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1. Statements, Syntax, Semantics, State 2. Variables, Operators, Expressions 2.2. Variables

Before you can learn to write, you must learn to read! An example “English” program L :
This is true for foreign languages and programming languages. R O i A De e LT x i e }
2 Put value 3 into box named x. o s
1. Statements, Syntax, Semantics, State s Create box named y. Y "‘“' "3 ”“j“'*”f]’
+ Put value 2 into box named y. i S
Program s Create box named z. iy (" “”s““T :
6 Put x + y into box named z. T —————
Execution = :
_’ —_—
Arrow ¥F—t State
e e e stmt X y z
& —_—
Statement 1 — — —
2 7 U reo w shote (3(’#""9
Statement 2 S
Syntax Statement 3 3 Corresporoisy STArererT
Semantics 4 7 5
n erg €
5 T
6 t
Program Sequence of It is raining outside. S
statements Should I use an umbrella?
Statement Sentence It is raining outside. 2. Variables, Operators, Expressions
Syntax Sentence unctuation; “1” is a pronoun; : : : .
y B % P A variable is a box (in the computer’s memory) which stores a value;
grammar is” uses present tense 3 i o
variables are used for “state
Semantics Sentence rain is water condensed from the £ . : ; " e
: : } ¢ An operator is a symbol with special semantics to “operate” on
meaning atmosphere, outside means in the .
variables and values
outdoors
TS ; e An expression is a combination of variables, values, and operators
State Memory remember that it is raining outside = P
g S which evaluates to a new value
of prior when considering umbrella
statements




2. Variables, Operators, Expressions 2.1. Variables

2.1. Variables TUWE  wehbiee
* A variable is a box (in the computer’s my_variable;
memory) which stores a value 2 int MY_ E;
Nt ) s int variable_Qf)
¢ An identifier is used to name a variable ~—int—O_variable;
: ablogi:

* A type specifies the kind of values that
can be stored in a variable

il esy
‘JL

e A variable declaration statement
creates a new variable

2.2. Operators

¢ The assignment operator (=) “assigns” a new value to a variable

* An assignment statement combines the assignment operator with a
left-hand side (LHS) and a right-hand side (RHS)

* The LHS specifies the variable to change

® The RHS specifies the new value
22<(8rgmos shod eues 4+

» my_variabl 42; ASSiams vt iyt
73 auns J M

e A variable declaration statement and an assignment statement can
be combined into a single initialization statement

1 int my_variable = 42; z

® Other operators are provided for arithmetic functions such as
addition (+), subtraction (-), multiplication (*), division (/), and
modulus (%)

i(/’(l (_9(0#5 (
e

2. Variables, Operators, Expressions 2.3. Expressions

2.3. Expressions

* An expression is a combination of variables, values, and operators
which evaluates to a new value
3.4 4 9F
2 3+ 4 %x2+7
3 3%4/2%6

(lﬁ':f+w>4<z)+; or  (3+4)%(243)
(F4+0)+4 + % a

q + 4 G%

on (339 [(1ve) on 3w (4/1)#
1z /e 7% 2 ¥ 6
( ?Q

ecedence is a set of rules describing in what order we
should apply a sequence of operators in an expression

Category Operator Associativity

SAME Multiplicative * / % left to right
e A Mv l“'\p‘loq.qws

(rele e, e Additive + - left to right

A ight to left oo s

FT i B
Wr1T /l,ulu.r‘ ssignmen rightto le pr —
//—\ . . .
Be explicit — use parenthesis!
p p Twa-
ASIDE: / D maT  ghoox 3/& ? ADD 1 en

70: A(?\’?—LO 6715-—(

6




1 IR
—_’2X=3;
— :

s int y;
—

4y =125
— =

5. ARE Z7%
R (o, 0 A
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2. Variables, Operators, Expressions 2.4. Simple C Programs

2.4. Simple C Programs

We can compose assignment and initialization statements which use
variables, operators, and expressions to create a simple C program.

Translating our “English” program
into a C program

Use ? to indicate undefined value in
stack frame diagram

Draw stack frame diagram corresponding
to the execution of this program N ‘ G ' ;

W Anthxs3 S -
20 Ant = 23
3intz=x+Ly*5)
4

y=X+(Y*y+y;

I
~

Z/Vm’ ?p.oW'—t) b varyble
Jur a» Ms\)'omw’l’

STHTCr eI -

3. Name Binding

3. Name Binding

e So far we have only had one variable with a given name

1 int x = 1; g (‘ s (

2 intx=2;) \)A’L"

37 int. y.=X;
* Scope of a variable is the region of code where it is accessible
¢ C allows using blocks to create new local scopes

¢ Can declare new variables that are only in scope (locally) in the block

e Can declare new variables in the local scope with same name as a
variable declared in the parent scope

e Curly braces are used to open and close a block ({})

 Blocks are critical for defining functions, conditional statements, and

iteration statements
X

1 int x =01 SCO

s d ! i

3 int x = 2; & (‘,(pjw oF Llodc ewips

: : int y = x; l‘ﬂ/ S‘u-,u, lo fead RN
i i el

e @—— e 1

° Key,@@ion: When we use a variable name, what variable
declaration is it referring to?

(PUYYAZN /
W lBrgnso
of x?

* Name binding is a set of rules to answer this question by associating
a specific variable name to a specific in-scope variable declaration

* C uses static (lexical) scoping meaning the name binding happens
statically at compile time
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3. Name Binding

Steps for name binding

1. Draw circle in source code around use of a variable name

2. Determine which variables with that name are in scope

3. Draw line to variable declaration in the inner most enclosing block
4. Draw circle in source code around variable declaration

> Tz
S |

X
1X
R FYN B

4. Functions

4.1. Function Definition

4. Functions

e A function gives a name to a parameterized sequence of statements

e A function definition describes how a function behaves
e A function call is a new kind of expression to execute a function
e All code in this course will be inside functions

4.1. Function Definition
rtype function_name( ptypeO pnameO, ptypel pnamel, ...
{

function_body;

x

N N

A function name is a unique identifier for the function

The function body is the parameterized sequence of statements
e The parameter list is a list of parameter types and names

The return type is the type of the value returned by the function

vg(nt x, int y)) Pavametec L

AL TV~ 2
T~ 3 int sum = X + ¥y; {:ulacm_u: ~A M
4 return sum / 2;
it et B3
horcms Gy T STRT e

10



4. Functions

4.2. Function Call

int main()

int a = 10; /
int b = 20;

int ¢ (a Db )i /f2;

return '0; +—— Success .

}

N g e W N e

{ WA rmor atsero~ i~bo

A fooend g

e Main is special: it is always the first function executed in a program

e Main returns its “value” to the “system”

¢ The return value is called the exit status for the program
e Returning zero means success, greater than zero means failure

4.2, Function Call

1 function_name( pvalueO, pvaluel,

o)

 To call a function we simply use its name and pass in one value for
each parameter in the parameter list surrounded by parenthesis

e If parameters are expressions, then we must evaluate them before

calling the function

e A function call is itself an expression which evaluates to the value

returned by the function

¢ Function parameters and “local” variables declared within a
function are effectively in a new block which is called the function’s

stack frame

11

4. Functions

4.2. Function Call

Steps for calling a function

0. Allocate variable for return value on caller’s stack frame
1. Draw called function’s stack frame w/ parameter boxes
2. Initialize parameters by evaluating expressions in function call
3. Record location of function call
4. Move execution arrow to first statement in called function
5. Evaluate statements inside the called function
6. At return statement, evaluate its argument, update variable in caller
7. Return execution arrow back to where the function was called
8. Erase the called function’s frame
9. Use function’s return value as value of function call
& dhtaygCant. x,  dntiys): PMAVD
2 { :
3 int sum = x + y; O\
4 return sum / 2; R
s} e %
6 1\0,(
7 int main() *
el 1 Av z;
9 int a = 10; /p ﬁ!
0 int b = 20; 2 7555040 =&
1 int ¢ = avg( a, b Ol il seger |7
12 return 0; | 45A | 22 \ |
13} 5 Lﬂu_ﬁ ]

12
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4. Functions

4.2. Function Call

Draw stack frame diagram corresponding
9&}/ to the execution of this program

r
int avg( int(x) int ()
: { Lé
3 int sum = +
4 return sum / 2;
-—3}
6 P
7 int main()
P g
gy ¢ { P
———9——1int 10;
bol .
= ——io——1int ()% 203 >

1 avg(30,40) );

K nox Zgzg(\avg@
12 re 0; S
) ‘

s
N

)
tolag male— OW

WAl N\

Scop~
Mmar ¥ N 10 MaAw
No»mw\') 1o Yo i XY
e

|

"~ A\S-

il e et

* 157
Y. 1350
SuA o |

4. Functions 4.3. The printf Function

4.3. The printf Function

The printf function is provided by the C standard library and can be
used to print values to the screen. Here is pseudocode for the printf
function definition.

1 printf( format_string, valueO, valuel, ... )
2 {

3 substitute valueO into format_string

+ substitute valuel into format_string

6 display final format_string on the screen

7}

Here is an example of calling printf.

#include <stdio.h>

13

1

2

3" 'int avg( int x, int y)

« {

5 int sum = x + ¥;

6 return sum / 2;

7}

8

9 int main()

o 1 {D/M's' 5@(«‘10« 1[°" Gl
n int a = 10;

12 int b = 20; A{oY 3 Q(_(Ov-l)u_«

int ¢ = avg( a, b
printf( "average o
return O;

).
@a.nd %d is %d\n",) a, b, ¢ ); '(’Of"

ne e

14



5. Conditional Statements 5.1. Boolean Operators 5. Conditional Statements 5.1. Boolean Operators

¢ Execute this code via http://cpp.sh

¢ Examine the machine instructions via https://godbolt.org Category Operator  Associativity
5. Conditional Statements % iy ! o
Multiplicative * / % left to right
< St e
oo 4o g ol st Addive v lotionh
¢ Conditional statements enable non-linear forward control flow * Relatl.onal sk L L
> Equality == I= left to right
5.1. Boolean Operators 3 Logical AND & left to right >
e Boolean operators are used in expressions which evaluate to a s~ Logical OR I left to right N
“boolean” value (i.e., true or false) Assignment = right to left
¢ In C, a “boolean” value is just an integer, where we interpret a value
of zero to mean false and any non-zero value to mean true Mixing boolean operators to create a complex expression
1 7 <6 & 3>11]| 0 ,,,./'/
exprl == expr2 testsif exprl is equal to expr2
exprl !- expr2 tests if exprl is not equal to expr2 (( ¥ 45) A& (3> )) I < lo ) V4

exprl < expr2 testsif expri isless than to expr2

<o Ad I )HI

&y

exprl <= expr2 tests if expri is less than or equal to expr2

7*,4(/]'1\/”"/ *

exprl > expr2 testsif expri is greater than to expr2

exprl >= expr2 tests if expri is greater than or equal to expr2

Experiment with http://cpp.sh:
lexpr computes the logical NOT of expr

#include <stdio.h>

int main()

{
int x=7<6&&3>11]| '0;
printf ("%d\n",x);

}

exprl && expr2 computes the logical AND of exprl and expr2

exprl || expr2 computes the logical OR of exprl and expr2

Using these operators in an expression evaluates
to either zero (false) or one (true)

[ o

15 16



5. Conditional Statements 5.2. if /else Conditional Statements 5. Conditional Statements 5.2. if /else Conditional Statements

5.2. if/else Conditional Statements 1 int min( int x, int y ) A
T | \ expr
) o ) — : . - Cord 1T *P :

1 if ( conditional_expression ) { ? e wr— 1 S

:  then_block; W [ if Qj/y) { '*---"""\
s} G zZ =% E i :
s else { . C ¥ \(D v g
5 else_block; 4 else { l 1
6 ¥ Leaage &= i x 57 '
e A conditional expression is an expression which returns a boolean e " TOnECy. Z; Pl g > <\
e The then block is executed if the conditional expression is true Z A oo e l
e The else block is executed if the conditional expression is false w Lt nainio) 7

1 if ( conditional_expression0 ) { w 1 _ CQ/ wer | 3 l

2 then_block0; Mo regrm 0 B m:'LnE _5{’ g ; ;® L e l——-—-—“—

3 } 16 min 3 H TR . - e

s else if ( conditional_expressionl ) { -(O'“MFA w ¢ SR silys Q LA |
s then_blocki; Ny fl»o L SR R
6 i K 3 . §

7 else { iy Tt !

8 else_block; : ;l 7 ‘"/"\L"W;iw'w’

9 ¥ [ € | . !

o If the first cond expression is true, execute first then block

o If the first cond expression is false, evaluate second cond expression
e If second cond expression is true, execute second then block
e If second cond expression is false, execute else block

17 18



5. Conditional Statements

5.2. if /else Conditional Statements

5. Conditional Statements

5.3. switch/case Conditional Statements

1 int min( int x, int y )

___}2 ! ] Agfves A
3 if (x<y) {
it return x; T B
e — = =i
6 return y; lio
7k ~oT FeRVIAY
8
9 int main()
0 {
n  min( 5, 9 ){D
2 return 0;
13}

int min3( int x, int y, int z )
{
AR il
s Cixiciz )

1

2

3

4

5 return Xx;

6 }

7 else if (y <z ) {
8 return y;
T

10 return z;
it

1 }

12
13 int main() /////
14 {

s min3( 3, 7, 2 );()
16 return 0;

v }

MAD

19

5.3. switch/case Conditional Statements

1 switch ( selection_expression ) {

case case_labelO:
case_statementsO;
break;

[}

case case_labell:
case_statementsl;
break;

© ® N o o o

11 case case_label2:

2 case_statements3;
13 break;

14

15 default:

16 default_statements;
17

18 }

¢ A selection expression is an expression which returns a value

o The value is matched against the case labels

e If there is a match, then corresponding case statements are executed
¢ A break statement means to jump to end of switch block

e If no case labels match then the default statements are executed

20



5. Conditional Statements 5.3. switch/case Conditional Statements 5. Conditional Statements 5.3. switch/case Conditional Statements

1 int days_in_month( int month ) AAR 1 int days_in_month( int month ) DS
i 1 W lense 6)<pr ; _,)2 { B o : :
3 g - 3 2 , .
@ per L aw 4 ==  mouth w=2) J e |30
e e U et i D ( 5 x = 28; el o o B e B
15'E'= gL ks D e | 2 1 AT oAl e
case 2: X = 28; break; == 7 else { )
i — . =
case 3: x = 31; break; . “;;* b 8 switch ( month ) e ‘ i}ﬂ =1
case 4: x = 30; break; : ! m&_wf_m-‘.v 9 { ” L,w_a{ b
case 5: x = 31; break; B2 L i 10 case 1: B O L l‘
case 6: x = 30; break; » ' ;‘ 11 case 3: i | -
case T7: X N2 case b: :
A case x 13 case T:
case 9: x 14 case 8: ‘l’l L\
—_—
case 10: x o case 10: s ﬂ""’j
16 case 12:
A kel Ty x = 31;
N T ' ~ 1 break;
— /o
- return(x/ CAC srareme /o case 4:
P et | 21 case 6:
2 Refbur Breale - gole 200 o Suireq 2 case 9:
» int main() CAS— P~ [ » case 11:
x o @ \ 2 x = 30;
» int result = days_in_month( 7 ); e ( - \ » break;
2 J \ 2%
z // Indicate error to the system \27 default:
2 if ( result == -1 ) 28 x = -1;
2 retEn L — = wells ssren 41\“ om A Urer W ¥
30 30
31 // JIndicate success to the system a return Xx;
» return 0; R S — et
33
> Qommet

21 22



5. Conditional Statements 5.3. switch/case Conditional Statements

Indentifying Primes

Write a C function that takes one integer input (x) that is between 0 and
9 (inclusive) and returns a boolean output. The function should return

true if the input is prime (i.e., 2,3,5,7) and return false if the input is not
prime. Use a case/switch conditional statement to explicitly check for

primes.
* Aor(viry %

int is_prime( int x ) {

staived s ) 7
O O pevenr O

i { ALY 7 O ;

Op L © MIvr- J

CAY (8 AL T A2 ! ¥ i rg ey B L
v hv S B aavre O

AR S 7 N -

O 6 mne O, &
e ‘}r : AL WA |

e O AUV~ ®

ehe 91 mwve> O

defh c retyn =

6. Iteration Statements 6.1. while Loops

23

6. Iteration Statements

e Iteration statements enable programs to repeat code multiple times
based on a conditional expression

e [teration statements enable backward flow control

* Two primary kinds of iteration statements: while and for loops

6.1. while Loops

1 while ( conditional_expression ) {
2 loop_body;
Sk

® A conditional expression is an expression which returns a boolean
¢ The loop body is executed as long as conditional expression is true
* An infinite loop is when conditional expression is never true

24
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6. Iteration Statements / 6.1. while Loops 6. Iteration Statements 6.2. for Loops

int gcd( int x, iAt y ) VYIS : 6.2. for Loops

i for ( initialization_stmt; cond_expr; increment_stmt ) {
2 loop_body;
s F

¢ The initialization statement is exe¢uted once Pefore loop executes
¢ The loop body is executed as long as condijtional expression is true
¢ The increment statement is executed at the end of each iteration

int mul( int /x, int y/
{

Mav>

13 return X;

1 |. ]
: s T 2 g
. : 3 int result = 0; A e
: ¥ / j ( 4 for (@L@ i=i+1/) { : M\__—C;A
...... G { i ) »
— - —~—rr
6
7
8
9

16 int main() s

" gcd(5,15),<D/ ok 5 ¢

return result;

¥

19 return O;
20 } >
Aoatrc e stmt b y 1? int namy <
':""Pr :""’C‘»W 4 g IS5 12 mul(2,3); ©
Vs e return O;
Q{QLI 4__,4‘; At 4 (s =3 i } °
oo o 5@(.9/! 4 /O s
gl n 4 s s
4 o -4
4 5 O
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6. Iteration Statements 6.2. for Loops 7. Syntatic Sugar

Output a sequence * Ac«rlum‘*{ ’t‘r’ 7. Syntatic Sugar

Write a C function that takes one ¢ Syntatic sugar adds new syntax but not new semantics

) ) g N output
integer input (N) that is P e Syntatic sugar makes it easier to write certain programming patterns
non-negative. The C function 1 7h 0  Syntatic sugar does not introduce any fundamentally new behavior
should output a sequence of 2: P o 3
integers according to the pattern on o G a for loops are syntatic sugar
the left. 4 000 B 4
5170705 0~+8;—d==5
6007000 07 374 56
void print_seq( int N ) {
i,
4\3,4., ( Wt (=o ¢ <<N-! l) ¢ =GP > E
e =39
\ i\
5 7 Assignment Operators Postfix/Prefix Operators
(o
AXN h N . .
() rotf < 7:)62{ i ) Sugar Semantics Sugar Semantics
B o T L
{ Xid= gt i=ux oy Xibbgee - ix tseipeie
' ' b I TR e e 5 IR D G i
X ¥=Tyl X =itk oy X--; XE= e 1
¥ X =y o = e e s e

= Be careful, the value of ++xis x + 1, but the value of x++ is x.

i ank 3 =k
o 7 2 dint j = ++i; // i ==
(re V'(/ C’{)P Sl‘ : s int k = i++; // i ==

w N
.
Il
]
NN




