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Abstract

Timetable Problem (TTP) is a typical combination optimization problem and uncertain
management probbm, which is applied widely. TTP has been proved a NP-completion
problem, and the course arrangement is a typical instance of TTP. Course arrangement is one
of the basest, the most important and the most complicated tasks of college, of which the
essential is to distribute time and space to courses to make the work in order according to the
'tﬁaching plan. Dynamic Programming is one of methods to the Multistage Decision-making
Problem. It partitions the complex problem into several phases, and gets the whole solution by
resolving each phase of the probler;a.

In this paper, we applied the technology of Multistage Decision-making and Dynamic
Programming, acalyzed many algorithms of recent software systems, proposed a new
algorithm, MACA (Multistage Auto-arranging Course Algorithm), and built a general Course
Arrangement System, which can realize all kinds of requirements.

From January of 2005, the system has been put into use in Shanghai Vocational and
Technical College of Agriculiure and Eorestry, and the performance is good, so far. In July of
2005, the system passed the application of the Software Copyright. At the beginning of 2006, |
a new project based on this system, Study of a GencrallSystcm based on Course Arrangement
& Examination Arrangement & Expenses Calculation, was applied and approved by the
Shanghai Municipal Education Commission.

The main work of this paper:

(1) Analyzed the main factors and all kinds of constraints of course arrangement in detail.

(2) Discussed the design process of Course Arrangement System using the Design Theory
of Database System, including the concept design, the logical design, the physical
design and the implementation.

(3) Analyzed all collisions in the course arrangement process, and proposed different
solutions.

(4) Designed algorithms of teacher distribution: Distribute Algorithm of Equal Probability

(EPDA) and Distribute Algorithm of First Matching (FMDA) .Compared the

advantage and disadvantage of the two algorithms, proposed an optimization of
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teacher distribute algorithm, Distribute Algorithm of First Matching based on Equal

Probability (EPFMDA) .

Designed the Optimal Adaptation Distribution Algorithm of place ( QADA) |,

distributed places based on their type and capacity, which can wtilize places fully and

reasonably.

Introduced a three-dimensional time-slice method, and analyzed the Feasible Solution
(FS) and the Near Excellent Solution (NES) . Designed the Distribute Algorithm of

Time-Slice (TSDA) using the idea of weighed group matching.

Built a general Course Arrangement System based the practice of Shanghai Vocational

and Technical College of Agriculture and Forestry, which has two main functions:

arranging course by hand and automatically, it also can export all kinds of papers.

Key words: Timetable Problem, Multistage Auto-arranging Course A'gorithm, the

distribution of equal probability, the distribute of first matching, the distribution of optimal

Adaptation, Course Arrangement System
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F, FRERENAL AN EEEENAE, ERNETEOERAR, UEEX
MARFRINR, ERE—CRE L2 G, T H08ES ORFENEE TE
K, FERZAMKEBEGETS, LRMIRERL T ORUEELS, FiHEN
ERHR BT RY, TS ROECHEMER B RN, tENETR
AT
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LRIFE RSN LSRR T

FZE FERATR

3. 1 ZHrBRERMALRE 53hEFMR

3. 1. 1 ZHMBREEMAIEE

ERLEFEF, F-REHIAR, HTENSRYE, TEIRSHE T EHH
FHOBE, S-MEREBEALRE, WIEEIRREHBTOEDLRE. 8 MR
FIREADRAERTE, TRETAMEENRS. NBEWUENRE. & MHBRRE
WER, RAR—TREFI, MTHHPE T B N IRN - FFENRE. THE—D
BERERR—AMRXE, EHERREHANSHBIRERTASHBRRELRE, KR
AR B W B B ARA

EMBRREHE, TeEASGRTEN AR, BT AMBRRIER, ZKER
FTHEMNFE. —£H8RE, REARBSIEH “HE" BF, SBBER, maL
BEERA BN EH BRBR R

3. 1. 2 BMHEE

1951 FXREHFFKR. Bellman FA, U THR—XEZHB BN “BMLFE"
(Principle of optimelity) : “—MEBRMBMLHARATIRNUR: BELEM
SRR R, F4 57 MR LB — ORI AR IR AR D IR 93
BlE, SAMRRMLEE" ™. B52, —MRIUKEYTRE, WTEnEng
A= LB RBMLA.

EA “BALRE” R AR S REERIE, R BB THRRS
—{RAGR R, FEKKEDS n ARE Dy Dy oy D WMEXNREFFIREALL, %t
FAEA— MBSk 1 <k <ny TDRFTE k MREREFA, LURHRIMRERRBRT
R RTE R FEITHE M SAPRE, BILUR BB Do Der o D BRI,

B FRRSEANMER . AT ME, mRRETEMBRRENIR,
AT R RZEMR T TR

3. 1. 3 FEMRES
AR A R RSB BCR B R AR — RO ST AR R A B R AR
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AAETIHE, BLERRE, BERBERBMR. XFFEE —LBRE 0
B Eor i fiagtt, REEEHERNERHERNNFESLE, KASEANRES
WA T A N EA

HEAMBEFFH N, SHEDEMYR—HEE, FRE—MEEY
HRBEMY). EASEMMEEEERESR, MEINANEEE L, gy
EHEANRBEE. FERAELNER, Gk RIEREHREN Di jkstra Bk,
IEREEREE, REEEISMUNBE. EFAEEFNE, RE LERXSH)
SHRRDETAR, HELREEESHEMNYRRE BN,

Ak, SRR GRE I RRENET LRE—EEL, FEMER Bk
FTEMER: B R REHTRAMILE, FEFENBENEEIEEY, BE
SIS BAR A KA.

3. 1. 4 FHFMMMEMATEH

R, SAMUARRER, ERETFHRA—E4MANRKKIEIE. HE,
RFREHEBSF NN AE, EART LERERNRERS, THFSEDIRE
A8 B o B ] AR T DA% A4 R IX K 6] R

LHEBTRE “HR AN EEETEMR:

(1) KRB ERINRE,

(2) REBHFHRRLTREBME.

FramtEBAE R “TENRBRRET SIPRERMARNERE, HiHR
FRMUFRENBE "', BRBHEARE TR RARENT ERETRNHE,

3. 1. 5 ZHARIMRHE

HEMXNBEXERETEREARANNE, HIEFHANRS, . F0
MTUBH—AIR, SEEWEE BFER. 5iR 2%,
(D R

1) BFREBLBBKNR. hEREERNDES RETMIERRNNE, 8
Y BUR R 1 i BARR (A B, TR R B SR X — i I AR (W 1R B R R & R AR
ﬁ:

2) ATUBHENENAXER.

14



LRI Ry

(2) HRA:
) BEHK AR ERAE, FRMERFRE, Eadadsiams KA,
AT, SRR ASRRERN B AT EEEE MR AR ENR,
f)ﬁﬁ%ﬁ%“ﬁﬁﬁﬁ",W%H@W%%&ﬁ%ﬁ@ﬁfwy§%§Mﬁ%
ERBIEAEERRG, HETERR.

3. 2 HWERITHEIL

MBS TREEMBPER, BEEMNNAR 2 AUTILAER™,
(1> BRFKRath,

(2) HEEHFSEER

(3) BEEMEBR . KR

(4) FEEPERYAE R

(5) $IEPESLHE, SEYBEMENRY. RIET. 71

(6) BEENFERSEY.

3. 2. 1 RAPERASH

SRR KETRE., BRI REEER T ERNE 5, B REEMN—P.
AP ERRAE B EEREEL. FAES. BEANE. B, R AERIER
PHEE, BERERE. £RASES, TENZTFAWFTEPOLEER, mMHEES
BIEHRLK.

TREBFERE, RREH—SHBRSHAFRNTSR. EASHNSNTESD, 4
b #T (Structured Analysis, SA) HER—MEREBMTE. SAHEARLE
MRAALRNHATF. RABTET. ZESBNHTASNER. I ECRAEERE
(DFD) FEAEFH (DD WHIHLA.

3. 2. 2 HUREERBIRERABH

B REEER T ORORY. BSEEEEAN AT HANBSARE, £
R PEREREAITHERM E, CIDFDFDDIRGMEBIEN A, EAGEEREETE,
SHAREEZSHEEN, NERHTHAE, FURFRRROEAREER.

WEBHMAERS, BNES T ENERFEREY A (EER) . ERFTE
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BEETVERBRE . FERASRTGEIOEASL R4 BRAMY, SURE. R
B FEROKR, REHEE R0 AARMRLS, WRARATARR. &R
FERHRSRE RERRAE: (D) EPEREIE () NBERE.

3. 2.3 NUREECUEBHW. MR

BRI EREFERE R0 LT, HEBEES, BEMSME RS HIE
FREEEL, F5EMAMDBMSIRE S, /™4 BB RDBMS AT St F BB A MB B .
IR BB MR, B

Fo s A . .
et » AR i BERDBMS TR
- y
ERE Yoo sz mnex| ! FrodEEn
T
k | AT RAL

3.1 BEEEEEH R T

ERE#EH AR, DWENE: EREFHCANBERBERAE, BIEERK
XEKBHE.

FHERE I, B RAEE RIS 1R 2, BRI R T A,
BT, WETNAURELER, HBE BENAMERBE—EE=HRIER.
MM AR R RE . WOMETA. SAERTE, ARNBEREN/0K
$o/b, FRHTR TR, Bl SO0RE. BR, MRAMEMREESY, ANBED
R, THERMRBIE, NIRHERNER., Bk, B0 TRERLLE
EWENL R, TOA RN, X — RN A . AT
RIITLARYE. MIRERY ., ERXRNSHERSFELA.

3. 2. 4 FEENYER

OB USENATRART R, REETREIRMAR. £RITEIREN
MR, ERREEEEEROCEN DL, Frhxeg IRy, aERL. wE,
REEL RN LELEETERBLSER, SRRASRRIRR, FARRRBIR
FAREE RN, WREEFURLEOTW, XM T REENRT. 1



LEBMBREMLEA 0T

MR RS RIEARENRMETEEEENR L.

ERRFREBEER IR, FELELTHE.

() FEHRAENTE. BERRGHEEEETHE, ABFETRNE
HRFAEE, # AR RN A A RE,

(2) FHTHEERFN LI

(3> RARIFNGENH, ZTEY. 5THE RNELS:

(4) RuTgtmb#iEm4,

(5) ERHMRGFEREFNHEN.

3. 2. 5 HIMEELHE

ERGF R, BE— MR R OBNS) R FEEANE . R
fh. EERAR. LR REA PR SRS SR RS TR, FRt

TXMBERTH, WIAGSHBAR, AERUBE, LR LR IE
 BS@Z M. XOBSIHER EEA RN A LT LA S E

(1) HHEMESEL,

(2) BIREG®RE.

(3) BB,

) BEEmE,

(5) M.

3. 2. 6 BEENERSER

RN RS EELRIF A RANEERE, — M FHRENSE N TN BT
T,
(1) BETHEYE
RARMNR. REFTEMIET, REWRNTISRASS, BEE-30, B
R BRR AT .
(2) BIEREH
RARTAAWASRE, EXREA. 0T, BTHE. RERE. RATERT
BRI, LUEAREEEESA.
(3) AAl

17



TTP ERHRHED T SR A

ERARELFENHLEHT, REASERESERRLSERNEE.
3. 3 FRIBEN
3. 3.1 PBO.Q

20033 H24H, fEANMEIERCARTNERE 74/ 1Txpo 2003 £, SybaseARBRT
BT R T H--PowerBuilder 9.0, B EA3H R TPowerBuilder® 9.0,

PowerBuilder 9, 0“ chSEIL T X{XML. JSP. .NETEAKWeb ServicesMIsiiF, AUA
PR ANENAGFENR, MATULRAFERFREMNHFLR. PoverBuilderd. 04F
FIXHENFRIERFTENN, FZBRAABEREERENE—RIFRTE.

3. 3. 2 SQL Server 2000

SQL Server 2000RWMEFRMAR X RUBEERSL, B—ATREHN. &Itk
MREEEERLE, THhHHAEFIWREFFEMET. AEFENTRIAENR
HREBRE AL S . SQL Server 2000¥%8 T SQL Server 7. OMIG#piEHE, BRAM.
MRAN 2SS B R B P B R 4 30 eT DUBY B R R ) BRR R AL SQL
Server 2000 MHTRKEHERE. RE. FTFNEERSE, CBOELUARE
EAEMLHE, XFHRENEEEMRREL. AERERFE®. BESQ Server 2000
THMRBRE, BHECVHERLENAPRABTHEZEEN(IE. SO Server
2000FI AL ML R SR BE— 4, REHIREEERETIR. SEET%. T&N#HE
g, HFESEARH, BEERMEERTA. ZPIRMEATAS, TAFBEISTERESL
XMLEG 4. MIELSQL Server 7.0, SQL Server 200010 T R EHiFtE.

3. 3. 3 ASP

ASP, BMMicrosoft Active Server PagesHifEi#. ASPR—EMBI RHME Bim
BATHMEATEE, ASPHE TIISHA,

TWEASPAT D& SHTMLRI . ASPIE4-HlActiveX LR ILBIA . A A HMAIVEB R
£ BNBRF. A, ASPﬂZE’i%VbScript%ﬂJavaScritﬁ%ﬁﬂﬁii’}%; 2R R VbScript.

ASPRZIT IR ST 2 B B I MM AREI IR, BTLLE T ASPRRA B0 2 BN
Wa R HEGEITIRFTREINARE. BAFMENEFHEERSHRIT, CERERE



LT A E SR

EENMLFHEERT . SEFRTRES, REJUEPITNE BRELSE 3K,
EEERERET RN ERNAE, KARETRENEE.

3. 4 RAKREH

AAERERRARAMEREN, WL HBEF: C/S (Client/Server) FIB/S

48, 50]
o

(Browser/Server) "
3. 4. 1 C/S&H

BFC/SEMMBEENAT, NARKS RE S HAHEEFH.
HTIRTEN: ZPRNNBHTERER, SRISROMEERS ST, AR
FREREEEEEL, TRRYANES LB ERSRER. TR0 T NS,
B4 B AT 708 T 25 2 0, TR SR eP e AR 52850 . JORE AT LURIE SRR BOAE N 2 2,
FTYRELBOAS . BR, EALLNERTHBRSEE  ROLARFS, &
RE PRI, BELNARKERGTN, FETERS RN AREREEBINE,
FEAP AR E: B—5E, NERTRAERSBEREE, HERE RRITLAE,
REEEAABNREESEE, BEENEREABEHRT.

3. 4. 2 ETB/SHEEREERZEN

CRET Internet/Intranet M REWHE, HEFW. Web WEHR, MRARE
 BRAHOEE R F R AR

BeFREER, tHE P oRIRIL R I AR R Web R4 2% A K 3 Bl S8 3 AT, WH Web
REB/AENARE R, BHUARSEAEEERS SR HIE T RER, BEEK
EEREBMRES, BE% Web REH: B Web REJ[BUNEAX[ELIEE k. X#H,
EPRAEEMERERSBREXR, RIETHENZ 2.

3. 4. 3 ZREREH

EEEANSEARENT, B EFSERERERSHELE, TUNAES
fyeR RS 28, A — AP AR RS BT RERRESE ATHARTEH
TR, B, NAEFRSBAENRABRETIREWER, HAZEZANHE
i,#ﬁﬁﬁ%%ﬁﬂ%é%ﬂﬁ,Eﬁﬁ&ﬁﬁﬁ%ﬁﬁﬁﬁ%oﬁﬁ,EF%&%
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EFRENRERREEAS AP RINETERE, BARNAEFESHABELN
ERENELE.
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SUE #FRAZHSH SR

WHASRRSANIIEREE . RRRH. REIT O RSS2 8 ahik.
FRARGN AR E, HENBNEEMAREY: BRRES IR, JTRER
EBRRER, TURSHLMAREH PSR, SETEHARLRRNIRT,
MFAFERR: ERHUET BTN FTHRERERL. SUHRN SRR RN
HEITHI R, FRBRRRDE TS

4. 1 RENW
4. 1. 1 BPERSW

AP RRafRYEEROHNE—F. TEEHHEAE (OFD) FEETR (D)
BT TR,
(1) ¥#E i EDFDAN#L4E 5 DD

HRAE OFD) REMLITHFENTREZ —, RN AP BT
WA, &Ll ETEAL 7 220 ER A B 5 AR T

DFD SRR . BB, A (1) f¥dEEe. RTFEmE 4. 1 Fir.

[ -

(a) #MERI (b) BER (c) S8BT (d) BEHH
®4,1 DFDMIGEXRT

WERE A MR A RITE, B —5% DFD BAGBM, E&B BB RSN
ITEL 3%, FL—E5 BN DD RBIXFEMRR. 4R RSB RARW
ANEH, BEEEREN.

¥AEF S (DD FASESE L DFD &M MR A L. U —FEmE. TN
WEREFR, ABRENHT. R REPRETHXTEN, —HHE R,

DFD A1 DD JERMMA T REMEBETY, B “FRitHH" NEIEARIES.

(2) HRRFLEAE
HRRE B NHEREME 4.2 -
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2B - 3| BTRREEI | [T o =75 B
- ’ Y
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il oy — H45 R
3 EEECEHR -4 EREARETR ZR y HREE
. 7| B BEsREE
il g I
5| mmeEsm e i R—
)
1| BERER BB LB
i

4.2 HRRLINEDFDE
MBI T A AR FRAT AL, HTLEE AR TFEERE,

B 4.3, B4 4 HRIRERT A UMF AR LR RE.

1| #EEs T 2| HEitpEe
. \ T R
ﬁﬂﬁ?// ﬁﬁﬁgﬁ ﬁzg BAER
3.1 EAL T 3.3 wEN 3.4
- e oz B3t =::%;;:1
wEEE it BEAE
A
EEGS
REAER
EENS g T8

Bl4.3 ®ITEAde#RIR A EDFDE
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3 ]
#Imh A s ;T“gigg“”
BORE B
¥ N HHE B
61 . 6.2 \@fﬁ ==t 7
&ﬁ FHREE some | M IFE 2 5| HEAEE
HENE
B B
| HEHEE ‘—+
; 6.3
1| MEFHER ) ‘
ik B 12 wms b g [ EERE
7.1 1.2
" RRER ‘,//”’/XI\\“\\\*
o 7 ]
wgﬁa Wi Al mmwm |3 xeem |2 mRew |
A
WSS
6| HERE

Bl4.4 FZHRMLIDE

4. 1. 2 RETWEERI

B EFROV EHRAGEEEILUT B

(D

(2)

(3)

(4)

(8)

(6)
(7

HFSHHRM BB HFRF S A, W RENRRES, TUXEEREM
FHHR, MATFREEBNRRETE, TUELBEA B3R, N TAHERE
W, FUXRAFIRATE.

AR ETEREMTBEBR (TUEMLRMEM—AMTHRIEER) MBERRL KL
HHFEH P FRNFEREER (BFFE,. fRUINERESE) . B
GRBAEEANBIGER, U EampbEr R,
—AHERRFFELAFFE, FTRENRITLAERENFEE T RITEHHE
#, EENROHNREUEETRE, RELRE, TREREUT, T L
RIS RBREE.

HUTE RESRASHMARER R REENRFEL B, FOEF BT
EHRN ARG A5 EH, UERE.

AU R LR EZ AT, A LE = BB 7T EUA .

HF R TR AL REER. SEBERER.

W, #T, BERRTUSKER L.
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(8 WEUAZHRREMMA - OHRRENRE, BITE3RE.
(9)  FTClkREHRRERER, FTEIGE R E 4.
(10) ATLAGHEAR BRI E R

4. 2 REWI

4. 2. 1 REMBHEIBH

RERUFE ‘Rl TELN, 4PLH” WEM, IRBERER SN,

YR, RN, RGP, IR, S5, SBN. f4ens.

e

(2)

(3

(4)

(5)

(6)

{7
(8)

SR TRIT BRI TR SRR R RATIE R, 18 S P4 e R fF
FRBAR, EFROKEEAH K.

T 7t SRR R MIRAE R B ORI T EE. ARNTE, X5
SETHEEHTM.

S BT ARGH AR ESR, AP SRR, EREALE T AGRAT
KT, REEMEHRTER, REATHER—FEERT,

Bt FRaTE RS, B, RESHIERERIE, HANT RN
BAER. RS, FEREHETHEER.

TR REFRMNEERER, TUBFEER, RIESHRSNENLE.
AE R RS .

LY REBRHTRFY SRR ISR, NEMEF M, 5 A
KP=H, ESFEAEEETENAENES .

SR RATUESFETHREEES, RETARRARE.

Zeth: NMNSEEHT-EMNEE, RIERKER BB RIKE.

4. 2. 2 BSHEEH

B R ERIEE R R LY . MaEEREN IS R NS, &

FERAPERER SRR L, UDFDADDRMME BERBA, BHEAEETE,
Bt ARREZEHEREN, MFERETHRR, FUBPFEERARAREAER. B
NARIZWRERT .

(1) ER#ERY
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R AR RS R MHR AR, BAEM. By SR E R SRR R
B-BRREE, B ER B, ER R M=NERMR: S, BRNEE.
LEERERRIR, HAAKITH. BRAMERLREALE. BRMEY, wB4.55H
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e) —MEREMUAREEIHE.
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1) HEHIIBITEE TR
3 ARERKPERAT SRR

4. 2. 3 EBEEITHEHL

PR R BB AR EIR AT, M HEREIBAINX REXMTARL, B2,
BRENFRBLER, FEIBENMREI—AE=mRMXR. REkKKA
REBRRE. BAOREIUR, TEEETNE, HEREENPERL/ORERD, R
WRT R W, BENER.

4. 2. 4 HRARABEENRT

(1) HIRERRY
HRRSHEREEEAAHFREZIRMNNY, AENENENHER, LEEH
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D EXEREHRE
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WIEE BB
PR (R BRI
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HERBERILM
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1) Ak #¥it£lF tbl_p_teach_plan
2) T EHITRIE tbl_p_grade_plan
3) HEHITHRE th]_p_execute_plan
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5y B {EEE thl course_inf
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10) ¥k BERE tbl_operator_inf
11) BIABMEZR tbl_default_value
12) BRREERR tbl;basecode_inf
13) ERET4LHE{E B3 tbl _subcode_inf
14) 2RHREHIFE tbl_school_limit
15) #THRRHIR tbl_teacher_limit

28



LM RS

RAE HEEREN

5. 1 #HRPHELEMIPRE

BAHRE— NS HFBRNEE, FUEHRIRES, Rl e MR T
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