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Algorithm 1 000

Require: 0000000000 ODOOOO
Ensure: OO OO0O0O

1: procedure RndMCP(L1, L2, CT)

2 C:=0,Cmaz =0

3 ST := current time

4 while (current time — ST) < CT do

5: /* Stepl */

6 V=0,,000000000000 >O0000000000000 L,Oooooo
7 /* Step2 */

8 G=(V,E)DOOoooo >O0O00000000000000000Q0ooag
9: /* Step3 */

10: C = MCP(G, L») >GOO000000000 LL.O00OO
11: if |Chnaz| < |C| then

12: Chae =C

13: end if

14: end while

15: return Cyqz

16: end procedure

000000000000000000000000000000000000000
Dooooooooooo o@VYhoooooo o(vV)})oooooooooo |V|oo
000000000000000000000000000000000000000 n
0000000000000000000000000000000000000000
0000000000000000000000000000000000

32 OO0

0000000000000 0000000OIshii, Songmuang, and Ueno 020140 O
000000o000o0o0oD0o00oo0ooDo0oUo0oUoOUO 7000 RndMCP OO
000310000000 (6000000000000 00DD0O0O0O0O0DO0O0OO
0000000000000 000000RNdAMCPODO00D0ODDOODOOOOOODOO
oo obbooouoobooouoonooo
00000000000 0000000D00D00000000000000 Algorithml
gogobobooooooo

Stepl~20000000000000O0DODODODODOOOOD L,OOODODODODODODOOO
gooooo0oobOobOOooOU0oobO L, 00000DbOO0OO0OODDOO0ODOOUODOODbDOD
0000000000000 0000000O00DOOdOStep300000O0O0O0OOOO
00000000000000 L, OO0O0ODStepl~300000 CTOODODOOOO
OO0O0OStep20 00000000000 0DOO0ODOOOOODOODOOOOODOODOO

goooobobobbbbobooooooooobooobooon O(Lg),O(L12)DDDDDD



O000000000D0000000000000000000003.10000000
clooooooooo oRVh,o(vVi)H)ooooooooooood
0000000000000050002000000000000000000000 10
00000000000000

33 0000O00ooooooobooon

RndMCPOOOOOOOOOOO |V|OODODO0OO000000000000000
000 [8,900000000000000 O(V|?)0000000 100000000
000000000000 000Ishii et al.0201700 RadMCPOOO00000000O
000000000000HybridPBROOOOODOO [10, 11)0

HybridPBROOODOODODOOOOOO COOODO0O0ODO00000000000DO
0000000000000 000000000000000000000000000
0000000000000000 |V|00000000000000000 O(V|) O
00000000000000 O(V]-2")000000000000000RndMCP O
000000000000000 O(L,) 0000000000 RadMCPOOOOOO
000000000000 L,00000000000000000000000000
0000000000000000000000000 [10,11)00000000000
0000000000000000



/DDDDDDDDDDDDDDDDD ~

variables

. 1 000000000000 00
" l0 Ooooo

maximize

subject to

n

Y z;=MI0O000000 (5)
=1

LBy, <> Ii(0k)x; < UB,, (6)
=1

(k=1,.., K)

in,rxigoajmmmmmmmm (7)
i=1
(r=1,...,]C))
1 ;000000
Xir = CObOrooooooboooodg
0 DOODO
. J
O0000o0o0ooo copopoouopooouooooooooon
ooooooooo n(eE=1,2,...,n) 0000000 [0,1)D0000000ODO0OO
goddoboooooooboooouoooooobooooooooooooooooa
000 Belov and Armstrong0 20060 0 0 0 0000000000000 OOO0ODOO
gooooooobodoouooooodoooooooooon [5][]
Odoodoooooono 200000000 aa




Algorithm 2 000000000 OO0OOOOOOOO
Require: 0000000000 ODOOOO
Ensure: 000000

procedure HybridRBP (L1, L2, CT', AddCnt, a, CT))

1:

2 ST := current time

3 /* initialize */

4: global C := RndMCP(L1, L2, CT")

5: global Crpar = C

6 while (current time — ST) < CT do
7 /* add step */

8

9

count =0
: while count < AddCnt do
10: Sol = IPSolve(itemBank, C') >004000070000
11: if Sol # () then cIPO0ODOOO
12: C = CU{Sol}
13: count + +
14: if |Chnaz| < |C| then
15: Chae =C
16: end if
17: else >IPO0OOOOOO
18: break
19: end if
20: end while
21: DeleteStep(AddCnt, «)
22: end while
23: return Cr,qs

24: end procedure

25: procedure DeleteStep(AddCnt, «)

26: /* delete step */

27: count == 0

28: while count < (AddCnt X «) do

29: C:=0C\{ceC} >c00000000
30: count + +

31: end while

32: end procedure
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Algorithm 30000000000 OODOOOO

Require: 0000000000 ODOOOO
Ensure: OO OO0O0O

1:
2
3
4:
5:
6
7
8
9

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:

procedure lowltemExposure(L1, L2, CT', o, CT)

ST = current time
/* initialize */
global C := RndMCP(L1, L2, CT)
global Ceandidate =1
while (current time — ST) < CT do
/* add step */
Sol := IPSolve(itemBank, C')
if Sol # () then
C :=CU{Sol}
Ccandidate ‘= Cecandidate U {C}
else
DeleteStep(|C|, o)
end if
end while
/ * output x/
Cres =C
for Ccand in Ccandidate do
if ZCres < “Ceand thep

|C7‘es‘ - |Ccand|
res +— Ccand
end if
end for

return C,.,

end procedure

25: procedure DeleteStep(cliqueSize, «)

26:
27:
28:
29:
30:
31:
32:

/* delete step */
count := 0
while count < (cliqueSize x a) do

>004000070000
>IPODOCOOO

>IPOOOOOODO

>O0000000000D00000D0

C:=C\{ceC} >000000000000000000

count + +
end while

Ccandidate = Ccandidate U {C}

33: end procedure
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"delete step”0 0”add step’0 00 0000000000000COO0O000O00aO
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Algorithm 4 000000000000 RndMCP O

Require: 0000000000 OOOOO
Ensure: OO OO0O0O

1: procedure LimitltemRndMCP (L1, L2, CT)
2 C:=0,Cmaz =0
3 ST := current time
4 while (current time — ST) < C'T do
5: /* Stepl */
6 V=0
7 n := itemBank.size
8 for i+ 0ton—1do
9: itemCntV]i] := 0
10: end for
11: while |V| < L; do
12: allowedItems = ()
13: for i< 0ton—1do
14: if itemCntV[i] # maz(itemCntV) then
15: allowedItems = allowedItems U {i}
16: end if
17: end for
18: Sol = IPsolve(allowedltems) © allowedltems 00 0000000000000
(40~0 (600 IPOOO
19: if Sol = () then >IPOD0OO0OO0O0OO0
20: Sol=000 100000000
21: end if
22: V =V u{Sol}
23: for all ¢ € Sol do
24: itemCntV[i] + +
25: end for
26: end while
27: /* Step2 */
28: GI(V,E)[II]DI]D >UOO0000O00O00DO00O00O00O0OnooOn
29: /* Step3 */
30: C::MCP(G,LQ) >GO000000000 LLOOOo
31: if |Chnaz| < |C| then
32: Cmas =C
33: end if
34: end while
35: return Cr s

36: end procedure
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Algorithm 5 0000000000000 OO0OOOOOOOOODOOOODO

Require: 0000000000 ODOOOO
Ensure: OO OO0O0O

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:

37

38:
39:
40:
41:
42:
43:
44:
45:
46:

47

1
2
3
4:
5:
6
7
8
9

ST := current time
/* initialize */
global C = LimitItemRndMCP (L1, Lo, CT")
n = itemBank.size
for i< 0ton—1do
global exposureli] := 0
end for
for all v € C' do
for all i € v do
exposure[i] + +
end for
end for
while (current time — ST) < CT do
/* add step */
allowedItems = ()
for:<+ 0ton—1do

if exposureli] # max(exposure) then
allowedItems := allowedItems U {7}
end if
end for

Sol := IPSolve(allowedItems, C')
if Sol = () then
Sol := IPSolve(itemBank, C')
if Sol = () then
DeleteStep(|C|, )
continue
end if
end if
C = CU{Sol}
for all ¢ € Sol do
exposure[i] + +
end for
end while
return C
end procedure
: procedure DeleteStep(cliqueSize, «)
/* delete step */
count =0
while count < (cliqueSize x «) do
C:=C\{ceC}
for all i € ¢ do
exposure[i] — —
end for
count + +
end while
: end procedure

: procedure LimitItemHybridRBP (L1, L2, CT’, a, CT)
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Parameter a Parameter b
Range Mean | SD Range Mean | SD
978 0.12~3.08 | 043 | 0.2 | -4~455]| -0.22 | 1.16

Pool Size
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Pool Size | OC 00000 RndMCPO good
Cl Ec il C| Ec &

0 10 1 0.1 10 1 0.1

500 ) 4339 354 | 0.08159 4989 | 365 | 0.07316
10 | 99976 | 13009 | 0.13012 | 99970 | 5372 | 0.05374

0 18 1 | 0.05556 18 1] 0.05556

1000 5 | 46392 | 3364 | 0.07251 50778 | 1626 | 0.03202
10 | 100000 8740 | 0.08740 | 100000 | 2847 | 0.02847

0 32 1| 0.03125 32 1| 0.03125

2000 5| 96732 | 3761 | 0.03888 | 97422 | 1398 | 0.01435
10 | 100000 4035 | 0.04035 | 100000 | 1418 | 0.01418

0 18 1| 0.05556 19 1| 0.05263

978 5 | 45806 | 5177 | 0.11302 | 54794 | 1726 | 0.03150
10 | 100000 | 16495 | 0.16495 | 100000 | 2755 | 0.02755
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0 18 1] 0.05556 18 1| 0.05556

500 5 10533 | 756 | 0.07177 | 10271 | 562 | 0.05472
10 (*)99970 | 5372 | 0.05374 | 101433 | 5448 | 0.05371

0 35 1| 0.02857 33 1| 0.03030

1000 5 50789 | 1626 | 0.03201 | 53206 | 1626 | 0.03056
10 | (*)100000 | 2847 | 0.02847 | 101352 | 2886 | 0.02848

0 70 1| 0.01429 65 1 0.01538

2000 5 97528 | 1399 | 0.01434 | 98379 | 1398 | 0.01421
10 | (*)100000 | 1418 | 0.01418 | 101453 | 1439 0.01418

0 36 1| 0.02778 33 1| 0.03030

978 5 54894 | 1728 | 0.03148 | 56636 | 1726 | 0.03048
10 | (*)100000 | 2755 | 0.02755 | 100875 | 2779 | 0.02755

O00D0O00Algorithmh0 0000000000 DOOOO0ODOOOODOODODOOO
00000000000000000000 Ly, L, CT'00 100000000000
a=01,CT=6hr000000000000O00O00O0TO0O0OO

000 (20oOOooOoOOooOooOooOooooOooooC=000000 2000000
000000000000 0000D0D00oO00DDO oOC=50000000000
n =1000,20000 OC =10000000000000O0DOO0OOCOCOO0O0O0OO00O00OO



0.02780 1 —— previous
proposal

0.02775 A

0.02770 A

0.02765 A

exposure rate

0.02760 A

0.02755 ~

100000 100200 100400 100600 100800 101000
tests

08 01000000000000 »n=978,0C=1000000000000000

ggobbboooobboobooooobooooboboooon
020000000000 0000000OO0ODODOOODOOD0O00U00OUUUOO
goobbbooooobbobooooouobbbbbooooobbbbooooobboo
ooobopoobbooooboboo0ooobboooobboooobbooooboboooDn 8o
n=978,0C=10000000000000000000000000O0O0O0O
O80000000beb00O0O0DDDDODOUOOUODDODDUOOOUODDDOOODUOODO
gogoboboooobbbooobobbooobbbuoooobbbooobbboog
lpoooo 00 00bDO0bOobDOoOobOoobOon
01000000000RndMCPO MO 200000000000000000 Ishii
and Ueno0D 2015000000 900000000000 DO0ODOODOODOODODOOOO
oo oobobobobobobobobbobobbbbbbbobobobobobooooooyg
ggobobooooboboooboobobooooobobobooooboboooobbobooog
gogobbboogobbobuoooobobooooboo
oC=0000000000000000D0DO00DODO00ODDOO0ODDO0ODOOO0
ggoboboooobobooooobboooobobbuoooobbbooobLbbooog
ggoboboooobobbooooboboooboboboooobobboooobbooog
gooooooo0ooC=000000000DO0O0O0 200000000000 1000



0.1650 A
—— previous
0.1648 A
0.1646 A

0.1644 A

0.1642 ~

exposure rate

0.1640 A

0.1638 A

100000 100200 100400 100600 100800 101000
tests

09 01000000000000 »n=978,0C=1000000000000000

gogoobbooooooobobobboooboobbolbooobobboooooooo
000000000000 D0000DO00ooODo0D00D oOC=0000000000O0
OO000O000O000O00D0o0oDOoOoDboOobObOboOOn deletestepd a=0.10
ggoboboooobobboooobobbooooboboboooobbboooobbooog
ggobboogoboboooobobooooboboboooooboooobbooog
goobboooobbtboooobbdooobobbuoooob bbb bboood
O0000D0O000D0O00000O0D0O0OO0ODODOOO”deletestep’0 00000
O0000O00o00DOOdoooDOooo0 oc=00000000D0000O00ODOO
gogoboobooooooo

0800 100000 2000000000 Ishii and Uenod 2015000000000
100000 20000000000D000D00ODOOO

OC=0000000D00DO00DO0O00DO0ODO0ODO0ODO0OOODODOOOODO
oboboOo0obOoboobooobOobooob n=500,978s0000000O0DOD0O0O0OODO
O0O0On=1000,2000000 OC=1000000000000000C0O0O00O0O0O0O 5
oo s8sbooobogn



08 O0OOOOUObOoOooboooog

. 00000 Ishii and UenoO 20150 oood
PoolSize | OC 5 E
| Eo E o [ EBo | I

0 18 1 0.05556 18 1 0.0556

500 5 11448 876 0.07652 10271 562 | 0.05472
10 | 101399 | 13115 0.12934 | 101433 | 5448 | 0.05371

0 35 1 0.02857 33 1 | 0.003030

1000 5 49392 3472 0.07029 53206 | 1626 | 0.03056
10 | 101264 | 8783 0.08673 | 101352 | 2886 | 0.02848

0 70 1 0.01429 65 1 0.01538

2000 5 97675 3777 0.03867 | 98379 | 1398 | 0.01421
10 | 100818 4048 0.04015 | 101453 | 1439 | 0.01418

0 36 1 0.02778 33 1 0.0303

978 5 48258 5269 0.10918 56636 | 1726 | 0.03048
10 | 100954 | 16528 0.16372 | 100875 | 2779 | 0.02755




( 0o

gooboboooobobboooobbooooboboboooobobboooobboooan
ggobobooooboboooooboboooobobobuooooboboooobobooog
gddoooooooooooooobbbbbbbbbbobobooboboooogoog
0ldboobobooooboobuoboooboobb 2b0b0b00oboobOoboooo
ggobobooooboboooooboobooooboboboooobbboooobobobooog
l000o00oo0oo0ooooooooDoooboboboobooobooboooooooDoo
ogoooboboooboobobooobbobobooob 200000 bOoOobOoDOoOD
0000000000000 00Fuchimoto and Uenoll 20200 21 D 0D 000000
ggoboboooobobbooooboboooboboboooobobboooobbooog
gogoboboooooboobao



ot

1]
2]
3]

8]

9]

[10]

[11]

[12]

[13]

[14]

D000 andODO0OO. eDO00O0OO. ODO0O, 2009.

Wim J van der Linden. Liner Models for Optimal Test Design. Springer, 2005.
Koun Tem Sun, Yu Jen Chen, Shu Yen Tsai, and Chien Fen Cheng. Creat-
ing irt-based parallel test forms using the genetic algorithm method. Applied
measurement in education, 21(2):141-161, 2008.

Pokpong Songmuang and Maomi Ueno. Bees algorithm for construction of
multiple test forms in e-testing. IEEE Transactions on Learning Technologies,
4(3):209-221, 2010.

Dmitry I Belov and Ronald D Armstrong. A constraint programming approach
to extract the maximum number of non-overlapping test forms. Computational
Optimization and Applications, 33(2-3):319-332, 2006.

O000,0000,etal. 000D O0DO0OODOO0OODODOODOODODOOODOO.
00000000000 D, 97(2):270-280, 2014.

Takatoshi Ishii, Pokpong Songmuang, and Maomi Ueno. Maximum clique algo-
rithm and its approximation for uniform test form assembly. IEEE Transactions
on Learning Technologies, 7(1):83-95, 2014.

Etsuji Tomita, Sora Matsuzaki, Atsuki Nagao, Hiro Ito, and Mitsuo Wakatsuki.
A much faster algorithm for finding a maximum clique with computational ex-
periments. Journal of Information Processing, 25:667-677, 2017.

Chu Min Li, Hua Jiang, and Felip Many‘a. On minimization of the number
of branches in branch-and-bound algorithms for the maximum clique problem.
Computers € Operations Research, 84:1-15, 2017.

Takatoshi Ishii and Maomi Ueno. Algorithm for uniform test assembly using a
maximum clique problem and integer programming. In International Conference
on Artificial Intelligence in FEducation, pages 102-112. Springer, 2017.
Oo000,0000,and 0000. OOOO0DOOOODODOOODODOOOOOOO
00000000000000. 000000000 oo D, 100(1):47-59, 2017.
Howard Wainer. Cats: Whither and whence. Psicologica, 21(1):121-133, 2000.
Takatoshi Ishii and Maomi Ueno. Clique algorithm to minimize item exposure
for uniform test forms assembly. In International Conference on Artificial Intel-
ligence in FEducation, pages 638—641. Springer, 2015.

Ellen Boekkooi-Timminga. The construction of parallel tests from irt-based item
banks. Journal of Educational Statistics, 15(2):129-145, 1990.



[15] Ronald D Armstrong, Douglas H Jones, and Zhaobo Wang. Automated parallel
test construction using classical test theory. Journal of Educational Statistics,
19(1):73-90, 1994.

[16) Wim J van der Linden and Jos J Adema. Simultaneous assembly of multiple
test forms. Journal of educational measurement, 35(3):185-198, 1998.

[17] Frederic M Lord and Melvin R Novick. Statistical theories of mental test scores.
IAP, 2008.

[18] Frank B Baker and Seock Ho Kim. Item response theory: Parameter estimation
techniques. CRC Press, 2004.

[19] Ronald D Armstrong, Douglas H Jones, and Charles S Kunce. Irt test as-
sembly using network-flow programming. Applied Psychological Measurement,
22(3):237-247, 1998.

[20] IBM. Ilog cplex optimization studio cplex user’s manual 12.9, 2019.

21 00 00 and 00 O0. 0000000000000 0O00OO0DOO00OO00OOOOO
O0o0DooO0.0ooooooooog D, 2020.



	¤Þ¤¨¤¬¤�
	¹àÌÜÈ¿±þÍýÏÀ
	Åù¼Á¥Æ¥¹¥È¤Î¼«Æ°¹½À®¥¢¥ë¥´¥ê¥º¥à
	Åù¼Á¥Æ¥¹¥È¤Î¤¿¤á¤ÎºÇÂç¥¯¥ê¡¼¥¯ÌäÂê
	ÍðÂòË¡
	À°¿ô·×²èË¡¤òÍÑ¤¤¤¿Åù¼Á¥Æ¥¹¥È¹½À®
	Ïª½ÐÎ¨¤ò·Ú¸º¤¹¤ë¥Æ¥¹¥È¹½À®¼êË¡

	½¾Íè¼êË¡¤ÎÌäÂêÅÀ
	Äó°Æ¼êË¡
	Âè1ÃÊ³¬ÌÜ¤Î¥Æ¥¹¥È¹½À®¼êË¡
	Âè2ÃÊ³¬ÌÜ¤Î¥Æ¥¹¥È¹½À®¼êË¡

	Èæ³Ó¼Â¸³
	Âè1ÃÊ³¬ÌÜ¤ÎÈæ³Ó¼Â¸³
	Âè2ÃÊ³¬ÌÜ¤ÎÈæ³Ó¼Â¸³

	¤à¤¹¤Ó

