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Abstract As program complexity increases, code refactoring play an important role in improving quality and performance, and is
also essential for improving the maintainability and extensibility of programs. Current extract-method approach for C code in Eclipse,
can only deal with some simple code, and cannot refactor the code automatically. In this paper, we propose an extract-method
approach for C code, CCodeExtractor. It can extract the C code fragments that meet the specified conditions into new functions, and
replace the fragments with these new functions calls automatically. The code after refactoring has the same program semantics as the
original code. In order to verify the validity of CCodeExtractor, we implement it in LLVM to extract some for statements in C
programs into new functions since loop analysis and optimization has been widely explored in recent years. Our experiments
evaluated CCodeExtractor using six actual applications of different size, and compared the outcomes of the original and transformed
programs. Experimental results show that CCodeExtractor can provide correct source-level transformation for programs of different
size.
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(a) example_old.c
1 #include"..."

(b) example.c
1 #include "example_loop.h"

2Ttypedef ... T;| (1) 2T*g] 2]

3T7g; | 3 bool func(int x, int d) {

4 bool func(int x, int d) { 4 inti, ...;

5 inti, ...; 5 switch(dy{

6 switch(d){ 6 case 0: ... ; break;

7 case 0: ... ; break; 7

8 8 case 3: ... ; break;

9 case 3. ...; break; 9 defualt: return O;

10 defualt: return O; 10 }

11} 11 { intretl; bool ret2;

12 for(i=x;...;i+=inc){ 12 retl = func_lp_1(&i, &x,
13 ..=g; =z 13 [3) &inc,&ret2, ...);
14 if(cond1) | return false; 14 lif(retl == 0) return ret2;|
15 if(cond2) { 15

16 ...; break;} 16 { intretl; bool ret2;
17} 17 retl = func_lp_2(&i, &x,
18  for(i=x;...;i-=inc){ 18 &inc,&ret2, ...);

19 if(cond3) goto label; 20 if(retl == 1) goto label;
20 if(cond4) { 21 }

21 ...; break;} 22 label: ... ;

22 1 23 return...;

23  label: ...; 24}

24  return (d) example_Ip.c

25} 1 #include "example_loop.h"

dextem TG, [

(c) example_lp.h 3intfunc_Ip_1(nt *i, int *x,

1 #include "..." 4 int *inc, bool *ret2, ..){
2typedef ... T; | (2] 5 for((*) = (*X). ; ... ; () += (tine)) {
3 int func_Ip_1(int *i, int *x, int *inc, 6 N

bool *ret2, ... ); 7 if(condition1)
5int func_lp_2(int *i, int *x, int *inc, 8 [{*ret2 = false; return 03} |(21
6 bool *retz, ... ); 9 if(condition2){

10 ...; break; }

note: 11

}
(a) is the original file,(b)(c)(d) are the 12 return-1;}
new files created in CodeExtractor. 13 int func_Ip_2(int *i, int *x, int *inc

[(1): user-defined type. 14 bool *ret2, ... )
[(2)): global variable. 15
16 ...;/lreturn value is 1

| tate t.
((3)]: jump statemen 17}
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original file Clang Compile Stages in LLVM AST

i |llexample.c

. |#include “.." IranslaliununhDec\

v tfu 0 “-FunctionDecl func

+|Int funci “~CompoundStmt

i Preprocess ) — |-DecIStmt —

| *-varDecl i
“-Forstmt
|-BinaryOperator

inti;
1 |for(i=0;i<100;i++ )
; }{ .}

executable |
file

(I),variables,
user-defined types,
jump statements

lfexample.c

(), macros
#include “example_|p.h"

condition‘ compilatiyn,
int func()
{

int i; @ Information Collection
func_Ip_1(&);

Tlexample_Ip.c

. . Construction of
#include "example_lp.h @ Calls and Functions

int func_Ip_1(int *i)
{}

llexample_Ip.h <—>@)Reslruction of Source Code
#include "..."
note : stage (1) collect (1) (I1); (1) will be used in stage @@: (1) will be used in stage(3)
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CCodeExtractor 7EJF {1k B HIRARDH >, IR H S
BRI e S STIFRI 5 S BA ARG HB 4y (1 4 v first
part fl second part). XS T &% £2 P EEE, AT IR
UEAEFA PRI Macro FI5E X2 100, CCodeExtractor
M Clang AL HH B B 2 1) 5 SRR BOAE 2 SRS AE
Woct (B4, file lp.c) HiilRAr B e 5 IR N
A (B 4, file 1p. ¢ I8N T Macro HUHAEHT 2 30 -

B, MR BRUERIME BMIETRSAIR, 55
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/loriginal code [[file.c
#include"headl1.h" #include"file_Ip.h"
#define Macro 50
#ifdef COND1

[ifile_lp.h.
#include"header1.h"
#define Macro 50
/I---second part ---
#ifdef COND1

/I---first part---
#ifdef COND1

#include"header2.h" int f10{ ... }
#define N 50 #else #include"header2.h"
int f10{ ... } int a; #defineN 50
#else int f10{ ... } | #else
#define N 100 | #endif #define N 100
int a; #endif
int f10{ ... } /ifile_Ip.c
#endif int f2() #include"file_lp.h"
int 2() { #undef Marco

#undef Marco
#define Marco 100

#define Marco 100

#undef Marco void f1_loop(...)

#define Marco 100 f2_loop(....);
for(.){ | .. for(.....){
[/luse Macro } /luse Macro
..... }

B4 —N oAt 5 26T

32 MEARARRESHEH

MIERARRL  ARIE 2. 1 /NI, iR A IR
R Behi L 7 BkEEE ) (gotos return 4§), v 7 RIUEHAT
FRAEANAL , 50X LEARRD Fr B —Le b B, JRAE SRR 4
Jn—tepkikiE4] . CCodeExtractor HRHEBEHETEH)A2ETY,
Brars B rH 6 K
Extract-break . Extract—continue . Extract-return .
Extract—goto. XfF FTA M AARHD F B AR & 18 in— /48
B, SRIWCHT R B IR EE s Bk Bk N, A Rk )
R, IR EARFIPE . 3R 2 P T B R ERRE A B )

SRAANHT o8 3R [
#2 AR B4

Extract-normal .

Extract-return Extract-goto
1int ret_fn_original() 1int goto_fn_original(){
2 oo 2 oo
3 for(i=1; i<100; i++){ 3 for(i=1; i<100; i++){
4 4 ...;
5 if(condl) 5 if(condl) goto labell;
6 return expl,; 6 if(cond2) goto label2;
7 if(cond2) 7 e}
8 return exp2; 8 labell: -+ ;
9 } 9 label2: - ;
10 =} 10}
1int ret_fn() 1int goto_fn(){
2{ 2 oo
3 3 int retl;
4 intretl, ret2; 4 retl = loop_fun(&i, ...);
5 retl = loop_fun(&i, 5 if(retl == 1) goto label1;
6 &ret2; ...); 6 if(retl == 2) goto label2;
7 if(retl==0) return ret2; 7 labell: -
8 8 label2: --+;
9} 9}
1int ret_fn_Ip(int *i,int *ret2; ...) 1 intgoto_fn_Ip(int *i, ...)
2{ 2 {
3 for(*i=1; *i<100; *i++){ 3 for(*i=1; *i<100; *i++){
4 oot 4 et
5 if(condl) 5 if(condl) return1;
6 { *ret2 = expl; return 0;} 6 if(cond2) return 2;
7 if(cond2) 7
8 { *ret2 = exp2; return 0; } 8
9 9 return -1;
10 return-1; 10 }
1}

5 Extract-n | Extract- | Extract-c | Extract- | Extract-
KA .

ormal break ontinue return goto
& H Bk .

. " break continue return oto

wEn |~ ’

- - - >
e 1 1 1 0 0

RNT RN, AT R BLEE 5 TR P
REFREENG . AbFE Extract—return i, CCodeExtractor JNH:
W7 —MNMEEEASEOREIE IR IR EE (B 5 ret_fn
) ret2, TEHRETHITE EIREFH return Rk X HME
IRs rec2 MBI BT, 1ERSEAERE], T return iG] &
B return 0;), Z Ja1ERHEA) JEARYE IR BUE M —A
return BEFETEA); AbFE Extract—goto AR A BXRS, JEpREL
TEV AR A SRR IR BUE, N —ANTTRERY label 38— %
goto IEAJBKFERINT N K] label. & 5 goto fn WA labell
A Tabel 2% BHEIN T — 2% BRELIEA) .

K5 QA B AL BN

FREME FREIRGEE S T IES RN NIE
FERERIRIE 5 o BB T TS LS5 R A& 1L 2 A
6, [ERBTERAE, 41 int B8 a XS H Hka, TAE
B2 int *a. FERIARREH BORIEE BIEN
T 7 AST 8, SREXLIT AR RIS SR, SR I R SOk
BT Fr B o BRSO IR AE) 36 8 LA A o B AR v B R Bk
FHI—ER: F—, RIBESHIER, BRI B XA
RS F SO AR b ) (R 40 ot T a A8 A Blch
T (xa); FE, AR 201N, AEEBREER), IXEH
HAH return Ml goto iBA) AL, XFT return 4], ¥
kIR IEAIRME LS — MEHRSE, AR5 return 0;
MR EGR R, i 5 & ret fn original ¥ return
expl; TEFREL ret fn Ip PHEEHRR T *arg = expl;
return 0;. T goto %), fEFEUWCEENE, N label
85 T — N5, BERED goto IHAISHE BN return
WwA), REIME N lebel Mém s, WK 5 K
function2 orgingal W labell F1 label2 W25 4374 1.
2, FRAE goto fn Ip H goto iBRIBWN T return 11
return 2;.
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TE SR FH JE B FIE B B IE e G, R E R
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S — B o BRI SUBE — AN BB SO, — T T AR
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CCodeExtractor Ab¥E G <M 3 AU, Wl S
example old.c &G4 example.c, example lp.c Fl
example lp. ho JESUFRINEET ARG ChsUHE B
AL, For IR B & s sk EOR D BB
example. ¢ H; example lp. h & T3 HER . G5k E
SCULSHT R B R fEH extern B ERTE. ¥k
T IR R B DL T A DG I % i A B W S 5 RT 5 ON B

example lp. c.
4 ST

T BAIE CCodeExtractor FRASHEMUANS 1A 2k,
125 CCodeExtractor fAIDFREL ML 7E LLVM3. 3 FIFR T
—ANMRIE P R E A TR, RS EI M CERTM
Sy BN RAGIRIEARIIRED G 7 B8 R AR ) s 5, SR
Ji XA THEBT T, SRIRaEh. B2t 17-3770
CPU@ 3.40GHz X 4, WA 8G, FRMEZRSE Ubuntu 12. 04,

TESEE R, T 6 NSRRI RR P AT T,
IR E AT BNEAIRBONT 10 WHIEIR (kAR
AREHIWT, BRINDED, 2 2 Al T IR F I A FR RS
&M RIE R SRS nfiles, ARIBITHL LOC
TEH SN nlps, $RIVKTEIAANEL ne-1ps LA HEHUTIAE
FReh &Rt R IR, other A8 T H P B AN
FENEE R AL THAH R, St ARl BT s
TEERRIL: B AT G R T I 1745 B2 — 8, X i i
T CCodeExtractor E& T ARMMERIFETF. Aoh, FAE
Blas d HAFEF BT — AR SRASELS, @R IR E
WHN 5 5, H 106 MERYHH T, B XA T UE
H, CCodeExtractor I PAHEBHERAITE I HUARFR P v e i
B A TR AR B B (AN E B A B,
while, ifiBf]), FEBHEMRAIITIER

%3 PREE R

benchmark | Linpack | Matmult | Blas_d | SIFT [tar-1.26| CLAPACK

Nfiles 1 1 3 10 21 1583
LOC 1189 | 1974 | 5292 | 4456 | 19883 | 632289
Nips 25 40 107 | 197 | 138 4885
Ne-Ips 14 34 59 187 o1 3373
Ne-Ips/NIps | 56.00% | 85.00% | 55.14% | 94.92% | 54.17% | 96.05%
locVar 75 151 431 | 988 | 346 13384
jmps 0 0 0 6 30 116
Others 6 2 40 0 149 8
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