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R 2k S BT, MREHXEEEERNO T D70
2, e o0& S THE - IETE 5 FEO R
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BT, FHEICRIEMZEP S Z e ERHET—IF=
KDL BNFTVADRVHEZEL ZEPEE L. U
PUAA S, FBEICAEN RGO, FHBRRE Z 581k
THHEERN SN2, FAMICRIFMZZET 5.
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BUHETIEEZBERT Z2HERH L. LrLARNS, HIK
LYV OFHBEEAD) Y —2A0E D Y TRERTH Y,
TARTOE Y Y TEHERT ZDIFBENTIERN. £ T,
BOHFATIEOYR 2 R A7 A rya—1) v MEE LT
Rz, BFEOmRELT VIV XL DF/IHS i [5) THWS
NTVBETLE L BN 0 (%, BHEETHET 20E0TE
HHBHZETEOREOREZENE S X DIZHIEL, &
BB FIEOBRREENEHT 5. Zhickha—VF ol
HPEZERFR - FHEEERBEIC H bW /- R FIE % 5 B2 6
MClEkT 5.
FMEERIZBNT, BETILIV X L%, EEOL VY
MOMER U 7ZBRIC U CHEIT L 25, FHITERL
7-FEEFINE L R U, Voo & O AR Z 15% 5
MCELHEMIAFIEEERTET VWD I L 2R L -,
T/, EEBOBININ LT, ETHMOEINE B L2
DIZHEZSNT WS Z & 2R L=,
AFOEBBIILATOEY TH5S. 2H8TIE, REFIE
B U B 2 ST 5. D%, 3ETIK, XA
AT Y a—) v I & B R AT A R [ o B AT
FETD. 4FETIE, AL THRE T2 BT IEE
EiEEZERLL, 5 BT, REFABEFET VI LD
FERAIRIZ D WTHER S, 6 T, 1Ek L 72 B+
IEBEER 7 VTV XL DFHii %2175 . BEIZ, 7ETARRX
DELOEBRRS,

2. BEERE

ARETIE, AFERIZEEST 2% TH 5, HHEFIED R
FYa—=) VBT B, RAIARTYVa—-) VI
B9 BRIz D WTHRR S,

FAEFIEDO A YV a—1) VI T B5E e LT, RE
5 [6] 1%, HHFAHBETNVIIHT BFIEDOHEE - 728D
K O f BT % SA B2 VW TRDT VWS, Z
DifZE T, 2 TOMRMEIEEE Y5, RE5] 7Y 65
BIZHELTED, BMOHEEOMBER SIZX > Tk
U ERFPEEREM 2 I WT A Y a—) v %2 ik
TWa., ZON, 4G EOMEEZL L ORBEREDZE/IZ
ERIGLTWS., — /T, FERFCRERET RV, H
— VY ENTOEEIERF D ANE ZIEEZRINTVR.,
Zhig, PERRU 23R FIEE 0 (CJEEEE ERT
MTERNZ L, F-ERL ETHFFHET LRI HE
T B2 SRR EI T RE R H o722 LTHEND
WTHTONREWI ENRFEZON, FEFETIEE 1345
AN

E7z, KRS [7] 1%, EHORE 2 EHACTHEZITD
BEDOHMFIEAr V2 - v 7 %23 koTW0W5, D
WETIE, FAMEEE2Y a7, BEAZERKE SESES
ZEIZEWEFERHWNE SOV 2 VAT Y a—) v T

i (Resource constrained project scheduling problem,

© 2020 Information Processing Society of Japan

RCPSP) Z#REL7ZH D2 UTH A, SAFEE2HAWTHE
FlEZRKDTNE., — /T, TOWELHEWZEZEEL T
W, - HEEE A RCPSP X 280z, READ
AR E LTV 728, SPHEERITREEAZE D 4T
SNIRFIZETAREE LT WA DY, FHHg B i e o
TR B R NTORWIZOETRARGENE X 5N5.

BEEEOFEFIEEZ 2V a—1) v 7T 5ME, #A
HEEE XA Y, FAEBEECTHEHTZ) Y -2 %2 aty
PeTERA A Va—) IR LTHRAZZ e
T&EL., RAVATYVa—) VIO E KD B R A
2V a— 7N aY XAIE, FEERE TR E S5
La—VAF 4w 7LITYRNE, Edfds s 5
2T a—Y v TAa) AACHEINS.

R E/Z2a— VATt v I TIVITYVXLLELT,
FITAREL R0 2 R AV R EIFEITT BV A NAT Y a—
VU TER], BRI 7DOHO/ — RIS ERX AT ET
DEENRAE (UTCPE) DRKEVWZRAZNSE D YTT
W< CP (9], CPEAKEVZ 27 O D YT A EET
505, [E—0 CP EZ2FEDEBO XA DH 556 13%EG
DRATENL N D %SRS 5 CP/MISF % [5] e &2
RBEINTVS.

B EBLBENAT Y2 =) v I TILTY XL L
T, AR S [5][10] 1, CP/MISF 2 & b ¥R %15, =D
RAZEN D Y TELEZHWVTERIBEZIET S L 2612,
VY — TR 1] 1T & D BRERIEEAT O S BRSHIR
EIETH D BEREELT VT Y AL DF/THS ke, Th
Z WM FALEE I HERR U 723641 7 )V TV X 4 PDF/THS %%
RELTWS. £72 DF/IHS EOHEB L LT, FR S [12]
&, BOR D — R e BEFA/ — NEHEEL DF/IHS %
DR/ — FEOHIE T, WIS [13] 1%, ZDIEIC
Ny YaTF—=TVERWEFEERELTWS.

B L C DF/THS JEIC T — K sk A — N~y RE2FREL
TEGE LT VT XL LT, WAS [14) 1, £XAT
SIEINAHFEADEBRR A2 £ TCOMEELEEERL -
TERAEZ ke 2 REDIC % [15] Z MR /=7 VT XLkt
ZLTWS, FAEZOT7TLVIY ZLOREE LT, TR
FIZBWT IV — AW BERER D R A2 75 7 OF#iLe
WX TEOEEDOREWFREIEZITS T TY XL [16]
X, MRRAD T T T ERIKRAT 7T T R AT
Va—) VI TEMENArYa—Y) vz kB EELE
BET7NITY XL 7] BREINTVS.

FHTFIEDO A Y 2—1) VT LTI, FABp
WARFEET 2 ERBEINTE ST, Hhdhizx
TYa—=0 Y7, BoEEBFIE TR - 7 0 FEITR RS
REDTHDIEeNEZONS., FLBMFOREMAT
Va—)rIT7T NI ALEZFOEEHWEIEITTIE, K
HORMBERZA S Z N TET, RN LBERE2ITHIZ &
IETERN. ZIZTAMETIE, L Y ITHd 55
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PE1

PE2

PE1

PE2

B 1: A2 757D

FHLFIE A R T AU, EWWi%E &7z E TR
L R 2 ROEFARFIEDOEk x: HIEd. FdMEED
CIZRBEINDEY Y —ADFEET DI 05, FHHEUE
HERAY, BV A% Tuky Y UERZRAI AT
Va—Y VIS UTIRZ, M BRES 5125k
BORMEARL LS ICHRT S Z N TES DF/IHS %
R—2AL LTV TY AL ERET 5.

HRAYATrTa—Y) Vv HEOREREF
B3R ZR I RE A~ DR
AW T, BRI ORI X A2 22—
VU RS UTIRZ, BMEOR AT ATV a—=Y I
VT RLEEIEL, BOEHEFIORR AT S 2
THERBE O 2 RAS. KBTI, XRAIATVa—
D > 2 R B R R DB R A R X B

3.

3.1 YRRy Va—Y)VvIHE

RAY ATy a—) v I, EEOLIEIRWE, &
DEATHIIZ RO nlD X AZEE T = {t1,ts, ..., t,} &
BEHOELVWmEaD ok y M B, *
DOFEGFHB (A7 YV a—VE) 2B/NITBEArYa—)
EROLMEETH D, 7 NP REELRMETH S Z 25
NTW5b 18], ZORAVEETIZIRA2 7T 7 G(T,E)
(EWREHTy VOES) £ LT DAG (FrAEKEZ S 7)
Tk h, 1 20K/ — RS L1207/ —FE%
¥H, 28T/ —FNEAOD/ —F2oEETRETHE LT
5., RAO 7 70H8%X 1123, M1k, 8ODRXA
IDSRBRAAI T T IDHTHS. FIFD /) —RiZ1D
DRAT, J—=RKHNOBFIERAIES, /) —NELOK
FIER AT OERFE, v Y EOBMTFIEA =N~y N
MaRLTWs., FEMFPOKREHTY VIEXAI7ELED
PNE P filF = &7
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0 1 56 8 101112 16 18 Tme
(b) A=~y NRMEZEBLUEBEORAT Y a—)L

B 2: A=Ay RIFEIZE B A7 Va2 =)L DAL

3.2 YRIVRTVa—) U IRBEBEDA—I~NY RERHE
EEROWHERIETIE, RITR AT LEFER AT DR S
Taty Y TUIEINDGE, BX AT DPBELRITR
27 DERE 7oy VETEZETIBENRET 5.
ZD@EER, RAZATYa—) v IREIIBWTA—N
Ay RELTERIN, F— N~ NEEESD O BEREHS
T B, A—NAY RRATIVa— )LD & S R
EHZBEDERTEDIZ, M1IDRXAZ 7570270
LY PADED L TEHIE LT, F—r3~w N % HEE
ULEATTa—)Led—nNAy N2 ZEBLAZEBD
AT Y a—)VvEM 2R Y. KIIHHEASRER], el 7o
T HTHY, BENTZAINTWE XA RS E2ET
LTWaAHEZRLTWA. 72, MPDOXEHE, A=
~Ny RN FEET B LI2 Lo T, XA DOREWREZ:
B AENTWB Z 22K L TW5.

2D (a), (b) ZHEET 2L, EEIZIZA -~y NI
Mz & b &2 27 ORRRATRER I AEN B Z & THELTREH]
WWENMHTL AW bhb. IoTAH=1~NY FOEFE
THMEIZHTERAZ Ay YVa—) v JRETIE, 20
F—n~y RER 2 BB L2 ECETEMZ RN T5 2
TUa—VERDBEIEDBETHD.

3.3 BREFAEFIEZRRICHITZEBELOHV

BT FIEOBER IR L IS 2L E & X
7, FHEEECHATESRY V- HHE, BT, ¥R
W &) 2 7atwy Y, Folzt— "~y FE#EE LT
WABZLICEDRATI AV a—) Ve LTHS
ZEeWTES, Tz, FHRER I - VIZL-oTRES
», I—VOFERRZEE L7 LT, fABEXZZDY
V=A% AWTIT IR L CHERM2EMHETE 20 %
EZLTIRBS W, X517, AFEOREHHFIED
BRIZBWT, BFEOXAZArVa—) v IHEE DK
ERMESE, BB THSE. RAZ ATV a—Y
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VIO A — N~y Nk, b U7z & 5 IZHiEBERO H
LHAFRAD LBIGER AT, Bind Ty Y TUBX
N3GECHRET L. —HT, REIZB IRV, fF
ATV AN Eeb e ETIERL, FHTSY V-
ERBICHEAUZFHEMAERZIE > TRET S, i, B
Xzt)r5 & U-BIC, fAT2ET CRZY 5HHMEFERE
BT TWGEICIE, FAMIEEMCRiEBERI R TH
Wz TEIBRERDD., E/-RXRAI AT Ya—1) VIR
BT, A=~y NREIRIEBEROH 2 X AT L
WHINCETERT LI EAHRETH S, Hod AT
ORBIZBVWTITHANIZEBE TS RVWAEEENH B, Hlx
WX, PHFAMITRETHAT LIV YV —ADSL, AT LR
BRI BETH 503, RIS BT\
EZDREDY Y —ZADREIZL > THRWIOMLE R ) Y —
AWEAT B7-DTHD. ZOMHEREZBELZTILIY
AL EER L2 iE e S,

4. MIREERTE

ARETIE, AWFETH R & % b i BT E e 2
AT 5.

4.1 LY EBER
FAEHELFHELU-VWEEOL Y YELS %2 RR =
{R1,Ry,...,Rp} 3 5. ZZTEkIEFHHEIERL /-
LYEHThs. HLYVER(1<i<Ek)IZ&EENDH
HEEDOES% Ri = {riy,Tig,- -1, } £95. 2T
i, VYU R, OFBEERETHOLVIEIZE->TL D
I3 EAR 5. F2ARMETHR D FHHMEREE, 1. 2vxTL
FrRYEY)B| TEERL, T 2x32FX2Y)5] 2. Fv
XY %EH5] DX bThTnEEDET 5.
BLVEOERITE, ez 1L EhE2Y5), 2.
FyRYEYL] OISV EHNTIERED AN X DT
BRLDOHD. HLIVE R IZBWT, JHFD ANE X
NHREERREA 1 DDEAIZT LY, TNOESEIEE
Wz 7251 % P, = (P, Py,,..., P, ) £$%. 22T
hi 1X, ABARERIEEELDOBTHY LU EIZL > T hy
DL R 5.
VIBIZEENDHEEE 1%, { B, o8, #EA
%, HREY Y — R, FARERE, B, FakRSM:, ERiiEEE
¥} RERLUTHED. 83, TOFMEERICHERT S
BMATHD, BEROBMEEHAT 2 E-I3ED0RM B
HAUZRWEEIE NULL £ §54. 2ETIE, TOHMEE
THATIEMONETH D AMIZEDLEHEAL RS,
Bz, BMETHNIE (g), Twd 0 ThHhhE (K) &7&
L. Y Y-k, ZOFHMEEETHEMT 5SS
EOVY —-ADEAETH S, FHERIE, ZoOFHMEEEXE
EITTH20ICBERRRETHS. ZOFEBRIE, LY
TR AR SN T WA G IR T ORM, HEanT
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WRWEEE, 2—YDPEERICZOREEXEFETT LD
IhEE U2 EBRORMTH 5. B, ToOREEET
FERLUZY Y —2ADREERL, PP FaA Wz
IND. BIASMIE, TOFEEEEETT LI, 7T
KR TLULTEPRITNIERS R OWFABEEOEELETH D,
INEFIHEEE ORISR PR, ERTFHEERI, S
FIEIZENT, ZOFHEEEDOEFNICETINDIHEDD
LB DORBEETH B, T I THEHINIETEINS L
1, FREVEEE T O TIRZ L BBRAN -T2 L %
W, 2 LR O & ISR,

AT, VY —R2 UT, FEE, 8T, 4R, RV
I, BFLYY, 727480, 88, avn, F)ILREEEE
T3 (BRI ATEE). 2oV YV —ADZThEFhD ([
- FIFIATREZ %K) %~ 2 bL RS = (RS), RSy, ..., RS,)
TRY. ZZTgldVV—AEHOKTHD. F7-JHME
BILIL, BRBEEINZV Y -RAFEHEINTVWEHDE
T5. B2 T8 LW FHEMEETE, {#EE, a
T, £} 20EET S —F [4iTs] &\ s
¥ETIE, (M, ove ) 2REETANHAEEZREL L
V. ZNHDY Y- LT, HEREIZEWTEZ
50 =2 WFEHAFTRETH D, HLY Y —AZxLT
XV YV —ABETCOMFIFHAIPAHETH 5.

FELE L O/ FPERICBE L T B OE N2 HE
T 57207, JFHEE T OFEMFEREICBRTELE T SR % R
T BT —AR—ZAZERTD. ZDT =KX=
(PR - FAERMESE) O AG LY T &I o 7 L H
Shhro Bl Z L TWL . BEVPZWEAICIX, ¥
WAL UTHEN T — & (hoFEE) oEaEz fHEHT 5.
Z OfEITFHIAE 7RI EBICERI L 2K %2 7« — RNy
JUEHTE. AT —XRX—2DMIFFIZ THIET 21F
CHMEDERBIZE DD LD, BIEEITH D B
&, B D, (A, FHE/EE) TROSNDZEDET B,

4.2 FAEFIE

Bof R TFIE RO 1T H 2 FIEIZ, RROL
VEIZEEN D EHEEED S HASIEEAREREG D &
UTHERR T 5. fERT 2FEFIEE S = (Q1,Q2,...,Qn)
ed5H., ZIZTHEEQ; \E, WHMHAIRERIEXDOEST
HY, nFBRETINGEEEEOHTH L. M
FIE S 12k, S OEFHICHKET IRV E, MHLZ
VY =2 mBEIZ e TS AT 289 5. 7272 LR
HBiE#IE, 2TDY Y —2ANT TIZHHATRETH B IRET
H5.

TR T BIBLRIE S 1RIZRT 3 DDHIRIRM:E
ETHZERITNE RS20

1 DHOHIRE LT, FHHFNE S 12 k> TERL 2R
EIRTEBRESEE7-HD1Z, SI1ERROELVVEDOEIHH
FEEEATVWARENRDH L. ZOHNEUTORTHRT.
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U R C UQi (1)
RERR i=1

2 2HODHE LT, FMEFIENORTORLNZENT,
fEHEINE )Y — 28, FHAMRERY Y —ZH T TH
DRENDD. S OIFEES Qi(1 <i<n) HWEFIND
BUZRBER )Y — A% (rsi1,7812,...,7814) £ T D&,
ZDHFNIATORTEST Z A TE 3,

Vi(l<i<n)Vj(1<j<g),rs; <RS; (2)

where

> 1
r € Q; AT uses jth resource
3OHO#HIKE LT, #AMEEONZERERE>2TO
FHHEEOM AL DEIX, FHHETFIE S ATH X OHIEIERF
BT RERD L. bbb, BlASME R OREE
r OFIASRMA T H 2 HBEEES r, DR TOEEDK T I
2%, r, OBIAREZ] & D BT TR LR S 0w 2 O fili %
AFIZRT.

rSij =

Vi(l < i < p), FinishTime(r;) < StartTime(r) (3)

Iz B2 D i & R DB T T, (3)
FESVENL LRI NIER S, 22T StartTime(r),
FinishTime(r) (3 ZNZNFBEFNEA T OFHEIEZE r DF
I, M TRZIZ RO LB TH 5.

4.3 HWHMORLEEESR

B IE D 2 FARESERIUAIRIZ, FAEEERE %2 V5 HEEA
HEGEVEFIET L. HIZAE, X255 2 LBIC,
ZNETIZERRTAZE > TWIEAIE, Y5HHCET
CEBRWREES BREDRDHD. TO LS ICHESREE MY
DRI DS B BN R BT %, AR TIERENIIZ L >
THIW 5. FEHTIE, ERLAZLYEHEAS RROHTH
HIZHHLZY Y — A2 2D F £HTE 2JMEEIZIE,
A—OE2H D 2MTE, —HT, TOFEFETIIMHEIZMH
AT ERWIHIEEERTICIE, ML U280 Y T5.
WIZE, HWZY) 2B B2 05 MPMERIL, i
UTHD IR ERRE AT 2B ENH L7720, ThE
NOFHHIEZEIZI LT, meat, vegetable OFEJI % ] b 24
T2RETHD. &o TAMFEIZBEIT BB VIIEEDO A
X, FETUAZVWRBEROMAIE, 2OV Y —AHERNIZ
I N ROFHVEEORER PR RICHET B L L,
PEWUIMEE 2 EGT 222k THAWRRIZZRE DL
T5. ZZTIOHRWINI»LBEIE, VY —RAT &I
EHZINZHERY PVWT = (W, WT,...,WT,) %
ENENETEHDOL TS, IOV EETTBIC
R ERDY Y — A FHHEE2ET5ED LT 5.
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4.4 BHIFEHK

PERL U 7= L TIEDIR T £ TIZ 1 h B % time(S) &
T 5. RWgETIE, oMM TIEZ2FHEREE RETH S
ZeLTWa7d, HNBEBIZNU TR 5.

Minimize (time(S)) s.t. (1) — (3) (4)

5. RBRBFIRERETILIY A

ARZE T, AFETERL U 7= ol R T IE VR kM E o
BEHMFIEER 7L IT) XLIZDWTHRR S,

5.1 REFAEFIEFERTIIIILDORN—R ERBEE
7T XL

Bl LT NE R B R RE O 1 T b 2 FHELFIEIE, 4.2
TRREFIEME 2 ETHLZTBRELDH L, LoTHEH
HFRNEDA T Y a— )V E2EZ BB, HfEt 2RIk
WebhoRETENUERE DL S RIEFTH->TH
BOHFAHFIETIE R W2 OMRT 2B EIT AWV, F 2758
FIEZ LTINS AT Y a—1) v 7 %75 DIFRNRIHE
, TNFEFTATVa—) I L=l Dhb5HMTIERE
—HUTWABEFETIE, ORI Y a—1 v IR E
BAMEL, £#H0AEATYa—) v UET I TEHE
FOYE 2 B T8 ERD L. ko> TAMETIE, Zh
OEREHTEZHE(TIVTY XL THD DF/IHS &2 X —
22U, RIS & BRERRIE RHERA O WY O M E %
WO AN LTREMASZ L ChEMMFIEER 7 LI
AL EERT 5.

5.2 DF/IHS %

Bo b7V T XL DF/IHS 1%, FICATLEE & AR
EZ K D BREP SR I NS, DF/THS 14D fi L B i
TlE, 2 Tl R7z CP/MISF TEHHI N T WA EREDE
WIEIZ ZR A0 BHE2MFE A, BRAROEMIZ CP/MISF
Iz RWREED L. 2T & b FRERETIX DF/FIFO
FATHRRROENOREEITHI I Ta— AT 1V
TR WD SBERT LI AL LTS, Ok
B, WIS CP/MISF Ofift & 72 5 O TRERE/E TR D
EITAB7-8, BRERIKEO KGR EHEIZER 5. DF/IHS
ERED IS ITHREED TV PERTZHDIL, M1D
RAD T 7% 2 Tty HizE 0 YTHE DF/IHS %
THRU-BOMARERAREZK 3 ITRT. K3HFDH Y H
Fyr— FIFOREETO IOy T T BE 0 M THE
Rchy, ExTowyy 1, Aoy Y 2ThHS.
727U, RAZATVa—) Y IREIIBWT, £X A7
OB A R B4, 70y FADE 0 Y THHE
RO TEDYTERV A NAT Y 2= VI Tldx
R E RSN WAREMEA D B [19]. £ Z T DF/IHS AT
&, A T Oy BRI T 1 RVRBIZT 5 &
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PE1
PE2

PE1
PE2

PE1
PE2

PE1
PE2

PE1 1L 2 [6 [ 5
PE2 [4[3 17 18] DFFIFOAR
AR

B 3: DF/IHS {EDH 2 EERA

SRR (HFD @) bEHT/ —KEERTS. b
H O M T BRI, EEITIEA— ANy RAFAE T 503,
LD T 2 TR T 5.

5.3 BEAERFIRRRTILITY XL

BOHFHHPIEER 7L T XA THHT 2 R HiF
HIZHVERN T % Recursive BE L, FHHU/EZEDNFI/L & HlF
ZMEOMER%Z1T D Restruct B OERL 2 — N2 ZhZTh
Algorithm1, Algorithm2 IZ/R3.

Algorithm1 &, FECHI L, SPIOREOHLIZERD, O
O 1T S, WML 24EI%, O &S A EHRHE &
DHEBTREVESRETHS. KT, BHEEBETD
DATYa—)v P LEREFHEFIHE TN TWDS O 2K
isBounded % FI\NTHEOM O OHIE%24T S . B isBounded
i, PZNUTHODYETE2EITAZILETOLDERNVA
TVaA—NVERDLIIENTELINEMRTHILITLD,
Al 24 20nE502lEdT 2B THL. BXIDOH
HEIZDWTIE, IREICEHIAT 5. ICBIBSRMA 2= L T
WAHHEUWEREES E Ob e 5 FHEZEE 1 DFEIRL, E
B Restruct DWFUOH L %2F>. 22T, FIZEENZH
HYEEDOWT N % ERTFHEEE L 3 2 FHEED, EO
HFIZHBHAEITIE, TORMIEREOEREZELST L. Th
PADLGEIZIE FIFO R > TERNT 5. Zhid, EH
ATFABAEE DR D H 2 FHHLEER L%, LT P2
BNE N ADWMFME LB TE, AMEEDOAT Y a—
DL DSHER TRE O e % i 7= AT REME A & <, o AR
IEOFEH BT TEZ NS TH S, RIT, BRI N
FlEz PIzEML, WHMEEERAS, SRt %2 3 X Tl
72U T\ 5% BEE Restruct 12 & > CTHERT 5. T D14,
ISR 2 723 Z L3 o 205X, E, F ORI
B Recursive Z HEMOPHL, P ~OFBEEEEN%
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Algorithm 1: Recursive BI#{
input : E: Ezecutable Cooking task List
F : Finished Cooking task List
P : Provisional Schedule

output: O : Optimal Cooking Schedule
1 Initialize O only once ;

2 if isBounded (O,P) then

3 return

4 if E is not empty then

5 foreach element e in E do

6 18Ok, P < Restruct(e,P) ;
7 if isOk then

8 Remove(E,e) ;

9 Add(Fe) ;

10 AddExecutableTask(FE,e) ;
11 Recursive(FE, F, P) ;
12 else

13 AddCleanUpTask(P) ;

14 if time(P) < time(O) then
15 L O+ P;

Algorithm 2: Recstruct %X

input

: e: Cooking Process
P : Provisional Allocation
output: isOk : Does P Satisfy Continuity
P : Provisional Schedule
1 U + AllocateResources(e) ;
2 W < GetNeedWashingResources(U) ;
3 G < GetNotUsingUserTime(P) ;
4 InsertWashingTask(P,W,G) ;
5 foreach element w in W do
6 t AddWashingTask(P, w) ;
7 AddCookingTask(P,e) ;
8 isOk <— isSatisfyContinuity(P) ;

Mt d 5. Z DR, PIZEMU BRI L T, BA
Sl 7= U723 FIEI, BIE AddExecutableTask 1T
XoT EEMING. TOHRHMBEEL P ITEMS N
7=Db, PIZEbNTWRWY Y =2 %D X A7 %K
AddCleanUpTask Z HWNTEMNT 5. 22T, WD
B, 2TOFMEEDRKRITEMT 2D TIERL, P
IZHHHEE L WK D) Y —ARFHEINTE 5T, %
WHIERITS 2 DTEBRERMENEAT 2HAICIE, %
DORRERFEICEINT 5. HBIZP & O 2HEL, P2O
FOVENTVWREAICE, P20 L LTHETS.

Algorithm?2 Tl, 3 PIZENT 2 HHIESE ¢ T
35V Y — A% AllocationResources 12 & - TEI Y X4
Th. D YTEHE B Y —ADVERD 25E61%, DA
TOIETE D S TEITS.
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(1) VY —ARHEHESNTES TRV RE
(2) VY —ARBHENTE S THGYHBE
(3) VY — AR AR A & L

Wz, BB THYY —ADPTHRNDBER) Y —
% B Get NeedW ashinResources 12 & > THUS LW
RAT ZREIED. FBEUZEVWIEEL, TWifEE
EITD Z NPT EBIRMINM G VAT Y 2 — )VHIZIFEd
554510%, BB InsertWashingTask \Z & - T G IZHA
U, AT ERWEEIXEE AddWashingTask 12 &> T
BIEE CUFULFH OFBFINER 7 Y 2 —WIZEINT 5. £T
DT VYIEEZ BN, B AddCookingTask 12 & - T
PIZHIEE T e DEIZITS. WEIZT, L ¥ O % i
729 D DYE % BEL isSatis fyContinuity 12X > TITD.

5.4 RIMEBFE

Algorithml OIFCH URTIZ, B UL TIROES 50
DOHALIEZFT S .
5.4.1 FE1:CPRICLDUUER
EZ&HENLHXHBEIEED CP B2k, CPEOKE
WIHIZWAREZ S, ZOFLIE DF/IHS IETHEHAINT
Wb HETH L. FHEERZBWT I ) T 14 ALANANE
WERELEZE L,  DFRHEWERRICS O BWEENTFAT
2, %< ORfZBREL T LFMEEIEZ TS, £
KDOKHEBEL T HHIEENEZTVWDIGE, DY
V=A% AT AREPELSRD, DV Y —AEMHT
LIFh O EEL T TERLIB-oTLES. —HT,
HEEINTWARWY Y — 2% {HT 2 FHMIERE L X515
THRETHE720, L ORHZBLEL T 2FMIEREE L
IZHEIDWMT B Z 2k, WHIETTE SFHMEEOBEGMNS
%5, BoEMABTIHOBRL WTZ OHFEIX, BED X
WA Z 52 Z LRI TE 5.
5.4.2 FE2: BGOEBEXRICLIHEVER
EZoNVIEDRAI T I 71280WT, HFHEEEZ B
e U W ERE I BE N R AR RS, FAREE &
e LWz 5T 5. 0%, E 245 U 7-ElE
WOE RS, FHFEEICEWTHEE 20 L 3 2R
BIBTEAEL, ERRCDICHTAEELLELT S, #
HHF 2 BRFEE DR\ & RS 2 12 & 3 5 L
EEFRICETT DI iz kb, FHEERE O kEHED TR
IS, PEEEEBREL LR WHPIEE R BB T
PIZEID YT B Z L TliF|ETTE BB OBMIN S
K725, ZOEMES, CPRIZEZMEVCEZFAR, BED
FWHIHIRE S L Z IR TE 5.

5.5 BOEFEFIERRAP DR
BOEFELFIHOERR DBRIZIE, AN D 2 DD Fikz fE
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T 5. FAIDIX, Algorithml H DB isBounded 12 & -
Tibns.

5.5.1 FE1:CPREBWVERMNY

PIZEID B TTWRWIHHEEZRED CP &KX, vz kk
E PIZEINTLELTLHME LS. £/ P OEIH YT
RmT, AT OBICHEWIIRHBE R ) Y —AEbhroT
WBZEnS, POED YT THRIZHEE LTWARRIZ
WP CP E2NE UMM O L h HENhT
WRWE ZITFEA D 2475, 727U, CPRERIIYY
FICHHEE 2 BB LR WTEEELH 2 HE G, Z0
BRIETEERIZ TR VWV 2 TR AT E 258035 5D T, BRI
EERULOCYIRREIZRD 5.

5.5.2 FE2:VY—R0ORYERARBEBERWNERENY
PR FITIE, WIETE R WHBEENFEET B,
Bl 2L, FAEFI— ADGE, FHHE 2 HE L T 5 E
EEEIX, WHEFTTIIENTERY., ZDLSITY
Y — ZADHFNT & o THiFNFEFT T E RV TR O G FHR
MiE, FAMFIEZERTI2BICORETELEL RS, *
7=FE 1 LFARE, P OED Y THRST, FToBIZHEN
VDB EIR) Y —AE Do TWE IS, PDEH DY
TTCHERIZRHEE UTWAREIZ, PIZEID Y ToNTWA
WHHERIZEENTVWERETD ) Y — AT D& EH
DEARE & PN PIRER] 2 N L 72 AR O & 0 HEN
TWRWE EZRM D 2175,

6. 7T X LD

ARETIE, BB FIERERT LT X LOFHli 2175 .

6.1 EERHIE

BEMABTIEER 7V T) ZLDFGD =012, EEED
LIEZE EIZEBDO LV EZERL, TDL Y%A
Gh 7 — R 1 B OB 2 /ERT 5. fERL7Z 2D
DB DIEHRZEE 1, 21ZmRT.

BRYE 1% { S DIERE S, BRIGY, BUBEE ), MANZ 210d
NYN=T, BRI, FabXFYFSX}EBELTNS.
BAdASAE, ERTFEMEXE, FA—LV Y EHNOEERSER
LTED, SRR DFAMEENFLEL R VEAIE NULL
ELTW5,

PR 2 B B SR IEAER 7V TV X L%, Python
SEEIZ TR U, CPU : Intel Core i5 1.8GHz, A€V :
8GB, 0S:Mac0S10.14.6 DARY 7 &fDO<v v v ETHE
U7

AFETIE, D3 FUIDWTHERLTILVIY XLDHEH
Mz R,

18EIZ, 2oLy I LT, Getisimm 25
MCEDATVa—VEEETETVENPIIDWVTHERT
5. BEFHFFEER T VI XL 2 FETUERERESSH
DEEPFHETFIEA 7Y 2 — )b & O & EFFHE R o s 4
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= 1: B 1 DL Y EIER

Loy B MY Y —2 BRI | R | BAMASRME | EATSHELIESE
1 grill 240 1 NULL NULL
. 2 user, grill 60 1 1 1
Lrrel -
D = 3 grill 360 1 2 2
4 user, grill 30 1 3 3
5 grill 360 1 4 4
1 bowl 300 NULL NULL NULL
Lve2 2 user, knife 60 2 NULL NULL
R I - 3 pot, stove 300 2 1,2 NULL
4 user, pot, stove 60 2 3 3
LvE3 1 user, bowl 120 3 NULL NULL
Jiifsies 2 user, pan, stove 420 3 NULL 1
x 2: B2 DL VKR
Lve AR Y Y —2 ARERRE ] A PsaZlE | AT
1 i T 240 vegetable NULL NULL
2 360 1 1 NULL
Lol 3 600 1 2 2
PR 4 user, bowl 360 1 3 NULL
5 user, pan, stove 240 1 4 NULL
6 user, pan, stove 600 1 5 5
7 user, pan, stove 120 1 6 6
1 bowl 300 NULL NULL NULL
vye2 2 user, knife 60 2 NULL NULL
Ik 3 pot, stove 300 2 1,2 NULL
4 user, pot, stove 60 2 3 3
1 user 60 NULL NULL NULL
LvE 3 2 user, knife, board 60 vegetable NULL NULL
FalbFHs4 3 user, bowl 120 3 NULL NULL
4 user, bowl 60 3 1,23 NULL

LT, BRMPEZ SNz, FEEEELEZSND
THAITAMFNEA YT Y a— VD 1 Hl% FEICIERT 3.
FETERT 2B PIEA Y 2 —)ViE, LY EOHRHET
JIESE D127 - 72Bi, FAEHE M L TRV RERE %
HEH TR L, BERRRH - 254812, oL v EnxE
TR TIEAZEAT S Z KT S. AT,
ZD2DDATY a—) )V AR Z RT3 Z &
X0, BEEFAMFIEER TV XLDEFTIZE-T, &
MR 2 EETE TV AN E S DR ERT 5.

2 S EI, ABFZETHE L TV RIHE T 2 N b %
TNTN2DDEMAEHLED S B, YOMAELEI K
& BOEFFFIEER 7L T ALE L TWB 2 AT
5. MEEIZHWS RS LT, 7TV XL2FETL
THhoETWRTITEETOETRRE, 7LVIVXL%
FATU T S YEMDP BGEFAELFNEA T Y 2 — )L DFRFH A
e 725 F TONKBR 2 EH LT 5.

3 HIK, R7 NIV X LD TIED BER DB
BRI D2 EDDH 5 BEBRERBOMEMZN LT, »hREL
BREITD Z W TE 0% ETRM - PURKM % VT
WeRd 5. 2 2 THEHERBUL, MuNOHREEEE L Y
YOG T LD ICHOBEXZEEDOMTH
0, FXNOETICHERUEZEEOBRBTH 5.

6.2 R TYa—)LEAERERBOLLE
BRIV T RADEFIZE T, &EH
HIFMA2ERCTETWENE I P E2ERT 572012, B
QI UTTFHTHER LAY a—e, sEHETIE
BRTNIT) AL EEGFTEILIZE>THEONDRHET
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MEIEA Y a—VzZnEhX 4, 5I125R7.
Bzons )Y —Xi%, HPOftiioY Y — A B%E8E
LTWa., A7y a—)uid, HEliAHERE], M) v —2
HLimoTWab., FHBIEXE, {LYEESMEERS
} o THEY, BIZIEBL 2 DNV N— T OFHAEZE 6
I, 1-6 o TWna. KINOMELX, Thrthn&l vy
KEENTVWAHEEEEZRLTED, AUAOEREIX1
DDFEEMEXEARLTVWD. HIZFED 1 -6 DFFEEERET
bhiX, K4, 5 E55DHETEH, 1800 — 2400 DRfEIZ
{user, pan2, stove2} BEN D BT OLNETTEIAT YV a—
WEeipoTW5B., HWFEIE, Kd D Washing THE
NTHY, FHEELHEONRERZ )Y — A pEE
LTWBZeRbhd, ZOATVa—LeER3EZLT
ORI EOFHEEEEZ DY Y =2 EHWTETFLT
WEDEERTE D, M4hizld, FHEEZMAHLTHZR
VIR AMEET 24, 7 ORI Bl 0 /ER %
HAT 2L, VYEORINEEERREZTZeATERLAR
57-bATERV., F72K 5 IS RERMIIFAET 5
A, FORMREICHOFHBFIEEZFAT L L, HoEFHME
FIEE © & FHHERFEPEMLUTLE S 2OBAINTWA
W, @4, 5%ERTEE, 200 Va—-)LTh&LE
480 FNE C BRI EN H B, Tk, BOEFHBLTIE A
TV a—=NVTRFEHTERUZAT Y 2 =TT, B
WIIEE AT K, FRHEREZE R T 2 R R4 L 72 A
TVa—VTH5DTH5. Lo TREFHMTIEERT
NI AL E->T, FHHEZIZE > TR & < SEHFHHR
MEEMHETEEYarva—Li2ROSNTWS Z DD
5.

6.3 FIALIE & M W EDHAEDLE DL

BTLEE IR, B D FEZENZEN 2 DDOEMAGHLEIZ
SO THDERNED LS IZEAT 202 LT 57720
12, BRSZ 1, BRYZ 2 OREFIETFIEOBERIZ BT 5 FETHY
[ & IR 2 % 3 12RT.

* 3 OFETHRMZ LS 5 &, BRI 1128 LU TlE com-
bination2, 3 A%, HMRIZ 2 125 L Tld combination3 23 ®
ENTWBEEWSFERIZR -7z, KRR MZ iR T 5 &,
BRAZ 1125 U Tl combinationd 2%, HRYZ 2 12 L Tl
combinationl B BHENT VB L WS FERIZA -7z, —
7}, combinationd IZ DWW T, AT - PORKEILIZ
HEODRWERIIEONLR P o7z, BTREFE, BN Dk
ZOWTENTNMIERT 5 &, ATLEFIEICDOWTIE, &
FTTRHEINFIE2 2T oRICBVWEREZELZ N
TE, BADFEIZOWTIE, BAYFELVPENTVWDS
Zebrsd. FHTEMY FETIEENL 2 12BWT, F
%1 %2\ T\W5 combinationl, 3 &FE2 Z2HVWTWVWS
combination2, 4 # ZNZNHKT B &, FiL12PFIE2
FDERRITENT WD Z b5, ZHiX, BRZTH#E
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user —— - O —————— - :: user - — G W :i
knife — m—— - —_ knife  m— L1 —_
board e L] board e -
bowl1 — — - bowl1  we— — -
bowi2 — = — bowl2 - - —
bowl3 — _— bow3 — — —
pant — - wm P washing pant — - i ewasng
pan2 — — - pan2 — — .
pot — — pot — — 2.
stovel — - . — - stove1 — — - — 2
. stove2 e — — 2. . stove2 - — — 2.
mICI'OWZ\I{iIel — :i mlcrowz;\:itlal :z
rice-cooker — rice-cooker —
0 600 1200 1800 2400 3000 3300 =B§F§][ﬁ‘] 0 600 1200 1800 2400 2820 i#ﬁaﬁ[if}‘]
B 4: FHTHERLZATYa—)b B 5: SOUFBEFIEA YT Y a—)L
X 3: BOHIHBTFIEZER 7L I X A DFEFTIHE & IR L
combinationl combination2 combination3 combinaiton4
HIALEETFIE 14BN D Tk 1 BALE TR L+ D Pk 2 | BTALER TR 24600 b ok 1 HISLELTIE 24BN D Tk 2
SEATIRE [#] | DURIGM] (B | AT [R0] | DURIER [F) | AT [R0) | WDURIGR [FP) | AT [B0] | WDURIGR [#9)
HRE 1 6.09 1.61 5.93 1.61 5.93 1.33 6.93 1.52
(YA 1.33x10° 3.00x10 2.37x103 4.85x10 1.26x103 3.14x10 2.35x10° 4.7x10
> D ° D 1) V) — =78
ﬂbéV/t®ﬁ@W%®¢f)/ Z@chbéf% = 4: ORI b B
RN DI dp o 278D, BOMD FIE2 T, £EID 2475 RARIRE | RERN | TR (] | RawTIn (]
DL oD THhDeEZ NS, FEITFRE &I ki 1 1 1.39x10* 340 %5
VA X 3 X .
I D W TS 2 L BRI b 5 A X s e = ==
L2 ehbomnd. I, REFHEFIEE KD AT Y a—
NiF, BoEFHHEFNE L 4 a I U2 o T B

WIER D 72012, REHIETHEFIEHOBRRZ(F 11T
LZUENTERWZDTHDLEZLND. EEIZHRL 2
WDOWTIE, AT TRETIHCYEBINT 5 £ TRE
BEOXRNRE RS 6T, MR & [ U R
CIRBAT Y a—VINRARTH 37770 H D Z L ZHER
U7z, 2o DRERMPS, BoMfllFIEER T LI ) X 4
ZEWT, AiEFIE 2 LAY FiE 1 2HabgbE -
combination3 2%, HHELTWVWBZ LA b 5.

6.4 FRDOPRDOERTF
fROINEDORET 2 6, 7TI2RY. X6, 7%, fHsE
fTHER, HtlDS 2 O EFIFMIZ B W THREFRMETFIETH 5
LEINDEYEAT Y 2 VOPFHEFREZRL TS, TH)
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DT PEN TN D Z bbb,

BRAZ 1 oM FHHELTIEER 7V 3V X L QIR F8)
EVEESTVWEDIE, BRZ1 DL EEEBRTHRL
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TV EOHEGEENPEMTH o 2720, HBEEEE A
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