EAAHNIKH AHMOKPATIA

Edvikov kot KamodictpLakov
r ’
I[Tovemotnuov Adnvwv

Aopec AedopeEVwWVY Kol TEXVIKEC
[MpoypopATIOHOU

Evotnta 5: Texvikec MpoypaUaTiopoU

lwavvng Kotpwvng
2XOAN OeTikwyv Emiotnuwy
Tunuo NMAnpodoptkng Kot TNAETLKOLVWVLWV



2KOTtOL €vOTNTOC

* Na e€eTAoel TTAEOVEKTAMOTA KOLL
LLELOVEKTALATA TWV TPLWV OXEOLOOTIKWV
ETILAOYWV TIOU XPNOLUOTIOL|COE

* Na TTOPOUCLACEL TEXVLKEC EAEYXOU
TIPOYPOLLLLATWYV

* Na mpoodloploel KAVOVEC KAANC Xpnong Twv
EVOTNTWV

* Na g§etaoeL TNV TEXVLKN TNG AWVAOPOLNG

e ENOTHTA 5— TEXNIKES NPOrPAMMATIZMOY
i )



[eplexopeva evotntog

Erttdoyec 2xedlaopov ATA
EAeyxoc Mpoypoppuatwy
XapaKtnplotika Evotntwv

Avaldpoun

o
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Erttdoyec 2xedLtaopou



Ermttdoyec kot Kptnpla
2xedlaopou ATA
Avetoptntwc ano Nwaooa
YAornoinonc



KUukAoc (Zwnc) Noyiwouikov (ATA)

Fevika

Napadsiypa

* Oplopog ATA (Mpobiaypadég)
* Opyavwon Asbopévwv
e TLKAVEL

* YMAormoinon

— 2xebloopoc (avetaptntoc amno

yAwooa ulomoinong)

* MNwc to KAveLl (Tivakeg,
ouvOebepéveg AloTeg, KAT)

— Avanrtuén (o Nwooa)
e Evotnteg otnv C, java class

* AOKLUA KoL TLAAL ...

 Oplopoc ATA 2toipfa
e [pappikni Alatoén
* Anuloupyia, kevr), wnon,
e€aywyn
e YMAormoinon
— 2xedlaopocg
* Tlvaka + Kopudn
* Juvdebepévn Alota
— Avarmtuén oe C
* Evotntec tng C pe mAnpn
Amntokpun

e AOKLUN KoL TTAAL ...
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Tpelc Emloyec 2xedlaopou ATA

1.  Me Nivaka: AvtiotolyoUpue 2tolxeia tou ATA oe lMivaka.

1. TyposStoixeiou List[N]; // o mivakog pe ta SeSopéva
2. JuVaPTAOELC TPOOPAONG OTA OTOLXELQ TOU TTivaKa
2.  MeXuvdebepévoucg Koppouc
typedef struct Node {TyposStoixeiou data; TyposLink next} Node;
// Tmocg koppou
TyposLink Start; // n Apxn Twv KOUBwWV

a) Yuvbeon/Slaxeiplon pe pointers-Koppol amno heap

i. typedef Node * TyposLink ; // n cuvdeon-6elktng
ii. Koupot and Heap // dLoBéaipog xwpog
iii. New=malloc(sizeof(Node)); free(New); // droxeiplon kKOUBwv

b) Yuvbeon/Slaxeiplon pe B€oelg mivaka-Koppol otolyeia mivaka

i. typedef int TyposLink; // n obvdeon-int
ii. Node List[N]; // 6ot oL kGpuPol og Ttivaka
iii. Tape-KOUPO Kal amodécpeuon // doxeiplon
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2xedlaopoc pe Atatoén Mivaka (All)

MAeovektRpata Melovektipata

e Apeon MpdéoPaon os k4Ot * 2ZUYKEKPLUEVO peyeBog

otouxelo, 1.y. List[i]

Owovopio Mvnung os
entinebo otolyelov, to List|i]
TEPLEXEL pOVO dedopeva

Elocaywyecg kat Ataypodec
otnv apxn N TEAog
vrtootnpilovtol amodoTika
o€ otaBepo ypovo O(1)

e ENOTHTA 5— TEXNIKES NPOrPAMMATIZMOY
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(ouvtnpntikn 6NAwon dev
elval apketn N unepBoAikn
dNAwon e omataAn
Xwpou)

MoAAa Evélapeoca Keva
2Tolxela, apalec SoUEC (T.x.
TMTOAUWVU O, TILVOKEC)
Elooywyec + AtaypadEc
aro v peEon Kootillouvv
(Atota O(n))



2xedloopoc Me Zuvdedepevouc
Koupouc (2K)

MAeovektnpata

 MOovo xpnoLua oToLxeia,
OEV EXOULE KEVA OTOLXELL
(moAvwvupo)

e Eloaywyec/Alaypodéc os
otaBepo Xpovo og/amod
ormoLadnmote B€on

‘i‘ ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY

MelovekTpata

ErmtumAgov pvnun oe eninedo
oToLxelov Aoyw ouvdeonc
(Tt.X. Hovnic N SutAa
ouvdedepevnc Alotag)
2elplakn Npoofoon ota
otolxela. H tuyaia
npooPaon kootilel O(n).



>xedlaopoc Me 2uvoedepevouc
Koupouc (2K) — Struct+Pointers (SP)

MAeovekTApoTa Melovektipata
* OAa ta yevika twv 2K  OAa ta yevika twv 2K

e Auvapko peyebocg doung, * Awaxeiplon Heap pe malloc
O0ool KOpBoL amattouvtal + free euBUVN TOU
TPOYPOAUHUATLOTA

= _‘;,
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>xedlaopoc Me 2uvoedepevouc
KouBouc (2K) — Mivaka + O<on (MO)

MAeovekTnpata
* OAa ta yevika twv 2K
e XpNOLLOC OXeOLACMOC OTAV
dev €xoupe SuVAULKN
OVAKTNGN UVAKNG
— Kapteg SIM pe CUYKEKPLUEVO
XWPO yLo eTaEC
* Anodelyoupe OeiKTEC

— o€ ovotnpata aocdpaleiog
TIOAAEC dopEC oL Seikteg dev
OUVLOTWVTOL

IR % ENOTHTA 5 — TEXNIKEZ POrPAMMATIZIMOY

MelovekTpata
 OAa ta yevika twv 2K

* JUYKEKPLUEVO pEYEDOC
nilvako, aAAQ e KATIOLL
gvelLéia (m.x. ota Aevdpa to
LEyeBoC Tou mivaka
kKaBoplleL TOV PEYLOTO
apLOUO TWV KOUBWV
aveéaptnta Babouc)
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Mwc ErmtAeyoupe

2uvdedepévol Koppot (2K-SP)
(2ZK-NO sivan cupBLBocpog)

Awataén Mivoko

* [vwoto nAnBoc otoleiwv e Aev yvwpilouvpe mAABOC

Awataén otolxelwv Ywplg
TOAAA KEVQ, TL.X. TTARPN
noAvwvupa

OxL LETOKIVAOELC OTOLXELWV.

AAyoplOpuoL pe apeon
npocPacn oToEiwY
(avalntnon, taéwvounon)
2UXVEC TUXOLEC TPOOPACELC
0€ OUYKPLON UE ELOAYWYEC
Kol Staypadeg

| ? ENOTHTA 5 — TEXNIKESZ MPOrPAMMATIEMOY
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OTOLXELWV

Alataén €xeL Keva, T.X. KN
AN PN TTOAVWVL LA, apalLol
TIVOKEC, un LooluyLopEVDL
devdpa

2UXVEC ELOOYWYEC Kol
dlaypadEc o€ ocUYKPLON UE
TUYolLeC tpOooPAOELC.
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YAortownoelc Ztoifac, Oupac, Atotac

Awataén MNivako

2toiBa NAI-
'vwoTto peyebog

Oupd NAI-
'VwoTto péEyebog

Alota NAI- T'vwoto
HEyebog, dpeon
npooPoaon ota
oTolxela, xwplg
(TtoAAEQ)
Slaypadeg Kat
ELOOYWYEC.

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY

2K-No

OXI-pundév odehocg

Aev €XOUUE UETOKLVIOELG,
ELOOYWYEC, Slaypadeg
armo TNV Héon. Npacelg pe
Bdaoel tnv Kopudn.

OXI. Aev €xoupe
LLETOKIVNOELG, ELOAYWYEG,
Slaypadeg amo tnv peon.
Mpatelg BAoeL EUmMPOg Kot
niow.

NAI-Tvwoto peyeboc.
Eloaywyeg, Staypadeg
Qo TNV HEon. Emitpenet
napaAAayEc avaloya pe
TIC arattnoelg (eldape
Hovo pia mapaAlayn-
Hova cuvoedepevn)

2K-SP

NAI-
AuvopLKO HEYEBOC

NAI-
Auvako pEyebog

NAI-Auvapiko peyedog
Eloaywyeg, Staypadeg
Qo TNV HEoN

Eritpénel mopaANayEC
(mooec;) avaloya HE TIC
QUTTOULTH OELG
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MNapaAAayec Alotac pe 2K
MO N SP

AntAn A AutAd ouvdedepévn; (kOOTOC LVAKNG — XPOVOoU)

— AmAnR: Baolki pvrun ouvdeong, O(n) yla mponyoupevo KOuPo

— AutAd: emutA€ov pvnpn ouvdeonc, O(1) ywa mponyoupevo KOUBo
Me kepaln N xwpis; (kdotog avamtuéng- UvnRUNg)

— Xwplic: amattovuvtal 2 mpaelc eloaywync kot 2 dtaypadng

— Me kedalny: 1 mpdaén eoaywyng kat 1 dtaypadnc e KOoToC Evav KOUBo
ETWTAEOV

KukAwkAq i 1n; (k6otog xpovou)
— ov anattolvtol TPAEELS TTOU CUVEXI{OUUE Ao TO TEAOC.
Me €véeL€n Tédoug Alotag i un; (kOOTOC XpOVOU — UVANG)

— Av ylvovtal ouxva loaywyég oto TEAOG (TT.X. oupa)

2x2x2x2=16 mapaAlayec (Lovo;) x2 (MO-SP)= 32 OAeg xproLeg uAoToLNoeLS. Me Ooeg

Stenadéec; (1-2-16-32;)
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EAeyxoc MNpoypappuotwy

Testing



EAeyxoc Aettoupyloc

To YAIKO atro 10 BIAio
The Practice of Programming

(Kernighan & Pike)
Chapter 6

I POrPAMMATIZMOY
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>paAparta MNavtou

“On two occasions | have been asked [by members of Parliament!],
‘Pray, Mr. Babbage, if you put into the machine wrong figures, will
the right answers come out?’ | am not able rightly to apprehend the
kind of confusion of ideas that could provoke such a question.”

— Charles Babbage

“Program testing can be quite effective for showing the presence
of bugs, but is hopelessly inadequate for showing their absence.”
— Edsger Dijkstra

“Beware of bugs in the above code; | have only proved it correct,

not tried it.”
— Donald Knuth

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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2TO)OL

* MNapouotalovpe
— External testing (E€wtepika)
— Internal testing (Eowtepka)
— General testing strategies (FeVIKEC ZTPATNYLKEC)

* QOLAoyol
— Hard to know if a large program works properly

— When developing a large program, a power programmer
expends at least as much effort writing test code as he/she

expends writing the program itself

— A power programmer is comfortable with a wide variety of
program testing techniques and strategies

i ¢ ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY
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Program Verification - AmtodeLén

e [davika: Prove that your program is correct

— Can you prove properties of the program?

— Can you prove that it even terminates?!!!

Specification |
Program

Checker
program.c _—

Right/Wrong

9

ENOTHTA 5 — TEXNIKEX MPOTPAMMATIZMOY
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Program Testing

* Mpaypatiotika: Convince yourself that your program
probably works

Specification

Probably

festing —— Right/Wrong

Strategy

program.c _—

> ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY



External vs. Internal Testing

* Types of testing
— External testing

e Designing data to test your program

KaBwc ypadoupe to mpoypappa oxedlalovpe ta Sedopeva e
ToL omtola Ba to eAEyEoupe

— Internal testing

e Designing your program to test itself

AvantuoooUupe KWOLKA YLoL AUTO-EAEYXO TOU TIPOYPALLUOTOC KABWC
ekTeAelTOL

¢ ENOTHTA 5 — TEXNIKEX MPOTPAMMATIZMOY
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External Testing

External testing: Desighing data to test your
program

e External testing taxonomy
(1) Boundary testing (optakd dedopeva)
(2) Statement testing (€EAeyxoc evtoAwv)
(3) Path testing (mBavec poec ekteAeonc)
(4) Stress testing (peyaAa ko toAAd Sedopeval)

* Oa T EEETACOVE EVA — EVA. ...

i ¢&"  ENOTHTA 5 - TEXNIKEZ MPOTPAMMATIEMOY
il >
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Boundary Testing

(1) Boundary testing (€Aeyxoc oplakwv dedopevwy)

— “A testing technique using input values at, just below, and
just above, the defined limits of an input domain; and with
input values causing outputs to be at, just below, and just
above, the defined limits of an output domain.”

— Glossary of Computerized System and Software Development Terminology

e Almost all bugs occur at boundary conditions

* |f a program works for boundary conditions, it probably
works for all others

i % ENOTHTA 5 — TEXNIKES NPOTPAMMATIZMOY >
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Boundary Testing Example

* Code to get line from stdin and put in character
array s (example ex1)

int 1i;

char s[MAXLINE];

for (i=0; (s[i]=getchar()) '= '\n' && i < MAXLINE-1; i++);
s[i] = '\0"';

printf ("String: |%s|\n", s);

* Boundary conditions

— Input starts with '\n' (kevn ypapuun)
* Prints empty string (“\0”), so output is “| |”

£ ﬁ‘ ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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Boundary Testing Example (cont.)

 Code to get line from stdin and put in character array

int 1i;

char s[MAXLINE];

for (i=0; (s[i]=getchar()) '= '\n' && i < MAXLINE-1; i++);
s[i] = '\0"';

printf ("String: |%s|\n", s);

* Boundary conditions

— Line exactly MAXLINE-1 characters long

* Output is correct, with ‘\O" in sSIMAXLINE-1]
— Line exactly MAXLINE characters long

* Last character on the line is overwritten, and newline never read
— Line more than MAXLINE characters long

* Some characters, plus newline, not read and remain on stdin

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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Boundary Testing Example (cont.)

e Rewrite the code int 1i;
char s[MAXLINE] ;

for (i=0; i<MAXLINE-1;

break;
s[i] = '\0';

i++)

if ((s[i] = getchar()) ==

I\nl)

* Another boundary condition: Eor

for (i=0; i<MAXLINE-1; i++)

break;
s[i] = '\0';

if ((s[i] = getchar()) == '\n' ||

* What are other boundary conditions?
— Nearly full
— Exactly full

— Over full

Na0Bog;

ENOTHTA 5 — TEXNIKEX MPOTPAMMATIZMOY
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Boundary Testing Example (cont.)

for (i=0; ; i++) {
int ¢ = getchar();
if (c==EOF || c=='\n' || i==MAXLINE-1) {
s[i] = '\0';
break;
}
else s[i] = c;
}

There’s still a problem...MAXLINE=9

Input: Output:
Four

score and seven Fourd@
years

score ang

sevend

yearsd

> ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY
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Acadelec otic Mpodlaypadec
If line is too long, what should happen?
— Keep first MAXLINE characters, discard the rest?

— Keep first MAXLINE-1 characters + '\0O' char, discard the rest?

— Keep first MAXLINE-1 characters + '\0' char, save the rest for the next call
to the input function?

Probably, the specification didn’t even say what to do if MAXLINE is
exceeded

— Probably the person specifying it would prefer that unlimited-length
lines be handled without any special cases at all

— Moral: testing has uncovered a design problem, maybe even a
specification problem!

Define what to do
— Truncate long lines?

— Save the rest of the text to be read as the next line?

28



Aldayuota

* [TOAUTIAOKEC OPLOLKEC TIEPUITTWOELC ELVaL cuxva
OU UTTTWHOTAL KAKOU 0XEOLAOHOU 1 KOKWV
npodLaypadwv.

e AleukpLvioTe TI¢ tpodlaypadEc, oV UIMOpPELTE.

* Av OgVv UTTOPELTE VO OLEUKPLVLOETE TLC
npodLlaypadec 1ote SLopOwoTe TO
NPOYPOALLLLO, OTIWC VOULLCETE.

e ENOTHTA 5— TEXNIKES NPOrPAMMATIZMOY
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Statement Testing

(2) Statement testing

— “Testing to satisfy the criterion that each
statement in a program be executed at least once
during program testing.”

— Glossary of Computerized System and Software Development
Terminology

> ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY
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Statement Testing Example

e Example pseudocode: if (conditionl)
statementl;
else

Statement testing: statement2;

Should make sure both “if if (condition2)

statements and all 4 nested statement3;
statements are executed else
statement4;

* Requires two data sets; example:
— conditionl is true and condition2 is true
e Executes statementl and statement3

— conditionl is false and condition2 is false

e Executes statement2 and statement4

»  ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY




Path Testing

(3) Path testing

— “Testing to satisfy coverage criteria that each logical path
through the program be tested. Often paths through the
program are grouped into a finite set of classes. One path
from each class is then tested.”

— Glossary of Computerized System and Software Development Terminology

 Much more difficult than statement testing

— For simple programs, can enumerate all paths through the
code

— Otherwise, sample paths through code with random input

i % ENOTHTA 5 — TEXNIKES NPOTPAMMATIZMOY
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Path Testing Example

* Example pseudocode: if (zozditizr;l)
statemen g
Path testing: els‘: o temenes:

Should make sure all logical

paths are executed if (condition2)

statement3;

* Requires four data sets: else

statement4;

—conditionl is true and condition2 is true

—condition1 is true and condition2 is false
—condition1 is false and condition2 is true
—condition1 is false and conditionZ2 is false
* Realistic program => combinatorial explosion!!!
* EAeyyxoc o€ pkpotepa tunpata (N+M < N*M)

¢ ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY



Stress Testing

(4) Stress testing

— “Testing conducted to evaluate a system or component at
or beyond the limits of its specified requirements”

— Glossary of Computerized System and Software Development Terminology

 What to generate
— Very large inputs
— Random inputs (binary , ASCII)
* Use computer to generate inputs

¢ ENOTHTA 5 — TEXNIKEX MPOTPAMMATIZMOY
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Stress Testing Example 1

 Example program: #include <stdio.h>
int main(void) {
char c;
- while ((c = getchar()) != EOF)
Stress testing: Should putchar (c) ;
provide random (binary , return 0;
ASCII) inputs }

* Intention: Copy all characters of stdin to stdout; but note the bug!!!
* Works for typical (human-generated) ASCII data sets

« Random (computer-generated?) data set containing byte 255 (decimal),
alias 11111111 (binary), causes loop to terminate before end-of-file

»  ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY




Stress Testing Example 2

 Example program:

Stress testing: Should
provide very large inputs

#include <stdio.h>
int main(void) {
short charCount = 0;

while (getchar () !'= EOF)
charCount++;

printf ("$hd\n", charCount);

return O;

* |ntention: Count and print number of characters in stdin

* Works for reasonably-sized data sets
* Fails for (computer-generated?) data set containing more

than 32767 characters

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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The assert Macro assert(expr)

#include <assert.h>

e The assert macro

— One actual parameter, which should evaluate to true
or false

— |If true (non-zero):
* Do nothing

— If false (zero):
* Print message to stderr “assert at line x failed”

* Exit the process

A <§J ENOTHTA 5 — TEXNIKEX MPOTPAMMATIZMOY
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Uses of assert

 Typical uses of assert

— Validate formal parameters («mtpo» ocuvBrkn)

size t Str getLength(const char *str) ({
assert(str !'= NULL) ;

}

— Check for “impossible” logical flow

switch (state) {
case START: .. break;
case COMMENT: .. break;

default: assert(0); /* Never should get here */

}

— Make sure dynamic memory allocation requests worked

* x=malloc(...); assert(x); (Described later in course)
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Disabling asserts

Problem: asserts can be time-consuming
— Want them in code when debugging, but...
— Might want to remove them from released code
Bad “solution”:
— When program is finished, delete asserts from code
— But asserts are good documentation
— And in the “real world” no program ever is “finished”!!!
Solution: Define the NDEBUG macro
— Place #define NDEBUG at top of .c file, before all calls of assert
— Makes the assert macro expand to nothing

— Essentially, disables asserts

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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Disabling asserts (cont.)

* Problem: Awkward to place #define NDEBUG in only released
code

e Solution: Define NDEBUG when building
— -D option of gcc defines a macro
— gcc -DNDEBUG myfile.c

* Defines NDEBUG macro in myfile.c, just as if myfile.c contains #define
NDEBUG

* Controversy: Should asserts be disabled in released code?

— Asserts are very time consuming => yes
— Asserts are not very time consuming => sometimes unclear

* Would user prefer (1) exit via assert, or (2) possible data corruption?

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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Internal Testing

* Internal testing: Designing your program to test itself

* Internal testing techniques
(1) Testing invariants
(2) Verifying conservation properties
(3) Checking function return values
(4) Changing code temporarily

(5) Leaving testing code intact

e EETACOULE TIC TEXVLIKEC pia-pia...

e ENOTHTA 5— TEXNIKES NPOrPAMMATIZMOY
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Testing Invariants
(EAeyxoc AvaAlolwtwyv ZuvBnkwv)

(1) Testing invariants
— testing pre-conditions and post-conditions
— Some aspects of data structures should not vary

— A function that affects data structure should check those invariants at its
leading and trailing edges (mpo- kot petd- aAAaync)

— Example: “doubly-linked list insertion” function
* At leading and trailing edges
— Traverse doubly-linked list

— When node x points forward to node y, does node y point backward
to node x?

— Example: “binary search tree insertion” function
* At leading and trailing edges
— Traverse tree

— Are nodes still sorted?
ENOTHTA 5 — TEXNIKEXZ MPOTPAMMATIZMOY
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Testing Invariants (cont.)

e Convenient to use assert to test invariants

#ifndef NDEBUG
int isValid (MyType~object) ({

Test invariants here.
Return 1 (TRUE) if objec
all tests, and 0 (FALSE) otherxwise.

}

#endif |«

void myFunction (MyType object) ({
assert(isValid (object)) ;

Manipulate object here.

assert(isValid (object)) ;

Can use NDEBUG
in your code, just
as assert does

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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Verifying Conservation Properties ([Miotomnoinon
>taBepwv I6LoTNTWV)

(2) Verifying conservation properties
— Generalization of testing invariants

— A function should check affected data structures at leading and trailing edges

— Example: Str_concat () function
* At leading edge, find lengths of two given strings; compute sum
* At trailing edge, find lengths of resulting string

* Islength of resulting string equal to sum?

— Example: List insertion function
* At leading edge, find old length of list
* At trailing edge, find new length of list

* Does new length equal old length + 1?

ENOTHTA 5 — TEXNIKEX MPOTPAMMATIZMOY
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Checking Return Values

(3) Checking function return values

— InJava and C++:
* Method that detects error can “throw a checked exception”

e Calling method must handle the exception (or rethrow it)

— In C:
* No exception-handling mechanism
* Function that detects error typically indicates so via return value
* Programmer easily can forget to check return value

* Programmer (generally) should check return value

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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Checking Return Values (cont.)

(3) Checking function return values (cont.)

— Example: scanf () returns number of values

read
Bad code Good code
int i; int 1i;
scanf ("%d", &i): if (scanf("%d", &i) !'= 1)
/* Error */

— Example: print£ () can fail if writing to file and
disk is full; returns number of characters (not

values) written Good code, or overkill???
Bad code??? int i = 100;
int i = 100; if (printf("%d", i) !'= 3)

printf ("%d", i) ; /* Error */

> ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY
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Changing Code Temporarily

(4) Changing code temporarily

— Temporarily change code to generate artificial boundary or stress tests

— Example: Array-based sorting program
e Temporarily make array very small

* Does the program handle overflow?

— MeéeyeBoc otoiBag yia EAeyxo uttepxeiAlong

— Example: Program that uses a hash table
e Temporarily make hash function return a constant
* All bindings map to one bucket, which becomes very large

* Does the program handle large buckets?

ENOTHTA 5 — TEXNIKEX MPOTPAMMATIZMOY
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Leaving Testing Code Intact

(5) Leaving testing code intact
— Leave important testing code in the code
— Maybe surround with #ifndef NDEBUG .. #endif
— Control with —-DNDEBUG gcc option

* Enables/disables assert macro

» Also could enable/disable your debugging code (see “Testing Invariants”
example)

 Beware of conflict:
— Extensive internal testing can lower maintenance costs
— Code clarity can lower maintenance costs

— But... Extensive internal testing can decrease code clarity!
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General Testing Strategies

* General testing strategies
(1) Testing incrementally
(2) Comparing implementations
(3) Automation
(4) Bug-driven testing
(5) Fault injection

* AC TIC EEETACOUME HLO-JULAL...
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Testing Incrementally

(1) Testing incrementally

— Test as you write code
e Add tests as you create new cases
* Test simple parts before complex parts

e Test units (i.e., individual modules) before testing the system

— Do regression testing (€EAeyxocC TponyoupEVWV)
* A bug fix often creates new bugs in a large software system, so...

* Must make sure system has not “regressed” such that previously
working functionality now is broken, so...

* Test all cases to compare the new version with the previous one
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Testing Incrementally (cont.)

(1) Testing incrementally (cont.)

— Create scaffolds and stubs to test the code that
you care_about

Fonetion that Scaffold: Temporary
code that calls code
that you care about

calls code that | |le—
you care about

e
I
Code that you care about
/ Stub: Temporary

, —— code that is called

Function called Function called ‘/.bycodethatyou
by code that by code that care about

you care about you care about
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Comparing Implementations

(2) Compare implementations

— Make sure that multiple independent
implementations behave the same

— Example: Compare behavior of your str.h
functions vs. standard library string.h functions
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Automation (kwokac eAeyyou)

(3) Automation

— Testing manually is tedious and unreliable, so...

— Create testing code
* Scripts and data files to test your programs (recall decomment program testing)

* Software clients to test your modules (recall Str module testing)

— Know what to expect
* Generate output that is easy to recognize as right or wrong

* Example: Generate output of dif£f command instead of raw program output

* Automated testing can provide:
— Much better coverage than manual testing

— Bonus: Examples of typical/atypical use for other programmers
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Bug-Driven Testing

(4) Bug-driven testing

— Find a bug => immediately create a test that
catches it

— Facilitates regression testing
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Fault Injection

(5) Fault injection
— Intentionally (temporarily) inject bugs!!!
— Then determine if testing finds them

— Test the testing!!!
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Who Tests What

* Programmers

— White-box testing

— Pro: Animplementer knows all data paths

— Con: Influenced by how code is designed/written
* Quality Assurance (QA) engineers

— Black-box testing

— Pro: No knowledge about the implementation

— Con: Unlikely to test all logical paths
* Customers

— Field testing

— Pros: Unexpected ways of using the software; “debug” specs

— Cons: Not enough cases; customers don’t like “participating” in this process; malicious users
exploit the bugs
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MNepiAnPn

e External testing taxonomy

Boundary testing
Statement testing
Path testing

Stress testing

* Internal testing techniques

Checking invariants

Verifying conservation properties
Checking function return values
Changing code temporarily

Leaving testing code intact
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Summary (cont.)

* General testing strategies

— Testing incrementally
* Regression testing

 Scaffolds and stubs
— Automation
— Comparing independent implementations
— Bug-driven testing

— Fault injection

* Test the code, the tests —and the specification!
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XapaKtnploTtka Evotntwy



2TO)OL

* Mwc va dNUIoVPYNOELS EVOTNTEC LYPNANC TTOLOTNTOC
otnv C.

e [watl ypeladletal;

— H adoaipeon eival amapaitntn TEXVIKA YO TNV AVATTTUEN
KoL katavonon peyaAwyv, ToOAUTTAOKAWY CUCTNUATWVY

— O KOAOC TTPOYPOUATLOTAC YVWPLIEL TTWCE Va BpEL
KATAAANAEC adalPECELC OE EVAL LEYAAO TIPOYPOLUUOL

— O KaAOC MIPOYPOAULATIOTAC YVWPLIEL TWC VoL TapouoLalel
TIC APALPEDCELC OE EVAL LEYAAO TIPOYPOLUUO LECW TWV
EVOTNTWV.
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Xapaktnplotika Evotntwv

Mua kaAd oXeSLaOUEVNEVOTNTA

Alaxwpilel dtemadn kot vAomoinon (peptkn amokpuyn)
EvBuAakwvel dedopeva (oAkn amokpuyn)
AloxelplleTo TOPOUC UE CUVETIELDL

Kavel kaAn emthoyr) Ovopdtwv

ExeL eAaxiotn Stemadn

AvadEpel A\aBn otouc TEAATEC

Opilel cupBoAala

Exet upnAn ouvvadela

O 0 N O U A~ WD R

‘ExeL aoBevn) e€aptnon
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1. Atoxwpllel dientadn kat vAomoinon

— ATTOKPUTITEL TNV UAOTIOLNON CUVAPTHOEWY QTTO
Tou¢ teAatec (VAomoinon adaipeonc)

— EmutpeneL tnv aveéaptntn LETOYAWTTLON

P R
*%, " ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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MNapadelypa
Stack: 2toiBa rou Sdtaxelpiletal strings
— 2xeblaotikn Emthoyn pe Avuvauikn Zuvdedepevn Alota.
— Mpactelg

* new: Anpuloupyla véou Stack

free: AmeAevBepwon

push: wbnon

top: e€aywyn otolyeiov KopuPnc

pop: anoppupn otoxeiov KOPUDNC

iSEmpty: Return 1 av n Stack kevo
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Xwplc armokpun

/* stack.c */
struct Node {
const char *item;
struct Node *next;
};
struct Stack {
struct Node *first;

/* client.c */
#include "stack.c"

/* Use the functions
defined in stack.c. */

}i

struct Stack *Stack new(void) {..}

void Stack free(struct Stack *s) {..}

void Stack push(struct Stack *s, const char *item) ({..}
char *Stack top(struct Stack *s) {..}

void Stack pop(struct Stack *s) {..}

int Stack isEmpty (struct Stack *s) {..}

—  Aevunapyel Stemadn (éva apyeio)
—  AM\ayn stack.c => rebuild stack.c kat meAdtn

—  Xwpic adaipeon, oplopol pe axpeiacteg AeMToUEPELEG ElvaLl opaTOL.
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H Mepwkn Artokpun (Otemadn)

Evotnta Stack amoteAeital and duo apyeia
- To stack.h (the interface) dnAwvel functions and opilel data structures

(o TUMo¢ otoyeiou eival char*)

/* stack.h */

struct Node {
const char *item;
struct Node *next;
}s
struct Stack {
struct Node *first;
};
struct Stack *Stack new(void) ;
void Stack free(struct Stack *s);
void Stack push(struct Stack *s, const char *item);
char *Stack_ top(struct Stack *s);
void Stack pop(struct Stack *s);
int Stack_isEmpty (struct Stack *s);
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Mepwkn Antokpun (vAomoinon)

To stack.c (n vAomoinon) opilet functions

#include “stack.h”
— EAgyX0C LETAYAWTTLOTA

— Ol ouvoptnoelc €xouv tpocPaon ota dedopeva

/* stack.c */
#include "stack.h"

struct Stack *Stack new(void) {..}

void Stack free(struct Stack *s) {..}

void Stack push(struct Stack *s, const char *item) {..}
char *Stack top(struct Stack *s) {..}

void Stack pop(struct Stack *s) {..}

int Stack_isEmpty (struct Stack *s) {..}
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Mepikn Artokpun (xenon)

— NeAatnc #include tnv dlemadn

— Av aAAaéel to stack.c => petayAwTttion poOvo tou
stack.c, oxL tou meAatn.

— KaAUtepn adaipeon (oL mpooBaocelc otnv doun
urtopoUV va Yivouv LLECW OUVAPTNOEWV)

/* client.c */

#include "stack.h"

/* Use the functions declared in stack.h. */
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2. EvOuAakwon Asdopevwyv
(OAkn Amtokpuyin)

H npooBaon otn o amoKAELOTIKA LECW CUVAPTACEWY

— MAnpnc anokpuPn AeMTOpEPELWY UAOTIOLNONC

— JUVOPTNOELC yLlo. TpooBaon

— O meAdrtec dev €xouv pooPaon aneubeioc ota Sedopeva.
 Odeloc:

— Eukplvela - peow TG adaipeonc

— Aodalela - ol meAateg 6ev unopouv va kataotpEPouv
QVTLKELPEVOL

— Eveli&ia — Emttpemel aAAayEG oTnv UAOTIOLNON, AKOUO KoL OTO
dedopéva, xwpic va emnpealovtal oL TTEAATEG.
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MpoBAnua pe Mepikn amokpun

/* stack.h */

struct Node {
const char *item; OplOlJOI' o10 .h
struct Node *next; ‘(//////

}s

struct Stack {
struct Node *first;

i

struct Stack *Stack new(void) ;

void Stack free(struct Stack *s);

void Stack push(struct Stack *s, const char *item);
char *Stack top(struct Stack *s);

void Stack pop(struct Stack *s);

int Stack_isEmpty (struct Stack *s);

— Aenadn amokaAumtel uhomoinon pe cuvoedepevn Alota

— O mehatnc pnopet va aAAaéel/npooneldaosl amevBelog ta Sedopeva, mbava va ta
aAloLwoEL.

— struct Stack S; ... S->item = NULL;
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OAwkn Atokpun

/* stack.h */
typedef struct Stack * Stack T,

Stack T Stack_new(void) ;

void Stack free(Stack T s);

void Stack push(Stack T s, const char *item);
char *Stack_top(Stack T s);

void Stack pop(Stack T s);

int Stack isEmpty(Stack T s);

= Metakivnon oplopoUl oto .c KaL xpnon 6&eilktn

Adladavnc (opaque) deiktng Stack_T
= “Stack_T” o véogtUmog

= O neAdtng ev £xel mpooPaon ota dedopéva apeoa; Ta dedopcva ival
adladavn.

= Stack TS; ... S->item=NULL (syntax error).
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Stdio

/* stdio.h */

struct FILE {
int cnt; /* characters left */
char *ptr; /* next character position */
char *base; /* location of buffer */
int flag; /* mode of file access */
int f£4; /* file descriptor */

— Mepkn amokpuyn

— AAN\Q bev xpelaletatl vor SOULE TOUC OPLOUOUC
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3. AtaxelplleTol MOPOUC LE OCUVETIELL

* EAeguBepwvel mOpouC HOVO av Touc ExeL deopevosl. M.y
* malloc <=> free

* opens file <=> closes file

* Agopevon kat arodeopevon o€ dladpopeTIKA emimeda XEL
KvdUVoUC

— Aev kavoupe free => memory leak (lappon)
— QAev kavoupe malloc => dangling pointer (awwpoupevog), seg fault
— Aev kAelvoupe close file => un arnodotikn xprion mépou

— Aev avoiyoupe to open file => dangling pointer (atwpoupevoc), seg
fault

¢ ENOTHTA 5 — TEXNIKEX MPOTPAMMATIZMOY

72



MNapadelypa

Stack: Molog deopevel kat amodeopeVEL Ta strings;
— Amnodektéc EmAoyEC
(1) Client allocates and frees strings
— Stack _push () dev dnpuloupystl string, d€xetal Seiktn.
— Stack _pop () dev eAeuBepwvel To string
— Stack free () bev eAeuBepwvel Ta strings
(2) Stack object allocates and frees strings
— Stack _push () dnuioupyeti string
— Stack _pop () eAeuBepwvel to string
— Stack free () eleubepwvel Ta strings
— Hemhoyn pog n (1) yia va €xoupe yeVIKO opLlopo Tou Stack.
— Mn amodeKTEC EMAOYEC:
* O neAdtng dnuoupyel string , Stack eAeuBepwvel

e Stack dnpuloupyetl strings, o meAatng eAsuBepwveL
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4. KaAn emttdoyn Ovopatwy

OvOopaTa LE CUVETIELDL
— Ovopa cuvaptnNoNng MEPLEXEL TO ovopa TS OOUNC
* BonBaeL otnv cuvipnon Tou MPOYPALLLLOTOC
* Mewwvel itbavotnta cUYKPOUONC OVOLLATWY

— OL ouvapTtNOELC vaL Exouv cuvern dlataén
TOPALETPWV

* BonBadeL otnv KARoN TOUC
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MNapadeiypota

Stack

(+) Zuvoaptnoelg Eekvouv pe mpoBepa “Stack ”

(+) mpwtn MapAPETPOC TUTTOC SOUNC

string

(+) &ekwoulv pe “str”

(+) I'Ipqoptcuéq npwtn, poéAevaon devtepn; Mipeital anodoon
TLUNG

stdio

(-) Mepikec ouvaptioelg Eekvouv “f”, AAAeC OxL

(-) Meplkeg ocuvaptNoELg €xouv MPwTN APAUETPO FILE. ANAEC
(e.g. putc () ) dadopetikn.
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5. ExeL eAaxtotn dtemadn

— AAwon oto .h epocov
 Elval amapattntn n
* BoAkNA

— [eploooOTEPEC CUVAPTAOELC onuatvel uPpnAotepo
KOOTOC ouVTHPNOoNG Kat Xpovo nabnong
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Napadeypa 2tolfa

— OAec amapaitnteg

¥ ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY
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Napadeypa Stack

* Av tpooBETapE TNV

void Stack clear(Stack T s);

e AKUPWVEL OO TOL OTOLYELDL

* Aev eival antapaitntn; O mMeAATNC UTOPEL UE
ouvexoueva pop () va emtuyeL to ibLo

* lowc BoAwn
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MNapadeypa String

char
char
char
char

char
char
char

/* string.h */
/* anapoaitnteg*/
size t strlen(const char *s);

*strncpy (char *dest, const char *src, size t n);
*strncat (char *dest, const char *src, size t n);
*strncmp (const char *s, const char *t, size t n);
*strstr (const char *haystack, const char *needle) ;

/* BOALKEC KOl OmOdOTLKEQ */

*strcpy (char *dest, const char *src);
*strcat (char *dest, const char *src);
*strcmp (const char *s, const char *t);
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MNapadetypo stdio

int
int
int
int
int
int

int
int
int
int

int

/* amnopaitnteg */
FILE *fopen(const char *filename, const char *mode)

fclose (FILE *f);

fflush (FILE *f);

fgetc (FILE *f);

putc(int c, FILE *f);

fscanf (FILE *f, const char *format,
fprintf (FILE *f, const char *format,

/* PoA.rég */

getchar (void) ;
printf (const char *format, ..);
putchar (int c);
scanf (const char *format, ..);

/* timota and ta duvo */

getc (FILE *f);

) s
) s
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6. Avadepel AaBn

Avadepel A\aBn otouc MeAATEC

— H evotnta dtamotwvel Aabn, to omola xelpiletol
0 TtEAATNG

Ta AaBn ta xelpiletal kaAUTepa 0 TLEAATNG
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Avadopa AaBwv otnv
pa Ao nv C
Evtomiopog Aaboucg
— 1if statement
— assert macro
Avadopd otov teAATN
— Me kaBoAwkn petapfAntni
* Zegxvapue va eAéyéoupe (6ev dpaivetal apeoa)
e Aev gvbeikvuTtal yla TOAUVNUOATIKEG EDAPLOYEG
— Emotpodn TIung
* [ota T va eTilhe€ou e yia AaBog
— EmutA€ov napdpetpoc-onpaia (flag)
* Mo emUTAEOV AP AUETPOC
— KARon assert macro?
* Evrtomilel, aAAQ SEV OVOKAUTTTEL

Aev umapyxet LOavikr mAoyn
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Avadopa AaBwv otnv C (cuvey.)

AladopormoloUpe
AaBn xpnotn (User errors)
— Errors made by human user
* Example: Bad data in stdin
* Example: Bad command-line argument
— Errors that “easily could happen”
— To detect: Use if statement
— To report: Use return value or (by-pointer-value) parameter
NaBn Mpoypappatioth (Programmer errors)
— Errors made by a programmer
— Errors that “never should happen”
* Example: Call Stack pop () with NULL stack, empty stack
— To detect and report: Use assert
The distinction sometimes is unclear

— Example: Write to file fails because disk is full
ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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Avadopa AaBwv otnv C (cuvey.)

/* stack.c */

Stack

void Stack push(Stack T s, const char *item) ({

struct Node *p;

assert(s != NULL) ;

P = (struct Node*)malloc(sizeof (struct Node)) ;
assert (p '= NULL);

p—>item = item;

p—>next = s->first;

s->first = p;

}
— Stack functions:
e Consider invalid parameter to be programmer error

* Considermalloc () failure to be programmer error

° Detect/report NoO user errors
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MNapadeiypota

* string
— No error detection or reporting

 Example: NULL parameter to strlen () => probable
seg fault

* stdlib

— Uses return values to indicate failure

 Note awkwardness of scanf ()

— Sets global variable “errno” to indicate cause of
failure
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7. Opilel cupBoiata

— A module should establish contracts with its clients
— Contracts should describe what each function does, esp:
* Meanings of parameters
* Valid/invalid parameter values
* Meaning of return value
 Side effects
Ol AdyoL

— Establishing contracts facilitates cooperation between multiple
programmers on a team

— Establishing contracts assigns blame to violators
e Catch errors at the door!

* Better that the boss yells at the programmer who is your client rather
than at you!!!
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Oplopoc cupfolaiwyv otnv C

* [lpotelvoupe

* Me oxoALa

—H vAormnoinon akoAouBel ta oyoAla

L',, ENOTHTA 5 — TEXNIKEZ MPOTPAMMATIZMOY
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e Stack

MNapadelypo

/* stack.h */

char *Stack top(Stack T s);

/* Return the top item of stack s.
It is a checked runtime error for s
to be NULL or empty. */

— Comment defines contract:

* Meanings of function’s parameters

— s is the pertinent stack

* Valid/invalid parameter values

— s cannot be NULL or empty

* Meaning of return value

— The return value is the top item

e Side effects

— (None, by default)
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8. Zuvadela

YynAn Zuvadela

— OL OUVAPTNOELC VOL EXOUV OXEON METAEL TOUC

* BonBasL tnv adaipeon
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YPnAn Zuvadela — MNapadeiypota

Stack
(+) All functions are related to the encapsulated data
string
(+) Most functions are related to string handling
(-) Some functions are not related to string handling
memcpy (), memmove (), memcmp (), memchr (), memset ()
(+) But those functions are similar to string-handling functions
stdio
(+) Most functions are related to I/O
(-) Some functions don’t do I/O
sprintf (), sscanf ()

(+) But those functions are similar to I/O functions
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9. AcBevnc E€aptnon

TLonuaivet
— No ouvbeetal Alyo pe AAAEC EVOTNTEC

— ALAdpoon ECWTEPLKA OE EVOTNTEC TILO EVIOVEC ATIO
Sdtadpaon peTall evotNTwVY

* [apatnpnoelg

— Juvtnpnon : Me acBevn e&aptnon to mpoypoppa aAAalel
TILO EUKOAQL

— Enavaypnowuonoinon: H aoBevn e€dptnon BonBael otnv
gTovVaxpnoLpomnoinon os aAAa mpoypappaTa

* Eumepia

— Evotntecg €xouv Alyotepa AaBn
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AcBevnc E¢aptnon Mapadelypa

° ZXE,&LGGHOC — Airplane
Airplane KAAoN ouvapTnong getLat()
Simulator / getLat() |::> getLon()
f() /vgetLon() Simulator getAlt()
v é __» getAlt() f) N setLat()
move() %S\» setLat() \ setLon()
a setLon() setAlt()
\‘{ setAlt() \‘( move()
* [TeAATNC KOAEI TTOAAEC * [1TeAGTNG KaAAEi AiyeG ouvapTAOEIC
OUVOPTAOEIC » AoBevr¢ €€apTnon - oXedIaoPOC
» Auvartn E¢aptnon - oxedIaoNOGg
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AcBevnc E¢aptnon-MNMapadelypa

—» Many function calls — One function call

e Kata tnv ekteAeon-aobevnc e€aptnon

Client Collection Collection
e + o] | e
f) N
sort() setN() \ setN()
A sort()
. I'Io)\)\ég K)\r']’O'EZIg  Aiyec KArjoeig
. AuvaTr E€aptnon « AoBevig EEapTtnon
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AcBevnc E¢aptnon-MNMapadelypa

e Juvtnpnon-séaptnon

Client My Module
f1()
f2() 0]

« ECGpTnon ouvTripnong
« Auvarn e€aptnon otnv

ouvTpnon
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= Changed together often

Client My Module
f1() le()
f3()

« Ox1 aAayég
« A0BevNG eCapTnon TNV
ouvtipnon
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Ertttuyyavovtoc AcBevn E¢€aptnon

Metakivnon Kwoka
— Ao meAATEC 0 evoTNTA
— Ao evoTnTa O€ TMEAATEC

— A0 TEAQTEC KOl EVOTNTEC OE VEEC EVOTNTEC
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Avadpoun



Avaodpopun (Recursion)

* Mwc va AVooupe eva tPoBAnua kavovtac Alyn
SOUAELA KaL avayovtac To uTtoAourto vo AuBel
LLE ToV LOLo TPOTTO.

* [loU ypeladletal;

— MoAANEC paBnuaTIKEC cuvaPTNOELC opilovTal
avadpouka. Aev eival mpodavec mwe Uopouv va
OPLOTOUV OAALWC.

— MoAAa poPAnpata AUvovtol eUKoAa avadpo LKA
Kot SUOKOAOL N AV pOuLKAL

¢ 1iea)
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Tpiywvo Sierpinski
Mn avadpoLKOG OPLOLLOG;
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AUO ToPEENYNOELC

e «Elval duokolo va katovonBein»

— Oy, amAa amratteital e€aoknon

* «Aev elval anodotikn (YAoLo XpOvou, XWPOou)»
— Kpttplo n eukoAia yla tov avBpwro, OXL TNV HNxavn.

— H amodotikotnta e€optatol amno tnv ernthoyn aiyopibuou
(koA Ko kakn xprion avadpopkotntag). Oa douue dvo
napadeiypata.
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>kePou Avadpouka

e Xwplloupe tTn AUoON O€ TPLA LEPN
i. Kave kamowa 6ovAeLld pog tnv Avon
ii. Xpnolwuomoinoe tnv nEBodo yia eva (N
MEPLOOCOTEPA) ULKPOTEPA UTIO-TIPOBANHATA OF
eva (N meplocotepa) urntoouvolo dedopevwy
iii. Evwoe to i) ko ii)
MpemneL va mepAaPAVEL LA TETPLUUEVN TIEPLTTWON YL

TO i), TTOU VOl LNV ATtolTeiTal N ii) WoTE va OTAATAEL
N avadpouLKOTNTA

| ? ENOTHTA 5 — TEXNIKESZ MPOrPAMMATIEMOY
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Napadeyupa: NMapayovtiko

e Avadpoutkoc Oplopog tou n!, n>=0
ol=1
nl=n*(n-1)!

e Avadpoutkoc Oplopog YompoypaLUoTo
—«/\lyn SouAeLa»: evac moAAamAaoLlaopoc Kal po adaipeon
Brina Atakormnc (stopping case) to 0!
-«YriompoBAnua»: Avadpoutko Bapa (recursive step) (n-1)!
-Evwvoupue ta dvo



AvVoOpoutkog Y moAoyiGUOg Tov 3!
31 =3*2]

21 =2 * 1!
11=1*0!
or=1
Xpnowwomotwvtag tnv tiun 1 tov 0! (frua dtakong) eivar dSuvaTdS 0 VITOAOYIGUOC

10V 3! emoTpEPovtac oToV VTOAOYIGLO ToL 1!, Tov 2! Kat Téhog Tov 3! dmmg
QAIVETUL GTO TOPAKAT® GYTLLOL

3!:3*2!:3*2:45\
2!:2*1!:2*1:\
11=1%0!= 1*1/.

0! = Brua Atokomnnc
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O avadpoUIKOS 0TOS OpIoUOC Umopel va vAomon el edKoAN OTT®C
(QOIVETOL OTO TAPOKATW VITOTPOYPOLLLLLOL:

long par(int n)

{
long timi;
If (n==0) /* Byua drokomnc */
timi = 1,
else  /* avaopoutkd Prjue. N =n* (n-1)1*/
timi =n * par(n - 1); // emotpopn (A)
return (timi);
}
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[Tapovcidleton 0 TPOTOG AELTOVPYIOG TOV

paragontiko = Pay (3); OVOLO POULKOD VITOTPOYPAUUATOS, OOV KEOE
To n eivar 3 TAOIC10 oyYeTiCeTon Ue TNV €yypoen
timi = 3* par(2) gvepyomoinong (activation record).
EMOTPOOT _l
6 A
To n givon 2

timi = 2* par(1)

ETLOTPOPN
Amotéhleopa 2 1 v
Ton etvon 1
timi = 1* par(0)
EMOTPOPN
Amotéhleopa 1 !

To n sivon O

timi =1

Amotéheopa 1 EMOTPOON
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Ylomoinon Avaodopoung
{ /*k0pro mpoypoppo*/
X = par(3); /* program address B */

TOPAUETPOL

3 ]8)

AtebBuvon emoTpoPng
GLVAPTNONG

11 kAnon ¢ par(3) oto main (B)

2

A

3

B

Z%°  ENOTHTA 5 — TEXNIKEZ MPOrPAMMATISMOY
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3" ko 4" kAnoelc ¢ par(l)
ko par(0) oy par (A)

Tepuatiopdg 41 kAnong g
par(0) otnv par (A)

Emotpoen) tyung 0!==

Emiotpo@n pong mpoypaiiortog
otV olevduvon A

a0
% > ENOTHTA 5— TEXNIKEZ MPOTPAMMATIZIMOY

0 |A
1 [ A
2 | A
3 |B
1A
2 | A
3|B

(1]
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Tepuatiopdg 3 kANoNg g

par(1l) otnv par (A)
Emotpoon tiung 1!1==1*0!==1 71 A
Emiotpo@r) pong mpoypauuatog ‘ 1 ‘ A ‘
otV olevdvuvon A 3|B
Tepuationdg 21 kAnong g
par(2) oty par (A)

3]8] 2]a]
Emotpoen tiung 1!1==2*11==2
Emotpoen pong mpoypaupiotog
otV oevbvvon A

| | 6 | 8]

Tepuatiopodg 1M kAnong g par(3) otnv main (B)
Emotpoen tiung 3!1==3*2!=6
Emotpoen pong mpoypdupatog otny otevbovvon B

Z%°  ENOTHTA 5 — TEXNIKEZ MPOrPAMMATISMOY
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Ontikomoinon Xpovov - XmPov XuvapTNoE®Y
Xpovog Kincewv, Atdpkela Extéleonc ko Amoutoduevn uviun)

Space

Proc D

Proc D

Proc A

Proc D

Proc D

Main

ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY
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IHolvmlokotnta O(?) Hopayovrikov Avaopoun-Eravainyn
XPNo1 GVeIPOUIKDV GUVUPTNCEMY

A. Mg avadpoun timi =n * par (n - 1) : Avo kopieg mpaceig *, -

T,(nN)=2+T(n-1)=

2+2+T(n-2)=
2+2+..+2+T(0)=
2*n+1

TA(n) =0(n)

B. Mg eravoinyn n! =1*1 *2* 3 * *n, g kopla tpdén *
Tg(n) = 1+1+...+1=(n+1)*1=n+1

Tg(n) = O(n)

Ta(n) =Tg(n) =0(M)
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ApOpoi Fibonacci
0 1 1 2 3 5 8 13 21 ...Fibn=Fibn-1+ Fibn-2

Avaopoutkn YAomoinon
long Fib (long n)

{
long Fibnum;
If (n <=0)
Fibnum = 0;
else if (n==1)
Fibnum = 1,
else
Fibnum =Fib (n-1) + Fib (n - 2);
return (Fibnum);
}
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IHolvmhokoTnTo Avadpoukis YAomoinong
Fibnum =Fib (n- 1) + Fib (n - 2); 3 Bacwég mpacerg -, +, -

Tn)=3+T(n-1)+T(n-2)=
3+[3+T(n-2)+T(n-3)]+T(n-2)=
6 +2T(n-2) + T(n - 3), yio n>=3

T(n)>=2T(n-2)>=22T(n-4)>= ...>=2"2T(0), avnapto

M

T(n)>=2T(n-2) >=22T(n-4)>= ... >=20:-D2T(1), av n meprrtd
AXG T(0)=T(1)= 1, cvvenng

T,(N)=0(2"%) vy OAa TOL N >=2
Avoadpokéc 2ovoptnoelg — Avaivtikeg AVoELS
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long eFib (long n)
[* Emovoainmtikd vmonpOypoLLLLo Y10l TOV DTOAOYIGUO TOV N-10GTOV
ap1Buov Fibonacci™/

{
long  Fibl, Fib2, Fib3, 1;
Fibl =0;
Fib2 = 1;
for (i = 3;i<=n;i++)
{
Fib3 = Fibl + Fib2;
Fibl = Fib2;
Fib2 = Fib3;
}
return(Fib2),
¥

Teg =1+1+1+...+1 = 1*(n+1)= n+ 1= O(n)
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The Ackermann function

H cuvaptnon Ackermann opiletal avadpouLka yLa pn-opvnTIKoU
aKEPALOUC M, N WC €ENC

(n+1 if m =0
Almn)= ¢ Alm—1,1) ifm>=0andn=0
Am -1, Alm,n—1)) ifm >0 and n > 0.

\
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H viomoinon amin

long ack(int m, int n)
{ If (m ==0)
return (n+1) ;
else if (n = =0)
return ack(m-1, 1) ;
else
return ack(m-1, ack(m, n-1)) ;

¢ 1iea)
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... AAAG M cuumePLPOPa NG

A(1,2) = A0, A(1,1)) = 2

A0, A(0, A(1,0))) = 2 3 2
A0, A(0, A(0,1))) = —

A(0, A(0, 2)) = S

AD.3)= n 4+ 3 twos
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A(4, 3)
=A3, A4, 2))
=A@, AB, A4, 1)
= A3, A3, A3, A4, 0))))
=AB,AB,AB,AGB, 1))
=AB, AR, AB,A(2,A(3,0)))))
=A(3,A(3,A(B,A(2,A(2, 1))
=A(3, A3, AB, A2, A1, A2, 00))))
=A(3, A3, AB A2, AL, AL, D))
=A(3, A3, AB, A2, A1, A0, AL, 00))))
=A(3, A3, AB, A2, A1, A0, A0, D))
=A(3, A3, A3, A(2, A1, A0, 2))))
=AB,AGB AR A2, AL, 3)))) A(3, 65533) emiotpépet
=AB AR ARG, A(2, A(0, A1, 2)))))) 265536 — 3 00106C
=AR, AR, AR, A2, A(0, A0, AL, 1)))))) , ) :
= A(3, A3, A3, A2, A(0, A(0, A0, AL, 0))))))) HEYOADTEPOG 0Tt TOV aP1BNO
=AB AR AB A2, A0, A0, A0,AC, 1)) TV aTOU®V GE OAO TOV 0PATO
=A(3, A3, A3, A2, A0, A0, A0, 2))))

= A(3, A(3, A(3, A(2, A(0, A0, 3))))) Kém,l O , ,
= A3, A3, A3, A2, A0, 4)))) Katom, avtdg o apOpoc
=AB AB AR A(2,9)))) = .. XPHOYOTOIEITAL (WG ODVOUN TOV

=AB3,ABB, A3, 13) = ...
= A(3, A3, 65533))

7 \,‘?
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MBavec Mayidec

* NaBoc ouvOnkn teppatiopou (do ... while)
ATtEpwV Bpoyoc

e Juvexnc Avadpopun
— Aev yiveta EAeyxoc teppatiopou

— Xpnotlpomotlovu e avadpopn HE Un ormodEKTEC
TOPOLETPOUC

%'i,u‘ ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY Y
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Mn teppatilovoa Avadpopun

* A&V LKOWVOTIOLELTOL N CLUVONKN TEPUATIOMOU
— KAnon par(-1) evw gAeyyxoupue (n==0)

— JUMTTTWHLOTO: CUVEXELC KANOELC EWC OTOU
e€avtAnOel n pvnun

e Aev aAAalouv ol TAPAUETPOL TNC AvaOPOUNC,
N=f(N). Aev vntapyeL npoodoc.

%'i,u‘ ENOTHTA 5 — TEXNIKEZ MPOrPAMMATIZMOY He
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Agaipeon ¢ I'pappiknc Avaopouns
(avadpoun pe po Hovo avoopouLKy KAfqon)
Me ypnon Xroifog

void grammiki_anadromi (long n)
{
If (cuvOnkn (n))
un avoopouKn tepintmon (n);

else

{
TPONYOVUEVEC TPACELS (Nn);
grammiki_anadromi (F(n));
ueténerto Tpasels (n);

}

e ENOTHTA 5— TEXNIKES NPOrPAMMATIZMOY
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void epanaliptiki (long n)
{ typos_stoiva stoiva;
dimiourgia(stoiva);

while (levvOnkn (n))

{ TPONYOVUEVES TPAEELS (1);
othisi (stoiva, n);
n=F(n);

}

1N ovoopoutkn tepintwon (n);
while ('keni(stoiva))
{
exagogi(stoiva, &n);
uetémetto Tpaéelc (n);
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Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTtaLOEVTIKOU €pyou Tou dtdbdokovta.

* To £pyo «Avoikta Akadnpaika Madnipata oto Naveniotipio ABnvwv»

EXEL XpNUaTodOTACEL LOVOo TNV avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

* To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol MpoypapaToq
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital amo tnv

Evpwnaikn Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo eBVIKoug
TTOPOUC.

= “ npdypapya yia v avdntwén

ENREVIVON GTNY UOLVWYIA TNE. YVWEN!

EMIXEIPHXIAKO MPOTPAMMA |
EKMAIAEYZH KAl AlA BIOY MAGHZH =% EZ"A

YNOYPTEIO MAIAEIAL KAl BPHIKEYMATAQN
Evpwmaikr ‘Evwon EIAIKH YNHPEXZIA AIAXEIPIZHE

Ei ko K 6 Tapeis
stk et Me tn ouyxpnpatoddétnon tn¢ EAAadag kat tng Evpwmnaikig Evwong
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2 NUELWLOTOL



>NUELlwpa Avodopac

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, Kotpwvng
lwavvne. «Aopec Asdopévwy Kat TexVIKES MNpoypappatiopov. Evotnta 5:
Texvikéc Mpoypappatiopou». Ekdoon: 1.01. ABrjva 2015.

AwaBgoipo amo tn diktuakn dtevBuvon:
http://opencourses.uoa.gr/courses/DI105/.
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>NUelwpa Adelodotnonc

To tapov LVALKO SlatiBetal pe toug opoug tng adeslac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] R petayevéotepn, AleBvng
‘Exkboon. E&atlpolvtal ta autoteAn €pya Tplitwy m.x. dwroypadiec, Staypappota
K.A.TT., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall e Toug
OpPOUC XPNOoNC Toug oto «XZnueiwpa Xpriong Epywv Tpitwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xpnon:

* 1ou 6ev mePAOPPAVEL AUECO I EULECO OLKOVOLLLKO OPEAOC aTto TNV XPrion Tou £€pyou, yLa
TO SlovopEa Tou Epyou Kot adelodoxo

* 1ou 6ev meplAapPaveL olkovouLKr) ouvaAlayn we npolnoBeon yla tn xpnon n npooBaocn
OTO £pyO

* 1ou 6ev nmpoomopilel oto SLavouEa ToU £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stadnuioelg) amod tnv poPfoAr Tou €pyou o€ SLASIKTUAKO TOTO

O Swaovyog pmopel va rapexel otov adelodoyo Eexwplotr adeLa va XpnOLLLOTIOLEL TO €pYO yLa
EUTTOPLKNA Xpron, Eepooov auTo tou {ntnbeL.
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Alatnpnon ZNUELWHATWY

Ornoladnmnote avamapoywyn N SLookeun Tou UALKOU Ba TtpeETmeL
va cUUTTEPLAQLUBAvVEL:

" 10 2nueilwpa Avadopadc

" 10 2nueilwpo Adelodotnong

= N 6nAwon Aathpnong ZNUELWUATWY

" 10 2nueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

moll pe touc cuvodEUVOUEVOUC UTIEPOUVOECHOUC.
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