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Definition of Software Reliability

« Reliable=
— Worthy of trust, dependable.
— Yielding the same or compatible results.

« Software reliability

- "The probability of failure-free operation of a computer program
in a specified environment for a specified time"

JD. Musa, A. lannino, and K. Okumoto, Engineering and Managing Software with Reliability
Measures, McGraw-Hill, 1987.
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Reliability recipes

e Development
— Develop your code in modules
— Separate algorithms from the interface
— Develop small programs to test each module

e Typical checklist
— Are loop indexes range-tested?
— Is input data checked for range errors?
— |Is divide-by-zero avoided? (sqrt, log, tan...)
— Is exception handling provided?
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Clarity vs performance

e Some standard "compact" instructions may increase
performance

i++; i--; 2> Assembly INC, DEC

sum +=x *y; 2 Multimedia assembly instructions:
MLA (Multiply with accumulate) or
MAD (Multiply and add)

e In general "compact" expressions do not increase
performance and impact the readability of the code

Try it L :
! sum+=*p++; vs sum += pli];
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Software Performance
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Computing performance

« It's all about locality

e Levels of locality:
— Cache memory
- RAM memory
— External access
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Memory access

e Cache is a small but very fast memory.

o Itincreases performance, but the final result depends mostly
on the application and also on the configuration/size of the
cache.

« Nowadays thereis L1, L2 and L3 cache memory

Note:

Intel Quad-core AMD Quad-core The new Intel i7 Extreme
_______________________________ LT also has independent L2,
—————————————————————————————— I and 13:
| | Core Core || Core Core ! | | | Core Core Core Core Lo L2: 4x256 kB
. 13 4 1 A 2 3 4 i L3: 8 MB
N N e fad fud fad ) osns
¥ = Lo i1 1ns
5ns
60 - 100 ns
DDR memory DDR memory local remote
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External access

e Access to hard drive (cache 1 ns, RAM 100 ns, Disk 10,000,000 ns)
— Data file read/write. There is another cache in the hard drive

— Virtual memory

e Operating system calls
- Memory allocation
— Display information

e Server-client communications
— Database calls
— Web services
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Performance Tools
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Measuring time: C
e C functions for measuring time

#include <ctime>
time_t time( time_t *time ); //seconds since Jan 1st, 1970
double difftime( time_t time2, time_t timel ); //elapsed time

« Example
time_t tO;

t0=time();

//your code goes here

tl=time(Q);

printf("Elapsed time: %f s\n",difftime(tl,t0);
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Measuring time: Matlab
« Matlab functions for measuring time

tic %initialize time counter
toc %displays elapsed time in seconds

t=cputime; %measures CPU time. In case of parallel processing
1t sums the cpu times of all jobs.

e Example

>> t=cputime; inv(inv(rand(3000))); cputime-t
ans =

CPU Usage
17.7500 !
>> tic, inv(inv(rand(3000))); toc m
Elapsed time is 10.894806 seconds.
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System Monitoring

« Windows Task Manager

I windows Task Manager

File Options Help

Applications I Processes Performance INetworking | Users I

~PF Usage

CPUUsage — ) [ CPU Usage History

[~ Page File Usage History

Totals [~ Physical Memary (K)

Handles 30403 Total 8383112
Threads 1099 Available 7283604
Processes 124 System Cache 179368
Commit Charge (K) [~ Kernel Memory (K)

Total 3306444 Total 225720
Lirnit 28159120 Paged 166088
Peak 24601292 Monpaged 59632

Processes: 124 CPU Usage: 1%

Commit Charge: 3228M [ 27499M

— CPU usage

I

Memory usage
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System Monitoring

e ProcCEXp: Developed by sysinternals.com, bought by Microsoft
Available at: http://www.iit.upcomillas.es/ftp/pub/win/utils/
I [=] B3

8% System Information

—CPU Usage | [ CPU Usage History

-Commit History-

40.0 GB
— Totals — Physical Memory (K]~ [ Paaging
Handles 30.714 Total 8.383.112 Page Fault Delta 764
Threads 1.108 Available 7.330.280 Page Read Delta 0
Processes 125 System Cache 95.992 Paaing File Write Delta 0
-Commit Charge (K] -Kernel Memory (K] Mapped File Write Delta o
Current 3.319.428 Paged Physical 49,820 —CPU and /0
Limit 28.159.120 Paged Virtual 166.088 Context Switch Delta 2.442
Peak 24.601.292 Paged Limit ho symbols 1/0 Read Delta 4
Peak.Limit 87.37% | | Nonpaged 59645 | | |/0Wiite Delta 4
Current/Limit 11.79% Nonpaged Limit  no symbols /0 Other Delta 54
[V Show one graph per CPU UNIVERSIDAD A PO NTIFIGy,
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System Monitoring

« ProcExp for linux (sourceforge.net)

Tour feadaack

e Opsars View Process Semnge
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1
System Monitoring

o Mac OS X Activity Monitor

[ NON ) Activity Monitor (Applications in last 8 hours)
Q| 0| % CPU  Memory Disk  Network Q Search

App Name Energy Impact v Avg Energy Impact App Nap  Preventing Sleep User

» & Google Chrome 23.6 2.37 Yes No palacios
@ Time Machine 7.8 0.99 - - -

> =g Preview 6.6 0.41 No No palacios
B Activity Monitor 6.1 3.93 No No palacios

> @ safari 1.6 3.29 No No palacios
#& OneDrive for Business 1.5 1.16 No No palacios
& Google Drive 0.5 0.54 No No palacios

» £2 Dropbox 0.4 1.55 No No palacios
@ SophosUIServer 0.1 - No No palacios
|4 ClJScannerRegister 0.1 0.06 No No palacios
' Google Drive 0.0 0.01 No No palacios

> & Mail 0.0 2.52 No No palacios
(&) Spotlight 0.0 0.78 - - -
= caffeine 0.0 0.00 No No palacios
' . HP Device Monitor 0.0 0.45 No No palacios

ENERGY IMPACT BATTERY (Last 12 hours)
Remaining charge: 64%

Time until full: 1:42
* ¥ Time on AC: 0:10

Packets in: 21,016,992 DATA T Data received: 25.85 GB
Packets out: 23,278,098 Data sent: 16.17 GB
Packets in/sec: 147 Data received/sec: 15.9 KB
DAD PO
Packets out/sec: 124 Data sent/sec: 150 KB o ',CNATS'E"‘
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Network speed

o SpeedTest.net by Ookla

~— PING DOWNLOAD SPEED
S 29.. O

Madgid
Hosted by
Vodafone Spain
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Profiler

o A profileris a tool to measure performance.
« Profilers display execution times with different levels of detail.

« They are the most useful tool to identify which sections of the
code deserve the effort.
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Matlab p

rofiler

e Basic commands:

>profile on

>your commands here

>profile off
>profile repor

Profiler

t 800
File Edit Debug Desktop Window Help

K A S

N

NN

NN

Start Profiling | Run this code:

ﬁ @ Profile time: 120 sec

FindPositions (1 call, 119.638 sec)
Generated 12-Dec-2010 15:42:05 using cpu time.

M-function in file /Users/palacios /Documents /MATLAB/data/FindPositions.m

Copy to new window for comparing multiple runs

[ Refresh )
————

™ Show parent functions [# Show busy lines [ Show child functions

™ Show M-Lint results  [# Show file coverage [ Show function listing

Parents (calling functions)
No parent

Lines where the most time was spent

Line Number Code

34 event(re,:)=a(r,:);
35 r=r+l;

36 end

33 re=re+l;

62

All other lines

ind=find(flight_info.FID(:)==a...

Calls
5988496
5988496
5988496
5988496
5261

Total Time
49.508 s
22.126s
20.523 s
19.771 s
1.243 s
6.467 s

% Time Time Plot

41.4%
18.5%
17.2%
16.5%
1.0%
5.4%

U

=
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Xcode profiler

Xcode
IPhone Software/Hardware
profiler

N €

-CPU sampler
-Object allocation -
-Memory leaks & samolr

valotal Load

<>
s - iMetro Self% | Total% E Library Symbol Name |
v Sample Perspective 20 20 1 dyld I dyld::notifySingle(dyld_image_states, ImageLoader const*)
® All Sample Counts 20 20 \ 1 dyld >l derMachOClassic::rebase(l| Loader::LinkContext const&)
O Running Sample Times 20 20 1 dyld »dyld::notifyBatchPartial(dyld_image_states, bool, char const* (*)(dyld_imag...
+ Call Tree 20 20 1 dyld » pread SUNIX2003
# Separate by Thread 20 20 1 libCGVolute.A.dyli P populate
@ invert Call Tree \
# Hide Missing Symbols
J Hide System Libraries
) Show Obj-C Only

() Flatten Recursion
b Call Tree Co

v Active Thread
(_All Threads &)

._(Q- Involves Symbol

ICAI ICADE
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Web profiler

®00o IIT - Institute for Research in Technology, Instituto de Investigacion Tecnologica

Safari
Develop>Show web inspector | vy @ e
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-JavaScript profiler
p p Py Quick Links
(x] [ﬁ Elements "@mmm-‘ ﬁs«ipts Gﬁmeline é Profiles EStorage Console (Q Search Resources

@D | poc Sty Scripts XHR Fonts Other
GRAPHS

<«

= Documents [ Stylesheets Images Scripts
rm Size 359ms 387ms 1.22s 114ms
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Web profiler
Chrome. view->Developer Tools
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Areas ce invastigackn

S., Gémez, T.
Retail pricing: a bilevel program for PEV aggregator
decisions using indirect load control,
IEEE Transactions on Power Systems.
s @ JXRm cior 3.530 (2013) - CIRC: EX Aceptado para su
publicacién,
Diaz, C.A., Webster, M., Villar, )., Campos, F.A.
Dynamics of market power in ERCOT system: a
fundamental CSFE with network constraints,
IEEE Transac on Power Systems.
= @ JCR mpact factor 3.530 (2013) - CIRC: EX Aceptado para su
pubilicacidn.

Moreno Barrado, A., Gago, R., Redondo-Cubero, A., Vézquez,

L., Munoz-Garcia, )., Cuerno, R., Lorenz, K., Castro, M.

Ion damage overrides structural disorder in silicon
surface nanopatterning by low-energy ion beam
sputtering,

EPL.

5@ JCR mpact factor 2.269 (2013) - CIRC: EX Aceptado para su
publicacién.

Ochoe, M., Roldén-Pérez, )., Garcia-Cerraca, A., Zamorea, J.
Efficient multiple-reference-frame controller for
harmonic suppression in custom power devices,
International Journal of Electrical Power & Energy Systems.
69, 344-353, (Jul/2015)
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Cache use (Matlab example)

e Browse matrix by rows or columns

suma=0; \\
for 1=1:1000 6&
: %
for 3=1:1000 V2
suma=suma+z (i, Jj); 6%6
end Cbh
%
end suma=0; 9

for 1=1:1000
for 3=1:1000
suma=suma+z (j,1i);
end

end

suma=sum(z(:));

S. McGarrity, “Programming Patterns: Maximizing Code Performance by Optimizing Memory Access,” MathWorks News & Notes, Jun. 2007
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Cache use

« More sophisticated example: Median Filter

cn=imnoise(c,'salt & pepper’);
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Cache use

o C example of sorting algorithms

//Sortl: Bubble method (close exchanges)
for(x=0; x<n-1; x++) {
for(y=0; y<n-x-1; y++) {
if(Carrayly]l>array[y+1]) {
temp = arrayl[y+1];
array[y+1] = arrayl[y];
arrayly] = temp;
}
}
}

//Sort2: Long exchanges
for(x=0; x<n-1; x++) {
for(y=x+1; y<n; y++) {
if(array[x]>array[y]l) {
temp = array[x];
array[x] arraylyl;
arrayly] temp;

}

}
}
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Matlab in particular

« Avoiding loops increases performance

>> c=imread('autumn.tif"'); IOOX
>> tic, for t=1:100, change, end, toc

Elapsed time is 5.6 seconds. \\\\\\\\\\\\\\\\\\\\\

>> c=imread('autumn.tif');
>> tic, for t=1:100, c(find(c>200))=0; end, toc
Elapsed time is 0.06 seconds.

>> tic, for t=1:100, c(c>200)=0; end, toc
Elapsed time is 0.05 seconds.

%change imagen
for i=l:size(c, 1)
*Matlab is interpreted for j=l:size(c,2)

*Internal functions are optimized for k=l:size(c,3)

. if c(i,9,k)>200
*Internal functions may use all your cores c(i,9,Kk)=0;

end
end
end
end
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External calls (memory allocation)

e 1 calloc vs 1000 realloc

>> tic, prueba, toc
Elapsed time is 54.589000 seconds.

>> tic, for t=1:100, prueba2, end,\th\\\

Elapsed time is 10.846000 seconds.

sprueba?z
z2=ones (size(z));
for 1i=1:1000
for 3=1:1000
ZZ(j/j—):Z(jri);
end
end

sprueba
for 1i=1:1000
for 3=1:1000
z2(J,1)=z(3,1);
end
end

S. McGarrity, “Programming Patterns: Maximizing Code Performance by Optimizing Memory Access,” MathWorks News & Notes, /un 2007
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Virtual memory

 Just hitting the limit of the
memory, execution time
increases dramatically.

e Creating a new variable
requires a lot of time.

« Working with a large
variable is a similar
problem as cache.

150
o) é é :
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=
= : .
= : 5 :
S [ R—————— . Y SR—
b4 : " .
5 : : :
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DF""—,— ] ]
0 100 200 300 400
Yector size (M elements)

sz=350000000;
x=rand(sz,1); tic, sort(x); toc
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