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q Radix, Codes à slide 16
q Logic à slide 20
q Arithmetic à slide 35

vOriginal MSI Logic à slide 45
qAMD Catalog of Analog (Linear)
qDigtial MSI à slide 52
qMemory (RAM) à slide 72
qSequential Logic à slide 77
qLogic:  Multi/Div à slide 88
qLogic Timing (AC) à slide 107
qState Machines (FSM) à slide 113
qComputer Logic Boards à slide 115



COMP122

© Jeff Drobman
2016-2023Section



COMP122

© Jeff Drobman
2016-2023Radix:  Binary to Decimal

Manga Guide

Decimal Binary
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POSITIONAL REPRESENTATION 

N = SUMi (ni * Ri)
Notes:
1. R = Radix
2. i = -infinity to +infinity
3. i >= 0 for integersradix = 2:  <-- 25 24  23  22 21 20   with n = {0, 1}

radix = 10:  <-- 105 104  103  102 101 100  with n = {0 .. 9}

radix = 16:  <-- 165 164  163  162 161 160  with n = {0 .. 9, A, B, C, D, E, F}

hexadecimal

binary

decimal

1) 1
2) 10
3) 11
4) 100
5) 101
6) 110
7) 111

8) 1000
9) 1001

10) 1010
11) 1011
12) 1100
13) 1101
14) 1110
15) 1111

+8
-->

0)        0binary

A
B
C
D
E
F

hexadecimal

Byte = {0..255} 28 = 256
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vHex: 0x5EC46A or 5EC46AH or just 5EC46A

vBinary: B ’001100101001’

vDecimal: D ’123456’ or just 123456

vBCD: packed = [D,D] un-packed = [0,D] [0,D]

vASCII: A ’TeXt234’

vSigned numbers (16-bit example)

² Unsigned (addresses) à 0 to 65,535

² Sign & Magnitude à -32,767 to +32,767 [+0, -0]

² Two’s Complement à -32,768 to +32,767 [0 only]

² Sign extension

S  [216-] MMMM

MMMMM

S  MMMM

SSSSSSSSS [2N-] MMMM
Preserving arithmetic value
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vIntegers

vFixed-point*

vFloating-point

123456789

12345.12345 Pi = 3.14159

*NOT a supported type in any HLL; must use Floating-point

1.234512345e+4 Pi = 3.14159e0

Accuracy vs.  Precision 

no. digits correct no. digits stored/displayed

int x = 123.567
assigns 123 to x

v Java truncates Integers
Ø to Round add 0.5

v Java rounds floats
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Dec# 10’s C

0 10

1 9

2 8

3 7

4 6

5 5

6 4

7 3

8 2

9 1

10’s Comp = digits sum to 10

Ex:  10’s C of 98 = 2
89 = 11 = --0 in SM

BYTEHEXDEC
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Manga Guide
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1.123456 x10nnn

mantissa characteristic (exponent)

RANGES Large (>>1) Small (<<1)

SINGLE 3.403 E+38 (2128) 1.4 E-45

DOUBLE 1.798 E+308 4.9 E-324

SPECIAL VALUES
q POSITIVE_INFINITY   (=X/0)
q NEGATIVE_INFINITY   (=-X/0)
q NaN (=0/0 and many more)

Integers:
Div by 0 à ArithmeticException

IEEE 754 Positive & Negative

ALL REAL NUMBERS Java
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Expression EvaluationLiang

arithmetic

logic

comparison

Ø Does Not Apply
To Assembly
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Ordin
al

Power
of 2

Power 
of 10 Actual

1K 210 103 1024

1M 220 106 1,048,576

1G 230 109 1.074x109

1T 240 1012 1.0995x1012

Name 2n M/G Actual

byte 28 -- 256
short 216 64K 65,536

integer 232 4B 4.3x109

long 264 16 Q 1.84x1019

IPv6 2128 340 uD 3.4x1038

10^(+6)  million
10^(+9)  billion
10^(+12)  trillion
10^(+15)  quadrillion
10^(+18)  quintillion
10^(+21)  sexillion
10^(+24)  septillion
10^(+27)  octillion
10^(+30)  nonillion
10^(+33)  decillion
10^(+36)  undecillion
10^(+39)  duodecillion
10^(+42)  tredecillion
10^(+45)  quattuordecillion
10^(+48)  quindecillion
10^(+51)  sexdecillion
10^(+54)  septendecillion
10^(+57)  octodecillion
10^(+60)  novemdecillion
10^(+63)  vigintillion
10^(+100)  googol
10^(+303)  centillion
10^(10^(+100))  
googolplex

Gazillions

Powers of 2 <> 10:  10:3
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2’s Complement

1’s Complement

2’s Complement

v ADDed directly (no conversion needed)
v SUBtraction by complement and ADD

1111111111 -0  in 1’sC
-1  in 2’s C=
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if (x <= y+3)  && x > 2 || _FLAG == true 

_FLAG == true  ó _FLAG
_FLAG == false ó ! _FLAG

v AND has 2 uses:
1) Mask (1 lets in)
2) Filter (0 keeps out)

v XOR has 2 uses:
1) Bit complement/toggle
2) Bit equal

any type à boolean boolean à boolean
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Ø K-maps
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https://nostarch.com/download/MangaGuidetoMicroprocessors_sample_Chapter2.pdf

Manga Guide
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X Y X &&  Y

0 0 0

0 1 0

1 0 0

1 1 1

X Y X ||  Y

0 0 0

0 1 1

1 0 1

1 1 1

OR AND

X Y X ^  Y

0 0 0

0 1 1

1 0 1

1 1 0

XOR INclusive

EXclusive

v AND has 2 uses:
1) Mask (1 lets in)
2) Filter (0 keeps out)

v XOR has 2 uses:
1) Bit complement/toggle
2) Bit equal

control data

pass

flip
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Operator Name Example Result

& Bitwise AND 11101 & 00111 00101

| Bitwise OR 00010 | 11000 11010

^ Bitwise XOR 00111 ^ 11111 11000

~ 1’s complement 00111100 11000011

<< Left shift (*2n) 10101010 << 2 10101000

>> Right shift, arith SE 10101011 >> 2 11101010

>>> Right shift, logical 10101011 >> 2 00101010

Appendix G p. 751

Integer types only

NEW

bit flip

*2n
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Manga Guide
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Manga Guide
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DeMorgan’s Law Manga Guide
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DeMorgan’s Law Manga Guide
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Device/Xtor
Physical

Level

Inverter/Gates
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MOSFET

CMOS

P/N Totem pole

Push-Pull

Push

Pull
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AND
SERIES

A B1 OUT

A & B

OR
PARALLEL

A

B

A B

1

1

A

B

OUT

A | B
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MOSFET

P

N

P

N SERIES

PARALLEL
NEGATIVE OR

POSITIVE AND
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MARS
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C generate

C propagate

A*B

A+B
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XOR in NAND

C propagate A+B

C generate A*B



COMP122

© Jeff Drobman
2016-2023Adders:  Ripple Carry

Cout
0

Cout
3

Cout
1

Cout
2

Parallel Carry
Generator

A
B

CIN
0
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AND

OR

ADD
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1972
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1971
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vFairchild 9300 series
vSignetics
vNational
vMotorola
vTexas Instruments

v54/7400 Series
q 54/74SN181

Ø 4-bit ALU slice

181 181 181 181 CinCout

16-bit ALU

1965-75

Replaced by Am2900 family à Am2901
Am2910
Am2902

Ø 4-bit MPU slice

ALU + Register file microprogrammed
Microprogram sequencer

CLA

Am2505 2x4-bit
Multiplier slice

Bit-slice

Ø 54 à Mil temp
Ø 74 à Com’l temp

182

CLA

Texas Instruments

Ripple Carry

Parallel Carry
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2:1
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Logic
Function

N inputs

Log2 N
Sel

Output Function

F = f(X[N])

X[N]

AND OR
0
0
0
1

0
1
1
1

XOR
0
1
1
0

A B A B A B

A*B A+B A + BO

Truth
Table

{Minterms}

{m0, m1, …}
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XOR
0
1
1
0

A, B

A + BO
XOR

0
1
1
0

A + B, Cin

S

S = A + B + CinO

O

O
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2:1

A

2x 2:1 mux à 4:1 mux 

2:1

A

m0

m2

{Minterms}

{m0, m1, …}

2:1

B
m1

m3

4:1

A, B

out
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1/8

Log2 8
address

Address lines
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2x 2-to-4 à 3-to-8 (1 of 8)

3

8
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1/2n

Decoders
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1/2n

Decoders
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vQuine-McKluskey
q Prime implicants
q Essential PI’s

vKarnaugh (“K”) Maps

m0 m2

m1 m3

F(x, y) = 

x

y
{m0, m1, m2, m3}

F(x, y) = {m0, m1} = x’y’ + xy’ à y’

1 0

1 0
x

y
General form

Combinational

Example



COMP122

© Jeff Drobman
2016-2023K-Maps

Example

Gray codes

Logic distance=1
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1971Am3101
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1971
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Am1103A 1971
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Clocked

Clock
Positive
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Toggle

Falling edge triggered
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Ancient Peasant Multiplication 



COMP122

© Jeff Drobman
2016-2023Multiplication

(See the 1971 Am2505 2x4-bit multiplier 
slice, and my personal MS thesis.)
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Ancient Peasant Multiplication 

13x238

3x11
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vSimple
Ø Convert Multiplier to positive if negative
Ø Invert Multiplicand (if needed)

vBooth’s algorithm
Ø Use Multiplier as encoded by BA (groups of 2)
Ø Leave Multiplicand as is
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1-strings

0111..1  =  1000..0 -1

Signed 2’sC Multiplication 

Booth’s Recoding
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Signed 2’sC Multiplication 

Booth’s Recoding

Drobman MS Thesis
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Signed 2’sC Multiplication Booth’s Recoding

Drobman MS Thesis
1973
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Signed 2’sC Multiplication 

Booth’s Recoding

Drobman MS Thesis
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1971-80Bit-slice
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Bit-slice 1971-80
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Bit-slice 1971-80Drobman MS Thesis
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Bit-slice 1971-80Drobman MS Thesis
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Bit-slice 1971-80

8-bit x 8-bit multiply

2x4-bit slices

Drobman MS Thesis
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Bit-slice 1971-80Timing Analysis Drobman MS Thesis
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Non-Restoring Div
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Simple
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vCombinational
§ Prop delays

vSequential
§ Setup times
§ Hold times
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Am2900
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Am2900
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Am2900
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Am2900
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FSM
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4x TI ‘181 4-bit ALU slice


