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Abstract: Dissimilar redundancy architecture is widely used in information systems to improve their security
and reliability. When the system operates normally, the executers behave consistently, but when faced with
malicious attacks, the executers exhibit inconsistency. The architecture improves the security and reliability of
the system by comparing the performance of the executers to monitor the system and perceive threats. The
synchronization of executers is a challenge that all dissimilar redundancy architectures need to address. There is
currently no systematic description and summary of synchronization technology. This article is a review of
executer synchronization techniques in dissimilar redundancy architectures. First, the importance of
synchronization in dissimilar redundancy systems is explained and a standardized description of synchronization
is provided. Then, a synchronization technology classification method based on synchronization points is
proposed and the basic process, popularity, advantages and disadvantages of each class are summarized
separately. This article also proposes three important indicators that affect synchronization performance,
namely synchronization point, false alarm rate, and performance, and provides a mathematical model for
synchronization technology, which can be used for design evaluation. Finally, this article combines the
development of cyber resilience and software defined system on wafer, and points out the potential and possible
directions for the future development of synchronous technology.
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ut, BECRERE S, iR (A B IEAE AR S &
fE AR E R P EOAR, W R i & .
I, A TR R R ORI R 2[R AP
SN

Eean STk [15-22) 55 R H T 8ha& 7 M TL A& (Dy-
namic Heterogeneous Redundancy, DHR) 444 %
RS, SEOL T AR AT B AT A TUAR o

DA A 2 A8 LR, AT He bl ) i B
JESIL =R RIS PATER S B T Atom
E3930. QorIQ T1042A1:852K-1 0001F K )i JZ Ab
P, XM Ubuntu v16.04. VxWorks v6.971
Linus v3.10/E N#1E Rg, H EE47 kiR E [H
— AR, AT T ERER B RERH—
ANFPGASZELPAT 7R I N h AR B B A5
Dife. PATHREE S WERER:, M2 EAGE
Bl . BT ARBATAR L RGh ], I
BEWLE A AR Z 7, BN RE TR TERKH
AN ENE

WAE 22 R L R A T — S ) [R5 4
AR, FET ARSI ] A A T AR PR AS [R5 i,
W B R AN RIS B, G — AT i b
IR AN, RUERE RS e — 3. E
FH G RBEFREZ TR FAF 5 3R SFHA
SE ) 2 A R S R B B A SR S R i A
ffo BRI, G8— 1 3 A A g B 3 A A P47 I
o B T4 — 1 I FAR0 . SCER[46] &
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ST AN AT ], X ANE ) O R g et . B
PAT AR T/ O F RSN bR 5 (12 bR 0 57 54 M 5 Ff
FRBIT T I A T AR A AR S N AT AT BA
b1, BN AEAS R A SRR S
i, SR HARPAT AR S KW TR HIE. a0
RITEA BPATRA &t T AR R, R e —
MINE B, AP EEHEXTITE . PATEAR XA
AEXTESTE], A 5 O E R 282 SR, KR e
I 2N T AT NS, HEAN SR AT . A, $AT
PRI R P B IR B R bR e, R E RS
PLEOZ A, FEIR [ S B A AL S R S A 1
k. BATRIE EH IRFHFINEE, 2%
BRI PAT A . WX 2, AL
G — 1 LA A g I 2 AR A R AT A HE
¥, MMgi— 7 A FAT I FPRES 7 51

ik Ak, A2 BB FH AT A 48— ) B
HIG 720, SRIBENLECR N+, Rk 1 BENLECR T+
AN—FUH R P BT A e . FRERATIA
WA E, WRE TRIERIPRE, FHRANPAT
RS

ARG B IR 2 FIPERAE, NAERES
AN PAT R R H GG, AeBEEEIE
XL, s x A TER(— BN ER),
IR G B S HARPAT R FEZE, DU ORIEAS e L oG ¢
REFF— N R 2 K. it fEd, HAh
PATHEASAFIEIERIET. B, B3 RIEYE5E R
Ji BT 7R 5 HAB AT AR [R5 1 1) . HR A R
W75, RPAT R 2 W W B s & R ER S
B THEVETERUE BIPAT AR 22 1) 1 A RO BT IR
BMEE, NEBRSHATEY, PLrEs AT
ENEEpe

2T VETC W S AN I (] HRI IR 2 BE AL £ R
W, ACRA TARBZER R T, BRI EEAS
R IER BT, T R EHRED
%, WEIN T RPPRLEE, RO TR R
{H TR BN MR P AT 1B, A EH TR
Bk, fEX—m b, Fra 3 TR AW R EAR RS
FIPR A o
3.4 HiREIPHEAR

ELL EIRBIMFRDPE R Z 48, i — Lm0 3
el TalRERE T, RENEVEREIEATZ. bt
WISCHER[47)H S T = MRS PATARTEFE 2 2L [R]
W EEMH T — s, WEfiELbPurd,
FE T SCHR [48] H 42 H 1 (Execution indexing) F AR 11
HHPAT SR GG E, T CHR[49) 32 i B 2k
BARMERSIMGER, REXFEEHAZRIEERR

AT R SRR HREER, P AERNEERERE
WK —D/DNBRHATRR, BUrT B A i
30 GBREBERS H, A7 1AL B L5 BT R GER
YA L BRI E . B s A B AU 4T
PIANEER?, IBESATELEE N 720002 (5 I AEIR . [A]
BE, IXANBRACIE I A B A AN I

A Detile™ 158Ky, STHL T E A AR €5 7711
2 S B T B AR RUAAR K [F]25 o DetilefE AR A 58
VEfA 2 (a6 7 — R WIEE M (IPC). R
PG AR 2 A0 A o AR 5 VR A T P AS AL e R o
LR T, KT A E R EARY f. R 8
HTPCAZ S B FERAA R ST AR Z [A] K [F2E o Detile
SRR AR 51 B 1Bt B, BT AR BLSEBLEE R 4t
U (R0 SE AR L AR [R]85, HL s mT AAE ZhAE T X
R P (PERESRRAELT% A A4), (HB PR PR
i 7 AL VE

FIHMEATEZRR LR, SR R G R S
MRz B, RIS 58 A2 R
H, FERMREN RGRS AR, XN R
girh, EERHRRELFERE T, Bt i, A
KA Z A BEAT A [F) 20, R RERAPTHE,
JREEATEAPATIERE, BRI e, XM E AW
PR T —5E B HIP,

4 RIEERDE

ASCHEENR U EE 2, Bgsp Rk
FiR e

ARG RIS FEA A B Al 1 R DR 1
TEES, T B SRR B TR, DR SR i
ST . ARG 10 S A 2R DL
TILFR: (1) FH T WebJk % #5 M fg V700 1 R 4E
fFEWebBench 5.0, httperffliSpecWeb99; (2)#
R WebMR %5 #8015, GFEthttpd, lighttpd fl
nginx: (3) ZAMEMENIXEPARSEC, WL
B A th AT AT TAR BB (4) IR AU HE
M %EMibench; (5) i@ FHCPUM: BEVE A M 42
SPEC CPURJ%I. AJELLE, FHREIEH 1
TH A benchmark(SPEC CPUZ41), FIAH R £ &
PAT R (2-BATIR) IR &5 RAE NS
4.1 EZREE

FDHAR G i B2 RPNk e, B
VB TR TAE R R RCR M TAE R
MKLEE B, RXAARBNERGHEAS. 1/0
P MG 8RB . [R5 Rk RO,
BRI R B D, R TAR BN, iR
ke, HLmMBUDDYRS, WK RS RAH
o, I RGIFEIN2.34%: & CHk[21]
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® 1 BUTERRERARDE

5 LR TR A5 5 TEREREE RRE MRS HEIR JFF4H
1 N-Variant®®l ARG S =1 WebBench 5.0 17.8%~93.77%
2 ESEA ARG 2 = httperf 1.2%~68.93%
3 ESTEA RGRA P ik thttpd 31%~6x
4 TightLip” REiHH T =] SpecWeb99 5%

5 Orchestra™) Wy REmAH P fi% SPEC CPU2000 16%

6 GHUMVEEF! o> 2 GLH F = & SPEC CPU2006 15%

7 DCL# Wy REmAH P =] SPEC CPU2006 6.37%

8 ReMon®™! FU0 5E LI R & F & fi% SPEC CPU2006 3.1%

9 MvArmorP! FU 52 XA 2 SR & fi% SPEC CINT2006 9.10%

10 Bunshin® FU0 58 IR R & F & fi% PARSEC 8.50%

11 Fti 408 PRI 5E SLIK 2R G P fi PARSEC 2.1 <15%

12 DMONE! e X #8018 = fi& lighttpd 443%

13 HeterSecl*" FRI 5 SLI 2 G P fi& lighttpd 50%

14 AMVXBY N X RS0 nf ik fi& lighttpd 3.10%

15 I-MVXb g g) gfzﬁngﬁgﬂ;& £ fi% SPEC CINT2006 2.13%

16 NG-MVEE™ o RGHAEH & 1% SPEC CPU2006 7%

17 DieHard!"" 1/0 ps = SPECint2000 12%

18 ShadowExe!*! RPN = = Adobe reader®s 3 >100%

19 Exterminator*? 1/0 R fi% SPECint2000 7.20%

20 BUDDY® I/OE &5 RS H 2 fi& SPEC CPU2006 2.34%

21 KMV X /OB &M R & fi% nginx-1.10.1, lighttpd-1.4.48%F 20%~50%

22 DHR Switchl" %iﬁigif i i S BeH A <3 ms

23 DHR MCU! S i S (25 TR0 19 P fi& N/A N/A

24 DHR Routerl! S P (7% Eh ) = fi% N/A N/A

25 MimicBox!®” i B = SPECint2006 <13%

26 Detile/! fifRE AR R & fi% N/A 17%

27 Dual Execution*”) &4 P 1% N/A >2000x

28 MVX-CFI! _— T]:Zﬁjfé N & fi% SPEC CINT2006 N/A

29 EXPERTISE WS 2 1% MiBench ~5x

30 Varan® FTE &40 & fi& SPECint2006 14.20%

31 LDXP i & = SPECint2006 4.70%

32 Respecl™ P27 Bt (Epoch) 7 fi% PARSEC 18%~55%

33 MxPU A5 & N/A SPEC CPU2006 17.91%
Hr, R PO RIS R, STk[64] T M RGO AT, RIEE R E L

S B A7 AL 1) P A e SR S . ez R
K, HfnDual Execution, $#U47A% H BR
HREMA, (HRER KB HIATRIDEAE, 2
JFPAT I (]t Z AP AR N FD 2, SEIR I T 2000%
. FERFHHRK RS EA, AR ERX
Ao L B HIKIN-Variant?®!, HE A R5H
M, RGIEIRERFEN N17.8%, wIAEHTIE
F93.77%. JEERZET RGFHHMFEL, #HE

MR RG> DR R AT
MR R, R EBHIE R S8H H
AR, RGITHEEE N,

)20 HORL R B OR, R R 2R 4 2R R
K, BEMEEBIROHAT Sl . Tods MR 3R
AR 22 18] R 2 Gt o A R 3 B 1 1) 46 20
P, AT A S A T DA 281 ) T8 ok e 408 A 50 A
PRS0 R AT . FEAnAE R Gtk AT R P ) 5



2130 B 7 5 F

2 %

4635

5 A TMERIN R SRR 2 40 N S B A A
IR AT N . JE B DL SE 22 19 T R S R R
PRSI, DARm RGN HnsCik[20,21]5% R
TE N L 7 i A B AT RS 28k b, s in 7
FRPATRBIAS A A, KA @ RG] FH R .
4.2 THRAEMIEH

RHCR R FPPE AR FEEZ M IeIr 2 —, /il
2 4 71T ASUIE A ) A I B PRAT A T 52 s (RIAFALE
PAT G A — SO, H PR E AT R IR
BRI AL, o W1 A% ) el A7 U R
BE . MR, —HoEl T Ra A
R R EA AR A, i8R AR P IR
BATIEOLT, ETERD S 20—

AT AR ZERI R R T a8 E i AR A
TR BIEFIM . A2 REERI TR, PR
RS RRITTR . AR R R R R AR, &
ki, & —NEPT RAEMPUITR G AR S,
2 — AL R D n) AR 15 5 N B A ()

AR A AEAR LR, TERFIDEY, HEH
JEMFEHNEEEAR ERTFUN, AR Ee
RS RS BEVLEL. SCHERR TS, Bl
FER MR TE— A, Rk, /K8
SELEAE R RN AL B, A AL
MIEUE, TR =R EME, HWN-variant®),
MvArmor®Y, 3% £ 200 N A2 2 B H A 5 T R
Ra, EREF e fE b BEAT AL, XG0 T
%, RPN 7 DLZRS, thilimimicBox®,

AEAR LA SEEU SR U R 2R, AN e 1
HEFLZ, BTEFHNBAHEERZE, SaER
A A5 Dt IR 36 B P A i e A R R (LG n S R A B 1
R HANHAR, SRR E RS 7
Fay S B 3 B P AN A e e R 2% (B A L R s A2 2 1 1)
SR SRR S Z W AR, B AN E# T
Bk . AFIF R NS S B A RS, FAM R
Ao R (o B SNBSS 9 AN E
MR EIA N B A E)SE. HAT{EDHR
ZRRY PR RO TR ORI B ] R o BB . b, A
FH AR JE 2842 i S5 — B AR R I T], B AR AP AT A4 )
RG], Y BR DRI a] e sk e i AN Bf e . R
VA FE 2R g — BN LECR 3R BUE A, THBRBEALEL A &
T AN e M . R R R 2R BT AN e
KBTS —RBE, THBR T AN A e PR 2 R
). FE R BT S BLZ 0, 40 R A
Ky BRAIE S MR PP 70 IR A 4 o A A HE 090 oA 2%
JR/ANTTTH AR — B0 . 3R J2 T 1) S A6 AN ] it 4
{ERIREN 2 T — A R, ROERm RGuiadT

Petg, Fr] IA B st 2R 25, RETE
FLLCAEE T A, X R PAT R AT A TIRE T
5

AR M EAR E B T 2 A8 R 2L TE AL I AR
AR5 7 T R RO, A AR 22 A e ) R EE AR
B, R R R HAR R E N AR
4.3 MERETTEE R E b5 HR

PERETT B 2 R HAR M) A — AN E B bR, [P
FOR M4 = AR UD S R I R A B
BG4S o AN SCE S LT85 S MBAT AT IR
KRRFIGERAE, BIFPRAEE IR of FORT (] €
SCGEE R AT R ERE NG R R, B
SR 1 B 1) A LIRS T8 70 52 [R) 25 R 1 B R B
s, [EP k%, BUDSEREIE, BRI
FUEAE AR . B AL B0 S A5 A I 8] A (5 T
B, FEREADOFEBULERMED SHE, wid
MO, IR DE RS EAE, WMvArmort!
OGRS SR RBURR R G R F B BT
BEAl, S R5 B ) T84 18 52 AT PRl 45 J7 20,
AT, AT A EAE nT LAy 32 (1) fER—
W& W, N 2 BIPIEAE, WsC[31,33]%;
(2) fER—HEAET G W, W EFERE, W3
BRA1): B)AFRBE-F & Z WIS, WisCHEk[15,16,36]
o IR, S 2 1] I8 A 3 R B 1]
F A Z A I8 A5 3 B TR TR A, AT 38 SN T
TREPEF & 2 (8 AS PR R TR o ZEARALIX 43 B 7]
TS, BERERARA & S IIEE . RHEE TS
WAk, BT EAFED SR, I T EARE AT
MR TR OB AE TR, WA BENER L
. H AT &SR YRR TS AR, 4 o)
T RGEMRIBAT AR, AR A [R5 H AR I
B, XA RSB HEAR Z A Ee A b i T — E IR
Mo RACHRATVHFE AT BIRFEE . 25318
YT [ TFRS 23 AE T 08t . 53 SCHER (58] thHE R
T AR R 2 AR RS E N AT RR R, K
T FRSHA M RE T4 o

FDHAREA HAMRVER TR, HUnis T 23 )
TR PR RN, TSR S B RAE N AZA
sCE MR, BMER 2 K%
4.4 BEERFIEE

AT — N TR FEP R, AT
T R HEAR WA RV PPl . 2 SCELE g AR
ITRIEARNC = (Cr,C,+,Cy) o TR RN
ITHRTEAFE R (BT BIERS. WM
&) ERAEAERLIL S, HA0 <k <m, mBEIREH
JERE X TAE R by, HIAFNRIR RS R %R
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NN ary, FHF0<y<n, nRAFFFAD LR L

#, Wby = (ak1, s ary, = akn) o ATIRC, FIFEAH
LA AT RN A
B=Y bp=Y_> ag (3)
k=1 k=1y=1

X EH M (agy) LR ay, FIR[FD 1) R GEEAETT
B, MSAT AR C; [R5 A5 TH T AR

FCi = Z Z M(aky)él(k7 y)52(ka y) (4)

k=1y=1
Hif, ZIEER B (k,y) = 136 M an, 70 HEAT
B, TGk, y) = 05 6ok, y) Fman, 76 E KR %
VOB B B B, W0 < Sa(k,y) < 1,
Y Salkoy) = 1, PAT A AT )25 00 15 FF Y

k=1y=1

AN

(]

q
Com = ZFCi (5)
i=1

I Te, (ary) R AT K C; [7 25 ag, 70 R I 8] JF
W, MARSIFD ay, TCER I EITE A

T(ary) = max{Tc; (ary)}, Ci € C (6)
AT PR AR HEAT [R5 I TR) JF 8 P 3R

Time = Z Z T (ary)o1(k,y)d2(k,y) (7)

k=1y=1
g bRk, RGFEL ARSI R AT R R
E = aCom+ (1 — a)Time, (0 < a < 1) (8)
AGFED R AT ARoR N

S=>" 61k y)da(k,y) (9)
k=1y=1
EAEMLITTR REH, WEREECL ERPAT ik
TR, ARG AL E SRR FiE X T
TS C=(C1,Co,-,C) 5 [Y9g] Fox ) EHL
B, WRGZEMETTURRAN
cla/?l
H=Y" 6["*1(Cy,Cy, . Cy)
Zégq/zw+1
n Z ¢£q/21+1(01702,...,Cq)_|_...

=1
ci
+) 6H(C1,Ca, -, Cy) (10)

i=1

AT R B C = (C1, O, 0, Cy) R

[q/2 AT, ELA i AN 284 15 5 AT AR AN B
K [q/2] B, g8 E el C e Cp) =
[q/2]- S B, @11y, Cop -y Cp) = 00 FEIXHL,
o112y, C, e, C) BB AR R T RG22 A1
Fadh, R AT RS B, ARG
EIE

b EAMMIAT AN, R (8) 5 I 2 4 A 45 FF 44
BHR(10)F RN RS2 AR, EHETE
(), AEBSHATRBE R Z N, R4 MR,
(ERETF SRR [FIFR, 24 [ 45 AT VK
N, RS TFRSEE, (HRG A, FEHA
W — A% BARRAL I, 3R H AR 2465
. UL, BRSBTS %, —RE
B REAR G I IE R S 0F, = R BLE Ay AR LA )
(KR SR IT R B A () BE Tt 4% 16 AR DL 0 20 5
(FIRALR), ISR, 81 R
G5 B UL b SRR B UL 2V AR i T
K, BIRAES I ERES, (55 FE S T4
K, YD E S SRR, R 5 R R R
BRI R G . BRI B R 2 A A S
Ve, MLABREEMRL, FHEERESHERR
B, AN E S S R B, s R
HEMARY, WERESMECRERS, FE
A5 R R
5 PITHRREIZHARRFKE R

WAL R BT 2 I, ST A
[ 15 1] R 2 M T 9 PP S e R S LB %
WITU A R A, TR o) A1 A 45 5 i 4 2090,
EARFEHOR M RSB . RSB AR R RS R 2
WAECEHT R, HME L, FRBEARIE NS —A
Uity R R S R I . K B R 45 S ik
PSR AT . 9834 B 22 TR g s A A
DA )25, e/ DR Vi B A 6L 1 [ 255 15405 SR 1
R, RHI% RG22 4
AN, R R I S T
WAL B 1 R G5 R 1 ) 25 4 R B A T/ O %
(D A, SR EISERE D ARG &, S
UK, TR T S R B

BT R H AR SR A S A, Hik,
AR AL A SR R BRI R H AR IR .

TE RG22 AU, B2 FH AR AR L TT 4 22 44 frO
5, KRB, BF R RRTE 22 A R RLE
AR REVLERE AT, SRR R ST
RN EEEE S e AL DN -2 08 | [SONE P/ Y,
ST 07, e DR 2k i) RS0 25 I i 2 41014k
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o BRIEZAL, SR PRER R RIBT ST,
NARFLT R ARG SR AL T BF AL 1] o

WA 2% S TR A A X 245 22 4 i SIS ik
Rk, FUBTERREC, AL H S A, A
ATTIZE T TR 381 R UIE IO 8% 21 [ 448 of 222 4 2 AN IR 52
(70 2 22 A 1 E R DA EL L Do 28 T 1) 2 ) 7
FHCRAEF R, MR [ R Rl 55 % 2
ATRVR &, AN AE tH T 2% 5 (cyber resili-
ence) P& . 4% 5P T-20104F B 32 EIMITRERK
FOT R AR B SCTHR, SCHHRDT 1 4 ik ek
FIRAR . AHEE TR G M2 224 JBAE, 2t itk B ok
TE SRR S ARV, S S ) g T 3k
o LM SR E B AR R R o 46 1 244
FERTUARBIAR BL R HAR R AR o FEFAE M 25 1) 55
WEAIBETH U o, A FESRBE BRI BTN Y
ABTYIVA N 9= i L A A= A NS 6 1 R
RBGERTH PRI T A 55 R TR 2 FEE AU AR
BORII SRR 2Bt HORTE AR REEH b3 TS
AR R, BAE & — /M R IR 70 0, R % [
G TR R AH IR S, BOR BT i v
S P 4 AR BT, AR M IEAERURIRR T,
FTRATRL,  ARAHAATC A2 AL 7E 00 46 S E AT K 2 1
KAEETIZ IR o FRVER 2% Wit B ARfEER 5L
o, XFRE T AEAALTU A GG RN [R5 BORATE 22 42
HER R AR Z (M AR =TT %, it — PRl
ZER AN R BARAE S RIG T MR . Eet, ROk
HIFEEOR T, [RI A RL R & AN A AR, (H D 5
W 2% 1) 2 FEAL 5 3R, PTfE  E [F) A L B2 R Bl 2 R
B, NRGIRBE TR L.

B E Uk ERGAUR . AT BHFARLITR
TR (R Joe R AT BUAEA, - ARARALLTU AR B IA AR B
AR, B EZ NS 5Bk, (HR A
PERIINN, GARMRLTT R R TRk, — 2l
P2 RETERE N 7 AR SEIL R IR, TR S A
PR, SRBARGHAKEE . BAFE LR
ERGCRA TR R AR R T Z R R
2, M S BRI BEBOR M R, EREZ A
Z ARSI — DB R G, ORI T REA HOE
TR AR . TR FEBER RS, TR
PR FEERE . HAT, & B RGEHEAHA
R, A b, AR R E T DA B R I 4R
The GnIRFERWVERT FCEUS R, AR RS
KB UT AR K A VERE B B 2[R
PR B R A AEAH AT A, 38 2 SR B AE AR AL
TR, dh RG] LR B2 BT ST AR, R
BT R REHARGEL TR i, 5

WA FRE G, R HRE R sk, b
ARG HIETT M EELE K, 2 AT 7R A 8
Er e Hn & ERGEMAE S B AR
ATCAR I IN T SRS TTRE, K528 AT
{1 M 2 R0 R0 e SR T BRI Bk

6 ZERIE

AT R EEAE B R G AT R M AT T
—RBPERE ,  JEx AR AT AR R D BoR
T TSR, fa i T RPEEARAE AR BT AR 2
AT T, R DR FER AR AR LU A SR W AT
Phy eV EENR. K5, AR TERTH
B R AT RS ROR 73071, MPAT R R 45
RBEAT 7 BRI, X FhSEER M EATS
Ao WATHE . BT 1 e, AR,
DEORKIBTFUE R, R TARYE G LA, BB
mn BEHRIATEERN R Rmthae, T REKIT S
W HFRRT BT, RS T RPREE . [
RAFED AR Z BRI LA R R )a, AL
2R PR TR U e TR 5 X468 22 4 1 AASE P A0 7
BOTHMFA, & BT da R 807 P LIRSk A 9T 1
W45 2 4 R 5 STAR I INTF o R A AEAH BT A 28
Hy, RISy, AR R %
ETB MM REBARRREMIES . K
g ik b AR Gl i B RA RAPHOR R T Z
JRIBR, AT RA AR BLTC AR SR A I ol if 2L FEE 2 1
B EZ RN %2 T BUR M1 80 Sl 5%
o MENARFIUT AR IR T R BEOR,  [FIZPEOR
e Rrak i SRS SEVER . S RN T R R R I
T e 8 PP A5 o

2 % xu
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