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C Puzzles

  Taken from old exams

  Assume machine with 32 bit word size, twoʼs complement 

integers

  For each of the following C expressions, either:


  Argue that is true for all argument values

  Give example where not true


•  x < 0   ⇒  ((x*2) < 0) 

•  ux >= 0 

•  x & 7 == 7   ⇒  (x<<30) < 0 

•  ux > -1 

•  x > y   ⇒  -x < -y 

•  x * x >= 0 

•  x > 0 && y > 0   ⇒  x + y > 0 

•  x >= 0   ⇒  -x <= 0 

•  x <= 0   ⇒  -x >= 0


int x = foo(); 

int y = bar(); 

unsigned ux = x; 

unsigned uy = y; 

Initialization
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Encoding Integers


  short int x =  15213; 
  short int y = -15213; 

Unsigned
 Twoʼs Complement


Sign

Bit
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Encoding Example (Cont.)

  x =      15213: 00111011 01101101 
  y =     -15213: 11000100 10010011 
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Numeric Ranges


Values for W = 16
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Values for Different Word Sizes
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Unsigned & Signed Numeric Values

X
 B2T(X)
B2U(X)


0000 0

0001 1

0010 2

0011 3

0100 4

0101 5

0110 6

0111 7


–8
8

–7
9

–6
10

–5
11

–4
12

–3
13

–2
14

–1
15


1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

0

1

2

3

4

5

6

7
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  short int           x =  15213; 
  unsigned short int ux = (unsigned short) x; 
  short int           y  = -15213; 
  unsigned short int uy = (unsigned short) y; 

Casting Signed to Unsigned




– 9 –


T2U

T2B
 B2U


Twoʼs Complement
 Unsigned


Maintain Same Bit Pattern


x
 ux

X


+ + + + + + • • • 

- + + + + + • • • 

ux


x
- 

w–1
 0


+2w–1 –  –2w–1  =  2*2w–1  =  2w


Relation between Signed & Unsigned
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Relation Between Signed & Unsigned


  uy 
= 
y + 2 * 32768 
= 
y + 65536
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Signed vs. Unsigned in C




– 12 –


 0  0U  ==  unsigned 
 -1  0  <  signed 
 -1  0U  >  unsigned 
 2147483647  -2147483648  >  signed

 2147483647U  -2147483648  <  unsigned 
 -1  -2  >  signed 
 (unsigned) -1  -2  >  unsigned 
  2147483647  2147483648U  <  unsigned 
  2147483647  (int) 2147483648U >  signed 

Casting Surprises
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0


TMax


TMin


–1

–2


0


UMax

UMax – 1


TMax

TMax  + 1


2ʼs Comp.

Range


Unsigned

Range


Explanation of Casting Surprises
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Sign Extension


k copies of MSB

• • • X 


X ′
 • • • • • • 

• • • 

w


w
k
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Sign Extension Example


  Converting from smaller to larger integer data type

  C automatically performs sign extension


  short int x =  15213; 
  int      ix = (int) x;  
  short int y = -15213; 
  int      iy = (int) y; 

Decimal
 Hex
 Binary

x
 15213
 3B 6D
 00111011 01101101

ix
 15213
 00 00 3B 6D
 00000000 00000000 00111011 01101101

y
 -15213
 C4 93
 11000100 10010011

iy
 -15213
 FF FF C4 93
 11111111 11111111 11000100 10010011




– 16 –


Justification For Sign Extension


- • • • X 


X ′
 - + • • • 

w+1


w
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Why Should I Use Unsigned?
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Negating with Complement & 
Increment


1 0 0 1 0 1 1 1  x 

0 1 1 0 1 0 0 0 ~x + 

1 1 1 1 1 1 1 1 -1 
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Comp. & Incr. Examples

x = 15213


0
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Unsigned Addition

• • • 

• • • 

u


v
+ 

• • • u + v


• • • 

True Sum: w+1 bits


Operands: w bits


Discard Carry: w bits
 UAddw(u , v)




– 21 –


Visualizing Integer Addition

Add4(u , v)


u


v
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Visualizing Unsigned Addition


0


2w


2w+1


UAdd4(u , v)


u


v


True Sum


Modular Sum


Overflow


Overflow
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Mathematical Properties
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Twoʼs Complement Addition

• • • 

• • • 

u


v
+ 

• • • u + v


• • • 

True Sum: w+1 bits


Operands: w bits


Discard Carry: w bits
 TAddw(u , v)
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Characterizing TAdd


–2w –1


–2w


0


2w –1


2w–1

True Sum


TAdd Result


1 000…0


1 100…0


0 000…0


0 100…0


0 111…1


100…0


000…0


011…1


PosOver


NegOver


(NegOver)


(PosOver)
u 

v 

< 0
 > 0


< 0


> 0


NegOver


PosOver

TAdd(u , v)
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Visualizing 2ʼs Comp. Addition


TAdd4(u , v)


u


v


PosOver


NegOver
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Detecting 2ʼs Comp. Overflow


0


2w –1


2w–1

PosOver


NegOver
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Mathematical Properties of TAdd
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Multiplication
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Unsigned Multiplication in C

• • • 

• • • 

u


v
* 

• • • u · v


• • • 

True Product: 2*w  bits


Operands: w bits


Discard w bits: w bits
 UMultw(u , v)


• • • 
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Unsigned vs. Signed Multiplication
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Unsigned vs. Signed Multiplication
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Power-of-2 Multiply with Shift


• • • 

0 0 1 0 0 0 ••• 

u


2k
* 

u · 2k
True Product: w+k  bits


Operands: w bits


Discard k  bits: w bits
 UMultw(u , 2k)


••• 

k


• • • 0 0 0 ••• 

TMultw(u , 2k)


0 0 0 ••• ••• 
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Unsigned Power-of-2 Divide with 
Shift


k
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Signed Power-of-2 Divide with Shift
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Properties of Unsigned Arithmetic
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Properties of Twoʼs Comp. Arithmetic
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C Puzzle Answers

  Assume machine with 32 bit word size, twoʼs comp. integers

  TMin makes a good counterexample in many cases


  x < 0  ⇒  ((x*2) < 0)  False: 
TMin 

  ux >= 0    True: 
0 = UMin 
  x & 7 == 7  ⇒  (x<<30) < 0  True:  
x1 = 1 
  ux > -1    False: 
0 

  x > y  ⇒  -x < -y  False: 
-1, TMin 
  x * x >= 0    False: 
30426 

  x > 0 && y > 0  ⇒  x + y > 0  False: 
TMax, TMax 
  x >= 0  ⇒  -x <= 0  True: 
–TMax < 0

  x <= 0  ⇒  -x >= 0 
False: 
TMin


  x < 0  ⇒  ((x*2) < 0) 

  ux >= 0     

  x & 7 == 7  ⇒  (x<<30) < 0   

  ux > -1     

  x > y  ⇒  -x < -y   

  x * x >= 0     

  x > 0 && y > 0  ⇒  x + y > 0   

  x >= 0  ⇒  -x <= 0  

  x <= 0  ⇒  -x >= 0 




