Programiranje 2, letnji semestar 2023/4

Potprogrami

Stefan Nikolic

Prirodno-matematicki fakultet, Novi Sad
08.04.2024.



Pretpostavimo da imamo sledeci problem
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10 A

Kako da nademo priblizan centar grupe tacaka? 2



Prvo pitanje

Kako da predstavimo tacke koristeCi samo ono znanje koje smo do sada
stekli na predavanjima?



Odvojeni nizovi koordinata

float xs[INUM_PTS] = {...
float ysINUM_PTS] = {...



Da se vratimo na pocetni problem
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Kako da nademo priblizan centar grupe tacaka? >



centar = (prosek x koordinata svih tacaka, prosek y koordinata svih tacaka)



To je razumna aproksimacija
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To je razumna aproksimacija
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Kada nema udaljenih tacaka koje nisu deo grupe (eng. outliers)



Da li mozemo da smislimo nesto robusnije?
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Tako da smanjimo uticaj udaljenih tacaka ?



centar = (medijana x koordinata svih tacaka, medijana y koordinata svih tacaka)
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| to je razumna aproksimacija
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| to je razumna aproksimacija

144 [ ]
[ ]
12 1
[ ]
10 1
[ ]
8 [ [ J
g o
6 ® e
ol
5]
0 T
0 2 4 6 8 10 12 14

otpornija na prisustvo udaljenih tacaka 12



Kako racunamo medijanu?

float xs[5] = {1.2, 2.7, 0.3, 4.2, 91}

13



Prvi korak: sortiramo niz

{0.3,1.2,27 42,91}



Drugi korak: biramo element u sredini

{0.3,1.2,2.7, 4.2, 91}

15



Sta radimo ako imamo paran broj elemenata?




Sta radimo ako imamo paran broj elemenata?

{0.3,12,27 31, 4.2, 91}

medijana = 2221 = 2.9



Kako to mozemo implementirati u C++-u, koristeci dosadasnja znanja?




Najpre inicijalizujemo nizove

OOV B W

Binclude <iostreams
#define NUM_PTS 25

using namespace std;
int main()
float xs[NUM_PTS] = {7.7857203028720035, 7.642458246115663, 6.215313359871936, 7.059634724385643, 6.670815698546658, 6.876282852217749, 7.036072

823998538, 7.290710191791188, 7.639716393843683, 7.752535310413255, 6.1089490156447095, 7.6043411248489505, 7.418263501562334, 6.2406483487612196, 6.806
5125974698395, 7.434551692906639, 6.51122811120167, 7.198011826278233, 7.874699069289809, 6.507268194942792, 12, 9, 12, 11, 10};

float ys[NUM_PTS] = {6.663959610602355, 6.0833932514505, 7.1901041284124805, 6.837614857113309, 7.24503886439218, 7.47176421269738, 7.1577172004
52314, 7.980448542746833, 6.826401869632361, 7.647518865141043, 7.437274473128388, 7.472813287622878, 7.081873708605056, 7.915294590939337, 6.4339023200
4712, 7.988414876843875, 7.3426188638785606, 7.434664291111027, 6.703619537079404, 6.804045018073546, 14, 9, 7, 11, 13};




Zatim koristimo insertion sort sa proslog casa da sortiramo x koordinate
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//Koristimo insertion sort sa proslog casa da sortiramo x koordinate
for{unsigned 1 = 1; 1 < NUM_PTS; ++1)

{

float val = xs[i];

unsigned j = 1i;
while((j = 0) &% (val = xs[j - 11))
{
xs[j] = xs[j - 11;
--i3
}
xs[j] = val;

20



Pa izraCunamo medijanu

26 float median_x = 0;

27 iT(NUM_PTS % 2)

28 median_x = xs[NUM_PTS / 2];

29 else

38 median_x = 0.5 * (xs[NUM_PTS / 2] + xs[NUM_PTS / 2 + 1]);
31
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Ponovimo sve to za y koordinate

//Koristimo insertion sort sa proslog casa da sortiramo y koordinate
for(unsigned i = 1; 1 < NUM_PTS; ++i)

{
float val = ys[i];
unsigned j = i;
while((j = 0) && (val < ys[j - 11))
{
ys(il = ys[j - 11;
--13
ys[j] = val;
}

float median_y = 0;
if(NUM_PTS % 2)
median_y = ys[NUM_PTS / 21;
else
median_y = 0.5 * (ys[NUM_PTS / 2] + ys[NUM_PTS / 2 + 1]);

cout =< "centar = (" =< median_x =<

<< median_y =< ")\n";

return @;

22



| usamo 55 linija koda dobijamo rezultat

centar = (7.41826, 7.34262)

23



Da li mozemo da pojednostavimo program?

24



lzdvojimo racunanje medijane u potprogram

1 Binclude <iostream=
2 #define NUM_PTS 25
3

4 using namespace std;

5

6 float median(float a[], unsigned len)

74

8 //Koristimo insertion sort sa proslog casa da sortiramo niz
9 for(unsigned i = 1; 1 < len; ++1)

10 {

11 float val = a[i];

12 unsigned j = 1i;

13 while((j = 0) && (val < a[j - 11))
14 {

15 aljl = alj - 11;

16 =13

17 }

18 al[j]l = val;

19 }

20

21 if(len % 2)

22 return a[len / 21;

23

24 return 8.5 * (a[len f 2] + a[len /7 2 + 1]);
25 } 25



Zatim umesto dve kopije istog koda, pozivamo dva puta istu funkciju

27 int main()

28

29 float xs[NUM_PTS] = {7.7857203028720035, 7.642458246115663, 6.215313359871936, 7.059634724385643, 6.670815698546658, 6.876282852217749, 7.836072
823998538, 7.290710191791188, 7.639716393843683, 7.752535310413255, 6.1089490156447095, 7.6043411248489505, 7.418263501562334, 6.2496483487612196, 6.806
5125974698395, 7.434551692906639, 6.51122811120167, 7.198011826278233, 7.874699069289809, 6.507268194042792, 12, 9, 12, 11, 10};

3e

31 float ys[NUM_PTS] = {6.663959610602355, 6.0833332514505, 7.1901041284124805, 6.837614857113309, 7.24503886430218, 7.47176421269738, 7.1577172004
52314, 7.980448542746833, 6.826401869632361, 7.647518865141043, 7.437274473128388, 7.472813287622878, 7.081873708605056, 7.915294590939337, 6.4339023200
4712, 7.988414876843875, 7.3426188638785606, 7.434664291111027, 6.703619537079404, 6.804945018073546, 14, 9, 7, 11, 13};

32

33

34 cout << "centar = (" << median(xs, NUM_PTS) << ", " << median(ys, NUM_PTS) << ")\n";

35

36 return 0;

37 3

26



U 37 linija koda dobijamo isti rezultat

centar = (7.41826, 7.34262)

27



NesSto o terminologiji

Potprogram (eng. subprogram) je za nas skup naredbi sa jasno
definisanim ulazom i izlazom, koje je moguce ponovo koristiti, nad
proizvoljnim podacima odgovarajuceg tipa.

28



NesSto o terminologiji

Osim termina potprogram, za takav skup naredbi se josS koriste i nazivi
funkcija (eng. function), metoda (eng. method), rutina (eng. routine),
podrutina (eng. subroutine), procedura (eng. procedure)...

29



NesSto o terminologiji

Neki autori insistiraju na tome da ovi termini nisu ekvivalentni

(na primer, da je procedura iskljucivo potrprogram koji ne vraca vrednost,

ili da je metoda funkcija unutar klase), no oko toga cesto ne postoji
konsenzus.

30



NesSto o terminologiji

U svakom slucaju, to su sve detalji koji za nas nisu bitni. Ono sto je bitno
je razumeti SUSTINU pojma potprograma.

31



Zasto koristimo potprograme?



Dobijamo kraci izvorni kod

F
18 alj] = val;
H
21 if(len % 2)
22 return a[len / 2];

24 return 0.5 * (a[len / 21 + allen / 2 + 1]);
25 }

27 int main()
8 {

29 flnat xs[NUM_PTS] = {7.7857203828720035, 7.64
85643, 6.670815698546658, 6.87628285: 9, 7
.639716393843683, 7.752535310413255, 6.108949015
35 2334, 6.2496483487612196, 6.8065125974698395, 7
67, 7.198011826278233, 7.874600069280809, 6.5072681

036072823998538, 7
EIS, 7.6043

31 float ys[NUM_PTS] = {6.6639595
6.837614857113300, 7.24503886439)
746833, 6.826401869632361, 7.6475 465
.081873708605056, 7 4590939337, 6
8785606, 7.43466429 6.70361! 95310/9

return 0;

32% kraci kod

458246115663, 6.215313359871! 936

4551602906639,

cout << "centar = (" << median(xs, NUM_PTS) << ", " << median(ys, NUM_PTS) <

xs[3] = val;

float median x = 0;
if(NUM_PTS % 2)
median_x = xs[NUM_PTS / 2];
else
median_x = 0.5 * (xs[NUM_PTS / 2] + xs[NUM_PTS / 2 + 1]);

//Koristimo inser
for(unsigned i

ton sort sa proslog casa da sor
1; 1 < NUM_PTS; ++i)

ramo y koordinate

float val = ys[il;
unsigned j = i;

while((j > 0} && (val < ys[j - 110}
{

ysLil = ys[j -

-1

}
ys[3] = val;

float median_y =
iF(NUM_PTS % 2)
median_y = ys[NUM_PTS / 2];

else

median_y = 0.5 * (ys[NUM_PTS / 2] + ys[NUM_PTS / 2 + 1]);
cout << "centar = (" << median x << ", " << median_y << "J\n";
return

32



Ali i kraci masinski kod

« c O 8 hupsi//godboltorg & 9 L ©@ 8 =
COMPILER
Add...~ More ™ ates Share ~ -
EXPLORER More~  Template: share Gom
source #L 2 % D %[ RISC-V (64-bits) goc (runk) (Editor £1) £ X O X [ Demied B X
B+ v £ 2 [cIa - RISC-V (64-bits) gcc (trunk) ¥ (2 @  see detailed flags window A~
33 for(unsigned i = 1; i < NUM_PTS; ++ A- @G- Y- B £ +- o 1 pofa
34 { —
e float val = ys[il; 127 fovt.d.s fa0, fso _
36 unsigned j = i; 128 "‘VH aﬂf?b s . . -
37 while((j > 0) && (val < ys[j - 1])) 129 ca std::basic_ostrean<char, std::cha
o T 130 i al,%hi(.Lcd)
o yslil = ysij - 11; 131 aas e loLes)
w e 132 i az,
- 3 133 call  std::basic_ostrean<char, std::chal |
134 1d ra, 232(sp)
a2 s[3] = val; .
ps T 135 1d s0,224(sp)
" ’ 136 fld  fs0,216(sp)
15 float median_y 137 ;1" 7l 2
6 if(NUM_PTS % 2) 138 o 20
47 median_y = ys[NUM_PTS / 2]; 139 G Sl
48 else ;’? s i ra
9 d: =0.5* ( NUM_PTS / 2 S :
. nedian_y (ySINUM_f 1 + ys[NUN_PT: Ll 4 . _—
oy 143 j L9
. 4 .24
52 cout << "centar = (" << median_x << ", " << median 144 L2k
= 145 v a5,a4
54 return o; 146 i B
55 3

C' B Output (0/0) RISC-V (64-bits) gec (trunk) i -3239ms (1013398) ~7797 lines fitered =

Asembli bez upotrebe funkcije za izracunavanje medijane
33



Ali i kraci masinski kod

« (¢} QO & nhitps/godbolt.o il © & @ 8O =
EQM_%'#E% Add..~ More~ Templates Share ~ Policies@)~ Other
urce #1 0 X 0 x [ RISCV (s4its) o x [ BX

A @ +- v B » @c++ - RISC-V (64-bits) gee (trunk) ¥ ©  see detailed flags window D A~

1 #include <iostream> A B Y- B £ e e 1 -ofas
2 #define NUM_PTS 25 — — T - —

3 109 addi  ao,sp,104

4 using namespace std; 110 1i a1,25 i

5 111 call  median(float*, unsigned int)

6 float median(float a[], unsigned len) 112 fovt.d.s fao, fa0,

7 113 mv 20,50

8 //Koristimo insertion sort sa proslog casa da sort 114 call  std::basic_ostream<char, std::chal |z

9 for(unsigned i = 1; i < len; ++i) 115 lui  a1,%hi(.Lcs)

10 { 116 addi a1,a1,%lo(.LC5)

11 float val = a[il; 117 1 az,2

12 unsigned j = i; 118 call std: :basic_ostream<char, std::cha

13 while((j > 0) && (val < a[j - 11)) 119 1d ra, 216(sp)

14 { 120 1d s8,208(sp)

15 a[jl = alj - 11; o121 1i 20,0

16 --1i 122 addi  sp,sp,224

17 } 123 jr ra

18 a[j] = val; 124 Lc2

19 } 125 word 1056964608

20

21 if(len % 2)

2 return a[len / 2];

23 . =

24 return 0.5 * (a[len / 2] + aflen / 2 + 11); C Rouput (0/0) Riscy H oD =

25} Compiler License

Asembli sa upotrebom funkcije za izracunavanje medijane
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O tome kako su potprogrami zapravo implementirani cemo vise reci uskoro
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Odrzavanje je Cesto bitnije od razvoja

Analogija: nije problem samo rezbariti drvo, vec i brisati prasinu

36



Potprogrami nam omogucuju modularni razvoj softvera

Menjamo implementaciju funkcije
ali njen interfejs ostaje isti

void sort(float a[], unsigned len) I

7 void sort(float a[], unsigned len)
9 //Koristino insertion sort sa proslog casa da sortiramo niz
10 for(unsigned i = 1; i < len; ++1)
1
12 float val = a[\],

13 unsigned j =

14 while((j > 0) && (val < a[j - 11))

15 {

16 aljl =alj - 11

17 S H

18 }

19 a[j] = val;
20 }
21 }

B float median(float a[], unsigned len)

x

2 sort(a, len);

2

2 if(len % 2)

] return a[len / 2];

2

b return 0.5 * (a[len / 2] + a[len / 2 + 11);

E B

3

P int main()

¥r{

Samim tim ne moramo

menjati ni logiku preostalog
dela programa

g
//Koristimo Shell sort sa proslog casa da sortiramo niz
unsigned gap = 1;
do
{
1 gap *= 3;
++gap;
} while(gap <= len);
do
{
gap /= 3;
for(unsigned i = gap; i < len; ++i)
float val = a[\],
unsigned j
wmle(val < a[] - gap]l)
a[jl = alj - gapl;
j -= gap;
if(j < qap)
break;

)
alj] = val;

} while(gap > 1);

")

nﬂoat median(float a[], unsigned len)

sort(a, len);

37



Neke od prednosti modularnosti

- Prvo mozZemo napisati najjednostavniju mogucu implementaciju (na
primer selection sort)

- Ako se ispostavi da nije dovoljno dobra za nase potrebe, onda
mozemo utrositi vise vremena na pisanje bolje ali slozenije
implementacije (na primer Shell sort)

38



Neke od prednosti modularnosti

Modularnost je veoma korisna za timski razvoj: dok jedna osoba pise
jedan potprogram, druga moze da pise neki drugi

39



Neke od prednosti modularnosti

Tutorials
Reference
Articles
Forum

~ C library:
<cassert> (assert.h)
<cctype> (ctype.h)
<cermo> (errno.h)
<cfenv> (fenv.h)
<cfloat> (float.h)
<cinttypes> (inttypes.h)
<cis0646> (is0646.h)
<climits> (limits.h)
<clocale> (locale.h)
<cmath> (math.h)
<csetjmp> (setjmp.h)
<csignal> (signal.h)
<cstdara> (stdara.h)

cplusplus.com/reference/cmath/atan B % @ L © 8 =

Reference : <cmath> : atan

function
<cmath> <ctgmath>
atan

[co0|c99|c++98[C++11| @
‘ double atan (double x); float atan (float x);long double atan (long double x);

Compute arc tangent

Returns the principal value of the arc tangent of x, expressed in radians.
In trigonometrics, arc tangent is the inverse operation of tangent.

Notice that because of the sign ambiguity, the function cannot determine with certainty in which quadrant the angle falls only
by its tangent value. See atan2 for an alternative that takes a fractional argument instead.

Vrlo Cesto, ni ne moramo pisati nove funkcije, vec mozemo koristiti one
koje su drugi napisali, ili koje smo mi ranije napisali za neki drugi program

40



Nije dobro izmisljati toplu vodu, ali

Alan Mishchenko

ABC: The Way It Should Have Been Designed

Research Scientist

i i ABC: The Way It Should
Have Been Designed

Thursday, 28 September 2017 at 11:00 in room BC 420

= Alan Mishchenko
.

Abstract:

~Department of EECS, UC Berkeley

\ \

Twelve years ago, in September 2005, the first public version of ABC was released. It featured technology-
independent synthesis by DAG-aware rewriting, technology mapping for standard cells and lookup tables,
and simple combinational equivalence checking, all based on the And-Inverter Graphs (AIG) data-structure
used to unify the computation flow. In the coming years ABC has been adopted as an optimization engine
and a research environment by a number of academic and industrial users. The use that followed exposed
anumber of shortcomings in the original design of ABC. This talk focuses on what is present and, more
importantly, what is missing in ABC, and how ABC could be redesigned to make it more versatile and user-
friendly. The motivation for this talk is to help academic researchers maximize the usefulness of their tools
and set a new standard for future versions of ABC

Jedna od glavnih poruka: ne treba se suzdrzavati od pisanja kljuénih delova programa iznova i iznova

41



Nesto o paradigmama




Sta smo radili do sada?

Nacin programiranja koji smo do sada proucavali nazivamo proceduralnim
programiranjem

42



Sta smo radili do sada?

Proceduralno programiranje se zasniva na podeli problema na
potprograme (funkcije, procedure)

43



Sta cemo raditi od sledece nedelje?

Pocevsi od sledece nedelje, bavicemo se objektno-orijentisanim
programiranjem, u kom potprograme pridruzujemo podacima nad kojima
operisu, stvarajuci posebnu vrstu modula koju nazivamo objektima

44



Postoji i funkcionalno programiranje

© 08 =8 youtube.com & 9 L @8 =

= > YouTube

Functional versus Object-Oriented Programming (ft. Martin Odersky)

g Zettabytes, EPFL G702 G 2 Shae e

https://www.youtube.com/watch?v=K_g xUtydpg&list=
PL95IbaKDuVrLT_Z0-D-H3aD5_W_cdHXEq
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https://www.youtube.com/watch?v=K_g_xUtydpg&list=PL95IbaKDuVrLT_ZO-D-H3aD5_W_cdHXEq
https://www.youtube.com/watch?v=K_g_xUtydpg&list=PL95IbaKDuVrLT_ZO-D-H3aD5_W_cdHXEq

| proceduralno i funkcionalno programiranje sezu u 1930-te

Alan Turing Alonzo Church
OBE FRS

Tunng in 1936

Born Alan Mathison Turing
23 June 1912

Born June 14,1903
Maida Val
aida Vale, London, England Washington, D.C., U.S.
Died 7J 1954 d 41
une (aged 41) Died August 11, 1995 (aged 92)

Wilmslow, Cheshire, England
Hudson, Ohio, U.S.

Proceduralno programiranje Funkcionalno programiranje
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Nagradno pitanje

Sta su Tjuring i Cerc bili po obrazovanju?

47



Alan Mathison Turing

Biography MathSciNet

Ph.D. Princeton University 1938

Dissertation: Systems of Logic Based on Ordinals

Advisor: Alonzo Church
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Siméon Denis P
cet

Biography M

Ph.D. Ecole Polytechnique 1800 I I
Dissertation:

Advisor 1: Joseph Louis Lagrange
Advisor 2: Pierre-Simon Laplace

Michel Chasles H. A. (Hubert Anson) Newton

BA. Yale University 1850

PhD. Ecole Poiyechnique 1814 | | —>

Dissertation:

Dissertation:

Advisor: Siméon Denis Poisson

E. H. (Eliakim Hastings) Moore
Doy MaSane Oswald Veblen
PRD. Yale University 1885 BEE= ——

Dissertation: Extensions of Certain Theorems of Cifford and Cayley inthe ~ =———3B=  Ph.D. The University of Chicago 1903 HEE=
Geomely of n Dimensions

Dissertation: A System of Axioms for Geometry

Advisor: H. A (Hubert Anson) Newton

Advisor: E. H, (Eliakim Hastings) Moore

Alonzo Church

&

anscnel . .
—_— Alan Mathison Turing
Ph.D. Princeton University 1027 BEE= Biography Matn

Dissertation: Altemnatives to Zermelo's Assumption —  pnD. Princeton University 1938
Mathematics Subject Classification: 06—Order, lattices, ordered algebraic
structures

Dissertation: Systems of Logic Based on Ordinals

Advisor: Alon

Advisor:




Siméon Denis Poisson

ErEre—— |

Disserton

Michel Chasles

s

Gaston Darboux

o ecceromemaum t6ts | | B> om0 2coe ol suparmee s 155 ] ]
P L ————.
e u Ao et

C. Emile (Charles) Picard

[— ]

e courbes gauches
Matherascs SutjeceCissifcaon: 4—Algebric gecmetry

P e—

Mihailo Petrovi¢

RYIpTe————1 |
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i) sy

Jovan Karamata

PhD. Universiy of Belgrace 1926 I
Dissetaion: O ool st granca e ooredenim integralima

s i

—

Bogoljub Stankovié

PhD. Serbian Academy of Sciences 1061 I

Stevan Pilipovié

PhD. Universiy of Novi Sad 1070 I

Matemsics Sutject issision 45—Inleral equatons.
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View of Sequerial Theory
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Vratimo se na potprograme

Sta nam oni jo5 omogucuju?

51



Verifikacija




Neophodno je da osiguramo da nas program ispravno radi

52



Dva osnovna pristupa verifikaciji

1. Funkcionalna verifikacija (testiranje): za niz ulaznih podataka
PROVERAVAMO da li je izlaz oCekivan

2. Formalna verifikacija (Cesto je nazivamo samo ,verifikacija”):
DOKAZUJEMO da je nas program ispravan za SVE ulazne podatke

53



Funkcionalna verifikacija (testiranje

o8 nwikipedia.org/wiki/Pentium_FDIV_bug G L @ f =

neyelopedia Q search Wikipediz Search Creste account Login ee
Pentium FDIV bug ¥A 15languages v
Article  Talk Read Edit View history Tools v
From Wikipedia, the free encyclopedia ®

The Pentium FDIV bug is a hardware bug affecting the floating-point unit (FPU) of the early Intel Pentium
e processors. Because of the bug, the processor would return incorrect binary floating point results when
dividing certain pairs of high-precision numbers. The bug was discovered in 1994 by Thomas R. Nicely,a
professor of mathematics at Lynchburg College.!!! Missing values in a lookup table used by the FPU's
\g-point division small errors. While these errors would in
most use-cases only occur rarely and resultin small deviations from the correct output values, in certain
circumstances the errors can occur frequently and lead to more significant deviations.

The severity of the FDIV bug is debated. Though rarely encountered by most users (Byte magazine
estimated that 1 in 9 billion floating point divides with random parameters would produce inaccurate
results), ] both the flaw and Intel's initial handling of the matter were heavily criticized by the tech
communty. 66 Mz Intel Pentium &
(sSpec=5X837) with the FOIV bug

In December 1994, Intel recalled the defective processors in what was the first full recall of a computer
chip.! Inits 1994 annual report, Intel said it incurred *a $475 million pre-tax charge ... to recover
replacement and write-off of these microprocessors {5

Testiranje nam moze pomoci da otkrijemo da nas program ne radi, ali ako
ne prodemo sve kombinacije ulaznih podataka, testiranjem ne mozemo

dokazati da ispravno radi .



Podela programa na potprograme smanjuje broj kombinacija ulaza u svakom od njih

Tada ogranicen broj testova pokriva veci broj mogucih kombinacija i
povecava verovatnocu da smo otkrili sve greske
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Kako izgleda testiranje?

Funkcija koju testiramo

ulazi i Iloat median(float a[], unsigned len) o oiekivani rezultati
a={2,571 4} 5 sort(a, len); 7
a={118,6,1} —> b —> proizvedeni —
a={13,7} 2 rewm o Goflen s 21+ aften s 2+ 11 rezultat 10
3}

Ako uocCimo da se rezultat razlikuje od ocekivanog, detektovali smo gresku
(ali je jos nismo locirali)

56



Lociranje gresaka je lakSe ako

08
‘WIKIPEDIA

The Free Encyclopedia

hide

ed test

and disadvantages

le specifications

Logika: ako funkcija nije ispravna, nece biti ni druga koja je koristi

en wikipedia.org/wiki/Un

Q_ search Wikipedia Search

Unit testing

Atticle  Talk

From Wikipedia, the free encyclopedia

In computer programming, unit testing is a software testing method by which individual units of
source codesets of one or more computer program modules together with associated control
data, usage procedures, and operating p testedto they are fit for
use"l It is a standard step in development and implementation approaches such as Agile.

History [edit]

Unit testing, as principle for testing separately smaller parts of large software systems dates back to
the early days of software engineering. In June 1956, H.D. Benington presented at US Navy's
Symposium on Advanced Programming Methods for Digital Computers the SAGE project and its
specification based approach where the coding phase was followed by “parameter testing" to
validate component subprograms against their specification, followed then by an "assembly testing*
for parts put together, 23]

In 1964, a similar approach is described for the software of the Mercury project, where individual
units developed by different programmes underwent "unit tests" before being integrated together I
In 1969, testing methodologies appear more structured, with unit tests, component tests and

najpre testiramo svaku funkciju posebno

Create account Login ++*

XA 29 languages

Read Edit View history Tools v

Partof a series on
Software development
Core activities [hide]
Data modeling- Processes - Requiremets -
Design - Construction - Engineering - Testing -
Debugging - Deployment - Maintenance
Paradigms and models [show]

Methodologies and frameworks ~ [show]

Supporting disciplines Ishow]
Practices Ishow]
Tools Ishow]

Standards and bodies of knowledge [shou]

Glossaries [show]
Outlines [show]
veTeE
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Testove bi trebalo automatski pokretati pri svakoj izmeni

c [ol-) 1 wikipedia.org/wi fon_testi B w 9 ¥ @ 8
7)) WIKIPEDIA Q searchy Search Create account Login +e+
o) TheFree Encyclopedia
on testing S 23languages
ontents hide Article Talk Read FEdit Viewhistory Tools v
fop) From Wikipedia, the free encyclopedia
ackground This articleis about For the statistical , see Regression analyss.
echniques

Regression testing (rarely, non-regression testing!")) is re-running functional and non-functional tests

Partof a series on
ctes ” " i . 2l
Retest 10 ensure that previously developed and tested software stll performs as expected after a change. Software development
Regression test selection If not, that would be called a regression Core activities -
Test case prioritization Changes that may require regression testing include bug fixes, Paradi d model fshow]
Types of test case configuration changes, and even substitution of electronic components (hardware). ¥ As regression | Methodologies and frameworks  [show]
prioritization test suites tend to grow with each found defect, test automation is frequently involved. The evident | Supporting disciplines fshow]
Hybrid exception s the GUIs regression testing, which normally must be executed manually. Sometimes a | pr.cyces howd
change impact analysis is performed to determine an appropriate subset of tests (non-regression
enefits and drawbacks analysist, Tools fshow]
ses Standards and bodies of knowledge [<ov]
Glossaries fshow]
eealso Background [edit]
Outlines [show]
eferences As software is updated or changed, or reused on a modified target, emergence of new faults and/or o
xternal links re-emergence of old faults s quite common.

Da bismo bili sigurni da nova izmena nije pokvarila nesto sto smo nakon
prethodnog testiranja pretpostavili da je ispravno
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Kako nalazimo ocCekivane rezultate?

Funkcija koju testiramo

ulazi 23 float median(float a[], unsigned len)
24 {

a={2,571,4} b sort(a, len); 2 ocekivani rezultati
a={1,1,86 1) —_— 7 e = prOizvedeni —

28 return aflen / 2];

a= (13: 7} §3 return 0.5 * (a[len / 2] + a[len / 2 + 1]); rezultat
n) 10
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Kako nalazimo ocCekivane rezultate?

Jedna mogucnost je da ih ruc¢no izracunamo

60



Kako nalazimo ocCekivane rezultate?

Funkcija koju testiramo

ulaZI §i float median(float a[], unsigned len)
a= {2 5 7 ]_ 4} 25{ sort(a, len);

1 J 1) ) 26 i .
a=1{186, 1} A el Proizvedeni
a= {131 7} gg N return 0.5 * (a[len / 2] + a[len / 2 + 1]); rezultat

31
?
. ocekivani
Referentni model =P czultat

Druga je da imamo referentni model u Ciju ispravnost verujemo i sa kojim

poredimo ponasanje testirane funkcije o



Sta moZze biti referentni model?

Funkecija koju testiramo

ulaZI 23 Eloat median(float a[], unsigned len)

24
a-= {2, 5’ 7, 1, 4} %Z sort(a, len);
as {1' 1’ 8' 6' 1} g; Hlten %r;t)urn a[len / 2]; prOIZvedenl

29
a= {131 7} 30 ) return 0.5 * (a[len / 2] + a[len / 2 + 1]); reZUItat

31

?
. ocekivani
Referentni model =P czultat
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Sta moZze biti referentni model?

Funkcija koju testiramo

ulazi

2= {1,1,8,6,1} She].]. Sort _’ proizvedeni
a={13,7} rezultat
?

. oc¢ekivani
Selection sort  |™F rezutat

Referentni model

Referentni model je najcesce sporija ali znatno jednostavnija
implementacija iste funkcije 63



Sta moZze biti referentni model?

Funkcija koju testiramo

ulazi

2= {1,1,8,6,1} She].]. Sort _’ proizvedeni
a={13,7} rezultat
?

Ugradeni sort

kivant
= et
u Python-u

Referentni model

Referentni model je najcesce sporija ali znatno jednostavnija
implementacija iste funkcije 63



Testiranje upotrebom referentnog modela

Ulazne podatke mozemo generisati i nasumicno, a ocekivane rezultate
mozemo sacuvati u fajl, da ne bismo mnogo puta tokom razvoja cekali na
evaluaciju spore implementacije koriscene u modelu
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Opsti princip: upotreba testiranja za procenu optimalnosti

Stephen Cook Jleounp Axatonbesuy JlesuH
oc oont

COMPUTERS AND INTRACTABILITY
A Guide 10 the Theory of NP-Completeness

Dara poxaenns 2 HosGpsi 1948 (75 ner)
MecTo poaeHus [1HenponeTposck,
YpauHckas CCP, CCCP

. Crpana CCCP, CWA
~ Cookin2008 Hayunas chepa  unpopmaTuka
Bom Stephen Arthur Cook Mecro paboTbi  BOCTOHCKWA yiMBEpCHTET
Dect er 14,1939 (age 84)

Anvma-matep  MTY (mexwmar)

uffalo, New York
Alma mater Har t

Knownfor NP

Nekada su problemi koje resavamo toliko slozeni da ne znamo ni jedan
algoritam pomocu kog mozemo da nademo tacno resenje za proizvoljnu
instancu problema u razumnom vremenu
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Jedan konkretan primer

Problem: Imamo graf i potrebno je da svakom c¢voru dodelimo koordinate
u 2D ravni, tako da se nijedna dva cvora ne preklapaju a da zbir Euklidovih
rastojanja izmedu svaka dva ¢vora medu kojima postoji grana bude
minimalan.

U opstem slucaju, ne znamo kako da nademo optimalno resenje.

Ali mozemo da osmislimo algoritme koji konstruisu prihvatljiva resenja

https:
//github.com/verilog-to-routing/vtr-verilog-to-routing
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https://github.com/verilog-to-routing/vtr-verilog-to-routing
https://github.com/verilog-to-routing/vtr-verilog-to-routing

Legalno naspram optimalnog resenja

Postoje uslovi koje reSenje mora da zadovolji da bi bilo LEGALNO

Na primer, u prethodnom problemu, svako resenje u kom su svim
cvorovima dodeljene koordinate i nijedna dva cvora se ne preklapaju je
legalno
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Legalno naspram optimalnog resenja

Optimalno reSenje je ono legalno resenje koje je najbolje spram
postavljenog kriterijuma

U prethodnom primeru, to je reSenje sa minimalnom zbirnom duzinom
grana

Optimalno resenje ne mora biti jedinstveno
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Kako da proverimo koliko je nas algoritam daleko od optimuma?
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KonstruiSemo instance problema za koje unapred znamo optimalno resenje

B https:/rwebsrv.cecs.uci.edu. -papers/compendiumg4-03/papers/2003/aspdac03/pdffiles/07b_1.pdf B €% b ® 8

— |+ AutomaticZoom ~ 8 | I

Optimality and Scalability Study of Existing Placement Algorithms
Chin-Chih Changl, Jason Cong, Min Xie
Department of Computer Science
University of California at Los Angeles
Los Angeles, CA 90095

Email: { cchang, cong, xie } (@cs.ucla.edu

Slicno kao kod funkcionalne verifikacije, ni ovde ne mozemo da
garantujemo optimalnost algoritma u opStem slucaju tako sto potvrdimo

da daje optimalan odgovor na sve generisane primere 20



KonstruiSemo instance problema za koje unapred znamo optimalno resenje

B https:/rwebsrv.cecs.uci.edu. -papers/compendiumg4-03/papers/2003/aspdac03/pdffiles/07b_1.pdf B €% b ® 8

— |+ AutomaticZoom ~ 8 | I

Optimality and Scalability Study of Existing Placement Algorithms
Chin-Chih Changl, Jason Cong, Min Xie
Department of Computer Science
University of California at Los Angeles
Los Angeles, CA 90095

Email: { cchang, cong, xie } (@cs.ucla.edu

Medutim, ako su primeri koje konstruisemo slicni onim koji se javljaju u
praksi, ovakvim pristupom mozemo da detektujemo da je nas algoritam

daleko od optimuma, pa mozemo da pokusamo da ga unapredimo -



Formalna verifikacija




Formalna verifikacija omogucuje dokazivanje da nas program ispravno radi
za SVE kombinacije ulaza
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Da bismo znali Sta dokazujemo, potrebna nam je formalna specifikacija programa

s
Tony Hoare
FRS FRENg

Tony Hoare in 2011
Pronunciation /toniho 1/
Bomn Charles Antony Richard
Hoare
11 January 1934 (age 90)
Golombo, British Geylon
Other names  C.A.R.Hoare
Education University

Known for

Za to Cesto upotrebljavamo Horovu logiku
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Za kratku ilustraciju ¢emo pozajmiti jedan primer iz Svedske

Part II. Hoare Logic and Program
Verification

Dilian Gurov
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AV 7 of8

Example

Proof Tableau

X=X, Precondition

Ako se program neposredno pre izvrSenja naredbe nalazi u stanju u kom je preduslov zadovoljen,

nakon $to izvr§imo naredbu, mora preci u stanje u kom je zadovoljen postuslov

* Program Abs
. if (x > 0) {
if (x > 0) { (x=xA x>0 If
v = x; x=|%) Implied ( )
Y = X;
} else { y=1% Assignment
= -x; } else {
} Y x=xA—=(x>0)) If
x=|x Implied ()
ifi i Yy = -x;
can be specified with = 1%h Assignment
= o (y= }
(.X X‘,> Abs <y ‘ X0 D ¥=|%) Postcondition
preduslov
naredba s ®
.
postuslov
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(x=x,) preduslov za ¢itav program,; pretpostavimo da vaZzi
if (x > 0) {
{x=x,Ax>0)
(x=|x,)
Yy = X;
y=1x
} else {
(x=x,A—=(x>0))
(x=|x)
Yy = -X;
=%
}
(¥ =|x,) postuslov za ¢itav program
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(x=x,) preduslov za ¢itav program; pretpostavimo da vazi

if (x > 0) {
| (x=x~x>0)] Akosmo usliugranu if(x>0),

x mora biti vece of nule

(x=1x)
Yy = X;
¥=1x%)
} else {
(x=x,n—=(x>0))
(x=]x%)
Yy = -X;
¥=1x
}
(¥ =|x,|) postuslov za ¢itav program
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(x=x,) preduslov za ¢itav program; pretpostavimo da vazi

if (x > 0) {

(x=x,Ax>0)
I -:::X: X,,|:i' I

Yy = X;

=%

} else {
(x=xA—(x>=0))
(-x=|x%)

Yy = -X;
=%

Iz prethodnog iskaza, ovo vazi po definiciji

}
(¥ =|x,) postuslov za ¢itav program
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(x=x,) preduslov za ¢itav program,; pretpostavimo da vaZzi
if (x > 0) {
(x= X ANX= (),:j,
(x=|x,)
Yy = X;
L_o=1x]
} else {
(x=x,A—=(x>0))
(x=|x)
Yy = -x;
y =|x, |.

| Prosta posledica dodele

}
(¥ =|x,) postuslov za ¢itav program
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(x=x,) preduslov za ¢itav program,; pretpostavimo da vaZzi
if (x > 0) {
(x= X ANX= (),:j,
(x=|x,)
Yy = X;
=%
} else {
[(x=x—(x>0))] Akosmo uelsegrani,xje<=0
(-x=1]x[)
Yy = -X;
.;::y: X, |.

}
(¥ =|x,) postuslov za ¢itav program
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preduslov za ¢itav program,; pretpostavimo da vaZzi

(x=x)

if (x > 0) {
(x=x,nx>0)
(x=1|x)

(¥ =|x,|) postuslov za ¢itav program
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(x=x,) preduslov za ¢itav program; pretpostavimo da vazi

if (x > 0) {
(x=x,Ax>0)
(x=|x,)
Y = X;
¥=1xl

} else {
(x=x,A—=(x>0))

(-x=|x%)

Yy = -X;

A ovo je posledica dodele

(¥ =|x,) postuslov za ¢itav program
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preduslov za ¢itav program,; pretpostavimo da vaZzi

(x=X,)

if (x > 0) {
(x=x,Ax>0)
(x= X”|‘:I'

(y=|x,|) postuslov za ¢itav program

Posto smo dokazali da postuslov proistice iz preduslova za sve moguce
putanje izvrSenja programa, dokazali smo da je program tac¢an
75



Dokaze ne moramo sprovoditi

0 6 np

PEDIA

neyclopedia

sdicate logic

en.wikipedia.org/wi

Q_ search Wikipedia Search

Z3 Theorem Prover

Article  Talk

From Wikipedia, the free encyclopedia

23, also known as the Z3 Theorem Prover, is a satisfiability modulo theories (SMT) solver developed
by Microsoft.?l

Overview [edit]

23 was developed in the Research in Software Engineering (RISE) group at Microsoft Research
Redmond and is targeted at solving problems that arise in software verification and program

analysis. Z3 supports arithmetic, fixed-size bit-vectors, extensional arrays, datatypes, uninterpreted
functions, and quantifiers. Its main applications are extended static checking, test case generation,

ation needed]

and predicate abstraction

73 was open sourced in the beginning of 2015.1% The source code is licensed under MIT License
and hosted on GitHub. !l The solver can be built using Visual Studio, a makefile or using CMake and
runs on Windows, FreeBSD, Linux, and mac0S

The default input format for Z3 is SMTLIB2. It also has officially supported bindings for several
programming languages, including C, C++, Python, .NET, Java, and OCamls!

Create account Login *

XA 1language
Read Edit Viewhistory Tools

Z3 Theorem Prover

Z3

Original author(s) Microsoft Research
Developer(s)  Microsoft

Initialrelease  2012; 12 years ago

Stable release  4.13.011 4 / 7 March 2024;

28 days ago
Repository github.com/Z3Prover/23 21
Written in C

Operating system Windows, FreeBSD, Linux
(Debian, Ubuntu), macos
Platform 1A-32, X86:64,
Wet

\ssembly, arm64

Medutim, automatski dokazivaci imaju ogranicenu moc

B

v
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Prednost modularnosti

Sto je veci broj stanja u programu i putanja izmedu njih, automatski
dokazivaC mora da pretrazi veci prostor, pa je manje verovatno da ce naci
dokaz u razumnom vremenu

77



Prednost modularnosti

Potprogrami imaju manji prostor stanja od celog programa, pa je lakse
verifikovati neke od njih (ciljamo na one kod kojih greske imaju
najopasnije posledice)
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Vise o verifikaciji mozemo cuti od Viktora Kuncaka

© 0 8 =W youtube.com t & W © L& @ 8 =

Basics of Program Verification (ft. Viktor Kuncak)

fum  Zettabytes, EPFL G2 D e
5K subscrbers _

From ZettaBytes, EPFL Presentations >

https://www.youtube.com/watch?v=201oktdryYM
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https://www.youtube.com/watch?v=20loktdryYM

U R® lara.epfl.ch/~kuncak

— | + Automatic Zoom v

Early Achievements

Best Student of University of Novi Sad in Class of 2000.

Aleksandar Popovi¢ Award for Best Science Project (Modular Interpreters in Haskell, Advisor:
Prof. Mirjana Ivanovic), University of Novi Sad, 2000.

Student of the Year of Faculty of Science, University of Novi Sad, 2000.

Mileva Maric-Einstein Award for accomplishments in Computer Science, University of Novi
Sad, 1999

Awards of Excellence for Student Projects (Early Deadlock Prevention, Advisor: Prof. Zoran
Budimac), University of Novi Sad, 1999; (Herbrand’s Theorem and the Resolution Method, Ad-
visor: Prof. Gradimir Vojvodic), University of Novi Sad, 1998

Fellowship of the Serbian Foundation for Scientific Youth Development, 1995-1998
University of Novi Sad Fellowship, 1998-2000

Honorable Mention, 27th Int. Physics Olympiad, Oslo, Norway, 1996, First prizes on National
Physics Competition of FR Yugoslavia in 1992, 1994 and 1996.
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Mala digresija

Sir
Tony Hoare
FRS FREng

Tony Hoare in 2011

Pronunciation  /tonihor/

Sta su zajednicko imali Ljevin i Hor?

Leonid Anatolievich Levin

Leonid Levin in 2010

Born November 2, 1948 (age 75)
Dnipropetrovsk, Ukrainian SSR,

Soviet Union

Alma mater Moscow University
Aassachusetts Institute of

81



Mala digresija

Mathematics Genealogy Project

C. A. R. (Tony) Hoare

Ph.D.

Dissertation:

Advisor

ndrei Nikolayevich Kolmogorov

Mathematics Genealogy Project

Leonid Anatolievich Levin

et

Ph.D. Lomonosov Moscow State University 1972 -

Dissertation: Some Theorems on the Algorithmic Approach to Probability
Theory and Information Theory (unsuccessful defence for political reasons)

I Advisor 1: Andrei Nikolayevich Kolmogorov I

Ph.D. Massachusetts Institute of Technology 1979

Dissertation: A General Notion of Independence of Mathematical Objects: Its
Applications to Some Problems of Probability Theory, Mathematical Logic and
Algorithm Theory

Mathematics Subject Classification: 03—Mathematical logic and foundations

Advisor 1: Albert Ronald da Silva Me:

jer

Anppej Konmoropos

Nuunn nogaum

Aatym pohera
Mecro pofjersa
Aatym cMpTH
MecTto cMpTH

ApXaBrbaHCTBO

25. anpun 1903.

Tam6oB, Pycka Mmnepuja
26. okTo6ap 1987. (84 rop.)
Mocksa, CCCP

81
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Mala digresija

Best-case O(nlogn) (simple
Mathematical analysis of quicksort shows that, on average, the algorithm takes O(n log n) performance partition)
or O(n) (three-way

comparisons to sort n items. In the worst case, it makes 0(113) comparisons.
partition and equal keys)

. Average O(nlogn)
History [edit] performance
[rhe quicksort algorithm was developed in 1959 by Tony Hoarelwhile he was a visiting student at w°'s‘l’“se SDace O(;’) auxiliary (naive)
ity il
Moscow State University. At that time, Hoare was working on a machine translation project for the i ((}){(0:'211';:2”)” fary
National Physical Laboratory. As a part of the translation process, he needed to sort the words in o N
ptimal o

Russian sentences before looking them up in a Russian-English dictionary, which was in alphabetical
order on magnetic tape.!5) After recognizing that his first idea, insertion sort, would be slow, he came
up with a new idea. He wrote the partition part in Mercury Autocode but had trouble dealing with the list of unsorted segments. On return to
England, he was asked to write code for Shellsort. Hoare mentioned to his boss that he knew of a faster algorithm and his boss bet a sixpence
that he did not. His boss ultimately accepted that he had lost the bet. Hoare published a paper about his algorithm in The Computer Journal
Volume 5, Issue 1, 1962, Pages 10-16 (2. Later, Hoare learned about ALGOL and its ability to do recursion that enabled him to publish an improved
version of the algorithm in ALGOL in Communications of the Association for Computing Machinery, the premier computer science journal of the
time.[2/6l The ALGOL code is published in Communications of the ACM (CACM), Volume 4, Issue 7 July 1961, pp 321 Algorithm 63: partition and
Algorithm 64: Quicksort 2.

Quicksort gained widespread adoption, appearing, for example, in Unix as the default library sort subroutine. Hence, it lent its name to the C
standard library subroutine qsortw and in the reference implementation of Java.

Robert Sedgewick's PhD thesis in 1975 is considered a milestone in the study of Quicksort where he resolved many open problems related to the
analysis of various pivot selection schemes including Samplesort, adaptive partitioning by Van Emdenl® as well as derivation of expected number
of comparisons and swaps 171 Jon Bentley and Doug Mcllroy in 1993 incorporated various improvements for use in programming libraries,

Kad smo vec radili sortiranje 8



A govorili smo i o Dancigu i resSavanju otvorenih problema za domaci

Augpeit Hukonaesuy Konmoropos Kapauy6a AHaTonuii Anekceesuy t 1.wikipedia.org/wiki/Karatsuba_algorithm

History [edit]

The standard procedure for multiplication of two n-digit numbers requires a number of
elementary operations proportional to n%, or O(n?) in big-0 notation. Andrey Kolmogorov
conjectured that the traditional algorithm was asymptotically optimal, meaning that any

algorithm for that task would require €(n®) elementary operations.

In 1960, a seminar on problems in cybernetics at the
Moscow State University, where he stated the (n?) conjecture and other problems in the
complexity of computation. Within a week, Karatsuba, then a 23-year-old student, found an

algorithm that multiplies two n-digit numbers in O(n'°%2 *) elementary steps, thus
the was very excited about the discovery; he
[flata poxaeHus 31 sHBaps 1937
MecTo poxaeHus  [PO3HbIi
Data cMepTi 28 centAbpA 2008
Wms npu bp. Andrei Nikolaievitch (71 rop)
OMACHUH Kolmogorov I . ~ LI
_— e Mectocuepru  Mockss, Poccum Pri¢a o Karacubinom mnoZenju:
ra powaenwn 25 anpens 19031 Crpmn aiipindisai ? S, ! .
Mecro Tam60s, Poconckan " nekad se isplati i¢i i protiv autoriteta
ayunan chepa MaremaTuka
poxaenus wmnepusls!
Mecto pa6otsi MWAH, Mry
fata cmepTh 20 okta6ps 1987134Il-1
Anbma-matep MY (Mexmar)

(84 rona)
YuéHas cTeneHs  [10KTOp dM3NKO-
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Vestacka inteligencija nas polako sustize

« (¢} O 8 n

Google DeepMind

Current state

About

‘deepmind.

Research

Overview Blog

google/discover/by

Technologies  Impact  Discover

The Podcast

Visualising Al
AlphaTensor Algorithmic State update
instruction
Repeat

Single-player

multiplication

0, blue for 1, and

me played by AlphaTensor, where the goal is to find a correct matrix

Igorithm. The state of the game is a cubic array of numbers (sho
green for -1), representing the remaining

as grey for

ork to be done.

New state

>
Sl

»

Volker Strassen

| Volker Strassen giving the Knuth Prize lecture

Bom April 29,1936 (age 87)

Diisseldorf Gerresheim,

Beyond this example, AphaTensor's algorthm Improves on Strassen's two-Tevel
algorithm in a finite field for the first time since its discovery 50 years ago. These

art complexity - up to thousands of matrix multiplication algorithm:
showing

ZTgorThms Tor muTipTymg small matrce:
larger matrices of arbitrary size

2 be Used a5 primives 1 muTtp]

[y muct

state-of-the-
r each size,

Moreover, AlphaTensor also discovers a diverse set of algorithms with

t the space of matrix multiplication algorithms is richer than previously
thought
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Dovoljno smo odlutali; vratimo se na potprograme
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Sintaksa potprograma




Deklaracija funkcije

povratni_tip identifikator_funkcije(niz_parametara);

Deklaracija specificira interfejs funkcije sa ostalim funkcijama, ali ne i
njenu implementaciju

(govori nam kako da koristimo funkciju, ali ne i kako ona radi)
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Primer

int abs(int x);
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Preporuka

[«
®

@ O 8 hitpsv/google.github.io/styleguide/c

Types of things to mention in comments at the function declaration:

- What the inputs and outputs are. If function argument names are provided in "backticks’, then code-indexing tools may be able to present the documentation better.

- For class member functions: whether the object remembers reference or pointer arguments beyond the duration of the method call. This is quite comman for pointer/reference
arguments to constructors.

- For each pointer argument, whether it is allowed to be null and what happens if it is.

« For each output or input/output argument, what happens to any state that argument is in. (E.g. is the state appended to or overwritten?).

« If there are any performance implications of how a function is used

Here is an example:

// Returns an iterator for this table, positioned at the first entry
/[ lexically greater than or equal to “start_word'. If there is no
// such entry, returns a null pointer. The client must not use the
// iterator after the underlying GargantuanTable has been destroyed.

1

/[ This method is equivalent to:

std::unique_ptr<Iterator> iter = table->NewIterator();
iter->Seek(start_word) ;

return iter;

nique_ptr<Iterator> GetTterator(absl::string_view start_word) const;

However, do not be unn arily verbose or state th pletely obvious.

When documenting function overrides, focus on the specifics of the override itself, rather than repeating the comment from the overridden function. In many of these cases, the
override needs no additional documentation and thus no comment is requires

de k what and are for, so comments that just say something

When commenting constructors and destructors, remember that the person reading your
like "destroys this object” are not useful. Document what constructors do with their arguments (for example, if they take ownership of pointers), and what cleanup the destructor does
If this is trivial, just skip the comment. It is quite common for destructors not to have a header comment.

Preporuka je ostaviti komentar sa opisom Sta deklarisana funkcija radi,

kako je treba pozvati. 88



Definicija funkcije

povratni_tip identifikator_funkcije(niz_parametara)

{

telo_funkcije;

Definicija funkcije specificira njenu implementaciju (govori nam i kako
funkcija radi)
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#include <stdlib.h=

#undef: abs

abs (int i

return 1 = 0 ? -1

90



Definicija funkcije

povratni_tip identifikator_funkcije(niz_parametara)

{

telo_funkcije;

Primetimo da je po formi pocetak definicije identican deklaraciji

Zasto su nam onda uopste potrebne deklaracije?
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Posredna rekurzija

gincluge <lostreams
#define MAX STEP 20
using namespace std;

void state_read(unsigned step)

{
if{step == MAX_STEP)
return;
cout << "Unesite broj izmedju 10 i 26: "
int a;
cin »> a;
iffa < 10 || a > 20)
{
cout << "Uneti broj nije u opsegu [10, 20].
state_read(step + 1);
r
else
state_compute(step, a);
¥

void state_compute(unsigned step, unsigned a)
i

if(step == MAX_STEP)
return;

cout << "a * 2 = " << a * a << endl;

state_read(step + 1);
I

int main()
state_read(0);

return 0;
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Posredna rekurzija

clrcular_dependency.cpp: In function ‘veld state_read(unsigned int)':
circular_dependency.cpp:20:17: ‘state_compute’ was not declared in this s
20 |

shell returned 1
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Posredna rekurzija

#include <io ean>
#define MAX_STEP
using namespace std;

[Moid state_compute{unsigned, unsigned);
vold state_read(unsigned step)
{

if(step == MAX_STEP)
return;

cout << "Unesite broj izmedju 18 i 20: *;

int a;

cin == a;

iffa<10 || a = ]

i
cout << "Uneti broj nije u opsegu [1@, 208].\n";
state_read(step + 1);

i

else

state_compute(step, al;

r
void state_compute({unsigned step, unsigned a)

if(step == MAX_STEP)
return;

cout == "a * 2 = " «< a * a =< endl;

state_read(step + 1);

I3
int main() 92
{

state read(0):



Posredna rekurzija

broj izmedju 1@ i 20:

oj nije u opsegu [10,

broj izmedju 1@ i 20:
169

broj izmedju 10 i 20:
144

broj izmedju 10 i 20:

o] nije u gu [10,

te broj izmedju 10 1 20:
= 361

Unesite broj izmedju 10 i 20:

=R B
=
—

L
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Posredna rekurzija

Ukoliko funkcija nije eksplicitno deklarisana, njena definicija ce posluziti i
kao deklaracija

Pre prvog poziva bilo koje funkcije, ona mora biti deklarisana, da bi
kompajler mogao da izvrsi prevodenje u jednom prolazu
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Funkcije mozemo predstaviti cvorovima u grafu, a Cinjenica da jedna
poziva drugu usmerenim granama izmedu odgovarajucih cvorova

Ako je takav graf poziva (eng. call graph) aciklican, onda mozemo da
slozimo definicije u topoloSkom poretku i izbegnemo upotrebu eksplicitnih
deklaracija

U suprotnom, to nije moguce
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Ipak, cak i kada nisu potrebne, deklaracije su preporucljive

Make-Works.html B %

manual/html_node

O B ntips//mwwgnu.org/s
2.3 HoW make Processes a Makefile

By default, make Starts with the first target (not targets whose names start with *." unless they also
contain one or more */’). This is called the default goal. (Goals are the targets that make strives
ultimately to update. You can override this behavior using the command line (see Arguments to
specify the Goals) or with the .perauLT_coaL special variable (see Other Special variables).

In the simple example of the previous section, the default goal is to update the executable program
edit; therefore, we put that rule first.

Thus, when you give the command:
make

make reads the makefile in the current directory and begins by processing the first rule. In the
example, this rule is for relinking edi+; but before make can fully process this rule, it must process
the rules for the files that edi+ depends on, which in this case are the object files. Each of these
files is processed according to its own rule. These rules say to update each *.o' file by compiling its

LN W The recompilation must be done if the source file, or any of the header files named as

prerequisites, is more recent than the object file, or if the object file does not exist.

The other rules are processed because their targets appear as prerequisites of the goal. If some
other rule is not depended on by the goal (or anything it depends on, etc.), that rule is not

Podela programa na vise fajlova omogucuje jednostavnu inkrementalnu

kompilaciju %



Kako izgleda proces kompilacije?

Larger Context of the Compiler

Front ends Back ends
LLVM supports a

growing variety of
front ends and

back ends.
LLVM LLVM Optimized
IR imi
[oslifulrdIa| LLVM IR PowerPC
NVIDIA
PTX
D 2008-2018 by the MIT 6.172 Lecturers 3
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Kako izgleda proces kompilacije?

Simple Model of the Compiler

LLVM IR

Transform
Transform
Transform

Transform

Transform

Optimized
LLVM IR

D 2008-2018 by the MIT 6.172 Lecturers 5

An optimizing compiler performs
a sequence of transformation
passes on the code.

+ Each transformation pass
analyzes and edits the code to
try to optimize the code’s
performance.

+ A transformation pass might
run multiple times.

- Passes run in a predetermined
order that seems to work well
most of the time.

https://ocw.mit.edu/courses/6-172-performance-engineering-of-software-systems-fall-2018
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Kako izgleda proces kompilacije?

Clang/LLVM Compilation Pipeline

To understand this translation process, let us
see how the compiler reasons about it.

Preprocessed
C source source LLVM IR

Clang code
| generator
C to “pseudo-assembly,” |

i.e., LLVM IR.

Clang pre-
processor

bitarray.i bitarray.1l

bitarray.c

Opftimized

LLVM IR Assembly

LLVM
optimizer

bitarray.11

assembly.

© 2008-2018 by the MIT 6.172 Lecturers 5
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Linker povezuje vise objektnih fajlova u jedan izvrsni

Command line Object [

arguments files |
|
— Normal
N libraries
Linker
control files \ /
Debug Executable Link/load
symbol file file map

FiGURE 1.1 ¢ The linker process.

llustracije iz knjige John R. Levine, "Linkers and Loaders”
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Zaglavlja (eng. header fajlovi)

struct tacka

int x;
int y;

p#include "tacka.h”
p#include "tacka_2.h"
ptinclude <iostream=

using namespace std;

void ispisi_tacku(const struct tacka* t)

cout == "(" «= t -» x <= ", " "

<t >y =<

ka.h
j¢include

"tacka.h"

jvoid ispisi_tacku(const struct tacka* t);

# "tacka.h"
}#include “tacka_2.h"

int main()

struct tacka A;
A.x = -6;

Ay = 11;

ispisi_tacku(&A);

return 0;
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Zaglavlja (eng. header fajlovi)

In file

tacka.h:
1|
|

In file
tacka.h:
1]
|

In file

tacka.h:
1|
I

In file
tacka.h:
1]
I

included from tacka 2.h:1,
from tacka.cpp:2:
1:8: redefinition of ‘struct tacka’

struct

included from tacka.cpp:1:
1:8: previous definition of ‘struct tacka’
struct

included from tacka_2.h:1,

from tacka.cpp:2:
1:8: redefinition of ‘struct tacka’
struct

included from tacka.cpp:1:
1:8: previous definition of ‘struct tacka’
struct



Zastita od visestrukog ukljucenja (eng. include guards)

Pri nailasku na direktivu #include, pretprocesor Ce iskopirati sadrzaj fajla iz
direktive u trenutni fajl

No, i u fajlu koji ukljucujemo mozemo imati pretprocesorske direktive
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Kako bismo osigurali da se neki deo petlje izvrSi samo jednom?

100



Kako bismo osigurali da se neki deo petlje izvrSi samo jednom?

bool flag = false;
while(uslov)
{
if('flag)
{
flag = true;
naredbe;

100



Isti princip primenjujemo i ovde

#ifndef TACKA_H_ J#include "tacka.h’
#define TACKA_H_ J#include "tacka_2.h’
J#include <iostreams

struct tacka

1{ using namespace std;
int x;
int y; void ispisi_tacku(const struct tacka* t)
};
| cout << "[" <ct -> x << ", " o<ct ->y << ")\n";
#endif B

#include "tacka.h”
int main()
void ispisi_tacku(const struct tacka* t);
struct tacka Aj
A.x
Ay

ispisi_tacku(&A);

return 0

ALl include_1.cpp
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Isti princip primenjujemo i ovde
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Cak i kada nisu potrebne, deklaracije su preporucljive

Make-Works.html B %

manual/html_node

O B ntips//mwwgnu.org/s
2.3 HoW make Processes a Makefile

By default, make Starts with the first target (not targets whose names start with *." unless they also
contain one or more */’). This is called the default goal. (Goals are the targets that make strives
ultimately to update. You can override this behavior using the command line (see Arguments to
specify the Goals) or with the .perauLT_coaL special variable (see Other Special variables).

In the simple example of the previous section, the default goal is to update the executable program
edit; therefore, we put that rule first.

Thus, when you give the command:
make

make reads the makefile in the current directory and begins by processing the first rule. In the
example, this rule is for relinking edi+; but before make can fully process this rule, it must process
the rules for the files that edi+ depends on, which in this case are the object files. Each of these
files is processed according to its own rule. These rules say to update each *.o' file by compiling its

LN W The recompilation must be done if the source file, or any of the header files named as

prerequisites, is more recent than the object file, or if the object file does not exist.

The other rules are processed because their targets appear as prerequisites of the goal. If some
other rule is not depended on by the goal (or anything it depends on, etc.), that rule is not

Kada pokrenemo bildovanje, make proverava da li je izvorni fajl menjan od
poslednje kompilacije 102



Cak i kada nisu potrebne, deklaracije su preporucljive

Make-Works.html B %

manual/html_node

O B ntips//mwwgnu.org/s
2.3 HoW make Processes a Makefile

By default, make Starts with the first target (not targets whose names start with *." unless they also
contain one or more */’). This is called the default goal. (Goals are the targets that make strives
ultimately to update. You can override this behavior using the command line (see Arguments to
specify the Goals) or with the .perauLT_coaL special variable (see Other Special variables).

In the simple example of the previous section, the default goal is to update the executable program
edit; therefore, we put that rule first.

Thus, when you give the command:
make

make reads the makefile in the current directory and begins by processing the first rule. In the
example, this rule is for relinking edi+; but before make can fully process this rule, it must process
the rules for the files that edi+ depends on, which in this case are the object files. Each of these
files is processed according to its own rule. These rules say to update each *.o' file by compiling its

LN W The recompilation must be done if the source file, or any of the header files named as

prerequisites, is more recent than the object file, or if the object file does not exist.

The other rules are processed because their targets appear as prerequisites of the goal. If some
other rule is not depended on by the goal (or anything it depends on, etc.), that rule is not

Ako nije, preskace ga | time Stedi znacajno vreme
103



Ta uSteda moze biti zaista znacajna

THE #1 PROGRAMMER EXCUSE
FOR LEGITIMATELY SLACKING OFF:

“MY CODE'S COMPILING.”

HEY! GETBACK >
TOWORK!

104



Ne zaboravimo, #include kopira ceo sadrzaj fajla

U principu bismo mogli da koristimo i #include "fajl.cpp”

Ali onda viSe ne bismo imali mogucnost inkrementalne kompilacije

105



Ponekad i kompilacija zaglavlja oduzima znatno vreme

ntm EIY L€

g.llvm.org/docs/PCHI

&) O & https/

Using Precompiled Headers with clang
The Clang compiler frontend, clang -cc1, supports two command line options for generating and using PCH files.

To generate PCH files using elang -cc1, use the option -emit-pch

$ clang -ccl test.h -emit-pch -o test.h.pch

This option is transparently used by clang when generating PCH files. The resulting PCH file contains the serialized form of the compiler's
internal representation after it has completed parsing and semantic analysis. The PCH file can then be used as a prefix header with the

-include-pch option

$ clang -ccl -include-pch test.h.pch test.c -o test.s

Design Philosophy
40% ecign of precompiled headers is entirely driven by

Precompiled headers are meant to improve overall
performance concerns. The use case for precompiled headers is relatively simple: when there is a common set of headers that is included in
nearly every source file in the project, we precompile that bundle of headers into a single precompiled header (PCH file). Then, when compiling
the source files in the project, we load the PCH file first (as a prefix header), which acts as a stand-in for that bundle of headers.

Tada i njih mozemo unapred kompajlirati
106



Jos neki otvoreni problemi

Simple Model of the Compiler

An optimizing compiler performs

. a sequence of transformation

passes on the code.

Wit ¢« Each transformation pass

analyzes and edits the code to

try to optimize the code’s

Transform performance.

+ A transformation pass might
run multiple times.

SSEnE ) ¢| Passes run in a predetermined

order that seems to work well

Optimized .
ey most of the time.

2008-2018 by the MIT 6.172 Lecturers 5

Transform

Transform
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Masinsko ucenje nam danas dozvoljava da otklonimo ovo ogranicenje

B m% Y-
Dejan ¢e pocetkom juna na PMF-u odrZati predavanje na ovu temu " ] H
Optimizing Compiler Heuristics
with Machine Learning
Ph.D. Candidate: Dejan Grubisi¢
Thesis Committee:
John Mellor-Crummey (chair)
Christopher Jermaine
Ray Simar
Rice University, April 1st, 2024 m Meto
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Kako su funkcije implementirane?




Setimo se principa rada fon Nojmanovog racunara

inkrementer
=a+l
RADDRI1 DATA_OUTI yee +1 2
RADDR2 DATA_OUT2 RADDR pata_out —1 DEKODER
r5 EN (ro m‘;ccoume:: instrukcija 7
4 0 e 70
I instrukcija 6
4 13 P SELECT instrukcija 5
az 12 loadi 15 30 instrukcija 4
Q r1 Y o —
0 addir0, 0, r4 instrukelja
o ! loop: mul 10, 14, 14 instrukeija 2
WADDR DATA_IN addir5, -1, 15 instrukeija 1
podatak upisan u registar ]Ul'l'lp 100P WADDR DATA_IN

simboli¢ka adresa registra
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Setimo se jos i opsega vidljivosti promenljivih

Promenljive su vidljive samo u bloku u kom su deklarisane, ukljucujuci i
sve blokove unutar tog bloka

110



| argumenti funkcije su takode lokalni

Pri pozivu funkcije, pravi se kopija svih prosledenih parametara koje
funkcija moze da menja

m



Kada ne bi bilo tako, rekurzija ne bi bila moguca

int fib(int n)
{
if (n <=1)
return n;
return fib(n - 1) + fib(n - 2);

12



Kako izgleda kopiranje?

To zavisi od konkretne arhitekture procesora

13



No opsti princip je sledeci

Procesor ima odreden broj registara koji sluze za prenos parametara i
povratnih vrednosti’

"Povratna vrednost je samo jedna, ali procesor moze imati viSe registara u kojima moze
biti smestena

14



No opsti princip je sledeci

Pozivna funkcija kopira parametre u registre za prenos parametara

Po zavrSetku racunanja, pozvana funkcija kopira povratnu vrednost u
registar za vracanje vrednosti
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To je princip koji nam je poznat i iz svakodnevnog zivota

Postar ostavlja
pismo tamo

gde zna da ¢e ga
gradanin naéi

Pozivna funkcija : postar
Pozvana funkcija: gradanin

Gradanin ostavlja
pismo tamo

gde zna da ¢e ga
postar naci
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Kako postar i gradanin znaju gde da ostave pisma?

s



Kako postar i gradanin znaju gde da ostave pisma?

Postoji dogovor (konvencija) kog se pridrzavaju

s



Pozivne konvencije

QO @ hupsi/rriscv.org/wp-content/uploads/2015/01/riscv-calling.pdf B

1 ofd — |+ Automatic Zoom

Chapter 18

Calling Convention

This chapter describes the C compiler standards for RV32 and RV64 programs and two calling
conventions: the convention for the base ISA plus standard general extensions (RV32G/RV64G),
and the soft-float convention for implementations lacking floating-point units (e.g.. RV321/RV64I)

Implementations with ISA extensions might require extended calling conventions.

| arhitekte procesora pisu pozivne konvencije i odreduju ,sanducice”

. 18
(registre) za prenos



Pozivne konvencije

QO @ hups:/riscv.org/wp-content/uploads

1 ofd — |+ Automatic Zoom

Chapter 18

Calling Convention

This chapter describes the C compiler s
conventions: the convention for the ba:

andards for RV32 and RV64 programs and tw
A plus standard general extensions (RV32G/RV64G),
and the soft-float convention for implementations lacking floating-point units (e.g.. RV321/RV64I)

Implementations with ISA extensions might require extended calling conventions.

Pisci kompajlera su duzni da osiguraju da su konvencije uvek postovane
119



Pozivne konvencije

QO @ hupsi/rriscv.org/wp-content/uploads/2015/01/riscv-calling.pdf B

1 ofd — |+ Automatic Zoom

Chapter 18

Calling Convention

This chapter describes the C compiler standards for RV32 and RV64 programs and two calling
conventions: the convention for the base ISA plus standard general extensions (RV32G/RV64G),
and the soft-float convention for implementations lacking floating-point units (e.g.. RV321/RV64I)

Implementations with ISA extensions might require extended calling conventions.

Kompajler je taj koji obezbeduje primenu konvencije tako sto generise

... .. . . .. . . 120
odgovarajuce instrukcije i u pozivnoj i u pozvanoj funkciji



Kako izgleda kopiranje parametara?

high Compiler Design

address tack .
B v Lecture 13: Code generation : Memory management and
function call
. (EaC Chapter 6&7)
dynamic
allocation
""" I""" Christophe Dubach
heap 22 February 2021
data static
low text allocation
address

Ako su parametri veci/brojniji od registara za prenos, visak se preliva na
STEK (eng. stack)
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Jedan konkretan primer

& C o8 godbolt.org & © L ® 8§ =
€ EQPNEQIRLES Add..~ More~ Templates Share ~  Policies@)~  Other ~
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o etail ax
A~ B8 +- v £ » @ C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window L A~
1 -ofas
:21 z(VUCt s A~ °' v- E ’ oo /'
3 unsigned a; check_s(s): ) .
4 unsigned b addi sp, sp, -16 Spusti stek pokaziva¢
5 1 ! sd a0, 8(sp) za 16 bajta
6 ' 1i a5,9
7 bool check_s(struct s param) sext.w a0,a0
8 bgtu ae,as,.L3
9 if(param.a < 10 && param.b < 10) L 1w . a0,12(sp)
10 return true; addi sp,sp,16
11 sltiu  a6,a0,10
12 return false; T r ra
13 .L3: [
14 . 1i a0,
15  bool check_s_ptr(const struct s* param) ?ddl sp, sp,16
16 { jr ra
17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):
18 return true; l\tJ a4,0(a0)
19 1i a5,9
20 return false; bgtu a4,as5,.L8
21} 1w a0,4(a0)
sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License
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Jedan konkretan primer

< (¢]

COMPILER
EXPLORER

08

godbolt.org

Add...~ More~ Templates

C++source #1 2 X
A~ B +- v B 2 Gc++
1 struct s
2 {
3 unsigned a;
4 unsigned b;
5 0}
6
7 bool check_s(struct s param)
8
9 if(param.a < 10 && param.b < 10)
10 return true;
1
12 return false;
13}
14
15  bool check_s_ptr(const struct s* param)
16
17 if(param -> a < 10 && param -> b < 10)
18 return true;
19
20 return false;
21}

w ® L @ 8 =
Share > Policies@¥~ Other ~
RISC-V (64-bits 1) ¢ X o Detailed z2x
RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window D A~
1 -Ofas
A- - Y- B F +~ /-
check_s(s):
addi Sp,sp, -16 ¢
Sacuvaj vrednost registra
i a3, a0 na stek, 8 bajta iznad sp-a
sext.w ao0,a®
bgtu a0,a5,.L3  primetimo da je a0 veliéine 8
v - 20,12(sp) bajta, a polja strukture imaju po 4,
:(lkt’iu :g’ :g' ig tako da kompajler moze da spakuje
iR ra’ ’ celu strukturu u jedan registar
L 14 26,0 Da to nije Fluéaj, kopiranje bi
addi sp, sp, 16 trajalo duze
ar ra
check_s_ptr(s const*):
1w a4,0(a0)
1i a5,9
18 bgtu a4,as,.L8
19 1w a0,4(ao0)
20 sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License

122



Jedan konkretan primer

< C O 8 godbolt.org
iE EQPNEQIRLES Add..~ More~ Templates
source 81 2 X o RISC-V (64-bits) gec (trunk) (

A- B+ v £ o2 o ~ | RISCV (64-bits) gee (trunk) ¥ 2
1 struct s A Q- Y- B F +- /-
2 {

3 unsigned a; check_s(s):

4 unsigned b; addi sp,sp,-16

5 % sd a0, 8(sp

o

7 bool check_s(struct s param) sext.w ao,ae

8 bgtu ae,as,.L3
i 1 a0,12(sp)

9 if(param.a < 10 && param.b < 10) L Wi . F

10 return true; addi sp,sp,16

11 sltiu  a6,a0,10

12 return false; T r ra

13 .L3:

14 . 1i a0,

15  bool check_s_ptr(const struct s* param) ?ddl sp,sp,16

ar ra

16 { heck .

17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):

18 return true; l\tJ a4,0(a0)

19 1i a5,9

20 return false; bgtu a4,as5,.L8

21} 1w a0,4(a0)

sltiu  a0,a0,10

w ® L @ 8 =
Share > Policies@¥~ Other ~
o z2x
@  seedetailed flags window D A~
1 -ofas T

upisi konstantu 9 u
registar a5

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |
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Jedan konkretan primer

<« © [ON-) godbolt.org w 9 L @ 8 =
iE EQPNEQIRLES Add..~ More~ Templates Share > Policies@@~ Other ~
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o 2 x
A~ B8 +- v £ » @ C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window L A~
- 1 -Ofas
) z"“c” A & Y- B £+ /-
3 unsigned a; check_s(s):
4 unsigned b; addi sp,sp,-16
5 }; sd ae,8(sp)
s 1i as, 9
7 bool check_s(struct s param) upisi donju re¢ (4 bajta)
5 = botu ao, as, . registra a0 (prosirenu znakom)
9 if(param.a < 10 && param.b < 10) L 1w ) a0,12(sp)  uregistar a0
10 return true; addi sp,sp,16 = .
11 sltiu 0,209,109  Ovo znaéi da registar a0 sada
12 return false; i ra sadrzi polje a strukture param
.L3:
13 -
14 ¥ 1i ao,0
15  bool check_s_ptr(const struct s* param) addi  sp,sp,16
16 { ar ra
17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):
18 return true; l\tJ a4,0(a0)
19 1i a5,9
20 return false; bgtu a4,as, .L8
21} 1w a0,4(ao0)

sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |
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Jeda

n konkretan primer

& C O 8 godbolt.org & © L ® 8§ =
€ EQPNEQIRLES Add..~ More~ Templates Share ~  Policies@)~  Other ~
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o 2 x
A~ B8 +- v £ » @ C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window L A~
. 1 -ofas
:21 z(VUCt s A~ °' v- E ’ oo /'
3 unsigned a; check_s(s):
4 unsigned b; addi sp,sp,-16
5 ) sd a0, 8(sp)
6 ' 1i a5,9
7 sext.w__a0,a0
é pool ehecks(struct s paran) _bgtu a0, a5, ako je a0 > a5, sko¢i na a3
9 if(param.a < 10 && param.b < 10) L W a0, 12(sp
10 return true; addi sp,sp,16
11 sltiu  a6,a0,10
12 return false; T jr ra
13 .L3: [
14 . 1i a0,
15  bool check_s_ptr(const struct s* param) addi  sp,sp,16
jr ra
16 { heck .
17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):
18 return true; l\tJ a4,0(a0)
19 1i a5,9
20 return false; bgtu a4,as5,.L8
21} 1w a0,4(a0)

sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License
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Jedan konkretan primer

<«

C o8 godbolt.org

@EQPNEQRLES Add..~ More~ Templates

A~

16
17
18
19

21

source #1 £ X

B +-v 2 2 G+

struct s

{
unsigned a;
unsigned b;
Y

bool check_s(struct s param)

if(param.a < 10 && param.b < 10)
return true;

return false;

}

bool check_s_ptr(const struct s* param)
{
if(param -> a < 10 && param -> b < 10)
return true;

return false;

Share ~

RISC-V (64-bits) gec (trunk) (

A- - Y- B F +~ /-

check_s(s):
addi sp, sp, -16
sd ae,8(sp)
1i a5,9

sext.w ao0,a®
bgtu a0,a5,.L3
1w a0,12(sp)
addi sp,sp,16
sltiu  a0,a0,10

jr ra
.L3:

1i a0, 0 upisi 0 u registr a0

addi sp,sp,16 u kom ¢e pozivajuca

jr ra funkcija moc¢i da pronade
check_s_ptr(s const*): povratnu vrednost

1w a4,0(a0)

1i a5,9

bgtu a4,as,.L8

1w a0,4(ao0)

sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License

E o
RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window D A~
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Jedan konkretan primer

<« © [ON-) godbolt.org w 9 L @ 8 =
iE EQPNEQRLES Add...~ More~ Templates Share~ Policies@)~ Other ~
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o 2 x
A~ B8 +- v £ » @ C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window L A~
1 -ofas
:21 z(VUCt s A~ °' v- E ’ oo /'
3 unsigned a; check_s(s):
4 unsigned b; addi sp,sp,-16
5 ) sd a0, 8(sp)
6 ' 1i a5,9
7 bool check_s(struct s param) sext.w a0,a0
8 bgtu ae,as,.L3
9 if(param.a < 10 && param.b < 10) L 1w . a0,12(sp)
10 return true; addi sp,sp,16
11 sltiu  a6,a0,10
12 return false; T r ra
13 .L3: [
14 . li a0, 0 - k
obrisi sve sa steka
15  bool check_s_ptr(const struct s* param) addi sp, sp, 16
16 { Jr ra
17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):
18 return true; l\tJ a4,0(a0)
19 1i a5,9
20 return false; bgtu a4,as5,.L8
21} 1w a0,4(a0)
sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License
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Jedan konkretan primer

<« © [ON-) godbolt.org w 9 L @ 8 =
iE EQPNEQRLES Add...~ More~ Templates Share ~ Pohme:;O' Other ~
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o 2 x
A~ B8 +- v £ » @ C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window D A~
struct s . 1 -ofas T

: Ar 8- Y- 8 £ o+ S

check_s(s):

unsigned a;

unsigned b; addi sp,sp,-16
sd ae,8(sp)
1i a5,9

sext.w ao0,a®
bgtu a0,a5,.L3
1w a0,12(sp)
addi sp,sp,16

bool check_s(struct s param)

1
2
3
4
5 0}
6
7
8
9

if(param.a < 10 && param.b < 10)

10 return true;

11 sltiu  a6,a0,10

12 return false; T jr ra

13 .L3: [
14 . 1i a0,

15 bool check_s_ptr(const struct s* param) = .

16 { Jr ra skoci na povratnu adresu
17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):

18 return true; l\tJ a4,0(a0)

19 1i a5,9

20 return false; bgtu a4,as5,.L8

21} 1w a0,4(a0)

sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License

122



Jedan konkretan primer

<« © [ON-) godbolt.org w 9 L @ 8 =
i = EQPNEQIRLES Add..~ More~ Templates Share ~  Policies@)~  Other ~
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o etail ax
A~ B8 +- v £ » @C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window D A~
1 -ofas
; z"““ s A- - Y- B F +~ /-
3 unsigned a; check_s(s):
4 unsigned b; addi sp,sp,-16
5 }; sd ae,8(sp)
6 ' 1i a5,9
7 bool check_s(struct s param) sext.w a0,a0
8 bgtu a0, a5, .L3
9 if(param.a < 10 && param.b < 10) ugitaj polje b u registar a0
addy SP, SPp, 16

10 return true;

11 sltiu  a6,a0,10

12 return false; T jr ra

13 .L3: [

14 . 1 a0,0

15  bool check_s_ptr(const struct s* param) addi  sp,sp,16

16 { jr ra

17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):

18 return true; l\tJ a4,0(a0)

19 1i a5,9

20 return false; bgtu a4,as5,.L8

21} 1w a0, 4(ad)
sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License
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Jedan konkretan primer

& C o8 godbolt.org & © L ® 8§ =
€ EQPNEQIRLES Add..~ More~ Templates Share ~  Policies@)~  Other ~
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o etail ax
A~ B8 +- v £ » @ C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window L A~
1 -ofas
:21 z(VUCt s A~ °' v- E ’ oo /'
3 unsigned a; check_s(s):
4 unsigned b; addi sp,sp,-16
5 ) sd a0, 8(sp)
6 ' 1i a5,9
7 bool check_s(struct s param) sext.w a0,a0
8 bgtu a0, a5, .L3
9 if(param.a < 10 && param.b < 10) L 1w a0,12(sp .
10 return true; addi  <p,<p,16 | obrisi sve sa steka
11 S av, a0, 10
12 return false; T jr ra
13 .L3: [
14 . 1i a0,
15  bool check_s_ptr(const struct s* param) addi  sp,sp,16
jr ra
16 { heck .
17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):
18 return true; l\tJ a4,0(a0)
19 1i a5,9
20 return false; bgtu a4,as5,.L8
21} 1w a0,4(a0)
sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License
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Jedan konkretan primer
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EXPLORER
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o etail ax

A~ B8 +- v £ » @C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window L A~

1 struct s A B Y- B £ +- o~ 1 -Ofas

2 {

3 unsigned a; check_s(s):

4 unsigned b; addi sp,sp,-16

5 ) sd a0, 8(sp)

6 ' 1i a5,9

7 bool check_s(struct s param) sext.w a0,a0

8 bgtu ae,as,.L3

9 if(param.a < 10 && param.b < 10) L 1w . a0,12(sp)

10 return true; addi Sp,sp, 16 ) .

1 sltiu  a0,a0,10 ako je a0 < 10, upisi 1u a0,

12 return false; jr ra u suprotnom upisi 0 u a0

13} .L3: L

14 1i a0,

15  bool check_s_ptr(const struct s* param) addi  sp,sp,16

jr ra

16 { heck .

17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):

18 return true; l\tJ a4,0(a0)

19 1i a5,9

20 return false; bgtu a4,as5,.L8

21} 1w a0,4(a0)

sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License
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Jedan konkretan primer

<« © [ON-) godbolt.org w 9 L @ 8 =
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source #1 £ X o RISC-V (64-bits) gec (trunk) ( o etail ax
A~ B8 +- v £ » @C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window L A~
1 -ofas
:21 z(VUCt s A~ °' v- E ’ oo /'
3 unsigned a; check_s(s):
4 unsigned b; addi sp,sp,-16
5 ) sd a0, 8(sp)
6 ' 1i a5,9
7 bool check_s(struct s param) sext.w a0,a0
8 bgtu ae,as,.L3
9 if(param.a < 10 && param.b < 10) L 1w . a0,12(sp)
10 return true; addi sp,sp,16
11 sltiu a6,20,10
12 return false; jr ra skoéi na povratnu adresu
;
.L3:
13 L]
14 . 1i a0,
15  bool check_s_ptr(const struct s* param) addi  sp,sp,16
16 { jr ra
17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):
18 return true; l\tJ a4,0(a0)
19 1i a5,9
20 return false; bgtu a4,as5,.L8
21} 1w a0,4(a0)
sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License
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Zasto ovo moramo do

bro da zapamtimo

<« © [ON-) godbolt.org w 9 L @ 8 =
iE EQPNEQRLES Add...~ More~ Templates Share~ Policies@)~ Other ~
source #1 £ X o RISC-V (64-bits) gec (trunk) ( o 2 x
A~ B8 +- v £ » @ C++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window L A~
1 -ofas
:21 z(VUCt s A~ °' v- E ’ oo /'
3 unsigned a; check_s(s):
4 unsigned b; addi sp,sp,-16
5 ) sd a0, 8(sp)
6 ' 1i a5,9
7 bool check_s(struct s param) sext.w a0,a0
8 bgtu ae,as,.L3
9 if(param.a < 10 && param.b < 10) L 1w . a0,12(sp)
10 return true; addi sp,sp,16
11 sltiu  a6,a0,10
12 return false; T r ra
13 .L3: [
14 . li a0, 0 - k
obrisi sve sa steka
15  bool check_s_ptr(const struct s* param) addi sp, sp, 16
16 { Jr ra
17 if(param -> a < 10 && param -> b < 10) check_s_ptr(s const*):
18 return true; l\tJ a4,0(a0)
19 1i a5,9
20 return false; bgtu a4,as5,.L8
21} 1w a0,4(a0)
sltiu  a0,a0,10

C HEOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines filtered |

Compiler License
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Lokalne promenljive nestaju nakon zavrsetka funkcije

#include <iostream=
using namespace std;

int* return_sum_address(int a, int b}
{

int sum = a + b;

return &sum;

int main()
cout << *return_sum_address(6, 5) =< endl;

. return 0; -



Lokalne promenljive nestaju nakon zavrsetka funkcije

wrong_ret.cpp: In fu ion ‘int* return_sum_address(int, int)’:
wrong_ret.cpp:8:16: address of local variable ‘sum’ returned [
8 | return
|
wrong_ret.cpp:6:13: declared here
6 | int =a + b;
|

/bin/bash: line 1: 30593 Segmentation fault (core dumped) ./run
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Malo vise o kopiranjima

Potrogram je u punom smislu te reci potprogram
Pri pozivu potprograma, predaje mu se upravljanje citavim procesorom

Bitno je da svi registri koje potprogram koristi tokom izvrsenja na kraju
budu vraceni u prvobitno stanje

125



Malo vise o kopiranju

Prethodne vrednosti registara se takode cuvaju na steku

Pozivna konvencija odreduje da li je za Cuvanje | ponovno postavljanje
vrednosti nekog registra zaduzena pozivna ili pozvana funkcija

126



Cuvanje i ponovno postavljanje registara

O 8 httpsi/iriscv.org/
+ Automatic Zoom v~

Register | ABI Name | Description Saver
x0 Zero Hard-wired zero

x1 ra Return address Caller
x2 sp Stack pointer Callee
x3 gp Global pointer

x4 tp Thread pointer

x5 7 t0-2 Temporaries Caller
x8 s0/fp Saved register /frame pointer Callee
x9 s1 Saved register Callee
x10-11 | a0-1 Function arguments/return values | Caller
x12-17 | a2-7 Funetion arguments Caller
x18-27 | s2-11 Saved registers Callee
x28-31 | t3-6 Temporaries Caller
07 ft0 7 FP temporaries Caller
£8-9 fs0-1 FP saved registers Callee
£10-11 | fa0 1 FP arguments/return values Caller
£12-17 | fa2-7 FP arguments Caller
£18 27 | fs2-11 FP saved registers Callee
£28-31 | ft8-11 FP temporaries Caller
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Jedan konkretan primer

8 htt inst berkeley.edu/~cs¢ Ir i ¢
— |+ 110% v
protogue: na poéet_ku koda svake funkf:_ijf: _
sw S0 0(sp) se nalazi prolog u kom se vrs$i ¢uvanje
~ 52 (om) registara za koje je pozvana funkcija zaduZena
o e (sw instrukcija znaéi store word)
x{xi\ :(l] .lm
myv s2 0

loop_start
bge s0 sl loop.end
my a0 s0

jal square
add s2 s2 a0
addi s0 s0 1
j loop.start

loop.end:
mv a0 s2

epilogue:
1w na kraju koda svake funkcije
w2 8sp) se nalazi epilog u kom se vr$i vra¢anje vrednosti
w ora 12(sp 3 . o .
addi sp sp 16 sa steka u registre (Iw instrukcija znaci load word)
it ra
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Zbog svega ovoga, poziv funkcije je skup

No, to ne znaci da treba izbegavati podelu programa na funkcije

Prednosti takve podele su, kao Sto smo vec videli, izuzetne

129



Kljucna reC INLINE

Dodavanje kljucne reci INLINE na pocetku deklaracije i definicije funkcije
(ispred povratnog tipa), ucinice da kompajler pokusa da izbegne poziv
funkcije prostim ubacivanjem njenog tela u telo pozivne funkcije, umesto

naredbe poziva

130



Kljucna reC INLINE

Inline.html B %

G B

cc.gnu.org/onlinedoc

Next: Const and Volatile Functions, Previous: Determining the Alignment of Functions, Types or Variables, Up: Extensions to the C
Language Family [Contents][Index]

6.45 An Inline Function is As Fast As a Macro

By declaring a function inling, you can direct GCC to make calls to that function faster. One way GCC can achieve this is to integrate that
function's code into the code for its callers. This makes execution faster by eliminating the function-call overhead; in addition, if any of
the actual argument values are constant, their known values may permit simplifications at compile time so that not all of the inline
function's code needs to be included. The effect on code size is less predictable; object code may be larger or smaller with function
inlining, depending on the particular case. You can also direct GCC to try to integrate all “simple enough” functions into their callers with
the option -finline-functions.

131



Kljucna reC INLINE

Medutim, zamena poziva telom funkcije nije uvek isplativa, zbog slozenosti

danasnjih memorijskih sistema
U principu, vece funkcije je bolje zadrzati kao obicne

Svakako je najbolje proveriti kako se vreme izvrsenja programa menja
nakon deklaracije funckije kao inline, pa izabrati bolju opciju
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| nikada ne treba zaboraviti

Optimizacija performansi koda uvek ima neku cenu: povecava nase vreme
razvoja, otezava odrzavanje...

Zato kod optimizujemo preko neke razumne mere samo kada se uverimo
da je to neophodno
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Kako mozemo da vratimo pozivnoj funkciji vise od jedne vrednosti?
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Prosledivanje povratne vrednosti preko adrese

#include <iostream=
using namespace std;

int add_sub(int a, int b, int* diff)
{
*diff = a - b;

return a + b;

}
int main()

int a
int b

U~

E
E

03
add_sub(a, b, &amb);

<< b <<
<< b <<

[a]
o
=
~+
A
M
1]

<<
cout << a =<

+

<< apb << endl;
<< amb << endl;

return 0;
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Prosledivanje povratne vrednosti preko adrese

135



Sta mozemo da uradimo ako je neophodno da menjamo vrednost
parametera I van funkcije?
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| tu koristimo prosledivanje po adresi

Ent no_ptr_inc(int a, int b)
{
a += b;

return aj;

b
int with_ptr_inc(int* a, int b)
*a += b;

return *aj;

b

int main()

{
int a = 7;
int b = 53

+ << b =< = << no_ptr_inc(a, b) << endl;
<< a << endl;

cout << a <<
cout <<

cout << a << " + " << b << " = " << with_ptr_inc(&a, b) << endl;
cout << "a = " << a << endl;
return 0; 137




| tu koristimo prosledivanje po adresi
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Ne zaboravimo da je i ime niza zapravo adresa njegovog pr

int main()

float xs[NUM_PTS] = {7.7857203028720035, 7.642458246115663, 6.215313350871936, 7.059634724385643, 6.670815698546658,
6.876282852217749, 7.036072823998538, 7.2907101901791188, 7.639716393843683, 7.752535310413255, 6.1083490156447095, 7.60434112
48480505, 7.418263501562334, 6.2496483487612196, 6.8065125974608395, 7.434551692906639, 6.51122811120167, 7.198011826278233,
7.874600069289800, 6.507268194942792, 12, 9, 12, 11, 10};

float ys[NUM_PTS] = {6.663959610602355, 6.0833032514505, 7.1901041284124805, 6.837614857113309, 7.24503886439218, 7.4
7176421269738, 7.157717200452314, 7.980448542746833, 6.826401860632361, 7.647518865141043, 7.437274473128388, 7.4728132876228
78, 7.081873708605056, 7.915294590939337, 6.43300232064712, 7.988414876843875, 7.3426188638785606, 7.434664291111027, 6.70361
0537079404, 6.804945018073546, 14, 9, 7, 11, 13};

for(unsigned 1 = 0; 1 < NUM_PTS; ++1)

cout << ys[i] << H
cout << endl;

cout << "centar = (" << median(xs, NUM_PTS) << ", " << median(ys, NUM_PTS) << ")\n";
for(unsigned 1 = 0; 1 < NUM_PTS; ++1)

cout << ys[i] << ' '3
cout << endl;

Preturn 05
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Ne zaboravimo da je i ime niza zapravo adresa njegovog prvog elementa

6.66396 6.08339 7.1901 6.83762 7.24504 7.47176 7.15772 7.98045 6.8264 7.64752 7.43727 7.47281 7.08187 7.91529 6.4339 7.98841
7.34262 7.43466 6.70362 6.80494 14 9 7 11 13

centar = (7.41826, 7.34262)

6.08339 6.4339 6.66396 6.70362 6.80494 6.8264 6.83762 7 7.08187 7.15772 7.1901 7.24504 7.34262 7.43466 7.43727 7.47176 7.4728
1 7.64752 7.91529 7.98045 7.98841 9 11 13 14
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Prenos po adresi Stedi vreme kada funkcija ima vece parametre, jer nema kopiranja

<« (] QO 8 nttpsi//godbolt.org w L
EgPNl‘.BI'IiEs Add More ¥ Templates Share~ Policies
s # 2 X o RISC-V (64- £ 0 X
|8 +-v £ » @ Ct++ v RISC-V (64-bits) gcc (trunk) ¥ 2 @ seedetailed flags window | ~
1 struct s - A O~ v~ B F +- /-~
2 c o s g auuy Sp, sp, Lo
3 unsigned a; 9 sltiu  a0,a0,10
4 unsigned b; 10 jr ra
5 1 11 .L3:
6 12 1i a0,0
7 bool check_s(struct s param) 13 addi sp, sp, 16
5P,
8 ) 14 ir ra
9 if(param.a < 10 && param.b < 10) — |15 check_s_ptr(s const*):
10 return true; 16 153 a4,0(a0)
i 17 1i as5,9 Pokazivaé se prosleduje L
12 return false; 18 bgtu a4,as, .L8 u registru a0, pa nema
-113 } 19 1w a0, 4(ae) potrebe za kopiranjem "
20 sltiu  a@,a0,10
15 bool check_s_ptr(const struct s* param) 21 ret o PTG 8 S
L S 22 .18:
17 if(param -> a < 10 && param -> b < 10) 23 TH) 20,0
18 return true; 24 ret
19
20 return false;
21 }
C' HOutput (0/0) RISC-V (64-bits) gec (trunk) 1 -601ms (57128) ~389 lines fitered |- 139
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Ipak, i dereferenciranje pokazivaca kosta

&« C O B nitpsi//godbolt.org [ (]
—* COMPILER

=, EXPLORER Add..~ More~ Templates Share ~  Pol
C++source #1 & X O X | RISC-V (64-hits) gec (trunk) (Editor #1) & X o
A~ B +- v £ » @ C++ - RISC-V (64-bits) gcc (trunk) * (2 @  see detailed flags window [
; i.nt no_ptr_inc(int a, int b) E T A - v~ B & ++ /-
3 a += b: 1 no_ptr_inc(int, int):
4 ! 2 addw a0, a0, al
5 return a; 3 ) ret )
6 4 with_ptr_inc(int*, int):
- 5 1w a5,0(a0)
8  int with_ptr_inc(int* a, int b) 6 m 2560
a { 7 addw ae@,as,al
10 =6 8 swW ad,8(ad)
11 ' 9 LEG
12 return *a;
13 1
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No, 0 svemu tome vise u sredu
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Hvala na paznji

142



	Zašto koristimo potprograme?
	Nešto o paradigmama
	Verifikacija
	Formalna verifikacija
	Sintaksa potprograma
	Kako su funkcije implementirane?

