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Projection-based Requirements Analysis Approach for Embedded Systems
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Abstract: Embedded systems are becoming increasingly complex, and the requirements analysis of their software systems has become a
bottleneck in embedded system development. Device dependency and interleaving execution logic are typical characteristics of embedded
software systems, necessitating effective requirement analysis methods to decouple the requirements based on device dependencies. Starting
from the idea of environment-based modeling in requirement engineering, this study proposes a projection-based requirement analysis
approach from system requirements to software requirements for embedded software systems, helping requirement engineers to effectively
decouple the requirements. The study first summarizes the system requirement and software requirement descriptions of embedded software
systems, defines the requirement decoupling strategies of embedded software systems based on interactive environment characteristics, and
designs the specification process from system requirements to software requirements. A real case study is carried out in the spacecraft sun

search system, and five representative case scenarios are quantitatively evaluated through two metrics of coupling and cohesion, which
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demonstrate the effectiveness of the proposed approach.

Key words: embedded system; requirement analysis; requirement decoupling; problem projection; software requirement

MANXRGCE N BEYL dEhlEs. i LRGBS, N e RE . Tkl
ASHEH, MISMR RERT . PUBBRSEIE, A8 RIFHE R, 5IER, kARG & TR
(¥ 52 2 5 A ZE R IR Jon 20, 49 G, 2007 A — IR (K B SR A0 5 K40 270 AN 5550 U BN ThAE, 1M 2010 4
PR E 500 2 AT B RO, N 2R G0 T SR A B A DULEE B 1 4% TR, 2010 4E 4 5
125 {2 & B Re IR A% T F] 2020 4F, XA T CEM T 4 5. WA EHITE RN E g ARG RENITR
iR BRI ERAR. A& S AT A TR R TTE AN E G IMER E MRA X RR R FH R, MAKXREM K
TR DA BONIRA T R G K P ) L.

— R, — MR TUR GO T AL AR 2 A, WURRLAS AR FH 2855, B DR BLER 3R A54E 5, 18 A
FHZS R AN RN B, H R SR EAA SR 1) R & OB . XM R R A R RSN T R B AL, F 2R A AL
bR vy 2 RERL 2 75 SR 20 2 BE T R OF AT R e, TR R N R IR E AN R ) R ok R & HiTE 4 f — L
KT MAXNKM RAF R AT LAE. W Lavi % A3 H ) ECSAM (embedded computer system analysis and
modeling) 7575 ™%, 51 G 7 3R TREIR A S5 AT N SRIRE R G 8 45 T F R 5. Alford #2HH T SYSREM
(the system requirements engineering methodology) 752 "4 5 sk TR AT Th g /0. Wrigley F I 5 :\dthik
TR HTIE R ™, 515 R A2 A H bR R G R BT URIE 5 AT ThAE RS Ak X8 TR TR T A2 480 Th g 7 fif
BCE RS ERRE, AT RURE BRI 4 D SR U, JEVE AR B N 2R G5 i) 75 SR 1 28 2Pk 1) L. o] Al e R AL 4 1 4%
il 75 3R 2 AR RN AT R G T K I AE AL

FEIRAT 1 75 R T2 57270, Jackson 41 HH ) il RELHE B2 7 12 PRk S RIVH 58 IR 0 SR 5 28 LIRS, 4%
TR LR AN G TR, R RN R G T, SR AE N — PRk 38 B, B B, B T IR
G5 T SR ISR VLA AR E, A5 1) AR L 5 R AR S IR R G TR U Re b, AT RO TSR 5 AR, 10 RAE
ZRTVEIE e ST 8. GREHRI AR, BOHAR R AR € AL A A0 B, R A A AR SC I AR G, Se VR RS HIAER
HE EHRARXRG T, 20DhalF L E R —R&ENBN, SR EREREES, BB IE SRR
G110 T SR AR, 7E M BRI b, FRATHORTIA T AR U IR T P DU S R R 4 R 1 O T SR R V. AR
M, %A J5 18 RORVE 5 B Ak FE AR ORI 75 SRARAS, 5 B 4R BEA 72 88, T e 2 85 B k. DRIk, 4= S B[] E
BTy R, DA T IR BT R TR 7R AR OO IR 5, MR AN R RS A TR BE TR ST, R A
A RGN T SRR TT 5. FATEE XS 2T HIRER AN (K 9C FR5E ST i) FEURRE SR, il B o8 S S50 40, B 05 S (R Bk
R AEBGE MR b, TR T — R G IR N SR A R TR SR INL T35, LARE 28 1) 75 SR 22 43 1) B A S R 22
DUERGT.

o MBI VA RS T RAFAE, R 1 8 (G R B & (8 E) 45077 AR A X R RN RFTH K
SRR, K in SRR R A A

o ST T 5 PRI R G0 75 K 17 AR SRS, BT X AR E RN . Al — W& 2 PERiE. BB AR

VNG U e EINATE e NP

o BN T RGUFFIN . RAFTRE . AT RN, HIRTFRMMEES), WL T ERMAREM RS
RRE SR MLI AR, @S2 T TR IR R R, AR R TR E T HAl

ATCE 1 XA O TAE AT LR, 28 2 A @I AN, 28 3 WA HIRA KR AN RA T R SHMAF K
R, B 4 71958 S BRSNS 28 S T RTHR AN RAF R MLALFE. 25 6 1 LINUR AR P R RS0 01013
AT RGBS, FRSASCTEH#AT 1A AT )5 S840

1 HxIfE
H AT A4 5 T AR R G TR TAE#S /25 T ThAS AR . 9140, Lavi 25 A M ECSAM J7i8: BUR 1 T
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MERGANAT IR RGN AT AT o, SMEAT R R4S HAR AR5 18] i) 22 B Ji i (6 ) PR E I ==,
FHIR I RGN L 2 BTG, B S 3BAT A 9 AT . RA TSR IVRE A0 B 7 K TR IARIE & 7 R Gali 4l
KR TR 8 T R SR, 25 EFEARIR TR R AT 0 B S, T 2K K TIRRIM &5, Alford 55 A4
H SYSREM ik, %5108 LT REE T RIFGE N0 BB SR L FL T R G0, &6 ThAg o ik, S ThRERIH N
B A H T o0 R T B B AR B ORI R I, 127 VAT TR AT 40 0T, FR45 T S0 T 0> i BT 95 06 A2 1) 4%
. R, 125 R B o3 AR R R BARSE P AT L A2 5.

B — LA ¢ AR R HH 75 SRR AL I S, 1B Bt R T8 RS BARRR K. 1 Wrigley $&H T —Fh 7 ik R 3 i
SCARTRE T SR BNV 5535 BN, TN BT T R B SARAT N, HARYEAT AR AT LA BUE BT RAL, TERURE FAT N
ok U Rk — B 1 AR, Wrigley I e (functionality) RiE RGAT MRS, XM SySML[IS]E‘]ﬂ%WU (use
case). 73R (requirement) 24 ™, HFEROWrd N Bis RE M ohfe s E ik, FHERBARRERIFES
TSI, 5 SR DRk A N i & n] B 2N R AR IR BRI Th Rk, AT B 23045 R 08 IO 4015 ThRe At ik . SR, 1X 28
TEHR VAR A B R R AA D R R ], IR S SO TR A SR .

H— TAEGE T FHRDMRARELL. 6141, Penzenstadler 32 1~ DeSyRe 7k 78 2 40 55 5Kk ©L A1 B 0L
T, A AR PR R HE SR N 23 SRS A A O S 75 SR BEAT 1 0 . JH b B U/ R VEAE R A ) Hoare 324 AT B/ 5 B
SAFHAT I NFR, 5 X T 3 P s s, 18 5 %K TRRIMHEAT 75 SR . SR, 1% 7 V2 B SR A% F B 3R 15
) Hoare B3R 1A, 3T Hoare 3245 FIHEIE AR XS RIS, 373 4h, I — L8 TARER X4 8 SUEEAT 740 0. i an Ak
A-7 KHLBAEIT R AT Y SCR (software cost reduction) 753k S 24 7 —Fd M\ R 48 75 SR BT N7 R IIE L )5
. B IR FR G0 RN T O T, K e T A — A AR N AR T 1y AR T R A

TIRE 7 R ANRE A DURS BRI 23 D9 JS U, A0 i th 00 7 Th e < AL RS SL I, A0 753K (TTRE) L IRIMAE 2R,
AROZHEABEES. 5EAIAE, B2 2001 4 Jackson 7E [l @HE S 77 vk Hh 42 B () —F s i) 1) R0 2% B8 1) e
FBO, B KRR T T SR, ARV BE A TE T R R R S AR R T KB TR, A
2006 4F, Jin 25 Nt4R t T 1% 5 1& (scenario graph) M4RESE, BI-F4) RERIE, HEERHE T B2 m R 20 &7 78 2009
ERANVRH T T R (problem diagram) FIE 51 (1) H sh #8077 1, SR FE S R S 48 B2, b 1] i 1 ik
17T Ash%. MUk, ATEIR L T R 5HE 1E 508, 38 x4k il B A 5 P, ER R i T3k
] 5 F) 2 BV R IE A . AT U A i AT 5 ST 3 T AR R TR LR R iR, W UE A E T
B AL LA B AT T AR, S AR H AN T SR T B0AIE, B T ¢ & TSR IE I 5 2%

5 IR AR AL I TAEAR L, AR SO I VR IR AL TS A 1) 75 ok TR S, BRI AR RA TR
ARG T L 2 & S BRI T R R ), MBI R o) iR, 18 B2 Re fBAR A [R5 FE AN [F) D e vh i Ak
A . ST B TAR RO B YL FE AN ), A SO R I 22 BLERBE 2 TR I 08 2R K, 38 ST 1) R A 4 SR s,
CAGREEE 2 W5 4 15 I e o J5 ] DATE F5 5t 2t b 35 Bh AR R 22 SR 2 1) 35 oK, 3 M0 /5 95 SR 110 P 3R 1k - PRI
AR A SCHIFRRNIE T AR AL TR SR 2 [N PTIB BROC R, A BT 40tk S B 1) REU AR I 72, (8 TE R SRR TE I
HATFREH.

2 FEHEIR

TR A& AR T S ) R 1 S DA R ) s R
2.1 [o)FE[E

i) 5 P Jackson 7E il FLHE 42 5 v 4t P, 8 304 T Sk i) AT K 7 SR M0 TR B IR IX 43 1 3K AF (machine)
) AT, (problem domain), F&H AR AEFF RS, TR 2R AE TEAE R 7R, 1) R AT B0 R 258 B s 44,
HTLAER N, 1) B4 G4 3 Ffr: RISRATER . 3R192 40U A () 32 400tk G m ORT SR A4 AT 1Y) B G 2 B A7 T 0 )
RIR IR R, Wik 4. VESUS TR EUE A7k, W E 8 BRI RoR. B EPUEEERA. K
5 1) AT 2 A A8 B, I SE2RR0R. XU BR LA UG < ID, Ini,Rec, Con, Typ > %7, HoH, ID N H 9%
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T, Ini N B RAEHE, Rec AL EIHWE, Con AFXZEIE, Tip NG EA, GFEEM (event). IRE (state) FIME
(value). IXEEAZ T N HONAT A E. ALt 17 85 B B #3808 T 75 2K (2RI 227, DA B 5 SR 0T ) R 43k
IG5 g 20K, 73R 51 F (reference, FANHT §7 3k I RE 28R m) FI TR SRZIH (constraint, FH 77 i Sk i i 8K R)
I3 TR F SRR ARBPIX AR, TR LI G R A, Herb U Y 1) R A5 A A= R B R T DL 22 BT X

BATRRIE. N T 54T NS EEAT XA, SRS AR AL .

B 1(a) A& —A i SRR 7, %00 75 STk [9], RIE T B IR ERAE A9BSR IF 54T (comandded behavior)
DL I TR U FF 54T (light regime) P45 3K, HA AT Y4 8% (light controller (LC)) J& fFFF & AL, #AF R
(operator (OP)). Tt HL7G (LightUnits[i] (LU)) FHI4¥ (clock (CL)) AiZ 8 i 1] BRUATI, 4T % B o AT b A [ SR
A3, HAE ORI, TP 6 ANMTNACE: inty, inty, ints—intg, IR T W 5 ix ) BT 2 7] A2 ELAT A
FGAN T SR AT il EATUIAT 75 >R 71 FH sk 2R an i IR 1 SR B BESRIF O UT oK, LR MHEEAE B int; A inty (K42, BP

i) LI EE AL T IF AN ARZS (On, Off).

int,, int, B e
___¢~ Commanded™ ~
Operator (OP) < _behavior _ -’

4 L, T
Light int;[ LightUnits[/] k’lnts, inty
controller (LC)[\intg (LU) Jnts, inty

int,, int,

N — R .
Ve Light ~

ints, inty > )
. N~ _ _regime _ -~
ints, intg T
int;: <OP, LC, OnButton>[event] int,: <OP, LC, OffButton>[event]
int;: <LU, ——, On>[state] inty: <LU, ——, Off>[state]

ints: <CL, LC, OnTime>[event] ints: <CL, LC, OffTime>[event]
int;: <LC, LU, OnPulse>[event] intg: <LC, LU, OffPulse>[event]

(a) Light controller: problem diagram

BT R AN SR T

2.2 1HEE

(b) Commanded behavior: scenario graph

15 35 Bl e A< T BAAE 2009 45t F T4 b vl 5 Pl vl (0 47 A 58 L 0 i 52 300 5 SR o ST B 58 L s AR U vy
R EAAE 3 R, AT N (SRR M) RS E (BB AR S8 8, ATV B EECOR B W,
A H N AR v ) SR 51 B R T BOAT 9. 3 AT TR A UML i 3 & vh i bR o, AT 4671
CRESCO R Zbm (B, 20301 ml CRERL). & IFT 0 GETR) AAIWTT AL GETE) S0 a2 119 A

5B A B B R IR 5 RS R AR, BN ARAT AT KR (BO). MIEFK A (EO). 17 fHAES
£ (BE). FRWIE KR (RE) MIFAL KR (SC). H, 7T NFRAFIRAT N L M 8EAT N 5161 k2
VRSB PP R 28, HI AT DN A2 ELAZ YT AR 1R0AT NS EL AR 1 m i s 7 Sk SR i3k, W&l 1(b) o int; 5 int; Z (8]
KA. W R AR E R G2 A 8 WSS 0542 00 m (A S8 96 2, e B A2 /e ) s 4 1) BT 2
AZH T A SR MR R, WAL 1(b) Y inty b inty Z AIAYSR R AT AR C RERAT AL HAL R A B
KA, T HIAT A T RUAR AU B A T i (K7 i Sk SRR, WAL 1(b) H int, 5 inty Z[A]ASC R, i sRIPTE KR
TR WA HLEORAT NS R, B B A B R AR AT 958 BT R (R Sk SR RO, Al R R RN AT AL

H 5L H RN KA, FITE TSk SRR,
2.3 ETEIEEFERE B

BT LU Sk e AR, A5 B T 1) AL AN 1R AT DA 1 R A bR SRS (05, RATIPE T
AR e ST R T S e B . BRSNS 2l (PD) = SPD . Hoth, m AR T, PD AR L,

sce =R YEE
Y I 850 ] 1 5

TH 5, req 72 sce ZSLHLIT R, SPD B33 M T W B & B (7) WA Jiar

Blhn, A S 1(b) e gE BT i RRE] 1(a) BEAT B0, HBGZ M H T @ & 2 fros. b, 8
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int,—int, LA AT NAZH int;~ intys int;. intg ZRAZE 5 1(b) F¥5 K BIAC H, 1A @4 #AE R (OP) FILT 65T
(LU) 20X 212 T35 J B4, 75 3R A2 %0 5 B SE P00 75 SR R A 53 1 B SR FF 24T (commanded behavior). #X
FENET AN T4, B 2 I 1(b) 43 2 3 /1 1] A e ot P A i 5

int,, int,

~~¢~ Commanded™ ~
_-7'~ _ _behavior _ -~

int;, int,

Operator (OP)
controller (LC LightUnits[{]
int, intg LU

int;: <OP, LC, OnButton>[event] int,: <OP, LC, OffButton>[event]
inty: <LU, ——, On>[state] int,: <LU, ——, Off>[state]
int;: <LC, LU, OnPulse>[event] intg: <LC, LU, OffPulse>[event]

B2 SO 7 ) R R 5 0 BRI RAT

i EAR A2, & 1(a) B R ) 2 A @ sRIG LR BE#——ATOE T (LU) FTTT 556, S 3R Z A7
FEFE B A, 35 BT SRESR LA AT e BT T T, 1 [FI 53 — A SR ESRATOE L IC R IR, 2 BT e 8k
ARG, T PRIZAS ), FRATTEE A ST AP RATe R s (L 28 4 S5 B Rl & A0 i R ), B CFOR K 1)
R, R BT A KT O BT R R A TR — B e v, Sl B 4 X AT O L TCREAT Gt — A, AT 8 St I v 2 ]
R, T A% GE D RE 20k 7 120 A A BRI 6 .

3 AR RGER L

KA AITIRN A RA T REHE, I HMIREE AR R G RAEF R GHMAFRLIL T, SR
RAFH RGP FRIFR e Rl M1 5% I, LAUGATE D 75 SR 0] R AR AN A 75 SR 4 ) A,
3.1 BARKRERGERIFE

MARRGZESFEEE O SR H R a8 A4k, Ho, NN R G (1128, software
controller) — il i &N 35 (sensor) FIE S (actuator) S SLHILN I % G (0 B Az il SRR, Bt n] DAEE
W Ema B 2524 52 (operator) 4, MR AZ 1% (data store) HH AT BHE A76f 5l 15 B, DA R 2 B () 3047 B30 Ak
FEE. DR AN E RS (embedded software system) A% 0, T5 Z 5 2 2 BRI SAF NI (environment
entity), 7] LLE H ik AR R A S EL W 3 fros. AR s se iR e 4% #:4E R (operator). 4% W I SE &
(monitored entity) 5 #2544 (controlled entity). & Z8 R AN F 48— M — 2R M98 . ol A0 DU 2
AR WA AL, HoP & G B (clock) R8s AR F #4545,

ints, inty

Software controller Embedded software system
Clock

Clock (C) Signal controller, Data store
ensor ctuator
Monitor| data controller, ! Control
Environment entity
Onerator Monitored || Controlled
P entity entit
K3 iR AR R AL

RN R R G AR AL O 58 IRE R IR T T, B R G I 7 SR A3 2 AV BN SR S BRI e
I AN A SRS L 5E D R R SE B D RE RO RE 56 B R RN SUERAE R BRI RE ), Ja B A N U A R 4t
IBE ST, A SLFZIE G, BIAHAr 73 A S A SR R G A0 L 7 3K

WRE I 3 Fros A B RGTE5 R, B R G 7 SRR B R G I S ds AR 45 e iOnt Sh R 3 35

i

i

i
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SRR IR R ). AR R 7R SRR E i e S PR ), BT R A I A KU X B A
TR BAR R IR R RS B A FIAE A8 058 T, DA 25 B FH 2% -5 B AT T R B RN B T B SR B S 2
] PRI A2 B, X G585 258G BT SR 1) S 428 1 12 4.

3.2 RHERFEERERHEEKR

FATX 73 BN IRA ) R G T R FNERAR oK. Horh, SR AF I R G 75 5K (system requirements) AR 3 H
EE R T ) T R AR LR B 3 BVE F A8 S A SR I R, A SCEAT T UGB AR Y. X it~ A B R K4
W F RN NP RGE— R T ESL S AR, M EAT et LR, TR N R R REUNF
I e E R A ) N P B AR b, BN TR R ST SR AT LA A0 R DU G2 R R

<RS,ELLES,ER >,
Hrh,

® RS ={rsy,...,rs,} RIRARNKMREFKRIES;

o El={eiy,...,ei,} MRS HEHIE A S B FAERL T HES;

e ES :El > RS RMELZH 5 RGE T RAINISLHEL R,

® ER:EIl — EI R 1B H R ER A F LR,

BRI RS B, AR 22 B FLos R, Hrh 5 v DABRAG . RRoi i, %o S I R 28R, 75 1] A
BT o FEA B, IR IR AR RARHE, A S — P 3445 H48 4 (instruction) 5155 (signal) AR AL
WAL B At 4. E5 . IRE. (HIX 4 P2y

B 1) A 5 RN 2% BUAE P AR AT A T, WA R U IR IR S8 1 5 SE LR G T R, BRATTFR K A 5 N 4 B AE 4
Z B A AT N . AT AL BALH B A R A GRIE. AT A B R AR T A7 K (software
requirements). 34 75 =K AT DA IE AU e AH:

<CS,BI,BS,BR >,
H,

® CS ={cs,...,cs,) REBMFRES;

® Bl ={bi,...,bi,} RATNZHIIES:;

® BS : Bl - CS RATNL H 5B Z AR R,

® BR:BI — BI 2T N H KL P AR,

TRZHSBEZRHRAZMW T AT N EAE R T A T, HAT Ae i 72 22 A 2 IEE A B IIT 290, AT =5
TR FA A @ 58 Rp i, ARYE SCER [21], B R 5 R G0 SRk (R v 75 ZEAS AN IR BEAT PSR, 7E R TRk
VR B HHER AR FR I AR I A G A BB AR S SRR, AR DA R A B S BR R R AT R G R
B BEATAE S AURAT S ST, T AT o R U R, I EATT, T DA S AE M AR B 54T A H 2 (A oK
ORI RN AT LLE s B A B 54T R B M R REATRER, GIEFD . AT R TR
3 FPRTREIOC ZR. HLFRATT R I, Il 5 P I 55 T T DL R IR R N N R 7oK, AT IR I R 75 SRR,
W BT F R R, 7T LARAE st RIE N RS R HE KA TR L R Bk, FE AR SO, FRATTSR A i) (1 A0 1
S 9IS R G 75 SR B3R 75 SR I 2.

4 BRI

ARG BT — TN ST R GE RS B, AR DR SR N SUICE 2R G 10 75 SRR AR [0 AL, Ke S P A
R HAXS T SR R, O 1 A9 2 BE 22 B AE L, BRATAOLEE 2, N U R e BE 70 (A 5 oo A A A 2
AEVIIC R, MR A BV R AL BE RS, FRATBETH AR SR LA ST RPIR U 75 SR B4R L. iR = 9 3R
SRR TN, FRATALE 5 FidAs s ms A=,

o SR 1: AL B4R AT 7 A
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TZRHE T B X WA AR L AN EAE L R R RGO, B L8 R I 75 SRR TT. Bk, ik —
M RGL T RIS B A A & AR, I IR B EAREE A RO R, AT LUK A7 SR a8 AT 3R 4y, T — 2T
1 75K, AT 7RG B — & Blin, 72K 4(a) H, “InH (power-on)” 7 SR E R 73 7% 3£ % 1 (Devicel)
% 2 (Device2) HHATIMEEEAE. R HAE S EH (B 4(b)), I INEBRAE R IR R KR, BA LR, AT LK%
T RIFA NAT 753K, BI<# 4 1 IHE (Devicel power-on)”F1“i5 7% 2 fiNHL (Device2 power-on)”, Fin) @ 411 4(c)
PR, RIFES 5t ER A, il 4(d) FIHE 4(e) Fos. iZskmE v DB SRR .

int;: <D1, ——, D1 power-on state>[state]
inty: <D2, ——, D2 power-on state>[state]
int;: <SC, D1, D1 power-on signal>[signal]
inty: <SC, D2, D2 power-on signal>[signal]

(a) Before processing: Devicel power-on

. . int; , -~ Devicel ™~
int; 4 Devicel (D1) [« ---¢ ~ _power-on_ _ 7
Software -
controller (SC) : e e b
; int, -~ Device2 ~ ™
int. H e D
4 Device2 (D2) {_ _power-on_ _~
int;: <D1, ——, D1 power-on state>[state]
inty: <D2, ——, D2 power-on state>[state]

int;: <SC, D1, D1 power-on signal>[signal]

int,: <SC, D2, D2 power-on signal>[signal]
(c) After processing: Devicel power-on
and Device2 power-on problem diagram

and Device2 power-on problem diagram

]
(b) Before processing: Devicel power-on O @

and Device2 power-onscenariograph

B4 RFMRRRSRES | 5 a5 N s ] 45 31

AL SRENE 12 X1 & PD =< CS, DS, BI,RS,ELLRC > K H 0 N 1E 5 ¥ SD, =< BI,,EI,,CN,,ES; >, 3.H RS =
{rs1,780,...,18,}, 1 <i<n, BI =\J.,BI, EI = \J\_EI,. &51#1E rs; € RS BRI KA CHFHAUR, X B RH
PN, #5822/ & T DAR EEEAT) BT L, HIX B HAE rs; ST AU 52 B SD, ATEAER IR LI R, WHAAT
WA R.

1) B TR rs; T RPN TR rsy Mrsy, Hdrs, Flrs, &0 58 XX D& &R KRG 7K, BIRS = RS\
{rs;} U{rs;,rsnt;

2) 7E RC HECAE LI 75 SR 51 AT SR A0

3) ¥ f5 5K SD, P74 NS 5B SD,y A SD,, , Horf SDyy S35 rsyy, SDy S5 vy .

I SRS 1, FRATHE— A ) R A T T SR A R AE T AU R4 B 2 AT I R, IXRE T DLAEAS A )
P P8 2% R A AR R I 18 0, AT 2 v 7 A Il A R (Y P R 0 3RMS 1 22 1, B T2 — N 18, NEAERR A, L H
FWE 1R, BT T e B R R OC &R, Rk, IR RS .

o TRHE 20 WA RAERL G A R

2N T E R 2 AN T R ER KA 7] [7]— B % RS 2 MO R AE R 00, AR E B IR e . A SR B 1E
IR, ¥ 5 VA 28 EL I R R SOy ke, AR IR BB AN TR A1 T AR IR A AR AR ORI FR &, TR B4R
B2 AT IR B A B ok B XAt T DU A3 A 7R SR TR e 5 A A TR . FERXFE LT, 38—
AT < A Pl i > T oR A Bt 5 %R A AT SE R A B, e BT TR AR T R R I Fe A N A T R B INGE S,
H R IB R 2648 2 L e O 3 A0 J5 IS 5 1 IR — B I ROR 8 W% MAFAE 2 5% AR Je G 2 15 AL BT,
Sed AR 4 T DL Sl o5 5 IR w0 T RIS g 4, 328 Sk 5 BT HEAT A0 3. JR 46 7 sk tfg
DU A A7 57 AR R 4. IR RE <A 2 A A58 1 75 R < A 4 il i 5 S0t IS 1SRG 7R SR 2 AR AE 6 BB Aok

(e) After processing: Device2 power-on scenario graph
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F2. X P EE AR TA 1 i 3 I — AN T B 4R A B AR SR AR, b, Sk i SR A R SR AR B4R A S
AR TE B AR BB A, THTI SO A R 4, I O E 5. R & IR BRI IR IR
Fe gt fa AT HER, PRUERFCIH (48 242 41T A 48 & P L S g =i 1

B, K 5(a) #, “BE4 3 I (Device3 power-on) 7 RXF 4% 3 (Device3) HEATINHLIRAE, <B4 3 Wi
(Device3 power-off)"fi KA BL# 3 BEATITAEERAE. 1 E (B 5(b)s B 5(c)) RSB TR IS I 2R84 3
DB g 3 Wi A M R SG . EHXTR BT, 91K 3 #Ehilf (D3 control output)” &K, ML %4 3 18
4 (D3 instruction) A AF UK, Hrbeid g 3 IEhlfH BRI SN E S, & 3 T84 WU T8 4T
A E A XFAF RN E 5(d) FR. R 3 AT SR B AAE T 3 I 2/ SRRk 3 dathilf
TR STIL. U, Jr g 3 W FRoR B 3 Wit & Rk 3 Bl 7R R S /53 3 SHiG
S, oA 5e) S 3 i, B S(f) S AFE % 3 IIE4, B 5(g) SEUL /At s 3 Wirifa 4.

ints, -~D3I T~
. e - — té - Control )
int;, intg mty < _output _ ~
. . / —_——=
inty, int;o / ¢ “Store D3 ~
/. poweron
. - Bevicar ~ controller ( SC 4 /2"~ Jnstruction. -
. nts £ ov;,er—on Y int;3, ity [ D3 Tnstruction |g~ M1~ Sx ~ -
m Software |intz,[/ . (D3)|{, ~ power-on_ . intys, intyg D3I i< power-off
- e TDeviced ~ y - - - . nstruction. ~
controller (SC)| ints intﬁ‘/\ pDOSJ;f_ %Sff \, inty: <D3I, SC, D3 power-on instruction>[instruction] ~ =~ ~
S o= - intjo: <D3I, SC, D3 power-off instruction>[instruction]
ints: <D3, ——, D3 power-on state>[state] int;;: <D3I, ——, D3 power-on instruction>[instruction]
int,: <D3, ——, D3 power-off state>[state] int},: <D3I, ——, D3 power-off instruction>[instruction]
o ’ 0P ional>[sicnal int;3: <SC, D3I, D3 power-on instruction load instruction>[instruction]
int;: <SC, D3, D3 power-on signal>{signal] int;4: <SC, D3I, D3 power-off instruction load instruction>[instruction]
intg: <SC, D3, D3 power-off signal>[signal] int;s: <SC, D3I, D3 power-on instruction storage instruction>[instruction]
(a) Before processing: Device3 power-on int;s: <SC, D3I, D3 power-off instruction storage instruction>[instruction]
and power-off problem diagram (d) After processing: Device3 power-on
° and power-off problem diagram ()

® ®

(b) Before processing: Device3 power-on
scenario graph

.
v -

O O)

(f) After processing: store
D3 power-on instruction
scenario graph

{
i, inti
@ @ (e) After processing: D3 control () After processing: store
(c) Before processing: Device3 power-off output scenario graph D3 power-off instruction
scenario graph scenario graph

K5 SRR RGNS 2 Ja Boa by e AF il &5 9] 7 A 46 R

ZSRmE AR U R R I R

fEMBHENE 2: BT 400 i A B PD =< CS,DS,BI,RS,EILRC > f11E 5 B SD, =< BI,,EI,,CN,ES ;> , . RS =
(rs1,r80s..78,), 1 <i<n, BI=\JL,Bl;, EI=\J" El,. 45 PDHEAEFHANFR rsjrs, e RS 1< j<n1<k<n Hjzk)
BORXSFl— 1] %% dv RIEAFE S CORifbAUR, x ARG AW AT R, 58 24T KT CAREEET), W7 a0
RHRAE.

1) B 7 R s IR B A SR A5 408 ds , Bl RS = RS U{rs},DS = DS U{ds}), Foth ds i £ A ix
P T R RS RIS 2, rs M ds B3R, B H AL M5 528 5 R 4h 304

2) FESTER A TR rs 514 dv AR & & BB AT S ds (7)) 75 3R 51 FHBRETSR, 34 TR rs; Ml rs, 5
B dv T K 51 B

3) IERIRTE R rs; M rse A rs M sy, 355 STAFAH AL IR &, FERSE s A rsy, 505462 B A7 05 U5 ds
] (4 75 R 51 B2 TR
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4) FFE il R rs QUEILITR K1 R SD,, , B rs; A1 rs, Z A0 105 5, DASEBL rs M rs),

g 2 BENS AN A TR — R Z R R O, el HoAh ) B R e TR B IRIES — MR AT
3, 1S HAL R SRA T E O 5 W& B AT, (8T K 55 1% 58 T 00 22 P (R 4 759 CFE 7] — o) A b gk AT 4 — Ak
BRI T B R 1 P9 R, FIRT R T R AR E R S SR S AR A

® SR 3: B AR I B o F AR X

TEMRANUR G, BT 2% K15 BB A7 75 55 1l 22 A 75 SRAT I A% 100, 78 808 3R B S A 2 IAEfE A B
FEM R, N T AR AR X P B I BE OB, FRAT1E ST AAERE SR 3. SR AR AR T T A, R
SREX 5 A58 2 (8] 38 I B 0 A7 3X — T A0, (15 A 772 38 7 A R B0 T DU b, 7R3 ol i mT DU H B
B BRI AY B T BRI A R S O, BRIR T BT M RA B, G T SR

BN, 7K 6(a) 1, “Bt % 4 B4 7" (Deviced data production)” 7 >R M & 4 (Deviced) REEFE, “iBt 4% 4 %L
#5H 7% (Device4 data consumption)” 75 SR8 F % % 4 HUR, FERIE R & 4 BRI A B K FIWZ % 5 (Devices) &7
i N, & 6(b) [&T 6(c) F&IX PN SR A 5 L 0 XA O, BT ARG B4 4 Hodl (D4 data) e 77 4
I, B 4 BRA R A 4 R TE BT R A A % 4 BB AE 77 2 (Device4 data production 2)7 % % 4 B
W %% 2 (Device4 data consumption 2)” 75 3R. “W & 4 BIHAF= 2B % 4 Bl 2 277 RILZ XA % % 4 Bl
(D4 data) HE A7 A, W1 6(d) frw. JEE S B R BB, 4551 6(e) S5 K 6(h) .

- P

—

D4 data /intZ,
(D4D) [~

Software
Controller (SC)

\ \mtzz _______

int;;: <D4, SC, D4 data>[value]

int;g: <D5, ——, D5 power-on state>[state] ) int;g ~ - consumption2 _ -~
int,o: <SC, D4, D4 data acquisition instruction>[instruction] int,: <D4D, ——, D4 data>[value]
intyy: <SC, D5, DS power-on signa]>[signa]] int,,: <D4D, SC, D4 data>[value]

inty3: <SC, D4D, D4 data storage instruction>[instruction]

(a) Before processing: Device4 data production : ; : : :
inty,: <SC, D4D, D4 data load instruction>[instruction]

and data consumption problem diagram
(d) After processing: Device4 data production
and data consumption problem diagram

|
D5 needs
power-on?
Y N
\ intyg 2

|
1
v
3

(b) Before processing:
Device4 data production
scenario graph

(c) Before processing: (e) After processing:
Device4 data consumption Device4 data production . :
scenario graph 2 scenario graph (f) After processing: Device4 data

consumption 2 scenario graph

Bl6 AR SN 3 5 L e Bl A i e il T 45 R

R ] DU R R R R

FRAB TG 3: 0T A0 R AR PD =< CS, DS, BI, RS, EILRC > #f& 5t SD, =< BI,,El,,CN,,ES; >, f.H RS =
{rs1,785,...,r8,}, 1 <i<n, Bl =\J.,BI,, EI =\J\_EI, . # PD ‘:Fﬁ?‘fgﬁ%*rsj,rsk eRS(I<j<n 1<k<n Hj#k),
rs; TAEEORE (data)s rs, T BT IX SRR, IEEAT Q0 T HRAE.

1) SEINBAEAF A R ds, B DS = DS U{ds), KK rs; Ml rs, FHN rs; M rs,, BI RS = RS\(rs;,rs}U{rs,.rs;},
i ds HBAFAE rs, 7 EEAE (data), rs; WA ds SRS (data);

2) MBI 5E 28 (data) HIORIRBC & dv , 75 RC H 545 dv 553K rs; BTG R 51 FTEZIR, @S s Al rs) 2
ds PITR 5B, OIS B, IS ET
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3) 7E 1A PD ¥R S ds AT NAE ., 1BEsL B rs; M rs; S SRS S, PLSZELET 5 R rs’ Ml rs, .

o Mg 4: B ARTH RIS il

TEMARRA T, FIEEREZ FAMEIR OB TR, N T BT SRS R g RE R, 3158 LT #
FASREE 4. Z RIS RT3 0 T B B0 A B 7R SR At SRR BRIEAT 23, S8 N B A7 i SR TR0 TR A R K 2kt
R MEAF R EF R B —HERTER RN T PR, HREEAN TR RS R, U AR
BB DB A RN, EREXREIE, BEEEHOREN TR A S AT JEng 4 7TCLH T
B AN [ ) R o ) 6 S5 B, R AN P SR, SRR T IR S .

Blan, £ 7(a) H, & (computing) 75 R E R 5% 6 F0dE (D6 data) FIsE 4% 7 23 (D7 data) U5 20dE, 5
TR 25 BARAE B L5 B (computing result) AT, 18] 7(b) A2 SLBUI% R R 0 . R AU L SR AL 10 (E
B, HEFREEHANTFIEE: 75 1 (Subcomputing 1)« T+ 2 (Subcomputing 2), 7 H = @I F % &.
I, BAFRT PLETHRE IR 1, R R A RS TR A 2 DA B B A S5 AL M1 (computing) 3R 7R
FRHERFUE | 5708 2, HEEEAR ST 5 1 4553 (Subcomputing 1 result) A TAEEF 15 1 115
SEAL Hn R A 7(c) B, Fob, AT R R ILE T8 1 45 R0, AT Rk B o Al E 7(d) 51 7ee)
B, FRRFUE | 8RN 6 BIRBEEE T, BAE R AR T E 1 48, A5 THRFIUHE 2 MU
TR 1 SRR 7 B P AR, sEROHE R 4 RAEE RS R (computing result).

) intyg D6 data intys
intss (D6D) ity C ~ Subcom-~ «
" 573 '\\t\ o ints,)|Subcomputing 1 2b-7h < putingl_ s
oftware ata Intys =~ Comput- =~ Software - result (SIR) [~ ¢
Iﬂcontroller (SC) (D7D) } v S ng 7 controller (SC) %ntﬂ D7 data i{It_z(,_\:iz - Subcom-~
'int27 mtzg (D7D) // ~ Builn_g—z - 4
intyy Computing |, “inty,
int,s: <D6D, SC, D6 raw data>[value] . result (CR)
? T inty;: <S1R, ——, Subresult 1>[value]

intys: <D7D, SC, D7 raw data>[value]
inty;: <CR, ——, Final result>[value]
intyg: <SC, D6D, D6 raw data load instruction>[instruction]
intye: <SC, D7D, D7 raw data load instruction>[instruction]
inty;: <SC, CR, Final result storage instruction>[instruction] e, (c) After processing: Computing problem diagram

int3;: <S1R, SC, Subresult 1>[value]
inty3: <SC, S1R, Subresult 1 storage instruction>[instruction]
inty,: <SC, S1R, Subresult 1 load instruction>[instruction]

(a) Before processing: Computingproblemdiagram

(d) After processing: Subcomputing
1 scenario graph (e) After processing:
Subcomputing 2 scenario graph

(b) Before processing: Computing scenario graph

B 7 NF AR SR 4 5 Bl ST 45 R

ZARmE U U R R I R

FRFBHENG 4: BF T 2487 i) B & PD =< CS, DS, BI,RS,EI,RC > 115 5 ® SD, =< BI,,EI,,CN,,ES, > , i RS =
{rs1,780,...,r8,}, 1 <i<n, BI =\JL,BI, EI =\J. EI, . £iA71E rs; € RS, F s B 58 BUNTH AT 55 W42 D I8 A e, Wik
TN R ERAE.

D) B HFIhEe 0 15 BMG rs, M ENET AN T HER rsi, .78, BIRS = RS\ {rs,}Ursi, ..., 7S} ;

2) W IME AL ds,, ... ds,y , BIEETTm—1 DT HRRMBTELE R, B DS = DS u{ds,,....ds,.\}; £
RC FIEME rsy,... rsu FIRMIT R G| FHFI 7 RAH;

3) &2 PD ) BI 5 EI AR AT NAE S IBEAE L, FER rsa,. .., rsi BIEERT R 1G5 .

o SEHE 5: P dhl-Th B A B
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FEMRA R GE W A7 AR 20 75 RN S/ SRIF A 00, 29 BE % sl B A7k b 1 OB 2 AT 155
FHe ULk 2 B £ B, SRR 1T SRR S A, P DA BT R, MR AT B . SN R A O R A
fRIgs SR, T 5 N B R AT S 4 ) P AR R AR AR M I A R, SRS 5 f T3 0 TF, A BT SR A I A AR AR SCRR
J&Z, R B R A SR A

fian, B 8(a) H, W45 9 %l (Device9 control) 75 K44 M1 % 8 (Device8) KA K, R H5 K B (1 B4 28 il ik
# 9 (Device9) [MHEHIME S H LLEHI 4 9, B 8(b) 25 H 7 1 St R HEmE 5, 45 R4 R 3 (1 2503 A= il e 4% 1
B 5T EARE %, MIBEI0E 1 75 >k & % 9 #5131 5 (D9 control computing), & 151 51715, M il 1) 75 R B 44
B 9 1251 2 (Device9 control 2), — & -G SR 58 B SR 1 77 R ¥ a9 4. BAR I A & E & 8(c) s, X1
FRILE R 9 THE R (DY computing result) iX — 5 T4, (I AL T AR AR R RS S A O
PN 7% RIS 5 (B 8(d) 5K 8(e)).

inty; Device8 intss < DI Control™ ~
inty7_{ Devices (D§) |Ints (D8) (7~ eomputing, -
N e s / - ,/nt
Software S~ “Deviced T~ Software int,, )| D9 Computing 1o
controller (SC) Lo _control _ 4 controller (SC)\inty,f|_result (DICR) [~ ;
i 1 == / <INty
NN Device9 (D9) (& Mt : ) v~ “Deviced <~
) IntN  Device9 (D9) 6% _ control 2 7
int;s: <D8, SC, D8 data>[value] ) : ~ SOMIOL < -
intys: <D9, ——, D9 working state>[state] int3: <D9CR, ——, D9 control data>[value]

intyy: <DICR, SC, D9 control data>[value]
inty;: <SC, DICR, D9 control data storage instruction>[instruction]
inty,: <SC, DICR, D9 control data load instruction>[instruction]

(c) After processing: Device9 control problem diagram

int3;: <SC, D8, D8 data acquisition instruction>[instruction]
int3g: <SC, D9, D9 control signal>[signal]

(a) Before processing: Device9 control problem diagram

(b) Before processing: Device9 (d) After processing: D9 control  (e) After processing: Device9
control scenario graph computing scenario graph control 2 scenario graph

B8 AR SN 5 5 B il I 4h

Mg T LU SRR W R

FRFR NG 5 T 2470 i) B & PD =< CS, DS, BI,RS,EI,RC > 1155 ® SD, =< BI,,EI,,CN,,ES, > , -1 RS =
{(rs1,782,...,r8,}, 1<i<n, BI=\J.,BI,, EI =\J._EI,. 5 F1C rs; € RS, rs; P LB (data) H H % i R AH A 2644
PR HIT %, AT a0 T HRAE.

1) SIMEARAAESIR ds, B DS = DS U (ds}, SIS HITE TR rsy ARSI R rs,, MERREFR rs;, I RS =
RS\ {rs;}U{rs;,rsn}, o rs, A0 RERHE, JEBK 1 HF 5203 &35 65E BAF 2805 AR ds , rsp, M ds BL
ol B & EIE BN R EHGE S G KIEA TR,

2) M TR rs, M ST R rsy, S BIOEEFTBHERE SD,, FSD,,..

TR R, 7RIX 5 AR, SEIS 1. 24 3. 5 #RE & AR BRSNS, NEHRA NI RS T
JEIK T SR AR SR 1M NS 4 AEE R BER TR, R R4, 8 T A KRR SRR (B T I IR R A 81
FLAEE, WIBE . DA%, H AT AR SRS R %A SR IA T IR 18] BT B A IR SR G AR 119 ) AT
(7 1] REAE 22 7530 R R S DR R ABUER), AR S 1ok, AR SO 5 A SEms th m] DL A0 5 J& 118 P A i mes.

5 BT RMAIIE

BAF TR IL RS RGT R SR E, B F SR SEBUITEE T B eI, S A BE B & AT M 4K
AT A2 LRI R UL AT 58 SCT SR RN SRR R G I B 5 SR 2 AR, el 9 BT,
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Embedded system

. - Determine Deduce soft-
System context diagram
Identify system Y 2l system ware controller
boundaries requirements behavior
Domain experts .
St St S ( -4 :
) } } ""V Y -
Software requirements specification E@ - b8k ot
=] - man o8 T ol gl
= e e 5 s ) [
] — [ enerate software ) 1> 5 o S
— requirements

requirements via

C [— projection

i Subproblems
Traceability diagram

specification Software behavior

9 BAFFRML SRR A

o IR 1 YU RGLU S

WU FR GEI TR E A BT RN SR G 7 2 T R B L AN R B %, AR R D BR

1) FRIRIRA ARG 58 F iy 4K ZAE A SR GUR .

2) RGBSR SE A SMSEAR R T RO SR G0 R A S B Sk, e fE 01 . Bl i3 5t
B DL R4 1) (0 80 26 ERE T 1T A LSt SR S M4

3) e L H A A ARG S MBS e L IR

4) IR R GE A AR5 SRS SR 52 T A 7R, HHEIRT AT BE S P LRSS L B4

AU B TR SRR L RS HIE B

o DR 2: I RGT R

ARG TR R ST DR,

1) R R G/ SR B A T AU o — PO Tl R AR08 5 F IR R AL R, MR R R 0 B
A8 H UL W WA B, R3S 7 SR A0S B4 ) 75 R 51 .

2) X3 SR 5| /2 TN 3R 51, R 28 G 75 SO0 AN 58 AUk 4 391 28 52 LR AR D, BV R 51 /24
A, AN 0.

@O XFIS Bl BONIES . AR F A% A B U, 5 R AL HARIE A e 12 B AT RS AT, MM RR SRR, &
WA 3R 51 R

@ X FHENRAE 5L I BEA, #5858 AR TE A B 1 L AOE A 5, WO RTRZIR, & W R 51 A

3) RGBS B Ok 2 T SRAR S AR 12 48, € A HUR AR I S R I . R4S R e 7 SR B —
B 5 HAK T R B RS SE BF A, n 2k R GERG RO R n ML H P

Z AR B RFIT A AT IO 40 [ 0 PRI 19 5

o DR 3: HEWT AR AT N

AL BRIFDATAT 90 5 L. TR PN (E 9 SR AT 9 S S 5 L 2 TR PR A 342 2, T ISR 3 AN 9%
RAEBT AT .

1) B AT A EL: ARSI B A TN 2 5 58 T AT R 42, 0 PR IOAT RS L, A 0T 4 Ao,

@ FH W E L B ARIX B IREANT, W/ ZRAE R & SO RE LI E 5482, WX AE S ARSI .
AR B HFE, AT LEE— P X 025 SRR B 4R AL .

@ F7 WA HL BSR4 ) B RS e, 75 ZEARAE R B AR B R R AR &, IR A AT

@ # WA HARTE N ARAR 53 B AR HE, W5 EERAF 2 A B RE AR 2, R & AL,

@ AT LIRNEDL, DGR B A 0 S 38 S A 2 1) 391 58 0 R R 1 A B8 AT N AE L.

2) BAAT ARSI EA R A H AU AN AL B2 e
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@ HAT A HATRE B 4 SUUR AR ARIE, MMAT N RESR R,

@ #AT R BALRE P NI AR B8 R B BRAT A8 AR RE 1R 45 T B I8 B, TR 75 SR EE X .

@ #HAT R HARHE A HAH ], WM ERE G R,

3) BREAT NAE HIF R R AT T R RN A WA 7 2, — AR 5 HOE R B 28 LI 7 6 R B AT AL
HIF KRR, R L AT 5545 518 0 e

Z A5 3 ) P R BT s L (MR AS HANAT NAS HL) Z [ IR .

o SUIR 4: JE I BRI AR IR 7 R

TEA BRI 20, T BT SRR R I, DURAIE PR 5 1 100 ) 2 4

1) RAGHE SR Xt 15 55 B AT A PRSI, S5 I R A4 P05t 53¢ 10 75 AR IS 75 SR IBRAT A& o, AR X AN 75 i
AN AT P 1D 1 0 PR R S R A T T 45

2) 1] AR WS N : KUK A SCEE 4 1 v 4y H 1 1) R AR SR, of i P 0 155 5 PR A7 B, L 3 A5 31
9~ T SR DR BE IR B AR B A 1 T PR 5 2% B 0 R

3) AT RS BT 0HA [11] 00 S, o T 17 55 T ) 1 PR AT 4 R, 49 38— 2 1) R R B L se R P 1
B, M4 (T

TERLFH 55 4 75 10 v R0 A7 R S X 5 SROSEAT RIS S8 A7 AR 4 TR T oK, 1 R T AN FI 75 3R 2 R, T2 AT B
ERRR. B CREHE: BB KR (8). HAETRA (0). WEKXKR (<satisfy>). FH KR (<derive>)
FERE R R (<trace>). H, EAMERAZKA T LERRTAH TETRRMIE; M0 RRNER L— 2
RAE THS T B HR, B 54 ToRE H CSLI; R R RNWERY LR TR LR T2 SR TL; S
KEMEFIET FTEFRZEH EEFRELIOLER, BB X RNRIETEF RS LETRAE LR, LEE.

XA ¢ R Ak S AR S B V)R R RIS TR Ry, AR SRNE ol AR A TR Ry, R B R .
KN 1, W R, @ (Ry, Rs) B Ry O(Ry, Ry) 5 5 NFKME 2, W R, <satisfy > (R,, Rs) ; # NS 3, M| R, <derive >R’ ; # K
W% 4, W R, & (Ry, Ry) BLR,O(Ry, Ry) s #5 N EEME 5, W R, @ (R, Rs) -

BT TRIBWISRR, AT R AR A WM R ARYE LM X SR [, A SO R i 2 H0E
ARAGRI 2 AR 0 2 8 7 A 1) R R 3 o ) — AN B A s, — A T SRAFE A, 50— A TR R U,
WK 5 IR SRIFME W& 3 N84 (store D3 power-on instruction) F175 3K % % 3 #% %t (D3 control output).
FEHIR B R W AR S = ] — B, TR s, BHIBERHEATORE S, T K rs, WERELT S IREA
AeiH5E, Wl 6 HP T R EA 4 B A7 (Device4 data production), ‘& WAZIAE 75 3K % 4% 4 L (Device4 power-on)
154 4 (Deviced) I HL 5 A RE TAF.

T 5 SR P B A R T T P B R R SR AT B VI DG R TR 3 B A 7 By i, B A e B A
KR A7 A, T B DU R SO . SR 4 SR 2 T SRR I A A A X0 T i B A i T AR s R SR R —
SAH 0K A BRI S B - S B AR SR, TSR R A BT A B SR A B i T R L IX
HIH T AR . T A0 0 T B U 55 52 48 AR M 2 DT AR R, 75 AR B 4R gk A7 101,

o SIS A UK TR R AL

TERRERE R, SRR EIRBI TR, N T RS bl S0 55 SR ML), FRATTRE 1 75 SR L1 40 N o 1k
RS VAN IR oy MER R 7R T 75 R A Z MIFSCR, T/ ROC R TARYE TR BB X R T oRAIKH
IR F RN AT 1 HE FTAG ). VRAN IR B 20 45 A AMARARS  JE  JEF 75 R W S AR AT R B R Y R &R TR
PF SR LRI & R AP BR.

1) A R A 75 SR LIRS 532 B Se AR 38 395G R IR UM 75 SR 2O IR 350 7 () AR 5y, X A — R R 4
. BRI, & A 52485 B,C, WA N B,C I E— 24, BI“A(B;C;} 7, # A5 B,C, X A T A bR
B CIGHIFIAR N, M A", B,C ML F-[F— 24, BI“ A B;C;”; % B,Ci/2 A, W AN B,C 1 E— )22, Bl A{B;C:}”;
FHASH A2, MEBAEH A2RE A; W FETRR, N

13 BIMER -  E5H 2 5, 8 FE RIS OC R4 3 Al — B s TSR BT 56 & BT S, 25 B A slods il 1 it
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T A, WA FRMA T, A RAE B ZHT, AR B EEFTRRIIIRTE L R IX — 20, 5 A M B AREMBRR,
FERAZ AL RS IS A BN LT VE AT HE P, fE 2 A2 N IFAT R R BN, Ba, AT AN TR 5 SR L ik
AT AT LTI, G 3 i [B] 251

2) AL A SRR VEAR R B 55 VEANR IR H 0 4 BN T 7 SR R A AT A B R R R &R R
T4 KA HI A H, U< int,e, Software Controller, Device4, D4data acquisition instruction, instruction >, AT DK I
34 y*“Software Controller sends D4 data acquisition instruction to Deviced”{T N3 HiG%A); Xt F HA4FFIR AAC ., 4N
<int,;, Device4, Software Controller, D4data, value >, A 1A] LUK H 4% 40 A“Software Controller receives D4 data from
Deviced” 17 NAZ HAER). AT AZE H PR REIEAT N PR R, BARIRF S0 72 3Ca . IRIREEH
FATEEM . &I, 737K A< “if(branching condition) {...} else {...}*while(loop condition) {...} ~||”LA S *|"5&
. BB AT DN TR i (E] 2 e

6 REHIFARSITE

AHTAE R R P R T R G (FRORPHE R T R 4G @47 RO 78, Hdid RGR& B =ik
PIANRFRTE 5 AN MBS R GR35 55 R X A SO iR HEAT B SO VA, B JE B AR STV AL AL
6.1 RGIEFAR

KPHA R T R G R b ] AR TR g, RIIE R T RAFH BB AR A S/ U5 B & B A AR,
oo | B B AR A DUSEILN B &ML, RGH 32 ms A7 E 3R 0K 30, AFBRR . K BH SRRk 35 A = Jh % i 4 77 35 oAk
ol I HER R B RSO T T8 4, B A i HE ) 28 mE A, T 2 3 ) KRR e

o SLIR 1 R RGUA T, B 5, BAHE RHRAN KA R Gitr 4 9 K FHH R T 24t (sun search subsystem). 28
Ji WA 45 I R Guithiad b, R0 L A0 Sk DL R 5 X e SR A2 L. B, IRIE R K PHE R T RATE
B8 2 W TR A O K PH (3, 18 T B R 25 HEAT R PHART 3R, LASEEILxr H a8 A, T DUR I /N5 R G038 B4
SEAR, “KBH (sun)”F1“ LA (satellite)”, 38 RKHHE R FRGUEFARHME S TREES. KHERTFRANETAE
BRI TN AS . R R R i B ok SO SO T iy & I TR 48 A Rk R A, 7T LA B S A i T 44
54 (ground operator)” A1 ¥ 35 & #1154 (data management computer)” A K KFHTE 2 R G EA 105 H.

ook, WAR IR B SR RE J), SRR AT BB AE LV 4%, 40, th T K PHAS R 7 R G0 75 ZE 3R IOK BH AT AR 25 0 K BH U
B, AT LAOE R RKBHEUERES (sun sensor) B & A KB R F R G NIE &, BN, EREPEIR (gyro) ™ ==
#7788 (triaxial control thruster)” 132 ms HF W 52 i 3% (32 ms interrupt timer)”{E Ay H A — 2657 B 54545, IXFE, 14
it HORBAE R T R G M L8R4 (software controller)” A0 LR ST, Wil 10 firas.

Dt Telecontrol S T sib
ata : . un search sub- .
OGrgrlzlrtl(()ir Command management mstruction system software Gyro[i] Angular velocity analog
P computer |Telemetry dat controller
Satellite
S Sun visible sign, sun S . Tcr(;?l)t(rls%
un measurement angle un sensor(i] thraster]] Control force moment

K10 KRR T R4 LK

o IR 2: i€ RGL R K. Jetll UL K A R RF 75K, A5 B K 2L (data acquisition)JEFEHE 2
Lb 3 (telecontrol instruction processing)”*HfE /7% = 435 ] (thruster triaxial control)”*#& | &b 2 (telemetry processing)”
“YI4H1L (initialization)” F1“ =2 Wb 1 (fault diagnosis processing)”.

RIGIRABAER B, — D RAFH R B LA TR B, DI 2 WAL BETE SR 0, dekeis Wb 2 55 sk 22
SKEAPEIR . ORFHBURES . = Hhs hilHE 7 25 ORI, o AH LK) Be 4 BEAT T FRLAL JE . 12 R G0 SRR B R A BEIR
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FaEiy, IR BERR T HARES (gyro power-off state) HIEEAZ B, X HoAth 75 SR AT AR IR R A R0 LA EEAC B,

$ET R 58 7 R 5 A T (A2 5] G AR LY. B2 I Ab 31 75 SR A0 5 B EEAS T PR IB T HOIRES”, RIB T
Xof BE B THAARAS AU 203, DRI il e 12 W A 3 55 SR 240 R A R A8 LI R AR 5 BB 48 2 A B 75 SR B SR R e Wi i i
PR IR IIHE S, A A e sh S 38 S IR IR AR, TR B i A A #E 7 oK 5| X s |

I JE NN 2 G0 75 SR WA EE 22 BLIR] (1477 00 &R AT RT LA AT 55 T2 sk 1 4 th I SR v E HH A A2 LR AR
40 558 J5 G, 50 a7 5B 2 7 Ak P 5 SRy, R BH R0 1) 0041 AR 3k <R BRI AR 75y 28 A T DL T 2 SROK R Uk 8
b T HORAS”, AN B2 (B B A B RIS R R, I P AETE RN 0GR, v LA H PR R, 5,
BEXT A 5 AR GEF K, WTLAME R 5 MAEAZH T4

o JPIR 3. HEWTERARAT . T 26, ST AN IER RS B, HES HOW BRI AT N, @S AEE A T 54T NS LA o0
F. R RS W A B SR BRI IR A I BE AE L, ARE R A PR IR PR R, TR IR PR IR T F AT 5 A e
JEAZHEEAS T Rk, AT DAHERT AT A T, A Rk <FRIE T A 5. XIS B 51T A AR R
REAR MR A7 TE, BRI, AT N3 EAERE T IR 1, JR TAT N RE DG &R 2ol mT DAHE S Hh A8 AE H AT
THEHSHETHLR. 46208 2, W LMERIR ISR 7 R0 8 B, ik 11 fos.
.+ Initialization

i Data  ~~

\
=
o

2]
=
5]
2
@

~

< =~
Sun search sub- - 1;';{:;}:{ \,
system software ~~ _ control -
controller (SC) | il T N o eteioT i lieemmTEmEEII T T

/7

—————— <~

_ p - “Telecontrol ™~

Ground operator |~ ---------------------------- ¢ instruction
N L _processing_

a: {int;} b: {int,} c: {int;} d: {inty} e: {ints} f: {intg, int;} g {intg, inty, int;o} h: {int,,, int;,} ir {int);} j: {intg, int;4}  k: {int,, int;s}
I: {inte} m: {intg, inty} n: {intys} o: {int;;} p: {int;g} q: {ints, intjo} 12 {inty, intyy, inty, intys} st {intyy, intys, intag, intyy, intyg}
t: {intyy, intyg, intyy, ints,, inty3} u: {intyg, ints,}  v: {Angular velocity analog} w: {Control force moment} x: {Sun visible sign, Sun measurement angle} y: {Command}

int;: <32IT, ——, 32ms interrupt timer start state>[state]  int,: <G, ——, Gyro power-on state>[state] int;: <SS, ——, Sun sensor power-on state>[state]
inty: <TCT, ——, Thruster power-on state>[state] ints: <32IT, SC, Interrupt signal>[signal] ints: <G, SC, Pulse-count>[value]

int;: <G, SC, Gyro power state>[state] intg: <SS, SC, Sun visible sign>[value] inty: <SS, SC, Sun measurement angle>[value]
int;o: <SS, SC, Sun sensor power state>[state] int;;: <TCT, SC, Jet interval>[value] int;,: <TCT, SC, Thruster power state>[state]

int3: <G, ——, Gyro power-off state>[state] int4: <SS, ——, Sun sensor power-off state>[state] int,s: <TCT, ——, Thruster power-off state>[state]
int;¢: <TCT, ——, Thruster jet state>[state] int;7: <DMC, ——, Telemetry data>[value] int;g: <DMC, SC, Telecontrol instruction>[instruction]
int;o: <SC, 32IT, 32ms interrupt timer start instruction>[instruction] intyy: <SC, G, Pulse-count acquisition instructian >[instruction]

inty;: <SC, G, Gyro power state perception instruction>[instruction] inty,: <SC, G, Gyro power-on signal>[signal]

inty,: <SC, SS, Sun visible sign acquisition instruction>[instruction] inty3: <SC, G, Gyro power-off signal>[signal]

intys: <SC, SS, Sun measurement angle acquisition instruction>[instruction]  intys: <SC, SS, Sun sensor power state perception instruction™>[instruction]

inty;: <SC, SS, Sun sensor power-on signal>[signal] intyg: <SC, SS, Sun sensor power-off signal>[signal]

intyy: <SC, TCT, Jet interval acquisition instruction>[instruction] int;o: <SC, TCT, Thruster power state perception instruction>[instruction]

inty;: <SC, TCT, Thruster power-on signal>[signal] inty;: <SC, TCT, Thruster power-off signal>[signal]

ints3: <SC, TCT, Triaxial control signal>[signal] int3y: <SC, DMC, Telemetry data transmission instruction>[instruction]

BT KRR T RS-

WeJE, WISEAT NAC AP 28 R, 10 S8 Wi b 30 75 sR A, 7 AN 158 22 B, IV K BH AURR 85 10 301 R 328 K B o] AL
PRy KPR IR, ENEPIANMT IR B2 A TR PE X RIT AR R, XA T
BRAGARAE < A BH AT A 25 4 B A B 2 5 T AL K S W e TR A ST EE PP O R, WX AT D3 L DA B 1 s 65
JEATNIT R 2. B LUHA & W2 W 75 R o A A7 a8 B R &R, 15 B2 W 5 R S e B, n i 12 foos. 284
Hly, 6 A BHAE 2R F & e B A T SR X R AT N AE B SL T A, 3RAF 5 NS4,

o IR 4 I B AR TR K. 5, XPIRAG I 6 AME st R AR, TR R, HR, SERFHE R T RS 6 4
JER 46 75 SR AR UK R 52 P il AR A SRS, T TR DA 5 12 T A B S 48], 15 B P AR SR R WA I 5 12 I b 2R
155 (B 12) 20 5% FERR . RBABUERAS . HE 883 AT IS Wi 0, (L BN Z AR ARG R, FFE RIE 1 B
FA 2645, RIUL, ARE SRMS 1, “HABRi2 W A BE ] DRSSP S8 12 W Ak B> K BH BBURK 2% AR 12 T A <A ) 28
FRei2 W AL, 35 b i) P 12 BEATABIE, 152 A 13(a) AT T RIS A, a0 13(b)-F 13(d) AT,
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=

- ~
b Gyro‘ dgta >y
intg, int; -~ N _ acquisition _ ~

-~ -

Software inty, intyy, Gyroli] 9 g ~ "Gyro fault ==~
- : G & Y&F-- =—-- diagnosis )
controller (SC inty,, inty; ((S) ~ Int;; N processing _ 7~

-

Gyro >y

O ®

(b) After applying strategy 1:
Gyro initialization
scenario graph (c) After applying strategy 1: Gyro data (d) After applying strategy 1: Gyro fault
acquisition scenario graph diagnosis processing scenario graph

K13 KFER T RGRREREG]- N 580 1 )5

5=, KA A 13(a) S LG SR, RBLPRIRPIAR 1 ORI R BE SR AGA FEIRIN A5 5 “PRIR a2 iy
Kb P EER AR [ FERRAIE FERR T FLAS 5, X P TR AT 5 500 2, RIAEAE 2 A T R EOR AT [ [7) — 546 0% 2

AFEME S HITEDL. ARAE S0 2, K5BEIB AT 46 b 15 B MR H 5% 12 Wr Ak B> 43 B N A7 FE B 0 FEL g 247k BB M rL
B4 Bl . 5 13(a) BHTAEIE, 152 10 AR 14(a) FIXT REAEASF 75 R 01 50 (K 14(0)-K] 14(d)).

VU, R R 14(a) UG S B, R I PE R R AL A2 BE IR T AR & T5 SRIF & SR MK 3 AR =T 2
B, “PEAREE AL T 3K AR BE AR B, 47k BE IR T HL 5 2 75 SR A FH R MR . AR S s 3, 3G n PR ag Hdfs 40
B, 5 K IR Bi B B SR 275 SR T T B IB R SRR 27, J5R (K1 AE Ak ST B T 8 4 75 SR T 0T A A7 A B 2 b e,

B4 27, XA 14(a) TS IE, 723008 15(a), LESASF SRR E, i 150) f1E 15(c) A,

A, A 15() KR RE, ROARFE HRKIE 4 &M, (B8 =5 h] 3/ & s e 244t
HIRAEMIE DL, WA & 500G 5. ARHE HENE 5, W LK HE 7 88 = Flidas i) 3740 ity il TS50 <4t 7 88 = s ) 47,
XTI R 15(a) BEATAEIE, 320 & 16(a), LLEBAST FRIIEE, a1El 16(b) FIEl 16(c) AT

BATSREH T 4 KNS 1. 3 UORNE 20 3 RSN 3. 1 JRGENE 4. 1 RSENE 5. R IEET 20 MESHENHMEIE
S T 1) R AT #5, 153 20 AT 1) BB R K RG] & BGE MR G, SRR B R RILH 7
MEEAGRA. 1M EETRER. 6 MHLKR. 10 NFHFRERM | DMESERR. AN, @i/, 7z
A 13 MR R 5 AR R, - FRIAIFBERRE. BEHHEERIES WA (http:/redeps.
org:8027/?pdf=Coupling_Cohesion.pdf).
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L _ -
int,, int3 ~ Gyrocontrol ™
PREAN output s
L P -
ntyg,1nty), Gyroli] -7 /ity intg T T T T
inty,, intyy G \ /-~ Store gyro” ~
AAA power-off 3
Software \/ f/ ~ . instruction _ ~
e t struction
A e
controller (SC) , /)\, = “Store gyTo™ ~ ~
. . ,:/ SRS power-on \
Intyg, 1ntyg, Gyro instruction [g--~~ ~ _ instruction _ -
inty,, inty, GI N e

Gyro data = e

acquisition _ ~

intse: <SC, GI, Gyro power-on instruction storage instruction>[instruction] intsyg: <GI, SC, Gyro power-off instruction>[instruction]
intgy: <SC, GI, Gyro power-off instruction storage instruction>[instruction] int;;: <GI, SC, Gyro power-on instruction>[instruction]
inty;: <SC, GI, Gyro power-on instruction load instruction>[instruction] ints;s: <GI, ——, Gyro power-off instruction>[instruction]

intyy: <SC, GI, Gyro power-off instruction load instruction>[instruction] int;s: <GI, ——, Gyro power-on instruction>[instruction]

. -
. . N,
intg, int; /\

<

(a) After applying strategy 2: problem diagram (Part)

,
|

(b) After applying strategy 2:
Store gyro power-on
instruction scenario graph

(c) After applying strategy 2: Store gyro
power-off instruction scenario graph

(d) After applying strategy 2: Gyro
control output scenario graph

B 14 KPR T RGREREFEG]- 50 2 5

_——T T T T~ ~
inte,int; ___,~  Gyrodata
--7 N _ _acquisition 2’ _7

ST R
_ M3, Intyy, 10tys
-

Software
controller (SC)

~dntye
inty LSS -~ Srore gyro” ~
int ~ gyro -~
[ >/ _power-off \
~ < _instruction 2 7
inty7: <SC, GD, Angular velocity analog storage instruction>[instruction] int,s: <GD, ——, Gyro communication error time>[value]
intyg: <SC, GD, Gyro power state storage instruction™>[instruction] intys: <GD, SC, Gyro communication error time>[value]
inty: <SC, GD, Gyro communication error time storage instruction>[instruction] inty;: <GD, ——, Angular velocity analog>[value]
intsp: <SC, GD, Gyro communication error time load instruction>[instruction] inty: <GD, ——, Gyro power state>[state]

(a) After applying strategy 3: problem diagram (Part)

(b) After applying strategy 3: Gyro data (c) After applying strategy 3: Store gyro
acquisition 2 scenario graph power-off instruction 2 scenario graph

15 KB Z T R GRS 3 )5

o DR 5 M B R ORI L. AR TR SRAB R SRR OC R4 T 45t AR AR 7 SRAZI BRIk 6 2y, &L 17(a) Prom

(B 17(a) & H T — B0 B AE SR BEIR, 5 88870 225 BORSCRY). Bl anfea I ¢ 2 &, “FEsivlah e m
ATk BRI FRL A AN BRI H TR AL, TP MR R TR v, <P MR ) e R 0O T <A Ao BE MR e AR
A IRAFIIFE BRI FL 52, DRI L AR BESRBI AR L I B R SR IAL v, A7 A BEMR N R 1 R AR AR PRI a2
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. S0l BT DAAS B MEIR 36 4 (00 oA N 25 fJ5 B DA TR0 i 75 0 WE IR 38 4 JEAT A 28, WS 038 4 BT [R) 249 3R,
Ut always@(128 ms). while(160 ms). AT 2R 75 3K, 4% B H L PEARRGR. K] 17(b) 45 T A7 A PR IR T
B4 2 PRI IA.

32 ms interrupt
timer (32IT) AN
Gyro data | _\_\_\_ o _inty . -7 Contrql s \
(GD) S __---ZF77N_  computing
. . i - ~T - P T
Software intse, ints;|| Sun sensor data | ;g?z“ Sy ntsy
controller (SC) (SSD) 33 JPtas \\
Control -7 \\ b
computing result |4 _ int ~dnts o
TToe=2i_ . -7 T Thruster T~
_ - e triaxial
Tr1ax1alicontr01 e-----""""" int; ~ . _control 4 _ ~
thruster[i] (TCT)
ints;: <GD, SC, Angular velocity analog>[value] intsg: <SC, CCR, Triaxial control quantity load instruction>[instruction]
ints;: <SSD, SC, Sun measurement angle>[value] intss: <SC, SSD, Sun visible sign load instruction>[instruction]
intss: <SC, GD, Angular velocity analog load instruction>[instruction] intsy: <CCR, ——, Triaxial control quantity>[value]
ints;: <SC, SSD, Sun measurement angle load instruction>[instruction] ints,: <SSD, SC, Sun visible sign>[value]

(a) After applying strategy 5: problem diagram (Part)

(b) After applying strategy 5: Control
computing scenario graph

(c) After applying strategy 5: Thruster
triaxial control4 scenario graph

Bl 16 RFHER T RGEMRFEG-RH KN 5 )5

AR AR 5 L2 25 RAT 2 Wi A AL 4 i) AR 50 P S AR 2 AT R A AT B S8 A2 T /R SR (R
g, ARG OB K EANRE A T B4 T I 5 oK. AT AR 150 5 M R IR ERA TR RS S5 1 75 SR S AT TN A& 56 7 R i 7 K
B X R BARRN G 1T SRR U1, AT IE RS ET.
6.2 75E1FE

N T VA AR SC IR AR 380, FRATTMRE G BEAT P SEPE AN Fibm th R, S8 I LU AR RO JS I R GERA & B A
P TRPERE, PR ARRRR SA  RER A FETEECR A T — i LA SR AR A o P D 1 L A e
B B IREE R AR 20 6 Fh, JExH Mok REAT T U R WERE (5. ALME (4). EBHIE 3). 5
WS (). BIRIE (1), TG (0). Hd, ARG TN R WA AR RSB — M EEY I 5 — 1
BRI R, ARG TR IN 2 2 /M) a) [ — A A JEEER ER 8 8 G R — AN ul i AR 1R 6 7
B BFEEHEE, R EHE R S —BI DI RE; FRC SRR AR YuE S HRIBICRE R, Bnis
A M RAR — M 1) ) — MR I8 R S8 (AR ER S ALEIR BN E) RS A
HEE; TG MR E LR 5 G0 R, X 6 MRl G IMEERR T HMEMWRE. BT 6 MG XA, %
TR T AR x Fl oy A TE M ITE AR My =i+n/(n+1). i KR x 5y Z [ABREE KR
EAZTR, B0, 2 x My Z RS REE RRAN IS, Wi=4; n KR x 5y ZEAHHER R EE. AR
E, Hon WUETEARE: WERE Ty x My L ARG ARG b n NIL 212/ 2 R B 45 M B e
FEHIFG T n BT R HE BACE; FRI0R G T n R () AL 3 1) 52 28 O A5 M H0R BUR RS hon
Vi) % 326 1) 7 B4R TR B B W TR ARG, m AR R AE B R0 I B H . 2%, BURT A BEHURR & B 1 TR AL 2
(median value) fE N RS E L.
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ASCHETHE A, W AR IS 1T IR (AR . AR 5 30 PT DASRRE ) AAE — DN, T i S R 3R AT A
VEARS. K76 M R AR AT N IEHUC A E W ARG S W — 2 R ARG 48 B R 4% 5
&5 B S HTE A N A B B 8 B 25 AERRIC R G5 # AS BT 2t N A B fa] AR S A E s
A Er s RS 8] A Bodhs (O, RIVA7 BBOR [R) B A A TE Al (X HL AR A7 IO 1 K B0 O T 2 A B . LB 57 e Y
#, 5ALBEH T E—2RBIEAR). RAEXLJEZN, ATLCRHE R T RAEENTT AN R, OF 58 AR
(6 /MR R) FARFL G (20 N7 R) 35 0T W B2 RIS & B2 RT3 6 MARIE. | MARE. 191
IR G, G ILE S MEHIRE . 28 NG, I R, WA G X RAE SRR, B G EE HR
Kb B8] AvE 5 H AR T R GRS & 2 3.75, TTTAARJE AT 0.50, BERIA T VAR SEA 20 AR AT, AR R
R R R E G E I F TS WA SR (http:/redeps.org:8027/?pdf=Coupling_Cohesion.pdf).

Sun Search Subsystem {

Initialization; Fault Diagnosis Processing {

while(160 ms) { Gyro Fault Diagnosis Processing;
Telecontrol Instruction Processing 2; Sun Sensor Fault Diagnosis Processing;
Data Acquisition; Thruster Fault Diagnosis Processing;
Attitude Determination; }

Mode Switching Management;

Control Computing;

Fault Diagnosis Processing; Gyro Fault Diagnosis Processing {
Telemetry Processing 3; Store Gyro Power-off Instruction 2;
Thruster Triaxial Control 4; Gyro Control Output;
always@(128 ms) { Thruster Triaxial Control Output;} }

(a) Partial software requirements specification: Overview

Store Gyro Power-off Instruction 2 {
Software Controller sends Gyro communication error time load instruction to Gyro Data;
Software Controller receives Gyro communication error time from Gyro Data;
if (Gyro communication error time > 5 ms) {
Software Controller sends Gyro power-off instruction storage instruction to Gyro Instruction;

}

-

(b) Software requirements specification: Store gyro power-off Instruction
B 17 s KRR T R R

W\ RGO M 45 52 T, SR TP VSR 178 R 5 8 2 052 T, TR B TP

SR T — B T X 02 A A T 8 B 20, 32007 VA Py — B LA R (X 45 0 3 2 4, 1655

A BRI — X, B & TR 2 05T A 8T A5 EUBE A A5 A2 ] e 7 B 4, T

T 2 610795 L2 1) L R . 2 0 PR S SR AL A4 95 SRR (X 402 75 5 80,

S (10 04 46 S 9 A R . BB (R H 5 AR 0= 50

kvkw N wp = — e = N S >
[AW— ](sm,cw), b, AR EOR, A FR % AR, A, = 1, R iy Flw 2 [,

2m
A, =0, FRT v Flw ZENEE . k, Fl k, A TERE RN fly AT fow I3 2571 20y AT flow 7R [ — /M IX,
Ws(e,c,)=1, HMWs(c,c)=0.

ASCHH R, KB JE I ) AR — A5 RO AL X, 1 8 B B AT AR . S N R AT N T A
TEJF 2R BRI, XA EARAT o0t BB AR RS, T R R sl R AR AT I, XA R AR IE
¥, AT LTS AR BT RV EE(E N 0.47, SRS 9 0.71, B4 RFE I B8 . fERNET. MRS R4
P SO A IR B T H B AT R R 2 DL AR SO,

FRE D, TATDOBARSCERM R BRI RS, BB ER R RS, AEBHRR. XX MARXRS
(TR55) 25 4 M1 (AT 3 M7 0] 2 WKL http://redcps.org/examples). X 4 MoK T AFEBIN 5. 1T
HiEH REAE 2 MNRIET K, 45 LAy &30 77 AR BR 20 8 ghiz il 7 XAl s Bon ok, R (e
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ZAT R BRI FAT S B e % KR 2 P RERE RS L. LB B E B H R A A 2 MRBTFR K, T
(open doors) ZER AT KA B, FEAT 8 STTS ZEDT, K17 (close doors) ZE SR A H2ICE B 7 fip &, S RS
PS5, W R Gl s AN TR & B R ARWOCR B R G HR M. B RGBS 3 MR K, IR
fE A K4 (obey operators command) Z2 R 454 35 AT DL i #2241 4% 145 18 7 19 3 455, IE#% 1 (correct routing) 22
RUTEN RN ERER. RBAFEEN. B HEZE, IR 525 H A2 (report misrouted package) Z3K
B IR R A RE E, ARG IR AR A R P H 0 28 R ORI BRI ) A B R 2% G 2 P [
AR, XA R WA ERER A 7 5 . BRI REBRIERRE. XX MARRG R 4 MEGF R, WRGHA
AER I BRI L

FRATVAEF 5 o ) 350 70 R SR S S T Ik e S48 AT . SRS P T SR F AR RN AT JS 1 R & FE A
PUZ, VEAguTHEE Rk 1 For. WERPRLE H, TRRETFERBEZ D, £ T RAT KGR, XRAHEL T
BB PR, RS L, FRMEG B E BRI BRI, SRR RPN R G B B iR, K&
FE D PRAR T R R G A FE I 60%, BELEE 2 /D82 T 20%. PR MEANFE & BN 7 T 45 R 7 4 U T A Sy
LA RE.

#1 NEMESHEEEATPNER

Poos PN 25 ki
kg KRB MRETREE R D) fﬁﬁ;ﬁﬁﬁ L ?na’iw = ﬁ@;ﬁf *%ﬁggﬁ =
I e RS 2 3 2 3.50 0.67 0.17 0.51
EHEH RS 2 4 2 3.67 0.50 0.39 0.65
AL RS 3 6 2,3,4 1.75 0.67 0.44 0.53
XXAR R G 4 7 4 1.50 0.50 0.66 0.80
NS 6 20 1,2,3,4,5 3.75 0.50 0.47 0.71
63 1T it

ARG L T RN ARG T R B TR ML AR, Jh4y 7 5 T B2 M R, —J7 i, i Al
AEZ), AL T NRGE TR BN HAT FORIANEER R R, BEE IR ARG F R AL g UL L 75 R 2, X
AT E B3 0% 2K D Ja 1 (1 24 7 B85 e SR . 53 4h— 5 T, BT SL 1 B N 2R G 10 7 K 1) R A A SRS, 3K
FhSrms S 2 LI, AN AN 3 50 RS, R TR 1 3k, 30K J5 SR AR A 1 3 A2 il B s k.

ERTERIR, ACHRORIBEE P AA RS 5 M ARIBERSC R, (HIR IR L0 R PR 2 A2 B 2 /5K
HEREFRRZIEFRR, Nt s, He. Sl BTSSR AR R TR R AL, & LIlFRIB K
R 5 oK, BT R 5 R R TP AT K, IBERR R KA T IR 7/ KAHE T AR, 7 st
FAERIUFN T RHEFRORI BRI € GL 10 U E I B, AT B RIAE EL I A SN 75 5K A = 2R A,
T I AR, (15 TR A SE ARG B A . PG R B 7K R

AT BT BRI A SR G SR W 753, e H 12 BONBORAR B 58 3 OB 4R I, (45 7T DL
2T FR. B RA N XS &5, ARG T 5 AN B AR SRS EATR B &, Ml B REEITH
() 75 SR ) RE AR AETT? H AKX 5 DA SRS 2 B0 IR N UR G P B A B 5 B A B A IR M MR AR SR LR 1), SRR
AT LAGE 1L 2 RS N TR G AR, 39 0 R S MBRATTRI ) 5 AN 7R, 5 MRRRSRIG 245 T, (BIKAR
ANREHERRA H A SIS K AT REPE. MPPAG SR LT, AR SR B S T LS By 2R G50 58 U AR, SEEIL P9 SRS I AN & 2
HIFREAIR. FRATHIE, FEARRATSEFRBL I, 3% 5 MRS S 2 T Bh AU L K LB AR S (B 0) AR,

FLIR, R I AR 2R P 1) L. il 2 U, R R B AT A8 IR ? FER BRI R T R A i, BATKBARZ
SR T DA P 22 3 4152 0. — SRR, S AR I B R LAS Bt T B, 3t BT 5 1. BT IAE B A A S U R
i 5 R PSP R TR ARG 7 AT R AT 5 A S BIHLSE th 1)  75 SR AT LAIC AC 2
X7 AR, X RAE A ] A — A AT RO FRAE.

5=, MR I e 22 A5 IR TR SR 15 S 07 A2 U, AR R 4G SR A T BT AR SRR T SR R RE B RCR? H AT A
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INFF A TFREVYBENRELGAE RN F % 5417

SOOI A AR T R, AR B SRR AL AT TN IA. XA A, AOUR AT FT RN, EENR
G T HEAT 5 RN, MASTHR BT 5 AN SRGIRE, MRS R th L Soin TR 2 F R (5 B, W s A — Bk
e, AR FORE e 8. M. (HFREE 52 RBALGZ WRE B, B FHERGHITE. ZRAE A
AR TAE.

7 HRIE

o AR AN R G TE R AT G, A e gn th TIRA R ARG F R BAFFRAHA T 2, 2 LT
KRG T BRI PAF TR MLIIRE, AT — P AR GE T KBV 7 R 00 7 5K ) U 7 1. e AT 1 S6bn
JSE P —— AR AR PR R AT WA T RGBT TT, R RS G BN A SR PSR ARXT S IR D5 VR A 5 A4S LR 7
RSB 5047 1 BALPRAG. PG S5 R U A SO E T DA BOb RS & 1, S R TE, 53] 7 HAx.

AR TARRE G S8 B H AL A SCHE TR, A /5 5R TREITREARH TR 10 51 S5 B A AT i N SR GE e SRR
BEAT ARG SR BV 75 SR . A 1IE 2 SEAG A LTI VAR T 5 22 SR i S A S8 91, i 40 58 22 1O USARFALE, 48
TINEE 2 A X PR ) il AR R SRS, T R GU T SRR R 45 R 5 R SR AR S R R A D 02k, R ST [ B N TR
AE R T SR L) T3 9.
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