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Abstract—Writing concurrent applications in C/C++ that use  To address this issue, we developed a tool thavigee
Software Transactional Memory (STM) Libraries is canplicated. Comp"e time support to make it much easier to um/é'M
The programmer needs to think at the same time abduthe (both STM and HTM) applications. With compile time
domain specific problem, about the way of use Tram&tional : .

Memory library and about how to mix these two codeswhich is support, C/C++ code _W'” b? the §ame as it Was_r‘eeimxcept
difficult and error prone. Our idea is to create atool that is the new keywordatomic will be introduced. This approach
completely transparent to the programmer, which wil simplify ~ transforms the original C/C++ code into the intediage
the access to the STM libraries. The tool describeuh this paper C/C++ code which can then be compiled with standeI
performs source to source transformation of the odinal C/C++  c/C++ compilers and linked with any STM library whihas

code into intermediate C/C++ code which can be conigd with a : : . :
standard ANSI C/C++ compiler and linked with any ST™M an adaptef for the required interface. The transtion is
presented in the figure 1.

library which satisfies the defined interface. Alhough the tool is

created for the use with STM libraries, it's objectoriented design 1. Source to Source
allow us to easily customize it to transform the ate into the form LIS i
appropriate for Hardware Transactional Memory (HTM) or Original ﬂ Intermediate
Hybrid transactional memory (HyTM). CiCH+ code CiC++ code

2. Standard
CI/C++ compiler

Index Terms—C/C++, code transformation, code generator,

STM, HTM, HyTM, OOP, OOD STM library Object file
. INTRODUCTION \ /Sv Standard Linker
The trend towards incorporating more cores in Chip P

Multiprocessors (CMP) will continue, with the potiah for

hundreds of cores for future technology generations

Inefficient data access ordering and synchroniratiomitives Fig. 1. Transformation process.The original code is transformed first into
. . L . the intermediate code which is later compiled ankleld with STM library.

SUCh_ a.S IOCkmg will limit programmer productmtgand In this way STM is completely transparent to theggammer.

application performance for those future procesdeéasdware

or Software Transactional Memory (TM) is a crucialrhe main contributions of this paper are as foltows
mechanism to tackle this problem by abstracting yatte - We develop a tool that makes developing TM
complexities associated by concurrent access toedhdata applications using STM libraries much easier

[9] wheremultiple threads can simultaneously access a shared . . )
memory section atomically. Currently library-basgoftware The tool can be easily configured for STM, Hardware
Transactional Memory (STM) packages exist to featii ::222:3:222: memirrr;/o(rlinl\El?TM) and  Hybrid

writing TM applications.
e Extend the C grammar to use a new keyword:

However, writing C/C++ code which uses Software atomic.

Transactional Memory (STM) libraries is very diffit The * Support in the extended grammar for nested
interfaces of the current STM libraries are chajlag to use transactions, functions, and code composition.

for bigger applications: the code soon becomes yrigssause « Discussion for non-transactional treatment of non-
“useful” code is mixed with STM library calls andakes it shared variables for high-performance code.

difficult for development, maintenance and debuggifihis Il. PROBLEM STATEMENT

defies one of the most important goals of TM, namelrpe nrogrammer should be able to write standard-€/@de
abstracting away the complexities of parallel pamgming. yith the only difference that he or she should additional
Another disadvantage of those libraries is thatpéidg old  keywordatomic in order to specify that the following block
(legacy) code to use Transactional Memory is almogf instructions should be executed atomically. STibtary
impossible. should be completely transparent to the programimethe
early phases of the development or in some phases o
debugging, atomic keyword should be just ignored an



ordinary C/C++ application should be produced. €uoirr
implementation of this tool transforms the codenfrahe
atomic blocks in such a way that for each memoness, a
proper STM library function call is invoked. Theample in
the figure 2 describes the transformation.

atomic { 1 {startTransaction();
a=a+l; ©owrite(t, &a, *read(t, &a) +1);
b=b-1; i write(t, &b, *read(t, &b) -1);
} ' endTransaction();}
i) ! ii)

Fig. 2. Example of the code transformationln the original code (columi)

variablesa and b should be changed atomically. Transformed code is

presented in the colunin Macros for the start and the end of the traneacti
are added and each memory access is wrapped iat@rdper library's
read/write function. Each memory access is asstiatith the started
transactiort.

A useful but not mandatory feature would be that th

programmer gives additional information to the cdempif
some memory location is shared, private or locav§pe but
should not be restored in case the transactiohdgted). This
information can be very useful to the tool becausthis case
it shouldn’t protect some memory locations
local int x ; ). Generated code becomes much faster
this way because there is no indirect access toanerin
some cases. Another useful information would beviging
the initial read and write sets of the transacfionthe STM
library. This can be done manually by adding soresv n
keywords or automatically with this tool by doingora than

one pass through the code. Features mentioned in th

paragraph are not implemented yet but are suppdoyethe
tool design.

.
This tool performs the source to source transfaomaodf the

PROPOSEDSOLUTION

(e.9.,

2

retrytx ~ cancels the transaction and restartseddtx and
writetx are function library function calls for handling
memory accesses. The transaction should be stamttdnded
with the code presented in the figure 4.
{ Transaction tr; Transaction* t = &tr;
Status ret; starttx (t);
while (1) {
ret = setjmp (t->env);
if (ret == TRANSACTION_STARTED){

Fig. 4a.Code for starting the transaction Macro startTransaction ().

If (COMMIT_SUCCESS == committx (t))
break;
else aborttx (t);
} else aborttx (t);

destroytx (t);

Fig. 4b. Code for ending the transaction Macro endTransaction ().

startTransaction();
/I transaction body
endTransaction();

Fig. 4c.Code of the transaction.Using macros startTransaction() and
endTransaction ().

in

This approach is good for the following reasons:

 Nested transactions are supported. The whole
transaction is placed into a single block so that w
will not have the problem with nesting the
transactions (e.g., there is no name clashing for
variablet or tr of the main transaction and its nested
transactions).

e Code transformation would be simpler because a
single macro should be placed just at the beginning
and at the end of the atomic block.

C/C++ code into intermediate C/C++ code which can b

compiled with standard ANSI C/C++ compiler and &dk
with any STM library that complies with out intecta Before
we describe the tool design and behavior we wilspnt the
interface and the expected behavior of the STMalipr
because it has significant influence on the tosigte

A. STM library interface and behavior

For the integration with this tool, we have impleesl our
own STM/TM library. A detailed explanation of thibriary is
out of our scope; therefore we present the releiganes here.
The library satisfies the interface presented éfiture 3.
Note that this interface is similar to the onesvited by
current STM libraries [7], [8].

void starttx(Transaction *tr);
Status committx(Transaction *tr);
void destroytx(Transaction *tr);
void aborttx(Transaction *tr);
void retrytx(Transaction *tr);
void* readtx(Transaction *tr,

void *addr, int blockSize);
void writetx(Transaction *tr,

void *addr, void *obj,

int blockSize);

1) readtx andw it etx functions

The most important parts of the library are surigction
callsreadtx andwritetx  and they require special attention.
Both functions operate on the byte lewstitetx  receives
the real address where the data should be stosdze af data
and the data itself. The way this is done is imgetation
dependent. This is extremely important becauseerdifit
implementations can be tested without any knowleofgthe
rest of the environment.

Functionreadtx requires special attention because there is a
possible memory leakage if the connection betwéentdol
and the library is not established properly. Fuorcteadtx

accepts the real address which should be readhensize of
the data, and returns the pointer to the locatibichvholds
the requested data. Returned pointer does not teebd the
same as the original one and this is implementat@pendent.
This can be the source of the memory leakage. Téreréwo
possible implementations of functioreadtx . The first
implementation option can copy the data to a neatlon and
return the pointer, requiring the programmer te fitewhen it
is not needed any more. The other option, which
implemented, is that the library takes care abmatryehing

we

Fig. 3. STM library interface. Figure represents the set of functions whichand returns the pointer to the location which stide# just

should be implemented by any STM/HTM/HyTM in orderbe integrated
with the code generated by this tool. Functionsseteexplanatory.
The library functions have following semantisgarttx
destroytx
for the execution of a transactiocpmmittx
results of the transactioaborttx

and

publishes the

read. This pointer should not be used later fotingi If the
same data should be modified later, that shoulddbee
through functionwritetx ~ and not directly through returned

initialize and destroy the required data strucurepointer. In this way, internal implementation o&thbrary is

not exposed to the tool. This implementation of ltheary is

cancels the transaction andmuch more suitable for the design of our tool beeahere is



a strict separation between the tool and the hbeard their
responsibilities. This makes development of botal tand
library much easier, flexible and portable.

B. Tool Design

Code transformation is divided into two phases. idea of
this separation was to support the whole C/C++ gram
outside the atomic blocks immediately. So in thetfphase
atomic blocks are detected and the rest of the,amdside the
atomic blocks, is left without changes. In the set@hase,
code inside the atomic blocks is transformed ad hd
described in this section. Phases of the transfiomaare
presented on the figure 5.

Original C/C++ Source

l Code outside

Phase | atomic blocks
detection of the
atomic blocks

Intermediate
CIC++ code

Code inside
atomic blocks

Phase Il

Transformed code
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Because of this analogy, the software which perfotime
phase Il transformation is divided into tree layevhose
logical correlation is presented in figure 8.

Code

Lex & Yacc

Object oriented
syntax tree

Object layer

Transformed code

Fig. 8. Layers of the Phase Il transformationOriginal code will be parsed
with Lex & Yacc generated parser and Object origrggntax tree will be
produced. In the object layer variety of optimieas can be performed on the
given OO syntax tree and finally code should bedfermed to call STM
library. Data type wrapper layer is introduced feegthe structure to the
stream of bytes coming from STM library, becaus®/Sibrary operates on
the byte level and is not concerned about the types

Phase Il transformation will be designed in théofeing way:
in the Lex & Yacc tool, the grammar of the codejalihcan

Fig. 5. Transformation process flow diagram In the first phase, the atomic he transformed is described; for each non-terminathe

blocks are extracted from the original code. In $keond phase, code from

atomic blocks is transformed into the STM formatithAthis approach the
whole C/C++ grammar is supported outside the atdnlaicks instantly.

1) Transformation process — Phase |

In this phase code outside atomic blocks is leisand code
from the atomic blocks is extracted and passedhéofdrther
processing in the phase Il. Phase | transformatotreated
using Lex & Yacc (Flex & Bison) [2], [3]. Currentlywe use
the C grammar defined by Jeff Lee [4]. The C gramisa
extended to support the new keywoatbmic . The same
approach can be used for C++, but the grammar dhoeil
changed.

2) Transformation process — Phase Il

The second phase is a bit more complicated andresqumore
attention. If the statement is being processedim phase, it
means it is in the atomic block and needs the aetitnal
memory access protection. Each statement is tnanstbinto
the form in which every memory access is wrappéd the
proper STM library functiomeadtx or writetx

In this phase we also use Lex & Yacc and the ayadiegween
Yacc grammar and inheritance
programming. That analogy is presented and destiib¢he
figure 7.

expression:
constant
identifier

"#7 identifier
expression + expression
expression - expression
expression-»exupression
(expression)

g Bl

£y

Expression

+hddressy | toperands
ATMReadl) |
+Testring()

+myExpr

1

Parentheses Identifier Pointer

Fig. 7. Analogy between Yacc grammar and OO softwardesign.We use
the analogy between OO software and Yacc grammaxpoess the same
concepts into two different forms. OO form can Besiipport a wide variety
of optimizations and is much more flexible for codealysis and
manipulation.

grammar, a corresponding class will be createdhénabject
part of software. Whenever a rule needs to be el the
parsing procesfll], and some non-terminal is produced and
placed on the non-terminal stack; we will createohject of
the analog class and place it on the object stacthat way,

in the end we will have the object oriented synteee in
which each node will know how to wrap itself inteetproper
STM calls. An example is presented in figure 9.

a + hb*x->vy
: ArravElement add ; ArithmeticOperation

&1 Identifier |

nlfi] =

L

£us Identifisr i Identifier Multiply ; ArithreticOperation

o
1 Identifier

Fig. 9. Transformation from the code to the objecbriented syntax tree.
With this transformation each element from the cailebe presented with
the appropriate object. Each object will know hawrap itself in the proper

w1 Identifier

in the object oriente®M library function. With the simple recursion fdi first search) the

whole tree will be transformed to the proper form.

Responsibilities and design of phase Il layers vk
presented in more detail in the following text @hdy will be
illustrated through the transformation of the exbemgode: a
=b+*p+5;

a) Lex & Yacc layer

This layer is developed by changing the C gramrivathe
current version we created our own C grammar; esihgrihe
original C/C++ grammar is future work. In the graemn
special attention is given to the assignment stat¢rand to
the expressions. In this version we also suppertfabowing
statements: IF/ELSE IF/ELSE, FOR, WHILE and of a&ur
ATOMIC (for nested atomic statements). Figure 18spnts
the part of the Yacc grammar which will help usdiscribe
the transformation of the example code
a=b+*ip+5



expression:
CONSTANT
{ s.push(new Constant(ppllval.value)); }
|[IDENTIFIER
{ s.push(new Identifier(ppllval.value)); }
|*" IDENTIFIER
{'s.push(new Pointer(ppllval.value)); }
| expression '+' expression  {
Node *left, *right;
right = s.pop(); left = s.pop();
s.push(new Operation('+left,right));

Fig. 10a. Yacc grammar for the expression non termal. Expression can
be a constant, identifier, pointer value or aritimeperation. Whenever
some rule should be reduced, appropriate objetteilstored to the object
stack. When a constant or identifier or pointereduced, the new object is
placed on the stack. If the arithmetic operatioaudth be reduced, then two
last objects are popped from the stack, new ariticn@peration object is
placed on the stack and previous two objects arengio the new object as
its arguments.

assignment_statement:
expression '=' expression {
Node *left, *right;
right = s.pop(); left = s.pop();
s.push(new Assignment(left, right)); };

Fig. 10b. Yacc grammar for the assignment operatian Similar to figure
10a, the last two objects are removed from thekstam new assignment
object is placed on the stack with two arguments: iepresents the Ivalue of
the assignment and the other the value which sHmilakssigned.

In case of our example the parsing process wilehseveral
steps which are presented in the figure 11.

5
@ @ @*ip@*ip
[ — |:>b|:>b|:>b
a a a a
@1 :
[— T ip “Ip
b
a
@
=

Fig. 11. Parsing of the example coda = b + *ip + 5; and
creation of an object oriented syntax tree. The transformation Process is
performed in following steps: 1. identifier is reduced; 2. identifieb is
reduced’ 3. pointetip is reduced; 4. constabtis reduced; 5. operation + is
reduced; 6. operation + is reduced; 7. assignnsemegdiuced.

At the end of the parsing process we will have stegement
object on the end of the object stack. That stat¢robject
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with a variety of optimizations. For example, cuthg each
identifier object will be wrapped in function cally default,
but if there is information that it is some localta then object
will not wrap itself.

Major classes from the object layer are presenteta figure
12. We have two base class&tatement and Expression
and all other classes are derived from one of them.

Expression

Statement |, * +Index
+address()
+TMRead()

+Tastringl)

+Transform()

‘ I ||FDR|

Assignment |

| Arrow ArithmeticOperation

| ArravElement |

Constant

Fig. 12. Class diagram All classes in the Object layer are derived from
classesStatement andExpression . Each class will know how to wrap
itself into the proper read/write functions. Virtuabstract methods
Address andTMReadare responsible for that transformation and tresdn
to be redefined in each class.

Now we will describe how this mechanism works orr ou
examplea=b +*ip+5 . The transformation is presented
in the figure 13.

char® Assignment::Transform ()
return "write(t, " + lvalue->Address ()
+ ", " wvalue->TMRead{} ") ";

}
char* COperation::TMRead ()} {
return left->TMRead () + operation +
right->THMRead (} ;

char* Identifier::Address () {

+left

Hright

SiConstant|

char® Identifier::TMRead () {
return "#read (t," + Rddress()

}

return "&" + name;

in: Pointer

4y

Fig. 13. Object syntax tree for the example code dnits transformation.
Assignment object will perform the transformationdombining the address
of its Ivalue sub node and the transformation sfvidlue sub node. Then
value sub node will call recursively transformatitime rest of the tree.
Transformation code is presented in the pseudole-code.

Example codea = b + *ip + 5 after the transformation
will look like this:

write(t, &a, *read(t,
c) Data type wrapper layer

The last problem we had was the type problem. Sibkddies
will work on the byte level, so for example signatwf the
functionreadtx is:

&b) + *read(t, ip) +5) ;

void* readtx(Transaction *tr,

void *addr, int blockSize);
Currently we do the transformation on the statenhevel so
we do not have the information about any identifigre. We
have a problem when transforming code kké directly into:
*(typeof(a)*)readtx(t, &a, sizeof(a)) +
*(typeof(b)*)readtx(t, &b, sizeof(b)).
problem is that the functiotypeof

The
is not in the C/C++

(the whole statement sub-tresjall be processed further in thestandard and is available only gec. This problem can be

following object layer.

b) Object layer
This layer will perform the final transformation.h& basic
idea is that every object knows how to wrap itsetb the
appropriate STM function calls. With that propettye whole
code (the whole object structure) can be transfdriwéh

simple recursion (depth first search). The big atlwge of the
object orientation of this layer is that it candsesily enhanced

resolved by performing the transformation on theletcode
level and by keeping track about the definition edch
identifier (e.g., maintaining symbol table). Thisglanned for
the future development in which our owypeof function
will be developed. Currently we solve this problésmusing
the C++ compiler to compile the code and by addirgdata
type wrapper layer. For each primitive data type, provide
the function pairead /write  which wraps the STM library



functionsreadtx /writetx  respectively. For example for the
int typeread function is defined as:
int* read(Transaction* t, int* adr) {
return (int*)
readtx(t, adr, sizeof(int)); }
This approach can also be generalized for the dséned
types (structures and typedefs) so proper readwiapper
functions can be generated. For example if we htnee
structure Account, its read function can be eagiliyerated to
have the following definition:
Account* read(Transaction* t, Account* adr) {
return (Account*)
readtx(t, adr, sizeof(Account)); }
Currently read/write functions for user defined dgpare
defined manually.

IV. RESULTS

With this tool we achieved following resultd) Created
concurrent application which operates on the Binsggrch

write(t,&((*read(t,&curr))->valid),1);
write(t, &inserted, 1);write(t, &f, 1);

else if (
*read(t,&((*read(t, &curr))->key)) >
*read(t, &key) ) {
if(*read(t,&((*read(t, &curr))->left))
=0 )

write(t, &((*read(t, &curr))->left),
*read(t, &n) );
write(t, &inserted, 1);
} else write(t, &curr,
*read(t,&((*read(t,&curr))->left)) );
}else {
if(*read(t,&((*read(t,&curr))->right))
=0 ) {

write(t,&((*read(t, &curr))->right ),
*read(t, &n));
write(t, &inserted, 1);
} else write(t, &curr,
*read(t, &((*read(t,&curr))->right)));
}
1

trees;2) Supported nested transactioBsSupported function endTransaction();

calls; 4) Supported composition of code which containg

atomic statementsj) We successfully applied this tool to theFig. 14b. Generated codeGenerated code of the insert function, which uses
AMMP package from the SPEC OMP 2001 benchmarkﬂﬁ]; TM. Code is manually transformed to fit into a @eumn.

Implemented support for Hardware Transactional Mgmo) 2) Nested transactions

Ideas on how the tool can be easily extended t®®UP \ye supported nested atomic blocks and the transfimmto

Hybrid Transactional Memory and produce high periance o nested transactions as illustrated with tHécat example
concurrent applications. in the figure 15.

1) Concurrent application which operates on the Binary | .1 test(int K){

search trees atomic {
We successfully created a concurrent applicatiorictwh i=i+1;
operates on the Binary search trees. The standarétomic atomic {
functions for insertion, removal and search of (keglue) {f{*kk
pairs in the Binary tree structure were createst.fifrhen by T
simply surrounding the code inside these functiates atomic p=p+1;
blocks, and automatic code transformation, we geedrthe }

concurrent application which uses the STM libr&smple of }_ o ) ]
the original code from the insertion function ahd generated Fig. 15a.0riginal example code that contains nested atomicldcks.

void test(int k){
{ startTransaction();

code is presented in the figure 14.
at onmi c {if (*rootp == 0) { *rootp = n; }
else { curr = *rootp;
while (inserted == 0) {

{ write(t, &, *read(t, &) +1);
{ startTransaction();

/ = { write(t, &j,
if (curr->key ——_key){ . *read(t, &j) + *read(t, &K) );
curr->value = value; write(t, &i

curr->valid = 1;
inserted=1;f=1;

*read(t, &) - *read(t, &K) );

} else if (curr->key> key){
if (curr->left == 0) {
curr->left = n; inserted = 1,
} else curr = curr->left;
}else {
if (curr->right == 0) {
curr->right = n; }
inserted = 1; }
} else curr = curr->right;

endTransaction();
}
write(t, &p, *read(t, &p) +1);

endTransaction();

} Fig. 15b. Generated code that contains nested traastion.
} 2 3) Function calls
Fig. 14a. Original code. Part of the original non-atomic function for We supported function calls for the two types ofdiions:1)
insertion of (key, value) pair into binary searces. Functions without side effects and which only a¢cep
arguments without pointers inside (e.g., matherahtic
functions which accept pure data types) @)dFunctions
which have atomic blocks inside its body. Only #hds/o
types are safe to be executed in the Transactigieshory
Environment, the first one because they operategndocal
variables on the stack and the second one bedsessalteady
have atomic blocks to protect critical code. Figliepresents
the transformation and usage of the functiom.

{ startTransaction();
{iif ( *read(t, rootp) ==
write(t, rootp, *read(t, &n));
}else {write(t, &curr, *read(t, rootp) );
while ( *read(t, &inserted) == 0) {
if (*read(t, &((*read(t,&curr))->key))==
*read(t, &key) ) {
write(t, &((*read(t, &curr))->value),
*read(t, &value) );
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int sum(int x, inty, int* p){ translated code. Original AMMP code and its tratisteare
atomic { X =x+y +*p; } presented in the figure 18.
return x; atomic{

ux = (a2->dx -al->dx)*lambda +

b
void useOfsum(){ (a2->x -al->x);

int a,b,c,d, *pc; K |

,0,C,d, ) r =one/( Ux*ux + uy*uy + uz*uz);
Somel o Hpene rO:sqrg(r)' yiuy )
atomic{ 10 = S();

= *| *% . :
} d = a+ sum(a*b, a**pc); k = -dielectric*al->q*a2->qrr:

— rkrkp-

printf(" d = %d\n", d); r=rerer

k = k + al->a*a2->a*r*rO*six;
k = k - al->b*a2->b*r*r*rO*twelve;

Fig. 16a. Original code of the function sum and exaple of its usage. alfx = alfx + uxk;
) ) ) ) a2->fx = a2->fx - ux*k;
int sum(int x, inty, int* pX{ }

{startTransaction();

Fig. 18a. Representative critical section from AMMPpackage. Figure
presents just transformation foaxis. Fory andz axis’s is identical code.

{ startTransaction();

write(t, &x, *read(t, &x) +
*read(t, &y) + *read(t, p) );

endTransaction(); {write(t, &ux, (read(t, &((*read(t, &a2))->dx))-
} *read(t, &( ( *read(t, &al))->dx))) *
return x; *read(t,&lambda)+(*read(t,&((*read(t,&a2))->x))-
*read(t, &( ( *read(t, &al)) ->x))));
void useOfSum(){ write(t, &r, *read(t, &one) /( *read(t, &ux) *
inta,b,c,d, *pc; *read(t, &ux) + *read(t, &uy) * *read(t, &uy) +
a= 2’; ’b — ’3; c . 4; pc = &c; *read(t, &uz) * *read(t, &uz) ));
{ startTransaction(); write(t, &r0, sqrt( * .
. \ , sgrt( *read(t, &) ));
write(t, &d, *read(t, &a) + write(t, &ux, *read(t, &ux) * *read(t, &0) );
sum(*read(t, &a) * *read(t, &b) , write(t, &k, - *read(t, &dielectric) *
*read(t, &a) * *read(t, pc) )); *read(t, &( (*read(t, &al) )->q)) *
endTransaction(); *read(t, &( (*read(t, &a2) ) ->q)) *

} *read(t, &r) );

Lt g — g "oy
printf(" d = %d\n", d); write(t, &r, *read(t, &r) * *read(t, &r) *
*read(t, &r) );
Fig. 16b. Generated code for the function call sum. Function’s real .
arguments are wrapped into the STM function callthey will belong to the errggg&t&g‘( zifggc(jt(‘t&g;;»_m) )*
transaction read set. Body of the function suniss aransformed properly. *read(t’ &(( *read(t’ &a2))->a) ) *

*read(t, &r)* *read(t, &r0) * *read(t, &six));
4) Composition of code _

The most important goal we achieved is that wevaltbe VX{SSS&?‘Q@ISZS(({' g‘:)l)')_>b))*
programmer to compose the atomic based codesread(t, &((*read(t, &a2))->b) ) *
Composability is the essence and the biggest adganof — *read(t, &) * *read(t, &) * *read(t, &r0) *
Transactional Memory over lock based approachesads read(t &weive));
example, we will use the same binary tree appboatin  write(t, &alfx, *read(t, &alfx)+ *read(t, &ux)*
particular, we implemented functianove, which atomically ~ *read(t, &));
moves a given key from the source binary tree te th e &((*read(, 8a2) )->fx),
destination binary tree, by composing existing atom *read(t, &( (*read(t, &a2) ) ->fx)) -
functions insert , remove and search , which were . ‘read(t &ux)**read(t &k));

mentioned before. Figure 17 illustrates the functiove. endTransaction(); }
atomic { Fig. 18b. Generated code for the critical sectionni AMMP package.
if (search(*source, key, valp)) { Code includes transformation of the function gjft , assignment of the
val = remove(source, key); function return value and for variety of expressigpes.
insert(dest, key, val); 6) Support for Hardware Transactional Memory
} } This tool is designed in such a way that can bdlyeas
Fig. 17a. Original function move.Function move is the composition of the customized to support Hardware Transactional Menaory
existing atomic functions insert, remove and search by changing the startTransaction and the
{ startTransaction(); endTransaction macros. Those macros should be the
{if (search( *read(t, source), proper hardware ISA instructions for the start #mel end of
*read(t, &key) , *read(t, &valp))){ the transaction. Other transformations should Ise disabled
write(t, &val, and code inside atomic blocks should be left aslisiariants
remove(*read(t, &source),*read(t, &key))); of Hardware Transactional Memory can be supportéete
insert(*read(t, &dest) , *read(t, &key) , .
*read(t, &val) ) ; we chose to incorporate the HTM proposed by McDabrel
al [10] with instructionsxbegin , xcommit and xvalidate
endTransaction(); denoting the start, end and validation of the tmatien
} respectively. In this case, the start and end nsasuld look

Fig. 17b. G ted code for functi . . T :
9 enerated code for function move like presented in figure 19. Note that endTransacti

5) SPEC OMP 2001 Benchmark — AMMP package semantics requirevalidate since [10] uses a two phase
We translated the critical sections of SPEC OMP20030mmit.
benchmark [5] from the package AMMP [6]. We just
surrounded the critical sections with the atomiockl and



#define startTransaction() \ V. PREVIOUSWORK
{ asm { xbegin } There are several implemented STM librarjéq8]. All of
#define endTransaction() \ them are difficult to use because the programmedne be
asm { xvalidate \ aware of library’s APl and sometimes even about the
xcommit \ implementation details. If a bug occurs, it is ertely hard to
} \ determine if the bug is in the useful code, in liheary or in

}
Fig. 19. Support for HTM. Definition in pseudo code, of startTransaction

and endTransaction macros in case hardware hasdtishsxbegin and : :
xcommit for the start and the end of the transaction, aradidate for An assembler level solution named TARIFA [l] alsairos to

the validation of the transaction. simplify writing TM code. Original code is compilemto
assembler code and then TARIFA performs transfaomain
all memory accesses. However, one disadvantagtief
approach is that it does not expose the TM to thapiler,
thus missing many TM compiler optimization oppoities
that are recently proposed such as the ones coedidgy

their connection.

This tool is designed in an object oriented wayicWhallows
it to be easily extended in the future with variety
optimizations directly supported in HTM. For examphe
noticed that not all memory accesses should beegied by

\t/Cifh-lt;th. iﬁr;ergg;:zg;%iseswahli);r]ea}gmg;rr;e Sc')tf?gﬁ Vﬁl”?l;lle’ Harris et. al[12]. Another issue is that it is not possible in
mathematical functions?) variables can be declared as Ioca]rAR”:A for the p'r(.)grammer to g|ye h|nt§ to'the carap
(private and undo is not required) when we need thaebOUt some specmc.memo.ry Iocqt|ons, like i thsec of
information about the commit/rollback rate. HTMtmgtions some memory location being private for the threaui a

Lo ) . . _therefore not requiring to be protected. Even ia frivate
like imld andimst [10] for load and store without changmg_data there can bg twogdifferentptypes: the one Iwhrmﬂlnjld be

read and write sets directly help us to performs thi : .
L . y P P . restored on the abort of the transaction and therowhich
optimization. In this tool each memory access igpped into -
- . g i o should preserve the value they have in the momkabort
the object and if we enhance the object with tHerimation . :
(e.g., to measure the commit/abort rate). All thfermation

that it doesn’'t need the protection, proper codeukh be . o
generated instead of the (;)efault one.pFigpure 28sgmts this should be provided to the compiler in order to il faster

optimization on the example code=b+c , wherec code.
doesn’t need the protection, in cases of both SHYIFTM. VI. CURRENT STATUS ANDFUTURE WORK
. In the current status of the project we support ete C
Nazb+c: i) asm { grammar ogtside atomic blocks and subset of C gmmm
’ | load 0, b inside atomic blocks. Because of the current desfghe data
ii) write(t, &a, imd r1, ¢ type wrapper layer we need a C++ compiler to coenfike
*read(&b) + c): i add ro0,r1 transformed code. In the near future we will supploe C++
| storea, 10 grammar. After that code transformation on the llefethe
P} whole code will be considered instead of current

Fig. 20. Example of the optimization. Transformation of the code transformation on the statement level. With such

a=b+c , wherec doesn't need the protection).is the original codei)  transformations, many useful optimizations willgmessible.
is transformation in case of STM aii is transformation in case of HTM in

pseudo assembler code. VIlI. CONCLUSIONS
7) Support for Hybrid Transactional Memory This tool and the transformation it performs carvery useful

For the performance reasons it is easy to exteisdtdol to  for many reasons:

support Hybrid Transactional Memory, but at thismenmt we * It allows one to write the concurrent C/C++ appiicas
need a little help from the programmer and he/stesis to be which use STM, and have better insight what islyeal
aware of one constraint. If we use keyworatsmic or needed to be provided by the STM and TM in general.
atomicSTM to declare that following block should be  Writing the concurrent applications is much easiew;
executed atomically using STM, and add new keyword the programmer doesn't need to be concerned abidut S
atomicHTM to declare that following block should be also ~ implementation details, e.g. read and write sets] a
executed atomically but using HTM, then we havepsupfor doesn’t need to know about them at all.

a flavor of Hybrid Transactional MemorgtomicSTM blocks ¢  Gain closer insight of what would be helpful foreth
will be transformed into the proper STM form and Programmer to make faster concurrent applicatiios.
atomicHTM in the proper HTM form. Performance of the  €xample marking variables as shared, private oalloc

application generated in this way will be much éetiecause Also support is provided that not every memory asde
a lot of transactions are very small and can bewre using protected (wrapped) e.g., read access to stackidosa
HTM which is significantly faster. (they are private by default) without any modifioat

. e * To measure the average size of the transactiorhawne
The programmer need to be aware of following cairstrin better insight of when STM is better than HTM. ls@

order to use this kind of Hybrid Transactional Meymahe
sets of memory locations which are protected by Haid
STM need to be disjoint. Currently we don’t havee th
correlation between transactions in hardware aaas#ctions
in software and programmer needs to be aware of \h
careful program design, higher performance candhéesed
compared to the case where all transactions asefiware by
default.

can help to measure the performance of the hybrid
approach and to test a variety of hybrid approaelgs it

can generate the code which will first try to useMHand

if it aborts several times then switch to STM.
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