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HDFS Data Consistency Modelling and Analysis Based on Colored Petri Net
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Abstract: As one of the core components of Apache Hadoop, the Hadoop distributed file system (HDFS) has been widely used in the
industry. HDFS adopts a multiple replicas mechanism to ensure data reliability, which may incur inconsistency because of node failure,
network partition, and write failure. HDFS is considered to have reduced data consistency compared to traditional file systems, which is
difficult for users to understand when there will be inconsistent. At present, there is no relevant work to verify the consistency mechanism.
When the data is inconsistent, it will increase the uncertainty of the upper applications. Thus, research for data consistency model is
required. The large scale of HDFS makes the analysis more difficult. Code reading, abstracting, colored Petri net modeling, and
state-space analysis are conducted to comprehend the system. The works are listed as the following. (1) Colored petri nets are used to
model HDFS’s process of reading and writing files, the model describes the functions of inner components and their cooperation
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mechanism in detail. (2) Data layer consistency and operation layer consistency of HDFS are analyzed with state-space tools based on a
colored Petri net model, figuring out data consistency guaranteed by the system. (3) A time point repeatable read method is proposed to
verify operation layer consistency and serial repeatable strategy is utilized to decrease state-space complexity. Based on the contribution
above, the directions for HDFS application development are proposed, helping to improve the data consistency. The CPN modeling
method and technique are applicated in the analysis of other distributed information systems.

Key words: HDFS; consistency; modelling; colored Petri net; CPN tools
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SRR RS 26 AE R AT 00T, B G5 R GEAE S P 2 AR IR0 — BRI 28 5 19 B a5 AT AE.
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1.1 HDFSHEEAR

HDFS {F T4 S0t 5 & Hadoop™ A% 0o 414 2 — 76 g B 4 A B 5 T A3 3 7 )32 B e e 7
2012 F &AL 44U 0 EBE T 42 000 > Hadoop 75 s ;Facebook 7E [F] 4 8 2 17 Hadoop £E 8 Be 1% 4k 31 100PB
(%R, I HLEOR B0 /e LR 0.5PB A3 B 1 KV e iR[101%10% T Hadoop 76 % Fh A5 it 45037 5 F (952
15 0L, B AT DL B S B 2 ) R b 2 Ah B A AR 22 A ml SR R R ML AR (1) Hadoop JAH 5 CH¢, 40 Cloudera. 1BM.
MapREMC #1 Oracle 2. [F] i} HDFS £ 4t & 44 i %% #,1.0.0 il A< f) Hadoop & G A0S 4 52.6 Ji 17,155 2 353
A Java 2 AR JE K 9 B /0 A A R G i, 28 s — BUMERIE 7 ok 1K TR M

HDFS [ J5 5 2 85 GFSPEUN Wit 2 (¥ A1 B EAT Ui I, R R GE 341 1 B kA 19— %5 (relaxed  consistency), f£
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Fig.1 An example of firing an action
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Tl gk Petri [ AS R FLFEBENL Petri ¥ (stochastic Petri net,f#i#% SPN)?2. 2 {4 Petri [ (colored Petri net, i #k
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% {4 Petri 7E Petri WA (S Atk BRI T BB 4E. BRI AL, IURIEN B ~F3 MBI 610 R 2L
SRR AERLSEORN — RIS 5 BB RILGEIEE TR KEENY R A s 5 6,1 LR
R E WAE SUE B IR I 2 R O & AT L8 % 3 A 3 AT 28 3T S5 47 bR BON R S SR A1 IR 8 o) (S AR R 1R R
FE¥E I e 77 T8 3, 7T ASEILE A% 1) 40 SO B A ) 2 4 R D A6 €1 Petri (Y5 Petri IAH U B T8 5 1) R 1A B
BT LATE RS [l — AN R Gu it AT @R ASLET 35 €4 Petri ) e 6 LUAH X B8 /0 45 Y o0 22 JE AT AH RIS SR 72 A= 30 041
fi F 2 €4 Petri (ST RGEHEAT EEAE.
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CPN Tools®* & — =35 1 Petri W {11445 17 BLAT /04 T.E, A 2000 4E %) 2010 4F, 1 FH 22 B #1397 K 2% (Aarhus
University) ] CPN £H £ 531 . 2010 4F, 1% T B 5% 28 faf 22 32 R E IR RO 22 1 AILS 21 4k 423 & A4 4 .CPN Tools
FIEEINREEFE (1) R4t T HE G Petri WIIEITEALEE T H GEM 7 (8, PRy T8 (2) #2475 & Petri
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2 BURGHIEE
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61 BRI T A B S Dh e 4R 5 STIE RN 23 A1 (5 B 7 AL B 1S U SR I S SO BN
BARGLEE S,
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R 1R 31 77, LA SO 3 (block) DAy 5 far 325 A7 K08 0 47 B B0 49 10 2 BT R B4 b BEOR T2 7 Ui
A 305 1T s 5 4R VRV SR SO R AT i 2 A SO 2R 48 AR TR 1 T 7 i B Al 0 1
(R R R 5 R R A £ 1) A L P ST AR BRESE HY 3R [8] 5 78 44 575 i AR R, DR KR SRS OF 2 I A% A3
7RISR BRAE RS

o %) i (client) 2 H 5 7E B i (K 4L AR SR UEXT HDFS SR R Ge i vy i 2 11, S VP IR B 2 A% P il 5

RGUHEAT R % i B R E D e AR AR Ok B B R I SO e B AR, S A T R EL S T
Kot 108 PR AR A BEOR BT BB S SRR SR, 5 44 51T e A0 HL B SO BRSO e M, S O R
A H R A SR ORI, IR B R 4 R R el 4 BRI

Namenode

Block ops

Metadata ops
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| ] [ N | | J | | Blocks
\\ g4
Rack 1 Write Rack 2

Fig.2 System architecture of HDFS
2 HDFS #4444
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%t Petri 9 H 4 4 (token) 7 5 B, FH 4 RALIK) €4 3R X 43 X G IR S0 06 HDFS 1A Haks 45 R HEAT 488, 3t 2
fEH ML IE S X B G728 I HBIE%E S HDFS 40 25 #4 g 306 B2 58 & .CPN Tools H 1S4 73 N
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2.3 HDFS#IBLEHIEIE

HDFS 3L 2 Gt 2% 4 HEW B2 485 460 4L 4T 8 1) B A3 SCAEAE A R Gt mp st ml DA — AN s ke il — of 7, 1%
AT AR AR inode. — AN SO BB 43 SO IR A S AN SO SE PR A7 i IO SR AE HDFS A, S YR A5
BAFAETE 4 7719 551 inode HH, ST BB LA ST AR B 0 T 20476 76 25008 15 05 B SCHF BRI 25 22 64MB, F A
SO S AR A KA B KONAEAEAE — A AN B Bk AR TSR B S R — R 2 B, AR SRR I Aol
KAZNE 1 KRZHDFS fEAD AN ARG E T 19 505 R0 7 e 77 58l 2 A5 P 50408 B0 A 24 A7 ik 7 S
(10— S B YT 25 2R RO E A R R B 1T A5 I SO R B R AR o A B R 5, R R S5 I AT ke AR T
NS A e B T 25— F 22 WS, A SRR IX RS 00 RONER 2 KR,
B 454 S FL AL R 0 R BT,
o HE(FILE): S04
o UEHY(BLOCK):Bt ID. CAEH KN, I a8
o 9 1 XA(FILE_INODE):SCfF 4. SCHEHEIZIFR. BEEAME . EASKE i ID. IS K&
J& A SO BB T R I R (S %S A T RS, & P o 1D R IE AR S B T s AR A
B,
o %5 2 KRR (LOCATED_BLOCK): 3L Hd 37 s 41 3R (15 5 N B i 42 HR1Z 51 3w 09 P 44 TR R 3%
B RPATEN);
Bl A7 B (STORED_BLOCK): AT/ #4815 s« SCHEBR;
o HMZ(LEASE): % Fufi 1D U513 (FLL00% SC0F 195 8, 5 BN HE R g AR A SO R — ML,
B 7 ity 7 B 5 U B A AE 2, 75 D FEL 44 A B B% 23 I WORE 2. — /N 2 7 i [ B T A 2 AN SRR 4).
3 HERIBER
3.1 GiRiEmR
HDFS ()5 SCA iR %5 7 3 (client) . 44 7271 &5 (namenode) F1 435 5 55 (datanode) 3t [7) 58 L. — 1R 52 B4 1 5
AR — 3R 6 2, W 3 iR,
o 1 BRI AT SR IR B STAE R, 120 SR AR LS SO B B, 4 T AR SR SR T
B,
o BB 2 B IRE T S I SR HET A 1 44 T SR B I ST B 3R, 4 T SO SRR
Sy HC 22 BT 8 RN M AT B R — AN SO HL (BT IEAE 5 ON B SCPEBR) B e A B 5 25 SR AE 4 1T
1344 inode 1, 55 5 45 1% SOA SR IR AR TR A RN BOHE 15 RUIR [ 25 2 7 i

TSR ERE T S AE A AR A SO IR AZ B T A T — A B T A B R x
T AP A BB S NIRRT S ay by o BT R E ISR A BLZAAAETET A ay b,
¢ 1,1 Hadoop R T RIABE S AL SRHLE, 20 7 Sm s R SO B A RIEST a i i i a {434y bb 1%
Ben c UL T REH BN PRS2 5 R b, ¢ IEARE 7 R IRATIRILIR S I S SO R S
S8 I SO K BT AT A 85 52 1 ST B O EL 5 58 (K SO B

o B 4 B SERE N FIEUE T A B USR] T Ui T R S5 RS B S S5 R IF R Bl 4 B AN L B EIR
[m] &53 7 ) B

o 5 W EAER AR RS SO HU I JE A2 A N EURE O B RSO B R A4 R R
IS 2 PRAF 2 S PAF it A 2 B SEB 38 2 5K R AR

o 5B 60K N 44 T AR IE SR SCAR IR SR AL 7T s S R TBOR R I B VR, S AR 45 R

HHNHISF R 2 A SO U 2 RAT S 1 22205 5 20 H R SRS 58 AE IR L e v,

5 1B i R IR AR 2 0 FRE R SO B T AR 61 5 B SO A
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Fig.3 Writing process of HDFS
K3 HDFS 53X it s = K
32 ERfEEE
321 EHRMEEARER
HAERE G Petri MABRFEL WK 4 FiR, FEATEHNAFRE Q) &7 A E R FE NamenodeWrite;
(2) HAR S AL HLLFE DatanodeWrite.

WriteFileRequest

WRITE_FILE_REQUEST

O f.-"'
(Write?u!ekespo?@(— NamenodeWrite |[€——» FilelNode |
S g

FILE_INODE

WR]TE_FELE:_HESPDNSE
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51 2R FH D0 44 PR i 4 BT 44 " (K 4% 2 (TE CPN Tools H 4 S0 5 A58 Y P v (R SR AR T N 1 S0 2 BIEA TT48 ) RS
P p A RN I T RO TGRS, B o e B EIRZS 1 RIS R AR RS 50 T I 5 AR N 2 45 R
AT ARG 2 BIALEPIREE T LR RIS o 354N 2 BT I 4 B 9 T RERBEAT 2R 4870 B B ks 2
BUEERT P3 A 1 A4 R, At P T v T 4 R

1:

ss'Pl 1z 171
ss'P2 1 empty
s5'P3 1: empty

1
0:2
2:1->3 ss'T2 I: {i=1} |

[1:1=2ss'T1 1: {i=1} |

11 [3:
ss'P1 1 empty
ss'P21: 171

, ss'P3 1: empt

Y 33->2ssT3 I: fi=ly | 2 SRy
2
2:0
2:

ss'P1 1 empty
55'P2 1: empty
ss'P3 12171

Fig.16 An example of state space graph
Kl 16 IR =[] A4

Bl Sy 73 48] 1) 4 25 Oy fif B, DR b T DA ot 6 R AR 25 75 M) AL 0 T AR T e BT BT MRS
2% ()9 A, A P AR A3 AN T AT HZ,CPN Tools #2 4 JUIRZA 2 A & i Dh g, vl LUE I ML 15 5 % S0 2
W], A T SRS 2 [A] I 5 Bl e 2 396 A2 00 R IR A1 A
42 LWERE

VIR 1A% S ] 3 AN 35 255 N BIAEON 2 /9 1A SUF, ST L 1A K/ 64MB S0k
TORR I DL B e AR 1O B B VARG A R I DL B e ) AR 1 AR R BN L B REAT T R e
AHEAMRERTH . AL TR — St
43 BIRE—HMSH

Y R E RIS KL R G R B E — B0, 2 HACSEERORE N, — AU R E A AN L A
LR BOA B A K R AR 3 — S0 i A — SRS s A AU Dy a0 R B T — A SO Bk B2 BRI
HORSET B AEFR L A —BORE T L
431 THEREOLN REEE Sk

TG B0 N BB )2 — B S g o iR RS 2 Tk 5 3K 1

Table 1 State space report of data layer consistency without error

xS OLT 8RR BRI A R

ER N
RET A 49
KGR 9
A—FR A 2

© PEBEBPHIFST  hip:/www, jos. org. cn



fEM F AT A & Petri W69 HDFS 445 — 30 A4S 47 3009

KRR B R UWHERFHRKENZGT RABRAPERETRSKES - HERARE
A — .

AR VA—AN A — BRSSO, 2 A B A — B0 2 At TR AZ R AT 0500 B BT o R ISR B AT T
#°4 datanode3 1 datanode2, . R A datanode3 - SEFRAFAE 7% SC {48, 1 datanode2 b I3 AHTE FH A g B v
AILUE B8 K% 4 datanode2 )5 ST HeiE SR )4 R DAL kG X A — BBOIR A& I ik 1 2 - K AT datanode3 1) 3¢
PEHL B 7E A 5 B 3, H datanode3 & 43 datanode2 F ST ERIEAE K % B AR b B AN ST B IR AR R RO R
B A 12,57 O IR AR — B B S 4k B TIORGOS I, 1T DUR I B &30 408 B — BUIRE.

SAE SIS FTHEIEE —SMEE UL T 4t

(1) RGaHBIEEZE A — 2 S BN — 800 R KR 2 AR 28 2 1044 37 1 P18 2 A R,

(2) £t R E L3, RS R A& 2B 2R R —20RE
432 HHEED T EEREE— 8

G EE BT BB 2 — B0 se i P R A 2 A RS WK 2.

Table 2  State space report of data layer consistency with error

®2 AL EER BRI R

4Lt M
R 211
KLEIRDS 9
A —FURAS 4

P — AN — BRI HEAT 73 B AR RS 1T /U0 B b & B datanode2 SEPn A6l 1 iZ SRR HAZ S
SO 1] B A I A REPR A 52 SR I B TR ke X b AS — BCIR 25 B R IA 1) 72 :datanode2  f SCAFHL S Bl i 75— 3
SCAES R, T BOREA B AR BRI BT DU BLA — BBl T A - BUR S R A 80K E B R A —BUFA L&
I ENREREATRERSRERS

CRE HTA AR T AR E - S U S iR

(1) ARG IEEE A B BOR— S0 R RS 2 A BAS 2 8] A 3 (0 PRAS AR AN [ @A % R

LR I R B B AR E

(2) AR AL, B AR 28 1L AL 05 I R A% 18, R At A AN Sk B8R R 10— BUIRE.
44 BRIEE—HMSH

PRAEZ — Bk 6 U 1L 58 R A5 R SE 8L R A S SO, SO B SO RN TR AR 123 5T A SCAE A
BB TR i AN i 5T S NSO, AN i ST SO N TR SRR S N AR A AN —

A7 1R VR ) D 5 S P37 R, L s 19 i 1 4 SR 75 4 [0 4 SRR R E B A5 'S5 S 1 i 2 v o B B R — B0 0o
LR AR W] LI TE AT 1 B TR R AR R 2 TS R AR, BR S E S SO X 48 45 4 D RT3 T, S LA o 48 1
MBI 24 T B AT I A R B 7 5 AR AT BT B0 TR R P IR B AR SR, B AT 1E 5 IR SR
AR R L 58 RGP IR EL.

PR OO AR B R AR B an ] 17 BT AR R AR BB 2 A0, NI T PN BT FirstRead i1 SecondRead, PL K 7
253T GenerateFirstRead 1 GenerateSecondRead, 454 2 it A A5 — AN 4, H T R om 3 /R 15 3K

GenerateSecondRead ZZiT ) — 255 N 9IK B T it ReadFileResponse,iX 7] LL{RIE R A5 2455 1 AMkid R 5¢
RIS A TR RIBFE 2 REE R 5 AT HhBAT P RIS EE AE R0 R MBI AT IS 1 7= A 1 45 TRAH ), R S AR AN 2
DR 22 G P R (B0 5 A RS 3 HL R AT AT IRPIR S 73 (RS /N T 3 AT 1T BATRT Ak 23 47

B AE 2 — SO0 8 SURAT BB 21 2 RS TR — HHE 00 25 R AH ), BRI AR X — S2 56 1 B A — JOIRES T S
Ao 5 AT A - Bl 50 R O 1 AR 3R ] ) 54 A 7 A [ R O 1 SR 4 SRS R IRDIR S AR il A — BOIRES

\\\\\
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TREAD FILE REQUEST
GeneratelirstRead @condRe@

/L READ_FTIE_REQUIEST

ReadFiIeReQuest\'(i GenerateSeconfRead
READ_FILE_REQUEST H

NamenodeRead qﬂaﬁ' eResponse;‘J

[NamenodeRead | READ_FILE_RESPONSE

Fig.17 System read operation configuration of operation layer consisteny
17 HBEE St Ra i N E B
441 FTRIEILT RIREE — it
TR LN BHRAE 2 — Sk S48 op RS A R IR 3.
Table 3 State space report of operation layer consistency without error
K3 MR TRER —BUIRE T R &

Giit i M
R R 607
RAENE 40

A—HURE 8

AR —BURESH R AR, R R E LB R A T E I B R B EEP AR 4 F W] fe
HENA—BURE L —F A —BCRE RS TREE RS 1 SRR KRB JG — A SO YL A7 i o B il 47
NameNode 1, ic 5% & 7% 1% W4 B 3 77-% 7 datanodel A1 datanode2 5 &5 _I-.datanodel i) 30 fHH B4 5 BTh, i &
%2 datanode2 (15 SC A4 HLil SR A0 AR A Ab B3 S e] 5 i U S R R VR R AE 43 I Vi 19 T datanodel A
datanode2. ] i X FAS — FOIRZS 7R 1) /2 1datanodel 5 i B S D4 5 BT, datanode2 5 L [F S PR
b T HREARES, W AR A datanode?2 A B T P 0L SCA 4R AR 4 Sl U7 ) T3 P S B 1 A 545 D7 ) datanodel fYi3
T SR BTN RS H0HE, 1M U5 1) datanode2 fisE 18 3K 2 0, AT 77 A2 T B B A — 2L

RGP I TOAS S R I ERAEE — B DU T 48,

(1) R HIEEZPA S FEA— S0 R F 2 2484 2 [0 4% 7 (1 PSR A ),

(2) Z&id LB E ML, RS R A STBERERERER —BURE.

442 HEENTHEREEZ S

BB LT BRAE 2 — Btk se e RS 2 IR R 5 LR 4.

Table 4  State space report of operation layer consistency with error

x4 AU AR - BUEIRE R

B N
RET A 1067
REIRES 81
A —BURE 16

PL— AN — SR &S N6 50 M R R AR ZOR S S T b R B datanode2 SEBR A7 fif T 1% SCAF B
datanode3 5 SCAF AR e, 52 S [F1 R JEE T R B R PR VR R E 23 B Ui 1) T datanode2 AT datanode3, 75 AR T — IR K Th
— VR T B 4 R R TR T R A A B A — B
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LRE T H A T RIERAEE — 8 F UL T4 iR
(1) R HIERERNA — B B — B0 R B AT 2 AR 2 10044 75 0 DS T2 5 R [ Bl A A4 75
TR I R — R R AR S R

(2) FBHERAER, BV I 208 I A 1% 3, R AR A WAL B 21— BOIRES.
45 RNt

AR I B IR AT ) 77 3 Hadoop 3#E 47 N T3R8, K 240 75 2 2~3 JE sy ) B N @ 48575 s A4, i T A3
i ARG H BT SEELE SR, WXt Cassandra (¥ H AT @A 10 AR AR 10, % H & 3T A sh @ i AR R
L HE T HER S BB R TR & — B0 PR I8 E AN LB N TR H & 3 3 g B i
51052 B [V 505 T P A, 75 AR N A AR S B 17 S B A 0 T R A S A f5 BRI A CPN Tools
TSR A 25 18] 6 T AR SCHE H AR R 3k AT - S FE S 2 5 434 A bG BE A T4 B okl 3k — RE I 2 AT DA 32 1.
4.6 AT

AFTSr 4 12T CPN Tools HPRA 2] 70 B TR A IF LLZ T A48 F-B, UL HDFS 5 AR B R N FEA,
MEHE 2 — BUEANSRAE R — B A M B PR AT 1 A — BRI DL B L P AR BRI A S g % T HDFS B
A AR

LR PRAS — B I 70 Ml DU L B8 B AN — BOURERAE A — B B IR R B, A 8RB T A
— B AT RER T SR AR LI B R AR SR AN — B0 53— R R R I A B LA AN B D HDFS fe ¥ £E 152
SO B 5 — B A FileINode B2 SR BT AR VA7 it (o2 B, Se I IF A BE PRAES — MR o L O &%l 15
SCAEBRARAE TR U7 1) A7) o8l 5 ot 7T B 5 S04SR A B R AR 45 R (L3R 5)

Table 5 HDFS data consistency analysis summary table
5 HDFS Hif — ki 4 RIL ek

W Ko = Bk b (> § 64
s | L FEAEAN— B0 S IR A 22 ) A T) i A% S FE AN ) | IR 2, B RUR AR A
2. 2 RGN A, R G R SRR B

e | b AAEAR — B R B R BUA AL R A RIA S RN | R, U A
2. QR LS RO UA SR E - BURES SRS — Bk

B AR B — 8RR AETE SO IR G — 3 R R R G — B B AE B 2 W R i, A SO e B
S5 BRI R A R, DR B ORI B 0 — B

HDFS 1) SCRY b — BUME A 24 — A% P vl O 8 (0 ST 5% 1 5, S th % 7 i vl AT B 21 56 2 1) iX —
SO AR ST 45 18 DR B IR 7E — AN 38 7 i 1) 8 ST A A 2 e At % P ity 1S B SO AR B 0 — B0 B T SoRs
ESLPSAE

BAVEREFHDFS 124 T FileStatus [ getLen(-)#: HRIRISCAE K/, 2428 DL & IR [l E./5 58 B SO )
R RE SR, LR AR R FSDatalnputStream 42 143 K 5 58 (1 S4Bt 52 B HH SR, TR bk, S R s BB R /N AT g
T getLen(-)[IR [FME. B B AT LAXS 25T HDFS (9 &2 B IR A 3R @ B0 i T4 — BUB BLTE A [F & 7 o 132 B TR
—ANIEES NSO X —1E 50, H bk, 75 5 2 30 AT 52 P A 388 0 6 SO e 0 4 3 g AT AR I, Rk 31— 3ok
FRT PR 04SP 1 A S IO 2 BT getlen() 75 B SCAF S BE, 35 SE bR S I 3 i SCAF S B KT getLen(-) IR [al
B, 58 B SR B B T R 5 58 B SC A e, i T DAAR B B 75 SR I B TR KT getlen )i [RI{E 1 36 7 H s 2 7%
o 001 R 7 D AT DAGRAIE BT 25 7 i 152 28] 400 — s SRR B DO 4 — S0P T RAIE T o 1 R B T R
16 B JZE E47 16, 5 [70 1 B2 7T DA 38 AS [R] f 42 ol SR mes, R R 25 B 5K HDFS [ v vl P E T2 SRS AN 384 m T

— VR getLen(-) i AT — Y 2 S0 T, AT et AR 2 i 2 F) J2 16 1
5 &2 &

n°

ASCEETH 0 Petri T J& HDFS £di — SOk (KA S 7E, 58 B 3 2 TAR AT :
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o fEFHA 4 Petri B TR CPN Tools %t HDFS (11 5 it #2 f v AL BY i 45 AL & — AN oI J7 I 45 £ Petri )
BEAY FEANZIm T HDFS P& A A ——2 700 sy B0 47 o5 R0 28 7 i 1 PO B 45 45 40 . A% 0 Dhifg
S AR B IR,

o  HTFHM Petri MBIl FLRAS AR T H 41 T HDFS KIEE 2 — BRI E 2 — Bk dn AT &
ZIAE AL 2 A R 1 D303 R 7 58 A AR 5], AR 2R G0 2 B0 2 — B0HE . SR AT R %0 22 v /) — 3
PR 0] 1) 45 J R 58 4 M 7 00, U RR 2R B3 2 B2 A 2 — BIOME 1 %o 4 — P — 000 R R TE O A S AR R AT
B AR T R IR 2180 20 11 3 A — BORES 17 A2 5 R s A6 77 a1 64T T VR 1) 20 7, W T RRTE
A AR I — B R AR SCRF LS T BT TR AE AR — BN S

o ARCUARIA—SUE AN HDFS REHAT 14087 Wik HF ZEXT HDFS £ 4 i Ho A 4t 5 2E 47 4347, ) ]
CAIEAT 2 BA R A A0 - SR TR 3047 HDFS WIRT A Ak M 58 55 20 A, BT DU AR 2 1 Dy i 8 2
fith A& o 838 i AH 5% (1 A8E 2 I 3 ADIR S 25 18] 1A 36 7 72, S B net LAt iR 1 1 23 A b A0 R A SR A
HDFS AT #A5 E2 2 S0 1) T4 R R R 5@ F F oAt 4 A 2R R 45, B ek 19 5@

JEEER AR TAE RS WA A1) ASCHRE T —FR e S 2 il S 5 BUEOIE AN — SUR AR o 5 v, T LA SO
ROR LR 3 — S HDFS w2 & T LB A AL 5 G ik 5 it A ol 3 it — B0 Bl 30 e, A B 2 N 3R gt 1
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