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Abstract; DPU (data process unit) is a typical component for embedded systems. It’ s widely used in space application. It
obtains data from sensors in lower level, processes data and then sends result back to master computer in higher level. There
are redundancy, testing and simulation to ensure the reliability of the DPU system. BIP ( behavior interaction priority ) is a
general formal modeling framework for embedded system. It supports hierarchy and module structure, contains a toolset inclu-
ding modeling, simulation and verification tools. This paper presented a set of general methods and principles for modeling
DPU system using BIP framework and verifying properties on the BIP model. It took a real DPU system from space as example
and succeeded in finding some bugs, which was difficulty for traditional way. The method was reusable and extendable. Tt’ s
useful to ensure the reliability of the system.
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data int temp
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tick tick<turnOff
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Priority:t1 <:2—executel<execute2

t2<t1—execute2<executel
true—executel<free2
true—execute2<freel

data int /1 I data int 12
@ initial to SLEEP @ initial to SLEEP

start1 start2
Action:{t1=time()} Action:{s2=time()}
freel @ free2 @
executel execute2
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57, DPU ZESUAT 5 111 v 17 Ak 348 o 550 1 B4 A 2 i 7 L A 1) 3
T
RGP Z AR SR XA L SE 6 R AT LU
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a0, AR SR AR BE S LA, SR FFOBUER 43 A ik S IR ol
%, 11 R LARLE Hr 2 491, lockSyne  unlockSyne 43+ Ji1)
S5 e b (8 1 ACRRIR H s [R5 T [ 25 v s e
FoAthyif DR TG 22 freeSync [A] 20, X HERRSZIL T [ 25 o W v
VIBERSFT T AGER 5 1 rp e a] LUFT B[R] 25 op e A0 20 25 L AR
H A WA RER T DL SO0 R, I B R BON K MRl R 1K
R A
[initial to MAIN |
lockSer lockSync lockSer
O D ENO (SERD)
unlockSer unlockSyne unlockSer
freeMain freeSync
11 EERS
AN, DPU R L Y BT AR R R 2 4 Ry L 2 A8 i, mT LA
HHE WA, T BIP A SRR AR B s e s . AR 7l
RERS SCIAIR I 2 A DB . — b 2 B He A A B N FR IR AL
Pt , A AT 27 0] B 380 ) 3 2 R AT BRI g — i3
— A~k B A AR R . R U
AN ERA )RR X bl REE Y= o) | E- TP/ NI IR LN
PREER G A R R R A SCR G — Ry 20, 76 DPU B
WY — MR EE I B S S O B LA RS
W7 2ARAT B RTREANAR 5, X AN LA N Y get 1 set 3 H,
ARSI X N A B BN B AR
AT AR T RGN T O R W, T R DPU 2
TR 0] 22 % 18 28 i M % 4 S 1 R KT . e, DPU A B St 40 5
AASTF M FAFGFILI (6] 25 v Wi 4SS Ee | £ 107 e i o 8
e TR EERL S B e ALYORT B A R
3.2 SMERIRERYER
Ko AR A T2 it P A A T AR i 1 12 U B 43 4 B Th i
YERIG , B A B2 45 TR UM A A8 R R B I ) e SR 25 X6 ik 4
WA A, TR PR 1 ~ 4 ZRIEFER M IR R
&, A RIRES 2 ~ 4 B FREFA S BRI A K, A E
NH o T HEENFEREDS 1 M EE RGN,
3.2.1 BREI1MEH
FEIRRER 1 SEBR R — A BRAS W A b R 2%, |
F LIRS BAE LU TR, BRI AR AR A 6 A i
TRtk o AR U SCRY : FEATA0] B i DPU 8 AT DL BlA7 8 5 132 B
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R IRER BB (AR R 9 2 5 P U 2 I Y i
BEEZ JEBAR B Shfg e, T X IR A A S ORI A 15 Y 13
B AR5 B4 AR B B BT T A 12 Fis i [ s b
R, BRI ILT IDLE RS, 0] LAl i lock 2/ %% %] LOCK
RS, TR BRSO BR B 2 BE s 8 T DPU Ay R 45
f, 7€ IDLE 1 LOCK RZS T 43 31T AFRAT read Fl lock #4E,
PATZ G RLR A

data int x
initial to IDLE do {x=0}

lock
FFRN lock

read(x)
E12 feEam

3.2.2 EZHARGAHEM

FERGALE WA 0 B 20 fi 2 [7] 25 vh W, 45 ms (19 B 45
) 22 B e P R R UER &, AR5 S5 DPU (944, 1 500 ms
BT 4 3 10 8 . R mT DA g s — MR B R 5
BT

B AN T — M B ARFAEM=AE 54
1Yy BIP £, 25 1 100 174HS, 552~ BIP &5 £, %4
FRLIE T = JE A,

4 FRIEEMHER

553 BAAR TN DPU ZR 8 A SN B BE AR B85 1l 57 58— 1Y
BIP BRI i R o O 1 B UE SR P, 38 i BT R R AT AR, A
AR L 42 Bk, A R 5k

a) AR P I AT BN A), M R AT R B . BIP
FERI AT LA L BIP 4 i A 2 13K C ++ ALY, IF 15 BIP 5] 584Q
B — 2 2 1S PT R AT 9 0 ECRR P , 3 i LR Py i A S
AL EI RSB TR, KA DPU B 7 5 A7 7E )

b)) 5 Fp B e P A BT SR B A M A 1 Bl AL, A A
TISNREE R GENIEAT I U PERTY BIP AL Wids A ShAL
AL IR TE R GEE AR B ZS Z BT AN RERZ I R SE AT
5 — AR T LR B SIALATLE , W% A S —Le s i
BT E ST I S AT S, O T RIEAS R R &
48, HM 7 ANZIE T, TR LI AR Dy e 6 i 1 2 5 58
s A SR EYERE O HAOZE & — R, Hs
PEAN L I HE ABR DR, S DRAR 2 — B8, D o8 5 s
Pe— BORREW I, B REEHBIE

AICEFET T D) o X R YEEAAT A FEA G < ) U5 15
AWML R AT R 585 b) Wi A ShAL X RE RS LS
A FTER (BT E TR OL T, DX S 5| A RS
i) o

N AT R GU AR PR 35 30 Wi A LA RO &
LIRS , RIRT I 2R S8 il , A S BB, ASRE
B H LA IZ L2 A RER PAT, — AR OL T, A Sl
IO 238 1 FE W R ) 7 OB A, X TR L 2 T 20 g
T DU A DR RO PR S 1 A BRSSPI A IR A
FAFERERY . AnE 13 FroR, A ShHLIEEERY lock Al read S50
TR AT N5 R G IE s tick 21 F b pi ] 282 1, i 22
TEREDRIRAS LA SN BT A AR 25 U I JE 2% 15 19 3 3R 3T 8% 0417 b
tick B4, DAGRIEAE IE #OIR ST 4% A S LA S BLZE R S8

IRz

data int count |

initial to P1 do {count=0}
tick tick

lock $—— sys.lock
read $——— sys.read

tick $——e sys.tick

tick

Guard:{count<1}
tick

Action:{count+=1}

13 EEI AT

DPU FEJFTERLAE (1 25 A1 B a8 A7 SR K I A 25 B 1, 92 B
Y T B R G DPU Z 8] (3845 7T RE ) BUAE 5 (18] 25 Hh Ik
UGG ) B0 TR AT BRI 45 D%, A SCRSE A [8] (1 b
PN T =AARIE I B RGO, T8 s ARl AE
PAIE L «

a) EFALG 1, R0 3.2.2 [HERL, XE— A IR
B ESARER,

b) EFARGE 2. BRI EERSE | RSERL L HEA T B, 6
ZREMEFI UG 5 RIS L T I RS

o) FHRG 3, FHEARG 2 & —FICEALB AL, 1)
(i) — JET 0 4 R ekt 25 B A0 P IR AU SRR T,
XAEOL N IR 2 TR S R, SRR B RS
3 TER I SR LA AN AR RCHE, N AR B AR 20, A R [7)
— NG S AR Z5k, B 14 Zx #8083l
FHIR R B M INIT 3] SYNC BT AR AR B R,
P LY AR 2 (count ==0 && signal) I, IS
HRREVEAT , XA IEOL T BIP 5l BEAL PRk — TR IAT, A
ST AN 1 o

data int count

data bool signal

initial to INIT do {couni=0;signal=true}
priority:tick<*

Guard:{count==0}

: sendSync X
: fick Action:{signal=true} tick
Action:{count-++} Action:{count++}

Guard:{count==0 && signa
miss
Action:{sign=false}

Guard:{count==1500}  Guard:{count==45
Tet && signal}

Action:{count=0; —

ignal=true}

Guard:{count==1500}

ret sendCommand

Action:{count=0;
signal=true}

Action:{count++}
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