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Abstract: An important issue of real-time software development is to analyze and predict the execution time of
real-time software. A kind of visual prediction and analysis framework of the execution time of real-time software
based on program flowchart is proposed in the paper. The key issues of implementing the framework are discussed
in detail, including creating the mapping between intermediate code segment and statement line of source code,
retrieving the time of any given program segment from the perspective of CPU cycles of goal machine instruct,
calculating CPU cycles of statement lines of source code, point-to-point WCET. (worst case execution time
calculated) analysis algorithm based on program flowchart, and transforming CPU cycle into physical time. Based
on the framework, a practical tool has been developed to predicate and analyze visually the program execution time.
Finally, conclusion and comparison between the work in this paper and others is given.
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WCET(worst case execution time calculated)Fl & /NRAT I [H] BCET(best case execution time calculated).
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Creating mapping between Querying CPU cycles
Program structure analysis assembly and source code of assembly instruct Statistical model of
physical time for
Source code ssembly instruct segment| CpPU cycles of assembly instruct:
Block structure assembly instruct i=F (T/n)
Funcl () ?debug L 6 “ND 3
; I, T
Visual Ly int i=0; e dx
Tl . — [ €«>»XOR mS, 7
interface if (i<0 ?debug L 5 AND 3
> it cmp dx,10 r, m OR
Func2(); I~ jlshort @1 @58 XOR m,r 7
Return n; ; .
! ’ ?debug L 7 AND AL, imm8 | 2 Machine model:
Func2() Xor  ax,ax XOR 18,1 2 cache, pipeline etc.
T AND eAx, imm |2
}
Calculating the time of the given [| Calculating CPU cycles

assembly instruct segment of assembly instruct

Visual algorithm| | WCET/BCET¢ algorithm

Fig.1 The principle of visual analysis of program execution time based on source code
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\WCET/BCET Select code segment Flowchart Graphical interface
¢ ¢ to be analyzed with time
T Visual analysis layer
Start block .
Binary tree of program
Algorithm for End block Stru);ture wit]k)1 ti%ne
WCETc/BCETe | I

Syntax analyzer of Binary tree of Time analyzer
Source code source code (H) ’ program structure
Statement line
time

Source code analysis layer

Compiler

Syntax analyzer Pro
> gram structure
of assembly (L) f assembly

Intermediate cod¢
ith label

Time synthesis Assembly code analysis layer

CPU cycles of

CPU cycles of Time adapter assembly code lin
machine instruct /V

I:I Calculating component O Data component ~———» Communicating component

Fig.2 The framework of visual time analysis based on program flowchart
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Table 1 The CPU cycles of machine instruct
F1 P AR

Index CPU cycles Instruct Index CPU cycles Instruct
23/0 = 2 JAND  rr 30/1 = 7 ;XOR m8,r
23/1 = 6 JAND  r,m 31/1 = 7 ;XOR m,r

24 = 2 ;JAND  AL,imm8 32/0 = 2 ;XOR  18,r
25 = 2 ;AND  eAx,imm 32/1 = 6 ;XOR  r8,m8
26 = 1 ;ES: 33/0 = 2 ;XOR 1r
27 = 4 ;DAA 42 = 2 ;INC eDX
28/0 = 2 ;SUB 1,18 7C =7 JL rel8
83#7/0 = 2 ;CMP r,imm8
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2.1 SREFESHIEATRENSTEZ

BT B 10 T R R B 5 R AR T 25 0 T S WA R BRAT IR ] (A A R 3 A ot B P AR E
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Ferh s 5 AT, O R TE R ARSI 3(b)h B3 5% 38 5 1R AR A0 U5 ) Bl B BT b 5 IO R AT B I A —
A SRR AE, BRI R ARHS B LL«“2debug L xx”FF 1A, 1M BA“?debug L yy” 45 W

1 int main() 37 H
2 { 38 ; for (;i<10;)
3 int i; 39 ; it++;
4 i=1; 40 ;
5 for(;i<10;) 41 ?debug L 6
6 it+; 42 0008 42 inc dx
7 return 0; 43 0009 @1@86:
8 } 44 ?2debug L 5
450009 83 FA 0A cmp dx,10
46 000C 7C FA jl  short @1@58
47 K
48 ; return 0;
49 N
50 ?debug L 7
51 000E 33 CO Xor ax,ax
(a) The sample of source code (b) The assembly code with statement label
(a) YRR PR RG] (b) B AAR T PG
Fig 3
3
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| Source code | ¢ ¢

¢ Analyzing assembly instruct (code)

with line No. nn+i

v

¢ Query and return CPU cycles of assembly instruct
(Code) in CPU cycles of machine instruct: ¢ (Code)

| Assembly code with label generated by compiler

Program structure of assembly generated by
syntax analyzer of assembly (L) +

T(N)=T(N)*+#(Code); i++

Query the start-line-number (nn) of assembly segment]
which can be traced into source code with label N
Set: T(N)=0; i=0;

Output CPU cycles of statement with label N: T(N)

Fig.4 The retrieving algorithm of time of source code statement line
4 YRR A)ATIN Al S A i
22 BEBRFBRERX/&RNEESHEE
221 HEAME
EX L(EXR).

(type(Statement, ) € EnumTypeSet)) A—Im.((j < m) A (Statement ; < Statement,, ) A
(type(Statement, ) € EnumTypeSet)) A(Vk.(i < k < j) A(type(Statement, ) ¢ EnumTypeSet))}.

Hoh Statement; F 7R F2E 7 W B 1R AJAT i Statement;, ; X5 HEEHIER) @ B ;M8 #HAE T IE
Statement , < Statement , 3 HAX 4 Statement, 047 )i 7. BV WAT Statement,;Enum TypeSet IXFF LA Ik ) Bk e 18 1)
K,

E X 24 HREARLR). SpecialBasicBlock={Statement |type(Statement, )€ EnumTypeSet}.

=

EX 3(EEHR). CompositeBlock=] | (D block,) I BlockeBasicBlock U SpecialBasicBlock, Y #7x 1 ¥ %

j=1 =1 i=1
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TE X SR X B (Next)). Block; i Block; [ He(ic Block=Next(Block;))™1 HAL il /& W~ £ A
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(1) Block=Block;;

(2) Block=Nexi(...Next(Block;));ll Block; #1341 BRI (1,....n) i EHIE B Block;.
2.2.4  BKWF 4B B
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AT ) TR B T e /DN ) ) 923 5 e KW i) 59205 2 TR 11, DL S AS AT i e R W ) B9
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RSNy IS

AUR 1L ATIA PR W, BAN YR A PSR T 2 B B R AR B 48 3 A R O PR R4 B Bk % 1 BRI, ) i mp
EERRE ) TRUE, 75 W ¥l FALSE;

IR 2. IR AIA ARG TRUE, W% A2 58 3,45 IR HY JE 45 AR AT IE (S R

BR 3. R MRS 7 LAY AU RR P ) SO, AR R 2 T (R ) SR 4525 b FE A BT O R
AH AL N 2L Time;

SR A, SR AR IR B 2 S R IR g5 K I TR Max Time [ V1 S50 D), 1 55 45 P e 11 i K I ) 4

MaxTime;

MRS, AT SEFORATIR E R B B K 1) £

MaxTime =Y Next' (startBlock) MaxTime
i=0

H Next®(block)=block, Next'(blocky=block.NextBlock, Next™ ' (blocky=Next(Next'(Block)).
IR 6. IR [Pl K A4 Max Time.

Table 2 The calculating rules for basic time and max time of different types of statements and blocks

T2 PR RS BRI £ I ] L e KN T o AR

Statement type Block type Time MaxTime
The total time of MaxTime=Time= ""ade .
LineTi
Expr BasicBlock statements which is ,.:,]/Uck‘&;,%zial”e (")
contained in the block  //getlineTime(i) to get the time of statement line No. 7
If SnecialBasiclBlock The time of If MaxTime=TimetMax(block.subBlock.MaxTime,
P statement line Block.subblock.nextBlock.Max Time)
. . . The time of Switch MaxTime=TimetMax(CaseBlockl MaxTime,...,
Switch SpecialBasiclBlock statement line CaseBlock n. MaxTime)
Case SpecialBasiclBlock The tlme. § & MaxTime=Time+Block.subBlock.MaxTime;
statement line
Default SpecialBasiclBlock Rpogime .Of MaxTime=Time+Block.subBlock.MaxTime;
statement line
Label SpecialBasiclBlock jhe tlme. ofgfL.abel MaxTime=Time
statement line
Break SpecialBasiclBlock The time . of Break MaxTime=Time
statement line
Goto SpecialBasiclBlock The tlme. of - Goto MaxTime=Time
statement line
Return SpecialBasiclBlock The time .Of Return MaxTime=Time
statement line
Continue SpecialBasiclBlock The time O.f Continue MaxTime=Time
statement line
For SpecialBasiclBlock The tlme. of  For MaxTime=block.ExecTimes*(Time+block.subBlock. MaxTime)+Time
statement line
Do SpecialBasiclBlock The tlmg of Do MaxTime=block.ExecTimes*(Time+block.subBlock. MaxTime)
statement line
While SpecialBasiclBlock The time .Of While MaxTime=block.ExecTimes*(Time+block.subBlock. MaxTime)+Time
Statement line
Compound CompositeBlock 0 MaxTime=block.subBlock. MaxTime;
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£],R 7R return 1 f),while 7~ while & f),if Kon if 1A ERGE AL LG E 5 v Ek irr),
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3 Flow Chartonsin - m=lEs|
START 1:4: nt mainf) =
28
‘11 é ERE 3 inti:
While 4: int j
‘13 5:2: i=10
6:9: j=0;
4 7:18: while [i<Z0&&j<5]
L 8:#: {
9 9:4: i++j++:
10 : 9: if(j> 4
B7 11 :7: b[lrea]k:
e <— 1359 dewurn 1
- M return M -
D PR SO I N T p
Fig.5 The program flowchart with time Fig.6 The view of source code with time
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GEV T VEAARSE CPU Ja JT1) S5 n AT o ) AN 170 88 G 77 T AL % R AL 8 vl 1 2 2 DO sz i A b 2
IS AP 5 SR A8 A5 T A B Bl B AR it b FUA 3 O AAT I T R A 38 D70 5 AR SOOI 9 17 3 1 P A ) ) L
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