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CMP Architectures

e Multiple cores on a chip
— Higher throughput
— Reduced complexity (per core)
— More power/heat friendly

 Multithreaded applications
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How About Single Thread?
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Loop Level Parallelization

DOALL loop
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Loop Level Parallelization

DOALL loop
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Loop Level Parallelization

Speculative DOALL loop
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Loop Level Parallelization

Speculative DOALL loop
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Loop Level Parallelization

Speculative DOALL loop

——————————————

Bad news: limited number of parallel
loops In general purpose applications
—1.3x speedup for SpecINT2000 on 4 cores
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Contributions

« Code generation framework
— Speculative parallelization of
uncounted loops

« Compiler transformations
— Speculative loop fission -
— |Isolation of infrequent dependences i 1
— Speculative prematerialization -

CCC A compilers creating custom processors 9 University of Michigan
g Electrical Engineering and Computer Science



Target Architecture

L2 cache

L2 cache
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Target Architecture

L2 cache

Scalar operand
network
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Target Architecture

L2 cache

Scalar operand
network
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Code Generation Framework

for (1=0;i1<n;i++)

// original loop code
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C'CC compilers creating custom processors 13 University of Michigan g"“"’";":‘
ﬂ Electrical Engineering and Computer Science Lg}*



Code Generation Framework

while (...) /\

IS+=__..; IE+=__._;
r\\ XBEGIN

for (I=1S;I<IE;1+4)

// original loop code

XCOMMIT \j
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Code Generation Framework

while (...)
IS+=__..; IE+=__._;

r\\ XBEGIN

for (I=1S;I<IE;1+4)

// original loop code

RECV(THREAD;_;)

XCOMMIT
SEND(THREAD;, ;)
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Code Generation Framework

Spawn

while (...) \
IS+=__..; IE+=__._;
r\\ XBEGIN

for (I=1S;I<IE;1+4)

// original loop code

RECV(THREAD;_;)

XCOMMIT
SEND(THREAD;, ;)
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Code Generation Framework

Spawn

while (...) \
IS+=__..; IE+=__._;
XBEGIN

for (I=1S;I<IE;1+4)
// original loop code

iIT (brkCond) break;

RECV(THREAD;_;)

XCOMMIT
SEND(THREAD;, ;)
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Code Generation Framework

Spawn
[ IAI
while (...) \
IS+=__..; IE+=___;

XBEGIN

for (i=1S;I<IE;1++)
// original loop code

iIT (brkCond)
\ localBrk=1; break;

RECV(THREAD;_,)
XCOMMIT

SEND(THREAD;, ) ‘\\\__,//

CCC *g compilers creating custom processors 18 University of Michigan

Electrical Engineering and Computer Science

=y



Code Generation Framework

Spawn
[ I/\\
while (-..) \
IS+=__..; IE+=___;

XBEGIN

for (i=1S;I<IE;1++)
// original loop code

iIT (brkCond)
\ localBrk=1; break;

RECV(THREAD;_,)
XCOMMIT

SEND(THREAD;, ) ‘\\\__,//
!

Consolidation

Electrical Engineering and Computer Science
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Code Generation Framework

e Supports counted and —spam
uncounted loops /)

— Software managed [T

control speculation

for (i=1S;i<IE;i++)

e [teration chunking O 1D s

localBrk=1; break;

e Enforce transaction RECYCTHRERD, )

XCOMMIT

ordering J
. . . SEND(THREAD;, ,)
 Handles livein, liveout & S Ferarn
accumulator registers i
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SPEC INT

SPEC FP

DOALL Coverage — Provable and Profiled
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Still not good enough!
Few dependences hinder parallelization in many loops

SPEC

DOALL Coverage — Provable and Profiled
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DOALL Coverage — Provable and Profiled

[
]

O Profiled DOALL
B Provable DOALL

©c o o o O
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Fraction of sequential execution

1T Compiler can help:
y . . .
04 *Speculative fission
05 *Isolation of infrequent paths
0o «Speculative prematerialization
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SPEQ Still not good enough! Utilities

Few dependences hinder parallelization in many loops
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Speculative Loop Fission

1: while (nhode) {
2: work(node);
3: node = node->next;

}

Electrical Engineering and Computer Science
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Speculative Loop Fission

1: while (nhode) {
2: work(node);
3: node = node->next;

}

CCC *g compilers creating custom processors
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1: while (hode) {
4: node_array[count++] = node;
3: node = node->next;

}

University of Michigan
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Speculative Loop Fission

1: while (nhode) {
2: work(node);
3: node = node->next;

}

CCC *g compilers creating custom processors
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1: while (hode) {
4: node_array[count++] = node;
3: node = node->next;

}

: ¥

XBEGIN
5: node = node_array[IS];
1 = 0;
“:while (node && i++ < CS) {
work(node) ;
node = node->next;

WN PP

}
RECV(THREAD;_;)

XCOMMIT
SEND(THREAD; )

}

University of Michigan
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Speculative Loop Fission

1: while (nhode) {
2: work(node);
3: node = node->next;

}

CCC *g compilers creating custom processors

=>
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1: while (hode) {
4: node_array[count++] = node;
3: node = node->next;

}

: ¥

~ XBEGIN
5: node = node_array[IS];
1 = 0;
“:while (node && i++ < CS) {
work(node) ;
3: node = node->next;
}
RECV(THREADTi)
XCOMMIT

N -

SEND(THREAD; 1)
b3
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Speculative Loop Fission

1: while (nhode) {
2: work(node);
3: node = node->next;

}

=>

1: while (hode) {
4: node_array[count++] = node;
3: node = node->next;

}

: ¥

XBEGIN
5: node = node_array[IS];
1 = 0;

1" :while (node && i++ < CS) {
2: work(node);
- 3°: ) node = node->next;
~ RECV(THREADTi)
\ XCOMMIT
| :> >
L iEND(THREADjJrl)
|
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Speculative Loop Fission

1: while (node) { 1: while (node) {
2:  work(node): => 4: node_array[count++] = node;
3: node = node->next; 3: node = node->next;
} ¥ :
—XBEGIN
5: node = node_array[IS];
1 = 0;
[] 1" :while (node && i++ < CS) {
2: work(node);
- 3':} node = node->next;
~ RECV(THREAD;_;)
\ XCOMMIT
| -
—>
- iEND(THREADﬁl)
I
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Speculative Loop Fission

1: while (nhode) {
2: work(node);
3: node = node->next;

}

=>

1: while (hode) {
4: node_array[count++] = node;
3: node = node->next;

}

: ¥

XBEGIN
5: node = node_array[IS];
1 = 0;

1" :while (node && i++ < CS) {
2: work(node);
3°: node = node->next;
| * * 3 X
~ RECV(THREADTi)
\ XCOMMIT
= ]
>
L iEND(THREADjJrl)
|
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Speculative Loop Fission

1: while (nhode) {
2: work(node);
3: node = node->next;

}

iy

= L N
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1: while (hode) {
4: node_array[count++] = node;
3: node = node->next;

}

: ¥

~ XBEGIN
5: node = node_array[IS];
1 = 0;
“:while (node && i++ < CS) {
work(node) ;
3: node = node->next;
}
RECV(THREADTi)
XCOMMIT

N -

SEND(THREAD; 1)
b3
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Infrequent Dependence Isolation

‘\"w e
&
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Infrequent Dependence Isolation
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Infrequent Dependence Isolation
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Infrequent Dependence Isolation
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Infrequent Dependence Isolation

\

for( j=0; j<=nstate; ++j ){

1T( tystate[j] == 0 ) continue;
1T( tystate[j] == best ) continue;
count = O;
cbest = tystate[j];
for (k=j; k<=nstate; ++k)

iT (tystate[k]==cbest) ++count;
iIT ( count > times) {

best = cbest;

times = count;

}
}

\/ Sample loop from yacc benchmark

CCC *9 compilers creating custom processors
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Infrequent Dependence Isolation

\

for( j=0; j<=nstate; ++j ){
1T( tystate[j] == 0 ) continue;
1T( tystate[]] ) continue;
count = O;
cbest ="tystate[]j];

for (K=j); k<=nstate; ++k)
iT (tystate[k]==cbest) ++count;
if {
by
b
V Sample loop from yacc benchmark

38 University of Michigan g s $
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Infrequent Dependence Isolation

\

for( j=0; j<=nstate; ++j ){
1T tystate[j] == 0_) continue;
1T( tystate[]] ) continue;
count = O;
= tystate[]];
K=] ; k<=nstate; ++k)
==cbest) ++count;

1 %

V Sample loop from yacc benchmark

39 University of Michigan
Electrical Engineering and Computer Science §
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Infrequent Dependence Isolation

\

for( j=0; j<=nstate; ++j ){
1T( tystate[j] == 0 ) continue;
1T( tystate[jl =
count = O;

1 %

) continue;

CCC *g compilers creating custom processors

V Sample loop from yacc benchmark

\

%

40

1=0;
while (J<=nstate){

for( ; j<=nstate; ++j ){
1T( tystate[j] == 0 ) continue;
1IT( tystate[j] == best ) continue]
count = O;
cbest = tystate[j];
for (k=j; k<=nstate; ++k)
iIT (tystate[k]==cbest) ++count;
1T ( count > times)
break; 1%
.t

iT (count > times) {
best = cbest;
times = count; jJ++;
+
by
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Infrequent Dependence Isolation

\

for( j=0; j<=nstate; ++j ){
1T( tystate[j] == 0 ) continue;
1T( tystate[jl = ) continue;
count = 0O;

1 %

V Sample loop from yacc benchmark

CCC *g compilers creating custom processors

[\

N

i=0:

while (J<=nstate){

X

for( ; j<=nstate; ++j ){

1T( tystate[j] == 0 ) continue;
1IT( tystate[j] == best ) continue]
count = O;
cbest = tystate[j];
for (k=j; k<=nstate; ++k)

iIT (tystate[k]==cbest) ++count;
1T ( count > times)

break; 1%

\/

iT (count > times) {
best = cbest;

times = count; jJ++;
+

¥
/
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Infrequent Dependence Isolation

\

for( j=0; j<=nstate; ++j ){
1T( tystate[j] == 0 ) continue;
1T( tystate[jl = ) continue;
count = 0O;

1 %

V Sample loop from yacc benchmark

CCC *g compilers creating custom processors

[\

N

i=0:

while (J<=nstate){

for( ; j<=nstate; ++j ){
1T( tystate[j] == 0 ) continue;
1IT( tystate[j] == best ) continue]
count = O;
cbest = tystate[j];
for (k=j; k<=nstate; ++k)
iIT (tystate[k]==cbest) ++count;

\/

1T ( count > times) 0
break; 1%
.t
iIT (count > times) {
best = cbest; 1 %

times = count; jJ++;

t

¥
/
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Infrequent Dependence Isolation

\

for( j=0; j<=nstate; ++j ){
1T( tystate[j] == 0 ) continue;
1T( tystate[jl = ) continue;
count = 0O;

1 %

V Sample loop from yacc benchmark

CCC *g compilers creating custom processors

[\

i=0:

while (J<=nstate){

N\

ali

for( ; j<=nstate; ++j ){
1T( tystate[j] == 0 ) continue;
1T( tystate[j] == best ) continue
count = O;
cbest = tystate[j];
for (k=j; k<=nstate; ++k)
iIT (tystate[k]==cbest) ++count;

\/

iIf ( count > times) 0
break; 1%
¥}
iIT (count > times) {
best = cbest; 1 %

times = count; jJ++;

t

¥
/
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DOALL Coverage — Profiled and Transformed

B profiled + provable
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DOALL Coverage — Profiled and Transformed

O transformations

B profiled + provable

obelane
20eA

X9

doaub

Utilities

a1daun
olpnepme.
olpneome.
Juaumbad
2Japi1mbad
ouagzbadw
J9pgbhadw
apoouswshH
apodapuwshb
apoouatTz.b
9podapTZ.Lb
o1da

badlp

Badlo

Mediabench

JIOM1 00E
2dizq-9gg
19sred 6T
Jow'T8T
1dng.T
diz6491
BadlzeT
II'0ET
ssaadwod'6ZT
wIsH88W 21T
06660

3s'¢/0
ssa1dw09°920

1101ubs gzo
0ssaldsa 800

SPEC INT

dwwe 'ggT
ayenba egt
ve'6LT
eSsow /T
pubw-z/T
WIMS'T/LT

1e3°9G0
UUIA[E'ZS0

SPEC FP

—

0.4

T T T T T
© Qo N~ o,
©O o o oo

uoIN29aXxa |enuanbsas J

T
™
o

(0]

T T 1
N o O
o O

uolloelH

C
[
2
c
2
=
Y—
o
P
x
[
-
O]
2
C
D

[0
Q
c

2
&)

)
S
3
-
35
o
£
o

O

°
c
@
o
€

=
o
0

£
<)
c

w

I
]

=

-
[}

o

m

45

CCC *g compilers creating custom processors



Coverage Breakdown

B DOALL loops
B Speculative fission

O Infrequent dependence isolation

E Control speculation for uncounted loops
O Speculative prematerialization
O DOALL loops after transformations

70

o
o
|

Fraction of sequential execution
N w N g1
o o o o
| | | |
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MediaBench
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Coverage Breakdown

B DOALL loops
B Speculative fission

O Infrequent dependence isolation

E Control speculation for uncounted loops
O Speculative prematerialization
O DOALL loops after transformations
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Experimental Setup

 OpenlIMPACT compiler

e Multicore simulator
— Simulates up to 8 ARM9-like processors
— Models scalar operand network
— Assumes perfect memory system
— Uses STM library to emulate HTM functionality
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obelaANe

O With transformations
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Conclusion

e Figure out ways to use availlable
resources for legacy applications

— Codes like error handlers, linked list & tree
traversal limit parallelism

o Compiler analysis and optimization
looks promising

e 1.84x speedup on 4 cores after
transformations compared to 1.41x
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Questions?

Thank you!

Electrical Engineering and Computer Science
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SpecDSWP vs. Speculative Fission
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SpecDSWP vs. Speculative Fission
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Speculative Prematerialization

for (...) {

1: current = ...;
2: work(last);
3: last = current;

}

‘\"w e
&
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Speculative Prematerialization

for (...) {

1: current = ...;
2: work(last);
3: last = current;

}

-

XBEGIN
17: current =
3”: last =

for (-..) {
1: current = ...;
2: work(last);
3: last = current;
}
XCOMMIT
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