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iz ] A At (MLE) &t # R3-FE 2RI 3

EUFEZAPFER NS AR TR BEF BEGEEE L GERR T 0 R SR
FF e o AR92 £ o

Bor v et (MLE) iv 4 G3b @ B Efes 2 T = B3R
-~ EREAFAE K »L%Jz\ésé 4 Es0
LA ¢ G P BB AR E N - AT e R D T D R T A a 4 G 0o

/Istep 1
random select a test item from the item bank which difficulty parameter value is constrained
over [-0.5, 0.5] and guessing parameter value is less than 0.25. Besides, administered items

number count=1

o~ U step” rule TF G A A 4 Bt
F1#* 7step”rule—% ¥ - H¥ FE /g B RAsA D 4 B3 EEN F BEE (b4
025) % BEX T 2+35 F %~ &gw B Al rr o PRI R 4 B3 EF R AR R i
b BEREL 3 FRARE OEAE L 2L 2B £ LATE
Fr NN EIREPN TG of ARPE R ST O ERFENLE ARG P 0 B
FEHRES - - - LR FHERBEL S 23 0 - $- éiﬁﬁ/% P In(E ¥
B/ F BB L T - FFER(MLE & 4 et A7) Az do i 4 B o

/Istep 2
input : student’s answer ~ test item’s discrimination ~ difficulty and guessing parameters

if (student’s right responses=have tested questions) or ((student’s right responses=0) then

if (student’s answer=right answer) then  increase provisional ability by 0.25

else decrease provisional ability by 0.25
end if

D%a’(1-c.
choose the maximum |,(0) = a (1-¢)

[c; + exp( Da; (0 — b)) |x[I + exp(~Da, (8 — b)) |

item from the item bank that has not been administered yet!
output new item
go to step 2
else
output provisional ability=In(right answers count / wrong answers count)
end if

= U 2 #-g 4 A( Newton-Raphson)iz £ 1T it 4 &3t
U Zr o T In( ¥ HATES Y S AE) y (TARhe A 4 e

91




(=) @y £ 7 5@
oL _ ¢ 9 -p [ “RONKRO -]  _,;
o0 R@)(1-c)

0’ InL 0 a.z[P. ) - c.]x [u.c. - p_z(g)b ) ‘
:f’ezDZ i i i i i i ’i:l‘\‘o" ﬁﬁfﬁ—
06? (@) 2 Piz(a)(l_ciz) u £ (F3F )
_f©
f'(6)
6.,=6,-h
>$h<0001 iR :tﬁi:']‘%?zo’ﬂ"lﬁl’f"li}?mﬂ"} ’};—15']4&‘&%—%}_*’}7\

Newton Iteration Process °

//step 3
input : previous ability scale, In(right answers count / wrong answers count)

Do while h>=0.001 and iteration loop count < 21

caleulate 2L~ £(g) = Z -R©O)x[R©)-¢)]
o = R@O)1-c)
calculate 521”} - ') = Dzi alP(9) - ¢ uc -P*@R.®)

Ri@)(1=c")
f(0)

f'(0)
calculate 6, =6,—-h

calculate h=

Loop

output : provisional ability scale

DL[“:‘;J‘—%‘;Q Jpé‘ EI_‘:\LF E

//step 4
calculate 1,(0) = D, 2(1 )

[c, + exp(Da, (0 —b,))]x [1 + exp(-Da, (0 - b)) [
FHANALE 1(0) = Z| 0) = Z D’a, " (1-c;)

[c, +exp(Da, (0 —b ))|x[1 + exp(-Da, (8 —b, )

_“ \.‘|J":‘:ﬁ&|l' |"$fi
-1E-r fﬂ—gpfl%ﬁ’m’?gﬁm‘t&ﬁOOI E]J —"‘a;"
E,J‘q«o(n 20 I Ll |-~

~$
[
e
—(\

AL F R
g
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/Istep 5
input : previous SE(é)

calculate new SE(é) = L

J10)

if (previous SE(é) - new SE(é) <=0.01) or (provisional ability scale > +3) or (provisional

ability scale < -3) then
test end
else
go to step 6
end if

A E R
T G S AR S B A A 2R R R LR 58

R LERF D > P REERRFFZ AT

//step 6

choose the maximum |.(8) = Dia’(1-c) item
" loit exp(Dai(@ =b )] [1 + exp(~Da; (0 ~by)]

from the item bank that has not been administered yet
and administered items number count plus one
output new item

go to step 3
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B
CEF AR R R A 4 B S 0

2 EREN B HE(WLE) &t 4 G Bz RIp 7
PRI 352 (WLE) i 4 Bt X @ A2s 5 10T = B3

AR ¢ B P BB AR P E - AT BRI 0 E P I RARAA 4 B 5 O

/Istep 1
random select a test item from the item bank which difficulty parameter value is constrained

over [-0.5, 0.5] and guessing parameter value is less than 0.25. Besides, administered items

number count=1

T o~ 1 step”rule 1T A R 4 B3

F1#* 7step”rule—% ¥ - H¥ FE A B RAsA D i 4 B3 EEN 5 BB (b4

025 B+ BEXT513; F % %\W" A Aro Bl R4 e 4 B ERH AP P
ToB ) ERTLS 3 FRBHOFAS L 2L 2B U5 LATE

NN EEN TG AR ERERNLE > EBBUERNLE G 0 B
FEHREF - o - ZFFHRF RBEF e 22 -H-BF B P In(FH

A/ F e AH) 2 T - IR ER(WLE it 4 RtiEse)shdsdea 4 & o

/Istep 2
input : student’s answer ~ test item’s«discrimination ~ difficulty and guessing parameters

if (student’s right responses=have’tested questions) or.((student’s right responses=0) then

else

if (student’s answer=right answer) then - increase provisional ability by 0.25

else decrease provisional ability-by 0.25
end if

DZ .2 1 e
choose the maximum |,(0) = a (1-¢)

[c; + exp( Da; (0 —b,)) |x[1 + exp(~Da, (8 — b)) |

item from the item bank that has not been administered yet!
output new item

go to step 2

output provisional ability=In(right answers count / wrong answers count)

end if

ML

LWLE — LIMLE _ﬂl :09 LWLE :ZKI(UI _R)_¥Zalll[l:’| _Ci _lj

s A A EEop 2 A (Newton-Raphson)iz 8 iuae 4 &3+

R 1=17% 6_1), g -Datk=c
- ‘,ZK( AT Z (l—c zJ = P.(1-c))

=1 i

i=1 i=1 l-¢ 2

F1% A= o0 In(E HATHS § RO F (TAzde A 4 o
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(# ) ,;lf l‘fu@_?_;]‘\:”—r ;]Jg{@;

FPR 1S B 2 R T S dRE

1-¢
l. P=c + !
1+ exp(— Da, (6 - b))

2. pr=PAQE=C) 5y _DaR=c)

R R(-c)
5. R= D% [rRx(p o) - DARXQ R ra),
' )
ki’=%xii2=Dale| |;|: |_P_
1_ci I:)| (1 C) P.Q.
4 III — kI’PI’_"_ kl PI"
n n P|2
5. I=Z|,=Z LI = Zy
i=1 i=1 Q|
l. P’ P—c 1) II/-1I
6. A-B =K/(Uu —P)—kP'—Da xtix—1——Da| 1 -G __ | L1l
Ai i |(| |) iti a; x | X]—Ci I(I—Ci ZJX |2

7. LM = £(0)= Z{k(u—P) Da, (Pi_ci-%}

1-¢

8L WLE 8L MLE 8(/“ )
8§, ——=— = '@ B.
o0 o0 o0 @ Z(A‘ )

aL"e I P P-c 1) H'—=11.
=f'0 ki(u;—P)—kP'-Da, x - x———Da| +——-— L
00 ©)= Z{ ( - “J ><l—ci '(l—ci 2}( 12 }

(Z) #h<000] 32 fRar Bt i@+ 3020 a0 4 G EDBHE <25 Al
FlreH o K2 Pl#Y % = 2 Newton Iteration Process °

/Istep 3
input : previous ability scale, or In(right answers count / wrong answers count)

Do while h >=0.001 and iteration loop count <21 and |6,|<5

calculate """ = f(0) = ZKi (u—-P) —TDzai |{F1)i;cci _lj
i=1 i=1 -4
calculate

aL"™e n P P—c 1) II/—11,
= '(0)=> {k/(u;— P)—kP'~ Da, x ~ x —— — Da| - —t -~ |x ———1
89 ( ) — I(I I) 11 I>< I xl 1 l_c 2 X |2
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(The detailed partial derivative calculating flowchart is listed outside the algorithm itself.)
f(0)

)

calculate 6, =6, —-h

calculate h=

Loop
output : provisional ability scale

M E SRR L E

//step 4
calculate 1,(0) = D2a2(1 ¢

[c; + exp(Da, (0 —b,))]x [1 + exp(-Da, (0 - b)) [
HEARLE )= Z' 0) = Z D'a(1-c)

c +exp(Da; (6 b, ))] [1 +exp(—Da; (8 D, ))]2

T ploR i
PEH BRI ERE  F REALE 0.0LAIB T ¥ B E ATEAL - F B
]2 0.01 B & 2k iplsk o

input : previous SE(6)
1

J10)

if (previous SE(é) - new SE () <=0.01) or (provisional ability scale > +3) or (provisional

calculate new SE(é) =

ability scale < -3) then
test_end
else
go to step 6
end if

T
AR A g 4 Rt E At B F r NP R BERLE O ER
FHEALEEAFED > P MY L RA %v::‘}b,%o
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//step 6

D’a,’(1-¢,)

o
choose the maximum 1 (0) = o o(Da, (@ —b, )= [1 + exp(—Da, (@ — b, )]

from the item bank that has not been administered yet
administered items number count plus one
output new item

go to step 3

o AP0 E (WLE)E B L)V H0 B A chimff 4o ™ — F #55% o
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Accumulate (Ai-Bi)

1=i+1

Yes

w0
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i3 R U A B3z (OWEN) i 4 B3nig BRI 7
Owen’s Sequential Bayesian it # & 3-iff B @424~ 5 0T 4 B2
- E AR

AKMR Y B BB E - LT L s R o

/Istep 1

random select a test item from the item bank and administered items number count=1

TR EF A NG (=0~ 0=2) t-3 T3 T B & 2 121 BL(FF FE=0.05) 1 § s

iy 4 TR o BTG 4 B s o

/Istep 2
i=0
p=0
6=2
For x=-3 to +3 with increment = 0.05
i=i+1
1 2
calculate Y =N(x,u,0) = e -

Array(i)=Y
Next

SO EAERY F - Rt d B3P R E 2 121 B EE=0.05)7 F At 4 e
fePifE o ¥ #-7F [feP B Gk A B o m A > A4 S TR A 2 121

/Istep 3
For i=1to item bank size

€619 ¢

input : item “1” ‘s discrimination ~ difficulty and guessing parameters

j=0
For @=-3 to +3 with increment 0.05
ji+1
2,42 e
calculate 1,(0) = Da (1-¢) :
[Ci + exp(Da, (0 — Db, ))]x [1 +exp(—Da, (€ - b, ))]
Array#1(i, ))=1i( 0)
calculate P (0)=c, + 1-¢
1+exp(- Da, (8 -b,))
Array#2(i, j)=Pi(0)
Next
Next

P9~ & A7 A 4

g 3 F B3t 8 121 BRis ki 4 Aflele > T REFa 4 G3tE»w - ALy o
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/Istep 4
Input : student’s answer * administered item number in the item bank
If answering response is “1” then
i=0
For j=-3 to +3 with increment=0.05
i=i+1
//posterior=prior*likelihood(item number)

Array(i)=Array(i)* Array#2(item number, 1)

Next
Else
1=0
For j=-3 to +3 with increment=0.05
i=i+1

/Iposterior=prior*[1-likelihood(item number)]
Array(i)=Array(i)* Array#2(item number, 1)
Next
End if
Output Array(i)

TR T e 4 et 101 BRd PRE a4 ik

/Istep 5
n_index=0
n_max=-999999
For i=1 to 121
if Array(i)>n_max then
n_max=Array(i)
n_index=i
end if
Next
Output n_index

R R LR

//step 6

Total=0

For i=1 to 121
Total=Total+Array(1)

Next

Output Total
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R A TR A B SR L A SN P SRR L psd -

1

psd=p=W 2% N(z [ZXZ [Z,:\IXszz

/Istep 7
input : the sum of all posterior ability distribution, Total
1=0
sumx=0
sumx2=0
For i=-3 to +3 with increment=0.05
i=i+1
sumx=sumx-+i/Total
sumx2=sumx2-+(i*1)/Total
Next
psd=the square root of (sumx2-sumx*sumx)

output psd

IO PR SRR BT 3 20 B psd[i30.25
% psd>=0.25 ¢ = F AT de] 2ok L RBF 2 H 4 o F psd /] 0.25
20 P3Ok R o

AT

/Istep 8

if psd >=0.25 and administered items number <" 20 then
go to step 9

else

test end
end if

FRfpdbt Fava 4 BP9 & ARPERFEONLE > EATPE RS2
T4 CAT—T—;‘]%"'L’&';L'}&%E °

/Istep 9

D’a, (l—c)

choose the maximum |,(0) = 5
[c, + exp(Da, (@ - b, ))] [1+ exp(-Da, (6 —b,))]

from the item bank that has not been administered yet

output new item

go to step 4

item
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it 4 B ek (EAP)i 4 BB N B
Hp ¥ 652 (EAP)A: # 3t B EAes 20T = {@;.}53? :
o E R AR

ARAE Y GBS E N - AT S W R -
/step 1
random select a test item from the item bank and administered items number count=1
T E A RN WLe)(p=0 - 0=2) -3 F|+3 F B £ 2t 121 B quadrature2E(X,) g

™ 2 & {3 quadrature B-(Xy) 10 M £ & (W(Xk)) i #4914 quadratureB(Xy) e fo4p b
B EWX)EE 3> 3 B - 5] o 97 quadratureZH(Xi)Ap B % j 1B iR 5 33 4L 1 12
S BB LjA 45 10 T35 ficiE="73 quadratureZ-(Xy) e v o
R L EEWX)E 3 HLETE] 5 % 4 AP §t e 4 Bh(quadrature points) i 5 o
N(X,,uo
W(Xk) — : ( k /u )

ZN(XK,/J,O'Z)
k=1

,k=1,2,....q

2. % jen ¥ j BlmarEn s LX) =][[P.X0] [I-Px0]™
j=1

/Istep 2

1=0

p=0

6=2

norm=0

For x=-3 to +3 with increment = 0.05
=i+l

calculate X, = N(X,u,0%) = 1 2 o

o2z
Array#1(1)=X;
norm=norm+ X;
UARURE = R EARISE SN R |
Array#2(1)=1.00000000
Next
1=0
For x=-3 to +3 with increment = 0.05
i=i+1

q
//The weights are normed so that ZW (X«)=1
k=1

calculate W(Xi)=Array#1(i)/norm
Array#3(1)= W(Xi)
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Next

Output  array of quadrature points ~ array of weights corresponding to each quadrature point

S EHEY B - ARY ER3I3 WA R 12] m;h(mﬁ=005)z e ac 4 el
fePiE o I ﬁ%—ﬁ'}; LifePiE Y TS B A SRR KR 121 .

/Istep 3

For i=1to item bank size

€619 ¢

input : item “1” ‘s discrimination ~ difficulty and guessing parameters

j=0
For @ =-3 to +3 with increment 0.05
ji+1
2,42 e
calculate 1,(0) = Da (1-¢) :
[Ci + exp(Da, (0 — b, ))]x [1 +exp(—Da, (€ - b, ))]
Array#4(i, ))=1i( 0)
calculate P (0)=c, + I-c
1+exp(- Da, (8 -b,))
Array#5(i, j)=Pi(0)
Next
Next

P9~ AR 4 fofis B A psd
LAy B ALF R ¥ TR S ¥ e 0 @ % Gauss-Hermite & # 2k(quadrature points)
oA fr AT AE A 0 KT EAP eI aEfre R i o

Loo=TTR o] =Rl

F & ¥ P Li(Xo)=Lia (X * Array#5(item, Xi)
s %48 B Li(X)=Li.1(Xk)*[1-Array#5(item, X)]
q
A > X, L (X OW(X,)
provisional EAP estimate of the ability, € = E(6?| U) = kzlq ! variance,
2L (X W (X,)
k=1

d ~\2
A > (X, 0 Lxowx,)
6% (0) =Var (0|u) ==

q

ZLj(Xk)W(Xk)

//step 4
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Input : student’s answer * administered item number in the item bank

xlw=0
Iw=0
If answering response is “1” then
1=0
For j=-3 to +3 with increment=0.05
i=i+1
//posterior=prior*likelihood(item number)
Array#2(1)=Array#2(i)* Array#5(item number, 1)
q
1Y X L (X OW (X))
k=1
xlw=xIw+j*Array#2(i)* Array#3(1)
q
/Y LIXOW (X))
k=1
Iw=Ilw+ Array#2(1)* Array#3(1)
Next
Else
1=0
For j=-3 to +3 with increment=0.05
i=i+1
//posterior=prior*(1-likelthood(item number))
Array#2(1)=Array#2(1)*[1-Array#5(item hiumber, 1)]
q
1Y X L (X OW (X))
k=1
xlw=xIw+j*Array#2(i)* Array#3(1)
q
/Y LIXOW (X))
k=1
Iw=Ilw+ Array#2(1)* Array#3(1)
Next
End if

) 2 X L (XOW (X,)
0 =E(6|u) = kzlq =xlw/lw
2L (XOW (X,)

i=0

diff square Iw=0

For j=-3 to +3 with increment=0.05
i=i+1

104



diff square lw=diff square lw+(j- 0 ) * Array#2(i)* Array#3(i)
Next

_square _lw
Iw

k=1

psd= Z(Xk_e) Lj(xk)W(Xk):\/diﬁ:

kZ::,L,-(Xk)W(Xk)

Output psd and provisional ability

T B AR S B X, k=1,.,121 ¢ 7R 8L 3 AT 4 dptRE e

/Istep 5
n_max=-999999
For i=1 to 121
if Array#2(1)>n_max then
n_max=Array(i)
n_index=i
end if
Next
Output n_index

s gk b R AEHc L 2 20 N psd ]2t 0.25
# psd>=0.25 7 © FAHC) MR LEARE TH 4 o % psd | 3+ 025 & AT~
%20 B4 0k Bl o

/Istep 6

input : psd

if psd >=0.25 and administered items number < 20 then
go to step 7

else
test end

end if

BN ﬁx—'t‘\%ﬂ.,é;;é
P S TR B AP E R LR £ E R L
T5 CAT ™ - 3#38 » B2 Fw o

I
-_\ix-wg\;

//step 7

input : provisional ability,

D%a.*(1-c,
3, (1-¢) em

choose the maximum |[,(@) = ite
[c; + exp(Da; (6 — b)) |x [l + exp(~Da, (0 b))

from the item bank that has not been administered yet

administered items number count plus one
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output new item

go to step 4

i D R RIS SR
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TR R BATE T S SRR RIS S AE B2 B AMAY 0 R S FESR MLk

PR FH95-99 T)

BE TR [l . [RHeb [RHeC
| 0763 3 0.27
2l 0542 2218 0.28
3 1252 0.665 0.33
4 0648 2978 0.25
5| 0756 -1.816 0.26
6| 0445  -1.451 0.29
71 0446  -1.774 0.27
8l 0732 3 0.32
of 0647 0611 0.36
100 1594 0791 0.44
11| 0537 -1.598 0.29
12 0564  -1.124 0.22
13 0745 0.989 0.35
14 0467  0.546 0.36]
15| 0493  -1.497 0.29
16| 0601 2323 w027
17 0728 0005 1032
18 0612  -1.362[% “0.25[
19 0836 -0.262 0.25
00 0715 -1.953 0.26
20 0636  -1.572 0.27
2l 0559 0.85 0.26
23| 149 2281 0.24
24 0.805|  -1.344 0.2
25| 0564 -1.936 0.28
26 1714 0924 0.34
27| 0493  -0.998 0.23
28] 0.827]  -1.629 0.2
9] 0717 -0.985 0.14
0 0974  -1.803 0.24
31| 0435 -0.546 0.2
Pl 0803 0537 031
B3l 1187 0.08 0.35
3| 0.844)  -1.176 0.18
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35 073 0.169 0.29
6 0732 1127 0.37
37l 0625  -165 0.26
38| 1428] 2.831 0.37
9 0541 0063 0.28
40 0983  -1.587 0.31
41 0661 -1.707 0.25
0l 0538 -1.368 0.23
43l 1183 0378 0.29
44 04|  -0363 0.35
45| 0.558 0.22 0.27
46 096 0378 0.28
471 0814  1.828 0.3
48] 0.891 2049 0.31
49 063  -1.363 0.28
50l 1.083  -1.295 0.24
51 0.968 1.49 03]
521 0942 0052 0.24
s3] 0602 0473 o 027
54 0.862 081 1035
55 0.565 1.406] . ~0.341
56| 0917  -0.697 0.28
57 0.66]  -0.007 0.17
58| 1466]  1.248 0.33
59 172 1541 0.24
60| 0846 0299 0.27
61 1203  -1215 0.14
62 2.5 3 0.25
63| 0716] 0313 0.29
64 1097  0.124 0.3
65| 1493  -1.172 0.25
66|  0.808]  -0.844 0.27
671 0902 0037 0.29
68 1.287 1.18 0.28
69 0904 0712 021
00 0942  -1.037 0.24
711 0966]  -0.486 0.28

108



721 1095 -1.395 0.2
73] 1056 0489 0.31
74 0974 0986 0.25
75 1201 0177 0.29
76 121 0353 0.16
771 1183 1467 0.33
78] 0932 0492 0.25
79 0983 0873 0.23
80| 0886  -0.468 0.18
81 1.536 3 0.19
8| 1471 2993 0.2
83 0435 035 0.34
84 0431 079 0.22
85|  1.018) 0614 0.23
86|  1.586 2345 0.36
87 0.884] -1.297 0.36
88 129 0.185 0.26]
g 0825 079 0.37
oo 0761  050H = 038
o1] 0556  1.172] 1035
92l 0829 -2l S0
03l 1039 0672 0.23
o4l 0754 -0781 0.21
05| 0914 0949 0.18
06| 0759 0394 0.17
o7l 1319] 0595 0.34
o8] 1593  -0251 0.27
99  1.188)  -0.854 0.28
100 0664 -0.859 0.26
101 13| -0.5 0.27
102 0.649]  -0.343 0.22
103 1759 3 0.08
104 1176] 038 0.29
05|  1253]  1.043 0.2
106] 1373 -0.694 0.22
1071 0889  0.099 0.3
108 0.835] 0478 0.26
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109 1567 -0.148 0.29
110 1309 0738 0.27
111] 0633  -0.084 0.28
112]  1348]  1.646 0.22
113 1509  1.604 0.31
114 1421 1735 0.32
15| 1635 3 0.3
16| 1287 0343 0.3
117 0641 0056 0.27
18] L8] 1042 0.22
119 0922 0452 0.32
1200 1316] 1559 0.29
121 1036  -1.038 0.26
122 079  0.229 0.31
123 1019 -0372 0.29
124 1.193]  -0.887 0.28
125 1208 0616 0.26]
126 1464 0998 0.28
1271 1533 -0706] o 033
128 0942 05650 1037
129 1.524| <0012 “0.28f
130]  1127] 0325 0.2
131 1009 0129 0.34
132 1568 112 0.34
133 132 007 0.28
134 1.186]  0.604 0.31
135] 1253 0.693 0.2
136 2.5 3 0.23
1371 0979  0.708 0.3
138] 1486  0.025 0.26
139 1218 0.16 0.25
140, 0918 0079 0.32
141 1008  0.854 0.27
142 1157 0412 0.23
143 1324 0204 0.13
144 1255 020 0.33
145 0789 1.4 0.24
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146 1.362 -0.309 0.24
147 1.673]  -0.283 0.38
148 1.359 0.741 0.27
149 1.294 0.148 0.35
150 1.288 0.492 0.24
151 1468/ -0.368 0.28
152 1.108 0.764 0.23
153 1.18 -0.367 0.32
154 1.578 3 0.32
155 1.209 -0.019 0.24
156 1.27 -0.231 0.32
157 1.367 0.551 0.3
158 1.708 0.044 0.25
159 1.301 0.643 0.2
160 L.17 0.124 0.26
5 RS R Rl

| “walking “0” bits” » & § 12T T 55 4%
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(1)~one “0” :one “0”bit walking through the left most 10 bits
(2)~two  “0”s :two “0” bits walking through the left most 14 bits
(3) ~ three “0”s : three “0” bits walking through the left most 16 bits
(4) ~ four “0”s : four “0” bits walking through the left most 19 bits
(5) ~ five  “0”s : five “0” bits walking through the left most 20 bits
(6) ~ six “0”s :six  “0” bits walking through the left most 24 bits
(7) ~ seven “0”s :seven “0” bits walking through the left most 21 bits
HFERBEAPN FHoT £ 9757
A B 6 8RRk

Fleled)lgmy | 5 BEIMF KRS 160

01...1 (1). Walking

101...1 one “0” bit

1101...1

11101...1

111101...1

1111101...1

11111101...1

111111101...1

O |0 | I | N[N |k |W N[~

1111111101. =1

—_
o

11111111101%:1

—
—

0011...1 (2). Walking

[a—
\S]

10011...1 two “0” bits

[a—
(98]

110011...1

o
N

1110011...1

[a—
(9]

11110011...1

[a—
N

111110011...1

[a—
-

1111110011...1

[a—
o0

11111110011...1

[a—
O

111111110011...1

[\
(=)

1111111110011...1

[\
—_

I1111111110011...1

N
\S]

111111111110011...1

[\
W

I111111111110011...1
000111...1 (3). Walking
1000111...1 three “0”
11000111...1 bits

)
=

[\
W

o)
(@)}

\9)
-

111000111...1
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28

1111000111...1

29

11111000111...1

30

111111000111...1

31

1111111000111...1

32

11111111000111...1

33

111111111000111...1

34

1111111111000111...1

35

11111111111000111...1

36

I11111111111000111...1

37

1111111111111000111...1

38

00001111...1

39

100001111...1

40

1100001111...1

41

11100001111...1

42

111100001111...1

43

1111100001111...1

44

11111100001111 231

45

111111100001411 ;.1

46

1111111100001 111 ...1

47

11111111100001111".:41

48

11111111110000111T...1

49

I1111111111100001T11:::1

50

11111111111100001111...1

51

111111111111100001111...1

52

I111111111111100001111...1

53

11111111111111100001111...1

(4). Walking
four “0” bits

54

0000011111...1

55

10000011111...1

56

110000011111...1

57

1110000011111...1

58

11110000011111...1

59

111110000011111...1

60

1111110000011111...1

61

11111110000011111...1

62

111111110000011111...1

63

1111111110000011111...1

64

11111111110000011111...1

(5). Walking
ﬁVe ‘60’9

bits
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65

111111111110000011111...1

66

1111111111110000011111...1

67

11111111111110000011111...1

68

111111111111110000011111...1

69

1111111111111110000011111...1

70

00000011111T...1

71

1000000111111...1

72

11000000111111...1

73

111000000111111...1

74

1111000000111111...1

75

11111000000111111...1

76

111111000000111111...1

77

1111111000000111111...1

78

11111111000000111111...1

79

111111111000000111111...1

80

1111111111000000111111...1

81

1111111111110000001 11111541

82

111111111111100000011 11T L, . .1

83

111111111111110000001 LI 1.+ 1

84

IT111111111E111000000111111. .1

85

1T11111111111411000000111111x..1

(6). Walking
Six 6‘0”
bits

86

00000001111111..°1

87

100000001111111...1

88

1100000001111111...1

89

11100000001111111...1

90

111100000001111111...1

91

1111100000001111111...1

92

11111100000001111111...1

93

111111100000001111111...1

94

1111111100000001111111...1

95

11111111100000001111111...1

96

111111111100000001111111...1

97

1111111111100000001111111...1

98

11111111111100000001111111...1

99

111111111111100000001111111...1

100

1111111111111100000001111111...1

(7). Walking
seven “0”
bits

2T AR 64T F B2 Swalking 07 bits” 3L 1~100 2w fhar 4 73k
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SRR A ¢4 R E

A w

4k enbCRURIB L 4 B

P
3

BB

OWEN it 4 g3t

EAP it # 3t

MLE iy 4 f5 3+

WLE i 4 3t

g
1 3 2.802305 2.018107 0.3612
2 3 2.835968 0.432192 0.4383
3 3 2.838873 1.514113 1.1719
4| 3 2.842892 1.560286 1.1857
5 j 3 2.850169 1.797784 0.8285
6 ka 3 2.86144 1.896372 0.9732
7 3 2.849838 1.911978 -3.1283
8 3 2.860794 2.003376 1.4371
9 3 2.855221 2.271383 -4.2326

10 3 2.847446 3 -2.8291
11 3 2.811118 0.374892 0.091

12 3 2.755431 0.187633 0.1133
13 3 2.778053 0.518142 0.4427
14 3 2.79285 1.131651 1.1731
15 3 2.806427 1.516236 1.1395
16 | + 3 2.815141 1.601506 -2.3912
17 | % 3 2.815381 1.797016 -2.4217
18| 2 3 2:815654 1.777043 1.9994
19 3 2.795427 1.854221 1.4204
20 3 2.821383 1.940239 1.9993
21 3 2.88289 2.130712 1.5653
22 3 2.886819 3 -2.3837
23 3 2.880864 3 -3.4857
24 | + 3 2.762829 -0.20227 -0.1203
25| % 3 2.709906 -1.13E-04 -0.0336
26| 3 3 2.722116 0.187919 0.1246
27 3 2.742221 0.32532 0.3323
28 3 2.763131 1.212951 1.938

29 3 2.768087 0.687974 -2.6644
30 3 2.767978 1.515836 1.898

31 3 2.75698 1.617783 1.2898
32 3 2.765873 1.648775 -1.6302
33 3 2.762013 1.695831 27258
34 3 2.885363 1.846736 1.0273
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35 3 2.891155 2.687776 -1.4742
36 3 2.882149 -3 -1.5944
37 3 2.889279 -3 -2.0527
38 3 2.755271 -0.442 -0.2759
39 29 2.648283 -0.2577 -0.8124
40 2.9 2.659271 5.45E-02 -0.4052
41 2.95 2.695852 3.00E-02 -0.3336
42 2.95 2.713278 0.313607 0.2864
43 2.95 2.723666 0.626265 -3.0114
44 | 2.95 2.728735 1.213853 -2
45 ;: 2.85 2.730754 1.145099 0.7693
46 ZF 2.95 2.727157 1.287082 0.8429
47 2.95 2.725501 1.346126 1.2203
48 3 2.881608 1.607416 0.8493
49 3 2.888374 2.683598 -2.7501
50 3 2.890119 -0.44587 -2.6574
51 3 2.884707 -0.44502 -2.4266
52 3 2.887189 3 0.8668
53 3 2.889656 3 1.0896
54 3 2.750675 -0.73757 -0.6127
55 2.75 2:601898 -0.46901 -0.3574
56 2.1 2.524922 -3 -0.12
57 2.35 2.646659 -9.87E-02 -0.3593
58 2.35 2.67038 0.40046 0.1498
59 2.7 2.671208 0.649688 -0.0977
60 | . 2.7 2.668588 1.078143 0.3768
61 :_ 2.7 2.688162 1.15001 0.1702
62 6;? 2.75 2.703724 1.289559 -2.7773
63 3 2.584681 1.337801 1.1717
64 2.85 2.879787 1.237623 -2
65 3 2.882838 2.679338 -1.3728
66 3 2.884149 -0.10076 0.8021
67 3 2.889492 -0.48959 -2.5369
68 3 2.889908 3 -1.3143
69 3 2.887018 3 -1.2145
70 2.8 2.706864 -1.00429 -0.9903
71 0.45 2.308108 -0.61188 -0.5308
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721 #+ 1 2.293948 -0.25498 -0.2372
73 | %R 1.35 2.473388 -0.22789 -0.3336
74| 6 1.5 2.598388 0.250816 0.1498
75 1.55 2.622492 0.604198 0.6218
76 2.6 2.556856 0.846504 1.0201
77 2.65 2.612605 1.16986 -1.3825
78 2.7 2.662453 1.287082 -1.37
79 2.75 2.331687 1.346126 -1.2538
80 3 2.879939 1.253262 -1.3273
81 3 2.879939 2.678663 1.1849
82 3 2.879885 -0.36303 -1.529
83 3 2.886065 -0.79564 1.1906
84 3 2.88714 3 1.2055
85 3 2.880905 3 0.1867
86 -3 -2.73585 -1.08112 -1.0465
87 0.15 1.032366 -0.65204 -1.2669
88 2.64E-16 1:586099 -0.46629 -0.2889
&9 0.55 2.269997 -0.35828 -0.3336
90 1.2 2.456068 0.358749 0.1458
91 1.5 2.50237 0.582827 0.6218
92| + 2.45 2:344158 0.473675 -1.1982
93 | # 2.55 2.330119 1.15001 0.1481
94| T 2.5 2.103737 1.337801 1.8399
95 3 2.112966 1.247546 0.232
96 3 2.890048 2.678839 -0.0605
97 3 2.890074 -0.49591 -2.5543
98 3 2.889684 -0.51651 -2.1288
99 3 2.890487 3 2.6261
100 3 2.881841 3 -1.9956
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