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2 fast Fourier transform(FFT)26

Eccol 8

MATLAB TtHH[OM ECCE ?l3ll ALESH= EtA=M2 £:) =" +x0lH, x2 = /e M F,

oM FolzAct. 7| Mol A7|= p=710|ct O[FHA Fel& EtelE4d E = supersingular

Et@=4270[2} 2|, pairingdll 2l 585 7HX12 ACH

Et{=M EE pairingdl =5 © RelSHA AH&3H7| fIBHAM =T M (extension field)2| 7HES
2 A8ttt 7ot M F, ol order7t 221 = Me F.2=2 ®I|EC o 02, HEH= F 9
A0l B0 j=-19 AES B8N Y JhsTiCh 0|8 59, F={0,12} 2 =& A
= F, ={0,1,2,j,/2,1+ j,1+ j2,2+ j,2+ j2} & == ULt T F xF O b f2Q (x,y) 7t EHEEM
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-x,jy) € (-xjy)eF.xF, 2l A5 & = UCL CHA| 2O, F 0lM ZolE E°f H52
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Z2EZ 40| ATHE Groth162] 3 ZE2EEZ0|ME ENYSM EQl BE & 5 7H2l generator
ol G2 HE A3 MATLAB TAHMOME G2 HE ALESID, pairingdl RFE[SIES ALE
St7] ®Ish ¢t H 7t ChE2at 22 A7 B8 MESIITE ¢ = EtfEM E 2| generators
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PairingS| 721

Pairing2 Weil pairing= MEHSI0] AAHSIQACE CHE pairing= Q! Ate pairing, Tate pairing= 25
Weil pairing2| ALHRZ|0|M =50 HASIH FLH0| 74HS5SICE Weil pairing2 D. Boneh2b M.

Franklin®| =&¢9l "Identity-based encryption from the Weil pairing"282| Appendix0l 7|& & 9|

%6 Fast Fourier transform: https://en.wikipedia.org/wiki/Fast_Fourier_transform
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27 pO| gL p=3mod4 & UFA|7|E= MM =HE J+SBILE Supersingular elliptic curvesOf k%t
Y2 022l E0|M EXT 4= QUCH D. Boneh and M. Franklin, “Identity-based encryption

from the Weil pairing,” in SIAM J. of Computing, 2003.

28 D. Boneh and M. Franklin, “Identity-based encryption from the Weil pairing,” in SIAM J. of
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Frogram to prove: Grothl16 Setup result:
(1 + c2ix(cl - 4) Elapsed time is ?9.B64750 seconds.
CRS has been made
with inputs Length of CRS is: 20(elliptic curve points)
2 4 CRS is valid

FProgram analvsis result: Grothl1E Frove result:

Elapsed time is 0.780324 seconds. Flapsed time is 16.238499 seconds .

The number of wires: B Proof has been made

The number of multielication gates: 3 Length of proof is: 3lelliptic curve points)

R1CS has successfully been made Proof is complete

UAP results GrothlB Verify result:
Elapsed tine is 0.14274c seconds, Elapsed time is 0.086056 seconds.
Flx) is walid . .
Yerification Success
H(x) has been computed
Hix) is walid

1% 9 MATLAB2Z 18 E Groth1e S8 =Z2EZ9o| M3 Zu}

R1CSS| 21tz 48l dE A, B, c2 HH R2 4 Ci51t &Lk

Computing, 2003.

23V, S. Miller, “The Weil Pairing, and Its Efficient Calculation,” Journal of Cryptology, 2004.



Koz A K>> B K> K> R

'.'!\ = B = C = R =
0 0 0 0 0 1 0 0 0 1
1 1 -4 0 1 0 0 0 0 2
0 0 -4 1 0 0 0 0 0 4
0 0 1 0 0 0 1 0 0 8
0 0 1 0 0 0 0 1 0 4
0 0 0 0 0 0 0 0 1 G
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x)/t(x) & AMSACE p(x)0l k=130 CHSIY x=5 & CHRUTH T p(r)=0S &

215ty QAP Zut7t SHHEX| =Rl (AE 12).

Kx> Ax K> Bx K> Cx
by = Bx = Cx =
K> Hx
0 ¥T242 - (Axdi2 + 1 0 ’
v =
(15%x3/2 - (Gxx"2)/2 - 4 - %2+ A - 3 0
= 2*xx"2 + Brx - 4 ¥"2/2 - ()2 + 3 0 O0Bxx + BE
%252 - (Frxds2 + 1 0 % 2/2 - (Gxx)/2 + 3
$242 - (Fx)i2 + 0 - %2+ dx - 3
0 0 242 - (A2 + 1

J8 11 QAP UZRE T i (x), v(x), 5 (x)2F 8 CHEHA a(x) @l AIM Zah 8 Ax9




Bx, cx 2 X WHR HFE Opx|[2} WX =MLH2 ;=160 LHSECL

%% Debuging code: Check the validity of P(x)
checksum=0;
for i=Roots_of_7

checksum=checksum+mod{doub le{subs(Px,x, i), al);
end
display( '0AP result: ')
toc;
it checksum==0

display('P(x) is walid'}
else

display('Invalid P(x), check the Lagrange interpolation')
end
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wi(x), v(x), y(x)8 A=S0 EXMdts dHEFHE Y52 gesty| A Yol &

EAE T + AL Ol w = ZE A+S2 222 X2 SHI5O[Ch QAPS| ATHYS

+
<

40
rot
e

AAlQl (Z;ciwi(x) -(z;civi(x))—(z;ciyi(x)):h(x)t(x) o HAE [XISHHA CrEAQ A
=2 Y2 st -2 w(x)uw (x), v(x)=uw,(x), »(x)=u’y(x), h(x)<u’h(x) 2

HErshs ZOICE OI”AL SHB (w3} com (v))- (w0, e (x)) (1 X1 e (x)) =wh(x)e(x) OF =IO

QAPS| 2t §0| 7| &t

0 QAPZE F OIM ZEotE, F.OIM ZolE EHSM ®EE9| pairing=S AHESH0] QAPS| 274,

§p(x)=h(x)t(x)% 2z g = o

=l
s



[MUM, DEM] =rat([4p;Bp;Crl);

denoms=unique(DEN) ;

mul=1;

for i=1:lenath{denoms)
mul=lemimul, denoms(il);

end

Ap=round(Apxmul);

Bo=round(Bp*mul};

Ce=round(Cpxmu| "2} ;
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K=> g K== h
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a 71 a: 71
ki k2
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= b: 0
b: 0 %! BO
xt v 0.000000000000000 + §.000000000000000
v: 8 order: 72
order: 72

12! 14 Generator G2} H
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