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AT B R E T SAQ (specification acquisition system) % 98 H? # LFC (language for context free recursive
function) B F. BFEE -AFREAAFT CHHARERETERNABR 0L FXAXEEHEIHESE
MBEXRTY HERMT L FXREREFT LHBHEE . FELFC P, EXEHR BTN E T ALRIFH HTH
HOAmEALERETH™ A FLFC E LR nSr WA EE 2 NTFFEEENE WK TR BERF
FRBWELFER WREEHRILETRNEHMA LFCHBTRERSBIRE. :

BT LFC v b S8 B o 08 AR 2 A7 B8 200 0 o 0 000 T B3 0 89 I M 2 0 R 20RO R L R R R B
EN. BNESREMETHASMRAEHT - EEDNVETHAEL T ETHESHORBHEA HRE
R R B Y 3 T A 9K B M5 7 20 AR B0 2 T WO 4 4 A9 1L A0 AR 4K R R P B0 T B A4 (L IR R EE R
AR TRAEKENOARENTLFC. HAHS RS AN T HNETBER T LFC LK. BR, wikx
TEEEXOEEa5HRABMNEARRBE M TEMEL NS BB ERE.

XA BRI N B R B RSN AT BT 71 85 5 k8 R T A8 5 & R O A, 3 K B
FadR TESITEEMHLFC. B2 WEMEWES SN ERANER. H3 v @8RAHE . PR B2
FRHEFEFTREANIE BRsHEBER.

'1 LFC &4t

HTLFCHE L P X ARXEEEALERNERED WLFMNTLFC EXARERZINE AT EELSE
HEEXBHEAHEN LT XERET AGESMENSATEHENAXETLREEY.

B BERMNEWEOX REZMERRBNETT L WEBRAER oy, s LARKMITH. -+ E
BoAEMMESSUSRERBUNERE RINLETEREL L ELEANSER . E LFC F 7 1UERK
PF ER.EAMFUTRROCEX AR FERCEANTFS FALE LW —84. Num B &% 2 i
AR, ek K L),

{ElemFunci—(ElemFunc)+ {Term) (1
(ElemFunc:—»{Term; (2)
(ElemFuned—— {Term} (3>
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{Term}—={Term) * {(Factor?} 4
{Term)—{Factor) (5)
(Factor)—={TriFunc} (6}
{Factor)—=>{Var> (7
{Factor)—{Num) &
{Factor)—({ElemFunc}) (9}
{TriFunc)—+sin({ElemFune)) (10}
(TriFunc}—cos{(ElemFunc)} (11
{(Var)—zx 12)
{Vary—y (13)
{(Var)—z (14)

REEXYNFERMBAEE P tmDiff , faDidf , ol Diff 2% & X Diff i 3| A BB B ¥ (T L r[lvE
A My EEAENE ARTEATER. A [ 2l BER— S B 20, - AE A+ f—
A ] BERER S, concat FERFEM B EEEH).

dec Diff; ElemFunc—>ElemFunc; / * & % Difl £ X 18 % ElemFunc, {8 % ElenFunc » /

var r0; ElemFunc;

rlyx2,23: Term;
def Diff (x0[]1“—"[Jx1} =concat (Diff (0}, *+ ", tmDiff{x1}) 4
/x 2 BE A7 4 (ElemFunc) — > (ElemFuncy | (Term) 4= QM i i Lt = /
Diff (£2) =tmDiff (£2);
JSx MBEE B4R (ElemFune; — > {(Term) E M HAEE L E = /
Diff (“—"[x3)=concat (“— (*,tmDiff (x3),“)”);
/x HBEERH AR (ElemFune) —> — (Term )4 B 5, i g L0« /

dec tmDiff; Term—>ElemFunc;
var w03 Term;
xl.22: Factor;
- def tmDiff(z0[ % % *[Nr1) =concat (" . tmDiff (x0), %) * 7,21, + 7, %0, * (7 faDiff (x1),%)");
tmDiff (22) = faDiff (x2);

dec faDiff . Factor — >>ElemFunc;
var z0: TriFunc;
xl: Var; ’
x2: Num;
x3: ElemFunc;
def faDiff (r0) =t{Diff (x0)
faDiff (x1)=%1";
faDiff (x2)="*0";
faDiff (“("[ 12301 =Diff (23D

dec tfDiff ; TriFunc—>>ElemFunc;

var 20,x1: ElemFunc;

defl t{Diff (*sin (*[ Jx0[]*)™) =concat{“cos (?,20,“) = (7, Diff (x0>,*)*™),
tDiff ("eos ("[Jx1[]“) ™) =concat (“ —sin(", 21,%) % (7, Diff (x1),“)™).

2 % 6

# LFC B3R T 04T Diff (“sin(a) teosGin(eD" B L EWE 1 FinmEHAAR GLEEANEAES
#, bR b3 FAFTE Y 3.
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D3 (“sin ) +-oosCsin()) ™) |

]kcmcnt(i)iff(“sin( 2B, T Diff Ces(en ()™ J
M

— .

LDiH(“sin{x}”) 5 | Dii (“cosan() ™ }
b

,?—;ﬂ)iﬂ(“sin(;) my erl)iﬂ("ws(sin(x))”) [
¢

Lfaﬁff(“sin(x}”} ] Lfaﬁff(“cw(sin(r))”‘i ]

N
me«“sin(x}ﬂ [ upiric cos{:m(x}) 3 }

{concm(“ﬁsin(",“sin(z) "y % (7 DS (A7) ) )

lcont:ﬂt("cos("u"l”,“)*(”:Diff“i")a"”4)1 l Diff (“sinC2) ") I

[ Dt | DG |
i l
[L DM ("™ f %—fasff{“sinu)"ﬂ

L faIRf (™) } 1 HDiff(“sin( ") }
!
lconcat(“oos(" ,.“_z‘".“) * (",I)lf{(ﬁl u-) .“)”) .

r—w———.*]

! Diffa™)

v
[ mpiicen ]
| S—
F.'xg, 1 Function call wee of DHf{*sn(2)dcos{sin{z))™)
1 DiFf(“sin(x) 4-cos(sin () ) ™) fil o %38 7 B

ME IR UEH, 8T aEsinle) Feosfsinle) )" P EEF R Sinx)"(FRAER NV EREFEYINEE. 8T
EEHEDHI ("M TERRMEA T KENESFRNRR. 2 ENERE TR AR MU R 20
FEETFHALH . FARSFTEXSEREN. BEY PO EE R ERBEEETLFCRREREYLR
BEEHESOMN. DREE TS EE LS TERSR T ALK FNEFVENAS. BX L . 8HEH
BREAXABE T ENHA T E-2 20T EEFEN AN ERER. AN . EREARY.

1(0; EESR
Fib(n) =~ 1, e T
Fib{n—1)~Fib(n—2), n>>1.

3 RieHEFE

o T K A B TS MO R o T T A A, T AT T L A 7 T A T 4 L O AR
WM. T ER AN AR E SR BRI REeE Bl X -5 BT MRESGH
HERSEKABEELHUE RORTUE RBLCARERE ASHEXEREEIGTATARREHEE.
BFXEREEANEARERRERREE N ERE. RS ENTRMSHRER. Bk AT @HEE
Mk RATRAI T H26R A A E 0L FH R RS,
HB1. By BRBROERAFD
BYEEHERAFNERER — Fafley BEOHRABRREEA SSRGS F ABARS
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GHHRALE EAEE 1 BTRBRAVNE BERAEDNELBEEANFH IFHERT R REY
B4 LAY & T B AR
% BEREERFNESEHEAHE.
WA RAESEEN a0, .. 0. Kb a HFEEAFE,
i R AT L
R (D BRES WAHFIAFHEL A AFE A0
() HTREHAMEER. CEASHELEA T RN LG LIERTEM A TER P Pu D
RECEERMYAPEEN S HESHAMNAREM M EW SR FHEFAEELNES),
HEFRN P P53 B IE (D),

EerFanc(D i 12 (3) ¥ J 3 G HRIE R shared, ¥ M T BT E F#

T FEETJ LN AREBREERNAE RE

" Emmel ﬁ ! 7 2 AL shared 1% 5 %47 52 1% tobeshared.

7 *\ [Factor(6) [ 10 WRTI A P TEEAL S E AR,
6 [ Factor(py |= [TriFunc{11y [¥r 9 (.

WD ERITFTL S ERESREN A K
> * Note: The number in the parenthesis WY& A THERT S BT R LT
4 [BemFunc(zy}* e l\fleai::stxeiio?ii til;ennlazdkf:d as shared, TREARE — BT RO HRTN 2 A TR
. * Bk BT EART. WRJ HEHRTFRBE

vo B35 85 AT I Wy shared, AH 1 BB FRICH shared & tobeshared, ¥ J
2 * TR B A tobechared. R0 % tobeshared. B (5).
1 * ' G) MAHTFIPHT - PFG A QMR
Fig. 2 Syntax graph of sentence: sin(x)+cos(sin(x)) BEeMRE. HE Lot P RAE—f
B2 sin(x) -cos(sin(x))§yiE ¥ 4 47 A TE BB 44 B O A AL

Blan . BMEHRBE 18499 ElemFunc E L9 sin(z) +cos(sin(z)) B & RS BB 2 BFix.
B2 BT ERAAKSE
X1 BEAR P (pree . ap ) BRTT ROHEENY pron .. ope Z— B M B KI5 82578 1 5 BORIE R
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T WA TAEAR NEESER.
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(L) RS, v RBOR A TGy WV ER—T S L 3 1 A S BT 85 (5.
(@) B FRAC—F(Praper.. s p)n=0CTAAFIFERT BHELAA. BIETY BERRAN
EXLREMEEIE—-EXT O 0R prvpee . s BACARBERAM Q). TMW.RE 117
R REBAA p @ IMREHE L FH G,
(3 RIEAERF HELEBESE poper. .. oo HERHFELR Q.
(2) WA QKR EW WM. #(5), 70,5 D).
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D BCHEFER p=Plvi. .. o) >0 W ERFIFEETT RGBK AR BT REHEAN
EXEEMBRIB—ERT ).
) MROEBFEEFTE J=P.(ty,...,v) . B IJEICH—-TFFEA.H ) EFM. b))
b N ER—ATFHETEHCH - ATHEEP(o .. WRETTFERTHANTLRTLH
(e).
(OBECHT—P Y BHBEAR. B WREFWRRE,H# G
() MBEF AT NG HFU B AT — WAL HQ2.
(6) WeBt BTHE AR TGy o od, )00 B B9 50 1o B S PRI B AR R
a0, B s e 1% B Diff 6952 S48 Diff (“sin(x) +cos (sin ()™, 7 LL1§ Bl n | 3 57 75 #7384
#HE.

| Diff (“sin () + cos(sin( ) ")

I

concat¢ DI (*sin( ™) %+ *, Diff (“cos(sin ()™ | 2

i

—sa ¥ =7
3 1 D (“sinC 23" L ‘ Di{{(“cos(sin(.z))”d 4

!

[concat("fsin(”,“sin(:r Lk (G DY sin() P, ) 12

¥ ¥
5 | tmDiff¢“sin( ) ”) \tmDiff(“ca%(sin(:r))”) 6
¥
7 fa]')i[[(“siu(_x}")| ’faDiff(“c(sin(I})")J 3
v
9 | dDEEC*sin()™) \|thiff(“cos(sin(z>>”> 10

concat(¥eos(”, " 2,4 & (7 Diff "3, 2™ } 11

Diff (™) 13

I

tmDAff¢“2™) 14

faDiff (4" 15

I‘_

Fig. 3 Call dependency graph of Diff(“sin(x)-+cos(sin{a))™)
B3 Diff (“sin(x) +cos(sin(x) )™ B 4 F 4 4 [

S 3. R E T8

(1) 7 4 o o 9 FRHC 8 [ AT 3 T HE R

(2 AR O B 6 37 45 3R 033 F # AT i

W bW A HE R R e BT SGRE A A B A TR s 3. LR R T BE
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(1) Diff (“eos (x) +sin(eos (x))"),

(2) Diff (“x # y4cos(x * y)+sin(r+zx* 337",
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(3) Diff (*cos(In(x))+1nlx) * =)
B2 W EFRY.

(1) Fib(*10™),

(2) Fib(“20™),

(3) Fib(*25™).

CAEICGERHEN PR, BN EHAREMNAFPBARRERERARAB SR ANSE T
Windovws 7% i 88 48 L+ 3 36 R BF AR IO P 1 B R P D BB A — IR ) P ATILE & B M F AR
MERARASETFRRENRA A TEERTERTAIBTSMABRE AR ET AR, Hit HIEABE
LR T

Table 1 Ezxperimental result

‘ F1l TREHR {ms)
Example® Example 1 Example 2
Application® 1 2 3 1 2 3
Before optimization® 2 830 2 960 2170 60 7470 85 478
After optimization® 2 470 2 580 2420 50 60 60

OF T DR, @A T D2 5.
5 # #

AXBERT —HEfE 200 REFE. FERHN LFCHRETHT TER. SREZWN. EHFEN T LFCE
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Optimization of Function Evaluation in Formal Specification Language
ZHANG Rong-hua DONG Yun-mei

{(Laboratory of Computer Science Institute of Software The Chineie Academy of Sciences Beijing 100080)

Abstract At ruan-time, some parameter values may cause duplcate function calls which cannot be found at
compile-time by traditional optimizer. In this paper, the authors propose a run-time optimization method. It can
eliminate the duplicate function ealls by creating function eall dependency graph.
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