CS 610
Fall 2018

C Basics
Discussion 2: September 3, 2018
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1. C is function-oriented, not object-oriented; there are no ob jP(‘t‘-} M w'r @,0 °L»10/L
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e Stack memory, or things allocated the way you’re accustomed to: data is
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C is syntactically similar to Java, but there are a few key d1ﬂ‘9rence&, /h,{ \'5

2. C does not automatically handle memory for you.
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garbage immediately after the function in which # was defined returns.

e Heap memory, or things allocated with malloc, calloc, or realloc com-

mands: data is freed only when the programmer explicitly frees it!

e In any case, allocated memory always holds garbage until it is initialized!
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3. C uses pointers explicitly. *p tells us to use the value that p points to, rather
than the value of p, and &x gives the address of x rather than the value of x.

On the left is the memory represented as a box-and-pointer diagram.

On the right, we see how the memory is really represented in the computer.

OxFFFFFFFF

OXFFFFFFFF
OxF93209B0 | x=0x61C @xF93209B0 8x61C
0xF93209AC | Ox2A OxF93209AC 0x2A
0xF9320904 P 0xF9320904 | BXFI3209AC
0xF9320900 pp 0xF9320900 | BXF9320904
0x00000000 0x00000000

Let’s assume that int* p is located at @xF3320904 and int x is located at
@xF93209B@. As we can observe:

e *p should return @x2A (424q).
e p should return @xF93209AC.
e x should return @x61C.
e &x should return @xF93209B@.
Let’s say we have an int **pp that is located at 0xF9320900.
@ What does pp evaluate to? How about *pp? What about **pp?

pp evaluates to @xF9320904. *pp evaluates to @xF93209AC. **pp evaluates to Ox2A.
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2 C' Basics

The following functions are syntactically-correct C, but written in an incomprehen-
sible style. Describe the behavior of cach function in plain English.

(a) Recall that the ternary operator evaluates the condition before the ? and re-
turns the value before the colon (:) if truc, or the value after it if false., N ZL675-do(.. & Seftie l‘i&}‘%,’
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(b) Recall that the negation operator, !, returns 0 if the value is non-zero, and 1 ?S? ( ﬂ)
if the value is 0. The ~ operator performs a bitwise not (NOT) operation. ( £ dan avrC 0)+ {oo( o1 &ﬁ—f)/
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1 int bar(int *arr, size_t n) {

i
2 int sum = @, i; ‘F 'l% f‘&/ﬁ/ﬁﬁ ﬂ
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5 return “sum + 1;
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Returns -1 times the number of zeroes in the first NV elements of arr.

(c) Recall that " is the bitwise exclusive-or (XOR) operator.
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Ultimately does not change the value of either x or y. ‘j"?(‘“ 7
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Implement the following functions so that they work as described.
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(a) Swap the value of two ints. Remain swapped after returning from this function. xd FQ B
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(b) Return the number of bytes in a string. Do not use strfen. {ﬁ ( ’:} [&'}Mﬂ’g O ]%h
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(a) Returns the sum of all the elements in summands. -{‘@ g X L
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1 int sum(int* summands Csize_t ) { \
2 int sum = 0; V/&LJ s/ ok C}'U’MMGAJJ)

3 for (int i = 9; i <@ i++) \'ze—d‘é(rjré'{'(/fﬂf 1L Binis - i ..Ce 0/ -fhxf, "}’/ﬁe!

4 sum += *(summands + i); <
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(b) Increments all of the letters in the string which is stored at the front of an
array of arbitrary length, n >= strlen(string). Does not modify any other
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> parts of the array’s memory. T—
i’% The ends of strings are denoted by the null terminator rather than n. Simply
having space for n characters in the array does not mean the string stored

inside is also of length n. U\//Léﬁ 72 “f' éﬂ(') # (hﬁYi’i“f {[),\F:};
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1 void increment(charx string), <= paiat IF )7 1S b{(a,.,m yhe
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2 for (i = 0; strmg[l] A 1+t) ; ) vf_&r‘,ﬁ Nado f_\ \[) — O'

3 str1ng[1]’++ // or (é_#(_s_,_f;_r_i‘ng + 1)p++; f ol
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(c¢) Copies the string src to dst.
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1 id copy(charx src, charx dst) { —
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No errors.
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(d} Overwrites an input string src with “61C is awesome!” if there’s room. Does g&/l' b P L‘ ™ 3; Te ﬁ:") '\'JL
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1 void cs6ic(char* src, size_t length) { l@/iy i g;e{r/{é l C_____ P am_fon\g l \.D\)
2 char *srcptr, replaceptr; i lé’

3 char replacement[m},\ 61C is awesome!";

4 sreptr = src; 5'!2«(4{’((/

5 replaceptr = replacement,

3 if (length >= 16) {



4 C Basics

7 for (int i = 6; i < 16; i++)
8 *srcptr++ = *replaceptr++;
9 3

10}

char *srcptr, replaceptr initializes a char pointer. and a char—mnot two

char pointers.

The correct initialization should be, char *srecptr, *replaceptr.

J Memory Management

For each part, choose one or more of the following memory segments where the data

could be located: code, static, heap, stack. E ® ’): 7 A
(a) Static variables "".H-—-_—; g( 5 La ! Vs ¢ b‘c
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Constants can be compiled directly into the code. x = x + 1 can compile with =& y_ {MLJ SQ i fp
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This can also occur with pre-processor macros. ? a Vere Wy ﬂe’
S T RN ot S0 = féﬂ’fl}‘/ 7

instruction will always increment the value of the variable x by 1, so it can be

3 int plus_y(int x) { '2 [454! L/a«/f#\bfé CS {"a»C/v} tf’
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3 int sum(intx arr) {
4 int total = 9;
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In this example, x is a variable whose value will be stored in the static storage,
while total is a local variable whose value will be stored on the stack. Veaziahles
re, but the usage of const can p;ot more
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(e) Machine Instructions fa/nf, bu + ’/\244—/’0\ M &l Q‘;AM

Code (Tﬁx@ W WQM /7&{? j@/gc; L
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= "string" will be stored in the stack.

[3.2] Write the code necessary to allocate memory on the heap in the following bcenanoW I&ML( loca 4})'39/; } i,

(a) An array arr of k integers TO fhﬂ(k L hn &@'}'Q&é’m’ { M’
arr = (int %) malloc( * K); \giﬁ'h #L@ & j}v".ff’&"! f
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(b) A string str containing p characters (li"\]{é’ 1{3‘» Tg h ﬁt P .5'{‘6?‘*5 wh@ff_’, 5:-2;{_'76{{1 %)_ ~ (f
str = (char *) malloc(sizeof(char) * (pi+ 13); Don't forget the nulltu Vél 6L ; 3 ﬂf? &ﬁéi
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{c) An n x m matrix mat of integers initialized to zerc.

mat = (int %) calloc(n * m, sizeof(int)); g !gtw Jﬁj/&{/

Alternative solution. This might be needed if you wanted to efficiently permute

the rows of the matrix. - ) _
1 mat = (int **) calloc(n, sizeof(int *))'u . s : {Wu éﬁ e 1 L%f}‘m
2 for (int i =@; i < n; i++) -' ; . ’ a ] e 3"/5"“
3 mat[i] = (int *) calloc(m, sizeof(int)) s D{g{:"m&' }\w@-ﬁs S el £,
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Suppose we've defined a linked list struct as follows. Assume *1st points to theil {? {ﬁff & 3:

first element of the list, or is NULL if the list is empty.

struct 1l_node {
int first;
struct 11 _nodex rest;

}
Implement prepend, which adds one new value to the front of the linked list.

void prepend(struct 11_nodex* 1st, int value) {
struct 1l_nodex item = (struct ll_nodex) malloc(sizeof(struct ll_node));
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item->first = value; &~ ¥ Lo 4
item->rest = *lst; ﬁ@,}; rés f' J"y ¢ f/f/r%’f' f 2 'f";
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Implement free_l1, which frees all the memory consumed by the linked list.

1
2
3
4
5
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void free_ll(struct 1l _node*x lst) {

i ety el b Te s | RE RS actu! A.?;g,,# mff“@u/ 1. i
free_11(&((xlst)->rest)); (& e Cursive L?’ frees the ré,.g.ﬁf stroetve,

free(xlst); QC —efw,f CUfeem 7[ 5‘%&/&6 7/\//@
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*x1st = NULL; // Make writes to xxlst fail instead of writing to unusable memory.
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