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Lecture 7

I Profiling

I time

I gprof

I valgrind



Profiling

• Like debuggers for 
debugging, profilers 
are evidence-based 
methods to find 
performance 
problems.

• Can’t improve what 
you don’t measure.



Profiling
• Where in your program 

is time being spent? 

• Find the expensive parts 
• Don’t waste time 
optimizing parts that 
don’t matter 

• Find bottlenecks. 

•



Profiling

•

• Tracing vs. Sampling

• Instrumenting vs. 
instrumentation-free



Timing whole program

•

• Very simple; can run 
on any command.

• In serial, real = user + 
sys

• In parallel, ideally user 
= nprocs x real

• Can run on tests to 
identify performance 
regressions.



Watching program run
$ top

More system then user time - 
not very efficient



Instrumenting regions 
of code

• Instrumenting the 
code

• Simple, but incrediby 
useful.

• Runs every time 
your code is run 

• Can trivially see if 
changes make things 
better or worse 



Instrumenting regions 
of code

• Simple example - 
matrix-vector multiply

• Initializes data, does 
multiply, saves result 

• Look to see where it 
spends its time, speed it 
up. 

• Options for how to 
access data, output data. 
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Matrix-vector multiply

• Can get an overview of 
the time spent easily, 
because we 
instrumented our code 
(~12 lines!) 

• I/O huge bottleneck. 

$ mvm --matsize=2500
Timing summary:
  Init:  0.00952 sec
  Calc:  0.06638 sec
  I/O :  5.07121 sec



Matrix-vector multiply

• I/O being done in ASCII 

• having to loop over 
data, convert to string, 
write to output. 

• 6,252,500 write 
operations! 

• Let’s try a --binary 
option: 



Matrix-vector multiply

• Let’s try a --binary 
option: 

• Shorter...



Matrix-vector multiply

• And much (36x!) faster

• File 4x smaller

• Still slow, but file I/O is 
always going to be 
slower than a 
multiplication.

• On to calculation...

$ mvm --matsize=2500
--binary
Timing summary:
  Init:  0.00976 sec
  Calc:  0.06695 sec
  I/O :  0.14218 sec
$ ./mvm --binary
$ du -h Mat-vec.dat
89M     Mat-vec.dat
$ ./mvm --binary
$ du -h Mat-vec.dat
20M     Mat-vec.dat



Sampling for Profiling

• How to get finer-grained information about 
where time is being spent? 

• Can’t instrument every single line. 

• Compilers have tools for sampling execution 
paths. 



Sampling for Profiling

• As program executes, 
every so often 
(~100ms) a timer goes 
off, and the current 
location of execution 
is recored 

• Shows where time is 
being spent. 

Line 7
Line 18
Line 223
Line 9



Sampling for Profiling
• Advantages:

• Very low overhead

• No extra 
instrumentation

• Disadvantages:

• Don’t know why 
code was there

• Statistics - have to 
run long enough 
job

Line 7
Line 18
Line 223
Line 9



gprof for sampling



gprof examines gmon.out
$ gprof mvm-profile gmon.out
Flat profile:
Each sample counts as 0.01 seconds.
  %   cumulative   self              self     total
 time   seconds   seconds    calls  Ts/call  Ts/call  name
100.24      0.41     0.41       3     0.00            main
  0.00      0.41     0.00       3     0.00      0.00  tick
  0.00      0.41     0.00       3     0.00      0.00  tock
  0.00      0.41     0.00       2     0.00      0.00  alloc1d
  0.00      0.41     0.00       2     0.00      0.00  free1d
  0.00      0.41     0.00       1     0.00      0.00  alloc2d
  0.00      0.41     0.00       1     0.00      0.00  free2d
  0.00      0.41     0.00       1     0.00      0.00  get_options
[...]

Gives data by function -- usually handy, not so useful in this 
toy problem



gprof --line
gpc-f103n084-$ gprof --line mvm-profile gmon.out | more 
Flat profile:
Each sample counts as 0.01 seconds.
  %   cumulative   self              self     total
 time   seconds   seconds    calls  Ts/call  Ts/call  name
 68.46      0.28     0.28             main (mat-vec-mult.c:82 @ 401
 14.67      0.34     0.06             main (mat-vec-mult.c:113 @ 40
  7.33      0.37     0.03             main (mat-vec-mult.c:63 @ 401
  4.89      0.39     0.02             main (mat-vec-mult.c:112 @ 40
  4.89      0.41     0.02             main (mat-vec-mult.c:113 @ 40
  0.00      0.41     0.00   3     0.00  0.00  tick (mat-vec-mult.c:159 @ 40
  0.00      0.41     0.00   3     0.00  0.00  tock (mat-vec-mult.c:164 @ 40
  0.00      0.41     0.00   2     0.00  0.00  alloc1d (mat-vec-mult.c:152 @
  0.00      0.41     0.00   2     0.00  0.00  free1d (mat-vec-mult.c:171 @
  0.00      0.41     0.00   1     0.00  0.00  alloc2d (mat-vec-mult.c:130 @
  0.00      0.41     0.00   1     0.00  0.00  free2d (mat-vec-mult.c:144 @
  0.00      0.41     0.00   1     0.00  0.00  get_options (mat-vec-mult.c:1
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Then can compare to 
source

• Code is spending most 
time deep in loops 

• #1 - multiplication 

• #2 - I/O (old way) 
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gprof pros/cons

• Exists (almost) everywhere 

• Easy to script, put in batch jobs 

• Low overhead 

• As with graphical debuggers, many nice graphical 
profilers exist as well
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Memory Profiling

Most profilers use time as a the metric, but what about memory?

Valgrind

I Massif: Memory Heap Profiler
I valgrind --tool=massif ./mycode
I ms print massif.out

I Cachegrind: Cache Profiler
I valgrind --tool=cachegrind ./mycode
I Kcachegrind (gui frontend for cachegrind)

http://valgrind.org/



Memory Profiling: Valgrind Massif

Example of output from ms print, showing heap memory usage.

--------------------------------------------------------------------------------

n time(i) total(B) useful-heap(B) extra-heap(B) stacks(B)

--------------------------------------------------------------------------------

11 17,558,376,865 108,721,536 108,079,702 641,834 0

12 18,730,053,265 108,746,848 108,104,510 642,338 0

13 19,748,755,982 108,742,200 108,099,974 642,226 0

14 21,351,204,796 108,745,520 108,103,214 642,306 0

15 22,575,905,502 108,742,200 108,099,974 642,226 0

16 24,344,627,331 108,742,200 108,099,974 642,226 0

17 25,780,057,465 108,742,200 108,099,974 642,226 0

18 27,215,452,841 108,742,200 108,099,974 642,226 0

99.41% (108,099,974B) (heap allocation functions) malloc/new/new[], --alloc-fns, etc.

->55.61% (60,466,176B) 0x873A8A: BlockMat::setup() (in navierstokes3Dthermallyperfect.5)

| ->55.61% (60,466,176B) 0x47A0F5: Hexa_NKS_Solver<State>::allocate() (NKS.h:192)

| ->55.61% (60,466,176B) 0x477796: int HexaSolver<State>(char*, int) (HexaSolver.h:150)

| ->55.61% (60,466,176B) 0x476A9F: main (NavierStokes3DThermallyPerfect.cc:226)

|

->10.07% (10,948,608B) 0x47A3B2: Hexa_NKS_Solver<State>::allocate() (NKS.h:186)

| ->10.07% (10,948,608B) 0x477796: int HexaSolver<State>(char*, int) (HexaSolver.h:150)

| ->10.07% (10,948,608B) 0x476A9F: main (NavierStokes3DThermallyPerfect.cc:226)

|

->09.15% (9,953,280B) 0x47A390: Hexa_NKS_Solver<Statee>::allocate() (NKS.h:186)

| ->09.15% (9,953,280B) 0x477796: int HexaSolver<State>(char*, int) (HexaSolver.h:150)

| ->09.15% (9,953,280B) 0x476A9F: main (NavierStokes3DThermallyPerfect.cc:226)



Cache Thrashing

• Memory bandwidth is 
key to getting good 
performance on 
modern systems 

• Main Mem - big, slow 

• Cache - small, fast 

• Saves recent 
accesses, a line of 
data at a time.



Cache Thrashing

• When accessing 
memory in order, only 
one access to slow 
main mem for many 
data points 

• Much faster 



Cache Thrashing

• When accessing 
memory out of order, 
much worse

• Each access is new 
cache line (cache 
miss)- slow access to 
main memory

• Can see ~10x 
slowdown



Cache Thrashing

• In C, cache-friendly 
order is to make last 
index most quickly 
varying

Good

Bad



Cache Thrashing

• Can see cache 
problems with 
valgrind + visualizer:

• valgrind --
tool=cachegrind

• KDE tool kcachegrind 
available for window,s 
linux, mac os x.

Good

Bad



kcachegrind viewing output of
$ module load valgrind
$ valgrind --tool=cachegrind ./mvm --matsize=2500
$ kcachegrind cachegrind.out.20275



Cache Thrashing

• Once cache thrashing 
is fixed, and assuming 
I/O can’t be 
improved, Init is now 
the bottleneck!

• So it goes...

$ ./mvm-omp --matsize=2500 
   --transpose --binary 
Timing summary:
  Init: 0.00947 sec
  Calc: 0.00811 sec
  I/O : 0.14881 sec



Other Profiling Tools

I Scalasca

I Open SpeedShop

I TAU Performance System

I HPC Tool Kit

I Allinea MAP

I Intel Tools (Vtune, ITAC)

I Xcode (OS X)



Profiling Summary

I Put your own timers in the code in/around important
sections, find out where time is being spent.

I if something changes, know in what section

I gprof is easy to use and excellent at finding where the time is
spent.

I Know the ’expensive’ parts of your code and spend your
programming time accordingly.

I valgrind is good for all things memory; performance, cache,
and usage.


