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Multi-party Threshold Private Set Intersection Protocol Based on Robust Secret Sharing
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Abstract: A (¢, n) threshold private set intersection protocol allows the N participants, each holding a private set of size n, to learn the
intersection of their sets only if the number of the elements in their intersection is larger than or equal to the threshold ¢ without revealing
their private information. It has a wide range of applications, such as fingerprint recognition, online carpooling, and blind date websites.
However, most of the existing research on threshold protocols for private set intersections focuses on two parties. The research on the
threshold protocols for multi-party private set intersections is still faced with many challenges. For example, the existing threshold
protocols for multi-party private set intersections use public key algorithms with large overheads, such as the fully homomorphic
encryption algorithm, and such algorithms have not yet been effectively implemented. To solve the above problems, this study combines
robust secret sharing and Bloom filters to propose two effective multi-party threshold private set intersection protocols and implements the

protocols by simulation for the first time. Specifically, this study designs a new construction method for Bloom filters. The shares
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generated by robust secret sharing are corresponded to the elements in the sets of the participants. Whether the number of the elements in
the intersection of the parties reaches the threshold is determined by whether correct secrets can be reconstructed from the secret sub-
shares obtained by querying the Bloom filter. In this way, the protocols effectively prevent the revealing of the intersection cardinality.
The first protocol designed in this study avoids public key algorithms with large overheads. When the security parameter A is set to 128,
the set size n is set to 2'* and the threshold is set to 0.8n, the time cost of the online phase of the protocols in the three-party scenario is
191 s. In addition, to resist the collusion of at most N— 1 adversaries in the semi-honest model, this study combines oblivious transfer
with the first protocol to design a variant of the first protocol. Under the same condition, the time cost of the online phase is 194 s.
Finally, the security proof conducted proves that the proposed protocols are secure in the semi-honest model.

Key words: threshold private set intersection; collusion resistance; robust secret sharing; Bloom filter; oblivious transfer
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14. lastShare < lastShare ® GBF[j];
15. end if

16. else

17. lastShare < lastShare ® GBF[]];
18. end if

19. end for

20. GBF[emptyBin] < lastShare;

21. end for

22 . for i < 1to m do
23. if GBF[i] == NULL then

24, GBF, [i] &= {0, 1124 1/ 3645 4 16 FH 1) G By h i 8 Tk LA
25. end if
26. end for

27. return GBF,
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14.if s == s then

15. return True;

16. else

17. return False;

18. end if
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Py 1320 H 0T LLE A ) IE AR B A oK 45T r

19480 RSS WM E AR IR IE M E. W5 2.1 WS, £— (,n)RSS 5 E& T, R IEH R A EE K T,
R s al LA CSE, BIAR 2% 22 35X £ (x) T LA IE A A 2 7 45IE RSS REAEATRE T IRAE N sl AR, ASCh
#2906 2, BB 51 TR ¢ R & 784 /D m ARG, X T (6,m) TPST BN, 9 T 16 RSS fig
IEHERS, FEGIE XN .NXy 2 t+m+d-0/2 . EHBBTHRES t+(n+d-0/2 . d FRTIRBREE,
IS INTCAR M5 IEM A 2 S bk t+ d , ARHE LIRS R A t+d=t+(m+d—0)/2, WA d>n—t, FrAEEMU 528
M B 2 5 5 il AR BEA LRI T seed 22 in — ¢ AN FHTRIITh TG E.

RIGHT BF 5 GBF HIUVEFHYEINERE, TF BHTESS € S 80N IRIE AT R I D8 248 Re 08 i D 0 gl 3 A I
RH A S B0 150 PR T A P P CACRAIE . AR 5 13 1, 7R3 S8 & I8 S 40T VR A 8 1ok i 2% 00 3 I (P MG 246 J2 T 2 1, (R S,
VRV A W B HH I BH 4 P A e, 2 T 2085 114

B UE W] AR /NIRRT RRAE ¢ I, Py 7T LAAS 2L 48 508 (0 E A 0 AR EAGARES s 24Nt R x) 2 A
S RTCER I, Py G E x! AR AT I JE 4 RGBF 1331

s)llind, = RGBF [h1 (x})] ®...®RGBF [hk(x})] .
R P VR A 1 T B2 1 () 2 1 J0 P DA L T A PR 00800, 3
sjllind; = RGBF |hy(x})|®... @ RGBF | (x})| = &L, (&}L,SGBF ;| i (x})| @RS
=l ((9),GBF,|hi(x))|@rs;)@RS) = &L, GBF |hi(x])
=GBF\|n (x})]@...0GBF, [ (x})] = sillind).

DRI, AT B H IR 30 1) BRAEL ¢ B, PT DASRAS L 0% 2 I IE 6O BN E AU RS s . 255 LTIk, P AT LAGRAIE 1E A 1.

o AL TSR B P SR AN B WOT AETE T I, AREAN S5 5 i T B R 28, BElas S | A4l
P M, S, 8HLP; (e [2,N]) HFLA.

TSR BE Py N BT, FIE RIS S B Py WAL, BLRLER S BT Py MR BTN X, RIS A LR AR 1L

(1) S DS IBENE s T 20—t NR5 {ind,, ... indo,—,) .
) S HFAs1,..., Sonzs} — RSS(s,{ind,,...,indo,_}), T L& =500 s Bl {ind,, ..., indon_r} .
() S I EIRE LIRS GBF) «— (X)',{s1,..., s} lind,, .. indo,_ ), A HAF4 18 N = 143: @Y ,GBF; = GBF),.

(4) S M4 GBF; FIAZ 5 [ BT FEN LR K IRIEAT % 1 E#% SGBF; .
(5) W, S\ fith (X,,1,SGBF,), SGBF AU Bl vh P, %% Py (.
S\ ToikAB ST P R SR AT Bl VRS SGBF;, NN S | AT W SETT Py A NEE A X, . ARTTD, FH TR MG A
S MBS RGP T, Py o X A0 S B KL AL B SGBF,; AL SE UM SR AT 3 2 o A i SGBF; (B hy LS B SL
PATILFR BN S GBF, 7E Py AL B SR A0 BEALE), —H e RN IX 43 19
{SGBF}={F (GBF;,X)}(i € [2,N]),
o, F o ZLSE AT FoRR I NPT (R0 BT LA, TGOS Py VAR P A BASUHE: SFORT I SEAH SR AS AT X 43 1, BT

{S1 (X1, 4, D)= {view™ (Xi,...,Xy)}.
SRIGARLBE Py (i € [2,N]) IO, FIERUNAS S B P, (ALK, BLLLEs S B P ARSI X, e 255
(1) S P SIABEHLAE s B 2n — e NR 5 {ind,, ... indy,,) .
(2) S5 {51, 20} & RSS(s,{ind, ... inda,— ), W F3RF= 10 s Fl{ind,, ... ind>,-,} .
@) S M (s, {51, 20} Aind,, ... indo, DRENURFRRIFAELIER GBF, A w8 N-143: @Y ,GBF;=GBF),.

(4) £, S # (X, GBF;), GBF AR Py RIE4S P I B
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S TTVEABW L T7 Py — HEVH EIRVE R L JE S GBF,, DA S A WS T Py BN, T IRVE AT B SB35 1 TR
EVERR, P; JGVEX 4 BAURR BEAL A 5 G BF; R SE W AT 1L vh A2 eI GBF; (R D BLS S AT ek e o A
(Y] GBF; {E P; (AR 1 KA A BEALAR), — 38 76 T AN T X 43 11

{GBF)S{F (X1,5.{81, ... Sos} - Aind,, .. indoy_})}
Horp, F oy BT AR S AN AT (R S32. BIT LA, SO Py o R P ALt SRR 51 A S AN m] DX £, B
{S,; (X;, )} {wew Xi,..., Xw)}.

N THE B P AEAEASER L N — 2 AN MO AR LR 2 4k

& CHFRIBWT AT C={Pipse Py} APy Prd . T UE T HMSURT LLRA 057 (0SS A5 R I 2 4
P, FRAEPAT PR ISR 30 S ML 2% S ¢ BEA8L C IR, 2 RS LT 1 i

() CHAREES 5T P, C BRI K

Q) CHBRES S5 P, CIBHILIE -
{Sc(Xi.....x,.1)}.
B L CHAUES ST P . fEMIE GBF; I, Py EIBENLECE NI T B S BRAAE B, T LA BT #
W B GBF,; 5, ARESKIATA ST Py 1945 8., FLSEWM™ 42 GBF; WE 5 B WA X 8 WO SR i & AN AT IX 43119 T Bk
Py MBS AR DA T R R AN 5 S WO C AT AS B, BT LB IO C 13 AR 214t s 2 5 7 B L £ S, A5
FUAL ] 5 PSR DR AN AT IX 4311, B

& 2. CHEE S 57 Py W7 P R1% SGBF 45 Py )i, ¥ SGBF N MBI T C AL . SGBF; /& P; i
X GBF; 5 rs; BEAT R a2, Horp rs R BHUER R, J07F P MRS B, MRS Ly e 4k, 4
WET rs; 224k, AR AR IE T SGBF, 102 4k, BLSE il =4 SGBF; WH -5 BEHUELX W7 C A i & AN ] [X 4y
1, Jt LU I JCVRA 208 7 1B AAME ., BRI S B SE A B2 AN AT X 4 19, BIL:

{SC(X,-, ..... X,«q,])}é{view’é(xl ..... Xl

4 MEEBEHFRIZ T TPSI #9Y

HTHIEZL N— IADTCTF A, AT 3 T IEah F42H — 3T OT 1612 J5 TPSI Wpill. P, ¥ A B
uf‘?%s Py AT A 3.1 BT (W B 1 A 3 B 15 A 25 200 110 VL 5 A1 L A, LA 2 5 07 g 16 35 T VR A1 e ik
YERS. I 2 POBIE AT B 3.1 W E IR BE 2 A v VRV A1 I O DR A ok I T A8 R B IO TR IA B T BRAE. PR F
S UL LAY SO 1, AR SCE 7.

4.1 WHiHIHE

MANNZEHITPy,....Py, BNZHETTPHAECESX = {xq X,y } BT IEATEERK R A LR,
TR R I I 5 A B IR AR A Ty m, TTBRME N ¢, — NS A BRI AL H - { — 0,1 iz 5 g —
AT BOEEE kAT A AT R I SRR G A5 BRE Ay, By {0, 1) — [m] 5 N/\MJL%EF? seedy,...,seedy € {0,1}".
TPSI B 9 B Lk B 5 AR 2R B AN B B, AR 2R B B AL IR 00 U0 R B BERAZ SE VT ST B B

I B R

(1) XTie[l,N], 255 P; iH ERENLFN T seed = seed, ®...® seedy , IR i iRl seed A= fiin—t MR A G H,
BBy TR A CHES P, ER— MBS X = {x] ..... xx xgn_,}.

(2) P R4 B OIS X, Mg b it 38 25 BF.

(3) P, BEWLEEE— AR s 5 2n—t DMK {ind,, ..., indy,_,) IBAT—A RSS B84 S, 1538 20 — r AR
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WEis, Le[2n—1], Jer s, = f(ind)) . Py RIEH (s) 45 Py .

(4) Py MR 11 CLIR B A5 X 1R 0 i AN KRV A Ve AL 96 2% GBF , KX I GBF, [ (xD)| @ ... @ GBF, [ (x| =
sillind; . ¥ GBF, #§5) Jy N =14}, i @) ,GBF) = GBF,, 34§ GBF) Jik4: P;, j€[3,N].

(5) AT i€ [3.N], 2575 P AR A CURE A X) 26 SOR A e i 98 B GBF, , i LGB, [ [x]]e...0
GBF; | ||| = H(xl) . ¥§GBF, §§5) N — 1 4 {130\ ,GBF] = GBF, , K5 GBF] JI£45 Py (j€ [2.N). j #1).

"

[
1. iﬁizm%vﬁ.{r‘z%ﬁ BF,

<
¢

[ [ [
[ FitEil e %S BF, |
6. 5 6. 4
5. NAEAER H 5. RAEAER

LEEIRIEAT L IELS RGBF

3. Ri% GBFy) ————  »

P, = = P
) ———— s mmosr ——— t
|
2. G e RS S N N,
RV IR GBF, 2. SEFRRAAEIL I8 % GBF,
[ I [ I ] [ I [ I |
TR FE e
| R | o |
—] I | I ] [ I [ I —
4. GBS B B T e L IE 3 XGBE, 4. GBS SR B B L IE 3 XGBF,
7 PrEewWsEE £ g7 TPSI SRR (BL 3 N3 5705 i)
TELRHT Bl
(1) BB R B B

@ XtF j e [2,N1, P; e NILAL T 25 05 0 SNV A e it D6 2% )5 7157 XGBF; = @ ,GBF .

@ Py BRI 0 5 Py AT OT § RN, Py M BF 1 i, P; I XGBF; fE b . 0T
belm], WA BF (bl =0, WIRGBF;[b] =r, Hot r A BEHLEG R BF [b] = 1, W RGBF;[b]l = XGBF,[b] . % P, 13
F|RGBF;.

® Py i1 RGBF = &Y ,RGBF ;.

(2) ZHEITHI B

© T le2n-11, Z 578N J w5, Pyt 5T s)llind) = RGBF |y (x})|@... @ RGBF [y (x})| @ H(x}), 4
257780 N 85N, Py S s)llind) = RGBF |y (x})|@... @ RGBF [ (x})|. 11 A BLEAE AR, I A BLE1E 2 4
B RS, FLL s, ind) AIANAT RSS AL, R 2 £ (x), s = £(0). Kot H (') = H (s), 15
ST, YU 25 75 A8 SRACE 5 30 T TBRAE, 4R SEAT DIl 45 28 1 s

@ X T 1e2n—11, PoRE sy T EA MNHL, WA 5] = £ Gnd)), W x} AR HICER, 46 x IR BN 1o
2P VRBIACAR 1T 1Rk Hfh 2 577
4.2 REIERR

TEIE 2. ASCHS 4.1 WM EMAE RS o 22 A, T LRI R 2 N - L NECF G

AEFA: B SRR B A, BRPAAT S BE AT 20 A A 45 R, AR5 UE I DS 1 S A () e A

o IEAfYE. Xt RSS AT [k 18 28 1) 1 A MEIF W 5 58 3.2 AR, R THIUE W 24 A SR /IR BT BRAF ¢ 16, Py AT LA
75 280 A2 88 H o 1) L A TR D AR T AR 5. M H xR AC R I TC F I, Py B I X! A R A B L E #S RGBF 13
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# sjllind; = RGBF, [hy(x})|®...® RGBF\ [(x})| 5is;llind; = RGBF\ [ (x})|®... @ RGBF, [l (xD)| @ H (x}) (kT2
577080 N B EGE AR AR PSR AT R S 1R (RIS 1 B RT DAAS L R A R A, T
(1) 22 57780 N N R0
sjllind; = RGBF |hy(x))|®... @ RGBF |hn(x})| = ®L, (&},RGBF ;| i (x})|) = &L, (&), XGBF ;[ (x})])
=l (o), (&), GBF][hi(x])]) = oL, (2),GBF: [ (x})]) = (silindp @ (&), H (x})) = sillind, .

(2) S 5T B N A 5o
sillind; = RGBF |y (x))|®...® RGBF [(x))| @ H (x}) = &L, (), ,RGBF, [hi(x})|) @ H (x)
= oL (oG8 [ () H (uf) =t (81 (568 1 ()] o 1 ()
= EBff:] (EB?’ZZGBFi [h,- (xll)])EBH(x}) = (s,IIznd,)Ga(®j:3H(x, ))GBH(x ) =

DRI, A AR AR B [ BRAE ¢ B, R DASRAH R0 2 (0 I 0 A0 A BA 5 1 s

o AR W SEUE I DM SN WO A AE R Ik, W EAS ST TR B, B S | B
Py IR, BLLER S, B P, IRRLIEL, S B8 P; (€ [3,ND) AL,

HSEMR B Py A RIS, MRS S | 5L Py IORLIEL, BEALER S | 03 Py AR AN X R S A USSR I

(1) S M4 Py A NSE AR5 X A e 1 98 2% BF .

Q) S GEBE AN DATIBEH UL sH1 21—t NREB {indy,. .. indy,_}, T (51, S20s) < RSS (s, {ind,,. .., inds,_,})
FIH(s).

(3) S 1Y (s, {515, Son—}{indy, ..., inda,—}) VA BAZHE 1T BENURFEIRIG AT P I 28 GBF,, BENUR ARG A 1k
UER GBF,, ¥ IR YN - 14 @) ,GBF] = GBF;.

(4) S\ ¥4 XGBF; = @ ,GBF] , SAJi ¥} 5L RGBF ; — (BF\.XGBF).

(5) 552, S #ith (X0, 1 H (s),RGBF ), H (s) M Py %45 Py L, RGBF; BELIA R sl P, RI% 45
IS iORERSS

Sy AR WRSE Ty Py —REVE SR VE AT B 1L 9B 4% RGBF ljb S B WSETT P N 35T OT Bl 2 4 b,
Py ICIEX S BHUASBEHLAE S RGBF ; RIELSE Wy AT IS FE il S OT 3K4310) RGBF;, —#AE V5 LA T X 43 (1:

[RGBF }={F (X;,5.151,.... 5201} Aindy,.... indy, ), BF )},

o, F oy ZUS2Up AT TP IR A AN AT I V5. AR BTt S BAT i, Py 3RAG Py RIEI H (5), 3 T 06 A RO
WAENE, Py JCVEIX M B AR BEALAE U H (s) FECSE DA T Rt ™ A2 K H (s) . LA, SISO Py (R4 IS 7E AR
AR S S AW X 43 1), B

si|lind,.

{81 (X1, A, D) = {view™ (Xi,.... Xy)}.

RGBTV Py R RO, M IERHUAS S 2 B30 Py AL I, BEAULA8 S W B Py AR BN Xo Rl 240 A

(1) SIEFE— NI AIREHUE sF1 2n — e NERT ] {ind,, ..., indo—}, VWEL {s1,..., San—t} < RSS (s, {ind,,...,indy,.})
IEEEE P, ARSI X tHBIRIE A e L JE 2% GBF,.

(2) S, RENLI ST RAE— ARG A L IE2S GBF? (i€ [3,N)).

(3) B, Sy ¥l (X2,GBF?), GBF? BUu 2 i rh P, 4245 Py 91 5.

S TR INEE T P, —FE RORE TR I E2S GBF?, KA S AR WS Py AN, B TIRVE R B S35 1 TR
BT, Py TGk X o B R BENL AL B GBF? R SE YR PAT I R h A2 i GBF? (KA E S il B AT i # v AR
IS GBF? 15 Py (AL B R A BN, — & 7EvH 5 AT X 431

(GBF}=(F (X)),
T, F Oy 2O AT R AT (S5, BT L, IO I7 P 930 P 7 AR U S RS A R TR 43, B
1S5 (X2, D} = {view? (Xi,.... Xy}
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WG P (e [3,ND) NI, MIERISES ; BALP, ALK, BERIass B P MESAX;, XS
.

(1) S EFE—ANE) A BN UE s Bl 20 — e MR {ind, ... inda,-) -
(2) S5 {s1,..., 82} & RSS(s,{indy,...,indy,_}), W BP0 s Fl{ind,, ... indy, ) .
(3) S ARYE (s, (51, o S0} lindhy, . indyy D BEHURFE R AT IE2S GBF,, 4§ IR HUN - 1 4 @) ,GBF] =

GBF,. 145 P; (ML X; VI IR A [ 1 U8 2% GBF ;.

(4) S ; BEHLIY AT RBE— ARG AT PR IE %% GBF (i € [3,N]).

(5) B, S fith (X;,GBF)), GBF! BRI P R 1545 P 13 .

S AR WL TT P —RE A S IRE AT I8 38 GBF, TN S ; BEAT WS TS Py (TN, TR0 A1 e 1oL i s 1)
YRR, P, oIk AR B A ) GBF) RIECSE DIAT I R b A 1K) GBFY (IR B MSGRAT R R rh 2B 1
({1 GBF/ 1 P; (ARG Kt G BEALAE), & e FEAN AT X 43

(GBF/|=(F (X)),
o, F oA B ST AR N AT (538, T LA, IS P 1) A P/ B AR SRR S thE R AN R X 31, B

{8,(x5, Q)= fviewr (x1,.... X},
SRIGAE I SUAEAE N — LA BT G D0 R 22 4k
MR8 CRIEWOT A C={Pis.. Py} P Py} 9 TAE 2B AR 05 (047 30055 5 1 AR A8 44 L

Fh, F R8T Bl RSO0, BT — NS 7, T A B A 1) 2 5 5 B 2 TR TR S AR A S ¢ BTl C I RLIA, 4%
T UCRAT IR 43 2 L PR L.
() CHPAEES 5T PN, CIIBIALE J:
{sc(Xin..x, )}
() CHPUEZ5T7 PN, CRIBAURLIE K
{Sc(Xi.....x,.1)}.

B CHARESE A P EMERT, P L5 CHIMTARE, Py (IrEEWE A t) 5 C I RIES
(A1 €) BT OT P, 22T OT Whill ek, C JLVESRI Py (MBEFAGE . Pt LA WO TEvk 3RS 7 IR Ba A 5
L, B 5 PSR R AT A, B ¢ (X, ... X, )| = {views (X1 Xw)}.

EW 2. CPAEES 5T P N, XN, WS P4 GBF, N T HEIRIESC, H TP RE T AT
B, WH RIRGHALS 57, BTl C G ToE 48 P, I GBF; . P; (TE A R%ETT) SIBWTT Py (TE R HROTT) ST
OT thill. ZET OT Wil 224 t, € Joidi3kEN P; MBS ALE B Pi I XGBF; 1 xf N Py 1¥1 BF, 1 2y O [WAH, BT C

(UL 97 SIS I T A 57 R KR, BB 5 S R T 0 0, B0 {S e (Xe.... X, ) 5
{vzewg(Xl ..... XN)}

5 SSWSHH

ARSI B BUE T CH52I0, FF4E Ubuntu 18.04 &40 FHMTIE RS, Hd CPU 2 AMD Ryzen 7 4800U@1.80 GHz,
PIA7 A 16 GB. WE MU % 25800 A = 128, Bl %< &S5 o = 40, AiFE L JEARIE A bR BN 80k = 128, AP
PERRI KN m = 1.44kn ),

51 HHESZRE

AR OISR TS A AR BE AT M. 0 T A SCHEH (055 1 Rl 22 7 TPST WX, 4% 5 A2 i 1 LA e 3ot
A SIRE A g A I, HUH R AR N O(mk) . BEAh, EAELRIN BN, Po,..., Py T BV 5 SGBF,, Ll A 2
L SGBF; K% m A, Jy O(m) . Py ZE V5L RGBF IV, TH 5 R 245 5 N Flm A28, *h O(Nm) . 45 TR R 3% 22 T,
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RSS 77 M ERI Bl SR 4 BE A O(nlogn) . Py 75 BB n AMMEI, V5L E 240 O(n) . BT LA, W BT 5T 5 2%
9 O(nk + Nm+nlogn). [FHL, 28 2 Frr &St 1) 2 7 TPSIEMMUITH R IS 4 O(mk + Nm + nlogn).
52 BIEERE

AATXF N RS B A RERAT M. T ASCH SR 1 AR 2 5 TPST PR, FER LB, 2577 PL R
Y GBF 4 %25 )7, LB R T2 5 )7 (R N 5 IR A L DE 2% K m , 9 O(NmA) . FEAELE B,
#BEj5E ARSIt R R, HilEEE S N HE HOWA); #5577 Kki% H O SGBF 4 Py, Hil
ERMES N Mm%, 5 OWNmA). Fr LU SGEAR 4B O(NmA) . 55 2 Bt A B 192 77 TPST Wil 4E ¢
LRI B S 5 O A R IR VR A e I g R, JLIIAE S AR FE S O(N?mA) , BT LABT & WS TPST Wil il (5 R 2 B A
O(N*mA).
53 SRS HH

AT IS Satrajit 25 N\ K E I F 7 TPSI 43 (CRYPTO) HIELA ({12 77 TPSI ppist " kAT b i, b
R BCEIAH T BRI, RGBT, W5k 2 FioR, AR SCAEFEIV S BAT RO 3, ARSI H AR 1)
SIS FE R, %L T I ) TPST Pril, 2L 4% Sebm i N A 4.

2 AR

RS WA TR IR 2 5 80 RITRELL JETF L
SCHR[18] O(2) O(*logt) 5 A =
CiR[14] O(N*12) - N NP IE &
XHR[15] O(NP?) F N A s "

PR TPSI O(NmJ) O(nk+ Nm +nlogn) N % "
JLE PETPSI O(N?m) O(nk+ Nm+nlogn) N K n

T2, MRAACSCEE 3 T MR 2 U7 TPSL MY, WEIM NS 58I N =3 . X TS5 EAE K/ n,
ST 6 AR 22,210,021 T TTBRAE r , 3l B 3 AN 30%, 60%, 80%, Blr=03n. t=0.6n .
t=0.8n. 1= 0.3n I, Z PP A A W1 3, 67 T THRAE £ = 0.6n, AT USR] A Qi 4, %0 T IR AE £ = 0.8,
AP R AN 3R 5.

£ 3 =030 BEMCEBY BLRIZ AT IS 1] (s) K4 =060 NP BYBIIE AT IS (s)
EARN BENE WECk RIS BEE LR HWENER  Eilok R BEE
2’ 0.16 0.02 0.22 0.40 2’ 0.19 0.02 0.21 0.42
2" 0.48 0.03 0.80 1.31 2" 0.69 0.03 0.80 1.52
2! 1.67 0.06 3.11 484 2" 2.52 0.06 3.06 5.64
2" 6.23 0.16 11.92 18.31 2 9.11 0.09 11.59 20.79
2" 2228 0.27 47.76 70.31 2 35.05 0.16 46.04 81.25
2" 85.62 0.45 20234  288.41 24 140.61 0.34 188.09  329.04

SR, BCE MR TRAE R 1= 0.8n. X T2 507 3R, 70 A WCE 5 ANRAA 3. 4. 5. 7. 10. T2 577
EEKANn, RIRE 6 NG K:20,210, 21 Z SR A AW 6 TR, BTTRMESEA KD —ER, Bl
(RIS ] AR Bt A 2 5 07 B g K

MPARASCEE 4 I IPTABHLGE M 207 TPSLMY, WEMINS 558 E NN =3. X TS5 E& KD
n, SERCE 6 AN 22,210, 0,2 R T TR ¢, A3 il B 3 N0 30%, 60%, 80%, Rt =0.3n. 1=0.6n.
t=0.8n. 21 =0.3n I, ZPPR IS A A LI 7, 67T THRAE £ = 0.6n, ASHR U [A] leAC Qi 8, % T+ TP {H £ = 0.8,
AP LN [A] A 43R 9.
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£S5 1=08n IFHMCEB BRI ATIN 7] (s) F6 =08 INEEEL TPSI MUAEANFS S $E

ok BANE AR KR BN FHRIZATIT ()
2’ 0.21 0.01 0.21 0.43 g 2 2 ! 212 2" oM
2" 0.78 0.02 0.83 1.63 35 043 163 586 2218 8754  353.04
2" 274 0.04 3.08 5.86 4% 059 216 828 2785 11020 429.39
212 1025 0.08 11.85 22.18 5H 067 242 911 3317 12974  524.85
2" 40.29 0.14 47.11 87.54 7H 082 3.04 1143 4283 16526 675.42
214 161.28 0.28 19148 353.04 107/ 098 426 1356 5464 21227 877.15

X7 r=03nHEMSGE TPSI YRS B B IEAT X8  r=0.6nINH AW TPSI PR &M B (138 4T

N1 () IFE] (s)

LERD BB mElck ZETHE BIE LERDN BEWB WElck  AZETE B
2’ 0.20 0.02 0.20 0.42 2’ 0.19 0.03 0.21 0.43
2" 0.50 0.04 0.81 1.35 PO 0.69 0.05 0.80 1.54
2" 1.69 0.08 3.12 4.89 p) % 2.54 0.10 3.08 5.72
2" 6.25 0.18 11.94 18.37 % 9.09 0.18 11.82 21.09
2" 23.08 0.31 47.78 71.17 2" 35.12 0.37 46.35 81.84
2" 85.87 0.49 203.12  289.48 2" 140.68 0.68 188.96  330.32

WRJE, BCE MBI R £ = 0.8n . X T2 5757 IR, 700 BE 5 MUIA 34 40 5. 7. 10. X 2577
BB RN, 3 CE 6 AN 20,210, 21 A TR AR A 10 FoR, 24T TBRE SR A RN —E i, P
(KIS T A B 2 5 7 BoE i

K9 r=08n NPLE BT TPSI VME B B s AT F£10  r=08n BPLERLGE TPSIMAEA RS ST

] (s) i NI RIBITHT A (s)

EAHERAD  BEWE mECR  ZEIE AR g 2 2! 2" 2" D' p14
2’ 0.21 0.03 0.21 0.45 3/ 045 169 604 2235 8790  355.77
21 0.79 0.06 0.84 1.69 477 068 230 836 2798 11034 429.58
2" 2.76 0.11 3.17 6.04 547 083 232 931 3346 13096 525.93
2" 10.26 0.19 11.9 22.35 7J7 098 335 1173 4345 16735 678.68
2" 40.10 0.39 47.41 87.90 1077 126 464 1392 56.57 21559 88536
oM 161.33 0.73 193.71  355.77

AT PRAEA RIS KN T B AR W5 SR 11 s, ISEIR R T LG H, B 4% TPST #h @5 T
BN, BLREEZ5 05 1B S N IS8 A5 T4 1 D, TR R 128 ke AN R210, 1041M5
JoE LT, B A S RN T 90 MB. HTA R TPSI BhCEM RIS R i s S R4 135 MB.

ARSI AR 2 SR I S B8 R 6 Bl i s SR 12 B, A SC B0 TPST Bl 2 B AN 52 EL I £ 7
TPSI P, 7 1 TEvE R BIREXT LL I 22 77 TPST Up sl i s 38 2, I AARSC S B Hi A8 SEBLAI I 77 TPSI Phisl 1) 5256 £
AT . SR AT A A SC I 22 J7 TPST WS EL H BT RIS 77 TPST PR B 20, ASSCHMYAE 10 T3 T,
LA K/ 2 IR B (RIE AT IR TR K402 STk [16] 1) 1/55, 24454 K/ k212 I RV IR 47 IR ) K &40 42 3Ciik [12] 11 1/100.

6 & %

ARSCAE R SRR TS FE 1 ISE I T WS 22 07 TPST B, AT LAFE MBS, ASCH KSR 1 AN BT LA
BESRATHITT R I AP, 28 2 M BCEL 45 AL B AES TR 2 2 N - 1B &G, [FiN T
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PP USRI 11 S A B (A IR 175 S DL IS L, 5 B 4 B 404
BURAT I, SUR R PR SRR

£ 11 PAEARFILE S RN T IHIE(E 5 (MB)

WJ‘Q‘( 29 210 211 212 213 214
BAEHTPSI 377) 9.61 19.20 38.40 76.81 153.61 307.20
BEHTPSI (45) 14.41 28.80 57.61 115.20 230.41 460.81
BAEHTPSI (577) 19.22 38.41 76.82 153.62 307.28 614.55
BEHTPSI (7)) 28.82 57.61 11522 230.43 460.82 921.61
B TPSI (1077) 43.24 86.41 172.83 345.65 691.24 1382.42
PLAWTPSI (377) 16.82 33.61 67.21 134.73 268.82 537.61

HLA U TPSI (477) 24.03 48.02 96.02 192.04 384.03 768.02
PLAWTPSI (577) 31.24 62.42 124.84 249.65 499.24 998.42
HL TSI (777) 45.66 91.24 182.42 364.81 729.62 1459.22
PUEUETPSI (1077) 67.29 135.07 270.12 540.28 1080.52 2161.11
* 12 SISO SR AR X L (s)
@\]\w\( 29 210 211 2]2
ik[12] 13.57 96.78 728.10 5627
SCHR[16] 199.57 400.86 778.96 -
FELZRTPSI (1077) 0.98 426 13.56 54.64
PLEUETPSI (1077) 1.26 4.64 13.92 56.57
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