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Today
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• Memory Representation

• Booleans

• !" Statements

• Tutorial room changed to WB 219



#!$%&'() vs. #!*+,-.
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#!$%&'()/01.(!,234

#!*+,-./01.(!,234



Bits and Bytes
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Bits
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• Basic unit of information is a bit (binary integer)

• 0 or 1, easy mapping to various physical states

• This is a base 2 number system
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0
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00
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00
0

2*1000 + 3*100 + 8*10 + 9*1
2000 + 300 + 80 + 9

2389

1 0 1 1

20
=1

21
=2

22
=4

23
=8

1*8 + 0*4 + 1*2 + 1*1
8 + 0 + 2 + 1
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Bytes
• Two numbers isn’t enough for most things

• Group bits into larger chunks called bytes

• 1 byte = 8 bits = 28 = 256 possible values

• b is bit, B is byte

• 1KB = 1000 bytes, right?

• Unfortunately, no.  It’s actually 1024 bytes

• And 1MB = 1024 KB, 1GB = 1024 MB, etc.
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Memory Representation
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(!1.5$%)

67

88888888 88888888 88888888 89888889

(!1.5$%)

!$./(!1.5$%)/:/67;

%35-/!$!.!5&/:/<=<;

!$!.!5&

<=<

89888889

!$!.!5&
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88888888 88888888 88888888 89888889

(!1.5$%)

89888889

!$!.!5&

+-!$.">?(!1.5$%)/51/(,'@&)A/BCD$?E/(!1.5$%)F;
+-!$.">?!$!.!5&/51/(,'@&)A//BCD$?E/!$!.!5&F;

67
=

+-!$.">?(!1.5$%)/51/!$.A/B(D$?E/(!1.5$%)F;
+-!$.">?!$!.!5&/51/%35-A/B%D$?E/!$!.!5&F;

+-!$.">?(!1.5$%)/51/%35-A/B%D$?E/(!1.5$%)F;
+-!$.">?!$!.!5&/51/!$.A///B(D$?E/!$!.!5&F; 67

=

G

Memory Representation
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Booleans



Decisions
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• Many (or most) algorithms have notion of decisions

• “If the total is more than $100, then shipping is free”

• “If the cake is golden brown, then it is ready to be 
taken out of the oven”

• If not, they do the same thing every time



True and False

• Implicit idea of “true” and “false”

• If it is true that “the total is more than $100”, 
then decide that “shipping is free”

• If it is true that “the cake is golden brown”, 
then decide that “it is ready to be taken out of 
the oven”

• If it is false that “the total is more than $100”, 
then decide that “shipping is not free”
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Booleans

• George Boole (1815-1864)

• A variable that can hold two things

•  .-')

•  "5&1)

• H/type is @,,&

• Need to use 1.(@,,& library

•  #!$%&'()/01.(@,,&234
12Image: Public Domain, via Wikimedia Commons



Literals

•  @,,&/!1I$,J!$C/:/"5&1);

•  @,,&/$)JK5.5L5!.!$C/:/.-');

• Convention: “is” prefix often used

• Terminology: “flag”
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Relational Operators

• Used to compare two values
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Symbol Meaning

0 less than

4 greater than

0: less than or equal to (≤)

4: greater than or equal to (≥)
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@,,&/@/:/>M/0/NF;
@,,&/%/:/>O/4:/PF;

@,,&/(/:/>Q2R/4/NF;

!$./1'*/:/N8;
@,,&/!1ST)-/:/>1'*/4:/U=VWXSX=YF;/

"5&1)

.-')

.-')

Relational Operators
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Precedence

• Lower than arithmetic operators

• Higher than assignment

>!/Z/7F/0/>[/\/NF

@,,&/@/:/M/0/N;
@,,&/@/:/>M/0/NF;

!/Z/7/0/[/\/N



Chaining

• This will not work:
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!$./T5&')/:/9N;
@,,&/!$]5$C)/:/>R/0:/T5&')/0/OF;



Equality Operators

• Also used to compare two values
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Symbol Meaning

:: equal to

^: not equal to

Warn
ing!

= vs ==
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@,,&/@/:/M/::/N;
@,,&/%/:/>O/^:/PF;

@,,&/(/:/Q2R/^:/N;

!$./1'*/:/N8;
@,,&/!1_`'5&/:/>1'*/::/U=VWXSX=YF;/

"5&1)

.-')

.-')
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Comparing %35-1

@,,&/(/:/><8</::/8F;

@,,&/)/:/><D8</::/8F;

"5&1)

.-')

>RP/::/8F

>8/::/8F

@,,&/@/:/><=</::/<=<F;

@,,&/%/:/><K</4:/<a<F;

.-')

"5&1)

>67/::/67F

>6P/4:/M8F
Not the best way to do this
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Logical Operators

• Used to reason about boolean values

• C has three operators

Symbol Meaning

^ logical not

bb logical or

cc logical and



Logical not (^)

• Unary operator that negates its operand
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@,,&/@/:/^.-');
@/:/^>P/0:/RF;

!1S+)$/:/^!1S+)$;

"5&1)
.-')
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5 @

"5&1) .-')

.-') "5&1)

.-') .-')

"5&1) "5&1)

5/cc/@

"5&1)

"5&1)

.-')

"5&1)

5/bb/@

.-')

.-')

.-')

"5&1)

5/d,-/@

.-')

.-')

"5&1)

"5&1)

Formal Definitions
5/cc/@ is .-') iff (5 is .-')) and (@ is .-'))
5/bb/@ is .-') iff (5 is .-')) or (@ is .-'))
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5 @

"5&1) .-')

.-') "5&1)

.-') .-')

"5&1) "5&1)

5/cc/@

"5&1)

"5&1)

.-')

"5&1)

5/bb/@

.-')

.-')

.-')

"5&1)

5/d,-/@

.-')

.-')

"5&1)

"5&1)

Formal Definitions
5/cc/@ is .-') iff (5 is .-')) and (@ is .-'))
5/bb/@ is .-') iff (5 is .-')) or (@ is .-'))

C doesn’t have 

a logical xor
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@,,&/@/:/.-')/cc/"5&1);
@,,&/!1e5(L)5.3)-/:/!1]5!$!$C/bb/!1I$,J!$C;

!$./T5&')/:/9N;
@,,&/!$]5$C)/:/>R/0:/T5&')/0/OF;

@,,&/!$]5$C)/:/>R/0:/T5&')F/cc/>T5&')/0/OF;

Examples

Wrong



DIY xor
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bb

>^5/cc/@F

>5/cc/^@F

>^5/cc/@F >5/cc/^@F5 xor @ is the same as

5/d,-/@

.-')

.-')

"5&1)

"5&1)

5 @

"5&1) .-')

.-') "5&1)

.-') .-')

"5&1) "5&1)

“5 is "5&1)” and “@ is .-')”

“5 is .-')”  and “@ is "5&1)”



!" statements
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!" statements
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@,,&/@/:/.-');

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;

f1/!./.-')G
g)1/!./!12

@/:/"5&1);

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;

f1/!./.-')G



!" statement
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!"/>!"#$!%%&'(F
%)*)!+!()
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!"/>5/cc/@F
%)*)!+!()

!"/>,-()-X,.5&/4:/a]__WIhfiifjkF
%)*)!+!()/

!"/>.-')F
%)*)!+!()

!"/>J)!C3./::/*511F
%)*)!+!()

!">/>R/0:/T5&')F/cc/>T5&')/0/OF/F
%)*)!+!()

!"/>>!/B/NF/::/8FF
%)*)!+!()

!"#$!%%&'(
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@,,&/@/:/.-');

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;

@/:/"5&1);

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;

%)*)!+!()
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@,,&/@/:/.-');

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;

f1/!./.-')G
g)1/!./!12
K)"!$!.)&l/!12

@/:/"5&1);

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;

%)*)!+!()

+-!$.">?K)"!$!.)&l/!12D$?F;

+-!$.">?K)"!$!.)&l/!12D$?F;

f1/!./.-')G
K)"!$!.)&l/!12



!" statement
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!"/>!"#$!%%&'(F
%)*)!+!()



!" statement
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!"/>!"#$!%%&'(F
%)*)!+!()%



!" statement
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!"/>!"#$!%%&'(F
%)*)!+!()



!" statement
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!"/>!"#$!%%&'(F
%)*)!+!()

@/:/"5&1);

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;
+-!$.">?K)"!$!.)&l/!12D$?F;



!" statement
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!"/>!"#$!%%&'(F
%)*)!+!()

@/:/"5&1);

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;
+-!$.">?K)"!$!.)&l/!12D$?F;



Compound Statements
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!$./*5!$>T,!(F
m

222
n



Compound Statements
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@/:/"5&1);

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;
+-!$.">?K)"!$!.)&l/!12D$?F;



Compound Statements
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@/:/"5&1);

+-!$.">?f1/!./.-')GD$?F;
!"/>@F

+-!$.">?g)1/!./!12D$?F;
+-!$.">?K)"!$!.)&l/!12D$?F;

m

n



!"o)&1)
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!"/>/>$'*/B/NF/::/8/F
m

+-!$.">?B(/!1/)T)$D$?E/$'*F;
n
+-!$.">?B(/!1/,((D$?E/$'*F;



!"o)&1)
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!"/>/>$'*/B/NF/::/8/F
m

+-!$.">?B(/!1/)T)$D$?E/$'*F;
n
)&1)
m

n
+-!$.">?B(/!1/,((D$?E/$'*F;



Nested if
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!"/>/>$'*/B/NF/::/8/F
m

+-!$.">?B(/!1/)T)$D$?E/$'*F;

N$'*A 6$'*A O$'*A

N/!1/)T)$ 6/!1/)T)$
!.<1/(!T!1!@&)/@l/Q

!"/>/>$'*/B/QF/::/8/F
m

+-!$.">?!.<1/(!T!1!@&)/@l/QD$?F;
n

n



Cascaded !"

36

!"/>/>$'*/B/NF/::/8/F
m

+-!$.">?B(/!1/)T)$D$?E/$'*F;

!"/>/>$'*/B/QF/::/8/F
m

+-!$.">?!.<1/(!T!1!@&)/@l/QD$?F;
n

n

N$'*A 6$'*A O$'*A

N/!1/)T)$ 6/!1/)T)$
!.<1/(!T!1!@&)/@l/Q

!.<1/(!T!1!@&)/@l/Q



Cascaded !"
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!"/>/>$'*/B/NF/::/8/F
m

+-!$.">?B(/!1/)T)$D$?E/$'*F;

!"/>/>$'*/B/QF/::/8/F
m

+-!$.">?!.<1/(!T!1!@&)/@l/QD$?F;
n

n
)&1)

n

m



Cascaded !"
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!"/>/>$'*/B/NF/::/8/F
m

+-!$.">?B(/!1/)T)$D$?E/$'*F;

)&1)

n

m

n
!"/>/>$'*/B/QF/::/8/F
m

+-!$.">?!.<1/(!T!1!@&)/@l/QD$?F;
n

+-!$.">?!.<1/(!T!1!@&)/@l/QD$?F;



Cascaded !"
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!"/>/>$'*/B/NF/::/8/F
m

+-!$.">?B(/!1/)T)$D$?E/$'*F;

)&1)

n

m

n
!"/>/>$'*/B/QF/::/8/F
m

+-!$.">?!.<1/(!T!1!@&)/@l/QD$?F;
n

+-!$.">?!.<1/(!T!1!@&)/@l/QD$?F;

N$'*A 6$'*A O$'*A

N/!1/)T)$ 6/!1/)T)$ !.<1/(!T!1!@&)/@l/Q
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!"/>/>$'*/B/NF/::/8/F
m
//+-!$.">?B(/!1/)T)$D$?E/$'*F;
n
)&1)/!"/>/>$'*/B/QF/::/8/F
m
//+-!$.">?B(/!1/(!T!1!@&)/@l/QD$?E/$'*F;
n
)&1)/!"/>/>$'*/B/7F/::/8/F
m
//+-!$.">?B(/!1/(!T!1!@&)/@l/7D$?E/$'*F;
n
)&1)
m
//+-!$.">?B(/$,./(!T!1!@&)/@l/NEQE,-/7D$?E/$'*F;
n


