
̏ͺͺ͔͙͍͔ͭͤͦ͟ ͎͙͍͙͔ͨͪͦͪ͊ͣͣͪͦ͊ͤ 
͍͔͔ͫͦͪͣͤͤ·ͻ ͙ͣͪͦͨͪͦ͟ͼ͔͍ͫͫͦͪͦ 

͙ ͣͯ͡Έ͙ͭͨͪͦͼ͔͍ͫͫͦͪͦ 

˽ͪͦͺ͙͙͍͙͔ͪͦ͊ͤ͡ ͎ͨͪͦͪ͊ͣͣ 

 

˹͍͙͙͙͚ͦͦͫ͋ͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ 
̅͊ͯ͟͡Έ͔ͭͭ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ 
˴͊ͺ͔͒ͪ͊ ͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ ͍·;͙͔͙͚ͫͤ͡ 

˽͔͍͔͙ͪͨͦ͒͊͊ͭ͡Υ 
 ˴͙͔͔͍ͪ ˿Φ˩Φ 
 ˴͎͙͊ͤ͡ ˴ ΦˤΦ 



˽ͪͦͺ͙͙͍͙͔ͪͦ͊ͤ͡ 

Å˽ ͪͦͺ͙͙͍͙͔ͪͦ͊ͤ͡ ς ͫ ͋ͦͪ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
ͪ͊͋ͦͭ· ͎ͨͪͦͪ͊ͣͣ· 

 

Å̇ ͔͙͡ ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 
ï˻ ͼ͔ͤ͊͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͪ͊͋ͦͭ· ͎ͨͪͦͪ͊ͣͣ· ͙͙͡ 
͍·;͙͙͔ͫͭ͡͡Έ͚ͤͦ ͙͔ͫͫͭͣ· 

ï˻ ͔͔͔͙͔ͨͪ͒ͤ͡ ͙͙ͪͭ͟;͔͙ͫ͟ͻ ͯ;͍͊ͫͭͦ͟ ͎ͨͪͦͪ͊ͣͣ· 
(hotspots) ͙ ͙͡ ͔͍ͦͣͨͦͤͤͭͦ͟ ͍·;͙͙͔ͫͭ͡͡Έ͚ͤͦ 
͙͔ͫͫͭͣ· 

 



˾͔ͯ͘͡Έͭ͊ͭ· ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 

Å˻ ͔͔͔͙͔ͨͪ͒ͤ͡ ͔͚ͨͯͭ ͙͔͙ͫͨͦͤͤ͡Ύ 
Å˽ ͦͪ͟·͙͔ͭ ͦ͒͊͟Σ ͙ͨͯͭ ͫͪ͊͋͊ͭ·͍͙͊ͤΎ ͔͔ͨͪͻ͍ͦ͒ͦΣ ͎ͪ͊ͺ 
͍·͍͍ͦͦ͘Σ ͙ͦ͟͡;͔͍ͫͭͦ ͙͔͙͚ͫͨͦͤͤ͡Σ Χ 

 

Å˽ ͙ͪͦͦ͘΄͔͒΄͙͔ ͫͦ͋·͙ͭΎ 
Ǻ ͊ͭ͟·Σ ͙͔ͫͨͦͤͤͤ͡·͔ ͦͣ͊ͤ͒͟·Σ ;͔͙͔ͭͤκ͙͊ͨͫ͘Έ 
ͨ͊ͣΎ͙ͭΣ ͟Ή΄-ͨͪͦͣ͊ͻ͙κ͙ͨͦͨ͊͒͊ͤΎΣ 
ό͔ͤύ͔ͨͪ͒ͫ͊͊ͤͤ͘͟·͔ ͔͔ͨͪͻͦ͒·Σ Χ 

 

Å˽ ͔͔͙͔ͦͭͪ͋ͤ͡ ͔͍ͪͫͯͪͫͦ 
Åʕ ͔ͪͣΎΣ Ύ͒ͪ͊Σ ͨ͊ͣΎͭΈΣ ͔ͫͭΈΣ Ή͔ͭͪͦ͟͡Ή͔͎͙ͤͪΎΣ Χ 

 

 

 



Å ˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 
ïˢ͙͍ͤͤͦͭͪͦ͊ͤͤ·͚ ͙͙͎ͫͭͤ͡ 

Å˻͔͙͔ͭͦ͋ͪ͊͗ͤ ͙ͤͺͦͪͣ͊ͼ͙͙ ͤ͊ ͙ͫͻͦ͒ͤ·͚ ͦ͒͟ 

ï˽ͪͦͺ͙͡Έ ͙͔͙ͫͨͦͤͤ͡Ύ 
Å˽͔͔͙͔ͦͭͪ͋ͤ͡ ͔͍ͪͫͯͪͫͦκ͙ͦ͟͡;͔͍ͫͭͦ ͫͦ͋·͙͚ͭ ͫ ͔ͭ;͔͙͔ͤͣ ͍͔͔͙ͪͣͤ 

ï˿͔ͨͼ͙͊͡Έͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ 
Å˥ͪ͊ͺ ͍·͍͍ͦͦ͘ ͎ͨͦ͒ͨͪͦͪ͊ͣͣ (call graph, flame graph) 
Å˨͙͎͊ͪ͊ͣͣ͊ ͔͔ͨͪ͒͊;͙ ͒͊ͤͤ·ͻ ͔ͣ͗͒ͯ ͨͪͦͼ͔͙ͫͫ͊ͣ 
ÅΧ 

Å ˨͔͙ͭ͊͊͘͡ͼ͙Ύ ͙ͤͺͦͪͣ͊ͼ͙͙ 
ïˤͫΎ ͎ͨͪͦͪ͊ͣͣ͊Σ ͙ͣͦ͒ͯ͡Σ ͎ͨͦ͒ͨͪͦͪ͊ͣͣ·Σ ͙ͫͭͪͦ͟ ͦ͒͊͟Σ ͔ͦͨͪ͊ͭͦͪ͊ Ύ͘·͊͟Σ 
ͣ͊΄͙ͤͤ·͔ ͦͣ͊ͤ͒͟·Σ Χ 

Å ˢ͙ͤ͊͘͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 
ï˻ͼ͔ͤ͊͟ όͻͦͪͦ΄ͦκͨͦ͡ͻͦύ 
ï˻͔͙͔͋ͤ͊ͪͯ͗ͤ ζ͙ͯ͘͟ͻ ͔ͣͫͭη ͍ ͎͔ͨͪͦͪ͊ͣͣ όhotspots, critical path) 
ï˻͔͔͔͙͔ͨͪ͒ͤ͡ ͍ͦͣͦ͗ͤ͘·ͻ ͙ͨͪ;͙ͤ 
ï˿͍͔ͦͭ· ͨͦ ͯͯ͡;΄͔͙ͤΌ 
ïΧ 

 
 

˾͔ͯ͘͡Έͭ͊ͭ· ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 



˾͔ͯ͘͡Έͭ͊ͭ· ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 



˾͔ͯ͘͡Έͭ͊ͭ· ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 

Å˽ ͪͦͺ͙͡Έ ͦ͋ͪ͊΅͔͙͚ͤ ͟ ͨ͊ͣΎ͙ͭ 



˿ͨͦͫͦ͋· ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 

Å ˮ͔͙͍͙͔ͫͭͪͯͣͤͭͪͦ͊ͤ ͟ ͦ͒͊ ς ͍ ͔͔͙͔ͤͫͤ ͍ ͎ͨͪͦͪ͊ͣͣͯ ͙͔͒ͦͨͦͤͭ͡͡Έ͎ͤͦͦ ͦ͒͊͟ ͒͡Ύ 
ͫ͋ͦͪ͊ ͚ͤͯ͗ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ 

Å Ҍ ˽͍ͦͦ͘͡Ύ͔ͭ ͨͦͯ͡;͙ͭΈ ͭͦ;ͤ·͔ ͤ͊͘;͔͙ͤΎ ͔ͤͦͭͦͪ͟·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
Å Ҍ ˸ͦ͗ͤͦ ͔ͫ͒͊ͭ͡Έ ͍ͪͯ;ͤͯΌΣ ͔͋͘ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ 
Å ς ˿ ͙͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͔͔ͪͣͤͤ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͎ͨͪͦͪ͊ͣͣ· 

 

Å ˻͋ͪ͊͋ͦͭ͊͟ ͫͦ͋·͙͚ͭ ς ͟ ͦ͒ ͨͪͦͺ͙͙͍ͪͦ͡΅͙͊͟ ͍·͘·͍͔͊ͭͫΎ ͙ͨͪ ͫͪ͊͋͊ͭ·͍͙͙͊ͤ 
͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͫͦ͋·͙͚ͭ όƴŜǿΣ ŘŜƭŜǘŜΣ ŎŀƭƭΣ ǊŜǘǳǊƴΣ Χ) 

Å Ҍ ˽͍ͦͦ͘͡Ύ͔ͭ ͨͦͯ͡;͙ͭΈ ͭͦ;ͤ·͔ ͤ͊͘;͔͙ͤΎ ͔ͤͦͭͦͪ͟·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
Å ς ˭ ͔͔͊ͣͭͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͔͔ͪͣͤͤ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͎ͨͪͦͪ͊ͣͣ· 

 

Å ˿͙͙ͭ͊ͭͫͭ;͔͔ͫͦ͟ ͨͪͦͺ͙͙͍͙͔ͪͦ͊ͤ͡ όsampling) ς ͦ ͍ͫͭ͊ͤͦ͊͟ ͨͦ 
͙͔ͫͫͭͣͤ·ͣκ͊ͨͨ͊ͪ͊ͭͤ·ͣ ͔ͨͪͪ·͍͙͊ͤΎͣ ͙ ͔͙͔ͤ͊ͦͨͤ͟͡ ͙͙͙ͫͭ͊ͭͫͭ͟ ͤ͊ ͭͦ;͊͟ͻ 
͍ͦͫͭ͊ͤͦ͊ 

Å Ҍ ˸͔͊ͦ͡ ͍͙͡Ύ͙͔ͤ ͤ͊ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͎ͨͪͦͪ͊ͣͣ· 
Å ς ˾ ͔ͯ͘͡Έͭ͊ͭ· ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ ͙͙͙͔ͨͪ͋ͭ͘͡͡Έͤ· 

 

Å ̏ͣͯ͡Ύͼ͙Ύ ͍·͔͙ͨͦͤͤ͡Ύ ͎ͨͪͦͪ͊ͣͣ· 
Å Ҍ ˽͍ͦͦ͘͡Ύ͔ͭ ͨͦͯ͡;͙ͭΈ ͭͦ;ͤ·͔ ͤ͊͘;͔͙ͤΎ ͔ͤͦͭͦͪ͟·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
Å + ˽ ͍ͦͭͦͪΎ͔ͣͦͫͭΈ ͔ͪͯ͘͡Έͭ͊ͭ͊ 
Å ς ˭ ͤ͊;͙͔ͭ͡Έͤͦ ͋ͦ͡Έ΄͔͔ ͍͔ͪͣΎ ͪ͊͋ͦͭ· ͎ͨͪͦͪ͊ͣͣ· 
Å ς ˹ ͔ ͯ;͙ͭ·͍͔͊ͭͫΎ ζ͔ͪ͊͡Έͤ͊Ύη ͙ͫͭͯ͊ͼ͙Ύ 



Å˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· ͙ͦͣͨ͟͡Ύͭͦͪͦͣ 
ï˴͙ͦͣͨ͡Ύͭͦͪ ͯ͒͊͡Ύ͔ͭ ͦͣ͊ͤ͒͟·Σ ͔͊ͣͤ͘Ύ͔ͭ ͤ͊ ͎͙͔͒ͪͯΣ 
͔ͣͤΎ͔ͭ ͦͣ͊ͤ͒͟· ͔͙ͣͫͭ͊ͣΣ Χ 

 

Å˨͙͙ͤ͊ͣ;͔͔ͫͦ͟ ͙͔͙͔ͫͨͦͤͤ͡ ͦ͒͊͟ ͍ ͨͪͦͼ͔͔ͫͫͦͪ 
ï˽ͪͦͼ͔ͫͫͦͪ ͔ͣͤΎ͔ͭ ͨͦͪΎ͒ͦ͟ ͙͔͙ͫͨͦͤͤ͡Ύ ͦͣ͊ͤ͒͟Σ 
͍·ͨͦͤ͡Ύ͔ͭ ͦͣ͊ͤ͒͟· ͔ͨ͊ͪ͊͡͡͡ΈͤͦΣ Χ 

 

˽͔ͪͨΎ͍͙ͭͫͭΎ ͟ ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ό 



Å˹͔ͭ ͙ͤͺͦͪͣ͊ͼ͙͙ ͦ͋ ͙ͫͻͦ͒ͤͦͣ ͔ͦ͒͟Σ ͔ͫͭΈ ͭͦ͡Έͦ͟ ͔͔͊ͫͫͣ͋ͪ͡ 
ï˴͙ͦͣͨ͡Ύͼ͙Ύ ͫ ͙͍ͫͣͦ͡Έ͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͔͚: -g 
ï˽͔͍͙ͪ͒ͦͫͭ͊ͭΈ ͙ͫͻͦ͒ͤ·͚ ͦ͒͟ ό͔͙ͫ͡ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭͫΎ) 

 

Å˹͔͍͙ͨͪ͊͡Έͤͦ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͎ͪ͊ͺ ͍·͍͍ͦͦ͘ 
ï˭͔͙͊ͨͪͭͭΈ inline: -fno-inline 
ï˻͋Ύ͊ͭ͘Έ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ %rbp: -fno-omit-frame-pointer 
ïˮͫͨͦ͡Έ͍ͦ͊ͭ͘Έ Hardware Last Branch Record facility: perf --callgraph lbr 

 

Å˿ͦ͋ͪ͊ͤ͊ ͔ͣ͊ͤ͡Έ͊͟Ύ ͙͙ͫͭ͊ͭͫͭ͊͟Σ ͎ͣͤͦͦ ͫͦ͋·͙͚ͭ ͨͪͦͨͯ΅͔ͤͦ 
ï˿͙͔ͦ͋ͪ͊ͭͫΎ ͙ͫ͡΄ͦͣ͟ ͎ͣͤͦͦ ͫͦ͋·͙͚ͭ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ 
ï˽͙͔ͦͫͭͦͪͦͤͤ ͔ͨͪͪ·͍͙͊ͤΎ όbaL watchdogΣ Χύ 
ïΧ 

 

ˤͦͣͦ͗ͤ͘·͔ ͔ͨͪͦ͋ͣ͡· 



˽ͪͦͺ͙͙͍ͪͦ͡΅͙͙͟ 

Å gprof, gcov 
Å perf 

(https:// github.com/torvalds/linux/tree/master/tools/perf) 

Å Oprofile 
(http://oprofile.sourceforge.net) 

Å Intel Vtune Profiler 
(https://software.intel.com/en-us/vtune) 

Å Intel Advisor 
(https:// software.intel.com/en-us/advisor) 

Å AMD ˃ Prof 
(https://developer.amd.com/amd-uprof/ ) 

Å Optick: C++ Profiler For Games 
(https:// github.com/bombomby/optick) 

Å Dtrace 
(http://dtrace.org/blogs/about/ , https:// github.com/opendtrace) 

Å Valgrind 
(http://valgrind.org) 

Å Google perftools 
(https:// github.com/gperftools/gperftools) 

Å Χ 

https://github.com/torvalds/linux/tree/master/tools/perf
https://github.com/torvalds/linux/tree/master/tools/perf
http://oprofile.sourceforge.net/
https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/advisor
https://software.intel.com/en-us/advisor
https://software.intel.com/en-us/advisor
https://software.intel.com/en-us/advisor
https://developer.amd.com/amd-uprof/
https://developer.amd.com/amd-uprof/
https://developer.amd.com/amd-uprof/
https://developer.amd.com/amd-uprof/
https://github.com/bombomby/optick
https://github.com/bombomby/optick
http://dtrace.org/blogs/about/
http://dtrace.org/blogs/about/
https://github.com/opendtrace
https://github.com/opendtrace
http://valgrind.org/
https://github.com/gperftools/gperftools
https://github.com/gperftools/gperftools


͔͙͔́ͫͭͪͯͣ͊Ύ ͎ͨͪͦͪ͊ͣͣ͊ 

Å˽ ͎ͪͦͪ͊ͣͣ͊Υ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͍͔͔͙ͪͣͤ ͒ͦͫͭͯͨ͊ 
͟ Ή͔͔ͣͤͭ͊ͣ͡ ͙͍ͣ͊ͫͫ͊ ͍ ͫͯ͡;͚͊ͤͦͣ ͨͦͪΎ͔͒͟ 
͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔ͪ͊ͣͪ͊͘ ͙͍ͣ͊ͫͫ͊ 

Å̏ ͭ͊ͨ· ͪ ͊͋ͦͭ·Υ 

ï˭ ͔͙͔͊ͨͦͤͤ͡ ͙͍ͣ͊ͫͫ͊ 

Åa[j] = rand() 

ï˻ ͋ͻͦ͒ ͙͍ͣ͊ͫͫ͊ 

Åfor (iҐΧύ Ƨ Ґ !ώƧϐ 

 



gprof 

Å˴͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· 
Å$g++ -O1 -g -pg -o cache cache.c 

Å˿͖ͦ͒͊ͭ͘ ͫΎ ͺ͚͊͡Υ cache 

Å˭͊ͨͯͫ͟ ͎ͨͪͦͪ͊ͣͣ· (͎ͣͤͦͦ ͪ͊͘) 
Å$./cache 

Å˿͔ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ gmon.out 

Å˽ͦͯ͡;͔͙͔ͤ ͨͪͦͺ͙͡Ύ ͎ͨͪͦͪ͊ͣͣ· ͙ ͎ͪ͊ͺ͊ ͍·͍͍ͦͦ͘ 
Å$gprof ./cache >cache.profile.txt 

Å˿͔ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache.profile.txt 

Å˽ͦͯ͡;͔͙͔ͤ ͙͍͎͊ͤͤͦͭͪͦ͊ͤͤͦͦ ͙͙͎ͫͭͤ͊͡ 
Å$gprof -A cache >cache.source.txt 

Å˿͔ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache.source.txt 



gcov ς ͭ ͔ͫͭ ͨͦͪ͟·͙ͭΎ ͦ͒͊͟ 

Å˴ ͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· 
Å$g++ -O1 --coverage -o cache cache.c 

Å˿ ͦ͒͊͘ΌͭͫΎ ͺ͚͊͡·Υ cache, cache.gcno 

Å˭ ͊ͨͯͫ͟ ͎ͨͪͦͪ͊ͣͣ· (͎ͣͤͦͦ ͪ͊͘) 
Å$./cache 

Å˿ ͖ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache.gcda 

Å˽ ͦͯ͡;͔͙͔ͤ ͙͍͎͊ͤͤͦͭͪͦ͊ͤͤͦͦ ͙͙͎ͫͭͤ͊͡ 
Å$gcov -b cache.c 

Å˿ ͖ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache.c.gcov 



˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͍ gcc ͫ  ͨͦͣͦ΅ΈΌ 
ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 

Å˴ ͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· 
Å$g++ -O1 -fprofile-generate -o cache cache.c 

Å˿ ͖ͦ͒͊ͭ͘ ͫΎ ͺ͚͊͡Υ cache 

Å˭ ͊ͨͯͫ͟ ͎ͨͪͦͪ͊ͣͣ· (͎ͣͤͦͦ ͪ͊͘) 
Å$./cache 

Å˿ ͖ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache.gcda 

Å˴ ͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· ͫ ͙͙ͦͨͭͣ͊͘ͼ͙͔͚ 
Å$ g++ -O1 -fprofile-use -o cache_opt cache.c 

Å˿ ͔ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache_opt 

 



˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͍ gcc ͫ  ͨͦͣͦ΅ΈΌ 
ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 

Å˴ ͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· 
Å$g++ -O1 -fprofile-generate -o cache cache.c 

Å˿ ͖ͦ͒͊ͭ͘ ͫΎ ͺ͚͊͡Υ cache 

Å˭ ͊ͨͯͫ͟ ͎ͨͪͦͪ͊ͣͣ· (͎ͣͤͦͦ ͪ͊͘) 
Å$./cache >result.txt 

Å˿ ͖ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache.gcda 

Å˴ ͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· ͫ ͙͙ͦͨͭͣ͊͘ͼ͙͔͚ 
Å$ g++ -O1 -fprofile-use -o cache_opt cache.c 

Å˿ ͔ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache_opt 

 

ʇʨʠʤʝʨ (ʭʦʨʦʰʠʡ) 

$time ./cache  

real    0m40.409s  

user    0m40.323s  

sys     0m0.016s  

$time ./ cache_opt  

real    0m28.768s  

user    0m28.710s  

sys     0m0.008s  



˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͍ gcc ͫ  ͨͦͣͦ΅ΈΌ 
ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 

Å˴ ͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· 
Å$g++ -O1 -fprofile-generate -o cache cache.c 

Å˿ ͖ͦ͒͊ͭ͘ ͫΎ ͺ͚͊͡Υ cache 

Å˭ ͊ͨͯͫ͟ ͎ͨͪͦͪ͊ͣͣ· (͎ͣͤͦͦ ͪ͊͘) 
Å$./cache >result.txt 

Å˿ ͖ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache.gcda 

Å˴ ͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· ͫ ͙͙ͦͨͭͣ͊͘ͼ͙͔͚ 
Å$ g++ -O1 -fprofile-use -o cache_opt cache.c 

Å˿ ͔ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache_opt 

 

ʇʨʠʤʝʨ (ʭʦʨʦʰʠʡ) 

$time ./cache  

real    0m40.409s  

user    0m40.323s  

sys     0m0.016s  

$time ./ cache_opt  

real    0m28.768s  

user    0m28.710s  

sys     0m0.008s  

ʇʨʠʤʝʨ (ʧʣʦʭʦʡ) 

$time ./wave  

real    0m12.442s  

user    0m12.439s  

sys     0m0.004s  

$time ./ wave_opt  

real    0m15.714s  

user    0m15.706s  

sys     0m0.008s  



perf 

Å˽͍ͦͦ͘͡Ύ͔ͭ ͨͦͯ͡;͊ͭΈ ͊ͨͨ͊ͪ͊ͭͤ·͔ ͙ ͎ͨͪͦͪ͊ͣͣͤ·͔ 
ͫ;͔ͭ;͙͙͟ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ ͙͔ͫͫͭͣ·Υ 



perf 

Å˴͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· 
Å$g++ -O1 -g -o cache cache.c 
Å˿ ͖ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ cache 

Å˭͊ͨͯͫ͟ ͎ͨͪͦͪ͊ͣͣ· ͫ  ͨͪͦͺ͙͙͍͙͔ͪͦ͊ͤͣ͡ 
Å$perf record -g -e cycles -e cache-misses -- ./cache 
Å˿ ͔ͦ͒͊ͭͫ͘Ύ ͺ͚͊͡Υ perf.data 

Å˽ͦͯ͡;͔͙͔ͤ ͨͪͦͺ͙͡Ύ ͎ͨͪͦͪ͊ͣͣ· ͙  ͎ͪ͊ͺ͊ 
͍·͍͍ͦͦ͘ 

Å$perf report 

Å˽ͦͯ͡;͔͙͔ͤ ͙͍͎͊ͤͤͦͭͪͦ͊ͤͤͦͦ ͙͙͎ͫͭͤ͊͡ 
Å$perf annotate 

 



perf 

Ås ͙ͤ͊͘͡ ͎ͨͪͦͪ͊ͣͣ· ͍ͦ ͍͔ͪͣΎ ͍·͔͙ͨͦͤͤ͡Ύ 
Åsudo perf top -e cycles -e cache-misses 

 

Å˿ ͙͙ͭ͊ͭͫͭ͊͟ ͍·͔͙ͨͦͤͤ͡Ύ ͎ͨͪͦͪ͊ͣͣ· 
Åperf stat ./executable 

Åperf stat -e LLC-loads -e LLC-load-misses ./executable 



perf 

Ås ͙ͤ͊͘͡ ͎ͨͪͦͪ͊ͣͣ· ͍ͦ ͍͔ͪͣΎ ͍·͔͙ͨͦͤͤ͡Ύ 
Åsudo perf top -e cycles -e cache-misses 

 

Å˿ ͙͙ͭ͊ͭͫͭ͊͟ ͍·͔͙ͨͦͤͤ͡Ύ ͎ͨͪͦͪ͊ͣͣ· 
Åperf stat ./executable 

Åperf stat -e LLC-loads -e LLC-load-misses ./executable 



perf 

Ås ͙ͤ͊͘͡ ͎ͨͪͦͪ͊ͣͣ· ͍ͦ ͍͔ͪͣΎ ͍·͔͙ͨͦͤͤ͡Ύ 
Åsudo perf top -e cycles -e cache-misses 

 

Å˿ ͙͙ͭ͊ͭͫͭ͊͟ ͍·͔͙ͨͦͤͤ͡Ύ ͎ͨͪͦͪ͊ͣͣ· 
Åperf stat ./executable 

Åperf stat -e LLC-loads -e LLC-load-misses ./executable 



OProfile 

Å˽͍ͦͦ͘͡Ύ͔ͭ ͨͦͯ͡;͊ͭΈ ͊ͨͨ͊ͪ͊ͭͤ·͔ ͫ;͔ͭ;͙͙͟ 
͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ ͨͪͦͼ͔ͫͫͦͪ͊Υ 



OProfile 

Å˽ͦͯ͡;͔͙͔ͤ ͙ͫͨͫ͊͟ ͊ͨͨ͊ͪ͊ͭͤ·ͻ ͫ;͔ͭ;͙͍ͦ͟ 
Å$ophelp 

Å˴͙ͦͣͨ͡Ύͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· 
Å$g++ -O1 -g -o cache cache.c 

Å˭͊ͨͯͫ͟ ͎ͨͪͦͪ͊ͣͣ· ͙  ͨͪͦͺ͙͙͍͙͔ͪͦ͊ͤ͡ 
Å$operf -e CPU_CLK_UNHALTED:100000:0:0:1 ./cache 
Å˿͖ͦ͒͊ͭͫ͘Ύ ͎͊ͭ͊ͦ͟͡Υ ./oprofile_data 

Å˽ͦͯ͡;͔͙͔ͤ ͙ ͤͺͦͪͣ͊ͼ͙͙ ͦ ͋ ͙͔͙͙ͫͨͦͤͤ͡ ͨ ͎ͪͦͪ͊ͣͣ· 
Å$opreport ./cache - ͨ ͪͦͺ͙͡Έ ͨͦ ͣͦ͒ͯ͡Ύͣ 
Å$opreport -l ./cache - ͨ ͪͦͺ͙͡Έ ͨͦ ͺͯͤ͟ͼ͙Ύͣ 
Å$opreport -ͫ ./cache - ͎ ͪ͊ͺ ͍·͍͍ͦͦ͘ 
Å$opannotate -s ./cache - ͊ ͙͍ͤͤͦͭͪͦ͊ͤͤ·͚ ͙ͫͻͦ͒ͤ·͚ ͦ͟ ͒
Å$opannotate -a ./cache - ͊ ͙͍ͤͤͦͭͪͦ͊ͤͤ·͚ ͔͔͊ͫͫͣ͋ͪͤ͡·͚ ͦ͒͟ 
Å$opgprof  - ͎ ͔͔ͤͪ͊ͼ͙Ύ gmon.out ͒ ͡Ύ gprof 

 



OProfile 

Å˽͙͔ͪͣͪ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘ΎΥ 
 $operf -e \  
 CPU_CLK_UNHALTED:100000:0:1:1,\  
 LLC_REFS:100000:0x4f:0:1:1,\  
 LLC_MISSES:100000:0x41:0:1:1 ./cache 

 
Å˿ͫ·͙͟͡Υ 
ï˿͚͊ͭΥ http:// oprofile.sourceforge.net 
ïW. Cohen, Tuning programs with OProfile // Wide Open Magazine, 

2004, p. 53ς62. http:// people.redhat.com/wcohen/Oprofile.pdf 

http://oprofile.sourceforge.net/
http://oprofile.sourceforge.net/
http://people.redhat.com/wcohen/Oprofile.pdf
http://people.redhat.com/wcohen/Oprofile.pdf
http://people.redhat.com/wcohen/Oprofile.pdf


gprof2dotΥ ͙͍͙͔ͪͫͦ͊ͤ ͎ͪ͊ͺ͊ ͍·͍͍ͦͦ͘ 

Å˿͚͊ͭΥ 
Åhttps:// code.google.com/p/jrfonseca/wiki/Gprof2Dot 

 

Å˽͙͔ͪͣͪΥ 
Ågprof ./cache | ./gprof2dot.py -f prof -n0 -e0 | \  

 dot -Tpng -o callgraph.png 

 

https://code.google.com/p/jrfonseca/wiki/Gprof2Dot
https://code.google.com/p/jrfonseca/wiki/Gprof2Dot
https://code.google.com/p/jrfonseca/wiki/Gprof2Dot


˽ͪͦ͒ͯͭ͟· Intel ͒ ͡Ύ ͙͊ͤ͊͊͘͡ 
͎ͨͪͦͪ͊ͣͣ 

ÅLƴǘŜƭϯ Vtuneϰ tǊƻŦƛƭŜǊ 
Åhttps:// software.intel.com/en-us/vtune 

ÅLƴǘŜƭϯ !ŘǾƛǎƻǊ 
Åhttps:// software.intel.com/content/www/us/en/develo

p/tools/oneapi/components/advisor.html 

ÅLƴǘŜƭϯ LƴǎǇŜŎǘƻǊ 
Åhttps:// software.intel.com/content/www/us/en/develo

p/tools/oneapi/components/inspector.html 

https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/vtune
https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/advisor.html
https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/advisor.html
https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/advisor.html
https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/inspector.html
https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/inspector.html
https://software.intel.com/content/www/us/en/develop/tools/oneapi/components/inspector.html


Intel VTune Profiler 

Å˽ͦͯ͡;͔͙͔ͤ ͙ͤͺͦͪͣ͊ͼ͙͙ ͫ ͭͦ;ͤͦͫͭΈΌ ͒ͦ 
ͦͣ͊ͤ͒͟ ͔͔͊ͫͫͣ͋ͪ͊͡ 

Å˽͔͙͔ͦͫͭͪͦͤ ͎ͪ͊ͺ͊ ͍·͍͍ͦͦ͘ 
Å˽ͦͯ͡;͔͙͔ͤ ͤ͊͘;͔͙͚ͤ ͊ͨͨ͊ͪ͊ͭͤ·ͻ ͫ;͔ͭ;͙͍ͦ͟ 
͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ (Intel) 

Å˨͙͙ͤ͊ͣ͊͟ ͎͙͊ͪͯ͘͘͟ Ύ͔͒ͪ ͨͪͦͼ͔ͫͫͦͪ͊ 
Å˨͙͙ͤ͊ͣ͊͟ ͪ͊͋ͦͭ· ͎ͣͤͦͦͨͦͭͦ;ͤ·ͻ 
͎ͨͪͦͪ͊ͣͣ ό͙͙͔ͦ͗͒͊ͤ ͤ͊ ͙͍͋ͦͪͦ͊͟͟͡ͻύ 

Å Roofline-͙͊ͤ͊͘͡ 
Å˽͙ͦ͒ͫ͊͘͟͟ ͍͙͍͊ͪ͊ͤͭͦ ͙͙ͦͨͭͣ͊͘ͼ͙͙ 
Å̂͒ͦ͋ͤ·͚ ͎ͪ͊ͺ͙;͔͙͚ͫ͟ ͙͔ͤͭͪͺ͔͚ͫ 
Å˽͔ͦ͒͒ͪ͗͊͟ ͭͦ͡Έͦ͟ ͨͪͦͼ͔͍ͫͫͦͪͦ Intel 
ÅΧ͔΅͔ ͎ͣͤͦͦ ͨ͡Ό͍ͫͦΧ 
Å˨͔ͦͫͭͯͨͤ ͔͋ͫͨ͊ͭͤͦ͡Υ 

https:// software.intel.com/en-us/vtune 

https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/vtune
https://software.intel.com/en-us/vtune


Intel VTune Profiler 



AMD CodeXL 

Å ˹͊͋ͦͪ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͎ͨͪͦͪ͊ͣͣΣ ͍͟͡Ό;͊Ό΅͙͚ CPU/GPU- 
ͨͪͦͺ͙͙͍ͪͦ͡΅͙͟, GPU-ͦͭ͊͒͡;͙͟Σ ͙͙ͫͭ͊ͭͫͭ;͔͙͚ͫ͟ ͙͊ͤ͊͊ͭͦͪ͘͡ Ύ͒ͪ͊ OpenCL. 
 
 
 
 
 
 
 
 
 
 
 
 

Å ˤ ͍ͫͦ͋ͦ͒ͤͦͣ ͔͒ͦͫͭͯͨ 
Å ˿͚͊ͭΥ https:// github.com/GPUOpen-Tools/CodeXL 

https://github.com/GPUOpen-Tools/CodeXL
https://github.com/GPUOpen-Tools/CodeXL
https://github.com/GPUOpen-Tools/CodeXL
https://github.com/GPUOpen-Tools/CodeXL

