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Secure Multiparty Computation using Secret Sharing Scheme against
Consecutive Computation
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Abstract: When performing secrecy multiplication using secret sharing scheme, the result is a polynomial with degree of 2k — 2
instead of k — 1. In order to reconstruct a multiplication result, the number of polynomial needed will increase from k to 2k —
1. Shingu et al. had proposed a method called the TUS method, allowing multiplication using secret sharing scheme to be performed
without increasing the degree of polynomial by using the (scalar value X polynomial) approach instead of the typical (polynomial
X polynomial). However, the TUS method is not secure when consecutive computation such as product-sum operation of ab + ¢
is performed. In this paper, we propose a new method that is secure against product-sum operation without increasing the degree
of polynomial. Typically, multiparty computation using secret sharing scheme is not unconditionally secure if 2k —1 > n.
However, this also means that secure multiparty computation is realizable with conditions. Therefore, in this paper, we clarify the
conditions needed to achieve conditionally secure multiparty computation using secret sharing scheme.
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alZ BT 51 W ILaa, ad,a;,6;THDH. LvL, ZhbH O
WMLV a IR T, EBERaBIFR LN EREFRD.
WP ZAZLL T O Y Lo,

H(a) = H(ala; (j =0,....k — 2)
H(8) =H(816; G =0,...,k —2))
H(a) = H(alaa, as, @;,6;(j=0,...k— 2))

—Ji, TUS TRICEBWTIFHEE P H L RWVWELE 1 TH
LEWNBASNRN-T-DT, adhall2 v, WENKHRa)d
WWLTLED.

FT, Ac XV MEEREMDIZDIZ, VERDDHULEN
b5, MEHBRATH L THEMRIZIEZD. Lo T, T
W A RVASH

HA) =HA (=0,..,.k—2)
H(m) =H(nln; G = 0,....k = 2))
H(c) = H(c|Ac, A, 4,m; ( = 0, ...,k — 2))

AN RAZB L TH BBEE N S 22V ELEn A B AT
HZEITEoT, MEBHRNDIFERLBENIENERD.

I, BEZ A ROBEITHECD = ab + c2 D73,
WEEHRa, cO EH RN RTUE, bBXWab + e’
DinoTh, Y OWEHFREFEST DN TE RV
O, LLTORDEY L.

H(a) = H(a|ab +c¢,B,b,aa,aé, Ac, An, a;, §;,
4mGG=0,...k—2))
(o) = H(C|ab +¢,B,b,aa,ad, Ac, An, a;, §;,
4 G=0,..,k—2))

F72, a,b,c POATTaE T ITeNIRE L= & LTHRERD
Hem ALV SED. EOTe ), REFATEE L A2 LT
WTC, 3ATIDSH 1 ANBICHANRRL TS, %0
2ANEIBLIRNWZ ENRERD.

Fo, FLRROBBEIIKH LT, HBEENMD LATINE
B ETBEMTH HHE, TUS FTikim L7 B 3 &
EMTHLZ EnE2DLN, ZEMEROZLENFZD.
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3 TR L MERFESab + clX, a,b,chOEED 2
AT (LZNSEMETLEE) NKHRLTYH, ZY 1A
7 (EZNERET DI LHhd (EEnEET DL
B0 TR LR,

(GIEA)

a,b,c P OEED 2 AJJTHDa, bBIK L2 E, W
FIIWEEa, b N ERELT D8 o, BEEND Z &N
T&5. LoT, KBHEIANEHRTHDLTH D
abaBa,Bi(i=0.k—1D&mMy, 12128 Caa, 4~

Z B W T apab,Ac, IRV Ta,p;d,oun,y (=
0,...,k—2), 1028\ Ty/afs,y/ &b, ko7, B
I = a,b,a,B,aa,afab,Ac,y/aBS, v/An,a;, B; (i =
0,... k= 1),a;, 8,2, 6,m,7; =0,k =2) 7 B 5 D O Fk
BERTHIBLOH Dab+caRD LS ET5.

ERARNT A= 2RO ILHICEBTX D .
a,b,a,B,Ac,v/8, v/, A, 86,m, v =0, ..,k —2) 2 b Fb#
Fick KOH IR ab + c NIRRT 20 E2E 2 5.

A X VRAEERcEMDTZDIZ, VERDDYLENH 5.
MBI 5 6 WITAc, v /A0, 4,m;y; T D, LinL, Zh
SOMFHE D ANIRRE T, WEHBRcHIFR L2 2 &0
25, PRICLLTORDAELY Lo,

HQ) =HA (G =0,..,k—2)
H() = H(n|nj G=0,.. k- 2))
Hy) =H(yly; G =0,..,k=2))
H(c) = H(C|/1c,y/ln,/1-,nj,yj (G=0,..k-2))

—J7, TUS FRICBW T BEE R L2 0EE 1 Th
D0, 8MNEAINRDST2DT, y/ I3y /A7 Y, y/aBfs
Ny aBllie D, TTXITIHR Liza, BOEHRB L Oy /af LD
YRR L, y/ALy L VAR L, FEFERcRH LT
LES.

o, WBEFTy(ab+0); (=0, k—2)EMDNR, i
HOEREVy(ab + )PDIFHE LRV OT, IO T
.

H(y(ab+c) =H(y(ab+c)|y(ab+¢); G =0,...,k — 2)

Fi, HERKREEZR S L TV DIy 2 B ff%)ha%&
%, v/8, v/, 4,6,m;,v; G=0,..,k=2)TH%S. LL
ZnboER L Uy?)‘(ﬁ{&biﬁb‘ ENREZD. Lo T, /K
W A/ RVASH

HA) =HAA (G =0,...k—2))
H(8) = H(5|6; G =0, ...k —2))
H@m =H(nln; G =0,..,k —2))
Hy) =H(yly; G =0,..,k = 2))
H@) =H(ylv/8, v/M,%,8,m;,7; G =0,...k —2))
ZHUCH LT, TUS FRUTH W TIE, BEEDH S R

B TH D8N EANI N ST2DT, y/ I3y /A7,

y/SWYIZ2 Y, yNIRIR LIZZ Ebnd. —J, %K
I, WEENALRWELEOBEANC L > T, yZ2IRR LA
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RIS, WEEDPEEHa, bz B0, Hk Fab + ¢
FFcDO EL LRSS RTIIE, Y OASN RO 5
REBETEZ V. XoT, UTHEZRD.

H(c) = H(cla,b,a,B,v/8, v/, 4;,8:,m;,7;,v(ab + ¢); (j

=0,..,k—2))
H(ab+c) = H(ab +cla,b,a,B,¥/8, y/An, 4, 81,7, v(ab +c); (j
=0,..,k—2))

F72, ERROERIL, bcEliZa,cDATIBTR L & &
ZHEY Lo, PlbEX Y, RRGAITEH 2 2z 2 L
MTE, BASTIDSH, 2 ANPWRLTHEDY 1 ATk
CHAIBNRE L 72NV EBRF 2D,

Fo, ERROBBICK LTI, HBENMD2ATID)
B 1 ANDBESRE 'CE/%%H'C'&’)%)%/D\ TUS F = Ci#im L
TWBFH2 LEMTHLZEMEZLN, “EEERSZ
EIMERD.

42 ENEREOHAELEICETIREM

— iz, WHIEE L2 2B O HE XM EE
f(a,b,c) =dOMAEDLHIIHIRTED.

Bl 21X, a=f(ay,az -, Gam, Aome1) = Gomer (@10, + azay +
o Ay A IEEL T O X 9 ICHERIC R SN D .
FiF11: fi = fay,az,0) = asa,

T2 1 fo = f(ag, a4, f1) = aza4 + @10,

BRMom o f,
A2m-192m
MFm+1: fpe =
o+ Aym-1dam) = a

INEH2IRTRy 7 AZMEETHREIE, K3D&
D BHPRERIIETSINRVOT, Ry 7 AMOE

IBWCEOHAERERENTZEOEEANLIND). —
5, aDHFIT—ERINC4 D L HIcE£T L b TX B8,
aZHIRLD £ DI L CHAET UL, K4 0P ERH 3 T
HHEBLWNWZD.

= f(@2m-1,G2m, fimn—1) = @10, + aza, + -+

fazmer, fns 0) = Gpmy1(aia; + azay, +

1§
[ ERIDEEm + 1|
J‘ t A

EI

3 FREEOMBEDENL R DaDER
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WEEE
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l[a1];, [a3);, -, [azmas]; |

M4 aDEFEICET 5 EAORBEMERAR Yy 7 2

B zIE, KADR 7 AT E AR e RS Tk
EHONTHN TS, SO AT E AR HI TV D 5E,
a, = f Y a, ag, ., Ay, Qg ) LV ay IR T D, vk
X 3 KOEeMt 1, et 2Vt L, K31
BWTaZ AN LT BRy 7 TR OEFHEE T D
A EAB LW, ap, az; DRI L TV THEEM 2 &
Da lXIREB L. Y ORy 7 2BV TCha & &TeR
v 7 A O NBWELSNTOIUE, ZDOATHRE
fb&had. LnL, &Ry 7 22800 %3
ER/oND TR, 3 AP DaEETLRy 7 ANT]
SO 2 AFiinba e Ete Ry 7 A0 D HIRI L, Hf
Bz a, NIRRT 5.

—7, HOAMEHRAENLZETH 572 51E, —KIICad
HEIZBWT 2 20AT Bz, a,a,) DRI L T2
THUE, ZO2 ATNIME LN EREZD. U,
4 TlXay = f7Ha, ag) o\ Qg Qpma1) E7R DT, a3
NHRITFIUUEGERFETE T, TOWBFEX DD THD.
IhxK3 Lt l, ’“et 2tk CHAT 254,
ay, @ EGTe AR w7 ALISMIRTR O & 512 A TP RFE X
NBM, a,a,zETeR vy 7 ATIEEOH I & ay, a, SO
AT T, Ry 7 ATHWSILMERENZE
THIITEEME2 1S5 D 2 Ai(ay, ay)lZIRR LW 2
EBEZD.

£72, M3ZHNDE, HR Y7 R 15U EDOATN
TR L T i iuEZz o HANZIRmE 3, 5Ky 7 AT
FTOM N B WBEENSZE LT, £ANBRR LRV
DIENHIFIR L TV D AILSMIIRR L. Ko T, B
ToREEEERTD.

Ll 3 MEOBMBEEOMAE DN R 5 HEIC
BWT, 22 EDOAN (EEhbE2RESTDHEE) 2
TR L7220 0, BEL S 72 ATNERIR L e

PLTFICRESFROMAGOEN M 3 2= 2 &L &23F
T 5.

[#E 3]

RBEHFACBNT, HEROBMEEOMEAR DY L
LHEETIE, 2 DU EDOAT] (EENDZET 5 ELED)
PRI LA us, MEA S ATNTIRE L.
GGIER)
RESFANEHIZWAET L ES OO TO 2D
DEPRBITHTTEZD.
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(). 1 OOMMEER Y 7 ZCHEN S 2 ASBA
HEN, BOANTIRML THEHEA.

1ODRy 7 ACWEEINTZ2 AJIBRATISH, Y D
AANRRT S, Tbb, 1 OOBMEERY 7 2D 3
ANDH>H 1 ANBIOHINRERT 255 EFLETH
5. MEFANTH 1 27297 DT, 150Ky 7 AT
BT, LANKRCHABRR LTS, &Y O AT RR
LBNWZEREZD.

F77, ZOBEMEER Y 7 20 2T 3 ISR
ARy 7R 2 ThdELELS, BYOANNRRT
DR, Ry 7 A2 OFFEEITER 2 2L 50
T, BODO2ANPIRE LN ENEZD.

(i), BELSNT 2 ANBBRRDZR Y 7 ZIZATEN

BOANINTIFE L TV EH54

RELSNTZ 2 AIBRERRD Ry 7 ACAhEND. T
bbb, 3ANDI L 2 ANHBNRET S, fIxE, RE
SN2 ANMENEFNR IR TARYy 7 A1 BLOR >
JA2ICANENTHZE, Ry 7 A1 OBMERNSEH 2
I L TCWDHDT, 2 AR ghoTh, FEOD 1 AT
FOHABIRIRET, Ry 7 22108V TR LRV L A
h3mbs. LoT, Ry ZA2ZBWT, 3ATTIDI B
2 ANRIR LR, By 7 R 21281 HRHEE N E B
122 LTNDIOT, EOVD 2 ANPRRLARNZ LR
=z25.

5. £

SEOREFNE & HITIRE L 3 SORHRSRMEOEH
PEIZOWTHRET 5.
BEFANEETHATDDIODOFHESED12HIZ,
EERIC0ZEE RN ETHD. ZOHHBEE LT, W
BIERN 0D & X, ERRICBW Caa=0 £ 720,
EBIERN O THAHZ ENMMLTLEY (ElERELTOX
BRENARW) DTS, 2L, 0 a5 ER0ERIT
ERT — X ELLIFET D, FlxE, IR E e &%
ETIEDETHY, 0IFHELCLTWHEILEEEKRLTERY,
EROLHEFIEIITAV SRR, E R ER & IR
DETHD. LT, HBHRICABREHE-IZEEhORE R
EOEMEMENET2HE, 0 28V LiFREE
RORWNGEENREW. 0 ZELHE, mhlo X 5 ICHER
BIZBWTORBBENAE U D2, MEMBEE ClXaad L
WP TEILEN/2NTZD 0 2 F A THRER V. &5
FREIZBWTO THIZ Z L xRy, HERTT
IREETRDED 0 THLIDRIET DMENDH D, BESTHN
(2 & D RAEE BRI I TR L [FARICRME T A 0 THIUL,
aa=0&72VRHEEINDD, ZNIT0ICKIBRELES &
WD BB REIZ V. ko T, ZOSboRBHIS %
DOMETHLNR, 0 2B FRWERITLIFEL, BES
KiTZED LS etF ik 2 RERERF L E LTITAEDTH
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B, TORBMICHBEIZWESZD.

WORMHRSME, F— N ECR AR HEN LD 11
T D HEES N HICHEF SN THDLZETHD. =
D&M R T oIk bEEARFEE LT, FHETES
oA R B LicxT 2 oBEESERETET5
ZEThD. Eil, BETELIFE=FETRITH, 1 I1Tx
T DN BIEERITERNEL TH D ATTEEFE L2V O T,
L Da—YFNLIK ENEED, T—SNTU ¥ v 7L
2% LT LIZRT 2 BIEE S OERE LMt 4 T&
BTBRELEZADLND. LoT, ZOLMEOEBITS
BOMETH D, BIEMEE L TEOEBMIIMERW
EEZOLND.

B#%BIC, WARTXTR—— -ty hTHY, »O%
Y= 3HH D AR AN O S HUE O E X EE S D 2
LTHDH. ZORMEICE L TREETIRD N7 0 b o
JVIZHE 9 Passive Adversary #{KET 5 7=, HAIZ RO
EEBUCET 2 — FVZERWEE X 5.

6. F&OH

KAWL T, LD 3 SORiREGDOs & T, 2k—1>
nIZIB T B EE ORI L TR ERFE e T/
PR HE A RBTE .

(1) REREICBOCRERREIIKIC0ZEE R0,

() WEEEIZHM O WELEE VT LISk 5 0 HidE s
BRI TN D.

() F—H¥— 1ty NTOERETHY, DOFTF— 0
2 RSN O S HE O EIXEE S D.

LSHOBEE LT LROEMEZERET D HEERE L
WeEZ 5.
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