
3.1 Introduction

▪ 

▪ 

▪ 

3.2 Addition and subtraction
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two
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10000000 00000000 0000 00000000 0000
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= 6
ten
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10000000 00000000 0000 00000000 0000

= 7

= 6
ten

ten

two

two

= 1 ten

1111 11111111 1111 11111111 1111 1 0 0 11 0 = -6

two

+
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          b a
  0 ... 0 0 1 1
+ 0 ... 0 0 1 0
----------------
  0 ... 0 y x w
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  0 0 ... 0 1 0 1      0 0 ... 0 1 0 1
- 0 0 ... 0 1 0 0    + 1 1 ... d c b a
-----------------    -----------------
                     s 0 0 ... z y x w

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

5 of 140 5/16/2025, 11:11 PM



Start

···

0 0 ··· 0 0 0 1 0

0 0 ··· 0 0 0 1 1

0 0 ···

- - - -

- - - - -

Check Next
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-  Pos
= Neg

= Pos

= Pos

-  Pos
= Pos

= Neg
-  Neg

+ Pos
= Neg

0111

+ 0000 0000 0000 0000 0000 0000 0000 0011

2147483647 ten

+ 3 ten

1000 0000 0000 0000 0000 0000 0000 0010 -2147483646 ten

Pos

Operation Operand A Operand B
Result

indicating overflow

A + B

A + B

A - B

A - B

≥ 0 ≥ 0 < 0

Pos

Neg

Pos

Neg

Neg

Pos

Neg

≥ 0

≥ 0

< 0 < 0

< 0 ≤ 0

≥ 0< 0 ≥ 0

Wrong Right

+ Neg
= Pos

Ex: 10 + 20 = 30

Ex: -10 + -20 = -30

Ex: 10 - -20 = 30

 Ex: -10 - 20 = -30

+ Pos

+ Neg
= Neg

-  Neg

1111 1111 1111 1111 1111 1111 1111
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  0 1 1 0 ...
+ 0 1 1 1 ...
-------------
  1 1 0 1 ...

  1 1 0 0 ...
+ 1 1 0 1 ...
-------------
  1 0 0 1 ...

  0 0 0 1 ...
+ 1 0 0 1 ...
-------------
  1 0 1 0 ...
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▪ add addi sub

▪ addu addiu subu

addu addiu subu

addiu

u

addi slti sltiu
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EPC

mfc0
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addu $t0, $t1, $t2             # $t0 = sum, but don't trap

xor  $t3, $t1, $t2             # Check if signs differ

slt  $t3, $t3, $zero           # $t3 = 1 if signs differ

bne  $t3, $zero, No_overflow   # $t1, $t2 signs ≠, so no overflow

xor $t3, $t0, $t1              # signs =; sign of sum match too?

                               # $t3 negative if sum sign different

slt $t3, $t3, $zero            # $t3 = 1 if sum sign different

bne $t3, $zero, Overflow       # All 3 signs ≠; goto overflow

$t0 = $t1 + $t2

  

addu $t0, $t1, $t2         # $t0 = sum

nor $t3, $t1, $zero        # $t3 = NOT $t1

                           # (2's comp - 1: 2^(32) - $t1 - 1)

sltu $t3, $t3, $t2         # (2^(32) - $t1 - 1) < $t2

                           # ⇒ 2^(32) - 1 < $t1 + $t2
bne $t3, $zero, Overflow   # if (2^(32) - 1 < $t1 + $t2) goto overflow

$k0 $k1

$at

$k0 $k1
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3.3 Multiplication

X ten

ten1 0 0 0

1 0 0 1

Multiplicand

Multiplier
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         1 1 0 1  (Multiplicand)
x        0 1 1 0  (Multiplier)
-----------------
         ? ? ? ?  (Partial product 1)
       ? ? ? ?    (Partial product 2)
     ? ? ? ?      (Partial product 3)
+  ? ? ? ?        (Partial product 4)
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-----------------
   ? ? ? ? ? ? ?  (Product)
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...

11010

0

... 0

0

0 ... 01001110

00 0

000
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(a)

(b)

(c)

(d)

(e)



⇒ ⇒
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mult

multu

mflo

mflo mfhi

multu mult mfhi

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

30 of 140 5/16/2025, 11:11 PM



mult

multu

3.4 Division

ten

ten

ten

ten

1 0 0 0 1 0 0 1 0 1 0

1 0 0 0

1

1 0

1 0 1

Quotient

Divisor Dividend

1 0 0 1

1 0 0 0

Remainder

)
−

0

1 0

−

1

0
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Quotient

DividendDivisor

Remainder

− ...
)

10...0 00

0000 ... 00001010

0 0...000 0100000

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

35 of 140 5/16/2025, 11:11 PM



©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

36 of 140 5/16/2025, 11:11 PM



©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

37 of 140 5/16/2025, 11:11 PM



©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

38 of 140 5/16/2025, 11:11 PM



©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

39 of 140 5/16/2025, 11:11 PM



©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

40 of 140 5/16/2025, 11:11 PM



©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/3/print

41 of 140 5/16/2025, 11:11 PM



(a)

(b)

(c)

(d)

(e)

(f)



⇒ ⇒
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div

divu

mflo mfhi
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$s6, $s7

$s6, $s7

div $a0, $a1
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div divu

3.5 Floating point

• 

• 

• 

• 
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Show the IEEE 754 binary representation of the number -0.75     in single and double precision.

Rewrite as a fraction
3

4

3

2
− −or

Rewrite as a binary fraction11

2

− 0.11
− or

Rewrite as a normalized scientific notation

x (1 + .1

0

2

(−1)

x

1 bit 8 bits 23 bits

Single precision binary representation:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10  9  8  7  6  5  4  3  2  1  0 

(−1)    x  (1 + Fraction)  x  2

two two

− 0.11 two 2

x

x

− 1.1 two 2

ten

2

-1

(Exponent - 127)S

1
two 2

(126 - 127)

x− 1 two 2 -1

1 0 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

x (1 + .1(−1)

1 bit 11 bits 20 bits

Double precision binary representation:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10  9  8  7  6  5  4  3  2  1  0 

(−1)    x  (1 + Fraction)  x  2

x

(Exponent - 1023)S

1
two 2

(1022 - 1023)

x− 1 two 2 -1

1 0 1 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

32 bits

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1.1x

000 0000 0000 0000 0000 0000 )

1.1x

000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 )
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Rewrite as a fraction

Rewrite as a binary number

Rewrite as normalized scienti�c
notation

S = ?

Exponent = ?

Fraction = ?

IEEE 754 binary single precision
representation

Rewrite as a fraction

Rewrite as a binary number

Rewrite as normalized scienti�c


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notation

S = ?

Exponent = ?

Fraction = ?

IEEE 754 binary double precision
representation

What decimal number is represented by this single precision float?

= x (1 +         )(−1)

1 bit 8 bits 23 bits

Single precision binary representation:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10  9  8  7  6  5  4  3  2  1  0 

(−1)    x  (1 + Fraction)  x  2 x

sign

(Exponent - 127)S 1 0.25 2 (

1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . . .

exponent field

fraction field

129 −127 )

= x 1.25−1 x 2 2

= x

=

−1.25

−5.0

4

1

two = 129 ten
1 0 0 0 0 0 0 1

= 0.25 ten0 1 0 ... two = 1 −2x 2 =
1

4
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1.000      x 2

−1.110      x 2−0.0111      x 2

Add the numbers 0.5     and -0.4375     in binary using the floating-point addition algorithm.ten ten

0.5 ten
1

ten

=

−

0

+

0.1 two=
2

−

1

1

ten

=
2

0.1      x 2two= -1
two=

−0.4375 ten
7

ten

= 0−0.0111 two=
16 4

7

ten

=
2

two= -2
two=

− two
-11.000      x 2two

-1 1. Rewrite to match exponents

2. Add significands

3. Normalize sum

4. Round sum

Follow the algorithm: 

-1−0.111      x 2two

-11.000      x 2two

-10.001 two x 2

two x 200

1

.

0.

0

11 x 2

1 -4 No overflow/underflow

Already 4 bits
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1.000      x 2

−1.110      x 2

Multiply the numbers 0.5     and -0.4375   , using the floating-point multiplication algorithm.ten ten

0.5 ten =

x

-1
two

−0.4375 ten = -2
two

two

1110000 two

127

two

1. Add the exponents 2. Multiply significands

3. Normalize sum 4. Round sum

Follow the algorithm: 

(     )−2New exponent (no bias) = + 1.000

-3

1000

two x 2

1.110

Check:

+

.

−0.001110 two
−7

=

−1

−0.21875 ten=
325

−7
=

2

)

= = −0.00111 two

127

= 124

−

0000
1000

1000

Normalized Already 4 bits

= −3

( −2New exponent (biased) = +−1

= −3 + 127

127+ )(

+

1

product = 

110

-3
two1.110      x 2

5. Set sign

Signs differ, set to negative

-3
two1.110      x 2 -3

two1.110      x 2−

, no overflow/underflow

−1.110      x 2two
-3
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Adding the non-biased exponents
of the operands

Multiply the signi�cands:
1.110 × 1.000 = ?


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Product = 1.110000 × ?

Normalize the product

Round the product

Set the sign of the product: ?
1.110  × 2

-14  × -0.25  = ?

▪ (add.s) (add.d)

▪ (sub.s) (sub.d)

▪ (mul.s) (mul.d)

▪ (div.s) (div.d)

▪ (c.x.s) (c.x.d)

(eq) (neq) (lt) (le) (gt)

(ge)

▪ (bc1t) (bc1f)

$f0, $f1, $f2, ...

lwc1 swc1

lwc1   $f4, c($sp)     # Load 32-bit F.P. number into F4

lwc1   $f6, a($sp)     # Load 32-bit F.P. number into F6

add.s  $f2, $f4, $f6   # F2 = F4 + F6 single precision

swc1   $f2, b($sp)     # Store 32-bit F.P. number from F2

two
1

ten ten
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$f2 $f3

$f2
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lw

sub.f

bc1.c

bc1.t bc1.f
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float f2c (float fahr)

{

   return ((5.0/9.0) *(fahr - 32.0));
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}

fahr $f12

$f0

$gp

f2c:

    lwc1 $f16, const5($gp)   # $f16 = 5.0 (5.0 in memory)

    lwc1 $f18, const9($gp)   # $f18 = 9.0 (9.0 in memory)

    div.s $f16, $f16, $f18   # $f16 = 5.0 / 9.0

fahr ($f12)

    lwc1 $f18, const32($gp)  # $f18 = 32.0

    sub.s $f18, $f12, $f18   # $f18 = fahr - 32.0

$f0

    mul.s $f0, $f16, $f18    # $f0 = (5/9)*(fahr - 32.0)

    jr $ra                   # return
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void mm (double c[][], double a[][], double b[][])

{

    int i, j, k;

    for (i = 0; i != 32; i = i + 1)

    for (j = 0; j != 32; j = j + 1)

    for (k = 0; k != 32; k = k + 1)

        c[i][j] = c[i][j] + a[i][k] *b[k][j];

}

$a0, $a1, $a2

$s0, $s1, $s2

c[i][j] k

c[i][j] c[i][j]

c[i][j]

a[i][k] b[k][j]

c[i][j]

li

l.d s.d

lwc1 swc1

mm:... 

    li $t1, 32            # $t1 = 32 (row size/loop end)

    li $s0, 0             # i = 0; initialize 1st for loop

L1: li $s1, 0             # j = 0; restart 2nd for loop

L2: li $s2, 0             # k = 0; restart 3rd for loop

c[i][j]

i
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sll $t2, $s0, 5           # $t2 = i * 2^5 (size of row of c)

addu  $t2, $t2, $s1       # $t2 = i * size(row) + j

sll $t2, $t2, 3           # $t2 = byte offset of [i][j]

c c[i][j]

c[i][j] $f4

addu $t2, $a0, $t2        # $t2 = byte address of c[i][j]

l.d  $f4, 0($t2)          # $f4 = 8 bytes of c[i][j]

b[k][j]

L3: sll  $t0,  $s2, 5     # $t0 = k * 2^5 (size of row of b) 

    addu $t0,  $t0, $s1   # $t0 = k * size(row) + j

    sll  $t0,  $t0, 3     # $t0 = byte offset of [k][j] 

    addu $t0,  $a2, $t0   # $t0 = byte address of b[k][j] 

    l.d  $f16, 0($t0)     # $f16 = 8 bytes of b[k][j]

a[i][k]

sll  $t0,  $s0, 5         # $t0 = i * 2^5 (size of row of a) 

addu $t0,  $t0, $s2       # $t0 = i * size(row) + k

sll  $t0,  $t0, 3         # $t0 = byte offset of [i][k] 

addu $t0,  $a1, $t0       # $t0 = byte address of a[i][k] 

l.d  $f18, 0($t0)         # $f18 = 8 bytes of a[i][k]

a b $f18 $f16

$f4

mul.d $f16, $f18, $f16    # $f16 = a[i][k] * b[k][j] 
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add.d $f4,  $f4,  $f16    # $f4 = c[i][j] + a[i][k] * b[k][j]

k

$f4

c[i][j]

addiu  $s2, $s2, 1        # $k = k + 1

bne    $s2, $t1, L3       # if (k != 32) go to L3

s.d    $f4, 0($t2)        # c[i][j] = $f4

addiu  $s1, $s1, 1        # $j = j + 1

bne    $s1, $t1, L2       # if (j != 32) go to L2

addiu  $s0, $s0, 1        # $i = i + 1

bne    $s0, $t1, L1       # if (i != 32) go to L1

...

$f0, $f2, $f4, ..., $f30

l.d s.d
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add.ps $f0, $f2, $f4

add.s $f0, $f2, $f4 add.s $f1, $f3, $f5

lwc1
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3.6 Parallelism and computer arithmetic:
Subword parallelism
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▪ 

▪ 
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3.7 Real stuff: Streaming SIMD extensions and
advanced vector extensions in x86
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addpd %xmm0, %xmm4

vaddpd %ymm0, %ymm4
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vaddpd

vaddpd %ymm0, %ymm1, %ymm4   # %ymm4 = %ymm1 + %ymm0

addpd %xmm0, %xmm4           # %xmm4 = %xmm4 + %xmm0

mulss mulps mulsd mulpd
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3.8 Going faster: Subword parallelism and
matrix multiply

1  #include <x86intrin.h>

2  void dgemm (int n, double* A, double* B, double* C)

3  {

4     for (int i = 0; i < n; i+=8)

5        for (int j = 0; j < n; ++j)

6                {

7           __m512d c0 = _mm512_load_pd(C+i+j*n);   // c0 = C[i][j]

8           for (int k = 0; k < n; k++)

9           {  // c0 += A[i][k]*B[k][j]

10              __m512d bb = _mm512_broadcastsd_pd(_mm_load_sd(B+j*n+k));

11             c0 = _mm512_fmadd_pd(_mm512_load_pd(A+n*k+i), bb, c0);

12          }

13          _m512_store_pd(C+i+j*n, c0);  // C[i][j] = c0
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14       }

15  }

 1 vmovapd      (%r11),%zmm1              # Load 8 elements of C into %zmm1

 2 mov          %rbx,%rcx                 # register %rcx = %rbx

 3 xor          %eax,%eax                 # register %eax = 0

 4 vbroadcastsd (%rax,%r8,8),%zmm0        # Make 8 copies of B element in %zmm0

 5 add          &0x8,%rax                 # register $ras = $rax + 8

 6 vfmadd231pd  ($rcx),%zmm0,%zmm1        # Parallel mul & add %zmm0, %zmm1

 7 add          %r9,%rcx                  # register %rcx = %rcx

 8 cmp          %r10,%rax                 # compare %r10 to %rax

 9 jne          50 <dgemm+0x50>           # jump if %r10 != %rax

10 add          $0x1,%esi                 # register %esi = %esi + 1

11 vmovap       %zmm1, (%r11)             # Store %zmm1 into 8 C elements
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_mm512_load_pd()

dgemm()

_mm512_broadcastsd_pd()

for (int i = 0; i < n; 

_____ )

++i 

i+=8

sd

pd

zmm

__m512d

3.9 Fallacies and pitfalls
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addiu
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addiu

 $s1 = $s2 + (-15) = $s2 - 15
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addiu

3.10 Concluding remarks
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IEEE 754 is a _____ for �oating-
point representation and
computation.

The �eld of _____ examines how to
solve mathematical problems using
imprecision and limited
representation of data.

A situation where an operation
yields a number that is smaller in
magnitude (closer to zero) than the
smallest value representable is
called _____.


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s d

u

madd. msub. ceil. trunc. round.

recip.
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subu


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movz

ror
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 1010 ... 0010 1100
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3.11 Historical perspective and further reading©zyBooks 05/16/25 23:10 2475274
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if (x == 0.0) y = 17.0 else y = z/x

x

x

x

if (1.0 * x == 0.0) y = 17.0 else y = z/x

x

x x
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 if (x == 0.0) y = 17.0 

else y = z/x
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 if (1.0 * x == 0.0) y = 

17.0 else y = z/x
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(0.5 - x) + 0.5 1.0 - x
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FXCH

FXCH
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3.12 Self study
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• 
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3.13 Exercises










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0×0C000000



0×0C000000



0×0C000000
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



for(i = 3; i < 128; i++)

   sig_out[i] = sig_in[i - 3] * f[0] + sig_in[i - 2] * f[1] + 

                sig_in[i - 1] * f[2] + sig_in[i] * f[3];




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