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SHIM



Main Points

@ Scheduling-independent message passing works for parallel
programming
We use the SHIM language

o This paradigm helps to safely explore schedules
Compiler catches race-related bugs

@ Our compiler generates code that runs on the IBM CELL
Synthesizing communication the trick



Five functions that call each

other and communicate
through channel A

A SHIM example

void main() {
try {
chan int A;
£(A); par g(A);
} catch (Done) {}
}

void f (chan int &A) throws Done { vo:':lc 5 gc:han int A) {
h(A); par j(A); .
recv A;
}

A= 4; send A;
A=2; send A;
}

void h(chan int &A) {

void j(chan int A) throws Done {
recv A;
throw Done;

}




A SHIM example

Parents call children void mainQ) {

try {

chan int A;
f(A); par g(A);

} jeatch (Don&\{}
);

/ ™

void f (chan int &A) throws Done { vo::lc 5 gc:han int A) {
h(A); par j(A); .
} recv A;
/ \ }
void h(chan int &A) { void j(chan int A) throws Done {
A= 4; send A; recv A;
A=2; send A; throw Done;
} }




A SHIM example

hsends 4 on A, void main() {
gand jrendezvous try {
chan int A;
f(A); par g(A);
} catch (Done) {}
}

void f (chan int &A) throws Done { w'?:f gc:han int A) {
h(A); par j(A); .
} ) recv A;

vowl h(chan mt'ﬂr { vad\j (chan int A) throws Done {
= 4; send A; recv A;
A 2; send A; throw Done;
} }




jthrows an exception. gand
h poisoned by attempting

communication

A

SHIM example

void main() {
try {
chan int A;
f£(A); par g(A);
} catch (Done) {}
}

void f (chan int &A) throws Done {
h(A); par j(A);

void g(chan int A) {

 rety A;

recv A;

}

void h(chan int &A
A= 4; send A;
A=2; send A;

}

}

id j(chan i
recv Ay
throw Done;

A) throws Done {




Concurrent processes

terminate, control passed to

exception handler

A SHIM example

void main(

try {

chan in

) {

£ A
£(A); pﬁé‘m&
)utch (Don{{
}

al

void f (chan int &A) throws Done {
h(A); par j(A);

A

\

>

void}&chan int A) {
recv A;
recv A;

}

A= 4; send A;
A=2; send A;
}

void h(chan iry &A) {

recv A;
throw Done;

}

void j(c%qn int A) throws Done {




Task and Channel Structures

void foo(int a, int a)

{
chan int c;

}




ask and Channel Structures

void foo(int a, int a)

struct {
pthread_t;

{
chan int c;

}

pthread_mutex_t a;
pthread_cond_t V;
enum { , Z', ,»?4} state;
int children; /* 1] 'ﬁ'*/
int a; /* formal */
int b; /* formal */

} thread_foo;




void foo(int a, int a)
{

chan mt

7

ask and Channel Structures

pthread_mutex_t B
pthread_cond_t V;
uint connected; /* .I .I */
uint blocked; /* @1 */

int *e;
} channel c;

struct {
pthread_t;
pthread_mutex_t a;
pthread_cond_t V;
enum { , Z', ,»?4} state;
int children; /* 1] 'ﬁ'*/
int a; /* formal */
int b; /* formal */

} thread_foo;




void foo(int a, int a)

{
}

chan int Q

7

ask and Channel Structures

pthread_mutex_t B
pthread_cond_t V;
uint connected; /* .I .I */
uint blocked; /* @1 */

int poisoned /* &1+
int *e;

} channel_c;

struct {
pthread_t;
pthread_mutex_t a;
pthread_cond_t V;
enum { , Z', ,»?4} state;
int children; /* 1] 'ﬁ'*/
int a; /* formal */
int b; /* formal */

} thread_foo;

void event_c() {
if (c.connected == c. blocked) {
// Communicate
} else if (c. poisoned) {
/1 Propagate exceptions




Pthreads Implementation

void main() {
try {
chan int A;
f(A); par g(A);
} catch (Done) {}
}

void f(chan int &A) throws Done {
h(A); par j(A);
}

void g(chan int A) {
recv A;
recv A;

}

void h(chan int &A) {
A= 4; send A;
A= 2; send A;

}

void j(chan int A) throws Done {
recv A;
throw Done;

3

struct { ... } _task_main;
void _func_main() { ... } // Code for task main

struct { ... } _chan_A;
void _event_A() { ... } // Synchronize on A

struct { ... } _task_f;
void _func_f() { // Code for task f
}

struct { ... } _task_g;
void _func_g() {

/1 Code for task g
}

struct { ... } _task_h;
void _func_h() {

/1 Code for task h
}

struct { ... } _task_j;
void _func_j() {

/1 Code for task j
}
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Adapting Pthreads Code to the Cell

struct { ... } _task_main;
void _func_main() { ... } // Code for main

struct { ... } _chan_A;
void _event_A() { ... } // Synchronize on A

struct { ... } _task_f;
void _func_f() {

/1 Code for task f
}

struct { ... } _task_g;
void _func_g() {

/1 Code for task g
}

struct { ... } _task_h;
void _func_h() {

/1 Code for task h
}

struct { ... } _task_j;
void _func_j() {

/1 Code for task j
}




PPE Code Adapting Pthreads Code to the Cell

struct { ... } _task_main;
void _func_main() { ... } // Code for main

struct { ... } _chan_A;
void _event_A() { ... } // Synchronize on A

struct { ... } _task_f;
void _func_f() {

/1 Code for task f
}

struct { ... } _task_g;
void _func_g() {

/1 Code for task g
}

struct { ... } _task_h;
void _func_h() {

/1 Proxy for task h
}

struct { ... } _task_j;
void _func_j() {

/1 Proxy for task j
}

OnSPE 1

struct { ... } _task_h;

void main() {
/1 Code for task h
}

On SPE 2

struct { ... } _task_j;

void main() {
/1 Code for task j

}




Communication Details

void j(chan int A) throws Done {
recv A;
throw Done;

}

struct {
int A;
} _task_j;
void _func_j() { // j’s proxy
mailbox_send(START) ;
Jor (55) {
switch (mailbox()) {
case BLOCK_A:
_chan_A._blocked |= h;
_event_AQ);
while (_chan_A.blocked & h)
wait(_chan_A._cond) ;
mailbox_send(ACK) ;
break;
case TERM: ...
case POISON: ...
}

}
}

struct { int A; } _task_j;

void main() { // Code for task j
Jor (55) {

if (mailbox(
return;

DMA_receive(_task_j.A) ;

mailbox_send( BLOCK_A) ;

if (mailbox() == POISON)
break;

DMA_receive(_task_j.A) ;

mailbox_send(POISON) ;

== EXIT)




Communication Details

void j(chan int A) throws Done {
recv A;
throw Done;

}

struct {
int A;
} _task_j;
void _func_j() { // € proxy
mailbox_send(START) ;
Jor (55) {
switch (mailbox()) {
case BLOCK_A:
_chan_A._blocked |= h;
_event_AQ);
while (_chan_A.blocked & h)
wait(_chan_A._cond) ;
mailbox_send(ACK) ;
break;
case TERM: ...
case POISON: ...
}
}
}

struct { int A; } _task_j;

void main() { // Code for task j
Jor (55) {
if (mailbox() == EXIT)

if (mailbox() == POISON)
break;

DMA_receive(_task_j.A) ;

mailbox_send(POISON) ;

@ Proxy wakes SPE




Communication Details

void j(chan int A) throws Done {
recv A;
throw Done;

}

struct {
int A;
} _task_j;
void _func_j() { // j’s proxy
mailbox_send(START) ;
Jor (55) {
switch (mailbox()) {
case BLOCK_A:

_chan_A._blocked |= h;
_event_AQ);

while (_chan_A.blocked & h)

wait(_chan_A._cond) ;

mailbox_send(ACK) ;
break;

case TERM: ...

case POISON: ...

}
}
}

struct { int A; } _task_j;

) { // Code for task j

i) {

if (mailbox() == EXIT)
return;

DMA_receive(_task_j.A) ;

mailbox_send( BLOCK_A) ;

if (mailbox() == POISON)
break;

DMA_receive(_task_j.A) ;

mailbox_send(POISON) ;

@ Proxy wakes SPE
© SPE DMAs arguments




Communication Details

void j(chan int A) throws Done {
recv A;
throw Done;

}

struct {
int A;
} _task_j;

struct { int A; } _task_j;

void main() { // Code for task j
Jor (53) {
if (mailbox() == EXIT)
return;
DMA_receive(_task_j.A) ;

mailbox_send(BLOCK_A) ;
if (mailbox() =POISON)
break;

void _func_j() { // j’s proxy
mailbox_send(START) ;
Jor (55) {
switch (mailbox()) {
case BLOCK_A:
_chan_A._blocked |= h;
_event_AQ);
while (_chan_A.blocked & h)
wait(_chan_A._cond) ;
mailbox_send(ACK) ;
break;
case TERM: ...
case POISON: ...
}
}
}

BWIA_receive(_task_j.A) ;
mailbox_send(POISON) ;

@ Proxy wakes SPE
© SPE DMAs arguments

© SPE blocks on A, notifies proxy




Communication Details

void j(chan int A) throws Done {
recv A;
throw Done;

}

struct {
int A;
} _task_j;
void _func_j() { // j’s proxy
mailbox_send(START) ;
Jor (55) {
switch (mailbox()) {
case BLOCK_A:
_chan_A._blocked |= h;
_event_AQ);
while (_chan_A. blo
wait(_chan_A.
mailbox_send(ACK) ;
break;
case TERM: ...
case POISON: ...
}
}
}

struct { int A; } _task_j;

void main() { // Code for task j
Jor (55) {
if (mailbox() == EXIT)
return;
DMA_receive(_task_j.A) ;
mailbox_send( BLOCK_A) ;
if (mailbox() == POISON)
break;
DMA_rgleive(_task_j.A);
maipfox_send( POISON) ;

@ Proxy wakes SPE
© SPE DMAs arguments

© SPE blocks on A, notifies proxy

@ Proxy communicates, notifies SPE



Communication Details

void j(chan int A) throws Done {
recv A;
throw Done;

}

struct {
int A;
} _task_j;
void _func_j() { // j’s proxy
mailbox_send(START) ;
Jor (55) {
switch (mailbox()) {
case BLOCK_A:
_chan_A._blocked |= h;
_event_AQ);

while (_chan_A.blocked & h)

wait(_chan_A._cond) ;
mailbox_send(ACK) ;
break;
case TERM: ...
case POISON: ...
}
}
}

struct { int A; } _task_j;

void my ) { // Code for task j
Jo5) {
if (mailbox() == EXIT)
return;

DMA_receive(_task_j.A) ;
mailbox_send( BLOCK_A) ;
if (mailbox() == POISON)
break;
DMA_receive(_task_j.A) ;
mailbox_send(POISON) ;

@ Proxy wakes SPE

© SPE DMAs arguments

© SPE blocks on A, notifies proxy

@ Proxy communicates, notifies SPE

© SPE DMAs new value



Communication Details

void j(chan int A) throws Done {
recv A;
throw Done;

}

struct {
int A;
} _task_j;
void _func_j() { // j’s pro
mailbox_send(START) ;
Jor (55) {
switch (mailbox()) {
case BLOCK_A:
_chan_A._blocked |= h;
_event_AQ);
while (_chan_A.blocked & h)
wait(_chan_A._cond) ;
mailbox_send(ACK) ;
break;
case TERM: ...
case POISON: ...
}
}
}

struct { int A; } _task_j;

void main() { // Code for task j
Jor (55) {
if (mailbox() == EXIT)
return;
DMA_receive(_task_j.A) ;
mailbox_send( BLOCK_A) ;

] ilbox() == POISON)
break;

DMA_receive(_taskNy A) ;

mailbox_send(POISON) ;

}
}

@ Proxy wakes SPE
© SPE DMAs arguments

© SPE blocks on A, notifies proxy

@ Proxy communicates, notifies SPE

© SPE DMAs new value

@ SPE poisons A, notifies proxy




Execution time (s)

Running Times for the FFT on Varying SPEs
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Run on a 20 MB audio file, 1024-point FFTs



Temporal Behavior of the FFT
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Execution time (s)

Running Times for the JPEG on Varying SPEs
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Number of SPE tasks
Run on a 1.7 MB image that expands to a 29 MB raster file



Temporal Behavior of the JPEG Decoder
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Conclusions

SHIM code can be compiled to run on the Cell
Compiler takes care of synthesizing fussy communication code

Performance can be excellent for good
communication/computation balance
Near-ideal speedup for embarassingly parallel FFT

Performance not-so-great when communication outweighs
computation
Amdahl’s revenge: sequential part of JPEG dominates

Need good temporal monitoring tools (not just gprof) to get
effective speedups.
SPE performance counters critical; had to be synchronized



