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Abstract: Aiming at the problem that the result verification method in the searchable encryption scheme was complicated,
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security of multi-keyword search results, a multi-keyword search scheme based on the improved Merkle-Tree authentica-
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ITHR, TR, Bdima#m it S 4 R Il
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5.2 ¥UEAM

A7 DO AEAE —NEE IR IO B A i — > Bt B
F TR LU R A EAT -
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ﬂv DO $& fft T4 N B AE I UE B3 B, R A

= {0, (h(fTi]), AL(7)),SIB(i), p, R"} , 3L EP AI() FoR

%HUWEP STTHEENE B o AEWCR i AR Rk
B, DO ¥k« , W AUE ) A, A
{h(STiD), ALG) Y FAERE, ARl NGRS HT e
BIAR, WRNB) AT, B4 DO v LUK IE CSP &
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Jai,» DO AFTIEHE BIEA TVIESRE, WRER N H,
B # T AR ARG R RS (o, £, 7}

6 AES

6.1 IEfMESHR

h TSR R A, RSO RIIE CSP fE
B YRS I AT B SR R ERAE, ﬂ%ﬁm)%ut@)
IRRST, e AT Bl 4

R,

O_l — 6(12,7;) — e(g(x+x’)(r, +rz)ng0(w’)r1 ’gS) —

bH, (w')ris

e(g,8)"" """ e(g. 8)
02 — 8(11,7:1) — e(g/”l ,g(erx’)sngo(w’)S) —

e(g’ g)(x+x’)r1s e(g’ g)()cﬂ;’)hH0 (w')s

_el, ) _e(g”,g" " H, ID)Y)
P oe(l,,T)  e(H(ID)*,g")

WRw cw, o, =0,0,, KRBT, X
PR A5 AL eV IR IR U 2250 e () IR IR

Efﬂ=e[ﬂh(f[i])"" ﬂ‘”,g’}{ﬁh(f[i])”’ ﬂ"‘"”[’],g‘j=

i=g i=g

=e(g’ g)(x+x’)sr2

e(ﬁ(h(f[i])u"“])bf,gfj=e[ﬂ((h(f[i])u"“])ff’,gj=

i=g i=g|

e(ﬂ((h(ﬂi])” /1Y Y ,gJ - an ,

i=g =G

g] =e(p.g) =411l

WA AL, RIA ST G2 IR .

[no11131

@0

@

4 HEA N



%9

6.2 ZEMLMH

TERSE LA B CDH e . SEEL T #2504
A DA RIRE A4 AN T D, ~F s HLA7 73 1) CSP
T A R RUE RIS R TR 5 Salik[22] 5 5
AR 22 AR S B 22 4 B bR . ASCIE IS BL R e B
RARUEA ST Ze 24

EIE 1 RECE 1 B TRE & REHTIEHL
ParKeyGen , & IREHITHFH ML KeyGen , Adv, &
INTCTF A ST A5 BB H, RS, Adv,, (1) For
T A FTHE DL AR B RIALFA  WIEE 1 RS 4T il
SCANATIX PR35 A

Advy, S Adv, +2(8 +&,)(n+1)Advy, (1)

MERR WS, RN A AL B AR 1
fF, Adv, RORTT A BIARH BBR T TIE S
PRE, KA, i+ 1R I — AN BN A,
i+ RS i R RPAT A R HRAE . WR E, 2
R Wi LS isr TS, Wi
PrS,, 1=Pr[S,,, | E,1Pr[E, ]+ Pr[S,, | "E,]Pr["E,] =

%Pr[EP]+Pr[Sl.+1 | "E,]Pt[TE,]=

%(1 ~Pt["E,])+Pr[S,]P1[ "E, ]

B, A

PiS,, ]1- %‘ =Pr[E,]

1

HMPH

Adv,,, =Pr["E,]Ady,

FEToR, ASCH IR — R A2l .

Gamel . {EIZRUEARY, T 4 #% M Gamel T
JE B BAT, Bk C AR EHH, AZ
BP9, 4 (D" pk,,") 2k B P
WS WAMANH, C=U,1",1 1) &R P T
Ao

Game2 o EIZECUERR, A4 REHAT Gamel
JE SR, BT H, st — M URERE R S A R £,
A1 Pi[S, 1= Pr[S,] - Adv,, H Adv, = Adv, - Adv,, -

Game3 . {EIXFCIART, B T AN A LS E
Ah, CPATIFAR S Game2 FH ] .

) C & # xyez .
1, €{0,,p}» Ming,m+D)<p.

2) CHf K'ez, M (K, .K,)

K,eZ 1sj<n.

nu

7 E{O,“-,I’l} %D

H

FHAT 5555 SE308 Merkle-Tree YAAIE J7 VIR W] 3641 22 SC AT R )5 % .« 125 .
3) C M T'ez, B (T, T, b
T;j EZW,lgjén °
ARBHE N

K- T
u=(g")krm gl

u =g g 1< j<n

ATUER, ARG IFEA SR A NS,
R, A4 Pr[S,]1="Pr[S,] H Adv,=Adv, -

Game4 . fEAZACTEART, B THMBTEL C
1T 1) U A 5 Game3 MH [F], b C A
ID=ID,,---,ID, o« & 2 AR Eo ik

A,(D)=K,/ =71, +>. ID K,

J=1

B,(ID)=T '+ iIDjTW.

AR B, CKifr 4,(ID7) R EETE, W
RAZE, WCLEiEIFHEH b {0, 1EA8 A4 K5
Wm0, CHATE Game3 AHIH F20 R

T (KK, -+ K,) X A JEAKIE R, B P4 (D)=

! ) JH:’ AdV4 = AdV3 °
n,(n+1) n,(n+1)

Game5 o {EIZACUEARH, B TN B, C i
TR AR S Gamed #H[H], CHIALLT 2 FR&HL &S
KA

) X TS ID, A4,(ID)=0 HX ParKeyGen
TS AT A

2) W FHHID, 4 (ID)=0 HXtKeyGen il 5
WLt T & i

WRLLE 2 PSR A T, W C 2k IF Hi
b' e {0,130 A AN, T Eads I 50 1 A& A AN
ST Gamed , WUASORAL vF Pr[ " E, 110 R RS, R
Pr{ "E{]=Pr[(Npe 4,(ID) # 0) (N p.(y 4, (ID) # 0)] =
1- Pr[(UlDeQAu (ID) * 0) U (UlDeQ’ Au (ID) * 0)] =
1= 3 Pt{4,(ID) % 0]— 3" Pr{4,(ID) = 0] _-4te

7

IDeR2 IDe?'

Omod p]=

Hrb, QF£/RA T ID BT 5 ML ParKeyGen (145
Hry Q' FoR 7 ID BfTIS AL KeyGen AR, &
PRI S L ParKeyGen HIVKEL, & R i)
M1 KeyGen [JIK %]

Wk n, =2(&+&), WP E]==, Kk,

| =



© 126 ¢ ST =S

41 %

1
AdVS = EAdV4 o

Game6 . {EZFCWER, bR TAEH g°, g 1EA
NS, Hodx,y & CARER, CHATHIIR S
Game5 HH[]; BR T 5 #L ParKeyGen , C AR¥E5T 12
RS AL T E Lo

ZoEM D, Wk A4,(D)=0, W C ks &

-1
)l'lIJ 'IZ JZFE % tl'eZp* JfF & ﬁ pskl :(gy)Au(Imgtl ,
-7, (ID)
psk, =(g’)*"™ H,(D)" .
T, psk, Hlpsk, o #84 FAEH I 2040 B8

éj\ s j"j Hl (ID) — ng" (ID)g;/”(lD) , Fy? u
1 1
4~ t'-
pSkl =g A pSkz = ngl (ID) A, oo
1 \ o
t :ld — o ﬂu%ﬁ, Iﬂz"%ﬂ\ /L\\%Hiﬁ]y_lzﬁj\
1T 4 (ID) . !

BB 4i 55 GameS AHIA], Bk Adv,=Adv, .

Game7 . fEIZFCUFART, B T HEPTBL  C B
T W AR 5 Game6 #H [7] , 45 ok B 4 10
(psk .. =(psk,",psk, ),ID", W, W) ; HIXR 4,(ID)#0,
W C il mMEHE b0} v Krnez M
C =,1,.1,,1) Hod 17 =(gpsk,")"
L' =(g"psk,)) " g, I =g, 1 =g

KIEAT Adv,=Adv, , R ERR A SO AT B

Game8 o EIZFER, bR T Pl SO AR L
C PATIIEAR 5 Game7 MIF], 45 7E > DL 54
(gu,v,g"u,y, C=U",1,1,,1"), Hf,
I'=u'", L =W, =g, I =g}’““D*V2 o

RS, CAMEH x,y,r,r,, Game7
Game8 [{][X 73 5 5 DL [l {847 Ko Advy, FRHT
4 X 4 DL [ @& W AL #H o, W
| Pr[S,]1— Pr[S,]|<< Advy, (1) 5 10 H., 7& Game8 H' w,
WS IIBER T, B PHS )= SISO T B
£l HA LU ASEA S

Adv,=Adv,+Adv,,
Adv,=Adv,
Adv, =n,(n+1)Adv,
Adv, < 2Adv,
Adv,=Adv,=Adv, < Adv,, (1)

B, A

Advy,, < Adv,, +2(& +&)(n+DAdv,, (1)

SERE 1 AEEE,

EIE 2 R 2 METFRZ & IR TS HL
KeyGen , & XA = Bl Trapdoor , Adv,, i
T A TG A B H ) I3, Advy, () R
F A+ DL B IR, WIS 2 BURCF 4Tl % 3
Al gy v A BN Advy,, < Adv, +
29(:2953 (n + 1)‘AdVDL (ﬁ') °

SEHL 2 (IR FR S B 1 AL, fEREE .

EIE 3 WEKTF 4, UL e FRASEEAR L (1]
AR TS R o B O, AR Gamel 5 JF
XA A AT g, K. B AT ¢ IR
WRIRES AT g, R, W LT AOHR
N 2 T () fig e CDH [i) it

&
(g5 +1e
41 (g +2q) <1,
Hrr, 1 02 G I — MR EIRETIRE, e /& HAR
X HR A

IERR A NI, AR AE I SVE B B
Game! 5 A, A2 H LMfi# ¢ CDH Jn) i, 3X HLIG A5 bR 2L
H B BENLIUE N, S0 L, i B 4Ed, 12414
WA A

A, 1t Gamel FI#5ANFrBOATE W), W B EHEA
WEARHOO A, MPTA SR ARN A S, B B A 4E9.

1) RESHEW. 1H5E 4, 75K BT RSN
Ak, BRI IEAE MM T . B P biN S e Z,
VR, "B A g e G, ¥ (g.g',G) Kiksh
A4, tIR%E.

2) WA B ). A, n] DLEEAT AT I [R) 53R4T 0 75 25
W, AT ERES 4, BT et RN SR 1], B E
B AFNER L, {fTilw. k¢ ) » ZHNRERAT A o
LA B T HATLL R, BRI &YKL L,
XS (T 2 AR S A, R4k E], W) B
N H(fliD=w, ENESE:; H®W, BKEHLIE#
¢ el flic, =0 KNP =6 . BIEFH 1K
Wik ez, , b5 w =) " " p(g)" eG, A5
¥ oo dl {f1il,w, ke IS INERNFIER L, B, I
H(fTil) =w AEN 4, 0%

3) BB A REIEP fLHIVERE 4 A,
BXFUL A WIREAT UL R RI% . B Sk A 75 2rify A

<¢g




ELE HA 4 3k T U0 Merkle-Tree tAIE 7 5 AT Y0 UE 2 SR )18 507 %8 <127 -

RIGHIRL, , RiGktc, Wke =0, N B
RWOHEIE B, Wilfe =1, w=p()", &
Ho =(p(g) Np@)"), MEo, =w'w =w"";
B Xt A M thiEm N o, & A4 Ak
< flkl,o, >, B A, NEFEH k] A l—Ahi
W24 o, HEAT N fIk] R4 1), DUE B $h
ITUNR BB A MRS 54 .

© BA fl) KW EWRIIAIER L, , B
Krd e, O, Wike, =1, BEILERAE,

@ Wk e, =0 La(flkD=w =g"p(g)"» WHi

o, =(g"p(g)) " =g""" (p(g)" )" =
_ Oy
("p(gM)e(gh)

B o, g",t,k M, Bk B 7] LATHE g 5k
& A LAAE 2 TS TR P ff 4R G ) CDHL ) R, 3X
L5 CDH i i PR3 1 R e AH 7 i

F2 R OR (PE B2 B CDH [n) 8 n] DAl DA R

g’ o(g“)p(g") = g”

. 1 ,
fif i [(qs+1)e]5<g .
B LI FREL 3 AN

E : A MEMELERIASLIL,

E,: A NEHREE fTk] E s EAER 12
EX

E,: A S AEAEENIERE S, BA
2RV REM

3 ANFEMNRAEZE, B IR A
P(E,NE,NE,)=P(E)P(E, | E)P(E, | (E,NE,)) -

IR 1 A T4 A S ZAL 4, 1M
REDH(1-5%),

WERR Wi bFTER, Ple, =1]1=01-05), KB A
SEALIIEN (1-6) » B E R DHIAT g IR AT
W, FTLL 4, B ASZILRRER RN (1-6)% .

HEVS 1 IESE

It 2 A ZREWEIN k] B —NA
2 A LN P(E, | E) = ¢ -

it 3 M E ME RAEFHBRAXIL
MO, A4 7 EE R EANEShIE NN
P(E, [(E,\NE) =06 -

WE FA P(E, mE2 D E,)=P(E)P(E, | E)P[E, |
(EENE)] =(1-06)"&s

Rk, #H

g=0(1-0)"¢ 4)
AT B & I /ME, ()R A7)
de’ _d(6(1-6)"¢) _
do de
(1=6)")e +(5q5(1-8) """ (-1)e) =
(1-8) " e((1-8) = 5q5)=(1- )" Ve(1-d(1+qy))

% ‘;_2 =0, Bl (1-0)e(l—8(1+¢,))=0 ;

oA s m—— . B oM. R 5 &N
1+q

S

&=0(l-0)se=

l{p l}l,ﬁ$ﬁﬁm
qs+1 qs+1

1

g5 (11— ]~g,mmzﬁy>[

1
(g5+1) mwnJ“
fE1e 3 kEEE.

BN ok, B 2BAE R B A 22 1 TR Py i v
CDH | /8,

1) B B WA TN W% T80T 4, Is4T I [A]
50 7 B (g, +g) IR N IR TR] DL K 265 44 A )
(q) M TR Y. BN 8] 22

2) BB T LR G P AE T, SRR
B5.
f4E DA 2), 532 B fif# 1t CDH [n) 1) e ) [H])
A4+, (g, 295) <2, 0

SEHE 3 EEE,

7 HRESHR
7.1 HEELR

TEME, X SCHR9, 16, 25177 8 UA S A SCT7 St AT
TR . FF5 R R 1 B, ik CSP &g
WELHLPATERAE, RIS RN AL S, A
TN EEE VA E AT LR, Wk 2 TR,

F1 iR
5 P
lu| L€ DRl NN
E TR
n s PR
m [ E RSN PSS P NN
P [WaE:d(E
/ PR ATIEA G
d R G RN B




<128 - w A ¥ W EpaE
F2 HEELE
UES KeyGen Enc Trap Search Verify
SCHR[9] T % 2|ulE 8+m)E O+DE IP+3P _
k(16177 % 2|u| E+2E 10+m)E+H, 10E IP+3P IP+3P
BGNPAIVES (IDOJ+DE (m+5+2n)E+nH, +3P 2E 2P +3E (d+1)E+dH, +2P
ENIES |n|E+3E 10E + nE O+DE 4p nE +4P

WL 2 WA, AR R RF SRR
EESCHR[O1 T 26« SCHR[ 16177 SR SCHR[25] 77 ZE o
7.2 INRELEER

X SCHR[O1T S+ SCHR[161 7 % SCHR[251 7 %
CA AT EIATDhRELLER, 3k 3 Fii.

=3 Thie tbER
e MR MBIESW CHEXE MR )
W ol SR R ATH
T e 7 2 R 7
L 2 2 2 %
%
XIRRS] 2 2 2 2
%
KL% R 2 2 B B

FHEE 3 A%, SCHR[9) 7 RN SCHR[16] 77 AL
PRI BT, BURSCHR[251)7 RARIA ST R AE i 5L
BLIRIBER D fE, H2 SCHR[25] 77 582 A AR B
B R B A DL RS 43 SR I T S )
BATEHT, KRN T FFES . 1A SC 7 S 08 3kt
Merkle-Tree [44SR 1) 3 24 58T CHls v
IA B AR A o
73 {(FESHH

TEP G HLEs BT T 5280, 2o —6 CPU 24 Intel
Core i5 3230M, 174 4 GB, #:4F 248 ) Windows10;
A—% CPU 4 Intel Core i5 10210U, 174 8 GB.
EH CHAENRFRET, 2 REAUIZAT Encrypt 5
1M1 Search 53k WKL 5 frow, ASCAFEHIA 0 2] 1000
PIAFRIBCE I OCEIAIZAT T 6 /NS, LR T I i
A R AN A H AT 25 8 4 2R 4 WK L T G Bt i) 285
SCHATI ). S5 BRI A i) 5 A 4k L
TP DB U] 25 SCAR B, 2 A D ] 1) P A B 1
RN AN SR AT — K, TR UL 2 S )
T EE R MR R PAT— IR

& 6 AT%N, 7E KeyGen 534, SCHR[25] 7 %
IS SA LT B DO B2, W3¢

HR[25177 SR A3 H 285 B R SE TN B 9 5
FER 32 SCH 8T, W T AR K DO 7 A4 AN
A28, PIEG i oSO . A ST Sl it
X} Merkle-Tree R4 SEILEHR M)A LB, A
SO AR AT AN, B AA ST R A B A
R SR IR AR RS, AT SCER[251 7 & -

1200

—-—Encryﬁt
1 000k —e—Searc|
» 800
£
=
= 600f
£
&£ 400}
200F
0 200 400 600 800 1000
SR iR B/ A
K5 $hAT IR
1 400
—— Y HR[25]1 &
r200r| X E0K
£1000f
=
= 800f
E 600
m
%3 400F
200 //
-

20 60 80

20
DO E /A
Kl 6 2P ) IR

R TSI AS NS TT R, AR H et
'] Merkle-Tree X SCHR[ 1617 AT 0 i SEILsh 25
Wro BT B R P H AE 50 ) 500 AL
5 DL JEAT ST BB AR AU SE IS . AL T 10
K. WNE 7T LLUEH, BEE B SRS E E
RXGIm, THESAEER N, &EETERE. R
T EACV R A A — e A3

8 ZERIB
SR T IR S R AR ) % e R



%9

HA 4 3k T U0 Merkle-Tree tAIE 7 5 AT Y0 UE 2 SR )18 507 %8 <129

J7 %, LT SCRR[16] 7 ANRESEIL B2 B h e
56, FIFHSGER) Merkle-Tree WAUE A4t 2 7
SRS S SR, AVER I T BE R IR
P SEANE A R RGAIE, 1y ELIN TR - B AR
RERRORIE T HUR PR, LR, X5 S0 1R
PERVE A EEAT T PEAR I T SER, TER T ASCOy
ST SN X P VERUAN R DG e, PEfESY
BT, A5 G AL e IR R SR E EAT RS
AL 2 AT REMIPLH

S0 100 150 200 250 300 350 400 450 3
Bl 8 A

K7 B A

(=}

S K-

[1] MELL P, GRANCE T. The NIST definition of cloud computing[J].
National Institute of Standards and Technology, 2009, 53(6): 50-53.

[2] ARMBRUST M, FOX A, GRIFFITH R, et al. A view of cloud compu-
ting[J]. Communications of the ACM, 2010, 53(4): 50-58.

[3] SAHAI A, WATERS B. Fuzzy identity-based encryption[C]//Annual
International Conference on the Theory and Applications of Crypto-
graphic Techniques. Berlin: Springer, 2005: 457-473.

[4] SONG D X, WAGNER D, PERRIG A. Practical techniques for
searches on encrypted data[C]//Proceeding 2000 IEEE Symposium on
Security and Privacy. Piscataway: IEEE Press, 2000: 44-55.

[5] GOH E J. Secure indexes[J]. IACR Cryptology ePrint Archive, 2003,
6(12): 12-22.

[6] CHANG Y C, MITZENMACHER M. Privacy preserving keyword
searches on remote encrypted data[C]//Applied Cryptography and
Network Security. Berlin: Springer, 2005: 442-455.

[77 CURTMOLA R, GARAY J A, KAMARA S, et al. Searchable symme-
tric encryption: improved definitions and efficient construc-
tions[C]//ACM Conference Computer and Communication Security.
New York: ACM Press. 2006: 376-379.

[8] GOLLE P, STADDON J, WATERS B. Secure conjunctive keyword
search over encrypted data[C]//International Conference on Applied
Cryptography and Network Security. Berlin: Springer, 2004: 31-45.

[91 ZHENG Q, LI X, AZGIN A. CLKS: certificateless keyword search on
encrypted data[C]//International Conference on Network and System
Security. Berlin: Springer, 2015: 239-253.

[10] ZHANG W, LIN Y, XIAO S, et al. Privacy preserving ranked mul-
ti-keyword search for multiple data owners in cloud computing[J].
IEEE Transactions on Computers, 2015, 65(5): 1566-1577.

[11] YANG Y, MA M. Conjunctive keyword search with designated tester

and timing enabled proxy re-encryption function for e-health clouds[J].

IEEE Transactions on Information Forensics and Security, 2015, 11(4):
746-759.

[12] SHEN J, SHEN J, CHEN X, et al. An efficient public auditing proto-
col with novel dynamic structure for cloud data[J]. IEEE Transactions
on Information Forensics and Security, 2017, 12(10): 2402-2415.

[13] SUN W, WANG B, CAO N, et al. Verifiable privacy-preserving mul-
ti-keyword text search in the cloud supporting similarity-based rank-
ing[J]. IEEE Transactions on Parallel and Distributed Systems, 2013,
25(11): 3025-3035.

[14] WANG J, CHEN X, HUANG X, et al. Verifiable auditing for
outsourced database in cloud computing[J]. IEEE Transactions on
Computers, 2015, 64(11): 3293-3303.

[15] CHUM C S, ZHANG X. A new bloom filter structure for searchable
encryption schemes[C]//Proceedings of the Seventh ACM on Confe-
rence on Data and Application Security and Privacy. New York: ACM
Press, 2017: 143-145.

[16] MIAO Y, WENG J, LIU X, et al. Enabling verifiable multiple key-
words search over encrypted cloud data[J]. Information Sciences, 2018,
465(10): 21-37.

[17] BONEH D, CRESCENZO G D, OSTROVSKY R, et al. Public key
encryption with keyword search[C]/International Conference on the
Theory and Applications of Cryptographic Techniques. Berlin: Sprin-
ger, 2004: 506-522.

[18] GUOY, L1J, ZHANG Y, et al. Hierarchical attribute-based encryption
with continuous auxiliary inputs leakage[J]. Security & Communica-
tion Networks, 2016, 9(18): 4852-4862.

[19] MIAO Y, MA J, LIU X, et al. Practical attribute-based multi-keyword
search scheme in mobile crowdsourcing[J]. IEEE Internet of Things
Journal, 2017, 5(4): 3008-3018.

[20] KUROSAWA K, OHTAKI Y. How to update documents verifiably in
searchable symmetric encryption[C]//International Conference on
Cryptology and Network Security. Berlin: Springer, 2013: 309-328.

[21] KUROSAWA K. Garbled
tion[C]//International Conference on Financial Cryptography and Data
Security. Berlin: Springer, 2014: 234-251.

[22] GARG N, BAWA S. RITS-MHT: relative indexed and time stamped
Merkle Hash tree based data auditing protocol for cloud computing[J].

searchable  symmetric  encryp-

Journal of Network and Computer Applications, 2017, 84: 1-13.

[23] M. T2 o (K AT e W] 22 A PR (M. B st 35 R OR % AL,
2017.

YANG B. Provable security in cryptography[M]. Beijing: Tsinghua
University Press, 2017.

[24] ZHENG Q, LI X, AZGIN A. CLKS: certificateless keyword search on
encrypted data[C]//International Conference on Network and System
Security. Berlin: Springer, 2015: 239-253.

[25] MIAO Y, MA J, LIU X, et al. VMKDO: verifiable multi-keyword
search over encrypted cloud data for dynamic data-owner[J].
Peer-to-peer Networking and Applications, 2018, 11(2): 287-297.

(HEZE R

BES (1982- ) , 5, SyNEEAN, 1
€ BNRF SR WA AES, EET
FT W NSRRI . B S el
K HH 24 5 B AL R 55

I8 (1994— ), 2, SNSRI, SeMlRaEmtA, 8
WEGCTT 17 g AT 3R 2 8L



	11-200196-0	®.pdf

