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Consistency analysis method of software design and implementation based on
control flow

ZHANG Jiaqi', MU Yongmin, ZHANG Zhihua

(Beijing Key Laboratory of Internet Culture and Digital Dissemination Research
(Beijing Information Science and Technology University), Beijing 100101, China)

Abstract: The current consistency detection methods of software design and implementation require a large number of
template sets and are difficult to generalize. In order to solve these problems, a consistency analysis method of software
design and implementation based on control flow was proposed. Firstly, the pseudocode of the design document and the
source code of the program were converted into the intermediate representations with the same features, and the design
feature and the implementation feature were respectively extracted from the intermediate representations. The features
include the function call relationship which can reflect the system structure and the control flow information which can reflect
the internal structure of the function. Then, the design feature model and the implementation feature model were respectively
established according to the design feature and the implementation feature. Finally, the similarity of the feature model was
measured by calculating the feature similarity, so as to obtain the consistency detection result. Experimental results show
that this method can correctly detect the inconsistent function call relationship when the function call relationship realized by
the software is inconsistent with the design, and can correctly detect the inconsistency of the internal structure of the function
when the function call relationship realized by the software is consistent with the design, with the accuracy reached 92. 85%.
This method can effectively obtain the consistency detection results without any template set, and has superior generality.
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Fig. 1 Framework of consistency detection
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prog : (NL* functiondef)*;

SHCTEAMERS = 9Ep0 LU EITAY

functiondef :

FUNCTION id '(" args? ')’ NLstats END FUNCTION NL+; (1)
args : (expr) (', expr)*;
stats : stat™;

stat :

IF expr THEN NL stats END IF NL (2)
| IF expr THEN NL stats ELSE NL stats END IF NL (3)
| FOR assignexpr TO expr DO NL stats END FOR NL (4)
| WHILE expr DO NL stats END WHILE (5)
| REPEAT NL stats UNTIL expr NL (6)
lid '<=" expr | id ‘<= " functionCall (7)
[id" (" args? ')’ (8)

| BREAK NL | CONTINUE NL
| RETURN expr? NLINL;
expr : logicalOr;

logicalOr : logicalAnd | logicalOr OR logicalAnd; (9)
logicalAnd : relation | logicalAnd AND relation ; (10)
relation : arithmetic | relation REL arithmetic (11)

arithmetic : primaryexpr | arithmetic OP primaryexpr;

primaryexpr: id | number | '(" expr ')’;

OP : "1 /1'% '+ 1 '~

REL : '<"="7 1/>/'='7 |'='|'<>';

Horp o A0 S A — N, RS REIT Sk A ik
RO /NE A RETT SR O TR MU o NL R #7445, 1812 ML)
R BG4S PN 2R IR S AR 27 DE E X I Y 74 5 prog #67i
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Tab. 1 Transfer statements
HRGIEA] Ay & X
If x goto L1 P W x N, R — B ATHR S N L1 i Al 5
else goto L2 - IR AR, T — P ThR S R L2 i)

N TP ks L3 i)

PIR 5 TF AR U AT, 48 3 DL B g, A7
PRtk . E—MERATIN BT Li: ", R K hr S Lkl
fnEZE Ay, by ER R W) T LR A 2
b .

R ITAEA A, 5 T SO AT 5 (AR S5 7T ) IR A « text,
code . begin \next . true . false Hoir ) text FniEn) sk KA R
250 B AY token it , code T 1) B A AU ACAS begin \next.
ture ., false 7R AR5 o U stat. code &7~ 1 1] stat 17 J5 AR
h 5 stat. begin FOR ] stat RS ;5 stat. next Fo 78 151 stat Ji
— KBRS expr. true FonAi IR FR X expr SN B Bk FE
F BB RS . 5 ST =" RN newlabel 7R 77
HE— DT AR5 “Li” 5 gen O FRom —ANE AT, U0 AR expr.
true AY {E S “L17, W] gen ( “goto” expr. true ) , % 7N 18 4]
“goto 117

B TR RIRRK R EUE U] | R EOR A AT
AN IO A ST T ] R AN TS R R A A T AR R AL
B, R AS SC A 8 1 U (1) i g o7 o v o S R -
#2(a) iR o

goto L3

stat.next = newlabel;
expr.true = newlabel;
expr. false = stat.next;
stats.next = stat.next;
stat.code = expr.code

stats.begin = newlabel;
stats.next = newlabel;
functiondef.code =
gen(“FUNCTION™)
| gen(functiondec.text)

| gen(stats.begin) || gen(expr.true)
| gen(stats.code) || stats.code
|| gen(stats.next) || gen(stat.next “:”);

stat.next = newlabel;
expr.true = newlabel;
expr.false = newlabel;
statsl.next = stat.next;
stats2.next = stat.next;
stat.code = expr.code

stat.begin = newlabel;
stat.next = newlabel;
stats.begin = newlabel;
expr.begin = newlabel;
expr.true = statsl.begin,
expr. false = stat.next;

|| gen(“return”)
|| gen(“END FUNCTION”);

(a) EREUE SUEATE SCFREF

| gen(expr.true ) stat.code =

|| statsl.code gen(“goto” expr.begin)
|| gen(“goto” stats].next) | gen(stats.begin)

| gen(expr. false) || stats.code

|| stats2.code | gen(expr.begin)

|| gen(stat.next “:”); | expr.code

| gen(stat.next) ;

(b) IEH)TE L TR

(c) ElseiB )il SLTFE)F

(d) WhileiBEh)iE L FFEF

B2 ikl e X

Fig. 2 Syntax-directed definitions
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Fok1 PRI PLL R FUNCTION test()
WA I ERASIETR AT mTree ; bb gom .
b PERASE SR bb3:
X<- X+1

1) For node in mTree

2)  If empty(node) 1178 BRI 1

3) newNode.begin = node.begin
4) newNode.next =node.next
5) emptyList.add(newNode)
12 AR SRR 3
6) EndIf
7) End For

8) For emptyNode in emptyList
1388 DT S AT T A4

9)  For node in mTree

10) If jumpNode (node) IS AT
1) If node.goto == emptyNode.begin

1Bk B I bR AR S 5 A5 T AR S A A
12) node.goto = emptyNode.next
13) End If
14) End If
15) End For
16) delet(emptyNode) TR TR A3 BT RS Hh 28 15445 0
17)End For
18)out(mTree) 15 B ARAR G B A3 DT P 25

T H O A A v RGO Sl Sy AR e S
YU T 5 A R KA 2 Th B R i )R8

a) P BE M SEAR B 2 — i Ak Az . BIBEA
PR BB A B ] I AR 4R 4

b) R T HEA IR R J5 — AN R A BT R A
RIS 1k Bk

L, B FEAR TS B — DA R A], U E A LR
AR AT AR B e A TR AnF

a) PRI S — A 5

b) BE H RS 1 A RS BT A 5

o) BHRAE— MR IR Z S5 i D

A A TR B REA LR TNVE A ST, B3
T DA R B BT A A anE 4 TR,
Xt B 3 (o) AL S SR B AR B 73, Forf bb AU AR .

FUNCTION test() FUNCTION test() FUNCTION test()
WHILE x <y DO L1: L1:
x<- x+1 goto L4 goto L4
IF x< 1 THEN L3: L3:
X<-y x<- x+1 x<- x+1
END IF if x<l goto L6 if x<I goto L6
END WHILE else goto L7 else goto L4
X <- Xty Lé: Le:
END FUNCTION x<-y x<-y

L7: L4:

L4: if x<y goto L3
if x<y goto L3 else goto LS
else goto L5 L5:

IL5: x<- xty
x<- Xty L2:

L2: return
return END FUNCTION

END FUNCTION

(a) PAHY (b) Hal D (o) TiAfb&R

3 PRI A A4

Fig. 3 Pseudocode translation and optimization results

if x<1 goto bb6
else goto bb4
bb6:
X<-y
bb4:
if x<y gotobb3
else goto bb5
bb5:
X<- X+y
bb2:
return
END FUNCTION

B4 FeA g oy 4R
Fig. 4 Result of basic block partitioning
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i A TEACHE , BURT A3 GCC 4 a2 iU cfg Hh ) SCF. SOk
L1 T 7 ik R BUR A BR A AE A R AE o ofg SCPFHR Y h
(A5 42 GCC ik w Xt PEAR A HEAT 1) e LI W 4047 5 45 39
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EX 2 R — R SR A 2 R ik iR
BEEEGI. EHRE & —MA1nE 6=(B,D), B
N RES A AR Rl R, IR
He;D=1{(x, y) lx, yeN | IS, FoREEHR M .

EX 3 FARBF ] (Basic Block Sequence, BBS) A—4~
AT T 5 bbs=b,, b,, -+, b,, bJE {seq, con_jump, uncon_jump,
seq_cj, seq_nj, return| . J:H :bj%i?%j/l\%jiﬁi;seq R
5 T RF 18 ) B B AR R s uncon_jump A RAL & &R 1 )
MY FEAL ; con_jump 2 RAL & S G B 15 4] 1Y FEARER 5 seq_cj
A W8 AN A A R TR A I R AT 5 seq_nj RN AT 5 I
i) FIJC 55 A R 1R ) A BEAS B s return RN AT % return 1
FEA

1) 2 2GR A X A6 R

PR BB BRI T OC AR AR . A D ik S B i o 2
1, VG functiondef B0 AT 4RI 32 8 R 45044 Bk T S 8005 B G
e stat FIU o 500 R “id " (" args? 7) "7 R 2k BCRE 1R pRAL
PR BHEAEE o functiondef FLIN 45 H ) 52 AL 3 4 oA EE

SR, 3 I S TR S TR, RIVAT 3R 4 o 500 A5
SO A R B S R A

DEACRS bR R FH DG R BRI, ] ANTLR K ofg ST
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WBA] AR R 18 AT L K return 15 8], ) GE R A B SR

AP o [ R DEFC A B8 184 R goto bbi”, BRICHEA i
], A B P A o WA 5 (o) rpra i IR P by R AR
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int while_fun(int x, int y ){
while( x < 10){

y—
printf("%d\n", y);
X++;

}

return 0;

Function while_fun ( while _fun,

funcdef_no=0, decl _uid =2249,
cgraph_uid =0, symbol_order=0)

while_fun (int x, int y)

{
int D. 2284;

<bb2> [0. 00%]:
goto <bb4>; [0.00%]

<bb3> [0.00%]:
y=y+-1
printf ("%d\n", y);
x=x+1;
<bb4> [0.00%]:
if (x <=9)

goto <bb3>; [0.00%]
else

goto <bb5>; [0.00%]
<bb5> [0. 00%]:
D.2284 = 0;
<L3>[0.00%]:

return D. 2284,

() VA

(b) cfgH [aIFRAT
5 A E R R il

5 Intermediate code and control flow

(OF e binle

voida(), b();
voidc (), d(), e(;

voida() {b();}
voidb() {cO;}
voidc() {d(0;e0;}
voidd() {}
voide() {}

int main (int argc, char **argv)
if (arge<2) {
a();
}elseif (arge>2 && arge<8)
{
b0
}

return 0;

(a) PRI (b) EREA R F
6 AR K H X R F e S T DG

Fig. 6 Source code and corresponding function call relationship
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ld (bbs,, bbs,)

* lbbs,| + Ibbs,|
Horfr: bbs, bbs, N BEEL v, v, X Y FEAH T A1 5 1d (bbs, , bbs,) H
FEAIT B bbs, F1 bbs, W SR IH IR 25 5 1bbs | 1bbs,| P A7
G IEAHAEL . Y FEAHL T 5115 HH U 25 21— 52 1 B 1A,
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Tab. 2 Function call relationship matching results

PRI Codel Code2 Code3
Sort 1. 00 0. 64 0. 00
BuildMaxHeap 0.98 0.52 0. 00
HeapSort 0.98 0.54 0. 00
InsertionSort 0.96 0.51 0. 00
QuickSort 1.0 0.90 0. 00
BubbleSort 0.91 0.75 0. 00
MaxHeapify 0. 88 0. 88 0. 00
Partition 0.96 0.96 0. 00
Swap 0.98 0.98 0. 00
Search 0.94 0.61 0.94
InterpolSearch 0.90 0.41 0.90
LinearSearch 0.92 0.46 0.92
BinarySearch 0.93 0.45 0.93
FibMonSearch 0.93 0. 44 0.93
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Tab. 3 Consistency detection results of

corresponding function control flow

WA FR  Codel RELAFR  HLIE FEA AR
Sort sort 0.91 9
BuildMaxHeap buildMaxHeap 1. 00 T
HeapSort heapSort 1.00 Jo
InsertionSort insertionSort 0.96 6
QuickSort quickSort 1. 00 "
BubbleSort bubbleSort 0.76 4,7,9
MaxHeapify maxHeapify 0.84 4,6,8,11
Partition partition 0.90 3,7
Swap swap 1. 00 ¥
Search search 0. 89 9
InterpolSearch interpolSearch 0. 81 5,9,10
LinearSearch linearSearch 0. 89 3,7
BinarySearch binarySearch 0.90 5,8
FibMonSearch fibMonSearch 0.87 8,9,13,15
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