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Inner Product Functional Encryption in Pairing Groups [ALS16, LV16]

[[u]]1

[[v]]2

sk(v(0)
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n ) sk(v(1)
1 ) ⋯ sk(v(1)

n )
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 [[⟨u(0)

i , v(0)
j ⟩]]T = [[⟨u(1)

i , v(1)
j ⟩]]T ∀ i, j

Enc( , ) msk [[u]]1 ct(u)

KeyGen( , ) msk [[v]]2 sk(v)
Dec( ) sk(v), ct(u) [[⟨u, v⟩]]T

e : 𝔾1 × 𝔾2 → 𝔾T

Function hiding
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 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0



1-Slot  1-FE Scheme 
f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

        skf = ( sk(Lj,t), sk((rt[m], 1)) )

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

        ctx,z = ( ct(1, x), ct((−1, z[t])) )

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

L1,t(x) Lm,t(x)

[[ℓm+1,t]]T = Lm+1,t(x) = z[t] − rt[m]

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[z[t] ft(x) + βt]]T

   = ∏ [[z[t] ft(x) + βt]]T [[ f(x)⊤z]]T

• Multi Secret key

• Single Ciphertext

AKGS insecure for multiple evaluation

26

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0



1-Slot  1-FE Scheme 
f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

        skf = ( sk(Lj,t), sk((rt[m], 1)) )

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

L1,t(x) Lm,t(x)

[[ℓm+1,t]]T = Lm+1,t(x) = z[t] − rt[m]

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[z[t] ft(x) + βt]]T

   = ∏ [[z[t] ft(x) + βt]]T [[ f(x)⊤z]]T

• Multi Secret key

• Single Ciphertext

AKGS insecure for multiple evaluation

26

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0



1-Slot  1-FE: multi-ciphertext Security f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

        skf = ( sk(Lj,t), sk(rt[m], 1) )

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

[[ℓm+1,t]]T = Lm+1,t(x) = s(z[t] − rt[m])

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[s(z[t] ft(x) + βt)]]T

s⋅L1,t(x) s⋅Lm,t(x)

27



1-Slot  1-FE: multi-ciphertext Security f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

        skf = ( sk(Lj,t), sk(rt[m], 1) )

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

 ctx,z = (ct(s, s ⋅ x), ct(−s, s ⋅ z[t]))

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

[[ℓm+1,t]]T = Lm+1,t(x) = s(z[t] − rt[m])

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[s(z[t] ft(x) + βt)]]T

s⋅L1,t(x) s⋅Lm,t(x)

27



1-Slot  1-FE: multi-ciphertext Security f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

        skf = ( sk(Lj,t), sk(rt[m], 1) )

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

 ctx,z = (ct(s, s ⋅ x), ct(−s, s ⋅ z[t]))

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

[[ℓm+1,t]]T = Lm+1,t(x) = s(z[t] − rt[m])

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[s(z[t] ft(x) + βt)]]T

• Use additional randomness in ciphertext

s⋅L1,t(x) s⋅Lm,t(x)

27



1-Slot  1-FE: multi-ciphertext Security f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

   skf = (sk(s ⋅ Lj,t), sk(s ⋅ rt[m], s))

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

   ctx,z = (ct(1, x), ct(−1, z[t]))

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[s(z[t] ft(x) + βt)]]T

• Use additional randomness in ciphertext

• Use IPFE to shift the randomness into secret key

s⋅L1,t(x) s⋅Lm,t(x)

28

[[ℓm+1,t]]T = Lm+1,t(x) = s(z[t] − rt[m])



1-Slot  1-FE: multi-ciphertext Security f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

   skf = (sk(s ⋅ Lj,t), sk(s ⋅ rt[m], s))

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

   ctx,z = (ct(1, x), ct(−1, z[t]))

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[s(z[t] ft(x) + βt)]]T

• Use additional randomness in ciphertext

• Use IPFE to shift the randomness into secret key

• Use DDH to randomise the level functions

s⋅L1,t(x) s⋅Lm,t(x)

29

[[ℓm+1,t]]T = Lm+1,t(x) = s(z[t] − rt[m])



1-Slot  1-FE: multi-ciphertext Decryption f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

s⋅L1,t(x) s⋅Lm,t(x)

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[s(z[t] ft(x) + βt)]]T

30

   skf = (sk(s ⋅ Lj,t), sk(s ⋅ rt[m], s))

   ctx,z = (ct(1, x), ct(−1, z[t]))
[[ℓm+1,t]]T = Lm+1,t(x) = s(z[t] − rt[m])



1-Slot  1-FE: multi-ciphertext Decryption f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

s⋅L1,t(x) s⋅Lm,t(x)

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[s(z[t] ft(x) + βt)]]T

 is not known while decryption[[s]]T

30

   skf = (sk(s ⋅ Lj,t), sk(s ⋅ rt[m], s))

   ctx,z = (ct(1, x), ct(−1, z[t]))
[[ℓm+1,t]]T = Lm+1,t(x) = s(z[t] − rt[m])



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

Dec

Dec

( [[a ⋅ s]]T, [[ℓ1,t]]T , …, [[ℓm,t]]T )

Eval  

   =   

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[a ⋅ s ⋅ z[t] ft(x)+βt ⋅ s]]T

[[ℓm+1,t]]T

1-Slot  1-FE: multi-ciphertext Decryption 

31



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

Dec

Dec

( [[a ⋅ s]]T, [[ℓ1,t]]T , …, [[ℓm,t]]T )

Eval  

   =   

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[a ⋅ s ⋅ z[t] ft(x)+βt ⋅ s]]T

[[ℓm+1,t]]T

Use additional vector in the secret key

1-Slot  1-FE: multi-ciphertext Decryption 

31



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

Dec

Dec

( [[a ⋅ s]]T, [[ℓ1,t]]T , …, [[ℓm,t]]T )
 Lj,t(x) = ∑ s[ι]Lι

j,t(x)

Eval  

   =   

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[a ⋅ s ⋅ z[t] ft(x)+βt ⋅ s]]T



 
= Lm+1,t(x)
=∑s[ι](z[t]a[ι]−rt[m])

[[ℓm+1,t]]T

Use additional vector in the secret key

1-Slot  1-FE: multi-ciphertext Decryption 

31



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

Dec

Dec

( [[a ⋅ s]]T, [[ℓ1,t]]T , …, [[ℓm,t]]T )
 Lj,t(x) = ∑ s[ι]Lι

j,t(x)

Eval  

   =   

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[a ⋅ s ⋅ z[t] ft(x)+βt ⋅ s]]T



 
= Lm+1,t(x)
=∑s[ι](z[t]a[ι]−rt[m])

[[ℓm+1,t]]T

  [[a ⋅ s f(x)⊤z]]T

Use additional vector in the secret key

1-Slot  1-FE: multi-ciphertext Decryption 

31



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

Dec

Dec

( [[a ⋅ s]]T, [[ℓ1,t]]T , …, [[ℓm,t]]T )
 Lj,t(x) = ∑ s[ι]Lι

j,t(x)

Eval  

   =   

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[a ⋅ s ⋅ z[t] ft(x)+βt ⋅ s]]T



 
= Lm+1,t(x)
=∑s[ι](z[t]a[ι]−rt[m])

[[ℓm+1,t]]T

  [[a ⋅ s f(x)⊤z]]T

Use additional vector in the secret key

1-Slot  1-FE: multi-ciphertext Decryption 

Uses  msk
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f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

1-Slot  FE: Public Encryption via Slotted IPFE 

      sk( u, 0 )       ct( v, 0 )

Private Slot (proof)

Public Slot (scheme)

Slotted IPFE



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

1-Slot  FE: Public Encryption via Slotted IPFE 

      sk( u, 0 )       ct( v, 0 )

Private Slot (proof)

Public Slot (scheme)
mpk

Slotted IPFE



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

1-Slot  FE: Public Encryption via Slotted IPFE 

      sk( u, 0 )       ct( v, 0 )

Private Slot (proof)

Public Slot (scheme)
mpk

 msk
Slotted IPFE



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

 ,   skf = (sk(a, 0) sk(−Lι
j,t−), sk(−rι

t[m] − , a))

 ctx,z = (ct(s, s ⊗ x), ct(−s, s ⋅ z[t]))

1-Slot  FE: Public Encryption via Slotted IPFE 

      sk( u, 0 )       ct( v, 0 )

Private Slot (proof)

Public Slot (scheme)
mpk

 msk
Slotted IPFE

• Encrypting private slots requires 

• Function hiding only in private slot

msk



f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

  ,     skf = (sk(a, 0, 0) sk(−Lι
j,t−, 0), sk(−rι

t[m] − , a, 0))

   ctx,z = (ct(s, s ⊗ x, ⊥), ct(−s, s ⋅ z[t], ⊥))

1-Slot  FE: Public Encryption via Slotted IPFE 

      sk( u, 0 )       ct( v, 0 )

Private Slot (proof)

Public Slot (scheme)
mpk

 msk
Slotted IPFE

• Encrypting private slots requires 

• Function hiding only in private slot

msk

 msk

mpk



Secret key:   ft Ciphertext: (x, z)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

      sk( a, 0, 0 )

    sk( −Lι
j,t−, 0 )

      sk( −rι
t[m]−, a, 0 )

     ct( s, s ⊗ x, ⊥ )

     ct( −s, s ⋅ z[t], ⊥ )

mpk msk

34

Hybrid 0



Secret key:   ft Ciphertext: (x, z)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

      sk( a, 0, 0 )

    sk( −Lι
j,t−, 0 )

      sk( −rι
t[m]−, a, 0 )

     ct( s, s ⊗ x, 0 )

     ct( −s, s ⋅ z[t], 0 )

msk msk

35

Hybrid 1

Indistinguishability: Slotted Correctness of IPFE 



Secret key:   ft Ciphertext: (x, z)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

      sk( a, 0, 0 )

    sk( −Lι
j,t−, 0 )

      sk( −rι
t[m]−, a, 0 )

     ct( s, s ⊗ x, 0 )

     ct( −s, s ⋅ z[t], 0 )

msk msk

Indistinguishability: Slotted Correctness of IPFE 

 Lj,t(x) = ∑ s[ι]Lι
j,t(x)

     a ⋅ s
     Lj,t

     −rt[m] + a ⋅ s z[t]      rt[m] = ∑ s[ι]rι
t[m]

36

Hybrid 1



Secret key:   ft Ciphertext: (x, z)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

           a, 0,      a ⋅ s

         −Lι
j,t−,

                       −rι
t[m]−, a,

  0, 0,

   0, 0,

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

Indistinguishability: Function hiding IPFE 

     Lj,t

     x     1

     rt[m]      a ⋅ s      z[t]     −1

ct(
  sk(

  sk(

  sk( ,

,

ct( ,

 )

 )

 )

 )

 )

     0,

37

Hybrid 2



Secret key:   ft Ciphertext: (x, z)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

           a, 0,      a ⋅ s

         −Lι
j,t−,

                       −rι
t[m]−, a,

  0, 0,

   0, 0,

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

Indistinguishability: Function hiding IPFE 

     Lj,t

     x     1

     rt[m]      a ⋅ s      z[t]     −1

ct(
  sk(

  sk(

  sk( ,

,

ct( ,

 )

 )

 )

 )

 )

     0,

38

Hybrid 2



Secret key:   ft Ciphertext: (x, z)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     a ⋅ s

 (Lι
1,t, …, Lι

m,t, Lι
m+1,t) ← Garble(z[t]a[ι]ft(x) + βt[ι]; rι

t) s.t. ∑ βt[ι] = 0

     Lj,t

     x     1

     rt[m]      a ⋅ s      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

Replace with fresh randomness

Indistinguishability: Correctness of Slotted IPFE 

     0,

39

Hybrid 2



Secret key:   ft Ciphertext: (x, z)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: MDDH

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
40

Hybrid 3



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

Hybrid 4 Ciphertext: (x, z)



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

f(x)⊤z = μf

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

Hybrid 4 Ciphertext: (x, z)



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

Hybrid 4 Ciphertext: (x, z)

f(x)⊤z = f(x)⊤d



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

     d[t]     −1 ,,      z[t]     −1 ,,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

Hybrid 4 Ciphertext: (x, z)

f(x)⊤z = f(x)⊤d



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

     0      0,,      d[t]     −1 ,,     0      0,,      z[t]     −1 ,,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

Hybrid 4 Ciphertext: (x, z)

f(x)⊤z = f(x)⊤d



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

     0      0,,      d[t]     −1 ,,     0      0,,      z[t]     −1 ,,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

{1st Slot

Hybrid 4 Ciphertext: (x, z)

f(x)⊤z = f(x)⊤d



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

     0      0,,      d[t]     −1 ,,     0      0,,      z[t]     −1 ,,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

{1st Slot {2nd Slot

Hybrid 4 Ciphertext: (x, z)

f(x)⊤z = f(x)⊤d



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

     0      0,,      d[t]     −1 ,,     0      0,,      z[t]     −1 ,,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

{1st Slot {2nd Slot {3rd Slot

Hybrid 4 Ciphertext: (x, z)

f(x)⊤z = f(x)⊤d



Secret key:   ft Ciphertext: (x, z, d)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

     0      0,,      d[t]     −1 ,,     0      0,,      z[t]     −1 ,,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

{1st Slot {2nd Slot {3rd Slot

Hybrid 4

f(x)⊤z = f(x)⊤d



Secret key:   ft Ciphertext: (x, z, d)𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     r̃t[m]      ã      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

     0      0,,      d[t]     −1 ,,

-st pre-challenge secret key1

     0      0,,      z[t]     −1 ,,

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
41

{1st Slot {2nd Slot {3rd Slot

Hybrid 4

f(x)⊤z = f(x)⊤d



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     ã

Indistinguishability: Function hiding IPFE

     L̃ j,t

     x     1

     0      0      z[t]     −1

 )
ct(

  sk(

  sk(  )

  sk( ,  )

 ),

ct(  ),

     0,

     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     r̃t[m]      ã,,      z[t]     −1 ,,

All other keys -st key1
-st pre-challenge secret key1

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
42

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.1



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

Indistinguishability: Function hiding IPFE

     0      0      z[t]     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     r̃t[m]      ã,,      z[t]     −1 ,,

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

All other keys -st key1
-st pre-challenge secret key1

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
43

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.1



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

Indistinguishability: 1-key 1-ciphertext FE

     0      0      z[t]     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     r̃t[m]      ã,,      d[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

-st pre-challenge secret key1

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
44

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.2



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

Indistinguishability: 1-key 1-ciphertext FE

     0      0      z[t]     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     r̃t[m]      ã,,      d[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

-st pre-challenge secret key1

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
45

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.2



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

Indistinguishability: 1-key 1-ciphertext FE

     0      0      z[t]     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     r̃t[m]      ã,,      d[t]     −1 ,,

-st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

-st pre-challenge secret key1

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
46

All other keys
{1st Slot {2nd Slot {3rd Slot

Hybrid 5.2



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

-st pre-challenge secret key1

     0      0,,      d[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
47

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.3



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

-st pre-challenge secret key1

     0      0,,      d[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
47

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.3



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

-st pre-challenge secret key1

     0      0,,      d[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
47

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.3



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

-st pre-challenge secret key1

     0      0,,      d[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
47

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.3



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      z[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

-st pre-challenge secret key1

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
48

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.3



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      z[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

-st pre-challenge secret key1

Repeat the three slot technique

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
48

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.3



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      z[t]     −1 ,,

All other keys -st key1

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

-nd key2
-st pre-challenge secret key1

Repeat the three slot technique

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
48

{1st Slot {2nd Slot {3rd Slot

Hybrid 5.3



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

All post-challenge keys

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

All pre-challenge secret key
All pre-challenge keys

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
49

{1st Slot {2nd Slot {3rd Slot

Hybrid 6



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

All post-challenge keys

     r̃t[m]      ã  sk( ,  )     0      0,,      0      0,,      0,

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
50

{1st Slot {2nd Slot {3rd Slot

Hybrid 6



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

     0      0      z[t]     −1  sk( ,  ) ct(  ),     r̃t[m]      ã,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

All post-challenge keys

     r̃t[m]      ã  sk( ,  )     0      0,,      0      0,,      0,

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0
51

{1st Slot {2nd Slot {3rd Slot

Hybrid 6



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0

     r̃t[m]      ã      z[t]     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

     ã

     L̃ j,t

     x     1
 )

ct(
  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

All post-challenge secret key

52

Hybrid 6



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

   ( L̃ 1,t, …, L̃ m,t, L̃ m+1,t ) ← Garble( z[t] ã ft(x) + β̃t; r̃t ) s.t. ∑ β̃t = 0

     ℓ̃ m+1,t      0      0     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

     ã
     x     1

 )
ct(

  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Function hiding IPFE

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

All post-challenge secret key

     ℓ̃ j,t      0,

  and   ℓ̃ j,t = L̃j,t(x) ℓ̃ m+1,t = ã ⋅ z[t] − r̃t[m]

53

Hybrid 7



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

  ( ̂ℓ 1,t, …, ̂ℓ m,t, ̂ℓ m+1,t ) ← Sim( ft , x, ãz[t] ft(x) + β̃t ) s.t. ∑ β̃t = 0

     ̂ℓ m+1,t      0      0     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

     ã
     x     1

 )
ct(

  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Sim security of AKGS

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

All post-challenge secret key

     ̂ℓ j,t      0,

54

Hybrid 8



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

  ( ̂ℓ 1,t, …, ̂ℓ m,t, ̂ℓ m+1,t ) ← Sim( ft , x, ãz[t] ft(x) + β̃t ) s.t. ∑ β̃t = 0

     ̂ℓ m+1,t      0      0     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

     ã
     x     1

 )
ct(

  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Sim security of AKGS

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

All post-challenge secret key

     ̂ℓ j,t      0,

Uses z[t]

54

Hybrid 8



Secret key:   ft𝔾2 𝔾1

Security of 1-Slot  FE Scheme

  ( ̂ℓ 1,t, …, ̂ℓ m,t, ̂ℓ m+1,t ) ← Sim( ft , x, ãz[t] ft(x) + β̃t ) s.t. ∑ β̃t = 0

     ̂ℓ m+1,t      0      0     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

     ã
     x     1

 )
ct(

  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Sim security of AKGS

     0,      0,
     0,      0,

Ciphertext: (x, z, d)

All post-challenge secret key

     ̂ℓ j,t      0,

Uses z[t]
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Security of 1-Slot  FE Scheme

  ( ̂ℓ 1,1, …, ̂ℓ m,1, ̂ℓ m+1,1 ) ← Sim( f1 , x, ã f(x)⊤ z + β̃1 )

     ̂ℓ m+1,t      0      0     −1  sk( ,  ) ct(  ),     0      0,,      d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,      0     0 ,,

     ã
     x     1

 )
ct(

  sk(

  sk(  )
 ),

     0,

     0,      0,

     0,      0,

Indistinguishability: Statistical

     0,      0,
     0,      0,

Ciphertext: (x, d)

All post-challenge secret key
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 ( ̂ℓ 1,t, …, ̂ℓ m,t, ̂ℓ m+1,t ) ← Sim( ft , x, β̃t ) ∀ t > 1 s.t. ∑ β̃t = 0
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Secret key:   ft𝔾2 𝔾1
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     ̂ℓ m+1,t      0

     0     −1

  sk( ,  )

ct(  ),

     0      0,,

     d[t]     −1 ,,

f(x)⊤z = f(x)⊤d

     0      0,,

     0     0 ,,

     ã
     x     1

 )
ct(

  sk(

  sk(  )

 ),
     0,

     0,      0,

     0,

     0,

     0,      0,
     0,      0,
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All pre-challenge secret key
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f = ( ft )n′ 

t=1 s.t. ft : ℤn
p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

        skf = ( sk(Lj,t), sk((rt[m], 1)) )

IPFE: 1 ≤ j ≤ m IPFE: j = m + 1

        ctx,z = ( ct(1, x), ct((−1, z[t])) )

Dec

Dec

( [[ℓ1,t]]T , …, [[ℓm,t]]T )

L1,t(x) Lm,t(x)

[[ℓm+1,t]]T = Lm,t(x) = z[t] − rt[m]

From 1-Slot  1-FE to 1-Slot  1-extFE 

Eval  

   =  

( ft, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
[[z[t] ft(x) + βt]]T

   = ∏ [[z[t] ft(x) + βt]]T [[ f(x)⊤z]]T
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p → ℤp

 (L1,t, …, Lm,t, Lm+1,t) ← Garble(z[t]ft(x) + βt; rt) s.t. ∑ βt = 0

Eval  

= Eval 

=     

( ft, x, [[ℓ1,t+ν]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T )
( f, x, [[ℓ1,t]]T , …, [[ℓm,t]]T , [[ℓm+1,t]]T ) ⋅ [[ν]]T

[[z[t] ft(x) + ν + βt]]T

  : (  )

  : ( ,  ) 
sk f, y
ct x z | |w
f(x)⊤z + y⊤w
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∑αt = 1
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