[Ipumep: cymma Tpoek

. Cymma tpoek. BozpMem N menbix uncen. CKOJIbKO
CYMM TPEX YHUCEJI PABHO HYIIIO?

% more 8ints.txt
8

30 -40 -20 -10 40 0 10 5 :

% java ThreeSum 8ints.txt
4 3




CyMma Tpoek: MeToa rpyooun cunbl

public class ThreeSum

{

public static int count(int[] a)
{

int N = a.length;

int count = 0;

for (int i = 0; 1 < N; i++)

for (int j = 1+1; j < N; J++)
for (int k = j+1; k < N; k++)
it (a[i] + a[j] + a[k] == 0)
count++;
return count;

check each triple

for simplicity, ignore
integer overflow

public static void main(String[] args)
{

int[] a = In.readInts(args[0]);
StdOut.printin(count(a));



Q. How to time a program?
A. Manual.

% java ThreeSum 1Kints.txt

70

tick vick tick

% java ThreeSum 2Kints.txt

528

tick tick tick rick tack rick téck tick
fick tick teck nack rick reck tick tack
tick tick tack ek nick rick tick ik

% java ThreeSum 4Kints.txt

4039

fack tiek tick rack nek rick tick tack
tick tick tick rick tack rick téck tick
fick tick teck nick rick reck tick tack
fick tick tick ek rick rick tick tick
tick tick tick rick rick rick tick tack
fack tick tick nack nek rick tick tack
fick tick tick tack rick tick tack tick
tick tick tick vick nick rick tick tick
fack tiek tick ek sick rick eick tick
tick tick teck tick rick rick tick tack
ek tick teck fack rick reok teck tack
ek tick tick sack ek rick tack tick
tick tick tick rick tick rick tick tick
fack tick tick nack tek rick tick tack
tick tick tack ek rick tick tick tick
tick reck tick rick nck reck teck tack
fick tiek tick ek pick rick eick tick
tick tick tick rick tick rick téck tick
tick tick tick nck tick rick tick tick
ek tiek tick sack ek rick tack tick
tick tick tick tick rick rick tick tick
ek tick teck nack rick reck tick tack
tick tick tack ik rick rick tick ik
tick tick tick nck nek reck tick ek



Q. How to time a program?
A. Automatic.

public class Stopwatch (partof stdlib.jar)

Sto pwatch () create a new stopwatch

double elapsedTime() time since creation (in seconds)




IMMUPUYECKUN aHann3

. 3aIyCK OporpamMmsbl C pa3jJIuuYHbIMU BXOAHBIMU
TAHHBIMU U U3MEPEHUE BPEMEHU BBITTOJTHCHUS

time (seconds) f

250 0.0

500 0.0

1,000 0.1
2,000 0.8
4,000 6.4
8,000 51.1

16,000 ?




AHann3 gaHHbIX
. Illkaja ¢ TMHENHBIM MacIITaOOM

standard plot 5o

40 —

30

running time T(N)

IK 2K 4K 8K
problem size N



CBouncTtBa ObICTPOro rnomcka

. Jlorapudgmudeckas mkana

log-log plot 512 -
2564

2y lg(T(N))= blgN +c

b=2.999
¢=-33.2103

6.4
3 -
50 1.6
T(N)= aN?® wherea=2¢

IK 2K 4K 8K

. Perpeccus. IlpoBecTu npsiMyro JUHUIO YEPE3 TOUKU:
b
aN



[lpeackasaHne 1 npoBepka
. Twnoresa. Bpems Boimonnenns 1,006 * 10710 * N2
CEKYH/]I
. lIpenckaszanue.

« 51,0 cexkynna oot N = 8000
. 408,1 cexynna mist N = 16000

time (seconds) f

. HaOmroneunue.

validates hypothesis!



YABoeHue rmnoTesbl

. 3anyCTUTh IIPOrpaMMy C YABOCHHBIM Pa3MEPOM
BXOJHBIX JJaHHBIX

time (seconds) f ratio lg ratio

seems to converge to a constantb = 3

. Tunoresa. Bpems Boinonnenus aN®, roe b = log,
(rat10)



YABoeHue rmnoTesbl

. Bonpoc: Kak onieHuTb a (€ciau Mbl 3HaeM b)?

. OtBert: 3anycTuTh mporpamMmy (Ha OOJBIIIOM HAOOpE
naHHbIX N) 1 HaWTH a.

time (seconds) 1

51.1 = a x 8000’

= g = (0998 x 10 -

. T'mnoresa. Bpems Bomonnenns 0,998 * 10710 * N°



OkcnepuMeHTanbHas anropuTMmKa

System independent effects.
« Algorithm. } determines exponent b i

in power law

« Input data.
determines constant a
System dependent effects. b in power law

« Hardware: CPU, memory, cache, ...

« Software: compiler, interpreter, garbage collector, ...

« System: operating system, network, other apps, ... )



