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Abstract
flight, Deep Space Missions, requirement on On-Board Computer(OBC) for higher performance has been arisen and nor-

Because of advancing space applications, such as Second Generation of Navigation System, Manned Space-

mal OBCs are facing an upgrade of consume and rad-hard capability. Based on adaptive reconfiguration technology and
System-on-Chip design method, this paper presented a reconfigurable tolerance method for MPSoC. High reliability and
expansibility can be achieved at hardware level, which makes a great sense of space applications and military missions in
future. After introducing the basic concepts of MPSoC and reconfigurable technique, several representative cases were
presented as to show the development of reconfigurable processors. Then the basic infrastructure of our dynamic recon-
figurable tolerance system was discussed. Moreover, tolerance strategy based on system degrading was presented in de-
tail. A contrast analysis among single core,normal design and our method was provided. Besides, using leon3 to imple-
ment the process elements, simulation validation of tolerance module efficiency was given out and the test results show
the control mechanism works well. Finally, the future related works were discussed and the proposed reconfiguration
tolerance method was concluded.

Keywords Multi-processor, System on chip, Dynamic reconfiguration, Tolerance

1 58

Z#% ik £ &% (MPSoC, Multi-Processor System on
Chip) ™ 4 ASIC B3I g2 vh i — TR B AR , i K Hh 32 155
TSR BB BURE AR BRI BE AN FF R AR, B AR £ Hb g T
AR MR TR ES TN AT, B2, 2808 &
REFERER R 2 BN E LA E T 5 Z B Hieh T
e o T R AR AR, PR AR 2 B R SR 2 R AR S SO
') L Ay LA 2 V) g P P B T s 1) R 7 A ) ) R

) HE:2013-09-17  1&1E HHEH:2013-11-21

UTAER , B T g AR AR RO KR i RS
M AR BTN — ™ . RHJEE T SRAM # FPGA
LM EIE SR M, F oA ERGE T B BRI
TR BB . LR AT E A FLVE P AT RAFEAS A 3R
GERERLIR IE W TARB B LU T » X Al 4 2 22 B0 A 14 52 B IX.
AT B E , SEIUA S A S ey R

FAE 20 it 2 60 4E4K, € I A 45 JE T K 22 ) Geraid
Estrin gl th 7 AT B B, FF 8 i 1 AT EA TR LR A
RS, JLTH4Ek, B EX AT EASOR BT RE T EE 60

AXZER T _HRAMKIAE ZET SoC M R4S 1 B G RE— ML AR,

SRR (1988—), B, A , EEWFEH K SoC Wit HHKAE . 25 [ B Bt EAHLA S H AL, E-mail: gtrd96@126. com; #& € (1962—), 5, 1§
+ 55 A S, FEMR T RS EE R R R S LR RS X (1980—), B, 4, A TN, F B/ 5377 7 4 2 6] by
JH SoC I SHIE . EEI MBI A RS 2 £A975—), B, 44, TEMFR T [ REA R EENA987—), B, Btk T8

BT AR .

0590



R . WEEFE R T K2 S, Ivars 5 AZEF B BITRE
THOBSIR I T —F SR 3 M FRER X P A IR R 454
ERViS®), #EARIE R GACAR G AR rT SR R B, SEBE T 2 F T
PERLRE M ; NASA KA E K .0 (GSFOREFHEE
Tic & 1) 7T F A 22 A% 7 45 #9-SpaceCube ™ ® , R FH 31 25 Fill 3 Fl
PRI R EHRSLI T DU A FRAR R 5o 0 A4 I 4k
FMEBEIR R T 5000 MIPS, 3 B £ ji o o7 FH 7E [ B 2 8] 34 1)
&AL EE N s 2 E R /R & JE K2 Lars Bauer 28 A2 H
T — o FE A B R A R ) T EE G R O R R —
Fr % P84 (SD W EA G M LI T )2 WAL I 7] TG SR AL 3R
g8, LW T X P E R B s rT EA LS H A& UEC k2
Tomohiro Harada 2 A2 H T —Fp % Tierra 34k 25555 R T
Bt fb A 000 IR BK AR AL BL I F B2 Rt
BALE A A HEDLEI

4T FT A B R GRS AL A, R4 TF
HEHIZEMBIER B . WK 502 B BE (- E AL A A 45 BF
FT, B2t — ol FH 2 ) 7 P U AL 24 11 FPGA i A
RUFN R REAS I 35 R TE T b B AT . 5
A, SCERC12J48 T —Fh e F Z e U 43 i T A 25 4
A E RS, HAE T 7ERT A FPGA b ¥y 2 8 7T 5% L IR ZE B 1)
B RGE T

MZ ATEMEZE R ERGEEARRN AL MRIE
P BE AT AT B P i T M RE AR PR A 7 oK » URT X R GE 1Y
VRMEAER R E R . E T EM B, ACEE T
—FH ) AL FRER ) TT B A R R BR AR T R
SRR AR R I EAZRAIEENEZR FRE.

2 WEMBRERGZEEKRSH

BEXTZALBR AR A b R GEAE 23 B R BT 1 FT SRk (R, A
SCERH T —Fh BN AR B AR B AT AR R G54, AR 1 TR
ZRRGHRAET IR ST ER BT TR, TREHE
AbPE BT AR IR 1/O fh AR L SR AE fifk BT AR
FAEREge, b Ah R &5 LB A A P2 il BTG L PR  1/O 3%
FIAN 1/O 5 ] BTt AT TUA N B Be 3

TN OO ORI

PE1 PE3

STTE AT TR IR el o
]

| C_Zfk%E | [ LT
ARG T

%nz% 15112$ o Deb?xgéu
E 1 SABIFvEHERREGHE

A EAAREEMA LT EERE A

DEEAShATURBET . BT XA R A s 55
KEEEYGIEAT T 3B TUAR B, ARUESH A5 7T 4 B #2152
P, R BEE I T 43 TR LR .

DET RGO E PR . A RGEHIIE TAEAE
FEATE AT A — B RIS AR R A B, W R G e
PR BT A VR T S TMR 2858 TARAE S, X s e it A7
BEEARERE 5, BT 2FF 5 EAREAT % T
.

DET RS R BEAR BT, SABERAE R

e 60

GPIO GPIO

PR S BEAL PR AR KRt B9 KR R R, I S AL BB T AL T
ARG ARl NTTSEBE T8 RGER R PR A2, M
PR BB LR J7 58 KRS KRR T RGUAAR AR

DFETF IS T EH R BORIR AR . A BT TAEL R
Sy EEOR, Bt I BE T 5% PE BESR B BRI &2 75 ¥
R T ARG RG] SN

S ZFAY BRI BT, AZALHEE RS LGE
X AR A4 ], AR R R TS M QUR A4
3 TMR+-Sleeping #3 . SZFFATH A TAEBEAR ,
AP AR REFR R ISR AL PR .

3 EMEREARR

PEAE T IR B R AL FE KRR T AN i A S
43 o WA 32 5 1k X 45 A B 2R IR AS AT MR AN X Ab
FRLEFIAT R T2 1 BB 7T L i R GRS B, T
AR B SEB, B B AR BB AL R G AL
FPGA ¥4y A E FPGA 25 TlC B 45, BLAA 42 S i vk
5.

A7 R 24 [ A A BB A E i TP 4R R RAE TH)
— R RSB, 4 MR AL E A Rt e . SR A 1 £
R AL FRE ) AT FAG G5 AL R S BE L 75 0 T 46 L R M AR IR RE Y
LA TR, WSO A0 B AR FT T AR R AR O AT SE MR
B EEE TN T ILA 51 -

DAFR AT AR R G0 Hh T Bk e KRR, &5 A A
T B AR K, 7645 [B) 48 S A B vh Al ) & A Bk T80 R » R IR
AT ot A F AT 1 B F AR ) EE A 54 SR WS R 32 8 R e b
L5575 0 L

DB T AL 4> T 1 7 2, AE AR5 v FoAth 4k 3 B2
JUIEH TAERIRTR T » Se ikt A BB T i U R A B 4, i —
BRE T AR TTH A N,

3 RGN B R RIS A BT FE . AR
X RAE T HIBIR (45 T RE M Rk i A IR 4 4T
T#TF TMR IR O i n B it .

DR R AE B 3h 4k 7T T A B 5E B H R SOk RS
FLASH AU 5 22 %) FPGA P SZBE , AR 3IF 5 il BB B & 3%
A RES .

R EpRERZEN
| AT ARRE S AT

T |;$ Z 5

B2 ZAEIEREAE



27 ARG A RIRR , 4 b FE 2542 OB A R Y
SMERAEBREE A » 45 F S BEATRCUR AR T, o A R B 0T
SRHEATRCHE () R DR, oy Ao ERASE SR i ) TE 7 ) b T 25 SROBHR
HIAAEBEE AR A IR AL B G R S H B A RS A -3
i TEA SRR PR X R PRI T IR R B B (R
PEEREEARD LK R AR B SRR e RGO IRIBE T TR T 4

FLRAR GG LT R ER I AT EAG A5,
HEW A RSB E WA 3 P,

B
RYAR AL —

QMRZA 44 R, H AL FE B AT M B
WA ER 7FFHI%‘£#<P$
BBE T

~ Bt
B L S
BELERE

S
BT, AT B AT

THA B
A B <) Lot
B ot K £ 40

B3 EHEHREHBE

REMBRESTHEER S EAHEEX (QVR, Quad
Modular Redundancy) T , 7& 3 — it ZI| 3 b 2 28 & 4 B BRI,
REKGZH R IR S RE , RGP R =R T0R TR
(TMR, Triple Modular Redundancy) , % B A& B 2 RE
AR E—H B AHEERXTIE. REYRETIEA TMR
TAERER, 2 AL B A8 B, T 3R 48 B o0 ML AR X
(DMR, Dual Modular Redundancy)#k&z T 4E,

R Ge4E DMR T 80308 L XA — 30, W R 58 76 1 5
EFRABEIRE R, REHFA—FL2RERRES, FEMEA
FPGA #1762 (BN ER E) , TEH FI BRI RFE 5 E A
R THETIE.

ZEEARETURIE R G TEAER T HEERES R
BEALFHES L IR R BE SRy P, A% RIS 10 4§
PRI O X S AL PR B T i AT SE AR

P=11CiPe(1— P> M

YFEG R TMR F4E MO AL B B, T &
ﬁm%

p— 1i[ZC§PiC(1—Pc)3‘i @

i PO 25 48 (QMR) 5 R B4 =448 (TMR) 454
AT RV B8 (DMR) B EE AR ER (PO T &
SR EEMEER AN 4 Fis , W PR T DA B WL E B A 5 R A1E
BHEERILT 0. 7 KTEE M L TMR S8 Es
BRI E. REWIRIRET TEAEREERE KN QMR IR
A, YA R EREE, REBRS N TMR #R,, nE
TEM BB E W8 XA PE HBLE =, W RS 4k 229, 18
DMR # &, F Tk,

B4 3 FhgsH i RGEAT SRR R LY

4 PERREBS AT EHRE 1R

FELRFR Ay T T 7 3k B BE T AR S AR R 43 e A i
5B A e LR 3 43 70 i SO 3 B4, T SR A
Sy AR X PE SEATHURIR S 3. B 5B PE Bk
YE R4 AT EA BT B AR BT, FEA T 5 R G H A AR B
R EERED . WA S R, BRATE R G R4 0 AR
B ABRPITRSY . AT T 2R 3h RS
AT A HUR AT E A AR A T AR AR, X — B A E T EAY
WRPRFEAZE, sh A Bk B A 4 4 PE #k, § 4 PE
REHRE —AN RS SCRF AT T E I BT
B AR

|

EAPI%EE > PEI J—t
FBitX\fF [JTAG | P53 !
|

i

——ad=—F ===k

B 5 PE A EMBHRI R EE

FEBEAT SEREHI 73 LA K i A R AN S A AR Bk (19 5 LS ik
JGi » S SE RSy T T B AR R AR AN B A X 7 A
JIER) P S e 52 B AS BRI X R 3R A B0 AN [
B AR A BT i) F 20 T H S B SO AU R ST
Fefitianrh  FE RGP PE BB A A SRS X HERE AT SE 7R 4R
TR EH , SEBBRR A B .

5 WMWiKXIiE

5.1 PER/NRGEMIZIT

A LA R PE AL ITR A Gaisler ARl LE-
ONS A4bHEER , FZADHE AN T 4 AL HR 4 LEONS 4b B84
AMBA E £k K #2645 DSU Pk 3 O | 77 6 42 1 25 | 1K 2
UART EmH48 . I/O # 0%, 1A 6 k.

TEMPERN £ % RSBZ 8/32 s 4 4 2%
| [LEON3 AEE DSU#%M%D REdLEd ]
| AMBA AHB }
| AMBA APB

AHB/APB#
| EHB%;EJ% I: |UART | |i‘1’§k§Timer| |1/o#§n| l

RS232 E-ARE ] 16421/0

El 6 PER/NRGEREWIIT

LEONS /& Gailser # i i) — 3 F SPARC V8 ZE#411)
32 PITRAL AR SR FA VA TR 5 M B BRIk T, B4
SR AZCRL A » B = TR NS 24 IS IIFE R .
5.2 MEAFERIE

R T RAFEM A HEBEHBEIRBIIEE, K30k A Questa-
Sim fif BB AT BB, B 7. 8 Fin A Xt A 4515
RS R BEBAEBIE R, B 7 hEE T REHH—4
PE % th 5 A5 TR AN DU BUFE |5 EHR BT, AR B AE R R
T RGBSR, FORS B RS CRIER D,
MR G TP IE T RS SR ET, WA R B T8 8s , AT
HA—FERRERE, FEHITLEREMNERE FEF R
THE.

Bl 8 Bz M 1A B B 2E 4347, A B R BT DL B 8 45
FEHH) T AL FRHE L) Ins,

e 6] -



cpu_exito
cpu_exitl
T4 cou_exit2
cpu_exit3
cpuld_data
cpul_data

cpuZ_data

bm cpui_data

1§ dataout !
» M coustatels: D] “““ B P G 111

B 7 ARRAALE AR R

apn_ emitl
P, SRR LT

i cow e=itd

i epuwt, data
L cpul_dats

i couz_deta
U epwz, data
1 datacut
w MHA couutatels:ol

B8 Ja iS4

5.3 WHTARWIE

R T XA RGBT HEAT S PR IR T B B E, FAT1HE
BT ET JTAG WA EERAETG . & 9 iR 4B iEfT &
P Z AL BREF FT EMBAET & % F 6 R JTAG EHELHK
HHEHZL NG5 A HE A E FPGA A%, @i Xilinx #2451
ChipScope JliX T Ei) 22 B 2GE 15 2 SR X A i@ 309 &2
3 TE*’J%%IJJﬁEiEﬁ%‘ﬁEO

S B
I
ChipScope X P15 %
VIOfx% o ILA% u] Z}
%‘#
vplﬁkigg o ﬁ
%
1}31EJUART§D ) ( #ﬂ)ﬂ]TAG&D ) 7

(

(_UARTE B g
>
%
gﬁt%ﬁmﬁﬁsﬂ
E9 A EMBIEFEE~EE
WA 10 i AETFARSA R AT EWERE G, ZIRE

AT —3 Virtex 231 1) XCAVLX160 FPGA it H, & T
44 422 SBEAE B O TR A5 PC &S IE S A L.
A3 JTAG T Bk Bl 2 A0 FLER T T R G0 Y BIT
SCHNERE] FPGA 3t 50 R M 047 4 T
Wi, WP 10— 13 Fin £ REAE SR B T X R 4 PE #3k
HEAFHURBEE A, A ChipScope 3 #84HF AX F AT 21 85 1 74
WIEEW. I TS, RS QMR 4t % 3
TMR #2%, B4 DMR A2 F0 3ok B2 b b BASE Bty Hh 45
AR BEREHOR A (5 A

AT 52 RGN A5 IS . 7 B R B 4 T 4

e 62

Tk X R ARG HITERE , I3 F TMR 258 K
B, R RTELR 0 T A B AT R B R e iU e A
PORBAE R GEME R T ERMA R RGAES LB

Pt el * H } 1 1 F o ) 1
crw_1 O OO O ¥ O O W W T
CFUE_OUT ki L ] FLi L g
crv_n I I Ty W e Ny W |
THE_BUE i §E 1 §§ g H g “ ; { i f
crue_zw IS VN Ty W B Wy Wy B |
e e el Bl gl
TR I8 NS U T 10 SO I O O O (1 OO I OO 1§
opn | L P AL AL LT
STUSTAYER
LPUSTATED
CPUSTATEZ
CEMETATER

B 11 QMR X TRENWIESBILE
Bus!SignaIi o En alu 11!30 ZTD 3?0 4l|]0 4l|30 Sllil

cru_TH of - L AALTRUT I TR urvanEA_dvmarmanmmm A

CPUD_OUT 0

crue o of LML TOPUL AL TP AT LA

cRUZ_OUT | LRV TR RS YL T LT LR UL

crus o | LAV ST TR, VAR

CPUSTATED o |

CPUSTATEL 1

CPUSTATE2 1

CPUSTATE3 1

B 12 TMR TAEEA#GE S BOERE

Bus/Signal 0 0 70 a0 110 130 150 170 190 210 230
_________________________ R R
CPUD_OUT 0

CPUL_OUT 1
- CPUZ2_0OUT 0

CFU3_OUT 1

CPUSTATED ]

CPUSTATEL 1

CPUSTATEZ 0

CFUSTATE3 1

B 13 DMR TAEHANERE SR A

W5 AT 7R S NASA KRR 0 B A%
AT IR R AT SpaceCube TR B LR, AN3% 1 751
R HTT A B, A SCBeH B AT A RGE SRR AL BE AR Y
M, BRAR N IP SR T X SEB T 24 4b PES, 7T LA
FAFA R ERELE LR R EEE . B TARGE RO
R FABISREAR, Rt RGEDAWMEAL. o TR X AL 2 E
JUHEEACE , S8 7 EACE AR, R 0 G e 4 2 T L
[EPR R4 RS T 1.



R PRI RY TR

At AW T EH R T % SpaceCube % i+ % %
A 38 B LEON3 PowerPC405
3B o P

REETEH *
P E- 380 o &
RETHY *
AR A BAGHWER W~ FPGA 4 8 523
E#FR KFHHEERLL R &
B4 91 & 50 MHz 300MHz~450MHz
Wi 4,576W >10W
& E A Bk EDD BE
ZRIE YAIERE T RARE MR B

B AR T —Fhi 1) A BRER B TT AR R 454 . &
SO R E RGBT OT RN T 2B RGP KH T
BRIV ARG R RN /NS hFEsT. b, A
AR ERGBOT B AR T REER M ER BT, ot
TR LR B A P SR, 7E R AR R R ST SR
MRIEYE . ShATI T B DA 7T GRS F i) — ol b
AR AR ICETH R T 52 B R AR B TE LR Sh A B AL
BRGNP R I — PR RSN RN R 5
Btk TR

T 2GR, AR SR ST AR A — S Rl HE AR
ZAb BNt F A A Y AT E A B, A R IR 07
% YRGR PR RN, BRI P2 5 2040 Rt i, 5
NS ag i

2 % X M

[1] Wolf W,et al. Multiprocessor System-on-Chip (MPSoC) Tech-
nology[ J]. IEEE Transactions on Computer-Aided Design of In-
tegrated Circuits and Systems,2008,27(10):1701-1713

[2] Steven D,Guertin M. System on a Chip Devices—FY10[R]. JPL
Publication, Dec. 2010:10-20

[3] 3Kk, M, XIEEE. 25 [R] R SoC A5 BRI, M R
1£,2012,149(3):14-20

[4] Rafal G. Exploratory Study about the Use of New Reconfigu-
rable FPGAs in Space[ C] // San Diego, CA, 2011 NASA/ESA
Conference on Adaptive Hardware and Systems (AHS). Piscat-
away: [IEEE Operations Center,2011:220-226

[5] Ivars S, et al. Flexible High-Performance PPC On-Board Com-
puter Archticture Based On Silicon-On-Insulator Technology [C] //
Ivars S, Glauert W, Frickel J, et al. Flexible high-performance
ppc on-board computer architecture based on silicon-on-insulator
technology. 58th International Astronautical Congress. Hydera-
bad, India, 2007

[6] Tom F.Advanced Hybrid On-Board Science Data Processor-
SpaceCube 2. 0[C] // Arlington, NASA/GSFC,ESTO Earth Sci-
ence Technology Forum. June 2010

[7] John S. Space Cube to Debut in 2007[J]. Goddard Tech Trends,
2006,4(2):2-3

[8] Dan E,et al. SpaceCube On-Board Science Data Processor[ C] //
Albuquerque, New Mexico, Military/Aerospace Programmable
Logic Devices-2010. Nov. 2010

[9] BauerL, etal. Concepts, Architectures, and Run-time Systems
for Efficient and Adaptive Reconfigurable Processors [C] //
AHS-2011. June 2011

[10] Harada T, et al. Evolving Complex Programs in Tierra-based
On-Board Computer on UNITEC-1[C] //TAC-10. 2010

[11] ZBfe. ETAEKIEMEAEMHE T EMELD]. b hEZE
BAWFBE, 2010

[12] wFIZ, A%, A%, —FhEE T B 3E R 20 i v B A A
ERGLCL/ AR P EWHREAR 2. 2010:251-257

[13] Jiri G. A Portable and Fault-Tolerant Microprocessor Based on
the SPARC V8 Architecture [ C] // Proceedings. International
Conference on dependable Systems and Networks. IEEE, Wash-
ington D C,2002:409-415

(LB% 54 70

K BE S I R ) B 2 B » TR ST 1 M A B 1
Y2 AR BE » T LA+20 7 (68 b S BRI A (9 A B 1 » AT 3R 75
e 2R RIEEIIKF I AEE. KENIRERC S
EBA A SCHE H 1) 38k BT AR B U7 31 QPMIDT'S 7 SE 5
FFE FEGE K B BE B IR 51 1 B AR KRR 8 T 1558
BEDLIUR S B0 D T IR B BE AR T I3
. R, RESSEHEIE T A SO R k1 SR P A 3L
PERATAT .

2 % X M

[1] Bardell P H, McAnney W H, Savir J. Built-in test for VLSI
pseudorandom Techniques [M]. NY, USA: John Wiley & Sons,
1987

[2] Dasgupta P,Chattopadhyay S,Chaudhuri P P, et al. Cellular au-
tomata-based recursive pseudoexhaustive test pattern generator
[J]. IEEE Transactions on Computers, 2001,50(2):177-185

[3] Chaudhuri P P,Chowdhury D R,Nandi S,et al. Additive cellular
automata; theory and applications[ M]. Los Alamitos, Calif. ,
USA.: IEEE Computer Society Press, 1997

[4] Wagner K D, Chin C K, McCluskey E J. Pseudorandom testing
[J]. IEEE Transactions on Computers,1987,C-36(3) :332-343

[5] Chin C K,McCluskey E J. Test length for pseudorandom testing
[J]. IEEE Transactions on Computers,1987,C-36(2) ;: 252-256

[6] Dan L,Jone W B. Pseudorandom test-length analysis using dif-
ferential solutions [J]. IEEE Transactions on Computer-Aided

Design of Integrated Circuits and Systems,1996,15(7):815-825

[7] Seth S C,Agrawal V D,Farhat H. A statistical theory of digital
circuit testability [J]. IEEE Transactions on Computers, 1990,
39(4):582-586

[8] Majumdar A, Vrudhula S B K. Fault coverage and test length
estimation for random pattern testing [ J]. IEEE Transactions
on Computers,1995,44(2) ;234-247

[9] Pradhan D K,Chatterjee M. GLFSR-a new test pattern genera-
tor for built-in-self-test [ J]. IEEE Transactions on Computer-
Aided Design of Integrated Circuits and Systems, 1999,18(2):
238-247

[10] Pradhan D K, Kagaris D, Gambhir R. A Hamming distance
based test pattern generator with improved fault coverage[ C]//
Proceedings of the IOLTS, French Riviera, France, 2005 221-226

[11] Xu Shi-yi, Chen Jian-wen. Maximum distance testing[ C] // Pro-
ceedings of IEEE the 11th Asian Test Symposium (ATS’
2002). Guam, USA,2002:15-20

[12] Xu Shi-yi. Orderly random testing for both hardware and sof-
tware [ C]//Proceedings of 14th IEEE Pacific Rim International
Symposium on Dependable Computing (PRDC” 2008). Taipei,
Taiwan, 2008:160-167

[13] Xu Shi-yi. A quasi best random testing[ C] // Proceeding of IEEE
the 19th. Asian Test Symposium (ATS”2010). Shanghai, Chi-
na,2010:21-26

[14] Hyung K L,Dong S H. HOPE: an efficient parallel fault simula-
tor for synchronous sequential circuits [J]. IEEE Transactions
on Computer-Aided Design of Integrated Circuits and Systems,
1996,15(9):1048-1058

0630



