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Abstract—We propose a security enhanced version of

Boneh’s “Public Key Encryption with Keyword Search”

system. The server in the new system is equipped with

a key pair for performing the search operations. This

new system eliminates completely the “secure channel”

assumption for the keyword trapdoor. We reexamine the

security definition by Baek, point out the weakness of it,

and strengthen it such that it is secure against chosen

test ciphertext - keyword trapdoor attacks. We discuss the

problems met by Baek’s scheme and propose a modified

system with full security proofs according to the enhanced

security definition in the random oracle model.

Index Terms:—Keyword Search, Public Key Encryp-

tion, Chosen Test Ciphertext - Keyword Trapdoor Attack,

Random Oracle Model
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Í$¡b:Í$¡b:Í$¡b:

×”b p, ˇ G1, G2, |G1| = |G2| = p, g Ñ G1 íÞ

AjÖ, Â(4ºú e : G1×G1 → G2, ÆEƒ� H1 :

{0, 1}∗ → G∗
1, H2 : G2 → {0, 1}k, k = �log2 p�

QY6:QY6:QY6: ‘² y ∈R Z∗
p , l� Y = gy, t� pkr = Y ,

ò� skr = y

òdòdòd PEKS(pkr, W ):

f£6L² r ∈R Z∗
p ,

S = (U1, U2) = (gr, H2(e(H1(W ), Y r)))

Éœå˙ÆÉœå˙ÆÉœå˙Æ Trapdoor(skr , W ):

QY6l� Tw = H1(W )y

ÉœåªúÉœåªúÉœåªú Test(Tw, S):S = (U1, U2),

/�Âl�1ªú H2(e(Tw, U1))
?= U2

Çø. Boneh[3] 5 PEKS Í$

ú_AªJ«àúj Diffie-Hellman À�>²›ì[8]

u�ø_˜òbMíÔ4Vql, ?¹çú_Aít�

}�Ñ gx, gy, gz, †úA·ªJAWl�|u�í˜ò

e(gy, gz)x = e(gx, gz)y = e(gx, gy)z = e(g, g)xyz, Í

$«Tvf£6‘²�v4� òdóYíò� r £t�

gr, QY6íò�Ñ y, t�Ñ gy, ÇÕ‡úòd2íÉ

œå W , «àÆEƒ�l� H1(W ) TÑø_.Œít

�, dloggH1(W ) Ñú@íò�, ³�LSAø−wb

M, ¤vf£6DQY6u�ø_˜ò e(H1(W ), gy)r

= e(H1(W )y, gr), ‡6Ê‹òvâf£6l�, (6

†}ÑÉœå˙Æ (trapdoor) H1(W )y âQY6l�,
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(gr, H2(e(H1(W ), gy)r)) J£Éœå˙Æ H1(W )y,
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5ér4vXcí˚Ø; QOT|ø_Zªíœ„, 1
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Zªér

«TíÍ$œ„�

…�d�ù�2ø�H Baek íér4ì2J£

wFT|í SCF-PEKS Í$, �ú�T|#“íér

4ì2, «Hw<°1/N| Baek íœ„„p¤#“

íér4ì2ví½æ, �û�‡ú#“íér4T|

ZGí SCF-PEKS-1 Í$, �ü�„p SCF-PEKS-1

Í$Å—#“5ér4ì2, �ý�Ñ!��

ù�ù�ù� Baek ííí SCF-PEKS Í$Dér4ì2Í$Dér4ì2Í$Dér4ì2

Çù2¿b·H Baek í “.Ûér�− (Secure

Channel Free, SCF) í PEKS” Í$, ¯U,Y�

Boneh í PEKS Í$JjZªœ£©è, Ä¤D Baek

ídıI�|p�
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Í$¡b:Í$¡b:Í$¡b:

×”b p, ˇ G1, G2, |G1| = |G2| = p, g Ñ G1 íÞ

AjÖ, Â(4ºú e : G1×G1 → G2, ÆEƒ� H1 :

{0, 1}∗ → G∗
1, H2 : G2 → {0, 1}k, k = �log2 p�

/�Â:/�Â:/�Â: ‘² x ∈R Z∗
p , l� X = gx, ‘² Q ∈R G∗

1,

t� pks = (Q, X), ò� sks = x

QY6:QY6:QY6: ‘² y ∈R Z∗
p , l� Y = gy, t� pkr = Y ,

ò� skr = y

òdòdòd SCF−PEKS(pks, pkr, W ):

f£6‘² r ∈R Z∗
p , S = (U1, U2) =

(gr, H2(e(Q, Xr) · e(H1(W ), Y r)))

Éœå˙ÆÉœå˙ÆÉœå˙Æ Trapdoor(skr , W ):

QY6l� Tw = H1(W )y

ÉœåªúÉœåªúÉœåªú Test(sks, Tw, S):S = (U1, U2),

/�Âl�1ªú H2(e(Qx · Tw, U1))
?= U2

Çù. Baek í SCF-PEKS[1] Í$

e(Q, gr)x, /�ÂÊªúvÛb«àwò�n?l�|

e(Qx, gr), �, e(Tw, U1), yl� H2(·) ÆEƒ�

M¹ªD U2 ªú, à¤íqlòg,íüªJ Î

érf£�−ícq� wér_�àÇúFý, 3b}

Ñs_¶M, Game 1 !…,ÿu Boneh í PEKS

íér_�, uø_ÛU6êr−„7/�Â, Ë�ª

J�	L<Éœå˙Æí�6 (oracle) íòd}<_

�; Game 2 †uçÛU6êr−„7QY6, °šË

�ªJ�	L<Éœå˙Æ�6íòd}<_�� Baek

6„pÇùíÍ$¯¯Çúíér4ì2, à‹�ø_

�^0íÛU6ªJúj Game 1 Cu Game 2,

«à¥_ÛU6ÿªJqlø_�^0íÆ�¶Vúj

BDH(Bilinear Diffie-Hellman) ½æ�

F‚ BDH ½æ¹Ñ#ì < g, gα, gβ, gγ > °

¦ e(g, g)αβγ í½æ, …d2F�Í$5ér4·!k

BDH cq, ?¹cqL<œ0�Öá�vÈíÆ�¶

·Ì¶j| BDH ½æ�

çø_°v¯¯ Game 1 ér4D Game 2 ér

Game 1
A −„/�Â,

x ∈R Z∗
p , X = gx1-1 Í$¡b �

1-2
�6 Trapdoory(·)� � Éœå Wj

�
1-3 b ∈R {0, 1}
S = PEKS(x, y, Wb) �

W0, W1 �∈ {Wj}

1-4
�6 Trapdoory(·)� � Éœå Wj �∈ {W0, W1}

1-5 � b′ ∈ {0, 1}

Game 2
A −„QY6,

y ∈R Z∗
p , Y = gy2-1 Í$¡b �

2-2
�6 Trapdoory(·)� � Éœå Wj

�
2-3 b ∈R {0, 1}
S = PEKS(x, y, Wb) �

W0, W1 �∈ {Wj}

2-4
�6 Trapdoory(·)� � Éœå Wj �∈ {W0, W1}

2-5 � b′ ∈ {0, 1}
Çú. Baek íér_�

4íÍ$«Tv, /�Â¸QY6.â¯Tn?DªW

òdDÉœå˙Æíªú, ÿø.ª�

ú� #“íér_�ú� #“íér_�ú� #“íér_�

�
�n Baek íér4ì2, ªJêÛ_�2F

«níãAœÿ, Ê Game 2 2, ª�	L<Éœå

˙Æí�6 Trapdoory(·) !…,uÖìí, ÄÑÛU

6 A êr−„7QY6, 6ø−QY6íò� y, Ä¤

ÛU6ªJÓvl�L<Éœåí˙Æ, ;….ÛbÉ

½v�6, ÛU6Ì¶�âÉ½v�67‹#wÛUí

?‰; âÇøjÞVõ, âkÛU61.ø−/�Âí

ò� x, Ä¤ÛU6³�Ÿ¶AWªúòdDÉœå˙

Æ, ?¹l� Test(x, Tw, S), à‹?DàÇûTXª

l� Test(x, ·, ·) í�6#ÛU6, †ªJ‹#ÛU6

íÛU?‰, à¤ì2íér_�¨Ö7ŸV Baek í

ér4ì2, F)ƒíér4œò�

Êþt„p Baek í SCF-PEKS x�Çû2

Game 2 íér4v, .âÊ.ø− x í8”-_Ò

l�| Test(x, Twj, Sj), ?¹Ûbl� e(Qx, U1) ·
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Game 2
A −„QY6,

y ∈R Z∗
p , Y = gy2-1 Í$¡b �

2-2
�6 Test(x, Twj, Sj)

� � Éœå˙Æ Twj ,
òd Sj�

2-3 b ∈R {0, 1}
S = PEKS(x, y, Wb) �

W0, W1

2-4
�6 Test(x, Twj, Sj)

� � Twj , Sj , S �∈ {Sj}
2-5 � b′ ∈ {0, 1}

Çû. ‹#5ér_�

e(Twj, U1), w2 Sj = (U1, U2), Q ªJâ‘D6

‘² δ, I Q = gδ, à¤ªJl� e(Qx, U1) =

e(Xδ, U1), âkBbcq H2 ÑÓœ�6, Ä¤à

‹ Twj ¹Ñ Sj 2íÉœå Wj Fú@í˙Æ, †

e(Qx, U1) · e(Twj, U1) øìÉ½¬ H2 �6, ªJÊ

H2-list 2©v tj = e(Qx, U1) · e(Twj, U1) Fú@

í Vj , à‹D U2 ó°† Test(x, ·, ·) �6�	 1 ´

†�	 0� Í7Ê«à Game 2 íÛU6ÛU BDH

½æ < g, gα, gβ, gγ > v (¡5Çþ£�ü�íz

p), âk e(Q, Xγ) = e(gδ, gαγ), 1Ì¶'ñqË)

ƒ e(g, g)αβγ 5ñ™M, Ä¤Ê-ø�2Bb}ùp�

ú_ÆEƒ�, JêA Game 2 í„p�

û� ‡ú#“ér_�ZG5Í$û� ‡ú#“ér_�ZG5Í$û� ‡ú#“ér_�ZG5Í$

à,�FH, Bb.ø− Baek í SCF-PEKS Í

$u´¯¯#“íér4ì2, àÇüFý, Bb‡ú

,H}pXcí½æ, T|_çí^£, Uàú_ÆE

ƒ� H1, H2, £ H3, à¤ªJÊÓœ�6_�-„p

¤ZGÍ$Å—Çú2 Game 1 J£Çû2 Game 2

íérì2�

¤Í$5£ü4ð„à-: H3(e(H1(U1)
x ·

Tw, U1)) = H3(e(H1(g
r), grx) · e(H2(W )y, gr)) =

H3(e(H1(g
r), Xr) · e(H2(W ), Y r)) = U2

SCF-PEKS-1 ¸ SCF-PEKS s_Í$5È

|3bíÏ�Êk‡6íòd2Uà e(H1(g
r), X)r

7.u e(Q, X)r, –1,¥øáí3bñíEÍ

uâf£6¸/�Â>²ø_¾òM, f£6ªJ

Í$¡b:Í$¡b:Í$¡b:

×”b p, ˇ G1, G2, |G1| = |G2| = p, g Ñ G1 í

ÞAjÖ, Â(4ºú e : G1 × G1 → G2, ÆEƒ�

H1 : G1 → G∗
1, H2 : {0, 1}∗ → G∗

1, H3 : G2 →
{0, 1}k, k = �log2 p�
/�Â:/�Â:/�Â: ‘² x ∈R Z∗

p , l� X = gx, t� pks = X ,

ò� sks = x

QY6:QY6:QY6: ‘² y ∈R Z∗
p , l� Y = gy, t� pkr = Y ,

ò� skr = y

òdòdòd SCF−PEKS−1(pks, pkr, W ):

f£6L² r ∈R Z∗
p , S = (U1, U2) =

(gr, H3(e(H1(gr), Xr) · e(H2(W ), Y r)))

Éœå˙ÆÉœå˙ÆÉœå˙Æ Trapdoor(skr , W ): QY6l�

Tw = H2(W )y

ÉœåªúÉœåªúÉœåªú Test(sks, Tw, S):S = (U1, U2),

/�Âªú H3(e(H1(U1)x · Tw, U1))
?= U2

Çü. ér4#“5 SCF-PEKS-1 Í$

à e(H1(g
r), X)r Vl�¤M, 7/�ÂªJà

e(H1(g
r), gr)x Vl�¤M, «à¥_u�í¾òMõ

ÛÉ�/�ÂªJªúòdDÉœå˙ÆíÛ°, Ä¤

 Î7ÛbN¬ér�−f£Éœå˙Æícq, -ø

�í„p2éýUà H1(g
r) ¦H Q Î7ªJÊ×¶

}8”-£ü_Ò Test(x, ·, ·) �6, °vN¬Óœ�

6 H1 í_Ò6ªJß‚Ëøúj Game 2 í½æ�

“Ñúj BDH ½æ, *7
�¤Í$í Game 2 é

r4�

ü� ²ÏÉœåÛUD²Ï¿tòd-Éœå˙Æü� ²ÏÉœåÛUD²Ï¿tòd-Éœå˙Æü� ²ÏÉœåÛUD²Ï¿tòd-Éœå˙Æ

ÛU-òd.ª}<5ér4ÛU-òd.ª}<5ér4ÛU-òd.ª}<5ér4

ìÜ 1.ìÜ 1.ìÜ 1. Ê BDH ½æÑl�,Ì¶újícq

-, Çü2 SCF-PEKS-1 Í$ÑÓœ�

6_�-²ÏÉœåÛUD²Ï¿tò

d - Éœå˙ÆÛU- òd.ª}<í�
„p.„p.„p.

Game 1:

ÇýÑúj BDH íÆ�¶ B 5º0, w2cq

4



ÛU6 A êr−„/�Â (Ë�wò� x), /�.ª

�Iíi‘ ε }< SCF-PEKS-1 òd, B Ê¦)ø

_ BDH ½æ < g, gα, gβ, gγ > (, ÊÇú Game

1 ¥� 1-1 2øQY6ít� Y qÑ gα, ¤vQ

Y6íò�¹Ñ„øí α, B ÛbJ-�íj¶_Ò

H1(U1j), H2(W
′
j), H3(tj) ú_Óœ�6, w2 qT Ñ

É½ Trapdoorα �6íŸb,Ì:

H1(U1j): k Z∗
p 2Óœ‘² aj , k {0, 1} 2‘² cj,

Å— Pr{cj = 0} = 1
1+qT

, à‹ cj = 0 †I hj = gβ ·
gaj , à‹ cj = 1 †I hj = gaj , p“ (U1j , aj , cj, hj)

’ek H1-list 2�

H2(W
′
j): k Z∗

p 2Óœ‘² a′
j, k {0, 1} 2‘² c′j,

Å— Pr{c′j = 0} = 1
1+qT

, à‹ c′j = 0 †I h′
j = gβ ·

ga′
j , à‹ c′j = 1 †I h′

j = ga′
j , p“ (W ′

j , a
′
j , c

′
j, h

′
j)

’ek H2-list 2�

H3(tj): k {0, 1}k 2Óœ‘² Vj, p“ (tj, Vj) k

H3-list 2�

âk B .ø− α, �6 Trapdoorα(W ) =

H2(W )α í_Òj¶à-:

Trapdoorα(W ): k H2-list 2©v (W ′
j =

W, a′
j , c

′
j, h

′
j) 5’e, à c′j Ñ 0 †2i_Ò, à c′j

Ñ 1 † H2(W )α =
(
ga′

j

)α
= (gα)a′

j = Y a′
j ,

ÛU6 A êA¥� 1-2 (, Ê¥� 1-3 2�|³

�É½¬˙ÆíL<s_Éœå W0 D W1, Æ�¶ B

É½ H1 £ H2 �6, )ƒ h0 = H1(g
γ), H1-list 2

ú@í’eÑ (a0, c0), h′
0 = H2(W0), h

′
1 = H2(W1),

H2-list 2ú@í’eÑ (a′
0, c

′
0) D (a′

1, c
′
1), à‹ c0 =

0 Cu c′0 = c′1 = 1 †T¢_Ò, ´†‘² b ∈ {0, 1},

U) c′b = 0, ÓœâÅ� k íå�2‘² J , I SCF-

PEKS-1 òd S Ñ (gγ, J), f£#ÛU6 A, A ªW

¥� 1-4 5É½, A |(�| b′, ?¹ A wÑD S ú

@5ÉœåÑ Wb′�

Ê,H A íÛU¬˙2âk S í�ø¶Mu

gγ , Ñ7U b′ �kö£í b, Óœ�6_�b° A B

ýÛbÉ½ H3 �6-�s65ø: e(H1(g
γ), X)γ ·

Game 1

�

�

g, gα, gβ, gγ

BDH ½æ

e(g, g)αβγ

B

g, Y = gα

�

H1 H2 H3

Trapdoorα

�
�

�
�

�
�

�

�
A−„/�Â,

x ∈R Z∗
p , X = gx

� W0, W1
h0 = H1(gγ),

h′
0 = H2(W0),
h′

1 = H2(W1),
abort if c0 = 0 or
c′0 = c′1 = 1

choose b ∈ {0, 1}
s.t. c′b=0,

and J ∈R {0, 1}k

�S = (gγ , J) � b′ ∈ {0, 1}

Çý. Game 1 2új BDH íÆ�¶ B 5º0

e(H2(W0), Y )γ Cu e(H1(g
γ), X)γ·e(H2(W1), Y )γ ,

ÄÑ B .ø− γ íbM, Ä¤ B Ì¶â H3-

list 2òQvƒv°É½p“, É?ÔñËÊ H3-

list 2‘²ø_ (t, ·), à‹�ß‘ƒ, B ycqF

‘ƒí t ú@ƒ Wb̂, b̂ ∈R {0, 1}, ?¹ t =

e(H1(g
γ), X)γ · e(H2(Wb̂), Y )γ , ¤vâ H1-list 2

©v (U1j = gγ, aj , cj, hj), â H2-list 2©v (W ′
i =

Wb̂, a
′
i, c

′
i, h

′
i), † t = e(gaj , X)γ · e(gβ+a′

i, gα)γ

= e(gγ, X)aj · e(g, g)α(β+a′
i)γ , ªR) e(g, g)αβγ =

t/e(gα, gγ)a′
i/e(gγ, X)aj� B AŠËúj BDH ½æí

i‘à-: AdvGame1,CKA
PEKS,B ≈ ε · 1

qH3
· 1

2
·
(
1 − 1

1+qT

)qT ·
qT

1+qT
·

(
1 −

(
1 − 1

1+qT

)2
)

≈ ε · 1
qH3

· 1
2
· 1

e
· 1+qT

qT
·

qT

1+qT
· q2

T +2qT

q2
T

+2qT +1
≈ ε

2·e·qH3
, w2 qH3 ÑÓœ�6 H3

íÉ½Ÿb,Ì�

Game 2:

ÇþÑúj BDH íÆ�¶ B 5º0, cqw2

ÛU6 A êr−„QY6, /�.ª�Iíœ0 ε }

< SCF-PEKS-1 òd, B Ê¦)ø_ BDH ½æ <

g, gα, gβ, gγ > (, ÊÇû Game 2 ¥� 2-1 2ø/�

Âít� X qÑ gα, ¤v/�Âíò�¹Ñ„øí α,

B ÛbJ Game 1 í„p2_Ò H1(U1j), H2(W
′
j),

¸ H3(tj) íj¶V_Ò H1, H2, H3 ú_Óœ�6,

5



w2 qT ZÑ A É½ Testα(·, ·) �6íŸb,Ì� â

k B .ø− α, �6 Testα(Tw, S) í_Òj¶à-:

Testα(Tw, S): I S = (U1, U2), âk Tw .â«

à H2 VßÞ, Ä¤Ê H2-list 2©v (W ′
j , a

′
j , c

′
j, h

′
j)

Å— e(h′
j , Y ) = e(Tw, g), âkßÞ S v.â

°vÉ½ H1 D H2 �6, Ä¤Ê H1-list 2©v

(U1i, ai, ci, hi) Å— U1i = U1, à‹ ci = 1, †ªú

H3(e(H1(U1i)
α, U1) · e(Tw, U1)) = H3(e(g

aiα, U1) ·
e(Tw, U1)) = H3(e(X

ai, U1) · e(Tw, U1)) D U2 ¹

Ñ Testα(Tw, S), à‹ ci = 0 †T¢_Ò�

ÛU6 A êA¥� 2-2 (, Ê¥� 2-3 2�|

L<s_Éœå W0 D W1, Æ�¶ B É½ H1 £

H2 �6, )ƒ h0 = H1(g
γ), H1-list 2ú@í’eÑ

(a0, c0), h′
0 = H2(W0), h

′
1 = H2(W1), H2-list 2ú

@í (a′
0, c

′
0) D (a′

1, c
′
1), à‹ c0 = 1 Cu c′0 = c′1 =

0 †T¢_Ò, ´†‘² b ∈ {0, 1}, U) c′b = 1, Óœ

âÅ� k íå�2‘² J , I SCF-PEKS-1 òd S Ñ

(gγ, J) 1f£# A, A ªW¥� 2-4 5É½, A |(

�| b′, ?¹ A wÑD S ú@5ÉœåÑ Wb′� Ê,H

A íÛU¬˙2âk S í�ø¶Mu gγ , Ñ7U b′ �

kö£í b, Óœ�6_�b° A BýÛbÉ½ H3 �

6-�s65ø: e(H1(g
γ), X)γ · e(H2(W0), Y )γ C

u e(H1(g
γ), X)γ · e(H2(W1), Y )γ , ÄÑ B .ø− γ

íbM, Ä¤ B Ì¶â H3-list 2òQvƒv°É½p

“, É?ÔñËÊ H3-list 2‘²ø_ (t, ·), à‹�ß

‘ƒ, B ycqF‘ƒí t ú@ƒ Wb̂, b̂ ∈R {0, 1},

?¹ t = e(H1(g
γ), X)γ · e(H2(Wb̂), Y )γ , ¤vâ

H1-list 2©v (U1j = gγ, aj , cj, hj), â H2-list 2

©v (W ′
i = Wb̂, a

′
i, c

′
i, h

′
i), † t = e(gβ+aj , gα)γ ·

e(ga′
i, Y )γ = e(g, g)α(β+aj)γ · e(gγ, Y )a′

i , ªR)

e(g, g)αβγ = t/e(gα, gγ)aj/e(gγ, Y )a′
i� B AŠËú

j BDH ½æíi‘à-: AdvGame2,CTCTA
SCF−PEKS−1,B ≈ ε ·

1
qH3

· 1
2
·

(
1 − 1

1+qT

)qT · 1
1+qT

·
(
1 −

(
1

1+qT

)2
)

≈
ε · 1

qH3
· 1

2
· 1

e
· 1+qT

qT
· 1

1+qT
· q2

T +2qT

q2
T

+2qT +1
≈ ε

2·e·qH3
·qT

,

w2 qH3 ÑÓœ�6 H3 íÉ½Ÿb,Ì�

Game 2

�

�

g, gα, gβ, gγ

BDH ½æ

e(g, g)αβγ

B

g, X = gα

�

H1 H2 H3

Testα(·, ·)
�
�

�
�

�
�

�

�
A−„QY6,

y ∈R Z∗
p , Y = gy

� W0, W1
h0 = H1(gγ),

h′
0 = H2(W0),
h′

1 = H2(W1),
abort if c0 = 1 or
c′0 = c′1 = 0

choose b ∈ {0, 1}
s.t. c′b=1,

and J ∈R {0, 1}k

�S = (gγ , J) � b′ ∈ {0, 1}

Çþ. Game 2 2új BDH íÆ�¶ B 5º0

ø_Í$Å— Game 1 íér4[ý: à‹ÛU

6³�¦)QY6«àò�Fl�íÉœå˙Æ, Fÿ

�ø−/�Âíò� x, 6³�Ÿ¶ªúòdDÉœå,

ª7½©c_’eé³Þí’e; ø_Í$Å— Game

2 íér4†[ý: à‹ÛU6³�/�Âíò� x, ÿ

�ø−QY6íò� y, 6³�Ÿ¶òQªúòdDÉ

œå, ª7½©c_’eé�

ý� !�ý� !�ý� !�

…�d3b‹# Baek .Ûbér�−cq� É

œåª½©ítÇÀ�‹òÍ$íér4ì2, U)é

r_�2íÛU6ªJªW_@�í “òd-Éœå˙

Æ ¿t” É½, N| Baek í SCF-PEKS Í$Ê„

p¤#“íérì2ví˚Ø, T|ø_^Z¬íÍ$

SCF-PEKS-1, 1/}pÊÓœ�6_�-ªJÅ—#

“íér4ì2� óœ5-, Ÿ… Boneh í PEKS ÿ

�«à SSL CuwFò{œ„VõTér�−, ér

Ëf£Éœå˙Æ, ¥šäíÍ$EÍÌ¶Å—…d2

Game 2 íér4, ÄÑÛU6Ébêr−„QY6, F

ÿªJAWªúòdDÉœå� Ê@àµÞ,Vz, …

dFT|í SCF-PEKS-1 Í$¸ Boneh �õTér

�−f£Éœå˙Æí PEKS �ø<Ïæ, ‡6í@à

2QY6³�/�Â6�íu, Ì¶AW½©, (6†
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ª, Ä¤ÛbeõÒ@à7�F¦Ÿ� 7 Baek í SCF-

PEKS ¸…dí SCF-PEKS-1 †u˘k°šé�í@

à, …dT|í SCF-PEKS-1 Í$x�œ7íér4�

þ� _áþ� _áþ� _á

…�dóÉû˝wP2MÚ]û˝F (lå)

U:TL-98-1501) £W\ÍÅ} (lå)U:NSC 97-

2221-E-019-014) %‘^Œ, )Jß‚êA, Ô¤_á�

ÿ� ¡ 5 d .
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