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Abstract

Production efficiency and system flexibility of Flexible Manufacturing System (FMS)
are mostly depend on reasonable planning for tool flow, whose schedule is one of important
elements of FMS scheduling. But the state-of-the-art scheduling theory and algorithm of
tools flow are not so advanced that the degree of automation of tools flow in job shop is
comparatively low, which greatly restrain the production ability of FMS increasing. Hence,
further research on proper planning and scheduling for tool flow is imperative from the
view of theory and practice in order to improve the overall system production ability and
make full of the advantage of FMS in flexibility.

In the course of the thesis presented, the subject of research is tool flow scheduling in
FMS environment. The necessity of tool flow dynamic scheduling research is stated, and
the state of the art of tool flow scheduling theory is reviewed. Then tool flow scheduling in
cases of procedure provisioning tools and working step provisioning tools are investigated,
and the deadlock detecting and deadlock avoidance during the schedule of tool flow are
deeply analyzed.

Firstly, simulation models are developed respectively in cases of procedure
provisioning tools and working step provisioning tools based on Petri net with the
oriented-object technique. The models developed accurately and conveniently describe all
the sections when FMS is running with not only considering the part flow but also focusing
on the tool flow, and include the machine malfunction and tool failure as a component. This
is basic for tool flow heuristic scheduling.

Secondly, cutting tools life is considered as a factor to rich and enhance tool flow
scheduling theory and technique based on tool flow deadlock-free scheduling on the
condition of procedure provisioning tools. Extended tools applying allocation graph in
relation to tool flow deadlock strategy is built up with the graph theory. The nature of tool
flow deadlock is revealed profoundly from the view of graph theory. Tool flow deadlock
decision theorem and non-deadlock graph property theorem are given based on extended
tools applying allocation graph. Double-layer deadlock avoidance strategy is brought
forth to prevent deadlock in two models of machine selection process and tools allocation.

The effect of tool flow on part flow efficiency is fully considered in tools allocation
decision, and the rule of earliest finish time for current operation is given. The experiment
results show that the rule presented is able to decease the waiting time for tools effectively
and improve the production efficiency of the system. Tool flow deadlock-free heuristic
scheduling algorithm in case of procedure provisioning tools is built up with the method of
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combination double-layer deadlock avoidance strategy and scheduling rules, and the
handling tactics of tools failure are given. The simulation results show that the algorithm is
effective.

Then tool flow deadlock-free scheduling in case of working step provisioning tools
based on graph theory is researched deeply. The evolving model of tools flow state is built
up, and the states of tools flow deadlock and tools flow deadlock-free unsafe are defined.
The tools resource allocation graph and the definition of machine deadlock are given.
Combined machine deadlock with tools flow deadlock-free unsafe state, a detection
algorithm of tools flow deadlock-free unsafe state is designed, based on which the tools
flow deadlock avoidance approach is developed. An example shows this approach is able to
avoid the occurrence of tools flow deadlock.

Tool flow deadlock-free heuristic scheduling algorithm in case of working step
provisioning tools is developed based on the virtual machine queue idea and the deadlock
avoidance approach in tools allocation decision, then the corresponding handling strategy
of tools failure in the progress of scheduling is given. Thus, tool flow deadlock avoidance
and tools allocation in real time are solved in case of working step provisioning tools.

Tool flow scheduling is analyzed from the view of the global optimization, after
research on tool flow deadlock-free heuristic scheduling. A mathematical model of
integrated scheduling for part flow and tool flow is presented, in which the objective is to
minimize system make-span. A double- layer genetic algorithm (GA) is proposed for global
optimization of the model. The outer and inner layers of the GA are to search optimal and
feasible operation sequences and tool assignment, respectively. A case study shows that the
double- layer GA is effective and practicable. The Quasi-static optimal rescheduling base
on double-layer GA is presented in order to deal with effectively emergencies such as
machine malfunction and tools breakage.

Finally, the scheduling simulation programs based on algorithms developed are given
and the system performance index by means of the algorithms. The simulation results show
that the heuristic scheduling and optimal scheduling algorithms in case of procedure
provisioning tools and working step provisioning tools are feasible and effectively. The
presented scheduling theory and algorithm provide a foundation for FMS design and
running, and establish a basis for fully utilizing FMS performance in actual production.

Keywords: flexible manufacturing system (FMS); tool flow; deadlock detection; deadlock
avoidance; double-layer genetic algorithm
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Fig.1.2 Schematic diagram of tool flow deadlock in case of procedure provisioning tools
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Fig.1.3 Schematic diagram of tool flow deadlock in case of working step provisioning tools
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Fig.2.2 Modeling of device resources as object
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Fig.2.5 Subnet of machines as object in case of procedure provisioning tools
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Fig.2.6 Subnet of machines as object in case of working step provisioning tools
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Fig.2.9 Petri net modeling of part flow and tool flow
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REESERETNR, MERENTEFEXEIRSA.
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Fig.3.1 Extended tool applying allocation graph
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sk AU, HRAMMENKLMAESETT —THRRRE, REMIK
KM TS TERE. REFENMIIFNIZRERRAMHNTIRESRREH

38



B3E ETTRENHTIARERBREHA

AHEE TN TIABRERTRRE, NTTZILY RITIAFIESAE E-TAAG,
RIBREFCHA E B THTRHRAHAE, REHEGFRARFTETLFAZFHE
89, AR -BERIRR. CRERIESHIKNTELFONIIE—EHFEET
TFRTIEN KA R. BFRA—/ E-TAAG —RATURNESEMITASRLTR, Hp—
BRATITHE, FIRRHTIAMR—EEIBEEEHN. Hit, CEH#TH2EK
WISt E], BT RTEBM T RMRT REKE. iR TANRAEFNSIFE
BEMRIHUE, TR RIELKTIA SRR A H E-TAAG £ D-TAAG , MTT{RIE
SRR TELFMIHRFET, BNRMRESMATIRSRTRR, HEERT]
BMEFAFIE AT, SR TIRMRT REFFE R TATI T B2 kit 280 = L8
TR R

3.4.2 ZEASIAEEE

BT F T80 Gk, v B T AR YA EEE WA 3.17 Fis.

&@1%%mﬁw,#éﬂ%tl#%ﬁ#MIﬁﬂtﬂ%ﬁﬁﬂn%w,mﬁ
MAZHEFTAHMIEREZ 2 HEF;

Step2: FUKFIEMI, H2 =REJTHZA, t1=t+350 TN ITHE,

Step3: ¥4 t1 BlikR, EVKRBAZHRAE/RMIIME, N stepd, FUERFR
GRE i td R A K RE T —FMIITH,

Steps: ERMIIFHTINACLEHE, W steps, FNERTTAMIENE, Hit
HEFHTIANNRE A

Step5: MAZHX TR THH EVRFEFEMT, 2 t=tl+At, t2=t+F NI
TAMIEE, FNRERRES d Fik; -

Step6: FH T RFENRILEMTFAFIAE, WLER, B steps;

Step7: HHURETHANMNEEMTFAFIFERE T, HBRIUMANE E-TAAG
HITRSHE, EXY, WNKEFEELF, TUEMEBTFIF], Hi step9;

© Step8: HIFEHEKRFIRIIE

D JIAMRFRR TAP BZ; .

2) ERETIREERBRY SEM =M, M,,... M, ] E TR B EROHKS
BEM=[MM,,.. M), EM=¢, WK 8); HEM=¢, WIHKM,;

3)%Mmmfzﬁ%31 0| 5)s B, HoE M H & T RETHPUKRAT M, M,,,... M, s

4)&Dﬂ¢ﬂ%ﬂﬂ%%ﬂﬂﬁ%ﬁﬁ%ﬂ%Mmiﬂﬂﬁﬁugﬁﬁﬁm%
TNERHREFTREN, WHTTEMRGTRMATIEFRATRE, T 5);

5)&“$%mﬂﬁﬁﬁﬁ%ﬂwﬁnﬂﬂ%ﬁfﬁ¢ M ﬁﬁﬂﬁ%M; G
¥ IR 2R RN TAP;
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BURF T
=458 %
t1=t+ 2540 T in TR fA)
T
kS
N
WAXETHG?
Y
LR/TIRE%IIE
FHRESBE TIRATRERH? NRRKBE
N
FMITHFERT ENRETLHERUMETIRR
td=t1+ At TS HE R MEHL T ARSI
t2=td+# i T TR T o g PEEFNIIH
A
RERE StdTiA EWER TS
y
N HE T IR B ALK BA
I AZE? ¥ % 2 MR 4% M B
TIRH IR
Y L 4
BIHREEEFEANTHE S
EAZEF, HBIIRMRIE
KRNV FEEAF
bo k= EI MRS 1:ar i 17 33
TIHER
TREFH
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B 3.17 TH&ITIRREESAL SRR

Fig.3.17 Flow chart of deadlock-free scheduling in case of procedure provisioning tools

6) RENRFTWEMRRETIRM 0, EFEM E-TAAG;

40




38 ETTRENNNAREENBERR

D ER1 —6);

8) B JIR IR RE TAP, &K,

Step9: ¥ THBEBEEFZEATIHPENEFIT, ¥ TAP RPGTIRSIRES
BB I FES BT

Stepl0: T MMM TIF#AT THZ5;

Stepll: BEHTEM, 4 tl=t2.

3.4.3 NELWBE

TNERREBERIANTERTHIEERMEHAREEIIROTIAES. &
FHEERSET, ANARMREN, FMUBKTHIAFAR, MELLEZWELE
WAENRE, Fik, A TTIRRAE, HRAEMREUEMTIANAMERTHRE
FEMBEOHEWALETHLERGMTHRE. RBLAFREN, AHTFEE
T TIARRAE R E 3.18 FiR.

BURM EEGAIAT MITHN, ENAT REBERAN, WEHEREAM
URTIEE, mRFERATIANBKRIRT, EREVNERTIRE—EETRIIEF (B
ATIFENERT, REMTENLTNARRFEIHAFEMT, ERHTIAR
ERERE, TUBARENERNREREPRIIET), LTS RTIEFR
&7,

ENAT REWH, WHNRETEREHTLE, NIAFMER, dTEXE
BHAEGR THEMIREERAZH, FXIHAETHMESLE, L RS
HRETIHER THENHEENX, HBERUMTIFRSANEHIETHIIL,;
S T]. BERRAEHERER, WHKM ERERETARENERKEGELR
RIFNERRESFELY BT R SE73IKE E-TAAG, # E-TAAG A D-TAAG, #i
BAAFEETTHTIAART RS REATIAEAVRM,, WNNRRZEHEEZRTIR;
% E-TAAG I D-TAAG, BR MM A R—LREBL, WHERE—IRFT EH LK
M B HE, ERIIENBFRNES, SHEH: NRREMAIFEES, HHE
GREZRERNEATIR IRMAET RGN, PRITE. HEVKTTEN),
HEMNTHEARERH, HEL%X VKRBT, 2%, EHEMITEXRT, A
TRERZENWNEE . BOERFTRKNE, RNi%IRE & IR K R B A%
BEN. RFEHREHIAM REOFEELEELHEAONATRETHIX (R
I I04 X4HR G I E-TAAG HD-TAAG ), #HEZAXRBLATIANIE, %
REMERDMIFREZ S L, BHKESXAHRITE, HURKM ST EERE, &
BRI ENMFERMES, HERRIIT, TRIRFEERATREZENKRM B, BHR
R TIREFE R TG BIPUR G R [ R0 R R B2 R
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Fig.3.18 Scheduling flow chart with tools failure in case of procedure provisioning tools

3.4.4 BEHRM

REN—LRERENANRARRFIARKIIERAR, BEFZR_ENHE
ERAEH, AHTFRENRERAZAHE. REERLERTREREHRNT
R BRI, tED TAEEMNATIE SRR, 25318 FHUKE T4/ 7] R &N
RESRBERE, FPHURE TN G AR (641 B ] RIMEBRDHN, TxtF
TVRENR, RCGEH—FHARERN— BFRHUR 250 0 T 52 5 8 5 2 5 0
(Earliest Finish Time for Current Operation, EFCO). il MR L ESETEERT -
REBAMERNER, AXERT IHRNTARMHEEAERXR, BZELHEE
MUEAEE, RBERHMRETRAERENETEREIER.
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EI3F BT TRENHTTAATBREHRR

EFCO NI EABAER. TIAMREMRAHKT (F%E) PYURTIFMISE

T RIERRNKM, . ZRBERKETAMMREZE TN THRRENEZW, £

BREREHBEVFETNEMIRERERE IR, ATTESMIIFEREZANT

RE, BROTHERERITIANEE, BETRENETRE., REAREAWNT:
min(t()), M, eVM

Hep: VM ATIAT MHUKAFIES, 1) h M, BZ587 TFH 52 TR E.

3.5 KIS

ARAET] R RIEEUR RSB, UTSHT MRS RE, 319
R ER—NERSH E- TAAG, EFHHiEXERNT:

B—% M, > )M, FiETIAT,;

B—5 M, > (s)M,, FETRT,;

LEEM, > (a)[M,,M,], BETRT;

FREL M, > (m)M,,M,], BIETIRT;

HEEL M; = (m)[M,,M;,M,], ﬁé3‘ig£ﬁiﬁ’ls - (ma)[M;, M1, B—85X
M, > (ms)[M,], BETIRT;

S R% M, M- (2)[My, M,] HE L M, > (m)[M,, M,] NERZHLEE DT
M, - (ma)[M,]JA/%, FRIET.

T,

I‘l 1
M, M, L4 M,

A
L I, L
4
T,

M, > M, LY M,

& 3.19 JEFED(HI E-TAAG
Fig.3.19 E-TAAG of deadlock-free

§xtE 3.19 Bt Tl R HESRRR, RENTIRLEBMREELT:

1) W TR MRS R R TAP;

2) REM 3.19 Firiy RITAFENEE E-TAAG A, M =[M,,MJHAET]
BEHERTAE MMAMBEM EWMIAT, T EHATL#TTETFHMI,
BN EFE—FHTHR, RAMRBT,, TRE TAP PMA—£5RITF:
MT,1>M,, FIEMEBE—ZM, > (M,

3) EF R E-TAAG 0 3.20()fTR, M =[M,,M,,M,], Ti M, k% M, L8]
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MRETRAFEH L2

AT REFRNRE (M, M) WAL ERTUETTELFRMT, E£E—Fo2IK
7R, oM, EMTIATHRA M, , WE TAP FIMA—&FERIEF: M,[T]-> M,
R E IR M, > (m)[M,, M, M,], HEEFRAKR: [M]-(DIM,,M]:

4) EFEM E-TAAG WHE 3.2000)877, HA M =[M,,M,,M;], % [M,,M;]FH
JNETHMRE M, 5, KETMITELS, RENRFIRGER TAP FIA—%KT]
BERF: M,[T,]-> M, M[T]>M,; _

5) EFERTH E-TAAG WA 3.200c)fis, M=[M, M, M), M KEHXT]
ERTUGHTTEIRNMI, ®MFEIRLSRE M, TAP FIMARZ3IRIN
F: MT]- M, M,|[L]-> M,;

6) EFEM E-TAAG WA 3.20d)F1 7R, SHKTRYETIRREL, TTADK

T T
Ml Mz I; M3
|
T, T T
T,
M4 \ - Ms Tl Ms
(a) (b)

M, M, M,
M, M, M,
©) (0]
B 3.20 NEAEEERRER

Fig.3.20 Schematic diagram in the process of tools assignment

T IR R TR TAP 0T
M((T,]1-> M,

M,[T]- M,
M,[T]-> M, MJT;] > M,,
M,[T]-> M,,M,[T)]> M,



3% BT TRE&TINTAATRAEETR
8) &R,
3.6 KENG

e BRI BRFANE LA BN EER S, ACEEBHN ST 7] R LR
PRE TR L, $IRFGEEER, M XREETE—THIHT. §AE TAAG
i PRI REBI T RITIAFFNELE E-TAAG, EREABHLAER
NEFaNIRPEIERS, REELERM EEINIIBATHME RO STELT
TIRRES A E e BN EMEFEE, CINRAGRMN RIS RIS,
#E AT IMS LHNAN AL BN TELFRRE, FEHT FMS XHTIR
ML DIIRRK, LOISFRIE T ZFCHR S RGNS BENTITHE, BEEFE
Fedti KM SRR SR T TNRREEHMS S HREEE, FRUTINAK
R EHRE, RRT TFEJIT 7] RARIEHR &M T R LN 5 IKiEE,
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WRIETRAFEHFRY

$45 ETISEINNNERIEGRERR

L—ERAERTEN L& IERTERIIR % a8 TR AT LT T
WG, HTARBHNEARRE: SNIIFATIRLALMHERS I
IR THHMT, FULRAER. R 8 REfUAN TERFHELSIR
B, EERENANIAE, AMERNESERAMEE, fmLiifFnIIFR
ARER BRI B TR AT B RONKRFEKE L TERRE, S SEA
B B T R B RF AR KKK

EgbEEFENIGEY, RERAEREASIWKMITOL, RANRIFE
fERN, ETFEEAETRENIS, MIMERK, Hit, mRMREIFEART
PR A E R RTIR X TR MR A R ERAME N, TR TR (BILL
TIHEAERTIS) ERHER, HATURBEFHMER, X—THNHABER
‘=z,

Bk, ZENA—KETHAROTSEIFERET TESHA, EERLIRSY
WA, fEER EAH TS ETIRE T T RRAMMARER, WL RKR
YHEMARER, R TIAFRFCHENRRE, HREEL “TEHBRREERR
AN HTIEBREHE.

4.1 THS&DNTNERORERE

4.1.1 SHZEFNEX

IHENFHRTIAREHRAEMRAER UK EFHFH (hold and wait) K
RE, —BRANVEKBEEERETNAREAERETSFEFTEFR N, XX
TROREFH AT HERE RN,

4: a,— T XTVRN—AELBILBEEIURM,; b, —HKMFET RTIRN—A
LBl 4, - DREHRM NT RKTANES: 4 —HURKM T XTNRNTERES;
R@a,) —HUR M BE—REKRT, KTIRMFIIG: RG,) —HURM,BE—R®EKT, KT)
RBIFAIS: f=5, T, Gy, 1 UK M BITIRTKRFS: 6, —E fFEK 5
IR TIARR.

N2: Ra,)=max[k:8,, = jk=12,|f]]

R(b,)=min[k:8,4, = j,k=1,2,+,| ;]

EX 1 EHfFfEa, e, b e 4, 8 R(a,)> RE,), WHRHLK M, B 5F HF FHH.

EX2HNEMEENTNAEERANKAM M H K, BM %5, B
M = Ty U tows Toow N Tt =@
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FA4F BTTHENNTIARTHBBEHR

Hep: T S IPRNEETISBRFENIRES: T, —SLIHHEHT
PHEETHEHRENIAEE,

EX 3 HMAEAMEROTNAEESHRAINKMB W B, AM %7, B
MY =T, UTy,

e T, —WAKAMLET— I*/F%ﬁ%ﬁmﬂﬁ%n. Tip —HUR M, LJEEET
CRERENTIAES.

RIE T RGBT & RS FE/FHEL i) RS R 5PUR H 50
W B TTREEXR,

4.1.2 NRFBRERERE

HTFRZFETNAREHE XNEREE RBEIUR. JTIRRHUKRX HEH Wi
JIRMBME GER, RENBR, FUTRRMRETUHRIREFHURE ¥ 5
MHETIANSES SHRAR.

EX 4 FRABG=(p.¢) ATTRAREHEZTHEE (Tool Flow State Evolution
Model, TFSEM), H+:

@={5i=12.. — TR T AIEREE, WREF DA REARNSRREESH
SRR R MBS BT RRE;

$={(S,,S)"1S,,S, e o.M, e M} —REFHIRBRELMES:

MURBIRIEL S, S)" RIEERBEP N —IMREWABRF -IPREFTANE
MR, HaTHS 2SR, ZREXRMEHTIRM ERES XHE WEMH
BHTIRARREER T RERBERREEERES, HEARES, .

REHMRAER WA 4.1 FiR, HF 9=(S,5,.5,,5,,5,5,5,,5}

6 ={(51, 8" (53550, (S5 S)" (8, 86), (S, S ), (5, 8, )

(S5 S, (815 84, (81, 802, (S, S ™, (S S0, (S, )M, (S,, 8.}

EX 5 BEREES,, S Bk, BHK M ERE S, Fhext i HE5A WK T]
RPITRM. REBRIE, WK M ERES, HE.

B419F, BF(S,S)".S,,8,)G<k<8)BRELIFE, WHKM MM, ER
AS,HE.

EX 6 HBHERMERSES, UREAREIENIERREHRZEER, WK
KM IERE S, ATLBIHUR, BN IEFEHHK.

BIEE X 6, B 4.1 FHEHEKM MM, ERES, BREEYUNK.
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B 4.1 TJRRRERERY
Fig.4.1 Tool flow state evolution model

PURTEREMRES, FE, RBEIKE SEHFHE, TUREEMRES, 728, &
AHURHI T EA SRR, BARETRAFB £ &G, TULEHEX T,

EX T HERE S, F—AMBHUR M, , UFRRE S, HFHRA (Deadlock state)

EX 8 #% p={S |re(L2...m)} A TIRRMTIEREE oI — N T8, KFSEEHR
S, (k>0 RETFTEANTIRFEAT KL, ERESARERY EL>FE-N
S i (rHk+A<nA>0) 58, WFRRESAEFLYUAS L2 RE (Deadlock-free unsafe
state).

EX 9 & P={S|re(L2.. )} ATI BANTIERE R o) — T8, XV ef, #
FE—ANTIRSIIER, HERESSEEALS,, WHRE S HRERE (safe state).

GEmR, TJRFNREREEVUARNE HBM W KT RMRETRLH,
HENKRKREE, ERBHERREMRES, TAETNARRSHEREEFHEMRE,
BRRT RZAEFTVABRENSERR, ZRATH—FHIIRBESTE TRAG kH#
B

4.1.3 NEZERKE

ATHRREPERETHNRRFE SRR, B3LJ1R %K 5 Ik B (Tool
Resource Allocation Graph, TRAG)WI T :

EX 10 TRAG=G(V,,, V7 E s EgS 5,554) »

Vig ={M, My, M} AHURTRR S &5

Ve ={T, T, T} R TIRTR &R

E,={a}|a;=T, > M,i,j,0 =1,2,.} ATIRHREES, T,>MANTIRT %
HURM BB EER, RATRTVALBENKM B HEK, o hT, RKTTREHS,



F4E EFTHRNINTARERSAERA

Ey={b|b;=M,>T,i,j =12, .} AT RHREES, M, >T HNHKMET
RTNAMBRER, REHURM B WK T RS,

S5 ={R@)INNi, j,0 =12} HREKIRES, HF R@))eZ" AT RTVAKE
o EBTNRENRM, LHBBER, 1] eR* W E o BTIRENR M, b HI{E R ),

Ssa ={(R(B,). 10, j,k=1,2,..} FIELHIAES, R (b)) eZ" HHUR M, Bk RTFXK
TIAT MR, I} eR* A5 R, (b)) HRLHIE R (8]

DERERERTIARSE, HHARBRR&ELXTIARENLH, HPHEFR
RIEMFRFG, ARRFIUK, EERAMEEZEMAES TR HiELM TR
SHRVARNMN, BT JIRESIKE TRAG, WA 4.2 Fik.

L1 ® L LI ®

\ 517
3(25)  (2,18), 5,24) 2(49)

4(31) 4(12)

B 4.2 JIRBERF KA
Fig.4.2 Tool resource allocation graph

B 42 FEIKRTIARERNTASIREMEAE LWT:

R(a)=3, I =25 ; R(b,)=2, I}, =18, R,(b,)=5, I3 =24; R(b;)=4, I}, =12;
R(a,)=2, I,=49, R(a})=5, I} =17; R(a,)=3, I,=58; R(b,)=4, I =31,

BSEAT RTI R R EHMRE TRAG EWMRET RETENZITIRAMRE, FE
BREEIKN WBHTIAFTKER (FRPBEAFRFH). HERTIANSAER
(BRPBRAEERENFG) RRMROTANBKRFaERL. |

HT TRAG, AHWTEX:

EX 11 ETRAGH, FETVABEXRE{(M, »T),T, > M,),...(M,, >T,),
T_,-M)}, BM =M, WK TRAG FFAEFH (Bound Circle,BC ). ‘

EX12E TRAGH, REMUMT R, WHKRZ TRAG A 5EL4LE TRAG, &
TFR R AT 5E 246 TRAG.

4.2 IERFEHIRERFE
4.2.1 NNEREHFH EER

BAGH “TIRBRHUKRSBIE" M “XRBITRA” #9EX.
EX N3 BT ERPRIDAGBX R GRS TENAKM, ERHLERTIANEST
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WRIE T RAFE LA

FHIMI, WIRT HRPIKTTRHE KM & RN L,(T)OLT), FUX
RN L, (T)OL(T) . H: L, (T)={5T) k=12..0} BT, ERMRTIRNBIRFE 0
£, F(T)AT ENELOMBAESR: LT)={k=12,..8) WEKM EHTH
GRT ETRNNEES, FAVUEMERT ATRHES THHMIHE.

EX 14 BHUR M, B KB D B max(M,) =max{R(a}):a} € E,;},

B /N E K 5 B min(M,) = min{R,(5,):b, € Eg} , L(T)={I} : R,(b,) <max(M,),k e o} ,
0=12,.,8, BT,RTIRHRWT %M:

1) L,(T)OL(T);

2) YM,, H a§ eE,:R(a})>min(M));

3) 3M,, b, eE,: min{R,(5,)}<max(M).

MIRT, KTNEAKRTIR,

M D BRBTRENT, KTVEMFEGTHEIK M, {B2 TPREHITHH
W &2 VHAT KTDRMEGHEIRSER: %04 3) HBHFENKM TERBT,
ENRELFEARBHRESANTIA,

TR 1 JJARRERFNR S LEFFRHENS TRAG FHFE—/REEH
K, BEVT, eKAXRTIR,

MEAR:

ZotE: & TRAG FHEREEERE K, W K PEERMNT S BRI TIER,
LA — 8 BC, B BC 421 K #FHEER, EAR, MULE-ERIEER
—% s v, #B v 5EEBC LREWARARMELAEN, EREERXFTE.
FECHEM: VT eKAXRIIA, WAV eBCHKRIIR, RE\EXBITAMNEX
a4, VM, eBCEIIFBEMTIRESEK BC PRENKSH, BEBC J:B’JmEE%ZETﬂE
FRZETIRE, REFHHGEMETM, TTRERE TR

DEW: RRTJAREY, WRSHTHHIKMZDOFE 1 £T,XTTR, W]
BHERBPHA—MURS A, WE—AVKREFENE 43 fir, WEAREHTH
BUR, ICAZEBPHURERRE, S <M, M, >HFELANST XTRTANE A
AR M BIRE, T, RTAMEE L NEHKM, 5/,

@ W B

M 4.3 HLKERE
Fig.4.3 Machine-wait graph
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F4E BFTHEINIARTRBBEHE

EAFE M ERIPATRES, EEFEMARTREBEDE - MEHIER
EEFHHENRT R, XU TENAREFETFE—EE BC, EFEEE BC F
BATIRT AE 4.4 Fir, WEFKERBC, BHTARKEESY, N TRAG F
—EFEEEBC, ABCELEAZTIATAENARTSA—K, BIBCHERHIY
FARMEWIERN, W TRAG F—REFE—TREER, HH K.

RBRE VT, e KARXKBIA, HXRBTIREXNEMSF D)ARBL, BIHLKM XT,
KTV AR FMEFRE, TENKEFENEEFE, WREH DAL, WKHE
SE—AMUK, KT RTJRLEAHE—TRRETRR, Xt EIKRERHERY
BFE, MRFM DAL, WIM, e K, AFESRT KTIRLFINTERELE
BR, BE K YFENKTAAREEEERTE, #VT, cKAXRIIA, mERE
iE.

T

"i/ 1 \\
R@Xh)  RGaNh)  RG@EG)

\\\ S : Z\ ‘/,'
R (Bs).hs @M@R@m) Rk,
N — N /

1 | T,

B 4.4 T REOVKERER
Fig.4.4 Extended machine-wait graph

4.2.2 JIEREGHMEE

ETEE | HETIRRAIRUEERENE 4.5 Fix.

MNF—AMEERTIRBESRE TRAG, BEBERFTIRGEESR (HIIRLK
£) HWR, REMBSETAHXNIREER (BIJRSKRE), LRREER
BT, HERAXHNT ABI, AT RERMRE TRAG PAFLETI R RE
ZMNATREBEFENTREF TR PFEMIIRIIRE, WR TRAG F7HFE
TIRABRERTIRDIRE, NIRRT RKERHN. WREFIIRFEXMITIRIRER
REENT R, WHKXRIIRNFE, NELETNABEMAEL 14 FRIXETIA
B, MARHR, WEEEXRIR, WREXRRIIATAMHXKIIRFEL (K
TNRAMRE), HERLRERME, WREFAREXBITAZHENYL, WIARKE
Feo
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Fig.4.5 Flow chart of tool flow deadlock detection algorithm
RN EETHURMEN RN HRETRIIRCH, #EMREXTIARE
R4, Bk kR A A BRI RS T e 4. BRYRETFHFELTIEH
ARERER, EHEEDEER, RsHst—2xERUF ZEREORIHT
ST '

4.3 TNERERHMARERTSHAIE

BAAUETHBALEREREWE 4.6 Fim. E46@FEMKTEREBTH
EMIAEENTIR (LAREM,, THREM,), BERERBREREXRRTIR).
HURMAMEEERT-SMIEENT IR, WRLTIAMRET M,, WHHR
TWHE 4.6b)ER, WRTTITASRET M, WHIAT WE 4.6(c)H1EM.

T, T, T,

\ Val '\ /
3(10)  (2,6)5,7) 3(20)

@12)59  /
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40)

@
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4200 410

(©)
B 4.6 TAFAZLREREFBHLHRE
Fig.4.6 Deadlock-free unsafe state and resulting deadlock state

IR T B HREBMURER LM, FLE 46@FRHOERLNELS
AZERE, BMERRE, FAFE—NTITRMRINFE RS F 8 TG 2
I.

4.3.1 HKIETEHIH EEE

MEENAREREATAHMARERE, WELRE, —ERFE—ITIES
RINFEREFH THERABINT, BREVEDEE—IIK, HEBRFE
REBRERBEMIHENTIL, HOREBRTRETIANEE, RELX 6,
GHURATEHIR, FIURENERAR R ERESN T REF FELBIEK, Hxt
TR R RSV AFRUWESNAKNELE, ARERIHRERHAEE
B, BAATROTIERERFAZERSRMEGH, REEN 5 A THNEK
TRAG faj LA, :

(1) MRS H EER
RIEE X 6 FHRIEFEMMEN, AHEEATEH.
EE2 TRAGH, HEWEM XV, j=12,....., H2: L(T)OL(T,), WHLK M,
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s

RAFHH . KF: L(T)={LT) k=12,.0} ATIRF AT KUBTIARXEHE
&y L(T)={; | k=12,..6Y AYUR M, & D THER T, KTV AMHERE.
LE

ﬁﬁﬁ= %:VTjaj=1929

ooooooo

H L,,(T)OL,(T,) 3L, PR M IHMERTIRBIRT,
EREALHER, URM, TURITRE T, j=12,... KEIRRIE, BHUKM EZER

FURETRIAENFTERRRESHRIEMEN, dEX 6 MYUK M, RAEFLHIK .

DEW: EVERM BERUNK, RARELWREFURETRIEMIER

FARAHREMER, WM EENAT,j=12,.. WERELTUHE, B
A L, (T)OL (T &L,

(2) TRAG LM

1) MU 1 TRAG F, FHENKTAM,, RIARFELENNES
Spu ={R, BN jk=1,2,..}» TTRREMWEE N S5 = {R(@)5)] j,o=12..},
%HR(a;)(l;)eSAB e VR, (b,) >R(a;),f=l,2,....,ﬂf¢j, R.(b,) €Sy EEE=R
R(@)I5) BTTR SRR LIRS, EH AN TI R B9 744 o
BN 1 MEXEHE: EEVROG,)>R@), f=12,....Bf = j, S M, &
WNATEFASEIRT, HETIAT ATEMTRK, SlER R NI
SIRETTLAMER . AN 1 REInAE 4.7 FoR.

4(13)

— . MBR30)H 4(13)
3(10) TEARA
+«——5(31) M,

6(19)

B 4.7 LN 1 RE)

Fig.4.7 Example of reduction rules 1

2) FWHMN 2 TRAG %, EFETNRTAT,, TRNANHKFGESH
L,T)={T) k=12..0}, TTRPERRES N S, ={(R,(b,)1)]ik=12,.},

L(T)={ |k=12,...0Y AR M, & TEX T, XTI RE HiE, &L, (T)OLT), M
AUMBR IR BERD, =M T, RRERESEL,T).
BN 2 EAEME: FRERL,(T)OLT) KL, T, THRTIANEKE6H

WENUR M, K8, HMEIHUR M, FTUSITRB IR T, g9 fE, HoTLAERSLK M, 18
FIRWAT KT RRiEL. FAHN 2 =EIWE 4.8 Fix.
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Fig.4.8 Example of reduction rules 2

3) FAHN 3 TRAG F, FEHRENRNAT, KAUBNANMREREE N
L(T)={.(T) k=12,.0}, TRHEREENE,={b,|b;=M, -T,i=12,.}, &
WEEA S, =(RG)IDIik=12.}, & LT)={;1k=12.}i=L2..., &
3b, € E, HRI RIURT A M, B ENER—&FiEL, RRHRL,T)OLT,), W
LURER M, XTI R BIEEAMTIRMRE, ANERESRL,T).

AN 3 MEABE: WAMFRER—-%TIRH9ESL, BT HABIR
Tl i I i, WHUR M RB TR REEHTRBE SEHAF IR, Al M,
—ERIFFCHHUR, MOTHERSHARMTIAGEENTIRRE . EELAN 3 R=460
A 4.9 iR, '

A -
3(21) 218) BERGI61) 3 208"
MIRREL
—s@D)—{(30)3,10) 6, 19 C ey e —()
N (32) ' T532)
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& 4.9 AN 3 7RE

Fig.4.9 Example of reduction rules 3

4) MU 4 TRAG &, HEHFETNATRT, NRFFRHNESH
Ss ={(R.(B) 1)1k =12,..}, FIREMWESR N S5 ={R(a)I)Ni,0=1,2..}, L,(T)
AT EBHURM, &R T RELB R RFa, & L,T)<min{] |i,k=12,..}, N#E
W T, RKEHERLR M, K 7T R 3 RE

EACHN 4 fEABE: L (T)<min{l} |ik=12,.} HHILETAREREEN
RIMTHFE, W7 MR REHHMRE . .

5) WM 5 TRAG F, RILAMMINAEBRELHINES
S ={(R GBI jk=12,..}, TTRMREMWEEH S, ={R@)I)j,o=12..},
LT)={; |} R(B)<R@).j=Ao=12. } AHKMEHTHERT KT A5
MEE, NATRTNABNARARFEGEESHNL,T)={,T)k=12.0}, &
L(T)=QHIT#HR: L,(T)OL(T,), MATLIMBRAER R(ag)(I5) TN BIMRE, 3#
EEHENTIREES.
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EALHN S WEABER: L[(T)#0, WEENRM SFENAT,BENAT, &
R T XABTNANFKEGHER: L,T)OLT), RHAKE LT)PIHHIRHEE
REBARHL, LHDAT RBRK. FARN 5 w6 mE 4.10 Fir.

5(16) B H4QT) 5(16)
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Fig.4.10 Example of reduction rules 5

6) WM 6 TRAGH, HEHFENAFAT, RENAMRE, NHKRSIR
AT %A T RARE

7) WLHN 7 TRAG %, EHAEHRTAM,, RAETNEMRE, UHRSHK
5 MK B TR

4.3.2 IRHFF T ERSEMNEZ

EFHRIELHHEEEM TRAG FLMNEN T RREEHUF Z2RELN
HikmEnE 4.11 iR,

Stepl: WERAEBZTIEMFEFRRE, BIATIEREFIRE TRAG:

Step2: TRIEL ERBLAN, Xt TRAG #ATE1L;

Step3: L2 JEH TRAG EFEAFRSRAIRMTIAFHATEN, k=12,...,
N step4, HNH step10;

Step4: W &TNRERTEANMARFEGTREFN,)={/(N)|i=12,....},
F(N,).k=12,..F& f(N,) BHA G WK T EHSKE FAN;

StepS: hTHEMRA A AL FAN P& TIEMRF RA S AT, M FAN
FiEE-HIEMRTRASHTRAIR, ARFERLEMN TRAG, A V-TRAG
RN

Step6: RIELEMELAN, X V-TRAG ST L;

Step7: # V-TRAG W21, SAEEKIENMRGTRASTIT, REARE
RE, BN steps;

Step8: # V-TRAG Fa[sg24bfii, BARSRAGEFANAAZE, HHEER
MARARAE, WREFASREFAT AN, BEMSTRT R, 4L stepS-stepb,
7 N step9;
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Step9: ERRGRAGERZ, CHRASRIZLGHELRAM T, HEE
NRSFATANAFETTHMRE REZREANERSETABLRE, ¥ TRAG
FIRE RGN EEHA L 2RE.

Stepl0: % TRAG AT EA&LE, WENAREIRERE, FUAETEHARR

ERE.

H I TRAG

A

BIALTRAG (FRALHEM)

HBEJIAFATNANNASRER
HAEFN

v

EIIV-TRAG

y-

BEHESRFRAE fan < FAN

fELV-TRAG (LMD

BRIFFBPURT 5, FEHEE

TIRF%
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M 4.11 RS Z RS0 I T ERER

Fig.4.11 Flow chart of deadlock-free unsafe state detection algorithm
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4.4 NERITEHBEFELZHEI
4.4.1 EHBRERPELBE

TR FE 8 R SR % B 1% R A R R ENUR G B AR A ) B S ALK B B FE R
TRAG REEBFAEBRENERUAZERE, B R, SHANNFE#
FIKIEINE 4.12 iR,

LR R E S EIRN, TREIRESE BNERNTRFASGRRTELR, 1RiE
I IRFMLEERREAMATIASRRENAHERETFHNIAFTKEILTIR
BESIRE TRAG, REHTRURENERIFAZERENHE, NFEESST
BRURERFAZERENNTELR, KBA—ERXY @R, CRIE—EHFEE
TITHTIEA R REBEHRMTE TAHERFARARMI. 2TRRKAEIR
i, ATHREERETNARETERINANSRBEENANELETISBINT, ¥
ZRBM B TRAG LUST T REGRAMK, ERIELKTTESR—ESERELT
RERET, FRBITLHEMTIEMR, ATIRIET RE—EFETITHIIEIRIR
FERMIEE, WAZERNEL.

I | e e
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Fig.4.12 Deadlock avoidance strategy of general tool regirement sequence
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24% AT TH RN ARERSBEHA
4.4.2 FBRTVEFTKF5IRITL 508 e SR e

LHRE TR FRFI EAF LR LEMO R, NRRARFEURSNELR
B AGFEERUARERE, HUIRRTCHR KA T RIERAENRERE TH
T B BEHUKE BT TRAG REEFLSUR AR T,

BETIRZH, BAGUMARKEXREEALRER.

EX 1S EDE-ANKNTAERTRFFES LA IAEEHRHIELTIAE,
KA RY: Ty, ={T,13f ,withR(b,) < R(a,)} -

EX 16 EEANKKTNEFTKRF P EREZHANTEEERAEEETIA
&, Kk h: Ty, =T |Vf withT € f,R®,)=R(a,)} .

EX 17T BT, e(finTy,), WATFE—RURT ERE—REAT 2T RE
BHAT E [HNEETIAKE sc,, AR A:
sc;, ={T; |T, € fiandR(b,) < R(b,) < R(a;)} -

tim: HUK M BTIRFEXRRF £ =T, L L,T.T)F, Ty ={T}s Tynf=T,,
AT, MBETIRE s, ={T,,T;} -

EE 3 IHETMRT, T el FRXETIA.

iEB: BET, €Ly, » T RTTRAMELHTIRE THIKM,, BT 7 TRAG FRXE
TIE, WREEX 12 %M 3) #FETIRLA: Ra,)>Rb,), BARTISET]
H: R(b,)<R(b,): #: R®,)<R@,), X5 T €Ty, H: R®,)=R(a,) F&E, 8T Ty,
FRXBIIR. :

TR 4 THETHRT, RMTIROKES N M 35 VM, e M ETIAERIR
FFri#R: E2FLTIAT ¢ [BRTERTART,, , WREHZERE.

i BEXMYM, eM, RIARTKFHNGELHE—LNRT T, , RERE
RYREXEHAZLERE, W TRAG F—ELHAXBLM K, M, eK, U M,
MT/KFFIFELERETALFRYRE, LUK MEPEHTIAT K, %
JIAT, ek, BIT ML BRXBIIR, REEB1HT,T,el,,, XEENEHFE,
W TRAG FAS HARYEW, RENXERE.

EFEHE 4, AUTHLE 41 Fim. ELSENHRT, % 4.1 HEKEEFS
BARIRE, BAEEFEMANTIEZTRRFFZEE—ENARTERT]
H.

EE S RINIHBMNKEAIM, ERTIREANT, , EVT T, HE:
{EJlscj,}ﬂTRM =0, MEALRTLERE.

iEH: BEEREHT, RELTRHYRE, U TRAGP—EFERYULEM K,
BMeK, WMATFERFFHFESEHRETIALTRYRE, BEHKM EDLE
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JIAT ek, HHTAT, ek, BT AL BRXBNR, BT, T)cT, , B
s¢;NTpy =B, WHT, ¢sc,, BMA: Ra,)<RO,), XS5TRXBIIAFE, &
TRAG FAFERSLEH, RALTEZERE.
Ra.1 BB
Tab.4.1 Example of theorem 4

HLK TNREFRmF ERIA
M, (0, 1,1, T,.T.T,) T,
M, (1,1, T, T, T,.T T,
M, (T T,T.1,T,) T,
M, (T 1.1 T, T) T,

ETE® 5, fHap, ReERETaRseETIRNNnIIR, WHENKTIA
FRIGFInE 4.2 FiR. '

W Ty ={T T T} s Ty =0, 5,01 T} s seq ={T3 T}, sep ={T, L}, sey ={T},
sc, ={T,T,}, sc, =D ,sc,, ={T,,;}, 50, ={T;, T} » BAEM—ILERZTIR, KBET]
AEPHREHEFEETIR, REEE S THRELTZERE.

R4.2 EE5TH

Tab.4.2 Example of theorem §

HLK TR T KRIGH EHTIR
M, (T, T,.T;) T,

M, T.1.L,T,, T, I, 1), T5) LT

M, (5, 5,, 13, T7) T

M, (1,15, 1. Ty) T,

M, (T, Ty, I 1, T, 11, 1) L.

REEE 4 RS B, WEHRAABRIUT HIE R NER, TH% IR

] g S SE

T 6 TS EFRT, RMIEBRMIRES M B VM, e M HTJAFRIRT
Fr#R: ZEEERIENRL e fRTERTIREST,, RS HINE & %5T8.

iEH: BRAELTFERHRRERS (EA—ETNENIRBES FHILHAR
&), BARREBRE, FU—EHFEABNRT, BEHEIURM FX, BT, mR
MURT 4 M,, TRAG —EFE— ML K KFHM GFTIRT HIETIRT €K,
BT, T BRXBIARMT, LTy . SRBEFEXRUALLERET M BE
SRR (BASMIKZZEREELNR, REEE |, BMKNTIRFRF
FIPELZEFHIEXRBIR), ERRREEAUFZERET, EA—ERE ST
BHNEER—ETBNR, EAEESATIAMIEATR—EATRIA, XHE
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FEXRBARERETRET A RYRE, FE, RRZRRLTRIRE.

ETER 6, HHrtl, REREIARBETHKRKNMITIRE, WHNGTA
7 KIRFF 0%k 4.3 BTR

T =TT} Ty =TT T Tids 860 =(TTid, 6, =TT T3}, s6,=0
sey={T}» ses={L, T}, scy={T,T}» sy ={L, 0.0} scy=D» scy={T} »
$Cs =D 503 ={D, T}, 50,5 ={L, T, L} » BAsC,s 56,0 56,0 550 8Cy» SCus SCy»
se, BFREERTIR, RIS ETIMRT SKERH, RIFEE 6 TMES M
SRR AN AT RIE R G4 FZERS.

®4.3 EE6THI
Tab.4.3 Example of theorem 6

FLEK JIRFEXRIF BERJIR
M, @1, T, T, T,.T,) .7,
M, @5 LT T, T) I.T,
M, (T, T,.T,,T;) T,
M, (@51 5T I,
M, (,.5,T,.T, T, T,.T;) T,

ETERE®E, GUHKRIIRTRFFIHIIESR REBWME 4.4 iR,

RAA BHRIIRTKF5 M FE B8 550G
Tab.4.4 Deadlock avoidance strategy of Special tool sequence

yick: TIATRFFIHE Feoti oy g
EE4 | BMTARKEFTESAT—EELNR ZEREF (IHETD
EH S ERTRETACATERTIR RERE (THETD)
EE6 | BMTARRKMFTELASREELTNA | YRS (THE T+ P HTE)

4.4.3 IRBAEEE

(1) ERHKTIRE
THA-TRARAFNREBERATEMALRENRERS, URLETFHF
AARAMIIR. THOMIIFZEBMINT. ZENAFETERNIIA
URTIAM KBRS KERRSRALRERUEEFZHHRN, HIREH
AEEBEMT RE. BT LHEFMS PN THEETHHNE R SRR, &
SR ARSI 7, S3CR[135]F T A EMNTI T EMEE, KBEREL
HR-TIR B SR E i B B 44,
PRSI E A BEREEMM T TFANTIZERM L, ZEETJARFEN R
GHRENZRTREA, REXRENE 413 fin. ATHESNEREDE, IBRR
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FATIRBERERTHRIEHFRXR, dTIRIRTREEZTIRER B,
BRAGHNE—RTIRWHELE T (EE), AIIFHERKLE LT KILET]
RWHURES, BAEBHURBS, EREFGH, SUKTTHIIIFEERE, &
FRTIRFHRAFIEAZE, HTHRAZIKMEUTFAFIFEETMI LR
B, BREERLFMIATRNE—LTECEY, SHURTFHENTI, ETISEIIH
®, NRAIT-LIHWETNE, BHEESBERENAIARE: —RET-IPHF
ENRCEZFMNKE 1|, —RET-IEMIHATENAERELETHNKRE 2,
MNTHE, BEET)ARESIRIEEMNRN, RESIUARETNIISATEEN
TR, FEERIURMAZIZLTIR (BUKE 2 FEHUKEETM I THHEERNT]
B) BIHURSIF, REERFRTDRRELLE. HTEE, BEINKMAZIZERT]
B (WURE 1 7 &R T—IEABENTIR) FRNKRSIF, RTRRESE
%, HEI& XTI R R E H I EIHUR X 5 & TR EI 2 IRIGT .

HLEKL P2 HUR3 | oo HlAn T
I MH |
Tl 2 T | e Tm
B || R | Bl %17 N
HUK HLK HUR V7S
R |- RH |— FH | 2 e
_— — — — TIRH

B 4.13 BRHLKTIREE
Figd.13 Schematic diagram of virtual machine queue

A EREBHKATINBERREE L, RHLBFEEANAKN. B2l
A TERTTASERERLEERLE, |
(2) ERSBEEERE

ETFHRERB A ERAEBIKABREITSENTIARERSE R
RAFEEME 4.14 iR ERRRBES, BEREANNRENIANHBERE
GHMIRE RN, REAERORR, NAESERRE, FUKRIANFAR
MAZHOMTHEERAR. ¥ F—EHKR—ENE, SRRREXMITH, ¥
WAL SENTIE, F, TRBRE, BERIRAIANAAERFEETHANT,
BT L& T IR A A, W AR B R MR R A
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Fig4.14 Flow chart of deadlock-free scheduling in case of working step provisioning tools
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HFFARIMTE, REMERIBICBRE ML K2R R UM EUTFEFI
PAEHRRET—HMILE, REKIHEHESENTHIEEENT, 6
KRR THZERNIRNRAZEHR. BTARER, IR EE TS FENT
o, WHEET-ITHMIFEENTIR, HENEREEE, WAEEIKMAMEIIR
MR BHUREASI S, BERTTREAR S BICBREMETBA K SRR WH &, E
RBUREF o & TR MMRINF, 8T RBRESEATIRNBRFHESNT], F
fFigfE H MUK

4.4.4 TTREKYAE

EIS&TERT, NANERANENEGRNELILEFEEERE, BE
A MT SRS ABRANS B EKR, WA 4.15 FiR.
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Fig.4.15 Scheduling flow chart with tools failure in case of working step provisioning tools
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HNRREFEEORL, UWNFEEIHSESTLE, FRRULMITIRASH
MTIR; HEREMT. BEMBLFHEHRER, WHKERREHEERTIANEA
TE, EXMHKTIERTERTIR, NamIhOof R NEE#ITRRIAE
#, BN, RARBELETAMPEIRRRL, EFBILITTRREHRE TRAG, F
TRAG FHALPREHERH A ZLRE, WHHLNREFAETHEHTIRES
AEFEATHIRSRTRREBRBIIR, UFAREREEATE, FBBHUK
ERTHRESEHTIR, FRRABEFEAIAR , EETHEFMAAEFG
EAFERURENERHARERE, HAAWRANEANEEETTHIIASY
RAR, HARMIRBUSS, WENTERBEATIRNNE, HiknBERK
MEFHI, ATRDTIRRBNRELREEW, HEEFRBNERENERT
B, RIGEILEMN TRAG, M&RTIRMRZEHRASITRBRE R R EFTH
ARERERWM, EAFELRFHRE, HHRTERTT, e T ER%T]
REERIR, REZRTIALHNESER ATVENRFEREEEATIARES,
FHNANMFITRLESE, KBTIABUESR, LA FIHUK R G B F R4
RO KBIREFHTA.

4.5 FLBISH

ARETHANZ2RSRAEENFRE, UTEET—ATIESRFRH .
1) BIK TRAG, WA 4.16@)FTR.
2) BENAFHATRLHMRTEE, Kb MERFIKMBEEATSE, -
T ()RR T RTAME AL HFERNL, :
hrmwmmemmeMm
T}(5): M, (4) > M,(6)

T (17): M,(2) > M,(5) > M,(2)
ﬁ%zzti . 2
2 (5): M, (4) > M, (6)

TH1T): My(2) > M,(6) > M,(2) » M,(5)

FE3: { )
I, (5):M,%)

¢ZMW%Wamm+M®
B G):M,2) - M,y (6)

3) BB IR AR KA V-TRAG;
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Fig.4.16 Schematic diagram in the process of tools assignment
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4) NTREFEFE-FHFE (WHE 3 #ITTEMK, FKZEH TRAG I
& 4.16(b)FT7R s

5) B 4.16(0) AR T2 TRAG, HEZECHHE I #TIASREFH
RAMALRHUARRERS, WEBHMBIRFE (WHE D, MRZEWE 4.16(c)
i

6) Xt 4.16(cyZ LN 1 70 4 #4TRIL, FILEH TRAG WA 4.16(d)FT7R;

7) X 4.16(d)&ELHN 2 FHATREL, &L/EH TRAG W 4.16(e)FT7R;

8) XfE 4.16(e)Z BN 1 AT H ML, ML/EH TRAG WA 4.16(DFTR;

9) X 4.16(f)IE RN 3 FITE K, FHEH TRAG WA 4.16(2)FT7r;

10) X B 4.16(g)% LN 6 FATE L, FELSEH TRAG WA 4.16(h)FT;

11) TRAG A2, WBHEE—ATIRMRINFEFE LHSIRFEMmI,
s B REHZERE.

4.6 FE/NG

ABREFEWRTISETWR T IRRAMEM AR AE, EEELHHEHE
XABHTTRAREBRAEHKR HEH W BFHTIAEX, AMTERRERAI RS
FHRE W EHM HETANHESSHERR, #—PHZRAABRTERLT ]
RARSFEEEE, GUHTNRARIREREAUSZLERENEL. REETIAR
PR kB TRAG £ EiEH T JAARRBRES TRAG FHEMGRERE M
FIENE, URERHAZEREERHYHURZ MRS ME, #RE T ITRREH
R ENEHANZEREFNNE . ERERE, SHTHRERYNBETE, ¥#
SR IR T RFFISTBOR AT T A 20T, LHIRI LT ERBE AT R
GBI ETVRASRREFATRE T EBHURNTIER, HFEREEE
SITEMEE, BEWRT ISENTHNRALRHNRE R BELEE, oAkl
BRI TRERBAH THNALERRE, AT ISETNTHIARESEEMTIA
5Kt MK ] R o
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MRRETRAFEHFA

w58 THENTHNERELEETE

BRAEEAR ER—FANEE, ELF 3 RE RS R— R T i R Rt
KR ik, FEETHENHRTE—STHRANERGRMABE . LENHRL
AEFREEEFTF IR 12, R RRTRFORIEFETFN. EXEMMUHR
h, KEBFERTAEE, MANEENATNESRELEEN. Ay THTROK
t, TERORAFRAUFE R, I—HENHFAEIEEFENAEERTIEMRL,
BEXMTIASRRAN, RRRTFIARAR, REETHRNEW. TE FMS B
T, RRATRNIAEEN, CRRATHRRAE—RE, THREHIARY
TREFENL, HRETIEREHAE RN S TAENETLR, FUXT
B0 P RO 9 695 70 L S0 B 43R B0 P B SOOI o 0 0 T A B AR A P
AR, W TAAE RS KR THRM AR S A RERL.

Wi, AXMET —AFEEORLERRELRE— B, §E8dnITHRnI
AREAAEEEHER, URKEIH AR HRAE, BITHRMNIARS
SRR, REFT R, R T —EREREEE, BTHRA
TIARMEEGNME—FIEEF. X2 ENARRSIERRNRLHE, #—
S T — R T RUE I A B O M A T T S

5.1 ZERE EREAEIE

THRMIIARGEE REEGKERROAEN AT E THRESERINR
UEARSRAENR, ERAGHNBEFMERE. ATHREBELITNEBR
B ELR, HaAHUTELRR:

1) SEHIKA—HNZIRENT - IF;

2) THHITE T RESESES BT M

3) THANEMTIENWTF AR EHEE,

4) MR INEEFH N BELEH.

5) EREMTHZEHBINEEEETTHR N TR E,;

6) THMMIITEREREEHN

ETERBRE, BUTHRATNARGEESRESENEZERNT:

Min(C,_,)
K.

Cox =Z Z Zijthfm +Z Z ZZ% (1=0p )W (Y) Zgm (5-D

i deD, jeJ, i deD, jel, A
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HSE THEENTHTIARKMAE

subject to:
Y Zm=1 (5-2)
Y o0,5Kk, (5-3)
i
Zldim’wm). € {O’l} (5'4)

Ao, i—ITHEHNG: j—IFS: m—HUKS: A-TIREHS; C . — %%
KRl D —iRIBRE: J—iRIHIFESE: P, — i XTHHIRF jEHR
m EMTHFERE; Y—TIRE, 8{y,): v, -V TERETHEmSE/ETIELH
FRE; a, —EA | RRIRTHOTIR jFATIRA, TR Z,,—EHI1
RARiRdITHNIRF jBEHAKmMI, TR O0; o, —ER 1 RANKm LETIRA,
TR0 K, —HAmBTIERE.

AR (5-1) RFREMEFRE, SEHUKIE RN T4 RS %
MARZERETDARE TEN=ENNREENE, TARBENEFRRRERNR
GHEFRE; R (5-2) RP\F-IHEMNE-TFRRE—EHIUKTHE, TAGS#
BARNAKE: K (5-3) RIEFRIDVAERERH.

5.2 BhSIBE R
AR THFSHRAETE, AREM E#THSREDE, BAHRA.
D.=53+35,

fh: D HRAMDEAELE,;
SO R A A
VRS £ L3P T P
EBSERETERRE— DN AETEEXREHSRE NIRRT, &
SERREHREN, BIELH A RERTRARE LSRR SAELE, N
M~ RENAETE. ERATL2RBROES, BIEBSAEEEELH
WEMAEKE, ERAEER ARKIRRE, ATERESSENERSENNE
TR, e SOBLAR O, TIEBER, SURIK B 477, THR RS, BAITHERE
HEREME, RARSEFEETENDAEERENES.1 Fix.
Stepl: BABEFAES, HABBSEREE, FETBRENEHTFHIT.
Step2: FIFEKRBFHRXBEM, WH, WEA Stepd, FNBERTRGH
AREHE.
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MRRIE TRAFHE-HERX

Step3: HWIXBEHEIYW, RERBHEPTRRAELTRE, FTNARERT.
BRSO EHBERL, WRAANGLEEEE, TURERTHRAESTR, EU
¥\ Stepd.

Step4: BRBRESH, EFNTESSREES, FERREN EHITHIT
HWETR.

Step5: EH Step2-Step4.

£

A

PITHERSBEEE, FERAETR

3y

PITHETR <

REEMFRE?

| xREFHEM,
AR BB AR ?

Y

mEBRAESH

A

WTERSAREE, FERREAR

B 5.1 shERRRER
Fig.5.1 Flow diagram of dynamic scheduling

5.3 WEREMULEXHIRE
5.3.1 ZEBAERE

THOMITEEENE 52 fin, EPIFESHKEHNN, RAMILIF
FEENNEKEE, TSESTAEHMN, RAMIISHFENTIARE, W:
IHPHE—ALIRFO,FEANKM EMT, XAE=ATH: 0y, 0,70,
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5T THENTHIARMKIMEAE

KPF—ATH 0, TELNRRLETAMT, BEATH 0, FEL XL LETIAM
I, #=ATH 0, FELEXTIAMI.

AR AT AR, AR E 54 FURS € /1T A R 8 TR o TR
Fo RERHTERAZEETIR, HEMTTHIFNIRE, TARBEREN
TNRBFERBATHARM IR TR, FEETIRMRINEREARKIET
i iE) e BY —AMEL I8 B I8 47 B (8] 2 B T4 89 00 TG R0 70.R B9 2 IR I 3£ R vk 2
f, WEIATHRATIERGZERENELRE, EAT—~SNERETENREE
SEHA :
P P = ITH#E

//\ x\ PZENN

— IKFE

lll 0112 113 121 0 0211 0212 0221 02?2 0223 : Iﬂ;‘E
/ ﬂ\ ﬂ / P& -
A / j{]\\A T

L, T, T, I, L7 T L L, I, T = JAR

Bs2 THHTERE

Fig.5.2 Technological information of parts '
5.3.2 WEREE LR

REBERAEEFBWE 53 FoR, SMERAIMTT TR TR 0B,
HifREARLAETH ARE. BT RASTHATESHTIAMROEN, FUE
SR BB E S RBNREYE, FHEIATAERK, BTFNEMRY
KB, KA ERIARREMOETHER M. BFR—ATHEMIFFI
REEHARGTIESRAER, RRMNSRHNERFGREBTHE, FLx—
BRI AL — A B U SRR BT R, B—HEETATARFENT
BRI, SRERSRRILFRR L EE4N, NTELRRLEERS,
FHERENERET. AHNEEN LUK TEERANBRTFMIE
5, LRUFEBRBEORRTESRTE.
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MRETHERFELEIRX

FMSIEEEZBA
Y
LB 0 IR S
SEAAL
o |
1
BEHL= 4 HT R B !
(TAMERBLERAME) :
RERIL |
e .
: A I:
I
! MRS RIUTF R b
| |
: N
|
! BEALP= A B b
, (RSN 1 !
|
5 I 3 : !
l 4 (.
I ¥ P!
! BRI ! :
| B
|
I )
I P!
| P!
| ) |
| B
l 1|
|
!
|
|
|
|
|

—>

WHBRRIF N TFFIMER
TR RS

& 5.3 MEBERULEE

Fig.5.3 Double genetic optimization algorithm

5.4 NEREREFARIT

5.4.1 SMNBREBIKER

AR e 5 A STt B HLBR 0 TR 4R 09, 75 B 3ot A e kR SRR RHUR £ T
e mIImAE, B

CH, (IFS): a,a,a,...na,
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$SE THETTHTIAEMRMAARE

CH, (BUKS): bbby,
a ~ALFRO0={0,|i=12,..;j=12.}FHTE, HF: k=12,.m, iHT
HS, JAIFS. b —ANKEM={M|i=12,. . FHTE, BAK
M,=M,i#j). /
fitm: CH,:0,0,0,0,
CH, M, M, M, M,

T 40 & LR £ T B in TR A -
M,:0, 0y
M,:0,0,

H it CH M CH, &S A4 RB RN R THOSASHFER REREAR
R iR THE R4 M) Makespan {E.

5.4.2 SpRENEITE

(1) BB & ik 4 Eg

NERBAERFELNIEREAT ELXTIRNSIRITF, X&T]EMRIRFA
BREREMTNESTRE R, WHEREEREETIRIRTRHB.

BRROT)AFBRLXTNAMIS, NATBRTETNANISHZA, W
N=YROMT): o={123..}, j={123...n}, H¥: o hIEHSESL. &
ma=max{N } , AFIRT nxma N THA ¥, AITRTELTIRLOLH, WAL
WP EETURRA—NM0E 5. 4 IR 4R, XERTUET XTRFE
TIREFIRHRITFEA —MEFBETURERP, RPRETS SANOMLER 0 T
R, K c RAGEIVRMTIALHS.

B 54 TJRSGRIBFREREE

Fig.5.4 Coding schematic diagram of tool allocation sequence
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MRETRREE R X

(2) HgRHEEHYE AL
WRHBARN N, EBENADMTRMRTEREE, HAGNEREERENE

5.5 .

BANTVRSREE

A

ERBETIANTIRIRBFES
CTF ={tf, |k=12,..}

A 4

WERTIRNTI RS RIUFRES TF S ER—
HORNRER f AR RARTR |

TIRSRITRALT?

55 JTIRITI BRIV 1f BN

Y
BETRSRTRREH

B 5.5 TIRMRTREEHERTER

Fig.5.5 Flow chart of tool allocation scheme chromosomes generation

EEEABESLTIAOTIANRIGFESTF,, BNETNRARGART, 8K
NABLEETRHNAMRIEE, BERHSRTFRI—MEFET, NS TR E
FERH—FESATHARTESRY R, BREERELTIRKTIR SIS
TF AR THNALANTMRIY, HFREBITHNTZLRAIKM IR
AR, SOEFURIEATAT AT HE AT IR AR R AT HAE, FHA4T, W
BELETANESATHIAR 5.4 IR _4RS, BB~ NIRRT REEHE,
EUREEHIRMEAR. ETFULLE, TEASUTNAMNREERTIRASRT R
FATHERIA B TT i
(3) NAFGARTHNRNREE

BRNAT, j=12,..nERTRFAGARTHNASREEWT:

Stepl: ¥niBkRTIARKFEGEN: LT, LT,,.. LTy LT, F P i=12,..0
HNEGS, kRNRRRS, LT hEkEERS i TNEANERSF 0,
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F5E THERINTHTIAFRMRMLRE

Step2 : B HmXKIF LB DR m AT S B MIMREEAN:
LWy LWy AW oo LW, Eo: i=12,..mABREERTIAN TSRS, LW, K
%5 i A 90 T[]

Step3: WEm AT S HNHESHE, FARAS,j=12.5, X
§=) Cooi=12,om, HAS FTHEMIM BLZRENLWS,,j=12,...53

Stepd: ¥ n B B TIAMBRXEMNS Step3 FHEM s AT H M IR A2 MEEH
BB nxs MR, FABA:

TK, = LT, —LWS,,i=1,2,..n,j =12,...
RHEATK, FRRTRET 0 BTERENFIEA j, WeEBRS i DRTRERHT
FHERBAS,

Steps: EHEATK, FHE Stepd KK S, S HAPHERTREETK +
BS K& S HAFHEEZTEMER, WHAFE WAFEELS, NEBHHT
TEIHAE, WRKREAZE AFHRBEEANESITRZASTENTF ISR
2ZF, W Step6,

Step6: HEMALBEANEFLRINETI m, WASKTRZ—, HK
PNAGSRISHSHEAGLA S, NRAHEBEANEZTRZANTISH
m, REHENTIRHSRISHS, UHT—P%#E.

Step7: ¥4 of, PRFAERIED K & KT A LB K5 IRIGF
(4) NRAFRARBATHHE

TIRHMRDAFENRNIIRFARM I ELR, FHlEEXEERET 4R
HITIRA RS ROTTATHHATHE. BUATHARFELOT:

HAREGERENEFAREMS, DIEAR, NUKMIIRFARUEITAS
RINFFLARBEWE 5.6 FIRBIMIMFARKRZE, KATRRT RKTANE A
TIR 3.

B 5.6 MIRFLRE

Fig.5.6 Cconstraints to machining sequence
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MRETRREE 2R

B ARXISREMINUR, FLFRRFMIRF, 43— aF54
BV AR, RELHTEOEMAT AN IEEFRRASFHMIERE BURATIR)
&, SV AL REREMIRRFHETMI.

LRSI UEH, HERTOREY AT IV RN, JJRAIKIRFA
R, BERTHARNEEX RN ISRAXRERRTWE 5.7 Fix.

0111 9112 %21 %1 Oant %212 O O

.t 1 1 1 1 1 1 1
%[0 1 1 1 0 1 1 1
on|0 0 1 1 0 0 1 1
%200 0 0 1 0 0 0 0
Ooul0 0 1 1 1 1 1 1
o2f0 0 1 1 0 1 1 1
%10 0 0 0 0 0 1 1
om0 0 0 0 0 0 0 1]

B 57 ISREXRRER

Fig.5.7 Precedence relation matrix of working step

RERRBME, MATHNIWANIRE, T—SaTnIHATEL TAXE:
[m7y7y -7, )& [R=T]=[p1p25+* P, ) _

K THBMERE, RATSREXRER, RTPHTEA.

P, =M AR)IA@ AR A AT, AR, i=12,.,n

A

{l,ﬂu%rh =OE£”H =1) ”k =1
T A=

, k=12,..n,
0, HE

Yp =08, HHN AL FEY A FAAT R, KN WERATNIHSYW R,
Lk, HitEXr, Ar=1.

MBERSGZE n KHEE, METAR O, RAARBFELATNIY AFE,
HIVEMRIGFRAAATH, BUIRAMIKSTRAT.

[r 7,y VA EMIA A, Lo, AMRTMIN RN, 7,=1, FUA 0, Flln:
[10000010] 3 BA S 1 ARE 7 M AFERFT NI A,
(5) WEENEIHE

ENEREEERBERERET, ATFRTIRMRTRONS, FEAH
{7 TR VRS 66 ) Makespan (€, Bl
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FS5E THENTNTARMRABE

Cpe =m2x{C,,C,,..C....,.C,}
AP C, WAL Makespan f, CAEiGHKRERE EHRFE THEEMNNE, X
FC K ENHELTEAR, URMTIRFARURTIRSRITFLAR, thEERF
BV AMRGEMINFAERAFRAYSPEGEREMTRE BRI &
1B £ R 1% T R FF LAY fA).

B 1, LT T 0 TR A

b amps 2 Fl—HLPR L 37— L B9 45 3RS [

bape F1 2B 22 A5 R B0 70 L BRI BE TR D

b pups R TE)— L JF 8 — 38 LA O 45 SRES ]

WRIAMNIZ AR —TH, WAHIHEHFLRER: 1, =max{t,,,.l,,} BUL
BHFFLHEA: 1, =maX{l sl e lape} o
(6) BRI

EBET: XAFHEHRBRENMMMEEANTE.

XXETF: EXRATFAKRREOEETREEHMEGENEE, DkE
BHR—MEFETHEL, IETURETFNRMRARTEENANESELE
B, BEIAMRIBFEHR. RABHIZXFR, BEIXELFA:

CH,()=T,(1),T,(1),....T,(1),....T,(1))

CH,()~T,(2).T,(2),....T,(2,...,.T,(2))

He: T(B),i=12,.,nB=12RnRpRAEFiLKTIANELFET.

BEALA B3E X AL B Pos=[0,,0,,........0,]» Ao, WEH 0K 1, RXNEFERFA
A

CH,G)HT,3).T,(3)s0-s T, (3),..,1,(3))

CH,4~1,(9),;d)....T,(4),...T,(4)

A

T@=T1).TQ)=T(2), i>0Hi=i*5,. |

BRAT: BRBERUBPOBERE, BREXNPILERBENBEBENRBR
R, URMNGREFEERAZHRETRLEENER. TEMRAENZERE
TEERZLENAMTIALOESRITFE LMER, iEESRHKN T2 IRITFEE
REA—FEIVT. EXEELERNEE —MEETFHER—IBTALHINS
TRIRFr 5 5 — A BEHLEEER B 5T 4T 1 70 B 2 IR IR 47 B i 1

5.4.3 SMRIBIEHRE

EEAT: RAWRARHNBENMEAEENTE,
AXETF: MPEECH, TRABEHLTELHR, BIE LRI MR
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MRIE T RAFEH#R X

HEA A CH, HICH,,, BRNAER—MEXME, $RXXMBELELRA LR E
REAARSAE, NTBE—xFrgek. fim.
CHy: M, M,M,| M, M,
CH,: M,M, M, | MM,
¥ CH, FICH, MAZAXME “|” AMMERERUE, BENFREFWTF:
CH,: M, M, M, M, M,
CH,,: M, M, M, M, M,
mgEACRTHEIEFDE, KXXEEFHITEE, RAIESEITR[129].
BRET: WFREHCAH, BFEIFELEAPRATRIA—K, KERT
BAR. RREENATRAKH, THITURSHTERIKS B,

5.5 SLfiloHr

THULHRBEREREMMHTEOETRE. ALFH, REFHERENAK
TEARE: ZAIHNE, —ATNENRTE, REHK RS AM, M,, M,
M,, M,. RERARMIT4XTH, FE 6KNR, HPNEHEREE=NITE.

HE—: BRNAEE 1,

FRZ: ISETNABRYRERE, F6XTARE 1 €,

FR=Z: BRNAYKE L.

REMTESHWR SR, NEREHENELSZHNE 5.2 Fir.

#5.1 TZHE -

Tab.5.1 Procedure parameters

THER | THFS | MINUKS Iﬁf%mﬁiﬁ%mﬂ%ﬁﬁﬂmm

! 1 120 218

| 2 3 3129 2132
3 5 421 545

1 2 6/51 237

2 2 4 3125 525
3 3 4139 118

! 4 1/42 431

: 2 1 529 3/33
1 5 3120 5/24

) 2 2 2125 6/27
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$5 T THENTHRIARKRMLBR

®s.2 BEEENEASH

Tab.5.2 Basic information of gegenitic algorithm

SEZH

N1=10

Pc1=0.8

Pm1=0.01

Counter=30

NES%

N2=10

Pc2=0.8

Pm2=0.01

Counter=30

& 53 FRATNAEE THEREEE

Tab.5.3 Performance indices under different tools configurations

NNRHERE PLAKHH £ R4z L
R M, M, M, M, M; | Bffd) (min)
E 72.09% | 82.84% | 60.05% | 73.21% | 57.74% 383
HERZ 81.85% | 94.59% | 76.13% | 92.83% | 71.66% 310
FR= 81.85% | 94.59% | 76.13% | 92.83% | 71.66% 310

R 5.4 HRZTARRATTERN B HIEF

Tab.5.4 Results obtained with different methods for scheme 2

473 BTKE & 7] &5f {8] (min) 58 LB [B)(min)
NEREEE 19 128 310min
XHR[82) P E 15 149 366min

RISTNABBAR
Tab.5.5 Tool assignment scheme
NARS TR IR JIA%S TR

l 02]1 - 0111 - 0432 - 0331 7 0612 - 0512 - 0231 - 0131
2 Oy, > 0y, 8 Oy, = 0y,
3 Oy, = 0y, » 0y, = 0y, > 0y, 9 0y, >0y
4 0,,>0,-0, 10 0512 = Oyy = Oy = Oy = 0,y 5 O,y
5 0,,~»0,, -0, -0, =0,

811 221 421 321 522 11 04” _)03” —)Om - 0822
6 07]] had 0121 d 0622

RSIGUHTARAMNARETREMNELHAEMIREHAAR CREEN
WFBRIIFHENE) , PREH, YRETHINAREZAR]R (FE—) B, &
G5 50 TR 13AE] 383min, BHUKFAREBIE; MURATAERNTARE (FE
=) w, RAREKESMINEETE2ER®D, RE 310 min, FBIEE19%, BEHUE
FAERBERET KBRS, AEIXMARMNRBREUTIARENEITLLARMNE; #
NRRFEBAERNFR_EFR=EXMNNEMRABN LT, —E0NETSHxL—
B, ETREEHRDT 38.8%, HEETIERIERDMIH R F FTiREH KW E B %
BERERBIRAE.
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MRIE TR EH 2R

]

RS54 AU THEZTAAFENBEER (AEENWTFRTISHEINE) ,
AR, SEGHANEEFEMRE, XAAEETEREENEIRE®RD 15.3%,
& T10HE T FE 14.1%, T JIREBRE M.

%5.5 M 5.8 AL H T HR MM R TR MIRT RN R LM
TFHRE.

o
M1 Ors| Oz | Osn| Osrz Op3y O3 Ous| O
ML Oy Op12 Ogss Os2 | Qa1 | a2 | 951 | O
M3 Oy 0522 g2 Oz Ot Ogz| O Oy,
Mt Oy O412 Oy Oz O | O | On | Os22
Mt Oy Oz Oy4s 01z Og21 Og2z Osy1 Osz2
g 50 100 150 20 250 300
, tme(mm)
B 5.8 T mI A

Fig.5.8 Machining sequence of parts

5.6 AR/

LEATHEE RGP THASTTERFEEATHREERILEE, LRETH
BRI M B AR, BT THE-TIARZEAEREER, RUT —HNERE
BT EBHTRKE . SEBERUATTITIFMIFIIN KR, WEERER
TR AN RE ZHE R, BRERNENE N ERD SRR PR R
. LEATERER: WERLAEEANE S THRAEFHFRN, BRNT &L
TR R, SEEHANBEMLE, RENTIMNBRETIRESHNRDT
15.3% %1 14.1%. '
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86T MHEITHERHE TN

#6E MEETERS SN

FAEIEMIFENBANBRAAREEURIS & NEANBRRARH
HERMU AR R R NI RLHEETHTHERR, ANEETEREETH
. GROEMRFNEMBRXARANMRELRE, FREETFIFENAET
- IBETNRRXAETERMU AR EENE R, BEXN&BRXAREFENR
WREH B M & .

6.1 RFEFEEBITINE
6.1.1 RERIHEEISIR

TIE RN B A5 2 0 T ST i 3t 4 Bl T L HE & @ ALK LR b H 2 IR AT
"R, NTIIRBRILKERE. —TERRAEFTREE WK, TR, THAIE,
TNEHHFE) ARTREANERABHMIAS, REFEMIES P ITHOZEY
BK, A—HHERTEROEFHE, FRERFREMETE, HEATFEMU
T EIRR R R AR RE: _

1) THH-FIgRER A (Mean Flow Time, MFT)

THEFHREN AR EIHERET PHERNEE, ERRT THERSET
RIEENE, BREEMRBAZNETNE, KE%ERENT.:

MFT =(1/n)) F,

Hb: F=C-AALTHiBRERE, CAHTHI MR, 45THiHHEEN
B, nAIHHM. _
2) LHHIFHERN T (Mean Tardiness Time, MTT)
THEFHERNAREIHERETHERMNESELRHANESE, ERRT
THRBHEEXHHMER, HEEREWT:

MT = (/)Y L

Hep: L =max{0,(C,- D)} ATHi MR8, C AT iMI5EmatE, D ATt
RHEE, nATHAN.
3) 5% T)RTiE] (Mean Waiting Time forTool, MWTT)
FHFTIRERERAEMTAS LIRS, FURTFHSR/HTANNE, HEHK
METNAREXREY, RAZRBRRNTIAREF RNEM, KEERERDOT:

MWTT = (1/n)Y WT,
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MRRIETRRFEEFMRYT

Hep: WT AHUE M ER I AR E T L= ENTIRER/HE, n AHUKHEE.
4) FTIEXHRE (Mean Tool Exchange Frequency, MTEF)
FHTNEXBRERIBEEENIER S, WRAFTENTTEREXRHIKT]

B, BEMTRTIERLBIRTIEFSERTRORE, HENKPRBRT REE

MISRTAMEHAE, HEFREAWT:

MTEF =(1/n)Y W,

Ha: wANRM B TIAZTRKE, nhIUKKEE.
5)?@&ﬁﬂ%$(mﬁ%MMM®UMMmmAMw
FHMKHAZIERATFUEAES M ITET SHKREFHFAER, FEE

PR Sy RE T4, H¥EREAWTF: -

AMU =(l/n)Y 8T,

HF: ST=CM,/CM AHKM BFFAZE, CM IHUKM HEBZTHE, CMA
FMS 1 B4EF=R ], nARKKIEH. :

BT RAES RS NS R RELR, S TERRAERYE FIMS HiElTR
W

D ENZIFE LT RENEFMT,

2) —ATHAERAREREGHKREMT, B—&NKRARRN IR IHE;

3) THMEBRRER AT

4) BIINBFBRREA—ETIR;

5) THHMITEHEREEH;

6) 33 5 A T4 4 Bl B 1) A0 & 7 T4 A bn o ) 2.

7 THAERMTIANBMFAREGRE:

8) AGV & HIERNARE: —REBTHEHNKPBAZHX, —KEHT
BRI BHEmXEE, XA THENRRERE, FERFHNER

9) ITHMERTIEANKRFRRESSE, SEEMETIRIEREE.

6.1.2 HFEEITESH

Axfip, RUEHERENARTE 6.1 Fir. REFERRE:
(D) UK S5 &, BEFURBHEIKTIE;

(2) ZRTHERIE, —MEWER—ANTIRE

(3) =AM PRITIER—IETIRIEF .
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£ 6 % HHEITHERMT ST

?9&7]!?__\

B 6.1 RUEBIERSE A

Fig.6.1 Layout of flexible manufacturing system

BZGNT S AR 64 AT, Kb —KTH 164, ZKITH 144, =XTH
104, WRTH 124, HEEIHRA. THHAGTIZERWNE 6.1 i,

#6.1 TZH3
Tab.6.1 Procedure parameters
IZER T
BRTFAEH LR A2, BB B A
FA TR HMIHUR FRA[1, 416955 B H
BATIFEANTSHE FRA[2, S1HISTE B AR
GATH RN LR [E FRA[6, 30]HI39 5 B o A
BAISERAMIARES FRA[L, 15109355 BB A

HRE TR TR RE EN, BETHPEE THRFHRERMAR, 489555
B, A TREMMIAURRML, 41893945 B8, (8 — TR 8 RE T
M IHIRAAGEL, BATFASHISERRMR, SINHABEEL A, 1T
Sy Ta R BRA[6, 30)H9 BN, BATHERMTIRERS M1, 15695
NBEEAMTREE, BR—LFOHSHATSREANNRRESAAFER. T
B B =Kxm Taffa], Hed. K=2.

ZERA STIR, B2, HE5950% 1-30, BEIIRMF6H 200 75,
BAMIZHERERLNAEGMRTESTRETROMI. RAKTIENETEN
7, BHRIVEENVGRENT: (BFNTVEES).

PR 1 JIEE-——-1, 3, 5, 8, 10, 16

VUK 2 TIE-—-4, 6, 7, 12, 14, 17
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MYRIET R 2R X

BUEK 3 T1E—-2, 15, 21, 23, 25, 28, 30

BUER 4 71gE——9, 11, 13, 18, 20, 24

BUK 5 TIEE-——-19, 22, 26, 27, 29
6.2 IFRENTRARNAEETERRSH

AW X EHNRLEBTPEHENE REFRHER, 56 MTHBEARUM 34
TNEBEREEANERL 18 MARBEHHTHEETHFRTLE 4T, URIETF
E£TTFTRRRIAEEENEXERN & BRRAERNGAEERE. HP, 18/
BEW, §RERESRAR 10X, FENSHEERER 10 KiXRHFHE. BX
HENME—T&BRAEEANL.

1) THEARL

X #1582 EDD (Earliest Due Date): ZMUBEX KA HERN IHEXER
R%, UEBZIHREREEREME=LE.

TR M iE &% SPT (Shortest Processing Time): %N ﬁ{%mﬂi({qﬁﬁﬂﬂl
M ERE T mIERRENTHE#ITRS.

SEHRiE 56 R4 FCFS (First Come First Serve): Z# M # & SLHEN B HI T FFRASIAY
THEEZIKRS . -

T BA ¥k B8 /> LEFT (Least Exchange Frenquency of Tools) : %Mk ik #
MEEHRSENEASERONIFEAZNKN T —ERMIIR, URDTIRAT
BRE, WATIRRAHE, #THSE RSN,

F4 T/ 55> FNOP (Fewest Number of Operations): %M NIEHFE & THFE
BOMTHEAEZRS, UWEZTHREERMIERE, ERAMEH LD,

¥at B B/ SLACK (Least Amount of Slack): XN HEM B R/MITHES
BEZRE, THRhE=2CMH-2aTe Z-# K n I E.

2) JNAFREFEAN

54 % 2 EDD (Earliest Due Date): ZMNMENRE AT REXKBAHRE
B THFERR, UMESZIHRRETREBMEF=TE,

TR TR ja &% SPT (Shortest Processing Time): ZMMUMETI R EH SRS
TR T RBE R TR ERHUR.

B ARHUER 2480 T T 52 Bt (8] 5 5. EFCO (Earliest Finish for Current Operation) :
AN E T B IRAHURBAT] (FES) 280 T in L5 s (8 & R HIHLK,
DROPRS/F T RMKRE, RERENHESHE.

6.2.1 THEHRARNAEETER
BREAZABTIEFENRGERNTABERRE, KEFARHIHEZARN
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%6 ¥ MABTERMIG TN
—_ ________— —_ _ __—— —___——— — —

MR BREEANBENRA N EHERIEIT WA 6.2-6.6 Fi,

1100
5
3“: 1050
= 1000 | —~~EDD
E’ ~~ SPT
E 950 r ——EFC0
;.Ll} 900
a— 850 1 1 1 | 1 J
EDD SPT FCFS  LEFT  FNOP  SLACK
THBEARD
B 6.2 TH%&J1F T ab a3 8 i e
Fig.6.2 MFT without failure in case of procedure provisioning tools
~ 270 1
i 250 :
~ 20T ——EDD
i
E 210 r —— SPT
2 - - EFCO
190
2
'/ 170
H— 150 1 1 1 1 L J
EDD SPT FCFS  LEFT  FNOP  SLACK
THEARM

P 6.3 TFF#& J1F MR i 554 S B [6]
Fig.6.3 MTT without failure in case of procedure provisioning tools
270 [
255 1

240 1 ——EDD

225 —*-SPT
-*~EFCO

EIIETIRE 540

180 ] 1 L i — ]
EDD SPT FCFS LEFT FNOP  SLACK

THBEARN
B 64 THF&TITEHMETFHETIRE

Fig.6.4 MWTT without failure in case of procedure provisioning tools
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MIRETRREE R

220
£
£ 190 r
& ——
& 160 [ EDD
m ——SPT
R 130
£y ——EFC0
B 100 |
70 1 'l -
EDD SPT FCFS LEFT FNOP  SLACK
THEARY
B 6.5 L& FEABMFTIRLTRKE
Fig.6.5 MTEF without failure in case of procedure provisioning tools
90 r
£ 8 r /\/\'\4
¥
E 80T ~—EDD
oy
K 75 1 ——SPT
2 —~EFCO
N (
B
65

EDD  SPT  FCFS  LEFT  FNOP  SLACK
THEARN
B 6.6 T/F&TIT RS TFHIRNER

Fig.6.6 AMU without failure in case of procedure provisioning tools

AT AR EREER T ARBIARARNPLR MTJRTRIEZEMN TRSR X T
F&TITRRESERIERNER, RANERTESERTHEM, ERUKR
6.2 Fim. HF: BFI p ERATHBARUN RELRROZE, F5Hp E
RRTIAFREEAWKN RGN ZW, =50 p ER7FEZ PLR H TRSR
FRERXN REERHZH.

M 6.2 T4, THEAMRIF T A F KGR R G0 -FI9H0E 6, 394
- ERHEAEHURA A R HH W, G TIIRAFRERAN, THEARNGY
Wh—, XFBERHTFEIFENWRT, IHRFEIFFRENTIASEFE
ATUFHEMI, MIEERRGH TR, XBENRARFENAARKK
BEE, IO RMTAHRENATRERAVFIEN, BIRTREERUNRL
SR, PR ER AR TIRAERNERER. N TRENFTINE,
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® 6 ¥ MHETS RGN

NZIHZARNAMTIAFRERMULENER. NRAEOFYIETHKE, T
HEARUMT AT FEFAN L EE LW, BHETFIHERARL, TEEkE
FEANGE W LN 2R, XEHEENKE RN, ROERFETFNELT
RAKIEW, WLURAEE EXETARNGT, UBERENEEE.

%62 LF&JITE#M PLR-TRSR HEMT 4R

Tab.6.2 Summary of ANOVA results without failure in case of procedure provisioning tools

G IHR&TIFip
PLR TRSR Interaction
MFT 0.0412 0. 0025 0. 7930
MTT 0. 0407 0. 0028 0. 8317
MWTT 0. 0352 0. 0051 0. 0366
MTEF 0. 0034 0.0431 0.6154
AMU 0. 0463 0. 0039 0. 9025

HE 6.2-6.3 F1E 6.6 AT41: 7 JLETTAFREEMUF, EFCO MNE5KEHLT
HFEARNA S EHTURBRME PR RER ., FREER RAEEIRFAEE,
XEERBF EFCO RNARKRIIAM SR ER T M LA REENZW, F8ER4%
FREVFTENRNOIRERESRR IR, NIESNIIFEREEAMIRE,
BOTHURERTIRMIE, RETREMESE, HHRET RAENTFHIEFA
E, NIRRT AR H EFCO MUMEHE. BRTHERN RN X L35
R WA N, HEMNE 6.2-6.3 7 6.6 7T LAF 4 LEFT fE4 THENHN 5K
o T B T K BN A & HT LUB BB AP B B 1], s 2 i fR) R E 341
RFIAE, ‘

BB 6.4 WA, RAEMFHETINRIZETIARKEEMN EFCO AT HEAAN
LEFT #FERRREAD, HERET RENS M2 THRMNTLRLRAEM.
BB 6.5 T4 EJLERTHEARN S, LEFT MU EKEHTNEEREERAVAS
MAUBZRMA T AT HRRE, XFEELFAN LEFT AR S E T THANIIREK
HEm, EVRELFE, REEFERLEIRSETTEEERD N ITFED LK
FT—ERNIIF XREAECENIRZETHIIARERERRRTENTE,
M RE S B D> TR T BIRE, WA TIRASAH, #HHREREE.

6.2.2 AHEHMBANBEEITER

BRAZETERTREVRGENTIREH, HPRIKEEBEER 0.001,
TIRBHBERK 0.05, FURKEER RRM 7-30 B8990 KERRE T4
BARNM T AT RERANBINREN EHEAEEBFWE 6.7-6.11 BT,
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Fig.6.7 MFT with failure in case of procedure provisioning tools

W -

-»—SPT
-*—EFCO

1

EDD

SPT  FCFS  LEFT  FNOP  SLACK
THEARY

B 6.8 T/ & J1 T A sk iy P Ha 3L B (6]

Fig.6.8 MTT with failure in case of procedure provisioning tools

EDD

SPT  FCFS  LEFT  FNOP  SLACK
THEAARD

B 6.9 LFF& 71T H M F5% )6t H

Fig.6.9 MWTT with failure in case of procedure provisioning tools
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220 +
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ERITIR A Bk

130 F
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F6E i

it
i

I
o%

Rt 5
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—+—EDD
—*—SPT
- EFC0

100

90 r
85
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%7
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65

FIPLRF IR (%)
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THEARL

M 6.10 TF& I THBEMFHNATHRKY

Fig.6.10 MTEF with failure in case of procedure provisioning tools

EDD SPT FNOP SLACK

——EDD
—=—SPT
——EFCO

60

FCFS  LEFT
THEARN

611 TRETTFEARNEONRMAE

Fig.6.11 AMU with failure in case of procedure provisioning tools

EDD SPT FNOP  SLACK

AT TR SRS T AR THRASR PLR f17] A% KEEM N TRSR ¥ &
FEWLREIERHEm, RANE R EMTERTHELH, LRNK 6.3 Fix,

% 6.3 L& JITHH M PLR-TRSR FZ4H 714 R

Tab.6.3 Summary of ANOVA results with failure in case of procedure provisioning tools

Rt At LE&IITH
PLR TRSR Interac
MFT 0.0435 0.0031 0.8826
MTT 0.0413 0.0030 0.7921
MWTT 0.0390 0.0039 0.0416
MTEF 0.0035 0.0402 0.5941
AMU 0.0436 0.0042 0.8137

MR 6.3 T4, TEH RHLRMIRA ) R S HRE RN, THEARNMTAE
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MRETRAFEH 2R

 ————————— —  — ————  ___—____—— _— ________——
KEEANN REE M AEIERO RS S LHENEAR Y, BN RENTFHR
R ], FHHER EAFHIHRMAREEE, TAFTREEAVWMZHE XL,
X F LTI AR 2 THAEARRA AT REEMANLRGEW, T FHTIRERX
BR B, W THEARNKZHEX—L,

M 6.7-6.11 T4 EXBHIERT, REMTFHRER R, FHHEENE. FH
ZTIREAEH T AL BRKESRREE THEMREM, #APURSEN T RRR
AWM EEHENE®, FFUEEREES, LAMPUKSFEMNT] AR EE R
FTEREERAR, HEEAEEERFUERE. RMNE6.7-6.11 B T BRFE T RS
KAEWE, BRTAXFREENRENAZELE, THNIIRNBARLT, N
T TR&JI T I RRETCBUAE SRR R .

% 6.4 P T EMENEREFHER TREBRXRORA RN THEA
MUF T A FREFRVAS .

#64 TRETITHMH PLR-TRSR A&

Tab.6.4 Desirable operational policies in case of procedure provisioning tools

i, THF&JIFREA PLR-TRSR -
TRk &
MFT EFCO-LEFT EFCO-LEFT
MTT EFCO-LEFT EFCO-LEFT
MWTT EFCO-LEFT EFCO-LEFT
MTEF *.LEFT; *-FNOP +.LEFT; *-FNOP
AMU EFCO-LEFT EFCO-LEFT

e ARTAERNIATRESAN, PLRTRSR RRLHAAAMM-TARREHAUAE. :
& 6.4 T4, MR AERNKAEZERERRAD, BEEXYENRERE
BRIRR G AR BN ZEH R AR LT R AT CAR TG BT RO A B M

6.3 IS ENTRARNAEETERRSH

AV EFEHNREBITFERENT GERHER, X6 MITHBEARA 3 4
TIREREEAMNERLY 18 MRARBERRTHEBITHFETL 4T, URIETLS
ENTRRIBELEENENE RPN & B RRAEAWKGAZERE. Hd, 1840
WY, S—MEREERR 10 X, FEMNSHRERR 10 RARKTFYE. §X
HENME—T &R EAAEAN.

1) THEAHRN

TH#HAHN EDD. SPT. FCFS #l SLACK R LF&JI T HITA&AMN EDD.
SPT. FCFS #1 SLACK, T Koulamas SN —#E RN, BALRUOT:
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%6 T HETHERIT S
L — —— — — — — —— ——  — ——————————

i: 28 SPT H:7 T#;

ii: MTHRFIFERZERENTH, RERIH NRINELSEESHT
fjMsE TR d e, HHRd <d, WEAETH,

2) JIRF/KEEHRM .

T MTH EEE SOT (Shortest Operation Time): ZMUMEJI LB 4 EL
H AR BAF] & T 25 n T bt (8] B 4 I HLAR

SE B 5E R % FCFS (First Come First Serve): % #8 T #05E 56 ¥\ ERUBLAR BAZI 9
MREEZ TR .

FIR T4 B> LOR (Least Operation Remaining): %M M E JI L& &S RE
HERHRAFIH, SR LEM T TFER L2 TEHELHPR,

6.3.1 EHERBARNBFEITER

BRRAZECITLERFENARRERTIABRRE, KETRGIAHEAANF
TTARKEFEANBE MR M SRR 6.12-6.16 Fix.

830 r’
£ 80
= 770 —S0T
= —=—FCFS
g 740 ——LOR
R0}
H- 680 l 1 1 L 1
FCFS EDD SPT FNOP  Koulamas SLACK
THEAHRY
B 6.12 T2 & 71 F L #kE 49 F 3 A g i fa]
950 r Fig-6.12 MFT without failure in case of working step provisioning tools
£ 210 ¢
; 170 + ——S0T
7 i —*-FCFS
g 130 —+LOR
g 907
H- 50 [l Il A
FCFS EDD SPT FNOP  Koulamas SLACK
THEARN

B 6.13 TH & 71T L6 9 FH93E KB 18]

Fig.6.13 MTT without failure in case of working step provisioning tools
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MRIRETRAF AR

o —+ 50T
-+—-FCFS
——LOR

1 ! 1 1 1 J

FCFS  EDD SPT  FNOP Koulamas SLACK
THBARN
B 6.14 T35 % J) T T bg i F 39 % TD Bt ()

Fig.6.14 MWTT without failure in case of working step provisioning tools

—— 30T
i , —=—FCFS
—-+—LOR

1 1 1 1 Il ]

FCFS  EDD SPT  FNOP Koulamas SLACK
THEARY

E6.15 TH &N T RBENFHTATHRKH

Fig.6.15 MTEF without failure in case of working step provisioning tools

—— 50T
—*—FCFS
—=+—LOR

| J L 1 | J

FCFS  EDD SPT  FNOP Koulamas SLACK
THBEARN
/ 6.16 TH & T T R b K FIIHRA A2

Fig.6.16 AMU without failure in case of working step provisioning tools
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F 6 F HETLERM S

ATHHEHEER T ARG THEEARUATAEREERN TH & TIE
AR SRR W, RANEEF ESFERTHFEMN, ER0E 6.5 F
o

% 6.5 TH&TITLH M PLR-TRSR FEHM T4 R

Tab.6.5 Summary of ANOVA results without failure in case of working step provisioning tools

PP ITHR&NTHpE
PLR TRSR Interaction
MFT 0.0038 0.0412 0.8900
MTT 0.0015 0.0399 0.8206
MWTT 0.0081 0.0386 0.0360
MTEF 0.0036 0.0415 0.7010
AMU 0.0048 0.0431 0.7139

MK 6.5 W51, THEAMUFTIBFRKIEERNUN REN SRR EE ZW,
BN TFTHEEARN, DAFREEANGEZH %, XTELETEILSET
HET, IAEIFMRENE—ENAREFRENTRENT, MIRES, MEE
SREFAFERRIETRNTTERR, XBUETNREXBSH AHLTEN, LTS
ENBRRKEBETNEREOFAE, RETIARENMISBHEN, YA
FREFEANXN RAEHEREM /N,

M 6.12, 6.14-6.16 AT 41, LOR fEA TIRTREFEMME THEAMN FCFS F
EDD 4 &7 LIRBEHF MR L FHRE R[], F5% 10 6, P71 LBk HRF
BIURFIR R, T SOT fEATIRFREFEMN 5 THHEAMN SPT, FNOP, Koulamas
LI SALCK A& UK RIFH AR RS, Fit, SPT X THBEAMUA SOT 4
ATVATRKIEFAN T URBBRRK FHFERE, FH% 770 & REHLRF A
£,

H& 6.13 T4, LOR fEATIAFJREFEML S THEAMN EDD, FCFS, SPT
HETURBBRRMORLE FHHEER A, i FCFS. SOT A TNEEREEMMUS T
FE AN FNOP, Koulamas M1 SLACK Al AR BFMEE AL, BT HEAM
W EDD MJJRFKEFEMN LOR A& URBRRN RS F AL .

6.3.2 HHEMBAXNBEETER

B RZBTERPRENRGER T AEHR, EPRIKSEEESR 0.001,
TIRBHEER 0.05, HURMBEERE RN 7-30 2405959 KERRK T4
GAANMTIAFEREEANBENRER S EEEIEFENE 6.17-6.21 Fix.
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Fig.6.17 MFT with failure in case of working step provisioning tools

—+—S0T
-»—FCFS
-+ LOR

A L L 1 I J

FCFS EDD SPT FNOP  Koulamas SLACK
THEARM

B 6.18 TH & THRMERTFHEEN )

Fig.6.18 MTT with failure in case of working step provisioning tools

——S0T
—#-FCFS
—+LOR

J 1 ! ! | -

FCFS EDD SPT FNOP Koulamas SLACK
THHRAHR

B 6.19 TH&TITH BB FHETIHE

Fig.6.19 MWTT with failure in case of working step provisioning tools
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Fig.6.20 MTEF with failure in case of working step provisioning tools

co <o
(== T
T

PR FIHE (%)

——50T
~=—FCFS
-+ LOR

1 I i 1 L -

FCFS

EDD SPT  FNOP Koulamas SLACK

TR
6.21 TH & JITH S A EIHURF A R

. Fig.6.21 AMU with failure in case of working step provisioning tools
AT EREBRATARN THEARWATDAZTRKERANNIELEIITF
RERMRIRFNE W, RANRE S ZSTIEETH E9, SRR 6.6 Fir.
% 6.6 TH&JITHHM PLR-TRSR HESTER

Tab.6.6 Summary of ANOVA results with failure in case of working step provisioning tools

Py~ IF&NTHpE
PLR TRSR Interaction
MFT 0.0042 0.0491 0.8710
MTT 0.0021 0.0387 0.9911
MWTT 0.0079 0.0391 0.0323
MTEF 0.0037 0.0416 0.8104
AMU 0.0049 0.0411 0.9091
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MARIE TP A AR

ME 6.6 T4, 7EE BHLRGEN T MR SHEE RN, THEARNMTET
KEBHANX RE SRR RS RN EA—F, X REHNE R
ﬁ,I#ﬁAﬂMﬂﬂE%*ﬁ%ﬂMﬁﬁﬂﬁ%%,@ﬁ%?ﬂﬂ%*ﬁ%ﬂw,
THRAMUFZEER—LE,

MNE 6.17-621 FERH, 5THFENERME, SHEREFRRERN, REKF
P B AT E] . IR ], FIYE TR AT IR HRRBERIFUEFTHE
g, E2ETHE&NTHERRRAEEENRREALE, THNEDRAEFRE
EmIL,

% 6.7 BFIH T EHENE QAN ER T RARRORREREEFOIAHEA
MUATAFREFERVAE .

%67 IH&TITHMH PLR-TRSR A&

Tab.6.7 Desirable operational policies in case of working step provisioning tools

P— T %71 T HBAA PLR-TRSR
y sl Gl
MFT SPT-SOT SPT-SOT
MTT EDD-LOR EDD-LOR
MWTT SPT-SOT SPT-SOT
MTEF Koulamas-* Koulamas-*
AMU SPT-SOT SPT-SOT

B *RRAEENIEBERIEEMNY, PLR-TRSR RRIHBAAN-TATREZANY.
BE 6.7 04, STRLIFREL, HEHRAEANMREEEERERD, B
B 7E T AL B B IR B AR R A HE AL TR AR B R BE AU ZE B SR B 0L T R T ARG
BT B RE

6.4 ISENTHRUBEBITERESN

AGELRIERFHRFEENISE&NTHRLBEREENERE. MR
Bl g R M T THESFHRE, 34, ETHERSFAA-8, MITEFATIRAE
MiteR, KB TIAKBEVHRRER: 1-SKTNRERIE, FeXNRUE; MITEZS
BinR6.8H . MILITEFHNE R FENEESHIMRCIFR.
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6T AZTERINEIN

*6.8 TZHE
Tab.6.8 Procedure parameters
Cpsn | pepg | TTHUE | THFSUIASRE/ AL nin
g 1 )

! L 118 203
: 2 3 319 220

3 5 4/12 51

1 2 6/21 217
2 2 4 315 525

3 3 4/29 118

: 4 112 4
: 2 ' 5/30 32
4 : > 3120 5124

2 2 219 6/17

1 4 1120 422
5 2 1 5/18 318

%69 REBENEESH
Tab.6.9 Basic information of gegenitic algorithm
SEBH Ni=10 Pc1=0.8 Pm1=0.01 Counter=30
REZH N2=10 Pc2=0.8 Pm2=0.01 Counter=30
ETFNESEFATRELRR, RINIMFLE 6.22 fir, JRSRRFD
% 6.10 Fi 7R,

#6.10 TIABMBATHTIRGTA R
Tab.6.10 Tool assignment scheme before tools breakage

JIR JIR
JIR 5 RIGFF TIR 5y FRIGF
WS R
4 0,20, 0y, 4L 05, > 0y, 20,
L 041 > 03 = Oy = Oy = Oy A 0,; 204, >0y
A 0,,, 20y, > 0, 5 0, A 0y, > 0y, > 0y, > 0y,
L, 0y, > 0y, " 0y, = 0, » 0y, -0,
t 0,,-0,,-0,,-0,,-0
s 72 812 a2 232 132 " 0,0, 0,
f 0,250,250, >0,
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Mdr 05?1 0512 032 0322 042 0422 0611 0612
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Mit Oz [ Oyd Opsr | O Os21 | Oseg Os21 | Q621
g 4] 100 150 20 250
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& 6.22 JIRBEHRET LA/ TIRFF
Fig.6.22 Machining sequence of parts before tools breakage

7 =70 MRS, HUR M, T O, RIER &, FAK 2 SNRKEBS, HNE
BEEENBKKRNTOTFRTHRE, FEERETEFT THNN TR NE
6.23 i, BEEJETJRMARITF LR 6.11 Fiw.

£6.11 NRBREHIIRSRTR

Tab.6.11 Tool assignment scheme after tools'breakage

JIR JIR
5 TV BRI oo TR ARG
4 O = Osy L Oy,
L - X (B A 0y > 0y, = 05y > 01, > Oy
L Oy, = 0,0 0y L Oq,
A 0y, > Oy, b 052 2 0y = 0,y
2 Oy, > 0y, >0y,
L, Oy = Oy,
I Osy = Oy
M5t Oppy| Omz | Osn Ogs2 Oys1 O3 O3 Osa
D M} Ogp Oppz | Oapf Qs Oss| Opsz | O Oz
] 3 0521 02| Osss | Ossz| Cizs| Qs ) )
- M2p Ogpy | Ogiof Oy oazl %29 | %22 Ogz¢ | g2z
P Mt Opy | Ond Oir | On 051 Oz 05:1 Og21 Oez%
o © W 1% 70 20
e o e e, time(m) . s R BRets e o e i

6.23 JIRWHE LHH M LIRF
Fig.6.23 Machining sequence of parts after tools breakage
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%6 & MEETHRINETIN

gLatram, MEEMTIEY, NRRETHS, ERITAREHERT]
RRAMBELE, KETDANESFHERRENEBDARERE, THNNITRE
TBCAtA, MTTIER TAXFTREMNETRERCHENERSRUBARTEL
TR 2.
KK, BEAXGEELOGERTE, BHER 10 MIRLH, BINER
EHET RS ERERNFHEDE 6.12 Fir.
& 6.12 £ T RERMEHEMN AL REHRT

Tab.6.12 Performance index based on double layer genetic algorithm

TIRMmE MFT MTT MWTT MTEF AMU
0 650.3 68.0 115.4 152.3 87.8
0.025 741.6 132.7 165.7 171.1 84.6
0.05 886.2 192.4 235.4 215.9 82.7

6.5 REZMGEITM

FEHANEHEETHENTRERBELT, REH 2RI T A7,
W E .
THUR SR T R HURER, SEETREMEREFNR 6.13 fin. HF:
Al RRIFENTNARERHME AN RARRE: A2 RIS EIITIIRAER
B RAAEERE: D-CARRIS TN TETRERKFAENERSHRERE.
' # 6.13 TN A RAEEAHRIER

Tab. 6.13 Performance index of different algorithms without failure
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Tab. 6.14 Performance index of different algorithms with failure

RYtEhEa el

Al A2 D-GA
MET 1098.5 895.3 886.1
MTT 250.8 180.0 192.6
MWTT 3325 237.9 235.4
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AMU 79.5 83.5 82.7
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