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21 DOO0O0O0OO

000000 (Item Response Theory; IRT) 0,0 0000000000, 0000000
00000000000o0O0o0on [24,33,34]. TOEFLO TOEIC, 00000000000
00 (0000O0),000000000 (DO0D0D0O00D00O00O0O0O0,00000),000
000 (D00DDO0D000DO0O000D)0D00000D0OD0O0DO0 IRTODODODOOOOO
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00o0oooDooo,IRTODO000000000000O00O0DO, 0000000000
gogbogpoboobooobooboboo.

0000000000000000 2-0000000000000000 (2 Parameter
Logistic Model; 2PL) 00, 000000000000 00O0OO0OO (DOD §)0D00O 000
000 (000,000 b)) 000000000O0O0DO0OD.

1
1+ exp(—Da;(0 — b))

1

0o00.00,00 DO0O0OO0OOD D=17010000.000 (21)0000000O0ODOOO

(2.1)

000,z 0

O0:00000
goog

000000 (Item Characteristic Curve; ICC) OO 0.

0(21)000000000000 ;000000050006 00000000,000
0000,000000000D0000AU00ODDOD. 00, 00000000 ;000 6=0;
o000o0oO00oooo0ooo0,00000oo00, 0000000 00000 OoOO0
O000000. 00000,00000000 ;0000000,0000000600000
gobooooboooo.

gooooboooooobooooo,b000obo0bbo0boUoDOo 1boobOobobUoDo
. 0bobogoobooooobobooooboboooobobboooobobboo. obbooon

00,0000000,0000000,00000000000 [2].

212 0OOOOO

00000 (Information Function) 00, 0000000000 ¢0D000D0OODOOOO
oo0o0oo,00060000000,00000C00000O0C0O0O0O00COOOO0OOCGO

O000.2PLO000000000000 (Item Information Function; IIF) 0000000
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0000000 Iccoouooouoodno,b0os00000000000ooooooon.
I;(0) = D*a?p;(0)[1 — p;i(0)] (2.2)

00,000000000 (Test Information Function; TIF) O, 00000000000
0dooo0ooooooooooooooooooooo, IFoO00,0000000D00O0.

n

I(0) =D* Y aipi(9)[1 — pi(0)] (2.3)

i€Test

O0D0Jest00000DOOODOOOODOOOOOODO.

TIFOODODUODDODOOOOOOODOOOOODO 0000000000000 0DOOOOOOnO
goooobboooogoobobb. booooooboboobooo,boooooboobobobooooon
oobooobO,000b0o0b0bo0oboooboobooboooo.

ggooooooopobooobob, bbb, 000oobbbbbbboboodogooooooon
00 [20,23-32]. 0OO0O0OO0O,0000000000000O0OO0OO0OOO0 ODOOODOOOO,
gooooboobbooooobboboooooobbobboooo. obbbo,bboo0ooo

oobooo0oboobobo,o0boobobooboooo.

22 0O0OO0OOOOOoOOOOooo
221 000000000

e00000000,000000000000000000 (0000,00000000
0000000000000000)0000.000000000,0000000000, 0
000000000 (00000000)00000000000000000 (0 2.1) [12-32).

oboo,00000b0b0obobo0obo0b0buebobobobobooobOobOD.
oo0o0oo00o0o,0000000000000000U00U00L (DODOUODDOOOOOOOO) O
goboooboobobooboooboobboobboooboobobo

o, 0o b, oo bobobbbbbo00ooooooooo

000000000000 (000, [24,26,30,32]).
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1
Test Forms
D

ltem
O

Item Bank Extract
\ / L ' J
|
Equivalent based on
Test Information Function.

021 0000000000000

0000000,0000000000 (CO0D0DO0O0DOO0O0ODO)0DO0O0DOOOOO,
goooobobbooooobbboboooooobbobboooooobobbo. Dooo,00o

gogbogpoboobooobooboboo.
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goboogoobo. ogbbooboooboobbo,obbgo,obbo,0bbgo,0obon
goboooboobobooboooo.
00,0000000000C000D0C0000DooITOODOO00O0OO 900000000
0,00001~40,00010000000000.00009%00000000000000
ooobobOobOobOobOoboobo,oboboogoogo 100~200000000.
00,0000000000000000000 e00D0O0OO0ODOO,700,0000 4
o0oO0,000 2800000000. D000 1000000O0DOODOODODOCODODOO
0~20000000000000O000O0.
gogbooooboooobooob,boobboobobooboboobboobboooo,

gooooboboooobobobooooobobbooooobbbooooob. bboobo,00oo



8 goboooboooooobooon

gooboooooboboooboboo,booob0boooobooobobbooooDbobooon
gogo. bbodooobobbooooooboboboooobb,bbbooooobboooon
gooboooog.
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van der Linden(2005) 00 0000000000000 000O0DOOOOOO [24]. OO
gobobooobboooboboo0obboobobooobbooobbooUo. ooobobooo
0000000000000 0o00oO00D0O00D (boOooOoUooOoUoUoO)0oUoOOoO
gg,b0bgoboooobog.

0o0o0oO0,00000000 ROOODO,000000D000 ROOO.
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Y > 0
1 ;0000aga
B 00000 (r00)0
i - sfs)sfs)sfalals
0 0000
1 ;0000agad
2 = goooooooooon
Lo 0000
(1={1,2,...,n})
minimize Y
subject to
K n
SO L6k — < y (2.4)
k=1 i=1
(D DDDDDDD)
n
inr = g
i=1
Zi = (R_T)g
i=1
(DDDDD)
n
Z:cir:cit < Qwerlap
i=1
(t=A{1,2,...,r—1})

(0oooooo)

(zi(t={1,2,...,r—1})000. 00000000000000000000)
(00,00000000000000000)

O0000,L(0,) 000 ¢0 00000000 6 (k=1,...,K)000000O0OOOO. O

O,O000000O0O0O0OO0O0O0,Overlap0 0000000 20000000000000.

000000000, 60000000000000000000DDDOO0O0D (0O

ooooooo0oO0o0O0)000yOO0OODOOOOOOOOD. DODODOOOODDDOOOO

00 R—r0O0OO0OOOOO0OODODODOOOOOO,00C00OODODODOOOCOOUOOOO

R—r

LS Ii(6)z 0,0000000001000000000000000. 00,000
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n
Z:L‘irl‘itSOverlapDDDDDDDDDDDDD z, 0O0O000D0O00OD z, OODOODO
Il]:1DDD|:| Overlap 0000000 DOOOOOOO.
00000,000000000000000000O00000000O0O0UD (oo)oo
goooobbooooboboboo,0ooobbbooooobobboooobobobooo. oo
gg,bboggbooobuoobboobobooobooon.
ggo,0bbbooobboooobboooobbooooboboooobbooon
gooobooo. g, oobbooobbuoobobooobb,boobbooobooob. Oon
0000000000000, 000000D000000O00 (R)ODODOLOODOODODOO. O
gobooboooobobooobooooob,bbooobbooooobbooobbooon

0 RODDOOOOO (Algorithm2.1).

000000 2.1 Big Shadow Test method.

Require: Item bank and test constraints
Ensure: Uniform test forms
R« 0.
Umaz := .
loop
R=R+1.
Set U := ¢.
r=0.
while |U| < R do
r=r+1
if Solving Problem (2.4) is success then
The resulting test — & and add Z to the set U.
else
return Unaz
end if
end while
Set Umaa :=U

end loop
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224 OD0OODOOODOOODOODODO

Sun et. al. (2008) D0 DOO0DOOOOO (Genetic Algorithm) 000000000000

000000000 [30. 00DODO0D0OOD0ODO0OOO0ODO0O0DO0O0ODO0O0ODODO0OOOOODOOO.

od

minimize

subject to

SO L) — T ()|

k=11=1

(00oOoO0D0ooo0)

n
E Ly
=1

(0oooo)

n
E Ly Ly’
=1

(0ooooon)

> 0

1 000000
= rUddoogoooood

0 OOOO
(t=A{12,...,n},r={1,2,...,R})

Yy

< vy
(r=A{1,2,...,R}) (2.5)

= 9

(r={1,2,...,R})

< Qwverlap

(r<r,r={12,...,R},7 ={1,2,...,R})

(00,00000000000000000)

oooo,7@)00000000000000000O00O000O0D. DO0O0ODOOOOO

00, RO00000000O00O0O0OOUODOUODOUODOUODOO T(V)ODDODDOUDDOODDOUODOOOO

0.0000,000000000nR+1000,vander LindenO0O [24]0 2n+10000

O0do0o.0000,000000000000,000000000. SvnO00OO0OO0O0O

gogbooobooobaoooobg.

O000,Linden [24]0000,00000000000000000. 00,0000000

0000000000,000000000 LindenO0O0O0OOO0OO0OOOOOOOOOD (ODOOO
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000 Algorithm2.2).

000000 2.2 Genetic Algorithm method.

Require: Item bank and test constraints

Ensure: Uniform test forms

R+ 0.

Set U := ¢.

loop
R=R+1.

if Solving Problem (2.5) is success then
Set the resulting tests to the set U.
else
return U.
end if

end loop

225 Bees Algorithm 000000

Songmuang and Ueno (2011) O, Bees Algorithm OO0 0000000000000 O0O
000 [32. 000O00,(1)00000000000000,(2)00000000000000
oo, oo ooooooo.

gobooo,0b0oo0oboobobooo.

Step A: (0DOOOOODO)
000000000 Bees Algorithm 000 0000000,0000000000¢00
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000”00000 Looooo.

0o
Yy > 0
1 ;000000
B 00000 (00)o
il - Do000o0ono
0 OO0OO
(t={1,2,...,n})
minimize Y
subject to (2.6)
K n

Tl = g
=1
(0oODoOo)
(0o0,00000000D00D00D00O0OO)

Step B: (00000O0O0O0O0D0)
StepBODO StepADODODO0O LOOOOOOOD,00000000000000. O
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0000000000000 Bees Algorithm 000000, 00000000000OCO.

aad
1 /0000000
Sy = gooooooooboood
0 OOoOo
(1=1{1,2,...,L})

minimize

L

(DDDDDDDDD)
subject to

inl:viy < OQwerlap
i=1

(I<ll=A{1,2,...,L},'! ={2,3,...,L})
(D ooooo IZI)

ooo,

=1
0000, O fittingerror 0000, 0000000000 OO0OOOOOOOOOO0O
0. DDDDDDE zargy < Overlap00000000000D00D00O0O0OOO0
0O0000. 000,000000000,000000000000000020 fitting

ecror HOO0O0O0O0OD0O0OOO0DOO0OODODOOOOOODLOOODOO.

gogbooooobo,goobogobooboboobboobooobuooobooobooo.
Doooooooooo Algorithm2.3 0000
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OooodooO 2.3 Bees Algorithm method.

Require: Item bank, test constraints, and the number of feasible test forms L

Ensure: Uniform test forms
(STEP A)
Set U := ¢.
repeat
Solve Problem (2.6) and add the resulting test to the set U.
until |U| =L
(STEP B)

return Solution of Problem (2.7).

226 0OD0OOOOODDOOOOO

ggobooboooobob,bogoobboooobboooobboooobbooon
goboo.ogoobgo,0boobooobooboobboob,00gbooobuooboon
gobooobooboboooboobbooboooboo.

0000000000000 0000000000ouoooo0ooO. Belov and Armstrong
(2006) 00000000000 OOO,000000000OO0O0OOOOOODOOOOOOO
0000000 [26). 0000000000000 0OO00OO00OO0O Set Packing ProblemO O O
goo. oo, boo0dogoooobbobobbbooog,bbbbobodooooooon
O000000000O. 000oodg,Belovand Armstrong 0 0 0000000000000
go.

Belov and Armstrong 00000, 000000000000 O0O0DOOCOOOOOOO0O,

gooooooobobobobbbobbotooooooooooboobbboboo. bobobo,
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oobooooboobooooboooboo.

oo
S:
(DDDDDDDDDDDDDDDDDDDDDDDDD)

maximize 5 (2.10)

subject to
Yo,YvweS , vNw=@0000000000000O0).
vES , (WOOOUOOUOOODOODOODOODOOO)

00000000000000000000,00000000000000000. 00
000,000000000000000000000.00000,000000000000
0000,00000000000000. 00002100 6={-2,-1,0,1,2,00000
00000,9=-200000000011<I(#=-2)000000 I(=-2)<160,
9=-100000000015<I(#=-1)000000 I@=-1)<200,0=0000
000000 1.5<I(0=0)000000 I(A=0)<200,..000000.

021 O000O0ODOOOCOOOOO

Information Function (Lower Bound /Upper Bound)

0=-20]|0=-10|6=00|0=10] 6=20

1.1/1.6 | 1.5/2.0 | 1.5/2.0 | 1.5/2.0 | 1.1/1.6

0000000000000, 000000000D (C0oD)0D0o0oDoUoOOoOooooOo
gobogopoboobobooobooobuooboooboobobooobo.

ggo,djgoooobobobbbooooooob,0ooobobbbboooooooon
00000000.00000,00000000000000D00 (D0)0D00ODOODOO
00o0000o00o00o0ooOo0o00U0. 0000,00000 (COoUoOoooOooO)/(O
00000)000000000000O0,0000000000D00O0O0. 0001000000
gooooboOo0ob 20000000000D000D0,D00DO000ODODODbOOODbDOODO
gooOs00O0bOO00bDOoO0obO0oOoboOoboboO0. 0o, 000booooboobooboO,booboo



230000 17

goobooobbooobobooobboobobooobobooobObooboboo. booo

OO0O0dd,Belovand Armstrong 00000000 0O00O0OoOooOQd.

23 000

o000, 00000000000000000400000000000. ODOOOOO
00000, 0000000000000o00oo000ooo0o0DoooooooooooOo
0000000. 00,000000000000000, 00,Belov and Armstrong(2006) O
0000000000 000. 0000000Dooo000oooooooooooooOooo
ooo.

00000000DO0, 0000000000000 0000o0o0oooooooooo
Belov and Armstrong 0 0 0000000000000, 00000000000000C0C0C0O
oodoooooo0o0ooooooo00ooooo0oU0UO0D. ooooooooooooo
ooogoooo.
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030

Jddduobobooooobbnt
J0dduoon

31 ODOO00

0200000000000 0O0C00DOO0O0OO0OOOOO0. D0DO00ODOOUODOODO
gobobooobooobobooobbooobobooobbooobbooobbooo. ooo
000000000 Belovand Armstrong 26) DO O00O0O0. 000, 00000000000
gogboboogobbuogoboboooobbuooobo,bbobooobbuooobobooon
goooo,bbooooboboooob. bo,boooobbooog,oobbboooon
gobooob,0o0oboobobooboooboobboobooooboag.

0000000000, 020000000000000000000000000 Belov
and Armstrong [26) 00 000000000000 OD,0000000000000O00OO
gogboooboobobuoobboooboooboooboboon.

gogobobo,0booooobboooobbbooooobobboooooboboooon
go.dbobo0o,0bo0obboo0boobbo0obboooboo,0boobboobboOon
goboodgbogoooboobooobooboboob.boo,boobbooboobobg, b
goboooboobobooboboooboooobog.

gobooobooboobbooobbooboboobbooobob,0oopbooboboooo,
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goboooboooboobbooobooboboooboooo.

32 00O0OO

0000 ,Belovand Armstrong 000 [26) 000000000000, 00000000
00o00o0000000000000000000D000,000000000000000A0
O0o000.00000,Belovand Armstrong OO0 [26) 0000000000000000
ooo0oo0o0o0o0o0O00o0o0ooooooooon.

321 0O0OOO0ODOOOO

0000000000000 0000000000000000000,00000000
0D0000000000000000000000000000000. 0000000000
00000000000000000000,0002000000000000000000.
000000000 G=(V,E),000,V000000,00000 E0D,00v,weV
0000000000 {v,wle E0D0DODD,00000000000000000000

ogd

maximize
C]|
subject to
Yo, Yw € C,{v,w} € E.
000o0000obO00obO000ooO00o0oooooo00. voooooooooooo
00000,0 E0DvweVyvnw=0={v,w}e E00DOD,000000000000

oooooo [35).

322 0D0O0O0OO0ODODOODOODODOOODOO

gooo,0go0obooobbooobboobbuooboboo. ogobo,oooboon

go,0bo0boo0obooboboobooo,bbooboobobooo.
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00: 000000000000 DO000O00O0O0DO0O0DO0OOO0DO0O0ODOD (OD,“00
00O0”000)00000000. 0000 Belov and Armstrong(2006) OO0 O [26]
gogbo,booboooboooboobo,0oooboobbuooboboooboo.

O: 0000000000000 0000 (0DO00000000 OverlapDOOOO)O0O
oooUooUo (boo)oooooo.

ooboo,000000000000.

oo
c c Vv
maximize
C|
subject to (3.2)
Yo, Yw € C,{v,w} € E.
YweV , (vOODODOODOODOODOODOD)

{v,w}e E = (vyuOOOOODOOOO,
0000000000000 Overlap0OOODO)

0000000000000000000000. 00000,00000000000 2
000000000000000000000. 00,000000000000000000
O000D000000.000,0000000000000000000000000000.
00000,00000000000000000000000000,0000000000
D0o0o00DO00Dooooog.

000,0310000000000000000.03.100060000 (000)00
00000000000 9000. 000,750 T600000000000000000O0
000,0000000000,00000000.00000000000000 { T1, T2,
T3,T4}000,00000000,00000000000000000000000000
oooooog.

000000, Belovand Armstrong (2006) [26] O Vo,YVw € S,oNw=0(00000) O
Vo,YVw € C,{v,w} € E(0000O000OOOO0 F)00000OD0ODOOOD. 000,0000
Belov and Armstrong (2006) [26) 000 0000000000000 000.
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3.2.

Vertices represent as test forms.

—\/

T6 J T1

T5 T2 Extract
7 maximum
clique

T1

T2

T4 T3

Edges:
Two test forms are equivalent and
satisfy the overlapping constraint

The maximum
number of uniform
test forms

031 0O000O00O000000O0OO0

3 O0Ooboog

ooooobooboooobobooobo. oobobobobobUoooOobOo 31gonoo

oo.
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ooobdob 3aA0b0b0obobobobobobobobooboo.

Require: Item bank and test constraints
Ensure: Uniform test forms

function MAIN

(Step 1)
V= ¢.
v = .

items := given item bank.
TESTGEN (v,items)
(Step 2)
E=¢
for all v in V do
for all u in V\v do
if [vNu| > Overlap(D0O D0 v, 0000000000000) then
add {v,u} to E
end if
end for
end for
(Step 3)
G = (V,E)
00,000000000 (3600000 GUDOODOODODOODOOO
return 000000000
end function
procedure TESTGEN (v, items)
if || =¢(00000000000) then
ifo0000000CC0O0000000 then
add v to V
end if
else
for all 7 in items do
ifou{;} 0000000000000 DO00O0ODO0O0ODODOO0OD then
TESTGEN (v U {i},items\{i})
end if
items = items\{i}
end for
end if

end procedure
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00000000 300 Step0O0D0O.

Step 1: (0OO0OOOO)
0000000 (Step 1) 0000000000 ODODODOOOODODOODO,00OO
gogbogoobdoo. gpob,0oobbooboboobuoobboobooo,boobo

00000o00oo00oo0ooo0oo. 0oo0o (70000, 00o0ooooooo.

[ [ U
A= == == ———
A= == = = ———

(123} {1.2.4}) {1.2.5) = i

032 00OD0O0ODOOOOOOODOO

0320000000000 TESTGEN(v,iters) 0000000000000000
000.00000000000,000000000000 (00000)000000.
000,0000000000,000 (0000)00000000000000000
00000.000,000000000000,000000000000000000
000000000000,000000000000000000000000000
000,0000000000.

000,0000,00000 (0000)4}?00000.000,0000000000
00000000000000,000 {1},{2},{3},....{n}’ 0000000,
oo,41}’ 00o000O00O0O0. 000,00 2340000000000,
{1,2},{1,3},{1,4}0000000000.
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goboooobooboboobbooboooboon

000,{1,2} 00000, {1,2,3},{1,2,4},{1,2,5} 000000. 00,000000
0000000 30000,0000000000000,0004000000000
ooooooo.

00,{1,2}000000000,{1,3}00000000.0000,{1,3}000000
000000000000000000,{1,3}0000000.00000,00000
00000000000000000,0000000000000000000000
ooooooo.

gobooo0obooboboobboobboobOboobobooboboobooo.

Step 2: (DOOOO0OOOOOOOOOO)

(Step 2) D0 D0OODOO0OUOOO,0D000D00ODOO. SteplO00ODO0OOOO
oooooboOob,00b0b0o0b0 2000000, 00000000 ObDObODOO
gooooobO.b0oooboooboobooooo.

Step 3: (000DOOOOODO)

ggno
g

(Step 3) 0O Step200000000000O0O0O0O0UOODODOOOO. ODDOOOO,
0000,0000000000000D00D00O0,0000000D00 36)00000

ggbogbobogobogb. bogbobuobooobuooboobboobooobn.

0,00000000,00000000000,0020°17 ) O(F?)000. 000,F

OStep 10000000 OCOO0OODOODO. O00ODOODO StepO0O0O0OODOODO. Step 1

00 FOOOUOOOOOOOODOOO O(F),Step200 FOOOOOODOOODOOOOO

ogno

ggd

000 O(F?)000. Step300 FOOOODDO,000000000 [36)/0000
00000000,000000000000 FOOO,0%®IMY)Yopnoo0o0n

0.0000,00000000000000 Step30000 ORI OooD. 00000

0,000 FOODOOOODODOOOOODDO,0(F?)000000.
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33 0000

ggoooboobbooooobob,bbbooooobbobooooobob. bboooon
gobooooboobobooboooboobobooboobo,0obboobboobooo.

00000000000, van der Linden (2005) [24], Sun et. al. (2008) [30], Songmang
and Ueno (2011) [32] 0 O O. Belov and Armstrong (2006) [26) 0000000000000
goboboooobobooobboooobbooobL,bboboobobbooobbobooon
0. van der Linden (2008) [24] 000000000000 IBMOOOOO0OO00000000
CPLEX [37]0000.

van der Linden (2008) (24|00 0000000000000 O0OODO0OOOOOOOOO
gooooboboooo. bbboooobbboooobbbboooobbobboo,00oo
ggouogoobod,bbggbooobuoobbuodoboooob.bbog,bbooboob
000000000 (00000 0O0)0000D00D0OUOUDOUODOUOOODOO.

Test Information 1(©)

0.05

-2.5 -1.5 -0.5 0.5 1.5 2.5

Ability ©

033 LindenOOOO0O0OOOOOOOOO

000,0 3.30 van der Linden (2008) [24] 00 0000000000000, 0000
#1~#4000000000,#30000000,000000000000000000
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00000,000000000.00000,0000,0000000#1,#2000000
0000,00002000000000

obooob,0310000000o0o0o0ooo.

031 0OoOooo

CPU Intel(R) Core i7(R) 3930K 3.2GHz

System Memory | 64.0GB

0OS Windows 7 SP1 64bit

0000000000000000,0000000000000000000 ( [2-4, 26,
32]00). 00000,0000000D0O00DO0OO0DOODOOODOOOD.

00,0000000000000000DO0,0000 20000000000 (ODDOO
=20,30)00 40000000000, 0000000000000000O0O0OODOO. O
00ooopo0o looo0oboo0oboob0obOobOooooboobobOooDoooO,oboboog
go.

00,00000000000000060000000 (OO =70~120000400
goboobooooo,0obbooobobbooooboboooboboooobobooobbobooon
0. 000000000000D00 22200000000000000000000000O0

gogboooboobbooboog.

331 00O0OD0OOO0ODOO0ODOO

000000,0000000000000200000000000000000000
000000000.0000000000000000 20,30000.
000000000000,00000000a~U(0,1),00000000 b~ N(0,12)

ggo,bgogbuoooobd.go,bbogbooobooboggb.

1.000000 =4
2. 000000000 0,1,2
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3. 0000000 320000.

032 00000000 (D0OD)0DO00D0OOOOOO

Information Function (Lower Bound /Upper Bound)

0=-20|60=-10]60=00|0=10| 60=20

0.0/0.2 | 0.1/0.3 | 0.1/0.3 | 0.1/0.3 | 0.0/0.2

0000000000000 0000D0 T, OODODODO0ODO0ODODOODDOODOODOODOO
go.
ooobooo,0cooobooooooboobo,o330nDa.

033 0000O0OopooOooOoOoOoooooooooooood

Item Bank | OC BST GA BA EM

Size Ave | SD | Ave | SD | Ave | SD Ave SD

20 0089|063 | 076 | 0.65| 093 | 0.67 | 097 | 0.72
11137 (132|117 | 1.34 | 1.50 | 1.41 1.55 | 1.48

212311198 239|321 3.34 | 3.72 3.65 4.43

30 0] 151|072 | 125 | 0.78 | 1.64 | 0.93 1.81 0.86
11353208196 | 161|383 |232| 436 | 288
2 1556|227 | 377 | 3.55 | 9.78 | 6.17 | 13.06 | 10.60

000 “oC’o0ooooog, “BST” O van der Linden (2005) [24] O, “GA” O Sun
et. al. (2008) [30] O, “BA” O Songmuang and Ueno (2011) [32] 0, “EM” 0000000
oo0oooooo. 0oo,“000”0000000ooooooooog.

o0o,0 340,1000000000000000000000DO00ODO0OODOOODO0
gno.

000, “vsBST” O van der Linden (2005) 24| 0000000, “vsGA” O Sun et.al.
(2008) [30) 00O OOOO, “vsBA” O Songmuang and Ueno (2011) (3200000000
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034 0000D0O0DO0OOOOO00O0OODODOOOOOOOO

Item Bank | OC vsBST vsGA vsBA

Size >S|l= 1< |>|=|<|>|=]|K

20 0092 8| 0|79 |21| 0|9 | 4

1108 |14 0|67 (33| 09| 5

21 06832 043 |57 0|8 |15

30 0 O0[70 30| 0|48 52| 0|84 |16

11 051149 | 0|11 |8 | 0|64 ] 36

2102773 0| 59 | 0]35]65

gooag.
ooo, 000000000000 0oooooooooooooooon, “="00

00o00o00o0o0o00o00o0oO0o0oooooooon, “<’0o0o0oooooon
ooooo0oo0oo0oO0oO0oOooOooooon.

03300000,0000000000000000000000000000O0O0AO.
00,03400000,000000000000000000000O00O0000000O
ooa.

00000 0000000000000 Belov and Armstrong [26) 000000000,
000000000 1,2000000,0000000000000000.000,00000
00o0o0o0o0oO0oO0ooO0o0oO0ooooO0,000b0000o000o00o000o0. oo0o,
O00000,00000000000 2000000030 00000000000000. 00O
0,00000000(000000000)00000DO0ODO,000000000000,0

gogbooobdooboboobboobooobo.

gobogoboobod
go,gooboooobobooooboboooobbooob. booobboooooo,

gooobobbooooobbbboooo. oo, 0obobobbooooobDbbboooon



330000

000000000000 000000. 00000000000000000000000,

000000000000,00000000000000000000000000
000000000000000000000000 a~ U(0,1), 00000000

b~ N(0,12)00000000.00000000000 70,80,90,100,110,120000. 00O,

gogbooogobuogoobaobobg.

1.000000 =4
2. 000000000 0,1,2

3. 0000ooo 35000 1000o0.

035 O0000000000O0O0OOO0O00O0

Constraint ID | Information Function (Lower Bound /Upper Bound)
0=-20]|60=-10]60=000=10| 60=20
1 0.1/0.2 0.2/0.3 | 0.4/0.5 | 0.2/0.3 | 0.1/0.2
2 0.0/0.2 0.1/0.3 | 0.3/0.5 | 0.1/0.3 | 0.0/0.2

ooood0ooOdooooooOoooO00oobOoOoobOoOooooooooooOon 3.4,3.5,3.6

goo.

03435360000,0000,000000,1200000000.00000000,

ugbooooboobobooboog.

03435360000000,0000000000000000000O000DO00ODAO
0.00b0,00bo0oboboobooboooboobo0obboooDboobooboboo. oo

g, gbbogobooobuoobbooboooboobboobobooboobobooboo.
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12 160

140 §

10

120 o 4

100

80 F B

60 F B

Number of Test forms
(o2}
T
L

Number of Test forms

a0 b

110 ——-- 20 110 ——--

0 L L L L
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Calculation Time [min] Calculation Time [min]

034 00000D0O0DOOO (OOOOO) 035 00000000000 (DDOOOO 1)

O —— T T T T
2500 | | E
" ;
E 0
5 2000 il E
a :
(D i !
= 1500 Fiid R
o V
5 S
2 iR
E 1000 il Item Pool Size =70
z : 80 ------—-
A 90 --------
500 fi | | 100 1
B 110 ——--
N 120
0 . Il Il Il Il Il
0 10 20 30 40 50 60
Calculation Time [min]

036 00000000000 (DODOO 2)

332 0D00O0OOO0ODOOODOOOOODO

gobogobooboooboon
ggo,0bbboooobbooooboboooobboooobboooobobooon
go.oboooob,0 33100b00boooobo,0boboobg. boobooo 3500
01,20000. 00200000 1000000000000O000DO0O0,0000000O00
oooOd.oOo,00o0o00obooodbooo0obooUobD e0bOUObOO.Obo,O 3310
oot e00ObOObOODbOODOODUOODUOODUOODODUOODUOODOODOO.
O00000oooo0ooOonD 3.600000. 03600 000000000 6000000
ggoogoobodg,bbggbooobuoobbodbooobuoo.ggboooboob,oon
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036 000000000000000D0000DO00O000 (00000000 O0O0ODO0O0O0O0)

Item Bank | OC Constraint:1 Constraint:2
Size BST | GA| BA | EM | BST | GA | BA | EM
0 0 1| o 1 1 6| 6| 7 8t
1 2 0 1 2 17| 26 | 48 66T
2 3 0 2 3 17| 66| 214 | 736

80 0 2 1 2 2 7 8 8 gt

1 11 2 11| 12f 20| 40 | 64 | 100t

2 20 4| 69| 88t 20 | 82 | 242 | 14621

90 0 2 1 2 2 8 7 8 10f

1 13 3| 11| 13t 22 | 40| 71| 122t
2 22 3| 78| 107t 22 | 81 | 251 | 19497
100 0 2 1 2 2 8 7 8 10f
1 13 3 11| 12t 25| 36| 76| 131t
2 25 3| 87| 118t 25 | 80 | 292 | 2325t
110 0 2 1 2 2 8 8 9 10f

1 13 3] 11| 13f 27 | 34| 79| 138t

2 27 2| 91| 123f 27 | 70 | 308 | 2632t

120 0 2 2 2 2 9 6 9 11f

1 13 2| 10| 13f 30| 29| 82| 152t

2 30 4| 95 | 129F 30 | 68 | 336 | 2913t

t6000000000000D0OO0,000000000D0D0O0O000DDOOOOOOODOO.

oooooooooooooo,000oooooooooooooooOoboO0ooooobObo00o
ooooooooo.
o3600,000000000000,00D0000DOOOOODODOOODOOODO
oooooooooooOoboO0o.oo,b000ooooooooOObObOOoOooooooDoD, O
oooooboooboooooboooooobooo. oob,0b00 =100,00 2,0000 =200
O, Songmang and Ueno 0000 800 0000000000000, 000000 292000
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00,000 =120,00 2, 0000 =200000 Songmang and Ueno 0000 3360, O
0000 29130000,0000000000DO0DOO0ODOODOODOODOODOODOOOOn.
goo,0booddo, bbb uooob, o0 oobobooOoob oo,

gobooobooboooobooboboon.

gobooooboon

gg,0bogooooobooob. obbog,obbooobboobbuoooboon
ggooboboobooooooobo,obbbbboogoo0o,goooobobboooooon
gooog.

gooobobobooo,ooobbbooooobobbo0oooobDbobbooooo. O
000,000000000000000000000O00D0O0DODOO. (DoO0,00000
0000000000000 00O00O0000O000D0oOoooooooo.)

ggobobooobobboo,dgobbboobobbooobobbtdedgobbboOon
000.0000442000000400000000000.00000000000000
oo 370000DO0d.

037 O0O00ODOCOOOOO

Item Bank Parameter a Parameter b

Size Range Mean | SD Range Mean | SD

87 | 0.15~0.67 0.35 | 0.134 | -2.09~4.55 0.73 | 1.625

93 | 0.19~0.69 0.43 | 0.122 | -3.92~3.61 | -0.79 | 1.196

104 | 0.13~1.10 0.59 | 0.213 | -0.18~4.55 1.50 | 1.188

158 | 0.15~3.08 0.44 | 0.255 | -4.00~4.00 | -1.12 | 1.434

Total : 442 | 0.13~3.08 0.46 | 0.217 | -4.00~4.55 0.01 | 1.806

goboooobooboboooboo,o0obbooobooobooooo.

1. 000000000 =4
2. 0000000000,1,2
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3. 0000000 380000.

038 O0O0O00OOOO0OOOODOOODOOODOODO

Information Function (Lower Bound /Upper Bound)

f=-20|0=-10|6=00|60=1.0 0=20

0.0/0.2 0.1/0.3 | 0.3/0.5 | 0.1/0.3 0.0/0.2

00,00000b00b00b00ob00oboooooo e0bOobOOn.

039 0000000000000 0D0O0O0O0OOOO0O0ODOOO (DooooooO)

Item Bank Size | OC | BST | GA | BA | EM
87 0 3 3 4 4

1 16| 10| 19 28

2 21| 36 | 139 | 304

93 0 4 5 5 6

1 23| 16 | 33 47

2 23 | 43 | 211 | 660

104 0 6 5 8 10

1 26 26 71 136

2 26 | 59 | 275 | 2311

158 0 6 1 5 6

1 22 12| 24 37

2 39 | 50 | 137 | 313

Total 0 3 1 4 4
442 1 16| 10| 19 28
2 21 | 36 | 137 | 304
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03900000000,0000D00D00D0DO0O0ODOODO. ODODO0ODOOO0ODODODO,D
ggooboobodooooobo. obob,bbbodooooo,ogobobbboooooobobo,

goboopoboobooobooboobooooo.

34 000

ggbobb,ebbooobobOo0o0,0bbbooobbbooobobbooobbbooon
goobobbo. ogobbboooobobboooobbboooobboobo,bbooooo
goooobbooooobobboboooooobobobbooooooobob. bbo, 00000 o
gobogobooboooboooboan.

ggooooboooobo,0ggbbooobooboboobobooobooboboooo,
goboooboobobo,obboobboobboobboooboobobooboboooD.
gg,dggggoooooooboobobo,opoobbbbbbbbobodgoooooooon
goboogobgoooooo.

ggdooooooobo,ooobobobobobboboboog,bbbbbo0oooooooon
gobO.0b0,000b0b0o,00b0do0oboobobooo0boooboooboooboOon
go.gbogboboobog,boobbooboobb,o0oboobooobuodboon
ggobo,0bbboooobobbuooooobooboboooooobobbooooob. booooo

gobooobooboboob,boobooooboo.
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Jddduobobooooobbnt
J00dduuoon

4.1 0OO0O0O

03000,00000000000000000000000000000000000
00000 (00,0000000000)00000.000,00000000000000
00,000000000000000000000000000000000OO. 00000
0000,00000000000000000000000000,000,00000000
0000000000000000000000000000.

0000000000000000000 ORMMYMMHOOF?) 000000 FOOOO
000000,00 FOOOOODOOOOOOO », 0000000 ¢g0000 Fx,Cy0O
00000,00000000000.00000,00000000000000000000
00D000D000. 000000000000000000000000000. 00000,
000000000000000000,000000000000000000000000
0,000000000 (000 [38)000,00000000000

00000000000,00000000000000000000000000000
000000000. 0000000000 (000,[30,32))0000,0000000000
00000D000000,0000000000000000

35
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gooooooopooobobo,0ob0bobobobbbbob0o0oooooooooobob,00on

ggbogboboobooobooboboon.

42 0000

421 0OD0OODOOOOO

000000000000 0000,FOOO0O0O0O0O0000, 0000 0019177 g
O(F)000.00000000 FOOO,00000000000,0000000000
0000000, 000000 FO Fx,C,00000000,0000000000000
0D00000000000000000. 000000000000000000000000
00000000,00000000000000000.00000000,00000000
000000000000 0000000.

000000000000000000000000000000000000000. O
0000,00000000000000000000000000000000000000
0000000.000,[39-41)0000000000000000000000,00000
0000000 (0000000000)00000 (=000000 F)OoOoooooooo
0D00000,0000000000000000000000000000.0000,000
0000000000000000000000000000000000000000000

gooog.

422 000000

gooboboooo,0obbo0oobbboooobboooobboooobbbooon
ggboogoobodgb,bggbooobuoobboobo.bgobo,gobbooboon
gobobooooobobooobo,boboooboboooboboooobboooobobooon
go. ogob,obbobboooooobobbbooooooobooboobooboo,bboooooooobDb.
gooobo,0o0ob0bobbo0o0odobobobbboooooobobobbooo,b00ooooo
gobooobdoobboobooobooobon.

gg,bogobgoobogobooboooobuoobboob.boobo,booboon
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goooboboooobobobo0o. oo, o0ob0bbo0o0oobobooooobObooOoon
gooogoboo. boobo,obooobooboobbooboobbooboo,bboon
goooo.oob,bbbooooboboboooobob,bbooobbobooob0. boooo, o
goooobboooobbobooooobbboooobobobbooooobobb. Ooo,000oo
goggoboboobo,bbbodgogoobobobouoooooobobobobooooob,oon
goboogobdooboboobooo,boooboobboobbooobooooboon.

ggooopobooob,bbbbodooooooobobo,oobobbboboooooooon
goob. boodooobbbooooobobooo,oobobboooooboboboooon
00.00000,00000000000000D0 (0DOO0,000000000O0)0000
gooog.

Current Maximum
Clique

econd
searching

\_ space )

First searchin

K space

/ Third searching \
space

Current Maximum
Clique

Current Maximum
Clique

\

041 0O0D0OO0ODOOOOOOO

04100000000000000. O00OO00ODOOO0OOCOO0OOO0ODOOO0OOOOCOODOO
00. 0000000000000 00DLO00O00DO0DO0DO0OODO0OD0ODO0ODOOOO (O

000o0oO0o0o0oon), 0000000000000 0O00. D0DoO0o0oLUDoOoOoUooOOO
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00000 (D00=2)00000000. 00000000000 DO0O0O0O0DO0ODOOOOO
000000, 000000000000 (DOD0O0D0,000000000000OO0). 000
200000 (O00O0)0D00D0O0OO0O0O0OODOOO0OUOOODOD,0D0D0=3000000
0o0o00,00000000000000 (DODO0ODO0,000D00D0000D000OO0)DODOO0
0000000000, 00000000000000D000O0O0O=400000 (OO,
0o00ooooo)0ooooooo.

gobooobooboboo.goobooboboobobooooo.

C, 0000OO0OOOOoOOOoOoOoOooOoOoOd
C, 00000OO0OO0OOOOOOOoOoOoon
Cs 0OO0O0OOOODO

00oDo00ooooooooooooooo 41000000,



420000

39

00b0obO0oDbO 41 0000.

Require: Item bank and test constraints
Ensure: Uniform test forms
function MAIN
Crmaz = ¢
(Step 1)
V= ¢.
items := given item bank.
repeat
v :=TESTGEN2 (v,items)
add v to V'
until |[V| < Cy
(Step 2)
E=¢
for all v in V do
for all v in V\v do
if [vNu| > Overlap(D00 v,« 0000000000000) then
add {v,u} to E
end if
end for
end for
(Step 3)
G:=(V,E)
00,000000000 3600000 GOOOOODODOOOOD COO0.000,0000 C200000000
(Step 4)
if |C| > |Chae| then
Cmaz :=C
end if
if 00000000 C3 0000000 then
GOTO (Step 1)
end if
return C,, a4z
end function
function TESTGEN2(v, items)
if [v|000000000000 then
if v 000000000000 000 thenreturn v
end if
else
repeat
chose i randomly from items.
until vu{i}DDDDDDDDDDDDDDDDDDDDDDDDD
return TESTGEN2 (v U {i},items\{i})
end if
end function
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O0o0ooooo 400 StepO000O0O.

Step 1: (0DOOODO)
(Step 1) 0000000000000 O0DOD,00000 C,00000000000
0. 00000,000000000000000000000000000000. O
0000000000000D0D000 (0:032)00000000000000000
000. 0420000000000 TESTGEN2(v,items) 00000000000

{}

042 O00O00O0OODOOOOOOOOOOO

00000000. 0000000000 O0,0000000000D00 (DODO0O)O
00000. 000,000 (C00O0)00000O00O00DO0OOOO0ODOODOOOO
ggboogoobooboboooboo. gob,boobuoobboobo,ooboobo
gooobooboooobobooobobbooooboboo,ooboboboooobooooobo
gobooooboobobooob,booboooobooo.
000,0000,00000(@0oOoO0)Ypo0000. 000,0000000000
0000000000,00000000. 000000 200000000,000 {2}
goooooo.

00,42}’000000000. 0000300000000, {2,3}00000O0.
ooo,{2,3}000000. 000000000000, 00000000O0DOOOOO
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00000000000,00000000000000000000.000,0040
000000000.000,000{2,3,4/0000000000000000000
00O000,000 {2,3,4000000,00000000000000 (00000
0500000000), {2,3,5}000000.000000000000000000
0000000000.000000000 C,000000000

Step 2: (0000O0O0O0O0OO00OOO)
00000 Step20000,Step 10000000000000000000,000
0000000000000000000,0000000000000000000

Step 3: (00D0OOOOODO)
00000 Step 30000,Step 2000000000000000000000. O
00,00000 C, 0000000000

Step 4: (0DOOOD)
Step 300000000000000000000000000000O0O0O0O0O000
000,000000000000000000000000000000. 00000
0000 Cs000000000,Step1000000000.000000,0000

ggbooggbuoobbgobboogboooboobbuoobboobog.

423 00O

goboobooobobobobooboo O(C3),O(012)DDD.DDDDDDDDDDD
gooOo,0bobo00obooboocooboobo0obooboooboobo. oDooob0o Fooboo
gogo,dg0,joooobooboboooooobobobboooooooobobbboooooon
oo, oooboboobbbb. 00,000 UUooboo
C,000D0Do0oooopooog,oooood O(C12)DDD,DDDDDDDDDDDDD

gobogobooboboooboooboag.
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424 000O0OOOOOODOOOO

00000 3000000b0000. 00000 b0obobODoo0oobUobOoDOooDOoon
goooboobboooo. ggbo,bbbbooooobboobbooooobbboooon
gogbogobooboooboobbooboooboboon.

000,00000000000000000 C, 00000000000, 000000
goobooooobobuooobboooobobuooob,oDbobo0obobbooooDbbooon
00o0o0o0o0oo0oo0ooO0OooO (o 33.1). 000oO0o0OoOoO0,Cy,CzooUoon
gobooooboooboooo.

000o00ooOo0oOo I=120000000000000000000,000000D000O
goooooboooboooo.

1.000000 =4
2. 000000000 0,1,2
3.0000000410000.

041 000OO0O0OO0OODOOODOOOODOOOODOOOOOOOOOOO

Information Function (Lower Bound /Upper Bound)

0=-20|60=-10|60=00|60=10| 6=20

0.1/0.2 0.2/0.3 | 0.3/0.4 | 0.2/0.4 | 0.1/0.2

0000000000, C; = {1000,5000,10000, 50000, 100000}, C2 =60 0, Cg < 10
00O00,000000000.

0000 4.3,44,45000.

043,44,4500000000000,1,200000000000,000000000
C,000000000000.0000000 Cs,0000000000000000. 00,

O00O0O0”Optimal’00 00000000000 O0ODOOO0O0O, 000000000000
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43

12

10

Number of Test forms
(2]

Optimal=11
C1=1000 -------

10000
50000 ————
100000‘ S

0 10 20 30 40 50
C3:Time [min]

60

160
R .
w 120 | |
g _
€ 100 | i
7
()
E st §
o
& e0f 4
g Optimal=153
Z 40+ C1=1000 ------- 4
5000 -
10000
20r 50000 ——=~ ]
100000 -~
O Il Il Il Il Il
0 10 20 30 40 50 60

C3:Time [min]

043 0000000 (C1,Cs) 0000

ooo (D oOooo )
3000
2500 R
g
5 2000 - i
B
(0}
T 1500 | i
o
9]
Qo
E 1000 - Optimal=2917
z B C1=1000 -------
- 5000
500 - 10000 b
50000 —— -~
100000 ---:--
o . . . . .
0 10 20 30 40 50 60
C3:Time [min]

045 0000000 (C1,Cs) 0000

od

ggo

0 (OOooo=2)

go.

044 0000000 (C1,Cs) 0000
000 (0O0O0O0=1)

042 OJO00O0OOOOOCOO.

(0]6)
Cy Size | O 1 2

1000 | 11 | 115 705

5000 | 11 | 136 | 1740

10000 | 11 | 142 | 2181

50000 | 11 | 150 | 2738

100000 | 11 | 153 | 2839

Optimal | 11 | 153 | 2917

043,44,45000000 C3000000000000000OO0OOO0DODOOOOOO

0.00000o000000,00 C,O000D0o0oooooDoooooooooooOo,od

ooodoooo,C,0o0000ooooooooooogdoooooooooD.

goboo,ggbooobogooboobooooo.

1. 0000000 G, 000000,0000000000000. 0000DooOooOoooon

gogoooobogooog.

2.0000000 C,,Cz3000,000000D0D00DO0ODODODDUODOODOODODOOg,
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goboooobooobooboboooboboooboo.

425 0O000O0O0OO0OO

00000000D00000D00000000000. 00000000,000000
000000000000000000000000000000000000000.

0000,00000000 a~U(0,1),00000000b~N(0,12)00000000
00000000,000 7={70,80,90,100,110,120}00000000000000000

gobooooog.

1. 000000 =4
2. 000000000 0,1,2
3.0000000430000.

043 000000DO0OO0ODOOOO00O0O0O0ODODOOODO

ID | Information Function (Lower Bound /Upper Bound)
0=-20|60=-10] =0 | 6=1.0 =20

1| 0.1/0.2 | 02/0.3 |0.4/0.5 | 0.2/0.3 | 0.1/0.2
2 | 0.0/02 | 0.1/03 | 05/0.3|0.1/0.3 | 0.0/0.2
3 | 0.0/04 | 0.1/05 | 0.7/0.3 | 0.1/0.5 | 0.0/0.4

0000000000 ID:1<ID:2<ID:3000000000000000,000000000
ooooooo.
000D0000,000006000000. 000000 C;=1000000000000
000000),Ca=600,Cs=14000,00000000
000000000000000000 T(A,) 000000000000000000.
van der Linden (2008) [24] 000000000000 IBMOOOOOOOO0O0O0O00ODO
CPLEX [37]0000. 000O000000,0000000000000000000000
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gooo.

oobOoOoooOoooooo 44000,

044 DDDDDDDDDDDDDDDDDD(DDDDDDDDDDDDDDD)
Item Pool | OC Constraint ID:1 Constraint ID:2 Constraint 1D:3

Size BST ‘ GA ‘ BA ‘ EM ‘ RM | BST ‘ GA ‘ BA ‘ EM ‘ RM | BST ‘ GA ‘ BA ‘ EM ‘ RM
70 0 1 0 1 1 1 6 6 7 8f 7 7 7 71 8 8
1 2 0 1 2 2 17| 26| 48 661 67 17| 58| 59| o 99

2 3 0| 2 3 3 17 | 66 | 214 | 7367 | 735 17 | 274 | 278 | 0F | 1767

80 0 2 1 2 2 2 7 8 8 of 9 7 8 8| of 9
1 11 2| 11| 12t | 11 20 | 40| 64 | 100" | 100 20| 74| 78| 0F| 131

2 20 4| 69| 88t | 88 20 | 82 | 242 | 1462F | 1404 20 | 347 | 301 | 0 | 2825

90 0 2 1 2 2 2 8 7 8 10f 10 8 8 9| o 10
1 13 30 11| 13t | 12 22 | 40| 71| 122F | 119 22 | 83| 86| 0F | 156

2 22 3 78| 107t | 107 22 | 81 | 251 | 19497 | 1846 22 | 321 | 336 | 0F | 3634

100 0 2 1 2 2 2 8 7 8 10f 10 9 9 9| of 11
1 13 3| 11| 12t | 13 25| 36| 76| 131 | 130 25 | 88| 87| 0F| 173

2 25 3| 87| 118" | 118 25 | 80 | 292 | 2325F | 2170 25 | 312 | 346 | 0 | 4288

110 0 2 1 2 2 2 8 8 9 10f 10 10 9 10| of 11
1 13 30 11| 13t | 13 27| 34| 79| 138F | 137 27| 86| 92| 0F | 195

2| 27| 2| 91| 1237 | 123 | 27| 70| 308 | 2632 | 2413 | 27 | 271 | 356 | Of | 4938

120 0 2 2 2 2 2 9 6 9 11f 11 10| 10] 11| of 13
1 13 2| 10| 13t | 13 30| 29| 82| 152 | 150 30| 92| 102 | 0F | 229

2| 30| 4| 95[1290 | 127 | 30| 68 |336 | 29131 | 2617 | 30 | 269 | 407 | 0f | 6006

t:60000000000000000000.

{:0000000000oo0.

000 “BST” O van der Linden (2005) [24] O,

“GA” O Sun et. al. (2008) [30] O,

“BA” O Songmuang and Ueno (2011) [32] 0, “EM” DO00OO00O “RM” 000000000

oo0oooooo. 0oo,“000”0000000ooooooooog.

ooooo Ib300000000000000ooono (Oi)DDDDDDDDDD. oo

gooobooo,0bobbooo0oboooooooooobooo0oboboooOo0oboooboOoooo

gogobo. bbodogoobobboooooooboboooooboobbog,0goooobboooon

0000000000000 00. 00,00000000000 (“GA”,“BA”)00000O
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gooobo,0boobooooobbbboooooobbooooooDboboboooooo. O
go,goobooobbobodogo,oobobboooobbbooobboooo. boo,00n
Ob200000000,000000000000O000O0O0O0OO0OOOOOOO,o0d
gobooooboooboooo.

ggbog,gbooobogbbuoboooboobboon.

l. 00o000ooO0obOooOooO0oooboOobDOooOoboboOoDOoDOobOooObOoDbDOobDOobOo
gogoboboogobboooooboog,ogobbooobobooobbooooobn
go.

2. 00000b00000bO0bDO0o0obO0obOobDO0OUbUODOoUobO,000obooboobog
ggb. obbg,gbbogbooobogbod.

3. 0000000D0O0UDO ([30,32) 0000, 00000000OOOOUOODOOOO
gooo. boo,0booboboobobooobooooo.

4. 0000000DOO0O0ODOO0ODO,OD00DO00DO0OO0ODOOODOO,00DOO0O0DOOO
gogbogoobooobooo.gbb,boobobooboooboo,obboobn

gogoogooooo.

43 0O0O0OO

gooopoob,0cbobbooo0ogobobbbbooooooobobboooooooD. O
gogodgo,ggooboobobobbodooooo,gooooooobobobbboooooooon

gobooobooboboob,boobboobooooo.

431 0D0O0O0OO0ODODOODOOODOODOOODOO

goboooboobooooboon
00,000000000000,0000 [24,30,32]00000000000. 0DODOO
gogbooobdoobbooboooboooboobboobo.

000000000000 00000000 e=1(100000000000O0O0O0ODO), O
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0000000 b~N(0,12)00000000. 00000000000 I = 480,100,120} O
00,0000 100000000000000000000000. 000000000000
oooooo.

1. 000000 =4
2. 000000000 0,1,2
3.0000000450000.

045 0000O0O0OO0OOOOOOOOOOOOOO

ID | Information Function (Lower Bound /Upper Bound)

0=-20|60=-10] =0 | 6=1.0 =20

1 0.7/1.5 0.8/1.6 | 0.8/1.6 | 0.8/1.6 0.7/1.5

2 | 0.1/09 | 0.2/1.0 | 0.2/1.0 | 0.2/1.0 | 0.1/1.0

O000oOoooooo G =100000,Co=600,Csg=10000000.

0460000000000000DODODODODOOOCOOOUOOOD. ODO,O04700O
gobogoboobobooobooobon.

o00o,00000003000 33.100000¢0.

o4e600000,00000000D000DO0O0O0O0DDODOOOOODOODODOO.

04700000,00000000D000C00DO0OOO0ODOODOOOOODOOODOODO
go.

00000 4250000000 340000000000000.

ooboooobogoono
goooo,bbooodgoooooooobobobobbbobooooooooooooon,

goboooobooboo,ggbobooboooobooboooooo.
gogoboboooboboo,0g0bbbo0obobbooobobbtdedgobbbOoOon

ooo0.ooboooooo 40000000000, 00000000DOOOOODODO 300
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gobooboboobobooboooboobboonbooo

046 0O0DOO0OODOOOOOOOOOODOOODOODODOOOO

Item Pool | OC Constraint 1
Size BST GA BA RM
Avg. | SD | Avg. SD Avg. SD Avg. SD
80 0| 707|160 | 796 | 1.73 893 | 1.60 11.15 2.49
1] 20.00 | 0.00 | 30.84 | 10.02 | 40.93 | 10.65 | 139.73 39.09
2 | 20.00 | 0.00 | 52.63 | 17.97 | 76.48 | 18.25 | 2446.21 | 800.15
100 0| 857|155 | 957 | 187 | 10.89 | 1.81 14.12 2.47
1] 25.00 | 0.00 | 35.00 | 10.96 | 55.04 | 12.28 | 218.32 52.40
2 | 25.00 | 0.00 | 54.27 | 16.82 91.31 | 21.80 | 4696.10 | 1256.01
120 0| 10.60 | 1.91 | 11.05 2.00 13.38 1.90 17.48 3.09
1] 30.00 | 0.00 | 40.41 | 11.67 | 70.94 | 15.88 | 318.26 66.74
2 | 30.00 | 0.00 | 55.11 | 16.63 | 110.20 | 24.98 | 7933.48 | 1857.89
Item Pool | OC Constraint 2
Size BST GA BA RM
Avg. | SD | Avg. SD Avg. SD Avg. SD
80 0 1.11 | 0.31 0.28 0.47 0.43 0.64 1.12 0.36
1] 232|174 | 034 0.61 0.96 | 1.77 2.34 1.77
2| 950 | 687 | 047 | 0.97 4.71 | 7.87 15.11 17.57
100 0 1.22 | 0.44 0.33 0.49 0.44 0.73 1.28 0.55
1 293 | 2.21 0.43 0.87 1.12 2.19 3.19 3.10
2| 879|537 | 060 | 1.23 5.63 | 9.78 24.41 31.47
120 0| 124|045 | 0.26 | 0.52 0.48 | 0.80 1.33 0.64
1] 3281239 | 039 0.87 1.47 | 2.87 4.07 4.41
2 5.81 | 2.63 0.52 1.32 6.97 | 11.48 40.47 63.18




430000 49
047 O00O0OOOOOOOOOOOODOODOODOOOO
Item Pool | OC Constraint 1 Constraint 2
Size vsBST vsGA vsBA vsBST vsGA vsBA
Tl = Bl = Bl [T 5[]
80 0| 010|100 0| 1| 990 9] 99]0[{99| 1|0|21| 7| 0]33]| 67
10} 0]100{ 0] O|100| O| O|100| O |98 | 2| 0| 8| 92| 0|18 | 82
2/ 0| 0100 O] O|100| O| O|100| O |54 46| 0| 0100 O 1| 99
100 0| 0| 0|100| 0| 0100 Of 2| 98| 0|94| 6| 0|16| 8| 0]22]| 78
10} 0]100{ 0] O|100| O| O|100| O|91| 9] 0| 3| 97| 0| 8| 92
2|/ 0] 0|100| 0| 0100 O] O]100| O|38]62| 0| O0]100| O] O] 100
120 0| 0| 0|100| 0| O0|100| O 1] 99| 0|91| 90| 7] 93] 0]22]| 78
10} 0]100{ 0] O|100| O| O|100| O |8 |18 O| O|100| O] 5| 95
2/ 0| 0100 0| 0100 O| O|100| O|20|8 | O| 1| 99| 0| O | 100

ooooooo roOo,0b009sobo0b0b00o0obU0OoU0oobO0. oboooobooo

oobo0oOo480000000.

048 0O0O0ODOOCOOOOOO

Item Bank Parameter a Parameter b
Size Range Mean | SD Range Mean | SD
87 | 0.15-0.67 0.35 | 0.134 | -2.09-4.55 0.73 | 1.625
93 | 0.19-0.69 0.43 | 0.122 | -3.92-3.61 | -0.79 | 1.196
104 | 0.13-1.10 0.59 | 0.213 | -0.18-4.55 1.50 | 1.188
141 | 0.24-1.09 0.64 | 0.155 | -1.41-3.91 0.60 | 0.855
158 | 0.15-3.08 0.44 | 0.255 | -4.00-4.00 | -1.12 | 1.434
175 | 0.12-0.93 0.39 | 0.139 | -2.93-3.12 | -0.25 | 1.113
220 | 0.16-0.92 0.46 | 0.155 | -4.00-2.82 | -1.28 | 1.098
Total : 978 | 0.12-3.08 0.46 | 0.198 | -4.00-4.55 | -0.22 | 1.572
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gobooooboobobooobo,oobboooboobobooooo.

1.000000 =4
2.0000000000,1,2
3.0000000 430000.

o0,0000000b0bo00ooogoo0ooeoooOoOoD.
049000000000000DOO000O00ODOOOOOO0ODOOODOOO.

049 0000D0O0O0OO0O0OOOOUOOODOOOO (DOOOOOOO)

Item Pool Overlap Constraint 1 Constraint 2 Constraint 3

Size Constraint | BST ‘ GA | BA ‘ RM | BST ‘ GA ‘ BA ‘ RM | BST ‘ GA | BA ‘ RM
87 0 0 0 0 0 3 3 4 4 3 3 4 4
1 0 0 0 0 16 | 10| 19 29 14 11| 20 27

2 0 0 0 0 21| 36 | 139 307 21 39 | 140 309

93 0 0 0 0 0 4 5 5 6 5 5 5 6
1 0 0 0 0 23| 16 | 33 51 23 16 | 33 51

2 0 0 0 0 23 | 43 | 211 658 23 54 | 208 721

104 0 2 2 2 2 6 5 8 10 12 15| 15 18
1 6 5 9 10 26| 26| 71 131 26 | 171 | 140 369

2 26| 14| 83| 121 26 | 59 | 275 | 2088 26 | 590 | 394 | 8442

141 0 10 9 10 18| 19| 21 27 26 31| 27 35
1 35 5] 70| 150 6| 122 | 188 589 35| 506 | 239 | 1014

2 35| 20 | 268 | 2307 10 | 185 | 393 | 11426 35 | 1511 | 386 | 19095

158 0 0 0 0 0 6 1 5 6 6 4 7 8
1 0 0 0 0 22 12 24 40 39 42 75 131

2 0 0 0 0 39 | 50 | 137 316 39 94 | 279 | 4877

175 0 2 0 2 2 6 6 7 9 6 6 8 10
1 12 1] 13 15 43 | 53 | 96 186 43 65 | 100 193

2 43 2128 | 234 43 | 102 | 303 | 7030 43 | 103 | 283 | 7413

220 0 2 0 2 2 7 5 8 10 9 8] 10 13
1 8 2 7 17 54 | 20| 87 177 54 57 | 124 282

2 54 8| 75| 136 54 | 44 | 309 | 5889 54 | 114 | 334 | 9938




430000 o1

goobobooooboboooboboooobo, bbb boooobbooon
gooodgboo. boobuoobobooobo,oboobbooboobboo,bo0boon

gobooooboooboooo.

432 0000OO0O0ODOOOOODOODOODOODOOOOD

000,00000000000000,0000000000000000000000
000000000000000000000.

0000 3000000000000000000100000000000000. O
0000000000000000000 a~U(0,1),00000000 b~ N(0,12)000
000O00. 000000000000 I ={500,1000,2000y000000.

000000000,0000000000000000000000000000000
00000000000000,0000000978000000000000000000,
ooooooooo.

goboooboobbooobooboboobobooobooo.

1. 000000 = 25.
2. 000000000 0,5,10,
3.0000000 4100000

0410 OO0O0OOODOOODOOODOOOOOO.

Information Function (Lower Bound /Upper Bound)

0=-20]|60=-10| =0 | 6=1.0 =20

1.0/2.0 | 2.0/3.0 |20/3.0 | 2.0/3.0 | 1.0/2.0

gogboooboobobooboboobooobooboboobboobog.
00000000000 G, =100000,C2=600,Cg=240000000.
Table 411 000000000 O0ODOO0OOOOOODOOOOODO. O0DOO=0000000
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0411 0O0O0OO0OODOOOOOOOOOOOOODOOODOODOOODDOOO

Item Pool | OC Methods
Size BST | GA | BA RM
500 0 12 3 5 10

) 20| 23| 96 4380

10 20 21 | 107 | 99983

1000 0 21 4 6 17

5 40 17 | 104 | 46305
10 40 19 | 105 | 100000

2000 0 53 8 12 32

5 80 | 22| 104 | 96876

10 80 | 23 | 103 | 100000

978 | 0| 24| 9| 9 16
(actual) 5| 39| 283|371 | 40814
10 | 39 | 286 | 381 | 100000

gogbogobuooboboobbooboooobo.

O0000=00000 van der Linden (2008) 24| 0000000000000 0OOOOO
ob0. 00,0000000=100000,00000 100000000000000000D0O.
oooooooOooo,0Do0b00d0oo0 CG,00oo0U0ooOoOoUOoooooOooDooboOgo
o0000o0. 0oo00Dbo G, 0000000000, 00000000000 OoOOO0
gooobob,0obbobbo0oooobobobbbooooooooboobob,bbbbo0oooon
000 C;00000000oOoooooooooooo,CG,00o0oooooooooog
oooo0oo0ooo0ooOo0o0o0ooO0OD. (O0oo,000000000D C,00000, 0
000000000000o00o0Uo,000000000o000DooooOO)00UooO
goboooo,booobooobuoobboobboobboobooboboobDbooobb,

oobooobo,00booboboobbooobooboboooo.



44000 93

44 000

gogoo,booobbooobobo,ogobbooobobooobbo,oooboboon
gooobobboo. oooobo,0bobboo0o0oobobbooooobobobbooooon
gogboooboobboobo,g0boboobooon.

gogod,0ddogo,dgooooboboobobbobbbooooooooooon
gobooobooobooobooobooob.oboobo,bbo,o0boooboOon
gooboooooboboooboboo,0gobobooooboooobbooooDbbooon
gogoo,ggooog,gbboobbuooobooobooo,bboobboooboon
goboooobooboooo.

goooboooob,booobobbooobboooobbooboboooooboob. oo,
gogboboodoobbuooboobboog,gbbuoogbbbgeggbbooobbboon
g.gogbobgo,0bbooboobobdobbooboooboobbo,0obbooboon
gogoobboooobb. bbb boooobobobbooooboboobo,bboooon
goooobobbooooo. obobobo,bbo00o000obobobbooooobobobboooon

gogbogooboobb.bogobooboooboooboobboobboobog.
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50

HRN

gdbb,e0oobogoboobbooboooboonoboobbooboonoD.

02000000000000000000C000DO00ODOOODO. 00DOOOOO0O400
goooobboo. oooobobbooo, oo bbo0oooobobObbooooo
000000000.00,000000000 (Belov and Armstrong [26])) 00000000
ggogoooooboobobobodoooo,goooooboooobboboooooooob,0o0on
gobobooobbooobboo. boobbboobbooobbuoobDbooobboon
0. dobooobooboobooobooboobobooobo,0obooboboboobooDbo
gobooboooobobooob,obbooobbooobboooobbooobbooon
ggbooooboobooooboooog.

0300000000000 0b0O00ob0bO0o0bOD0o0obDoooOoobDOoOoDOoOoDO
0000000000000 0D0. DO000O0O0OD0000O00O 2000000 Belov and
Armstrong [26) 0000000000000 O0OOOOOOOOOOO. OOOOODOOO
00, Belovand Armstrong [26) D0 000000000000 00000OO0OOO0OOOO
gobooooboooobbo.booob,boobboob,b0oo0DbooobboooboOon
gogbbooobbooobbooobboobbooobbooobbooobbooob. Oob
gobooog,djgobbooooboboobbbooobbooobobooooobbooon
gobooobooboboobooo. ob,bo0obboobooboboobb,o0bboon
goboooobooobooboooo.



95

04000,03000000000000D000D000ODOOOO,D00D0000DOO
gooopboobo.o30oo0oooodbooo0ooUooUboOo,ob0obooooDoOoooo
gogooobboooo. gobbo,bboo0ooobobboooooboobobbooooon
go,bo0dboobbooboobbooboob.0bboobooobo,0bo0bbon
gogoobobo,bbobbodoogobobobbouoooooobobobbooo,ooooon
gogoo. bboobog,0ggoobooobbooooooobobobooooooboobobooooon
goboog,0booboboobobooob. bo,0jobooobooboboobbooboon
god. ooooobobbobboooooo, oo bbbb0oooUoUoUUoD. oo
goooboog,ggbbbogoboboooobbbooooboboooobbbooon
g, gbogooboobobooboooboobboo.goob,0oobboobboooboon
gooobboooobob,bboo0obbbooooobobbooooboboboooo. o
goooboooobob,bboo0bboboo0ooboboooobobboooobobbooon
gobogoooo.

ggooooboog,jgoobboooobobobooooobobooooooboooon
gobobooobboooboboo0ob. obbbooobobooobboobobooobobooo
ggbogobuagbbogoboog.

gogo,djdgoggoooooboboboobobboboog,bbbbboogooooooon
ooobo.ooobgo,b0bob 2000b00bO0bOO0obO0ObD0ObUobobobOo,ooooDoOo
gooobobbooooobobobboooooobobobboooooobD. bbboo, 00000 o
gogoboobooooboobooooobobboooooobobooo. obbobboooo,on
ggooooboooooboobooooob. bogo,0oooobobooooobboooon
go,b0ogo0oboobboo,0boobboo0oboobboobboobo0o.ogbooo
gooooooboboboboo, bbb ooooobbo,0bbbb00o0oooon
000000 ZipfOOODOUOD Wainer 000O0OO00OD [42). OO0DO0O0OOQOO,00000
goboopobooboooboobbooboooooo.
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