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This document includes nine extra tables and one figure that
contains 15 sub-figures. Table Sl provides detailed p and h
values obtained by conducting the Wilcoxon rank-sum test with
95% confidence level for results shown in Table I. Table SlI
describes the properties of the Carter benchmarks. Table Sli|
presents the detailed ranks for the selected algorithms. Table
SIV-SVI presents the test sets with three, four, and five tasks,
respectively, and the corresponding experimental results are
given in Table SVII-SIX, respectively. Finally, Fig.S1 provides
the remaining computational cost comparisons between SOHH
and EMHH in addition to those shown in Fig.5 in the main
document.
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TABLE SI
CHARACTERISTICS OF THE TEST SETS USED IN THIS PAPER
Instance No. of exams No. of students Enrollments Conflict matrix density No. of timeslots
car91l 682 16925 56877 0.13 35
car92 543 18419 55522 0.14 32
ear83 190 1125 8109 0.27 24
ear83 Ilc 189 1108 8057 0.27 24
hec92 81 2823 10632 0.42 18
hec92 11 80 2823 10625 0.42 18
kfu93 461 5349 25113 0.06 20
Ise91 381 2726 10918 0.06 18
rye93 486 11483 45051 0.08 23
sta83 139 611 5751 0.14 13
sta83 Ilc 138 549 5417 0.19 35
tre92 261 4360 14901 0.18 23
uta92 622 21266 58979 0.13 35
uta92 II 638 21329 59144 0.12 35
ute92 184 2749 11793 0.08 10
yor83 181 941 6034 0.29 21
TABLE SII
DETAILED RANKS FOR EACH COMPARED ALGORITHM ON EACH INSTANCE.
Instance Asm04 Asm07 Asm09 Bur07  Pil07 Pil09a  Pil09b  Qu09a Qu09b Sabl2  Qul5 EMHH
fmin ﬁ-nlin-min ﬁ-avu-min ﬂ;-n\in
car91 9 8 10 12 - -2 - 11 3 5 1 4 6 7
car92 10 4 9 8 - 3 - 11 5 12 1 2 6 7
ear83 10 7 11 14 8 9 12 3 4 13 1 2 5 6
ear83 Ilc - - - - - - - - 4 - - 1 3 2
hec92 9 7 10 14 5 12 2 11 8 13 1 3 6 4
hec92 11 - - - - - - - - 3 - - 1 4 3
kfu93 13 5 12 10 2 3 - 6 9 11 1 4 7 8
1se91 10 9 11 8 2 4 -- 13 7 12 1 3 5 6
rye93 8 7 9 3 6 -- -- -- 10 1 2 4 5
sta83 13 9 14 2 3 4 5 11 10 12 1 6 8 7
sta83 Ilc - - - - - - - - 4 - - 1 3 2
tre92 10 3 11 13 4 5 -- 12 6 2 1 7 9 8
uta92 9 8 10 11 6 - 2 1 12 3 4 5 7
uta92 11 - - - - - - - - 4 - - 1 3 2
ute92 4 7 11 10 2 12 5 13 9 14 1 3 6 8
yor83 9 2 4 13 17 12 5 6 11 7 1 3 8 10
INS (12) 9.5 6.3 10.2 10.5 5.1 6.5 5.8 9.0 6.6 10.3 1.2 3.6 6.3 6.9
INS (16) -- - -- -- - -- - -- 3.8 -- -- 1 3.3 2.3




TABLE Sl
H AND P-VALUES OBTAINED FROM THE WILCOXON RANK-SUM TEST.
1 f fi f, fi f, fi f2
MF;S p h p MF?; h p h p :]/'Fgozs h p p “I/'Fgols h p h p
car ear: eC! Se!
cars? 239¢04 0 L1201 | %1 221003 0 877¢02 | M2 0 594002 25806 | SOL 1 l41e04 1 652009
car9l ears3 hec92 Ise91
cardl 230604 0 20401 | het2 1 829006 0 39501 | [ 1 14402 535c01 | L1 13403 1 191e02
e 289¢03 0 12201 | 83 | 120c03 1 544e03 | N2 o 57002 848e01 | W93 o 240e-01 1 29411
e -87¢ : kfu93 -20e : uta92 11 /e : sta83 e :
car9l ear83 hec92 ryed3
cardl 14904 1 184002 | S8 0 8770020 1 19503 | M2 o 7601 55308 | G831 43602 1 737008
ford 67304 0 12201 | €83 | om0 0 207e01 | N2 o 12201 72903 | 893 1 30302 1 7.22e06
i -15¢ : rye93 e : yor83 ece : tre92 ¢ :
hec92
car9l 6.55¢04 1 2.50e-03 | 483 1 390e02 1 2.94e-11 I 0 48301 52802 | MR o 412001 0 7.73e-01
kfu93 sta83 Kfu93 uta92
ear83 hec92
cargl 337¢04 1 10302 | sta83 1 831e03 1  1.02¢-07 I 0 1.26e01 Llle-06 | 898 1 31502 0 9.12¢-01
Ise91 e 1se91 uta92 Il
hec92
car9l 2.13¢-:04 0 39501 | €483 1 398.03 1 433¢-04 I 0 1.69-01 50le-02 | M 5 1s54e01 1 6.01e-08
rye93 tre92 ryeo3 ute92
hec92
car9l ear83 rye93
cardl 27003 1 205l | B 1 812004 0 37501 | ML 0 850002 20511 | M3 0 14901 0 212601
hec92
car9l sta83
stﬁ83 9.52¢-04 1 1.87¢-07 ufgggﬁ, 1 887¢-03 0  530e-01 Sty% 0 9.35¢-01 1.41e-07 stﬁSS 1 29511 1 72le-06
C C
lic
cargl 1.17¢-02 1  556e-04 | €583 | 46405 1 219e0 heca? 0 2.40e-01 0.88e-03 | @83 | 204001 1 1.03¢-06
tre92 e : ute92 -0%¢ : tre92 4ve : tre92 A :
car9l 87904 0 5690l | S | 766e05 1 1ade02 | HC 0 36301 877¢-01 | S8 1 29411 0 7.0le-01
uta9? L 19€ . 55 y0r83 .06¢ .44¢ Utagz .05¢ e uta92 J4€ Ule
ear83 hec92
et 691e-04 0  8.19-01 e 0 9.19-02 1 19102 1 0 1.19-01 819c01 | @83 1 204c11 0 10901
hec92 uta92 Il
car9l 292604 1  9.75e-10 “lic | a2e03 0 1weor | THC 0 41200 18508 | S@83 1 g94eq1 1 146e-10
ute92 he|c|92 ute92 ute92
ear83 hec92
carss 376603 0 1.58¢-01 1 1 216e-03 1  3.39e02 I 0 1.30e-01 450e02 | SE83 1 g04e1l 0 594002
Y kfu93 yor83 Y
ear83 sta83
car92 239¢-04 1 29401 e 1 76203 1 3.56e04 | KU 50000 4.42¢-06 Il 1 26707 1  3.95¢-05
ear83 1se91 Ise91 tre92
car91 ear83 kfu93 sta83
cars3 28903 1 12201 e 1 10802 0  574e-01 U1 4.06e02 1.09¢-01 Il 1 14707 0 49601
lic rye93 y uta92
ear83 sta83
card2 813¢03 1  1.84e-02 e 0 17601 1 294e11 | KOS 910 2.95¢-11 Il 1 33807 0 67301
sta83 uta92 Il
carg2 earss kfuo3 a3
hec92 1.80e-02 1 2.51e-02 I 69805 1  1.44e-06 | sta83 1  2.19e-02 7.67¢-08 I 1 277e06 1 4.00e-09
sta83
1 IS lic ute92
ear83 sta83
carg2 1.60e-02 0 6.57e-02 e 0 13301 1 33705 | KOS 4510 5.83¢-03 Ic 1 124606 0  1.30e-01
tre%Z3 yor83
car92 ear kfu93 tre92
cars2 58502 1 L1Se06 | Mle 1 15404 0 99401 | (8D 0 61502 836c01 | U2 1 24305 0 91801
car9z le02 1 19902 | e 1 186003 0  Sede0l | KW 1 5og0 620e-01 | U892 1 464e-03 0 9.82e-01
rye93 Ale 7€ uta9s 11 -80¢ -ae uta92 Il 8¢ -20¢ utad2 Il 03¢ -8o¢
car92 ears3 kfug3 tre92
cardz Ble02 1 295l | NE 1610003 1 94308 | ({6 0 63502 19306 | U2 1904 1 1.01c-08
car92 ear83 Kfu93 tre92
$ta83 557e03 1 2.49e-08 Iic I 334003 1 150e-02 | KO3y 76602 25002 | U2 24305 1 2.05e-03
lic yor83 Y Y
car9z 207602 1 22504 | hedn 1 850003 0 79802 | 91 || sseos 6.10e-01 | Y@92 o go7e01 0 65201
tre92 ole -£5¢ K -0 : rye93 -4¢ : uta92 Il e -D=¢
car92 hec92 Ise91 uta92
cars? 58303 0 830c:01 | P21 41302 1 23803 | Scor 1 3.52007 205011 | U2 0 67901 1 4.62e-10
Ise91
car92 hec92 uta92
sz 334003 0 4n2e0r | NEER 0 34801 1 546006 | B3 1 67705 627e:07 | JEZ 0 slle0l 1 224002
car92 hec92 [se91 uta92 11
cars? 74802 1 Leoe07 | TST 0 L19e0l 0 657e02 | PR 1 11906 421005 | VBNl o gspe01 1 1.69e-09
;g’rgg 25602 1 3.03e02 | W92 0 s589c-01 1 205edl | Se05 1 1.14e03 9.71e-01 ”)‘,%%ef' 0 830e01 1  1.56e-03
ear83 hec92 1se91 ute92
car83 L1404 1 337005 | sta83 0 Sise0l 1 77306 | ML 1 276c04 8.19e-01 2 1 L7008 0 690c02
Tic Il yor
TABLE SIV TABLE SV
THREE-TASK TEST SETS. FOUR-TASK TEST SETS.
fi f f > WETTP) /> (GCP) fs WETTP) /4 (GCP)
Set 1 hec92 hec92 11 sta83 Set 7 hec92 hec92 Ise91 I1se91
Set 2 hec92 hec92 11 1se91 Set 8 hec92 hec92 car91 car91
Set 3 hec92 hec92 11 car91
Set 4 hec92 Ise91 kfu93
Set 5 hec92 1se91 car91l
Set 6 hec92 uta92 car91




TABLE SVI

FIVE-TASK TEST SETS.

i L S fa fs
Set 9 hec92 sta83 yor83 ute92 ear83
Set 10 hec92 yor83 tre92 car92 car91
TABLE SVII
THE MINIMUM, MEAN AND STANDARD DEVIATIONS OBTAINED BY EMHH AND SOHH ON THREE-TASK TEST SETS.
Tasks EMHH SOHH Tasks EMHH SOHH
Fl F2 F3 Fl F2 F3 F1 F2 F3 F1 F2 F3
hec92 11.57 11.67 159.03| 11.69 11.67 169.77 hec92 11.51 11.16 1540 | 11.69 11.65 15.37
Set 1 hec92 I  12.09 12.07 [159.66| 12.12 12.10 169.86 Set4 Ise91 12.09 _ 11.70  15.63 | 12.12 11.85 15.68
sta83 0.25 0.24 042 | 027 0.29 0.09 kfu93 0.22 0.24 0.15 | 0.27 0.16 0.15
hec92 11.78 1150 8.67 | 11.69 11.67 8.78 hec92 11.80 11.37 519 | 11.69 11.65 5.18
Set 2 hec92 11 12.08 12.05 881 | 12.12 12.10 8.88 Set5 Ise91 12.13 [ 11.71 523 | 12.12 1185 526
tre92 0.20 025 0.078 | 0.27 0.29 0.06 car9l 0.16 0.20 0.03 | 0.27 0.16 0.04
hec92 11.82 11.60 5.19 | 11.69 11.67 5.18 hec92 11.60 3.38 5.14 | 11.69 3.39 5.18
Set3 hec92 11 12.09 12.05 525 |12.12 1210 5.26 Set 6 uta92 12.04 342 524 | 1212 3.43 5.26
car9l 0.18 0.25 0.03 | 0.27 0.29 0.04 car9l 0.20 0.02 0.04 | 0.27 0.02 0.04
TABLE SVIII
COMPARISONS OF EMHH AND SOHH ON FOUR-TASK CROSS-DOMAIN TEST SETS.
Tasks EMHH SOHH
F1 F2 F3 F4 F1 F2 F3 F4
hec92
11.68 11.50 11.69 11.65
Set7 Tse:glz 12.14 " 11.76 v 12.12 i 11.85 i;
15691 0.22 0.13 0.267 0.16
hec92
11.73 5.16 11.69 5.18
Set8 hec92 12.11 17 5.24 30 12.12 bt 5.26 30
car91 024 18 004 31 0267 18 0.04 31
car91 ) ) ) )
TABLE SIX
THE MINIMUM, MEAN AND STANDARD DEVIATIONS OBTAINED BY EMHH AND SOHH ON FIVE-TASK TEST SETS
Tasks EMHH SOHH
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
hec92
sta83 11.49 158.73 40.22 27.57 36.25 11.69 169.77 41.05 28.31 36.62
Set9 yor83 12.15 159.94 41.98 28.47 37.10 12.12 169.86 42.87 28.75 37.12
ute92 0.25 0.55 0.71 0.40 0.52 0.267 0.09 291 0.14 0.25
ear83
hec92
yor83 11.42 40.48 8.58 4.33 5.16 11.69 41.05 8.78 431 5.18
Set 10 tre92 12.11 42.42 8.85 4.42 5.25 12.12 42.87 8.88 4.41 5.26
car92 0.30 2.14 0.09 0.04 0.04 0.267 291 0.06 0.04 0.04
car91
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Fig.S1. Time comparisons between SOHH and EMHH.
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Fig.S2. Bets 10 heuristic sequences for ear83 (left) and sta83 (right) ordered from the best at the top to the worst. (a) and (b) are the best 10 heuristic sequences
selected from the results obtained by both SOHH and EMHH, (c) and (d) are those obtained by SOHH, and (e) and (f) are obtained by EMHH. Each row represents
a heuristic sequence. LWD and SD is replaced with 1 (white block) and 0 (black block), respectively. The length of sta83’s heuristic sequences is 70, thus we only
show the left 70 heuristics of ear83 for clearer comparison. This does not affect the conjecture, because transfers within the left 70 heuristics actually matters in this

case.



