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#4 EexwploTn peTappaon & diacuvdeon
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MpoypappaTiopog 11 1 Znupo
THMMY, MavenioTipio O@ecoaliag lalis@uth.gr



Xpnon AoyiouIKoU rnou ndn unapyel

e Ta noAUNAoka oucTnuUaTa avantuooovTal oTadlaka,
«xTI(OVTAC» NAvw O€ unNapyYouoa AEITOUPYIKOTNTA

e 'OTav QuTN NApPEXETAl ANO £va KOUKATI UAIKOU,
XpNOILOMNOIOUHE HId (pUOIKN dlacuvdEoh
e physical interface, n.x., pins, cables, sockets, ...

e 'OTav QUTN NAPEXETAl ANO £va KOWPATI AOYIOUIKOU,
XPpNOILOMNOIOUKE Hia d1acuvOEo NPoypPauHaTICHoU
o (application) programming interface

e e KaOe nepinTwaON, NPENEl va YVwpPi(OUUE
Kal va TNPOUME TIC NPodiaypagEeG Xpnonc

e npenel va dilaBacoupe Ta avTioTolxa manuals
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hardware components

hardware
interface
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software components

OD1~ RX
X VSS3
op RES2
551 VDDA
OUT DSYNGQ
IN CK
882  MODH
BUF DIM
ES1 VDD2
RTB DOUT

OA1F68CED90B3020D85F1397C
5D90A3120D35F1197FFFF0131
D28CEB95F3420C85C11100

O0B19D5711C210AA00BLOA911F
F2F8D9COB3B20B851A0AC10

Lx90121

void rand init (int seed);
int rand generate();

software
interface
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hardware

/ documentation

void rand init (int seed);

/* initialize random number
generator with a seed;
call once, before calling
rnd generate */

int rand generate (void);
/* returns next random number */

software
documentation
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H Aoyikn TOU «Jaupou KOUTIoU»

e JUVNOWC pag evOIaPEPEl N ASITOUPYIKOTNTA MOU
BeAoupe va eKIETAANEUTOUHE/XPNOIOMOINCGOUHE
e OXI Ol KEOWTEPIKEC» AEMTOPEPEIEC UAOMOINONC TNG
e @V KAl QUTEC NAvTa evOIAPEPOUV TOUC PNXavikoug ©

e Black box principle
1. &Epoupe NwC NPENEl va XpnolonoINCoUKE KATI
2. aAAa dev xpeialetal va yvwpiloUPE TO NWCE «OOUAEUE»

e Baoikn apxn avanTuénc NnoAUNAOKWV CUCTNUATWV

e Baoikn apxn NpakTika yia OAa Ta TEXVOAOYIKA
NPOoIOVTA NOU XPNOIKOMNOIOUNE 0€ Kabnuepivi Baon
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(@ D

0dnyieg XpNongG:
Ol TPOXOi oTpiBouv
Npo¢ TNV KaTeubuvon
MouU OTPIPEIC TO TIMOVI

dlacuvdeon

)
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E0WTEPIKN UAOMoinon

A€IToupyIkOTNTAC (NOU :
Oev BAENEI 0 EEWTEPIKOG g(%i@gi;
napaTnpnTnG/xpnorne)

black box
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H noAukaTolkia / oToifa Tou AoyIGUIKOU

SW level 3

APIs _1_
SW level 2

APIs _1—1_

SW level 1
APIs —1—

SW level 0
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Enavaypnoiponoinon AoyIouIKou

e To peyalo «oToixnua» otnv Blounxavia AoyIouIKou
o dev xpelaletal va Eavaypayoupe KwdIKa nou £XEl NonN YPaPTei

e [pooeyyion A: XpnNOIMOMNOIOUKE nnyaio Kwdika
e avTIiypagpn HEoa oTov OIKO Pac KwoIka
e peTappaon padi pe Tov dIKO pac Kwdika

e [lpoocyyion B: xpnOINOMNOIOUUE HETAPPATHEVO
KwOIKA

e ANAITEITAl HNXAVIOHOC avapopdac oTa avTiKEiNeva/AEIToupyieC
MouU €10AYEI/UAOMNOIEI O HETAPPACHEVOC KWOIKAC

e ANAITEITAl HNXAVIOHOC OUVOECNC TOU OIKOU Jac KwdIka
IE TOV HETAPPACHEVO KWOIKA
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object
source code

compiler

source”

Q—»

executable

/- uses

source

compiler executable

object
code
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AvanTu&n TUNUATWV AOYIOUIKOU

e 2ye£0I00N NPOYPAMHATIOTIKNG S1ENaPnG
e NWC NPENEl va xpnoiuonoinbsi auto nou 6a UAOMOINCOUE
e TUMOI, OTABEPEC, Macros, HETABANTEC, OUVAPTNOEIC

e Juyypapn manual

e TEKMNPIWON Kal 0dnyiec xpnong yia OAa Ta napanave

e KaTtaokeun uAomnoinong
e KWJOIKAC NOU UAOMOIEI TV AEITOUPYIKOTNTA
e Onwc opilel n dlenagn / nepiypagel To manual

e Mnopei va peTappacTei EexwpioTa (yiaTi;)

e 0Oa diacuvdebei (apyoTePa) PE TOV KWOIKA TWV NPOYPANNATWY
MOU XPNOILOMNOIOUV TNV CUYKEKPIYEVN dIENAPN
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MpoypaupaTioTikn dienapn otnv C

e Opiletal peow Twv header files
e macros, types, variables, function prototypes

e H ulonoinon yiveTal o€ EEX@WPIOTO APXEIO
e KwOIKAC Nou UAOMOIEl TNV AEITOUPYIKOTNTA
e UMOPEi Va YETAPpPACTE EEXWPIOTA

e OnoloodnnoTe AAAOC KWAIKAC JNOPEI va KAVE
#include TO header file

e vyia va avapepBei oTa avTikeigeva nou opilovTal ke
e Ywpic va anaiteital yvwon (ouTe kav unapén!) Tng uhonoinong
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Aiaouvdeon (linking)

e H perappaon pe Baon TIc dnAwaoelc evoc header file,
Napayel avapopec O EEMTEPIKA AVTIKEIPHEVA
e UETAPBANTEC KAl CUVAPTNOEIC

e [a va napaxBei o TEAIKOC eKTEAECINOC KWAIKAC,
anaiteital pia eninAeov diadikaoia aveupeonq
KAl EVOOHUATOONG TWV AVTIOTOIXWV AVTIKEINEVWV

e ou €ival gepoc TnS (NdN METappacpevnc) uAonoinong

e AuTn n d1adikacia ovoualeTal diacuUvOECH

e OT1av n dlacuvdeon oAokANpwOei emTuXwC (dev uNApXoUV
avagpopeC o€ AyvwoTa avTIKEIYEVA), Kal Unapyel N KUpiwg
ouUVAPTNON main, NAPAYETAl TO TEAIKO EKTEAECIHO
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MNapadeiyua: TNAEPWVIKOC KaTaAoyocC

o KwdIkac nou NnapouciaoTnKe G€ NPONYOUNEVN OIAAEEN
e OpovTioaue va €ival non kaAa dounPEVOC

o KaBopiopevec AsiToupyiec nou unooTnpilovral peoa
ano avTioTOIXEC GUVAPTNOEIC, JE TEKKNPIWON YIia TNV

XPron Toug

e Idavikec npoUnobeoeic yia TNV dnuioupyia evoc
EexwpIoTOU/aveEEAPTNTOU CUCTATIKOU AOYIOUIKOU
e MOU JMOpPEi va Xpnoigonoindei oTnv Cuvexela anod noAAa Kai
O1aPOPETIKA NPOYPAUUATA «MNEAATEC
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typedef struct {

char name[64]; /*
char phone[64]; /*
} entry t;

typedef struct {
entry* entries; /*
int size; /*
} phonebook t;

name of person */
phone as string for flexibility */

dynamic table holding the entries */
current size of the table */

volid phonebook init (phonebook t *pb);
int phonebook add(phonebook t *pb, const entry t *e);
int phonebook find(const phonebook t *pb,

const char *name, entry t *e);
int phonebook rmv (phonebook t *pb, const char *name);
volid phonebook clear (phonebook t *pb);

MpoypappaTioyoc 11
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#ifndef _ PHONEBOOK H
#define = PHONEBOOK H

phonebook.h

typedef struct {

char
char

name[64]; /* name of person */
phone[64]; /* phone as string for flexibility */

} entry t;

typedef struct {
entry* entries; /* dynamic table holding the entries */
int size; /* current size of the table */

} phonebook t;

extern
extern
extern

extern
extern

#endif

void phonebook init (phonebook t *pb);
int phonebook add(phonebook t *pb, const entry t *e);
int phonebook find(const phonebook t *pb,

const char *name, entry t *e);
int phonebook rmv (phonebook t *pb, const char *name);
volid phonebook clear (phonebook t *pb);
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#include "phonebook.h" phOﬂEbOOk-C

volid phonebook init (phonebook t *pb) {

}

int phonebook add(phonebook t *pb, const entry t *e) ({

}

int phonebook find(const phonebook t *pb,
const char *name, entry *e) {

}

int phonebook rmv (phonebook t *pb, const char *name)

}

void phonebook clear (phonebook t *pb) {

}
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#include "phonebook.h"

int main(int argc, char *argv[]) {

entry t e;
phonebook t *pb;

phonebook 1init (&pb);
ghonebook_add(&pb, &e) ;
ghonebook_find(&pb, e.name,
ghonebook_rmv(&pb, e.name) ;
ghonebook_add(&pb, &e) ;
ghonebook_find(&pb, e.name,
ghonebook_clear(&pb);

return (0) ;

&e) ;

&e) ;

main.c
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MeTappaon kal xpron cucTaTIKou

e MeTayAwTTION KWOIKA CUCTATIKOU KAl dnuioupyia

object file
e gcc -Wall -c phonebook.c

e MeTayAwTTION KWOIKA «NEAATN>» MOU XPNOIKOMOIEI TIC
AEITOUPYIEC TOU OUCTATIKOU Kal Odnuioupyia object file

e gcc -Wall -c main.c

o Alacuvdeon object files kal dnuioupyia ekTEAECIUOU,
nou nepiAappavel Tov Kwdika TOU OCUCTATIKOU

e gcc -Wall main.o phonebook.o -0 main
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uAonolsiTal ano

MpoypappaTiopog I1
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int main(int argc,

}

/* main.c */

XpnoldonoleiTal ano

#include "phonebook.h":
L

phonebook init(..);

phonebook clear (..);

char *argvl([])

{

21
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/* main.c */

int main(..) {

~~—-————
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/* main.o */

:phonebook_init:ikxz?
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/* main.o */

call phonebook init

call phonebook clear
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/* main */
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M1aTi EexwpioTn HETAPPAON;

e 'OTav o KwdIKAc heyalwaoel n/kai nepiAapBavel
LUEYaAo apiBuo cuoTaTikwy, N d1adikaacia Tne
LUETAPPACNG KMNOPEI Va EXEl CNHAVTIKO KOOTOG
e YXPOVOC TOU NPOYPANMATIOTH, Xpnon NOPwWV TOU UMOAOYIOTH

e H &exwplioTn HETAPPACH ANOPEUYEI TNV AOKOMN
OnaTain nopwv
e Ocv peTappaletal Eava kwdikac nou Oev xel AANAEEl

e 'OUWC NPENEI VA KPATAUE «Aoyapiacuo» yia TO Mou
gyivav aAAayec kal TIC EEaPTNOEIC aVAPEDd O€
OIaPOPETIKA KOPUATIa KwOIKa / apxeia
e MOAU €UKOAO va yivouv Aaén napaAnyeic
e BAene make ...
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BiBAI0BNKN

e Tunua AoyIioUIKOU EUPUTEPNC XPNOIHOTNTAC

e £xel oxedlaoTel PYE OKOMO va JIEUKOAUVOUV TNV avanTtuén noAAwv
OIaPOPETIKWV EPAPHOYWV

e AvanTUoOoETal WG aveEapTNTO TUNUA AOYIOUIKOU
e e EEXWPIOTN HETAPPAON

e Xpnoiponolgital xwpic (kaAn) yvwon yia Tnv
E0WTEPIKN UAonoinon — apxn Tou black box!

e M.X. XpNOIMOnoIoUPE Ta avTikeigeva nou opidovtal oTo stdio.h
Xwpic va Eepoupe (akpIBwC) TI KAvel «hEaa TNG> N BIBAIOBNKN

e H &1a0£01un ASITOUPYIKOTNTA KAl KAVOVEC XPNonG TNG

NpoypPapuaTIoTIKNG dlenagnc Tne PIBAIOBNKNC Npenel
va NEPIYPAPETAI KATAAANAQ
e BA&ne manuals
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Anuioupyia oTaTiknc BiIBAI0BNKNC

e 2yediaon TNG NPOYPANMATIOTIKNC dlENapnc
e Anuioupyia Tou avTtioTorxou header file
e n.X., mylib.h

e YAornoinon TnG AEITOUPYIKOTNTAG O€ apXeio KwdIka
* M.X., mylib.c
e MeTayAwTTION Kai dnuioupyia object file
® MNX., gcc -Wall -c mylib.c -o mylib.o
e Anuioupyia BIBAI0BAKNC
® M.X., ar rcs libmylib.a mylib.o
e TO Ovopa npenel va apyilel e 1ib kal va €xel KaTaAnén . a

e TO Ovopa dev xpelaleTal va XEl OXEON ME TO OVOUA TOU APXEioU
OTO OrMoio £XEl ANOBNKEUTEI 0 KWOIKAC
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Xpnon oTtaTikng BiPAI0BNKNC

o JupnepiAappBavoupe 1o header file Tnc BIBAIOONKNC

e #include "mylib.h" av BpioKETAI OTOV KATAGAOYO
nou BpIioKETAl TO apXeio Je Tov KwdIKA NOU YPAPOUUE

« #include <mylib.h> av BpiokeTal aTov kataloyo BiIBAI0BnNkwv
TOU GUOTNMATOC
e Xpnon Twv cuvapTtnoewv Tne BiIBAI0BNKNC

e pe Baon 1o header file / TIC nepiypa@ec Tou manual

e MeTayAwTTION KAl ouvdeon Pe TNV BIBAIOBNKN
® M.X. gcc myprog.c -o myprog —-lmylib -L.
e oTnV emAoyn dlacuvoeon —1 NApaAAEiNoOUPE ano To OVoua TNG
BIBAIOBNKNC TO NpoBePa 1ib Kal TV KataAnén . a
e n TonoBeoia Tou kKwdIka TNS PIBAIOBNKNC diveETAl AUECWE PETA TNV
emAoyn —L (N.X. TO "." €ival 0 TPEXOV KATAAOYOG)
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[epIOOOTEPA VIA TO extern

e AnAwvel pNTA OTI £vA AVTIKEIPEVO TOU NPOYPAHUATOC
(MeTaBANTR/ouvapTnon) unapyel/ulonolsital aAAou
e 0€ GAN\o apyeio

e Kata tnv diacuvdeon, yivetal avaldiitnon yia eva
TAIPIAOTO/CUNPBATO EEWTEPIKO AVTIKEIPHEVO
e ano ailAo apyeio nou cupnepiAappaveral otnv dlacuvdeon

o Av dev BpeBei, npokunTel oaApa dlacuvoeong
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[poooxn!

e H dnAwaon/xpnon Hiac ouvapTnonc nou dev exel
TOnIKN uAonoinon, odnysi auTopara o d1acuvoeon

UE onoia TaipiaoTn uAonoinon Bpebei aAAou
e aKOMa Kal auTn Oev &xel ONAwBEI WG extern

o KaBoAikec peTaBANTEC NOU €XoUV TO iBI0 OVOUA
al\a BpiokovTal o€ EexwpIoTa apyeia/KwOIKEC,
TauTi{ovTal auTouaTa Kata Tnv dlacuvoeon

e 0l AvVapOPEC MOV YivovTal ano Twv Kwdika KaBs apxeiou
KaTaAnyouv va agopouv Tnv idia BEon PvAung

e NApOTI O NPOYPAUUATIOTNG IOWC DEV £XEI TETOIA NPOBEDN
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[epioOOTEPA VIA TO static

e [lpeEnel va ano@euyovTal «auTOUATEC» OIACUVOETEIC
e OTav Ogv UNApPXEl TETOIA NPOOECN ano ToV NPOYPANMNATIOTN

e H emBupunTn TOMKOTNTA / ANMOHOVMON
ENITUYXAVETAl PUE TOV NPOOdIOPIONO static

o H gupeAeia kaboAikwv PETABANTWV KAl GUVAPTHOEWV
nepiopileTal «oTo NAAiIoI0» TOU KWOIKA/ApXEIOU Mou
dnAwvovTal / uhonoiouvTal

e AuTO gunodilel onoladnnoTe (Tuxaia) dlacuvdeon e
kKwOIKA Nou BPioKeTal o€ AANO apxeio
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MpoBANua ...

Av evac kwdikac A opilel kaBoAikeC peTaPAnTeC /
UAOMOIEI CUVAPTNOEIC HE OKOMO AUTEC va

Xpnoipgonoin®ouv peoa anod onolodnnote aAAo
K®wOIKaA, auTec dev Ba OnAwBoUV w¢ static

'OTav o kwdikac A ouvoebei pe eva alho kwodika B,
ol JeTaPANTEC / ouvapTnoEIC Tou A gival dIaBETIUEC
yia ouvdeon e avTioToIXeC (QUETEC N EPNUEDTEC)
£EWTEPIKEC ONAWOEIC MOU UNApPXOUV oTov B

Av oTov kwdIka B €xouv yivel AdBoc dnAwoeIC N
£XOUV EexaoTel ONAWOEIC, UMOPEI va YIVEI QUTOUATA
dlacuvOEean Nou va odnynoel o€ AaBoc¢ anoTeAeoua
e @no Ta nio acxnua bugs ...
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