Conversion between number systems:
— Radix-r to decimal.

— Decimal to binary.

— Decimal to Radix-r

— Binary to Octal

— Binary to Hex

Binary arithmetic operations.

Negative number representations.

Switching Algebra Axioms & Theorems.

Proof of identities:

— Using logic expression algebraic manipulation.
— Using Truth Table (perfect induction).
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Standard Representations of L ogic Functions:
— Truth Table.
— Canonical Sum Representation:
e Full sum of minterms expression, or usng S notation.
— Canonical Product Representation:
e Full product of maxterms expression, or using P notation.

Combinational Circuit Analysis/ Synthesis.

Combinational Circuit Minimization using K-maps.
— Sum of Products (SOP) Minimization using K-maps:
* Primeimplicants, distinguished 1-cells, essential prime implicants
 Minimization with Don’t care Input Combinations.

— Product of Sums (POS) Minimization using K-maps:
* Primeimplicates, distinguished O-cells, essential primeimplicates

Detecting/Eliminating Static Hazards Using K-maps.
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Positional Number Systems

A number system consists of an order set of symbols (digits) with relations
defined for +,-,*,/

Theradix (or base) of the number system isthetotal number of digits
allowed in the the number system.

— Example, for the decimal number system:
 Radix, r =10, Digitsallowed = 0,1,2,3,4,5,6,7,8, 9
In positional number systems, a number isrepresented by a string of digits,
where each digit position has an associated weight.
Thevalue of a number isthe weighted sum of the digits.

The general representation of an unsigned number D with whole and
fraction portions number in a number system with radix r:

D, = d,d_, ...d,d.d ;d,...D.

r p-1 ™~ p-2 n
Thenumber above hasp digitsto theleft of theradix point and n fraction
digitstotheright.

A digit in position i hasasassociated weight r!
Thevalue of the number isthe sum of the digits multiplied by the associated

weight r': D :é_ip:__lnd., r.i

EECC341 - Shaaban
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Positional Number Systems
1y wdydedyd, ... D.
Value: D:ép'l d ri

I=-n

Number: D = d

r n

 For examplein thedecimal number system:

5185.68,, = 5x10% + 1x10%+ 8x10'+ 5x10°+ 6x 101 +8x 102
=5x1000 + 1x100 +8x10+ 5x1 + 6x.1 + 8x.01

e For thebinary number system with radix = 2, digitsO0, 1
D,= dp_l’ 2pld,” 2t+d,. 20 +d,” 2t+d,” 22
e For Example:

10011, =1"16+0"8+0" 4+1° 2+1° 1 = 19,
| |
M SB LSB (least significant bit)

(most significant bit)

101.»(()012 =1Ix4 +0x2 + 1x1 + Ox.5+ Ox.25+ 1x.125 = 5.125,,
Binary Point

EECC341 - Shaaban }
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Number Systems Used in Computers

Name .
of Radix | Radix Set of Digits Example
Decimal | r=10 | {0,1234,56,7.89} 255,
Binary r=2 | {01} 11111111,
Octal =8 {0,1,2,3,4,5,6,7} 371,
Hexadecimal| r=16 {0,1,2,34,5,6,789,A,B,C,D, E, F} FF g

Decmal 0 1| 2 3|4 5 6 7 8 9 10 11 12 13 14 15

Hex 01 2 3 4 56 7/ 8/9 A B C D E F
Binary | ooco 00010010 | 0011|0100 | 0101 0110 01111000 1001| 1010 1011 1100 1101 1110 1111
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Radix-r to Decimal Conversion

The decimal value of a number inany radix r isfound by converting

each digit toitsradix 10 equivalent and expanding the value using
radix arithmetic:

D=a"dr
Examples: =
1101.101,=1"23+ 1" 22+ 1"20+ 1721 + 1" 23
=8+4+1+05+0.125= 13.625,
5726,=58+ 78+ 278 +6" 81
=320+ 56+ 16+ 0.75= 392.75,,

2A.8,,=2" 16! + 10" 16° + 8" 16
=32+10+05=425,,

132.3,=1"42+ 3741 + 2740 + 3 41
=16+12+2+0.75= 30.75),

34124, =3 5 + 451 +1"50 + 2751 + 4 52
=75+20+1+0.4+0.16 = 96.56,,
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Decimal-to-Binary Conversion

Separ ate the decimal number into whole and fraction portions.

To convert thewhole number portion to binary, use successive
division by 2 until thequotient isO. Theremaindersform the
answer, with thefirst remainder asthe least significant bit (LSB) and
the last asthe most significant bit (MSB).

Example: Convert 179,, tobinary:
179/2 = 89 remainder 1 (LSB)
[2 = 44 remainder 1
[2 = 22remainder O
/2 = 1lremainder O
/2= 5remainder 1
[2= 2remainder 1
/2= 1lremainder O
/2= 0 remainder 1 (MSB)

179,, = 10110011,

EECC341 - Shaaban
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Decimal-to-Binary Conversion

To convert decimal fractionsto binary, repeated multiplication by 2 is
used, until the fractional product isO (or until the desired number of
binary places). Thewholedigits of the multiplication results produce
the answer, with thefirst asthe M SB, and the last asthe L SB.

Example: Convert 0.3125, tobinary

Result Digit
3125 2 = 0.625 0O (MSB)
625" 2 = 125 1
25" 2 = 050 0
572 =10 1 (LSB)

0.3125,,=.0101,

EECC341 - Shaaban }
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Decimal to Radix-r Conversion

Separ ate the decimal number into whole and fraction portions.

To convert thewhole number portion to binary, use successive
divison by r until the quotient isO. Theremaindersform the
answer, with thefirst remainder asthe least significant digit (LSD)
and the last asthe most significant digit (MSD).

To convert decimal fractionsto radix-r, repeated multiplication by r
Isused, until the fractional product isO (or until the desired number
of binary places). Thewholedigits of the multiplication results
produce the answer, with thefirst asthe MSD, and thelast asthe

L SD.

Example: Convert 467,, tooctal

467/8 = 58 remainder 3 (LSD)
/8 = 7 remainder 2
/8 = Oremainder 7 (MSD)
467,, = 1234

EECC341 - Shaaban

#9 Midterm Review Winter 2001 1-22-2002



Binary to Octal Conversion

Separate the whole binary number portion into groups of
3 beginning at the binary point and working to the |eft.
Add leading zer oes as necessary.

Separate the fraction binary number portion into groups of
3 beginning at the binary point and working to theright.
Add trailing zeroes as necessary.

Convert each group of 3 totheequivalent octal digit.
Example:

3564.875,, = 110 111 101 100.111,
= (6" &) +(7° 8)+(5° 8)+4~ &)+7 " 8Y)
= 6754.7,
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Binary to Hexadecimal Conversion

Separate the whole binary number portion into groups of
4 beginning at the binary point and working to the left.
Add leading zer oes as necessary.

Separate the fraction binary number portion into groups
of 4 beginning at the binary point and working to the
right. Add trailing zer oes as necessary.

Convert each group of 4 totheequivalent hexadecimal
digit.
Example:
3564.875,, = 1101 1110 1100.1110,
= (D" 169 +(E" 16Y) + (C " 169+(E - 16
= DEC.E

EECC341 - Shaaban }
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Conversion between Number Systems Summary
Radix-r to decimal:

— Multiply digitswith their corresponding weights and add
__ 9 p-1 s
. Decimal to binary (radix 2) D=a..dr
= Whole numbers: repeated divison by 2
» Fractions. repeated multiplication by 2

e Decimal toradix-r

» Whole numbers: repeated division by r

= Fractions. repeated multiplication by r
e BinarytoOctal

= Substitute groups of three bitswith corresponding octal digit.
e Binary to Hexadecimal

= Substitute groups of four bitswith corresponding hexadecimal
digit.

EECC341 - Shaaban }
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Binary Arithmetic Operations
Addition

Similar to decimal number addition, two binary
numbers are added by adding each pair of bitstogether
with carry propagation.

Addition Example:
101111000 Carry

¢ oo+ Goloaes

X+Y 101001011

EECC341 - Shaaban
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Binary Arithmetic Operations
Subtraction

 Two binary numbers are subtracted by subtracting each
pair of bitstogether with borrowing, where needed.

e Subtraction Example:

001111100 Borrow

X 229 11100101
Y - 46 - 00101110
183 10110111

EECC341 - Shaaban
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Negative Binary Number Representations
o Signed-Magnitude Representation:

— For an n-bit binary number:

Usethefirst bit (most significant bit, M SB) position to
represent thesign where O ispositive and 1 is negative.

EX. )1%\1111/%12: - 127,
Sign Magnitude
— Remaining n-1 bitsrepresent the magnitude which may range
from:

20:0+1 to 20D -1

— Thisscheme hastwo representationsfor 0; i.e., both positive and
negative 0: for 8bits. 00000000, 10000000

— Arithmetic under thisscheme usesthe sign bit to indicatethe
nature of the operation and the sign of the result, but the sign bit is
not used as part of the arithmetic.

EECC341 - Shaaban }
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Negative Binary Number Representations

Two’'s complement r epresentation:

MSB isthesign (MSB = 1indicates a negative number)
To negate a number complement all bitsand add 1

ex. 119,, = 01110111 complement bits
10001000
+1 add1l
10001001, = - 119,

EECC341 - Shaaban }
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Properties of Two's Complement Numbers

X plusthe complement of X equals O.
Thereisoneunique O.

Positive numbershave 0 astheir leading bit (M SB);
while negatives have 1 astheir M SB.

Therangefor an n-bit binary number in 2's
complement representation is.

from -2 to 2H .1

The complement of the complement of a number isthe
original number.

Subtraction isdone by addition to the 2's complement of
the number.

EECC341 - Shaaban
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Value of Two's Complement Numbers

e For an n-bit 2’scomplement number the weights of the
bitsisthe same asfor unsigned numbers except of the
MSB or sign bit wheretheweight is -2"1, thusthe
value of the n-bit 2's complement number isgiven by:

— dn-1’ 2nl 4 dn-2, n-2 ... dl' 21 + d,

D 2's-complement

For example:
thevalue of the 4-bit 2’'s complement number 1011is given by:

value = d;” -23 + d,” 22 + d;” 21+ d,
=1 "-23+ 0022+ 1" 21+ 1
= -8 + 0 + 2 + 1
= -8+3= -5

EECC341 - Shaaban

1_

#18 Midterm Review Winter 2001 1-22-2002



Extending Two's Complement Numbers:

Sign Extension

e An n-bit 2’scomplement number can converted to an m-bit
number where m>n by appending m-n copiesof the sign
bit to theleft of the number. Thisprocessiscalled sign
extension.

« Example: Toconvert the 4-bit 2’scomplement number 1011 to
an 8-bit representation, the sign bit (here=1) must be extended by
appending four 1'sto left of the number:

1011 = 11111011

4-bit 2's-complement 8-bit 2's-complement

To verify that the value of the 8-bit number isstill -5
value of 8-bit number = -27 + 26+ 25+ 24+ 28 +2 +1
= -128 + 64+ 32+ 16 +8 +2+1
= -128 + 123 = -5

EECC341 - Shaaban }
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Two' complement addition/subtraction

Examples:

4 0100 2 1110
+ -7 1001 + -6 1010
-3 1101 8 1 1000

N

Ignore carry out from M SB

 Overflow occursif signs (M SBs) of both operandsare
the same and the sign of theresult isdifferent.

e Overflow can also be detected if thecarry in thesign
position is different from the carry out of the sign
position.

EECC341 - Shaaban
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Negative Binary Number Representations
One' s-=Complement representation

MSB isthesign (MSB = 1 indicates a negative number)
Negative numbers are found by complementing all bits

ex. 119, = 01110111
-119,, = 10001000

Therange of valuesfor an n-bit binary number in 1's
complement representation is.

from -20-D+1 to 20-D-1
One' s-complement addition/subtraction:
If thereisacarry out of thesign position add 1

Ex. -2 1101
+ -5 1010
7 10111
o1

1000

EECC341 - Shaaban
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Value of One's Complement Numbers

e For an n-bit 2’scomplement number the weights of the
bitsisalso the same asfor unsigned number s except of
the MSB or sign bit wheretheweight is -(2"1+1), thus
the value of the n-bit 1's complement number isgiven
by:

D =d, -2+ + d " 202 d,” 2+ d,

1's-complement

For example:
thevalue of the 4-bit 1's complement number 1011is given by:
value = d;” -(23+1) + d,” 22 + d,” 2t + d,
=1 " -23+D)+ 0" 22+ 1" 2'+ 1
= -7 + 0 + 2 + 1
= -7+43 = -4

EECC341 - Shaaban }
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Binary Multiplication

« Multiplication isachieved by adding a list of shifted
multiplicands according to the digits of the multiplier.

« EX. (unsigned)

11 1011 multiplicand (4 bits)
X 13 X 1101 multiplier (4 bits)
33 1011
11 0000
1011
143 1011
10001111 Product (8 bits)

EECC341 - Shaaban }
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e Shift and subtract
Example:

19

11 | 217

11

107
99
8

Binary Division

10011

1011\ 11011001
1011

0101
0000

1010
0000

10100
1011

10011
1011

1000

guotient
dividend
shifted divisor

reduced dividend

shifted divisor

reduced dividend

shifted divisor

reduced dividend

shifted divisor

reduced dividend

shifted divisor
remainder

EECC341 - Shaaban
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Boolean or Switching Algebra

o Set of Elements: {0,1}

e Setof Operations: {.,+, '} AND (logical multiplication, .), OR
(logical addition, +), NOT

X|y| x+y

X |y | x.y 0olo0 0 X | X
0/0| O 0] 1] 1 0l 1
0|1 0 110 1 11 0
110 0 1|11 1

1 1 1 ” X—PD')—P)('
X y::[}ix+y

y—L D xy OR NOT
AND

e Symbolic variablessuch as X used to represent the condition of a
logic signal (O or 1, low or high, on or off).

e Switching Algebra Axioms (or postulates):

— Minimal set basic definitions (A1-A5, A1'-A5’) that are assumed
to betrue and completely define switching algebra.

— All other switching algebra theorems (T1-T15) can be proven
using these axioms as a starting point.

EECC341 - Shaaban }
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(AD)
(A2)
(A3)
(A4)
(AS)

(T1)
(T2)
(T3)
(T4)
(T5)
(T6)
(T7)
(T8)
(T9)
(T10)
(T11)
(T11)
(T12)
(T13)
(T13)
(T14)

Switching Algebra Axioms & Theorems

X=0if X 11 (A1) X=1if X10

If X=0,thenX’ =1 (A2') if X=1,then, X’ =0

0.0=0 (A3) 1+1=1

1.1=1 (A4") 0+0=0

0.1=1.0=0 (AS) 1+0=0+1=1

X+0=X (T1) X.1=X (Identities)
X+1=1 (T2') X.0=0 (Null elements)
X+X =X (T3) X. X=X (Idempotency)
X'y =X (Involution)

X+X =1 (TS) X.X =0 (Complements)
X+Y=Y+X (T6") X.¥Y=Y.X (Commutativity)
X+Y)+Z=X+(Y +2) (T7) X.Y).2=X.(Y.2) (Associativity)
X.Y+X.Z=X.(Y+2) (T8) (X+Y).(X+Z)=X+Y .Z (Distributivity)
X+X.Y=X (T9) X.(X+Y)=X (Covering)
X.Y+X.Y" =X (T10) (X+Y).X+Y)=X (Combining)
X.Y+X'.Z+Y.Z =X.Y+X .Z

X+Y). (X +2).(Y+2)=(X+Y).(X" +2) (Consensus)
X+X+ ...+ X=X (T12) X.X. ... . X=X (Generalized idempotency)
(X X, oo X)) = X+ X)) +...+ X/

(X +X,+ ..+ X)) =X . X, ... .. Xy (DeMorgan’s theorems)

[F(X, Xy o X, +0)] = FOXL XS, 00 X, ., 1) (Generalized DeMorgran’s theorem)

EECC341 - Shaaban }
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Perfect | nduction

« Most theoremsin switching algebraaresimpleto
prove using perfect induction:

Since a switching variable can only takethe values 0
and 1 we can prove atheorem involving asingle
variable X by proving it truefor X =0and X =1

Example. Toprove (T1) X+0=X
[X=0] O0+0 =0 trueaccordingtoaxiom A4’
[X=1] 1+0 =1 trueaccordingtoaxiom A5’

EECC341 - Shaaban }
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Theorem Proof using Truth Table

o Canusetruthtableto prove T8 by perfect induction.
e i.e Provethat: X.Y+X.Z=X.(Y +2)

(i) Construct truth table for both sides of above equality.

X Zly+z | Xx(y+2) | Xy | XzZ]| Xy+ X.zZ
O[0]0 0] 0 0 0 0
O[O0 1 1 0 0 0 0
O[1]0 1 0] 0 0 0
O[1]1 1 0] 0] 0 0
1100 0 0] 0] 0 0
1101 1 1 0] 1 1
1110 1 1 1 0 1
111]1 1 1 1 1 1

(ii) Check that from truth tablecheck thatthat X .Y +X .Z = X . (Y +2)

Thisissatisfied because output column valuesfor X .Y + X .Z and output
column valuesfor X . (Y +Z) areequal for all cases.

EECC341 - Shaaban }
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L ogic Expression Algebraic Manipulation Example

Provethat the following identity istrue using Algebraic
expression Manipulation : (onecan also proveit using atruth table)

XY+ X.Z = ((X+Y).(X+2"))
— Starting from the left hand side of the identity:
Let F= X.Y + X.Z
A=X.Y B=X.Z
Then F = A+B
— Using DeMorgan’stheorem T 13 on F:
F=A+B = (A".BY (1)
— Using DeMorgan’stheorem T 13 on A, B:
A= X.Y = (X +Y) (2
B =X.Z =X +2) (3)
— Substituting A, B from (2), (3), back in Fin (1) gives:
F=A.B) =(X +Y).(X + 2Z2))
Which isequal to theright hand side of the identity.

EECC341 - Shaaban }
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Standard Representations of Logic Functions

« Truth tablefor n-variablelogic function:

| nput combinationsare arranged in 2" rowsin ascending binary
order, and the output values are written in a column next to therows.
* Practical for functionswith a small number of variables.
« Thegeneral structure of a 3-variabletruth tableisgiven by:

Truth tablefor a specific

function:
Row XY Z F(X)Y,2) Row XY Z F
0 0O 00 F(0,00 0 00O 1
1 0 01 F(0,0,1 1 0 01 0)
2 0 10 F(0,1,0 2 010 0
3 011 FO11) 3 011 1
4 1 00 F(1,00 4 1 00 1
5 1 01 F(1,021 5 1 01 0)
6 1 10 F(1,10 6 1 160 1
7 111 FQ121 7 111 1
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L ogic Function Representation Definitions

A literal: i1savariable or a complement of a variable

Examples. X, Y, X', Y’

A product term: isasingleliteral, or a product of two or moreliterals.
Examples. Z’ WYY XY'Z W'Y’ Z

A sum-of-products expression: isalogical sum of product terms.
Examplee Z'+W.X.Y +XY' ' Z+W'.Y'.Z

A sumterm: isasingleliteral or logical sum of two or moreliterals
Examples. Z’ W+X+Y X+Y +Z W +Y' +Z
A product-of-sums expression: isalogical product of sum terms.
Example Z’.W+X+Y).(X+Y' +2Z).(W +Y’ +2)

A normal term: isaproduct or sum term in which novariable appears
mor e than once
Examplesof non-normal terms.  W.X.X.Y' W+W+X'+Y  X.X'.Y

Examplesof normal terms:. W . X .Y’ W+ X +Y
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L ogic Function Representation Definitions

« Minterm
An n-variable mintermisanormal product term with n literals.
Thereare 2" such productsterms.
Example of 4-variable minterms
WXY'.Z WXY.Z WX.YZ

e Maxterm
An n-variable maxterm isanormal sum term with n literals.
Thereare 2" such sum terms.
Examples of 4-variable maxterms:.
W +X' +Y +2Z’ W+X +Y +Z W +X +Y +Z
A minterm can bedefined asasproduct term that is 1 in exactly
onerow of thetruth table.

« A maxterm can similarly bedefined asasum termthatis O in
exactly onerow in thetruth table.
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Minterms/M axtermsfor
A 3-variablefunction F(X,Y,Z)

Row XY Z F Minterm Maxterm

0 O 00 F(0,0,0 XY .Z X+Y+Z

1 0 01 F(0,021) XY .Z X+Y+2Z

2 010 F(0,10 X' Y.Z X+Y +Z
3 011 FO11 X' Y.Z X+Y +2Z2
4 1 00 F(1,0,0) XY'.Z X' +Y+Z
5 1 01 F(1,0,1) XY Z X' +Y+2Z
6 1 10 F(1,10) XY.Z X' +Y' +Z
7 111 F111 XY.Z X' +Y' +2
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Row W XY Z

P OoOoO~NOOOP~WDNEO

PFFRPRFRPRPRPPRPPPRPFRPocoocoocoo0coo0ooO0O
PrFRrPRFRPPOOCOORFRRFRPEPEFLROOODRO

rLRPROOPFRPRRFPOOPFRPRPFPOOPFRLPEF OO
RkOPRrRPOFRPOPFRPROPFRPOPFRPLPOPFLOPRO

Minterms/M axtermsfor
A 4-variablefunction F(W,X,Y,Z)

F

F(0,0,0,0)
F(0,0,0,1)
F(0,0,1,0)
F(0,0,1,1)
F(0,1,0,0)
F(0,1,0,1)
F(0,1,1,0)
F(0,1,1,1)
F(1,0,0,0)
F(1,0,0,1)
F(1,0,1,0)
F(1,0,1,1)
F(1,1,0,0)
F(1,1,0,1)
F(1,1,1,0)
F(1,1,1,1)

Minterm

W . X".Y'.Z'
wW. XY Z
w. X.Y.Z'
wW'. X".Y.Z
W' X.Y'.Z
W' . XY Z
W' X.Y.Z
W' .X.Y.Z
wW.X".Y'.Z'
W.X'.Y'"Z
W.X".Y.Z
W.X".Y.Z
W.X.Y'".Z
W.X.Y'".Z
W.X.Y.Z’
W.X.Y.Z

Maxterm

W+ X+Y+Z
W+X+Y+2Z
W+X+Y' +2Z
W+X+Y' +2
W+X' +Y+Z
W+X +Y +2
W+X +Y' +7Z
W+ X'+Y' + 27
W'+ X+Y +Z
W' +X+Y +Z2'
W +X+Y' +7
W +X+Y' +27
W +X'+Y +Z
W + X' +Y +27
W + X' +Y" +Z
W+ X' +Y' +27
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Canonical Sum Representation

Minterm number:

minterm | referstotheminterm correspondingtorow i of
thetruth table. For n-variables | isin the set

{01, ..., 201}

The canonical sum representation of alogic function isa
sum of the minterms corresponding to the truth tablerows
for which the function producesa 1 output.

A short-hand representation of the minterm list usesthe S
notation and minterm numbersto indicate the sum of

minter ms of the function.

Thisrepresentation isusually realized using 2-level AND-OR
logic circuitswith invertersat AND gatesinputs as needed.
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Canonical Sum Example
 Thefunction represented by the truth table:

Row X
0

T

~NOoO O WNEO
PR RFRPEFPOOO
PR OORPFR OO
P ORFPORFORF ON
PFRORPFPLROOFR

has the canonical sum representation:

F=S (0,3,4,6,7) «—— Minterm list using S notation
— X,Y,Z y My Ty Y,
= XY Z + X' YZL+XY L +XY' L' +XY.Z

/

Algebraic canonical sum of minterms
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Canonical Product Representation

Maxterm i refersto the maxterm corresponding torow i of
thetruth table. For n-variables | isinthe sat
{0,1, ..., 20-1}

The canonical product representation of alogic function isthe
product of the maxterms corresponding to thetruth table
rows for which the function produces a O output.

The product of such mintermsis called a maxterm list

A short-hand representation of the maxterm list usesthe P
notation and maxterm numbersto indicate the product of
maxter ms of the function.

Thisrepresentation isusually realized using 2-level OR-AND
logic circuitswith invertersat OR gates inputs as needed.
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Canonical Product Example
 Thefunction represented by the truth table:

\lmmhwmpog

=
PR PRPPFPOOOOX
PR OORPF OO
P ORFRPORFRORF ON
PFRORPPFPROOPRFRT

has the canonical product representation:
F =P “y 7 (1,2’5) «— Maxterm list using P notation

=(X+Y+Z). X+Y' +2Z2).(X"+Y +Z")

/

Algebraic canonical product of maxterms
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Conversion Between Minterm/M axterm LIsts

e Toconvert between a minterm list and a maxterm list
take the set complement.

Examples:
Syvz(0,1,23) =P (4506,7)

Sxy(1) =P x+(0.23)
Swxvz(01235,711,13) =Py x v »(4,6,8,9,12,14,15)
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 Combinational Circuit Analysis:
— Start with alogic diagram of the circuit.

— Proceed to aformal description of the function of the
circuit using truth tables or logic expressions.

e Combinational Circuit Synthesis:

— May start with an informal (possibly verbal) description
of the function performed.

— A formal description of the circuit function in terms of a
truth table or logic expression.

— The logic expression is manipulated using Boolean (or
switching) algebra and optimized to minimize the
number of gates needed, or to use specific type of gates.

— A logic diagram is generated based on the resulting
logic expression.
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Combinational Circuit Analysis Example

Given thislogic circuit we can :

 Find corresponding logic expression from cir cuit
» Createtruth table by applying all input combinations:

* From truth tablefind Canonical Sum/Product Representations
* Manipulate logic expression to other formsusing theorems.

x 00001111 00001111 X+Y’
11001111
y 00110011 Déloonoo
Y’
> 01010101 Z 01010101
>c X’ 11110000
Y 00110011

>c Z' 10101010

corresponding logic expression:

Truth Table
Row X

NOoO U~ WNRERO
PRPRRPFPRPOOOO
PFRPOORPEFrR OO
POFRPORFRPRORFRON
P ORFRPROOFRPFPROT

From truth table:
Canonical Sum
(X+Y’).Z F=Syxyz(1,257)

01000101 Canonical Product

F=P yvz(034,6)

01100101
F

00100000
X.Y.Z

F=((X+Y').2)+(X.Y.Z)

EECC341 - Shaaban }

#41 Midterm Review Winter 2001 1-22-2002




Combinational Circuit Analysis Example
(continued)

 Thepreviouscircuit logic expression F can betransformed into sum
of products by multiplying out (Using T8') and written as:

F= X.Z+Y.Z + X'.XY. Z
Realized using a 2-level AND-OR circuit:

X 1 )x.z
v FoX.Z+Y.Z + X'.Y. Z
Y ! Dc \Y'.Z —\ N\

=
«
N
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Equivalent Symbolsof NAND, NOR Gates
NAND Symbols

Normal Symbol Alternate NAND Symbol

X — X
Y — Y

According to DeMorgan’stheorem T13: X.Y) = X + Y

NOR Symbols
Normal NOR Symbol Alternate NOR Symbol
X X
:D (X + Y)’ X, ) Y1
Y Y
According to DeMorgan’stheorem T13': X+Y)y = X.Y’
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NAND-NAND Logic Circuitsfor Sum of Products

A sum of productslogic expression can berealized by
NAND gates by replacing all AND gatesand the OR GATE
In the usual realization with NAND gates as follows:

F= A+B+C+D ..

whereA, B, C, .... areproduct termsof the
Input variables eg. A=Xx.y.z
F= (A)Y+(B')+C)+D ) +.... fromT4

= (A'.B’.C’.D'...) (from DeMorgan’stheorem T13)

Thisisa 2-level NAND representation.
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Alternate Sum of Products Realizations
(Applying DeMorgan’stheorem T13 Graphically)

1

AND-OR L
—

D

| >
NAND-NAND _ |
_}: L
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NAND-NAND Sum of Products Example

 Thesum of products expression

F=X.Z2+Y.Z + X'XY.Z
F= ((X.2)) + (Y'.2)y)y + (X.XY.Z2')) double negate T4
F=[X.Z2) .(¥.2) .(X.Y. Z')T DeMorgan’stheorem T13

Can berealized using the 2-level NAND-NAND cir cuit:

X ! ) (X.Z)
F=[(X.2) +(Y".2) + (X.Y. Z')T
Y ' A
DC }(Y’ .Y j >

)(X’.Y.Z’)’
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NOR-NOR Circuitsfor Product of Sums

e A product of sumsexpression can berealized by NOR
gates by replacing all the OR gates and the AND gate
with NOR gates asfollows:

F= AB.CD.....

Where A, B, C aresum terms of the input
variables (e.g. A = x+y+2)
F=(A).B).(C). (D) ... ushg T4
= (A+B +C +D' +..)
(using Demorgan’stheorem T13')

Thisisa 2-level NOR-NOR representation

EECC341 - Shaaban
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Alternate Product of Sums Realizations
(Applying DeMorgan’stheorem T13 Graphically)

OR-AND :D_
D— )
D
DD

NOR-NOR :D—:ED_
BPo
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Combinational Circuit Synthesis

 An example of a combinational circuit description:
Create alogic function in 4 input variables N=N;N,N;N,
whose output is1 only if theinput isa prime number.

e Thisfunctionisl1lwhentheinput N =1,2,3,5,7,11 can be
written in the canonical sum of productsrepresentation
as.

F =S uauning (1,2:357,11,13)
= N,'N, N,'Ng+ Ng'No'N;No + No'N, NN,
+N5 NN N +No NN N+ NN, N, N+ NaNLN, N
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A Verbal Synthesis Example:
An Alarm Circuit

A verbal logic description:

— The ALARM output is 1 if thepanicinputisl, or iftheENABLE
input is 1, the EXISTING input is0, and the houseis not secure.

— Thehouseissecureif the WINDOW, DOOR, GARAGE inputsareall 1

« Thiscan be put in logic expressions as follows:

ALARM = PANIC + ENABLE . EXISTING' . SECURFE’
SECURE = WINDOW. DOOR. GARAGE
ALARM = PANIC + ENABLE . EXISTING'. (WINDOW . DOOR . GARAGEY’

In sum of productsform as (by using DeMorgan T13 and multiplying out) :

ALARM =PANIC + ENABLE. EXISTING' . WINDOW'’
+ ENABLE . EXISTING’. DOOR’+ ENABLE. EXISTING'. GARAGE’

EECC341 - Shaaban }

#50 Midterm Review Winter 2001 1-22-2002




Combinational Circuit Minimization

e Canonical sum and product logic expressonsdo not providea
circuit realization with the minimum number of gates.

e Minimization methodsreducethe cost of two level AND-OR,
NAND-NAND, OR-AND, NOR-NOR circuitsin three ways:

1 By minimizing the number of first level gates
2 By minimizing the number of inputs of each first-level gate.
3 Minimizing the inputs of the second level gate

 Most minimization methods are based on the combining theorems
T10, T10':

given product term.Y + given product term.Y’ = given product term
(given sum term+Y).(given sumterm + Y’) = given sum term
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Karnaugh M aps

A Karnaugh Map or (K-map for short) isa graphical
representation of the truth table of alogic function.

The K-map for an n-input logic function isan array with 2"cells or
squares, one for each input combination or minter m.

Therowsand columns are labeled so that the input combination for
any cell isdetermined from the row and column headings.

Therow and columns of the map areordered in such away that

each cell differsfrom an adjacent cell in only oneinput variable:
— Thusfor an n-variable K-map, each cell has n adjacent cells.

The K-map for afunction isfilled by putting:
— a'l inthesguare corresponding to a minterm
— a‘0 otherwise (maybe omitted)
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2-Variable K-map

For a 2-variablelogic function F(X,Y):
Truth Table:

K-map
Row XY F Minterm X F_'
0 00 FO00 X.Y Y\ 0
1 01 FOL X.Y ol® |?
2 10 FLO XY’ —5 -
3 11 FL1) XY 1 J Y
Example: For thefunction F(X,Y) =S, (1,23
X
Row XY F o 1
0O 00 O o T2
1 01 1 0 1
2 10 1 RE
3 11 1 1 1)1

| v

EECC341 - Shaaban }

#53 Midterm Review Winter 2001 1-22-2002



Row XY Z
00

0

~NOoO o WNPE

0

RFRPPRPRRPOOO

PRPOOR RO
P OROROPR

F

F(0,0,0)
F(0,0,1)
F(0,1,0)
F(0,1,1)
F(1,0,0)
F(1,0,1)
F(1,1,0)
F(1,1,1)

3-Variable K-map
For a 3-variablelogic function F(X,Y,Z):
Truth Table:

Minterm
XY'.z
X'Y.z
X'Y.z
X'Y.Z
XY'.z
XY'.Z
XY.Z’
XY.Z

Example: For thefunction F(X,Y,Z) =S, ,(1,257)
Truth Table:

Row

0

~No o~ wNR
P RPPRPPFPOOOOX
PP OOPR PR OO

PORPROROPFRON
P OPFRPROORFRPFRFOT

[

K-map
X
XY e N ~
Z o0 01 11 10
0 2 6 4
0
1 3 7 5
1
\ ~ J
Y
X
K-map XY A
Z o0 01 11 10
0 2 4
0 1
1 3 5
111 1 1
. ~ J
Y
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3-Variable K-map (continued)

« Thereisahorizontal adjacency wrap-around in the 3-variable K-map:
For example:
— Cdl 0 (minterm 0= X".Y’.Z’) isadjacent to:
« cel4 (minterm 4, =X.Y’.Z") by wrap-around.

* in addition to being adjacent tocells1, 2 (minterm 1=X".Y'.Z
minterm 2, =X".Y.Z")

— Cdl 1 (minterm 1, X'.Y’.Z) isadjacent to:
« cell 5 (minterm 5, X.Y’.Z) by wrap-around.

* inaddition to being adjacent tocells0, 2 (minterm 0= X'.Y'.Z’

minterm 3= X'.Y.Z)
X
XY r - ~

A o0 01 11 10

g;ﬂ 0 2 6 4
) E
1 3 7 5 }
z

1
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4-Variable K-map

For a 4-variablelogic function F(W,X,Y ,Z):

Truth Table: K-map
Row W XY Z F Minterm
0 0000 F(0000 WJX.Y.Z W
1 0001 F0001 W.X.X'Z WX —
2 0010 F0010 W.X.YZ YZ\ 00 01 11 10
3 0011 F0011) W.X.XZ 0 1 3
4 0100 F0100 W.XY.Z 00
5 0101 F0101) W.XY'.Z
6 0110 FOLL0) W .XYZ 1 5 1319
7 0111 FO111) W.XY.Z 01 -
8 1000 F1000 WX.Y'.Z 3 7 15 11
9 1001 F1001 WX.Y'.Z 11
10 1010 F1010 WX.Y.Z Y 2 6 14 10
11 1011 F1011l) WX.Y.Z 10
12 1100 F1100 W.XY'.Z - v
13 1101 F1101) WXY'Z M
14 1110 F111,0 WXY.Z
15 1111 F1111) WXY.Z

EECC341 - Shaaban }

#56 Midterm Review Winter 2001 1-22-2002




4-Variable K-map (continued)

There are 2 adjacency wrap-arounds in the 4-variable K-map :
a horizontal wrap-around and a vertical wrap-around.

Every cell thushas4 neighbours. For example, cell O corresponding
tominterm Oisadjacentto: cdls 1,2, 4,8

(R

w
WX e A N
YZ 00 01 11 10

0 4 12 8

00
1 5 13 9

01

Z
3 7 15 11
@ L1 ?

2 6 14 10

10
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For the function F(W,X,Y,Z) =S, x vz (5,7,12,13,14,15)

Truth Table: K-map
Row WXYZ F W
0 0000 O \wx g A
YZ
1 0001 0 OOO 01 1%1 810
2 0010 O 00 4 1
3 0011 O
4 0100 O 1 5 13 9
5 0101 1 01 1 1 ,
6 0110 O 3 - 15 m
7 0111 1 11 1 1
8 1000 O %
s 1001 o 2 6 141 10
10 1010 0 10
11 10 11 0 b ~ /
12 1100 1 X
13 1101 1
14 1110 1
5 1111 1

4-Variable K-map Example
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Minimizing Sum of Productsusing K-maps

e Each input combination with “1” in a Karnaugh map or
truth table correspond to a minterm in the function’s
canonical sum representation.

« Pairsof adjacent “1” cellsin the Karnaugh map indicate
mintermsthat differ in only onevariable.

e Usingthegeneralization of T10, such adjacent minterm
pairscan be combined into a single product term.

* In general, one can simplify alogic function by combining
pairsof adjacent 1-cell minterms and writing a sum of
products expression to cover all of the 1-cdlls.
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K-Map Minimization Rulesand Definitions

A minimal sum of alogic function F(X, X, ..X,) Isa sum-of-
products expression for F such that no other similar expression
for F hasfewer product terms, and other expressionswith the
same number of product terms have at least the same number
of literals.

A set of 2' 1-cellsare combined into a single square or
rectangleif i variablestakeall 2' possible combinationswithin
the set while the remaining variables have the same value.

The corresponding product term for the combined cellshas n-i
literals.

Only the variablesthat have the same value appear in the
resulting product term:

— A variablein theresulting product term is complemented if
It appearsasOin all the 1-cells, and uncomplemented if it
appearsas 1.
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Sum of Products Minimization Using K-maps
 Group or combine as many adjacent 1-cells as possible:

— Thelarger thegroup is, the fewer the number of literalsin the
resulting product term.

— Each group of combined adjacent 1-cells must have a number of
cells equal to powersof two: 1, 2, 4, 8, ...

— Grouping 2 adjacent 1-cellseliminates 1 variable, grouping 4 1-
cells eliminates 2 variables, grouping 8 1-cellseiminates 3
variables, and so on. In general, grouping 2" squares eliminates
n variables

o Select asfew groupsaspossibleto cover all the 1-cells
(minterms) of the function:

— Thefewer the groups, the fewer the number of product termsin
the minimized function.
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3-Variable K-map Minimization Example
 Using K-map, find a minimal sum of products (SOP) expression
expression for the function:

F(X,Y,Z) =S, (1,257

K-map X'.Y.Z X

XY 4 A X.Z
z 00 01 11 10 /

Truth Table - \\ Y,

Minimum SOPfor F = xX.Yy.Z+X.Z+Y .Z

\lmmhwml—\og

=

PP PP OOOOX

PR OORPRFR OO

PORFRORORFRON

P OPFPOORFRPFPFOT
N
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3-Variable K-map Minimization Example
 Using K-map, find a minimal sum of products (SOP) expression
expression for the function:

F(X,Y,Z) =S, (01,45, 6)

K-map X.Z' o«

XY s - I
x 00 01 11 10

2 6 4 h

=
=
e

A
1
1 3 7 5
1 1 1 } z
Truth Table ——" 7*

Minimum SOPfor F = vy +x.Z

\ICDU'I-bOJNHOéU

=
PP PP OOOOX
PR OORPRFR OO
PORFRORORFRON
OFRPr PP OORPEFT
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4-Variable K-map Minimization Example

 Using K-map, find a minimal sum of products (SOP) expression
expression for the function:

F(N3,N2,NL,NO) = S \3 nanino (1,2:3,5,7,11,13)

Truth Table; K'map N3

Row W XY Z F @2 - AN ~

0O 00O00O 0 00 01 11 10

1 0001 1 N1 NO - > -

2 0010 1 4 N2.N1'.NO
3 0011 1 N3'.NO 00 —

4 0100 O \ |

5 0101 1 1/~ 9

6 0110 0 01 ™1 I 1 1

7 0111 1 0

8 1000 0 - 7 15 1;

9 1001 O 11 1 1

0 1010 0 N1 ~— /

1 1011 1 : 1| 1° 14 \4\\

12 1100 0 10 ~

13 1101 1 \ /‘—"

14 1110 O N3’ N2 N1 N ~— J N2 .N1.NO
5 1111 0 N2

Minimum SOP for F =N3'.NO + N3.N2 .N1+ N2.N1.NO+ N2.N1.NO
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K-Map Minimization Rulesand Definitions

A logic function P(X , X,, .X,) impliesalogic function F(X,, ..., X))
iIf for every input combination such that P=1, then F=1 (F includes
P , or FcoversP).

A prime implicant of alogic function F(X, ..X,)) isanormal product
term P(X,, ..X,) that impliesF, such that if any variable isremoved
from P, the the resulting product term does not imply F.

A minimal sum isasum of prime implicants (not necessarily all of
them).

A distinguished 1-cell of alogic function isan input combination that
IS covered by only one prime implicant.

An essential primeimplicant of a logic function isa prime implicant
that coversone or more distinguished 1-cells and must be included
every minimal sum expression for the function.
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4-Variable K-map Minimization Example

 Using K-map, find a minimal sum of products (SOP) expression expression for the
function: F(W,X,Y,Z)=Swxyz(2345,6,7,11,13,15)

 Alsoidentify all prime implicants, distinguished 1-cellsand the corresponding
essential prime implicantsthat cover them.

K-map W’ X "
: WX ~ A ~
From K-map:
vz o0 o1 11 10
Prime Implicants: 0 12 8
, , 00 1 X.Z
W'Y W . X Y.Z X.Z //
1 T3 —"\"9, A
Distinguished 1-cells: 01 1 1
Cell 2 coveredby W’ .Y p H rs - - ‘
Cell 4 covered by W’ . X 11 ] 1 [Ll 1 1
Cell 11 covered by Y .Z ‘P . J
Cell 13 covered by X .Z 10 2 L 6| 1 14 10
Hereall prime implicants are L Ly Y . Z
essential primeimplicantsand w y
all of them must beincluded in X
minimum SOP expression:
F=W.Y+W.X+Y.Z+X.Z W'Y

1_
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Minimization with Don’t care I nput Combinations

* |n some cases, the output of a combinational circuit
doesn’t matter for certain input combinations.

e Such combinationsare called don’t caresand the output
ISrepresented in thetruth table and K-mapsas“d”.

 When using K-maps to minimize such functions:

— Allow d’sto beincluded when circling setsof 1'sto
makethe setsaslarge as possible.

— Do not circle any set that only containsd’s.

EECC341 - Shaaban
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4-Variable K-map Minimization Example With Don't cares
 UsingK-map, find a minimal sum of products (SOP) expression for prime BCD-
digit detector which gives 1 when the input BCD digit isprime,
 Sincethevalues 10-15 do not occur in a BCD digit minterms 10-15 aretreated as
don’t caresgiving the expression:
F(N3,N2,N1,NO) =S \3n2nino (1,2,3,5,7) + d(10,11,12,13,14,15)

From K-map:

Prime Implicants:
N3.NO N2.N1 N2.NO

Distinguished 1-cells:

Cell 1 covered by N3'. NO
Cell 2 covered by N2'. N1

Herenot all prime implicants are
essential primeimplicantsthat
must beincluded minimum

SOP expression:

F = N3 .NO+ N2 .N1

N1<

N3 N2
N 0D

/

00

01

11

10

N3'. NO

01

N3
N

Ve

11

10

4

12

8

T

=

2 6
C1)

N2 .NO

>N0

N2'. N1
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K-map Minimization of Product of Sums

e Similar to K-map minimization of sum of products by
using duality and looking at O-cellsinstead of 1-cells.

o A setof 2 0-celsmay becombined ifivariablestakeall 2
possible combinations within the set while the remaining
variables have the same value.

e Intheresultingn-i literalssum term, avariableis
complemented if it appearsaslin all the O-cells, and
uncomplemented if it appearsasO.

A primeimplicate of alogic function F(X,, ..X, ), isanormal
sum term S(X,, ..X,) Implied by F, such asif any variableis
removed from S, then theresulting sum term is not
implied by F.

« A minimal product isa product of primeimplicates.
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K-map Product of Sums Minimization Example 1

 Using K-map, find a minimal product of sums (POS) expression
expression for the function:

F(X,Y,Z)=P 4, (0347)

K-map . (Y +2)

XY
x 00 01 10

1 3 [ 5
1 [0 OL } z
Truth Table
N -\ J\

(Y'+2Z")

<

Minimum POSfor F =(r+2).(v' +2)

\lmmhwml—\og

=
PP PP OOOOX
PR OORPRFR OO
PORFRORORFRON
OFRPPFPOORFRPFOT
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K-map Product of Sums Minimization Example 2

Using K-map, find a minimal product of sums (POS) expression
expression for the function:

F(W,X,Y,Z)=P v, (1,3810,12,13,14,15)

w
r - I
K-map wx
\ 00 01 11 10
YZ [ I
0 4 1 8 |e— (W +2)
00 0) 0
1 1 |5 B 9 B
(W+X+2Z") 2N 0 0 z
(11 ] 7 1>O 11 e
0
Y Z — /’I J
2 6 i 19
- (o] 5]
g
| |
(W' +X) - " )

X

Minimum POSfor F =(w+Xx+2). (W +2). (W' +X’)
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5-variable K-maps

« TheK-map for a5-variablelogic function F(V,W,X,Y,Z) is
organized as two 4-variable K-maps:

W W
WX Ve A\ ~ WX Ve e ~
YZ 00 oL 11 10 YZ 00 o1 11 10
0 4 12 8 16 20 28 24
00 00
1 5 13 9 17 21 29 25
01 01
Z Z
3 7 15 11 19 23 31 27
v 11 v 11
2 6 14 10 18 22 30 26
10 10
N ~ y N ~ Z
X X
V=0 V=1

Corresponding sguar es of each map are adjacent.
Can bevisualised as being one 4-variable map on
top of another 4-variable map.

EECC341 - Shaaban }

#72 Midterm Review Winter 2001 1-22-2002




5-Variable K-map SOP Minimization Example

 Using K-map, find a minimal sum of products (SOP) expression
expression for the function:

F(V.W.X,Y,Z)=S, wxvz (456,7911,13,15,25,27,29,31)
K-map

W W
WX ~ - ~ WX - A~ ~
YZ 00 01 11 10 YZ 00 01 11 10
0 1|12 8 16 20 28 24
00 1 00

o |l ik rﬁ—j}z

01
{11 E &E}Z SRt * " hﬂl
y 2 Ei 14 |10 \ yﬁ 30 |26
< Y Y N —
. X = W.Z

X
V=0 =

Y
’

V. W’ V=1

Minimum SOPfor F =vv . w. X + W.Z
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6-Variab|e K-mapS K-map for a6-variablelogic function F(U,V,W,X,Y,Z)

IS organized as two 5-variable K-maps:

wW
WX —
YZ\ 00 01 11 10
0 4 12 8
00
1 5 13 |9
01
3 7 15 11
11
Y 2 6 14 10
10
|
uv =0, X
wW
WX /—/%
YZ 00 01 11 10
32 36 44 40
00
37 45 41
o1 33
35 |39 |47 |43
11
Y 34 |38 |46 |42
10
H_/
uv=10 X

W
WX —
YZ 00 01 11 10

16 20 28 24

00

17 21 29 25

01

19 23 31 27 z
11
Y 18 22 30 26

10

-  —
uv=01 X
W

WX —
YZ 00 01 11 10

48 52 60 56

00

49 53 61 57
01

z

51 55 63 59

11
Y 50 54 62 58

10

H_/

uv=11 X
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Combinational Logic Circuit Transient Vs. Steady-state Output

Gate propagation delay: Thetime between an input change and the

cor responding change of the output.

Circuit steady-state output: The output isevaluated when the inputs have
been stablefor along timerelativeto the gate delays.

Circuit transient output behavior: Thecircuit output when one or more

inputs change values.

Example: For aninverter with propagation delay, D when input changes

Steady-state output

from 1toO:
Timing Diagram

1

X

1® 0 Transient

1 output

X!
0

¢D,
(propagation delay)

Time

Thecircuit analysis done so far ignores propagation delays and considersonly
steady-state output when all propagation delays have completed though all the

circuit gates.
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Combinational Logic Hazards

Output glitch: A momentary unexpected transient output change (short
pulse) when an input changes and usually caused by gate propagation
delays.

Hazards. A hazard existsin a combinational circuit when it produces an
output glitch when one or mor e inputs change.

Types of combinational logic hazards:

Static Hazards:

— Static-1 Hazard: The output should be 1 but goes momentary to O asa result of
an input change. (possiblein AND-OR circuits)

— Static-0 Hazard: The output should be 0 but goes momentary to 1 asa result of

an input change. (possiblein  OR-AND circuits) 1 ! R
0 m 0 0 ‘
Static-0 Hazard Static-1 Hazard
Dynamic Hazards. The output changes morethan once asaresult of a
single input change (impossible in 2-level circuits). 1 1

o | L

Dynamic Hazard Example

Static hazards can be detected and eliminated for 2-level logic circuits
using K-maps.
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Example: Circuit with Static-1 Hazard

o A static-1 hazard existsin thefollowing AND-OR circuitwhen X =1,Y =1
and Z changesfrom 1to 0 (assume all gates have propagation delay D):

Circuit
Timing Diagram

D
Z’ 11—
15 0 0® 1 1® 0® 1 Z 0
E
:D_ Z’ 1 ‘D}
1® 0 0
Y = DT Z Y. 7 1
0
K L D
“map X Y.Z Ml
XY > D Steady-state
Z 00 01 10 output
0 2 X.Z' S D
0 1 0 >
Time

Fll
|E
1| EE; }Z F=X.Z' +Y.Z

EECC341 - Shaaban }

#77 Midterm Review Winter 2001 1-22-2002



Eliminating Static-1 Hazards Using K-maps
A static-1 hazard occursin AND-OR circuitswhen an input variable
and its complement are connected to two different AND gates.

Static-1 hazards ar e found using k-maps by finding adjacent 1 cellsthat
are covered by different product terms.

To eliminate static-1 hazards, additional product terms (prime
implicants) are needed to cover such cellsthus covering the transition of
thevariable causing the hazard.

For in the previous example the static-1 hazard is eliminated by
Including the additional product term X .Y

X
XY - - ~

Y.z v X.Y
New F=X.Z'

Circuit with static-1 hazard eiminated

X

0 2 6 —r 4 X.Z Z’
0 PN e o5 P

+Y.Z +XY
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Eliminating Static-O Hazards Using K-maps

A static-0 hazard occursin OR-AND circuitswhen an input variable
and its complement ar e connected to two different OR gates.

The procedureto find and eliminate static-0 hazardsusing K-mapsis
donein a dual way to finding static-1 hazards.

Static-0 hazards are found using k-maps by finding adjacent O cells that
are cover ed by different sum terms.

To eliminate static-0 hazards, additional sum terms (prime implicates)
are needed to cover such cellsthus covering the transition of the
variable causing the hazard.
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