1 #include <stdio.h>
2
3 /// TOPIC 1 STRUCTURES
4
5 /* DATA STRUCTURES
6
7 Structure --> group of variables under one nane which may contain different types D FF from ARRAY
8
9 THE STRUCTURE DEFI NI TI ON AND THE STRUCTURE VARI ABLE
10
11 Structure type nust first be defined BEFORE using the declaration clauses within the main function
12 nenbers of the structures can be
13 1. Variables of basic type
14 2. O her structure variables; meaning that the structues can be conposed of various other structures -->
EX) a FILE
15
16 DEFIN TION OF STRUCTURE TYPE IN C
17
18 the sturcture type nust first be define before its declaration in the main function
19
20 SYNTAX
21/
22
23 typedef struct
24 {
25 type nanel
26 type name2;
27 type nane3
28
29
30 .
31 type nanen;
32
33 } NAME OF STRUCTURE
34
35 /*
36
37 the keyword "struct" introduces the structure definition and gives it a name f a type(struct TypeNane)
38
39 the variables are declared within the {} will enconpass the nmenbers of the structure
40 --> Menbers of the sanme structure definition MUST HAVE UNl QJE NAMES aka can't have two nenbers with the
name x_1
41
42 NOTE defining a new structure is defining a new TYPE --> conpl ex
43
44 NOTE defining a structure does not reserve ANY MEMORY
45
46 */
47
48 /// consider the exanple bel ow
49
50 struct cube
51 {
52 char col or;
53 doubl e hei ght;
54 doubl e wi dth;
55 doubl e | engt h;
56 };
57
58 /* This structure definition contains a character "color"
59

60 instead of always defining a new structure via struct cube, we can define a new type as foll ows
61 "typedef struct cube CUBE

62 CUBE --> is referred to as the user type

63 the type "struct cube" is now represented by the type CUBE whi ch enconpasses the el enents

64 -color
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- hei ght

-width

-l ength

*/

/11 Definition of new Types

/1l it's also possible to conbine the definition of a structure with the definition of a user type

typedef struct struct TypeNane

{
type nanel,
type nane2;
} NEW TYPE;

/11 the follow ng denonstrates the three ways that a structure can be defined

/11 METHCD 1

struct cubestr

{
char col or;
doubl e hei ght;
|
/11 NMETHOD 2

typedef struct cubestruct

{

char col or;
doubl e hei ght;
} CUBE;
/11 NMETHOD 3

typedef struct

{
char col or;
doubl e hei ght;
} CUBE_1;

/1] NMETHOD 3 |I'S THE METHOD ADOPTED I N TH S COURSE

/11 DECLARI NG STRUCTURE VARI ABLES --- EXAMPLES

/* In this course, the use of a USER TYPE to declare a structure variable will be comon practice
therefore in the main function; follow ng one of the exanples in the 3 nethods above, to declare a
variable type of the structures defined above, we nmay do the follow ng

*/

voi d main()

{
CUBE cubel;

/1/* W now have a variable of type CUBE (enconpassing all nenbers of the CUBE structure, termed cubel
/* once declared in the main function, the structure is now allocated nenory space.

*/

/11 OPERATI ONS W TH STRUCTURE VARI ABLES



131
132 /* The ONLY operations that can be performed on a structure variable are

133

134 1. ASSI GNEMENT of structure variables to another structure variable susing the "=" operator
135 2. ACCESSI NG a structure's menbers

136

137 NOTE THAT STRUCTURE VARI ABLES CANNOT BE COMPARED! !'l'! THEY MAY ONLY BE USED | N EXPRESSI ONS ACCORDI NG
138 TO THEIR TYPES

139

140 */

141

142 /// INITIALI ZI NG A STRUCTURE VARI ABLE

143

144 /* A structure variable can be initialized when it is declared by assigning and intializer Iist enclosed in
{} to the variable

145

146 In other words, we do not always need to declare the variable in one line, then assign the values to the
variabl es in subsequent

147 lines. This process can be done in one step as shown bel ow
148 */

149

150 /// CUBE cubel = {'r', 2.4, 5.0, 7.0}

151

152 /* In this manner, all four nmenbers of the structure have been assigned a variable as they were decl ared
color, width, height and | ength

153

154 */

155

156 /// HOW TO USE THE MEMBERS OF THE STRUCTURE VARI ABLE?

157

158 /* menbers of a structure can be accessed using the structure nmenber operator which is essential a period
"." aka

159 the DOT OPERATOR

160

161 the DOT OPERATOR is placed between the structure nane and the nane of the nenber
163  EX*/

165 cube. col or =RED,

166 cube. hei ght=1. 2;

167 cube.w dth=2.5;

168 cube. |l ength=4.2;

169 volume = cube. hei ght *cube. | engt h*cube. wi dt h

170

171 /// The above accesses all three nenbers of type double to calculate vol une
172

173 /// TOPIC 2: ARRAYS

174

175 /1] What are ARRAYS?
176 /* An array is group of elenments of the same type that are grouped together in the nenory under a single
178 an array can be conposed of a single dinension [] or two dimensions [][].

180 An array is also a DATA STRUCTURE that can conveniently store LARGE anobunts of data of the same type -->
181 it's a STATIC data structure, neaning that its size does not vary duiring the execution of prograns, since

182 elenents in the nmenory are defined when declaring the array (you will see this |later)
183

184 */

185

186 /// Suppose a programreads 5 integers and displays themin reverse order

187

188 scanf("%", & 1);
189 scanf("%", & 2);
190 scanf("%", &i3);
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scanf ("%d", & 4);
scanf ("%", & 5);

printf("%\n", i5);
printf("%\n", i4);
printf("%\n", i3);
printf("%l\n", i2);
printf("%\n", i1);

/* Displaying this is easy since there are only 5 elenents, but what if the request is of 1000 integers
To express this in terns of arrays, we can declare an array (arr) as follows */
doubl e arr[1000];

arr[ 0] =1.0;
arr[1]=2.0;

arr[999] =1000. 0;

/1] Note that the nunber within the [] reflects the total # of elenents-1
/11 This is due to the fact that an array starts listing its elenents in nenory fromO to N, where Nis the
decl ared nenbers-1

/11 THE ONDE DI MENSI ONAL ARRAY IN C

/* A one dinmension array consists of an anobunt of contiguous nmenory el enments that can contain data of the
type (we've already established this)

--> The nunber of elements in the array are fixed and cannot be surpassed --> results in ignored assigned
abl es.

if you have declared the array with [3] elenments and assign 4 values to the array, value nunber 4 will be
red.

Nam ng convention for an array follows the same as any vari abl e:

NOTE that the name of an array corresponds to the addres of the first data elenent in the array

The el enent of the array is accessible by citing the nane of the array and the el ement nunber within
i ndex of the array []

| NDEX VALUES START AT 0

The position of the elenent or the index val ue nust always be represented by an | NTEGER --> a doubl e

e wll not work
aka

#defi ne NUM 3

arr[NUM = arr[3]

BUT

#define NUM 3.0

arr[NUM !'= arr[3]

because not i nteger

*/
/1l Array elenents can al so be represented using arithematic operations --> all below is viable



251 tenp[ 1] =5+3; tenp[ 1] =8

252 temp[ 1] =t enp[ 2- 1] +1; temp[ 1] =9

253 tenp[ 1] =tenp[ 1] +1; tenp[ 1] =10

254 tenp[ O] =tenp[ 1]/ 2; tenp[ 0] =5

255 tenp[ 0] =(tenp[ 0] <=tenp[ 1]); tenp[ 0] =TRUE=1 /// renenber that TRUE = any int but O (FALSE = 0)
256

257 /11 The above nenory assignnents will exist

258 /// renenber that after declaration of an array the nenory is now reserved specifically for that array,
unl i ke structures

259 /// which before declaration hold no space in the nmenory, despite having been defined

260

261 /// Like in a structure, elenents of an array can be assigned in one line using {}

262 /// exanple

263

264 double x[5]={0.0, 1.0, 2.0, 3.0, 4.0};

265

266 /// REMEMBER that if there are nore inital values than elenents in the array, a SYNTAX error will be
gener at ed

267

268 /// RUNING OVER ARRAY LIM TS

269

270 /* There is no mechanismin C which can prevent a program fromrunning over the UPPEr and LONER [imts f an
array during execution

271

272 READI NG or accessing an elenment outside of the array limts wll

273 1. generally introduce errors in the results obtained

274 2. may not cause the conputer to crash or to becone hung-up "silent m stake"
275 ASSIGNING a value to an elenent outside the array limts will:

276 1. generally introduce a SYNTAX error fromthe program

277 2. will often cause the conputer to crash or to beconme hung up

278

279 /1l The above m stakes are commonly caused by a | oopi ng mechani sm gone w ong
280 your counter should always refer to being |l ess than or equal to the N1 of the array el enents
281 seeing as an array begins counting elements fromthe 0 val ue

282

283 */

284

285 /// THE 2 DI MENSI ONAL ARRAY -- THE MATRI X

286

287 /* 2D array aka a matrix is essentially an array of arrays
288 thing of elenents in a row and col um

289
290
291
292
293
294
295
296 NOTE that both di nmensions of the array begin with the 0 val ue

297

298 NOTE that nmuch |ike a 1d array, organization of the elements in the 2D array is contiguous wthin nmenory
AKA sequential |y grouped

299 to cite an index in the array, we nust cite both the [row [colum] for which we w sh to read

300

W N RO
DR
[
D
DR

301 */

302

303 /// DECLARATION OF A 2D ARRAY USI NG SI NGLE LI NE FORVAT
304

305 /// much like the above exanples using {} as the assigning argument, we can assign values to the variables
of a 2D array directly upon declaration

306

307 arr[3][3]={(1,1,1),(2,2,2),(3,3,3)};

308

309 /* the bracket in each case (),(),() represents each row, while the elenments within each bracket
("*,"","","") represent the elenents in

310 each columm of each of the respective rows



311

312 */

313

314 /// IN ALL CASES, THE USE OF A SYMBOLI C CONSTANT DEFI NED EARLY I N THE CODE #define NUM 3 IS CONSI DERED GOOD
PRACTI CE

315 /// WHEN REFERRI NG TO THE DECLARATI ON OF THE ELEMENTS I N ALL ARRAYS, this way we can change array size
sinply by nodifying the above

316 /// defined val ue

317

318 #define NUM 1

319 #define NUWM 2

320

321 arr[ NUM [ NUMM ;

322

323 /// this way we only need to change NUM and NUMM up above to nodify the el ements of the ENTIRE code
324

325 /// TOPIC 3 MORE STANDARD C FUNCTI ONS

326

327 /* There exists in C a STANDARD LI BRARY aka #i nclude <stdio.h> which is available for general use

328

329 To avoid repeating functions, we famliarize ourselves with these C standard functions to elimnate tedious
tasks that hav

330 already been sinplified for us

331

332 the Standard C library contains all of the follow ng

333 1. input/output functions

334 2. file manipulation

335 3. functions to manipul ate character strings

336 4. other.... sorry for anbiguity

337

338 even printf and scanf are conprised within said library
339

340 */

341

342 /// The "getchar" and "putchar" Functions in Standard C
343

344 |/* GETCHAR --> responsible for reading in a single character fromthe input stream (aka keyboard)

345 recall that characters stored in the input stream have been typed in via the keyboard --> the prototype of
getchar is

346 found withing stdio.h and it reads as foll ows

347

348 int getchar(void)

349

350 what does the above nean?

351

352 /// this suggests that getchar will return an integer value at all tines and will expect no argunent within
brackets "(void)"

353

354 getchar will read a character value intputed via the input streamand will analyze it through the ASC
code representing a particular

355 integer number according to the ASCII index, then it will return a nunber int with respect to that
character

356

357 [/* PUTCHAR --> prototype for putchar is as follows

358

359 int putchar(int)

360

361 This neans that the putchar function requires an integer argunent to be placed within the brackets "(int)"
and will return

362 a respective character with respect to the ASCI|I code associated with the inputted nunber of type int

363

364 PUTCHAR will return one of two if an argunment is entered

365 1. the echo --> the argunent itself aka the process was successfu

366 2. the EOF synbol if an error is encountered, for exanple a real value was inputted rather than an integer
367

368 */



369

370 /// WHAT IS THE EOF SUMVBOL?

371

372 /* stands for End of File, which is not a standard character and does not hold an ASCI| code counter part
373 the nunerical value associated with the ECF cannot be an integer value within the range of 0 to 127 (ASClI)
374

375 the synbol used to express the EOF is a constant that is operating system dependent --> HONWOULD VE
DETERM NE | T VI A STANDARD C FUNCTI ON?

376

377 ANSWER --> sinply use the printf function

378

379 printf("%l", EOF); <---- this will show you the constant val ue
380

381 in general this value is represented by a -1

382

383 */

384

385 /// LETS CONSIDER | NPUT THROUGH THE KEYBOARD AKA | NPUT STREAM
386

387 /* standard input is done through a keyboard in C, usually we use the "enter" key or the carriage return
key to indicate that

388 a new line of text is being entered

389

390 in nost C functions the value being read is delimted by the carriage return key, but sone inputs require
nmore than a single |line of text

391 thus the return key can be problematic to delimting the entered information

392

393 we therefore use the "ctrl z" to inply that the input streamis now over. this is displayed in one of the
fol |l owi ng ways;

394 1. ctrl+z at the sanme tine

395 2. "cntrl-z" entered in the input stream

396 3. "ctrl z" entered i nthe input stream

397 4. "~z" entered in the input stream

398

399 this sequence of keys is interpreted as the ECF constant, therefore the end of an input sequence can al so
be delimted using the EOF

400 */

401

402 /// GENERATI ON OF RANDOM NUMBERS
403

404 /* r ANDOM NUMBERS ARE OFTEN USED TO SI MULATE A RANDOM PROCESS such as a coin toss or a dice rol

405

406 the standard functions rand() and srand() can be used to generate a PSEUDO- RANDOM sequence of nunbers -->
these are pseudo-random since the nunbers eventual ly

407 start repeating thensel ves

408

409 the function rand() is of type int and it is contained between 0 and RAND_MAX where RAND _MAX is a synbolic
constant associ at ed

410 wth the stdlib.h library --> usually 32767

411

412 fromone executio nto another, rand() will generate the same sequence of pseudo-random nunbers to generate
a different

413 sequence of nunbers we use srand() which changes the ROOT of the seed of the random nunber generator

414

415 --> the function srand() does not return any val ue

416 --> ht efunciton srand() requires one argument which nust be a positive integer of type unsigned int -->
default seed is 1 (no idea what this neans)

417

418 */

419

420 /// EXAMPLES OF RANDOM | NTEGERS GENERATI NG

421

422 int integer;

423 integer=rand() %; --> 0<= integer <=7

424 integer = 1+rand()%; ---7? 1<= integer<= 6

425 integer = rand()%1-25 ---> -25<= integer <= 25



426
427
428
429
430
431
432
433
434
435

The followi ng genral formula can be used to generate randomintegers within the rand a<=int<=b
int a, b, integer
integer= at+rand()%b-a+1) /// MENORI ZE TH S !I'!!

The epxression (b-a+l) specifies the width of the range and a specifies its beginning



