BAF2£R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software [doi: 10.13328/j.cnki.jos.006957] http://www.jos.org.cn
OB B AT TR Tel: +86-10-62562563

FBC 1R pg(hFaHL 4 AR BENL I
Aof SRR THRE B E'
(R SR B A R LR, YT R K4 450001)

AR Tl K% A T2 66 5 KB 2 e, T RE H5H 450001)
T E#: XA, E-mail: liunan526@126.com

1 E:FBC 525 A Sk R Nk 2018 A B FAHEXIT KRS 24609 10 MR E A K ixZ — FBC &%
F W4 X F 3% Feistel #3831, R —NERNKE S OB RSUEM I F5 FBC Fikdh R h FBC A, FHF R
GAER 64 P RLAUM Ao A RE AU, £ FBC 46 3 SCAR 2 A8 B A% 3 69 RUALE 009 50 T, 4k 845 5 AU E 44 R °T R
SPTE QR VA A, ERBER LR H LM T, 446 FBC 5MMEM TR o, B f BA WAL, £ §iE
J M R B T AT, 5 4 FBC 5 FAUE 44 17T K 4o, B do LA B4 AU

F R 20 Ah; FBC AEA!; PAREALIE ; AR Hh R AL

hE%5 23 TP309

s Rk 2 Xk, 4R, TR, 1EZE. FBCEIEY W th BENLIEAE CHBIALIE. 24224, hitp://www jos.org.cn/1000-9825/6957.
htm

5| H K Liu N, Jin CH, Yu JW, Cui T. Pseudorandomness and Super-pseudorandomness of FBC Model. Ruan Jian Xue
Bao/Journal of Software (in Chinese). http://www.jos.org.cn/1000-9825/6957.htm

Pseudorandomness and Super-pseudorandomness of FBC Model
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Abstract: As one of the ten block cipher algorithms selected for the second round of the 2018 National Cryptographic Algorithm Design
Contest, Feistel-based block cipher (FBC) is an efficient and lightweight block cipher algorithm with a four-branch and two-fold Feistel
structure. In this study, the FBC algorithm is abstracted as the FBC model, and the pseudorandomness and super-pseudorandomness of the
model are studied. It is assumed that the FBC round functions are independent random functions, and a method to find the minimal
number of FBC rounds is provided, which will keep FBC indistinguishable from a random permutation. Finally, the study comes to the
conclusion that under the chosen-plaintext attack, four rounds of FBC are indistinguishable from random permutation, so the model has
pseudorandomness; under the adaptive chosen-plaintext and ciphertext attack, five rounds of FBC are indistinguishable from random
permutation, so the model has super-pseudorandomness.
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A7 AR TE BN AR R S, T e A B A A AL G P BT A T Luby 258 NI TAE ™, AT SCT Oy Bt E e A
RO BEALE SRR, AT CO Rk 3 4 S R R 2 A R R SE A AR v 2 — B4 s B BEL R B 46 1F F, 4
SO 32 4% W SRR 13 IO P 32 0 W SO SC BT IR AR T, 25 583 TR0 AR B 2 e BB 5 BT 25 e AN T X 4y, B
U HA DY BENLIE AR Oy BE L. Luby 25 NFESCHR [1] HHUEW T 3 %8 Feistel 450 LA hBENLIE . 4 52
Feistel £k FLAT MW BEHLYE, AT TR T M Pk BERL A 8 640 28 56 R AT E W) 22 A YL S ok, S50
SV, SR [2) UEWA T 5 %6 Camellia 4549 HAT Oy BEALITE R 8 & Camellia 45 # H A HAVBEHLYE. SCIR [3]1EW T & A
HE Feistel F7 80 2k NERIGEFEAL—2E) X Feistel 45K AL BEHLYERUEB DI BEHLIE. SCHR [4] WEW T 4 %8 MISTRY
SEMIFN 3 B E MISTRY 4504 (O BEHLIE. SCHR [S] IR0 70U o A (EROEFE B ), Lai-Massey 45270 3 5
HABENUEEME, XU o 4 IETE B i Lai-Massey 45828 /0 4 564 AT BEHLME. SCHR [6] 452 S e Bt
BRI, 3 %8 SPN 45 F 2B Oy BEN L E e i 4518, SCHR [7] WEWI T 5 % P-SPN B BENLYE.

SN FRAE IS SN . SRR S SR R R, 2018 AE i [E S AR A28 T A R S R RS,
LI | BVFh 2 5, FBC /2 NILESE 2 #8110 10 NMrdlEid 2 —. FBC & ERmE M/ 4 %k, 50k R Bt
TP IFE Feistel 45k9% i+, 1L Feistel-based block cipher I 7 REair 44 ™. 13414 FBC128-128, FBC128-256
A FBC256-256 3% 3 ANUA, ATSZHE 128 F 256 PP LA FE I UA SC A/ A DL 2, 128 1 256 PRFH LA 5 11 25 4.
FBC 515K H 4 532 P Feistel G548 0T, 0 InPA R SO AR U IMRAN 3 i T 38R a5 M 9 ke 1

A B T A Y A 5 ) (1) 22 A Pk A BT B B R P SIS — 22 AT KL I A B 7 VI RE ), UL E
GO RNER VL B M IR BE 5 57— R AT B RO A R (R DY BALASME. H 1 FBC STV B8 A & M) L AT B 1 iy
P, B BT R LB AR T Oy ST UREPE I 5. AR SOKs T8 i 97 Oy AU R D BE AU 16 77 7%, B9 FBC A7
(AT IE B 22 Ak A FBC B PR 48 bR 50 A2 B AL R 25, AT 23 T T TR 5 W SO 108 e 455 W S0 e e
ST AR Y S RE AL B AN TT X 20 0 75 I e DB 2. G518 R W, AEIE PRI LI 41T, 4 8 FBC BRI B ML
EHATTX 75, I B A O BENLYE; 78 B R P 8 B S0 % SO 4 4F T, 5 56 FBC AR BRI BE AL B AN TT X 43, [
T EAT A BRI, FATT I 3545 FBC B (1 Bk B LR RO B A LR

ASLLERF ST (LR, S o T,) J 55 i B EARI I, 0= 0,120+ 1, B0, (L. Ry.S . T,) AN, 9405
FEEUE S, || RN T R IERAT.
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FBC BRI el B2 4 1 ¥ SE R A A Ry dn IWI S0 B 4 5B, RVLIIR IS T, . *i=1,2,...,r, BE
PAT T HIHAE.
Li =Ry ® for1 (Li-1)
Ri=L_,0T;
S, =LeT,_,
T;=8i10fi(Ti1)
WRIGHE (R, Ly, T, S ) AE 9B B (025 5L DAy 15 Bkt AL, FRATTHE 20 A IF 2008 S5 i — S8 (W38 3, 4 o Ji — 0 1) 6 R 4
A 55 5T LR AR R RS R 4, SRR (L, R, S, T 1R A i R 1355
LT BATH @ (A, for) BRI T 5 F BB TN foimy A fo 1) 7 B FBC BEZY.

3 EETE

REX 1. Bev:N— R A AREEE RS HER M R 5, W RAFAE 2 DR A p, @{?XT??E"?CI‘I’M A v(n)> — ( )

WIFR v A2 A 0] 20 8 W RS T R E B >0, HAEER >0, 5 X n>n, B, #HH vin) < ;, VUIRAR v 2 7T 22000 2 5 1.

W rand™™" 5210, 1™ 2{0, 1) BT A B A AR &, permu /2 {0, 1} B B & FIFT A AU A5
5138 1. & f J& rand™™" _LHI—ANBENLREEL, x1,x0,.. ., xe € {0, 1) HASHHIA, Wl

(1) BEHLE R (f(x0), f(x2), ... f)TE{O, 1) x ... x {0, 1} _EIRMIGE) 4340
kA
2) BENLAE & £(x)), f(x2), ..., fCo) MBS HATAE {0, 1) _EIRMIE] oA

S 2. W fi, fo..o /i A rand™™" FARE ML IBENLER AL, x;; €0, 1), 1<i<t, 1< j<k W) ¢ ASFEALAR 5
LD i) frlxn))s - Fi)s fi(Xi2)s o fi(g)) AL ARAT.
SIEE 3. W& Mny,...q B A RBFQ EMHPLAZE, e £Q BRI He 5, m) 57, T

k
£+ mtEQ LIRSS,

Iﬁ%lIﬁE 4. W& Mn WA MRE Q FA B BEYLE, £, g £ Q EIRPIANSEUEREL W £ 5 gl oL
Wy, 4210, 1) 2] B & 10— M8 ISR A, 5T My, B8 permu S MERE PR — /N E e, K338 D FIH
ST HRFIWT A2y, I A2 N permu THIERER); WIERHE 7 e permu, WHTH 0; W HHIE ey, W 1.
ENX 2. D RRX v, 5 permu (NIXI345, w2 ANFE BB, W D X503 op g Lh:
Pp = ‘P D output 1|7r — permu") —P(D output 1|7r — z,//n) .

EX 3. By, it ANEBIEE, N TAERERIX 28 D, A FEA WSO EOE n 102 DR 3 7EIEFEYI S
FAFR, W pp & T B, WURR g, 2 Dy BEHLRS; 75 F Il N6 B W SOV SO 2605 1, AR pp A2 ] 200 1,
P, A DL BEHLIT.

SI3 5. W&o, &, n H2 Z/(m) LIIBEHLIAR S, WERAE ORI n DMREARIIZAT T, &5 n BRI < ho, 615
0 RIS < by, WIHE LD DREARTI AT, &5 & EBRIX 3 < ho + hy .

4 FBC BYA[IERAR £ M 5T

SIEE 6. 1 P permu (x,3) 19 {0, 1} BT E 86 22 L ASARFIIKD @ X Nt IS5 SRR, JUAT 2749 < p ey (3, )) <
3.4
510 2 517 6 [KUF SRV LI % A
S138 7. % 3 # FBC BRI F &%(%%U?ﬂfl,fz,ﬁ,ﬁ,ﬁ,ﬂ, b fi,o fo 5 M rand™=" WO A5 RERE BRI B
BLER B 8L (L. RY. S 5. T5) & g MILAHIRI AN, 01 <i<q, %
oo (L RO STE) = (Lo R S5, T2, @ (five s fﬁ)(Lé,st,Sé;,Té)

(L5.R5.55.75).
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L AL BT i=2,3 BN LL L2, LT T2, 7!, BT, 45 P(A)<q(q-1)2" M1 P(B)<q(g-1)27".
AEB: A U8 A ARSI, AT P(A) < Y P(LL =13). Bl <i< j<q, IS P(L, = L),
I<i<j<q

o Hi FBC B2 XA Ly =R @ fi(L) = Li@Ti & f5(L) = LioSie A(ThH e f(LY) , ML ZBL],S§,Ti, L) %
A4k, B EAT 23 LAR 4 i S AT 1318,

(D) WR T+ T, W f ABHLRECRIG L 151 ATD 5 AT (1<i< j<q) T HASRMIS ) 50,
ifi Li @ Si & fo(Th) 5L @S] @ f(T)) A H AL ARSI 53 A, SHH fo, 5 AH B RSE SN f(LD) A f(L) B 5 Lie
Sie H(TH ML eS]e H(T) ML, il L @S] e fA(T) 5 LieS]e fA(T) RIS 3 HIG 1 HE 3 41 L 5 L] 351
19595341, FLE 50 4 50 Ly 5 L) ARTLARST, AT L @ L) RIS 53 53041, AT A5 P (LS = L) = 27"

@) WR L # L], W L = LyeSh e AT)® A(L), Vil (1) FIHE P(Ly = 1)) =27,

(G) MR Ty =T MLy =1) . #L, =L], WKL, = LieS|je A(T) & f(L)) ML, = L) 5 755 =5, L =
Ry® fi(Lh) MLy = L] J Ly = L) SRy = Ry, IIfIH7 (L, Ry, S5, T5) = (L, Ry, S0, T3) . 1K G BB I %A TG BEWI L #
L], it (2) 40 P(Ly = 15) =27

(4) W T = T RIL) # L), WH L) = Ry fi(L) K513 1 A1 L5 LA F T ELARSIR 5] 93 4, T L @ L]
MR NIE) 5343 A, BT ER (2) FTARERR 24 2050

P(Ly=13) = P(Lb = L|L} # L]) P(L} # L))+ P(Ly = Lj| L = L]) P(Li = L)
<P(Lh=Dj|Ly # L))+ P(Ly =L])=27"+27" =27,

Gty () B @ MP(Ly = 1) <2 A P(A) < D) P(Li=13)<C22™ =q(g- 127"

R ATE P(B,) < g(g— 127" e

[FIRE As 3 As IR AF, W4 P(As) < Y P(Lh=L]). #1<i<j<q. FEWEP(L=L5).

1<i<j<q

o th FBC BRI XA L =Ry @ fs(LY) = Ti & fu(TH & fs(LL) , T 153 LAF 3 Pt Sldb AT e,

(1) W Ly # L], G706 (1) WE P(L = 1) = 27

@) WR T #T], il (1) THEP(L, = 1) =27

Q)Y WR Ty =Ty, £ T =T W T =Sie f(T;) WSy =S, 1L = LioS)e ATy AL L, = L) 54T
Ly® ALY = Ly (L)), AT Ly = L], WLy =L, SUHL = Ry® fi(Ly) WAL TR = R}, M7 (L), RS, T5) =
(L3 RE.S3.T9) 3 S BB & %P T LW L # L], W 513 1 000 AL 5 f5(L]) AT TLARST LIRSS 20 93 45, A
iMi P(Ly = 1) = P(Ly® f(L) = Ly @ (L)) = P(A(L) @ f(L) = Lyo L) =27, Pk (1) FAi AU

P(Ly=1}) = P(Ly = Lj| Ly # L) P(Ly # L))+ P( LS = L]| Ly = L3) P(L} = L)
<P(Ly=Li|Lh# L)+ P(Ly=1]) =27 +27" =27,

gty (1) % 3) W P(Ly = L) <27, #ef P(As) < Z P(Ly=L})<Cl-2™" =q(g-1)2™".

R ATE P(B3) < g(g— )27 e

HESE,

FETR 1. 4 # FBC BN F BN fiv..ofo, JE foo. i RE M ramdn RS SR HUKBEHLEA 2L,
WIZERRE OISO T, @fo, fo) S BV BORATIX 4. LML, X TR REEREN g AV, 76 CAIRHREI 3
I, RV R IA — # A Bt B A IR T g g — 122,

TE: B g € lp(fin... fo)rand =), BB LN g 10 g A EAHIFIRISA (LG, RS, S5.T0) i = 1.....q) HALEEA]

OEISE . 2 g = @ I, 0 F @(fis ..o fi) (AN (L), R, S5, T3) , 5 @ (oo ) (Lo R, S0, To) = (L, RY, S1, TH) . 5E X
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(Lo Ry, S5, 7o) Sy 565 i ARIHIIWISE, (L% R, ST TE) A e okttt 000 eh:
Li=Ryefi(L;) (Li=Ref(L) (L=Ref(Ll) (L=Ref(L)
R =L\®T; R, =L &T), R, =L,®T; R,=Li®T,
St=LieT, Si=Lieri  |Si=Lieri  |Si=LeT;
=sien(ry) \Ti=sien(r]) \1i=sief(ri) |Ti=Sief(T))

>

-

e

I =Roo (1) = Sh s ()2 (1) 2 5 (1)
Ry=LioT, = TyeR,a fi(Lh)e i (7))@ f(T3)
Si=LieTi=Los|ef(T))ef(L)e f(L)
7= si04(T) = Rio fi (L)@ 4 (15) o 4 (73)

A TIIE WSS AEBE £, foo S o DVRN LA FIINE, S0 (. fi) FRVR H A LS 3 FLIIR M 53 9343,

P AL R R AL TR, T2 o MIBEHLTE 0 B K A 9. 38 B R), S1.TE) = @(fin.... (L. RE.S) Thy ATl

E(L),R.S§.To) = (L Ry, S, T BOLZE 5 A3 (1) BOL, BEE(L, R, S).TY) = (L, Ry, S, T4) AL A Prge , 2

2 (1) AL N P, , WF Pege < P..

~

~

8

1

F A By (1= 2,3) 20 IR L L2, LORNT) T2, T VI B AR ) (9 62 R I 2 56 UE W 769804 AL B,
(i=2,3) A RA AR, %780 (LL,... . L R, .. RY, SL,... S9, T, ..., T BRI 553 A
(1) T T T2, T HASHIE], WOH fo S BEALER BRI G BE 1 1 (fo(TD), f6(T2), ..., fo(T) M NIB 51 53 A, 15t
Foo for f5 FAELARSE S| B0 2 01:
AT o (T, AT (LR, fr (L3, s LN, (So(T)s fo(T3)s s fo(TH)),
FHEAIST, ST (fo(T), fo(T3)s - fo(T3)) IR BT 3 ARG [ L 3 %01:
(L) ® [(T))® fo(T2), (LD @ f1(T) @ fo(T3),.... LD @ (T ® fo(T3)),
IRAIB ST 53 A, FEE S, 82, SERFAAN (LY, L2, L) TR 5535
[ AIE, (R)LR2,....RD), (S1.82,....SH AT}, T, ..., T # RIS 51 43 A
@)L és = (f5(LY), ., f5(LD), &6 = (fo(T3)s s fo(TAN, &1 = (F(LY),..., HULD), & = (fo(T3)s... i (TD), W fs, for

fro fo AHELBUSTFNE IR g NN ELASAR R AR, f(LD), fs(Ti) ﬁ(Lg),fs(Té)*ﬁEﬁEjﬂﬁﬂﬂﬁU\ﬁJ/ﬁﬁﬁ, NIf]
(&5,&6,E7,E8) NI E O30, JEM (&6 D E7, 68,67, €5 D E) ML ST 4

%
& = (il L)), &= (fa(To)se. s LT, &= (ALY, LD, &a=(fu(T),.... fu(T])),
W fi, foeon, fo AHEASZFI BB 2 1€1,E, .. & FI IS, NTI(E,E.635,€0) 15 (Es,E6.E7, &) ML, HHBIEE 4 S0
(62,61 064,6,@E3,6) 55 (€ ®E7, €8, &1, €5 @ E) MILINT, 1 (66 @7, 63, &7, €5 ®Ex) IRMII I ATIIGIEE 3 51 (£, © €6
E,61OEBEEBEBELE DE DE) MM, BEMT B L) RS 74 Ty~ S H A A (L, .., LL, R, R,
SheenSE Th L TH RIS 53 i
Py =17 T T =0 R = 1y T = 5,7 Ay, By, Ay, By) = 274

RITESME AL B (1= 2,3) RN R AT, 230 (1) LA P, = 274 L35 0741 (L,... LI, R), ... R,

S S Ty, THR T 5B S AT A AT X 53

Hﬂ'}'lﬂ 6 QQD, P* < Ppermu 5 E_PFBC < P* 5 E&PFBC < Ppermu . "LLI;ppermu(xvy) ZSDPFBC(x,y) ﬁ\%”/ntﬁiﬁjglﬁ*RE*%}Hﬁ
) 4 % FBC BRI 2 i) P A W) & OMEAS, FRC A = Ay N By NAs N By, R g A £ W] 2 SCH 2k 45 R AT
Doy Brdi (X 73
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pP= 274‘]” Z [ppermu(-X:’y) _pFBC(xvy)] + Z [ppermu(xsy) _PFBC(X’)’)]

(ry)eA (x.y)eA

<2 4m 40 4an

Z [ppermu(x’y) - pFBC(X’y)]

(xy)EA

D Prermax.3) = proc(x.y)]

(x.y)eA
< 274‘” Z pI?Ermu(-xsy) + 274‘]” Z [] - 0] < Ppermu(X,y) +P(/_\) = pl’"’m‘(x’y) +p(1&2 U Bz UA_3 U 33)
(x.y)EA (x.y)eA
[t]glig 6 %ﬂppermu(x,y) <3 X2—4qn, EIJQHE 7 %H P(Al) < q(q_ 1)2-"%[] P(Bl) < q(q_ 1)2—7!) .[J:t, B‘ﬁj\/ﬁﬁ%\‘ P < Ppermu
(x,y)+ p(A, UA3UB, UB3) < 3x274" + g(g—1)27"2 =~ g(qg—1)2°™".
XULH] 4 5 FBC A2 Ly BENL B HAE I SO T I KX I < g (g — 1D 22, il FH AT X 75
EEE.

TEIE 2. TELEPEW] 2 SCAT T, 4 %6 FBC BLAY S5 B oA 0 T BAX 4311

LB X T @(fis fos o S S5 f) FIHRA (Lo, Ro, S 0, T0) , 15
L=Riefi(L) (L=Ref(L) (Li=Ref(L) (Li=Rief(L)
R =Li®T| R, =L ®T) R.=L,aT;} R, =Lia®T]
Si=Lier) ’|si=Lier! |si=Lier: ’|Si=LeT]

ri=sien(n) \1=sieh(r) \1i=sies(rs) \7i=sie(n)
B (Lo, Ro,S 0, To) = (0,0,0,0), W15
Ly = £0)® f5 (fi(0)® £1 2(0)® f5 (f1£2(0) & f5 (f2(0) ® f3 £ (0)))
R, = fi(0)® f1/5(0)® fi (f3.£1(0)® f5 (f1(0) @ £2 f2(0)))
Si= 508 /08 fr (/00 @ f3 (2(0) @ f£1(0)))
T, = fi(0)® f5 (0@ £2£1(0) @ fs (:/1(0)® fo (fi(0) @ £ f2(0)))
P (Lo, Ro, S 0, To) = (0,X,0,0), NI A:
L; = £,(0)® 5 (X® £1(0)® 1 /2(0) & f (i 2(0) @ f5 (2(0) @ f3 (X & £1(0))))
R; =X fi(0)® fif2(0)® fs (f3 (X® f1(0) & fo (X & /1(0)® f2.£>(0)))
Si=h0)® f;(X& fi(0)& fr (i /2(0) @ f5 (£(0)® fs (X & £1(0))))
T; =X8 fi(0)® fs(L(0)® f; (X f1(0) & fi (s (X /1(0) & fs (X & f,(0)® f/>(0)))
HH T 4 4 FBC ALK ARt (L, R, S, T) (115235 45 514 :
LL,=T®f(SeL)&fs(Sef;(R®T)® fi (LR,)
LR, =S®L®f; (RO K (LOS)S /(TS /(LOS)Sf5(S S f(ROT))))
LS, =T®R®fs(Sdf;(ROT)® fu(LOf;(ROT)® fo (R f3 (LDS))) ~
LT, =L f;(ROT) fs (RS fy (L®S)® f>(LS4)
AR X (0,0,0,0) F1 (0, X, 0,0) [R5 45 JL, 36 R M 25 1) %5 5.
WL=LLR=R®X,S =S\, T=TleoX, % n1H
LRy = 1 0)® f (X f1(0) ® f6s (f1(0)® £ /2(0) ® f5 (X & f1(0) @ f4 £2(0))
=Li®S|eLlaS],
RILR,=L)®S 0 L;®S3 AL,

Mg SEBHLREON, WX =0, W/ (0,0,0,0) # (0,X,0,0), #5141, (LLRL, S}, T 5 (L2, R2,S2, T2 Hl H AR
or BASIR I 5100, TR Ly @ Sy @ L2 @ S3 MRS 43, IR T AE & LRy, LRy =L, ® S} &L} ® S5 AL
S22, P A B X A et R TR

Step 1. JEFEH 3 (0,0,0,0) AL (0,X,0,0) FLX # 0, 453 FI565 M3 30 (LY, RL, S L, TH I (L2, R, S2,T2).

Step 2. JEPEU L (LY RL @ X, S, T @ X), FEAF IR RLMWI S (LLy, LRy, LS 4, LT3) .
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Step 3. WIR LRy = Ly @S @ L; @S], WHIE L 4 #& FBC B, 15 A AL E .

4 % FBC 7f LR B R, SRR E X 380 1 - 27 ) B BENL 4 55 AL R B507E B 3 Y 356 48 BH S0 %
SO R BRI A # < 27100 AT G 1 ER S R0, % S REALE B X > 127 - 2710 X 4 5
FBC 71 153 .6 2 B S0 %% e ek T 55 BEAL S #e il BAX 43

IEEE.

EHE 3. & 5 & FBC BB F AR rand™>" ST S REE R, W o(fi,. .., fio) A2 REDN REATL B 4, RITT
FEROLSE (K g MEEPEWI BT, @(fis ..., fio) HBOHLE B B KX RN T g(g- 12 .

UEBA: WA 2 — AR AF Buli Bk, X S MY B SO G,

H= {((lg,rf),sf),té);’zl,(lg,rg,sg,tg ;1:1) co(fisenns Fro)(l,rh, bty = (I, vk, sh ), 1 <i < q},
I, ((lg,rg,sg,zg),(zg,rg,sg,rg)) 2 q YR TR B LB I A 4 L, ﬂ(lg,rg,sg,zg)%ﬁﬁi‘tllilﬁ‘]%i.
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