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Abstract  Timing requirement as a key element in the embedded systems is becoming more and
more important. However, at present, there is an integration problem between multiple environ-
ment time description and single software time description in timing requirements. On the basis of
the environment based functional requirements, this paper proposes a multiform time require-
ments modeling approach trying to provide a solution to the integration problem at the require-
ment level. A multiform time requirement model is built by adding multiform time description to
environment elements for supporting this approach. A timing requirements modeling process
guided by the requirement model is also presented for helping timing requirements description on
the basis of functional requirements. Steps from timing requirements to timing requirement speci-
fication are also given. Following these steps, requirements analysts can obtain the timing

requirements specification easily.
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TER SIALEL KT T R R KA JE 7 % — 28 I SE IR
A RETEMRBR 2 7 A K AR » 53K AR A Z5TE BHE A K
(TIDC) Z |l /= HE. fE & 48 B Be. fE 55K B 2 5
(Ignition Decision Point, IDP) 2 J5, & ‘k & 40 35 e
FE T KA B AR AR EE . B 3 B R BIAR 2 45
Ko WS FrR. 77 A B K AR T AL AR AN R -

AR Al 22 25 A/ VR B SRR Y A S LAY R
) A5 K i b 2k B (MAP) 15 31 3L A 85 KR R A
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L
&

(BIAA). X515 1E BIAA 5045 . 19 245 1F & KA A
1 (CIAN). B IEW K BIAR 2 A &, Hoan, &1 . e
JE RS AN T it R EBER R BIES
TR 45 R CTIAA FIEZE % (Knock Acquisition
Window , KAW) {5 8. X 41170 ¢ 51 & i A5 kO o
S(IDP) fish % 119

Bl 5 ik A i RS KRR A (MIAA) B X R
S IR A 0 i K 1 5 | 5 8 R e K R VR B 1T AR .

P r1De
AIAA
MIAA BIAA

R DIAA

om -1
o /\ngulz:r
5 l€«—>»| correction position

< >« advance >

ITDC: Ignition Top Dead Center

IDP: Ignition DeCision Point

ATAA: Actual Ignition Advance Angle
MIAA: Maximal Ignition Advance Angle
DIAA: Default Ignition Advance Angle
BIAA: Basic Ignition Advance Angle

B 5 kS HY

PR IR AT R AE A S HLBABE B BeAE BT 1Y s K A
ZHI s Hy TR R RS BUR R A Y BT UK BRBE
BEET s B FREBE T 7= A 1 B R s 0 596 2E38 3
Tt A g A& S LR s B 4. X P4 2 5 5
RENHLE ) B ThARERS I R A, AT RS X
AL T AN W] 30 ) 01 R AR A AR G G T A&
IEXFIE. B EH — A8 2 AR AL A — A
FEH 2% SRAF I BB IE. MR RE S 5 R A e I R
(KAW-Knock Acquisition Window) # [&] 4 47. JF
I i (KAW-Start) Fl 5 £ 1] [1] (KAW-Duration) AJ
REA 8 Ak AR AR T b — YA b B Be I 4 43 31 1Y
I E i (Knock Intensity, KI). KI {H 8 A T 4
KA A

5 ok A 46 B By TTDP fih %, H B 4GS
FEANS AR b O 2 R . KT B IE Z 5 15 3 A K
KAW, %5 £f 4 3R ) KAW-Start, 88 5 047 48 Z 5
SR (KSA) ¥ ) (i KWB fl KWE >k &R
TR EE D  KSA FRIUA 7 5] — 4> Buffer HUH , 58
J& P W1 Filtering 3% B, Filtering 1 & J5 45 % 5t
J& KL

T 22 G TR KRR G0 R0 2 4 T & 48 1 4
LRV iE LB GINREAR

4.2 MEFREE
4,201 )] R 58 AL P

HE 4 B R 7R 4 55 K & 4t (Ignition System,
IS) B BRIk 45 2] F m] R AL W 6 s, & o

IS N Z ARG

IS #5 % 5 5 Gl (Cylinder, CR) 48 52 5 il R 4t
(Knock System, KS) . ™ % %l (Camshaft, CAS) . il
h (Crankshaft, CRS) filf& 1E (Correction, CN) jxX £&
[i) 45 I AT A8 H

IS 75 K 2 20 2 i KB B AR AL (deter-
mine the best spark timing) ;

IS 55 ) €5 358 19 38 . (AL 46 55 SR 51 A2y 50
W5 2 Fras. 8 H b i 5 22 28 B 5 S kI 22 HLL A0
3 iR,

R2 REBRANRGHZERHEER

LHZ 3y 2319 kS 3 H. A
int, CR 1S Speed, AF Instant
ints 1S CR spark Instant
ints KS 1S KI Instant
inty CRS 1S angle Duration
ints CAS 1S angle Duration
intg CN 1S KAW Instant
int; CR 1S Cycle Duration

RI3 RARGERHREXERRABHNIZE

Duration

Instant .
Content

Interaction  interaction

intg OTDC (Overlap Top Dead Center)
intg FBDC(First Bottom Dead Center)
int, into ITDC(Ignition Top Dead Center)
intyy SBDC(Second Bottom Dead Center)
intis IDP (Ignition Decision Point)
ints 0°
intiy 90°
ints intys 180°
intig 270°
inty7 332.5°
int1g Intake open (10)
intyg Intake closes(IC)
intso Compression opens(CO)
ints intoy Compression closes(CC)
! inty Combustion opens(CP)
intys Combustion closes(CL)
intyy Exhaust opens(EO)
intss Exhaust closes(EC)

K6 b B a) R 5= AR &R 4 (Knock
System, KS) 8452 8 7 2T R IR R H R 4.
K7 R R G R R o,

KS Jy 2O M R4 s

KS ¥ % 5 <L (Cylinder, CR) | 48 55 15 /& #%
(Knock Sensor, KE) . i %l (Crankshaft, CRS) il {&
1F (Correction, CN) 3x $ [a] 85 45 S gt £ 758 H. 5

KS 4 75 5K w2 % 4 it 4 5% 98 & (provide

knock intensity).
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©
wl

Ignition system(1S)

Correction(CN) ‘

Knock system(KS)

\
\
\
\
\
\
\
Cyclinder(CR) W @
N 2
N N ‘\
(S‘j/ \
SN
Eoc?f \ LT T T T ~o
é/’\ \ .7 S N
A
Knock System (KS) ~~ _ . o N
Y KSik I - :Q)l/ Determine the best "
302}\" -7\ spark timing /
Q\,\\\& ,/ \\ //
S Al S Pie
Vo § —----"
- ®
Crankshaft(CRS) |~ &
&
&
&
&
@)
4 VRN
. A 4 { ' Requirement
Problem Camshaft(CAS) N/
Domain _ Requirement
Constraint
Machine Interaction == -—= Requirement
Reference
RS KRG8
Bl 6 R4 SRR G IR A
Cylinder(CR) ‘
N \
{\(&\ \\
<X '
> S N
¥ 1,
S Knock Sensor(KE) k /\’/ﬁ*
)2 \sign? AN 2%
= N
‘YI({' \ P - ~
'7c7///\ \ 7 \\
Rsy Iy Sy \
P) . . — =3l Provide knock intensity 1
Crankshaft(CRS) | - - -CRSUITPPIZZ4, /
(@ L 7 \ /
/l./g/ @\\ N 7
7 \Lj' T -
2, &
ol
7
d
7
7

Correction(CN)

Bl 7 MR RG]

KS L5 [a] 8 91 30 ) 58 1. CfL A i 3K 51 A2y

HO L UNEE 4 PR R R 2 58 HL R 0 O I I A

H, U405 5 iR,

x5

BERNRERESERRABRNIE

DurationInteraction

Instant Interaction

Content

. intss Filtering.start
ity . . .
intss Filtering.end
4 BREEHRGEHTHNZEREERD . intyy KWS
30
KHA KRR O % KM intas KWE
inty KS CR KSA Instant
ints7 KS CR Filtering Duration 4,.2.2 l‘lﬂ Eﬂj/?)ﬁ\ j;,j(: E,(J HTJ— IEJ %*ﬁ
intyg KS CR KI Instant
int2 KE KS signal Instant Xof T[] AT ] v g A A T R0 400 S % i AT
intyo CRS 1S ITDC Instant > 1 . % > e )
. XS ox KAW Duration A I A 42 R SR B AR IR (1) ~ (3) PREANEERL T 45k
ints) CR KS K1 Instant F G 0] AR, (4) rp AL T R R 4R T AR 0 1) [ AL




96 it " ML % 1 2013 4
S5, 7E TR Z i i 1 3 ) ] S S — 7> AR s
1 jz T?ﬂlufﬁu éf‘ﬁﬁi@ﬂ TI_J/TE\X‘ |f i %6 BRSSO X R R
B ideal Clk, & J& — N K5 %% I, ml DLl AR 2 b 5 50 250 10 0
5| H. @ g @ o, @y, @, @ o,

(D ™% #l (Camshaft)

" Tl R L UK R AT A HEAT R L R
b AT AR i s s KA L BhAL. T
A W R SHLT, — BB 3607, FHL B R
MO°E 90"y & S HLE B B, A 90°F] 1807y He 4
BB, BN 18071 270° K Bk be B Br . A 27075 3607
HES B L.

MRS O AR AT DL E Sy — A 3 B B
camClk, HAE A~ £ BE B 07 B 0T RAAE Ry ik A B i) —
ANBF A 2L FE BB camClk o, L[] 5807 W] DL S0
K CAM, AR 38R CHL WD 0. 5. W1 B S 0 f K MH
hy 360, JIr A7 1) 3k S {1 1Y B AR A2 "CAML

T s A (1 B ) A5 AT LA pl A AR e 1 HRCME R bR
PR I b R R A T AR U B A A
0°CAM,90°CAM, 180°CAM, 270°CAM, 360°CAM,
Hf 0°CAM F1 360°CAM T F. th 0] LA B %A 19 28
HRA BB GORFR: @t s @t s @t s
@t @15, S HF @1y, FTR intys KA I E] A
@t T — %8 intys KA IR L B 0 FOR
ES (VS

4 camClk f) IS 8] £ 1 40 18] 8 B 7.

0 ?\0 180 270 360€0) 9,9 > o(.a‘rg(jlk
@, @,, G, G, @, @, (CAMD
& 8 Bf%h camClk A% i [a] &5 1&]

(2) %l (Crankshaft)

i At g | Y SRR MR 3 AT IS TR
B BT (TR 12 3722 iUE # Oie #% ) iz 3l » i b
e e e A S LR 3 0 UL e 4 bR Sibl b, — A
P E Rl 2 [ LRI 7207

il % 3h (9 A BE AT DLE SCON — A 32 4R i g
erkClk, HAEAN £ BE 19 467 8 ] DU Sy 3 A I B 1) —
AN 1) 5L TR B erkeClle v, HG i ) B8 67 T LA SC
N CRKL A3 A CEL U 0. 5, W IR {E M 0., e K E
720, A Y IX SR Y B R 2 "CRK.

XA Hf A 8 T8 5 AT LA el B A A e 1 SBCLEL R B
AN S (S SR 7 Ol Nl [T e £
0°CRK,180°CRK, 360°CRK, 540°CRK, 720°CRK,
o 0°CRK Al 720°CRK 5 . i 61 1] £ i1 7] LA
H — SERE IR 1Y 28 HL R A B I 20 RN X T R R R 2
[i] F9 X6 O 5% ZR AN 6 7.

A8 crkClk A s 18] A5 B G 9 B .

0 180 360 540 72000) 180 crkClk
\% \% hrd o
e,, @, @,, @, @, @@, (CRIO
B9 I erkClk {9 A A

(3) K HL (Cylinder) FARZE 2 il 248 (KS)

X ) B[R] AT LA i ) AR R ok 20 1 B
PLIE &2k T erkClk SRR EAT. BT MWL H 2
[ A7 AE A — 2 B 56 5 WU 56 &R . B 50 B3 B i
BRI BT Gine, ) T2 S I 250/ 9R00 BE 380 24 /i & 3
ML BE Giney ) S AR 38 98 52 5 B Cime,) EAT ST A 1&
1153 5 KB 2 Ging,) PR ZEH Gints). iR H
Z I AFE M R RIT KR

@, <@y, <@y, <@t,,, <<@t,,,, (1)

XU AR O R A AR R 6 B B AF R R
3HKKAR:

@ EEHCH RS /P RS R S PL
B Gint) B BB K AEAE S KM Intake closes(intyy)
ZJE B LA

@i, <@ty (2)

Q155 5 K B 2 int, W 9K K TE TR 45 % A

CCGinty) Z I - HILA
@, <@t (3)

O M PR VR B TRELH 4 A AR,
TESUL R 45 IR A8 38 B 2Z 8] B IZAF 78 45 XA ) i )7
KA

@t <@ty <@y, <@y, <@, <

@i, <@t,, <@t (4
BB A E R IF 36 10 Cinty) Z g R dER 45 W
1CGint) ARG EAETFIE COGinty,) »CC G551 Ginty )
SRIGIRBE T U CP(inty) s 853 CLGintoy) » e ) HES
TR EOGint, ) FIZE R ECUint,s).

B S2BR b SELRY ECGntos ) TE 10Gint) Z 5
K, COGnt) TE 1IC Gintyy ) Z R & A4, CCGintyy ) R
CPGinty,) [ A H AR AETE TTDC Gty ) EO Gintyy)
TE CL (intys) Z W1 &K A 10 (inty) £ ECGintys ) Z T
KA. I SEBR b O R () i

@t <@, <@y, <@ty <D,

@, <<@¢,,, <@t

int oy

HT A5 F L [R] nIE] 10 F .

€))
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crkClk
°(CRK)

—0 O——=O
@IM/IX @fu.zzs @Im/zo @Im/l‘l @fmm

P10 AL R 2 1 2 4 0 1] A PR

() 7 45 ) 2 5 114 (i) 00451 38 i ] 7 A

PR P 2 40 9 1) 40 3 40 #5 CRLUKE, CRS
FTCN i 26 (] 51 401 5, 1) s (B #6% mT LA 3 1k i 4 79 5%
F R A I DA 2 R FH I8P erkClk Sk i &2 B A1
WM HZ MRS — & eIy R &, Bk,
B ITDP Gineyo) fiil 2 15 52 50 B8 L S8 T AR 4l b Uk 0% 7% i

@y @

JE KlGnzs ) B 1EZ 514 81 A K KAW Gntg) 36T
HKIAT 1 FE A5 5 K (KSA) I 8h Gintys ) 5 152 L
Filtering(int,;) , i J5 15 3] KlGintys). PR H &4
1R B[] 0 Z TR AE AR R AR

@t <@, <@, < @t;,, <

@t,, <@, <@t .

MR A b A A5 R o 4] LAAS B A A )

M RK RGN R RS R s 11 F g 12

FroR.

Correction(CN)

%‘%

Cyclinder(CR)

Ignition system (1S)

Knock System (KS) \KSWKI
SHK )

Determine the best

spark timing

Knock system(KS)

Crankshaft(CRS)

Provide knock intensity

Correction(CN)

P12 A I A S AR A ) A
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L
¥

4.2.3 ARG R

(1) camClk #1 crkClk

SRS R N P IR oE T  =
R PR— A%, I i 8 camClk FI erkClk %%
b RH HHORE, X B AR G FR AT LA iy i b 2 R
filteredBy kIR, B 13 KR T 3% P A~ I g 2 [] 5
[) A 22 [B) ) O 3R

Instant values -
o ——1(0.0) (0.5) (1.0) (1.5) (2.0) (2.5)
(°CRK) 1 5 3 1 s G

L ‘ erkClk
Concidence o
relation
= camClk
.0

1 2 3

Instant values

CCCAM ) ——(0.0) 0.5) 0 "
({clockConstraint))

{camClk=crkClk filteredBy Ob(10)}

& 13 Bf4h camClk F1 crkClk 27 [a] %) B b 24 50

il 45 3] B R camClk & crkClk iy — >+ Bt
B R camClke 1 I [] 552 A erkClke % 45 P A4 1 18]
JZ AL A ) I 2 A 06 AR G EL IR A I 2 o Oy
Clock.
Constraint 1:
Clock Constraint 1.
%f camClk Fil erkClk (1) 2 3
camClk= crkClk filteredBy ob(10)
For . ob(10) S — A J& 0 1k 19 — kil 40 3% 1010+
CHR At 2 10 R TEBR H 42D . SEBR b, i ] g 22 []
K2R N
A [E] &5 0. 5X (k—1) mod 720°CRK & HR 1L 5
R(k=1,2,-)4 erkClk [ i} a] 2.
(2) crkClk i idealClk
— AR B LAY e K EE Dy 4500 B /3 T —
JITAE B 18] 2y 3607 CRK W fz K #Y % gl Bl JE o
(4500/60) X 360=27000°CRK /s, [H A
Clock Constraint 2.
%t crkClk #1 idealClk [ 25
1°CRK>>37 pis
4024 KN E] A 2 A A SE 2 R
(D mK RG24
G AR R KR GE S UL AR Al il A 07
ZIRIAFAE A — R 1 58 28+ A G 78 UL A% 52 1 10 i il
(9 58 0. e A 1 I 2 A7 AR R B OR AR He
@¢,,, (exhaust closes)fE OTDC i B M Z J5 5~
20°CRK, [N BLAFAE AN T £ 5.
@, =@t (OTDC) +15..20]
By

@t,, +5°CRK <@t,,, <@t,, +20°CRK (6)

ol , AT DA 3
Constraint 1:
@t,, = @t,, —[10..16] //10 #£ OTDCHj 10°~16°CRK %
@ti = @t;,,,+[40..60] //IC 1 FBDC J7 40°~60°CRK %&£
@z,mz; =@t,,,,—[45..60] //EOFE SBDC§ij 45°~60°CRK % 4
@t,,,, = @t,, +[5..20] //EC7E OTDC Ji 5°~20°CRK % £
@t,,,,, =@, //CL Hl SBDC [dff %
@i, = @tiy,, = @t //CC Hl CP I ITDC [F] I} & A

MR LR R G AT UHER IR A
Az B B () 0% 2R
@t <@t <@, <@, <@L, @D, =
Ot =ti,, <<@Dty, <@, =@y, (7

HW B RG W — R 5 3t 1DP filh %, T
IDP H 3 AE— A [ % i b Bl £ B2 L 8 09 A5 U BEED
s erkCllke {8 — A~ I ] . T i 1 1) A R T A
(CATAA) WAL B & 2 TR RO R KA (MIAA LX)
I S R A 10 ) ZZ . DRI o i AR TR AT A g TR B OO
reading speed and AF (int;) % igniting spark (int,))
DA IE 5 FR Y om O IDP 3] MIAA Hy R[] 2%) %
1N, 35 6 G 24 o I A g

Constraint 2

@t,,, — @t <Om

(2) BRRAEH RGMZR

T E% R R B URLAR A A KT A 77k
B A A 29 . B2, Buffer & &> <UL 3
L X AR IR AE BB Filtering 484 24 25007
=GR KSA #A4E I Ih Z i 58 B 18 R
(KAW)ZE 55°CRK(KAWS) Z Fii JF U - i 2 45 & 75
22 55°CRK(KAWD). At 75 e IR 115 50 F A
PR AE 110°CRK R 58 . Hi A5 2 4 K 2535

Constraint 3: X KAW [ £ 5

KAW. start < 55°CRK

KAW. duration << 55°CRK

B @t,,,, < 55°CRK

@t,,,/;g — @, <110°CRK

TR & Filtering #4E. Jo %5 & B4 & Sl
I DL AR LG 3 rh . Buffer & — > OB A0 %
Ji. e KSA 5 A, i1 Filtering 32 . 78 & W AE 3
f) Filtering H, W AUAE T — DG b+ 1 /) IDP 45
I 2 i R AR 0 KL IDP g 2 — ) [
SER R (He . 76 ITDC Z 5 665°. 88 % 1F 4 1&
ITDC Z i 55°). fi B¢ 45 5 J 52 % TT 46 19 dsc RAE
KAWSmax FI4 5 & (1945 25 6] B &y KAWDmax., AJ
DL S
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Filtering. duration<<665 — KAWSmax— KAWDmax.

# KAWSmax=KAWDmax=55"CRK

Fh JHC I 75 1 0 43

Constraint 4 : BAHT & Z1HLAY Filtering 2

Filtering. duration << 555°CRK

M@t — @1, = 555°CRK

LS EWIEN T X% Filtering ) duration 1
2 o th gk B A% . 58 L (ITDC, KWB-++) 1] DL 35 6T
SR FRIR ITDCm . KWB” | KWE” #1 KID” #5 #§ 1%
Hom W22 H. 1M ITDCn #5845 32176 7, B2 F—1
SKIIREL. TE &L KID i 5 IR 2 28 & 1DP,
mMiJ& ITDC,. i a] &) B A & ITDC, F IDP,  Z [H]
# 665°CRK [&] & , M & 7E ITDCm 1 ITDCn Z [8] 1)
720/4=180°CRK, Xt 4 4 HL L ZHHLE T 1 180—
110="70 "CRK {452t 3§ [a] B . PR . A5 240 2930 5.

Constraint 5; 4 §iT & 1 ¥LH) Filtering 235

Filtering. duration << 70°CRK

M@, — @, < 70°CRK

I, FE e KW & sh L R , Filtering. duration
ABLIZ AL 70X 37 =2590 prs » L FAL L Y175 0 22 /0
Rz,

4.3 HREGEFRALHHE
4.3.1 RARRHEAS)

MG 2R 3 55 v 1 SR ML 2 19 SR IBOD B8 AT
AR RO 2y R R 1R 2 0, B R
WIZEHA int) .int, sints ,inty sints ,ints »int;. H 3% 3
H s ine, (8 TF IR BRI 52 5K ints s ints BT 4R BE N 52 5.
N ointy s int; BIIT G BEREAC H R intis » 45 9 BRI 38 H.
Hoanty. XL H R D ZWHRERNA @, <
@ty <@t <@, <@t,, (D HD.

HEmMHE T RN T .

HAOH, @1, <@t

B G H, @1, <@t

LT @1, <@t

A int, Fl ints 5o & 0] 15

@, <@t €

1 Constraint 1 4l @t =@t} —[10..16]]

M@z, <@,

MR ints B imtys ARG imt, R imit 1) 56 R W] 4

@, <@t (9

RAGE s 29 56 & Clock Constraint 1 Hl, intg

LN antys [R] I A Az Fir
@t = @ty (10)
D) L) L (DTN 0 AFF KRG

AR SR A WA 14 () FrR, Hod XS kRS
IS 25 0 SECAR A Gine, ) A3 18] i 4l %) € 5% A BE Came )
NN A 50 A B Gines) 4 335 IDP B, A5 9f) 2 /i 25
/TR HE R RN Y 1 & S ERE Ciney ) L5 72 R
KIGnzy) o K4 s KBS B SR Gine, ) s I 1 B R AR 7
(intg).

R RBEARIA B iney vings s ine 78 TR
SE2 L B 14 (b) L (o) L () il F5 22 52 L
LYRoR. LLine, ), AR AR 1B 14 (b) L W] LUE ) H &
i T M OTDCinty) 5] FBDC Ginty) 5] ITDC Cintyo)
| SBDC (int,y) 5| IDP Ginty, ) (42 50 FE L 24 W0 82 5] &
F35 IDP B, il & T HE ML H. R T intsyint, 1
TR TE WL B 14 Co) F1 (d). 3% 26 28 T 2 [a] B i 2
Constraint 1 1 Constraint 2 R X K.

? T @ik

(a) BEARML)

(¢) FRELAZ Hint, L) (d) FFEA8 Hint AL
14 MKRFEHTRAY

4.3.2 BEEH R (KS)

5 KRG 0] DA 24 5 ) R G T
SRR BLL N E 15 Ca) R o He B S0y - 4 7 4 1l
F 40 KS 2 i il il 00 e 5% ff B Gine) 5 24 81535 TTDP
W Ginty ) S 28 9] RO AR KT Ginyy ), S5 15 4E
R KAW Cintyo ) s AT {5 5 3K B (CKSA) 1 3
Gintss) » KBURZAS S Gintyy) » SR G BT Filtering it
UE Cintyr) 45 3 K1 Gintys ). % T oh 5 J2 i #2228
Hointy s intyr s intse » T AT 53 B R FlF7 8258 H¥L 205k
FRVERWME 15 (o (D iR, HEIEHY
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BV 15D ine, 58 14(b) ) ine, Z 55 M T
AN Z A TE T WG A A i A [ L &1 15 (h) 24 W %%
2 ITDP xi Cintyo ) I BRPF 0l ol e 1 48 7 10 HL B
.1 15(0) . (D W4 B %R T Filtering F1 KAW
() I i T 25 PR X 2 32 7B £ Constraint 3 5
Constraint 4 (6T % 3 #1) 8¢ & Constraint 3 5
Constraint 5(4 L& L AR K FR.

(b) FFLEAS Hint W2

‘

(d) FFEA8 Hint, B2

(o) KR8 Hint, L

Bl 15 R R R R L

5 XTI

PR A SCHH G 1 TAE A 208 A5 i [a] L s [R] 55 5K 2
S [R) REUHE 8 07 12 o SR KL 249 10 il e

Z ¥ 251 8] (Multiform Time) #5575 2 5 2 [7]
BT g SORME . A I AT LU R TR Y
i (8] BA 457 o B . MARTE (Modeling and Analysis
of Real-Time Embedded systems) & OMG 2 21/
A 1) 52 B R GE R JEBEREE . b 2B A i )
I )AL B 1 ) 5 SRy — 2 A AN [] 1 [
EALAE IR I Ao ok S IR n] DR HC, L RS DL SR TS A
BAEE SCT A N Bl 29 i F CCSL (Clock
Constraint Specification Language). iZ T./F &2 X
AR FE Bl AR SCRY I [R] A5 Y A J2 22 JF 285 I (1)
RS AR Z AR T8 % 1) ida SR B B B 4T3 H
I iR 4 SRR R AR A A B S S L RB R T
B | R

FRATTHE I () 75 SR AR B S g 3 il BRI ) 2 A
6 I (1) 75 R S LR T MARTE A9 I i) 75 3R #2455
BETma] B ShHLAE I A D7 125 i I 8] SR AR

TR P 282 A B IR 18] 5 SR AR B SR AR O vk
B H B 2. B T E AR R DR 5 e A
=N SRSz R T NS RN e LAl =R T SR (e
kIR, KAOS(Knowledge Acquisition in Auto-
mated Specification)™* & HAY F ¥k T /E. KAOS
£ B AR 2245 58 (4 I S5 R 5 B 1 5 i AR T
F I A A A 90 S S I B R 6% B e AT 2R A Y
— v I 32 R A S I AR

T ) AR T 2 5 8 AR D ORI
SRLHACFEME TR 2 i EZRD R0 Formal Tropost'.
Formal Tropos i& 5 Fi i KAOS ¥ & B9 B 5 8L 2491
HAMFE 17, Formal Tropos 3 fif I 4 28 71 ) — Ky ih
J 3% A S I AR

AR TR Y A AR #ROR B 2 4 )
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Timing requirements modeling is very important for the
embedded systems development. Much work has been done
for timing requirements modeling in requirements engineer-
ing. For instance, the goal oriented approaches such as
KAOS (Knowledge Acquisition in Automated Specification)
and the agent oriented approaches such as i* framework and
Formal Tropos. KOAS consists of traditional temporal oper-
ators, together with additional real-time operators for specif-
ying properties involving real-time deadlines. It models real-
time properties concisely by using the typed first-order real-
time logic. The Formal Tropos language supplements i* with
a rich temporal specification language inspired by KAOS.
Formal Tropos also uses a linear-time typed first-order
temporal logic.

All these approaches of requirements engineering are
based on logic. A limitation of the logic currently used is that
the time domain is assumed to be discrete. This makes it dif-
ficult to accurately capture and reason about properties invol-

ving time derivatives and integrals of time-continuous varia-

bles. It is easy for them to describe the time instants and
time durations. However, they do not solve the integration
problem between multiple environment time description and
single software time description in timing requirements.

On the basis of the environment based functional
requirements modeling, this paper proposes a multiform time
requirement modeling approach. It tries to solve the integra-
tion problem of multiple environment time description and
single software time description at the requirement level. Our
timing requirements model is a multiform time model. It is
continuous because it is rooted in the real world other than
logic world. Tt can describe time from different ways using
different time units and resolutions, thus making multiple
environment timing description possible. Besides, our timing
constraints are based on the interactions and the problem
domains which are essential parts of functional requirements.
In the future, the authors will verify the timing requirements
specification, and develop supporting tool for modeling and

automated verification.



