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Abstract: As a fundamental part of cryptography, secure multiparty computation (SMC) is a building block of
various cryptographic protocols, and it is also a hot topic in the international cryptographic community. In recent
years, many SMC problems, such as secret information comparison, secret set problems and secure multiparty
computational geometry, have been widely studied. As many practical problems need to be described by rational

numbers, it is both theoretically and practically important to study the SMC problems in the rational number field.
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However, most of the existing researches focus on integers and the studied data are mainly one-dimensional data.
There are few researches on secure multiparty computation of multi-dimensional data in the rational number field,
but they can’t be generalized. Based on the fractional representation of rational numbers, the new encoding
schemes about rational numbers and rational number vectors were proposed, which could encode
multi-dimensional data in the rational number field and provided new solutions for other SMC problems in the
rational number field. Based on the encoding scheme and one-way hash function, some protocols were designed
for equality problems and set problems in the rational number field. These protocols used basic arithmetic
operation and hash operation to guarantee efficiency than existing related protocols. And these protocols didn’t
limit the range of research data and they were more widely applicable. It proves that these protocols are secure in
the semi-honest model using simulation paradigm, and demonstrates the efficiency and the applicability of these
protocols by theoretical analysis and experiment. A practical example was also given to illustrate that approaches
are more versatile, and they could also be directly used to solve some secure multiparty computational geometry
problems in the rational number field.
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(1) 2 B HE 0 50 Ay AT A B K b, BT DA A
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HEUE AT R, BN 4 BRI B A, N
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T 4 TEREEARAMREHEYL 4
R wAW
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2) S BEALIEEE % KM A B S I H
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S,(X. £, (v, X))=view! (3, X) .

FFHN 0, f,(3, X) = P(y,X)) » RS,
Fo LU 77 217

1) S, HIEE 7 DICENES X =, X},
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2) SR W=y =l IF
H %M BMF Zwfid 5 &, ¥ w %5 5
u'=BMW)(ie[l,n']). HITHEJEE, S IR
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3) S, it 5 Z'={Hash(x)), --,Hash(u))} :=
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3) Bob $4T LA T #4F
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VBMF 4t 75 %€ v] i1
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o Jie[l,nl,u =
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R, Ml s 4.

Hil 5 BREM STl 5 e,
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B © 224 toatr, 46w R 5
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EIE 5 AERESRANREFE 5
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PS5 A AR IE B I AR 5 4 ST
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SRR BB AAOE TR EE L SCHR[18]AR
T BRSO A o) SR T SRR A EUIK . SCHR[21]
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FERREESGRRPREF D, ATTEHE
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SUSTZRME, TN AT VST R E S ROk
BREPEEE AN NTET T, &
W Alice 224511 N n, Bob EEHIHANm .
51 B SEEE
501 HE e adr

AR 1~ 5 FEEH THERAR RIS
B Bl SR R BRi2 5D A Hash 125, HH
TRAEARIZE S Hash &8 AHHE S et mT
PAZEE, fEI A 25 18 Hash iz B I0E

P 1 (ML 2) Hr Alice A Bob 43 AT T
1 X Hash iz, PR 1 CHpl 2) HLHhaT
T 2 !X Hash i8%. Phi 3 PR 1 B34
A, ) AR S ] A E AR S I, ML 3
IR EPAT 2 Ik Hash i85 . thil 4 1 Alice $44T
7 1k Hashiz%., Bob#4T 1 1{k Hash iz &, H[I
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RS X BRI R T | X |=n B — N EUE,
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PE) o FETPML 4 M EAR, NS B IR



38

RINBELEE: CRYFEAL A SR 15 107 -

TARR R RS SRS R ARSI E 8. £
WML 5 H, Alice A1 Bob 375 E AT n ¥k Hash iz
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AR5 1) R0 P PR 1 s P 1 A el AR AR 2,
RS A 2 $FF AT 2 Ik Hash I8 5. SCHR[18]
BT Paillier [R1 A5 0% 5Ly T A B %47
FEH U, PIETFRE 6 IEEFREUEH . X
BR[2112E T Paillier [RIZAS N FIE 1T 1A BEUR
FRFRSEAGRRMREHE, HA Alice
T BEPAT [+2 AR B2 5, Bob 77 EHAT
20+ 6 RIEFEHUE 5, Ph il 3L FF AT 31+ 8 A
RGN
5.1.2 @13 F Mot

ASCHMA 1 RN 3 B TR 2 RIEfEs Pl 2
RBP4~ 5 S THRE 1 RIEME.

SCERLL7TH B PR 1 A 2 3575 2 #208
f&: SCHR[18]7 % 2 lif5; SCMR[21]7R 2 2 #
.

FRAE T IRFES 4T, PR A ST 2R I
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Ho i E DR — RN BT 51 SCERI 9 (0 Bk A 2
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¥ B8H, WBEERMEAEERE

T LHORE S 5E SR

Table 1  Efficiency analysis and scope analysis of
the protocols
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SCHR21] ReES  3/+8(M) 2 A4 HEY /
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(2) SEEREE R

ARICHM 4RI B A AT R, SCHR[21] 8
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AISCRR[2 1A T B9 5G . SR5G 15 5E Paillier %5
T RPREE p Al q MAIECH 512 bit, R AREL
AL 1 024 bit. P2 K78 H N [-100,
1001 BRI ASCHML 4 FISCRR[2 1700 BT
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Table 2 Analysis of simulation result
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Figure 1 The relationship between computational
efficiency and set cardinality
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