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Boolean Algebra
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NOoT Operatton
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= P+ R (P&l (a+& =17

+ =Q (p+ Pp=1)
+

© x¥ + XYz 4 X LY+ x¥)

= X(TAYz) + XOYax)y+Y)

= RCTAYIYH2) 4 %CyraX) CY+Y =1)

= XCY+4z) XY XX

"

XY +xz + XY tX

e—

X.?.")(_.z_ + xCOY+1\) (A'\‘B = A Q2 DeAorgan's Law')

\l

)|
x
o~

—*—

N

+
_.<
~

~

x

+

N
~

\

+
N
..(
S
=
+
%1

:‘3

- (1+ A = | = on operation )



CanoniCal #foam

ALl fhe teamg  contain all e variables eitherz 0 complementeny o

L\ ancomplementaay  forem -

¥ feam,c) - ABC + ABC + ABT

Minterm

Complementary ©r uncomplementany foam Porr thad
the Poanctvn outpat must be 1.

Com bTtnaton

- In minteems e of£Cign ‘1’ o each uncomplemented vasrable &
o' %Yo eath complemenied varciable -

Moxterm
Moxtenmy

Moxtenm ©s o Sum Aerem, f Conteing all the variables eithar
complementony o unomplementarty Forem for that  Combinadton the
Lunction Outpud must be O -

- In moxteamg we assign 0' 4o each unComp\emen'\-td variable &

1 fo each complemented variable .

A B C Mint e m Maxdenm

0 0 O |mg = ABC Mo = At 0B +cC

b o | |m =RABC | M =ArB+T
0) l 0 |m,:RABRT | M, = At +C
o | 1 |myzABc | Mg: A+BETC
\ 0 0 |my:ABT | Mg =RtBYC
l 0 1 |mg.ABe |Mg = AXBYC
\ | 0 m, = ABZ M, S AR 4

\ po M- ABC | mq -A+BTC




Siunn of Produc{ form ( SoP)

- The S0P expression wguolly doxes the foam oF two o ™Mok variableg

ANOQOed +ogether -
- SOP formg ane used 4o write logical exprafsion for the ouwtpul

beoming  logic 1
Notadion - £CA,D,C) = 2mc3,‘3/614)
Y = Mg & Mg +m, + Mg

Y

ARC + ABC+ ARBC +ABC

PrLOth(.’r GAF Sum :?orz_rv\ CPOS)

- The POS expmression u,gualltj takey 4ne fourny of two ort Mol ORed
VariableS within parentieses , ANDed with fwo orn momrl Such teamg .

- POS foems amr uged 4o waite logical expref(icn fore output
becomtng \wgric ‘o’ .
Notadton -
£CAB,C) =TIM(O,1,2,4")
Y = MoXMxM;XMg
Y 2(A4+R+QAtR+CIA+B+C)(A+B+C)

Standand  Sum of product forem
- I+ S oo called canonical SOP Poem -

2 Y = A+ RT . Reprefent N CanoniCal forrm
Y=A+BE = ACBrE)Cc+CT) +BTCATA)

ARC + ARC +ABC + ART + AQRT +4 BC

ARBC + ABC +ARC+ARC +ARC

-—

-—
[

St+andard Product ot Sum & am
- Tt ¢ algo called canonical POS Fomm.

¥ Represent Y =(R4+CT)CA+B) in canonical Form

Y =(B+T +AR) (A+B +cT)
~(A+BACT)CA+BAT) A+ B +) (A+B+T)



Karnaugh Map (k-map)

Twe Kartnauglf\ mop (S a grzaph‘;(’d metod which pr(_o\/'idef a SystemodiC
method Aot S'imp(iﬁgmg— the Bookan Lxpreftvns

- In us dechnique Ane inforrmadion contained (N a 4rwthtable

or ewvalloble in Cop or POS Foam i represented on K-Map.

- In n-vamiable k-map there ane 2" cellg .

- Citoy code a2 been Wed foa e identification of cells -

Two varwcable K-map
e—— e N TR
- Fourt cellg, e B8 ? E
TN
A { © |

A 1| M|,y

(#re POS )

"\_‘hrtee Vaiaple g-map

- Eight cells. 2C B¢ pc BC (51-(_ g BFC B+C
» 1 ™
P\\ OO ol I 10

A <« Mo\ My imll
AQ'1 M‘,(\lMg :}\Mg—\

(For SOP) el 755 2

Fourt vartiable K-map

* BLAIEE, EAlE cxD c+p C+D CT*D
e T+ 1+ 1T 1
AS 00 ol I \p

<—oo'\f\"\° [ M| Mg \Md

AtE 0\ F\q Mg | M3 | Mg

A8 ) \‘V\n “’\\3\‘\'\‘5 M

A4® o \& """\XMH Mo

( for POS D




Simplificaton «f WgiCadl Runckiong uging kK-map

Simpli ficaqion ot logical functong with k-map TS bagd on The

Principle (f Combining Aeemg n adjacend celS .

l/Ooprr\Z

" The exprassion fon. owdpud Y can be  Smplified by propedy wmbmma
those Ceus n the k-map which Containg 45 for SOP ot O for
pos . The proress «t combming these 'S om 0’s ¢ Called looping.

- (\oupsS ane wmade up of 2,4,¢,16 % Co on.

->

By r?o\o\ma K-Map over o1 edges, By numben ot 1’5 or O’
ovea_lappma Forrme 4ne group .

looping Qrioups «# two (pairs)

looping a pain ¢f adjacent 1’3 in a k-map eliminaleS +he variable

4ha4 appearS (N Complemented & uncomplemented Form -
oXe

L C
K pe Bl I 18 A 0o of '\l 10 P\‘5 oo ol (t o
1 e

¢ \ “ m 0 \ \ 1
l E | J \\ | "“D\ O/"




Looping Ioups of Fourt (Quads)

Loopin a ) .
e} auad o* 1’S eliminates 4hoge 4wo variablef 4hat

appearc N both complemented & uncomplemented Form.
aC

A \_00 O‘\HJO ;\ﬁroo o] I \O

) e
1) o ({1 R Ly

O e RS |

Y = o4 T=8
cD
A o0 ol |1 lo
\ -
0o | ‘l \
oI \‘l \
N
\ O !
LA
D
AD o0 Ol I 10
(o))
o}

\|—_l r“ (!
o | | L\l \OD (—




Looping Qroups of eight (0ctets)

loping- an octet of 1's iminakes thoce three variables that
appean. 0 both complemented & uncomplemented foam -

¢D

D
AR 00 ol \| 1o PxBC 00 o] Il lo
00 L \ (5] /r—ll ( 1 __\

IR, a M

|
© R o [\ V]
Y =8 Y=C

v i T [ Uy ot [[ 1] H
|

H
o|

\(:‘-@ \(

samplificadion ruuwles

- Contruct the K-map & place 1'S &N Ahose celds conme,yponolmg to
the 1’S in fwe truth table .

Examine the map for adjacent 1’s & loop dnose 1's which are

-—

not adjaend fo ony other 17g .

- ok For Aose 1S which amt adjacent +o only one othen 1 - Loop
any pair Cotadning Such a 4

— LooP any octet ewven it containg Gome 1’ 4har hove ad reeady
been \OOPCd-

- loop any OI/U.G_O' Aot Oontaing One on monrl 1'g  which have Not
oAlady been \ooped ., Making Sure fto we the Minimum 0O «f loops .

= leoP any pains necessany 4o include any 1°g that have N0+ Yt been
WopPed, making Suw? to wse 4he mintMum numbea «f LoopS.

s Forum 4he OR Sum of all thoe temS 9eneaoted by each U’°Pj




Lmplicant
Tmplicant (s a produdt 4enm on the gwen function Foa thoat

Combmnatitn Ha Pundn owtput Mwit be 1.

Primne Implicani (PI)

Prime Cmplf(an‘f S a Smallec} pDSS(bw przoolud 4errm ON 1he 8'\’”\

a?ur\o\-(()r\,mmo\/(“% ony oneé of tine [{tencd £aom whicth <§ Not
Possible -

Essential Przime Amplicany CEPI1)

Essential praime mplicant i @ preeome implicant | L

odleast one minterm ,which s not covemed by any othur prime

implicanty -

ex
Z Fom tW gwen K-map .@Eind mplicant , Prime wnplicant & Essertial

Prime  anplicant -

[o) | \ |
RN
AR B¢
A 00 ol (Ll (O
.6-“‘1 O .\_j_

implicant = totad no- ¢t 1 = 5
Implicant = ABCT , ABc , ARC , ARC, ARC

—_—

Peime Implicent - ZE ,AE , AB, BT

~ e

Escentidd Prime Impltant = A B , AR



Don’t Come condidion

- Some dogic circuts coan b designed 8o that thene are Certam)
(NP CombMmatcoNs Fow Whith fhere A NO Specifred vwpud
levels |, usually  becauge these Nput CombMations will nevere
Ocaure -

T So & ciackit desnere TS free to make dma outpat For iy
‘dont  cane’ COndition eithon o« 'G onr 1’ in ontdet 4o produuce
e  Simplegy oudput RXPrief<Ton -

- It 1S denmoted or ‘4! o ‘v

- Mapping of don't came S Not CompwiLony .

ex
= Seolve te following

® 1In reemg (o f SOP & don’y Cartd Conditronyg

fCA,B,c,D) = 2m(1,3,%,1,15 Y + o\CO,').,'S)
@ Inteeme «t pos g don’} care Conditione
fCA,B.C,D) = MMC5,6,1,¢,1).001,2,3% 9,11, 14 )

Lolution

@  £cAR, D) = Sm(1,3,F,1,15)+ d €0,2,5)

& 0o (N |0
AB\ ‘o Qs
NI SD

(1 l

10 U)J

Y = AD + ¢D




‘ \dwo“i\

oy o |o|o[D N =@A+BEI(A+CHD)
' /ﬁ)\ | d
low“‘\d\

\

Solve 4he %\lowrr\a Fanchion wmg K-map & mealise twe reduced
Funchion e @ NAND gates @NOR godes

© £ = %m(0,1,4,5,12,13,€,9,%,4,14)

cO
A N 000l Il 1o ”

fzﬁi

=1

|

Ol

Y =C +AD+8
Forr WNAND gale rwealizakion ,We we A=A

Y =

)

L
:Ol \\




O
xS 00 ol || 10

| 1 1@

o o]

- [T

(C+D)(A +t8 +T)

—~<

(T+D)- (A +B+TD

"

€+ 6)+(A+B+T)

V)

RC
poS_00 of 1\l 10




MTO”CJ Logre Cnecust

-~ "C o 7
A Combinationed Ciouit Congicts of an  tercconnectTon ot logTC gate!

Whote outputr @i any inskany GF 4me ome defenmined e
Pregent combmativn of @ pats 0Ny

) tate
The combmatmnal cracurt do not wie: any memony - The prev oW

St inpuwd doeg Mot nave any efrect ON the present clare of thL

-

The eombmetdaal cireccit Con have an '‘n’ aumber of {npuAS and
™ number «f oudputc.

Combrnaional

Careeatd

combmarional crrzait degign

@ Tdertify number o mputs & owtpuls .
@ Constrzuct  truth dable .

Write owtput logicad expregsion -

@ Miatmize logical  expred(ion .

) Tmplement 09TC Ciremdt -

Hal# Adder

- The half adden S an anrfthmed Ciewuit wged Ao perform Ang
additon ¢ Awo single bitg.

_ Two inpwt variables lo tne hal? addee degrgnate g augend &

addend DS ond e Ouwtput vartableg produced 4o Gum & caray

Haol £ _.Sun(\ Cs)

&

A, B o e
_y Output




Treuwd Table
\__

_’WT Owkpuss !
\_ )
A

B » &

o O (0) 0
o | | 19

1 0 ‘ o

\ L o 1

The logica) exprescron fon S & C < obramd using

Sum ( §)

AR o
o| |O)

01 ]

S:-=ARB +AR - ADS

logic  dliagram

A

Bo——

Canrny CC)

%8

&

Half Addea wing NAND 904€s only -

K-map -



Hale Adden using Nop gatel only

Fuwll Addert

"~ A Pwl adder s a combinational Cietwit tat peaforums e arithmedic
Sum of fthree inpud bag . It conSicts of +hnee npud Vaaiable
oesignated by augend ,addend & 12 caany bit . The +wo output
variabks pProduce Ane Sum & Canray .

gmgNTficant POSiTtTon .

A g
% full Addefl
Clﬂ Qogj
Trruth Tabl\e
rlr\pud( S 0wt puk j

A ® Cin | S cw\

—

o 0 O |0 0O

o o | \ O
O | ©O \ o
o | O |
\" o O ( )
| o | D \




Sum (%)
\
%(\f\
CO ol I
S = KB+ A8+ AL ABC,

A CBGrg) +ACBGY B¢)

- A (BO®C¢) + A(BOCG
A (B@C) + A(BOC,)
= AORDC,

LogiC diagnam

Cén

cartty  ( Cows)

Cowt =

Cann‘J (Cow)
e

A\Koo o 1o

—

Lot ® Al AR + BC:y

= ABC+ ABC + ABC + ARc

- CCAB4AB) + AB CT+ce)

- C(A®DR) + AR



wddem Wing two Haf addens & an O R-gail
Holf Addert

- - -

A ' STty Hal# Addert
|

> Wb WS & W g e

A \ \ \
) A©B

- ~

Ll
@
>

L
V)
5

\ |
\ . (w©8)C
4 \ \ \

e . o - m——- \ A%‘{'CCA®Q')
"’ - "'"""""‘ Canmny
Cen =
A —\
P P j__‘ \
Adden Sum ($D
® [—\ ;\ Hal$
Cin A Adden

Caaay (Cowd)

Rul Subtractor

—

‘A f£ul! Sublrgctoa S an arithmetic Citcurd whith Perfoems A

Gubinectron Detween 4w bits 4aking it account that a 'l may

hove been borrowed by & lower Signifiand Stage

- A P Cubtmacten has thaee pUS & hoo oudpds .

A  put | +—— Difference cd)

B —

Suptnacior r__——-‘ Bortreow ( b)
c (G A—— |




Trewth Table

T npud outpuk 1
kA » C d b
O O O ) 0
O O | | \
O \ O | !
o \ | 0 !
( 0O O l 0]
| o | 0 0
\ | o 0 0
\ \ | | -

Oifertence o )

A\&oo ol 11 _\o
o | O] 0]
lt@\ Q)

d * AEC +ABC + ABC ¥ ABC

g (AT +AC) + BLACHAL)

\1

g (h@C) + B(AOC)
. A©BEOC

D LW
B oo or g1 L0

o_.
v
>)

@C+ ARC + ABC + ARC
c CAB+AR) + AB(c+C)
- cchABB) + Ag



— Diflerence (d)

®orzo W’ Cb)

Mu)(lriple)(erz CMUX)

T TS a Combasiona) Citcwid thed  Selects binaay ™Mformatd)

feom  one  of many fapd Unes and dieecis o to Smgle ouwipud
une .

e Befectivon of a pacticdarz npud Uine @ Controlled by a Sek
ot seleckon Lines .

- Thete aee 2" onpud umes & n Seleckion  lines .

- Multiplexen S also Known a3 Oota Selecto @

cmody , univetsal logic  Convenr

, Panallel 4y seaiald CoNnventeaq.

0 v

R |
RCHEGS & 1

So S

n-\

M = Tokd no. «f dato npd

no= Number. ¢ Selection \ine§




Ax 1 MW tiplexem

one applied do FThe

- E
acth ¢f 4wt Ffourn cnputs s o R, =P X IB
SedectioN nes S, 8 S, -

tnpuwd of ™M ;
p LX & loygic leyels qtoplicd to

Jo—

j\’_'___7 4:1

I, — A MUX Y
1y —

\
T
S, So
(Blsck. Diogram )

Funciion Table

S| 84| Y
0 o |do < Q. q
= S e
O ‘ 1l Y /[So:[o -+ SI SDI\ + S| Sbll - 5\5013
\ 0 1o |
\ ! le

o
| D—
NEin Y
il




Demuiplexere € DEMUX)

" { matcoN
" A demuMipexerr is a Compinadional cecwil thad ne€celes nfort

n =
on & Single Une & trangmits this 0N one ot 27 posgible

owrpux lUneg .

- The Selection of o Specific owPur lLine ¢S condreotied by 1The locd
values «t n  Selection Lines

- Demutiplexere S algp known ag data dtriburorn , serial 10
Parallet  Converter |, one to Many ciruid -
- It 8 wd 4o Prforum the neverse o?erwdt’"on st MU X-

\

Two Selection L(ineg Qo & S\ enable onlj One gatt ar a 4Tme. 35
Ahe Aara apPeating on Ant tnpud kne will Past Ahapugh AL
Selected gate o e asspeiated outpux Uine .

Yo

1X4 Y

I — [
DeMux \,

Ys

S Seo
Punction Table

2, Se|Ys Yo Y, Yo

—o 0 |0 o o 1

o | O o 1T o

[ o |6 1T O O

1 | | © O O




Logvc Oragmram

S\ S

*

D—
v
v

Encodert
-~ Tt has 27 Wpuwd lneS & n output Lines
- ow of 9" inpwt lines only one S actvated ax a giveny 4me &
paoduces an N0- bt ouwput wdQ. , depending wpen which apuwt T3

actwvated -

Jo—of — Yo
L —
S"— . > ——’—9Y|

T :\‘_3L______J Y'\—!

Eacodern. ©S used ¢oO convert othea Codef 4p binary

. ockal to0 binamy encedess (E X3 Lne)

9. Decimal to RCD encede Llo X< Uﬂ,e)

5 Haxadeccmcd ‘o b'lﬂarLj encoden Cle X4 U‘ﬂe)



Decimad Yo Bepy Encoy

~Tt haS fen PwWs (¢ 4o a7 , &% —@oumowy?m cpr(aggpondu‘rﬁ o BCD

codes -

Trdh T‘Lbl{

5

O O o O O o O ©

~—

-
on

o 0 © ¢ o © o ©

O/—

2% 4

.

!__"Y‘

Enwdea —— Y,

— v,

( Blow Dragmam)

o g © O o<

o ©

o ©O

O O o O o o
O o O O o

|

O
S o O

©)
)

- O O O o

O © O ©°

LLLL{YsY, Y, Y,
© 00|00 0 0|
© 0l o |o o O !
O \ 0 0 o o | ©O
{ ©o 0 o 0O o |\ I
O 0 0 0 o | O O
o 006 |o ' O
o O O O o t UDO
o ©0 0 |p !
o 0 0 lOOON
o 00 O \OO’J

Y, =

'lq_,'{‘Ig f‘J:{, +_T}

\(2— :14 +I5+I6 "'.[;;

Ys

c Ig'f'Iq



Los;(_ 9(43r(_am

£ 1% Ty 14 Tg T, I3 Te Tc‘
i

Decoden

- 14 T 4 Combmaddngl logic Circuif +hat Conveats bary nfo amairon
£om N’ ik (apud  Uneg 40 a moximum 2N ynrque oud put linef
- only one owput Une s activared o each one of poSSible

ombnariwnS 6f npud -

Decoderts anl wed +p convertt '~

\

Binaey 4p ockad ( 3x% dlecoden)

—

2. Biaary to Rexadecimay C(4x|g decoden)
3. Rco 10 decimal  ( 4x10 decoder)




3x § Decodert

r——

Trwrh Table

A B C (Y, Y, Yo Ya Ya Y5 Yo Y3

© 5 0 0 0O
© 0 p oo O -
S 0o o 0-0
©c 0 06 o -902©0
o o 0 — 0009
o 6 = H DO
o - 0 0900
— 0 O ©9 0 0 9
O~ O —p -~ O
o o — — ©0 —
OOOOlll

\/Og-‘c- Os agaam

(a2
(<<
ol

o J lJ
3 'S W (e 2 o
< “ 0" A 4 tL "
(l & - VM\ N L . Vll.
JgT > > >
) LJ LJ \\.J
)= - |
I I B =
|
< aadJ

(3x@ Decoden )



A-bid magnitude Comparator

- A wmparaton. wed ‘o Compang +wo binarty numberzs each uf
+wo bitc S called & 9-bit Magnitude compaaatort

- It Consicts «f FHua inputs & thrzee oudpds 4o generade less than,
eaual fo , & grteatlrnt 4han between 4wo b;naav num beas .

PO ——— Y|
" , Companatont |, A=g
—— A<t
Trewth Table
| Topu out put
Ay, Ao | B Bo (A< | 4=8 | a>g
O 0|0 o o { (@
0 (0 o | | o} (0]
0 0 | O | O ©
0 o t | l 0 | O
O l] o o @) O |
0 1]l o | O ! 0
o t|1t o \ ° ©
0 L]t | o O
I 0 0 o O O ‘
[ ol o | O O |
I o|V o © L
| ol I | ( o o)
| |10 © o) 0 |
[ | o | (o) (0] \
I | | 0 0 O \
I O \ O




>
=

\g‘%

PPo N\ o0 || 10
[13v)

0] |

B ;‘~ (! B
) \L- —'I'

AR = A|'é| onglgo ‘l"Aqu'g—b

Asb
220
A‘P«X ®© ol | 10 _
o [ J
o/ @
I q
: o\
A= = A .
- Z‘,E, (Ec—B—.'f' Aoy ) tAIB, (Ro®a t AsBp)
= (AoBo tAeBo) (A +4(B))
- (AQOBO) (A|®B|.)
A LB &
=
Ao o el (U \rw-o
B ‘ ! ‘
0| U !

Acg = A B+ AboB, T Ao 8 Bo



B, ®o

Ao

A?B

0\

A<LB




Sequentiad Logre Circuit

- Tn a sequenhal Cirowit , the owlpul (S dependent wpon the preegent
(\Purs o well a8 +nwe past puws & oud puksS -

e Seauential Circuits include fne memorg elements  which

Srorte ‘e pasd OPws & owiputt -

. AUl the seamentral Cirtawits ane clocked cirasts el s al

Seguenitiak GRS wordk with a clock pudse -
- Ian Sequentia) citcwi{ 4he owdPul (S @ Punction of e present

inpudg a8 well ag e pagl (Nputs & outputsS -

Com b(qa"’fmu
Cincuwit

- 1IN this memoay iS uted to Storw previows Output & Clock pulle
decides tw  amount of ¢ quined +to get ML outpud. -

‘lf

& Sequentral Ciaceit

B

Qi ffeaence beA-wcep tombinadivnal & Segquential Clncu i

Combinational Circuits

Sequential Cracumits

) | n preesent
Owputs depend only ©on P " Owlpuds depend on both presen

inputs - (PSS  and presend -
- MemonYy elements ane not

- Memony elementt ane requinred .
nequined

|

Feedback poth S not pruesend -

- (ombMadicnal (CizcustS ane
 fagten:

- Ty ol e€asy 40 design -

elock Signal T not negquined .

- Clock S19nal IS nequineck-

- Feedbalk path €  present.

- Sequenktial Cirtuily e Shwerz .

- Ty ane dofficwlt 4o design .



" Twe Sequentral circwits ane Clessifred 08 SYchnonouwt Sequential

Cincuids & aSynchnonoul, sequendral Cinaui dopendi‘na on the dimng
of tain Signalg .

SYnchonour Sequenital Cir cwit

- The thange (N NPt Gignals can affect memony element upon

acivation of clock Signalg .
Te ™Moaximum operaironal SPeed of clock dependS o0n 4 ume delay s
cnvolved.

- 1IN Anig Cirauid Memory eleMends aae "Clocked £lep-£lops .

- It is easien 4o degrgn .

= It ¢ geneeally ‘edge nggp_rgeo{'.

ASgynchronowt Sequentiad Ciecuid

The Change (n iNput &r

gnals can affect Memony elemen+ at any
instand o 4ime -

Becawe «? absence of Clock , thiS Crramt can Operate fagiea than

Synchno nowt Cirzacit -

In 4wis Cineuif , memony elementS arl either  unclouced 'F(rpﬁopg
ort Atme delay elements .

Moe diftiadt 4o detign .

I+ 13 qenerzally (e trtiggened -

ClocK Signal

Clock Sitnat S a Peatodic Signal & (KK ON tme & OFF 4ime ned
not be Adke Same . W& Can reprefent the clock gignal af a Squane
woave , when both (K ON time & OFF tme anre Same .
g ugugs|
ov
—)
Time peiod

- In AniS case, the tme peniod will be eoual to eithen hoice «f ON Hme

on twice «f -OPF time .




© The meciprocal of the b2 period  of clak Signad s Known o4 e
frequencty of e clock Sgnal -

- All the sSequential cCircuits ane operated witn Clock Signad So . thi
Frequency at whith the Sequentral ciraudts can be openoted
accorrding [y 1L Clock ST9nal fuequenty has to be CRISEry: «

Types of Treiggerting

leve ’fﬂigger:ma

Edge targgening

Level triggeaing

Thene ane +wo levelg, namely lgic high & legic Llow in clock
Srgnal . followrng ane Mg two +types of level trm@geing -

- posHVe  leve *ruggemm&

- Negaiiv@ [evel triggeacngy

PositVe level itiggeaing :- 1f two Sequentral Circutt S o perated witn
twe clock. Stgnal when 4 € in logTc high ,taen thas tyPe of
+r¢v‘33erzma (S known ag POSitve leve 'fn«“ggert.mea,_.
[—-\"\.\-vc level

JLIL

Negadive level trerggening ;- 1€ tae seauentral Circait S operated Wit

e clock Srgnal when o S in legic low |, then that +ype of
+rrggening i¢ Known at MNRgatve leved 'h'zrggcn(‘t\ra_

jugsy)

K} -V€ leve)




E’-ﬁc ""f‘ln'g 9{({,‘(\&

Theae qre two tYPeS ¢ treangitions Anat oCturt 1N e Clock Signad.

Thad meang , e Clock. STgnad trzangidrong elthern '?rwm' Logi C low +o
Logic high (o) logic Wigh 4o Legic Low -

There ane +wo types of edge Mngcama baged on e +rzansidions of
Cloclkk signal .

- POsiHive edge trirggeamg
- Negadve edge triggeaing.

Positve edge turggenmg :- If e sequenttal cimewit ¢ operaked with
™ML Clock stgnal tar S transitioning

fAom gt low to gt hrgh,

hen tnat type Ut triggermg & known @8 POSHWVR edge +m79em73.
It S auso called a8 r'(_‘cs'nr\a edge treiggenring .

EEENE

Negatve edge -h"L‘rggen.m% :

I# the Sequential Cintuit & ©pe rated
With e cloek Sgnat that & MmangTtionng Preom legic "Bh +to

Logic. low , then ~nat HyPe st triggeang S Known a5 Negjative

edge trrggeang . I+ TS aiSo called o3 Palling. edge trerggezmy.

LT




S-® Fip-Flop

S ~ .
-/ |

Clock. =

R
Trewth Table

Clock.| S Qnser | Stade
o) X X Qn
1 0 0 Gv\ Hold
1 o | O |Rreset
1 | o | Set
1 L X  |Twalid

ClocKed S-R Plip Flop with preser & cleaq -

% Preeget
1 v Q
C\OCK fyunn——
- ——
> N > >
Cleart

- Wwhen Prefed =0 & dear =1, then the owtpd «f Gared & 1 & that
of Chate-2. @S O » which T3 i{ndependent ¢ inpute S 2 R, and 4
flip-flop s Set -

_ when preset=l & clear= 0, then the output of OGareq is 1 whith
makes 4ht owlpat of Cates] S O (iR Q0) whih i indlependlen +
s inpuds S &R, and the fup Fop S regey .



When pPuget=1 & clean=1 |, ten OwtPds (£ Giotel & (ake-2 depend

0N otherr inputs . For normal operaition , Preset & clean ane connected
to logic 1.
- When paesed - 0 & Clear =0 ,1hen owipds of Gare-1 & Gare-L ity to

become 1 . Hene, the unceatairn State ocuns & hence , Puset=o &
cleart =p & Noi wied -

LApud Oukput |
S R | Pratet| Clear| Qnx L
[ Preted
X O \ |
; X | (o} = SR -
© T
© o l l ® N o
" n _ln Flep & —
| | | le) _-— |
| O | ) \ i
l | | | Invelid cBamlals
(Trruxn Table)
T fup flop wng S Flip-flop
Preesed
J L./ . Q
o7, Sp—
FlipFlop
s o
L7 L_T___ &
Cleart

- The unceatainty (N the Stade of an G-R Flip Flop when S=R=|
Con be eliminated by Conventing. it into @ J-k Flip- Flop .



[npatc | outPuis | Japuts to SR| outpud
T K [GQn@ | S & Qs
@)
0o O o | ) (@) B &
o O \ ®) (o) (9] (
| o o | | o) u } 1
[ O | O 0 0 |
o | o | o) @) (v SO
o | | o | O \ o
\ \ o | | o] ! ‘é,,
\\ \ \ © 0O | (&) "
L

Trtudh Table of Jk TlipFlop

1

Gun4!

- 0 0O X 1

K
X
D
|
o

|

Qn | = Memorty

Rna | 2 Hold
O - Reset
| - Sex

Q& | Toagle

Race Around Condition

. 1f oudpur ar the FLPFlop iS 109Qled MorR than onk For one ¢|owk

Completion then 1§ Known 08 Race anound Conditiorn ort Ra.cma.

- SR g D Flip FloPs arce free from ace Concition -
. E.O\gL Ariggeing iS also #rree faom rzace condition -

- Race conditton mMay be oCuned only A level '\ni%gn;r\a Tk or

T- Flip PloPs .

- To avoid race condition , thene ane two methods -

® To mainfain tew < 'tpd(;r) <7
@ Masten Slave T-K Flip Aop

T - time Peniod , tpy - Pulse width
Lpd(er) - Propagadron deley «f FF

|

——



Master Slave JK €up Flop

3 — 1S - ®
“ R 8] 1

" coutk UF 4ne Prast
- The 0‘**(703 «f SC(O'\O\ S-a P“—P‘{‘DP S g\vm to the U\P
Pp- o AND gaie -
er s o ’ fieSt SR Fup Rop ofrert
- Twe Clock (S olireckly applied to e
second SR Fuip Flop -
the NOT 5 appz:ed +to tho

{ econd
When  Clock. = 1, e ftrst Flip FF s enabled & the $€CO

-

Lup Flop (s diSabed -
- ECince tne 8€wnd Clip Flop (S drsabled , the outpuk cannot be

Charged duang. tag oK, whith S the input B e fTast
hQ
£1ip flop . tlence inpuwts art not Changed oduang tne cloek §

prwoblem of @ace -anround condition ¢S reesolved .

when clock =0 , the Paasd fip Mo s dsabled & 4w gecond

F\(P— ?(OP ¢S U\O}Ote,d  Tha OMP(,L‘,Q ()’.f fiest F“P'F\OP S 4w (ﬂPL&In
Lo the Second Flip-Flop.

- The first Fup Flop (S Known ag Master & 4ne Second (S Kknown

at Slove .

Clock,, “
Clock
D—D
R

Q
Clear

( legic Diagram )



D - Fup Flop

T+ hag only one inpwd wfened to ] D-inpud ote data NPt -

Preset

Trwth Table

aocal D V qua
0 X | ®n
| 0 0

| \ \

fno end o clock pudSe -

- The input data - appears at the oudpud X
i clelayed

Thug dne AmancPen. of data freom Hhe caput +O fha owtpud
& hene the name deley Cp) FLup Flop-

T-Flip Flop
k. PUp Flop , % J=k ,the ewhting  Flip Flop 5 ree e arced

-Ina J-

do s a T-type Fup Flop .

- 1¢ hag or‘\ld one (npw\—l rwefeaced YO af T-mpw{_

,___ALT

J5)

Clear



Tadh Table

T
X | Rn
O Qn
| ( én

- The oegignakon T comes Fom twe ability oF tne Flip Flop 1o

Toggle on change Qtate -

Applications «f  Fup-flops

@ Seaiad g Pardlel dake storagl

@ Data transfee
() Seceial 4o parallel
(V) Pareallel to Seriad converetet

) Loaten

Convertlre

@ couwnteas
Vi) Faequency dvisioN

A’@duwg ¢t a Countert

oL o Somply  MOD Countte are defned ‘bosed on The
Sequence +hrouvgh before

- Modu\lug  count
Nnumbee of Glades 4nal the  Courten Wil

quma back. Yo s oiginal value, .
"ex - a a-bit+ CounterL twat Counkd ’-@Lorq 0o, 4o g
A modu\lul Vamre ot 4 Coo—ﬁo\/)lo—ﬂll') - Then o x

Called @ modmlo -4 pa  mMod -4 Coundert -

(qa bmaay nay

- Mod-K
d up Counker  Can Couni K numben. «f States fnom O4o K-




ofcnence bedween Qynchrronous Counkere & Agynchonoul (punte

Synchronows (onnten Asynchaonowd Countes
Agynchaonowd Covm
- AW the £Llip Llops are truggened 1. Diffeaent FupFlopsS L *msaemd
gwldaneously with fhe Same otk | with difeercent Clock:
g (PeRAXTON (S Lagien . 9. Operation & SloweT:
in 0 fixed

3 ANY eAuted Sequence can be | 3. will operate 0N'Y
Jesigned - Count sequentt -
15 easy wen for mont

4 DeSigning is  complex ag Ane 4. Designing
numbe f Glates ncreases . Aumben of Stades

] , - OWN Counst -
o ex- Ring Cpunten | JohnSon (ounten 5. ex- Ripple UP wunten ,eipple D

4-bit  Agynchronoul (ounter

. rp-f1opg |

. 14 Consstg of o Semies (onnecton of complementing J-K 27 p-fop
tnpat
oith the owtpud «f each £uipflop conneched 1o fhe Clock pulsé e

«f the next higher bder. Fiip flop -

- Twe  Plip fop holding e LSB receves ML NCoMing clock pudses -

(L-SB)

( \ogic dliagram’)

Operzation

© Hene negatve edge trzggermg S applied « Se Flip FlopS Change their
Stde on twe negatve Jomng edge of clock puke -

®N04c thal oAl +nhe Llip Flops are Consderned n teggled mode.

@ Ro will Change {45 Sreke iN everny Clock pulse .

@ Q, will change 5 State when R will Change $rom 430 0.
© Q wil change ik Stake when &) will Change faom 1 Lo o.
0 @y will change o Stade wun Qe will change £aom 1 4o O .




Tk TablWe

1tC(ooK Ry A, & Qo
O o) 0 o @)
1 o O © \
>~ o o | o ||
- o O | l |
4 | o | o |
V) o | o |
6 o | 1 O
¥ 0 \ | I
& I o O ©
q | o O |
10 T & 1 =
I | o | |
te | } o O I
(3 | | 0 |
| 4 | | | ©
|5 | l L

“ Inifially o) Flip Aops ane Set 10 ZerO -

- The moxioum possible Chade = oz 16 C Fom O to 15 )

- If 1w inpt dock *Pru_@uwv = £ then e owdpd —ﬁug,uencb(
s e
- I+ S a 4 bit up counter, whith Counts Hom O 10 5 .
- For 4 pit down Countet , positve edge m"%“‘"‘ﬁ s applred &
cock 3 Jwen Faom & (0r) nejatwe ed
9¢ miggenins 7 APp)red

& clock S given fromn R

Courz bt oown Counterr Counts From 5 4o o -
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Asynchaonous Decade Counter

- Here 4he toted Number «F Fup flops e quireed

Aumberr ¢f wed State =lo & 1hL number F U

. CLR < used +o clear the Flip Flop ¢ o -

- In otden 4o deSign « non binany decade countert & log
% aX SoonN

¢S wed which detect

0% |olp appeaas ct CleanS all e f\\’P-‘F’(ops ‘

0 St+ase From

ovoo A0

(6 4, thus dhL
nU..,S‘CO' S’)'CL&‘C: é .

f'Cgoult

CLR

Trudh Table

D
a-eoo.uo“\n—hwv*oi
- g O 0 © ©C O © o

p—

—

Qs A, A, Ry
0 o O R
O o |
o) [ O
o |
\ (o] O
i+ o |\
( i %
| \ |
V) 0. O
O o |

I O




90 Synchronous Counter all tne ATpFlofs Quen clock Lnuwitaneously -
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Registens

- A egster ¢ o :
50 digia) ciranit wih two basic fanckons i-€. clata

Storage & oata movement .
- 14 g basic
| ically  a group «f Puip-Plops Logically connected *© pecform
VOTtious  Lunckong .
- To sto
o Stone a grpup of N-bif wonrd, the numberr «f Llip-flops required
¢S N (Cone font each bit) .

- A negrsten S
9 n .a 9rioup ¥ bx‘nan_j S+sza.34 Cells Guitable Port
holding binarry inforrmatron . In addition +o the Rlrp-poPS, @ MeGiTten

Moy Nave Combinatonal gedes fhat peafoam ceatarn dota

processing tosks . Thus o re@Ttec consists «f a group «F

pup-flops & gaacs thazt ePfect twein 4rransition -

Shift Regrsien

- A ruegisten capable of shifting 1he binary inforrmation entened

into it Rtom an exteenal binaay Lounce ¢S called *The 8hi £t

negistert
Tt s o Sequendiot cirzeuid mainly ufed to store
ot to the |€£4.

ot shift binany

date either 40 the th‘al’\‘l
A Flipflops necene a common clock pulse Whith cawses Shifd

.Pﬂ_om onNe Siare ‘h? we n-ez;v}-
1n gnify redister cach cClock puiSe Shifig AL C(ontenis of reYste

vne bit pPositton 4o the @rght o left -

Classy freat@n s Shif4 Registes

@ Semiad IN ,Seaml DUT Shift regitiec (s1s0)

@1‘ Senriad IN , Pacallel OOUT ShiR+ regitiem (sS\PD)
Docaliel 1N , Setiad OUT  Swif negrsien (PISO)
@ Pacallel IN ., Paralle|] oLT 2hift negTien CPIPO)

N — Inpui
OUT - Owtpwd



© Searad IN semia OUT Shift regrsten (S180)

- TW Senial IN Seatal OUT shiff regrstet accepts twe date Senrally,
1t produce§ thr Stored

one bit ai a +me on a smgle anpud Une -
al focam -

binarry (nPoamodion on (ts Single outpud Lig in sea

Cata Tnput
— OMPM
D, o3
é y

- les the binary infoamation ol ©§ applied 1o the Mpud, -
- Qince shift negisten S neset , 30 inttiady all W £ip-£flop outpats

cC\otk

ane =zuO <€ 0000
_ Data (10l iS oapplied 1o tme mpud lne . Ther
Snif; SI1Sp rwegsta , LSB data S applied ot twe MS@ FF (Da)

efonl (a Ane ght

- Q3 Q. KR, @&, |clock

O
(10| 0, B, B ©
N Y |

| o\ 0 0 |

T

0 "‘\\:)0\)0 2

S \\0 \ \AO Z
\ \ O | < !

- In ' bd ey Stee , YO ente N bt data , (+ mequires " cloex

pulses in Sewra) Porem -

- [#£ 0 b data I S torted
i+ aequires (N-1) clock pulser.

cn S1S0 negisten then owtpul X taken

Qentally , Po this
- Q190 Mmegiste 15 wed to proyide A Clock pulses oelay to tna

{nput olata .



@ Setial IN Paraliel OUT swifi registert CS1PO)

- 10 ths Shift nregSien  dajn T entened
pufPud TS taken

in Searad Roam bul
Poam - Thenefore , ONKe tho daka s

<N Partalle|

Comuwl rane_o\q\j X

Gls R @, =
Oata (npud T
DS A, Dy G, D, A Do G
> >
O G ® R
| Qs Gy &
M Q-Fcl LSB-FF
Clock -
input Daka [lIO1] = Ry AR, Q, Qg | clock
O ») o) ®) O - TaitTally
\ o 0O O |
o | © o | 2
1 O 1 o 5
| l o | 4

- fon sStoring N-bét servial capud Oato Nnumbert «#F Clock pulses
ﬂ.eqytrlea\ =n.

- forr N-bit parallel owput dato 4o be Srorred +ny nNumbe

v} clck pulse s mequined - o .



@) Parallel IN Seaiad QuT Shif| Regrsden (P1SO)

In Piso Shifi regittea twe doda bHS are erterted gmultangoul Y
(ND M2 egpedhive Pip £lops and the EWFied data 7S availab@

oA e outpuR fenjaﬂj ;
-E D‘ 0 2 D 9, 01
|

2]
<l

ClocK

- when E S one’ input date X gwen g when € I 22a0’ cudped

faken .
Stone Paralled data 6t n-bet

- To + requines 1 clock pPudSe -
_ To stone GSemial outpd data of N-bdt the No. f cloek U g

eapined ane (nN-1)-
(® Pacallel \N Pacallel OUT ghift negrten (PIPO)
- In tharg rwgwdea The Nput TS a parallel entny & g oudpuy

1 algp taken Simultaneouly .

O3 D4

Paralle) Outpud

- fon pacalld (N date Ahe num bea of Clotk Pulse nregumed S 1
S 0.

_ con pacaliel OVT data twe numben oF clock Pulse "Q Qu T ek

’
iy Pad |



Micro Preoce § Sort

oM :IAJ y -
Mtc .
‘preocefson is a mullipe parpose programmable Clock odwven,

::jzkm baged electronic device that reods bmarny énStreuctron s
0[% "Y\eJhoruj , alCeprs bamany doto s cOpt & prz.oc&f;’rr\a ths
. QJCCOrto\ma 40 the  iNShucttong written in Ane memonty.
&:\Q -\%M"mpr‘of@ffom s Capable «f penaeorcmmg compuAing fanctong
y Mg decisions o change e Sequence of program exewtion:
;"\1 micopnocesson Can be @mbedded iy a laregerr @gstem , K N
UNCHON 0% fw CPU ot a (ompwlet called A MicroompdeT -

° N,
, CPU )
; | :
! ol : ALUD :
Device Control unit Owtput
43 \ Device
| P\eg:s«ﬂs :

( Blocx Digrram ot Micrrocompute )

- Taput Jdevice S a devic@ Fhot trrancfens NBremotion From owfside
worrld 4o 1he computem . xample chboartd, NouUSe , mocrophone ete

- The ouwpd device +nansfens (Nfoamadion Hrom Computet fo the

woretd Uke monitor, printens | gpeaker , Priojectornt etc -

oufs Tde
s arn electnonT mMmedium thod Stores binany cNformnadion .

Me moreYy
cf compure Sysiems,.

CPUL (Central papcessmy untt) s the headd
Twe micnopaocegon (N 0Ny microcompute acts as a CpPOU-

can pe made up with ALU, Cp , Regitters .

—_—

Twe CPU

_ALL S Ane group of ciratitc that pPecform arithmetic &

Logrcat operationg -
.U ( contreol unit) @S & greoup o+ Cirreits tnod PR,Ovrd.Q fhm(_ngs
g signals 0 ol tne °Perationg (N e computern % contreolS

-

W daota fow -



SY¥Stom Bk

A bur (g
a4 group of winres/ Llineg wged 4o transfer Aot between
omponents ¢NsS:
. (NSTde a computea. ot beirwween (,OMPM'CIZS ; TMU ang
m = -
MUNncation Path wied 4o canmty fuL crgnalf brAween

(Y\TCFLOpr‘c,O(eS'SorL ZS peat phe ralg

The Gysiem bus of a micnoprocessorr ¢ of 3 types

@ Address Rug

- 14 i€ a grioup of (nes 4thad are wused +o send <« m@moﬂ_j
CQOPQOCQSQOFC

addmecs on o device addness from T i
unit (MPL) 4o the memory ofc e PC“"Phema(.

- The addmess bug & alwoys uni-olinectional €

W of the micuo Proceisor .
¢« ane n for a MPU then (1S

addres s clweys

goes ©

- 1f the addes¢ Uine aolo(rd/?f(‘ﬂ%

capacity S Ay,

@ Data Pu
- Tt (S gnoup st (neg uled o teanSfert data between Ahg
micnoPreo ceffort & Pperiphenals ANd (OFL MRMO Y .

Oota bul (s atwoyl bf-okcrcedrona,l.

@ Contreol (Zul

_ tontrol @w provides smgnals {o contno| dne flow of data -



Artchitectune of gog5 Microprotesson

LnteupPt :
Snals SID soOD
L4l L7
Jdnde e pt Serzial 1/0
Contro) Contreol
@ jI &-bit keanal Data Bug
11 i Il i
Actumulabe| [Tenporany| [gratug Insteudion| [ p ¢ @)[C (8)
i RegTs tee Flags Regisien — ‘
[ am D ®[E (1)
H ®)|L (g
4 Artith metic InQeuction Stach DotaTer
ol ) Decoden e ]
logic uni4 &
CyYycle 06)
N Encoding | [Tncrementen )
' Decremenyen
X L Addrers Laxh
| T3 Timing & contro cle)
 — .
Pt T e—
Clock  conteeol Stgnods Eddne,gg Buﬁie:] DATA 7hddrel §
ll — Bu’F‘Fe’l
Ag — Ag ADo ~ ADj
BGug
ALU
The arthmetic & Logic unit, ALy , Penform g Crithmetre & logrcald
v perradtonNs Such ag Addition , Subtrnaciion | logical AND , OR., XOp ,
NOT , incneament , decmnemend s &Pt ShTft, notate (efs | nrotete rrg hi.
clean eAC .

cming & Contrtol unid

- The dmmg & control unit s a section of Ang cpu - T generaiy

doming & commo] SignalS whicn ane necegtany fonm A ex & Cution

st insteucdiong.
- J4 controls data flow between, CPU & Pecipnerals -



- It conitols fne endire 0DeatiONS Gf Ane microprocelfor i e
Connected +p ¢t Thut ot S geery thad thL condrw\  unét of The cPU

acts a8 the breacn G the computed SyStem -
Regisier

" Registens are wged by +he microprocescor For tempoany Starade
5 MantPwlation «f data & "Structiong -
8085 microprocessor nag dna followmy regtez $ U

® one gbit accumwator (< RegThern A

@ SIX €-bit geneaa) purtpose negilrens: These arne B,
a)  One 16-bit Stack pointer , SP

G ©Nne (b-biH prrogram counte , PC

@ TInStructcon regs -\:uz

@ -emportarny rTes i e

C,0,E,H& L

- §085% microprocesson a0 contoins a  Sed «f Fove Pup Aops whith
Geave as flags o status Pags

Accumuldatore

- The accumulator S an 8-hit regrster assocrated with 4ne A LD -
Twe n.Lg:‘S{-CxL A (0 the gogn (S an altumudator -

- I+ ¥ wWed +o0 nold one of the openrands of an anithmetc orc
lbgical opergfion - It ServeRr a3 one inpat +o the ALL.

_ The Pinad meswt of an anithmetic ot logicad operatcon ¢S

Placed n the accumulator -

henertadl PwtpoSe Ruegigteng

~The 8085 wmicnopreocestor ConteiNg SiX E-bit general- Purpose
wgistens . They ane B,C,0,E, H & L negrsten .

- To hold 16-b@* data a Combmadon of 92 €-bit eg Stens can be.
employed - The Combmation  ¢F 4wo B-bi{ regTieng S  Known

a3 a rnegister-pai - The valid fegsten pairs cn the Bogns ane

B-C,D-T & H-L.
- The H-L \OCU-Q XS (,bxe_d +0 adt af Memorcj pO(ﬂ*\x’;n & for‘( “’hrg Pu’npole
¢t holds 42 (6-bit addrect o€ a Memoay location -



Pogram counten CP)

i 'S a S uted to hold the

l6-b4  Specral purpoSe negstee . T4
MeMory  addmegs of fhe nexd nstructcon 4o b executed.

-

The micrroprocesconr (NCL  ents e content «f the Prcogiam
Luntew during the execution of an  instreuctton so That ot
Potnts 4o the addretc of +ne Next AStruction @ the
Program at the end of tne —execudton CF an cfreuctoa -

Stoack Pointer (<P)

- Tt S a |6-bit Special purtpose MLFiste - The Strack S a sequence
st memony locaxons ger agide by a programmer Yo SHoree[rutreieve
The (ontents ot allumudation , £lags. , Program ounter & genewad
Punpose regittens duing the executron of a Progeam -

— The Srack pointea (SP) Controls oaddwressing 6F tne Stack - Tht
SP holds +tne addrege 6# the top eement of dota stored <N
e Stack .

Tnstruction Regitten

- The (nStruction egistern holds thwe operaton code o TOStructcd n
Code GFf the inStruction WhTCh S being decoded & @xecuid -

Temportary Rogitrea

- T+ TS an S-bit nuegister associated with the ALY. I+ holdS data
O\Mcwf\fa an  adithmettc / [ogrccu\ opeswakion .

- It % wed by the micnoprocegsor - I't X Not accessible 4o paogrammen.

Flagg

- 2085 T (
Micnopreaxesson containg fove :\?upﬁops Yo Se ve ag gratug fag-

O Carrey Flag (cv)

@ Parity Flag (P)

® Auxiliany carey flag (AC)
@ Zeno Flag (z)

® Sign Flag €S



© Qary tlag Cey)

- Aflen 4o executon «f an aaithmeric inStrzuction (£ a cavry

Procluced | 4y arzey ’flaﬁ (g iS Sex o 1 , othenwise ¢t & O -

- Aftea thng add i+ton “f two §-bd Numbens, (£ the Sum 7S largern
™an §-bas |, a carey s produced € 4ne canay Plag TS Sek to 1.

@ paaity Ploua Cp)

~The ponity flag P (S cet o 1, (£ thg raswlt of an anrtthmetic
Ot |logical operatron Conteing €ven numbew of 1’8 I+ & res et
on 0 ,if e reguit Gndains odd numbee of 1's -

©) Auxil?ang Carmj Plag ( AC)

- Thae C'-Mxilfan.j Cartny g(mg holdgs canmny owt of tha bt number 4 40

e bit Numbez 5 neguiimg from te  execwtn st an Qwtthmetc

Dpecat N

@ zeno Flag (2)
The zeno Sdedws Plag Z S Set to 1, T ML neswlt of an antthmerd
ort logicad Operaton s 0.1 4no megwdk S N0t Zewo e Flag ¢S
Sexr 4o O

@ €gn Llag ()
The sign flag S 3 sed 40 1, ( the sudd of an arethmetic or

logical Operct®n ©S O . 1f +he negudt (S poSHVL ,the §79N 'f(ag
(S %4 to o.

& ¥ 7 Unde,ﬁ'ned
S:»zlx[m X, P]x Cﬂ
S9N Fla 7 ’ ‘\ o Caany f(mj
Z0rto glaj T—\ Paiiy flag

Auxflrarzj ’ﬁ( 0“3

)



LK

= ADDO CQ%EQ-
&
0 o9
ce — l'1o o |0 I\
EqQ - Ll 1V0 |l oo\

loll O'Y OO

Regwd i€ non zerp |
T OMSB of e gum S 1 ;G =] e rmesdt oS negatde .

: \Acsii
- Twene C a Canay Genenated et e Finad bit on Mg@;

(even no-of 1))

-

T

here o o cannj frwm 4 bk to 51Th

- Therne ane 4 no. st 1s  (P=1

Pin Diagram

Veg ——>
Vo = (——> AD,- AD;
gN]; m——— i > Ag - A
Ry —>
RESETIN— — 3 CLK (ovD)
ReseToure | — HoLo
To/q ANTEL — HLDA
g0g 5 s TRAP
So & .
g' é_" RST 15
RD < ~—— BST 65
WR < ~<—— RsT S5
ALE € k—— INTR
SIp ——
SoD « | — INTA
READY —>

As - Ais

These cne addness bl & ane wed —for the most Stgnificont btis
ot -bts P T /p addness .

st 4ne ™Memory addregt




ADO il AD:}

Thete ane tome mulsiplexed oddreess/data bus (@ fhey Semve gl
FALRESE . They are wed for tne leagt Snificand §-bds of the
™

emoty addnas om 170 addaess dureing the Rrst Clock cyae of a

Machine Cycle . Agam they ane  uged Foa data during second & tnird
Clouk. cHqcles |

ALE (Addregs Lateoh Enable)

e —

S T4 TS 0N oddress lodkh enable Sgnal - T4 goes high durmg Frst clock
cycdde  of  machine Cycle & enables +he bwee $-bifs of the addmess
Yo be latched. I+ goeg Www #or data operat®n .

To/ ™

e

-t S a Shduk Stgnal Whith distinguishey, whethee e addeesf Fo
memory o T/p -

- when t goet Wgh, the addnd§ on the addef buir TS Hor an T/o

device - wheny r goeg low e addwl on e addmss bug S Hre a
memory location .

§0/ gl

Thege ane Starl ggnals gent by e micwpracesson to drghinguwiSh +he
vaiows types «f opecwadon .

S\ So | openatoq
o o) Halt
0] 1 w i+
\ 0 Read
\ \ - etin

& |
When micaspeocesson neads data faom a memory  locaAdn on inpud
device | k © called Read opewadion. RO T a Signal Send by

micropriocesfor to AL memorty /[ puk dervice +ro wnirwo| Reood oprratoN
when ¢+ goeg bow , e Selected memony Ot input clevice I mead-



—

W R

When  micrtopreocesson sends data 40 a memory (ocatron o an oudput
Qwvree , gk s Called write operatton. WA (3 a gignal Seni by The
MiCroprocessorr to the memoay /output device 4o condrol write

OPeration . when ¢+ goes low ,the data which s on Ane data but, €S
wriitten onto the <Selected memory o Sent jo fne outpud clevice

READ

Y

It Ba Signal  Send by an fnpwt or oulpud device to +ne mrcroproEdoT
Thrs Stgnal  indicates that te (nput o Ouwtpud olevice S rtao,ota to
Send ot rweceive odaka -

The mTcroprocegon @xammmes READY gmgnal before ©t+ perfoams
dodo trancfen opemation. A Slow npud or oudput olevicg S conrecied
40 2 micreoprocessorr thaough READY [Ne -

- when READY X high, {(t indicakes that the input 0 ouwtpuk Avice
¢S rcecw\j to soend on receve data - when READY € low, +hhe
Micrwoprocescore waits 4l READY becomeg hmh - The mMicroprocesSor
exomineg Mmoo 3tatug 0"‘#’ READY 3%39nal in the Second clock cycle
UF the maonne Cycle -

HoL D

-When anotnenr divice of thg computen. System, nequineg addredS

& clatn buges For dara Heangfen , i1 SendS HoLp Srtgnal 1o the
micnoprwocesSore - Afden rwecetving The HOLD request | the mrcmroprocesion
Sends owr a HLDA (HoLD Acknowledge) Signod to the device -

- Then +he micno processon  leaves the Comao| overt the bugex ag Soon a9
frne uarent maonine Cyde S complered - The micro prrocesdson

Rgains the Contdl over the buwies aften dwe HoLD Signal ¢S
romoved .

HLDA

- 14 (s a HoLD acknowledge Signal sent ouwd by the mricroprocessfort
aPterr reeceiving the HOLD 5gnat - It S Send 4o the device whith
ek tsSued the HoLp Scgnal - After the removal of 4he HoLD signal,
e HLDA goes low | and thereafien e mTcrioprocteffon. 4ake s
overr the bpuses .



INTR

" J4 S an cateraupt Signad Sent by an extewnal device 10 Tk

MITCLOPROCessore . Thaough this Line an extoenal device rAFoRmS
o ~ (nitratl
n\\CrLOP\'IDCCCSOn "V\ai ct S madj +0 +rcar7g‘1"erz da+o orc 10 Nnettac

Cetauin pperation -
lines - The INTR 'S

The €ogs micropreocessoe host 5 internupt
ex high , fhe MIUOPOCEL(DIT suspenad
Sequence ¢F MNSTUATONS A fron comp\eh\a
foreraupiing olevice .

s fne
one T theom - when @t @o

execurivn of <ty nommal
e cunrent mstructon at hand , attend.s The

INTA

I+ Ts an indertaupt acknowlkedge Signal cssued by the mtceo preoceflore
aftee fz—eteri”'\a an Nkreupt equest fLom an extenal device - It

S o low actve Signald -

RST 5'5-/ G‘S/ 35 & TRAP

Thete anz injertaupis. Wwhen an interrzupd s recognised 4he Nex

inclucttion (s executed faom a Fixed locatton N the memo Y

TRAD — 0024
RST 545 — 002C
RST 65 — 0034
RsT F6 — 003

- Twe TRAP Nat +he high&st preothy among intecrupts - £+ T8 QA

nonmaskable (ntearupt -

RESET TN

T+ regess the paogrom cCountee Yo zero - I+ alfO meseds avtereup |
enable & HLDA Fuptlops - It odoes not affect Gny other flag o
negicken exXcept 4ng NStuckio ) negisten The CPU S held N neget
Cordit®a ag long ok RESET 3 applied -

RESET ouT

1t Padrcates that e CPU S being roged -



Xy Xq

(g4
whicth drzives an intennal Cirnrawitry of +he miceoprocessolt to pee
A Suitable clock. R tha operatron) «f mMTC 2O pPROCLIDMT -

CLK

I+ s a clock oudpd forr ulert, whith can be Wed Por othen drgitad Tcc.
Tts Srequency 5 Qame at whith PrOCASon Opealtes.
51D

14 TS data lme for <eaial

P THis pin
data

wed Ror receiving  tho
N0 microproceson Searally . |

sov

It T a data lene Forz Se zial oudpuy .

TWIS Pin ¢ uled for 9er\dw\8
The data 'Ffwfh thoe mi-CJw’PROCQ,&S‘o(z gerLTOi(j. '

Vee
*S volis supply
Vss

Qreou nd "C—Q/ferce,r\(e



STJCK , STACK POINTER | STACK TOP

—

During twe execution of o Program Sometmes becomes "écegfany

fo Save the tontents of Centuin registeas becausé A rueggitens |
ore requirced o Some othen Operatron -

* TV\LSC Contents arwe moved to Cenda memomnYy w aaAONS bj PusH
i weng
OPertattnn - Aften (,on\p\e}n'\;a e operatidng Anose contents  whith
wgrstens by POP

ga-VC.d N 4ne rv\emoa.j arl "TLCU'\X‘eefZﬂQd batk to e

OPQJ'LQ.'H‘Oq .
< called %tacK .

- The mz.morbj Lo cationg kept Foa this puﬂPose
PoruH‘Df) '

Stack ToP - The \agt munomJ locativrny of the occupf'ﬂd
st the Stack TS called Stacktop.

Stack Poinden - A Specral PunPOL 6-bTt megrsren Known X
Stoek pomfen. holds the addnegt f StecktoP.

‘j ext Location cwailable
o3| z./N
gp

lo?Y 414
/__’—i\ Qtack top locaton

L0344

- Data ane Stomed (n the Stack oN lagt-in -Prast-0uk CLIFO) preenci ple-

- Push - To add an element 40 the Stack.
- Pop - To remove an element Prom the Staek.




in%e_ruw,p\
V\)Nm miCrropreocesSor  Teceves any inferrupt <mgnal Fpm pé«zipherwJS
!‘whmh ane requestng s senviceS , It Stopg if cunnent exewdtion
& Program contro| TS transfenned 4o a Sub-Mouwtne by generatng
CALL sTgnal & afjen execudmyg sub-routine by generoting ReT
S9na again Program  Contel 3 MonSRered fo Main  pregram
fom where ¢t had Stopped .

Hoftdwore & Sofnsars interreupks

- WhKen mictoprocesfons receive ineraupt Signals thaough Pins of
MCoPrOCessor , ey ang Known a3 Hardware nt€raupts -
T Therl are 5 Hardwamre Mereupts N 8085 microprocefforn - They ane
INTA ,RST 35, R8T (5 ,RsT 5-5 , TRAP.
Softwane indemaupts ane those which are inSereted 10 belweeny the
""'prwgrcam whith meanS these ame Mnemonics «f MICOPROCEIOIt:
- Tlherre ane @ Software (nternrnupts N §o% iy mrero PreocesSort - They
are RST 0, RST 1, RETQ ,RST 3, RST 4, RST 5., RST 6 ,PST 7

vectored & Non-vectored (nteéenup4s

- yectorted ndearnupts aree those whith have Fixed vectort addnesS £

aftert  exeluting fhose , Prrogram conte| is trangfenned Ao thad

address -
‘A whith vector addmess S

Linfeanupts ane Ahopse
e addmess of

. Nor\-'\/(b\'br(fd
pragefined - The [ ntermupting device gves

nol
o Anate inteuteptS:

Qub - nowtine '?O

INTR (S the only non-vedbored intennupt (1S 8085 MICROPOC eIt -

-



Mgkabl & Non masKable Injertrrupts

Ka Nere c d ‘3nortzd
MasKable iNferrupts arre thopse which can be dicablkd oftt

m it edge-triggered
by The mMiCropreocessore. These infeneupts arl cithert 9 93

o level-trtggened , 90 they coan be drsabled -

- INTR, RST 3.5 , peT 65, RST 55 arne maskable intereaprs <4

805 mMicoProcesson -

- Non masKable N]‘[’Cﬂ“‘lp’fg ary. tose whtCh Can hot bé Oll'ga-b‘e O(IC

tgnoned by microprocescort -

" th level
- TRAP S a non-matkable intercapt. L+ cons™Hs oF 1o

Ay well ag edge triggerrmg -

It g

Pruont{—j st Interrupis

T e A T e
S R =

TRAP HTgheg t
RST 15

RST 655 i

RST 55 :
INT R Lowes }



OPcode % Operand ,

Bach instruction containg 4wo pantfs t operatton (ode (ppeode) & Operand -
OPcode ' Thg fegt pant of an ngtructron whicth gpecrfrec the tagk fobe
Pecfoamed by +he computerz S called opcode -

Operand : The <ecwnd Paet of the inShuction S the

OoN, and + S called opPeeand -

doda +o be operated

The opermand given N tne enetreucton moy be N vawioul forrm¢ such
a3 €-bit 0 16-bit data , §-bit o 16-bit addreg§ , internal regrstercs

Ot a reegigten o memopry locatton .
In Qome ingtructions the operand 3 tmplicit -

Wwhon operand 5 a register ¢t i undenstoed that +ine clata ¢S
Ane Content of the regrSier -

Tnetrzuctton wond $ize

Acconding fo the word Size fhe Micl §085 instrnuctons are clasfified MO
3 dypes:

@ 1-Byle inStreuckion
® 2-By+e NSraucHvLO

O oNne-Ryre nStnuction

A 1-Byie insteucton clades e oPcode & tno operand <1 the Same Byte.

-4 MoV A4, 12

- Copy the Content «f 4ne R egTiee on Accumulator -

ADD B

- Add e ontent of regrtten B b Ha ontent o the accumuladtonr
CMA

- Inverdt oe Complemend eaon b3 A the acwmuledorn



@ Two Byt cngrrtucion

" rs its opode
- In o hwo-byte ingteucdion e dgr byte of the prghasCiiey

& 4wy ond bite TS edhern datn or addilss .

ox

-

MVI 1B, o5

move data 05 to negister B

IN ol

ACcept datn byte from an mpud device & Place it 0 4he  accumulator -

® w inSircuckon

In a *heee byle thorruction Ahe 4G+ byte of tne nstezucton a

opeode & e 2nd & 3nd byres aee eithon |o-bit olafa o l6bTH
addresc .

e "
LXT H, 2400y
load H-L pain with, 94004

LDA Q2RpoH

Qe Hu Content o Hna mMemory (ocatron 2560H <ato G Ccumulodor. -




Tf\s*rmohor\ Sex sf 8O0&S

Paka Trancfe

Mov e, LT

- Move content of n, megisken 4o M, Megiten -

1 Byte agtructron .

Mov @, vy

= The Lontent «F the memorty  locaton | whoge addme gy ¢ in
H- L pait , S moved 4o regrsten. g
T 1-Byte nstructon.

neMoV. m, e

- Move the content of registen to memory .
M-1)] <« (v
X

Mov: M, ¢ (moves Content f nagmtet C 4ot Memo

rLJ location
whose addresy  © o H-L paie )

MVT 12, data

—Move immediade daty 4o r(_a,gﬁm

- It T a 2-Byle wgnuctnn L oAst Byke Opcode , 2nd Byle
data - |

Z MVl A5 L dada 15 moves Yo negmten. A)



"WI M, data

= MOVL MMMQ Ot to memo
- L Dyie

J

MVI M,‘)‘O LMOVQ 5D 4o m\ono\:o

(NStreuc oo -
cadion  whose addnreds T ™)

Yo \Do_'m_]

XL e, daka 16 bit

-

Lo ad lb-bit MMediate dato cnto redisken pail g

are .
I8 IXT H oS mentoned , o+ olepores HU P

g

v

LXI .
I v, 20504 (It cade 2050 to HL Pait

- T & 3_gype Mehmuciron . ISk Gyl cf LxI R, 2nd Bk

(5 200& 24 pyre o 50

LDA addrese

The confent of 4ng  memony locatn Specifred N ™M ontirucHDY

3 waded Mio tne  accumudador -

£ L DA 2020H (_content st 3020 moves to A’CCULMulCquOFC]

-

T+ ¢ a 3 Ryre omeinucton

STA oaddmregs

The Content o e alleumudedont 3 Stored 0N e "T\,Q,YY\O(Lj
Wwcatn -Spectfied 10 e Ongtuction -

X

—

STA 65234 [ Content of acumwlatoq, Store ) 6522H.]




LDAX e

————

The Conkent (g MmOy W@ADN | whose oddregf S T AL
WPTHA PN RP, TS haded OV 2 accumulador -

X
= LDAX Q@ Cwad twe Condent ¢ +ng memony Weat9 whose

addaef g ¢n fwe B-Cpain tato e acemulatos)

- L4l % °~4'BUR-fﬂ9muﬁmq.

STHX p

The ontent of fe accumuwlator T3 SHOMed Mt MMOTLY
WCax®n  whose  memord gddeess o o T regTidel parc p
&
STAX D (stome 1o content of e gqaumwlaton. in tae
Memory eatton whose addad( @ oy DE potn]
-3 & 18 1 -+ insteucton -

ATTANMLHT Grpu P

ADD L

— The content «F TegTion T S odded 4o tune Content gf Ane
OCcumulator & 4nl Sum S placed N Ane acum lador -

ADD M

—

The ontent (T MEMO LY Lo Cakidn add e feol bd H-L pain
€Y added 4o to Conken} of tne acamulado -

ADI doata
The mmediake doda ©$ added' +© 4y content of The accumulador.

2 Apf  56H

- 2 Y nSdnuetvn '
|



G

SvB rc

T W oM o regTien o ry subimacked Fnom g watend
of Mo accu muwator -

- The RSW) g Placed ) accumw\od‘ofl-

SVl Aata

- The tmmediade dasg & Subtracked from) tna Contentof
atamulodtor - Tug rault C placed nL alceimulato

INR

T T wntent of reqtkn r oy cremended by 002 -
(3 <« =3 + 1

INg M

Ve e of ne manony ok, addnetied By L pare
S DNeremented \oJ 0nQ -

(R-03] «— (-7 o

DR

T

W Condent (£ TeGqUdern. T 7 Jecremented bj 00e .
Dce M

Twe condent OF 18 Wemg

vy ot eddregiel | H-L. patre S
olecromontcd kY one . k ’

INX  ree

The onfent «f hg negisien. patne p § deCrimen teo by 0ng .

@

 cremonied| by 0ne.



LogTcal Goup

ANA

The condent of egTten 1
Twe accamulaton & rLesudd

¢ ANDed withy twe condent ¢f
T placed ™M e gqecumutedor -

ANT data

The data @S ANDed with fwe contedk of e Qecumulatore -

- 2 Byre aStaucton .

ORA

The ntent of ogmien . o1 oRed widn rg coniend o
™e acaumadaton, -

ORI data

; r oo
The data TN 0 Stasctidn | (S ofed | witw thL Conien

™ML acumulodtorz -

XRA 1

Twe content ¢t negTtea L & XORed with e content f
'm eccumuwdator -

CMC

—

Tt canny /Ha,@ S complemenied

Ruc

Twe content 1 e accumulator ¢ rotated e £t by one b}

ARc

Twe bt ¢ e accumuwaton 5 rotakd night by ong A -

R AR

——

TKL'LOK\H%\’r ¢ e acamulaton 3 noraded WY one b though canny



@G e

@LAT T (-RCO
L@\,@ lﬂg}—:) (Fap-)

Brcanc,y\ (J\n,oup
\

JIN7Z  addaey

The Peognam jumps 4o tne onSuction Spectfred by Fnt
addaets , cf tne netuwdt T noN-zew'y'

Jc  addaess

The program jumps 4o twe LS Cho s?ccfﬁfd by e

A4

addne gy (4 tane ¢ & Carcrtj

INC addrnef(

Thae
Prognam jumps 4o hag | NSt spectired ba ma&olﬂﬂﬂﬂ
o tene T no carny .

JZ addresg

The PROYRAm Sumps o the moruction Specified by w, aatclnus
£ Awe nreswd (S Zero -

v v



Ado\ﬂ_o,sgir\a M0Ae

Thene ane vamioss techniques to specify data fot Mn¢nactions:

™ese  techniques one caned addnetsing ModRS -

1. Direg ao\dwgmﬂ mode.

2 Regrien ao\drcugm% ModL

3. Regrsten. inding - addressing mMode
4 . Immedrate oddrepsing medl

5. Lmplicit addneitng  Modle,

(. _D\'FLLC& Adolnugmﬂ Mmode.

- I8 A mode st QARG+ g address f 4nl  operand
OVeN tn e INgtauction ise\f -

2 STa \oooH

(Store tne ontend of o accamulatort in Awa memony Lo Cachny
oot ]|

2: RQ@!’S-H’JL Prolo\rw,ggmﬂ Mod 2

in megdea addnesimg mode fwe operond & 0 one f T

Jdenenok Punpose gLy

Q%( MovA,g

(Mmove the Condent < negThon R Ao RgThen, ‘\J

3 ReoTlen. mding et addnesimg mpode
4 .

In  +we’ mode «f addneAs gy 4ne addeesl «f twe operand %
Specified by & egTHA paint -

\

Mov A, M
Mmove e onkend of fme memony Wcadivn  whose addaeds & N
Hi pait 4o twe aCcumuloto @



A Tmmediale Addraisng mogie

In tmmedrate aco\dnus\v\a MOdL thl Operond 5 specifred W
™ML NShuetton ol .

o
MVI A, A5 (move A5 +o regika 4

ADI o f_/‘ralo\ 10 4o tna Content ¢f Tt accumulotor

5. j_rm)\?cﬂ Addreessing mode CImplied Adduessmg mode )

pddants 00 data: T4

These momuckdng plo not reeguinl t he
T mplied 0 e NGnuetony  EFSEF

cmC (Complemint 4ng Canty Pag ]

AL ([ potase accumulaton left through cxay



InStrauction Cycle

This I ho 4ime neaumed by fhe mitappriocett0. to fekeh &

txecudt one Complede S hruction -
Twe NG ULATD Cycle & O +wo pamts -
1. Feten WYele |

2. [xecwtt C_:j cle

Feten Cyue
< ]K\'S TS Flhe v RQQ,U.iFLCd }bd e errLOPﬂ.OCCXSOR to feten all b‘dm
of an  nStreuetion .

T The length b e Leteh Cycle T dwt detezmined by ta no. f
bR in an cStreaddion .

Executton Cycle.

Tnis s the tome nequined by 4he microproceston 4o execute o

fercned altruucton .

T-S4ate

A T-state s one clock cycle of e mrcroprotegion -

T = clock pem‘Od = ‘/Clock-ﬁuq,uenuj

Machine Cycle

T4+ TS Hw Ame requined by 1L microprocessor dotng one opeaadion

& accegsme one bdte From e external M"O"u"’-'ﬁmowwa Io)



\imif\% Dragram

Opcode Teden

" TRTS cycle & wied fo feoh tne opode Prom e memory.
- TAT © 4 48+ machine el F eveny costruction:

-~ ¥ deneally «f 4T Statey but for Some idlauctivn o €1 6T.
Purmg T,

T Ais=As contamng g higher bute of 4no addeess C(PCH)
- AS ALE (¢ \'\\8“\ AD’-I—ADO Contminf e lower byte. «f (L addrer§ (PcL)

¢t © an opcode £ tch cycte | S, & S5 o high -

tr O a mmonﬁ 0 peration \L‘O/M goer low-
Dun?ﬂ—a Ta

u‘-ﬁ—-.__“

- Since

- BMNce

AS ALE goes Low addroys o wmoved Ao ADF-HD, -

As 28 Yoes low , Aatg appeans on PfD?‘f’fDu

Du Ring T,

e —— s

- Data. memarng o AD3 -AD, il RD -7 Ww -

Duar(\a T,

- Tg Stadte T wed by Ahe murOpascessor o decode e Opcede .

opertatron [T0/f1 | RO [ WR | S\ | So | T- stase
opeodefecn| O | O [ L [ 1 |1 N
Memory Road | O o |1 L]0

Memory werife| 0O l O © l

3
-
f0 Read | O l R 3
Toh wrke | | It 0 tol 5



Pus~ig E PcH | Ungp

Memoruj Read

E ;
Thts cycle S wied to Rich one byl Rom e memory
- This cycle Can be wed to ffuy the  operand b«ﬁes me an

nNStruction  ore any oLa’m “from e memonj '

- 14 e quinds 3T shJeg

Durzmﬂ :

- Rig - Ag COf\*O&’Y\S e hughea b:jl-e 0‘? e aoldrc.%x (P(_I-D
As ALEe (S high , AD3-AD, Containg the lowen bul-e, 0—1‘? e

add e < (_PCL) :



- g?f\CQ & O a meJT\OTLj Read C:jde. , g' 60@3 h’)gh % Lo 30@! low -

- BMce 4.3 g memMoy  operation , J0/@ gout low -

Dun?f\ﬂ To
- ALE goes ow

" Addnggs T removed  Brpm AD:,-ADD
- Ag QD goe/g Low ,G\a;!o obpeang O“'\ (AD#’A'DO.

'Duru“rxa Tx

" Dode emams on AD;-ADs Al RD 5 low

U PR
Clock N\\f\\/_\_/‘ }
his-Ag :EHOMA ;
ALE

10/

Memorvj W it

T

wie Cycle (S wed 4o Send One byt mio Ane menpry |

T4 Rquinel 3 T-States .



Durti nﬂ T\
= A|‘5

-Ag ContANS qng Wigher byte | ¢f addrggy CPCH)D
" As ALe TS "Gh- AD3-AD, contane the towea byte of 1h2
oddnesS (PCL)

- Since F 8 a MeMorty  write Opeaaton , S, goes high & &, goel
Low -

. gince o+ S a Memony bperation T0/M goes low-
Dueing 7o | |

- ALt 90¢£ low

- Addres§ S empoved) Rreom AD;-AD,

- Dota appeanS on AD; - Ap

Duaing Ta

o & WR 9oes low -

- Data memasns on AD TAD, Al wR TS tow -

[omd X Joam
1




10 Read
- Thig cycle (S wged o AFetch one, byse fom an I0 poet -
- A% requing 3 T-ghases.

'Dua_mfd T
" The lower & bits «f the T0 port addrets ane duplical
WG orden  addwese bus  Aus - Ag
TAS ALE S WBh ADy-AD, conduins fha lower byre of e add @
T SMce &t S a mead ppenation 8 9goes high & Lo Joeg Lput®
- S5nce it ¢ an Tp openadn IO/ goey high -

Duaing T,

-AL E  Qoes bw
T Addess T emoved Aom  AD; - ADs.
- As RD goes low , data aPpears on AD3-AD, . ,N

(!
RR

o) nto nd

Durtmcd Ta
———\
" Para remamg on AD;-AD KUl RD L low -

T T Ta

Clock —\__/
Aus - P )C Addeeon

ﬁ AD; -AD, ‘Xﬁ:oll;ljws <_ Cata |

A
ax




10 WRite

TS eyl TS uwled to send one byle ity an T0 porh
-4 requeney 3- T Stades .

Durcma i

Tha lower ¢ betg ot He T0 portt addneys awp Auplicaked o the

Wiphew orden aAdnm bug AlF)'Ag.
As ALE T hWigh  AD. - AD,

!

Contoing e lower byke (f 4ne addreet

- Stce WS an o wnite UL, % goeg hgh & R, goes lLow .
- Since ¢t S an 10 oOpzeradion » TO /i goes gh .
DurUt\a T

- ALE goeg Low
- Daxa appearns on AQ;?’—P'DD

& WA 908 lw

-Dado. EMATNS 6N AD3- AD, 41y RD S low.

T/o ><i
Addaess -




)ar )l
{eid

MVl @ , 25H

Ve

Opcode Fetthh —3 4 T- Sradec
Mlerony "Redl’ 3" Usiader

LX1 B 2000H

Opcode FUth  — 4 T-siases
Me,mo«'u:] Read =3 B TShaeq

LDA 20004

§ opcode Fexxh — 4 T-Shades SN |
i Memory poad —> 3 T6tased
| memony Read —) 3 T-Shates

Memo Read - T T-Staies

MOV 3, ¢

opeode fekehy — 4 T-Staes

TN ™M

oncode feten — 4 TStated
M.emory Road - 3 TrStateR
memord wrtte = 3 T-Staies

OvT goH

OPCDO\—Q ?ekdf\ — ;\ -T,Sw
(V\bmnnd Road — I T-Stares
T/ we 5 T- Shates



CWﬁKrL

!_\

code num bex
A counjea 'S designed Lmply P loadmg an a.pereo P
Y one of 1ne CegTleg g whiNg tha IR CIncrame

a¥ =y one )

Of. 2 DCA CDecrremeny by one) (NStreulttiONS -
" A lop TS established 4o updode the cound -

= EO.CV\ Cour\«l S C/”\&CKQ,O) Ao deteamine u)"\L’H’\Q(L t'\' hol

e fenal r\umbeQ,ir not Hie (,ooP (S RLPCM

|

Time De,ln.*(j

_ The Prpcedund Wled ¢0 design a Specific deley i gemilag

fo Ahat Wed o sed up & coundke-

A rReiSten (S loaded with a numbert, o‘UPend\"\‘a on Yhe 4me ole\aj

equireed . ang  Anen fhe egitten S decrremended  until 4 roackeq
zeno by SeHNG up a lop with a ConditioNal JumpP . tnStauciton).

- Twe loop causes twe dddey, gdepend™Mg upon 4wy clock,
peiod of the KLyt+em .



L
load
Dela Y
Qeg isken

DQCRemeq{
RegTsten

T Delay USiney oNne Rogyistert

prioduce & Cemtain amount of 4ime clelay n a progrom -

Delay : Mv] B, 8 b Count F T-Stakes
Loop - Dce B A T-States
INZ  Loop ' l0/7 T-States

Tored nNo. of T-Stares - T-Staker outSicle the loop + T-Stekes
thi loop

\
\
- A ounqy ¢S loaded in a registen , and we can uhe o Wwop +o

- (ondifonal  jump (nstructioN  needs |0 T-Stakey when O T umps
o Arwe & Ot needs F T-ghkes when Aalge 00 eXTH the. Loop .

- 1% clock ’?“UU*Q“CJ C AMHz |, clock time peiod T= ZMH’OS‘M“
7z

one T-Stale = 0-5 whec



— T' "
™ mequined +o execute MV nStuckon

= F X 0-5 USel

P

- 9.5 L SecC

M
Max count can be FEHe-e (255),,

- Time de,lo.d (O e LOOP cS Cq'T’T“OT) x@_sg—l).*-@'r‘f:}‘r)

C T+ S tue Hoae 254 yimes & AFalse 4once7

14TX254 1+ |)T= 14 X005 X 254 4 |IX05
= |13Fs +65 = |383-5 UHGec

Tobal 4ime delay = 3.5 +13%8 + 55 = 178F MSec

Trme Ddcud Uh!,rma a Regrstea poare

Dolay © LXI B | (¢ bit Count ; Wad Bc with (bt ount 5 |pT

lop ' Dcx B 5 Deerement BC Y one ) 6T
mov A, C 5 Place ontends of € 10 A 4 9T

orA © J DR B with C ) AT
J'NZ Liep » I1 neseld #0,iump back toloop ;10/3 T

-Towe deloy ¢+ LXT oShudnon @ V0T = 10 X065 =15 usec

-

Maximum  Count  can he FFFREH ce  (65535),

Tome odelay 0f the Wop (6t4t4+10)T x (5534 + (b+4+t4+33)T

29T x65524 + 21T
2.4 X055 X65534 + L\ X005
|05 = F%6418 -5 usecr

1

= F¥640% -+

. Tokal Time Oedoy = D> ¥ F8E4185= 3864235 ssec = F5¢-923mg



—

Tima Oeiaaﬂ wz,a’\% a LoOP within ﬂLOOP

MVI @, countl
Loopa: Mv] ¢, Count 2

Loopld; Dcr C
TNz loopd

Dcp "3
TN Z Wwop 2

Tome D-@lo.j st Mmvri

Maxomum (ount can' P&

Timg Ddey «f  Loopi

Tome Oelay o«f loopa °

"\

AR

\1

- Totad Tomx Db(aa )

p—

Nolée

=

4 T-State 9 4 xo

;FT
Mmove Counia o C 2
oo C b9 1 5 AT
5 [P ot 20 jump back to WPt 0/7 T

5 Decriemunt Conkent o B BJ 1 s AT
to Loopz 5 10137

.
/7

moye Counid 4o 3

Decremend

’
/

5 I'f reguly #0, jump back

ingtawcktion : FT = Fxoh =35 M

?C .Ro (ount 1 mosx :C@ary}')max -FF

(0+4)Tx 254 +@+DT

|4 x0-5 x254 + 1| X005

= 13835 msec
265 [ Twops + 217 ] = 3T
255 (17825 +21%x05 ] - 3 X0H

Q55 x 1#44 - 1'%

453475 #sec

Time « LooP 2L + 7.5 ulec

45%14%.5 + 3.5

A5F4%F5 wsec

- 4574715 m3ec

usma NOP mBdauctton ' -



A
Sge«"“b‘j Lar\gumge Pr(_ogrmmmma sf €0%5

ex{ :
= Place 5C n Regisien Q.

I, e ( 5c s moved 4o regisret 2]

HL
b (step 1

€2 ( -
==+ Place 05 i 4y Gltumalador - Increment &t by one & Store
the reswt @ tny locativn 2050 H

Paogram
MVI A, 05 (05 s moved 40 A, A <05 ]
INR 4 [ Increment +he condent o A kY 11
STA 2050 ( Store wonkent of A in 2050H ]
HLT [ Hatt /stop

U5 1 Additon of two F-bit numbers , Sum @ bt .

Add 49H & 56H
The 15t number 4aH ©
The 2nd NMumbee 56H (5 in thg memory Wwcatton 2502 H

The mosut ¢S 1o be Stored in e memony location 2503H

N e memory locatton 250 H

Progaam

LXL  H,205H ( H-L pair &~ 2051 ]

MoV A, M [ move contenta? M Yo A
[ Incremend (ontunt ¢ H-L poin)
[ Add Content o M & 4 7

INX H

ADD M
STA 2503 H [ Store content «F A n 2503

HLT [ Hatd - CShop)]



241 Wrtite g ploguam oOn ALP iro Subrracf two §-bif aumben -

4st numbep s 0 2501 H , and numbea s (n 25021 X

/7

Store thg negut (A 2503H .

Yaugram
LXT W, 2801 | ( HL <« 25013
MoV A, M [ move (onkent of M +o A ]
INX  nH ( H-L pain mcremented by 17
Sue M - ( Subizact nkend o M Fiom A7J
INX W [ Increment HL pain 0y 1]
MOV M, A [ Stone Conkent B A cn M)
HLT ( Haut /gt0p 7]

ex5 @ wnite o PLognam 10 add +wo g-bi4 Aumberc . Sum T 16 bt

1st numbea — 260] |, 2nd Aumbea — 2502 , esuli —2503,2504

Pogaam
LX%I H, 2500 4 L rL < 2501 ]
MVI C,o0" [ Move 00 ntO C )
mov A, M [ move ontent st ™ ‘o A ]
INx H [ RL pair neng mended by one ]
ADD ™ [ Add content & A & ™M)
TINC AHEAD ( £% no cany then go to AHenp'y
INR, ¢ [ Incnemend Lonkent o 'y e ]

aero  STA 2503y [ stone content f A (N 2507

MOV A, ¢ [ Move Content 61 ¢ o A )
STA 2504 ¥ [ store Conttnt ¢k A to 2504 |

HLT ( Wt 7



SKip: INX H

Et! Decena)l addifon o two g-bi

Prognam
e LXT W ,2501 H
MVI C—;OD

MOV A ;™M
INX H
ADD M

DAA
JNC AHEAD

INRL C

STA 2502H
Mov 4, C
STA 2504H

HLT

Nnumber s , Sum

[ HL « 3001
[f"\ove conrent o M bo A

( Tncemend H-L Pocirt by 1]
(A-m ]

( Jump if Carny =1]

[ move content ot M to A

[ Incement H/L PATR by 1]
[ move content of A to m ]

[ StoP / Hodt )
s \6 by -

L H-L < 23014
( ¢ =007
(A em HL] )

[ H-L &= H-L+) i€ 2502 ]

[ Add covdent ot A& ™M ]
( Oecomad Adyuct Accumulator

(12 canny -0 .90 fo AHEAD ]

[ Tncrevent ¢ 7

Es’rome accumulagn  Nfo 2";03“;[
[W\ove C Y A]

(Store A (0l 2504 K]

[ Haiqy



X&' Fmn
a one’s wmplemend 6% an g-bit Number -

Program
LDA 250IH
CMA
STA 250LH
AT

[ complement Ahe coment o AJ

( Stome the content “F A ©

( Storte the content of 2500 i1 AJ

?,602’1

([ Hokt ]

x4 fnd  hwoR omplement «t an g-bdt Nnumbea -

paoyram
cC™MAN
IN A
STha
HLT

€X 10 ! wride a progaam to fmd the langelt Number

prog o
LXI H,2500H
mov C,M
INX H
Mmov A, M
Dep- €
Loop ;.  INX H
cMp ™M
TINC AHERD
Mov A, M

AnEAD. Der C
TN7Z LvoP
QTA 2450

HLT

LDA 250\ H

2507 M

Ceaunt) [ Move the tonkent ok M

[Load A~ with contentof 25013
C complement ¥k Content o A

[ Tncrement Tl content A
[ storne the condent ¢ A 0250

(ot 7}

i\ q dota HurwJ :

C H-L P & 2500 ]

on-C
(Sncaemend M=\ pai® ]

( move content &t M A0 A ‘3

[ Decrement 4he content of ¢’

(sncrement HL pairt”y
[ compaife. M wilhn A3
EJumD AHEARD F nocanry |
[ Move +he content «f M o A7

[_D-CCM!Y\M’}’ the COﬂ}Cﬂ.‘, «* C'l
(3‘*”‘9 o P (f resudt Anot 07
[ store Conkent ¢t A 0 2450 7

( mart ]



Memony Tajerfocing

Twe addney
¢ of QA
Memo Y Locaxion orw an I/0 device (< Sent

ow b : T
0 e micaeprocesfor - The Cormesponding ™mMemoryy Chip

ot I/p device €S Selecked by o\o_coal;n% ciecuwid -

*  proM
oM
RAM
Yy Ram
5 RAM

Sy RAM

]] unused
pecertved
fort Atunl

onip LBe lecd

Memorcj i
Zrgnads

30/

Qecodem L
vnaused
T/o Device Aeserwed
serect fo e Puturd

Sgnals

1 [ R

Py, — A (5
§ y, p——{ EProm]

- M
o s Jq, FAs1z T 9—“——-)
10/ —2>—>q QB K Tm
H&m 1s
= y, p——(eans

16
Vee —— Oni
% |anp

G, ,GLA, G2R are enable Krgnals.



To enable 4wz chip , @, Sowd be high. and @24 and (g

Showd he Lw - A, B and C ane Select Lnes

B
7 aPlyng  propea logic 1o Select tines any one of tre outpuds
Can be Zelecked -

= e W w . '
! 71 ame € owtpuk Lings - An ot P MRS  goes Low

When o ¢ Selected - Otharn  output UWNRS nmemam high.

Decoden O“w W\emon,j oevice mmoﬂd WcatioN addaek

o EPROM 1 o000 to LFFF

1, EPROM 2 Q000 to OFFF
Yo RAM 1 4000 o HFFF

1y RAM2 | Gooo +o FFFF
\1'1 eAM 2 goov to 9FFFE
‘15 PAM 4 Aooo Ho BFFF
e | RAM S cooo 4o DFFF
A LM & gooo to FEFF

- The endine or addwert hes been olivided ™mio @ zores .

- Addregs Unes Ais , Ay % Az have bee n applied 10 g

Releck ines A, p gng C . ot oddredS Unes Ao,k

Ay, - and Ao go olinectly to  Memony chip




Aw.._%_) A [ R "
fo 3 B 1, p—{Zopet ot 8
§ - / o——>
P h ’}_’
o >0 Gap 1, pofpe sevce 11
(o)™ |
Au | 34 LS138 2 M‘
!
960 kP outpud P
s . v, P unused for
I i <X PaNnsioN
T3V
;- ¢
| 1 GND
- Ag the addrert oF an T/ clevice O ¢F B bcts Om{] Ais~Ag

Liney of odduex bug aee ufed Forn /o addresting .

The addregs Lines Ag, Aq

wnes p LR 5 C of dno Mif . Tha addmess
a NAND gote -

apptied 1o G2R  Thaough

& A, have been applied 4o Seteck

Lines Al\"Al‘)r ane

- 2R becomes low only when oll address Lmes AnAis At 1.
d 4
A\s A\‘\ A‘E) An_ Au A\o Aq Ag os/e‘;‘ef::i C:::;Cif/:; ma 'I/O Q,VTCP_
\ 1L 1 | 1 o 00O Yo Fg Tnpud Device 1
b 1 0 0 Y Fq TAput Device 2
| | | | | o |\ 0 \[2_ FA 1nPk&j Cevite 5
| | ) ] o Lo Y3 FR owtput Device §
} IVt | L 00 Vs FcC output Device 2
) I Ye D butpd Pevites
I R e L e e FE Ln used]
N T U T A 1, FF UNUsed




P"“’Carmmma,ble peaiphecal Intrface 255

. — Face -
- Twe il €255 ¢S a pPriogrammable periphead cNter

- IYS mgin Funcdions ace 1o ndertface peaipheaal

the Microcomputest -

devices o

- It haex three @-bit Ports ,namely pored A, port B & port C -
The POt C has been HFurtren devided ofo two of 4 -bSt porets,
e port C uppen & portC (lowew .

Powen ( Vv ] L
.__>6
Swplies | om0 |G e — o
g g Porr.’f PA;- Py
| Contreo)
et
Ridinectional Data Bus G\“OuP T/o
{—pontc (A
Data Pogpem l Hey=eg
DZI-DO Bus
Bupler 8-bit
Indertnal
Dajta
Bus, Olﬂou? T Tes
— PO«:?C ﬁ _
(ﬁw% C3 PC°
Choup
B Gnoup Ilo

[
posine N— porct — PR~ PRy




T™we poridS qae divided ok  two groups (.2 (oup A

hroup B .

G‘M“P A  hag Yont A & Cun’)em whenl ay Ciroup (3 hos

Port B & ¢ oen

-~ Cach ‘Port  can b Programmed @ethen as  an Copud POR{' e
ouwtpud  por t.

Chip Seleed (¢3)

A lbw 0n 4An (OPUR Selecty dne Chip and enabley dhe
Commu NTCaATon  between g g1vH & dhe CPU-

RO CRead ™

when  Ahts  f9nad ¢ Lw Q5% Send¢ owt data on Llotus

s aformadmn 4o tme  cpy 0N the dada bug
WR Cwnite )

A low 061 Anrg Oput Din enables Ane CPU to wrik

oata onrt Condro|  wondg tinto 4ive  gog5gH .

7o
C PL !3255 l
R

A|,AD

——

The  Qelecton o porek &; Contreo| word Megister TS gone.
u/%\‘\% Ao % AL o conjuncion  (uith RO & Wk~ -



Input  operatron

v | |5 |G |

© 1 © O \ ® portt A —> Data bus
O 1 1 0O \ o | port B — Dara bt
\ o O \ 0 po) C —> Dote bus
| | ®) \ O | control wond —> Dada DUk

QM‘)M O Perzadion

Dodo bout & portt A

Dada buy — port C

O

®) Dag\—a bw '—’) ’POR+ g

O ]
0 |paka bwr D contmel WOE

RESET

A  Wigh on 4wt

«Put  Pea clears tne Contae| registen &K
oll - poie (A, p,c) are cotidlized tp oapt mode: This TS
Connected  to mESeT oot ¢f mcropriocestor .

Por 4 A ¢
.\

- These are g-by CNpud /oudpud  Pored

= vaej have one @bt dada Output (odeh /buffer & one R-bd
inpt Lo teh.

houP A & Girosp B contres

- The Fundhronat  ConBgutatun ot each pPord T3 Pregrammed]
by ™Me fYstenn SeFtwone.

- Twe Contrel wordS gwven by e CPU. Configune Hag

associated pPots  oF fe eoch of the two Groupsg .



= The wnto\  words  containg  wn Boamadion ke mode. $eA
et 2he tat  intdtalizes twe —Runctional

2155
- Contrel Loord x  writlen tak | the - coninel g et bj

e CPu «f ho FTOPoces Sor -

- No read oprenation 5 asSocrortd witin Tt .

Oata Ry Ruften

-3t S an g-b buffen wWied 4o intenface dne chip {fo 1@
gjgm data bulk . |

= Dada X mﬁsmfﬁed ot  Tmecetved by e buffer wuponN
executton of EIN o oUT OUructtonS by fhe Fhe CPU -

Read /wn e Contreo | Logic

- IS Runctton 4 Confo| 4o “mtennal operatvn  oF fna

device  and to watno)|
Ot Statug wond -

e tmanSfen ot doda 3 Contao|

- It acepk caputs Brom e ¢cPU adolmess
and ™M turn SSue
ProUps -

&  Contro| buses
commands Fy boty 4ne Contro |

OPeratng Modesg cf €255

B2L55 hay 7z modes i operadton .-
@O Mode 0 - Smple fput/owd put
QD Mode 1 - -SHB0bed mpud/eouwrpuk

- Bdiredional ponr -




Condrto\l wond

gq39~‘lo

Contto\ wond B — W\ |

MO 1t ¢ for Pord Clower * To Make Pochr C lowen. ON caput [’OW{'/
Tre bt TS %ot 40 1 2 4o maxe output pord , bt ¢ get +o O -
Bt Mo-4 1. 4 ¢S fore port B .To make pord B an npud poret |, tiae bit TS
Set 4o 1 &KTo make owrput poret ,the bit § Set to O -
Bid Np. 9 !-

Tt 05 Br Ing Selectton ot 4he mode R e pocet 1, IF
the pot B has to opeeote tn mode 0, the hit TS Sed
1O O- Ffor Mode 1 operzation ot 4ne portt 1, |, © S Ret

B NO-Z . T4 5 for the Pont Cupperz -

To make PorRt Cuppen ON 0Pt port,
e bit s %0k bt & o make owpyt POQ"JbﬂFd 2t o O.

BH No.4 . oF S Pz pord A- Ty, make portt A an inpwt poret | tho by
S geb to 1 8 o makg Port A an owtpud port bit S Sk 10 O.

BiinNo 5 & 6 - Twuete bk ane to defing dtho Openatng mode of the
Poret A.
Rt No- & BH No. mMode «t poat 4
V) @) mMode O
O l mod.e 1
0 /4 Mmodl Q
Bt No. 7 .

Tt 2ot +0 1 iP port A, B & C are defmed, ag
(Pt /owtput poret - T4 TS 8eA 40 0 £ 4ne  indiviodak
Pins of fthe port ¢ are to be £et or reset . -



Tratiic Wght Commoller

8265 t5 wWed *to Connecd be twee n icroPLo @3sort & Ow\’PM ore

(put,  devices-

PR O O

Pav O Y

e O R®
PC Pes Py N e, PC, Pc,
O OO0 W e O0O0O
G Y R R Y &

TRl

Port A (PAY — 0%

Portd & (eey — 09
Port ¢ (pc) — oA

Contreol  wond nasrs*er( — 0B
- Al Ports ot §255 have been Programmed 04  ouwrpud porets

because LEDs are Ourpuk  «f micaoprocessort -

- The control wond to make oll PotS ouwiPut Porfs n mode O
operration S 8oH ( loovooovo ) .

Positive logic Nnas been used +o Switch on LEDS.

@® Red lUgnt — Ooesnot allow crossing

@ Yellow lUght = To mMmake oalertd

@ Gineeny \ighy = Allow CreoSsing



’OC\o.JI & Delay L are +wo Subnroutine wied -

- Subnowine S a progmam which can be Wed <Severa) +HMEL

(N Many progeam & Can be called whenever mequited .

Prlojrmm

AGAIN !

MV] A ,80H
QuT 0OR

MVI A ,OlH
OvuT o019

OvT 0%

MV A/LV'\ H
OVUT OA
CALL DEeLAY 1
Mv1 A ) 9-’)_\-—\
OVT DA
MvI A,02H
OovuT 09
OUT O%
CALL DeLAY T

MVI A, I H

OuT OA

MVI A, 04 H
OUT 08
OuT 09
CALL DELAY T

MVI A, 22H
OuT ona

(0B <%0 , select €ach port ab outpd ]

(09 #on port B PR, & 01 ,Red ON |
(0§ for port A, PA & Ol , Red oN ]

(oA Por pontc , PC £ 44 , (hreen ON ]

(peLaY 1 %o +me deloy 7§

[ Pot C.& 22, Yellow ON fort east, west]

( Port 3 & O2 , Mellow ON for. Routh 3
( portA & 02, Tellow ON B Noru\—h]

(Pot € & 11, Red ON Hor east ,west ]

(Ponte £ 04, tineen ON  For waHﬂj

[Port ¢ <« 29 , Yellow fon Catt,wes; |



OUT 0q (Pord & 02 , Yellow oN for Loudh )

OvT og ( PortA & 02 , Yellow ON Hr No et ]
CALL DeLAy 11

IMP AGAIN ( Pepeat Por next cycle )

Delay Program on  Swbrowtine

DELAY I © Mv1 B,99H (R <2 #7]
loop | © MVI ¢, FFH (c e rFre]
loop 2 " MVI D, FF (o &rFer)
loop3 ! DcrR D
JINZ loop3 [ continue for 255 Fimes ]
Dcr- C
[ condmnue for 255 ttmes 7§
INZ Wop 2
DR R
JINZ loop4 [ contmue R 2 4mes ]
RET [M’rurtr\ ‘o (nSrruucAton LEZTLE
Call , when 4(nr§heo\3
DELAY L © Mvi B, 104
IMP loop1 (wopt 2 DeLATI program

- DELAY T is Same a8 DELAY T with Lloop-1 contique Hor |6 4mee
wherne af DELAY-C’2 Lloopl onitmue B T Amed .

- DELAY I & DELAYO ane fimo deloy  Subrowting used —Por hold

e Aeofre Ty Hr Some Aimg .
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