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Abstract: Distributed information systems require complex access control which depends upon attributes of
protected data and access policies. Traditionally, to enforce the access control, a file server is used to store all data
and act as a reference to check the user. Apparently, the drawback of this system is that the security is based on
the file server and the data are stored in plaintext. Attribute-based encryption (ABE) is introduced first by Sahai
and Waters and can enable an access control mechanism over encrypted data by specifying the users’ attributes.
According to this mechanism, even though the file server is compromised, we can still keep the security of the data.
Besides the access control, user may be deprived of the ability in some situation, for example paying TV. More
previous ABE constructions are proven secure in the selective model of security that attacker must announce the
target he intends to attack before seeing the public parameters. And few of previous ABE constructions realize
revocation of the users’ key. This paper presents an ABE scheme that supports revocation and has full security in
adaptive model. We adapt the dual system encryption technique recently introduced by Waters to ABE to realize

full security.
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0 Introduction

In order to gain a much larger world of possibilities
for sharing encrypted data, attribute-based encryption
(ABE) is introduced in fuzzy identity-based encryp-
tion (IBE)!*. ABE enables an access control mechanism
over encrypted data by using access policies. Subse-
quently, Goyal et al.l?! formulated two complimentary
forms of ABE: ciphertext-policy ABE (CP-ABE) and
key-policy ABE (KP-ABE). In the CP-ABE system,
keys are associated with sets of attributes and cipher-
texts are associated with access policiesl®5!. In the
KP-ABE system, encrypted data are associated with
a set of attributes. An authority will issue users differ-
ent private keys which are associated with a different
access structure over attributes and reflect the access
policies. The decryption algorithm allows users to de-
crypt data if the access policy of their private key per-
mits the attributes. KP-ABE is thought to be useful in
some broadcast situation. For example in online video,
publisher can distribute some video with attribute { “24
hours”, “session”, “VIP user”} and user that has the
access policy such as {“general user” OR (“24 hours”
AND “Prison Break”)} can decrypt the ciphertext and
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then get the film data.

The previous proof of ABE is usually selectively se-
cure that attacker is required to announce the target he
intends to attack before seeing the public parameters.
This is a partitioning strategy that the previous proof
builds the hard problem like “decisional bilinear Diffie-
Hellem” (DBDH)!® problem into the public parameters
and target keys that cannot be queried by attacker. The
simulator can only make queries of the rest of the key
space.

Encryption schemes need revocation mechanism
when they face the key compromise and key expiration
problem. In public key infrastructure (PKI), revocation
is generally implemented via certificate revocation lists
(CRLs). In attribute-based setting, Boldyreva et al.l”]
proposed a revocable ABE scheme by update the non-
revoked users at all time slots. Huge communication
from the key authority to the users is its drawback.

1 The Proposed Approach

We adapt the dual system encryption technique to
ABE in order to gain full security. Waters introduced
dual system encryption to overcome the limitations of
partitioning!®. In a dual encryption system, cipher-
texts and keys have two forms: normal and semi-
functional. A normal key can decrypt normal or semi-
functional ciphertexts. A semi-functional key can only
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decrypt normal ciphertexts. When a semi-functional
key is used to decrypt a semi-functional ciphertext, de-
cryption fails with a random additional term from pair-
ing of the terms in the semi-functional key and cipher-
text. The semi-functional ciphertexts and keys are only
used in the proof of security other than in the real sys-
tem. The proof employs a sequence of security games
that the ciphertext and queried keys are changed to
semi-functional one by one. In the final game, none of
the key given to the attacker can be useful for decrypt-
ing a semi-functional ciphertext. The challenge is that
in the step where the kth key becomes semi-functional,
the simulator must be prepared to make any semi-
functional challenge ciphertext and any key as the kth
key. This means that the simulator can just make a key
that should decrypt the challenge ciphertext and test
the key itself that whether the key is semi-functional
by attempting to decrypt the semi-functional challenge
ciphertext. Lewko and Waters!®'% provided a realiza-
tion of dual system to overcome it by using nominally
semi-functional keys. Nominally semi-functional keys
are almost the same as the semi-functional keys except
that they also successfully decrypt the semi-functional
ciphertexts. We adapt this technique in our construc-
tion to realize full security. The proof of the system re-
lies on the complexity assumptions of composite groups
introduced in Ref. [9]. Revocation list is needed in en-
cryption, so it has application similar to broadcast that
user may not have the access control policy, but just a
set of attributes. For that reason, in our construction
we use KP-ABE structure. Additional, we add the bi-
nary treel'12 technique to realize the key revocation.

2 Preliminaries

Access structures Let {Py,Pa,--- ,P,} be a set
of parties, P; means the ith party. A collection A C
2{P1, P2, Pn} is monotone for VB, C : if B € A and
B C C, then C € A. An access structure (respec-
tively, monotone access structure) is a collection A
of non-empty subsets of {Py,Pa, -, Pn}, ie. A C
2{P1P2,.Pn}  The sets in A are called the authorized
sets, and the sets not in A are called the unauthorized
sets.

Linear secret-sharing schemes (LSSS) A
secret-sharing scheme II is called linear (over Z,) over
a set of parties P if ) the shares for each party form a
vector over Z,; @2 there exists a matrix M called the
share-generating matrix for the secret-sharing scheme
II. The matrix M has [ rows and n columns. For all
i=1,2,---,1, we denote the function p(i) as the party
labeling row ¢ of M. When we consider the column vec-
torv=_[s rg 13 --- 1,|T, where s € Z, is the secret to
be shared, and r3, 73, - , 1, € Z, are randomly chosen,
then Mwv is the share [ vector of the secret s accord-
ing to the secret-sharing scheme II. The share (Mwv);
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belongs to party function p(i). In the later scheme we
define the symbol AS(M, p) for a secret-sharing scheme
IT that has a share-generating matrix M and function
P

LSSS enjoys the linear reconstruction property. Sup-
pose that the secret-sharing scheme II is an LSSS
for the access structure A. Let S € A be any au-
thorized set, and let T C {1,2,---,1} be defined as
I={i:p(i)e S} If {\} are valid shares of any secret
s according to secret-sharing scheme II, then there exist
constants {w; € Z,}ier satisfy Zwi)‘i = s. Further-
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more, it is shown that these consiants w; can be found
in time polynomial in the size of the share-generating
matrix M.

Composite order bilinear groups We construct
our systems in the composite order bilinear groups.
We define a group generator G, and an algorithm
which takes a security parameter A as input and out-
puts a description of a bilinear group G. For our
purposes, we have that G outputs (p1, p2,ps, G,Gr,e€)
where p1, po, p3 are distinct primes, G and G are cyclic
groups of order N = p1paps, and e : Go — G is a map.

(1) Bilinear: Vg,h € G;a,b € Zn;e(g®, h?) =
e(g, ).

(2) Non-degenerate: Jg € G such that e(g,g) has
order N in Gr.

We assume that the group operations in G and G as
well as the bilinear map e are computable in polynomial
time with respect to A and that the group description
of G and Gt includes generators of the respective cyclic
groups. We let G,,,, G, and G, denote subgroups of
order p;, p2 and p3 in G respectively. We note that
when h; € Gy, and h; € Gy, for i # j, e(h;,hj) is
the identity element in Gp. To prove this, we suppose
hi1 € Gp, and hy € Gp,. Let g denote a generator of
G. Then, gPP? generates Gp,, gP'P? generates Gy, , and
gP2Ps generates G, . Hence, for some a; and o which
satisfy hy = (gP2P3)*t and hy = (gP'P2)2, there is

e(h17 h2) — e(gpzpsth?gplpsaz) —

e(gal , gpaaz )plpzps =1.

This orthogonality property of G, , G, and Gy, is used
to implement semi-functionality in our constructions.

The proof of the security relies on the complexity as-
sumptions of composite groups. The subgroup decision
problem for 3 primes is below. We define the symbol
g i Gy, for the variable g is selected randomly (i)
from the group G, .

Assumption 1 Given a group generator G, we
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define the following distributions

G= (N :p1p2p37G7GT7e) & g7
gﬁGpm X3£Gp37

D= (G797X3)7 Tl i Gp1p27 T2 & Gpl'

We define the advantage of an algorithm 4 in breaking
Assumption 1 to be

Advlga(\) = |PIA(D, T}) = 1] — PJA(D, T3) = 1]|.

where P is the possibility function.
Assumption 2 Given a group generator G, we de-
fine the following distributions

G = (N = p1p2p37G7GT76) & g7

(X27}/2> i Gp27 (X37Y3) & GPSS7
D = (G, g, X1X2, X3,Y2Y3),

R
g — Gp17

TG Ty Gy

We define the advantage of an algorithm 4 in breaking
Assumption 2 to be

Adv2g.4()\) = |PIA(D, T}) = 1] — PJA(D, T3) = 1]|.

Assumption 3 Given a group generator G, we de-
fine the following distributions

G = (N :p1p2p37G7GT76) L gv (OZ,S) (i ZNv

g L GPl? (X27}/27Z2) L GPQ? X3 L Gp37
D= (G7gagaX27X37gs}/27Z2)7

Ty =e(9,9)", Tp & Gy

We define the advantage of an algorithm A in breaking
Assumption 3 to be

Adv3g 4(N) := |PJA(D, Ty) = 1] — PlA(D, T») = 1]|.

Terminologies for binary tree We denote some
terminology for complete binary tree. Let £ =
{1,2,---,n} be the set of leaves. Let X be the set
of node names in the tree via some systematic naming
order. For a leaf i € L, let Path(i) C X be the set
of all nodes on the path from node i to the root (in-
cluding ¢ and the root). For leaf node set L C L, let
Cover(L) C X be defined as follows. First mark all the
nodes in Path(i) if ¢ € L. Then Cover(L) is the set
of all the unmarked children of marked nodes. It can
be shown to be the minimal set that contains no node
in Path(i) if ¢ € L but contains at least one node in
Path(i) if ¢ ¢ L. Tt is known in Ref. [13] that

|Cover(L)| < [L[[log(n/|L[) +1].
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3 Definition

Setup (A\) — (PK,MSK) In our scheme, we de-
fine the universe set of serial numbers U as the set of
leaves in the complete binary tree £ = {1,2,--- n}.
Setup is a randomized algorithm that takes an input
A with a size of U. It outputs the public key PK and
master key MSK.

Encrypt (PK,M,R,w)— CT This is a random-
ized algorithm that takes in public parameters PK, mes-
sage M, set of attributes w, and revocation list R (a list
of keys that have been revocated). It outputs cipher-
text CT.

Key-Gen (ID,AS(A, p), MSK, PK) — skip as(a,p)
This is a randomized algorithm that takes serial number
ID € U, access structure AS(A, p) over the universe of
attribute ¢ of matrix A to an attribute p(i), master key
MSK, and public key PK. It outputs private decryption
key skip as(a,p)-

Decrypt (CT,w, R,skip as(a,p), (ID,AS(A, p)),PK)
This algorithm takes as input the ciphertext CT that
is encrypted under attributes w, revocation list R,
decryption key skip aga,p) for user serial number ID
with access control structure AS(A, p), and public key
PK. It outputs the message M or a special symbol |
indicating an unsuccessful decryption.

Security model We now give the security model
for revocable KP-ABE systems. This is described by
a security game between a challenger and an attacker.
The game proceeds as follows.

Setup The challenger runs the Setup algorithm
and gives the public parameters PK to the attacker.

Phase 1 The attack queries the challenger for pri-
vate keys corresponding to an access structure

AS(Avp)lvAS(Avp)Qv e 7AS(A7p)q1

Challenge The attacker declares two equal length
messages My and M;, an attributes set w, and a
revocation list R. The access structures AS(A,p)i,
AS(A,p)a, -+, AS(A, p)q, which are not included in
the R cannot be satisfied by the attributes’ set w. The
challenger flips random coin 8 € {0,1}, and encrypts
message Mg, producing CT* to the simulator CT. It
gives CT" to the attacker.

Phase 2 The attack queries the challenger for
private keys corresponding to an access structure
AS(A, p)gi+1,AS(A, p)gy+2, -+, AS(A, p), with added
restriction that if the 7th key is not in the revocation
list R, then w does not satisfy AS(A, p);.

Guess The attack outputs a guess ' for 3. The
advantage of an attack in this game is defined to be

1
Pp=p1- o
Selective security is defined by adding an initializa-

tion phase where attack must declare w in the encryp-
tion before seeing PK. In this work, we do not impose
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this restriction on the attacker. We use the dual sys-
tem encryption technique to prove the security in this
model in the Section 5.

4 Construction

Let U be the universes of user key serial numbers. Let
G, be the maximum size of attribute set allowed to be
associated with a ciphertext, i.e., we restrict |w| < m.
We set R as the user key set R C U and d be the maxi-
mum of Cover(R) for all user key sets R. The restriction
of |w| and d is important in the security proof.

Setup (\) — PK, MSK The setup algorithm
chooses a bilinear group G of order N = pipops. Let
Gp, denote the subgroup of order p; in G. Then
it chooses randomly o € Zy,g € Gp,. It chooses
randomly s; € Zpy for each attribute i. Then it
chooses random numbers for d times: hg,hy, -+ ,hq €
Zy. We set symbols T;, H; for T; = ¢%(Vi),H; =
g"i (V). Define a function O(x HH””]. We de-
7=0
fine MSK= {a, a generator X3 € G,,} and public keys
PK:{N7 9, e(gu g)aa T, Hj? O(LL')}

Encrypt (PK,M,R,w) The algorithm first picks
randomly s € ZN7 and computes C = M(e(g,9)%)°,
cW =g, 0(2 , 1 € w. Then we run Cover(R) to
find a mlmmal node set that covers U\ R, and compute
for each leaf node

z € Cover(R) : C® = O(z)*.

It outputs the ciphertext as
CT = (Ov C(l)v {01(2) }ieun {O;gg) }ﬁECover(R)) .

Key-Gen (ID,AS(A,p),MSK, PK) — sk First
it chooses random numbers «; and «s such that o =
a1 + a. The key-generation chooses random vector
v = (a1,v2,v3, -+ ,v) where vo,vs,--- ,v; € Zy. For
all leaf nodes = € Path(ID), it then randomly chooses
r1,T2, 7,7z € Zpy, and chooses random elements
Wi, Vi, Re, Ry € G, It outputs the private key as

skip As(A,p) =

(077 (0905 1)
T Jieny) V% 7T ) pepath(p) /]

where
Dgl) _ gA””T['iWi, D§2) — gV,
DY) = g2 0™ (2)R,, DY =g Ryr.
Decrypt (CT,w, R,skip aga,p), (ID,AS(A, p)),

PK) Suppose that w satisfies AS(A, p) and ID ¢ R.
Then the algorithm computes constants ¢; such that

Z ¢iA; = l. We define 1 as vector (1,0,---,0).
p(i)Ew
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And since ID ¢ R, it also finds a node = such that
x € Path(ID) N Cover(R). Then we compute

i (ceremn) (6@90(”)) _

piew \e(CEL DE |\ e(cf?, DY)

(i)?
9)*** = e(g,9)"*

e(g,9)**e(g,
M =C/e(g,9)*

5 Security

First we claim that the revocation list R in the cipher-
text cannot be corrupted with the definition of public
parameter d and O(z). If the user Y in the revoca-
tion list can decrypt ciphertext, we must enlarge the
Cover(R) embedded in the Ct¥. With the definition

H , we say that in each ciphertext, Cg(g?’)

is the Value in z of a d degree random polynomial with
random secret s. So with less than d elements Og(gf) in
this polynomial, we cannot construct another value of
the polynomial. Then it is impossible to enlarge the
Cover(R), and the revocation list R in the ciphertext
is secure. In order to prove the security of our system,
we must first define the semi-status of the ciphertexts
and the keys.

Semi-functional ciphertext We set g2 to be a
generator of G, and random number ¢, §;,0, € Zy.
CO = g*g5, CF = Tygs™, Cy = O ()9

Semi-functional key We first set g2 to be a gener-
ator of G, and random number ¢, o, &, i, (g, 05, 2" €
Zy, where i € [1,—1],z € Path(ID). Then it chooses
random vector A, and sets \; = A; .

Type 1 semi-functional key:

D = g"Vigs',
DY = g™ Rurgs’

pW — gA'i'”Ti“ WigM-i-EWe

2

D 3) — gagorz(x) Iggg+9 Cr

x

Type 2 semi-functional key:

DM = g2 T Wigy, D = gniv,
(

DY) = g*20™ (2)Rug5*, D = g™ Ry
When a semi-functional key decrypts a semi-ciphertext,
there will be additional term

z CA,;C,; >\i

e(g2, g2)" e e(ga, g2)°2

We say that when c¢A-l = 0 and o), = 0, we call the type
1 semi-functional key is a nominally semi-functional key
because it can still decrypt the semi-ciphertext.
Gameyey). It is the same as the real security game.
Gamey. It is just like the real game except that the
ciphertext is changed into semi-functional.
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Gamey, 1. The ciphertext is semi-functional. The first
k — 1 queried keys are type 2 semi-functional keys, the
kth queried key are type 1 semi-functional key, and the
left are normal keys.

Gamey, 2. The ciphertext is semi-functional. The first
k queried keys are type 2 semi-functional keys, and the
left are normal keys.

Gamerina). All keys are semi-functional of type 2 and
the ciphertext is a semi-functional encryption of ran-
dom message, independent of the two messages pro-
vided by the attacker. These games are indistinguish-
able under the composite assumption.

Lemma 1 Suppose that there exists a polyno-
mial time algorithm A such that Game,eaAdvy —
GamegAdv 4 = €. Then we can construct a polyno-
mial time algorithm B with advantage € in breaking
Assumption 1.

Proof B is given as {g,X3,T}. It will simulate
either Game,e, or Gamey with A. The parameters
are formed by choosing exponents «, s;(Vi), h;(Vj) ran-
domly as in the normal construction. B gives these to
A. B can respond to whatever key requests by running
the usual key generation algorithm to make normal keys
because it knows all the secret of the system.

To form the challenge ciphertext for a set of at-
tributes w and a revocation list R, B implicitly sets
s so that ¢° is the part of T' in the G), subgroup (i.e.
T is the product of ¢° and possibly an element of Gp, ):

C = Mge(g,9)°" = Me(g,T)“, c® =1,

S hjzd
c® =T (View), C® =T "" (Vz e Cover(R)),
where 3 is the random coin, 8 € {0,1}.

We note that this implicitly sets & = s; and 6, =
d

Z hja’. First, we say that values of s; and h; mod-
j=0

ulo p; are uncorrelated from the values of s; and h;
modulo py (for Chinese Remainder Theorem). Further-
more, for |Cover(R)| < d, the attacker cannot use ct?
to form another = in the tree. If T = g*, this is a
properly distributed normal ciphertext. If T' = ¢° X,
(for X2 € G,,), this is a properly distributed semi-
functional ciphertext. Thus, B can use the output of A
to gain advantage € in breaking Assumption 1.

Lemma 2 Suppose that there exists a polyno-
mial time algorithm A such that Gamej_;2Adv4 —
Gamey, 1Adv4 = e. Then we can construct a polyno-
mial time algorithm B with advantage € in breaking
Assumption 2.

Proof B is given as {g, X3,9°X5,Y2Y3,T}. Tt
will simulate either Gamep_;2 or Gameg; with
A. It begins by sending A the public parameters
N,g,X3,¢e(9,9)% 9°, gn, where it chooses a and values
s;, hj randomly. In order to form the challenge cipher-

J. Shanghai Jiaotong Univ. (Sci.), 2011, 16(4): 490-496

text for a set of attribute w and revocation list R, B
sets

C = Mge(g,9°X2)",
CW =g° Xy, CF = (¢°Xo)" (Vi€ w),

K2

d .
> hja
OB = (g°X5)i=0 (Vz € Cover(R)).

We note that this implicitly sets & = s; and 0, =
d

Zhjxj (mod N). We say that values of s; and h;
=0

modulo p; are uncorrelated from the values of s; and
h; modulo p». In order to form normal keys for queries
greater than k, B can use MSK and do the regular key
generation algorithm. To create semi-functional keys
of type 2 for queries less than k, B chooses random
numbers a; and s such that @« = a3 + az (mod N).
Then it chooses random vector v such that v -l = aq,
random vector v}, random number r; € Zy, random
group elements W;,V;, R, and R, and random num-
ber o € Zy. The semi-functional key can be defined
as

DEI) — gAl'UTZan(}/Q}/E})AIvé, D£2) _ gTiVi,
DY) = g°20" (2) R, (Y2Y3)®, DM = g™ Ry

5
We note that for Y5 = ¢5, A in our description of semi-
functional keys above now corresponds to A = ¢v), and
o corresponds to of = c.

For the kth key to AS(A, p), B will make a key that
is either a nominally semi-functional key of type 1 or
a normal key depending on the value of T' in the chal-
lenge. We emphasize that a nominally semi-functional
key will still have the distribution of a regular semi-
functional key of type 1 in the view of an attacker. To
form the kth key for AS(A, p), B first chooses random
numbers a7 and as such that o« = a1 + as modulo N.
Then it chooses random vector v” such that v -1 =0
and a vector v’ such that v’ -1 = 0. It implicitly sets
v = rvy + v', where g" is the G,, part of T Elements
i, Cz, W; and V; are chosen randomly.

Dgl) _ gAi-v’TAi~v”T<PiSp(i) Wi, Dz(2) = T%V,

d

Da(a3) — gaszzo hye! Co Da(a4) =T R,
We note that this sets r; = ry; and r, = r{,. This
is acceptable because r; is used as a modulo p; value
and ¢; is used as a modulo p; value and it is similarly
with 7,. We set af, = 0 for this is a nominally semi-
functional key. Now the key is distributed as either a
normal key or a nominally semi-functional key of type
1 depending on the value T

If the kth key is in the revocation list R in the chal-
lenger ciphertext, the key cannot decrypt the ciphertext
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whatever the key’s type. If the kth key is not in the
revocation list R and the ciphertext satisfies the key’s
access policy, the key can decrypt the ciphertext what-
ever the key’s type for the nominal mechanism. Next
we argue that if the attacker dose not ask for a kth key
that can decrypt the challenger ciphertext or the kth
key that is not in the revocation list R in the challenger
ciphertext, the kth key is properly distributed in the at-
tacker’s view for a normal semi-functional key of type
1.

We assume that the kth key cannot decrypt the chal-
lenge ciphertext and be not in the revocation list R.
This implies the rowspace K of the corresponding rows
i of matrix A that p(i) € w does not include the vector
l. Thus, we denote a vector w that w is orthogonal to
K, and not orthogonal to (1,0,---,0). We set an equa-
tion that vo = fw + ver for f € Zy and v is the
span of the left rowspace. We note that vy, reveals
no information about f. For the rows ¢ that p(i) € w,
then in the subgroup G,, we can only get A; - vor. We
cannot get any information about fw. For the rows
i that p(i) ¢ w, we can get the fw in the equations:
A;-va+p;is (), where p(i) are each unique attributes, as
long as each ¢; is not congruent to 0 modulo py. Each
equations has a new unknown Sp(i)- In D§c3) and D§c4),
h; modulo ps is unknown to the attacker that it cannot
know whether aq is equal to 0. The value ¢, modulo
po is from each other randomly. So we say that the
value in the G), subgroup is information-theoretically
hidden.

Therefore, B has properly simulated either
Gamey_12 or Gamep; depending on the value
T. Hence it can use the output of A to gain advantage
negligibly close to € in breaking Assumption 2.

Lemma 3 Suppose there exists a polyno-
mial time algorithm A such that GamejpiAdvy —
Gamey 2Advy4 = €. Then we can construct a polyno-
mial time algorithm B with advantage € in breaking
Assumption 2.

Proof B is given as {g, X3,9°X>,Y2Y3,T}. Tt
will simulate either Gameg; or Gamego with A.
It begins by sending A the public parameters
N,g,X3,¢e(9,9)% 9, gn, where it chooses a and values
s;, hj randomly. In order to form the challenge cipher-
text for a set of attribute w and revocation list R, B
sets

C= Mﬁe(gthXQ)aa C(l) = gS—X27
C® = (¢°X,)% (Vi € w),

cpd
hjx

C® = (¢°X3)=° ~ (Va € Cover(R)).
We note that this implicitly sets & = s; and 0, =

d
Zhjxj (mod N). We say that values of s; and h;

Jj=0

495

modulo p; are uncorrelated from the values of s; and
h; modulo py. In order to form normal keys for queries
greater than k, B can use MSK and do the regular key
generation algorithm. To create semi-functional keys of
type 2 for queries less than k, B first chooses random
numbers a3 and ag such that @ = a1 + az(mod N).
Then it chooses random vector v that v -l = «y, ran-
dom vector vh, random number r;,r, € Zy, random
group elements W;, V;, R, and R., and random num-
ber o/ € Zy. The semi-functional key can be defined
as

DY = g4I Wi(vaYa) A, D = gn,
D = g0 ()R, (YaY3)®, DW = g™ R,..

We note that for Y5 = g5, A in our description of semi-
functional keys above now corresponds to A = cvj, af
corresponds to o = ca’.

For the kth key for AS(A,p), B will make a key
that is either a semi-functional key of type 1 or a semi-
functional key of type 2 depending on the value of T
in the challenge. To form the kth key for AS(A, p),
B first chooses random numbers «; and as such that
a = aj + az (mod N). Then it chooses random vector
v such that v -1l = oy and random vector v,. Elements
oy, iy Gy Wi and V; are chosen randomly.

Dl(l) _ gAi.v/(}/éyg))A,i»ngtpisp(i) Wia DZ(Q) — Ttpz:‘/;7
d .
’ Z hjx? (s
DY = g2 (YaYy)Ti= D

B = 7% R,

If T € G, this is a properly distributed semi-functional
key of type 1. If T € Gp,p,, this is a properly dis-
tributed semi-functional key of type 2. Hence B can
use the output of A to gain advantage € in breaking
Assumption 2.

Lemma 4 Suppose there exists a polyno-
mial time algorithm A such that Game,2Advg —
GamepipAdvy = €. Then we can construct a poly-
nomial time algorithm B with advantage € in breaking
Assumption 3.

Proof B is given as {g,9*X2, X3,9°Y2, 75, T}. Tt
will simulate Game, 2 and Gamegina with A. It sets the
public parameters as N, g, X3,¢e(g,9)* = e(g,9*X>2).
And it chooses values of s; and h; randomly.

To form the challenge ciphertext for a set of at-
tributes w and revocation list R, B computes

C=MT, CV =gV, C2 =(g°Ya)" (View),

d .
d
hjx

)y
CB) = (g°Yy)i=0 (Vo € Cover(R)).

If T = e(g, g)**, this will be a semi-functional cipher-
text encryption of Mpg. If T is random, this will be a
semi-functional ciphertext encryption of random mes-
sage and will give no information about § to attacker.
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In order to form a semi-functional key of type 2 for
AS(A, p) (for n columns), B chooses asg, va, - - - , vy, Tan-
domly. Sets v = (& — ag,v2,- - ,v,)(a is from g*X5).
Then it chooses random r;, 7, € Zy, random group el-
ements W;, Vi, R, and R/, random vector v’, and ran-
dom o' € Zy. The semi-functional key can be defined
as

(gO‘Xg)AT“lg_O‘QA'i'lgsmWi(Zz)Ai-v"

DY) = g*20™ (2) Ry (Z2)", DY = g™ Ry,
Then we have given a properly distributed semi-
functional key of type 2. B can use the output of A
to gain advantage € in breaking Assumption 3.

After all, we can say that if Assumptions 1, 2 and 3
hold, we have shown by the previous lemmas that the
real security game is indistinguishable from Gamepipai,
in which the value of (3 is information theoretically hid-
den from the attacker. Hence the attacker cannot attain
a non-negligible advantage in breaking our revocable
ABE system.

6 Conclusion

We construct a fully secure key-policy ABE support-
ing revocation. By using the dual encryption system,
we prove the security of our system in adaptive secu-
rity model other than selective model which is much less
practical. And we use complete binary tree to revoke
the user in the leaf node.
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