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Regioncut: A Designator for Selecting a Code Region
in Aspect-oriented Programming Language

SHUMPEI AKATT! and SHIGERU CHIBAT!

This paper proposes two language constructs for aspect-oriented program-
ming language: Regioncut and Assertion for Advice. Aspect-oriented program-
ming helps programmers to modularize crosscutting concerns, which object-
oriented programming hard to do, as an aspect. However, in the existing
aspect-oriented programming languages, it is difficult to deal with concerns
related to code regions, for example, synchronization and exception handling
concerns. To address this problem, we propose a new language construct named
regioncut, a new kind of pointcut designator, for aspect-oriented programming
language. It enables programmers to select code regions and to modularize such
a concerns. To select the region which programmers need to modularize, they

should specify more information than ordinary pointcuts. It increases risk that
selected regions get unselected. To decrease the risk, we also propose Assertion
for Advice. By Assertion for Advice, programmers can check programs whether
aspects are applied to the expected points. We evaluated the design of our con-
structs by applying them to the open-source software product Javassist and
Hadoop. We found that they have enough power to separate synchonization
concern into aspect.
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(define (eval—method method—body env)
(eval—stmts method—body () '() env))

(define (eval—stmts stmts following—stmts proceed env)
(let ((advice (lookup—advice stmts)))
(cond (advice

(eval—advice advice stmts) ; 000 0O advice D0 00 advice 00O
(eval—stmts following—stmts '() proceed env)) ; 0000000

((= (length stmts) 1)
(eval—statement (car stmts)) ; 00 10000000000
(eval—stmts follwoing—stmts () proceed env)) ;0000000

((> (length stmts) 1) ; 00 1000
;0d00d0ooooooboboooooooooboboo
(eval—stmts (take stmts (— (length stmts) 1))

(cons (last stmts) follwoing—stmts) proceed env)))))

(define (lookup—advice stmts) ; D0 0000000 advice 000
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(cond ((expr? stmt) (eval—expr stmt env))
((if? stmt) (if (eval—expr (cond—part stmt) env) ; if 0000
(eval—stmts (then—part stmt) () proceed env)
(eval—stmts (else—part stmt) ’() proceed env)))
((while? stmt) (cond ((eval—expr (cond—part stmt) env) ; while 0000
(eval—stmts (while—body stmt) '() proceed env)
(eval—statement stmt proceed env))))
((block? stmt) (eval—stmts (block—body stmt) '() proceed env)) ; DO OOO0ODO
((proceed? stmt) (eval—stmts proceed '() '() env))))
; advice 00 proceed() DO OO

01 regioncut 000000000000 O0O0O0O0O eval-method OO
Fig.1 eval-method function for evaluating a program with reginocut.
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if.. ){
} cif [@lg}o
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Fig.2 Range and order of evaluation with reginocut.
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(define (match stmts rc)
(let ((rc—rest (matchx* (car stmts) rc)))
(if (eq? rc—rest rc) ; stmts 0000 rce000000O0000O
4f 000000
(null? (match—seq (cdr stmts) rc—rest))))) ;;,c 00000000000

;stmts(0 00 ) Ore (pointcut 0 )0 00000000 MOO0O000O000O0O0rc0OO
(define (match—seq stmts rc)
(if (null? stmts)
rc
,J000000000000o000
(match—seq (cdr stmts) (matchx (car stmts) rc))))

stmt0 re0000000000O0OC0COCOOOO00O00O reOO0OO
(define (matchx stmt rc)
(cond ((expr? stmt) (if (include—jp? stmt) (cdr rc) rc))
((while? stmt) ; while 000 0000000000000
(let ((rc—after—cond (match* (cond—part stmt) rc)))
(matchk (body—part stmt) rc—after—cond))
((if?stmt) ;fO0000000O00OthenDelse00000000O0O0DOOO
(let ((pc—rest (matchx (cond—part stmt) rc)))
(shorter (matchx (then—part stmt) rc—rest)
;000 rce00O000O0OO
(matchx (else—part stmt) rc—rest))))
((block? stmt) (match—seq (block—body stmt) rc))))

0 3 regioncut 00000000 match
Fig.3 Matching function match for regioncut.
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1 | class Foo{

2 SomeObject obj;

3| wvoid bar(){

4 int i=10;

5 a();

6 b(i);

7 obj.c;

81 }

91}
10
11 | void around(int n):
12 region|
13 call(x x.a()),
14 call(x *.b(int)) && args(n),
15 get(* SomeObject.c)
16 | ]
17 { proceed(n); }

0 4 regioncut 00000000 OOOO

Fig.4 Context exposure by regioncut.

OO0 joinpoint 0000000000 cllDODOOCOO pointcwt 00000000000
goboooooooo

void update(){
Data data=storage.getData(key);
modifyDataA(data);
modifyDataB(data)
storage.writeData(key);
,/000000
Data data2=storage.getData(key2);
modifyDataA(data2);
storage.writeData(key?2);

QOO UL WN -

—

goboooobooooooooobooooooOobooooOoobooboOoooobooOoboObOboOoOo
OOO0O0O0OD00D getDataODO0OD0ODDOOwriteDataOODOOO0OO regioncut 00000
goboodooooooooobooooOoboOobooooboooooDooo

1 | region[ call(Data x.getData(..)), call(void *.modifyDataA(..)),
2 call(void *.modifyDataB(..)), call(void *.writeData(..))]

O0000000OOupdate0O0O00O0OO

1 | void update(){
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Data data=storage.getData(key);
modifyDataB(data)
modifyDataA(data);
storage.writeData(key);
,/000000

Data data2=storage.getData(key2);
modifyDataA(data2);
storage.writeData(key2);
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goooooood

4.1 0O 0

assertion for advice O 0 @AssertAdvised [0 @SolveProblem 000 20000000003
O000DD00OO@AssertAdvised 000000000000 OOOODO adviceOOOODOO
000000000000 D000000GSolveProblem O advice d O 0O O O ©@AssertAdvised
O000ooooooooooooooooog

0 500 6 O assertion for advice 000000000 OGAssertAdvised D000 OO0
00000 advieeOOOOOOODOOOOOOOOOOODOOODOOOOOOOSolveProb-
lemO000000C0O00O0O0OaAdvieceJOOOOOOOOOOOODOOOOOODODOO
00000000oo0o0o000oooooo00U0oD 200000000000 000
00 2000000000000000(1) @SolveProblem 0000000 ODOOOOO
O000000000O0AssertAdvised 0000000000 ODODOOOOOOOOO
O0(R2)0000000000adviee0OD0OOD0ODO0O0O0OOO0OOOODOUODOUOUO G000
0000000 "name_of_problem” 00000000 OOO0ODOODO @AssertAdvised O O
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class A{
©@AssertAdvised("name_of_problem")
void foo(){ bar(); }

=W N =

05 O000000O®AssertAdvised D000 O00OO
Fig.5 ©AssertAdvised annotation for a mehtod.

©SolveProblem("A.name_of _problem")
void around(): call(x .bar()) {
//do something

=W N =

0 6 advice 00 @SolveProblem 00O 0000
Fig.6 @SolveProblem annotation for advice.
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000 @SolveProblem OO O OO0OO0OOOO advice d @AssertAdvised DD OO O0OOOO
J000o0ooo0oo0oO00ooO0DOOo0oOodoooooOOoDOoOooOoooOoooO 5006
O00foo000O0O00ODO0 adviece OOOODOOOO bar000000O0DOO0ODOOODOO
000oooooooooooooo

@SolveProblem("A.name_of _problem")
void around(): execution(* A.foo()) {
proceed();

=W N =
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goodoo0ooO0d0oo0obO00ooO0bOoU0oOdoOoOUODooUOoDOOOobodDOoOooODo
JooooboooodOo0oooooooO0ooooOOo0oOooDoodooDooogoooDooo
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1 | private static WeakHashMap proxyCache;
2 | private void createClass2(ClassLoader cl) {
3 CacheKey key = new CacheKey(superClass, interfaces, methodFilter, handler);
4 | synchronized (proxyCache) {
5 HashMap cacheForTheLoader = (HashMap)proxyCache.get(cl);
6 if (cacheForTheLoader == null) {
7 cacheForThelLoader = new HashMap();
8 proxyCache.put(cl, cacheForTheLoader);
9 cacheForTheloader.put(key, key);
10 } else {
11 CacheKey found = (CacheKey)cacheForThelLoader.get(key);
12 //00
13 }
4] 3}
15
16 | synchronized (key) {
17 Class ¢ = isValidEntry(key);
18 if (¢ == null) {
19 createClass3(cl);
20 key.proxyClass = new WeakReference(thisClass);
21 }else{ thisClass = ¢; }
22 | 1}
0 7 Javassist 000000000000
Fig.7 Fine-grained synchronization in Javassist.
1 | public Class createClass() {
2| if (thisClass == null) {
3 ClassLoader cl = getClassLoader();
4 synchronized (proxyCache) {
5 if (useCache)
6 createClass2(cl);
7 else
8 createClass3(cl);
9
10 return thisClass;
11

0 8 Javassist 00000000000

Fig.8 Coarse-grained synchronization in Javassist.
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void around():
region|[ call(x WeakHashMap.get(..)), call(x* WeakHashMap.put(..)) ]

synchronized(ProxyFactory.class){ proceed(); }

void around(Object key):
region| call(x *.isValidEntry(x)) && args(key), set(* x.proxyClass) ]

synchronized(key){ proceed(key); }

H O WO U kW~

— =

09 DO00DO00D000D000O advice

Fig.9 Advice for fine-grained synchronization.

void around():
region| get(static boolean x.useCache), call(* *.createClass2(..)) ]

synchronized(ProxyFactory.class){ proceed(); }

T W N~

010 000000000000 advice
Fig. 10 Advice for coarse-grained synchronization.

01 Javassist 000000000000
Table 1 The execution time of the Javassist benchmark.

ooooooo oooo
gooooooooooo 41.8 3.3
goooooooooooooon 41.3 2.9
ooooooooooo 41.2 3.1
go0oooooOoooooooo 41.9 2.8

6.2 Hadoop

O0O0COregioncut 000 O00O0D0OCOOO0ODOOOOOOOOODOOOOODOOOODOOO
0000 advice O assertion for adviece 0000000000000 OOOOOOOOO
00000000000000000000000000 Hadoop') OODOODOOOODO
000000000000 OHadoopOOODODO 0.16400000AspectJ 000000
gooooobobooooog
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0 2 TaskTracker DO0O0O00O00O0O0O0O0O0OO
Table 2 Synchronization concerns in TaskTracker class.

oooooooooo O
synchronized [ 21
000 pointcut 00000000 9
regioncut 00000000 12

1 ©@AssertAdvised("removeTaskFromJob")
2 private void removeTaskFromJob(String jobld, TaskInProgress tip) {
3 synchronized (runningJobs) {
4 RunningJob rjob = runningJobs.get(jobld);
5 if (rjob == null) {
6 LOG.warn("Unknown_job " + jobld 4+ " being deleted.");
7 } else {
8 //000 synchronized 00000000000
9 //synchronized (rjob) {
10 rjob.tasks.remove(tip);
11 if (rjob.tasks.isEmpty()) {
12 runningJobs.remove(jobld);
13
14 //h
15 W
16
17 | @SolveProblem("org.apache.hadoop.mapred.TaskTracker.removeTaskFromJob")
18 | void around(Object t):region|
19 get(java.util.Set *.tasks) && target(t),
20 call(x java.util. Map+.remove(x)),
21 ]
2| {
23 synchronized(t){ proceed(t); }
24

0 11 HadoopOOUOOOOOOOODOOODODOOOOOODOOOOOOOOO advice
Fig.11 An example of a method and advice for synchronization in Hadoop.
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0200000000000 TaskTrakcer OOOOODODO 2100 synchronized D000
000000900000 Aspect O pointcutd calllgetOset 000000000000
000000000000 12000000 pointcut 000 O0O0O0O0OOOOOOOOOO
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Q@AssertAdvised("removeTaskFromJob")
private void removeTaskFromJob(JoblID jobld, TaskinProgress tip) {
synchronized (runningJobs) {
RunningJob rjob = runningJobs.get(jobld);
if (rjob == null) {
LOG.warn("Unknown,,job,," + jobld 4+ " being deleted.");
} else {
// 000 synchronized 0000000
//synchronized (rjob) {
rjob.tasks.remove(tip);
i
384

© 00O Uk WK~

==
N = O

012 O000000O0OOOOOOO0OOOOO0O000O0

Fig.12 A region that regioncut cannot select after modifying source code.
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Q@AssertAdvised({"getMapOuter","getMapInner"})
public TaskCompletionEvent[]
getMapCompletionEvents(String jobld, int fromEventld, int maxLocs) {
TaskCompletionEvent[]JmapEvents = TaskCompletionEvent. EMPTY_ARRAY;
RunningJob rjob;
synchronized (runningJobs) {
rjob = runningJobs.get(jobld);
if (rjob != null) {
synchronized (rjob) {
10 FetchStatus f = rjob.getFetchStatus();
11 if (f != null) { mapEvents = f.getMapEvents(fromEventld, maxLocs); }
12 1
13 return mapEvents;
4] 3}

© 00O Uk WK~

013 000000000000000 getMapCompletionEvents 00 0 O
Fig. 13 getMapCompletionEvents method before refactoring.

O@AssertAdvised({"getMapOuter","getMapInner"})
public TaskCompletionEvent[]
getMapCompletionEvents(String jobid, int fromid, int maxlocs) {
return getMapCompletionEvents(JobID.forName(jobid), fromid, maxlocs);

}

CUs W N =

014 0O0000000O0000000 getMapCompletionEvents 00 0 O
Fig. 14 getMapCompletionEvents method after refactoring.

0 83 TaskTracker 00000000000 OOOOO
Table 3 Compile time of TaskTracker class.
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