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Purpose of the exercises

The aim of the exercises is to learn about the help computers can provide in the circuit development.
Help — as the name suggests, it is not a substitute for human, but it can help him to do his job faster, and
with fewer mistakes. These exercises will allow us to get to know the companion in the form of a computer
that can help us in many situations.

1 Description of the first task

~— Task 1 <

Prepare your own definition of one logic function to be minimised, satisfying the given conditions:
a) number of inputs either 6 or 7,
b) number of specified on conditions (elementary implicants): at least 5,
¢) number of specified off conditions (elementary implicates): at least 5,

d) when minimised to SoP form, obtained products included in the minimised outcome cannot be
single-variable products, and after minimisation none of the input variables can be reduced

Minimise the function with the software implementation of Kazakov algorithm.
. J

1.1 Tools used to perform the tasks

In order to accomplish this task, a website was used, which is located at the web address:
http://zmitacsim.zmitac.aei.polsl.pl/Kazakov/Page1.aspx

I entered the following function of six variables in the individual fields:

F =3%(16,24,31,43,46,52) s 2s wazswom zo
F =TI(11,13,28,37,42, 54) s 2504 msmam1 20

Kazakov method - data input

Method: [SumOfProduct v)
Calculate mode: | left to right - v|

| Add [ Delete
16, 24, 31, 43, 46, 52

Add number:

Implicate list: P

| Add [ Delete
11, 13, 28, 37, 42, 54

Add number:

Implicent list: 2

Add number 11

| Reset || calculate |



http://zmitacsim.zmitac.aei.polsl.pl/Kazakov/Page1.aspx

Then the appropriate steps of the program were displayed:

F1: Fi:
Dec|x0/x1[x2[x3[x4/x5/Nr imp Dec x0|x1|x2|x3|x4/x5|Nr imp!
F1: _ B oj1|ojolofo| 1 w|ojrjofelolo| 1,2
Dec|x0 x1 x2|x3 x4 x5 Nr imp 24 [0 olo 2 24 D.I-D 0 2
16 0|00 1 31|0|11]1]1]1 3t|o|1|1]1]1|1
2410/1]1/0]0/0 4310|1011 4310|1011
i;i’;i;ii 4 1]0|1|1]1]0 4 1]0]1]|1|1]0
s2(1|1]|o|1|0]|0
1o 1110 s2|1|1|o|1|o|0
s2(1]1]of1]o]o Fo: For
Dec x0[x1 x2 %3 x4 x5 Dec/x0 (%1 X2 X3 x4 x5
Fid:

P ey e By 11jofof1|of1]1 iilofo|1fo11

alololilollla 13jofol1|1|of1 13lofo|1f1]ol1

=lolol1l1lola 28 (0|1]|1|1(0f0 28(of1|1|1]0]0
wlolilililolo 37|1|ofo|1]o1 37|(1|ojo|1]of1

7 (1lolol1lol1 42 1|of1|o|1]0 4z (1|o|1fo]1]0

2lilolilol1lo s4(1|1]|o|1|1]0 s4(1(1|o|1]1]0

>4[1]1j0j1]1]0 Cover of implicate Cover of implicate
Cover of implicate NrImp  Value NrImp| Value

NrImp| Value 1 |{~x0) * (~x2) 1 |(~x0) = (~x2)

[ 1 (x0) = (~x2) 2| x1*(~x3) 2 | ar(~x3)
Number of implicate: 1 Number of implicate: 2 Number of implicate: 2
Cover: [~x0) * [~x2) Cover: x1 * {~x3) Cover: *¥1 * (~x3)

Step 1 Step 2 Step 3
F1: Fi: F1:
i : x1x2[x3 i
Decx0 x1 x2 x3 x4 x5 Nr imp 0] x2 /3 x4 x5|Nr imp Dec|x0 %4 x5 Nr imp
16|0|1]ofalola| 12 %lol1lolololol 1o t6/of1]ofofofo] 1,2
24|0j1|1{ojojo| 2 alol1l2lololol 2 24|10(1]1/0j0]0] 2
astfof1|1]1]1]1] 3
ol > s1fof1faf1|1]1] 3 Toliotal il 4
46 1o s
401110111110 4611]0]1]1]1]0 s2(1(1|of1]0]0
s2|1|1)0|1 (0|0 s2|1|1|0(1|0Of0
Fo:
Fo: For Dec|x0 |x1 %2 x3 x4 x5

Dec x0x1 [x2 %3 (x4 x5 Dec %0 x1 %2 [x3 x4 x5 1lololiloltl1

11|ojof1]|of1]1 11]0j0j1)0j1 1 =lololililoll

1lofol1]1]o]1 13/0]0]1]1]0)1 28 of1|1|t]o]o
28fof1]11]o]0 281011/1/1/010 37|1]ofaf1]o]1

37 |1]ofof1]o]2 37/110j0)1]0]1 42101010

42 |1]ol1]o|1]0 gi?;gig 54 1]1]of1]1]0

4|1 /1]0j1]1]0 Cover of implicate

o ___ Cover of implicate NrImp  Value
Cover of implicate NrImp| Value w0 * fror
1 |(~x0)* {~x2)
Nr Imp| Value 1 "
. (~x0) = (~x2) 2 %1 * (~x3)
1 (u){ﬂj} ('\-’){2) > Xl*(")@) 3 x5
2 ®x1 * (~x3
i ) 3 %1 * %5 4 X0 * %2 * x5
3 x1 x5 4 | x0*x2*x5 5 |x0*x2*x3
Mumber of implicate: 3 . NMumber of implicate: 4 Number of implicate: 5
Cover: x1 * x5 Cover: x0 * x2* x5 Cover: ®0 * x2 * x3
Step 4 Step 5 Step 6



F1:

Decx0|x1|x2(x3 x4 x5 Nr imp Decxﬂxlx‘)lzxnﬂfxﬁﬂrimp
16|0j1jojoj0j0o| 12 16|0[1]o0lofolo] 1,2
24 (0(1|1|0|0|0 2 24lol1l1lololo 2
Jifoj1|1)]1|1|1 3 31lol1l1|1]|1]1 3
43 (1 (0|10 |1 |1 4 a3l1lol1lol1]2 4
46 (1 (0|11 |10 3 a5 l1lol1l1l1l0o 5
sz o[ o] o H DA D
Fo: Fit:
x0x1x2 x3 x4/x5 x0|x1 %2 %3 x4 X5
11jojo|1|0|1|1 11{ojoj1(0o|1]1
13|0j0f1|1|0|1 13(ojoj1(1|0f1
28(0(1|1)1|0|0 2alol1l1|1]|0]|0
37|1j0joj1]0|1 37(1]ojoft|of1
42 (101|010 42 1|01 |0|1]|0
¥(1(1|0|1|1|0 S41)1(0|1|1|0
Cover of implicate Cover of implicate
Nr Imp Value Nr Imp Value
1 (~x0) * (~x2) 1 {~x0) * (~x2)
2 %1 * (~x3) 2 %1 * (~x3)
3 %1 * x5 3 X1 * x5
4 ®0 * %2 * x5 4 x0 * %2 * x5
5 ®0 *F %2 * %3 5 X0 * %2 * %3
6 |0 = x1* (~x4) 6 (X0 * x1* (~x4)
Number of implicate: 6 Number of implicate: 6
Cover: %0 * x1 7 (~x4) Cover: *0 * %1 * (~x4)
Step 7 Step 8

The result of the program is the following minimized form of function:

F=x17T3+ 125 + 922 x5 + Tog T2 T3 + Top X1 Ta



2 Description of the second task

~—{ Task 2 ~

Copy the minimised logic expression obtained by Kazakov algorithm as the input definition of the
function to be implemented with multiplexer and demultiplexer elements. With the help of MUX-

DMUX software obtain the following solutions:
a) 16-bit MUX + gates
b) 8-bit MUX + gates
¢) 4-bit MUX + gates
d) two different DMUX-MUX structures

e) atree of 4-bit MUX
While using gates choose only the type available in the laboratory — either NANDs or NORs.

N

2.1 The way the software was used

The minimised logic expression obtained by Kazakov algorithm in the previous task was:
F=27T3+ 2125 + o2 5 + To X2 3 + To T1 T4

The above function has been entered to the program using: File — New function — Literal representation.

Muzx and Dmux (Untitled) - O X
File | Realization Help

O Mew project i
& Open project

m EI Canonical representation
i Open function Literal representation

: Input data

Erter the function in likeral form:

| b e S PR e et I Py R

]9 Cancel

[ Minimize

The circuit diagrams, and solutions are then generated by the corresponding wizard under the Realisation

tab.



2.1.1 16-bit MUX + gates

Function:

“w3x1 + x0xl + x5x2x0 + xIx2x0 + ~“x4x1x0

Realized in the stucture:

Multiplexer and Gates

X 2:Dc~—
nd

2.1.2 8-bit MUX + gates

Function:

(]

LN o fad

a LD OO ] O

x2 0

~udul + x5l + ¥5x2ul + x3x2x0 + “xdxlx0

Realized in the structure:
Multiplexer and Gates

e
nd

xl x0 x5 3

& W e L R

o

0 ®2 x3 1




2.1.3 4-bit MUX + gates

Function:
~x3x1 + x5yl + x5hxZx0 + x3x2xw0 + “xdulx0

Realized in the structure:
Multiplexer and Gates

2
%3 nEZDué )
W ~uT Ay omn
X B
]
x5
2.1.4 two different DMUX-MUX structures
Function: Function:
~x3x1 + x5x1 + 1Du2x0 + k35210 + ~“x4x1x0 ~x3x1 + k5x1 + x5x2x0 + x3x2x0 + ~x4x1x0
Fiealized in the structure: Realized in the structure:
M?.lallliz:Iel:m earsll[iuf):[lzulliplexet Multiplexer and Demultiplexer
-
i
FOEE
v el
[
x2 x4 |:
x5 x3 x2 ol v v
12345686
012 (I
Al—=0
1x20 0 |
F
4-bit DMUX and 16-bit MUX 16-bit DMUX and 4-bit MUX



2.1.5 a tree of 4-bit MUX

Function:
~x3x1 + x5x1 + 25u2x0 + x3x2x0 + “xdx1z0

Realized in the structure:

Multiplexer Tree

0 0
I :
1T x2 ’7&,‘ Al
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3 Description of the third task

Prepare your own definition of a program for an asynchronous sequential circuit for which SST is
unsolvable without auxiliary state variables. List it as a switching sequence and provide this definition
to the software, then proceed through all steps of the design.

3.1 Using software to solve the task.

In order to accomplish this task, a website is used, which is located at the web address:
http://zmitacsim.zmitac.aei.polsl.pl/SST/Input/Input

In the first step, I enter the definition of the programme.

Switching Sequence Table method
for synthesis of digital circuits

Input data Initial table @ m Solvable SST

Enter data

Input type: O Diagram @ Formula

Formula: [x1+z1+x2+21-x1-z1+x3+21-x2-21+x3-21-
x2+z1+x1+z1-x2-x1

Solve
Step 1
Initial table
Changeld O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

X1 - + - +
X2 + - +
X3 +
Z4 + 5 + o + 5 +

Nes oo 1 3 2 1014 6 4 1228 0 2 101 3|

Step 2


http://zmitacsim.zmitac.aei.polsl.pl/SST/Input/Input

Changeld 0 I1 2 3 4 5 6 7 8 9 10 11112113 14 15 16517
X -+ - + !
)(1 ! + * !
. | . ' P
: i . i
Z1 ! + - + - + - + -
NCS 0 - 9 11 3 2 10 14 6 4 12 8i0}2 10 M 3 -
Step 3

Merging

Changeld O 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

X1 - + - +
Xz + - + -
X3 + -
Z1 + - + - -+ - -+ -
NCS o o n 3 2 1014 6 4 128 0 2 10 1 3N
Regions —R3 RO R1 R2 R3 —
Step 4

Encoding

Changeld 0 0 1 2 3 4 5 6 7 8 9 10 1 11" 12 12 13 14 15 16 16 17
X1 - + - +
X2 + - + -
X3 + -

z4 + - + = + = + -

v L EEI O]

NCsS 6 0 1 9 11 3 2 10 14 6 4 12 8 40 32 48 50 58 59 51 19 17

Step 5

Solvable SST

Changeld 0 0O 1 2 3 4 5 6 7 8 9 10 11 11" 12 12" 13 14 15 16 16" 17
X1 - + - +
)(2 + - + -
)(3 + -
Z1 + - + - + - + -
o0 - +
q1 + -
NCS % 0 1 9 11 3 2 10 14 6 4 12 & 40 32 48 50 58 59 51 19 17

Signal Z()Q1QUZ1Xaxzx1 |_l()‘h“Il:z1x:s’(2)‘11
) 1,2,4,8,9,10,12,50,58 0,3, 6,11, 14, 16, 17, 19, 32, 40, 48, 51, 59
qo  17,19,32,48,50,51,58,59 0,1,2 3,468,910, 11, 12, 14, 16, 40
a1 8,32, 40,48, 50, 58,59 0,1,2,3,4,6,9,10, 11, 12, 14, 16, 17, 19, 51
Step 6

10



From the table above we read the following results:

Zl = 2(17 27 47 87 97 107 127 507 58)(]1(]0213731‘21‘1
21 =T1(0,3,6,11,14,16,17,19, 32,40, 48, 51,59) 4, go 21 25221

do = 2(177 197 327 487 507 517 587 59)‘11‘10211'3-’172-’101
g =11(0,1,2,3,4,6,8,9,10,11,12,14,16,40) 4, g0 21 w332 21

ql = 2(87 327 407 487 507 587 59)‘]1(10211312361
¢ =11(0,1,2,3,4,6,9,10,11,12,14,16, 17,19, 51) ¢, g z1 557221

4 Conclusions

The use of a computer, which is able to give the results of many useful algorithms very quickly, significantly
accelerates the process of creating digital circuits. We ourselves use various simulators during classes,
which allow us to check the operation and correctness of systems. In these matters, the computer can be
of real help to both inexperienced circuit developers (as way to learn) and experienced circuit developers
(as a quick way of checking the correctness of advanced systems).

11
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