




























































fied in 4.1.2, each bind must specify an advice file attribute 
advice. And each base element inside it must specify an 
base file attribute file. Our aspect weaver will generate a 
set of different names for global variables in the advice 
file, and introduce them into each base file advised (in the 
first file as declaration and as shared variable in other files). 
Thus, the variables are shared among all the base files in a 
single bind element. 

4.3 Prototype Weaver Implementation 

We have implemented an aspect prototype weaver for As­
pectC2C. This prototype is a source-to-source translator 
built on top of the ANTLR5 parser generator tool, formerly 
known as PTTCS. The grammar for GNU C6 is used to 
generate the abstract syntax tree (AST), and a code emit­
ter grammar based on this AST is used to emit the final C 
code. The architecture of this weaver is shown in Figure 6. 
The current version of prototype weaver just operates on 
the AST and thus only static pointcuts are supported. 

The code transformation is based on a sequence of 
transformation actions defined in binding files acting on 
the AST of the base program. However, before adding the 
advice tree to the base tree, name substitution should be 
applied as we mentioned above. 

5. Refactoring of the Readers and Writers 
Problem using AsepctC2C 

In this section, we review the problem of synchronization 
in the readers and writers problem introduced in section 3. 
We will show how to refactor it using AspectC2C. 

5.1 Separation of Concerns in the Readers and 
Writers Problem 

The first step to refactor the solutions for the readers and 
writers problem is to identify the concerns in it. Four 
concerns are identified in this problem: read, write, the 
mutual exclusion operation, and synchronization between 
different roles (readers and writers in this example). We 
show the implementation of each concern in Figure 7. To 
keep it simple, we eliminated the include statements. 

In the refactored code, each concern is self-contained, 
which handles its own responsibility, ignoring any poten­
tial interactions between each another (the inter role con­
cern uses P, V operation just for synchronization between 
two role). Each concern can be developed by different pro­
grammers, who just need to concentrate on their own duty. 

5.2 Evolution 1: Add Mutex Lock to Counters 

At this step, we first make sync.c in Figure 7 usable in a 
concurrent environment. 

While implementing the inter role synchronization con­
cern, sync.c, the programmer ignores the exclusive access 

5 http://www.antlr.org/ 

6 http://www.codetransform.com/gcc.html 
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to the variable count. However, in a concurrent environ­
ment, the variables should be locked by a mutex lock 
whenever they are accessed. We can accomplish this by 
adding the mutex lock operation to sync.c with the bind­
ing file shown in Figure 8. 

This binding file adds a mutex lock to variable access 
in sync.c and generates an output file tempsync.c, which is 
specified by the out element. 

This step shows that, in AspectC2C, the advice code 
(sync. c) that can not be advised in asymmetric paradigm 
before can now be advised. The concerns in AspectC2C 
are much more reusable than in asymmetric ones. 

5.3 Evolution 2: The Readers First Problem 

With the identified concerns, we can evolve our program 
to solve the readers first problem with a binding of imple­
mented concern. All we have to do is using the synchro­
nized sync.c, tempsync.c, generated in the last evolution 
step to make readers prior to the writers. The binding file 
could be implemented as in Figure 9. 

We should notice that, the internal file tempsyn.c is used 
here and the global variables are shared between reader.c 
and writer.c, which shows the flexibility of our extension. 

5.4 Evolution 3: The Writers First Problem 

In this step, we need to make the writers prior than all the 
readers. The binding file could be implemented as Figure 
10. 

The "instantiable" concern is applied in this step. As we 
discussed in section 4.2.3, our name substitution mecha­
nism will generate different names in different bind ele­
ments. After the weaving of the binding file in this step, 
reader.c and writer.c will share the semaphore role in 
sync.c with a new name. This binding will not interfere 
with the one in Figure 9, because it is in another bind ele­
ment. The same concern can be woven more than once in 
AspectC2C, which improves the reusability of concerns. 
Also, by encapsulating binding information in binding 
files, the advice code ("tempsync.c") can be reused by 
different binding files. 

5.5 Benefits of the AspectC2C 

Through the three evolution steps above, we accomplished 
the process from four separate concerns to a better solution 
to the writers first problem. The benefits of AspectC2C 
regarding the limitations of asymmetric paradigms shown 
in section 3.3 are: 

1. There is no distinction between base code and advice 
code in AspectC2C. Both of them are written in plain 
C code. They can be used as plain C code, as advice, or 
as base code to be advised. 

2. The pointcut information is extracted from the aspect 
construct in the asymmetric model. Thus the advice 
code can be better reused, because they can bind to 

Vol. 43 (2), Feb. 2008 



input 

1. void reader(){ 1. 
2. read() ; 2. 
3. 3. 

4. 4. 
5. void read() { 5. 
6. II reading 6. 
7. } 7. 

reader.c 

ASTwith 
f--.--------...... ~ introduced 

variable 

inner states 

Figure 6. Implementation Overview 

output 

void writer(){ 1. semaphore s=l; 1. int count=O; 12. if (count==O) 
V(role) ; write (); 2. 

3. 

4. 
void write () { 5. 
II writing 6. 

} 7. 
B. 
9. 

writer.c 

2. semaphore role=l; 13 . 

14. } 

void first_entry() {15. 
void mutexP () { 3 . 

P (s); 4. 

5. 

6. 
void mutexV () { 7 . 

V(S); B. 

9. 

count ++; 16.void lockrole(){ 
if (count==l) 17. P(role); 

P(role); lB.} 
19. 
20.void unlockrole(){ 

10.,void last_exit(l{ 21. V(role); 
11. count--; 22.} 

mutex.c sync.c 

Figure 7. Four Concerns in Reader and Writer Problem 

<bind advice="tempsync.c"> 
<base file="reader.c"> 

<bind advice="mutex.c"> 
<base file="sync.c"> 

<pointcut function="reader" type="exec"> 
<advice function="first_entry" type="before"/> 
<advice function="last_exit" type="after"/> 

</pointcut> 
<pointcut function="first_entry" type="exec"> 

<advice function="mutexP" type="before"l> 
<advice function="mutexV" type="after"l> 

</pointcut> 
<pointcut function="last_exit" type="exec"> 

<advice function="mutexP" type="before"l> 
<advice function="mutexV" type="after"l> 

</pointcut> 
<outfile>tempsync.c</outfile> 

</base> 
</bind> 

Figure 8. Evolution 1 Binding file 
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<outfile>tempreader,c</outfile> 
</base> 
<base file="writer.c"> 

<pointcut function="write" type="call"> 
<advice function="lockrole" type="before"/> 
<advice function="unlockrole" type="after"/> 

</pointcut> 
<outfile>tempwriter,c</outfile> 

</base> 
</bind> 

Figure 9. Evolution 2 Binding file 
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<bind advice="tempsync.c"> 
<base file="tempwriter.c"> <outfile>tempreader.c</outfile> 

<pointcut function="writer" type="exec"> </base> 
<advice function="first_entry" type="before"/> </bind> 
<advice function="last exit" type="after"/> <bind advice="mutex.c"> 

</pointcut> - <base file="tempreader.c"> 
. ." der" type="exec"> <outfile>finalwriter.c</outfile> <polntcut functlon= rea 

<advice function="mutexP" type="before"/> </base> 
<base file="tempreader.c"> 

<pointcut function="reader" type="exec"> 
<advice function="lockrole" type="before"/> 

</pointcut> 
<pointcut function="read" type="call"> 

<advice function="unlockrole" type="before"/> 
</pointcut> 

</pointcut> 
<pointcut function="read" type="call"> 

<advice function="mutexV" type="before"/> 
</pointcut> 
<outfile>finalreader.c</outfile> 

</base> 
</bind> 

Figure 10. Evolution 3 

different base code by different bindings, the advice 
code itself in C needs not to be modified. 

3. With the implementation of "instantiable" concerns in 
AspectC2C weaver, concerns written in C code can be 
reused more than once. 

6. Conclusion 
In this paper, we present a symmetric aspect extension, 
AsepctC2C, to the C language. A prototype weaver has 
also been implemented. The refactored example using this 
weaver shows that code written in AspectC2C is more 
reusable, comprehensible and suitable for independent de­
velopment than the asymmetric ones. 

Although we have presented a working prototype of 
AspectC2C, further studies are required before it can be 
utilized in a practical environment. Particularly, we are 
interested in pursing the following topics: 

1. Extending the current prototype to include more advice 
and pointcut types, as well as dynamic join points. A 
dynamic aspect weaver for AspectC2C is also worthy 
of further study. 

2. Although the XML format binding files are easy to fol­
low, it may be prolonged to write. Content assist in con­
temporary IDEs will alleviate this problem, another so­
lution is to develop a description language for binding 
files, which will greatly simplify the binding code. 
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