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Abstract: Symbolic WCET (worst-case execution time) analysis yields symbolic upper bound expressions for tasks
that contain parameters. Quickly evaluated at run-time, such expressions can improve the accuracy of WCET
estimate. This paper proposes a symbolic WCET analysis method that is especially for the input-data dependent
branches. First, the formulas described by Blieberger is expanded, so that they can express the input-data dependent
branches. Simplification of the formulas using control-dependent graph yields conditional symbolic expressions that
have different forms corresponding to different input value ranges. Different from the existing methods, the
symbolic formulas are directly dependent on input-data, so WCET estimate evaluation at run-time is more simple
and straightforward.
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Fig.1 The CFG annotated with p
1 p CFG
®) : ,
D ( );
2 P ;
©) p :
31
(control dependences)*! ( )
Jif-then-else true ; , fase
Jtrue (true-control-dependent on)if false
(false -control-dependent on)if
6. CFG n % m, n m % ,
m. v, r£m r#n, n r, r m, n v
m( , v  TRUE FALSE).
, m n (m,n),
n % m, v CFG
[21].
' , 2
foreach vertex v in topological order {
if visnot ainput control vertex {
foreach edge (m,v) {
foreach edge(v,n) {
generate edge (m,n);
plmn)=p(myv);} '}
delete each edge (m,v) and (m,n);
deletevertex v; }  }
Fig.2 The algorithm of generating input control dependent graph
2
, 2 O(N),N
CFG
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1. , 1 .,
TRUE Di , 1-p;
bool example(integer n,x,cnd1,cnd2) {
i=0; ----Node 1
while (i<n) { ----Node 2
i+ ----Node 3
if (cnd1>4){ ----Node 3
if (i<n—x) ----Node 4
51, ----Node 5
elseif (cnd2=1) ----Node 6
S2; ----Node 7
else §3; ----Node 8
}
if (cnd1<3) ----Node 9
S6; ----Node 10
else §7; ----Node 11
s8 - Node 12
}}

Fig.4 Control dependent graph of the example program
4

Tablel The executing count of nodes and the executing frequency of edges

1
Node Executing count Edge Executing frequency
entry 1 (entry,1) 1
1 1 1,2 1
2 n+l (2,3 nl(n+1)
3 n 2,) 1/(n+1)
4 pixn (3.4 P1
5 p1x(n—x) (3,9) 1-p;
6 p1xx (4,5) (n—x)In
7 DIXP2XX (4,6) xIn
8 Prx(1-p2)xx (6.7) P2
9 n (6,8) 1-p;
10 pixn (9,10) ps
u (1-ps)xn (9.10) 1-ps
12 n (12,2) 1
exit 1
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3) WCET
Gy (z)=z"" G;(2) =27 p,Gs(2)
G1(2) = 2"G p, (2) Gg(2) =27 (1- p,)Ge(2)
G,(2) =z2(G,(2) + G, (2)) Go(2) =27 (1= p1)G5(2) + G5 (2) + G4 (2) + G4 (2))
. Gio(2) = 2 p3Gy(2)
G,y(z)=z"| 1 G,(z) 10 8=
3 T(/(,H_l)) 2 Gy (2) =2z™(1- p3)Ge(2)
Ga(2) =27 p,Gs(2) Gip(2) =272 (G (2) + Gy (2)
Gs(2)=z"((n—x)/n)G,(z) )
G ==/ )6, Gl =2 ¥, 1 )Ga(2

CFG , O(N*),N

G, =z'mm? 4 ghen |:p3zrl° +(- py)z™ :|[(l— pn+(n—x)pz™ + xpyp,z™7 + xp,(L— p,)z™o* :| G,/I(n-1).

mem 12 (I’l + 1)

G, = .
' n+1l-zoo |:p3211o +(1-py)z™ :|[(1_ pn+(n- x)plzm,s + xp1p2214'6'7 +apy(1- pz)214'6'8:|
Tentry 1,2 exit
Gex[l = : "
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2 5
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ps3 . 1‘]17133
Exit
Fig.5 Input control dependent graph of he input dependent branch nodes
5
5) p
p 2
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Table2 The annotated path set

2
No. | Annotated path | No. | Annotated path | No. | Annotated path
1 PLP2.P3 3 p1l-paps 5 1-p1ps
2 pup2l-ps 4 | pulppl-ps | 6 1pilps
6)
) 6 ( 2). , 1 3
(cnd1>8)A(cnd2=1)A(cnd1<4) (cnd1>4)A(cnd2#1)A(cndl<4), ,
4 , :
A+nt,y, +(n—X)T5+ X745 < (cnd1>4)and (cnd2=1)
A+n T4, +(n—X)7T5+XTgg < (cnd1l>4)and (cnd2 +#1)
A+n 1y < (cnd1<3) '
A+n 1y < (cnd1< 4) and (cnd1> 3)
5
WCET : 10 (3,
WCET , WCET ,
[1] WCET ,
[3] WCET , (abstract interpretation)
, ILP WCET IPET . [2]
WCET. , , CFG
, , WCET . ,
[14]
[4] \ (mode), ,
L4 . , [4]
WCET , )
) ) WCET.
3 , , ; ;
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