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Last class

Ficitonal 8-bit floating point

1. 1 sign bit

2. 3 exponent bits (o↵set binary)

3. 4 mantissa bits (hidden bit representation)

s1e1e2e3b1b2b3b4 represents

(−1)s1(1.b1b2b3b4)2 × 2E
where E = (e1e2e3)2 −Ω; o↵set Ω = 22 − 1

Machine �: 2−4
except, if e1e2e3 = 000:

(−1)s1(0.b1b2b3b4)2 × 2(001)2−Ω
(two zeros; remainder are subnormal) except, if e1e2e3 = 111:
If b1b2b3b4 = 0000, is (−1)s∞
Otherwise, is NaN.
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Last class

Ficitonal 8-bit floating point

1. 1 sign bit

2. 3 exponent bits (o↵set binary)
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Last class

Ficitonal 8-bit floating point

1. 1 sign bit

2. 3 exponent bits (o↵set binary)

3. 4 mantissa bits (hidden bit representation)

s1e1e2e3b1b2b3b4 represents

(−1)s1(1.b1b2b3b4)2 × 2E
where E = (e1e2e3)2 −Ω; o↵set Ω = 22 − 1
Machine �: 2−4
except, if e1e2e3 = 000:

(−1)s1(0.b1b2b3b4)2 × 2(001)2−Ω
(two zeros; remainder are subnormal)

except, if e1e2e3 = 111:
If b1b2b3b4 = 0000, is (−1)s∞
Otherwise, is NaN.
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Otherwise, is NaN.



IEEE 754

Single precision: 32 bits.

1. 1 sign bit

2. 8 exponent bits

3. 23 mantissa bits

O↵set Ω = 27 − 1. (−1)s(1.b1�b23)2E
where E = (e1�e8) −Ω.

Machine �? 2
−23 =≈ 1.1 × 10−7

Smallest normal number?

2
1−Ω = 22−27 = 2−126 ≈ 1.1 × 10−38

Largest number?

2
(28−2)−Ω(2 − �) = 228−2−27+1 = 2127(2 − �) ≈ 2128 ≈ 3.4 × 1038
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IEEE 754

Single precision: 32 bits.

1. 1 sign bit

2. 8 exponent bits

3. 23 mantissa bits

O↵set Ω = 27 − 1. (−1)s(1.b1�b23)2E
where E = (e1�e8) −Ω. Machine �?

2
−23 =≈ 1.1 × 10−7

Smallest normal number?

2
1−Ω = 22−27 = 2−126 ≈ 1.1 × 10−38

Largest number?

2
(28−2)−Ω(2 − �) = 228−2−27+1 = 2127(2 − �) ≈ 2128 ≈ 3.4 × 1038

-
-

← Do (l . o . . . o) I

ED ( l . o . . .
. o ,> zo L 2-ZI E

Y 9- " " Is



IEEE 754

Single precision: 32 bits.

1. 1 sign bit

2. 8 exponent bits

3. 23 mantissa bits

O↵set Ω = 27 − 1. (−1)s(1.b1�b23)2E
where E = (e1�e8) −Ω. Machine �? 2

−23 =≈ 1.1 × 10−7

Smallest normal number?

2
1−Ω = 22−27 = 2−126 ≈ 1.1 × 10−38

Largest number?

2
(28−2)−Ω(2 − �) = 228−2−27+1 = 2127(2 − �) ≈ 2128 ≈ 3.4 × 1038

-
-0



IEEE 754

Single precision: 32 bits.

1. 1 sign bit

2. 8 exponent bits

3. 23 mantissa bits

O↵set Ω = 27 − 1. (−1)s(1.b1�b23)2E
where E = (e1�e8) −Ω. Machine �? 2

−23 =≈ 1.1 × 10−7
Smallest normal number?

2
1−Ω = 22−27 = 2−126 ≈ 1.1 × 10−38

Largest number?

2
(28−2)−Ω(2 − �) = 228−2−27+1 = 2127(2 − �) ≈ 2128 ≈ 3.4 × 1038
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IEEE 754

Single precision: 32 bits.

1. 1 sign bit

2. 8 exponent bits

3. 23 mantissa bits

O↵set Ω = 27 − 1. (−1)s(1.b1�b23)2E
where E = (e1�e8) −Ω. Machine �? 2

−23 =≈ 1.1 × 10−7
Smallest normal number?

2
1−Ω = 22−27 = 2−126 ≈ 1.1 × 10−38

Largest number?

2
(28−2)−Ω(2 − �) = 228−2−27+1 = 2127(2 − �) ≈ 2128 ≈ 3.4 × 1038



IEEE 754

Single precision: 32 bits.

1. 1 sign bit

2. 8 exponent bits

3. 23 mantissa bits

O↵set Ω = 27 − 1. (−1)s(1.b1�b23)2E
where E = (e1�e8) −Ω. Machine �? 2

−23 =≈ 1.1 × 10−7
Smallest normal number?

2
1−Ω = 22−27 = 2−126 ≈ 1.1 × 10−38

Largest number?

2
(28−2)−Ω(2 − �) = 228−2−27+1 = 2127(2 − �) ≈ 2128 ≈ 3.4 × 1038
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IEEE 754

Single precision: 32 bits.

1. 1 sign bit

2. 8 exponent bits

3. 23 mantissa bits

O↵set Ω = 27 − 1. (−1)s(1.b1�b23)2E
where E = (e1�e8) −Ω. Machine �? 2

−23 =≈ 1.1 × 10−7
Smallest normal number?

2
1−Ω = 22−27 = 2−126 ≈ 1.1 × 10−38

Largest number?

2
(28−2)−Ω(2 − �) = 228−2−27+1 = 2127(2 − �) ≈ 2128 ≈ 3.4 × 1038



IEEE 754

Single precision: 64 bits.

1. 1 sign bit

2. 11 exponent bits

3. 52 mantissa bits

O↵set Ω = 210 − 1. (−1)s(1.b1�b52)2E
where E = (e1�e11)2 −Ω.

Machine �? 2
−52 =≈ 2.2 × 10−16

Smallest normal number?

2
1−Ω = 22−210 = 2−1022 ≈ 2.2 × 10−308

Largest number?

2
(211−2)−Ω(2 − �) = 21023(2 − �) ≈ 1.8 × 10308
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IEEE 754

Single precision: 64 bits.

1. 1 sign bit

2. 11 exponent bits

3. 52 mantissa bits

O↵set Ω = 210 − 1. (−1)s(1.b1�b52)2E
where E = (e1�e11)2 −Ω. Machine �?

2
−52 =≈ 2.2 × 10−16

Smallest normal number?

2
1−Ω = 22−210 = 2−1022 ≈ 2.2 × 10−308

Largest number?

2
(211−2)−Ω(2 − �) = 21023(2 − �) ≈ 1.8 × 10308
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IEEE 754

Single precision: 64 bits.
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2. 11 exponent bits
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O↵set Ω = 210 − 1. (−1)s(1.b1�b52)2E
where E = (e1�e11)2 −Ω. Machine �? 2

−52 =≈ 2.2 × 10−16

Smallest normal number?

2
1−Ω = 22−210 = 2−1022 ≈ 2.2 × 10−308

Largest number?

2
(211−2)−Ω(2 − �) = 21023(2 − �) ≈ 1.8 × 10308
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Single precision: 64 bits.
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Single precision: 64 bits.

1. 1 sign bit

2. 11 exponent bits

3. 52 mantissa bits
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IEEE 754

Single precision: 64 bits.

1. 1 sign bit

2. 11 exponent bits

3. 52 mantissa bits
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Single precision: 64 bits.
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2. 11 exponent bits
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Matlab demo

Machine epsilon: eps

showfloat: (s,e,m) bit patterns; I’ll put it on the website.

t.o 1) ax 2-
""leggy

O O - - - - ol O - - O

1. O - - - o × 2-
104

→ z
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0.10 - - - 0×2-1022


