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Why do we learn digital circuit analysis

We cannot store information in an analog way.

Computers often chain I%gic gates ‘ro?e’rher, by ’rakin19h’rhe
output from one gate and using it as The input to another gate.

Circuits enables computers to do more complex operations than
they could accomplish with just a single gate.

Logic gates are used to define the state of a system that has
mdhy inputs and outputs so that more complex units are created
such as arithmetic units, shift registers, memory elements etc.

Programs are written which manipulate these complex units
giving what you see on the screen of your computer etc.



Cool Example: CPU

8 bit CPU
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How this class will work

Instructor: Dr. Bahman Moraffah
Grader: William Shih

UGTA: Alden Davison

TAs: TBD

Class will be in-person or via Zoom

Office Hours are virtual, and you should join using its own zoom
meeting (It is different from Zoom link for the lectures)

All of us should keep checking both Canvas and Course website
for updates!

Class is cumulative, so keep up with the materials and
assignmentsl!

5-6 assignments + Lab reports. They all must eb submitted on
Canvas. No email or in-person submission will be accepted.



Logistics

* Class meet: Tuesday and Thursday
In-Person (Alphabetically) or through zoom

Find the zoom link on Canvas!

+ Office Hours: T TH 9:30-10:15 am (Virtually through zoom).

The link for office hours is
different from the lectures!
 Course

Website: https://bmoraffa.github.io/EEE CSE120 Fall2020.html

 Canvas: _https://canvas.asu.edu

* My Email: Bahman.Moraffah@asu.edu




Exams and Quizzes

Exams/Quizzes Date \D' O(}( ©
Quiz 1 September 1 \CD\) g\‘\o«’\{’&
Quiz 2 October 1 .

Midterm October 20 X v\\g{\\\jm\@
Quiz 3 November 3
Quiz 4 November 1
Final Exam As scheduled by ASU

Exams will be though Lockdown Browser. Try to familiarize yourself with it.
This method records video and sound as you take quizzes and exams. You will
be required to use this method to take quizzes and exams whether you are in
person or participating remotely.

All quizzes and exams are closed book and notes.
Exam and quiz dates are subject to change.



Course Grading

Distributions
Lab Report 25%
Assignment 10%
Quizzes and Attendence 15%
Capstone Project 10%
Midterm 20%
Final Exam 20%

*For the letter grade check syllabus.
I will not curve, but I will provide a lot of opportunities to earn extra credit.

Extra Credit: I need volunteers to take notes each class, type it up and send it to me so it can be
uploaded for the entire class. Each student can scribe at most 2 lectures.

eIncorrect Work & Correct Answer = NO CREDIT.

*No Work & Correct Answer = NO CREDIT.



ASU Sync

This course uses Sync. ASU Sync is a technology-enhanced approach
designed to meet the dynamic need?‘ of the class, During Sync
clasdes, students learn ' remotely through live class lectures,
discussions, study groups and/or tutoring.

* To access live sessions of this class go to the Canvas shell for this
course on the side bar click on zoofm and choose the lecture, you
should attend.

* Classroom attendance is limited to 50% of the capaci’r?; of the
room. Therefore, it may be required that you attend ohe day per
week in person and one 'day per week online. For more information
check the syllabus.

 If you cannot ﬁhysically be on campus due to travel restrictions or
personal health concerns, you will be able to attend your classes
via ASU Sync during the fall semester. If you will not be on-
campus for the fall'semester, you are expected to contact your
professors to make accommodations.

* You must attend lectures either in-person or through zoom (your
choicel). Note that attendance is mandatory.



Labs

* 5 Labs + Capstone Project
« Lab instructions are posted on Canvas.
« Capstone will be posted and discussed thoroughly in class

* Lab Reports:
e Lab results (schematic diagrams, timing diagrams) will be filled into a lab template. Lab templates will
be posted on Canvas.

e Lab temé)lates have to be completed and submitted individually. No group submissions will be
accepted.

* Copying full reports or sections of other students, except for data generated as a group effort, is
considered an academic integrity violation and will be reported.

* Students must indicate their lecture session (instructor and meeting time) as well as the names of
their lab partners on the lab submission.

* Submissions must be in electronic format (doc or pdf, no individual jpegs) and must be submitted via
the submission link on Canvas. No paper or email submissions of lab reports will be accepted.

e Late lab submissions will be penalized at a rate of 10% per day late, up to a maximum penalty of 50%.
No lab reports will be accepted after 5 working days, unless there is a valid excuse.

 Capstone Project:
* This lab has to be performed individually, not as a group.

* Students have to pick a one-hour time slot within their session to demonstrate a working finite state
machine de5|§n, implemented in programmable logic, to the TA, and explain the operation to the TA to
be graded and approved for completion.



Course in one glance

ihu’ Syllabus, Introduction to EEE 120 & Electrical
ug
Fundamentals
20
Tue, . .
Au Logical and Binary Systems, AND-OR, NAND-
25g NOR Logic, Truth Tables, Realizations
Thu,
Aug Number Systems, Addition
27
ge li)e’l Half Adder, Full Adder, Multi-bit Adder
Thu, 2’s Complement Representation, 2’s
Sep 3 Complement Arithmetic
Tue,
Sep 8 Boolean Algebra I
Thu,
Sep Boolean Algebra I1I, SOP & POS Forms

10
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Thu,
Sep 17

The Uniting Theorem, Karnaugh Maps

Tue,
Sep
22

Karnaugh Maps, Min SOP & Min POS, Don’t
Cares

Thu,
Sep
24

MUX’s, Decoders

Tue,
Sep

29

MUX and DEC as Function Generators, PROMs

Tue,
Oct 6

Tri State & Open Collector Buffers

Thu,
Oct 8

Sequential Logic, Latches

Tue,
Oct 13

Flip Flops
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Thu,
Oct
22

Synchronization and Registers

Tue,
Oct

27

Synchrounous Counters

Thu,
Oct

29

Synchronous Machine Design, Moore Machine

Thu,

Nov 5

Mealy Machines

Tue,
Nov
10

Design Project

Tue,
Nov

24

Brainless Microprocessor

Thu,
Nov
26

No Class: Thanksgiving Recess

Tue,
Dec 1

CPU Architecture and Microprocessor Systems
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Electrical Fundamentals

“Charge” carriers are the reason why we can observe
“electric” phenomena

Electrons are charge carriers in metals

Conductors: materials having lots of freely movable charge
carriers

Insulators: materials that have no freely movable charge
carriers

Energy source: Charge carriers with a potential energy

Voltage: Electrical potential — energy needed to move a unit
charge from point ‘@’ to point ‘b’

Current: Amount of charge that flows per second in a
conductor

Number of charges must be constant at all time — closed
circuit necessary (Law of Conservation of Energy)
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Why digital design

« In 17t century electricity was discovered.

* Built a switch to turn things on and of f
o They were huge switches

o Switches:

o Insulators: Prevent the flow of electricity (Rubber)
o Conductors: Allow the electricity to flow
o Vacuum Tube: Amplify current/voltage and act like a switch
= Very expensive and not durable
o Semi-conductors
= Make Transistors (Bell labs)
= Befter than Vacuum tubes most of the times
= Disadvantage: Electromagnetic pulses don't work on vacuum tubes but works on transistors
Q Transistors:
Q Analog > Continuous time
O Digital > Discrete time ( We only deal with {0,1}

o Electric circuits: Circuit diagrams are a schematic representation of the
physical circuit elements and wires.
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Convention

Resistor  Switch

N N
Light-
Voltage |
Sourge — emitting©
Diode
Conductor/'

Switch off = circuit open

Switch on = circuit closed

LED off LED on
Circuit Open (FALSE) (0) Switch off
Circuit Closed (TRUE) (1) Switch on
ATTN: Active high > True =1 Active low = True=0
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Switches: Connection

1Series Connection
« If switches are back to back

« If two switches are in series, then circuit is closed only if switch A
and switch B are both closed

Parallel Connection

« If switches share the same head and tail

« If two switches are in parallel, then circuit is closed if switch A or
switch B is closed

A B ‘4A/
oo _— ‘?2,0_._ o s |
B
- - 2
- C) —— ©
Switch A | Switch B LED Switch A | Switch B LED
Off Off Off Off Off Off
Off On Off Off On On
On Off Off On Off On
On On On On On On
Truth Table



Next Lecture

* Truth Tables

* And/OR/NAND/ NOR/XOR/NXOR Gates
» Truth table for each of the gates

» Analysis of the gates



EEE/CSE 120: Digital Design Fundamentals
Lecture 2: Gates and Truth Tables
Lecturer: Dr. Bahman Moraffah

Fall 2020

Scribes: Xinyi Ma

How to connect switches?
1) . series: back to back

A B
\_0/

LED

Switch off &= False&= 0
Switch on &= Truee= 1

For the above series, only A open or only B open, the LED will not on. LED is

on if both A and B are closed.

4 possibilities:

=Qutput

el Lt (= =R
= OOl
===

Truth Table shows all possibilities of outputs.

::}A.B

“AND” gate only true when both A and B are true.

2) . Parallel: sharing the same head and tail.
A

B [ED




Two switches are in parallel, so output is on if the switches on in both .

A B Y=Output

R oo
Rio|R|o
[y U Y

A
A+B
B

“OR” gate will be true if A is true or B is true.

Question: How do we design a truth table that allows the LED to turn
off/on with each switch being independent of the other?

A B Y
0 0 0
0 1 1
1 0 1
1 1 0

e

“XOR” gate(not series, not parallel) gives true output when the number
of true inputs is odd.
Explanation:
LED is on when 1). Switch A is on and Switch B is off(not on) OR
2). Switch A is off(not on) and Switch B is on

A Y=A

B NOT Gate

A Y
0 1
1 0

“NOT” gate is one the outputs the opposite state as what is input.



Input% Output

“Buffer” gate is the one that outputs equal to its inputs.

A(Input) Y (Output)
0 0
1 1

“AND” gate combines with “NOT” gate: “NAND” gate (means not “AND"”)

A~ b S — T

=

— B ~
A B Y(final output) | C(before”not”)
0 0 1 0
0 1 1 0
1 0 1 0
1 1 0 1

“OR” gate combines with “NOT” gate: “NOR” gate (means not “or”

Y(final output) | C(before “not”)

1 0

I == S
o |o|w

0 1
0 1
0 1




“XOR” gate combines with “NOT” gate:"XNOR” gate

) i)

A B Y(final output) | C(before”not”)
0 0 1 0
0 1 0 1
1 0 0 1
1 1 1 0

The number of possibilities for outputs depends on how many input(n):
The number of output: 2*n
Eg. 2 inputs --- 4 outputs

3 inputs --- 8 outputs

4 inputs --- 16 outputs

Example:
There are three inputs A, B, and C go through the following three gates

A ]
A B Y ! ”
B Y c , %
C C

AND Gate Or Gate and XK Gee  ist the outputs for truth
table forY,Y,and Y”.

-
-
-

A B

el el = ===
==l e ==

=l =l =l =
==l === =1=1
el e e =l
==l =l i =




Example 1.

Y=A
_ / 0o =
The output Y depends on A: A ~
so the output Y=A 1 -
Example 2.

Y=0

Y=1

Example 3.
A B Y C
0 0 0 1
0 1 1 0
1 0 1 0
1 1 1 0

(the final outputs are the same as “OR” gate)




Example 4.

A B Y C
0 0 0 1
0 1 0 1
1 0 0 1
1 1 1 0

(the final outputs are the same as “AND” gate)

Example 5.

N Y ==
Rlo|r|o|w
[ Y T Y T




Example 6.

Ly, Y=o (em)
=

A B C D Y
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 1 0 0 0
1 0 0 0 0
1 1 0 0 1
1 0 1 0 1
1 0 0 1 1
0 1 1 0 1
0 1 0 1 1
0 0 1 1 1
1 1 1 0 0
1 1 0 1 0
1 0 1 1 1
0 1 1 1 1
1 1 1 1 0
Explanation:

1). For “And ” gate, its output is AB, which means only when A and B are
1, the outputis 1;

2) . For “OR” gate, its output is C+D, which means when A is 1 and B is 0,
Bis1and Ais 0, or both A and B are 1, the outputis 1;

3) . For the final output Y, it is “XOR” gate, which means when the values
of inputs are different(Ais 1 and Bis 0, or Ais 0 and B is 1), the output Y
is1



L eure 3

CEE/CSE { 70 . numeer System. pﬁ“‘wﬁ |
AL
x |10 = ZC‘ 0

!

(Q’SH) qxlb+5><\0 6
’I"F 0

10 10 \ bost

Qo@ﬁ'

EO\SQ = |0 <> Decima) — G \0
C‘\ € {6/ ‘)Z/ e 5{(}
L}O\Se =2 Emar(j —> Ci{2 = C\‘Q{o, ,3

M)

k; %zi

JARSN
=0



Qﬁ (o%l_\ m { erms 6? Fomc(s 6 wa?
<gimué Y@?’ @{l ég‘ur>

B’mtf g De Qimcs ﬁi%@(ﬁ D;C;Wgtl

4 3

2 > ! 512
0" L S |02y
{i 8 ‘}ﬂ ) oL,(’g
&L\ |6 ~

;f Sl

o ¢y

) 9.9



9 7 3 |
_\x 2 2 2 0
éSL\ /;\_ .\:X -’ \x2+le T\Xz\?ole

oy

(\00@001[

Eme _of ey HEXRDEGMAL (HW}@ ¢, {16

B o 9
o <= A 124 ¢ _
I <5 B 13D 5 ©F

Iy QE






(50 =kl ol cogll V) o) Hex
IXZ\CZ/ 3 - 5
=3 oxLa IX2
‘f‘lXZ-\—‘XZ—‘[‘)
=
(2% € >%
Exampe <B S6E " \o\‘,\w?

A
iil
Ve

)

E:H4=lx2+\xl+\xf+ox2 é»{)

=S
.

G :{XZ ~HX1 > (o (”D/') S
3 = l)(l[ +L)(Q_Q . (o@\ \)



4 X tx2 & (Lol \3

(Lo Ll o= V) o Ve \\\®>
2

R=\l 4«hZ



65 = _
- ‘@\F—?‘— {
-, | == 0
R=0o x| N o 2 .
/Qo@% - o

= O >
KK O
0>
g \‘ y

W\OSX' S ﬂm{: C@W%"



N
7
2
| |
j)iﬂ@f\j ; [ o
=+ e o 1+ o. N
| | 0 I
N \/\/
\é\’{ *oxl)‘\-l\)ié%lxl
\ ST
\ \
\ o ||
\\Y o O ( \




][m€ €
\\o y \ h 30\"'\‘/6 f\Um bers 2

/CO > \\R) |




2} @F&e%
3,7

B, o ,15
we  sTU have our(-a)fo =le] UL
) KD BB
3] 1s C@my\emen’ﬁ Loon \ \T“‘E’
e |

Ru\ﬂ o&/*\\\)mbj 1o ﬂQ-} oL V\CTML(M' numbery  om =«

Pos'\iﬂ‘\/e Nuwm bev

which (f added fo the
\ Now B & — || \



Lecrute L7 : R |
EEE/@E |20 9% Complemernt ond  Ns Avithadi ¢
VW

- Hw1 fs  due 8ep 3

- Labe IS due  Sep 14
_ Quizt s on <P 5

_ oHice hoors =TT CB(“'BOPM

_ 'go'm the. Lob zZeem meéh'y\f) & Ahere (s

oN  (SSVUe LM/ Lobs .

— When  You  Scipe Jou ned o sewd the oty
o me  Within 7«4,0&5»



Defeninde  Ngarive  numbery

Nl 6 0 | — —) Peoblems = 1) "o s T vep-
?DS_"’?O O \‘\>_\_\ 2)\_\_<\\3:l&0
@ @p; SQH{YB ‘(Dm\o\{m s A () :F 6

\3] 2.8 Qm?\emeﬁ
‘. = eND \(\0\5 oNe Y‘@ .

L. |+ Q—\> = *®
S Si%nec\ bk VS part o the number

4. poslive nombe’s  SFAY  the Qame.






How 4o qet o Y\ﬂ%aﬂve nomber  fygpn O PoSive  vyuwber

Rule = T Find Ahe nowber  which  odded do the  origing
Nomel  Fhat resolrs o 1171

2 odd V' Fo Tht nonber

e




Anether /Wota of Ub‘ﬁ%\i(\& e e -

A\ Flip at dhe by
ot the  orgina! hu‘ﬁjbﬁr* nyeE

2 Add L 4o i+

£ xamele - (O \ \>’—=?>\o

\s(LUf\— \/2.‘ =73

@ ’\T’:\\Q@\Y\& e o : N\ o o
@D Add 4 1o ik




EXOmpI€_ - 25 Complement 6% o Negafive ngmbep}

Mo 1) =63,

(1) Sigping was — (O °),
> A A Ao =

(1A lx2 = R

, 1
ey mp\R - 25 C@W\\o\emem—} ot o0od ?
TR S S

@’Q\‘Wma e i —> L \XB S
D To 4dd L Yo ’Wf\e Loy

© \

R o o O






Exampie o | | o

Flip ail dne ity = | e
Tz e add 1 toil 2

Quick oy sf  Lempoting 25 Comglerment-

{

pot  the Ciest 71 and  leave  werythng
\)? ) et u’l-ll and *\jﬂﬁ\ Q\“P? Hro
Cest  of Ahne bis ‘o Mo lefd

‘ — teﬁLS"’ S,
07\(6¥\\ | E ‘ L _ .




Example

wred  Dinary
2 : O numbers  Can be  Pos.
- Addihon . or neg .
@ AXNon deesnt Care
Qoo ¥ SgN -
o @ o .
. ® ] °© | — D S
- T 1
M o o \D —> 8\\_,\7\7”1 — i
| | \ | ’ 2o L_z>lo
/ Y




Elaapl€ ( a o b —> 0o |1l — C“ 7>
l o s - 9
WS 4 ——
g% ( D \ o o= / \CT _/\
& \ S
< R / Dot o
O\ LW
Pod Neg Pos N
VOS‘(

ot .
when we ook aF the sk Sign. bt
£ coarmy in ':# Cary ovt — o



\ Q
pRd 23 Lsmp\eme(fr ot e &\\bu&w\o&_\
howbers and  dderming  ushen  Wwe o

5 (O3 B

g
D © o o \ 60—%% Lol
+ 1
O\*)S O \ \ OTQ \t\o
b5 e —\-

< (\/
ﬁlf/ ] [@
- N S
] — -3 C/C\\r(\&/\n ¥
= TG









A
© O 2 © \ ’
: o | | e
O [ o | l | 0
o \ ( O | | % FT = Cin
e .
- — = =T
\ © 6 \ | || o
\ o | x f BC
\ 0 | | +
\ | o \‘] o || 1 ¥ ABC,
\ ‘ | '\l\\\ \ /’J; \ ‘ v '/:‘ % Cf.x“‘-
Vo'
Ce an \C(“+ZT\
Cou = HBC.nw—* @f‘ﬁ%ﬁ/ T, K
[ AR -\—P*‘\>Cw\ G rBGn P{B[i i L e | \

N









we  overflow As

Corry in % Carey Yo



Subhrector :{

Seb = o =) we e O\C\CMKS
QU)) = 1 @ %Ub)ﬂ’b\dﬂvzﬁ









WIS s Y

EEEKE 20+ [Beolean A\Cae}m‘x

—

| X
ctEfse o - Quizl™ b
| ©
- _ /

‘O&\\mo\n. Y‘{\Om\%o\\\ @ SV - edun






® Clysore. -

|4\ = | , 1®) =0
o gt XoR gate







EX. prove  that . A-(B+c) = A8 4 #-C
. At (B:Q) =(AtR) (#<)

B S (| ABaB-C




A-O0=o0
A-1L=A

AND ﬁaﬁri

A+l =1
ArA = A

Y )
oR ﬂoﬂrﬂ



E ' QmSZle ¥ t O ’{h ﬂ(ﬂ~€

(( gﬁ
; _
: Example Y: AR+ AR -
’ p Abr A8 e = B3E
Copenicd Form %\2«5\\‘6&
(o

\9



dum of Producks Rule : (S®P>

@ Fiad e Ves  1n Andn Yoble for which  Hae

7

oufpur e 1.

ulh/ m?U\’ Varnables

!
' Fn sdudt oF A “
@ wote down  The  Preduc o }\ y

u

and Vvert Apnese  oNe  zexe . \ C(N\

"\




Bample ™ B 4 pos N
—= T <[, Jo);
< | | \<—FRB sl
TR B [P e
L 0 Y_,:Qq—k:()\r{» — AR 68
=fHa B
A~



L&‘w«t-j
CEE /QSC

' Boo\eom A\?Q\gmfﬂ:

T closore (14l =\ /\6\3\:0)
[\ Asseciodingy

AB-C =(p8)C= A.(B-C) =(C-A)-B

@ Newhal  element @A@M"*\p
ADB= A

AB: A PV‘\‘B: A
? ¢ _
’%:__1 B-’—‘-D R=oc
M) Tnverse o lement
A-R=o A+B= ASB=
LJ//—’\/?‘ .
&—’\/;—/ N
B= A



(5) Commantivily
AR =B.A
@ DQISXYYIJ \)\)“f\\/\"rj
@ A-(rc)= ABTAC

N
© py(8-C) = (A8)- GO



1A B [Y=ptp
Py p—

e o) | e AR

’ D - +HB + H
L_}W . BB T L_/v_:r_) (A—kB |
ol { o | VAP Car\on\mﬂ o em | gm?hﬁ&

f0m
30y | j | <« AR
im@ zm
Ne(M

00— o o~ o

o| —>\

| o— L

VI — 3



(= Box pBran < For o) (i)
SRS
l

\ o e——

AR - AL anve\rsg)
Fe A Qmﬁ)m@

- (Aan)- (Bta) O <s*«\\9u+w@)
.1 »(B—%A) CiﬁVUSﬁ)

(B ) C mm;ﬂ)
= b (Coppadads ve@)



Etample - F(ab,c) = abe 4 abe + abc 4 abc

= 6\&>C—>r QF\;Q — C’\\SQC/‘/EJ
|

- \ b

N

_ aba 4 a-(Bba 4+b

- aba ta. (W.(u@
\

_ abc 4+ O (§+\>>
_ abcg 0&-C ok

a\:—\f&‘C + ok

.,U\& D+a C+ab

:b.c_yOkCJcO&b






R Con we Use NN\qu 90&65 of Y\f\lO(fZM gates  to
build oy elreud 7 Yes |

NAND

@ NAND o Lowld o

=
o~ = A A

+o \Doi\e\ A‘ND

A A
=\ 78 P*‘B@;’_B/Dfﬂ

NOT  gate !



N V .
Def: we Gl & Gate {”UﬂCJflOV\OLu(\,J Complete (-
WwWe. on \Jse H\OC\‘ qc;\‘e Yo bo\‘\g\ “AME/ w@qz}

J;\Mﬂ‘u %ca)lt,g.

Exomple | NAND N ’@UAC:HDY\M% (omplete -
No R 13 ’FUVLC:HCMqu,% @mv\eﬂ\e‘




Trample = XoR. gate —=>build X6R Yate in ferms of
NAND  gafes .

po® (xR
o o 2 - VXOR: ;;B —\-a
o f | «— A B 2

f

- V




S"QR)S o %U\‘H o Cleot o tderms ot H\NPrNDQ qates  or
N W
NOK 50&@3 :

@ i d the QCKUCL"HOY\ Yq)\( useﬁﬁn?r the 3cﬁ6 oV I@C\&&A

@ Draw  The @\uoérfoﬂ NI ‘\"%i@ atentian 46 the
NAND o NOR_.

@ (F\o‘“‘ey T\ Yo bbb e Some

@_A__ A 08 A A
O\ AR — i







_echove B :

Y

\\Sumo¥ Prod,mg\— X \Dmo\uw)r of gum

CEE / CSE 120 :

@) HW2L s de \fookovét —s HW3 is op Wy
@ wob o IS due ”\‘O%
@ &(’/@\LB Noure 'T'/Fﬁ 830 — (OS5 #M

@ Short Quzl s on 'me%%_,



EXample . Nanp qates ; NoR gafes WOU*’\CJY(OM&&& Cawmplete

Row o 50\\& OWU Circonvy \lg\na\ NHND / NOL— 36&&?!
m WY\Re Aown ’H\e ’G\H\d'io\(\ USiV!ﬁ #(6&\(\“\-9\&3\6 qﬂd

“\

Avawy it f\O‘(W\o\\\db\

@ ?\% e  bobble game A 0 @ 8>
Role
0D 6P = Do D
N#*MD

@:}@j}? = .‘?;; o )
NO



EXapIe - Assome  we  have  access o Al inputs  as well as

PSR

ety CGYY)?\EW\%Y\JF ) Dre e %\\MRY\@, Aot US“\O%*

Qﬂ\j "N%wa ot s

u

%U’\,X,L, A\): C&(&_\_ (:_X 9\ (0\'\'L> . o










Row  do  do Product »F  sum -

@ look atr the lnes oF dne twth feble  for  which
fonckion 15 T

@ wY e the Som o~ The (nput Vaviavies. and

M b

Invey Woﬁﬁ bo\\\\c\\ ore One

@ \{\(\\u\c\'\?\\& o\l the <Sums.

{l((\(\),c> — Q—_\;Q "VO\EE: < F&‘DE/ <CLW\DV\\'OVQ/>

e WA~ sl

F(a/\»/c) = bl E\S






Example

&) Wite  the

T—'(O\;\O, C>

Cononi cal
)1>> Wire e Canonicod

C\ wyite  The ’EUY\(_A’(OW oS

- obl 4a

A —

Cof -
Pos

S

mip—Yevin  LXpression

&> wote  Ahe  dundhon o2 Max— Term L€ xpression .
Vg 8 C.: wa%ub,- C)
D o\ e
o | L= abc | —_
I o AR Flab,c) = abt AGerb e
2l | o 0 °<—(°\+E+C) Do begcse ¥ é}\‘/’f}ﬁxo-\-\x“
3 T tcshe . Lt
i il \"“jf'\ : e | — (c; by \) "\Mx\ -+ \x\_‘_b%\__x
4’,‘ .. O o} @L&+5+C> Ao, b= =) \ \
I =1 |1 ese _
= o P SNPRIIEEY
o { o
4— ~
7| 1y L2 (ERATY) ae, beo, o) ‘
m+i\x\+\x\ S



—

@ Y. 558 «abc qabe ave (50
® Yo (axbrc) (Fabec) (3250 (BbC) ()

@ Fab, ¢) = ZW\ 755)
T;LC\(\» Q> — HM b‘) 1” é/'/) r






Shert  Quiz 1 3

Assume  both inputs  and  their Complement  are given.

Drow — The fo\\ow\‘% Circul W\ﬁ om:j % MAM])” 3.,45 S

Flabedet) = a(berde) -+ £(cdwbe) -



L:eg‘ru e C{ :

—

Karnough Map (k-tmag)

@ HwW 3 1S ur on Canvas <DM: oct 1)

@ Lak 1 1S ur on  Convad (DM.‘ ;e/fzz)

@ @ﬁ(ce hours —T///H
@ Stark ins%o\\\m ok down

EEE/ Cce 120 -

\_/\' s

T:30- 1015 AM-

browser Ly  ex4ms.



T: ABC., ABC + ABC
ABL 4+ ABC LABC




R\)\es ol MiNimom  Sum of breduck .

\D F\f\d all  +he onés OnN e mCLF and Lorm  the - pp -
' N
@ QYo WP a)l Yhe ones n¥O  groups of 2 olements

<vem CMU / H@v'\mma\{) bor NOT m%““‘ﬁ) \ﬁ

D

Grevps  ave  Calleg implicants | o

Find  the Q&V‘Z\'eﬁ Greups Pogs’. ble :
PRUTNSS Xiamn
kv 'P fime. \W\Y\\C(ly\"( g

E\ Find QfooPs that  have oF  least & Swngle dne
" Pk e NOT Shared W[ anather Foup -
\_y eosential prime  implConts

‘@ A&d +h€ P(O&(LC\' teyms eof the P(@é\uc)ys ol
e ‘Q\immCLJFZd d\(\a)f\gmﬂ vorabo\@ - ,( ‘€§§€ﬂ)ﬂ\@\ Fm"\ﬁ \M?\LC_@, W)







Example - Ful| pdder

At R G | Cout V= BB+ ABC, +ABCH +ABG,
(o) o o 21 a
'l e o | |2 Q- S‘\m?\i(\é Y
7 o ( o o
b ¢ L *\ | < ARG, @ BOO\Q’(M\ A\a
\ o o |
3" oo ° @ C—mAP
g ’ o | - aABG,
. Lo | «— ARG,
7 \ . ‘ S ﬁ‘BC‘,\
_NBY
3 J i an\e v
| =
(3) \(\‘)\))(g )



C)‘X: AB Cin &+ PBc N\ BB +
(n BC
v/ 2 +~\-Pr%Cm

R+ = A
%C\“[//] + Acis [/Q + Prrs[cm//cm]

h %C(Y\ -t AQU\ —\—PJ&

@

&?)

0
|

o O

Lly/yk%

i

ﬂ‘{

| ITh

—

|

T;ﬁﬁTan+AQ%

/

B

\\i %Cm



Sep 22,2020
}e&we 10 % Karnewgh Map Q“’V‘AFJ Ot

Mcr\d&j 5.00-6:00 PM (ﬁz e
V\lednesd\aj 7 .60 PM )
Fhday.  2:30-%.00 pm

@ \——OE 610701'66 %ours

@ ®P1Ci(€ \%ON 930 — 10 j5 D (T/ﬁy

Your ComPpdter.

B) tue Guaros inshled 0"



EXQ“\F\Q . Mimmom <y o Preduct s £ NI e
Pabay= Tl s ae7)

:@E‘\‘BC *AE‘
«“




ZW\ (\)§/7/ I, 12, 3, Sy 'S)

« \Q/V\P\?
J O

= oo = 12

Il
P ¥
ke d + Bo{+q£



%\D’ . - 2‘7\( \ ‘ /7 Q\ o)
\*V,g/ :L‘ 1 ‘ f;v./ \\/\/ ©»
e -

Denorppss lw | BAE = AB /

—

flab, ) = 5be )(be) = (a3 bt c) (647,




How 1o wate min Pes

() Grovp Seros —> €sseniial  Prime mplicants

and  wnte  The \)mc\ug‘,

@ Wting  the woo\\,Lch terms and ignenting dhg
Cnanyg f>\9, ovioble — % Sum  them NP =—> r

@ UsSe D{W\Qr&w's | o> o ge)r = Q.



1 +3
4 S 6

78 9

fg)(obm?\i;

ovgey =1 L we
anukples o} 3 (i‘v\c\udmﬂ‘ig”

press

@ be-gfﬁﬁ o Circoi+ that  Jocs That |

= & B C D (=ouyput
P A T
) 0 © 5
1 o S | S
2 < N | ©
3] v s \ \ 1
Y o \ 0 &  |eo
S 0 ‘ o | o
6 o \ | o 1
7 e 1 - o
8 [ o L) o -0
9 [ o o [ i
(e \ > | o X
M —L Y Lo X
| 2 ! | p o© \)K
\2 l { o | X
14 : \ \ o X
| ’

So¥ |
\(: Zm(O) B/ é/ Ol)

’)‘—ZdOD/H Ay lg/'q/13->
L ’ “(/_—’;___’/’
N CXQ“*

CaYe

W M

W
Can €ither ke 1 o ©



3¢
N
@é‘i{@‘ LN .
o \L i . B
6| { ’/bﬁj_//w

L (- ADAB O

X + AP

%cf

CD




£(ah ) = Zm (46,74 3d (1)

® po ot s
ONPETT ( m
2 T R 11
\/\s L{\‘&é\ ) l
S~ (ah







\<C\Yn h MAP (S Variab\es) : Find  minimom S for  the Qb\\owma b -\ariable
! X-mppP: F(AB, G D,E):?

<Pﬂ O\Her\‘nbn o

4
1)
‘ \ lor  Code -
W L \ \ 4\/_ Eiik color Y@Frese(ﬂ'
loﬁ@\ g ‘°]_\ \ @ . on essential prnc

! . .
i = = \\ ) | \m?\\@m—\'>A




Lekore \V 2 Mulplexer s . Decoders :
T B gQ’fD ?—C} /2020)
@ What ore +he Muthplexers (EnCode@) 0
@ what ore Fhe demofrplexes <b€®d€YS§_?'

@) How 1o wvse  them 7

MM

YV
— Hw3 1z Qe oct 1.

 Shet Quwa (s en och L.

KP Ty s fxadf\j +he <Same
hs  sherk quiz 1 ond sk

be Sibmitted on  Canvas|



1? <S€l€c¥ © )
_ ' /Dg
Y - 10 _ —T—-o 1\ S' \\/:OU\?\A’
B Switch R
e (Sﬁlﬁd 13 S
_ . o
Y: qu o { o o
Se AT |1
T
l o | @) -
Lk |
g\, oo ol I 7 — ‘\ T
o \ q\) -&os [ \ r ‘ )




' L:/'\("\/' -
0 SRS



Think  of N\Vﬂ\?\exefs as ﬁfaha\ VO\J)&‘{Y\\cj devices .

PPN codion . Cpu

How Yo boild é:\\/\\ Muy ? <IO/3:\ /1—2;13)

W 59 2PN o f seledd Nnes




WCM\\>,C> S (\) 2) UNY> Y Z&Q6/4‘>

- oot
(\?/Pf@sfnJr The vopul V%LO//:

@: Can We bold a4l gk USma 2| Mue’l

Lol WX S SE LY
'/K(-\,\Y\P\Q o o X,
o [ |1
5= 1 \ |
2 pea
SQ:CD i | _
13
2| WX s
X o \10
[GAON l 1
\
N |




Bemw\%y\fxcﬁ ( De CoA€(s>

(1) one inpet & mukhiple surphs

& — L i .' _
¢ / %t —
O z/(p}ﬁ S\?}k\m{;}g S
9_§ N=0 = Decoder s not

eN oN
A EN=| =) =06 =D

\ o S YO

gg\g,o/ D¢ |

5% Tﬁ qé\S:\ 2 Y,




N S@CL)V \taes

EN=l Sudsy We generoe outpuT .
EN = —P O}ijo‘k =~ Q



5&5 ?/(

24 decoders ? B o SB
. | l)e © \. ¢ V{
| *
ZO

do & S5, S
CX\ %93 S,

A/L@%\’S\

dg ©5,S,




29 92020

ledore 120 What are 4he opphickions  of Muges X Decodens?
ST he Oepichons. oF Mu .

l(—\\N 3 1S d,U\Q OQ‘\/ 1, -

. Short Quiz 0 1g on Ol L

9 Lo\‘\o 1T duve 1S exfer\&uﬂ v



oA \n\wfs => O\r\b one
QU\‘?Q\‘

<
w




- Cuan we UNPY - ‘
@ O Eg ae Coder USW\\CI Z'.L—\ d(’,Cod{’/K§7




p\y\a \o 8\& gw\d(on

| Mutrglexer -
Exaw\y\c -'
o b \Y-‘WW“)(
0 b ‘30;
RN T TS
Vo |
S S I

W] Y: (Yw‘\frs Can  be mplemented w/




E\LOS“\?‘Q : 2 \\(\\D\))VS ) OU‘\‘?U\” = W\QJDY\*\:\ VO'\\‘SK —) ULe L_{ : l MUX
' ;\/ s ok +€3 \DU\' ‘A ‘\'M
o b Gim : : - Clrcoy

N <
0, e
o\ °-. \ |
of 1 f® °
V| o
o)
0.\ o
>\
L] |

°
O
PR
RN
} e \ C
C 4\-\
\ |




o~ b C j’i"m&[
o C
\o L J : C
JIE- N T AL
e Ale |k f_
& o le TG
,/('—"’ o S l §
\ o \ ) C
\ \ T . -
\ S0 O S




Txomple -~ LS & YUX o butlld o ot that allows
i “ b o U
o of e m\)groﬁ\‘c NS <AND ) OR ) 4o be
C\V\ 0d€N  and QQ@\\@A to  on n?u—\\ .




EV(OWWPET USe & MNuUX +o EQ‘\A o Cweord Hhat evaluetes

' l { k
eithey A ond D - A ond heAB -

YO SN—_—

—

~AB

%9’—36 = opdl =B = Y=4R
S, ol =8 3 V=AR

e O
45" O'@‘
P\m\(\\vﬂ o g N v
C/O\Hj DU‘\/ 2 on (b
oS o



IUY\Q UGV\ )
C& ‘\’

d<‘:
et o
(D)




Se—————

dYoQ (o,
9 oble logic Adevrces (’FLD>

A\ 7 “

_
> Invegroded  cieows that  Contoun AN o OF

%adﬁs
1 OO
. ._ :
¥ g s @%hng nfo ‘e these  device
e Caled P ' o
LU
X+ Tndicke  Pegrocmed




CPROM
RO )
CW\cYaﬂ <
- m%ﬂm O“‘\c\k B ( paL)
% L
o ble
EP a v &
71 Pregv

' (f\>\_ 7A<>
O\WO\&
le \@%i -
@ ’P( O%mmok\o
13



1 e ’QQ»\\oucir\c:) mﬁpu)rs \/S}na ?’RGM

Cyarple © Implemen

T‘i(?ﬁ/\{)Z) = ZW\ (5) é’/?*)
GRYI2Y= 2 m(3,5 é/7).

ot
\
2

aF\ | 38
Decoder

&
%
|




Sxample T ol e %\uoww\a Qncdrons 057y PAL
=Y, ) = ?<\/ +X—2—
G (Y2 :2:> = X \f %\k :?f o5
V.
X K z _. o
‘( Y " E XY.- ‘ -
1 o5
U] DE o &
, roms “
= - R oo
L I










N=R1l = K=

M
15
== O

S‘u\)\*ri\r\ open =) L
/ O

\W LN h

nigh R, QL

n %\\ “x -
\ '\W\W/M




- sYate Botfer

LP Coan < Jy\(\Du%Yﬁ* of ™S an
Controlled  swikch W an sokput  Thatl can

Y Y U "
Q\QC&(DY\\\C@\\% be  ‘uvned ©N &C O{—f— )

inpu‘}‘

A \\” T~ A
P , EN

ﬁ/‘}f/ al b < eN=| = oujﬁeulr:A
EN =0 = ourpvh=Hgha

N Ay Qd“?&y‘ M
@] W) H\%\\% // AC e _h\%\‘\
& ‘ Agh = P |
Il o | o \\(L—S&m:\yé &\rﬁ)—v«
IR

\



I—stude R ﬁ&r

—»  OUpUtT = Hgh-2 N B ot
O - )
M}Mﬁ ©
T Lo High 2
. High 2=



Wed ke o design display MaT Can show +he  vequired ouf?qt:

The Ais?\ovi \eoks \iKe

| g ¢
mel, | o “
A\SP\&S _
Symbel | — \ \.___\
o ‘ \ |
( Pt) What s m™Minimum  Sum of PYC)dUEj +o CXB?\&3 Sﬁgmen‘r z/au ?

' . 73BN
Q%) What 'S ™Minimam  Sum o Produck 1o 6‘5?\0&3 Seamen\- £ ?



SN
Solution |
Tndecaids Hhet Contain geamerﬂ’ “ a“.

N
(A> *Z(Xn Z)= 2.m (0)/21%}7>

\\/‘ ce of B 1O

<7z é//‘ 1 1 Yoayz)= Xz +Y2Z
% DR
\]Z.

(8)  Thyiz)= 2m (@, L:\>

co O\ \\ \® ——
% naeh

'L\\\




Lecture 1Y QQJ("g ;2620
E\éf/@f 20 Latches = £lipflnps

—

—Hw a is U?m&dd

Lab 20 ig own canvas

—_—

_ ofice Nows T/TH 4301015 AV

— (et reqdi\j Fm( mfdffe(m
o |ocle down browsey”

o Keview Your notes



So far ;

P

1@&—610\ ©

npot => cutput
L\? Steve.  the logic  value |
— ablidy Yo Progrom Storuope
module

— &\D\\\‘\a o (fﬂA Hhe &tovred

Vol e -

Feed  the  pupit back  do ke inpuk
l
’ &:‘Cﬁd }D&CJ:V‘

ﬁ% Q \r—' scillires belween o

N = Unstable

oL
1 ) =) S%q\)\é.




Seeond afempt

= Canwt Pregram o

A=028 % =o0o=p @:o}
¥ = | —"—’?Q:l
biatable

% = O :>®:l}

x =1 = Q=]

SUW\A‘ < witches o 1

q

1)

A=\ &

et






. @ Q"\‘Q"QNOA”
|

‘\"‘} bi-—stabilyy => Shorage bary

° © } i ?moémm //e) i
0

g 4

o l} L ’Pﬁoqram 1
| o)

° € R:l(S:\
. } EX o




s R AR

s Q SR _lakch -0 o | T
RS e .\‘.
Obseyvationg¢ o CC X

= <Stable <
- TH = R=o — | \\QJYgs

_ 1 Sswikch 3 4o L “f’mﬂ"’”“m{r) =) G{ —> |
TE we swihkdh 3 back to zero =S
QJY S%“O%@ at L

l

\ly

e
“_)__

| | +
- T suitd Rovo b (Rnpecly) S @ee /g
SWitch hadk o A = @JV 31“6\5”5__/@1* —




SK \0\\~Q\r\cs W} enabole ¢

A—"













ocft R )2202d

Lechore 'S - Flip Flops

— Lok office hours ned weekK -

Monday — B-6 tm
\\Iedr\esé&\j 12 -1:30 pm
Fr\c}\o\\xﬁ 2 :30~ ¢ :30pPM

— MOJVQ Sage c\jo o kou/e ( 0 clgdown brauwser



R
R ) a
{L , ,
S __E\
o | )— : Tn=| => RAchve \m‘%\\
S high p-{atch
N - ~
_ P D/la+CL\
D — ladch QZ*XKQ/. EN=o = Lo 2
2
eN D | Q+
D X Sterage Q
/a. 0 | W
\ ) = Q = D
I \ . |
: MQVIWJ {Dl -

-

D AN

high D-\oten



 _\0dch US'\ﬂj WNI*NDV\ 30&&3 j\
— @ -

————

> enzt = | odrch
woreny
EN=0 =2 g‘k)m%e
o ® Q
1 DD

~\odch \ eve|  Sensdwve =y ©
D-lokches  ave | 7 =) Drprogem



(). Con We dﬁSicav.\ an EN  Phot ony Chables

W hen g\%nb&\ C\r\w\r\gﬁs o —> |\ oY \ —> @
L-—-—-—\(ﬁ_)' e

\L‘ | Neﬂ‘ct\‘\\/{ ed%e

FOS\»\\\/P_ QA((\)Q

How do we é\@ Jr\ms ?

a\oll D @
«F _lel g




: .
DC,\ _?_ lD \g
4&% &l A CS
N I -
QOS\%\\/Q = D’“C\W "c\b? - D\ “G\o@
e vl
\/wq W
__t.
Q=D
0s long o VRS riss
Qb\ae% (\@-—-;\> \ﬁ
en Y
A A



lows HAaddn

EN- =0

en=)
N

?OS}’[Q% Q,(%t

IR




Grade A s h O

W\ €
Rl







Ug\ma MUx







otk 3, 2020
Eef/ CS€ |20 ¢ 'R@%i@yers

~ Office Mheurs  T/TH 9:36-l0/5 Ay

= Lab otfice. hours wed s\ —-1130 §m
T, 2230 -0 P

Lab 3 'S ulleaded

e

— Make  swe  Nou  have  lode-down

= Mockl @xaml



FEe PRE
b A)PKﬁ
-E(E—Wz,\nn
D& ClR=0 =» Q=0 &
QX A ” .
@\ \QRE :AC)K == @: ‘ g(ﬁgﬁ‘-\\ Q=1
3 . i N
?O&\Hve_ 6d93< —\‘ r
ol Q=D $ q
& — | ot o
e XX
®§>@<\L N egan vé
Q@%ﬁ',‘
|—>0

Rﬁ iS\CY > 1 ‘“j UblY\\)ir\ocjm’Oh OQ ( \\P ‘9\5? ‘ IQ < f_éﬂ
, S S A
A\ ; S * f { \A | ‘1



Exanple = (parale) in —parolt W“)

Can clodk  comes iy

PDS:Dz_DsDo kq\o’\ﬁ*) TANYS biaary aum ber

}Q,Q,Q, (oupt) and loads 4 bik
WL .



2 (Shift register )

N Slo
el |

>—p |

+ %
O | D 8 R[] Qo
oyt 6 e o |0 °
\ — D o ‘ O O
Q‘er = G‘\ © o |0 |
) /0_—" "L __a, (
\, o \ O
\ \ \ ©
\ O Vo
\ Vo]










U=xOQ

=
F=Qy
-Z$®\ Qe

L CIR=]

®U’\’PU)Y =0

2 -

s T T

708 | | | L




ExXamPl€ = KCa(STG( that  €ollowos  Fhese eations




eYm

‘d

{

O ! M

Fo

V\‘

R€ \Vie |
\M\/

:

19\

/C_ St

[_

E

E

rs s
U

no

Fice

-

O

'F\'Y\
m
'OO

5'

nd%

D~ S




Example 1 - MA ﬁ;F <Si‘3q€c&

0o ® (el
L oo 1= 1) 1o
T o } ! | & <‘u(>\o




gExample 2.

_—
| pecms
(212)  — ( o
/ 2 | |6 1o

Pl 3k 4 x4 2x (6
<?>Z7 >\O —> X
|6
327 5o L6 (
SERE (dT)
v







A=o = I = 0B= AB J:/j‘—o"

° ] o

A== T=86=18 <AR 1]
P o




¥(0\¥,c>: Zm(o{\,§/7>

— Lse 7 l/vw»HiP)ﬁXef.s

— Use 3 YANX e

— V&P 1 X .
0O | AT \
| | |
0|/ |
{ O







F(Q,l),C/A) sZW\(O/‘%Q}O/{g) *Z—O(LT/ 6, 7,% /5)
;e
@ F\r\(x WAL i n ga\O 7

D) Find  wminime— P25
@ go_"i ol 1l lo -
] Jf-re
o\ ; X ‘ 1
[ )[CQ(L,Q, QL>£ hDd‘FAQj







OCt 22,2020
EEE/CSE 20 o Design  sequential - Finite  gtate  Machie;s

\____/———"w -

— office Hre  T[TH q:30-10:15 #m
—  Midterm redo for extra  credit up to to Poirﬁs
Sjmﬂrmfs )md\a\a/ ot Epm
T Fridoy (fomovo) al 509 pm-

—_ HW 5§ s due on oct 29



L—V n pench o £ g& Jrcvddke,r’.

LP Q| Prs  ger Yhe o Same
CMG O ¥he  Same  ime

(Sﬂn LV\(’OY\OQ $>
Qd

Y

N CQO\;M{()




Dﬁsi%mvﬂ o Sequenticd TsSM

e SRECR g

@ Statle definition fable .

o i ’
sf “os and 1S

shate 3 Any  combination

3 Ffs _. o5=73 Shtates

% '.>OW\€/‘\‘\\M€S W€ C&on'\" S E Some.  ©fF

States <D0n(\~ Qoweg>

@ Draws 2tate  trvonsifion dvag ram:

&-p %m?\\lc,q\\% \r\q)weﬁﬁrs Nowd ONE s\ate-

Jpes O Q=T
alocke  Polse -

syate encounter 3

fthece

O



@ Slode  Fromsition lalle
Q> lele 92 (F fThese ave

where we would ® next

lopu 5 and Cuwent Shates

~ :
@ D@Sb%n ‘]‘V\e Y\C)d’ S‘\‘QJV‘G (OgiQ |



Example ! Roill o Counter that  Counts down
I3 te O %")Y@W\Y\a ot o

=
Decimal 1\‘{ -

3/L/\) 0/ O )= =

0

Ej&\‘eS K b@;mk%ior\ ) B‘w\q(\d Yﬁ?‘ o{, 2ate

Sg T Count = O, O a
V@&\%\ 6
S‘ Count = 4 o | “(’
S‘)_ COU(\\~ =2 \ 0
S| e <3 L1 L
\/ Q\ Q’b

—_ —
State. del Loble

from



@ Shate Fransdion %%mm

g’((ﬁ& {frxﬂs'ﬁ'\oh &l‘oé(&m,



@ <tade

Y

(or Qa

'IL\(CU\S\)UO!\ “‘:MZ
Q Qe
ST @W ey

K\N\O\P Fof N

t&fﬁ
(L—\J\QQ




EKQW\\) e B STAPY o. C \rcock 'H('\q%\ Can

- —

1) <iare def  table

.SWLQ)P“J D&g ’ }D;Y\%(’CP\_/
oo Coua =0 o v |
g‘ Coont < L o |
So COunt=2_ [ O
gg Coont =3 1

_—

Tnpot ——> [ X=o )i Couting UP
XY = s Qoun’vif\g ST

Coont U(o /o(oom










0 T = gof StalS = called Fate dhate
\A o vv\cu,\\me (FSM
# Tl )

e
\:S M < MOO((’, MCLC\(.H‘IW @U K@)\?
M eal Muchine —

‘—K—-

1Y



CEE[csE 20 : Finite State Moachines

X HW 5 is Sug O 29

% Poll —p cug oct 3|

QJ> C.C&Y\\F&Sv» @\Ux\w — ?0\\ .



f);{exc Frs
2

N SM

_—

— ﬁ-"FOF s fafes

/v‘ Moore  Madhine
\b \\/\m&d Mochine

S, ouﬂn)\r



there g no  Qivect Cannﬁd—(on

Ouwu\'

Q1 _ _
‘\P&_% only change Lo\ﬁ(;dr) (& next Clecke happens

(U'\\fss there ¢ oo regc+>



Example D&%'\%n o. Moove wnachine Such Fhot

X

—
—

FK&%S ! ﬂk —Twice \n & @ row Hhen e
@ Stade  dek.  Fable
§AY“*Q%§ N o £ Ldf%) ( \D‘\Y\OLY%' vep - M
So 1(’&&,6 Y O C;) “ d‘l—\
' N ’
S One —oné o | Q P
.\ .
SL Wy — ones '\ o} | ‘ {X:
§3 UnUSed \ \ X



@ Drags  the Stede  diagram







@ Deéz‘c@n the ek

S CW\\% xR qcm\(,»\\,
o b curent state
&4,



N

,-\,
Q\ = XC};\; X Q.

+ —
QD = XQ( Qa
:Odf?\ﬁ‘ = Q

\




Mealy  Machine s

LP Is @& FS™ thak the outpdt depends  on the
Shates  of fhe flp flops o5 wey ag  the Cnpuf”.

— Mealy machine  can do  «haterer weere machines  Can
do .

-

T Og/*?u\f
N

ot

1

Moore N\ac\m'ncf 1\(\?0+ C»\(\W\ﬁé —> Lo odﬁm\f ‘o C\’w\ge

we  hove Ho Lo Gsr
the next clock

M&ﬂ’ﬁ Nachine 1“\3&\\ Q\\C\,LQGQ ==y QROT CL\/\C\V\%QL



T
= |

Example keéyoﬂ {26 ) we press ha enes  in
X

O Cow f ‘H/\@Y\ W e bPQ\(\ u\) e Sa ('e :

De2ign & Meoly  Machine .

@ Stde  Adef. Joble
keS| Qtode ded \ binary rep:
Se TAE ®

\

gl Coont the
© Hestone



_ Moore outp Ut s he putpur  of G\(P flop and
the outpsr shate

«fj\i\w& Moachine  The outpst s a {:UY\OJ”‘O“ ol



i X =
o > - °
o 4| % \
| o || | T
L & )/
@ Design Yhe Circor b
e e §




& =X
Z:OV{'?U* . XQ

ﬁf FMMM
' Q
X | D L =

CW ]

S
=
[ €5

— Thee « Jﬁmin& ISS U@

ﬁ k’? Synchewnieation e
AUVl
£k -




EEE/CSE 120 Moore ond  Mealy padines 6T 94

@ Moove Machine
F < M \R;_\Z(/Q S N0 d\((@ Yﬁ\(ﬁﬁ@f\&\’v\‘\? \cotlsee N,
) YAPY - & ootpy +

\ (\?.\’)V

® M{O\L& M(LC\(\N\Q t
roy - outpob  Chonge  dfpends  on bothh  stodes &
i(\’\?\)h. %

gu‘(‘?d\/
e




[Z&m&o of fhe €xample . Keypad %\.X:b ) Sofe  opens op
X=\ E We houe

u )
1 5 W a vyow.

w

M oore Mochine Meal Mmm

]




1
x,__r_k//\L’H‘”j / \fr
| | |
Moore  Machine: ! | |
| |

Y 4

OUWUT | 1 \ ' =

\ . -
— % ksgyxs‘?ﬁ&k?.
.

|
,89_;7\:8;7@8@'% -
I W




— Medly  Machines  vse Jess  nunber o g
&*p\@kk){,\/@() We  often h"\\f‘e A‘\'Y\f\m% ssve |

Ky A@dﬂ\d\(\ oNnous -

k_‘b J @\&&\Y\Q ancther .

K@ Males  ana\dsis el
© ywere Aot




Txample Leds Sad we have  sensoy  hat Can ey

A

= Somecne enders A \ |
e xids | | |

MNputs= iﬁ Qmeﬂﬁ

X 9“@

- N\O\X =t ok ?C@P\Q 'n  the Yoom — X
OO\\\B ENE ?QWEOY\ oF  a Time Con  \leawe {@4\6},

—

1@ Hae Yoom S Lol YQA \(g\r\’\‘ 32
16 Yhe YEOM IS emty Wt 15 off

|

@ ‘. Df/S\QY\ N \LB\'\'\Y Qo_v\)vro\\{r "H'\o:“r Con O(O
M Above .



@ SAate  Jdet table -

\ight o &Yx% o s ~ingots
"
gt on & onel o )
5 A !
person iﬁ’/ ('72 if’t‘}
> | light en 2 ey 0
P@?\t
k@o&?&rs
g [hgpton &2 \\W ( # "
5 Q gt ool g &






(3) St Trorsifion  Yable.

e 2
Q- Qe X E 1 Q, U R
© © N ° " $ S 3@‘?‘&(@& ¥
o0 B C 2 AW
— T T o e S e
S o | \ 0
1 > ‘ \ o O o
o } [ \ \ o l
B \ o) 0\_‘5/-\ ) 5
20 | o o \ \ |
| ° l © 0 }
[ ° [ l \ R o
| | o) o) \ | \ }
S ( | 0 | A ’~ o
i | o 0 - L






L ecAure 2.4

cEE /CSE 20 : Copstene.  project < Nov 3, LOLO>
e =
— office hes 3T Aze-lorh A Loy e wee)

Tw 3.\5 - «x:oo M

- CaxFSbnﬁ Pﬂ:ﬂedr S uy\oadecl
HW (G 1S UP(O&dﬁC.\.
(et reody  Fov Quiz 2.

,K@/g(g'W(s
_ \-{N\‘V\S dLogroam -

——

— Mid¥erm 1S o{)\(&d@\ and. OKNLO\Q WL ke Uplonded  Soon.



F xample Desi
, esian @ w
‘a i\/\ﬁok\\a, W\OLQJ\(\\ neé ‘F()\F an eVroY de\‘ﬁd‘or-
X — Single Mnput
Re%. — Sino\e ou\-QO‘t-
S st Z =\ (@rror)
detrecting ONTP Y = YYyov
C{(CO\"%’9 ?
= eryoy : Twa zevos (N arow
“6 o' oy THwee ONES
n & vow 4\ ("
Exoamp\f -
X a Lo L T R T
Z‘ 1 O o \ O \ ‘ © o ] o |



@ State def. Hable

sy g e
DLk l:;irw\r\@ vef
Tdle

~ Shedte

So
O Ne - Zeyo O \
S, _ |
oONne —one \ 2
S Too —ones e
3
R ®\0




@ Stade ransition jra\blﬁ
[

3

&\ Qo X \ /QJY\ \ Qo

O o o | .
g@{ o o .










EEE(Q&E 120 ' More exampPles on F<Ms Nov S, 9
10 020
)

|

— office hvs N’\*B&O%j ot R:0\5 —4:00 pPM
_ Copstone  prgject s uploaded
__ Cavodes aye uploaded
—  PAssigement & 1S Uploaded -
QU 2 —ep NOV 12 o FRegusters
¥(m\‘“3 c}do&&mms
— D £y EopJ
_ 5 €\ £\0opS , Teggle i flops

- be,\(\o\\.!\'o vo we/C\



QA Design  an alarm Sysiem

A\arm d\'SO\rm\-@d © \ 0 > Alarm O\Y‘W\ﬂcﬁ

°© 1l 0y  Marm disaymed

Ao arme d

-— 1@ We PftSS 0\ WTOY\% ﬂuﬂ\bﬂr 3 WC %0 ba’d& .k—e)
The \Bﬁgif\m’@.
= 1 APVt value
— Inputs - . v e oe s invald Yranstahion
o (s Invel
\/: \/\.—J‘> PT&SS o ke;j
l <¢ C (s vaud S v =
Otherw s
V=0

— OU)VF\K — Alarm s xrmed — A



R’LW\MK s States  Qre iv\?u{' o \C‘(:S and ﬁ‘x A e Sj(’bm%e

C\eme YY\’S. — éjyodﬁg aXYe. for what | S 1o veme mébCr

the oss BNY\\?X\J@

D) Stake  deb  Aable

syakes | bet ( Bir\&g vep - B3 Q\\‘{ Q\BV
T SD disolaymed o © 0
Si_ disalarmed / o © 0 | . 4@(1/
Sl dig a\avmed / o | O | ° O\?&\\
X ayme d \. o O
S:‘_\ C\rrveed [ 0- \\ o |
| o
e ([ Oymed / o) _L \



Ve (1 Ve \/

Hade oﬂ\’a%mm )
> {2

NS O \ O







Exomple Dﬁgi%n 6) ji/\(’.&\(j machine  That  deteds o

iy

86(1U€/V\C€, ‘0 j_ O

(A) Over \pr‘m& i< allowed
(B> O‘VQY\O\PF l'V\S (S U[\\,QT ) a\\owe(}\ .

!
o 1 Q. 1 S (C)V@(\QWH\ LS q[(0w€d>
o §t
Howea(
O ﬁever\oum» i« opot @ )
o L O ) 0 fl r@
Hint o Stdel Dek | by TP
° 3, TAlE oo

Sc| 9er o O
S.|  der A, \ ©
33 \ u\ﬁu§cd \\




EEE/ cSe |20 & Examples

— offce Hrs Q.30 — 0SS AN

_ Loy office s o M - S-6 P
W \r—-\ Pm
£ 22 —_Upm™

(gu\omiss\m\ an Canvas )

_ Quiz 2 On TThursasy
7Y mindtes

70 YN € =N

= T CShmissio N -



Bample. © Decign o Mealy Machine

(f
o sequence “o91o

A) overopping  is allowed

B) ove(\a\asgih% < st avewed

51oto (overlagring )

o 1o olo ( Non - OVer \O\W\c@)

L.\’_____/W_\a

+hat  detects



Zg{)
'—5@\

ateg

Sk

Lt




Non-overlapping




@ Slate  tansition table L8

O
N
ki A Nen-oterlapping
K
Q. Q. X (8 & of* B B x  [Q q ot
0 \ 0 o o o o | E

© o a
.y | _
N : | \ o o . 0O o \. o ) | o
S\ o b ‘ |

! ) X >~ L LYy oo
3
g\ ° & O |, I \ o ) o} o 1
S
211 o \ o = & \ o l o . .
; I S O U G I
3




@Dégl‘gn The Circoit
over lapping

_.!.
K-map For QY k-mpp  for G,
Q(&" oo ol || |o
%r&&,m L Lo X\ c \
N NANED
INaeh L
- — - L i s
&= ax ] Q=%
(pap For oulpet
if\(@oo o| W 1o
P

-




Noh-overlapping

—

K-sap  for QT K-mpp  for QU
Q& po_o\ _\\ [
S :
Ramiy
T
|- ax]

K-MBp  dor ou)y?ﬂ/

Rleeplg

/@UW\* = &(7]




e =ovenappl ng

Ou’t?u\‘: @Y







D Compete Himing dioggrart A=Qo

w LT s
| | zZ=QQ,

< | J R
4 1 ] | "
Q, * L '.
B s TR
S R N




’;E ' .
i kiR Lechue 24 Nov 1

~—

@ Quiz 3 S next ruesday Ve Z,som/gu\amiHCd on  CANVAS
Nop i C - FSMs

© Y.Om X pns’vad on Canuas -

(@) Usehl Tofo. for inal

T/TH A30-1005  AM

@ @Q{—(Q& Houvrs

guszrom)s‘\&\\éY Aig(uxeﬁ d;ﬁ@ian/x.

canvas and iy due  on NoVv 30 .



CPu 0 Central ?(BQ@SM% Unit

Hews Yo boild CPU 7

——

@ Main part oF am CPU s

ALL

P,f;sv\\me*\ ¢ \o9

— AND
- OR

— Summadtion

| Subdrackion

— st \ess than ( QO?“P“V‘PSD“.)

he ALU.

e

< ooy

i

(@ TE Al
"y h
ALY g Soc o
O

W liaiaiai

C&v‘\a oUT

TT_T_I_
\/-\’/\/



@ N\QW\OYA s needed o borld & Chu-

((» — AL needs data  of 4 Pt anich needs
o be Shored in Yhe e g

ALU needs o <ok s rewlt Specl ou\\&_
& s Soppesed to  be yveused.

CPY . ALL - Memory besigning CPU
@1 of ConnechHons

VS miY\a'FHt"ZﬁcQ ‘

(2 Temporary  Storage
Q/% (R&@i&%eﬁ)
g./ ) @ J3e \GQ}F badk CoNnectin
\ﬁgmg.(& K o the \MP\Y\‘ B -
(N\\\\"(?\Gx\(\a Our Cbnndékiovf

—HQ{_F/SBWA\@ \oo %&er.




AQQ\) mw\(?éré v



How ¢
o O0ddyess ?

[P




gm\w\&vi :
@ We. éesi%ﬂul s  Processor
o store AW rEsults "\ﬁﬂ\%?émwi\\a/\

Usiv\a an LU £ o memovyy

i «
@ we_  vsed Acamilator
Need Yo fale Care of g lok of Control

lines  and  Wemor] Slorage  Manvally .

L _____/\r___, "

B ialess PYrocessor.

I

A\WO ot

\
/ {x«’romov\((\a Cootrs\ \ines
N&bmo\%‘m% MEMeld-

@ isSue,:




@ AU*OW\&+W\% mﬁm()rﬂ o

W¢e ﬁcg& -\—0 ha-ve an O\\J‘fbﬁ\fd‘(c_ YY)Q\MO(ZS &da‘ 4SS

incrementey

1 Coont up
=) oNnP o nd Q\/\w&e U >
ot

Specific  pa

memery oddress rngement e

3] Stop  adder
@\0\— (ead/\m{)re [ n IY\GVY\MJ

Tdea - Desigh o <M Foad C N

O Lo mnent

(D uwP vound
@ <SP




@ A\\hma’\\n& +he  Contrvel  lines
bt Conbrol  lines  depend  ©OD The opeadon

— S‘w\g\e
we've  perforenng .

Lof, Code (G?Groc\n‘m\ Cﬂd&)

Rexa i  That toccees 'H‘%
Entod ¢ Fhe CD‘\JW@\ \ine Contdl e o be whads needed

LUQQ decoder
Tranglat ¢ Op—c@&e o octual Conrol SVQM’

Tssve ¢ Simle  6p-code ™A nok  be enough  Te
Pakorm  an G'FQYCK’\‘iOY\ Q\ee,c\ Male Than Yyl e)
L\

FsM - &r Macro - op! (}L——gf)

D@\‘%Y\ o}

&D N\fﬂ,\‘d Mo&,\\‘l ne



C PV A Yegore

?Y\Y\CQ‘\‘OV\ (\/(’m - NQumann)

~H10C\‘ hadh & Comman

brinc@on YeSpenie  was & Conputer

W\QW\Mj Fov S’rom\a Programs s well as  voviebles  and  other

2\0&0\ v crure

gse emoy é\ intevtace Uni+ to Qccess memm} S?QC@_

Marverd
Hawvara c)ﬁs\%r\eo\ o Compyter et \had =« SQPQM\“C”- inclyochion
ond S«Q?Qrodr{ pro gram buse

MR YNO (kés



_ princeton  won  dhe  Compebdbon  Becavse - was epter
0 Yhe Kwme ( Jredxno\oaa, |sSve >
&p 1—\—- \\CLQ ’QQNQY ’H\\ (\33 AV»\Q’J\‘ Could %G LAXS r\%F

— Ravard  Wos (%r\oﬂed TN \ATO ) Then  people
veahized  the Adwardages ol  Favvard desi 4N

(1) Faster

@ TN pavalle

_J @ Fewey  nsruGion e Aes Qﬁm\?arr\ee\ ‘o
Prindon A\CS(D&{).




EE’E/CSE 2.0 : Review

— Reminder ¢ Quiz 3 is on luesday (Next wee(<>
— Finite <tote wWachines

—_—

OF(:‘\ce \/\@uv; q:3c —\0O" IS AM . (T/TH)



@ Deteyming 2% compement

\-00|{001

g-‘foblll L

Fad  (721),,
. Find  binary vep. °F (2)

of 2.
___‘O‘T’Z{\j;_z o |
\ TT'?—\"\"‘
~__
N T
0 ' o | o |
JY[ 6101\ lo




@ ,D‘AA ‘PY\CSE, 275 Cf)YY\)ﬂeYY)GnJF gl%n@d b\yy\ayzr humke_rs
c\un
\

+ & QQ'V\_\__\PQX

(, > | o —_————> ol | o 16 o — L4
o O 6 - \q
Coo¥ -+ 2 ﬁb -
o=
QU\’#:CJZ)\){' = ot
J%lo\col _ Sl
T .® [ © 5 I~
IO —2 /
Psa



@ Do Conver<ion,

o (203> ——> D€cimal| ?
RN |

6 2 '
3XI6 4+ 6x lét L2xle = 5\

1) '
\fé D <BP'>16
0
\/\ ‘
~Jfgi}'\z)l & (o © \[:O (. \> > Rexa ?
. e ’ |
A 3 7
(1 P 37)






@ Grven QLO\IL/C) = abcabagc
¥ Use Boolean Pr\%e,\oim lo sShew  Flahc) = -Q%D.C

—F\(C\\\D/ C) = —5\\><_ —X 1C_J —‘CE

_ B abtc = (a+)(bhic
= (E\\o —\—I) c -t C < ) 4@\?\\;0&\\/2@) >

| ]
T
> |
+
o
N
P
s
o
N
M
,.J.,
N

((a+b)e = o\ugc)

)
‘of
4
o)
A
1
0]



v Find Canonica] fopm for  Sof.

\C(q(\)zq _ abl +aba +
Obc xTbC .
o b< Y ab < +ng

FW\A\ Conont cad f~orm )Lor Pas .

QL&/\D’Q> = L—O\k——\;z')t’c—\v



A F{nc) Min -T€vm ﬁXP(ESSI"oy\

wtml%,c) = 2m (0/\,2, 34,5 4>

* F‘vﬂd H\e, MY € rm ‘6)(?{6331}93

%:LQ{\),C> - T(M<7>

*  Fwd Ahe mMwnimum Co¥ -

co o || Lo

.
x Find Yhe Mipmr produc) of Som-
.&3" abc w» = T — abe







@——— °b€3‘gv\ & Civrcot ﬂ\o\Jr \‘Q?RSU\‘B oL FUV\C’\TOV\

. “ !
. begi(zn o N Ciyeuiy \SS\Y\a 6(\\\\.’ ’NﬁNDb ok ”MOK .

——

Plah,c,d) = (o d2) (ba+ac)+ d
T )

_,.%}}ﬂ




— Baoild o Ciraik \)S\ha» M(\H}NDM //\TOIZU
e Ruild The cireoty the v\)cxbx it Qs

0 Yﬂmﬂ e bobble qame

E—

- — i A8 = AB
0 L—Dbﬂ Q‘T) B
I

NAND
® "L"ﬂj A B
Ll A+8 67) A& =
B = B
.« - _

NOoR



E’EE/CiF |20 Review 9. (Lot jechore )

Y For +he exom g

) Examples  on +he notes (w;\\ be Updated sl\ofr\&>
2) Assignments

3) Al 4he quizzes
L) M dter m

— ) : : ,
S) EXxamples  we ve been dowlj N Yeview  Jectuves

B2 2 Qolle- <ided Chedd sheet

(C_o\r\f\o'\' have  worked—ovt €X0V“P“5>

B Molke Suie 300’@ fecor&\'rﬁ —~p Con it Hvaggh Zowm
oYy C\T\j opp \Ju\l’é. \\'m

# Moce Sure Youve vead the inke e €ial  befire

toaxing the -exom.

E"Kamgleé : — Draw o circort 5‘1'ven o findion

——/
— Drow o Circot gl.VCY\ n ‘(Uy\c,l-l'b“

USin(j
ony CNAND / nok

¥ Draw the CIYC;\T w,o ?A\Jina,
OtenXion Yo NAND /NofL

* P[aJ +)'\e *)o l:)a le Jame



e ~

L/i/_/-\_/p-\fd

NoR- \/

Example 7 Tplement ﬁ(q,),,c,d) = o\(Cd-eI) + d(bE-LEL\:
=

——

US(V\j OY\\J ”MAM\;‘ getes.

— ASSomption bo Cswx?\?.w\eﬂ‘\? d angd vaComplome

Vartab\ey Gre  auvoilable.
C 3 N — s
u) iy —- =
— b
T r@ L
F=E U e

/ J

b ‘FLOI")ICIO‘)

X

L (we dovk heed
to 5!{?\}%@

o
-
v/ the Circort

PR—

example 3 ¢ Tmplement £ b, c)=2m (13, q,r) usirlj

. —

2.1 Mus.
ab oe of ([ 1o
° Do 2 J»_\/"
11 ’1
] 3] 7]
T




Examle 4 © Tmpement £ (abie)= S m(o, 3,7)
globycy = Zm (U416)

1
" o

\)sh:j "W  2:y deceder and Tmwo OR .



Assumphion o we  have access s byth

Complemeded  nd wncowplemended  Voriok

¢ U Ackive hig\\ Aecsders ,

neok

(«_/\_/—\
e 0 be | £ g
o o o j_ 0
1 o ( ) 1.
2 ' o o o
3 L 1 °
“¢ | o o ] 1
g I\ o | 1 .

A | l o 0] 1

7 | | ( 0 2

b ¢
*  IE we dbn')‘ Nave 0Ccess +o o -
we  ove Yo wuse  ancther decoder Yo
b\ G L RC{\ace e} bj onsther decsder.

Example o . Definition  question:

Tmplicant = Groop of 1s which has size of 2.

M .8 an mplicant  wl  the largest Siz



Esseatil  Prime  impleat © s o Prime implicait  the
hos ot least & Sincjlculh !
s not shared  befween Fhat
Qrovp  and otwers .

Meore  Machine ¢ A FSM  whee the ootpst  deess
&qe_v\d o Fhe npet c\'\rcckg

Meold  Madmne . A Fsu where  oukpd directly.
o d\e{)ev\ ds  on  the ir\Pu“'

Lhod 15 Ye AkC. baluween  \peo(e } Nealy?

MCD(C Mﬁ\o\(\i\t\ﬁ 1 o\)‘\‘\)\)'\' C»\(lf\ﬁ'es g}\bulA Qw
The clock  depending  on  Fhe
thpot.

[\‘\ea\\\) Mochin e 0\-‘*? ot C\(\ou\f)es jmmeglu'o\'\tala,
w[ +he inpd  change.

Weal  mackhice we Wk  Pming  issve
= =Y nAwonzatisn  $F .

\:Ur\é\\bv\a\é\] CompaleXe. « A gate s called

Q\’“C'\Coha\\(j Compelete. - we  apyld  use That

afe  do  build  § DND, OR, NOT |

W\ 4
example 1¢ ok ‘P\)v\c\'(uv\a\B Govnpelede D

LD Conmet  bor W "MT 9<le



=) Not  €onchisn a\\j
Ccsvv\‘)e_\e/\-(_,

Exaw®l . fce  NAND any "NOB Fonchinal

R ———

Cowmprietre 7

Jf)o'\JY\ NAND ) N‘O& ave ‘(mc}lbnab
Cowmpelete LS s )

Example || . Design a FeM  (Meve /M@'g—)

Exampie ; 300& given  Yhe Q\\W"V\d Aagfawm

\L/z/s_\) )  what Iype
machine doe
Thig c\\‘QQmM
vepresent )
ASN {
M oore
\

fhe putpet  only

2)  How wany LS Ay woe need 7 2 = #shdes depends on  Fhe
D2 apwent shade ap
3) Comprte the Wonsition b\ notthe newtr s\

Q Qb x & g =z

0 o e d\d§ OV\\
S | o o o vt e ot
1 0 ‘ \ ‘ ] o) or f




[ o) 6
r 0T
Example - DC-S{S“ o ﬁ\ea\j mochune gt Produces i‘

oot pot i

- iY\?ulr has been L for Myree o
more  Conse Culive clock +meg

— inpk has been  © for fhee o

More Conseuwtye_ clock Himes

Stepl - Stale  def. table

ﬁ)‘nm’af ref>-

S Jdle 5 © o
S Single "o tecowd| © o |
S, Single “1" vecieved | o | o
33 Two zeros or moee | © | |
S_\ Wy ones  or wmore o 0

<"Pb2— ) Norarn +h9 B RS SRR

t
Aininrnvan



v e . v ow trre [rans jion U\\udlUUI\.

SJrC,P} : CDV\VCV‘H'Y\j +Hransition diagam irto  Tronshon

tab\e .
- T+ +
&L Q[ @o )( | éfl &‘ QD Z
]
O o o © (= o] [ o
S
o l o ( o o

Exomple 12 g Tminj Aiagram

o

—  behaivioral €4 ~% Draw  Cireuit /

— Cir(.u”' D \>€\V\a\ivwa~\ ch. —_ T'rm'y\j d‘.o\‘d‘(aw

UR =o —p oot = »

—_—
nNaAa - I \ A



@ B@\\M\&Drwq eq .

5 Q
&T = QX 7>

Gj - &\ @D@‘\exm(r\e Pe L <

— — Ne .
= Q@ x Q

Z ° @ (bOlL G-JF B@\'\m\uavw( <
e« LI L[ L[]
\&

<3 I WO
|

N
—



