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UNICOEN: A Unified Framework for Code Engineering
Supporting Multiple Programming Languages
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Abstract: Programming languages become more multifaceted and many analysis and transform tools for
source code are being developed. However, high development costs are required to implement all combinations
between programming languages and tools and there are differences of implementations and specifications in
the tools because these tools support only one programming language.

In this paper, we propose a framework for processing source code supporting multiple programming languages
named UNICOEN. UNICOEN reduces development costs and prevents differences of implementations and

specifications between tools. Conclusively, we evaluated UNICOEN developing 3 tools which supports 7

programming languages.

1. [XLC®HIZ

A, Hxlerar oI 7558 (UK, 5358 DB
SN, TOEEBEA TS, Bz, 1972 FFI2BR%E &
NIBERDH D C FFBIFBETHAESEL LTINS, £D
—5 T, Kotlin X Xtend EFE2 EHLVETEN K 2 LA
FhTWA.

Bex REFBWNHFETLPT, Y—Ra— FELHET 5
V= (LB, Y —)v) DEETD. Y — /L OMEENE

L RARE R RSP T AR e TR
Department of Computer Science and Engineering, Waseda
University

THI7E, Mtk ACCESS
Presently with ACCESS CO., LTD.

© 2012 Information Processing Society of Japan

X, RES QI TY =R a— FOMIT L ERD 2 21250
Fohs. Y—RAa— e oY —1E LT, AR
7 ARE Y — VROFRHIMRNT Y — L, £, Y —RAa— RO
fENTICIESWCERT 5 Y — e LT, Y—Aa— REE
V= ROT AT MEM T 1 77 17 (Aspect Oriented
Programming; AOP) QUERBZHEITOND. ZhbDY—
VL, Y7 by =T OMBESCRESE LR LSS Y —L
ELTHEEZBRUTWS [1].

BIE, 2 DOY—ARFEFEICHABEINL TS, #ilz
WX, FEAIENTY — L @ FindBugs|2] 1% Java & &8 D &IZ,
JSLint[3] 1% JavaScript & 7& D & 1Z XTFE\ LTW5. £,
AOP WPEH D AspectJ[4] 1% Java FFEDHIZ, AOJS[5] i

JavaScript FREDOHAITKIGLTWS. ZD Xk HIZ, 57



YIRIZTIODZTFTIITLURYD L 2012

YV —VORIZIZZ XL OBR RS 5. Bz, &Y —n1n
1 ODEFEOHRIIHKIELTNT, BETHY—/L L SEOHM
HEDLEEEBER GG, TSEOEER X [Y—1r o
) B OFENMLIRD. LL, FiEEY—LD
MDOE5ZDOBRIE, LT TRT 2o0MESE25 &k
T. ME L 2 TOY—ARETOSFHICKHET D720
TERARHE A NBLETHD A, HE2: MISSHENE
725 [E CFEHOY — VEICERNEL DR THD. ZDT2
O, BENEEERY —ABHFET IS bbb, i
TDHEHICL > TUIZEOBRER+HZITE LR,

ATl YA EORMBER A RIS 7HIZ, UNICOEN
(UNIfied source COde ENgineering framework) *! % # %
9 %. UNICOEN i, fi#ik 1 : SiBdEkGFE2fGa— KT
FUERELT, k2 V—2a—FEKEeda—FET
NEDF T2 NI~ BT &S5, RS
A a— FET LV EONAHB @R 2 2 FHO API T
BT H LT, VL OBREIR MEEBLT, Y—
OFIHEZENBBICEHERD KO IR T.

Fx1%, UNICOEN ET7EfEORSEFEELT, 0
LT, SEEHOY—VERE L. SEMISOILELE Y —
NVBRE a A NRBEFY — L bR LT e, B L
Y — VNSO ER RN T 5720, WL EME2 %
BRTE2Z LR LTz,

RSO EEREHRITKD 3 M THD. 1) THEOSIE
kg B IGE  FRES B L2 MEAEZE L THRAEa—
RETF A ZFHF L7, 2) UNICOEN (25 rExtii &80
T 5FA#E & UNICOEN LT — /L& B%4 55 AH
G ZREHO APL #4248t L7208, 3) &I UNICOEN (2
TREOSHENSZBMLT, 3EEOY — &2 FEELT
AR L 7= A

2. BEY—ILORER

2.1 MELl: EXGRAKIX

S Y NI L OGRS 572, BRTDOY—
ANETOETFAIGT D2 DICHERBTRE 2 A FBAE KR
Thod. 20D, HOFEORITRIS LY —/LsBF
INTHD, ROHZRCTHOSIERITICY — AR BHE
SN2V, —EOSTEICK L TRINT DY — VR FE L
Wor—2AR1h5b. LEN-T, V=B E XSS E
JEET 272 DICZRBRF B LERS S, £, V—
AFAEE, IR ey SO BATL2EEICL > TT
VIV DOEEEZT NN T20, V= BRI 5
OIZERHFTRE/2 S RED BRI DB E 5 & Vo 7= RN
ETTVD.

*1 UNICOEN % IPA @ 2010 A EEREE IT AMFEH - BREED
XREZITCHR L. TORERRD LN, FH D E G0
AN IRBEEBE B IO IPA O REEA——7 Y= — &
DREHEZT 7.

© 2012 Information Processing Society of Japan

B, CEREHIS LIt — v Lint[6] 23 1977
FIZY V=R EINTH 5B, JavaScript Sl xtii L7 [FER
®>7— b JSLint 2% 2002 4£1Z, Python SaBIZ*HE L7-[H
RO —/L Pylint[7] 23 2004 2V U —A S TWD. 72
¥, JavaScript & Python SiBIIE £ 41 1995 4, 1990
HEIZV Y —=2ERTW5S. Lo L, Ruby EFBICkG L
FEED Y — AL F 2 BSRE L72BR Y TIIAFME L TR
Y VFHERY — OV R— b EZT LD B —H
DHTHY, VR —IBENDETICEWHRZET 5.

22 R@E2: Y—ILEDOER

R % FFRIE LR CHE O Y — L &l G b 2
Yit, Yo VEOERDEOIZHAT ABENEG LN
Mol 0, MABRDLEDLIZOIZEBMO IR NBHLEIZR->
0T 5. 0D, BROFHEEMNATLI vy =7 b
THEEDY —VEMAEDETH, ZRODSE Tl &
Ny —RAa— KRRl LTY—LEBEATE VG
N5,

BIZIX, 7 A M3 by PHlEY —/v EMMA(8] 13 Java &
(2, Code coverage measurement for Python[9] 1Z Python
SHIHE LTS, 26DV — L& HNTAT— kA
Y RHIANLy VERIET HEE, #iE L Java VM LD H
T, BEFILY —Aa— FOITHA CHET H. H—3—
74T PETMIEY, ==Y A F& Java FiF,
7747 hA R%Z Python ST L=V 7 hr =
TERMNBETHHE, oY — VORIEREN RS
e, BERREEHEG L TRAEIICETMNT 5 2 & 8LV,

F72, AOP MLBLAD Aspect] I Java 3812, AOJS 1%
JavaScript SRBICKHIG L TWD . [ARRIZ ——H 1 %
Java 558 C, 7 747 YA N% JavaScript &t CH
BT DY T MU= TIZBWT AOP 2R3 5854, Java
& JavaScript S0 Y — A 32— RIZxf LT, ZNENT A
AR P EFLIR LRITIIRE RN, TARY FOEY 22—
IWEPME TS5 B, 7 AT FOFRkFiEX AOP AR
IR D20, VAR ABTAGIR T EE FSVER
HbH. BTOAY v RIATREC B X 7 %175 Aspect] &
AOJS DT A7 FOflzZn TN 1 D105 41TH &
6006 91THTRT. MBFEDOT AT RECAEEZRL
TWLDIZHED LT, SR HENRRESERRD LNy
N5,

3. UNICOEN DO £{k&

UNICOEN ®2{&{4 %X 2 T/x~9. UNICOEN (Z#4A
a— RETFLVEZPKICIE L, PUHMZEmEQE S LT, %t
IREENBEL T APL & — LB E T API &4t
%. UNICOEN (%Y — A 22— F & MM L TS
A ETHTREREZTEY—LOBRREL KBTS, £
UNICOEN Zy v % v 7 ZZHASNWT Y — 2 a— R ek

gy



© w N e oA W N e

YIRIZTIODZTFTIITLURYD L 2012

public aspect Logger {
pointcut all() : execution(* *.*x());
before() :

thisJoinPoint.getSignature ()

all() { System.out.println(

+ " is executed."); 1}

}

<?xml version="1.0" 7>

<aspectsetting><function functionname="/*"
pointcut="execution">
<before><![CDATA[console .log ( __name__

+ " is executed ."); J]]l></before>

</function></aspectsetting>

1 AV ROETIZHTHrX 795 Aspect] DT A~ |
& AOJS DT A~ |
Fig. 1 A logging code for executing methods in AspectJ and
AOJS
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Fig. 4 A process of conversion and reverse conversion between

source code and unified code objects
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var filePath = "code.java";
var ext = Path.GetExtension(filePath);
var progGen = UnifiedGenerators

.GetProgramGeneratorByExtension (ext);
var uco = progGen.GenerateFromFile(filePath);
// MBI L THEI—FA Tz s bIZRHT S
// B PERLEZ R

var code = progGen.CodeGenerator.Generate (uco);

5 UNICOEN #fIFiLCY—Ra—RKLfiha— R+ 7 o=y
MNEFHEEHRT D CH=a— R
Fig. 5 A code to inter-convert between source code and unified
code objects in C# with UNICOEN
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Fig. 6 A class diagram of the unified code model and the API

for tool developers
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var xml = XDocument.Load("code.xml");

var ifElements = xml.Descendants("if");

Console.WriteLine ("The number of if elements: "
+ ifElements.Count ());

var uco = UnifiedGenerators
.GenerateProgramFromFile ("code. java");

var ifs = uco.Descendants<UnifiedIf>();

Console.WritelLine ("The number of if: "

+ ifs.Count ());

B 7 if 0%FE ) — F& UNICOEN #FIM L T if WITEET5
MEA— AT V=r MEFRT L CHa—F

Fig. 7 A code to enumerate ’if’ elements and enumerate unified

code objects of ’if’ statement in C#
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5. M8 TAT—FAV MEWET S a— Ramd.

var uco = UnifiedGenerators
.GenerateProgramFromFile ("code. java");

var count = uco.Descendants<UnifiedBlock>()
.Sum(e => e.Count);

Console.WriteLine ("The number of statements: "

+ count);

B 8 UNICOEN ZFIHLTAT— AV "NEERET D CH5E
a—F

Fig. 8 A code to count statements in C# with UNICOEN
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x1 FELEOC vy = LBFOSHELHRDAT — A b
ok
ZDOMAEE% : GCC, GCJ, Mono, Rhino, IronPython, Iron-
Ruby

Table 1 A comparison of the number of statements between

OC mappers and existing programming language pro-
cessors: GCC, GCJ, Mono, Rhino, IronPython, Iron-

Ruby
i C Java C#
OC ¥ v/ — 727 1,003 399
PO S ELELR | 14,949 12,782 | 36,988
EEia JavaScript | Python | Ruby
OC v v /35— 626 636 501
BEAT O 5 B R 38,277 15,411 14,353

£ 2 BEfFY —/U Saikuro & UniMetrics (2351} 2 %It 558 & HE

WERD R T — b A v MEUT K B Hi

Table 2 A comparisons of the supported languages and the
numebr of statements between Saikuro and UniMet-

rics

PSS AF— A MR
Saikuro Ruby 321
UniMetrics C, Java, C#, 3

Visual Basic, JavaScript,
Python, Ruby

% 3 WEfFY —/L PMCS & UniMetrics (251} 255508 & HIEL
BORT — b A2 MO L
Table 3 A comparisons of the supported languages and the nu-

mebr of statements between PMCS and UniMetrics

Visual Basic, JavaScript,
Python, Ruby

ESINS=tia AT —RMAV MR
PMCS C+# 1478
UniCodeWorld C, Java, C#, 203

aspect Logger {
pointcut allMethod() : execution(* *.x());
before : allMethod () {
@Java { System.out.println(
JOINPOINT_NAME
+ " is executed."); }end
@JavaScript { console.log(JOINPOINT_NAME
+ " is executed."); }end
}

9 XYy ROETIZKT B rF 92 UniAspect DT A
7k
Fig. 9 A logging code for executing methods in UniAspect

T, 2—PREE LIS T E 2B Y AT,
3. BVIAATZBE D RS T vy 7 OB, FEELTZa—
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