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A few months ago,
In a valley far, far away...
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Where do all those transistors go?

Instead of faster processors, we just get more.

Four cores
Really just four separate processors
Like having four Pentium Pros from 1995
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Memory layout affects performance
changing a program will change its layout
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STABILIZER eliminates the effect of layout
enables sound performance evaluation

Case Studies
evaluation of LLVM’s optimizations with STABILIZER
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Unsound performance
evaluation

int main(int argc, char xxargv) {
topFrame = (voi __builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(void* begin, size_t size) {

uintptr_t p (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
}

asm("isync");

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;
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topFrame = (void*x)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(void* begin, size_t size) {

uintptr_t p (uintptr_t)begin & ~15UL;

size_t meaning_of_life=42;

for (size_t i = 0; i < size; i += 32) {
asm("icbi 0,%0" : : "r"(p));
p += 32;

}
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asm("icbi 0,%0" : : "r"(p));
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}
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DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;
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DataHeapType* getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

main(int argc, char xxargv) {

topFrame = (void*x*)__builtin_frame_address(0);

setHandler (Trap::TrapSignal, onTrap);

setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for(Functionx f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);

return r;

void setTimer(int msec) {
struct dtimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

imer (ITIMER_REAL, &timer, 0);

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
size_t meaning_of_life=42;
for (size_t i = 0; i < size; i += 32) {
asm("icbi 0,9 0 "r"(p))s
p += 32;

}

for (size_t i = 16; i < size; i += 32) {
asm("icbi 0,%0" : : "r"(p));
p += 32;

}

asm("isync");
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DataHeapType* getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

main(int argc, char xxargv) {

topFrame = (void*x*)__builtin_frame_address(0);

setHandler (Trap::TrapSignal, onTrap);

setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for(Functionx f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);

return r;

static vo flush_icache(voidx begin, size_t size) {
uintptr_t p (uintptr_t)begin & ~15UL;

size_t meaning_of_life=42;

for (size_t i = 0; i < size; i += 32) {
asm("icbi 0,%0" : : "r"(p));
p += 32;

}

for (size_t i = 16; i < size; i += 32) {
asm("icbi 0,%0" : : "r"(p));
p += 32;

}

asm("isync");

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec 0;

imer (ITIMER_REAL, &timer, 0);
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DataHeapType* getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

main(int argc, char xxargv) {

topFrame = (void*x*)__builtin_frame_address(0);

setHandler (Trap::TrapSignal, onTrap);

setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for(Functionx f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);

return r;

static vo flush_icache(voidx begin, size_t size) {
uintptr_t p (uintptr_t)begin & ~15UL;

size_t meaning_of_life=42;

for (size_t i = 0; i < size; i += 32) {
asm("icbi 0,%0" : : "r"(p));
p += 32;

}

for (size_t i = 16; i < size; i += 32) {
asm("icbi 0,%0" : : "r"(p));
p += 32;

}

asm("isync");

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec 0;

imer (ITIMER_REAL, &timer, 0);
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DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

main(int argc, char xxargv) {

topFrame = (void*x*)__builtin_frame_address(0);

setHandler (Trap::TrapSignal, onTrap);

setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Function* f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);

return r;

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;

size_t meaning_of_life=42;

for (size_t i = 0; i < size; i += 32) {
asm("icbi 0,%0" : : "r"(p));
p += 32;

}

for (size_t i = 16; i < size; i += 32) {
asm("icbi 0,%0" : : "r"(p));
p += 32;

}

asm("isync");

void setTimer(int msec) {
struct merval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

imer (ITIMER_REAL, &timer,
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Why is . faster than .?

int main(int argc, char x*xargv) {
topFrame = (void*x)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {
f->setTrap();

DataHeapType* getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

}

setTimer (interval);

int r = stabilizer_main(argc, argv);
return rj

main(int argc, char xxargv) {
topFrame = (void*x)__builtin_frame_address(0);
setHandler (Tra TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap(); void setTimer (int msec) {
struct itimerval timer;

}

setTimer (interval);

int r = stabilizer_main(argc, argv);
return r;

timer.it_value.tv_sec (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

static void flush_icache(void* begin, size_t size) {
uintptr_t p (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

}
asm("isync");

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

DataHeapTypex getDataHeap() {
static char buf[sizeof (DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;

setitimer (ITIMER_REAL, &timer, 0); return _theDataHeap;




Why is . faster than .?

int main(int argc, char x*xargv) {
topFrame = (void*x)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {
f->setTrap();

DataHeapType* getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

}

setTimer (interval);

int r = stabilizer_main(argc, argv);
return rj

main(int argc, char xxargv) {

topFrame = (void*x)__builtin_frame_address(0);
setHandler (Tra TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault); [
for (Function* f: functions) {

f->setTrap(); as I e void setTimer(int msec) {
} struct itimerval timer;

setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

timer.it_value.tv_sec (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

7 timer.it_interval.tv_usec = 0;
C O e C a n e ) setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
static void flush_icache(void* begin, size_t size) {
uintptr_t p (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

}
asm("isync");

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

DataHeapTypex getDataHeap() {
static char buf[sizeof (DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

setitimer (ITIMER_REAL, &timer, 0);
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DataHeapType* getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

main(int argc, char xxargv) {

topFrame = (void*x)__builtin_frame_address(0);

setHandler (Tra TrapSignal, onTrap);

setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Function* f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);

return r;

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

Was it the

code change?

int main(int argc, char x*xargv) {
topFrame = (void*x)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);
return rj

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(void* begin, size_t size) {
uintptr_t p (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

}
asm("isync");

DataHeapTypex getDataHeap() {
static char buf[sizeof (DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;
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DataHeapType* getDataHeap() { int main(int argc, char x*xargv) {
static char buf[sizeof(DataHeapType)]; topFrame = (void*x)__builtin_frame_address(0);
static DataHeapType* _theDataHeap = new (buf) DataHeapType; setHandler(Trap::TrapSignal, onTrap);
return _theDataHeap; o setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);

return r;

main(int argc, char xxargv) {
topFrame = (void*x)__builtin_frame_address(0);
setHandler (Tra TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap(); void setTimer (int msec) {
struct itimerval timer;

}

setTimer (interval);

int r = stabilizer_main(argc, argv);
return r;

timer.it_value.tv_sec (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

static void flush_icache(void* begin, size_t size) {
uintptr_t p (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

}
asm("isync");

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

DataHeapTypex getDataHeap() {
static char buf[sizeof (DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;

setitimer (ITIMER_REAL, &timer, 0); return _theDataHeap;
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O . t t h
DataHeapType* getDataHeap() { int main(int argc, char x*xargv) {
static char buf[sizeof(DataHeapType)]; topFrame = (void*x)__builtin_frame_address(0);
static DataHeapType* _theDataHeap = new (buf) DataHeapType; setHandler(Trap::TrapSignal, onTrap);
return _theDataHeap; o setHandler (SIGALRM, onTimer);

— setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

— ‘ f->setTrap();
- :
setTimer (interval);

‘ — int r = stabilizer_main(argc, argv);

return r;

main(int argc, char xxargv) {
topFrame = (void*x)__builtin_frame_address(0);
setHandler (Tra TrapSignal, onTrap);

setHandler (SIGALRM, onTimer) ; —
setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap(); ‘ void setTimer(int msec) {

} struct itimerval timer;

setTimer (interval);
int r = stabilizer_main(argc, argv); ‘ timer.it_value.tv_sec (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);

timer.it_interval.tv_sec = 0;
‘ ' timer.it_interval.tv_usec = 0;
‘ ’ setitimer (ITIMER_REAL, &timer, 0);

return r;

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;

for (size_t i = 0; i < size; i += 16) { '
asm("icbi 0,%0" : : "r"(p));
p += 16;
. . ‘ static void flush_icache(void* begin, size_t size) {
. ﬁ uintptr_t p (uintptr_t)begin & ~15UL;

for (size_t i = 0; i < size; i += 16) {

I ' . asm("icbi 0,%0" : : "r"(p));
o [
void setTimer(int msec) {

struct itimerval timer; '

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0; DataHeapTypex getDataHeap() {
timer.it_interval.tv_usec = 0; ‘ static char buf[sizeof (DataHeapType)];

static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

}
asm("isync");

setitimer (ITIMER_REAL, &timer, 0);
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Layout biases measurement
Mytkowicz et al. (ASPLOS’09)

DataHeapType* getDataHeap() { int main(int argc, char x*xargv) {
static char buf[sizeof(DataHeapType)]; topFrame = (void*x)__builtin_frame_address(0);
static DataHeapType* _theDataHeap = new (buf) DataHeapType; setHandler(Trap::TrapSignal, onTrap);
return _theDataHeap; setHandler (SIGALRM, onTimer
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {
f->setTrap();
}
main(int argc, char x*xargv) { setTimer (interval);
topFrame = (void**)__builtin_frame_address(0); int r = stabilizer_main(argc, argv);
setHandler (Trap::TrapSignal, onTrap); return r;
setHandler (SIGALRM, onTimer) ;
setHandler (SIGSEGV, onFault);

for (Function* f: functions) {
f->setTrap(); void setTimer(int msec) {

} struct itimerval timer;
setTimer (interval);

int r = stabilizer_main(argc, argv);
return rj

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(void* begin, size_t size) {
uintptr_t p (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

1
g
. L i
void SetT1m§>(1nt msec? { asm("isync");
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0; DataHeapTypex getDataHeap() {
timer.it_interval.tv_usec = 0; static char buf[sizeof (DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;

setitimer (ITIMER_REAL, &timer, 0); return _theDataHeap;
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Layout biases measurement
Mytkowicz et al. (ASPLOS’09)

Link Order

Changes function addresses

Larger than the
impact of -O3

Environment
Variable Size

Moves the program stack




Blame the cache

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(voidx begin, size_t size) {

uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 165
}

asm("isync");

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;




Blame the cache

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);
return r;

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(voidx begin, size_t size) {

uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 165
}

asm("isync");

DataHeapTypex getDataHeap() {

static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;




Blame the cache

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);
return r;

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;
l|‘|:: “\ ‘I' “'ll:::

setitimer (ITIMER_REAL, &timer, 0);

static void flush_icache(voidx begin, size_t size) {

uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 165

}

asm("isync");

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;

return _theDataHeap;




Blame the cache

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

main(int argc, char x*argv) {

topFrame = (void*x*)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();
struct itimerval timer; }

setTimer (interval);
timer.it_value.tv_sec = (msec - msec % 1000) / 1000; int r = stabilizer_main(argc, argv)
timer.it_value.tv_usec = 1000 * (msec % 1000); return
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

! s " void setTimer (int msec) {
SIS struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

DataHeapTypex getDataHeap() { o g e .
imer.it_interval.tv_usec = 0;

static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;

return _theDataHeap; setitimer (ITIMER_REAL, &timer, 0);




Blame the cache

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

main(int argc, char x*argv) {

topFrame = (void*x*)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();
struct itimerval timer; }

setTimer (interval);
timer.it_value.tv_sec = (msec - msec % 1000) / 1000; int r = stabilizer_main(argc, argv)
timer.it_value.tv_usec = 1000 * (msec % 1000); return
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

! s " void setTimer (int msec) {
SIS struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

DataHeapTypex getDataHeap() { o g e .
imer.it_interval.tv_usec = 0;

static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;

return _theDataHeap; setitimer (ITIMER_REAL, &timer, 0);




Blame the cache

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap();
}

setTimer (interval); int main(int argc, char *xargv) {

int r = stabilizer_main(argc, argv); m : I P O topFrame = (void*x)__builtin_frame_address(0);

return r; setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();

struct itimerval timer; ]

¥
setTimer (interval);
int r stabilizer_main(argc, argv)

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;

timer.it_value.tv_usec = 1000 * (msec % 1000); return
timer.it_interval.tv_sec = 0;

timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 165

}

asm("isync");

void setTimer(int msec) {
struct ditimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;

return _theDataHeap; setitimer (ITIMER_REAL, &timer, 0);




Blame the cache

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap();

}

setTimer (interval); int main(int argc, char *xargv) {

int r = stabilizer_main(argc, argv); m : I P O topFrame = (void*x*)__builtin_frame_address(0);

return r; setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();

struct itimerval timer; ]

¥
setTimer (interval);
int r stabilizer_main(argc, argv)

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;

timer.it_value.tv_usec = 1000 * (msec % 1000); return
timer.it_interval.tv_sec = 0;

timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));

[
othin ere
} void setTimer(int msec) {

ng ny .
asm("isync"); struct ditimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

DataHeapTypex getDataHeap() { o g e .
imer.it_interval.tv_usec = 0;

static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;

return _theDataHeap; setitimer (ITIMER_REAL, &timer, 0);




Blame the cache

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap();

}

setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

void setTimer(int msec) {
struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);

main(int argc, char x*argv) {

topFrame = (void*x*)__builtin_frame_address(0);

setHandler(Trap::TrapSignal, onTrap);

setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {
f->setTrap();

}

setTimer (interval);

int r stabilizer_main(argc, argv)

return

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));

[
othin ere
} void setTimer(int msec) {

ng ny .
asm("isync"); struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);

DataHeapTypex getDataHeap() { timer.it_interval.tv_sec = 0;

static char buf[sizeof(DataHeapType)]; timer.it_interval.tv_usec = 0;
static DataHeapType* _theDataHeap = new (buf) DataHeapType; o
return _theDataHeap; setitimer (ITIMER_REAL, &timer, 0);




Blame the cache

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

main(int argc, char x*argv) {

topFrame = (void*x*)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();

struct itimerval timer; ]

¥

setTimer (interval);

int r stabilizer_main(argc, argv)
return

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 165

}

asm("isync");

void setTimer(int msec) {
struct ditimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

DataHeapTypex getDataHeap() { o g e .
imer.it_interval.tv_usec = 0;

static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

setitimer (ITIMER_REAL, &timer, 0);




Blame the cache

or branch pr.ctor

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

main(int argc, char x*argv) {

topFrame = (void*x*)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();

struct itimerval timer; ]

¥

setTimer (interval);

int r stabilizer_main(argc, argv)
return

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
.

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

}

asm("isync");

void setTimer(int msec) {
struct ditimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

DataHeapTypex getDataHeap() { o g e .
imer.it_interval.tv_usec = 0;

static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;

return _theDataHeap; setitimer (ITIMER_REAL, &timer, 0);




or TLB
Blame the cacheV

or branch pr.ctor

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

main(int argc, char x*argv) {

topFrame = (void*x*)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();

struct itimerval timer; ]

¥

setTimer (interval);

int r stabilizer_main(argc, argv)
return

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
.

static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

}

asm("isync");

void setTimer(int msec) {
struct ditimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

DataHeapTypex getDataHeap() { o g e .
imer.it_interval.tv_usec = 0;

static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;

return _theDataHeap; setitimer (ITIMER_REAL, &timer, 0);




or TLB
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int main(int argc, char *x*argv) { DataHeaanTypex Get“ataﬂeap() {
topFrame = (void*x)__builtin_frame_address( - c (sizeof (DataHeapType)];
setHandler (Trap::TrapSignal, onTrap); l D ieapType*x _theDataHeap = new (buf) DataHeapType;
setHandler (SIGALRM, onTimer); _ JataHeap;

setHandler (SIGSEGV, onFault);

for (Function* f: functions) {
f->setTrap();

}

setTimer (interval);

int r = stabilizer_main(argc, argv);

return r;

main(int argc, char x*argv) {

topFrame = (void*x*)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();

struct itimerval timer; ]

¥
setTimer (interval);

timer.it_value.tv_sec = (msec - msec % 1000) / 1000; int r = stabilizer_main(argc, argv);

timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

return

setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;

for (size_t i = 0; i < size; i += 16) {

asm("icbi 0,%0" : : "r"(p));
p += 16;

static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
void setTimer(int msec) {
struct ditimerval timer;

}

asm("isync");

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

setitimer (ITIMER_REAL, &timer, 0);




or TLB
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int main(int argc, char *x*argv) { DataHeaanTypex Get“ataﬂeap() {
topFrame = (void*x)__builtin_frame_address( ; Lsizeof (DataHeapType)];
setHandler (Trap::TrapSignal, onTrap); l ieapType*x _theDataHeap = new (buf) DataHeapType;
setHandler (SIGALRM, onTimer); DataHeap;

setHandler (SIGSEGV, onFault);
for (Function* f: functions) {
f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);

return r;
void setTimer(int msec) { . I p I e e c

main(int argc, char x*argv) {
topFrame = (void*x*)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
t+  iler (SIGALRM, onTimer);
o. dler (SIGSEGV, onFault);
r(Functionx f: functions) {
f->setTrap();

1
i

setTimer (interval);
int r stabilizer_main(argc, argv);
return

struct itimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

static void flush_icache(voidx begin, size_t size) {

uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;
void setTimer(int msec) {
struct ditimerval timer;

}

asm("isync");

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

-

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

setitimer (ITIMER_REAL, &timer, 0);




Blame the hash

DataHeapTypex getDataHeap() {
static char buf[sizeof(DataHeapType)];
static DataHeapTypex _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

int main(int argc, char *x*argv) {
topFrame = (voidxx)__builtin_frame_address(0);
setHandler (Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);
setHandler (SIGSEGV, onFault);
for (Functionx f: functions) {

f->setTrap();

}
setTimer (interval);
int r = stabilizer_main(argc, argv);
return r;

main(int argc, char x*argv) {

topFrame = (void*x*)__builtin_frame_address(0);
setHandler(Trap::TrapSignal, onTrap);
setHandler (SIGALRM, onTimer);

setHandler (SIGSEGV, onFault);

for (Functionx f: functions) {

void setTimer(int msec) { f->setTrap();

struct itimerval timer; ]

¥

setTimer (interval);

int r stabilizer_main(argc, argv)
return

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;
timer.it_interval.tv_usec = 0;

setitimer (ITIMER_REAL, &timer, 0);
static void flush_icache(void* begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 16;

static void flush_icache(voidx begin, size_t size) {
uintptr_t p = (uintptr_t)begin & ~15UL;
for (size_t i = 0; i < size; i += 16) {
asm("icbi 0,%0" : : "r"(p));
p += 165

}

asm("isync");

void setTimer(int msec) {
struct ditimerval timer;

timer.it_value.tv_sec = (msec - msec % 1000) / 1000;
timer.it_value.tv_usec = 1000 * (msec % 1000);
timer.it_interval.tv_sec = 0;

DataHeapTypex getDataHeap() { o g e .
imer.it_interval.tv_usec = 0;

static char buf[sizeof(DataHeapType)];
static DataHeapType* _theDataHeap = new (buf) DataHeapType;
return _theDataHeap;

setitimer (ITIMER_REAL, &timer, 0);
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But it ran faster!

What if we only use this layout?

Layout biases measurement

Can we eliminate the
effect of layout?

YES




Memory layout affects performance
makes performance evaluation difficult



STABILIZER eliminates the effect of layout
enables sound performance evaluation
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STABILIZER
repeatedly randomizes layout

function addresses stack frame sizes
heap allocations

a completely random layout
cannot bias results
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f PAT = A

what is the probability of measuring
a speedup this large by chance!
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f PAT = A

easy to compute for
the normal distribution

what is the probability f measuring
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repeatedly randomizes layout

this speedup is real
i not due to the effect

| | on memory layout

what does
re=-randomization do?
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repeatedly randomizes layout

many random
A/Iayouts in each run
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STABILIZER

repeatedly randomizes layout

STAE R_generates a hew
random layout kevery 2 second

Total execution time is
the sum of all periods

The sum of a sufficient number of
independent, identically distributed random
variables



Central Limit Theorem
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The sum of a sufficient number of
independent, identically distributed random
variables is approximately normally distributed.



Central Limit Theorem
execution times are

normally distributed

B 34.1% | 34.1%

00 01 02 03 04

The sum of a sufficient number of
independent, identically distributed random
variables is approximately normally distributed.
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If p-value < 5%

we reject the null hypothesis
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The Student’s t-test

If p-value < 5%
we reject the null hypothesis

A AT

Random chance not responsible for
the measured difference

[

A . T



The difference is real

A AT
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Analysis of Variance

If p-value < 5%
we reject the null hypothesis

203102

p-value = 26.4%

one in four experiments will show an
effect that does not exist!



Analysis of Variance

If p-value < 5%
we reject the null hypothesis

203 vs 02
p-value = 26.4%
fail to reject the null hypothesis
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Analysis of Variance

If p-value < 5%
we reject the null hypothesis

The effect of - over - iS

indistinguishable from noise

Did STABILIZER hide the effect?
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Memory layout affects performance
makes performance evaluation difficult

STABILIZER eliminates the effect of layout
random layout enables sound performance evaluation

Case Studies
showed that -O3 does not have a statistically

significant effect across our benchmarks
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Frequently executed code

Code that runs for a long time
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Software Profilers

Are these places where Bob
should focus on performance?

cumulative
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v "‘.‘ time  seconds
Frequently executed code .05 8.02
“v 19:95 7:98
45.19 11.31

Code that runs for a long time [t
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Would this speed up Ogle?

Frequently executed code

Code that runs for a long time

Profilers do a bad job finding important
code in parallel programs.

We need better tools.

loading...
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What would this information look like?
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Causal Profile

m Speedup

o

If you speed up . this much

The program will run this much faster
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Causal Profile

How do we know

this change
causes this effect?

Run an experiment
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Performance Experiments

If we could magically speed up |Q].

-—ela-»|

More speedup In|Q]..
leads to a larger program’speedup.
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Performance Experiments

We're going to have to do this without magic.

o

Otherwise we'd just do this.
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Virtual Speedup

“‘Speed up” || by slowing everything else down.

Speeding up by this much...
speeds up the program by this much.
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Virtual Speedup

“Speed up” . by slowing everything else down.

—g— a1
—Fxward

A larger speedup has no additional effect
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“Speed up” . by slowing everything else down.
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27% increase in ranking throughput

Causal Profiling predicted a 21% improvement

Exactly what we observed
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Compression via deduplication

Hash table is accessed concurrently by many threads

Causal Profiler says the l 17
loop that accesses this ‘Wq n—
list is important —l ’
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Compression via deduplication

What did Causal Profiling predict?

Blocks per-bucket

Before: 76.7 _l
After: 2.09 —l -
96% traversal speedup _l -
9% predicted speedup, -

exactly what we observed
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global_config.unlock(1l) ;

¥

void sqglite_getsize(void*x p) {
global_config.getsize(p);
}

void sqlite_nextitem(item*x 1) {
global_config.nextitem(1);
¥



%the

Simple SQL Database
Coz highlights

void sqlite_unlock(lock*x 1) { these lines

global_config.unlock(l);4——____—//
}

void sqglite_getsize(void*x p) {
global_config.getsize(p);
}

void sqlite_nextitem(item*x 1) {
global_config.nextitem(1);
¥



Line 16916
25% =
¢ °
°
i AN
//. N N
/ N
5 0%—-e \
o) \
2 o
) N
o
z s~
— [} N
%0 () ~ N
£ —25% — o o d
-50% =
| |
0% 50%

Line 18974
AAL
P \
~
//‘ . il
A , N
/
/
A
| |
0% 50%

Line Speedup

MSQLite

Simple SQL Database

Line 40345
[ |
[ |
”~ -~ .
7 m® S
N\ \. - m
[ | - =~
| |
0% 50%



Using Causal Profiling on Ogle

WSQLite

AL dedu p

il compression

ferret
Image comparison




Using Causal Profiling on Ogle

WSQLite 25%

AL dedu p

il compression

ferret
Image comparison




Using Causal Profiling on Ogle

WSQLite 25%

T dedup 9%

il compression

ferret
Image comparison




Using Causal Profiling on Ogle

WSQLite 25%

T dedup 9%

il compression

ferret 21%

Image comparison



Summary of Optimizations

Benchmark éSpeedupé Diff Size Change Summary




Summary of Optimizations

Benchmark éSpeedupé Diff Size Change Summary

memcached | 9.39% -6, +2 removed unnecessary locks



Summary of Optimizations

Benchmark éSpeedupé Diff Size Change Summary

memcached | 9.39% -6, +2 removed unnecessary locks




Summary of Optimizations

Benchmark éSpeedupé Diff Size Change Summary
memcached | 9.39% -6, +2 removed unnecessary locks
sqlite 25.60% -3, +3 removed DIY vtable implementation
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Summary of Optimizations

Benchmark éSpeedupé Diff Size Change Summary

memcached | 9.39% -6, +2 removed unnecessary locks

""""""" sdite | 2560% 3,43  removed DIV viable implementation
blackscholes | 2.56%  -61,+4  manual common subexpression limination
""""""" dedup | B95% 3,438 fxeddegeneratehash function
""""""" ferret | 2127% 4.+4 rebalanced pipeline thread allocation
fluidanimate | 37.50% 1,40 removed custom barrier with high contention
Streamcluster| 68.40% 1,40 removed custom barier with high contention
"""" swaptions | 1580% 10,416 reorderedloopnests
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