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MEMORANDUM FOR FILE 

@ 
Bell Laboratories 

D.ite- January 15, 1974 

F:-om- 0. M. Ritchie 

T_'>t• 74-1273-1 

C i-; ;.~ con~;J:.::er language based on the e1rlier language B {1 ]_ Tr:e !angu:J.ges and their compilers 

di!Ter in t·,.o majcr ways: C introduces the notion of types. and define~ appropriate extra syntax ar:d 

semantics; aiso. Con the PDP-i 1 is a true compiler. producing machine code where B produced imer-

prl.!tive code. 
· · 

~lest of ~he sof:ware for the UNIX time-sharing system (2} is written in C. as is the operat:ng sys­

icm liself. C is aiso avaiiable on the HIS 6070 computer at Murra~· Hill and and on the IBM Sys­

tem/370 at Holmdel [31. This paper is a manual only for the C hmguage itself as implemented on 

the PD?-11. However, hints are given vccasionally in the text of implementation-depende!lt features. 

The t::-<:x Programmer's Manual [4} describes the library routines available to C programs under 

L~l\. and aiso the procedures for compiling programs under that system. "The GCOS C Library·· by 

Lcsk and Barres (51 descrii:les routines available under that system as well as .:ompilation procedures. 

Mar.y of the<;e routines, particularly the ones having to do with l/0, are also provided under L:"IX. 

Finally. "Programming in C- A Tutorial," by B. W_ Kernighan (61. is as useful as promised by its ti­

tle ar.d the author's pre·.-ious introductions to allegedly im~netrable subjects. 

2. Lexical ccrwenticns 

Ther~ a:e s;x ki-nds of tokens: identifiers. l:eywords, ccnstants, strings, expression\3'erators. and 

other s.!pa~a:ors. lr: ge;.eral blanks, tabs, new'ines. and comme,ts as described below are ignor~:d ex­

cept 1.5 they se~\e tG separate tokens. At least one of these charac~ers is required to separate other­

wise acjat:ent !cen<ifers, constants, and certain operator-pairs. 

If tht:: input st~eam has been parsed into tokens up to a given character. the next token is taken tc 

include the lcngest string of characters which could possibly constitute a token. 

2.1 Comments 

The characte:-s /• introduce a comment, which termi;1ates with the characters •/. 

2.2 Identifiers (:--;ames) 

.\n identifier is a seauer.ce of letters and digit_;; the first character must be alphabetic. The ur..:er­

score .. _ .. coun:s as alphabetic. Upper and iower case lette:-s are considered different. No more tr.an 

the first eight c~:uacters :!~e significan•. and only the first ~e.,en for external identifiers. 

2.3 Keywords 

The followins; identifiers are reserved for use as keywords. and may not be used otherwise: 
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int break 
c• ar continue 
~:,at if 
ccuble else 
struct for 
auto do 
extern while 
regi~!ar switch 
static case 
got..~ default 
retum er,fr/ 
sizeof 

The entry :..eyword is not currently imple:::ented by any compiler but is reserved for future use. 

2.3 Cons:2:-:ts 
The:e Jr= se\era! kinds of constants, as fcilows: 

2.3.1 Integer constants 
An integer constant is a sequence of digits. An integer is t .. i.:en to be octal if it begins with 0. de­cimal othe: ... ise. The digits 8 and 9 have o.:tal value 10 and 11 respecti\e!y. 

2.3.2 Char::.:ter constants 
A characer const:!rJt is 1 or 2 characters enclose~ in single quotes "· ". With if' a charac:er cons tan! a single q:.:ote must be preceded by a back-slash "\". Certain non-graphic characters, and ··\" itself. may be escaped according to the following table; 

BS \b 
1'L \n 
CR \r 
HT \. 

'.L 

ddd \ddd 
\ \\ 

The escape '"\ddd' consists of the backslash followed by l. 2, or 3 octal digit:o. which are taken to speci­fy the value of the desired character. A special case of this construction is "\0" (not followed by a di­git) which indicates a null character. 
Character constants behave exactly like integers (not. in particular. like objects of character type). In conformity "1th the addressing structure of the PDP-11. a character const:mt of length I has the cvde for the give:1 character in the low<>rder byte and 0 in the high-order byte: a character ccnstant of length 2 has the code for the first character in the low byte and that for the second character in the high-order byte. Character constants with more than one charac!~r are inherently machine-dependent and should be avoided. 

2.3.3 Floating constan~.s 
:\ floating .:onstar.t consists of an integer part. a decimal point, 1 Traction part, an e. and ar optional­ly signed integer exponent. The integer and fraction parts both consist of o. sequence of digits. Either the integ~r prt Oi ~he fraction part (not both) may ;,e missing; t!ther the decimal point or the e and the expone:-:: (not both) may be missing. E·.ery floating constant is taken to be doub!e-preci~ion. 

~A Strings 
A stri'1g is .1 sequence of characters surrou:~ded by double quotes "" ". :\string has tr.c t~cl! array· of-~harc.cte~s ·see below) and refers to an ~rea of storage initiaiized with the given cha!acters. The cor:~pi!er pl.:.:es a null byte ( ,.1) at the end of each stnng so that programs which scan tne s:ring can find its end. In a string, the character "",. must be preceded by a "\": in addition, the same escapes as described :"0r character constants may be used. 
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3. Syntax notation 
In the s:•max notation used in this manual, syr.tac::.c c~tegories are incicated by r.a/ic type, and 

::terai words and characters in gothic. Alter.utiv-;;s are listed ~n separate E:-tes. An o;-tional terminal 
o; non-terminal symbol is indicated by the s:J~sc:ipt "op;' so that 

{ expression } 
opl 

~auld indicate an optional e~pression in braces. 

4. What's in a Name? 
C bases the interpretation of an identifier u;>en two an:ibutes of the identifier: its s:o~;-ge c!ass and its 

t;pe. The storage class determines the location and lifet::ne of the storage associated wi:..1 an identifier: 
~:-:e type determines the meaning 'Jf the values found in :~e identifier's storage. 

There are four dec!arabl.~ storage classes: automatic. runic, external, and register. A·Jto-:.ati.: vari­
::Jies .H" local to each invocation of a functicn, and are :iscarded on retu;-;1; static varia:-!es are local to 
"' :·unction. hut retair. :heir values indepence~tly of in\ xat•ons cf the func::Jr.: exte·· J -.c:::ac:es are 
:·Jepend·~nt of any f:;:-~ction. Register variat:es are stoi~:: in the fast registe:-s of the :-. .;;.:hir.e; !1!.-e au­
:)matic variables they are local to each funct:on and disE;::pear on return. 

C supports four ft.:ndamental types of c~:ects: rha::.·.:ter:>, !ntegers, sir.~!e-, and .;::ub~e-pre::s:on 

:>~<ing-;:-oint numbers. 

ChJracters (declared,. and hereinafter called, chan are chosen from ~"e ASCII s;:; tt:ey cccupy 
the right-rr:ost seven bits of an 8-btt byte. It is Jlso pCY"..s.ible tc in~!rpret chars as signed: 2's 
t:omplement S!-bn number:. 

Integers (intl are representee! !n 16-bit 2's comp:;ment nolat:on. 

SingJe precision floating point (float> quantities have magnitude ir: the range approximately 
10 :t: JS or 0; their precision is 24 bits cr about seven decimal digits. 

Double-precision 11oating-point (double) quantit:es hwe the same rcnge as f:oa~ ar.d a preci­
sion of 56 bits or about 17 decimal digits. 

Besides the four fundamental types there is a ccncept:!ally infinite class of derived ty~ constructed 
from the fundamental types in the following ·o~.·ays: 

ar•ays of objects of most types; 

functions which return objects of a gi\en type; 

. pointers to objects of a given type; 

strucwres cortaining objects of variou.. •ypes. 

b general these methods of constructing obje-.:ts can be zpplied recursively. 

5. Objects and !values 
.-\n objec is a :nanipu!atab!e region of storzge; an !val:!e is an expression :-eferring to .m object. An 

c~vious exzmple of an !value expression is 2.1 identifier_ There are operatc:-s which yie:d 1-.alues: for 
eumple. if E is an expression of pointer type. then •E is Jn )value expressior: referring :J the ob;ect to 

~ hich E points. The r.Jme "I value .. comes irom the lllitgnment ewressior: .. E I = ET in .,,hich the 
le!t operar,d E I must be an I value expression. The disc::ssion of e:1ch opera:vr below ir:·.:!ica:es whet h­
e~ it expects !value ope:ands and whether it y:elds an lvZ::!e. 

E. Conversior.s 
.-\ number cf oper:1t Jrs may. de~ending en their O;:'!:-ands, C:lt.:se come:-sion o~ t:-e vcjue cf an 

c:'<:!rand from one type to another. This sec!:on explair.s the result 10 be e\:-ected fro::-: sue:, ccn\er­
s:vns. 
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6. I Char<1cters and integers 
A char c-vject may be used anywhere an int may be. In all case.; the c"lar is con,~rted to an int bv 

propagating its sign thro~gh the upper 8 bits of the resultant ir!!eger. This is consiste:a with the two·s 
complement represer.tation used for both characters and integeiS. (Ho\\ever, the "ign-propagation 
featurP. disap;:>ears in other imp!ei:"!entations.l 

6.2 Float and double 
All noating arithmetic in C is carried out i;, double-precision: '.Ao·henever a float ap~.....1rs in an expres­

sion it is lengthened to double by zero-padding its fraction. When a double must 1;:le conver.ed to 
float. for example by an assignment, the do:;ble is rounded before truncation to float :!ngth. 

6.3 Float and double: integer and character 
All i.,ts and chars may be converted without loss of signific::.::ce to float or doubi:- Con vers:on of 

flo&t or double to int or char takes place with truncation towarr'...s 0. ErroneQus results can be ex;-ected 
if the magnitude of the result ex.:e::-ds 32.76'7 (forint) or 127 (f:-r chan. 

6.4 Pointers and intef~rs 
!ntegers and pointe;s may be ac;;ed and compared: i~ st.:ch :: :~e the lnt :s conve:-:=-: as spec!:':ed 111 

the discussicn of the addition ope::::or. 

Two pcinter.s to objects of the same type may be subtracted: :n this case the res:.::: is conve::ed to 
an 1:1t~ger as specified in the discwsion of the subtraction apera:.cr. 

7. ~.:..pression~ 

The precedence of expression cperators is tne same as the oree:- of the maJor subsec-jons of this sec· 
tion (highest preceGer.ce first). Tr:us the expressio~s referred to 3S ti1c operands of+ 1§7.4) are those 
expressions defined in §§7.1- 7.3. Within each subse::tion, the operators have the s..Lme preceeence. 
Left- or right-associativity is specified in each subsection for the operators discussed t::erein. The pre­
cedence and associativity of all :he expression operators is sumrr..:rized in an appendix. 

Otherwise the order of evaluation of expressions is undefined. In particular the ccmpiler considers 
itself free to compute S-..Jexpressions in the order it believes mcsr efficient, even if th! subexpress!ons 
involve side effects. 

7.1 Primary expressions 
PrimJry expressions invnlving .. - >, ~ub~ripting, and functicn calls group left to r~!ht. 

7.1.1 identifier 
An identifier is a primary expression, provided it has been suitably declared as disc::ssed belov•. Its 

type is specified by its declaration. However, if the type of the identifier is "array cf ... ", then the 
value of the identif.er-expression is a pointerto the first object in the array, and the ty;e of the expres­
sion is "pointer to ... ". ~1oreovei. an array identifier is not an h-alue expression. 

Likewise. an identifier Nhich is declared ··function returning ...... when u.<:ed except -n the fun.:tion­
name position of a call. is converted to "pointer to function ret;;r:-:ir.g ... ". 

7. 1.2 constant 

A decimal. oct?.:, character. or floating constant is a primary e'pression. its type t5 int in the first 
three cases, double in the last. 

7.! .3 strinx 

A string is a primary expression. Its type is originally ··array ci char"; but follc.wir.! the same rule 
a~ in §7.1.1 for identitie~s. this is r:~odified to "pointer :o ch3.r". 1:-:d the res~it is a po.;ter to the first 
character in the string. 

·. 
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7 .1.4 \ .:xpression ) 
A parenthes;zed expression is a primary ':xpression whose type and value are identical to these of 

the unadorned expression. The presence ci parentheses does not affect whether the expression is an 
I value. 

7.1.5 primary-expression [ expre.;sion] 
A primary expre.5sion followed by an expression in square brackets is a prima:-y expresston. The in­

tuitive meani11g is that of a subscript. Usually, the primary expression has type "pointer to ... -. the 
subscri~t expression is int, and the type of the result is " ... ". The expression "El[E1l" is idenucal 
(bv definition) to "• ( ( E 1) + ( E2) ) ". All the clues needed to understand this notaticn are cont2ined 
in ·this section together with the discussions in §§ 7.1.1, 7.2.1, and ?.4.1 on identifiers, •. and + res;-ec­
tively: §14.3 below summarizes the implications. 

7. I .6 primary-expression ( expres:;ion-list~,) 
A function call is a primary expression fol!vwed by p:uentheses containing a possibly e:7.;ty. 

comma-separated list of expressions which constituti! tl'e actual arguments to the fur:.:tion. TI:e :ri­
mary expression must be of type "function returning ... ". and tre result af the functiJ~ cali is cf ::.re 
" ·· As indicated belo·.••. a hither;o unseen identifier followed immediately by a lef~ pa1:-n~h::5 s is 
contextually declared to represent a funct!on ret~uning an integer; thus ir. the most ;:ammon .:l.Se. 
integer-valued functions need not b~ declared. 

Any actual arguments of type float J.re converted to double before the call; any oi type c!".a~ J.re 
converted to int. 

In preparing for th~_call to a function, a copy is made of each actual parameter; thus. all argu::-.e:H­
rassing in C is strictly by value. A function may change the values of its formal parameters, but !hes.; 
changes cannot possibly affect the values of the actual parameters. On the other hand. i~ is per:·e.:tly 
possible to pass a pointer on the und.!rstanding that the function may change the v"lue of the ob_e.:: to 
whi;:~ the pointer points. 

Recursive calls to any function are permissible. 

7 .1. 7 primary·ll•alue . member-of-structure 
An !value expression followed by a dot followed by the name of a member of a str.Jcture is a pri­

mary expression. The object referred to by the !value is assumed to have the same form as the s:ruc­
ture containing the structure member. The result of the expression is an !value appropriately cfset 
from the origin of the given !value whose type is that of the named structure member. The gi-.en 
!value is not required to have any particular type. 

StiUCtures are discussed in §8.5. 

7.1.8 primary-expression - > member-<Jf-structure 
The primary-expression is assumed to be a pointer which points to an object of the same form a.s the 

structure of '.1·-;:::h the member-of-structure is a part. The result is an )value appropria!ely offset f!'Um 
the 0ri~in of the pointed-to structure whose type is tllat of the named structure member. The tn'o;! of 
the primary-expression need not in fact be pointer; it is sufficient that it be a pointer, character, or in­
teger. 

Except foi the relaxation of the requirement that E 1 be 'Jf pointer type, the express:on 
"E1->MOS" is exactly equivalent to "(•El).MOS". 

7.2 L'nary operators 
Expressions with unary operators group right-to-left. 

7.2.1 • expression 
The unary • operator means indirection: the expression must be a pointer. and the res:.:lt is an ;v.!:ue 

referring to the object to which the expression points. If the type of the expression is ··i'Qinter ~o .:·. 
the type of the result is " ... ". 
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7.2.2 & lralue-expression 
The result of the unary & operator is a poil"te;· to the object referred to by the !value-expression. If the type of the lvalt;e-expression is " ... ·•. the type 0f the result is "pointer to ... ". 

7.2.3 - expression 
The result is tre negative of the expression, and has the same type. The type of the exp1cssion must be char. int. float, or double. 

7.2.4 ! expression 
The result of the logical negation operator ! is I if the value oi the expression is 0, 0 if the vah;e of the expression is non-zero. Th~ type of the result is int. This operator is applicabie only to ints or chars. 

7.2.5 - expression 
The - operator y!e:ds the one·s comple:nent of its operand. The type of the expression must be ii1t or char. and the res;.:!t is int. 

7 .2.6 +-+- lralue-ex;:ression 
The object referred to by th;! !value expression is incremented. The \·alue is the new value of the lva!uc expression ar.d the type is the t~·pe of the !value. If the expression is int or char, it is incre­mented by l; if it is a pointer to an object, it is incremented by the length of the object. ++is appli­cable only to the5e ty;:-es. (Not, for example, to float or double.) 

7.2.7 -- h·alue-expression 
The objt:ct rderred to by the !value exrression is decremented a:1alogously to the ++ operator. 

7.2.8 /value-expression ++ 
The result is the vaiue of the object referred to by the !value expression. After the result is noted, the object referred to by the I value is incremented ir. the S<>me -manner as for the pref.x ++ operator: by 1 f0r an int or c~r. t.y the length of the pointed-to ohject for a pointer. The type of the result is the same as the type of the !value-expression. 

7.2.9 lva!ue-expressicn --
The result of the expression is the value of the obj.::ct referred to by th.:: the !value expression. After the result is noted, the object referred to by the !value express1on is decremented in a way analogous to the postfix ++ operator. 

7.2.1 0 sizeof expression 
The sizeof operator yields the size, in bnes, Gf its operand. When applied to an array, the result is the total nUJn!)er of bytes in the array. The size is determined from the declarations of the objects in the expressio.1. This expression is semantically an i::-teger constant and may be used anywhere a con­stant is required. Its major use is in <::omm'-'nication with routines like storage allocators and I/0 sys­tems. 

7.3 Multiplicative op~rators 
The multiplicative operators •, I, and %group left-to-right. 

7.3.1 expression • expression 
The binary • operator indicates multiplication. If both operands are int or char, the result is int: if one is int or char and one float or double, '~e former is convened to double. and the result is double; if both are float or dcL:Ole, the result is doub:e. "io other combirations are allowed. 
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7.3.2 expression I expression 
The binary I operator indica:es division. The same type considerations as for multiplication apply. 

7.3.3 expression :)to expression 
The binary % operator yields the re:7lainder from the division of the first expression by the second. Both operands must be int or char, and tht: result is inl In the current imp:~mentation. the re:nainder has the same sign as the dividend. 

7.4 Additive opentors 
The additive operators + and - group left-to-right. 

7.4.1 expression + expression 
The rec;ult is !he sum o[ the expressions. If both operands are int or char, the result is int. If both are float or double. the result is double. If one is c~ar or int and on~ is float or double, the fermer is comerted to double and the result is dC'Jbfe. If an int or char is added to a pointer. the former is con­verted by multipiyir;g it by the length of the object to which the pcinter points and the res:llt is a pointer of the sarr:e type as the origin~ oointer. Thus if P i:; a pointer to an object. the exr~essicn .. P+l" is a poin:er to another object cf the sam'! type as the first anc immediately foilowi::g it in storage. 

No other type combinations are ailowe-1. 

7 4.2 expression - expression 
The result is the difference of the operands. If both operands are int. c!'lar, float. or doub:e. the same-type considerations as fer + apply. li an int or char is subtracted from a pointer, the fo::ner is converted in tht same way as explained under + abo·•e. 
If twc pointers to objects of the same type are subtracted, the re~ult is converted (by ci!vision by the length cf the e!Jject) to an int representing the number of objects separating the pointed-to objects. This conversion wril in general give unexpected results unless the pointers point to Jbjects in the same array, since pointers, even to objects of the same type, do not necessarily differ l:y a multiple of the object-length. 

7.5 Shift operators 
The shift operators < < and > > group feft-to-righL 

i.S. I expression < < expression 
7.5.2 expression > > expression 

Both operands must be int or char, and the result is inl The second operand should be non­negative. The va!ue of "E I<< E?." is El (interpreted as a bit pattern 16 bits long) left-shifted E2 bits; vacated bits are 0-filled. The value of "El > > E2" is El (interpreted liS a two's comple::~ent, I 6-bit quantit!') arithmetically ri~ht-shift~ E2 bit positions. Vacated bits are filled by a copy ci the sign bit of E 1. [I": ate: the use of arithmetic rather than logical shift does not survive transpor..Jtion between machines.} 

7.6 Relational operators 
The relational operators group ieft-to-rigl-.t. but this fact is not very useful; "a< b<c" does not ::1ean what it seems to. 

7.6.1 expression < expression 
7.6.2 expression > expression 
7.5.3 e.-:pression < = expression 
i.6A expression > = expression 

The operators < (less than), > (greater :han). <= lless than cr equal to) ar.d >= (greater tha.1 or c~ual to~ all yield 0 if the specified relatio:-: is false and l if it is true. Uperanj conversion !s ex.:..:tly the same as for the - operator except that pointers cf any :<ind may be compared; the result in :his case dep~nds on the re:ative locations in <=tcrage of the pointed-to objects. It dJes not seem to be '-ery meaningful to compare pointers with intege~ other than 0. 
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7.7 Equality operators 
7.7.1 expression== expression 
7.7.2 expression:= expressfcn 

The = = (equal to) and the !== (not equal to) operato:-s are exactly analogous to the relational opera­
tors except for their lower precedence. (Thus "a<b == c<d" is I whenever a<b and c<d have the 
5ame truth-v::J.Iue). 

7.8 expression & expression 
The & Jperator groups left-to-right. Both o~rands ml!St be int or char; the r~sult ts an lnt which is 

the bit-wis'! logiol and function of the operands. 

7.9 expression • e::r-pression 
The • operator groups left-to-right. The operands must be int or char; the result is an int which is 

the bi~-wise exclusive or f11r.ction of its operands. 

i .1 0 expression ! expression 
n·.e 1 oper<ltor groups !eiHo-right. The operands must be int or char; the resu!t is an int which is 

the bit-wise inc1Lsive or of i:s operands. 

7.11 expression &.& expressior. 
The && operator returns 1 if both its operands are non-zero, 0 otherwise. Cnlike &, && guarantees 

left-to-right evaluation: moreover the second operand is not evaluated if the first op!rand is 0. 
The operands need not have the same type, but each must have one of the fund3mental types or be . -:­

a poi:Her. 

7.12 expression II expression 
The II operator returns l if either of its opera:1ds is non-zero, and 0 otherwise. Unlike I, II guaran­

t:..:s left-to-right evaluation; moreover, the second operand is not evaluated if the value ~~the first 
o;:~rand is non-zero. 

The operands need not ha\e the same type, but each must have one of the fundamental types or be 
a pointer. 

7. I 3 expression ? expression : express,"on 
Conditional expressions giOup left-to-right. The first expression is evaluated and if it is non-zero, 

the result is the value of the second expression, otherwise that of third expression. If the types of the 
second and third operand are the same, the result has their common type; otherwise the same conver­
sion rules as for + apply. Only one of the second and third expressions is evaluated. 

7.14 Assignment operators 
There are a number of assignment operators, all of which group right-to-left. All require an !value as 

their left operand, and the type of an assignment expression is that of its left operand. The value is 
the value s:ored in :he !eft operand after the assignment has taken place. 

7 .14.1 lm/ue = '!xpression 
The value of the expression replaces that of the object referred to by the ivalue. The operands need 

not have the same type, but both must be-int, char, floal double, or pointer. If neithe!" operand is a 
pointer. the assignment t3kes place as expected, possibly preceded by conversiol' of the expression on 
the right. 

When beth operands are int or pointers of any kind, no conversion ever takes place; the value of the 
expressior. is simply stored ir.to the object referred to by the lvai:Je. Thus it is possible to generate 
pointers wh1ch will cause addressing exceptions when used. 



7.14.2 /value - _.. expression 
7.14.3 /value -- expres;ion 
7.14.4 /value-· expressi'7! 
7.14.5 /value -1 expression 
7 .14.6 /value - ::o expre.ssiOI! 
7.14. 7 /value - > > expres!iO."~ 
7.14.8 /value - < < expression 
1.14.9 :-.a/ue -&expression 
7 .14.1 0 /value - • expression 
7.14.11 /value - i expressiOf: 
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The bet,avior of an ex~ression of the form "El =op i2" may be inferred by taking it as equiv~'ent 
to "E! = E1 op E2"; ho·.~oe\er, E1 is evaluated only once. Moreover, expressicns like "i =+ p" in 
which a pcinter is added t~ ::1 integer, are forbidc:n. -

7.15 expression , e.x:pression 
A pair Jf ex;:ressions se;1:-ated by :1 comma is evaluate:! left-to-right and the value of the left ex­

pressicn is disc~=-~ed. The :ype and value of th~ result are the type and value of the right operand. 
This ope~ator grc:.~ps left-:c-right. It should be avoided in situ~tions where comma is given a special 
meaning, for exa;r.ple in ac:ual argumer.ts to func:ion calls (~7.1.6} ar.d lists of init;alizers (§ 1 0.2). 

8. Declarations 
Declarations are :.Jsed wit!':in function definiticr.s to sp_e.cify the interpretation which C gives to each 

identirer; they do not necessarily reserve storage 3SSOciated with the identifier. Declarations have the 
form 

declaratif)lt: 
decl-specifim declarator-list.,, 

The declarators in the declarator-list contain the identifiers being declared. The decl-specifiers consist 
of at most one type-specifier and at most one stor2ge class specifier. 

decl-specifiers: 
rype-specifi~ 
sc-specifier 
'.>pe-specifier sc-specifier 
sc-specifier !:•pe-specifier 

8.1 StGrage class specifiers 
The sc-specifiers are: 

sc-specifier. 
aL:to 
static 
extern 
register 

The auto, static. and register declarations also se~e as definitions in that they cause an appropriate 
amount of storage to be reserved. In the extern elSe there must be an exte;nal definition (see below) 
for the given identifiers sorr.e.,..here outside the fu::.:tion in which they are declared. 

There are some severe res~r::ctions on register }:entiflers: there can be at most 3 register identifiers 
in any function. :md the ty;:--e of a register identifie~ can only be int, char, or pointer (not float, double. 
strl!cture, function. or array'· .-\lso the address-of ~per.ltor & cannot be applied to such identifiers. Ex­
cept for these res:rictions ;::1 return for which cne is rewarded with faster, smaller code}, register 
identifi~rs bena'e as if the! ·.oere auturr.atic. In fa.:t implementations cf Care free to treat reg1ster as 
synonymous with auto. 

If the sc-speci~e; is missi:-:g from a cedaration. :: is gene:-:!lly taken tc be auto. 
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8.2 Type specifiers 
7he type-specifiers are 

type-specifier: 
int 
char 
float 
double 
struct { type-decl-list ) 
struct identifier { rype-decl-list } 
struct identifier 

The struct specifier is discussed in §8.5. If the type-specifier is missing from a declaration, it is gen­
eral!y taken to be int. 

8.3 (;eclarators 
Th.: declarator-list appearing i1: a declaration is a comma-separated sequence of declarators. 

declarator-list: 
decloraior 
declararor , declarator-list 

The specifiers ;n the declaration indicate the type and storage class of the objects to which the declara­
lOrs reier. Dec:&r:J.tqrs have the syntax: 

declarator: 
identifier 
• declarator 
declarator ( ) 
declarator [ constant-expression,..] 
( declarator) 

The grcuping in this definition is the same as in expressions. 

8.~ Meaning of declarators 
Each declarator is taken to be an assertion that when a construction <'f the same form as the declara­

tor appearS in an expression, it yields an object of the ir:dicated type and storage class. Each declarator 
contains exactly one identifier, it is this identifier that is declared. 

If an unadorned identifier appears as a declarator, then it has the type indicated by the specifier 
heading the declaration. 

If a declarator has the form 

•D 

for D a declarator, then the contain~d identifier has the type "pointer to ... ", where " ... " is the type 
which the identifier would have had if the declarator had been simply D. 

If a declarator has the form 

0() 

then the contained identifier has the type "function returning ... ", ~here " ... " is the type which the 
identifier would have had if the dec!arator had been simply D . 

. l. declarator may have the form 

Dkonstan t-expression) 

or 
D[) 

In the first case the constant expression is an exp;ession whose ·;alue is determinable at compile time. 
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and ·whose type is int. in the second the constant 1 is useti: (Constant expressions f'7! ce;':.ed prec:se­
ly in §IS.) Such a deciarator makes the contained identifier have type "array." If i'"le ..::-..uior.1ed de­
clarator D would specify_ a non-array of type " ... ", tnen the declarato!" "DU ]" yif'ids a ~ -~i!!lensic.r.&.l 
array with . rank i l.f objects, of type ..... ". If the unadorned declarator D v.ou: _ specify an 
n-dfmensional array with rank· ;:x i1 X ••. xi,., then the declar.-:tor "D[in_

1
l" yieids an 

(n +I ) -dimensional array with rank i, ;( i1 x ... x 1, xi,., 

An array may be constructed from one of the !:lasic ty~s. from a pointer, from a struc::..re, or fro:n 
another array (to generate a multi-dimensional arra)' ). 

Finally, parentheses in declarators do not alter the type of the contair.ed identifier exce;:t insofH 2..S 

they alter the binding of the components of the deciarator. 

Not all the possibilities allowed by the syntax above are actually permitted. The restrktions are ~s 
follows: functions may not return arrays, structures or fl!nctions, although they r.·.ay retur:: po;nte:rs :o 
such things; there are no arrays of functions, although there may be arrays of pvin•ers ::J functic:".s. 
Likewise a structure may not contain a fur.ction, but it may contain a pointer to a functior~ 

As an example, the declaration 

int i, •ip, n ), •fip( ). (•pfl) ( ): 

declares an integer i, a potnter ip to an integer, a function j returning an integer. a functic-: fip rett::-:1· 
ing a pointer to an integer, and a pointer pfi to a function which returns an intege~. Also 

float fa[17}, •afp[17]: 

declares an array of float numbers and an_array of pointers to floa~ numbers. Fina!!y, 

static int x3di3][5J[7): 

declares a static three-dimensional array of integers, with rani< 3x5xi. !n compl :te detail, x3d is an ar­
ray of three items: each item is an array of five arrays; each of the l~tter arrays i> an array of seven i!l­
tegers. Any of the expressions "x3d", "x3d[ i )", "x3d[ i ][j )". ":dd[ i ][j J( lc }" m~y reasoubly ap;·>ear 
in 2n expression. The first three have type ''array", the last has ty~e int 

8.5 Structure declarations 
Recall that one of the forms for a structure spe<:ifier is 

struct { rype-decl-list l 
The type-dec/-list is a sequence of type declarations for the members of the stracture: 

type-dec/-list: 
type-declaration 
rype-declararion rype-deci-list 

A type declaration is just a declaration which does not men~ion a storage class (the s-..orage class 
"member of structure" here being understood by cor.text). 

type-declaration: 
type-specifier declarator-list . ; 

Within the structure, the objects declared have addresses which inc.-ease as their declaraticns are r~i 
left-to-right. Each component of a structure begins on an addressing boundary appropriate :o i:s type. 
On the PDP-11 the only requirement is that non~haracter;) begin on a word boundary; the:-efore, the:-e 
may be !-byte, unn::;.med holes in a strJcture, and all structures have an even length in byte:s. 

Another form of structure specifier :s 

struct identljier { type-decl-list J 

This form is the same as the one just dis(;ussed. except t~at the identifier is remembered :.s the srr-..r.:­
rure ra~: of the structure specified by tl:e !ist. A subsequent declaration may then be g:ve:. using t::o;: 

structure tag but withcut the list, as i::1 the third iorm of ~tn:cture specifier: 
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struct identifier 

Structure tags allow defi:1ition of self-referential structures; they also permit the long part of the d~­
claration to be given once and used several times. It is however absurd to declare a structure which 
.::ontains an instance of itself, as distinct from a pointer to an instance of itself. 

A simi)le example of a structure declaration, taken from §16.2 where its use is illustrated more fully, 
is 

struct tnode { 

}; 

char tword[ro]; 
int count; 
struct tnode •left; 
struct tnode •right; 

which c011t2:ns an array of 20 characters, an integer, and two pointers to similar structures. Once this 
declaration has been given, the following declaration makes sense: 

struct tnode s. •sp; 

which declues s to be a structure of the given sort and sp to be a pointer to a structure of the given 
sort. 

The name-; of structure members and structure tags may be the same as ordinary variables, sine::: a 
distinction cc;n be made by context. However, names of tags and members must be distinct. The­
same member name can appear in different structures C\nly if :he two members are of the same type 
and if their origin with respect to their structure is the same; thus separate structures can share a com­
mon initial segment. 

9. Statements 
Except as indicatej, statements are executed in sequence. 

9.1 Expression statement 
Most statements are expression statements, which have the form 

expression ; 

Usually expre~ion statements are assigr .• 11ents or function calls. 

9.2 C3mpound statement 
So that several statements can be used where one is expected, the compound statement is provided: 

compound-statement: 
{ statement-list } 

statement-lis:: 
sta~e,..ent 

statement statement-list 

9.3 Conditional statement 
The two forms of the conditional statement are 

if ( e.-:;·essio:: ) statement 
rf ( expression ) statement else statement 

In both cases the expression is evaluated and if it is non-zero, the first substatement is executed. In 
the second case the second substatement is executed if the expression is 0. As usual the "eise" ambi­
guity is resolved by connecting an else with the last encountered elseless if. 
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9.4 While statement 
The while statement has the form 

wt:ile ( expression ) statement 

The substatement is executed repeatedly so long as the value of the expression re:nains non-zero. The 
test takes rlace before each execution of the statement. 

9.5 Do statement 
The do statement has the form 

do statP.merrt while ( expression ) ; 

The substatement is exP.cuted repeatedly until the value of the exprt>Ssion becomes zero. The t~l 
takes place after each execution of the statement. 

9.6 For statement 
The for statement has the form 

for ( expression-lop, ; expression-2up, ; e.>..pression-3~,) statement 

This statement is equivalent to 

expression-]; 
while (expression-]) ( 

statement 
expression-]; 

Thus the fiiSt expression specifies initializati:m for the loop; the second specifies a test. made before 
each iteration, such that the loop is exited when the expression becomes 0; the third expression typi­
cally specifies an incrementation which is performed after each iteration. 

Any or all of ti.~ expressions may be dropped. A missing expression-] makes the implied while 
clause equivaLent to "while( 1 )''; other missing expressions are simply dropped from the expansion 
above. 

9.7 Switch statement 
The switch statement causes control to be transferred to one of several statements depending on the 

value of an expression. It has thf. form 

switch ( expression } statement 

The expression must be int or char. The statement is typically compound. Each statement within the 
statement may be labelled with case prefixes as follows: 

case constant-expression : 

where the constant expression must be int or char. No two of the case constants in a switch may have 
the same value. Constant expressions are precisely defined in §15. 

There mat also be at most one statement prefix of the form 

default: 

When the switch statement is executed, its expression is evaluateci and comr.ared with each case con­
stant in an undefined order. If one of the case constants is equal to the value of the expression, con­
trol is passd to the st~tement following the matched case prefix. If no case constant matches the ex­
pression, and if there is a default prefix, control r~sses to the prefixed statement. In the acsence of a 
derault prefix none of the statements in the switch 1S executed. 

Case 0r default prefixes in themselves do not alter the flow of control. 
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9.8 Break statement 
The sta:ement 

break; 

cause~ terr.:ination of the smallest enclosing while, do, for, or switch statement; control passes to the 
statement following the terminated statement 

9.9 Continue statement 
The statement 

cor:t:nue ; 

causes cor.:...-vl to pass to the loop-contim1ation portion of the sml\llest enclosing while, do, or for state­
ment; that :S to the end of the loop. More precise;y, in each of the statements 

whi:s ( ... )I do { for(. .. ) ( 

cor.~in:; contln:; cor.tin:; 
} } while ( ... ): J 

a conti:1U'2 :S equivalent to "goto con tin". 

~--2.10 Retu:n .>tatement 
A functi0~ returns to its caller by means of the return statement, which has one of the forms 

return: 
return ( expression ) ; 

In the firs• .~:; r.~ value is returned. In the second case, the value of the expression is returned to the 
caller of the: unction. If req~.,;ired, the expression is converted, as if by assignment, to the type of the 
function in which it appears. Flowing off the end of a function is equivalent to a return with no re­
turned value.. 

9.1 I Goto s:atemen~ 
Control nuy be transierred unconditionally by means of the statement 

goto expression ; 

The expression should be a label (§§9.12, 14.4) or an expression of type "pointer to int" which evalu­
ates to a label. It is il!egal to transfer to a label no~ located in the current function unless some extra­
language pro•ision has been made to adjust th,~ stack correctly. 

9.~2 Labelled statement 
Any stater.:ent may be preceded by label prefixes of the form 

idenrz::er : 

which serve :o declare the iden:ifier as a label. More details on the semantics of labels are given in 
§ 14.4 below. 

9.13 Null s~:ement 
The null sutement has the form 

A null state:-:-:-e:1t is user:.:! to carry a label just before the "}" of a compound statement or to supply a 
nul! body to.! :ooping ~ :2t~ment scch as while. 

--
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10. External definitions 
A C program consists of a sequence of external definitions. External definitions may be given for 

functions, for simple nriables, and for arrays. They are used both to declare and to reserve storage for 
objects. An external definition declares an identifier to have storage class extern and a specified type. 
The type-specifier (§3.2) may be empty, in which case the type is taken to be int 

10.1 External functicn definitions 
Function definitions have the form 

function-definition: 
type-spec:jier"" function-declarator function-body 

A function declnrator 's similar to a declarator for a "function returning _ .. except that it lists the for­
mal parameters cf tl":e function being defined. 

function-declarator: 
declarator ( parameter-list~ ) 

parameter-bt: 
iJenr~fier 
identifier , parctr.eter-list 

The function-body has the form 

function-body: 
type-decl-/isr function-statement 

The purpose of the type-decl-list is to give the types of the formal parameters. No other identifiers 
should be declared in this list, and formal parameters should be declared only here. 

The function-slatement is just a compound statement which may have declarations at the start 

fu.":ction-srarement: 
{ dedaratfon-list_ statement-list} 

A simple example of a complete function definit:on is 

int max (a, b. c) 
ir.t a. b, c; 
{ 

int m; 
m = (a > b )? a: b ; 
retum(m > c? m:c}; 

Here "int" is the type-specifier; "max(a. b, c)" is the function-declarator; "int a, !>, c;" is the type­
decl-list for the formal parameters; "{ ... )" is the function-statement. 

C converts all float actual parameters to double, so formal parameters declared float have their de­
claration adjusted to read double. Also, since a reference to an array in any context (in j:iarticular r.s an 
actual parameter) is taken to mean a pointer to the first element of the 1rray, declarations of formal 
parameters declared .. array of_:· are adjusted to read "pointer to ... ". Finally. because neither struc­
tures nor functions c2n be passed to a function, it is useless to declare 'l fC'nua! parameter to be a 
struc!;.re or function (pointers to structures or functions are of course perm:ced). 

A free return statement is supplied at the end of each function definition, sc running off the end 
causes cor:trol, but no value, to be returned to the clller. 

! 0.2 Ext.; mal data def.nilions 
An ex!ernal data dennition has the form 
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data-definition: 
extern.., type-specifier.,, init-deciarator-list.,,; 

The optional extern specifier is discussed in § 11.2. If given, the ini:-declarator-list is a comma­

separatec' :ist of declarators each of which may be followed by an initializer for the declarator. 

init-deC:arator-list: 
init-dec/arator 
init-declarator , init-declarator-/ist 

init-declara:or: 
declarator initializer..,.. 

Each initializer represents the initial value for the corresponding objet:t being defined (and decla.-ed). 

initiali:er: 
constant 
[ cof!Stanr-expression-lisr ) 

constant-expnssion-list: 
constant-expression 
constant-expression , constant-expression-list 

Thus an initializer consists of a constant-valued expression. or comma-sep11rated list of ex!)ressions, in­

side braces. The braces may be dropped \\'lten the expression is just a plain constant. The exact 

meaning of a constant expression is discussed in §IS. The expression list is used to initialize arrays; 

see below. 

The type of the identifier being defined should be compatible with thP. type of the initializer: a dou­

ble constant may initialize a float or double identifier; a non-floating-point expression may initialize an 
int, char, or pointer. 

An initializer for an array may contain a comma-separated list of compile-time expressions. The 

length of the array is taken to be the :-r~aximum of the number of expressions in the list and the 

square-bracreted constant in the array's declarator. This constant may be missing, in which case 1 is 

used. The expressions initialize successive members oi the 4irray st<uting at the origin (subscript 0) of 

the array. The acceptable expressions for an array of type .. arra.y of_" are the same as those for type 

" ... ". As a special case, a single string may be given as the initializer for an array of chars; in this case, 

the characteiS in the string are taken as the initializing values. 

Structure::: can be initialized, b~t this operation is incompletely implemented and machine­

dependent. Basically the structure is regarded as a sec;uence of words and the initializers ate placed 

into those worrl..s. Structure initialization, using a comma-separated list in braces, is safe if all the 

members of the structure are integers or pointers but is otherwise ill-advised. 

The initial value of any externally-defined object not ex;Jlicitly initialized is guaranteed to be 0. 

11. Scope rules 
A complete C program need not all be compiled at the same time: the source text of the program 

may be kept m several files, and preco.n;"iled routines may be loaded from libraries. Communication 

among the functions of a program may be carried out hoth through explicit calls and through manipu­

lation of external data. 

Therefore, there a;e two kinds of :;cope to consider: first. what m~y be called the lexical scope "fan 

identifier, which is essentially the region of a program during whtch it may be used wit ut drawing 

"undefined identifid' diagnostics; and second. the scope associated \1rith external ider.tifiers, which is 

characterized by the rule rhat references tc the same extern!! identif\er are references to the same ob­

ject. 

·. 
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11.1 Lexical scope 
C is not a block-structurt>rf ~:!ngt:age: this may fairly be ccnsidered a defect. The lexical scope of 

n2mc.s declared in e;.;iernal definitions extends from their definition t!::rough the end of the file in 
which they appear. The lexical scope of name::. declared at the head cf functions (either as forma] 
parameters or in the declarations heading the statements constituting the function itselO is the body of 
the function. 

It is an error to redeclare identifiers 3!ready declared in the ~urrent context. un)ess the new declara­
tion specifies the same type and storage class as already possessed by the :dentifiers.. 

11.2 Scope of externals 
If a function declares a:1 identifier io be extern, then some~here amo!:g the files or l!braries consti­

tuting the complete program there must be an external defini:::on for 'he identifie:-. All functions in a 
given program which :efer to the same external identifier refe:- :o the sa-.:e object. so c:ue must be tak­
en that the type and extent specified in the definition are :ompatible "'ith these specified by each 
function which references the data. 

In PDP-11 C, it :s explic:tly peimitte;i for (compatible) ex::::-:1al detb::.::ms of t'"_e same identifier to 
be present in several of the separately--:ornpiled pieces of a cc:::plete prog:arn. or e·.en twice within the 
same program file, with the important :imitation that the ide::::fier may :e initialized in at most one of 

• tl'le definitions. In other operating sys:ems, however, the w::1piler m~-: know in just which file the 
storage for the identifier is allocated, and i 1 which file the ide:.tifier is me:ely being referred to. In. the 
implementations of C for such systern.s, the appearance of :he extem keyword before an external 
definition indicates that storage for the identifiers being declared will be :Jocated in another file. Thus 
in a multi-file program, an external data definition without tte extern s~ifier mi.:St appear in exactly 
one of the files. Any other files which wish to gi,.:e an ext~ ::al definitSon for tr.e identifier must in­
clude the extern in the definition. The identifier can be initi.:.ized only ::1 the file where storage is al­
located. 

In PDP-11 C none of this nonsense is necessary and the extern S;>!Cifier is ignored in external . 
definitions. 

12. Compiler control lines 
When a hne of a C program begins v.ith the character #,it~ interpre:ed not by tr.e compiler itself, 

but by a preprocessor which is capable of replacing ir.stancf>S cf given identifiers 'IIIith arbitrary token­
strings and of inserting named files into the source program. L'l order to cause this preprocessor to be 
invoked, it is necessary that the very first line of the prograr:1 begin wi6 #. Sin..-e nul! lines are ig­
nored by the preprocessor, this line need contain no other infrnnation. 

12. I Token replacement 
A cor.1piler-control line of the form 

# define identifier rcken-string 

(nrte: no trailing semicolon) causes the preprocessor to replace subsequent instances of tl:e identifier 
wit;, th~ given strir,g of tokens (except within compiler conL'"JI lines). The repla.-ement token-string 
has comments removed from it, and it is surrounded with t·inks. No rescanning of the replacement 
string is attempted. This facility is most valuable for definition Jf "manif:!St consta:lts", as in 

# define tabsize 100 

int table[tabsize]; 

12.2 File inclusion 
Large C prograrr.s often .:ontain many external data defin::.i.:ns. Since :he Iexi.::.=l scope of exter:.al 

definitions extends to the e:1d of the p;-.;gram file, It is good ;::-.rctice to ;:-:.:t all the external definitions 
for data at the start of He program file. so that the functions jefined v.~:hin the 5le need not repeat 
tedious and error-prone de-.:!arations fer each external identiSer they 1.:..'-!. It is liso useful to put a 
heavily used structure defini!ion at the s~rt and use its struct1.:..-e tag to ce.:lare the auto pointers to the 

___.______ 
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structure used within functions. To further exploit this technique when a large C program consists of 

several files, a compiler centro! line of the form 

# include" filename" 

results in the replacement of that line by the entire con~ents of the file filename. 

13. Implicit declarations 

It is not always necessary to specify bot!"~ the storage class and the type of identifiers in a declaration. 

Sometimes the storag.:: class is supplied by the context: in external definitions, and in declarations of 

formal parameters and structure members. In a declaration inside a function, if a storage class but no 

type is given, the identifier is assumed to be int; if a type but no storage class is indicated, the 

identifier is assumed to be auto .. An exception to the latter rule is made fer functions, since auto func­

tions are mea:iir.gless (C being incapable of compiling code into the stack). If the type of an identifier 

is "function returning ... ", it is implicitly dedared to be extern. 

In l!n expression, an identifier followed by ( and not currentiy declared is contextually c!eclared to be 

"function returning int". 

Undefined identifiers not followed bv ( are assumed to be labeis which will be defined later in the 

fun~:tion. (Since a label is not a:1 lvalu'e, this zccounts for the "Lvalue required" error message some­

times noticed when an undeclared identif.er is used.) ~aturally, appearance of an ide1.tifier as 2. label 

declares it as such. 

For some purposes it is best to consider formal parameters as belonging to their own storage class. 

In practice, C treats parameters as if they were automaiiC (except tha:, as mentiuned above, formal 

parameter arrays a"ld floats are treated specially). 

14. Types revisited 

This sectiori summarizes the operations which can be performed on objects of certain types. 

!4.1 Structures 

There are only two things that can be done with a stru.:ture: pick out one of its members (by means 

of the . or - > operators); or take its address (by unary &). Other opert.tions, such as assigning from 

or to it or passing it as a parameter, draw an error message. In the future, it i; <;;q;<;cted that these 

operations, but not necessarily others, will be allowed. 

14.2 Functions 

There are only tY~"o things that can be done with a fur.ction: call it, or take its add;~. If the name 

of a function appears in an expression not in the function-name position of a _c;~11, a pointer to the 

function is ge~erated. Thus, to pass one functio;, to another, one might ~:1y 

int f( ); 

g( f); 

Then the definition of g might read 

g (funcp) 
int (•funcp)( ); 
I 

(•funcp)( ); 

Notice ti~at f was declared explicitly in the calling routine since its first apnearance was not followed by 
(. 

-
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14.3 Arrays, pointers, and subscripting 
Every time an identifier of array type appears in an expression, it is converted into a pointer to the 

first member of the array. Because of this conversion, arrays are not halues. By definition, the sub­
script operator (J is interpreted in such a way that "El[E2]" is identicaJ to "•{(El)+(E2))". Because 
of the conversion rules which apply to +. if El is an array and E2 an integer, then El[E2) refers to 
the E2-th membP.r of El. Therefore, despite its asymmetric appearance, subscripting is a commutative 
operation. 

A consistent rule is followed in the case of multi-dimens!cnal arrays. If E is an n-dimensional array 
of rank iXjX .•• xk. then E appearing in an expression is converted to a pointer to an 
(n-1 )-dimensional array with rank j x ... xk. If the • operator, either expiicitly or implicitly as a result 
of subscripting, is applied to this pointer, the result is the pointed-to (.rrl)-dimensional array, which it·· 
self is immediately converted into a pointer. 

For example, consider 

int x[3l[S]; 

Here xis a 3x5 array of integers. When x appears in an ex;:~ssion, it :.S converted to a pointer to (the 
first of itree) 5-membered arrays of integers. In the expression -x[ i]", which is equivalent to 
"•(x+i)", x is first converted to a pointer as desc:ibed; then i is con\·ened to the type of x, which in­
volves multiplying i by the length the object to which the po:- 'er ;x:ints, namely 5 integer objects. 
The results are added and indirection applied to )ield an array (of 5 in:..e~-ers) which in turn is convert­
ed to a pointep to the first of the integers. If there is another subs..":'ipt the same argument applies 
again; this time the result is an integer. · ' 

·It follows from all this that arrays in C are jt.cred row-wise (last subs...-:ipt varies fastest) and that the 
first subscript in the declaration helps determine the amount of stcr>..ge consumed by an array but 
plays no other part in subscript calculations. 

14.4 Labels 
Labels do not have a type of their own; they are treated as having type "array of int". Label vari­

ables should be declared "pointer to int"; before execution of a goto referrin& to the variable, a label 
(or an expression deriving from a label) should be assigned to the variable. 

Label variaoles are a bad idea in general; the switch statement mak!:s them almost aiways unneces­
sary. 

15. Constant expressions 
In several places C requires expressions which evaluate to a constant: after case, as array bounds, 

and in initializers. In the first two cases, the expression can involve cnly integer constants, character 
constants, and sizeof expressions, possiblv connected by the binary ope:-ators 

+ - • I % & I A << >> 

or by the unary operators 

Parentheses caf1 be used for ~rouping, but not for fun.:.ion calls. 

A bit more latitude is permitted for initializers: besides constant expressions as discus.<:ed above, one 
can ::.>Jso apply the unary & operatcr to external ~alars, and to external arrays subscripted with a con­
stant expression. The unary & can also be applied implicit!~· by app~·-a11ce of unsubscripted external 
arnys. The rule here is that initializers must evaluate either to a constant or to the address of an 
external identifier plus or minus a constant. 
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16. Examples. 
These examples are intended to illustrate some typical C constructions as well as a serviceable style 

of writing C programs. 

16.1 Inner product 
This function returns the inner product of its array arguments. 

double inner(v1, v2. n) 
double v 1 ( ]. v2 [ ] : 
{ 

double sum; 
inti; 
sum'""' 0.0; 
fer (i==O; i<n; i++) 

sum =+ v 1 [ i ] • v2 [ i ~ ; 
retl'm (sum); 

The following version is somewhat more efficient, but perhaps a little less clear. It uses the facts that 

parameter arrays are reaily pointers, and that all parameters are passed by value. 

double inner ( v 1, v2, n) 
double •v1, •v2; 
( 

double sum; 
sum= 0.0; 
whiletn--) 

sum=+ •v1++ • •v2++; 
return {sum) ; 

The declarations for the parameters are really exactly the same as in the last example. In the first case 

array declarations " [ ] " were given to emphasize that the parameters would be referred (0 as arrays; in 

the second, pvinter declarations were given because the indirettion operator and ++were used. 

16.2 Tree and character processir.g 

Here is a complete C program (courtesy of R. Haight) which reads a document and produces an a1-

phabetizeo lisl of words found therein togt:ther with the number of occurrences of each word. 1 he 

method keeps a binary tree of words such that the left descendant tree for each word has all the words 

lexicographically smaller than the given word, and the right descendant has all the larger words. Both 

the insertion and the piinting routine are recursive. 

The program calls the library routines getchar to pick up characters and exit to terminate execution. 

Print/ is called to print the results according to a format string. A version of print/ is given below 

( §16.3). 

Because all the external definitions for data are given at the top, no extern declarations are necessary 

within the functions. To stay within the rules, a type declaration is given for each non-integer func­

tion when the function is used before it is defined. However, since all such functions return pointers 

which are simply assigned to other pointers, no actual harm would result from leaving out the declara­

tions; the supposedly int function values would be assigned without error or complaint. 

~ define nwords 100 
# define wsize 20 
struct tncde ( 

l; 

char tword [ wsize 1; 
int count; 
struct tnode •left; 
struct tnode •right; 

I• number of different words • I 
I• max chars per word •I 
I• the basic structure •I 



str.;ct tnode space [ nwords I; 
int nnodes nwords ; 
struct tnode •spacep space; 
struct tnode •freep ; 
I• 
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I• the words themselves •I 
I• number of remaining slots • I 
I• next available slot •I 
I• free list •I 

• The main routine reads words until end-of-file (\()" returned from "getchar") 
• "tree· is called to sort each word into the tree. 
•I 

main() 
( 

struct tnode •top, •tree ( ) ; 
char c. word [ wsize]: 
inti; 

i =top= O; 
···!hile (c=getchar()) 

if ("a'<=c &&. c<='z' :i 'A'<=: && c <='Z') 
if ( i<wsize-1) 

l else 
if <! l I 

tprint (top); 

word [ i++] = c: 

word [ i++] = "\C::; 
top = tree (top, word): 
i = 0; 

I• 
• The central routine. If the subtree pointer is mil, allocate a new node for it. 
• If the new word and the node's word are the same, increase the node's count. 
• Otherwise, recursively sort the word into the 'eft or right subtree according 
• as the argume1t word is less or greater than the node's word. 
•I 

struct tnode •tree ( p, word) 
struct tnode •p; 
char word [ 1 ; 
I 

struct tnode •alice ( ) : 
int cond; 

I• Is pointer null? •I 
if (p==O) { 

J 

p = alloc(); 
copy (word, p- > tword l: 
p->count = 1; 
p->right = p->left = 0; 
return ( p); 

I• Is word repeated? •/ 
if ( (cond=compar(p->tword. word))= 0) 

p- >count++: 
return ( p); 

J 
I• Sort into l:~ft or right •/ 
if (cond<C} 

p->left = tree(p->left, word): 
e!se 

p- > ri~ht = tree ( p- >right, wor.): 

: 4:' 
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re • .Jm( p); 

I• 
• Print the tree by printing the left subtree, the given node, and the right subtree. 

•I 
tprint ( p) 
struct tnode •p; 
{ 

I• 

while ( p) ( 
tprint ( p- >left); 
printf(" 0/od: %s\n", p->count. p->tword); 
p = p->right; 

• String ccmpar:?,.,n: return number ( >. =. < ) 0 

· J.cccrding as s . ( >. =. < l ~.., 

compar(s1, s2) 
char •s 1, •s2; 
I 

int c1. c2: 

while ( ( c 1 ~ .. •S 1++) == ( c2 == •s2++) ) 
if (c1==\0') 

retum(O); 
retum(c2-c1); 

I• 
• String copy: copy s 1 into s2 until the null 
• character appears. 
•I 

copy(s1,s2) 
char •s1. •s2; 
( 

while(•s2++ = •s1++); 

I• 
• Node allocation: return pointer to a free node. 

• Bomb out when all are gone. Just for fun, there 

• is a mechanism for using nodes that have been 

• freed, even though no one here calls "fre~." 
•I 

str.Jct tnode •alice ( l 
( 

struct tnode •t; 

if ( treep) { 

l 

t = freep; 
freep = freep->left; 
return ( t); 

if ( --nnodes < 0) I 

J 

printf ("Out of space\n" ) ; 
exit (); 

return ( spacep++); 



• Thg uncalled routine which puts a node on the free list. 

•I 
free(p) 
struct tnode •p · 
{ ' 

p->left = freep; 
freep- p; 
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To illustrate a slightly different technique of handling the same prob!em, we will repeat fragments of 

this example with the tree no<ies treated explicitly as members of an array. The fundamentlll change is 

to deal with the subscript of the array member under discussion, ir.stead of a pointer to it The struct 

declaration becomes 

struct tnode { 

} ; 

char tword [ wsize 1; 
int \;Cunt; 
int left: 
lnt riglit; 

and alloc becomes 

alloc () 
{ 

int t; 

t = --nnodes: 
if ( t< =0) { 

) 

printf ("Cut of space\n·); 
exit ( ) ; 

return ( t); 

The free stuff has disappeared because if we deal with exclusively \\ith subscripts some sort of map has 

to be kept, which is too much trouble. 

Now the tree routine returns a subscript also, and it becomes: 

tree ( p, word) 
char word [ 1 : 
{ 

int cond; 

if (p==O) ( 
p =alice(); 
copy (word, space [ p] .tword); 
space l p] .count = 1; 
space [ p] .rigl"!t = space [ p] .left = O; 
return ( p); 

} . 

if ( ( cond = compar (space [ p ].two rd. word) ) == 0) I 
space [ p 1 .count++; 
return ( p); 

} 
if (cond<O) 

soace [ p] .left = tree (space [ p ].left, word l: 

elsa 
space [ p] .right = tree (space [ p ].right, woid): 

return ( p); 
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The other routines are changed similarly. It must be pointed out that this version is noticeably less 

efficient than the first because of the multiplications which must be done !o compute an offset in space 

corresponding to the subscripts. 

The ot:;ervation that subscripts (like "a [ i ]") are less efficient than pointer indirection (like 

"•ap") ho:ds true independently of whether or not structures are involved. There are of course many 

situations where sub;)cripts are indispensable, and others where the toss in efficiency is worth a gain in 

clarity. 

16.3 Formatted output 
Here is a simplified version of the print/ routine, which is a·;ailable in the C library. It ac~epts a 

string (character array) as first argument, and prints subsequent arguments according to specifications 

contained in this format string. Most char1ct~rs in the string are simply copied to the output; two­

character sequences beginning with .. %" specifi that the next argument should be printed in a style as 

follows: 

%d decimal number 
%o e-ctal number 
%c ASCII character, or 2 characters if upper character is not null 

%s string (null-terminated ~.rray of characters) 

%f floating-point number 

The actual parameters for each function call are laid out contiguously in increasing storage locations; 

therefore, a function with a variable m•mber of arguments may take the address of (say) its fir.:t argu­

ment, and access the remaining arguments by use of subscripting (regarding the arguments as an ar­

ray) or by indirection combined with pointer incrementation. 

If in such a situation the argumer.ts have mixed types, or if in general one wishes to insist that an 

!value should be treated as having a given type, then struct declarations like those illustrated below 

will be useful. It should be evident, though, that such techniques are implementation dependent. 

Print/ depends as well on the fact that char and float arguments are widened respectively to tnt and 

double, so there are effectively only two sizes of arguments to deal with. Print/ calls the liiJrary 

routines putchar to write out single characters and ftoa to dispose of floating-point numbers. 

printf ( fmt, args) 
char fmt [ 1; 
{ 

char •s: 
struct {char ••charpp; }; 
struct ( c!outJie .. doublep; }; 
int •ap, x, c; 

ap = &args; I• argument pointer •I 

for ( ; ; ) l 
y;hile ( ( c = •fmt++) != '%') 

if ( c == '\0') 
return; 

put char (c) ; 
} 
switch ( c = •fmt++) { 
I• decimal •I 
case 'd': 

x = •ap++; 
if{x < 0) { 

x = -x; 
if( x<O) { I• is - infinity •I 

printf( • -32768"); 
continue; 



• 

• 
• 

} 
I~ 

pt.~tchar ( ·-·' ; 
) 
prlntd ( x); 
o:ontinue: 

I• cct&l •I 
case ·o·: 

printo ( •ap++): 
continue; 

I• float, double •I 
case T: 

I• let ftoa do the real work •I 
ftoa ( •ap.doublcp++): 
continue: 

I• ~ aracter •I 
case ·c·: 

putchar ( •ap++); 
continue; 

I• string •I 
case's': 

} 

s - •ap.chc.rpp++; 
while ( c ""' •s++) 

putchar ( c ) : 
continue; 

putchar ( c ) : 

• Print n In decimal ; n must be non-negative 
•I 

prlntd(n) 
{ 

} 
I• 

tnt a; 
If (a-nl10) 

printd (a): 
putchar(no/o10 + '0'); 

• Print n lr. octal, with exactly 1 leading 0 
•I . 

prlnto (n) 
{ 

If (n) 
printo( (n> >3) &017n7); 

putchar( (n&07) +'0'); 
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1. Expressions. 

APPENDIX 1 
Syntax Summary 

expression: 
primary 
• expression 
& expression 
- expes.sion 
! expression 
- expression 
++/value 
--/value 
!value++ 
ha/ue -­
slzeof expression 
ex.- ·ession binop expression 
exprr:ssion ? expression : expression 
!value asgnop expression 
expression , expression 

primary: 
identifier 
constant 
string 

:value: 

( expression ) 
primary ( expression-list.,. ) 
primary [ expression 1 
!value . identifier 
primary - > identifier 

identifier 
primary [ expression 1 
/value . identifier 
primary - > identifier 
• "'Xpression 
( /value ) 

The r~imary-expression operaLors 

() (] . -> 
have highest priority and group left-to-right. The unary operators 

& - ! - ++ -- sizeof 
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have priority be!ow the primary operators but higher than a.'ly binary operator, and group right­

to-left. llinary operators and t!le conditional O?erator all group left-to-right, and have priority 

decreasing as indicated: 

binop: 
• I % 
+ 
>> 
< 

<< 
> <=2 

!= 
>= 



• 
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& 

I 
&& 
II 
? : 

Assignment operators all have the same priority, and all group right-to-left. 

asgnop: 

The comma operator has the lowest priority, and groups left-to-right. 

2. Declarations. 

declaration: 
dec!-specifiers declarator-list"" 

decl·specifier:: 
typi-,·pecifier 
sc-s.::>::-:ifier 
type-specifier sc-specifier 
sc-pecifier type-specifier 

sc-specifier: 
auto 
state 
extern 
reg;ster 

type-specifier. 
int 
char 
float 
doubie 
struct { type-decl-list} 
struct identifier { type-decl-list } 
stn.'Ct identifier 

declarator-lis:: 
dec! era tor 
declarator, declarator-list 

declarator: 
ider.ii_f.er 
• dedarator 
dec!crator ( ) 
dec!cratcr [ constant-expression 1 
( declarator ) "" 

rype-decl-lisr: 
type-iec!aration 
type-ieclaration type-decl-list 

rype-decl ,;ra t:oo: 
type-:;ecifier declarator-list 

3. Statem~nts. 

sta;ement: 
ex_- ""ESS ion ; 

; 

f 

I 
' I 

' l 



: 

{ statement-list } 
if ( expression ) statement 
if ( expression ) statement else statement 
while ( expression ) statement 
for ( expressianopt ; expression., : expression ) statement 
switch { exp~ssion ) statement ., 
case constant-expression : statement 
default : statement 
break; 
continue; 
retum; 
return { expression ) ; 
goto expression ; 
identifier : statement 

statement-list: 
statement 
srarement sratement-list 

4. Ex:ernal definitions. 

program: 
external-definition 
extemal-defimtion program-- · 

external-definition: 
/Unction-definition 
data-definition 

function-definition: 
type-specifier 0(11 function-declarator function-body 

function-declarator: 
declarator ( parameter-list'-f'l ) 

parameter-list: 
identifier 
identifier , parameter-list 

function-body: 
type-decl-list funcrion-statement 

function-statement: 
{ declaration-listopr statement-list } 

data-definition: 
extemopr type-specifier OF< init-declarator-listopr ; 

init~decl orator-/ is t: 
irrit-declarator 
init-declarator , init-declarator-list 

init-declarator: 
declarator initializer opr 
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il'itializer: 
constant 
{ constant-exprr.~ion-/ist } 

constant-expression-li!r: 
constant-expression 
constant-expression , constant-expression-list 

constant-expression: 
expre.ssio!'l 

S. Preprocessor 
# define identifier token-string 

# include • filename" 


