)
15 21,7943 %
20 77,1474F

%% 15.3 A0 TAE S ARk AR+ F AL P e it LA 1)

E&%H RG]
10 3.6
11 4.1F0
12 4.7
20 9.4Fp
30 16.1F>
80 55.2F)
85 59.5F)
90 63.81)
100 72.6f0
200 167.0f>

35 1,000 fEdi vk AL, AT RSB A T 3R 15.4 s TSR], JfR T
DA THEEHLE) 85 AN BIPRTHEEALI K2y 36,000 . BIARGEA 400%[K 5Tt TiHE inl
AR AR AL E] 189% MR T AR, BB AGTHENLN “ it (2 I Sk BB R,
MR “ AR GRED st 71 .



% 15.4 Jm TAEG-HR A2 1,000 423k 693 EAL L BT E 644+ L nt )

%% H TS A
1,000 1.1%b
2,000 2.4%b
3,000 3.8%)
10,000 145
20,000 31.2F»
30,000 48.7Fb
35,000 57.7F»
36,000 59.5f
50,000 85.3f»
100,000 181.4%F
200,000 384.7F»

X KRB BR. N2 HON S A ) s TNPAER Y, FIBAR K (i, JLE /M
RS FLHE0LES),  FiRgh S0l I sebra K. A4 DUl (Quite literally), &
TR R 2 S B A PR HERE i) FLSR SR A2 A AT g o 2

SEAB I, SRR R . AR, AR ZIE R 7EHLe Ty
1, AR 2 A T R AT 5 AL, DA SR W RE A V20 R . (496[497) TR
F 1 25 NI CARSS (A . SR A0 R Ak i D> BIME 2 A5y 22— IR E, I
KN 15 JTACAAE RAFE . FAT] LA —Fa Rl 5k, FOMRERAE (heuristic), L
ZMAGRKE T —MER M. WRATEA 2R, g R (beam search). &
# % (tabu search). #EMB K (simulated annealing) VA i%A: Bk (genetic algorithms) X
YOI A A R o ETHEIESHERE NS, FAPE e RR I i) — M7k (s ).

15.2.5 IFHE5KER
[BIBHEFET I, AT BT R R G 28— 24 5 R .

WER . AT E2G, ARASE, K HOI S SR ) R 15 20 M HERE B8 STk
RS, A LR LA 5T -

1 ML e 2 Tt Pl Johnson fde /M AR SIRE K L 22 AR Bl AN BE LA MY
Mo

2. T EANE o AR5 R EAT TR, BEHUER S P AR KRR E ESIE T
ARG R W . HEFEHEAE B TIX R B T 2R U

3. HARFTA N AL S AETT AR N #mt % o BTN TAE S5 44 5 2ok, JRISAE T fy%E
AT i N A PRI BIE o B IX A S AR BB AE BN IT A 2 /i “is TS
FINT L) AT AN o

2 WAE IS R TS, IORHUEAT TSR, 5200 A, H AL BLAR A o e
P, KT HeF Ak KL HE



4. TR TR) R H AT 51 o O A A (0 OB TN T AT 55 B Ao TRTRE AR B 2R
LRI AT S5 AT ASE 23, ANARLR AT o AEXRTEU R HERR I, TR — N H A
o

LG BUSEE SR HERE ) AR A s O NP SR ER D, X R

M

1. ANRESIERF 22 52 B UL AR HERE ) R SR AL o
2. A2 Wi T5%, WorIRAE, FTRETEAK.

WiHR. EAKEGEEAEREE, U SBATE RV S HRER AL 15 =R
IEAESR AR 69 [, 2 25 SRR B UM T IO HERE i) AR B2, ARSI o IXSERR f
SE AT GRS DL SO AL B, DR A FORE B AT AT LA 47 PR 5 A7 T
SXAESE HA NN, A AT 3o 45 4B I ) 4 DT X 1) R RS B A o A7 IX SR 2R B
%, HEREWT SRR D 5 R RE A 45 BA 1A R A LA, Z7stin R . (497]498)

ZZHA (Due dates): FATxAC WA S — et Meva A w) BAG A B E A o 2Lk
JUEA LN A MR 2 HHRE A B R e T2, BATE AT DAL, 15.3.2 e —
Tl B AT AT AT 564 3 AT SRR P

IMIEESE (Job Splitting): FLALI Y SPT #ENIFR Y, J I TAT4S LK g =
Hipft. S, Johnson BV I AR 2 SKAE T AR FNA R JSCE J I N T AT 45 DALt Jaisf
AT 55— R Re B8 i V-3 JE BT TR ROATL A8 R FH 36 IR Sk o TR BRATTAE 28 0 P B 2/t
INT B R E P BU RERIR . MOnT, A1 R A TR SRR A KA T (process)
ek (R, —RIA 50 TR 2 847D FIZNAAEE (move) HEIR (R, #2 2) FiEHIFEZ
AR E ), T LA A 1 R I TR s R o SXANE SR JUEE P R B I K 2 2 A
B, B TR RGN HRE R 2= st

AI{THIHERR (Feasible Schedule): RAHFFEMUNAELCABER AT RN, SEPr P HA17
TR B AT o XA S R B 2 T, AL REILRI 282 . F
SEb, AR TN, 2 AR R A5V AT DA A A AR R B AR

XKiEHRIM (Foucu on bottleneck): JHEZE s AT HE SCHLHIIE RGEMAT A, BT AR LEHE
JRIEAT RUF I HERE e o T2 o S ORTHE R AR I s ik P 3R A% st B R RSUSE U, v] LICKE K
TS A 2 FE R ) 500 i A9 T A1 B PRI o A, ELISE SR AT, FRATT AT LA A FEALHERE SC
(G IIN N

7=RE (Capacity): I[RIASHAIBEE, T Tt = BeAT Frdsshil. FodlTmT DA 28 = e 45 )
e Cln, InFE) SR LS B TR AR S I Rl HAb ) Cln, g gy sh AR D
T TR B o E e T T A e, HERE AR ) DU i R O e AN m AT
()7 2R Tk T, T S K B v S I 2% 18 T P R R 50, 3k el 2 AT HERE T 4L

A TR LR, BUESRATDR EE VR AL LA I HERENS I o BATR LA HF AR B
J7 G HEREAA B IR R T2 s AN SCVIAT IZAE 1 S —— 1 2 e e S s il AL 45 B 5 SR 1)
T AR .

15.2. 6 LFRBPREEHEFE (Practical Finite—Capacity Scheduling)
AT EATE — LG ARR AR v, RO e R B4 (advanced
planning systems) E{EBRAEHEHETR (finite-capacity scheduling). H1 T fif vk ) 1] A R H AR



NP #MER, BT X e vE A e IR R A0 HA = AR RS CRE B RS AR W &
PRl AT, IXEEHERE RN FHRE P — A S I E] ERP HEZL K MRP i, (498]499)
WX ke, AR B MRP (K3 RI# & (planned order release) Jf- 22 HE A il it 7= 1],
M R AS I, B DB, AR 2R, PR WIP 5558 . A2, Wi MRP A1t
THRIBANRREL —ADATATHR, W2 FHREE AR E AT . X2 A “ 4
(bolt-up)” J5 ik EE 55

HIRF=ReHFE R — AW T B R T . v, 23 T sk
WA .

R F{FEBHE (Simulation-Based Scheduling). 4 NP i (1) —Ff 5 i mh /2 L 200 E
A LGB R FF R — AN VRN #h ke (R, I T R AN m 30 i A2 5, BRIkt
L) BRRG BRI . AR S ERP 1) WIP JBER RGHLR, M AVF N
TSI YIRS B TR EM ERP [ 347 R BE He o Ho A R SR . $2RTi8 1T
B, ST 25 3l AR BIITA R B TF 1IN TAT45, M A feadh 3% o AT LAAE 88 T3 Ak I3 i 45 Fol
SN (dispatching rules), KA AR FIHERE IR FAKIE L PRIE M SUsdaFr, T4k
“RAFT HERE

P BT Ab 2 — 2 e LR 2 B TR IR 51025 ) R o 1 BCABE AR DL MR 1) 7 e
PUSERR RGAT A, VRN RT3 BB I8 4 . ) — AN &b e mT LIod ik ] 5 b B o
X URVE PR IE AL Bl — R BUAS R P HERE , SR 10 48 FH 38 4R 5 AL R FH SR 428 (1) i TAT-45- 30 H
BE S 0% T a0 NG R v £ g | AC1'8 N N SO 1 = R <o | SN e T B
SXof VR o L 326 SR, 1 A FH AR L B 5 R e A ok A R W I 267 28 8 DR R4 v PR R o3

A, AL, B, PIRHEEKEWIEE. F B REgE. ik, BRRRAAE
JEARGE, AT REFEINAT N 5 SR 2 A B R o (RS BT 1A PR REHERE & 2
ARFNE, T LA AR T 57 d5 A, A T Bz SRR S AR e 4
R, AR B S & S TR .

AN UL, BT IR UE T RHEAT R AP0, G 8 SRR 2 N alds
PR [, BT URvE A A, B a] BESA — AN URVE I g AR e fE R A HERR

5, PFEL VR 7, 85 FAE MRP [RBHE . 76— AN ST L HERR 25 h, MRP
ORI a0 FH 2 SUVE BRI VE L. AT S, 45 MRP BB RIA R EANATAT, A 4>
IREABEAS B AR AT AT o HA ) ——" REERTT KR—— UM 08 o T AR 5 A
EATREATRITAT &S HTFRXARE, EAFHE P SRR RET, eI 15.5
I,

ETH1LB9HER2 (Optimization-Based Scheduling). AN[AT-& ik i, T b rHE
FEH AT G B I AT R R X077 B T I HE R R 5 5 T LI HERR B AR 2 )
IR BITE T, Fr A A SR U A R AL R 7RI (499]500) FRATTHF 7 i b [ Joiix
SR, AR ORI 32 Morton 1 Pentico (1993) 4R 2 /1 KRB £ 40115 .

AV 2 348 A S 2 I HERR In) 80 17 4 AT mT 42 (R R X0 Vs o i A 2 — S Al 1 TUAE
R, BT AT e I 3 T FL U7, IR R g T R R I IS H bR sk £ S 5
Can, ARURAEND o fHSE, AR R I g Can, SrIRAENIIHARER R 1 — A1,
EIHAE P AR T

B IE ARG P — ot A2 A2 T80 o SR 3 R 0o o 7™ 48 S 2 ) )RR Il s 7 40 L HE R
. ATSHET I “HKAT OPT 1”7 SEIRRAT T, XA “EBiE~HA (OPT)” #Aif
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fwif1 Eliyahu Goldratt 78—+ 20 )\ H4EA0T A, IF M A SOT R S OPT By 4 sk
TR TR A RRAT” SREE, EUs TR IR

1. B RS

2. AQHIAT IR TR) G o 1) [ 52 BT 0, K AT D75 SR ke A% 3o 2 RS

3. I AT RO AR o

4. fEFTI E BRI, R SR MU 1) 4% 326 1) 2 15 SR OBkl o

Simons 1 Simpson (1997) FE3F )i T IX/NFEF, AR Z 8. AL
FAIE— KT TE o AATE 1 H FR R 502 A I G305 R 2 I B34, SOmi 2841 OPT
(1) 7 325 AT AR A P Y A A AN R S L PR HERR

R SE AN FE AT IR R AT LR EE S E (beam search), & HIHTIA )43 3 5+
EFARIRAEM AR o SR, E A B AT, 1M VR A SR “ ML ok DU BRIE H i AH
XU o AR, B et 2, (AR UESS IS AE .

FEBIEEH AR (Local search techniques) /& —#ILFIRALIIRR A 7% BIHT
— AN T R ARG AL AR R — AN LF . EUE R T R R AR A AR ) « DAk
TNERRAE, U VE 2 HEFE DA K HAN ARSI JR A0 2 S b 1) o T PR ) SR A
OB LT IR R A, RER TR

MATE G FE U7 vkl xS ) . oz —Foh 28298 (tabu search), "0k dx
MHTIHRE R E N F B AR, P IE R AR TR AR S . SR,
R R AF ARk AT I EI1 8 — N 2E MR b7 1R s AR 1 5 — Mok e B E
3% (generic algorithms) R, ‘& EAT “SRA” FERER R AR BOB I HERE , 2R 51X
VLRI “ AR AE3E I “ A" BiGHRR . 1o — R EERUR A (simulated annealing),
" AL, T4 J8 1 v A1 K e /MY g 1) T R A e IR o AERE R KOS R U, 2
FRBEHLAAL AR ] Be R A2, A IR T HEREA B0 T HERE . nlJE, Rl IR s, HEREAR
REER (HE, B “AHT 7, ZIrikEeRE Ak, (50015010 MR T, EHERARITEA
fil iy iz, BT IR IR R RS 0 SRR AU B A . BRATEAE 15.4
A LA IR e R ) A (AR R RO EIAALE SR R N

SEFRAL PR 2R A 75T LLIASR] 5 208 2100 22 (R HERE il b o 1) rp e s LT 1) 7t
B2 (L fm/MEHLE (tardiness) [WIEFIELE, (2) mAMBEAHA, MK (3) Bk
WE MRS, ATCLFER, WL S (tardiness problem) Bd T Fp Lt 4% H A2
A=Mr. FIHZ Can, A= H1D S s — L, FUPLER 2 T & AR HE LUAR B . FiTLL,
TFRA IR LR R ITVE I AT B, Pinedo #11 Chao (1999) 45 HiMEFH 7 VELE &Mk & NiBAT
B AR U] A AT IR 45

FETARAG I HERR (10— A 0] RS VF 22 I S R HERR AR A AN AR A 1) 8, T R i & R 49

(satisficing) /8. KEZHFFE LKA AAHE LA IR I TAE S5 MHRR & R AR .
I — e O, AnAS AR RE, ANJE “BIK Chard)” LU0 HE 2 M A “Hr s
SRV B ANV ) B0 R, AR A SRR I XA . — AN T HAT IR, AT
AMEALTRT B ) H b s BN A /AT IR .

R EIHRAR LG, BT M HERR A o i, 53R A T80 2 N . — L
Ak L B HOR X R R A (A7 282 9T K ) 5 MRP IT R G AHIE KAl H X7 . Arguello
(1994) $24E T — TG T2 AR b b A B e R A AT (RS TRk DARE T 05 5L 1)) (11
o WA R B AR O T AR, IR0 A L AL s o B R
N
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15. 3 EZFIHRIFOHEEE

EAMEFHIE TR RGE N, MRPARERIE T[] 5 A B8 1y SR A 17 Ak i B e AR e RN
o WIHTH RIS, XE 5 SEATATIHR . PR, a7 aeHERE I AR — T 2
FoAR, WT ERP WVF 2SI RI R G AT BASHISRE I o A ™ e v AT IHERE P 75 1R B )
A AR AT el o 5 T A S

X i 55 [ DA R) 3R 7 BT XX A A kbt & Clat, MRPD P2 gtk &Il Clat,
FEREFR KU (CRPY) FAEF=HUAT (i, BOELFIMIR) . @, PRLRE SKERIAN 1877 fig A
MR8 T BRI 3AE— AN R R . AR5 = BE TR R e k% A 5 A& BT 1K 7= fig .
WHRREA, s % (i, M EE CRP) siF it ARG (i, Wil A ekt
RIRGD Kl EHROR . (Bt T Boe PR R KIS AR 1&g, F=fe vk Rl in) & i) Be gl AN s 22
MEZALT (FEE b, XM EER A, (501[502) XA, XpE—ANETT Cll,
A D AR R CHIBLCL A BRI HAREE 55— N0 GRS SRPAT I — R fliik
e T .

TERIABAT 70 25 I J5E ) — 00 2 [ 5 1 i I R e o SR AU (AR . C
AR S P RN B A FH SRR R S R A 45 ), AR T RIERRE CHE, SR TR gedefit
PEE R BART, AEASZ T, AR TR A HE R 1) A 25 B2 BT RN 7 SR 4 BRI A AL
Coptimization) W3, #6748 A e K U 48 it K 5 A2 vl AT 10 2R 77 o R =T AT 47
(feasibility analysis) TGN . X052 —F [F I 25 G YRR P e 55 K I RE P . fE3R b,
B A) DL KR ) B RIS R ST . ], X ISRARAEAT RS, FR DAL T 1% A4k
I 228 AR R T AT PR A o FRATTAE 15.5.2 /A5 25 th— B PR b AT w47 PEAS 2 1) S R R 2
Trike

AR R T IR S I HRR R P I USGE . AEARTTIIR sy, JAI%IE
AL HERE i) U A, BRI %0t Ceffective batching) F12Z HHI#24R (due date quoting). 15.4
A7 CONWIP =101 ¢ N AR FRSHERE (R o) o 0 T 50— (W15 %, FRATIAE 15.5 542
PP [R5 EE PRI R = BE) Tk e {E 15.6 i, FRATRE/R T Wifal 26 f QA S5E Hp Al HEFE
(R BT “HE” 1),

15. 3. 1 gtk

TR LI AT B0 CHE 8 ARG 5 SO g o DRI, ik (R RE 25 7™ H 5
Wi FE R o 28 ek R o8 Rt R A T ORI IS R, HE R gl B 5 2 W e A . FRATVERAE T
R LR CAAE S I 0] g TR ¥

BBt T (Optimal Serial Batch). & 15.1 S 1139 8 31 7] R0 H3 e 7 2 0] 96 &R
R ST HE S I A, TR LR R T3 Ab e — T2t B R v) Bl £, 4k o
PRI . SR, EARAN TR, 2R LA EARR M RSO0 FABANSEH o Bt DABRATT 4% ) 4 5
PR ERLORET, e TR GO Tk R R, ARG R e R SRR . 34T
W TS, SR 2 0 R .

SRR, WARER A TR, TR AT, RIS A A, . (TN,

12



1 5 R 3 ek (]

20 -

ﬂ 1 1 1 1 L
0 I 20 il il S0 G0

it
(4] 15.1 P34 ) S0 1] 55 6 Bk F

BAMEER: RUBRNIHE

AT ST R W BRI BT, NI R) 5 ABE I TR R A R MR 23 AT I T o 1 1)
FEAE L — b AE T PR RE SN A SIS 18] A B B o 0 RA — A oA o5 3 A
T IS, IXAEPOR 7 Ze et B 24 20 R

GREAEHSR LR RS S, MRRA RO TNt e, = s + ke, FIHIAE (502/503)
u =%"(s+kt)

PUAERE SC“THAR IR R uy =7t o SN RAREAS S 45 AT R0 I R () 55— R s

T IRA MR B2 Bk G ik B T 2 MEK I 2N, BIE R P 7 & 7 &R
O (SCV) e =1, EHF It

2
cr=| 1< ( u j L (15.1)
2 1-uju—-u, u-u,
GaX Ry U5, R TR A A S w, TRk Flu, PIRRE. WO s/MbE R I TR A 45 4
FHREAA LA E, £ (15.1) Xbxtu ks, SHEETE, Ml
. au +\/0{2u§ +a(+ )+ 1,

= (15.2)
! a(l+uy)+1

Horfar = (L4 2 )/ 2-1. WEEFGT =LA, a=0, I

u' = Juy (15.3)
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{EEME 2 RS T, (MR Jug o I8, Muy=05. 2= 151, ZHIMET

HAPZ e AT, ug B — (B, JCHBERGMR e, % TP 2, u*ﬂ]\/%

[ 2= 5t/ (W, Spearman il Krockel 1999).
H T AR, FHZ

u’ =%(s+k*t)= r};s +u,

AR AT

AT W R Tk Rk e /N e SN T £ A G O R

s r,

k" ¢

s
=— ~ \/_
U —Uy Uy —Uy

Huy =rt o TATEL T REHTRBHIEXAD 25 (503]504)

(15.4)

BIF: mMBE#R (BFEm)
518 9.4 FIANE 15.1 45 0 SR KAL) 10 AN RE AR IN RO 238 ey

u, =r,t= (0.4 1H/NH)Q /M) =04
Bk, i (15.3) 3, sOLAHIZIEL N
u' = ,Ju, =+/0.4 =0.6325
Jfi (15.4) 3, mALHLE N

- *ras _ 045 — g6~
u —u, 0.6325-0.4

ME 15.1 AT BUE 2, IXAMERA SR St U\ o RS () (R 225K T i h 22—

S e T3t A FH 2R AR H BTSSR 2 1891 KR PRI 5 2R AR RS i o 3 Al oAy 7 B
R 2 R R G TP ROE B R R R . AE R AN EORYEERE T, JATTIT A IR
(K153 -

BAMEER: ZrmElEkitx
AT 2 AL, BAHT W NI E e

= P
= F%EG*/T“%’ i=1! ""n

= R RN

~ N
| |

N
|

14



t, = R REE NI ] G

2 = R T I TR ) SCV

s, = VIREIE G i P BAETE CND
X = PIREI i BT I SCV
t, = BEAH G I SO TR E G
¢’ = AR O TR AL SCV

Uy = Yt = T EHBERI %
u = TR

k, = 77 R

T vUT Ty Rk 5k 4 1 1]

CT = (ﬂ +1th (15.5)

HorV =(1+c2)12. 7RI AR, AL TSRt L £, e, .
GIESY

u= 3 i(sl.+kl.)
=1 N

ARON T INTA], AEIERR G SC RS R T “SE e B i id, ™ dh 1 1t n T
18 s, + kit > FFEAZAHEICO 7 i RS 72, WA 0 i 1) 4 (504505)

t, = Zn:ﬂi(si +kt) (15.6)

i=1
FEAHER 8 TR 25 38 7 i S A2 12 2R Bk R b o B ) LU

g talki (15.7)

l Zj‘:l (dj /kj )

SERLARAEBEHLIE T, BATTH ST A OB A T 0 7 2% o2

o’ = Zn: 7, (kictfziz +cls? )+ {i 7(s, +kt ) - tf} (15.8)
i=1

i=1
I3 SCV wist ¢ = o2 112 .
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BLTE, BHEI R S D u” = \fug RSBV H B A, R b B P 2
ok A, BB U IR A BN, N (15.5) U AT LU B M, SOk LM
JEIRA TR VERESII s, + kg, (M, BUBTA PTG, HASEINE, (15.8) by

RIS S T2 BT, GRER 2R 2, #BINI— 7 IR B MU P E AT K LA R A
PITAT AT AR S o JRATTARE L ZRE D R LAk 1)t

/ME L
PR S, +kt, <L, i=1,..,n

n

zi(si +kl.): u

=1 N

KA N
s, +kt, =L
k=L (15.9)
ti
RIGR L, 4%
i(si+ki)=u*
i=1 i
- rai
=y —u,

AR 1R FI A PSR 1), ARic s, AT A R B L

n
_L Zi =1 rai Si ti -

==y (15.10)
U —u,

eIl AN (15.9) B A fe Utk (KT AbU i -

IR M 2 A BRI I T A eIV IR R R ) ER AL R
_L-s,
L

1

k!

1

(15.1D)
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Ly (15100 A% . (505/506)

BlF: sMBE#MKR (FFEm)

F G AN BB =M R] P R T R R T K2 15 B, Al
FTH A MRP AR GEFEH o A BEHEHLAN— ol S DI 21 5 — Tl i i, #0R5 22— s vt
Pl AT B A PN TR AN NI S DR 7 C R UM R A AT 12 /NN
Yoo FITAT BN RN (8] )AL 57 R 1.5 PN R I BEIZAT, BRI TR, REPEHUK
—/NIE, BT K 52/12 ), X IUBUR KA 303.33 /M .

MR RIULYE (i, EOQ BERY), DI BT (K RIS, b mi N o iZ A b AR X
7 di AR B AEHT 20 KA, X e C AR 30 FALRLAHER . % T NP A T 1) B
1EZ)7E 32 AN TAEH o (HREMEAT B4 2

W = Fhrs i B SR N LA 1, = 15/303.33 = 0.0495 HUAL/ /NI o TS AR R A FH 2R A
I 2

Uy= 0.0495(4 + 4 + 8) =0.7912
i, SR u” = \Ju, =+/0.7912 = 0.8895.
PN ) JE 5 = (8+8+12) /3=9.33 /M, FTLL (15.10) :XFraE HAImL i

a1

3
D rsit, = 0.0495[8(4) + 8(4) + 12(8)] = 7.912
i=1

AT
___ 1912 g33-g002
0.8895-0.7912
I et Ay RASK H e AT it B R AME A R
k, =k, = L7851 898278 5 hem0
¢, 4
(o Lose 898212 oL

lc

A PRI S5 R~ 22 JR YT (8] 0 20.28 K, Ptk i 36%. A BITAT Al RE (3L & AT (1 3k 1
SRR, RS U .

TEEE] C b F AR Bo AEANT ™ kBB R ¥ EOQ AR IN A C M MUKt
s PUAE BB R . (HO T ORFFS Bl SR AT AR S, JRATTAT Z IR C 1tk

& g

EEFHEEHE R (Optimal Parallel Batches). 5% 3B X IMLES A & L IE (LA BRPL 2%,
LML ZE ) (1 FA KL B Bl L AR T IR e B AR el 0, AN — U L2 > TR (i
DN TN TR R AR

FEIFIEAEKTE ., SEAR DA 2 20 ReR A, e AT B R MR, DL A g/
(RS 45 LA 1), P FRAT AR B N HE IR o LA AT, — B 10 o e A st 2 A L T
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RE KL . EARREIAL, 7T Re R B AL (5 I8 2 S I R)) 2 T A BAE K. (506|507 )
PUN BORMEEREA 4 T — Bl SR LA R S eI IR (IR ¥ o

BARMEER: RMUHBHK

N T THRAETFIBHEAE PRI S M A ST [8] L, A — SRR R SE i e S A T &, R
JroRg SERE At i, A FRAT T A IR CHEVC R TR SR

N T SEBUAN R, FATE IR fbRic:

=N
I

. = BEHEER (PR

FUTEI 8] (] BE A2 57 2 K (CV)

t = RPN TR TE RO

c, = FHALINTINAFA % CV

B = it ORI AR
u, = r,t= R IRR

9}
1

u = TuWiFFR
k = FEEX

R R =r, (k). M TR TN T . B u=u, [k, FATAT L

w, =t AR, KRR k=0 Ju.

[FMZEE U A, IR R e I T A FE S84 AL IR ] CWTBTD . HEBAI 1] L K A1
A B I ), E

CT =WTBT +CT, +t

k=1 (c2lk+c2 ) u
=+ t+t
2r, 2 1-u

_ 2 2
_k 1t+(c“/k+06]( u Jt+t (15.12)

2ku 2 1-u
Hrh G — NS5t r, =uklt .

ffiXNk=u, lu, W5 (1512) X, 1

2 2
o7 = | tnlu=1 culu,+e; u (15.13)
2u, 2 1-u

AL, WA EME CT ANGER A I RIE . Priloh T, &

18



114 B = c2ulu,, FFE T LAV SOT . A TXPEM AR L, 4k IR, wlu, ¥

RN, B ANARTE T o o YT ] 10282 AT i g A 1

o JPre ),
2u 2u 2 1-u

= M—L+:|. t (15.14)
2 2u,,

=

,H+czu

e

1-u

ﬂw—
u

/e (15.14) AT u fs/ME y(u) , TR E G 1 F y(u) M u kT, 230N

%, mILM#t (507(508)

MZ; (15.15)

1+ f+c’
LA BANNGT,  fHaaE, WEAHCH 2 1 oy

. 1

u ~ (15.16)
l+c,

M I AR, FH B = clulu, TEREMAK, (15.16) & H— AN M4 T . 480,

B 2 RN, X TR 5 O ) B S Sk b, M= 00, (15.16) SR

M ARSET — R T, FATAERZ A G BN, REREE R ML T — i 22s3h 1,
FCRAF o A R

WO, R R RATIN B, ¥ (15.16) i u” IEMFRERARN ulu, ,

HA

u' = (15.17)
1+\/c lu, @+c, )]+ c?

—HEAVE TR R, T RS k=, [u SRR LT
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T, FFIBCHEIR Tl A g /N YT T PR 0 Tt
u

kT = (15.16)
u

Hrbu, =rt, w M (15.17) XibEAH . b TRG AR, AT LUK >

5% (15.18) FMEBEAT & LR Xk 158 20 0 B AR PR R bt RS Ty
B TAYENTEE T H, (15.17) Al (15.18) Xibsh i —2ee thr) Widt. effed, Tkt

AR ERECR, BT REARSE A T Rt Rk, Bt ¢, Bic, BTt REMAM AR T

B o KT — D IREE R, T YA T AR VAR A A 4518l B om 3K AN PRI Ik Rk
BRAR T 558 DI, A0SR, JRATT 0 25000 1 B AR A R Y 2 R AR B R AR B
FATE L LT i) 5 BB IF Bt A s B

BF: mMRHEKH#K

FEIE 9.4 AP e b difEL . ANE — IR Z 2D, AT (1 B A B A B 532 425 1 o
()45 B 24 /NI o BEEE S — A 2540 100 £, BB 1A/ (24 1R . 18] 9.6 i
XA rp I TR SRR G R, JF W I R e R 32 IdR N, Be/MEh 42.88
NI o

AR R i s At i A SR RIS W . SRR 7, =1 RN, A TR IR A
FaorAi, e, =1. (508[509) I T.HIF ¢=24 /N, 1545 ¢, =0.25 F)A8 5. ATl Fhae

PERIE IR AT A ke >, =7t = 24 PROHbE, XHUERAE /ML 2 25.
SR, AR 25 PR R, A

7 1
U=—9-=—"__ =096
klt 25/24
WTBT=k_1=E=12/J\Eﬂ‘
2r, 20

2 2
CT - cilk+c; ( u jf
! 2 1-u

~ [1/ 25+0.25 j( 0.96

2 1-0.96
PRl 220 A BR A AR~ 239 il ST IS TR

j24= 29. 52 /Nt

CT =WTBT +CT, +t =12 +29.52 + 24 = 65.52 /)Nt

MAEZE BT — A M. 4 k=100, RIBE4s =M.
I, 1

a

u= = =0.24
klt 100/24
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k-1 100-1
2r, 20

2 2
CT - cilk+c; ( u jf
! 2 1-u

~ [1/100+o.252 J( 0.24

WTBT = = 49.5 /i

5 1_0.24)24= 0.27 /Nf
W R A B PSP 25 e SO T 2
CT =WTBT +CT, +t =495 +0.27 + 24 = 73.77 /N
AR e it e S LR 2
1

u' =
1+\/c§ lu, @+c, )]+ c?
B 1
1+4/1/[24(1+0.25)]+0.25?
AT (15.18) okit4r
PO SV
u” 0.7636

FEBEIERIAEE 9.6 TSI AR B4, s/ LK Y 1) b e
et 53%, fORHtb R AR R I R B R i 72%. SRR, AEIFIRHEARME A, ety
REXS YT 1) 2 S 2% PR 5. (509]510)

15. 3. 2 3ZHAR#R (Due Date Quoting)

AMPERIR CGEILEED . FaArs GR35 DLURG S ibE CarmZlm ) #RAlAS A4 7=
ARG 5 TR TACHERE I 53 — BUEA R A R o 02 7 AC I HERE 1) AUER A L IR A, T
AEHAVE S W) AR 25 Sy 2, B VLT NN TF o 2988 T, et 5, AT fa) S jte #E Lb
HEEVE A TR — A AR R GRS B R R 1) ) R —— A g R N B 4
WG VA) 38

BT NG iR, AT IR R G NP B e T A EE o O T 45 A BRI A, 3AT)
WA RERS A AT I BRI RN TAT S5 T i 58 e WS A B AR 52 2% LA T I Xk LA R
TS AT AR AR R A o SR, 45 BAT T AL PR B AL L T 25 ) Ft DA BB HRCKS A2 45 ) 5. 5
iTe

CONWIP FE4RBI3ZHAIRIR. el TANIMIHIIE Rz —lt CONWIP f=£k. isemiiitie,
CONWIP 47y ] LLIE AL 26 AR e 1 o XA FeAT 1 RE R SRR AT WIIT & — R {81 5 R
F BIXHE—4CONWIP =2k, Hrh{fHrobrE i (WIP, AR (fn, BE. KD AT
AT AR E 2o IR T — SRR AR HE AT I AR S5 BT 5, I H3RAT)
BE [ T e Ao b TPl BRI AT S, AT SRR AR AR IR /KT (R Ik IA (1)

& AR PSR S SR 7 B S B B0 W) WP, 7T, LUBBUA OB T RLEE, CONWIP
e R T A B
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BERD st A AR T, SEILIXAS H bR AS I FAEIZAS BT B2 5k 2 /b
ARG o X XM IR T2 7 AT 2 AT HE P 16 o — P mT e 2 4 B 56 30 S AR 4% (R Ak
B, XN AT RIS (B, SBaBUH AR BN G AR I AR 25 (8D o AE
Rk B, AT DUE AR EARAL S R N AT 55 A A 2 B B 2R AL« A iR, ﬁﬁ
A FE I TAT 454 “ B RuliE” (K 15.2), X, FfilE XoRELE T —NEaE

Z HT L E R

“RERT R

YV Y

e
1

oot

B " —p
(b2 52 L)

K 15.2 RIBFATHF H A

XF LR PRSI, BT R AE = m = w0 + b + ¢ A AERAL N TAT 45 5 15 2
Wi s IR — e IR IR 7K T N s B AT, ST -4 — AN RELL s IR IIMER 5¢
B om ARAERALIN TAT S5 IR o FRATTHE LR B AR PR R 4 5 SR IX AN B[R] 1y ik 20
(510/511)

FARMERE: CONWIP P4 iy ISR
& X, S BN T LR i) ROBRLA R, X, (=1, 2, .., A

I 0 J7 %0y o IR S T HRERI IR 1 2 A SE A s, T Rk

RN

AM:
l
P{th < m} =1-
1=1
TR B T RST BN AR SR T 22 IR N A A, INFTR) 7 22 PN 58 O TAT: 95 20t it 2

/
th ~ N(ly,laz)
t=1
BN, CIMMNIME N p J7 20 o IEA M. I,
m—lu
Z< 1-s
)

Hop Z 2 AFRUE 0-1 IEASBENLAZ & .
SYlio

=z, (15.19)



Horp zy_  WARHEIEZS AR P & fg
AT LK (15.19) X5k
rut —(2wn+zf,s<72)l+m2 =0 (15.20)

AT DL O RER AR . SR 2 s=05, BLBHBUBCRRIEAS . B (15.21)
o

FE—4 WIP JKF- o 1) CONWIP =2, 7 b ARE AL 2 J5 L5 ¢ bRt sAL T
INTAES5 45 B DR AR G5 K0 s, SR/ RESRIR AR AT 312

m., le_sO'ZIEl-I— \/4,um /(212_502)+ 1J
7 2u°

[ = (15.21)

Hm=w+b+c.
X EIR TR — ] G VR e DUIRSS KA T . DRLIG,  J5 — RN AR5 A R
58 G — 0N TAT 55 M FE R RE o — Bl B8 A& 7 A B 0 A b 36 B 458 300 1Y) o E 2 i 4
(tardiness). =£4f, iR W R, LU RS ARSI CATR 5484, = AL 354 g
2R 1 NP FE AT (AL Spearman AT Zhang 1999) .
WA, T RS Ak > s 2k, (15.21) Fn] BURE T AR

1="C 4 S petznt (15.22)
7,

LR T E I A7 ) 1) o] DS e e R 4 B nT B2 (1 Ik 557K ~F (UL Hopp A1 Roof 1998).
(511[512)

BT ZAARIE

B FATATIXAE % CONWIP 72k, LA {4 320 FrdE AN WIP,  RER™ H I
& 80 1, BRUEZESE 15 1. FEERBAC T —A 20 AR I AR A T, HAUR S B A
AT H (5 SOBIE 7R 2 SR 35 1) 100 AR I o FRATTAS B L 99% 1) Ik 45 /KP4 R — AN A8

M TR (15.21) R, A1 EF =80, 02=225, w =320, h=100, c¢=20, i m

= 4400 ﬁﬁ*ﬁ‘yﬁE%ﬁﬁ\Zﬁﬁﬂuﬁ?% Zl—s = Zo_o]_: '2-330 ,[H:

jm., lefsoltl+\/4,um /(zfﬁsa2 )+1J
- 2

H 2p

_440 (-2.33)2(225)]1 + ,/4(80)(440) /[(2.33)* (225) 1
80 2(80%)
=6.62
P AA % SR R
VE B RAT B PR il = 5.5 Ko WY — R FAC R S4B ATH (safety lead
time), JHAEHIRHE T e rp A2 Pk (g2 ot o
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15.3 SR T EERTIFARM N B AR m PR R AR o REE R 11 58 RN 18] il
TEAEAL P AE E AR (PR i Sk B Z Al I ZE (B2 e A de i), W LAIE R
B AR R /KT i T o J5L DRI 3 A 3T BT 5 52 J K T AT 22, e Fl N [ PR A2 S PR Ao
LT T P 2 A B i U B

0 1 l I I I I I I 1
0 0 160 240 320 400 4RO 560 &40 T20 800

B
PRET g — — PRy R A ]
15.3 ARG R ATH 5 AR

TEA % % % CONWIP B2k KPR BT, 7T LI 25 2 g e b AT R — R A i i
K A DOR LR L AR BT R 250 CRIE, SAMELRIS 220, 20T WIP 7K~ (FE CONWIP
TRWHO, LU B AP AS o IX LR N ORREAE — A 1R B B AR N SO I
O . B DR EAAE EORPERAH], HlE N ST E R e TR A A4 i A
SR DU A5 N Dy R SRIB B2 (i, SR DU SRR (g vh ™ D . S
iR, WHTES Sy, AL, JF HEMSCHHIES BdrkE— 2. (512/513)

15. 4 fRams ey HER=

HFRRRF T SCHRI) — A FELR R HERE R, ORISR, ISR R
B ANATT 5 5 FH o3 il 0 5 iR L Ak o Rtz — 32 e s U R 42 3L B B HERE, PR X A4
A 3 21 FLAh AR IR0k o S R0 T 1] B /K A A AL ARSI R AE B A5 2
(HEREAR T rh At m] g 2 EE I A 8 4

FHE 7 B A TR e T AR () — > F BRI, 8] LUK 22 B i) 8 7 40 4 B L )
e Mk sl ol DURIZ K, 5 PR RS HERE AR R AR 1] B HE e 30 5 A2 LA R B L ) R
tT#42 (schedule) 45 &I TARSATIN & S LA EARLIIE R, Mi#EAF (sequence)
ARG I AR S5 PNV, HER () v Sl S (a7 5. 384T, HERRE B IS IR PR S i A e AN
i, HEP S A A

FrhlE A CONWIP p=Zetple, HEFE ) dlid ] DA E— 2D faifk . AT Ipndn (G5-1

= F), CONWIP j=en] IHIER Dy )l CSCbnds i) IR0 T Cle/NSe B i

WD WLl zlm. 280 MTY SRS T AZh M5 HE BRI R 3. A2shin
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TR AR, Jf B g e O T fe et 3i] Ok, A sl KO A5
EHE AR, 1 0 A 3L A I g O BE ML A R G R AL T Wanr, AE
CONWIP 72 rp il i JEAR TR, JA T LAAT 28 HbeRe A% DRHE P 22 o B AL HE A i) A ]
A TR PRAT 22 K 0 ot R PR RE . PR, TR A D A B AR GUE
(FISFO) 170 IRIEN, A0 51 A 386 2 T Tt 2 /N e — Mk T —— U AE P A 1)
FERITRAE IO 3 3RS 3 B ot BATTHE SE i A 545 P 3 210 (Y CONWIP FRIEE (CONWIP
backlog). 7EIX ", FRATTRIFIE U] A I o

15. 4.1 Joi4ZEY CONWIP =4

BATEE T CONWIP =2 f 1] B ) I T ——HEREAN G e As . 1K W] BB R AT T2
[) PR D) AN 5 B Sl () 4 s B DR A 2 R A 1Y) Clan, A TR RS iy, HAE Mk
PR 4B CONWIP =24y, At Gard i A8 W 0 L HERE, DALk
Al LA RS ] Cearliest due date, EDD) #EMIHEAT . HEFEEIR Box, HE R, EDD HEF
PRI SE I TN TAT S5 28R T, XA S b 2 3N TAT 254 453+ % 44 (planned )
HEFE N H I 58 e AH BT ol REH IR LFHAE, BT BTSN & e 1 B RESEIL . A it
G AT VRIS AN ATAT IR, e AT e SL Pl 20 R S 2014

— T AN I 2R S T 2 P 4 BB 22 CONWIP =gkt — AN e s &2 T, & 15.4 os T
2 (1) P4 CONWIP f= L — SRl I 2 A LA LI (2) =2 i Al e b Az =4
PG . (513]514) FRATTELST 183X AN 1~ 42 K R i A M 7R T A OGUGE . R B g
MARA Eket, 55 = A Mo i it A (FGD [ R Geh I HEREAR T .

il i P
/ At .
r N
— 10 4>{ 10— 1.0 o |
|
4k
1.0
1.0
I.
— 10 Lo |
‘b\\ Y
s
- -
S~o__ B#Ef __ .~

S

K 154 £ F—AdeTdoegiHE CONWIP &= 4

BT PIRE I, FRATTHCN 24K H5 EDD HENDGE A= 2R BRI THE Y, FEERT A 1AE
L TGN XA, A I 57 1) CONWIP P22 BT i ISRE o IR ) J B T, 36
I Tz AT A 512

T T ER AT B2 A sE3EE T (FIFO) R8iatT B, w2, QShn LT a4 485
P, W4, B Gezdia—5 A B S Z IR B ZArBIA =T, XN H FIFO
W DRI HA AN AR A ARl 2 Fir ) g — AN AR DT T A . S A AR, IX A 22 1K WIP 453
YAehb, KB IE FEURSIA G TR myLik.

BT R PR AR B AL N HSE N R G SE Y (first-in-system-first-out, FISFO) iR
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AEN . AERXAHENIZ R, I TAES AR IRBE A R GERII TA] (R, EATTH) CONWIP R {424 H
SR 7. g7 CONWIP R J AL AR ARV RC 1 T4 (B, — A A A
=B [N, X AHENAT 2t THL A1 P JIR I L s 2 A T H Y . I E A 23 T 0l T
PHRS AT RER F L BIA AL A . MR T, I RNLE BT B WIS CRTREZ i 1 Ll
ANTF) SR I D RO T A {H— BRI B, B AL

15. 4.2 HihiEHIE CONWIP Fr&k

1% AL A BB Y] CONWIP P22, 15Ot Atk T e b, BIEARRA e
ST A I HE R AR, SRR —A NP AER T .

N T T XA ) P HE FE I FR A — g, FRAT% 18R 15.5 Fror ity 16 AN CAT45 4
H o BN TAT ST B —/NNR S8 18, ANEHEHAR o BT A2 T N — NG 21 5y — AN
FRRAE SR VYN . 6 155 HI N TAT454% EDD ok, AT LA, EDD fFiX IR
AR, PAETIRT 10 IR 12 NMBLER I TAES, “FIHELAER 10.4 /M. TG4
—ANEE R, RO BRANSFH R aett, KA 16! = 2X10M3 Mol fefHE 7.
BAr 1 SR AR AL R R R A k. (514/515)

% 15.5 EDD #E%

%% | &S LW | e | FER
1 1 5 5 0
2 1 6 6 0
3 1 10 7 3
4 2 13 12 -1
5 1 15 17 2
6 2 15 22 7
7 1 22 27 5
8 2 22 32 10
9 1 23 37 14
10 3 29 42 13
11 2 30 47 17
12 2 31 48 17
13 3 32 53 21
14 3 32 54 22
15 3 33 55 22
16 3 40 56 16

—Fh Al eI v R AR E % (greedy algorithm) . STAEELVL A — B # % 1E BTt 16 17
IEI CHE, P8R R0 TAT 45 P PR L4 kBt HERE (it dge 22 (R A o e IR R AR A 28
A, ATREMIAC B AL A B R OX LR 120 4Y) e/ FHEF RS, BT Ao ik e iR ik
B MR WECAREE, IXAME M TR W 2 BAT T RO IR TS

A RS AT 325 P AN I AT 45 5 R 8 mT AR I, H400 TAT 5% 4 JAE N TAT45 5 Z )iy
MBI K. 5k 15.6 s, EiHER T PIRIEL (NG 1 2 2, PG 2 200K L. A
A 8 IHpL, “FIJHELER 5.0,
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%156 RAELES —ARBZ B AR

BxS | &S TH | sEREtE | ER
1 1 5 5 0
2 1 6 6 0
3 1 10 7 -3
5 1 15 8 -7
4 2 13 13 0
6 2 15 14 -1
7 1 22 19 -3
8 2 22 24 2
9 1 23 29 6

10 3 29 34 5
11 2 30 39 9
12 2 31 40 9
13 3 32 45 13
14 3 32 46 14
15 3 33 47 14
16 3 40 48 8

FEZSENE 00, BATERS R X%, BHEE R R FR R AT 1A% 7
BRINTATS 8 Z)5. H—kdh, el AF:m—Fmngbe 7. I7EA 6 I,
SERIHEFERRATH] 1.2 /M. =20 10 BE 12 25, WER— KB, K P TS 1.5
NI o AR S RIS WK 15.7 iR

157 RAF F G RAMRE

B%S | K5 ZTH | SERETE | ZER
1 1 5 5 0
2 1 6 6 0
3 1 10 7 -3
5 1 15 8 -7
4 2 13 13 0
6 2 15 14 -1
8 2 22 15 -7
7 1 22 20 -2
9 1 23 21 -2
11 2 30 26 -4
12 2 31 27 -4
10 3 29 32 3
13 3 32 33 1
14 3 32 34 2
15 3 33 35 2
16 3 40 36 -4
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B TIXI, PR TR B T DL B . Mo SR R, it M E A
IMTAESHIE RS DAERI B, BAT TR AT REME S 4f 2

[P FOE 0, AR AT G Y 7 — AT PSR 15.8. HEA LR LG T 16!
MRSk E ? MBI EEYE, AU . SR, WSERRIIAMEEYE, AT H AL
FI—Fh LA g i S AR A R U W 2 (i, 4R3I CHITAT) (751,

#* 15.8 —/~T475 7

B%S | K5 ZTH | SERETE | ZER
1 1 5 5 0
2 1 6 6 0
3 1 10 7 3
5 1 15 8 -7
4 2 13 13 0
6 2 15 14 1
8 2 22 15 -7

11 2 30 16 -14
12 2 31 17 -14
7 1 22 22 0
9 1 23 23 0
10 3 29 28 -1
13 3 32 29 -3
14 3 32 30 2
15 3 33 31 2
16 3 40 32 8

H T I RIXFERE R, BT =SB 0 SVE 0 I BHE T e el 2k JEp & M (local
optimum) —— AN FATATABUTA #RAL (IR, A — 8 L ARARIT AL . i T sudb s L%k
ALl (HW S, CIRF S SR TR . (515516) XFHEHUR il fe k4,
DR AR AIX AL I NP e ) UG V22 SRl i . IRk, BATIRR ZER e —FppLEl, feia sk
BT ey s I NI 2% 4% & AR AR AL AT L LF 1K) 741 (516]517)

PR B GRS “2R”) FUin i S 1 B S IXF TR R T R
(tabu search) (W, Glover 1990), 11 (HLAEREEE 1) B3 i AR/ EE B TSk (tabu list).
FESERRrR, Z0m A S AR Z . — R ORERED kB 2 A F o, X
TEOLT , P A — Bl G A AR = (Hi TP K %, 22 bR EH KA BEH L.
T PR B AT RS IE R N TAT S AR IR E . XN, B TAT45 4 BE S
Z MRS (CUBORFEFIEE —0) EPAT— G R At s o (H i T FA 1A 75 i b 1k
IXANE B Wi Tk o IR N R IR AR S AR K R 2 BRI . — HAEAN R SR S A 4
TR TSR], ERs A Il LRI 1E

AR AR R T U AN R R WSO 25 (MRS sk gt — DA ko B, 8 FAg o BRAT T
AR CED, B2 8] MEATE i EDD [ E A8 #8 Al  ARKS . thinit, AIASH%
FERE N TATSS LR 2 b, PO eflmE— A, H 1 AT 20 xR i e ok >
T IR SRR, IERIRIE T 5k,
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AR R R, (HSEIUEOR TR IR R 2 G 8 WL Woodruff 1 Spearman
1992), [FIAFEHL, A ALV 2 R ER R AT VE T THE P R ) . L — AR R T
J7 15 FEVPAGUIR— AN 45 52 14 ) R0 R g e o 6 T4 3CHERE 777, 22 L Morton F1 Pentico
(1994) DI} Pinedo (1995) ) 1.1E. (517|518)

15. 4.3 MRIFHERIL L

AT —ANEELES I, HEFE PSS LA HERE HI X0 ) 05T % 1 (1B At 13 A JC 2
IR EREE Can, A CONWIP 228D DURAS ATRS o IE PR R A 772, A E N AT B
BRI HE AR o

XFF CONWIP = IXFEIf R RS0, Wi MH et 7, DEABORHG L REe bR
el WRTHAL, —A> EDD FEHik & 545 CONWIP P2k () fif e . B0 B3 i
B S AE L B PRAR N FISFO MEN, & tBidE FH T = B 1 2 4 CONWIP f=4k . WA
2 I, ) — R AR BT CONWIP P26 ATh48R /2%, {HE ZIRJE EDD ). W2k =iy
RZBMBERA D, IR RS S 00 R .

15.5 HEIZiSH

IRANE, JEAEFT IHERESS AR o] DUR T S S P . R R, =il
B AR AT FH T 855 8h 1A ok P R i Ak, BT B SR . fEREE 1] v, o Ak
(1% 26 A1 75 CONWIP B HLA b N R G IEE T . i — 2810l , R WIP Bifs e s
ANTR] F 25 7 LA I AN BRI A8 4 1) 75 2K

NSRRI 5 R PR A 1 DU T R e AT o XTI B nI AT R R 4L, el
BRI AT A4, SR, T FIHAM RS, ey E &5 AT XK, K
ZHADNVEE TR B MRP (58NS Fr . WA EJE, MRP A 1 LA Bl A 8. (Handk,
ATHESE =T e AT ih, SRR MRP RSB LR V8 70 AR e 7 T AT F BB, JUIL 2 JoRR =
REMIE B VE RPN, AR = BIF 508 RO A S A1 vl R ok 22 1 3 D e A B ™= e HERE T
o FERAIETIFTURE, XA TR MRP SRR RIVE N, LUK EIE, KIBT .
AT E AR AR RE ERP 2G0T RN AL R MRP HEFE AL () B b o

FEILSE A, AR e AR AN R B0 1) S R A R A . DU 2 N2

1 ARBR I T 28, mAERS . 2 HRBR A 2 — D A S HUL
IR EA (tardiness cost), &I T E % ) W5 K-V M PEAE A BT o P, JRATTAE ™
M F LT AT T E— AN R RAE IS e HERRE R 52 0 2 i e 2 T

2. FE AL FRAMAFELARR BN, Z I NRKE G FRFARARE, H5HNR
AN 531 9% AR (R R A S AT 58 4 B S AL I HERE AN T BE SE B &3R0S, AT 2 A AT
BRIR 2 B & SRV A R HERE L2 SRV NI N o D T AT Rt R LR B X
RAGN AV E HERER T ATt GliERICrED, WA AT ptde th AR sl il fig
FE I INYE i e ORI =6, 1A HERSLE I AL S5 B0s ], DL R KA T AT
%o (518[519) AT 1) 2 FAE AT 1AMl R, MM DR e S 1 ), Wi
SeB P RE R RIE IR B F 4030k, MRS TAEELAE R DL 25, WIRSRRE A ) TN n] RABAN T
PR INYE?

T IR B 07 FL R 7 AN ARG & 1 DAl A B HRRE e th SO wI BEIE 2
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TR A TR P 0 AR BUFTAT R ZE T ) A38 (no systems with more
than trivial diagnostic capability) C(Arguello 1994),

52 M, ERP X BEFFEMPME (evaluate) H7=HifE. T4~ (MPS) #fit
ks Wkl RIER (MRP) HF K (net demand), wee¥iRlaask, @l fmfs A4k
BRIl PREd R R (CRP) R IX AR ATV VR — M RiA R, & 58 L
G TR SR A AFZ WIRATAERT IR [, MRP b R AR R K ] S o ik
R R R T SEdl. 5225, CRP X MRP [ B i RUERf, K24 CRP BAZZI[AIFF 1)
HERELE (R B AT M. BRI CRP REVERIRL AR T ATk, et b el
HOE AN AT AT PERAEAT T 2 IR L

WOy, BT H bR R SR AR A HER R, SR B EHT ) ERP A R AT BR MRP 1)
BRI . AEATT, FATENHEAAAT W] LU AT B, RS A U2 1F ) it

15.5. 1 HEEEARAT{THYSE

HEREA AT R RIE AL, WIP RE{T (WIP infeasibility) Hi WIP {48 & AL E 5|
Ao W RGEEAT LW WIP K L BT AZ ] (to facilitate fulfillment of near term due
dates), ANEREATIXHFREACK AT, PREARTRIT (capacity infeasibility) Hi/™ A2
gl . PEREARTIAT AT LB R HE G 75K (push out demand) sl in = fig K AR

Bl
PAVIE L IR — 4 Lk UL HE R AN T AT IR BRI R . JLB0AE ™ B ) = 100

PRIR, SEbrB RN T Ty = 3 Ko ek, MR B EHt, P4 WIP % 300 fF. 47, 17

95 PEIIAE S — RS 90 RN AL —IORSEM, 84T 115 HFRIJHIRIN T . FEf e i)
115 1, 100 PEREAESS = TORTERG A& T 15 £ il T R AR AE S DU R e 1. i RAESR
15.9 hay iy, JTARIRIRE R T -6

X 159 LW BEMHBFFE K

bR RIRTIE] | BRHEE
1 90
2 100
3 90
4 80
5 70
6 130
7 120
8 110
9 110
10 110
11 100
12 90
13 90
14 90
15 90
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WO E B SRR TSR 280 1, 1 WIP FIP=RE (BRI TARSS A — A0
300 1. #RoK 12 RIIFERA 1,190 £F, 1A 1,200 {177 HELL R ish AL 5 — Rk 42 F ¥ 20
PEWIP. FTLL, MEEPRIRVGE —H, 32 T SRALTF & RTAT I

SR, 15 AT AN e i 25 R I — A ) 8 25— ROR = Zofe i e 95 A Kl A2 90 PRI R oK,
R B ARG AR (FGD.o 25 KRR ™2 fifin it 90 11, {Hi% 75 Kk4 100 . (519]520)
R 28— R R 5 44 FGI, 5 5 ARSI . 7658 = R AHTH 100 {4 K3 2 90 111
TRk, A7 10 PEMRE T e el ARG ORI, AR A AR TR R IR — kA
DL T o

S R SR R RGN AE PR N SERET WIP A& DL 2 AT R sk S—
RAFIEE R TFK A 90 + 100 = 190 14, 11 25 — K AKRAA 95 + 90 = 185 £ WIP HE5E Ik
Hhthe B, NErFReA 2R, B 5 AR RS M TERAW &6, MRP ]
DU 7 X R ATk

MEE ZRZIEMTENR, FATRIEAG AR . K 155 SR Tk KRBl ml
Kk, HERYE R R BT Rk, HRRA AT ZIBEEA MR RIZE, w5t
e KR S B f RIS . SUESURME AN ATAT o X M2 e 28 R S et —
—7Lk WIP AR GRIMATIAT. )5, Feenifbh KTk, dREERIER. EfF
55 \RFF AR S A, SRR TR TP L =g, JF HARFER) BEg iR L rss 1Pk,

1600 120

1. 400 100

1200

aik
Lo i)

B0 40

FH P RAR

a0

400 4

K 155 FERETH =& WIP Z 069K %

5 \RIIANTAT AN T2 R, DO e R BB 25 R BN RETT LA™
L ALK, TS R ATRIASN 25 AR DM S ke A ZE T2 ) R I AN T AT 2
APEREA AT IS o BT MRP HT CRP #E TG IR BER Y, "EATTAN BEAGT I RIXRANHT AT
(520|521)

PHZRAN R I AN T AT 75 EEAN A R AN Rfit it o 389007 REJC e T WIP ANWTAT, BT LAME— 1) 75
PoEHE A Blan, A )5UE TE ORI 100 AR REAT 5 AHES 25 =R, IR R
AAFHAT T
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FEREAN T REA PRI AN RCRE it 9N = Re sk HE S AC . BN, A AEEE ) UORFIH B4R =
25 4, HERRRATAT T o AR, XA ST TR IR I g ) (WL 1] 15.6).
AT — Rl £, WA N R 130 M 30 RS+ R, B =RAE IR (%
10 ), HFEBARS AT (WL & 15.7) 0 XAz i vHRI R SR 2 13 76 25 LU iR e i)
b, BEAEAARIr e MR T, 78 SEPRHERR S P BATR IR B4 I E X 2e sk ), FAkigfe
E RIS . (521)522)

600

1,400

1200

1000

#O0

£RRISR

G0

400 4

200

T

[0— BBk —m— FEE —a—

K156 FHRABERE TR/ WIP Z R X %

600

1,400

1200

1000

#O0

£RRISR

G0

400 4

200

[0— BBk —m— FEE —a—

K157 #EEREERE TR/ WIP Z KX %

15. 5. 2 FEHEBR &I A9 443 355K 11 X -—-MRP-C
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BT SR AS DU TR HERE AN FTAT IR Rt P BE PR B #L B K 1t %I (capacitated
material requirements planning, MRP-C) (4i75%: I, Tafdif 1995). MRP-C Z&{l. MRP, A
[ Ab A5 T & B 2 18 P2 g . IXFE, et MRPITUFRIZ AT MRP.

MRP-C AL E AL T R JZ A . WFRAIAE S+ =5 W, i )= i 8 ) ke
FARF R R S LIRS i, SEESTERIT AR e AR B (N, ) WEAR
TR TR e 2 P A AR B AT T A0, ABFRE A o 5 ™ R A AT SR
ZIREAE . WAL, XL PG| R T A P F 98 SCHR A S5 3 (14 )8 (s e/ M in 1
ZE ) A 9 i) D

h AR ) L 2 T AL B, MRP-C 85T 54— AN 2 T A I AN 8™ e, Ae 7 H
TSR e D FEAE AR HE R . FRAT TRIZEEETF (build-ahead) & X AR PR K2
H IS ORI EEAF . MRP-C 1) B ARRIE SR — AN MU TR FEAF (R n AT HERE . i 2R RA R,
MRP-C StE SR HAN AT AT SR B, ARl e AR HARAS OO0 2 01 =Rl BL b = fil i AR

MRP-C i FI SR IE T 20l R GE P BN IR (RO T B a0 2 m 2 pLas . 2Bt
D) AT A AR . TEAG LU AN 4L

1. &/VERRZATHR (Mimimum practical lead time) #7ic A 7,7, /R JCHEBA IR E i)™
eI TR] o e N AR — PR B IR, SR RS A U RAESE, SRR R TR
PR SR AG N LI ] Craw process time) T

2. SEBREFIRE (practical production rated) #xic ki r’ (), Fori=LRrEm B ¢ W
SEBR R W S () 6 TR e, e TSR R 400 T 100%, 7 (¢) 25
Tt b SRR 7, o AR, WUR AT () WS o, O T ARIIED, s (¢) WA

TEHAS ¢ o5t ry o RIAIXAE, 7RI BEn 2N TS AT IN R UE % . (522]523)

AL X AN EfE, MRP-C BT 1 4B hIRE - WIP MUY R RISEASC R, AN M
ST HEREA Tl A A PEAH ™~ e AN iR

MRP-C 73 AN B o 8 58 FUBGT I 7 SR ™= 4 CAT (M WIP LTI = fg, &t
AEAEATTAT R — EPTAT AN RTAT R o, 585 i B A I i [ 9 A v i 2 3 A 85 SR I
DB FATFELL R IR YE R s i MRP-C BB T KILH .

FARMERE: MRP-C (BYEX 1)
ZRE PR I TR R A, AR F IR0 E T DO BE R R . AR LR Id

T = P8R RIEEN (RJa—1D
t = MHbER, 0=0,1, ., T
Ty = J% RS IR () 5 I S B4R 300
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= TR A0
()= 5% I Rt

D(t) = % ¢ WilFsR, WA= %)
alt) = 4 ¢ WERRHO R (B

o(t) = PErh B TE st ¢ I “ 2 {9 WIP (timed-available WIP, TAWIP),

a(t) = Her= Byl WAl G WIP (CATAWIP), ‘&% 18 T I3 ¢ 1 vl Fi - fig e

c(t) = 55 ¢ WIMfLH Ccarryover) WIP
1(¢) = %« Wiikit-dl FGI 4

N(f) = 35 ¢ Wi FOI Tk it

S BO S WIP kit N(¢) i F

1. #iE TAWIP, JJEUATHER2 LB WIP slirtRilalicd . JfiTioe
WMAFHIWIP  1<t<T)
o(t)={alt-17) TP <t<TF +1

%0 t>T) +1
TE BB/ ININ TN )2 I3, @ole) 26 T2k P BAE 1 WIP. ZERTIEI G T, = 3 Kt
1, (L) CAEFRPR T, BB R o2) Ot K, R R Ak
e LMESEHE. ¢ KT T /N T J T 0 SR RL K I DT, 5 IRl A WP 458 T B 41

R E AR X TR M RRRT (O TR (T f, 2
h G B ERL A WL AT AR E AT 3R A 0] P SR
2. W5 CATAWIP. BT ¢(0)= 0 fit4F (523)524)

(t)=min{ (1), ole)+ (e 1))
c(t)=w(t)+c(t -1)- alt)

0201, ., T . X BARRET T2, 5 ¢ WIS nl 0 WIP S A58 ¢ 152 Al
BF R L L G() FR S WIBA A BEE AT 07 . ISR ¢ T WIP KT R
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THAE R c(t) 1t IFAESS +1 T
3. WELHU PG, A1 1(0) s MISUA FGI, JFil5E

16)= 1(t=1)+ (1)~ D(¢)

t=0,1,.., T X DA ARKERIEARL THA S IR FGL. i RXAME— HAZ
JRAAT, R BT AL LU AL 75 K 1) WP /el i o
4. IR

N(¢)=max{0, min{-1(z), D(¢)}}
(20,1, 0y To 100U, WEATSTR, KA R PR R BTk, 2 1(r) b5

M 7(e=1)>0, WFsRkST () Wogont i 25 () A (e —21) %, W) N(e) 5Ea% T 2480
Foske VERBIXAER R H I MRP h 7 E 51
1R N () > 0 Hoc(t) < N(z) , i3 AMHERE WIP RuJ4T, Me— kb RS M2 Bt N (2)— ()

SRR R N()> 0 Fe(t)> N(e), il B B AR mTAT, RNRCHS G 1T LIRS

SR B N e o
5. RIUEMASSE (ft, D Ja, P R EH AT Bk 5

LA B MRP-C /P HUR R 2%, Sk EEAE TR ARE HM. LU RIS 745t 7
HARUEH .

ES
45 MRP-C FRFERLIT T3 T4 7T LA B2 15.10 FrR iz . 450 5 4 fi i)

WIP Ru[4FHEf N(2)= 5 ik, Mm% 01 7k M 100 I 95, IFil

S U = IR 90 BN 95. N(¢)ZE4+. + WA 25 MBS, TRl AR

h 250 fRGRIMERAES )\ WPk 277 25 1 (3K 15.11); sl 23 nl I #A~ BEI
TR HE S AT AN 25 117 B BAEHERE R G IO B o TR A7 AR R LL a2 A 107
ReRI/E WIP, J&n] DI MA 5K . A HFE ISR 15.11 s

XN, BAVHE A AT I HERE R ATAE N o v T AR R 32 A PR T R AN KL, A AT 4
I A ) 75 SRt T = fe . BRIk, A T AT & WNHERE R e — A0, FRaEA T I (g ]
We DUNIMHE ARG A1, (524/525) (525[526)
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% 1510 TATHH

ME | R | TAWIP| s [CATAWIR| IR | SHBETER | %R
t D) | we) | oP) | W) c(t) I(t) N (t)
0 0 0
1 90 95 100 95 0 5 0
2 100 90 100 90 0 -5 5
3 90 115 100 100 15 5 0
4 80 oo 100 100 oo 25 0
5 70 oo 100 100 oo 55 0
6 130 oo 100 100 oo 25 0
7 120 oo 100 100 oo 5 0
8 110 oo 100 100 oo -5 5
9 110 oo 100 100 oo -15 15
10 110 oo 100 100 oo -25 25
11 100 oo 100 100 oo -25 25
12 90 oo 100 100 oo -15 15
13 90 oo 100 100 oo -5 5
14 90 oo 100 100 oo 5 0
15 90 oo 100 100 oo 15 0

%1511 ML TATEA FiTH]

M# | ®K | TAWIP| =g [CATAWIP| fZHWIP | i RIFEFRE | #&RK
t D) | we) | oP) | W) c(t) I(t) N (t)
0 0 0
1 90 95 100 95 0 5 0
2 95 90 100 90 0 0 0
3 90 115 100 100 15 10 0
4 85 oo 100 100 oo 25 0
5 70 oo 100 100 oo 55 0
6 130 oo 100 100 oo 25 0
7 120 oo 100 100 oo 5 0
8 110 oo 125 125 oo 20 0
9 110 oo 100 100 oo 10 0
10 110 oo 100 100 oo 0 0
11 100 oo 100 100 oo 0 0
12 90 oo 100 100 oo 10 0
13 90 oo 100 100 oo 20 0
14 90 oo 100 100 oo 30 0
15 90 oo 100 100 oo 40 0
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FARMERE: MRP-C (BYERID)
KT ZNERKE CRIATHD) FsR RIS BEE GG THRIT MRP-C F2)7, FRAT 1 H LA

D(t) = 5 e Mk, EIA2E )

I(¢) = %« WiKit-d FGI 4

N(t) = 55 ¢ W07 FGI 3k it

at) = 4 ¢ I CATAWIP

X() = 5 Wit

Y(¢) = &5 ¢ IR PEAE, B T45 ¢ 0T T 2 8 ¢ 0.2 05 5 R it

S() = % WIREERL (iR B

FEARFE R B I FGIL A RIR TR, Ik M MRP EA48% s AR5 30 v H 7= 2t 4
RE AL AT FH Y WIP (CATAWIP) 4. T e s =4 i i WIP, FRATA LS MRP
HEFERG LW 2 o WX FEVH S SR Po. TOUE A DA S BERRE

HASGRAIT

1. FEHH (netting). H5ELIbRHE (MRP) 7 0t 5K .
a. ZRAIE:
1(0)= I FGI
N(0)=0
b. WERE—IIZIEE T 301, vHEvH-Sl al A e A7 A oK -
1(¢)=1(t-1)+a(t)- D(¢)
N(z)=max{0, min{-1(z), D(¢)}}

2. #HA2 (scheduling) . HFEREPUR T B Ja—M CGET B, HatATHA[H1H
a. ZEYIHA:

D(T+1)=0
X(T+1)=0

Y(T +1)= ML FGI KT
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b. WS T WITTa A2 28— 1], THEE
Y(¢)=Y(¢+1)+ D(t+1)- X (¢ +1)

X (¢)=min{a(¢), D(¢)+ Y(¢)}

c. 2k Y(0)=Y(Q)+ DQ)— X (L) grih—Fb i S0/~ Bepn i ik B T vk T 07

AATATYE, XAMEN 2% WRANE, ZHREATAT, BB 1 ZEA
d. BB ATIATYE,  JA T2 dm /N SR B B S A 7 okl e 22 v &l (526(527)

S@)=x(t+77).  t=01,.., T-T/

MRP-C HERE TR 301 (0 A 11 i o SO PEAF B . 205 T 0 A OO P A /K- 3 0
TR FEAE A o AT BB B 2, BRAFAT R i AT iy J R AL J2 PR A7 4 vl
WMo AEREH, HLACE S TR S TR OR GRRSRINAE A, JFak &
ZHBUNFIRAS o IRAR M, ROA P AT e 7 2 (i f o KR, A R /R (4
FETL AT -

RS POE PEAF  IE, WHEREANTAT o SRR TR A B S AE ¢ = 0 I WA

HERE T AT T4 75 (9 BU5H FGI B W LB B T o 7T 1A AT WIP AT 47 1, Y/(0) 4%

T, Jih, KRB AR
MRP-C F2 7 (1 55 28 i 2 —NE P BEM B R P L Py (] fieeid |
FFr A B N T R A ) 2B L A7

X

i s

§

BF-

AR SERN B T i3, IFH B MRP-C 1955 B Bte AERumi 4l Rinsk 15.12 iR
R FNZHRE R P BT et g, ORI IRZ WIP BRI, SRJ5 32 neBR ], H2I+
TIAAPE PR AR T, R EER] 90 £, IXANMECTFLT CATAWIP (HAT L LUK EFE

T E] MRP-C i 1 R AN TAT PEIF 45 0] RE A AN R Wt XL, (U S i g

G, ey, EURHL) MUEEIN TARSS (WL, REREaf) mIsssi Wi 4 1.
MRP-C XA, - Sl ARV HEREE R A 45 FI R 9r o (527]528)

15.5. 3 ¥ MRP-C ZE{H 2 5 — AR HYIRIE

U THT ) N 54838 7 e[ F MRP-C S il i AR & A B A SRR I — AN iR (Tl =2k ak
PP —BO WATHIRE . MRP-C (EIEUIET, B LEMBIZ . 2/ m IR,

YT HR =4, MRP-C RS HE) o Rdb N e i A =il (Bokb) Ekaa Xt
H 3 Tuk 755k (The production starts into a downstream station represent the demands upon
the upstream station that feeds it). fitLL, B TrT LUR 7 S #u)W |l MRP-C, 41 fJa — A~ L,
— IR . B, el AT WIP (time-adjusted WIP, TAWIP) Bl i HIFER)
FE A .

WA ATk, WA P2 AR A AR FLAMA () & Tl G K . X AR 1R MRP 1)
BOM J&JT, A2 AU e NH T #4582k, MRP-C F2/7 FILAR 7 H R AL,
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% 15.12 ZAM A FHAR

M | @k | ARITHE | $W%Kk |CATAWIR s | S8 | #8
t D(t) I (t) N (t) w(t) Y (t) X (t) S(t)
0 0 5 0
1 90 -90 90 95 5 95 100
2 100 -95 95 90 0 90 100
3 90 -95 95 100 5 100 100
4 80 -80 80 100 25 100 100
5 70 -70 70 100 55 100 125
6 130 -130 130 100 25 100 100
7 120 -120 120 100 5 100 100
8 110 11 110 125 20 125 100
9 110 -110 110 100 10 100 90
10 110 -110 110 100 0 100 90
11 100 -100 100 100 0 100 90
12 90 -90 90 100 0 90 90
13 90 -90 90 100 0 90
14 90 -90 90 100 0 90
15 90 -90 90 100 0 90

X T2 ki e CRIL, AR AN IR P i ) 385 —A> Tuh KRG8, FRATTA 2005 JF AL 755K CRIT,
LS AR ) RIE AN &K ST AR 7 S AR Tk A T R A AR
TN E], MRP-C LA TR] A SR FEITH 6. Rt i, P Re. k. WIP ZEHEN LN
T XAES T R T EATES DU E I R, BIZEZ 7 i) CONWIP =2k 2
R 1L B30 AR b I ] i = B (9 A

FEZ RS, SR 22 1, DU AN ™ i £ [ — I S0 o A8 it
PEAEIN BAT T A — T IR T E T SRR o B 1 ) 1B ] REAR D BRRAS B AT g STl
b RS A TR T WP, 10 55— M b T RIFEIH ) WIP. SXFERTRE S ECR —Fir
Bt L WIP ATT AT Tardif (1995) 25 LR 720 RIKA) R IS 7k, AbIiLid T 5¢hs
PAAT A [ T A ) L

15.5. 4 KRR RYILER

MRP-C [bifd MRP G HAMES: (1 B T — NI 7% 18 = R i 58 ks i s,
(2) BN HERME THEHSEHE . (22, Sl R,

T4, MRP-C KRR AT, FrUABRIRUE— 2 FEMFAE R rATHERE . R, i)
EHRE A AATHRE, WIXAHERE— 2 S4TSR ) MRP-C o] LA I
PSSR, L KATH R (AL Tardif 1995). MASTT Eki, Bid— EiHe R 53k 73
FE MRS I . (R IS BB T ROZATIO. “USSCRE” ik, B R T g bl
R VE IO INRE TEAEAS o BEAh, MRP-C 72 A AT Ae] i 2 4B 2 A HERE S0 A £ 5« B, MRP-C
A HE LA T B BR B2 (R A SR A B A7 v Wam, FHERE T e Lb e AT R 0 “ Sl 47" I
AH = ST I

FLWK, WG T RS VK, MRP-C M — e X2 (A, B e BORketiE),
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WEAESE e, XA EEZHEREITAHANEE. 2, &AL MRP-C
(F5z FARMTHER RS AR 0T LA, A5G MRP) 35 HEAF RIAEE, IF3RECS FrAH o 2%
AP SRS EPE AT AL . FRATIZERE T R 14T H s an e i 213X — i, (528]529)

15. 6 HIFIME P RIE FEHERR

BUAEIMZHE S B s P 2 o HESURGedk 20t R ) = 2 KBk, iz aUR
G B E PSRN LB HEUR GBI BB R (Mt 1) JFIE wip
KREMERL IR WARGERIBEEIEL ARG EATER] WIP JFIE ™ 1R E ™ 2
MALs. T WIP I L BURHE R ABUR, B aURGe i i 22 it LU HESUR G fie . 347,
HI R ARG E AR WIP, EATTRERE S iy W5 ARG WIP KDL 22 AHOC [ I
MFEEAE . f)n, SRS RS ATELIRE Sy, XL IR A4

I, BT TR T RE 2 L DR B P R G I Ak o BRAE (V1) LS, el A — AN
SRR HERE P P EIX 2 AT A PR TR AT 1 2 A 2 TRV ORI

15.6. 1 HEFEHR), RXMIT

RIS S A Rt SR A AR I I T, AN BE PRI EATT— e kA s,
HEFRAFNS T ZE ML R BOSE BRI s R ML RS SERE AR R A, HERE T e —
FREE B — K. Bk, e TR Rt ], ARE SR T . B DABRATN, kR
B35t 1) R GE BRI FINEALI) — AL, AR ZLR,

PR RGO — GRS S PIR S B AR L. =4k gl WIP PHIERS, %
0 5*@ W A N 1 T i ) O 5 o S0 2 A 1 vAsa W E g L b ST s e T 2 B
HEPRT I, haS RGO gE . B, RN H R GRS ERAN A

N T I ILEATHLEE, BB AN 4 2R A & CONWIP [ &S, Ff HAHH MRP-C
S HEAN R G L R . VERE ] MRP-C Fll CONWIP 2 )4 A 3 3 (1) e I —— L A i g
FEL, WU BT S80I, MRP-C A2t — 4L BORI )45 B2 T CONWIP RG24
PREHZATR S (RIINMES). MR T, e X FAH S AIB ARG, AH—RR 1 s
bR SR HERE — 2

MR S THERER, A eI RE SRR, RREEE A ORI TS (makeup)
T BATH T LB b2 o Wi BT I2RGerh, BATUILE N IR R . 47
EERTHEREIN, BT mT LURRE AR vr = Ze b N2 TRkl i e vE e B ar Ve . — 4 155 B v
W, BB H TR ) SR Bk H IR (], AT R CONWIP F= 2 AT |
Kizg, HidixFhr, CONWIP ZZen] LLFIH “MA) " Az (6 ] i AN T T HERE o
(529]530)

VI BE LB ML AR SRR (i, CRAER AT RERIBIZ AT 7LD I, FATTAT L
M+ =2 p R gt~ Hadl (STC) SKANE CONWIP #5ii RS, eHflt 7Rl
AP I A T HERE AR I vk 5 RAE T RIS, %A% MRP-C —#2 — T E
R, FUE RS, R —ANEZEREFERE . Mk MRP-C {17 RES 4055 2 Tl il
[ HBRSEIAN T o (ER R = A T B e 4. N B3, sl AN oA, 88 & % i)
W

15.6. 2 {3FH CONWIP 1 MRP
JERIIST CONWIP S HRREAIE A I8 I B 4 ZRHFEE AT MRP-C “E . 4K
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T, T MRP-C {125 CONWIP W AENLELAH [F] AL IR R E 1S g, AT AT
ERISAT RUF. (H2BATYR T LT HERE R4 CONWIP X, Lhaniit MRP. FRATIME
 MRP A= B 4 A HR v RN R A58, VE 54 CONWIP =28 /RN A R . 4R
Jii CONWIP F= 2k g s il TAT S5 I Bl bz N R 4

XIT MRP-C, B 1] LLsiii = Reggat, #@AT/EL, DLAGBERHERE . JEARXILET MRP
AT CONWIP N AERER R —8, 45 k&, MRP Lt MRP-C ¥ ] fig 2 AR — 850 - RN
o AN IX BT DLE SRR AT B MR, Wil R0 S AR PRI R B R )
PRI iz

15.7 &g

P I A C 2 A, — e s T2 MR H bR, —2PRAE
MR NERA R R TR AR R, VP HRREIIU R S T HERE il U M R
WA T L RAFILE . T, SERRHRRET I BeAT R 4F (A .

HEREAR M, B AFRAT TG 1 — A AR T, AL mT R SRR 53— il 2 i i
AR B HMERR T o — A S A A AR SEAL R PR T AN AR ] o o — A Sl K R
PRI SIS TR PR 1) CEEAE B N I AT 5% L5 DR R v R0 BE AR e T (2 U AU
TARSS A A 738 — HLR S 2 IE REA R, e TS 4mr Of Ik
AL HRER R R A%,

TR T HIHEREE S AT A — A A AR AT IR REHERE . 1l 5e ik MRP [ 3%
ARG, XA REAE MRP IR SR AT AR, O T3R0S E I OC R Al
PR, AT A B BEHFRE B — I RO 0 R GEVEAL PR 1 AT AT P I AR B AN AT
AR W M o e BETH (8 FhRE Py B2 7 BE PR I R 5 5K Rl ——MRP-C.

i, HERERAE WA Bt THE 2, i ml LSRR GEH] o AR m 2 I HE
FERT IV, TIHr R GERAT . XA It 7 HRE R A TRy T s Ak, L&
PRGBS I 2t AL -
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