D1: Digital Building Blocks Lecture 1

Number systems

e Decimal
e QOctal
e Hexadecimal
e Binary
— Negative numbers
— Two's complement
— Overflow
— Sign extension
e References:
— Section 2.1 to 2.3 in Bryant and O'Hallaron
— Appendix A in Tanenbaum
— Related links on Web site
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Decimal
e Base10: 0,1, 2,3,4,5,6,7,8,9

e 10310 =1x1004+0x10+3 x1
=1x10%2+0x 10! +3 x 10°

© 5.70210=5x 100+ 7x 1071 +0x 1072 4+2x 1073

e ... 10% 10% 10! 10°.107% 1072 1073 ...
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Octal

Base 8: 0,1, 2,3,4,5,6,7
o ... 8 8 8l g0 g1 g2 83 ..

e Octal — Decimal:

1033 =1 x824+0x 8 +3x8°
=1x644+0x8+3x1
= 6710

L] 428:.%’10 ?
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Decimal — Octal
L] 13210 = ?8
132/8 = 16 reminder 4

16/8 = 2 reminder 0
2/8 = 0 reminder 2

— 13210 = 2048

L] 4210 = Ts ?
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Hexadecimal

o Hexadecimal — Decimal:

10E;s = 1 x 1624+ 0 x 16* + E x 16°
1x256+0x16+14 x 1
= 27019

4216 =10 ?

Base 16: 0,1, 2,3,4,5,6,7,8,9,A,B,C,D,E F

... 163 16% 16' 16°.167! 1672 1673 ...
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Decimal — Hexadecimal
L] 17410: ?16

174/16 = 10 reminder 14 (E)
10/16 = 0 reminder 10 (A)

— 17410 == AElG

(] 4210 = T16 ?
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Binary

Base 2: 0, 1 (true/false) (on/off)

o ... 23 22 91 920 _ 9-1 9-2 9-3
8 4 2 1 . 1/2 1/4 1/8

e Binary — Decimal:

1001 = 1 x 2340 x 2240 x 21 +1 x 20
=1x84+0x4+0x2+1x1
=919

11012 = T10 ?
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Decimal — Binary

e 190= 7

19/2 =9 reminder 1
9/2 =4 reminder 1
4/2 =2 reminder 0
2/2 =1 reminder 0
1/2 =0 reminder 1

— 1910 = 100112

[ ] 4210 = X2 ?
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Binary addition and subtraction

e Addition:
11010 + 2610 +
01011, = 11, =
1001014 3710

e Subtraction:

10101, — 2140 —
01011, = 11, =
010109 1019
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Negative numbers

e Positive numbers (one byte):

0000 0000 0
0000 0001 1
0000 0010 2

1111 11115 25540

e How can we represent negative numbers? E.g. —4244 7

4219 = 0001 01015, but the negative?
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Negative numbers (cont.)

e Reserve one bit for sign (highest bit, most significant bit)

e Positive numbers:
0 000 0000 0
0 000 0001 1

0111 1111, 12719

e Negative numbers:
1 000 0000 -0
1 000 0001 -1
1111 11115 — 12749

Problems: Two zeros (!), addition is not simple: 4+ (—1) = —5
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Two’s complement

Most common system to represent negative integers in binary

— Only one zero

— Works with normal binary addition

— Left-most bit indicates sign

The rule: To negate a number, flip the bits to the left of the right-most 1
Alternative: flip all the bits and add 1 to the result

Examples:

0000 0101 5 1111 1000 -8

1111 1011 -5 0000 1000 8
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Two’s complement examples

0100 4 + 1101 -3 +
1111 -1 = 1110 -2 =
10011 3 11011 -5
0111 7+ 1010 -6 +
0010 2 = 1010 -6 =
1001 —T7or97? 10100 4dor—127
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Overflow

e Overflow occurs when the result cannot be represented in the
given number of bits, because the magnitude is too great

e Rules:
+x + —y — No overflow
—x + +y — No overflow
+x + 4+y — Overflow if resultis —z
—x + —y — Overflow if resultis + z
e Example: 00001 + 1 +
01111 = 15 =
1 0000 0
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Sign extension

e Example: We want to convert a 10-bit number into a 16-bit number
(needed later for PeANUt operands/arguments)

e Easy for positive case:

0110 6
0000 0110 6

o Negative case?

1010 —6
0000 1010 10
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Sign extension (cont.)

e Solution: Fill the extra digits with copies of the sign bit
(the most left bit)

e Positive case:

0111 7
0000 0111 7

o Negative case:

1001 -7
1111 1001 -7
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Gates
e Discussion of basic gates
e Show slides from Tanenbaum

e Introduce concepts of full and half adder
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