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Algorithm 1 MCALIE O

Require: 0000000000 OOOOO
Ensure: 0000
1: procedure MCALIE(L{, Ly, CT’, a, CT)

2: ST = current time

3: /* initialize */

4: global C := RndMCP(Lq, L,,CT’)

5: global Ceandidate = 0

6: while (current time — ST) < CT do

7: /* add step */

8: Sol = IPSolve(itemBank, C) >0090~00120000
9: if Sol # ( then >IPOOOOOO
10: C = C U {Sol}

L1: Ceandidate = Ccandidate Y {C}

12: else >PODOOOCOOO
13: DeleteStep(|C|, @)

14: end if

15: end while
16: /% output * [
17: Cres =C

18: for Cc%nd in chndidate do

19: if 15 < Eeend then

20: Cres = Ceand »0000000000000000
21: end if

22: end for

23: return Cy .

24: end procedure

25: procedure DeleteStep(cliqueSize, @)
26: /* delete step */

27: count =0

28: while count < (cliqueSize X @) do
29: C:=C\{ceC} »000000000000000000
30: count++

31: end while

32: Ccandidate = Ceandidate Y {C}
33: end procedure

MCALIEOOODODODOOO “initialize”, “add step”, “delete step”, “output” O OO0 OO0 OO
“mitialize” 00 RndMCPOODOODODOOOO L, 00000000D0O00O0 cOoOO
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02 MCALIEOOODOOOOOO

RndMCP MCALIE
Pool Size | OC
|C| IECmax IECrate |C| IE CmﬂX IECrate
0 18 1 5.6% 36 1 2.8%

978

(actual)

45790 5177 | 11.3% | 51644 5342 | 10.3%
10 | 100000 16310 | 16.3% | 102862 16698 | 16.2%

ooo
“addstep’ 00 000000000000 C0O CcO0DOO0O0OO0OO0OOOOOOOOC
000000000000000000000000000000 CO Ceandidate 0 0
oooo

“delete step” 0 0 “addstep’ 000000000000 0000COOOOO00OO0ODO
0000000000000000000000000000000000000000
000000000000000000000 CO Ceandidare 00000
“wMMDDDDDDDDDDDDCmWWwDDDDD%%DDDDDDDDCD
00oooooO
00000000000000([7,10,11,14)00000000000000 [24]0
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(d) Repeat until |V| < L

ltem Bank (c) Eliminate the top S |item Bank
exposure items from
:Egg% Y (b) IP has a solution[ & Item Bank ‘ ltem 1
Item3| | (a) Seek a vertex L g
: from Item Bank The found vertex :
Itemn| | using IP is added to V ltemn
All iters (ltem 2 and 3 are
A (e) IP has no solution top s exposure items

Reset in this example)

05 0000000oooo
0 Copyright ©2022 IEICE [1] O 50

OO0DO0O0O000SO00000/Ev; 0O00000O0bD0ob0obOobooboooboog

() 00000000090 ~001100000

() 0000000000000 DO0OOOVOODOOO

() 00D IEVDOD s00000000000000000000000MMO 500
000203000000

@ (a~c)0000 L,0000000000000000

() 000O0D0O0D0ODOODODOOOOOOOOOOODOOOOOODODOO

OOOobOoobO NPOODODOODOOODOOOOOD IPTOODOODOODODOOD
goobbtbdodd@egobbboobbboobbbooubbboOod

O00000 RndMCPOODOODODOOOOOOOOODODODODOODOOOOO
ggobbooooboobooooobooooobboooon

O0D000000000 RndMCPOOODOOODOOO Algorithm2 0000

Algorithm2 000000000000 RndMCP O

Require: 000000000 ODCOOO
Ensure: 0000
1: procedure LimititemRndMCP(L1, L,,CT,s)

2: C=0,Chax =0

3: ST = current time

4: while (current time — ST) < CT do
5: /* Stepl */

6: V=0
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7: n = itemBank.size
: fori — Oton—1do
9: IEV[i] =0

10: end for

11: allowedltems =00 000000000

12: while |V| < L do

13: Sol := IPsolve(allowedItems)

14: >allowedltems 000000000000 O0OOOODOO9O~00110000000O
oooo

15: if Sol = () then >0 00000o0o0ooooa

16: allowedltems =0 0000000000

17: break

18: end if

19: V =V U {Sol}

20: for each i € Sol do

21: IEV[i] ++

22: end for

23: allowedltems :=IEVO OO sOO0OO0OO

24: end while

25: /* Step2 */

26: G=(V,E)yoOouoono >O0000000ooonoooouooboooa

27: /* Step3 */

28: C = MCP(G, L») >GOO000000000 L,OoOOono

29: if |Cmax| < |C| then

30: Chax =C

31: end if

32: end while

33: return Cpax

34: end procedure

stepl 0 DO0ODOO0OOOOOODOOODOOODOODOO LyOoDOOoOoDOooOooo
OOOvDoOODOallowedltems O IEVOOD sOO0O0O0ODOOODOOOCOOOOO
o00oobObO0oOooO0ooobo0obooorRmoobooooooooooooo~n0o
OlMooogooooSoldboooobobooooobooooboooobOooon
O0allowedltems 00 000000000000 0ODODOODOOODOODOODOOODOODO
o000 IlEVOOODOoooooboon

step2 00 stepl DODOOOOOOOVOODODOO gOOODOOOOOOODODOOO
ooooboobo20b00000b00oboobooobooDn
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03 000O0bOOoOobooboooog

. parameter a parameter b

Pool Size
Mean | SD | Mean | SD
500 0.49 | 0.28 | 0.05 | 1.06
1000 0.49 | 0.28 | 0.01 | 1.00
2000 0.51 | 029 | 0.04 | 1.00
978(actual) | 0.43 | 0.20 | -0.22 | 1.16

step 300 step2 00000000 cOOODOODOODOODOODOODOODOODOODODO
oo
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30 2.44/2.84 | 3.88/4.28 | 3.88/4.28 | 3.88/4.28 | 2.44/2.84
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Mean | SD | Mean | SD | Mean | SD
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0000O0CIO0D00D00oNoO (100000003000000000000000
000C2~Cl13,C21~C31 0000000000000000000000000000
000000000000 0000000000000000000000000000
000000000000 0000000000000000000000000000
LBew < . % <UBe DOD0OD0O0D00D0D (17)

i€Vear

(cat =Cy,...,Cy)

19



cat 000000000V, 00000 cat 0000000000000V, 000
0000 LB, 0000 UB., 00OOOOOOOOOOOOD 12000000
00 LEVEL, STANDARD, OBJECTIVE, DOK, TYPE O OO OOOOOOOCODOOO
CONDITION OO0 0000000000000 0000000000000 LBOO
O UBOOOOOOOOCOOOOOOOOOD Choietal.(2022)[26)000000000
Cl000000000 C2~C13,C21~C31000000000000000000 40
0D000O003000000000000000

000000000000 00000000000000000 [24]0000 OC =
{0,5,10}0 3000000000000000000000 (240000000000
0000000 CPLEX129(34]000000000000000000000 10400
0000000000000000000000MO0000000000000o0onag
OO0 IPT=60sec000000

51 RndMCPOOOOOOODOODOO

gooboogoobobboooobbboooobobobooooboboooobbooon
O0o00oobDo0oboOoboOobRadMCPO [4]00000DOODOO

O0O00000 Ly =100000,L, =4hrO0CT =4hr 00000000 =978,10000 0O
o0o0O00o0oooooD CT=4w 000000 LyODODOODODOOOODOODOCT =8hr
ggooooogooo

OO00000bO00bOOo IEG; 0000

n IEC
1EC, = i EG (18)
n
0000000000 IEC;, 000000
2
" (IEC; —IEC
IECO- :\/ i=1 ( L /1) (19)
n

gaoo

000000 oCO0000000 |CID 000000 IEChxO00000 IECk 00O
ooobooooooo IEC, 00000000 700000000000000 IEC,
gogooboboooobobbooobobboooobobbuoooobbbooobLbbUoog
ggooood

O0000000Db0o0o0o0o0ob00oDbOoobDO0 n=978000000C=000
gogoboboooobobbooobobbooobobbuoooobbbooobbboog

20



07 RndMCPOOOODOOODOOOOODOOO

RndMCP oooooooooog
Pool Size | OC
IC| IECs; | IEChax | TECiae IC| IECy | IEChax | TECae
10 0.5 1 10.0% 10 0.5 1| 10.0%
500 5 4371 53.1 378 8.6% 4952 50.5 402 8.1%
10 99981 | 1729.2 13006 13.0% 99979 | 1153.2 7259 7.3%
17 0.5 1 5.9% 18 0.5 1 5.6%

1000 5 46190 | 430.5 3374 73% | 52023 | 389.1 2206 4.2%

10 | 100000 | 990.7 8767 8.8% | 100000 | 7554 4139 4.1%

0 32 0.5 1 3.1% 31 0.5 1 3.2%

2000 5 96773 | 456.1 3833 4.0% | 88651 325.2 1674 1.9%0

10 | 100000 | 472.6 4044 4.0% | 90917 | 333.7 1707 1.9%

0 18 0.5 1 5.6% 19 0.5 1 5.3%

978
(actual) 45790 368.2 5177 11.3% 54964 251.7 2303 4.2%
actua
10 | 100000 985.3 16310 16.3% | 100000 488.2 4301 4.3%
0 - 0 - 10 0.5 1 10%
1000
0 - 0 - 7992 111.9 944 | 11.8%
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10 1 0.2 1 | 100.0% 99989 | 1526.7 12685 | 12.7%
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010 DOoO00OOobOooboooooog

RndMCP oooo
Pool Size | OC
|C| IEC, IEC y4x TEC, 4t¢ |C| IEC,, TEC 0x IEC,4te
0 10 0.5 1 10.0% 11 0.5 1 9.1%
500 5 4371 | 53.1 378 8.6% | 5015 | 50.7 375 7.5%
10 | 99981 | 17292 | 13006 | 13.0% | 99970 | 1138.4 5370 5.4%
0 17 0.5 1 5.9% 18 0.5 1 5.6%
1000 5 | 46190 | 4305 3374 73% | 50779 | 377.7 1616 3.2%
10 | 100000 | 990.7 8767 8.8% | 99998 | 769.5 2847 2.8%
0 32 0.5 1 3.1% 32 0.5 1 3.1%
2000 5 | 96773 | 456.1 3833 4.0% | 97320 | 3779 1397 1.4%
10 | 100000 | 472.6 4044 4.0% | 100000 | 388.7 1418 1.4%
078 0 18 0.5 1 5.6% 19 0.5 1 5.3%
(actual) 5 | 45790 | 3682 5177 | 113% | 54800 | 204.6 1683 3.1%
actua!
10 | 100000 985.3 16310 16.3% | 100000 418.7 2754 2.8%
0 0 - 0 - 10 0.5 1 10.0%
1000
5 0 - 0 -1 7992 | 1119 944 |  11.8%
(actual)
10 1 0.2 1 100% 99989 | 1528.1 10000 10.0%
1B.0% L [ 7S
14.0%}
£ 12.0%¢
£ 10.0% BHER IO X MR
Q 0,
& so%
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011 DOOOO0ODOOoOooOoobDo

RndMCP/MCALIE | RndMCP/HybridRBP | OO O O/MCALIE | OO O O /HybrdRBP
Pool Size | OC
|C] IC| IC| IC]
0 8 8 7 6
500 5 7104 11424 8415 11001
10 4933 4836 0 4714
0 19 18 17 16
1000 5 8857 8897 2 8537
10 4260 4228 0 4252
0 38 37 38 38
2000 5 2847 3010 28 2876
10 2775 2849 0 2839
0 18 17 17 16
987
5854 6194 0 4868
(actual)
10 2862 2624 0 2765
0 10 10 0 0
1000
8432 13978 4 7489
(actual)
10 1985 20392 0 1544
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CONSTRAINT_ID TYPE CONDITION LB UB COUNT
Cl1 NUMBER 30 30 1000
C2 NUMBER LEVEL =3 10 10 342
C3 NUMBER LEVEL =4 10 10 335
C4 NUMBER LEVEL =5 10 10 323
C5 NUMBER STANDARD =1 17 20 689
Co6 NUMBER STANDARD € {2,4} 6 8 141
C7 NUMBER STANDARD =3 2 4 170
C8 NUMBER OBJECTIVE = 1A 2 3 83
Cc9 NUMBER OBJECTIVE € {1B, 1C, 11, 1G} 5 6 196
C10 NUMBER OBJECTIVE € {1D, 1F} 5 6 228
Cl11 NUMBER OBJECTIVE € {1E, 1J, IK} 3 4 141
Cl12 NUMBER OBJECTIVE = 1H 1 1 30
C13 NUMBER OBJECTIVE = 2A 2 2 20
Cl14 NUMBER OBJECTIVE € {2B, 2C, 2D} 1 1 34
C15 NUMBER OBJECTIVE € {4A,4D} 1 1 39
C16 NUMBER OBJECTIVE € {4B, 4E} 1 1 21
C17 NUMBER OBJECTIVE € {4C, 4F} 1 1 25
C18 NUMBER OBJECTIVE € {3A,3D} 3 3 64
C19 NUMBER OBJECTIVE € {3B, 3E} 2 3 64
C20 NUMBER OBJECTIVE € {3C, 3F} 0 3 43
C21 NUMBER STANDARD =1 ADOK > 2 7 30 381
C22 NUMBER STANDARD € {2,4} ADOK > 3 2 30 42
C23 NUMBER STANDARD =3 ADOK > 3 2 30 97
C24 NUMBER TYPE = DRAG 2 4 70
C25 NUMBER TYPE = EQTN 12 15 449
C26 NUMBER TYPE = FILL 1 2 21
C27 NUMBER TYPE = GRAPH 1 3 34
C28 NUMBER TYPE = HOTS 1 3 72
C29 NUMBER TYPE = MATCH 2 4 117
C30 NUMBER TYPE = SRMU 1 2 32
C31 NUMBER TYPE = SRSI 5 8 205
C32 ORDER LEVEL

C33 ENEMY ID € {SC00001, SCO0002} 2
C34 INCLUDE ID € {SC00003, SCO0004} 2
C35 EXCLUDE PTBIS < 0.15 8
C36 ALLORNONE 1ID € {SC00005, SC00006} 2
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