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Abstract: Hypercube multicomputers system has good performances in parallel and distributed computation. With
the increasing size of a multicomputers network system, the fault possibility of computers and their links increases.
As a result, it becomes very important to seek for better fault-tolerant routing strategies for realizing more effective
fault-tolerant routing when lots of faults occur in the multicomputers system. Many significant researches have been
done on the fault-tolerant routing design for the hypercube multicomputers system. An innovative fault-tolerant
routing algorithm is proposed, in which each node uses a safety path vector (SPV) to record the optimal paths to the
other nodes. The safety path vector is an approximate measure of the number and distribution of the faults in the
neighborhood and can be setup or updated through the n—1 rounds of information exchanges among neighboring
nodes by consuming only #n bits storage space. Compared with previous fault-tolerant routing algorithms such as the
safety vectors (SVs), extended safety vectors (ESVs), optimal path matrices (OPMs) and extended optimal path
matrices (EOPMs), SPVs have stronger ability in tracing optimal paths with equal or less storage cost. Analysis and
simulation are given to show the merit of the SPVs.

Key words:  fault-tolerant routing; safety vector; safety path vector; hypercube; multicomputer system
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A b SVs Fv ESVs ZAF 4L ZRME 4G 48 F. 5 Sb, 5 K T R A8 3448 % (optimal path matrices, ) # OPMs) &4 &
FRARB B4 4E % (extended optimal path matrices, 5 #8 EOPMs)#9 2245 3% &) B 7548 1b ,SPVs 2454 B IR T Hik 00 14
A% 4, B #9513k OPMs #= EOPMs Ff 8518 3 2 49 A IE 545 & S2 e AT A5 £ IR IE T SPVs 89 L M k.
FEHR: P4 AR TR0 BN TR I TN S NENAL

hEESES: TP393 SCERFRIRAD: A

JEB ST 7 PR I % 2 b AL R G L ) — T B 4 ), B A AR GRS IR 8 O, R B R I A AL e el Ak
BB 2 0] ) 4 1 A s 1) T e e I 2 1, ERD w4 8 S R A ) 22 A BEML R B8, 0 A ] N T SR Y TR T
TG0 SR 857 B AT DG A B T U R R SR I A B R e, AT S AN T TR TT T R SR ST SCRik[ 1]
FEF ST T R I 2 R R A I BB H T — T 3 8 ST Uk ) 1 A0S R 8 R L A s R Y S
AR [210F B 138 ST 5 i 4 40 LU B S5 W 46 9147 5 23 A 2 B3 Hp 1A SR 1 1 . SRR [31F 90 17 8 37 7 44 19X 445 11 7%
BT ES HT AN AL T AR R 26 v TR A T L T AR B0 B B SCHIR [4~6]1 8 F AR 1K) D5 vk 0 R S AR I 4 1)
P TEREAT T WFT.SCHR[7,814 Hh T AR %2 4 fin) 2 At A A T 20 % 1 ph 925 SRR (91 l 37 J 4 o) 28 o (¥ it 1
ZEH )R H T %2 4 ) i (safety vectors, TRIAR SVs) A R I ¢ 4 [n) 2t (V) 2040 B b 0005, 3K R 52 LI SVs L
B —A RAF IR R SV [k]=1 B3I A0 4 RO S5 e RE B0 & (75 A2 3 BT & P 2 e 0 38 B b a2
JITBEAC 3% 2 1) B 038 15 S8 4315 R SCRR[ 10146 SCHR[9] M 3 fll B A& 20 T SVs e Skt THE BN 2 I I
0T R (R S50 1 AR Y T 24 15) B (extended  safety vectors, fRi K ESVs)HIME& MEE T4 JiE 224 1 B0 A
B VA E R T ESVs RAERE B0 2 IS X SVs 4E T oladh, Y & KT 21 3 I8 ESVs frfigic ¢ 2 (¢ & ALl
A BTG SVs [FAE A BR. SRR 1178 SCRR[10] A0 FE Ak L, B0 R0 B SR 8 7 2541 0 i F0 4o 4 e I 2 15 17 16 B IR
Wi, T T 1BE TE T KT dpe DA 0 8% 1 1 5 2, e Y T e U0 3 4% B (optimal path matrices, & F OPMs) (1M 4% Fl 2 T i
I T8 5% e ) 2 e bR YR, OPMEs VAR g i S bk SVs Rl ESVs B 2 (AL 415 )5, {H SVs Al ESV's BITE % T
B4 K n bits, ] OPMs FIAER% TS 4 n? bits, Ktk OPMs [ AE % T4 B i 7 T SVs A ESVs HIAEA% T84, S0k
(12176 TR 1] 3Rl &S0 T OPMs B5E S0, Eidt 7R B 2 W g s I 0 i (0 1 5 5 72, 38 7 97 J dpe e T it
iR (extended optimal path matrices, [&#K EOPMs)(RIHE & F1 3 4™ i d5c {0 80 35 4 ok 1) 25 it b 0028 (R 00
(RIAFA TR TRIRE A n? bits, FR 5L =T SVs Il ESVs [FI47 it JF8.

EIXE n YEHB ST 5 1A S K B 22 A BB 2R % v A7 0 0 I B PO AR 00, AR SO T T S I B SR A 2 Al
1% ] 5t (safety path matrices, @ #% SPVs)FIMES, JF45 T — N7 SPVs [ EE A — AN KT SPVs [ 2848 % i &
wh Hdh SPVs BH IR BAFRRE:(1) &5 5 A B SPY[k1=1(1<k<n), B} SPV (055 kA7 45T 1,2 7R %75 5 4
R 5 B8 R k (07 552 (0 — e A7 AE BE A & B D38 B 5(2) SPVs HIBCAE AT AR I n—1 #8640 755 s 2 W) 1)
5 DA 5E K (3) m 4B N 7 AR G HR A5 S I AR TR A n bits. FE T SPVs 124 B th STV AT W N R (1)
PSS SSAE O(n) B ) P8 A LA R0 A3 0 2 )R 5 A7 0 S R B 5 (2) 5 A2 ) A7 A S U 3 i, DU 1
R SR A T8 B B 3 T A0 A Y S R S W S U B AT A 3 (3) 3 AN IR AN A S 3 i, DU

B4 T A4 [0 A m bits, (HAEIC SR E 2 B S U 45 8, IR 2 22 4 1) T (S Vs) 7 i 2 4 1] i (ES V) — R 2.
557k OPMs Fil EOPMs #H Ht,SPVs A7 T4 545 B K T- OPMs Fil EOPMs HI 47 i T 44,11 H. SPVs figid
%% OPMs Ml EOPMs FIf o i ic % B i B L1 415 5.

1 ZEBEEE

1.1 & HHR

EX 1(BEE). 5T n ERSIIR O, P Away ..o wi wo),BOW,y oo W'y wo), 3L wiw'e (0,1},
Jel0n—11;5 S A,B 2 1 {3 H S0 [IASKL B A,B 2 179 Hamming JE 55k A,B 22 1) (RIEE B9 45 A,B 22 1A [¥7 6 85 4
KUK 4,8 BA k BEES.
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TEN 2k BB R MIBER). W T n 4EBL TR O, T A ABE N Z B4 kB A.B 2 [RAFE—4%
BRSO k BB, WFR A,B Z WAFAE k 852 Fe U018 6 BRI AR O A,B 22 ) A7 S5 L3 1%

EX 3CHEZFENIBRIEFTAE). BAET&E R BB T 75 5 A0 B AR 1~ s 36775 5 A Ah, 21
IR A 1 HR n—1 (7430 0 1 BB 745

N TR FEH sour,dest,cur 53 MZRNAE B HIUET i H B SRS H AGH REL(AB)R AR A
A,B (A% Huhk, REL(A,B) %7 REL(A,BYIIEE j A 3nei(A,i) &R~ 55 A (55 i A0 25 Dist(4,B) R/~ 15 1 4
T B 2 AR B .
1.2 REBEEEMEX

EX 4 RLBE@MEB). T n 4B K Q, PN AE 4B 7 & —A o oo &,id N SPV,,
Horp SPV [ (1<k<n) FAE $ 0 N AR T 5

1, %Z] “jl>n— k
o, &l
Horb M 875 8 A Gad k=1 54070 sB] M5 B AT S A3 B n JOHE BRI & TR 4% T 1 R0 o4

" {1, A A B

SPV,[k]=

b=

0, 0 '

-_ |l #VBe{(P|Dist(4,P)=2& &REL (4,P)=1},fi4, leFﬂTﬁ:Eﬁﬁc@E%
M3 U= 0, 7N

2 k23 W0, Mt A IR A BOAR T R a5 A 1 T i

M =la,,....a1,a0],
Horr a(0<i<n—1)4% 41 F R IR A -
1, #i=1
a=11, %/‘i’zo,fﬂibj>n—k,
o mm o

Horr 2R R A 5 00T R0 00 It A1
_ -1 (o5 T b it

(1) 4 A 55 7 455 s b i i z{é ﬁ%mun*ﬁf%ﬂ) U2 DAT n— ke + 135 ?1
(2) M A WEE i SHERA W A =0
AT RF B A AR
1, %Mﬁ;]@/)mﬁélﬁﬁwfr T‘ll
MﬂEL(A 1)&(N /)E/];gllﬁ ETU_I\IJ ’

(2) 4 A M j 4 RERE A WP IN: b’ =0,0<i<n-1,08j<n-1.

Jr TEDEE A 4% 40 b 5 vk 52 X SPVs [A A A SVs H4EME, B EE SVs,ESVs R ic s B £ i S HLiil i 15 &
1.3 SPVs5SVs,ESVs,0PMs,EOPMsE{4E % bk 7= 15l

R VHVHE T 1 TR — AN Wk 1 DY 48 37 7 441 A5 1000,0110,1110,1100,0000 (1) SVs,ESVs,SPVs,
OPMs A1 EOPMs % Lt 4.

(1) 244 55 j SBERR 138N : b} = {
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Fig.1 A 4-D hypercube with fault links
B AN B b Y DY 2 S5 44

Table 1 Comparative data of part of nodes in Fig.1 among SVs, ESVs, SPVs, OPMs and EOPMs
1 1 #4315 #) SVs,ESVs,SPVs,0PMs Fil EOPMs %{(4fi L %

Node 1000 Node 0110 Node 1110 Node 1100 Node 0000

SVs (0001) (0001) (0001) (1001) (0001)

ESVs (0001) (0001) (0101) (1011) (0011)
SPVs (0001) (0101) (0111) (1011) (0011)
[o1017] [0001] [0111] [1111] [0111]

0000 0000 1001 0101 1001

g | 0001 0000 1111 1111 1111
[1111 | L1111 | L1111 [ 1111 [ 1111

[0101] 0001 [0111] 11117 [0111]

0101 0001 1111 0101 1001

EOPMs 0001 0000 1111 1111 1111
L1111 ] L1111 L1111 ] L1111 ] L1111 ]

ME 1 BIBYETT LG L 7E7 5 1110 48,3Z 18 SV1116=(0001),ESV111¢=(0101) i1 5E X, E AT R B8 [ ey
1110 F1 53 Hamming #5254 3 [ 25 0000,0011,1001,0101 2 18] A58 1% (K AEAE. 1 35 SPV6=(0111) ] 5E
MEERRT AL 1110 15 Hamming BEES24 3 1574 15 £ 0000,0011,1001,0101 2 [ 4775 S5 L 18 %, 1 5 747 4
1110 F1J74 53 Hamming P854 3 (1975 4 0000,0011,1001,0101 22 i) 52 B b7 75 e 00 16 1) 2 S AH 7%
MAES & 0110 48,4 OPMy,,6[31=(0000),EOPMy;,0[31=(0000) 1) & S,"E 1) K fE & 35 55 0110 A1 55
Hamming i &2 3 (#7755 1000,1011,1101,0001 - [] 55 {1538 B 1) 477 1711 4% B SPV110=(0101) 1) € X, B R 7= 75 1
0110 F15 1L Hamming #5258 3 1797 &1 1011,1101,0001 2 [A] 47 7F S 3l B, 1X 5715 5 0110 F15 I Hamming ¥
BEO4 3 A 1011,1101,0001 2 [0 52 PR 1 A74F e 0 0 6 1) 2 SEAR 77X B SPVon0 i85 T OPMs A1 EOPMs
To i i s B g L 5 15 S
14 Z2BERESNMEEE
WG SPVs 15 X 4 25 3 37 22 A 00 2% 1) s PR R S T
Algorithm SPVFilling()
{Collect link fault information to construct M";
Determine SPV[1] with M according to definition 4;
Send M' via non-faulty link;
Receive all neighbors’ M and Calculate M2 with all neighbors” M
according to definition 4;
Determine SPV[2] with M? according to definition 4;
Send M? via non-faulty link;
For (k=3;k<n;k++)
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{Receive all neighbors’ M*!;
Calculate M* with all neighbors’ M*!
according to definition 4;
Determine SPV[k] with M* according to definition 4;
If (k!=n) send M’ out via non-faulty links;} }
AR, SPVs IR B30 P (KB AN 1Y AT 1 51 1K) SPVs[ st ST 2 20 1 AR AU M AR L RSP Vs

FRRAE PT LA n—1 %6 4875 1 TR AR B AT ek 58 B XKy SPVs iy n o) i, HLH - J0 3 KA 0,1,50%&-719
RIAFAETF RSN n bits.

2 BHEBEESMEESN

2.1 BREEE
A A Rk T ARG MR AR R T b AT LR AN T A3l I 1) B (SPVs) KA Y
H A3002%, IR T SR B FRATTH A SR U e U0 T A% 8 S0 L AR 4
Algorithm SPV_Route
{If (cur= =dest) send to node and return (SUCCESS);
For (link=0;link<n;link++) //4& e 0030 B
{If (linke {j | REL(cur,dest)= =1} && SPVuei(4,link)[ Dist(cur,dest) —1] = =1)
{Send message with this link;
Return (SUCCESS);} }
For (link=0;link<n;link++) //$& IR Soe AfG 10 1%
{If (linke {j | REL(cur,dest)= =0} && SPVueia, i) Dist(cur,dest) +1] = =1)
{Send message with this link;
Return (SUCCESS);} }
Return (FALSE);}
HeT DA LR, oy S A B AT I R R
(1) BELE O(n)FAINF ) Y 4 52 LL VR AR E AR TS R 8] A A7 7 o 0 3
(2) A7 EAZ A7 AE B AU B, T A S A 3 30 5 35 &0 R A0 R 4k S B U B (KK B2 A Dist(sour,
dest))fL i
() #3 BT A ANAFAE S 030 e, W) 2 0 SR A 3ot 30) 5 3 F) &8 9% A SL U X e LA s (I B2 A Doisit(sour,
dest)+2)1% 3%
2.2 MEESITS IR
313 1. MAFE 1<k<n,0<i<sn—1, MY [(1=1=TF A5 A BEE0 k B3 i 755 A 105 i 67 B 51075 sURT 4 2 1)
IEAFAE ke BEE dp AL
WEW N TR & FIE AR ) 5 B 2500 e A T 5 SRR, AT W (4, joasadfapsmag)) BTE
5 AR ] B ag.. e LS HH A ay,. . a, 005 TEAR TR AT R BT R BB 45
1) k=1,2 I AR5 5E X 4 5y 55| B 4518 BT
2) R k=m N5 S 18 ST
3) X k=mt1:
(1) A5 A=000 i€ 4 w750, Myt [=1=0 A A BIH i AR R0 Mo FIF TR 1,2 AR A 5
FANA R F AIELE A 0 nom AN oo WAL M =1 (2€[0,0-m—1]);
a) A5 A R i AEBN R Mowian WIS IAEE 0 1L nei(4,0) 55 4 DA 55 i CLANE B 501, P (A,m+ 1,403, {})
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PTAER T S nei(A,)EEE BN m=A MPTA S5ILIEE mr1 BAE @ 005 I H 07 52 M — @ AE1E m+1
P e L I

b) £k A BIEE i AL RILAAN, DA A T n—m ADEE R Jou o sfinomat WAL Meica ) [11=1(2€[0,n—m—1]),
W=nei(4,j)F1 ¥ (nei(A, j,),m,{i},{}) TR pi 0] —EAFTE m FER AR SLER joyeoosfpomr AT i, B
WA (Am+ 1.4, )} {0 =¥ (nei(4, j).m i}, 4] }) < ¥ (nei(4, j,),m, {i},{}) s

n—m-1

NEP(4,m+1,{},{}) c UY’(A m+140, j b AD. T RIEEREA TS Be Y (Am+L{4 oo Jymit) =B

HAEZHOGE m MAF; X BYE AME N m+1=B 5 4 Z/0H m+1 MIARFE,FE =4 a5 H S
Nl BB A I R S R B AR mer 1 BE R

(2) # A =100 5E 4 FTAL M =12 M TRE i TG n-m T 1 H A W5 %%ﬁ{x‘%‘%k
ANGGBIX LG 1 IIIY (e[ 1,s],s2n—m, i) X M, [W=1= W (nei(A,i),m {1}, 4} 138 ¢ A B 5
e 'f'z”\ ¥ (nei(A,i),m, {1}, (i) € P (Am+ L4}, () s X M [L1=1= ¥ (nei(4,0),m, {1}, {i,103) I G 3‘
ANH R A, A B Yhei(4,),m L)L 0,1 P 4,m+ 1L , B B M Wnei(4,i),m,{1,},{,1,}) N
¥ (nei(A,),m, {1}, {i}) =D K BEIAE T M ainy [LI=1=> ¥ (nei( A ), m, L} i e D)) PO CL AN
B A, B P®wei(4,),m {0 00)) © P(Am+ L)), Wmei( A, m {1y 4 e l)) N

s=1
{W(nei(A,i),m,{Zl},{i})UUﬁ"(nei(A,i),m,{lt},{i,ll,u-,lt1})} =J= A =1 RORKT CL+CE+.+CLL 2

Cry+ O+ + Ol = AN s2n-m)5 A JEE5 m+1 B i A0 A (5 i A7 55 00 P P S [ £ 705 2505
5 AWEEN m+1 HE i 05 4 W i AR SESEE O AN M4 A SR m+1 HEE i 5]
B LA R i 2 (B AE me 1 BE 2 S5 0 O

EE 1. SMER 1<k<n, SPV,[k]=1 = A FUFA S5ILEE RN k WY S 00— @A 7E k S5 B L k.

IE O 8 4 AT, HFRE R k2 I A BEECRAS & ark W R n—kt 1 AN 1,4 FITE SR A k)
R SEATAE e P S T R AT

MY ERDE n—kH 1 A LAY ag,. a8 LEGIER 1 T HLa=1(je[0,n—-k)=A4 F ¥ (A4,k, {3 THE
RV S8 B ARAE K PE 2 A

NUE (4,543, {})CUB"(A k00 AR AIAEE A5 AFE B A k1T 05 B e W(A4,k,{},40,...n—k}) =

BHAZRZAWEE 1A F,XBE AN k=B 5 4 B/0F k MIAR,TIE.
WA FOPTE S5 PR N kBT s R — S AEAE ke BE R R L O
2:0P_PAIRgAQ,)={(h,k)| 5 h A5 5510 SV I8 k4 h 1},
OP_PAIR g5 (Q,)={(h,ho)| 55 h A5 B ESV IS k24 1}
OP_PAIRgpi(Q,)={(h.5)|5 h A1 £ H) SPV HIZE k7 hy 1};
7,=(1,1,...,1).0<h<2"1<k<n,0<i<n—1.
EIE 2. OP_PAIRs(0,)=OP_PAIRz5(0,)=OP_PAIRsp(Q,).
Wl T SBR[ C L UE R T OP _PAIRgAQ,)cOP_PAIRyg(0,), i H 75 iF Bl OP PAIRz5(0,) ©
OP_PAIRgp)(Q,) BN ] R THI 1 46 F M vLAIE WA T 31 0 ALESV[k]=1= M* B4 0428 1(1<k<n).
1) k=1 W, e X 4 BI,ESV[kI=1= M =1, .
2) k=2 WHESV kI=1=4 HAEENR 2 W a2 WA RNE B =R jelo,n-1], MY [I=1=
Mi=1,.
3) B k=m F,ESV, [ml=1= M"=1,.
4) k=m+1 I, ESV, [m+1]=1= EESVnei(A,j)[m] >n—m—1=7E A WAL AP R n—m A ESV[m]=1=H 45

=0
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HIIRBE, M iay 5o Mican—yy TRV n—m A [, >WHiE L 45 m75'=1,.
Xt ME =1, = MY T EDA n—k+1 ALK 1=SPY,[K1=1=>O0P_PAIR 55 Q,)=OP_PAIRsp(Q,). HUE B () &5
WAFIE. O
T HAR TG R S M L 3R 2 25 SCRR OB B T\ 4 R0 |- 4k 68 S7 J7 A Hh A7 F B B MOE (0 1 0 R
SVs,ESVs,SPVs ¥y e M1 i A% 32 7 S8 1R e 0 6 T4 3045 58 T 7 B A s 2, BRATTRE M LIE B 100 o e st 2 A1 B X
FAEAT RIS B W A2 AT — O S 3 T AT (6 3 30 1) 795 A A% 3 1) 7 JEAE A 100%, 43 391 2 v
SVs,ESVs,SPVs 7 55 {38 6 4% 326 (1) 38 J3 BT o 1) L sl

Table 2 Comparative simulation results of SVs, ESVs and SPVs in 8-D hypercube with fault links
F2 )\ LT A SVs,ESVs,SPVs RS R L

Total numbers of fault links OP in SVs OP in ESVs OP in SPVs OP exist
10 99.571 7 99.911 0 99.932 7 99.965 7
15 97.3100 99.823 3 99.905 9 99.945 0
20 87.828 6 99.706 1 99.826 2 99.923 5
25 70.896 5 99.557 3 99.649 1 99.897 3
30 52.446 8 99.379 7 99.551 5 99.872 3

Table 3 Comparative simulation results of SVs, ESVs and SPVs in10-D hypercube with fault links
R3 U SR T R T SV, ESVs,SPVs B 45 R LA

Total numbers of fault links OP in SVs OP in ESVs OP in SPVs OP exist
15 99.977 4 99.993 6 99.994 0 99.996 9
30 99.5550 99.979 9 99.988 7 99.993 8
40 97.250 6 99.967 6 99.976 8 99.991 4
50 86.461 4 99.950 9 99.965 4 99.988 4
60 62.394 6 99.932 6 99.950 9 99.986 1

TE3R 2 FIEE 3 1 ,OP Exist R 7R -5 B I 5 8] 52 B A2 78 5 A0 1 B 1 0 JEL 1Y) B 4815 0P in SVS,ESVs,SPVs
53RN SVs,ESVs,SPVs J7 i 1] LAy S L 4% 14 8 11 5L 1) LA PR G, OP in SVs,ESVs,SPVs 43 Jill sk T H
SVs,ESVs,SPVs J7 ¥ il LAY 5 A0 18 A% 36314 B W BE 0. 3R 2 RN 3 1K) S 30 B4 ] 401, SP Vs it 3 dpe A 1% 220
T SVs Fl ESVs. F 15 1.3 155+ 7] %1,SPVs BEic % OPMs Fil EOPMs JT o ik id ¢ 2 (1 f: ULl % 15 5, OPMs
H1 EOPMs A7 FF 853 0 n® bits, 1] SPVs IIAFEFFRI U0 n bits, I SPVs AT LU 22 35 2017 4% FF4Y.

DA b MB35 0 B U R A% 280 T LRI B8 I R 8598 SVs, ESVs,SPVs #E4T T i, FATH 4 I —TF 3
AV BRI S A B AE 1.4 TRIEE 20 WS I SPVs B KE 5 Bk h BV S SRR [9,10] BT 40,
SVs,ESVs,SPVs 1) pi1 510 — B, R 1 =38 10 8% vl 1sF 1) 520 24 J88 2 A TR0 P T 0 = 28 ) AP BT R &2 % B i 28 2.1
F1 SPVs [AIMRAY 575 T %1,SPVs HPAEAN T ST EE n—1 FA0TT 25 2 181 (A5 B AT $e A e 58 h B 4 Wk AE, T /2 45— %2
P N T SOk AL AR R AL R Y OIR S B IR SPV's BT SV G S TR R B Ol
O(n®) bit; Ff tH SCHR[9,1015 41,SVS,ESVs HHAEAN I £t 53 il 75 2L n—1 B ALY 202 ) (0455 S A8 e A 5 Bl e 2R
AR5 25 T S A TF Bk A 3L n AN AR IE SR 10 e 4 B R AS 1 v (R 3 — o, R B ) ) &
T4 P 43 530 0 O(n®) bity U SPVs (1) 5 I ) 52 2% 5 82 v T 503% SVs,ESV's LI ) 52 % JEE.

3 &% &

BE A 22 AR BRAL R G FUASE 9™ K, 28 5 F H 30 b BHLATL g e sl b JHLAL ) 4 B 5 139 ] 2 o o 2 38, A1 bk, 1%
THIR L 1 25 e b SR, AT BB 22 M ic S R 8 P AE TE I S U8 6 A 2L A4 2 3R 48 b A TR R )4 0 S B TE
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P AR BRSO B 22 A R O EAT A% 3 Qe SR A FH 22 4 ) B B 22 A HE R 1 2k il s s AU % ) BB
] SR Al 22 A 1 2 B 22 A R P R 3R S s Ul % 1) b R, LA R ] 45 6 1 D SR SRR AT
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