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Where do all those transistors go?

Four cores

Instead of faster processors, we just get more.

and a lot of extra “stuff”
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}

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"); 
}

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



    A′

Blame the cache
A

int main(int argc, char **argv) { 
    topFrame = (void**)__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; 
    for (size_t i = 0; i < size; i += 16) { 
        asm("icbi 0,%0" : : "r"(p)); 
        p += 16; 
    } 
}

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

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); 
}

int main(int argc, char **argv) { 
    topFrame = (void**)__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(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"); 
}

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

or branch predictor



    A′

Blame the cache
A

int main(int argc, char **argv) { 
    topFrame = (void**)__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; 
    for (size_t i = 0; i < size; i += 16) { 
        asm("icbi 0,%0" : : "r"(p)); 
        p += 16; 
    } 
}

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

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); 
}

int main(int argc, char **argv) { 
    topFrame = (void**)__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(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"); 
}

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

or branch predictor

or TLB



    A′

Blame the cache
A

int main(int argc, char **argv) { 
    topFrame = (void**)__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; 
    for (size_t i = 0; i < size; i += 16) { 
        asm("icbi 0,%0" : : "r"(p)); 
        p += 16; 
    } 
}

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

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); 
}

int main(int argc, char **argv) { 
    topFrame = (void**)__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(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"); 
}

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

or branch predictor

or TLB

or branch 
target predictor



    A′

Blame the cache
A

int main(int argc, char **argv) { 
    topFrame = (void**)__builtin_frame_address(0); 
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int main(int argc, char **argv) { 
    topFrame = (void**)__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; 
    for (size_t i = 0; i < size; i += 16) { 
        asm("icbi 0,%0" : : "r"(p)); 
        p += 16; 
    } 
}
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    static char buf[sizeof(DataHeapType)]; 
    static DataHeapType* _theDataHeap = new (buf) DataHeapType; 
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}

void setTimer(int msec) { 
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    timer.it_interval.tv_usec = 0; 
     
    setitimer(ITIMER_REAL, &timer, 0); 
}

int main(int argc, char **argv) { 
    topFrame = (void**)__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) { 
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}
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}
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independent, identically distributed random 

variables is approximately normally distributed.
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Are these places where Bob 
should focus on performance?
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loading…

Frequently executed code
Code that runs for a long @me

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

We need beIer tools.
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We’re going to have to do this without magic.

Otherwise we’d just do this.
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Is runOme meaningful?

glegle

found 8,000,000 
similar images

glegle

How fast do results come back?

How long between 
request and response?
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One progress point measures throughput.

If I speed up      , how much faster do I run      ?? %
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Bob wants to minimize response Ame.
He adds latency progress points.

transactions++ transactions--

Little’s Law: W= L / λ

latency  = transactions / throughput
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>> coz run --- ./some_program args

(coming to Debian, in Unstable now)
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Let’s use it to improve Ogle
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Ferret

input output

segmentaOon feature 
extracOon indexing ranking

Probably doesn’t need 
as many threads



Ferret

input output

segmentaOon feature 
extracOon indexing ranking



Ferret

input output

segmentaOon feature 
extracOon indexing ranking

21% Speedup
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27% increase in ranking throughput
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Exactly what we observed

What did Causal Profiling predict?

27% increase in ranking throughput
Causal Profiling predicted a 21% improvement
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' ' ' ' ' '

Hash table is accessed concurrently by many threads

Causal Profiler says the 
loop that accesses this 

list is important
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' ' ' ' ' '

More hash buckets should lead to fewer collisions

' ' ' ' ' '

No performance improvement
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' ' ' ' ' ' ' ' ' ' ' '

What else could be causing collisions?

i = hash_function(      )
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What did Causal Profiling predict?

Before: 76.7

AEer: 2.09

Blocks per-bucket

Dedup
Compression via deduplicaAon

96% traversal speedup

9% predicted speedup, 
exactly what we observed
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#if THREAD_SAFE 
config_t global_config = { 
 … 
  .unlock = pthread_mutex_unlock, 
  .getsize = sqlite_usable_size, 
  .nextitem = sqlite_pagecache_next, 
 … 
}; 
#endif

void sqlite_unlock(lock* l) { 
  global_config.unlock(l); 
}

Indirect Call
Cheap, but almost the same cost 

as pthread_mutex_unlock
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Simple SQL Database

void sqlite_unlock(lock* l) { 
  global_config.unlock(l); 
}

void sqlite_getsize(void* p) { 
  global_config.getsize(p); 
}

void sqlite_nextitem(item* i) { 
  global_config.nextitem(i); 
}

Coz highlights 
these lines
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Summary of OpOmizaOons

Benchmark Speedup Diff Size Change Summary

memcached 9.39% -6, +2 removed unnecessary locks

sqlite 25.60% -3, +3 removed DIY vtable implementaAon

blackscholes 2.56% -61, +4 manual common subexpression eliminaAon

dedup 8.95% -3, +3 fixed degenerate hash funcAon

ferret 21.27% -4, +4 rebalanced pipeline thread allocaAon

fluidanimate 37.50% -1, +0 removed custom barrier with high contenAon

streamcluster 68.40% -1, +0 removed custom barrier with high contenAon

swap5ons 15.80% -10, +16 reordered loop nests



stabilizer-tool.org 
coz-profiler.org

http://stabilizer-tool.org
http://coz-profiler.org
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Two versions of our program
C

C B

A A

“fast”

C

C B

A A

“slow”

ASpeeding up by

shortens execuAon by this much

Use virtual speedup to  
emulate the same speedup 

on this version.
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Two versions of our program
C

C B

A A

C

C B

A A

ASpeeding up by

shortens execuAon by this much

“fast”

“slow”
virtually speeding up A

should have the same effect
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Cleaning up aEer a query
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Case InsensiOve String Comparison
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Custom Number to String Conversion
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Frequently Executed Hash FuncOon
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AllocaOng Memory for Custom 
String RepresentaOon
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Se`ng up Custom String RepresentaOon
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Changing Length of Custom String
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