Brian W. Kernighan, Dennis M. Ritchie

The C programming Language



PIEIACE ....e ettt et et e et e e nbeeenaeennaeeennes 6
Preface to the first €dition ........ccveiiiiieeii e e 8
Chapter 1 - A Tutorial INtrodUCtion ...........cccoveiiiiiiiiieiee e 9
1.1 GEtting STATTEd......cccvieeiieeiiieciee ettt e ete et e et e e et e e e beeesbeeeaseeesssaesnseeensaeenns 9
1.2 Variables and Arithmetic EXPreSSiOns .........cccevveeiieriieniienieeieeieesiee e siee e 11
1.3 The fOT STAtEIMENT . .....eeiuiietieiieciie ettt ettt ete ettt e stee et eenteeseeseaesseeenseenseenseesnsesnseans 16
1.4 SYMDOIIC CONSANTS......eeviieiiiiieiieeiie ettt et eteeteete et e seessaeeaeeseenseesssesnseenseenseensnenns 17
1.5 Character Input and OULPUL ........coeiiiieiiieeiie ettt e e 18
LT O 1 (0107571 ¥ USRS 18
1.5.2 Character COUNTING .......eeiuieriiriieieeieenite sttt ettt ettt e st e sateenteesbeesaeesaneeas 20
1.5.3 LN COUNTING....cccuviiiiiieiiieeiieeeteeeieeesieeesteeeteeesaeeebeeeseaeessseeesaeessseeansseessseesseeans 21
1.5.4 WOTA COUNTINE .....eiiieiiiieiieitesiie ettt ettt et ettt et e s s e ssteenteebeesseesneesnneenseenee 22

O AN & ¢ £ OO PRSPPI 23
1.7 FUNCHIONS ...ttt ettt ettt ettt et ettt e st e e saeete e s e e s saeeseeenseenseenseasssessseenseenseenseanssenns 25
1.8 Arguments - Call DY ValUe.........cccuieiiiiiiiiiecieceeee e 28
1.9 CRATACTET ATTAYS ..eeevveeeiiieeieeeeiieeeiteesteeeteeesteeeaeeessbeesseeesseesssaeesseesnsaeesseesnseeensseennses 29
1.10 External Variables and SCOPE ........oecviieiiiiiiieeiieeieeeiee et 31
Chapter 2 - Types, Operators and EXPresSions .......coveieceieeiieerieeeiieeesieeeiee e eeveeesiveesnee e 35
2.1 Variable NAIMES ......coueiuiiriiriiiieeiieeeteee sttt ettt ettt sttt nae e 35
2.2 Data TyPes aNd SIZES .....ecveeiieiiieeiieeiieiterieeste ettt ettt et ettt esraeenbe e beesaeesnseennen 35
2.3 CONSLANTS ....eeiiieeiiieeiie ettt ettt e ettt e et e st e et e sab e e e bteesabeesaseeeanseesnseesnseeenaneesnseeenees 36
2.4 DECIATALIONS......vieeieeeieeie et eiteete et eteesteesteeesaeesaeeteesseesseeesseenseesseesseesssensseensaessseenseenses 39
2.5 ATItNMETIC OPETALOTS ..ccuviieeiieeiieeitieeeieeeteeeteeeiee ettt e eaeeesaaeeeteeessaeesnseeeseeesnseesnseeensees 40
2.6 Relational and Logical OPerators...........cecveeeueeeriieriieeiieesieeeieeesveeeieeeseaeesaeeeneaee e 40
2.7 TYPE CONVEISIONS. ....eeniieiieeitieiiettestteeiteeteeteesteesateeteebeesstesstesasessbeenseesseesssesnseeseenseens 41
2.8 Increment and Decrement OPErators...........eeeveeecueeerieeniiieerieeeiieeenreesireeesereesseeenseeenenes 44
2.9 BItWiSE OPCIALOTS .....uveeeutiieierieeieeeitteeeteeestteeeseeeseeessseeeseeessseesseeessseesseesssseesseeesseensees 46
2.10 Assignment Operators and EXPreSsions...........c.eeveerierieriieriienienie e 47
2.11 Conditional EXPIeSSIONS. ......cereeriieiieriieeieeieeteesteestesteeieesaeesiaeenseenseesseessaesnneeseenseas 49
2.12 Precedence and Order of Evaluation..........ccccoecveeiieniienieeieeieeicesee e 49
Chapter 3 - CONIOLl FIOW ....cc.viiiiiiieciecie ettt ettt eae e e e essaeense e 52
3.1 Statements and BIOCKS .........oooiiiiiiiieiee s 52
3.2 TEEIS ettt bt ettt eh et e h et e bt et e eneenes 52
3.3 EISCIE ettt ettt ettt saeenee 53
34 SWILCR..ceeii e et 54
3.5 Loops - While and FOT ......ccc.ooiiiiiiieiceceee et 56
3.6 LOOPS = DO-WHILC......cciiiiiiiiieiiecie ettt ettt et e e eaaeensaens 58
3.7 Break and CONTINUE ........ccueeiierieeieeie et eieeseeeteeieeseesteessaeesseesseesseessnesssasnseeseensnesssenns 59
3.8 GOtO aNd 1ADCIS.....cociiieiiieciie e e nes 60
Chapter 4 - Functions and Program StruCtUI€..........cccueeriieriieeiiie et evee e 62
4.1 Basics Of FUNCHONS ......cociiiiiiiiciieeiie ettt ettt e s e et e e ssbeeereeesnaeesnneeenns 62
4.2 Functions Returning NON-INEEZETS .......cueerieeeiieeriieeiieeiieeereeeieeesreeereeeseveeeseeeanee e 65
4.3 EXternal Variables .........cocueiiiiiiiniiieiiceseeee e 67
4.4 SCOPE RUIES ...ttt et ettt e st e et e st e e te et e s aaeenaeenneen 72
I & (ST T (o) U 1 PSSR 73
4.6 StatiC VariabIes ......cccveeiuieiiieiieeie ettt ete ettt e e st e et eete e e e ssaesseesnbeessaeseenaaennaeenneas 75
4.7 ReIStEr VariabIes ....ccueeeiiiiiiiieciiiecie ettt ettt et e e s aeeenaeennneeenns 75
4.8 BIOCK SEIUCTUIC.......eiieiiieeiie ettt ettt s e et e e s aeeeaaeesssaeesaaenssaesnsaeenns 76
4.9 TNIIAIIZALION ..ottt ettt ettt ettt 76
410 RECUISION. ...ttt ettt ettt et sttt ettt s bt et e bt eaeenteennens 78

411 THE C PIEPTOCESSOT ..ceuvveeiieiiientieseieeiieeiieeteesieestteseteenteesseesseesaeessseenseenseesseasssesnseeseesees 79



I O I 2 1 T T L3 ()  H USSP 79
4.11.2 MaCTO SUDSHIULION ..e.uvveeiiieeiieeiiieeiie et eiee et teeeeae st eeetaeesaaeeesaeeenseeensaeennes 80
4.11.3 Conditional INCIUSION .......eeeviiieiiieeiie et 82
Chapter 5 - POINETs and ATTAYS ......eeiuierierieiieeiiesitesite ettt ettt st ettt e st ste e e enbeesineeas 83
5.1 Pointers and AddIESSES.......coueruiriiriiriiiinieteet ettt 83
5.2 Pointers and FUNCtion ATGUMENLS ......cccevierireiiieriienieeie e esieesieeste e eseeeeeseeeseeeenaeenee 84
5.3 POINEETS AN ATTAYS ..eeuvieeieeiiieiieiiesiieete et esieesttesteeteesteeseeesseessseenseesseesssesnseenseensnesnnenns 87
5.4 Address ATIRMELIC ...cveevuieeiieiieiiecee ettt ettt e e e eteesaeessaeenseenseensnesneeens 90
5.5 Character Pointers and FUNCHIONS..........coccuiiiiiieeiiieeiieciie e 93
5.6 Pointer Arrays; POINters t0 POINLETS .......cccueeeiiieiiieeiieceiiecee e 96
5.7 Multi-dimensional ATTAYS ......cc.veervieriiieeiiieeiieerteeeiee e e e reeesaeesaeeesaeessaeessseessseeensnes 99
5.8 Initialization Of POINtEr ATTAYS......c.ccccuiieiieieiieeiie ettt e eeaae e 101
5.9 Pointers vs. Multi-dimensional ATTaYS........ccccevierieriiriiienienie e 101
5.10 Command-liNe ATUMENLS .......cceeviieiiieriierieeie e et eriteseeeteere et e saeeseaeeteeseesaeenneas 102
5.11 POINters t0 FUNCHONS ....cveeviiiiieieieeie ettt ettt seae et neeseaeeneas 106
5.12 Complicated DEeClarations ..........c.cccveevieiueeiiesieeieeieereeseeseesreesaeesaeeseaesaeeseesseesseas 108
CRAPLET 6 = SHIUCKUTES ... veeeeiieeieieeiieesteeeiee et esteeetteesteeesaeesaseesseeensseesnseeesseesnseeensseesnseeans 114
6.1 BaSICS OF SIIUCEUTES ...cecuviiiiiieeiii ettt eiee et e et e e e e stee e aaeesbaeesaeessseeenaeessseeenns 114
6.2 Structures and FUNCHIONS ........cceiiiiiiiiiiiieiee e 116
6.3 ATTAYS OF SITUCTUIES ....eviiitieiieiie ettt ettt ettt ettt s see et e eaeesaeesaneenteenaes 118
6.4 POINLETS t0 STIUCLUTES ...eouieeiiieiiieiieiiieeie ettt ste ettt et eeete bt et e ssaesnaeenseenseas 122
6.5 Self-referential STIUCTUTES ......cccvieivieriieiieeie ettt e e ebe e e nes 124
OO 10 (S0 010 1 USRS 127
TR0 14 1T (S USSR 129
0.8 UTIOIMS ..eutiieiiiie ettt eeiee et e e eie e et e e eeeebeeetaeessseeesaeessbeeanseeenssaesssaeansseansseesnsaeensseennseeennes 131
0.9 BIt-f11AS ...ttt ettt ettt ae e 132
Chapter 7 - Input and OULPUL.......cccviieiieeiieeiie e e et eeaeeesaeesseeennaeens 135
7.1 Standard Input and OULPUL ........eeeiiiiiiiieeieeciee e et 135
7.2 Formatted Output - Printf...........ooocuiiiiiiiiiieeie e e e 137
7.3 Variable-length Argument LiStS.........ccceevuieiienierieniecieeiesee e 138
7.4 Formatted INput - SCant.........ccoiiiiiiiieieeeeeee et 140
7.5 FIIE ACCESS .eveeuveenrieiieeiie et et esteestteete e e eteesaeeesaeesbeense e seensaeessessseessaenseessseenseenseeseenseas 142
7.6 Error Handling - Stderr and EXit.........cccoooiieiiiiiiiieiceiece e 145
7.7 Line Input and OULPUL .......c.eeieiiiieeiieeiie e e bee e e eenee e 146
7.8 Miscellaneous FUNCHONS .........c.eeeiiiiiiiiciiecciie ettt 147
7.8.1 StrING OPCTALIONS. ...ccuvieerieeiiieeieeeiteeeereeesteeesreesreeesaeeeeseeesseeessseessaeessseesseeesssens 147
7.8.2 Character Class Testing and CONVETSION .........ccverveerieenieerieeieeieesieenieesresaeenees 148
T.8.3 UNZELC ..ottt ettt ettt ettt et e et e et e e s bt e e bt e e nnteesaneeenaeas 148
7.8.4 Command EXECULION .......cceeriiiieeiieiieeie ettt ettt sie e sae e eseesseeenees 148
7.8.5 Storage Management.........ccccueeerueeeriiieeiieeeiieeteeetee et e e steeeteeesabeesaaeesnaeeeseeennees 148
7.8.6 Mathematical FUNCHONS .........ccoiiiiiiiieiiieciie ettt 149
7.8.7 Random NUMDET ZENETatioN .........cccueervieeiiieriieeiieesieeeieeeeeesreeeeeeesaeeseeeenaaeas 149
Chapter 8 - The UNIX System INterface..........ccccuveviieeiiiieiiiiiieeciee e 151
8.1 File DIESCIIPLOTLS ...eeuieeiieeiieeiiieteeite sttt et ettt e st e et e et ebe e et e satessbeenbeesbeessaesneesnseenseens 151
8.2 Low Level I/O - Read and WIte.......cc.eeuieiieiieiieeieeiecieee et 152
8.3 Open, Creat, Close, UNNK .........ccoccieiiiiiieiieiiecieeie e ens 153
8.4 Random ACCESS = LSEEK .....veviiiieiiieeiie e 155
8.5 Example - An implementation of Fopen and Getc..........ccccevvvvieiiieeniienciieeieeeee e 156
8.6 Example - LiSting DIT€CIOTIES ...cccuviervieeiiieiiieeiieecieeeieeesiieeeieeeseveesveeeeaeesnveeesaaennns 159
8.7 Example - A Storage AllOCAtOT .......cccueieiiieiiiieciee ettt 163
Appendix A - Reference Manual ..............cooouiiiiiiiiiiiiiiccie e 168

AT INEOAUCTION .ottt e e et e eeeeeeeeeeeeeeeeeeeeeeeaeeereaenaaas 168



A2 LeXiCal CONVENTIONS......eeiiereieeieeieeiiesttesteeteeteesseesseessaeesaessseeseesseesssessseeseenseesseennes 168
AL2.T TOKEIS .ttt et et e et e st e et e e etaeesnbeeesaeennseeenneeeenreeens 168
AL2.2 COMIMENES....ceiiiiiiieiiiiieeeciee et et e e e eite e e st e e e eateeesenneeeeessaeesanseeesansseeeeanseeens 168
AL2.3 TACNEITIETS. c.ueiieiee ettt ettt ettt e et e e st eetaeessbaeestaeessseesseeesaeenns 168
AL2.4 KEYWOTAS. .. .uiiiiiieeiie ettt et e et e et e et e e st e e eteeesabeeessaeessseesseeesseens 169
AL2.5 CONSLANLS ..ottt ettt e e e ettt e sat e s bt e e sbbeesabaeensseesbeeeseeenns 169
AL2.6 SHHNG LItETAlS ....veeiiieiieiieee ettt ettt 171

A3 SYNAX NOALION ....eieiiieiiesiieeiie e eie ettt e ste et eesteesteestaeesbeesseessaesseessseenseenseeseenseennns 171

A4 Meaning of IdeNtifIers .......cooviieiiieiieeie e 171
AL4.1 SEOTAZE ClASS .uvvieiiieeiieeeiieeite et teette e e et e e tee e st e eseeesabeessseeensseesnseeensseesnseeanns 171
AL4.2 BASIC TYPLS weveeeurieeiiieeiie et eeiteette ettt e et e e stteesteeesaaeessseeesaeesssaeesaeensseeanseeensseaans 172
AL4.3 DOTIVEA L PCS.cuuvieeiieeiiiee ettt et e e et e e be e et eesateeebeeessaeessreeensaeesbeeesaeens 173
A4 4 TYPE QUALTTIETS ...cueieiieiieeiie ettt ettt e bt e seee e 173

A5 Objects and LVAlUes ......cccveiiiiiieiieiieeie ettt s e 173

L6 COMNVETSIONS ...uvveirieniietiestteeaeeteeteesseesseeasseaseeseesseesseessseanseesseesssesssessseenseesseesseesssennns 173
A.6.1 Integral PrOmOtION. ........eeiiiieiiieeiie ettt e e e e eeeens 174
AL6.2 INteZral CONVETSIONS. .. ..eiiiiiieeiieeiieeeiieerteesieeeseeeesaeeeseeessaeesseeessseesseeenseeesseeans 174
A.6.3 Integer and FIOAtiNg.........cccvieeiviiiiiieeiie ettt e e ens 174
AL6.4 FIOAtING TYPES ...veieiiieeiieeiieeeite ettt ettt e sre e et e e e e steeesaaeessbaeesbeessseeessaessseeans 174
A.6.5 ArithmetiC CONVEISIONS. ...c.eeuiiriiriiiiieiieienitete ettt ettt 174
A.6.6 PoInters and INTEZETS .......eecvieriieiieiieeiieieeete ettt beeieesene e 175
ALD.T VOIA .ttt 176
AL6.8 POINETS 10 VOId.....iiiiiiiieciiecieeieeteee ettt ettt s ae e e ta e e eneeense e 176

AT EXPIESSIONS ... vvieuevieetieeeieeeiieeertteesteesteeeasseessseeessseesseeessesssseeenseeessseesnsaeessseesseesnsseenns 176
A.7.1 POINtET CONVEISION ...eettieeiiieesiiieeiieesiteeeiteeesiteesseeesaaeessseeenseeesssaeeseeessseessseeessseenns 177
A.7.2 Primary EXPIeSSIONS. .......eeouiiiieriiiiieiieeieeitesite sttt ettt s 177
A.7.3 POSHIX EXPIESSIONS ..eeuviiiiiieiiieeiieeeieeeite et e eieeesete e et e esteeesnaeeesaeessseesneeessseeens 177
AT A UNATY OPCTALOTS ..eeeeueiiieeeiiieeeeiteeeesieeeeeetteeeesreeeseareeessssreeesssseesssssseesssssseesssseeens 179
ALT.S CSES ettt st 181
A.7.6 MUltIplicative OPETatOrS. .....cccueeruieriierieeieeieerieeseesteete et esieeseeesereeseenseesseesnneenne 181
AL7.7 AddItIVE OPETALOTS .....eevieeeieeiiieieeiieeieete et e stee e sereeteenaeesteessaeenseensaesseesneesnseenns 182
AL7.8 SHift OPETALOTS ....cuvieiieeiieeiieieesiie e eie et steeteeteesteesseesaeesbeeseesssessseeseenseenseeans 182
A.7.9 Relational OPErators.........ccueeeuieerieeriieeiieestieeriteesteeeieeeseeeeereeessaeesseesnseeesnseeens 183
A.7.10 EQUALILY OPETAtOrS...c.uvieeiiiesiiieeiieeiieeeite et e eieeenteeesteeeseeessseessaeensseesseeensseenns 183
A.7.11 Bitwise AND OPErator......cccueeriieriieiieeiieieesiiesite sttt sttt 183
A.7.12 Bitwise EXclusive OR OpPerator ..........cccueevvieeiiieiiieeiie e esive e 184
A.7.13 Bitwise Inclusive OR OPerator ..........cccceevierieeiiriieiieniieeieeie e esiee e seee e 184
A.7.14 Logical AND OPETator.......cceevuierieeieeiieiienieeseeseeeieeieesieeseaesseesseeseenseesseesnns 184
A.7.15 Logical OR OPEIator.......c.cccuieriieriieeieeieeieesieeseesteeteeseesseesseeseaeesseeseesseessseenns 184
A.7.16 Conditional OPerator.........cecvieeiieiriiieeiieerieeeiteesteeeteeeseeeesreeeeaeesaeeenseeesneeeens 184
A.7.17 AsSIZNMENt EXPIESSIONS. ...cccuviiriieiiiieeiieeiieeeieeenteesieeesereesaeeeseaeesseeenseeesseeens 185
A.T7.18 COmMMA OPEIALOT ....eouiiiiiiiiiiieeiie ettt ettt ettt bteesibeesbeeeeeaeesbeeeeaeeeens 185
A.7.19 Constant EXPIESSIONS ........eeeiviieiuiiiiiiieiieesiieesieeesteeeteeesaeesveeessseesseeessseesseaens 186

A8 DECIATATIONS ...ttt sttt 186
A.8.1 Storage Class SPECITIETS ......evvieriieriieeiieieeitereeeee ettt s 187
AL8.2 TYPE SPECIIICTS ..cuvieniieiieeiie ettt et ettt ettt esteebe et essaeenaeensaeseesseenneeenne 188
A.8.3 Structure and Union Declarations .............cccevveeieeieenieniesie e seee e 188
AL8.4 ENUMETALIONS ... viieiiieiiie ettt eeieeette et e et e et eeteeesaeeessteeeseeessseesssaeensseesnseeensseenns 191
AL8.5 DECIATALOTS. ....eeevieeiiieciiee ettt ettt et e et e e et e e st e e etreestbeeetae e saeeebeeeraeeans 192
A.8.6 Meaning of Declarators .........ccuieciiieiiieiieceiie ettt e 193
AT INTHALIZATION. c..ecuiiieitiicceee ettt 196

ALB.8 TYPE NAIMES.....eeuvieeiieeriiieeiieeetee ettt et e et e e sttt e sbte e sttt e sabeeesteesabeesbteesaseesnseeesnseenns 198



5

ALBLD TYPEACT ...ttt ettt ettt e e e e e ba e reeenaeenaeenne 199
A.8.10 Type EQUIVAIENCE ...ccuveeeniiieiiie ettt ens 199
AL SEALEIMENLS .....eiiiiiiie ettt e et e e et e e e et eeeenteeeesnteeeeansteeeennneaeeens 199
AL9.1 Labeled StatemeENtS.........cccvieeiiieeiieeiieeeieeeiee et e eriteesaeeesteeeseaeeetaeessaeeenaeeeseseeens 200
A.9.2 EXPression StatemMENt ..........cecviieiuiieiiieeieeecieeeeieeesieeeeveeeteeesereeereeessseesseeessseeans 200
A.9.3 Compound STALEINENL ......ccuveeuiieiieiierie ettt eree ettt eete et e eesaeeaeebeesseesneeenseenee 200
A.9.4 Selection STAtCIMENLS. .......cccvieriiereieeieeieesiesteete et esteesaeeaeeteesseeseaeesaeeseenseensnenns 201
AL9.5 Tteration StatCMENTS.........cccveeiiieriieiieeieeie et ereesee e ete e eeesaeenaeeseesseesneeenseenns 201
AL9.6 JUMDP STALEIMENLS .....veeeiiieiiieeiiieeiieeite et et etee et e e st eeeteeesaaeeeeaeesnseeenneeesnseeens 202
A.10 External Declarations .........c.coccuvieriieriieeiieesiie ettt e e enaeas 203
A.10.1 Function DefINitionS..........eeeiviieiiieriieeiieesite et esieeeieeesveeeveeesaeesseeesseeeseeeens 203
A.10.2 External Declarations ............coceerierieeiiieiiienienie sttt 204
A.11 Scope and LIinKage .......cccceeiiiiieiieiieiieeeeeeee et 205
ALTT.T LeXiCal SCOPE .veeuvieniieiieeiie ettt ettt ettt et ettt esneeenbeese e st e nneeenee 205
ALTT.2 LINKAZE ...veeviieiiieiieeiteeie ettt ettt ettt este et e st e ssaesnseensaenseensaeenseenns 206
AL T2 PrOPIOCESSINE. ... uvieeiiieeiiieeiieeeiteeeiteeeteeentteesteeerateessbeesseeesnseesnseeessseeenseeessseesseeennsens 206
AL12.1 Trigraph SEQUENCES .....eeecvvieeiieeiiieeieeerteesieeeteeesieeeieeestaeesaeeessteesseeenseeesnseeens 207
ALT12.2 LNE SPLIICING ..eveeiiiieiiee ettt et e e et e e et e e staeessbaeesaeessseeenssaesnseeens 207
A.12.3 Macro Definition and EXpansion ...........ccccceeevieeiiieiiiieenieeciie e esiee e 207
AL12.4 File INCIUSION ..ottt 209
A.12.5 Conditional Compilation ...........cccueerierieriieeiiienienie ettt 210
ALT2.6 LiNe CONLIOL ...vviiiieiieiie ettt st eae e ensa e seesaeesneeenne 211
AL 12,7 EITOT GENETALION .......eeetieeeieeiieiieiieeie et et esteeseesaeesseesseessaesssesnseensaenseesssessseenns 211
ALT2.8 Pragmas ...c.ueeeeiieeiiieciie ettt ettt e et e et e et e et eesteeesaeesnsaeesaeennseeeneeennreeans 212
ALT2.9 NUILAITECHIVE ..ottt ettt e et e e eeeteeestaeeenbeeennseesnseeenns 212
A.12.10 Predefined NAMES .......cccvieeiiiiiiieeiieeee ettt e e ens 212
ALT3 GIAMIMAT.......eiiiiiieeeeiee e eeeee ettt e e et e e s saeeeesttee e e nseeee e ssaeesasnseaeanssseeessnsaeesannseeesans 212
Appendix B - Standard Library ........c.cccocueeeiiiiiiiecieeieeces et 220
B.1 Input and Output: <Stdio.h> .......ccooiiiiiiiiiicece e e 220
B.1.1 File OPETAtions .......cecuveiieriiieiieiieiiesie ettt st ettt e s seaeense e e e saeeseeeenne 220
B.1.2 Formatted OULPUL.........ccouiiiieiieiiecieeieete ettt ettt ete e eseeneeeene 222
B.1.3 Formatted INPUL .......oooiiiiiiieeiece ettt e 223
B.1.4 Character Input and Output FUNCHONS.........cccceviiieeiiiiiiieeieeeiee e 225
B.1.5 Direct Input and Output FUNCHONS .......ceeeviiiiiiiieiieeecieecee e 225
B.1.6 File Positioning FUNCLIONS .........c.coouiiiiiiiiiiiiiiiceee e 226
B.1.7 E1rOr FUNCHIONS ...ttt sttt 226
B.2 Character Class Tests: <Ctype.h™ ......c.cooiiiiiiiiiiiiieeceee e 226
B.3 String Functions: <String.h>.........ccccccieiiiiiiriiieieeiereee e 227
B.4 Mathematical Functions: <math.h>.............ccccooviiiiiiiiiiiieeeeeee e 228
B.5 Utility Functions: <stdlib.h> .........ccooiiiiiiiiiie e 229
B.6 Di1agnostics: <asSeIt.N>.......ccoiiiiiiiiiiiiiieeiie e 231
B.7 Variable Argument Lists: <stdarg.h>..........cccccovviiiiiiiiniiiiie e 231
B.8 Non-local Jumps: <setjmp.h>........c.cooviiiiiiiiiiicceee e 232
B.9 Signals: <Signal.h> ........cociiiiiiiiii e 232
B.10 Date and Time Functions: <time.h>...........cccccoveriiiriiiniiienienieeiceeeeee e 233
B.11l Implementation-defined Limits: <limits.h> and <float.h>
............................................................................................................................................ 234



Preface

The computing world has undergone a revolution since the publication of The C
Programming Language in 1978. Big computers are much bigger, and personal computers
have capabilities that rival mainframes of a decade ago. During this time, C has changed too,
although only modestly, and it has spread far beyond its origins as the language of the UNIX
operating system.

The growing popularity of C, the changes in the language over the years, and the creation of
compilers by groups not involved in its design, combined to demonstrate a need for a more
precise and more contemporary definition of the language than the first edition of this book
provided. In 1983, the American National Standards Institute (ANSI) established a committee
whose goal was to produce ‘an unambiguous and machine-independent definition of the
language C", while still retaining its spirit. The result is the ANSI standard for C.

The standard formalizes constructions that were hinted but not described in the first edition,
particularly structure assignment and enumerations. It provides a new form of function
declaration that permits cross-checking of definition with use. It specifies a standard library,
with an extensive set of functions for performing input and output, memory management,
string manipulation, and similar tasks. It makes precise the behavior of features that were not
spelled out in the original definition, and at the same time states explicitly which aspects of
the language remain machine-dependent.

This Second Edition of The C Programming Language describes C as defined by the ANSI
standard. Although we have noted the places where the language has evolved, we have chosen
to write exclusively in the new form. For the most part, this makes no significant difference;
the most visible change is the new form of function declaration and definition. Modern
compilers already support most features of the standard.

We have tried to retain the brevity of the first edition. C is not a big language, and it is not
well served by a big book. We have improved the exposition of critical features, such as
pointers, that are central to C programming. We have refined the original examples, and have
added new examples in several chapters. For instance, the treatment of complicated
declarations is augmented by programs that convert declarations into words and vice versa.
As before, all examples have been tested directly from the text, which is in machine-readable
form.

Appendix A, the reference manual, is not the standard, but our attempt to convey the
essentials of the standard in a smaller space. It is meant for easy comprehension by
programmers, but not as a definition for compiler writers -- that role properly belongs to the
standard itself. Appendix B is a summary of the facilities of the standard library. It too is
meant for reference by programmers, not implementers. Appendix C is a concise summary of
the changes from the original version.

As we said in the preface to the first edition, C ““wears well as one's experience with it
grows". With a decade more experience, we still feel that way. We hope that this book will
help you learn C and use it well.
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We are deeply indebted to friends who helped us to produce this second edition. Jon Bently,
Doug Gwyn, Doug Mcllroy, Peter Nelson, and Rob Pike gave us perceptive comments on
almost every page of draft manuscripts. We are grateful for careful reading by Al Aho, Dennis
Allison, Joe Campbell, G.R. Emlin, Karen Fortgang, Allen Holub, Andrew Hume, Dave
Kristol, John Linderman, Dave Prosser, Gene Spafford, and Chris van Wyk. We also received
helpful suggestions from Bill Cheswick, Mark Kernighan, Andy Koenig, Robin Lake, Tom
London, Jim Reeds, Clovis Tondo, and Peter Weinberger. Dave Prosser answered many
detailed questions about the ANSI standard. We used Bjarne Stroustrup's C++ translator
extensively for local testing of our programs, and Dave Kristol provided us with an ANSI C
compiler for final testing. Rich Drechsler helped greatly with typesetting.

Our sincere thanks to all.

Brian W. Kernighan
Dennis M. Ritchie



Preface to the first edition

C is a general-purpose programming language with features economy of expression, modern
flow control and data structures, and a rich set of operators. C is not a “'very high level"
language, nor a “'big" one, and is not specialized to any particular area of application. But its
absence of restrictions and its generality make it more convenient and effective for many
tasks than supposedly more powerful languages.

C was originally designed for and implemented on the UNIX operating system on the DEC
PDP-11, by Dennis Ritchie. The operating system, the C compiler, and essentially all UNIX
applications programs (including all of the software used to prepare this book) are written in
C. Production compilers also exist for several other machines, including the IBM System/370,
the Honeywell 6000, and the Interdata 8/32. C is not tied to any particular hardware or
system, however, and it is easy to write programs that will run without change on any
machine that supports C.

This book is meant to help the reader learn how to program in C. It contains a tutorial
introduction to get new users started as soon as possible, separate chapters on each major
feature, and a reference manual. Most of the treatment is based on reading, writing and
revising examples, rather than on mere statements of rules. For the most part, the examples
are complete, real programs rather than isolated fragments. All examples have been tested
directly from the text, which is in machine-readable form. Besides showing how to make
effective use of the language, we have also tried where possible to illustrate useful algorithms
and principles of good style and sound design.

The book is not an introductory programming manual; it assumes some familiarity with basic
programming concepts like variables, assignment statements, loops, and functions.
Nonetheless, a novice programmer should be able to read along and pick up the language,
although access to more knowledgeable colleague will help.

In our experience, C has proven to be a pleasant, expressive and versatile language for a wide
variety of programs. It is easy to learn, and it wears well as on's experience with it grows. We
hope that this book will help you to use it well.

The thoughtful criticisms and suggestions of many friends and colleagues have added greatly
to this book and to our pleasure in writing it. In particular, Mike Bianchi, Jim Blue, Stu
Feldman, Doug Mcllroy Bill Roome, Bob Rosin and Larry Rosler all read multiple volumes
with care. We are also indebted to Al Aho, Steve Bourne, Dan Dvorak, Chuck Haley, Debbie
Haley, Marion Harris, Rick Holt, Steve Johnson, John Mashey, Bob Mitze, Ralph Muha,
Peter Nelson, Elliot Pinson, Bill Plauger, Jerry Spivack, Ken Thompson, and Peter
Weinberger for helpful comments at various stages, and to Mile Lesk and Joe Ossanna for
invaluable assistance with typesetting.

Brian W. Kernighan
Dennis M. Ritchie



Chapter 1 - A Tutorial Introduction

Let us begin with a quick introduction in C. Our aim is to show the essential elements of the
language in real programs, but without getting bogged down in details, rules, and exceptions.
At this point, we are not trying to be complete or even precise (save that the examples are
meant to be correct). We want to get you as quickly as possible to the point where you can
write useful programs, and to do that we have to concentrate on the basics: variables and
constants, arithmetic, control flow, functions, and the rudiments of input and output. We are
intentionally leaving out of this chapter features of C that are important for writing bigger
programs. These include pointers, structures, most of C's rich set of operators, several control-
flow statements, and the standard library.

This approach and its drawbacks. Most notable is that the complete story on any particular
feature is not found here, and the tutorial, by being brief, may also be misleading. And
because the examples do not use the full power of C, they are not as concise and elegant as
they might be. We have tried to minimize these effects, but be warned. Another drawback is
that later chapters will necessarily repeat some of this chapter. We hope that the repetition
will help you more than it annoys.

In any case, experienced programmers should be able to extrapolate from the material in this
chapter to their own programming needs. Beginners should supplement it by writing small,
similar programs of their own. Both groups can use it as a framework on which to hang the
more detailed descriptions that begin in Chapter 2.

1.1 Getting Started

The only way to learn a new programming language is by writing programs in it. The first
program to write is the same for all languages:

Print the words

hello, world

This is a big hurdle; to leap over it you have to be able to create the program text somewhere,
compile it successfully, load it, run it, and find out where your output went. With these
mechanical details mastered, everything else is comparatively easy.

In C, the program to print “‘hello, world"is

#include <stdio.h>

main ()

{
printf ("hello, world\n");

}

Just how to run this program depends on the system you are using. As a specific example, on
n

the UNIX operating system you must create the program in a file whose name ends in **.c",
such as hello.c, then compile it with the command

cc hello.c
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If you haven't botched anything, such as omitting a character or misspelling something, the
compilation will proceed silently, and make an executable file called a.out. If you run a.out
by typing the command

a.out
it will print

hello, world
On other systems, the rules will be different; check with a local expert.

Now, for some explanations about the program itself. A C program, whatever its size, consists
of functions and variables. A function contains statements that specify the computing
operations to be done, and variables store values used during the computation. C functions are
like the subroutines and functions in Fortran or the procedures and functions of Pascal. Our
example is a function named main. Normally you are at liberty to give functions whatever
names you like, but “'main" is special - your program begins executing at the beginning of
main. This means that every program must have a main somewhere.

main will usually call other functions to help perform its job, some that you wrote, and others
from libraries that are provided for you. The first line of the program,

#include <stdio.h>
tells the compiler to include information about the standard input/output library; the line
appears at the beginning of many C source files. The standard library is described in Chapter

7 and Appendix B.

One method of communicating data between functions is for the calling function to provide a
list of values, called arguments, to the function it calls. The parentheses after the function
name surround the argument list. In this example, main is defined to be a function that expects
no arguments, which is indicated by the empty list ( ).

#include <stdio.h> include information about standard
library
main () define a function called main
that received no argument values
{ statements of main are enclosed in braces
printf ("hello, world\n"); main calls library function printf
to print this sequence of characters
} \n represents the newline character

The first C program

The statements of a function are enclosed in braces { }. The function main contains only one
statement,

printf ("hello, world\n");



