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Efficient Implementation of Tate Pairing
on Mobile Phones Using Java

YuTto KawaHARA,T! Tsuvosur Takacr™! and Enr OkamoTof?

Pairing-based cryptosystems have been attracted by researchers in cryptography. Some im-
plementations show that pairing-based cryptosystems are relatively slower than the standard
public key cryptosystems. Then there is no paper is presented implementation of Tate pairing
on mobile phones using Java. In this paper, we implemented the nr pairing for computing
Tate pairing on mobile phones using Java, and measured the computation speed of the np
pairing on mobile phones. We implemented the nr pairing over some finite fields of character-
istic 3 with extension degree m = {97,167,193,239, 313}, and optimized for extension degree
m = 97 to compare general purpose program. We measured the computation speed using 7
mobile phones, NTT DoCoMo. Our optimized implementation for m = 97 achieved under
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0.5 seconds for computing the nr pairing.

1. O0O0Oad

00000000000 000IDO0O0OO0® O
short signature ’ 0000000000000 OOY
000000000000000000000IDOO
0000000000000 D00D000000000
0000000000000 00000000000
0000 Oshort signature 0 00000000000
000000000000000D000000000
0000000000D00D00D0000000000
0000000000000000000000 RSA

t10000000000000O000O00OO000O0
Graduate School of Systems Information Science, Fu-
ture University-Hakodate
t200000000000000000OO0
Graduate School of Systems and Information Engineer-
ing, University of Tsukuba

427

000000000000000000000000
0o0oooooon
00000000000000000000000
Tate 0000000000 Tate00DOO0DDOO
000000 MilleDDOOODOOOOOOYOOOO
O0O00RSAODOOODOOODOOODOOS0
0000Y0000Duwsma 00000000000
30000 Fsm 000D00D0D0OO0DOO0DOOOOOO
000000000000%0KwonOODOODOOO
000030000000000000000000
00000 BarretoDOOOOO0ODO pp 0000
DDDDDDD2>D77TDDDDDD Duursma-Lee O
000000000000000000000000
0000000000D0000000D0000000

0ooO0o0o00 20060 10000000000000000O
0000 20060 CSS200600000000CSECOOOOO
gooboo0o0o0oooooOoOo0oooooOoO0oOo0oOooooo



428 ooooooooo

00000000 30000000 ne 000000
0000000000000 0000000000
0000000000000 0Duursma-Lee 00O
0000000000000000000 Kerins O
0000000000 ooo nr 00000000
0000000000 D0000000D T,0000
000000000000000D0000000Yo
0000000000000D0 30000000 g
000000000000000000000000
0o0ooo0oog
00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 000000000O0o0o0n
0000000000 00000000000000
0000000D000D000D0000000D000D
00000000000 D0O0D000000D0O0D
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000Fem 00 5r O
00000000000000 1000000000
00000000000 ¥®oooooooooooo
00000000000000000000 00
0000000 DO0O0oo
00000000000 Jawva™ 00000000
000000000000000000000000
000000000000000000000000
00000000000 Javad0O0O0OOOOOO
O0O0Javal 000000000 DO0O0O0ODOOOO
00000000000000000000000%0
000000000000000 JawaOOOOOO
O Java 2 Platform, Micro Edition0 J2MEFY 0O O
O0000O0OdTillich0OO0 J2MEODOOOOOOO
0000000000000 0000D0®ooo
000000 Java00000000O0O0OOOOO
00000000000000000000000
00000Javad 00000000000 e OO0
0000000000000000000D 3000
mOOO0OO0O000 300 f(z)=2+2"+2000
00 mO000D000DO00000 k000000
00000000000 00D00D000000000
30000000 nr 0000000000 T, 00
000000000000 00000D00000On
O m = {97,167,193,239,313} 0000 Fam OO

Jan. 2008

0000000 m=9700000000 Fyr OO
Jooooooo nprooooOOo0oOooooboon
gooooooooobooooooooooobonoo
goo0ooooOooo00 m=970000000000
gooooooooboobooooooooooboooo
m=970000000000DO0O0O000O0O00O00O0
goos00000000000OO0
gobooooooocooobooooooz200onoon
goboodoobooooooooobooo3goooa
o00oo0ooOoOoo00o000ooo00400 JavaO0OO
gooooooooooooosoooooooooo

2. 00300000000

goooonpr0O0O00O0O0O0ODOODOOOO 300
O0mO000 Fs» OO0O0O 60000 Fgem OO
000000060000 Fsee 030000 Fiam
O020000000000000000000000
0 Fs»030000 FasnO6O0000 Fgeme OO0
goooooooad

2.1 Fsn OQOQOQOOO

000 Fz;={0,1,2} 0000000000000 a
0 a = (ani,a0) (ani,a1o € {0,1}) 0 2000000
0000000000 0=(0,0),1=(0,1),2=(1,0)
00000000 —ed 200000000000
Oo00oD0o0ooOoOoOooa

000 Fs OOOOOOODOOO Fg[m}DFg[IEI
mUOd0O0O00O000O000 f(m)l:l[ll]l]l:ll][ll] Fsm O
Fsm = F3[2]/f(z) 000000000000 A(z)
o000 A(z) D00 m—-1000000000O
00 Y ta’ (a; € F3) 000Y0000000
0000 a;i = ((ai)ni, (ai)o) € Fs O hi,lo00D0
gooOooooooo

Api = ((@m—1)ni, (@m—2)ni, -~ -, (@0) i)

Ao = ((am—1)10s (@m—2)10, - -, (@0)10)
00000000000000 A(z) = (Ans, Aie) O
goooOoa

god0oobodooooooooooooooon
o000 wWioooOOOFs» O00OOO0OOOO0O0O
000 N =[m/W] 0000 200000000
0000 —A(z) 0 Ax; O A, 0000O0D0DOODO
2A(xy UODOO0OOOOODOOOOO

2.2 Fy» OOQOODOOO

A(z) = (Ani, Ao)0 B(z) = (Bui, Bio) O Fam
0000o0ooo0ooo0 Fsm ODOOO Cx) =
(Chi, Cio) = A(z)+B(z) 00000000 AND(&),
OR(|), XOR(A)ODOOOD 0100000000



Vol. 499 No. 1

ogo
000 C(x) = (Chi, Cio) = A(z) + B(x)
1: T = (Ani| Ao) & (Bni | Bio)
2: Chi=T A (Ani | Bui)
3 Cio=TAN (Ao | Bio)

A(l‘) = (A}”', Alo), B(l’) = (B}”', Blo)

01 Fsm 0000
Fig.1 Addition in Fgm.

000000 A(z)—B(z) O B'(z) =2B(z) 00O
0 A(zx)+B'(x) D00D0O0OOODOOOD
000 Fs» 0000 C(z) = A(z) - B(z) mod
f(z) 00O A(z),B(z) € Fam OODODODOO f(x)
00000000000000 Reductiond 2000
000D0D0000000000000 A(z)0 B(z)
00 C'(x) =322 ¢z’ = A(z) - B(z) 000 OO
00000 Shift-Addition 00000000000
00000000000000000 CombO ' O
0000000000 0dShift-Addition 000 Comb
000000000000000000000000
0000000000000000000000000
00000000000000000 Shift-Addition
00000000000000000
000000000000000000 Window
0 0000Window0OODOOODOOODOOOOO
00000000000 0000000O0O0o0onn
000000000000000 10)0 Alg 2.36 0
Window 0 O Shift-Addition 00000000 20
Window 000000000000 20 Window O
0 Window 000000 Shift-Addition 00000
000000000 20 Window 0OOOQOOOO
000000000000000000000000
000000000000000000000000
0000000000 1.8000000000000
0000 Window D DOOODOOODOOODDOO
Fsm 00 A(z) = Y. laa’0Bz) = Y00!
bio' 000000000 Cx) = Y e’ =
A(z)-B(x) 0000 02000000000
Reductiond n>m -1 00000000000
C'(z)=cpz"+---+co €Fs[z]0c; € Fs, 0<i <
nd000000F; 0000000 f(z) = 2™ +2"+2
Om >k >1000000 30000000000
030 Reduction 00 10000 ¢, 000000
0000000 Om—k>WODOO WOOO
00000000000000000000 C'(x)
0000000000000 000O0oooon

C/[ﬂ = (C;'W+(W71)7 T 7C;'W) noooon Cl[j] u

Java0OOOOOOOOOOO TateOODOOOOOOOO 429
000 Ax) = Z:’;Bl a;x’, B(z) = Z:’;Bl bzt
c Fsgm (ai,bi c Fg)
000 C'(z)= A(z) - B(x)
1: C'(z) <0

2: for i« 0tom—1then
3: C'(z) « C'(x) + A(x) - bz
4

end for

0 2 F3m 00O Shift-Addition 00O
Fig.2 Shift-Addition multiplication in Fgm.

o000 C'(z)=cua™+ -+ ¢ € Flz]
(m>m—1),f(z) =™ +2" +2

000 C(z)=C'(x) mod f(x)

1: for i «+— n downto m then

2: C;—m-&-k — C;—m-&-k -

3: Cim — Ci_m — 20}

4: ci«—0

5:  end for

6: return C’'(z)

03 00300 f(x)y0ODODODODODOD
Fig.3 Reduction with irreducible trinomial f(z).

0000000 ¢yyw_1) O Reduction 000D
WHW=h=mikn piWH+W-h—m 0oQooooQ
0000O0Om—k>WwWOoOoOo g/WHW-h-m+k
C'jjoooDO0 % 000000000000
C'lj]00 WOOOOOODOOOODOOoOOO00OooO
Reduction 000000000000

2.3 Fsn 00O0OD

Fs» 00000000000 3000 CubingO
00 O Inversion(11 3 00 O Cube Rootd OO OO
Cubingld 000 A(z) € F3m 000003000
A)? =" le;s® 00000D03000000
000000000000000000000Reduc-
tion 00 0000O0D0O000O0000O Reduction O
O00O00OReduction 0000000000000
0 A(z) eFs» 000000000O0DO0OOOOOO0
0000 »DOO00DO0000D000D00000D0O0
0000000000000 D0000D0000000
000000 mODO0O000D0O00D0O0O0OO0DOO
oooo

Inversion] 0000 F; O00OOOOO0OOOOOO
000000000000000 F, 0000000
0000000000 ooDOoo0oOoO00000n
00000000000000000 ternary ged ™Y
00000000000000 FsO0ODODODOOO



430 ooooooooo

000 A(x) € Fslz)/f(x), f(z)=a™ +2F +2
A(z) ! mod f(x)
e A@), v — (@)
g—1, h—0
while deg(u) # 0 then
J — deg(u) — deg(v)
if j < 0 then
ueov, geoh je—j
end if
U = U — (Udeg(u) * Vieg(v)) VT
9 — 9 — (Udeg(u) * Vaeg(v)) ha’
end while

O
O
O

—
= o

return uog

04 Fsm 00000

Fig.4 Inversion in Fgm.

Jddodd0o0oOooo0ddddu,v O Fsm OOO
deg(u) 00 « 000000000 ODOOOOODOO
00 0<deg(u) <mOOOUOOO0 wOvOODOODO
0000000 Udegu), Vaeg(ey € Fs 0000000
00000 F3s 00000 Udeg(u) - Vaegwy 00000
O A(z) € Fam = F3lz]/f(2)0 f(z) = 2™ 4+ ¥ 4+ 2
000000 A(z) 'mod f(z) 0 0 400000
gooooo
Cube Rootd 30000000000 Barreto O
0DOo0oDOoO0o0OoY030000000000 Fsm
0000 2000000000000000

24 30000 Fasme OO0

Fs» 00000000 g(p) =p*—p—100000
000 Fem 030000 Fysm O Fam|p]/g(p) OO
O0O0O0O0OA(p) D 300000000 00DQUOOO
0dd ap,a1,a2 € Fgm DDA(p):a2p2+a1p+a0
goooooo

30000000000 A(p) = a2p® + a1p + aol
B(p) = bep® + bip +bo € Fyzm Oai,b; € FamO
+=0,1,2000000000000000000
AdditionO A(p)+B(p) = (ag+b2)p?+(ai+b1)p+
(ao + bo)O
Multiplicationd too = aoboU t11 = a1bi0ta2 =
a2b20t01 = (ao+a1)(bo +b1)0t12 = (a1 +a2) (b
b2)0to2 = (apg+a2)(bo+b2) DO T OO A(p)B(p)
(t12 + too — t11 — t22) + (12 + to1 + t11 — too)p +
(to2 +t11 — too)p’0F3sm 00000 Fame O0O0D0DO
600000000O00ODOOO
Cubing0 A(p)® = a3p”+(ai—a3)p+(ag+ai+a3)0
F3 OO0 3000 Fsm 00 300 3000000

+

Jan. 2008

gooboooooo
Inversion 30000000000 KerinsOOOO
0000000000000 D000ooooo*oon
0000000000Fs» O0OO0ODO 10000 12
0oDoDbOoOooooooboooo

25 60000 Fsem OODO

Fym 0000000 h(o) =0+10000600
00 Faom O Fyem[o]/h(c) D000 A(o) O Fyem
000000 A(o)=amo+a 000000000
O0ada O Fyse DO0OOODO

60000000000 A(e) =aio+ao, B(o) =
bio +bo € FyomO ai, b; € FyzmOi=0,100000
oooboOoooooo
Addition0 A(c)+ B(c) = (a1 +b1)o + (a0 +bo)0
Multiplicationd to0 = aoboU t11 = a1b10to1 =
(a0 + a1)(bo + b1) DO OO0 A(0)B(o) = (too —
t11) + (tor — too — t11)o0 Faem 00000 Fam O
Od0 8sgobooooboboooo
Cubingl A(0)® = —alo+ai0Fsm 00 3000
Fs» 00300 600000000000D0ODOO
Inversiond A(c)™' = (ap—ai0)(ai4ad) *OF 36m
00000 Fsm OO 100000036000000
oooDboooobooo

3. TateODOODOO

0000 TateOODOODOOOOOOO Fsm O

gooooooooooo
E(Fym)={(z,y) € (F3m)*|y* =2’z +1}U{0O}

oooo E(Fs») 0000 Fem OO0 20y 000
(z,y) 0000000000000 E(Fsm) 00
0000000000000 U0OUDUE(Fs») OO
00 #E(Fs»)=3"+3m /210000

10 #E(Fs»)01(3°" —1) 000000000
O00EFs)[()] 000 10 E(Fsn) 000000
00000E(Fs)[] 00 Q = (z,y) 0000 0dis
tortion map O ¢(z,y) = (—x + p,yo) OOOODOO
0000 ¢(Q) D000 Fsee OODODODOODO
0 E(Fs-)[] 00000000000000000
gooo

e: E(F3m)[l] X E(Fsom) /IE(F36m) — Fiom /(Fieom)"
(P, 9(Q))—e(P,Q).

0o00odo000ob0o0bU00 eOOOOOODO

e(aP,Q) =e(P,aQ) =¢(P,Q)* 00000
00000 E(Fs») 000000O0ODO0OOOOO

00000000000ooon E(Fs»-)00000



Vol. 49 No. 1

oono
ooo

P = (zp,yp), Q = (Tq,yq) € E(F3m)[l]
ne(P.Q*" " € Fion
Yp < —Yp, d 1
[ = Yq0 —yp(wp + 24 + 1) + ypp
for i < 0 to (m —1)/2 then
u—2Tp+zq+d
9 — Ypyqo — v’ —up —p’
f—=1Tg
Yo = —Yp
Tq & Tq, Yo < Yg
d <+ (d—1) mod 3
f=1r
end for
12:  return f(gsm_l)(3m+1)(3m_3(m+1)/2+1)

—_

— =
= o

056 30000000 np 000000
E:y’=2>—z+1, m=1 (mod12)20)

Fig.5 mnr Pairing without Cube Root on
E:y’=2>—z+1, m=1 (mod12).20)

0 Fi,,. 00000000000000000000
000000000000000000000000
E(Fs»)[(]000 (000000 Fie,, 000 3°"—1
000000000000000000 m=9700
00000Olog, ! =~ 160 00 O0log,(35™ —1) ~ 1024
00D00000000D000000 RSADOOOD
0000000000000 D000000000000
0000 mODO0D0O0D0O00O0O0Y9*WOODO0o
00000 m>97000000000m = 1670
193023903130 00000000

3.1 »pr 00000

Tate 0000000000000 MillerOODO0O
O00000Duursmal Lee OO OOODOOOODODO
00000000000 000D000D0000000
000®0Barreto 00 Duursma-Lee 00000 O
000000000000 D0000 nr 0000O0OD
0000?0000000000030000000
nr 000000000000000002000 2)0
2000000000 9y 0000003000000
000000000000001000000000
00 Fsm 00 3000 200000F3m 00 30
0200 Few 00 300 10000000000
0000 30000030000000000030
00000000000 000D000D0000000
0030000000 »nr 000000000000
0o0s50000

00 npr 00000 9p(P,Q)0000DO0O0OO

JavaO0OOOO0O0OO0O0O00ODO TateOOOOOOOOOO 431

O00000000 TateOJOOOO e(P,Q) 000
0o0Do00O0oDoo
0500000 120009, 00000000000
000000np 00000000000 Duursma-
Lee 000000000000 DODODOODOOOOO
00000000f = fo+ fic € FaemO fo, f1 €
Fos, D0O00O0 10000 5" = (fo+
£10)" [(fo + fr0) = (fo — f10)/(fo + fro) OO
000000000000000000000000
Kerins 00000000 ¥oooo A -'oooo
07,00000000000000000000 T,
000000000000000000000000
000000000 0¥®OoOoOOoOo0OO00O000000
0000D000000000000000 m=970
00000 10% 0000000000000o

4. JavaOOQO0O

Java0OOOOOOOOOOOODOOOOOOOO
O00O0O0o0o0oooDoooooooooooooog
O Bouncy Castle'® 0 IAIK'? 000000000
000000oO0oDoOo0ooOoooooooooood
0000000oU0oooooooooooooo

O000O0Java00O0OO0O00OO0OOCOOO np OO
0000ooooooooooooooono 3000
mO000000 300 f(z) =z™+2*+200000
mO0000000000000 kO0000D00OODOO
0ooooooooogd m={97,167,193,239,313}
0000 Fsm OOOODO pp O0O0O0OOOOOOO
000000 m=9700000000000000
000000 Fy, OOODO ppOOOOOOOOO
O0U00oooOOoDOo0ooOooooooooooog
0000000ooooooooooooooood
0000000000000 00000DO0O0oog
0000000000 000O000O0000 m=97
0ddoooooooooooooooooooooono

4.1 0 00O O

gdbooodooooooooooobooooood
do0oo0O0oo0oooooooooooooooo
o0o0O0O0o0o0oooooooooooooooood
0000O000o0ooooooooooooooog
000000O0000000ooooooooooog
000 Fs» 000000000000 OOOOOO
OO Finite Field ParametersO Finite FieldO Exten-
sion Field of Degree 30 Extension Field of Degree
60 Elliptic Curve Point[( Tate Pairing 0 6 00 OO
O O Finite Field Parameters 00 20000000



432 ooooooooo Jan. 2008

3000 mOO0D00000000000 k00000
00 NOOODOOOO Fee 000DOD0O00ODOO
000000000000000o0non

O00OF 00000000000000000
0000000000000 00000000000
0000000000000000 m=970000
000 W=320000000 N=[m/W]=40
O000O0Ommod W=1000000 400000
00 1000000000000000000000
00000000000 3100000000000
000000000 [(m+31)/W]=400000
000000 NDOOOODOOOODOO0O0O0O0
00000000000 000D000D0000000
00000000000000000000 3000
023000000000000000000000
00000000000 D000D00DO0O0DOO0n
oooo

42 0000

00000000000000000000000
0000 NTT DoCoMo OO 00O FOMA 902iS O
0000 5000 FOMA SH903i0 FOMA SH901iS
070000000000 Jawvad0O0O0O0O0OOO
iappid 00000

0000000 m = {97,167,193,239,313} OO
0000000000 2% 4224202 +2% +20
x193+x12+2Dx239+x24+2|]m313+x126+2 o0oon
0000000000 m = {97,167,193,239,313}
00000000000 m=9700000000
000 “97(ept)’ 00O0D0ODODODOOOOO0O0O00O
000 Fswm 0ODOOO 4,000,0000000 500,000
00300 1,000,000 00000 100,000 00300
500,000 0 0nr 00O OOO0 500000000000
000000D00000000 Fem OODOO0O0OD
0000000000000 D00000000000
0000000D000D000D0000000D000D
000000000000000070000000
0 SH903i 0000000000000 010000

000 Fs- 00000000 O0DODOOOOOOS3
000000000000000000000000
000 »O000000000000 O(m)30000
00000000003000000 mOO00000O
00000000000000000000 mOO
000000000 Owm?) 0000y, 000000

+1 FOMA, i appli, DoJa 00000000000000000
ooooooooo

0000000000 »mOO00D0O000OO0O0O00D
00000000D000000000 Fsm O Fiem
00000 3000000000000000000
0000000000000 00n 0000000
00000000000000 O(m®) 0000
00 m=970000000000000000
0000000000000 00000000000
000000000000 000000000000
000000D0000000D00000000030
000000000041 000000000000
ooooo
0000000 pp 00O000OODOOOOO0OO
002000000 m=970000000000
00000000000000000 FOMA 902iS D0
00SHY02iS000000000000000 D902iS
000 1.8000000000000000000D0
000ooOoD2000000 SH902iS O SHY01iS
000 140000000000000001000
000 SH903i 0 SH902iSOO0 00000 1.200
000000000000 000000000000
000000000000000D000000 1.80
000000D0000D000000 m=97000
000000000 FOMA 902iS00000000
000 050000000000000000000
000000000000 000000000000
000000000000000000000000
0000000000 000000000
00 FOMA SH903i 0000000000 DO0
0000000000000 Bouncy Castle'® 00
00000 JwadOOO0DO0DOOODOODOOD
000000000000 000000000000
000000D000000000 m=970 nr O
000000000000000000000 1,024
0000 RSADODOODOOOODO Faes 0000
0000000000000 0000000 3,049.50
0000De,99.76 00000000
0000000000 D00000000 PCOOO
000000000 D0O00PCOOOODOOOOD
PCOODOOOO CPU: Intel Pentium DO 3.20 GHz[TJ
RAM: 2GByte 00PCODOODODODOOOOOO
00 Fs= 00000 4,000,0000000 500,000 003
00 2,000,0000 0000 250,0000 0300 500,000
O0nr 000000 20,00000000000000
OOPCOO JVM O Java HotSpot™ Server VM
000000000000000 Feme 00D0DOD
00o0000D0000D0000 30 PCOOODOD



Vol.49 No.1

JavaO0OOOO0O0OOO0O00ODO TateOOOOOOOOOO

433

01 0000 SH903i 000000 Fgm 0000 ny 0000000000 (msec)
Table 1 Timing of arithmetic of finite field Fzm and the nr pairing on SH903i (msec).

Degree(m) 97(opt) 97 167 193 239 313
Addition 0.0089 | 0.0094 | 0.0107 | 0.0111 0.0116 0.0131
Subtraction 0.0093 | 0.0094 | 0.0107 | 0.0111 0.0116 0.0134
Multiplication | 0.1786 | 0.2180 | 0.4977 | 0.6548 0.9031 1.4358
Cubing 0.0177 | 0.0380 | 0.0481 | 0.0555 0.0603 0.0722
Inversion 1.0307 | 1.0973 | 2.6325 | 3.4890 4.8382 7.8790
Cube Root 0.1655 | 0.2109 | 0.2791 | 0.3733 0.5189 0.3939
nr Pairing 214.50 | 272.13 | 850.54 | 1,241.24 | 2,015.57 | 3,943.17

02 000000000 Fgm 00 np 0000000000000 (msec)

Table 2 Comparison of timing of the ny pairing on several mobile phones (msec).

Degree(m) | 97(opt) 97 167 193 239 313
SH903i 214.50 272.13 850.54 1,241.24 2,015.57 3,943.17
SH902iS 254.05 318.97 962.17 1,338.08 | 2,135.12 | 4,102.79
N902iS 305.27 382.24 1,121.11 1,579.10 | 2,416.62 | 4,635.49
P902iS 350.04 414.14 1,165.25 1,646.50 2,542.11 4,929.68
F902iS 408.63 516.74 1,527.19 2,069.24 3,244.14 6,282.27
D902iS 449.21 544.11 1,585.26 2,097.00 | 3,312.14 | 6,260.61
SH901iS 356.96 436.49 1,313.90 1,838.05 | 2,888.96 | 5,516.07

03 PCOOOOOO Fgm D000 np 0000000000 (usec)
Table 3 Timing of arithmetic of finite field F3m and the nr pairing on PC (usec).

Degree(m) 97(opt) 97 167 193 239 313
Addition 0.0778 0.1253 0.1555 0.1645 0.1680 0.1990
Subtraction 0.0820 0.1255 0.1598 0.1755 0.1833 0.2108
Multiplication 3.9780 5.3180 9.9960 15.7160 20.7440 26.9360
Cubing 0.1325 0.5550 0.7820 0.8680 0.9685 1.1170
Inversion 19.7680 22.2200 52.2520 68.9240 90.7760 122.8080
Cube Root 3.2280 4.3800 6.0260 7.9960 11.2540 8.8140
nt Pairing 3,772.55 5,442.15 17,371.55 26,707.45 43,270.75 71,897.55
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