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Makoto FukusHIMA
Local Search and Simulated Annealing with Reheating Schedules for the University Timetabling Problems
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Abstract: A method for solving the university timetabling problems by simulated annealingld SAO with local search
algorithms and reheating schedules for escaping local minima is presented. Half of the university timetabling
instances presented by ITCO International Timetabling Competition[J are adopted for evaluating our algorithm.
From the experimental results, it is found that SA with local search is effective to obtain a feasible timetable that
satisfies the hard constraints of the timetabling, but the reheating schedules are not so effective. Although only half
of 20 instances have been used in our experiment, we have compared our results with those of the participants of
ITC on the reduction of the penalties of the soft constraints and found that our best result has placed in 6th among
the results of 1TC2002 participants.
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SA HARD/SOFT1/SOFT2:
Set Cooling Rate a =0.99
Set initial cost Co,
Set initial temperature T,

n=0

Outer_Loop: Do Until Outer_Loop_Termination_Condition
MOVE_COUNT=0

Inner_Loop: Do While MOVE_COUNT < MAX_MOVE

MOVE_COUNT =MOVE_COUNT +1
Move Events] - see Table 40
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Calculate Cost C,
A C=C,0Cn
IFAC<=0THEN

Exit Inner_Loop

ELSE
Calculate probability: P1A CO =exfp) O A C/T.0
Generate random number: RND 0O 0<= RND <10
IF RND <=PRIACO THEN
Exit Inner_Loop
ELSE
Restore
END IF
END IF
Inner_Loop_End
IF Reheating_Option=True THEN REHEATING_HARD/SOFT2
IF Local_Search_Option=True THEN LOCAL_SEARCH_HARD/SOFT2
Twa=a 0T, O GEO_COO:Geometric Cooling[

n=n+1
Outer_Loop_END
Outer_Loop_Termination_Condition:
SA HARDO Cy=00 SA_SOFT10 n >=10000 SA_SOFT20 Run Time >= MAX_RUN_TIME

0000 00000T,000000MAX_RUN_TIMEO Run TimeO OOOOMAX_MOVED EventO OO OOd
00000000 =0990 To=10 MAX_RUN_TIME=9000 0 MAX_MOVE=1000 000 O00OO00OO0SADOODOOOO
Op|00000o0fdb00onDo0ooo00b0oo00o00fd FCORCOODDODODODOODODODOODDOODODOOODOO
00000O000O0oDOoooACOODOODOODOOODOODODOOODOOOODOODOO0ODOOD DOoOoAC=0 O
O000ORPACO=exp0AC/TOODOODOODOOODOODODOOD0OO0OODOODOO0OOO0OMAX_RUN_TIMEO
MIDIOITCOODODODDODODOODODODODODOO Run Timdd Allowed Run TimedO 9420000000
O WINXP/SP2 with AMD OPTERON242 2CPUs at 16GH, (D 000000 Run TimeOOOOOOODODOOODO
Outer_Loop_Termination_Conditiond [0 SA_HARD/SOFT1/SOFT2 00 OO Outer_LoopO0 O OO OOOODOODOOO
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REHEATING_HARD:
0 0 GEO_RH:Geometric Reheating
Set B =a
Cooling: Trw=a O T,
Heating: IF Local_Optima > Fixed_Number THEN T..=T./B

20 NON_MON:Non_Monotonic Cooling
Cooling: Trw=a O T,
Heating: IF Local_Optima > Fixed_Number THEN T..=Max[T, /2T,]
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30 ENH_RH21.:Enhanced Geometric Reheating 1
Set B «=a
Sete =005
Cooling: Tru=0a O T,
Heating: IF Local_Optima > Fixed_Number THEN T.:=Tw/Bmn: Bna=Pm-€¢ OBe>>¢ ,Bn>=c O
Reset Heating Condition: IF Ty >= T, THENPB B0 T.5To
IFBm: <0 THEN B nai=¢

40 ENH_RH2:Enhanced Geometric Reheating 2
Cooling: Tru=a O Th
Heating: IF Local_Optima > Fixed_Number THEN
IF T.< 001 THEN
IF C, > 10 THEN T..=T,
IF 10>=C, >5THEN T..=T,/2
IF C,<=5 THEN T,.=To/4

END IF
END IF

Termination Condition:
IFAC<>0 OR Local_Optima > Fixed_Number THEN Local_Optima-0

OO000 Local Optimad AC=0 0000000000O0O0CO0ODO Fixed_Number=30 00000000000 300
O00o00o0o0oooo0ooooO0o0booO0o0oboo0oooOoO0ODOOdTermination ConditionOD OO0 OO
gbobobobooboobobobobbAC<>0 ODOOObDObOOobDObOObOOOO0ONON_ MONODOOODOODOO
gooooooT.boboooooboooobobooT T, 000D ODOO0ODODOOOODODOODOODO
O00000Te>T,>T./2000 T OT,000000 T OOOOOO T.OO0O0O0OOOOENH_ RH2000000O
gboooboobobobooboboboooLLsboboobob LOCAL_SEARCH_HARDO O ODOOod0O

LOCAL_SEARCH_HARD:
IF Local_Optima > Fixed_Number THEN

Move every EC-clashed Event —~ Other Events

Calculate cost change A C

IF RC=0and FC =0 and A C <0 THEN
Accept

ELSE
Restore

END IF
END IF

33 Doooooboooobooboo

ITCO Instance 1000 00O0OHCODODODOOOOOOOOOOOOOOODOODOODOODOO SA_HARD OOO Run
TmeOOOOMadDObOOOOOOOOOOOOOOOOO VisualBasiccOOOOOOOOOOOODOODOODOODO
ODO0oO0D0O0 AllasOO0ODOODOOODOOODOOOOOOOO0OOLOCAL_SEARCH_HARDODOOODOO
gwi_Lsobogogboooogoowo_Lsubooooooobobobobobooboob Geo_coonnpooooonb
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. SA_HARD (T & Y E(THIREALISRIEI 155 7o DT & L= 3R AE(Run Time)DFER. ITC @ Instancel & 4 (2
DT, HH 2R Pa— LRI Local Search 9 (WI_LS) & 72 L (WO_LS) DBBIZENT, FHEFh 10 B0
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Fig. 1 Results of the run time to obtain a feasible timetable for ITC instances 1 and 4 based on 10 runs using SA_HARD for each
cooling schedule. The box shows the range between the 25% and the 75% quantile of the data. The whiskers extend to the most
extreme data point which is no more than 1.5times of the interquartile range from the box. A bar in the box is the median and the
circles are outliers. (a) Instance 1. (b) Instance 4.
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Instance 100100 00000031000000 Run TimeDOODOOOOENH_ RH2O0O000 LSOOOOOOODO
SA_HARD O Run TimeOOOODOOOOD1000000000000DOOO0O0OOITCOOODODOOOOOOOOO
OO00000D000O0Run TMeOOOOODODOOOOO KoestuchmOOOOOODOOOODOOODOOODOODOO
0000000 Allowed Run TmeOOODOOOODOOOOOOODOOOODOOOOKostuchOOOO sCOOO
gbobogobobooobobooooboboooboobooobooboon

#F1 YHELE L SA_HARD i & Y Instancel-10 OFEFTARER I EE%455 £ CD Run Time OFER. BV 10 BIOZET
EROPIMETREL, SA_HARD OEIMBA Y =—)L X ENH_RH2 T LSWI_LS) b/ LTV V5.
Allowed Run Time i3~ F+—27{Z X 0 #H & 4172 Run Time O R RRFEIED).

Table1 Results of the run time for instances 1 to 10 for obtaining a feasible timetable. The results are the medians of 10 runs for both
initial assignment and SA_HARD with reheating (ENH_RH2) and local search (WI_LS). Allowed Run Time means the
values of run time in seconds measured with the benchmark program.

Allowed
Instance 11 2 3 4 516|718 9] 10 |RunTime
(seconds)
Initizl Assignment | 021 021 03 | 03| 02 102]03|03|02] 02
942
SA HARD
+ENH RHDHLS 166{11.3| 202 | 71.1 | 60.9 |{60.1{30.7|150}152| 165
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gbooooobobobodbeventd0oooooboobOOoO0bOO0ODOO0OO0ODOO0O0ODSA_HARD+ENH_RH2 +LS
gobobobooooobooooooooooobooHCOObOobobOobOoboboboboboboobooog
000000000000 TimeslotOOO EventD 000000000 O0OCOOODO TimeslotOO EventOOOODO
OO00D000SequencinglD O O00D0OO0O0O0DOO TimeslotOOOOODOOOOO 320000 SAOSA_SOFT10O00O
OO0000O00O00O0Move EventsO OO TimeslotDO OO O0ODOOODO0O0ODODOOO0OOODOO0OOOOOODCGOODO
000000000oooooooo0b0fORun TMeOOODOOOOOOOO SAOOOOOOONODO3.20
Outer_Loop_Termination_ConditionCD 0 00001000 0000000000 OOLSO RHOOOODOOOOOODODO
gbobocGceoc_ coognoonsAnDdnOonoOMAX_MOVEDS000O0DOODOO SA_SOFTIOOO COOO
gboooboobooooboobsA_SOFTIODOUOOODOOoooOob400obobobooboobon

42 SAOU0O0OODOO0OO0O0OODOOSA_SOFT20
SA_SOFTI0O0OU0OO0OO00OOOOoDbDSsSCObuoobobobEeYentdbooooobDoobD G OOOOOODOOSA
U SA_SOFT20 0 LSO LOCAL_SEARCH_SOFT200 0000000 0O00O0O0O00O0O 320SA_ HARDODOOOODOO33

—————— . el e #* 2 3 1 @ SA_HARD+ENH_RH2+LS D#ERITH LT
n L SA_SOFT1 %D C; DX hOWERFHF(TIYE).
inik T 1 s e | | % Instance D FEASERBORMEL R

Table2 Improved results of cost Cs after applying SA_SOFT1
for the results of SA_ HARD+ENH_RH2+LS inTablel are
shown at the lower rows for each instance. The values are

2 Timeslot DIFV¥E % (Sequencing). Timeslot (FEEZERSY)
PN Event 27 Timeslot @ Event &, [E— Room P

TAAUEZ B SA_SOFT1 I £ 5 Cs DI the mediansof 10 runs
st
Fig.2 Sequencing of the timeslots. All events are moved or Instance LC TCc | oc Cs

exchanged between the two timeslots shown as the shaded [ 1 392.0 { 392.0 152.0 836.0
areas in the figure for the reduction of Cs using SA_SOFT1. 3280119551225 246.0
i 391.0 | 367.0 |62.0 820.0

The room assignments of the events are not changed. 2 314.0 | 169.0 | 28.5 511.5
3 393.0 | 391.0 {46.0 830.0

322.0[198.5{19.0 539.5
4 567.5[538.5|78.5 1184.5

478.51270.0 | 34.0 782.5
5 593.5[6185|77.0 1289.0

477512645315 773.5
6 593.51587.0 [75.0 1255.5

466.0 | 2735 [35.0 774.5
7 681.0 | 666.0 [96.5 1443.5

492.0 |1 291.5 142.0 825.5

8 4975147151650 1034.0

395021751250 637.5

9 424.0 | 400.5 |65.5 890.0

3455 195.0 | 24.0 564.5

10 399.5]390.5 |51.0 841.0

323.51190.5[235 537.5
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oobOoooooooooOoooobooooOo0oooOo0oooobooocCckOboboooobobocUOoooooooooOoon
oboobooooooooobooobUObDMAX_RUN_TIMEDODODODODOCGCUODOODOODOOOoooooDOo
O0SAODO0O0O00O00OMAX_MOVE=100000 Fixed_Number=1000000000000000000O
REHEATING_SOFT200LSOO0O00OOODO LOCAL_SEARCH_SOFT20 000000

REHEATING_SOFT2 [

IF LOCAL_OPTIMA > FIXED_NUMBER THEN

IF Cs > Cs THEN
Twi=0 To 0& =4 for Cs > 3000 & =2 for Ce <= 3000

END IF
LOCAL_OPTIMA=0

ELSE
LOCAL_OPTIMA=LOCAL_OPTIMA+1

END IF
gbocsibobuoboboobooobuoobobobooboboboboobobobobobobobooboscouunDUcs

ooboOoscooboobocbooboibcG »>Csbiboc.booooobooooooo2t, onog4T, 00000OO
LOCAL_SEARCH_SOFT2 0 LS_LC O LS_ TCODOOUOODOOOOOOOODbOObD LCcOoTCOOUOOOOOon LG,
/TC. 000000000000 O0DOOogLs_LcoLs_TCOd EventD OO OOORoomOOOOOOODODO

LOCAL_SEARCH _SOFT20
IF LC,/ TC, > 1.1 THEN
LS_LC
ELSE
LS_TC
END IF

LS_LCO
Move every Event at last timeslot of day ——— Other Events not at last timeslot of day

IF LC..: <= LC, AND EC=0 THEN
Accept

ELSE
Restore

END IF

LS_TCO
Move every TC-violated Event —— Other Events
IF TCnii <= TCy AND LC,.y <= 110 LC, AND EC =0 THEN
Accept
ELSE
Restore
END IF

gboobLCOTC O EventODODODODOLCOTCmOOOOO LCOTCOODODOOOOOOOOOOOLI0DOLS_TC
googoLcoboooobooboobooboooobooboboooobobooboobobo
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Fig. 3 Boxplot shows the distribution of cost Cg obtained from 10 runs using SA_SOFT2 for each ITC instance 1 to 10. The box
shows the range between the 25% and the 75% quantile of the data. The whiskers extend to the most extreme data point which is
no more than 1.5times of the interquartile range from the box. A bar in the box is the median and the circles are outliers.
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Fig. 4 Cost and temperature versus number of the iteration of SA_SOF T2, where the best cost of Cg for instance 2 is obtained.
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#*4 SA_HARD, S_SOFT1, SA_SOFT2 "CGffEF L7z SA D237 A —X D{E & Event OFEERHA
‘l'able 4 Values of SA parameters and rule of moving the events used for SA_HARD, SA_SOFT1 and SA_SOFT2

Pal f Rule of
rameters & B. Bo © § Fixed_ ul é [
ethod a (GEO_RH, | (ENH_ | (REHEATING | To — moving
MOVE | Number
SAs ENH_RH1) | RH1) _SOFT2) events
SA_HARD 0.99 0.99 0.05 - 1 100 30 Same room
SA_SOFT1 Timeslot
0.99 - - - 1 5000 - ]
sequencing
SA_SOFT2 0.99 - - 4o0r2 1 10000 100 Same room
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