"2 ~

ConMsTer  ORGOMZ pTION |

ONIT -)

> To bavwe o '\V\m% Md&%\m&z\’g o e ‘caie.
_ot~uchoe and  SQRaklon & o dgagpmd coroPutex

DY %\'\'00. Qomp\,,\@

> The dRoika) fommpukes U o diglaay Sugtees
hok Pextorms  Vorows compuladtona teas¥s.

\ To ¥h Cc“\u*e)/‘
> dhe word o\mgw < rafited Tkocmadion To the Comp
' - Qar bke o \Veottedl
W 'Ce?'&‘ebe;ﬁed, by Vosldado\ed

V"3 wed -
sy dfseseke YeAS -
Pusee xo) Corotured dexe)a?e&

© AL a®

5 \earcoare Y .
> The Riced SAETET" o e Pamedlly foe
o ke Toke 19gos,

—_—

\ nD .

Qumq},\c.a) CONP“O’(\\\D
= Troen *Hhe oPPReskion “he
C,om?,.&ex » o 'weﬁ%eﬁa: Do Prackice, dZTqival
poemuded  unaxten  THone Sreledoly *¥ ool Ewe

Sharer OXe L>ed -

i \

> Becoune " uonoss Loy te ‘cends Yo \:.\\co,é_

( Svue Lo Cene | \7»23, Ce) Wo S’N-mukb)

= ‘D\\%‘Q'\*od CorPukexd Lbe e \Q\‘ﬁo:cﬁ \Jum\ge))

Saprexd R Wed  hoe

> A Rlcowy A8 B coded O \ott.

> By uwxng Vorlew c&?ﬂ% techmGued, voulrnd
oD uwnbted Py O othe, dulsarers SHro bods |

Mol © and \.

Scanned by CamSca-r-mer



> Sugh 0> Qaciwel dL?.%\\'b (o) LD cg_“‘i 7
NN

— TN %m“_? o} Qh—b OGse UWhedde %o d-ngQQ ‘CD“\Q\“

\.

.

SeXd R Teavastd

! CQW'Q \Ma“b .

> DE,L\«@ Duumoes 4o exn o Sne o> = \”39%
Dlneny, WMo Conoe ToOwnd oy ExCPemadlag Pk

CL Qowen Semex | oo boe oL 2 -

fFoc exPpealRe  Q nedmy nucooed \oo\ o\

%aru_em’“c\“\‘\:) ARrak Con “eca. Convented
(L - oy TR Nas otk BUF oy the ‘oode 2.

do o Aeadmal

|
\ °_

? \*ZB*D-ng\—onzﬁﬂr \K»'b—\—oxz?‘?r\xL&-\xz—"lS‘

i B | .

i. o . -

12 BocomQuked  Syxrem & Socvenmen Swedindd

i

I Tate buwo San onad oakiRed 1 \ocdromy e and—a

|
| Selkwore

> The Woadwsade o THhe ComPuke CONED F )
e Olech@nmic Comfonnhd O elecdhomechunie)
Aaited ok omPdse the Enity- ) ‘e deviee.

N &W\M $BA(‘(\K):§\Q, Coma i B‘&-‘\'\\e PMM‘Q“ e,

> A SeRuence &) Mivaudnows &evmcs«ﬂg.m,g,,wei

o Pesypasn.
o A ComBuley SpreM \'?"0‘3”‘—(-“9‘56—&- % V8 hoddusae
Y e Sysre Sefrware aveilabie ooty toe.
~ The S\Xg‘cem Sehruone. Bk oo Commpule) Comyiyty

Bg» cL M@)‘\‘b‘ﬁ 68( W bx"\ﬁ’é.e._%ﬂbo:aed fa SO

Moo mhoce— el Ne Wbe T o o Ruken . ‘
Scanned by CamScanner




) o

3 The RcoqRamd toctubad B &

ko O "‘“’evw\“&

Qerdode PocMode & Yo QO
'E&ﬂ“’;;
s g2 " | X esdos
/ﬁz;\ewj longrogye Peogpown  Ude yo Sthve PJ*L} "
&o}n%ﬁe))“"‘k heedd 'S an Q,PQA\‘QJ“‘O" F‘\W '(g’wej W
Co 4 © pesy e
(ij to Mache l%wasw |
ould
ComPds 5P w
Yo Wwho \ouébo- olote. S
S Te C":AA\,% \_O&lemﬁwo)b,anj ooratalst opoore_
M; On /// .
L chhedve ooettr F compd>

Block DTogmuo cg;&gg Goxn Puden

F—3| oukPuk

o Puk |
PDexr

Scanned by CamScanner



;

\\\
\

e CoO™MQPuwren &\\

o
: LoorFe Dé’
r The oo B Pes an

ey AoRdede OkR Ahrec. ™
| oA dheoai®c. a0 ORI Liary

| araind A0 5
CPu —> C° Q}ala-ﬁmbe) C,ér&'eszg‘\s*%

| \ouloXina -
| fos SIS = C‘_ov\r%@eﬂclﬂ‘cuﬁ'ﬁs foe

O de

L CTOMPukes

=3 \ .
cootain)  Hhovane Qo< Taxtsudtion) aAnd. Sakal

N & Called o Fondom- e CLedd M@“;’ﬂ“f‘j/ ( RAM) becasae
e CPu  Con ocles> an lboadion 0 me:”“’"‘é \we_
yondomy Cend vestere i Blacdy Tagorxmoation witkls e
{reed Rabecved o dlme.

|

!

; The ToPur and owPul Proceex CTep)
| © © \ L ?‘g?)nh

, Coﬂ)ro_mb electtonSe ciceul X coMmam e 8 ar\d.\
i

Condcting  bhe Aromlon o3 Wermablon  betsean e
COM?J@ and_ e sudside twocld -

T $/P and o/p dendtey Cennecteal
To M CoOmMPDher tnc lude. Keyboamly, Padndesd My
| Magrette disk by geppeckd tardte combates

j phodafe and effy, cororunicaton slevitos |

|
|

/

!

|

|

9})D+eﬂ> :
= Some}l\mqb Comntharad, %m thvee dM{exrent

Do o view , -
- (o 2adlon  —> ComPuter cledyn

S e St \

Scanned by CamScanner



®
CoMPuTER TYPES
? (orpu
M dexend cL Cov\&:eMPaw CoraPuied D o
sadio 6\“@ \ Jchr odept> 424P+Pzed.

> The Neh 6} '
X m*emw.\ %’ﬁ““"a o cal

~ Mony &KP@S

Po Qize | Cos’v

ek ComPPRTEERS
"t ke d\es Lo}éuzlg

Cowe and \eterded. we.

comgnoo P Pexronval

- Mos’f Swup& \,O!A-ﬂ/ e R0 bm@,w

U\H@ T uw»

o} dowop (oot
I Teakiop Corapuderd ONEs ?w_f——ﬁ’— SRR SRS

u!-_‘> and o~
\w g, O“M//J‘—”@“}““”
un

‘.OCCL‘}QA- eg_b\\:s 00 Ce

e ed\R ,
\hore o O@,ﬁ—/"
T e Srommsye eSS foclude  \naxd AlSK,
e
A
C‘D—QD*J\S/ M&ﬂ,
' Tt g Com?:xo{\

Qe Noteloso Compulexd axe O-
JesxarenN b ‘e CexSe Day ComQukex Lo\t\o q,\\' of
— Phto A Shqle untt e
trpre, ComnDonenld  Tadkaged. TN TO nqle. Lot

5&23’&& A odelcade. -

Scanned by CamScanner



N, /Y

§iobond  olt high oo by g, N
g aidbough SHu cehninge  the dilroemiony 6&
= Ca[hb‘y%, ve Ombedaky
O\DW C‘),u,}‘;‘g’ S\(XAN\W‘;! o mP OV\OL,’
g Gn

| Powo> *‘r&@,d%@“‘“"”\)‘h s

u> . \“EIQ&‘\%‘
K Woxkntatlows  OX€ . g(}en e - —

SW - ,
/ﬁi;e'@ 0f Mautigran ans{mmw& e Wed

, AM; bub\'\m M"“ PWQPSN\'\)A/ ' MCAxum botam.%g/ Corww

T Mty Coaned ~ TOvVenn Crxe— w%
mb(e Ko ke educah®d,  biomnar cud ?@)OM
Wb Conmunitied -
T Vequerts Yerfonred O tdeiatiy
M?M oVED ,,Mebm)' Commmb:l\by ol Hled
' lvxolac& He Tihesnak ond % omeclded
Cosvery hove betome dorivand  worldwide Sopee.

o] all 1490 of Tnfonat00:

Scanned by CamScanner

\

e 4



T |

Hlephare. ¢

}m&}wm— IS Y \\\MCDV\V\@M

\ — 1 . ot o C«C’M?U‘”

2 5.

5 Re Dnlexwed- Communtaa b n MQ*‘M@% e

o foa_ W ced Qc‘be): 512340 N
Of o Corler  Shout %w}\z‘ 2 e

d homay. 32
Comeo)“‘\or\b to School> —

s vy to Opplicahern> Suche>

Dumerical @J@k&% W’V“’”

o Ushinaosh W &W <\‘0a)> Com?usle}. _O‘:ryauu )

\mwﬁ Aoy and Compa> declore
ijﬁ@ wcwﬁﬁm‘
>S5 Wy nduded  She Rrosba Prdoomadven \tomab

e ————

e \W a%_v\e&m@u\ab S;Sc*o..&m}\,\;}

R ascddovtrectdod A.e)%(\ ok oo CoaPuley
.'5%2«1’4\\ O, conaesosi LIRS e SQeciNesibod
o dne Vorloud RuncMonag k- Todwiey  Suda @
Rectedms ON & ch esagared

CoDVD
Mrern  too@®es T0NO e CocaRuires St

Cunde | St ) vj

Scanned by CamScanner



A
Von N EomPN ARCHITECTURE

| \fo‘\f@*m“‘o CL&‘WJOP@A 'H"' ‘p\s’r
i Yoo Compbed M0 e

| T s Poogcom \\b"“’”@b% were
';_ . fPoM ' :

' Gloceh, So WD,

f | CThe Vo Newwann. an At eestuse
ST megy w.“d.e\j wed 'n MaSpety o Mionshueceiisd,

Tne coopubdd 6o ¥ty VO’\NWV\

fian ATl “ww

\_E‘:&_.’ Bof\% Camnmtd- OduD dﬂ-«'H\u Sarme_ e
5\09/ e Yrstmuckion ond clados e the Somesiyna/

Mwa?g and MMZ

T o s oackMechine. Consists

lb-—

|

i Condalbuy -
g l 90}%‘9@ 3. Co

,’ ,? P,meb u)

e = B |

Scanned by CamScanner



A

/ (®)
/ The Dalobus
PeonsPockd  dake bekweon CPuw ound_ra
TorToenads - W B Biadeeckonal . The AP can reay.
o Wate daer W dhe Penlheatd .

The Addrerntus

Toe cpu wen rhe Addxery bus kg

Y dicare Whaoh  foniBrenads e woud Yo ocees,

ANde WOWIN B2l P Prenal  Shtoe SPeaie veaie.

The addeo>y HLun ub M\&»fec)v\o‘noi)

The COuw Qluﬁ«%b LOCres *“N:/OLA,AQ(‘@)_)}
Whte vh Ceado \0\6 e Res\ Pera)d -

Conret ouy

‘oe)ms@eﬁ *“\&C‘PO %%?@»%M a> wel)

\Cb) e Wnddceseen W T cPu Wanks 0 ¥ ead o
\ 5

ke Ko Yonfrow-
1 .

i

e marn Aaooo ks M res B4 YThe Von Nexwvn,
GDaNechse, U Fhor tr ooly PodSomes | Ruw Spxbew,

!'\ The. Some @ud> Comier Al e

?l Rekonvrodon  exCronged.  oendee e
|

Scanned by CamScanner



Wouy Medt Proconewd ToPriemantSuok
Sopoere Stanat Paoody  ov Remocrante

Neen0r> ,  bu- C‘M\Z’r ten Plerand- o ModA Mo A
RonVend ondnirechue S Mooy Counn Sebeort tanm,
WMo looddg o Progparn froen B8 Stowmgo
QN Nren @R EcINN

<o

" Vvow\ W —

” hrécgﬁned by CamScanner



ﬁ)(\)éﬂoﬂﬁk_ ONITS

- A QDWP\A@ Connsid @’j{ {ve LMCJ-\‘O\(\Q)[B

?\n’pu} N ermoth O:d'\%me}bg, Ot)‘\&.le%?c
) )

&m&a?m\u& Mars Pactd
0
st owrpuwk And Conredd unt .

Oukpuk

Th | - PKD@MJ

L |

l The ?hPuir wdh  GLceptd  the ] w
% . o

. © WO&QQY) #mm \Ww % r@mm plec: mEC!
0\\;’ Keuboaxd> , € Loovo Otex ComPuled
| dexCed  Suth o» K& ,

| Ve N Roer.
| Ole» Afca,\c‘to.\ Cothraus g

Yece\ved. U?b &6\3 ¥ex eﬂrm X

Toe ?W\-oma.)}"\\m
W™ We Cchtﬁng\_sﬂ'Ct_\uv“ oY {oc \aXxex weke

Scanned by CamScanner -



.
\balk A
ves oxe 95&1 past  to ™,
o \
s — wns
GQGC’)\\&} (“\& - e oMuk
= w ~cadaaked
o Ry ~OV) sl co © Al
okt WP oo
5 A e ddia
o
Q\(’v' W coud Se
W coone oD o -
00

\ —_— ) a@h:n
) \ == \ (82N
to ooanc %9\,&/ Ond- ok Ouk eq,ux?meﬁ*
™
X

| ?!\bﬁ"ﬂk&h\ n OF & c&,’
Caxe extliet: Cororncnds

\é B> T W s '\\-\}recm@x’n’\on uﬂ‘\‘“fn\n O._C%Dm'llj)ce},
d ",//D m]
| \Zeﬂ oy bekween the Compoteh ONA R —L/n dasneed .
ay ]
b speaty the odbrodl foyle Ddbtors 4o e Pertoral,
; e it
| o

R

=) e Proca2sd then MMM Thod-akeup

e W o e Thexooey - Bhe OMMM/
ond Pedoees  the dedtel sRaiond

> dhe Compiren US> COmMBexsly  Contreehedl by M
croced. Vooqunn , €xtepr $OT Postiule rchecea)

Tresupon oy an oRexokeX OF by /o dieseten Coﬁ(bcf-ei |
do e otihe -

" Scanned by Camgéanner



= Te decms c&mi Vooexeh
e Cuny - ASRxa)  Bndocoading |

w% Oroqveuo -

'S oden . kg
S Al

AperarPle 5Ty & et & Gukias o i)
\o%e, “Q'mf-} Rete o \%ah o} ‘mo.c}x‘ne, ?ﬂb’\‘(uc)u\or\g
QW o ma&w\ve \mm Qo |, Catled. Hoe
OeRecr  Reoq o -

The Sowce 'Pcogxexm P ’W\e—-q‘ﬂ_@i&n&(x

(gmg‘m}“\ Pako o TMothine \anfuase ooyt

Blphanunert € (hasacter> G2 culso
.w[k@ze& ™ +erms e}g,w?fcm\»-

|
{
18@«9)@3 Cedu\v«%s SUnemed hoVe been dLevelp p d
|
|
'*\ TWe b‘g( e Mos&“\\& w“‘wé tded Schered axe.

\ Ay (Ama?m Srondeand. Codee foc ﬂ(\fknmcu(:bn
‘ TkexClrengye. ) (50 Ny e Prenevded T b't Gode.

EB(_}J_C-’ C £ cdendede LD‘V‘G-”‘(T Coded Declmad

,lnr}cxc)-xcma& od.e> @—M
&0 &.u/\o'\‘a— O—C\mo.mc)b@

MNPOT LNT I~

COM‘QJ@Y& O.Cleb coded Pﬂ'\‘ﬁm@\mw
o our LY B U veod the Lo .

The woosk Welh Rnown Todur davbe

—

Scanned by 6éhﬂrﬁééanner



2 fon caumPlak GO

MM W or Stovege
)

Memovy (ot

The  dunchon of e Memev(.r(,u\)t\xl- s Mo
8)’0‘9& EW Qn A datec . (W)e»a Q-se- ‘F\.OoCla,_)_bg
o Srmepe Gt Primany and secondany.

ﬁP{‘{WX %'\‘0‘50-9384 = a %Oz.b(\' heamoty

| O Shesar
| o oPece» ak Sedh® .
> Moyt Mugt be SO =

Scanned by CamScanner




4

@

©
3 Te COernOEA Codconnns O \Ocrcé‘e, ﬂuxn\c:e); N -

5 e N
& © Lo ~ )‘-QX:_ éce:;gﬁk@ \? v“__a‘fr bf:i?*,,,- s L o
P L\f\e

gt

O CO“-QQ’\DV& o =
1 \
Oxca ‘fo:ce)\\:) ‘(‘«_e,a.hv. & s Lo e ax
Teve Cel)d .

ouk
Y \
’ \\I‘\A.U-O\)‘ Cd)b CM\&& L,?o'f&): p P.

Opishemd, osee Protensed, iy =

wed S e &6

ow\LD &\\?f/f’

'oﬁﬁf/#e‘i% o b?% Pn e cnlln o
3 %

|

He L()Oﬁdb_ ?—"W&J;

bt 91’)(@ YM to a» . C
Typcal Word lenghh vowte Svom b to
é_'—\’/_b/'“hg . The C.cc,Pq_c_.‘"r*a =) Je- MW% Pn one
QQC\‘O“S AN -x clhos,a chexizes Re Sice 82 ar

£O 0 Pupes - }

\ have- ©nNl Co
5“-)@(1)_ MQ.,CJ/\J- nfz Es :) !

Lowp tend 64 Milliond & LoD
Medfum Ahange ke Dowy
o dens 0% hundyveds pai1083 EF

\MV@ _
©
v | w ' O.J\OL :LD,;(Q Caﬂ—be_
EW\OM e@p‘_at&&ﬂ |
wilen ko e a3 T |

Scanned by CamScanner |



B

® MeMmosy P hitn ANy locasr o s’

be et clede P O Shp“f& and 'Q\':c_ed._ o_n,)%
Of e akrec s Pectiying B AdAnhm, 3,

Cattea PM -

cceyy, bhe Loosa )

& The Slime Yeaz{ul\(e&, o -

u> Colede e mryl)g\% oL O0es Five - Ty Tz w Axced,

; do @ o>-obe '?vx&,‘)w ©4 te locaton O tthe
@ : |

laor CLClersed.
i wé\&, ""B/

T by Pleally TR T
Moc  Modon PﬁMVUM’}B‘

Lo e Lew Vanolely)y
\

f

(%) ko oo™

& weven, bemadey sy dhvee oc fosdlesl

, 9& Sexafcondutior  REOwm UNP WYY dothement fecd
CNQ Stzep- , |

| b Tre Svoalh, Feok RBMnds caled

| e *

\

F The \o;\gx@&— Cnde Slowent L )
J N *o .
f i ‘Se’reﬂa&’\ab b ' He modn Memosy

} A’H*Ousb\'\ Prolen oy Shoxas = L

————

Thoy addaRonad  Cheelex,
COnearped > wred (Dhen Rome

v éécbn&ad‘gf ‘
' o) dedo Onde Many Progromy,

Lo unkd
| heve o be Bhovek,
| heYe 7O be BT

! P——
. e

Scanned by CamScanner ‘



& <=
3 A wode Selechoty af Sefondany ok -

AeNlce> o Oﬂ—\(‘oi\ol)Q\\el,) Prclobivy W‘Q%h@‘\\c A e
and Fopes Onde OPilaas Suish (CD-Pome)

ARITHMETC AN LoGic LNIT Y
' cows dn ALY O Fre

* MM?S Csm\)q}p)a Pt

‘el Dfessand Cero e

b\A b(\\ﬁﬂxx\(\é m Neqa

WC@)D" 9%‘ o Qroved $0) H‘nx\n SPE&SM‘N&G
S cad\ed e
ex . U IS Ccon Jvoxe O LS.
¥ Fotr
T . Qanted than
o ey e RS

Scanned by CamScanner



o k, N
OUtPoT SR | o 3G e @M %)&‘L?m\. ’
Cpuiru W

ch,a:beé!- er B &g

© o \E’;
W us ?o%‘b e ' \ .
F ¥ \o, ©00 \ Voes Pe)‘s’m’“"‘}e" .
vay dorloe bk b Shid ¥y S0

Me Grevm ‘o
ol & %e,'evae)ﬁceﬂch?eeéo fooa. ‘Of o Preeedsd
CO“"W © N
At e Suohn abl%‘o'&“ic’ .

» Some WO . ,
oW ur Lunerion O S A0 Ropuk- SN
o0 \

7

Cﬁmﬁ?\'_ H\Tr and toPut
‘q%e, (o esooTS |

d owbak AL Sdoqe. Onde Pco'
ans.  OukPur of

" Q@W

‘ \ con 290
b} dhere G M be Copivaded t0 S..O
Ko Kodf B dte Conkol Lunlt

ém‘ikhme)ﬁb Qs \eFe
s Pekoceadtion
e)\om((%e Ds?e)‘)-h‘o9
%W

Scanned by CamScanner



‘ ® 1

F Tfo dromied, Com?mv% O‘&?n?q}‘ and. Oukpd ohentlony |
ooe Cobellod o Tobnuchlony of 3/ Peogrores . Toodorie>
Rougwed Ord *he Saonmeiion  dobe Avarabecceh.

4 Toe achual ’C‘\‘m\:\sa/ Sigrals oo boumdtos o Jerdaked

by He Lok clred.

2 Doko Aveaheds bekoen P¥ecexne and fhatemon
Ooe Olsno (owkelled \aﬁ&ﬁw_ QDMM‘«&M.

= A laa.%e, CeXx O&— C—ow\‘\-ex ‘-?no_) (.\D?.‘(ej;\ CQ.-D’O:.X‘Q&.&
Aleadns, s OO0 Bun AT zs ey O3

Sl spe ko
@lendss lnon LA -
The oPedarion B ComDuke .

¥ The ComPuren accepts Tnhoaomaiien o the dewn <X,
Pseogpans Ond Aador f\"‘n's\gus-glq an TOR WA Ona Steces,
‘Q*Q“ R sOEXNS A -

_//_\—’/’— y .
£ Trlownadon Skoved (e he toenaony  ws Sexeked
WOt (?W' Qo\\‘ﬂ\?\‘) Toko an GORNRuaele cnde \Q%F.qu&:!;

Frore Tx S Procorned.

¥ Procerded enloccaakion leases Moe_ o D hesthtoug I

o

A M acRWRes

\b% oo Coicel ook

Scanned by CamScanner



™~

Ba)ﬁ?o D?dcd"mq) Correg> .G
a@, The a&x\n\r} un o OONPM &3%

ba ?@&k\&)«‘\ov\))
e e o g
| agpeopaare P '
S e To e moonss g

4 Gaedionn  ose € “aer

Sre SO Receens, o et
aRond
-. Q &_‘\& [93% 2> .

éﬁxe 930‘ 2 b 40 e, ruedl o> ©Pednds,

Gose. OJ3® groces N Fe m@m@ck

‘\ N )“A?\w Titeud0 \mcvzb’e
\

9 , hdd Loch,Bo
] %e, ?m\mc)ckm adf)s Ahe SWQ}\

oey DCakbo Loc®y f\\c"?“"r@ O PDnds O on \‘e%)l‘gésey:

% dbe Procom®, RO and Pleler o ouum Reko
‘ (lspzf\s\'e)) Ro,

The oatve) (Ookend 84 lwasken
Loch arce Prerered; \Whede ca Ahose 88 RO
L oxte  ONRS W arern
The  {aaraelon Yo wed

Peclosetnce 64 Sersal Steps |

Chat AR Ddvudion B Sekched
| &“mm At m@m@g\Qakom Procees.

e —

'

Scanned by CamScanner



i
3
:

Sot . Ceal?
- et of e OoVe 2 e o9 coo e 2=d
& Toe ﬁ
‘0‘3 two ?m;\-su_cﬁoo Queue.
Load.  Loed )R
Add RO Dronzted tRe

Pt ok N
of Yhee pasiou e RQ&S*@Q\’
,hm%ﬁ,ﬁ\&mmi ‘\@;Hon Lock Pak0s T L Bas S
Lo v e ot

e e
L e T )

oo oo e Conigrh O RSO

o
Rnte RO, Dhexe o> AR

;\? The Seco® Rusfeuch'd

L) \oc
o el Conkes % et |
_ ' ——— At e Troced»sh

o e Temo A tn T eond

) o lews em>enitd OPedahona

o \none Dok e

Ao cs>ede ek

¢ B abo

Scanned by CamScanner



[ S S

\\Sh.;c CXQ 3 e *‘”‘L

pore el

‘COﬁkf&\

ﬂ*\

N Yenersal Pusfose.
'S '3’25{3’&\%

JAYRY,

E
S

T

Scanned by CamScanner



| SPeciodized Telthdh. Tt Keeod trask opine
: CZ'JC'Q.L\-U\?\\DQ %&Q‘QO%YQDM-

F TH Convend ™re tenpry @ddxend ot tre T
ne~cl  Canicuchon Foke ferthed Qnd execured. (&

* (Du%\\r\ozf Me etecuhon 64 can Tatwuckbn le
(orxendd g tre PC e updoded ko Cowmedpond
4.04'% addxerd ed +e Nexct Pratouckhbn 0 b=
exe cuted -

4 The PP
o3 R bobe dekoied
$ - Yeneie) PuwrPsre vea ttad Ro rovugh
Qh—-) | \
¢ Elnally koo TeRisTed® Racci\N ek
W R e MO MO Thehe axe M
tohen (MBR) Cunde e

Wwhe o e Dexch T e O oty
Covorn The THexety -

(O ™ wim ok Lo
| <> %9

N ecne sy oS
SERSOH C MDR).

N0 2o daxa ¥
f o ol Fre A dxesd o e
Cowa 8>

\O CD\)T\\OW o u
65 Tre o A s \oCah o™ |

Scanned by CamScanner



£ LeX Loy conntdeds L ome. TYRlaal P .

£ Bxecuieon % e ?"‘egwm oo™ (SHen )
PC o SeXx ko Qo Nk co The S Daxtauakion SN
M .

X P\\‘?‘*\ex AMNere ‘San\,\.,_}wedb \co OQtenx Yo

9
| ed wosd. WS
- emony SA=pen Rng, A Swex>

\osded Tnko e
Fema_ ouk e Thesmews =N

QL axse
o e TR

x A A4 RE oMb e Tradrusien &%
@hb&acedeimd@md@i.

£ DL e Dasrrwdrlon  Snvowes * con
o e ?eﬁﬁmm&, or AR BN, TS N ecoomany
o o The ‘Gegx\;% efevonds .

\s‘ (S-A' o GDQeJ;ox\éx. \Ceb\\éua.% \m%mw%

| = Qs
(R Coudd Mxe ‘o Sn G- %M Runlede ¥ lsten

® Vo oo e Yrekeied \ojsem\}u}
o cu;\é_'lvx‘ké\—‘tcnﬁ‘?% QL

Scanned by CamScanner






*‘W\fs leecdr o bette» P@%—omrng
bk Sk an increosed Cedt

r The. dexices Coonected. €o o bu»
Yoy widely v heir SPeed 5{ ©Perahbd . Somo.

precrproechanical devices Such a» Keybsandoy
@?@?Jw ame  Telodiely Stod

Scanned by CamScanner



- v bt |
/ o« ©Ptlaan duisiz> T

ate Hime- ke S looded , The

v once == ' "_ﬁl
Sko.:r)r Peiading Lo\“’r"\s?q)‘ . ’F@ s

Dndorentlon oy F4e- Frocerres:

Scanned by CamScanner



P \

~Q QQ\&N%\\\QV

* The bux  CWhd Re Procenses,
\0“%@ VNeedod @d Con Be velemypeod oo
P o, X IR C ‘ »

e N
=N

¥ The Pealnter Co‘f\\-{v\web QTQ'(\)HP\'\SB “r'\qn\

for fwodton decornterns Lol drg Deecenr B COMPlety

hutes Y’e%\“SFelb Smeet et ,H\Y;u\\}

’

sl don Pz

—p his allow> the Pocerrs> Lo Sewiteh
e el cheorm  ©ve denle to e, lnfi’wew;w;
( < — v\
T PKEC@EI"“’)’ actinry (140 docte o de22 vy

Foverad Do dexee>
e d D s

Scanned by CamScanner



& e \$
3, (Zea\s#e{ Trandtex le,g@L%@

* A &f%?ml Sydtem & Thercmnneat]
\—%\\

di9Pa) haxdimge o Bt
‘\’(\% \M\m\uleb +ad LomPligh oL Specti®e

= PfOCemn_a Taxk .

* 'D?%‘kcd S\d%*\-m Vany %a
\ sz-e Cund. Com :°‘0
‘;LGO“’\ O J;eua g d =

(.D(\'\"eame&_ CXCuLYy  +o a ComPlex o}

\M Connecked. and Trdechactae dfsfial Computerd .

A 'D?%?N Sudhenn CLQ;‘DS(\ \OhVaJ»?Qbkg We> o

N\&D MQh all o WQQ}\ \

X Toe. mmodules acxe Conrvucted oo

Sudin &i‘%’m Coonenks Q» CesRyterd, detedexS
N Rmelte @lemenkd, oundl Contes) legte .

& The Voxloun noduded Ose Tokextoanecte),
W Cooraon dakel  cond Cootcal  Pofad 4o fecmn oo d_?_S,NQJ}

Compude Szh*em -

D
MICRo Qg%.ggr\g_ﬁ =
2 Dialta) ™oduled Ose Vedtr dokdind

3 e ey Pemtion
'J&\cﬁ: ose_ ‘Qd«\-cd“\ﬂék o Re. Adladal Sroxe Tq e,

% The. Opecdlons  Ececuhed 60 doka
Shoce d.  Tq TS Qe MQ&F‘\‘%@?@Q&%.

X A Mmoo ofexagorny TS an Qle.me.'\i‘a}(ﬂ
0Rnakon  Pordoconad OO o Tndocoadnlon  Exosedl Py

O\V\e- oY tOHoce \Qe&cig-\e)&.

Scanned by CamScanner



x Toe seddr Of ®e ek {00 Mgy YR,

fa Srexton Sy Tolormae® &re- ¥ogfSrec o

o anchex ‘feg?S‘V&"f
Hay e hw

Brampied
S\\?S‘\‘, Counk, Clend. and (ood. -

© L
?m?\emexﬂ' i ere © Pesahbi

ole) Lead & ol
0 Q‘(‘emnk\*‘ QJ“&\M

¥ e M&fg&% “hat
for enconmDier , oo Counker Wit Po

68 Pes-tomuins, A% e Trlevo oReaiond

® A Didrechional Smidr ‘53308**6\’ 1w CoPable &f

Tordoeiny e SYRR wiquk 08 st \edd  voior ofoakn
> The Devexmal naxdasde. osgmwi;xl
o oo ARl Compukex LS bes daddnade by SPectlfs:

| The Ser && ‘Cesk’\’s&ex& Pa Conrarvay  onde R&x funchon |
2. The Seﬁyumce % Plege ohesaino N Pextormel on Rre
X;\‘y\ocg% \\Y\)KD‘CMO.}QDY\ Sroved Ta M’i‘e?;\:‘s*%-

£ Ir W Peddible to Specity e é‘e;}m
of Micwopaokiond WH A ComPuten by ewplintig
WW bud HPLs Procedne. Luu.n,%
¢ olVed o l@?}fd}__ dercxiphive ierc plamation |
v T W mere Convenrert to adept a

Sundan Suitable Symbelegy  to descxbe Hhe Sequente
of hruiterd behween  Tepisteyd And Hhe vaiu
oV hmoie  Gonel \DZE pnase BPededlony  cadluie]
wiid Ao deouafer .

Scanned by CamScanner



009 ahNe  e1pona kbn Too %m = <
\(

\des ‘Qun ©ge no,zaé!
QN CONL_e anNe> «'QGF\Q.SHW EO SR BN X

ooy PulXRedre Hera.

\o

Tre. SumbXBe Dotaon Uubec ‘o darncahe.
Re Dot
R € O0s eoeabion st  asoensy *se%,?s'*@-bfﬁ

Coted.  a fw;i%/@—%—%
‘ n _— N Pmpiled e

Toe Ferem fmﬁ% Frat Cz2
oS labil vy o e bty

l, o Stak ede m"\cme? Hhe B B¥
ijm, gu)‘f‘ e

wﬂw'
‘ ‘wae,we‘cd:\\m‘%**"‘%gu ub botmweda ‘amm

’ = “a ter év Youm9),
Prograsoners, who APPE tnis ter £ Ppn

de

W@’ f ﬁﬁaw

LB a Spptel for exhe>"y mo“jm
Baglts = o

> P CSO OP@aDLl\DV\ Se%umc%

locvn The ot o df Opot mocle

Scanned by CamScanner



Q4 (f;, O,QD\’\\JQ]\?QJ\A' 4pgl IOC Oerxoqahy

dﬂ)C’C\\b& .
Lo, Stoed Tuicwo OPehDIS
. To 5?@(‘-‘3 &*25 te ‘CeQJ‘?g-k@, (Hw%'f&\%/

l )
e MiczoBferahon, ouncl. The Condved {amuhorjﬂo
S dontelng, e Tndoma) hodrhuee oxgpriacts
ef digivak compude -
L Ceen W\‘\‘\a be_
SWQ’Q% N w=

(-e,eﬁén—e&, once xS (%
ey rarstey brgeegeR COT ;
l\-,,’—”—P_/_—"—/. |

" el e Atcun 11 OVerald PunPose
L |

Scanned by CamScanner



P

’’ QEGW'STER TRP’N%PBQ

N

¥iel
"\

\
bxa CQP(\)"\'Q.} ‘lertrey (come tPraexr Followe \o‘jﬂw‘b)

-

Lo denote e ";umcHof\ of Ahe "Ce%ts&e:g.

\t x ok bold
£ Coc exoaumpPle, e ‘Ge%\s*ce - n
e e Y unr @ ubaly

Axcer> \gq_%"\’s*e'\r OuOA

o

auny (_la_d:ce)b Lox T o

Colled a coexnosyy Ol
d_e)_;,? 30@3& 53 e Deoume

¥ ohnec deSgoedten
TR

weR.
Lo
C'(\D" fnb?t'fu_C)ﬁ\O(\
Yeal 5*€Y> o

Ye.:s‘{ she™™ oxe

COM\*BY) ’

uay e
v Se‘zr
= D\vn e {‘?B\\kmoﬁ

Ko A R
w a3 urnioe® L owe:

0 : o e
Poefiion and wneveas

Latex

\eA - RQiock Diowsycem & ¥y

heear=10]
R %‘S‘\@@ (&) show ey Zadividual oD
o) \wey
\$
] e
o) DN A ke Teo

L ) N\Lm‘be)\\\\'\f)o%, Pascra.
o2

Scanned by CamScanner



opes Hre esiverenk  Ehed MM&X\

L He_

o o OPerakion be executels ot h&%&%
Larcsen

oY 9} P=I

shatemond werten fro %fe?Fg{Lg)

* E\[@} ?W'\@ a hecvdwaxe Cbnb-m.ud‘c‘m

Toaaber, Scom™m Bl 40 R (fen B2

P load
%j d Rx < loc &

|

=]
L)

SR T S N
Amf_,ﬂ

%M 5CC\2)72> L\QJS‘Q .

T DiesRes” -

2 Thesr N pur® kD o “e%(\)s-heb R

- o Ave ACeouks Bt Yeptster®
e~ MQ;:;(EA.

& Toe \exten DWW e xede Lo 'Q‘“&EME

&M% Ounoer S o Soc M*«‘-en‘?g\‘e) '
F T RW e eQ\afede by cwn
catrus) Numoen hen  Xthe- \21\9&3‘%'\ & e Qg%l\gm

u% KNOWN »

Scanned by CamScanner



¥ R Ts

o ¥ > j
OGNV kel \o%m Codvol Varlokle P. Do 8 avdmgs -
W cd e Condeat yaledo\e o> Suntivonlzed LR,
MSWC\OM b Yhe one ambived to e §

"‘@3-\'3*@3.
v T e "\“\mivx—h &}-o-.s-g;um, P ackvateld

\ ce CloC
W e Cordeel Sechon ‘ma Pho XVRINSK e S o C1°

Pure oF Lime k.
next Peliwve Arecans

Cind W \ooLde Twpur ackive
looded Prro e

on 8% Yre_
+ Tae

Clocna oo Fime T
Gnd ttng doko "{n?u)f":' ed- R
?oaodle\-

n OUYe ™ en

Y@X?S*& " ek e E+1

bo.C«K— t‘o o
T eN
wWu oce Lot ey

e Se e ol achve.

\ | Coﬂc‘—l\f“;ﬂﬂ
\ t c"h(f'—-
eh '\L\Wm/ )
wet 0/*'*

'Scanned by CamScanner



W Derc=SPon | Ercampre, "
__—,__———‘——_\
[ete>> Deroter a wezlsted MRAR, R2-
(Md-““" ah“b) 7) R?_CL>
Penoterer Pant Bpa YT Rale-T7
Paxm\,v"\\&&(_) i = ‘
Aoy & Denetres Axeunatere G'A—ri“{oﬁ““*‘“’ (R’z- <= P.,
(ornma ’ se?N% Ao m'{c:(ovp)\uk\‘o“-b ?L_,Q—-Q-) Y Q\ é'JRL 3
denote
£ Poosen Maered oowe Leded. bto Qe .

(>o¢:k~ 0’&_ q,.__‘Ce,Q&?S\‘QJ) \>§:‘> S?&C«?&*g:*'\sj ‘)ﬁse_-—m%:_ 2

N . A
eg Loss ©F b\é& %\\r\'\/\a& o 85«\\)8)\ l'\ccmz_/ftocn— Lextion

S i S |
— ~a¥ T SO0 LS WO Aenorer> Q—MM = |

\ w\l&c’c\ﬁ‘
fedocmaxton andc Feeo A ceckien ok ¥ {

1 to Setmaie Moo o s tom

CoO OHMN o L':) (o s
e \YN\L2. .,
o) ocxe et ecuket st s =

The. Stedrernent
Ty RoeR) B AR

C
Do O oPesaleon ek exhmnuch
,pecae'iv*% &,\_@\\'\% bhe_ CeNMEY)
2\ . S Steaultanesw)

Scanned by CamScanner



PER FORMANCE
| " The. ™S ToPostant Meanw e of 3=
?5&40{WCQ_ 58— o C—OM?\J}\QA \.;OA no w CS\(USLQ\%
T can @X¥ecure 9‘('9%&.“"-’3
A The CSpeed WD Lohha CompPudtes

ECecules  Progioms S, alffeched lou e cadTon

bl— R honduvoxe aunACY > cratsne \O*-V\Qy»—a—‘se_

f\'\b*“("u.éﬁk()w}\ .

&+ PBecoarvse Pmcﬁm e ks uedy

.(A(Y\Q\M
RNCHIS leve) \enguade, Pexte

bR o Ao e\ by

2 cthxo aleched bj tre COwPIE>
Q{GW Gns T ot ve \oundpaar S

[\

& Fos Yl Revioracnonte, VA w»

Oom?r\\é\, {“‘n&w}d\ﬂe‘
Necerssary o clestoyn e

Are. eordewocoe T @ COO'C&»W
? shewchon &b NS f

| & \Row dhe oPedoding D> e
| N o0 v Acoamiend eund.
O\ QcoCe>\Yy, Pk :

S \ QSW do MaXe The

I
| ?\&VJ“V\?S 50 5 A e rouLed Coon \@o\e

bexx Peossivble lepe |
B The dotmh 1w e &"Ge__csy\,u"ned

| Ps A=t ~ Lo
!'\‘O o ecase O TOTeE = S &

Scanned by CamScanner



f_b o eIl udD e,

& Th's SAaPaede e
o enTe= Eg iy ete;

& e Qx—oce—”ﬁ’& LN O )&e/%ce‘bs%
e Penoss 4>

O\

(_;?b a’c}r‘w‘g, b"& )Ye\ebe,.

\Cg,\e,\}cb“)‘— ’
N AN oV fve
) L ke olo>Psed AW %{O(R:Q—
g > Oon e Lt T
ctecon % cePe Hiona—chef
| S‘\X\DW ! e v e s Cuiion O
COWMMQ/ pnvoWeS
O e " :M’V‘\‘—’/’L\W‘
AN

Scanned by CamScanner



M aun 1 [ — o j
MCJ“OTB me‘“cg Celhol

o

qc A
#— N

('_Q “bmu_q.*\ oo

ey QLA RES C‘B\r\gt&ecuﬁob

e \ e Ske,?b &%
L rarue RO

e S AL > F5 ey

M&/ Coun
Scanned by CamScanner



A ‘?W Wik be encettkrede kartes ik

" Aoda_berween Yha_

e ceren) o& Rnadvackion
e Mpe TrocesDo &m‘(’nfm\leél_’

o\ve
L éu«PPQge/a,nwg% &g TrxrCuch'onn axe
e ces, YeRead Bdll) ONh . Shoxk Pt B R,

o haffons tno progpe Lo
:\_2&‘ R e ?v\.%*'@u._o‘“'bhs’b Cage CL\(QJS.,\GJO\E

N Ao Cothe . M o bedeithad, Spoarly duting
‘e Rexod S velesdee U>e ¢

pVOCCvSDbrdoch |
—7——"% :

1\ Procesmey e 25 Gxe_ContreVed byad v \\W\z\k
é‘?%wav\ Ced\=2d, o ClOoCR.

Q- T Clocie dottnes Y‘%u}@ *MQ?MQM,CML@

Crtock C—Z’—&(P_)s -

3-(\\0 &W ce Pt Bve Q?V\&‘\*Cu_c}\“o\@, ~ACa PO
c{,(\r\“m e a_c;F\\OV\) t0 b P%J,o “rmed E’v\‘féa Sexkuenle

L base sdefs, S wch ook eetin Stecan b@Cmefe)Q{

frg ©Ve Cloct Cjo\&'
4. The \F)"‘VXVR‘\ P oF o7 =
Poscimeres Ao ApLedd e

2 e, o
5. D Tpverde e e CloCH \"Od\e, R % ¢ty

£ rem ) fw 0\3,0\@_» PexSectont .
b. Psoceddor> (ped W todauyls PeySopat computers

| pevedfehlas  have Clecl wohed  biodoperge rffbm
aa{/& Rundooed. mAlllon to o OVes « billlon Copther Ry Setond,

Scanned by CamScanner |

loc )\

a\fcll: L3 cen ?MPOY’M‘
ProCerdsy Dedtonnance.




®
g T el ecrelasth ev%x‘v\ee)iwk v, texwn
\ ‘\v\ hex+2 C"QZ) p Ao Teden

1\
G} cled \9~e)f Ce CO rd

lilon > deneted by e Prok Meget)

L RTIN pw)b'\)’i'éup?a— (&)
Soo ~ililon  Cycle>
2950 Aalliow cychs >

P ge condl

Herce [ Gz

W Seo (M Hz)
Soél%ow PedtovdS B A

£
BASlQPLR%QMR\\}QB B%ﬂfp‘t&p USB Com.?[?)'@i"- ' ©One_
. 94 foo Clockyod= B R e/

T 5 PoSomeieh Gor o xpp\Naakvon P*W

Pl Vodhven S dhe Pascumrhedrs

e MC,QM‘?J‘@: RN W2

ko Tedulte e ve\ue &

Scanned by CamScanner R



PIFELININGT AND SUPRR SoPLOR roeeaTion:

Tastuchbay, arve eCecured. one ailes
AnedBod , e vedue ef S (> Hhe tored Numbessg
boo;\’c, 5&@%, o Clock C\Zc,\e)s, YEcQ(ui‘(QA._ to execute.
AN (adtchon -
A SubSteutled PeProvenent ™ PocSomre
G be adhelved by NeNopPpras, the SulClesmsive
\"mmﬂm, waing oo technigue  Guled. Plpelining .

ALl R R,

o 0dds e Covtenk® Of ¥e]Tstensg
Rl ond. Ry cnd Plages e Sum TkoR2.

%cgn**e/\)r% o Rl and. R a~e
St onptexrved Tndo dhe v Cnp e of fte BLU.

A&*@)&M‘O?emm}&aﬂ Tl QL exhoxaed
&e Sum W3 «\-rw&exfe&, o R2 .

Then 1§ ~hok ©nadcuckbn O30 LaeRe
ALy, O 0 Qeacun e Con Yo e Axoondrexed o dhe

q@,& (o/f:c.e,cuﬁ‘(\Dﬁ Proce eds, at Tha watke
@ wruchilon CormPleseds n eath Clocklyple. -

_(.T—ﬂév.‘»\-\(t&m T,V\.bk‘(‘u.e_'\"\\o"‘b 5‘\‘\\\\ Veﬂul’tt,
e CLoCE Ty Cles Fo ComPiie:

Scanned by CamScanner |



A Mubtle  Tatvueon Pettres  avce S dlom il
Yo B Procer»el . The Crecm™yy Cuscallel Dadthns
**N‘owxw\ lon Sk ereni TWatcucon Con be ©cende)
W Pascilie) - Serveract Undrcuckion  Meveny cigee eycte.
TS Mo de o4 oPesaiion D Cedled SuR e e Do exteiiip
Clocw PaTe

F Slesd ‘-‘m,?ce\h\‘\-% Sk dec)nwo\eag Pradles 0t a
Cicad® fonten | TR vediuces Hhe Alone 40 ComMexe
o ole Step .

& The Cloct Pexiod | © to be wediced eund

Clock vore R to be Mnaresead.
& Secenc- Ceduond rhe cotmowni e QWG%\\VB
éuo‘\&‘\"‘ One_ vasslc S+e? clie vedlez. Ok PosAbtle +o

Seduuce e Clroce @@\\"Od‘) ?. N e ccexlong Wanve Ao
e Pextormed. By cun Darcuc v lon Terncctns X Scume

e Nuwnleen B4 boale StePs Peeded oty Inreacn, |

UNSTROCTNON SET - Clse AND Rige

AeRre Raatiuckows  cesyuivers ol Swmosn Nuom, \oen o}
et SdeRs o execuke -

> ComPier DVarcusiors Tavole—a\ode Sres .

2> T verodNre ™Mexta o Peocomrensy (oWt aNendy
ProecuNows andl. Peocente> Lol vAoxe e mPles bt
T formen ave colled (s Gonecave b cxe
coreeced ¥o(Q1se)

COMPILER '~ |
* A C_omQ\\\‘e)\ Trauaa\e xe o P \exel \cunfSuee

' ?‘C‘O% ko e 5% Co ok PPS FOAVUENIC B TS R T
Y cado\e M IR tme
g o ‘s@&uﬂe, l\)' we: Nee to Su*

N
[ : LN
Trareucilon Ser Cund Commive odkes  FEA wre G

e e

Scanned by CamScanner



W AN 0PN o]
RN haan ol
N'odo feon = W&%Q

te Produet NXS

| TecrNe R 4o e
e J&,\

Ext\wede ¥ ot B Pertocm
o ENcdake. YWy eXRectiv R
eNeny oL Do M

& A Now Peoytx 0 G 2aUnon Canrley
S‘&’%*%/Mommce Sxaduo o &MCM@

Telethd anid Rupishe> %\%wau%‘bk)
Peetroumy So difterank o PP lon Romedns oo,
WIS enk ¥erWAS  for racuny Cown reslialiy Soraliedye
Cornuien® .

¥ fosyencrsd Purbede Combrexns,

ia,gw\-e_ o benchtradk DYoLy par Selected
AN \O\%o\. D woed mgé&@r\\e&_ Sowme (Sha k-Andl %\QSLQ&

\\V\ ey Cund, (:Lgaeu_‘\/\ AN 2000
SPBe ‘c-ed:\\/\& " Qu,,\m\_x N\ GV\'\ka_.%‘oKmnce_Cbm?u}‘b\

?m(‘»a e O o ComPuirey Lindaitept

™
Scanned by CamScanner



@/
B and Meroosy canate>
A A o\l%jr\od‘compu)re}. has ™anwy taﬁ?s._\-@z;/

AN \9"&“’” hauat e Deotded o tsambex Rodoacnatio n

«Q@om O\ Yeoafgr\v); to onodfer.

X The Nuber T toie>
\o& Se Peroxe Ve ~ OSE \,m:,A_ b,_.,»:oe,@ e oo O
*Fe;b?sf\-e\r aNX a\ ol ceofeteRs N Fe ©4 e .
eXQatend SCherme forc m@c\q\v\y
oghers G TOWIRP\e Tetithes,
S?Sbk-em =

LW be erCeamive

F A Mo Xe

Mow"ﬂ*\‘\m berween ¥y
COV\&'EWO\}AOV\ 31\ ce Cornrmon Bu
S oe. cConryaxs &5 o—

\ e I
bﬁ%c\)n Mzam Pt segfsted Feo
M : % meaL‘l% a. COmMmmo

% oore WY |

bud gaéérerﬂ [ S &Ff

' \ S 59',\&0\'

T;:*\Q\&Fih oy Sedosmons B tron Ploced
0SS A\

On e bur -

Scanned by CamScanner



£ P con ey T Cre% hes dous b2 nombeded,

o Hyvo 2 Mo bux Comnlsis of fon 4x/
b Plexess “each having  fous—doda AL, .
&’ 4%@“%9“ 3, anc fwo Selechon fnputd, Sjand S,

ot to corofloate dhe dfcu}?ewx
i vy cach >, We we (ahels
Wil b liney  CEPME T tr OWPds o

L koD
how dbe Conhechor B Plexes
:;S uposﬁo)b fo tre Pin peet> o e
el

X %OYA@) "

@&» \(@%?S‘\*@) A (fls

& \:OS&W\er ourPuX]

MOX |
bo s O K :
8 tateeled P

|
i

- Covnine (ede

Scanned by CamScanner



®

®

Thus Muyx © MR Pexed A ‘cm‘* 6 bl og,l-\
bl Muh Plexes Are foun bR
\\ably o e pttres, Twobles.

A St

g | Sod Tes

L= |
p) @) A
o | | =
| 0 ;

\ | ) \ J

Scanned by CamScanner



Whex 44, %

TP & WSkl @ |
m— % \ IS SMQJ‘OW}
Bosemc © Riegw

The Conrenk o @ K‘e%?s’he)) CB Rlored

on Mo bus, and the Content ot e bur &
\oade d Poto %,%?&v% Rf oy oL chivadng P

T e bun & Koown o exter o

S CooN ~ A 4O HOQ.O
Mo Systern , ‘Tmoy &0 erers Fus

Ray Al cen) ?Fgw\s&e)\_
- Rlxc

(Q‘&Om MS Q&ermw W O\ﬂb?a()ej;
KJ\G\;S_\; \,Jex\\‘)/\ covamﬂ S%znalb My e &CH -

1o Pedcn oo b, dhusih de bus

(-W\‘{‘Ef— 2dake Bur baiRevs .

e Bud DT
@, Sreee TR 3

s\ be
oxer TunwRad

[ =]
Conrira, crede Wt

ceon eI ovaUl %ﬁ*)‘ <. ﬂ

Scanned by CamScannAer



®
i © 5\—&)78—- be)"\&_@
k‘\uh)\ \\N\W‘&
9—0&3"?_- e . NON recons Ahede e
\\Ke o ©fen C—*—b'a\’u"’ﬁ/ W dpex Ot e
P B discomnehed an<t
©

. ‘o M aounle. Lo ot
OS%C & e
e # Taree Shere WD%OE‘DQF% e
ND . |
convendional 10§t AND os NA
™
oSt COTME n\y (wed-

3 He bukter pve- ke

Coapiate Smos>
Ay ' o A
o usPuy Y =h =)

Hoxal ?n\?\}f—}/ﬂ\ o $&¢=0

B Fveechede ke, « g

Scanned by CamScanner



© q

O

A W &‘39*\“03@3&4 Lraoren o Ooral

\)um \r)\a \\ o b o Mee %"“O.L?OM el
A Co ndhmel R0 fud .
& The Corresh TODWr W»:% e
@\_\_&N Stade, WSTen e conteR tobut (Beemal

by o led
& U vald do 1, %Q’Oﬁwm% \
Caande «\t,:q( beoinarer V' WCQ“V@A?%M
el @%‘m o o o oehol 4o H,,,now&%

/

¥ (K\}\Q/ connet
@ﬂ\\éo

Scanned by CamScanner



l

£ \hen Hre enable e

4 .
By the olelodud e 9, afb

cnd e bus live B T o

W axe 9 3

NS -
The THECOOT weocs Wit B

S The PoseRiCuISS roemnon

be 3" Sodole UD Selecked

| \Do‘g&“ Q)N‘D‘\QA’ & Xihe TOCUYN o

Scanned by CamScanner




o+ Conxdes e ECHOSY NFida Rrad Ceces Cer “Fro
ke, Colled e addten, Yeye)

©

G dLdtenn Sv&“msﬂ o eqf
S‘Zsmbel\“ ed oy OR.

PR —> Dodre TEHIST _
AR ‘Cea)‘k, O?e}o):\\OV\ CN be Sxered oo kollous’
e

X% o W‘D\OPQTM ace T

R) Ok B addcer® oy BR. Th=
: 0

5 \ S’XY%? 0}‘\)0 Cood e 5&&&&)-‘—(/ ng@“éuﬁ)»
Wake OYen

Wette, . M EBR 34K

Scanned by CamScanner



| o |
AQ\T\-\MEY\ C MtCRo oPERATIONS

o S Qreroentoxy
dare Stoced Snveyived
unreced To gt

A o\ e oPesot
O?Qfd\hoﬂ ?e:dyo‘(m@d_ o e

The oo oPedoiors  (ost ogken CE0Co
ComPukex e Cresaiiied. Sevo foun cokefecier.

R » oo
IR 'S e teuardenc  RRCCOY) pe}c&\oh—b Aeannte o\
EDB e o aneXire, .

2o Lownodon Reocn  One ~cesied
: Pexchoaoro O e
2 A Broeio AecooPesaion e '

Nuree>»t C deede Sroed B TegTeten?.
0

o\’e)»o&:on O

e Tatosmakon Cood

A hacko
poted  &cOwe dhe Sounce xegiyr=> to he A= o)

'C‘Q,Z?S'\'@) .
¢ The oXxthex Thcee SR Gen =K Ml co otexiow
Coorge e antocmaiion Cotenkx Aushing Hra Avanabe,.
\ ue Rurspdace ’O_Qe}r
RS Seckien
& an
oso BEes oo W

ol A ee ™
o > i

vo e Rexn e A Y arco B0 eENDM
& The ‘oot \

“. N S\M'GD.S:}T QO(\- J

5 a,&,\’\“\'o(\\
~ \(\Q,ét \cd?eb
O SWEY P N
* H:::me/\“ PN FRSTORS
Lot Sne-

SC&ﬂﬂEd byCSCI’]I’



T NN ADer e SONN Gong, %b&x‘éﬂ

AAY Ml Bhesakion -

The coMamelle wlerocpaiotion  doks
. \ \ \A.QQL_ 53 % w
S?&C})!:@ Con A o SRh ek ow | e“‘"@\(\k

Ra £ R+ R

£ T Sredkex  Ahoek Ko Cottenkd e sesPutenR)
Orse.  oadeded o e Conten o kezé,kex\zz,and.\-‘&\{_

S Acournbhorned. T Seigdven Ra,.

N TO mee\eﬁvev&- AN Stedexrent i
bosdoive we tesd Prvee. welsren Ond e AEgval
CoxnPotani Aot Pexhkowve®s e Ce XA Yo o emton.

Slehcat: MCsoopena o

Suleioch W e Bihen SoQemenha)

)&\W% C:om(?\eﬁ\wo’“ NS a&,&}*—?o(\ ‘ (‘:’C\ﬂeﬁi %
LB Ko TS 6V eso N , We Can SPeaBy e sduvwucthln

by Fe Lolowing Sraderaus
Ra <81 4 &2 o)

Re O Rve— SQ 0ol Fos e ene\s C oo \engch

3 Ra. Addng, | 4o fhe 'S Cova Qeraenk toe Prodmces
e 'S comRe@menk .
Aabdy She Covren® B2 Q) ko mte oS compend

o & & eguadent $0 Rl-R2.
wa&“:?ﬁ\meﬁ\‘n_ m:Q-QDQW"‘DV\L

S3xo berRT & o

Ra - R 4R | Coorerks o5 R Bl R2dwy ofiomed o Ra
?’5,{——9\ - R Coorenid &1 R\ ™Mlnuy QLMM%_»\-QQB
QL < R ComPresnent Yhe covrenk D%-QLC\'BCOW\V(M)

R — R T 2's comnPreratd The-conremia q'm“ﬁﬁb&:b
R34~ RIMTA) R Pua e s o O 652 [ Suitwdion)

R <R\ | Greresogn  xve. SOV W g ore. .
R <—R) ) PDenwesnany \ w PANEES IR g

Scanned by CamScanner N



p Te aaTne Ldee momotomsion ane Syl
‘% Rty S0 Cunde MIOUL - Dhe tResme ko, XoRecadaly . Theto
o oRexoRows  Cove. NeaRenenkQda LN Ce_ Qomxo‘\.(\m\o“q_)\
CNCL8E B wiMAe Bimonyg R~ Aot Cownked

d e asliweet ofSarbon " WO and
Dide ose ©OY% \ared . Taere hoo oRemelNord o:cla

Vol b A N reoRE OReSamons ot axce.  wok Wnaubed. tntte
Porle Qe o ™ieed 0P X0
b e ovy Poce Ree Texe OReHaXBNd D

e COndldoned. G tieco EResaXions T Tn e ASYhe) prem,
whace Theyg axe YeRemenked oy e cgo coonoinaiona)

\
CRREAs - PENPIER "W PIVONN
& Ta Sulino Co>< e SRFOND -
—~ g SNeT™M ™ex e
e e SFgreUe e ~
%@b e?e}ﬂ)“m o e Rea senul- 8% e

B CenoUOn RO Sl oo o dexlcaxionTEie,

©RQese o Ccoxn
\0\5&/ cror Puwdre ek

Shadvonol & 8
é@n‘?o\_.s-@h Cexn

* A0 asd
\ ce Ok
RSN W&wn*"\@w

rea DR eadon Ofwahen
Oucde ST

IHhe
oSy Com'?@x"é )

20>
Yoo ORI & ,
T ® & ® Q\W\* ) @G%n oc.-%@r.uufce.
o \XO

w LHee
Py S gl Conforard el
\do Aok
L Qos hecorn 42 0RO

Scanned by CamScanner



~ (I WP

A e afgital Reawlt e Gorma e =\ Mmpbte
Suxn ok Aweo VM and o Peexioun Loy s Ceal\o )

4 e gl Srodi T gEnoeie
N Al s BF N W
B deedy o hBe) -

|

!

| oupacamy w7 TR

, O

e Popucoddy ey T

ey bov .
¥4 The 3 @?%MM b% Luhroa et

oxe

&b.&@(\& (éi:"% 8'?; © o e WP Q,u}ﬁ:cx\\om- (D)
C Pueer o . &

Scanned by CamScanner



&
& by bl binery adden mem uicer D

OSSN o oukpuk Coafcom
kot ’v\»e_.ﬂe/"'k

K

\\% e B | tos P ‘f’«\% Coctre
s@-%ﬁ&g&)‘?ﬁ?. \)/'w\&"%

ARl Seegimen o s
\ = q v e
sy TRty PRI
f L=h© }
| ~ M@\A‘Q\'

By _O_&‘_‘h),,g g

| a4 Rervesake < Oren) A ~R

: 4 Rercexsbey thak The Swe

e ola ComPerent ed 8 ande

Scanned by CamScanner



# when M20 et
M'-\ dtnz c‘:‘(wh- b&Cd'\e;> 9Lﬂb‘:m_",?nPL&‘ . e Qn&—%-
— Radh Bx-0F Gar= veceed -
o -0
B
e r“%"'&% ._E&i/" g .The Lo\ ads

We have B_@_?j——»

# Lohen M=Oy cefk Hre
5 oo il i ok B Iae RaPu CanHy 'Y O,
¥Ye CeNe
%' s
cgfugk ?&ﬁow %® \ = B\ Oﬁd‘f?,_\.

onc
& when ™ . Covﬂ?\w\keél

Scanned by CamScanner



®
F one o} e ’?ﬁw_}—b ""& Yo ‘e 5‘“&,\{\&,&”&_
hadd acd dwes, CHB') & Connecked 3\223&'_‘ \
Je OFrex Tn Puk @kaﬁw e tumbyy

& Tro OwIPux Co>I\ vag*}a;,‘z\%‘\-_qﬁ-&:@@

e—&,«‘&e,.r\e:c%

B connecked teo omo&*ﬁv_?ﬁpw’f?’
hopen ~odah haltadda.

T & e oukPur Qooy G Wit be | o1y cdre)
TRCxXeraen-ed "o\\f\w\% W

Afedhroche ereed 4 an asthmeRe
The ot Oom\'Donv'\);' o\ e ok
oW
~ o ‘?c:'}o.,\\-el odds . By o LM Re, oPR akdR

P The Oktes TWOO o
connelred ‘o \Gﬁ“\’c«—-e,@c\, \eie - -

T
foe -p 3 fixced Voltege Vatue ( © Vous kor

Loxic -) T ook
ogee L o Sddon
Cecon Koz LoNoustny s 1A Suumn
Do Aty +Coq
A e Ao Suethion Fedste.
o o Lo ——
~s | eyacio | Moo,
Dy PR AdS R o
Do ArBE | | AdA WSO e
Do ATR S bieser et Wfﬁ&ﬂ
De A 48 SMM
Qe A w\‘e)\g
D= B+ Qno_wv\md‘ﬁ
9 a p !-‘1 'Mwﬂ)\l‘ﬁ
D) Rseonsres P

Scanned by CamScannér




| B -odtteieeted

| Ad M Hon

*uﬁm@go =00

r“‘w- B“so‘,@\e&
~> \,lm\Du*’Se'&M‘u&dd T Con b e

ofe Oaprd \
porasl Dot canay Pectocem e <ad mlecoofslahby

R CPwr) -
Subraeion
uRte
when 5,507 —pl > The ComlemMenr &t B L C Ced, \).m‘l‘: e
BUY X o o BHS —)@«H e Towde> A P\ *@LCOMP\WM}
D\ ewz) _ i QU\ N

o B Peovide

Clw> O o~ Dok +3 o
UD‘QKQ«\ L OO W) ve P- -

NS e-@xu_‘}\relw to Subtrack

= \

= S g -Re, JID B eoce Oea\e,c%&i CJd) oS "

_ ode Yerer-ed  The OIP be covex D= B4 04l .
D= P

Nz )
‘D:haw\:a

hen C=0O N
/4‘(3 ‘ﬁef\m Chn ) ‘\Q)Q‘SM“DQ;M 4@

Scanned by CamScanner



SRIPT MICRY OPERATIONS ?
) 4 Sk M\uoo?eaai%m o ned for_sobel

xvx CLO)Q “ cdro wa) On co0Tun ¢xion UO?'R"

? - oo ions.
M&ﬁd odeed diade Wtﬂa o? y
Dpeile, lggfe &7 I~ Te%\ww NPT
3 Toe ontenk>

o0 R le,{-& ot “the x\ﬁ o o

&dvoe
Same
@ A Do Yeashe> T8 binagy Ratotshbn
P

Sh?%*éd) e § tat W

Q‘m\m e Sexried VOPu
Sextas,
x» 'Duxxn% oA S \e;\%— ofPoaion e
w24 Srdo Yoo et PoSRen
5\,,0&1 '\((baM\n O Crakion AR Sl
o foto tee \&g\‘m!)&* Coxvt-n «

Tops Avonted o
2 DO

o

Tauy  Aaried - .

B Rekocoah'on M@w@ Fovougfe e
. % rovas sy e& ek o ol trot® AT

Séﬁf’o)\ \"vspu& ;\Acm\zgce\gr Q’B’-’c/\n’w

N S C,Lm\«om@;@m ]

y & Thexe O e e f\‘gPe,z; 0% SRR © \oa.,cq;/)

4 )] ve
Cxeddad , Ona o \Rnet

_',__.—-——"‘_T
'ZO%?CQJ S S ooe ~taad Anganytend of\‘}mu_.a‘

M e ALY 0..60‘2‘& hez %mbOQ 3k ansd.
A L(\

e Sent o.\\ aw ot reld Cuod S B0y ek rriece oPSadond
Shy  Rex OO |

Socen i- R —Sh R)
STy 22

Ra <!
e oo

oqd Yo An = \akN

Shed® xS
o \Q;D Ao \- e SRY te At igwd &R
7 wesRehe> e

Coosens R Resigver Q2

A togtecd ASEY

cor@fep peradiond A o™
o) R Contesnd

Scanned by; CamScanner



¥ The teslyteX Sum) Muir be Re Same

oo etk Stdey  of The oXXOW:
o e Bt amdexred Lo e end. Petion
¥ & aumed. Wore O d@‘m_es

Ayoousin Moz Setal Tnd
a \eleat SEHA

CA\RCOIBR TWR\PY
4 The cirowdan S8

O
oq) evsawdake fre o

s O *\Q\efeﬁ?&‘%

Yokake OQerdx
S "?«\4(9‘(‘!“&}\\0\'\ .

Areund tTre ‘;\‘\-oo endD oo 035

A T Lf’a O.CQQm‘\)\Qs.\-,gA, b«g QDMeej\l\\\% ‘%o Qertal

[ ) (-]

OOyt ff e SO Teighe» Ao ke S VORu -

‘ ' \ ) ard Y

& we \,Q?\S Q_))tm\e -—’&\ejggfn\oe\s f..t \ \
Coc e Cculon SRk et e igh edfeiiveld - j
" J

 ShHBt  Mictofsaiiond
‘%m\"d\‘c da?weéﬁ Descsipiion

R £ SR ST e enfiiey R
? < SR | SWTENY aled Canisvee R
Q £ R Cleewtad SRR lefgrentres T2 3
Q £ CPYv R Yoo SR lopk Sesgees¥

Q L ashi& PERret R SAT -t R

@& ASWY R \%z Boralde SRA SRR ;C

PRTHVET C ST -
;'R‘ P\ﬁ STt o S\'\:&é“ Lfb o tnicvo o a ko

Aok SAPAYS o SVaed ‘o:w\oa\a Aucabed 4o Ave ekt o

¥ Ao astéhmerfo  Shidt ekt e Ale s
a SHoed Sloedy Dwmber oy 2.

A Ao 03I¥amerPe ST WGt ANddey 44,0
Duxnber ©Y 2. Arethtwoetfe SRR nuatr leave. e

SPon Bt tuxc.\t\q.x\sé_a_ beanae eSTHn OF e numbs,-
YQ)N\MM o Sauae .




—

"RL-‘J%\-ZL > R, Roj

Sigphi4

Anttmehc Shitt ¥igld '

S lﬁ%@o A} & mdﬁ Wed o% Ohv? 2 W&u&m&
bit Pna egltter W Moo S0 bPY, e0d e veralning U b4
e Clarcoe. |
T ,\kl 'W\e, Syo g u.a A us %S\’w\‘ve, an do \'waﬁ;j\v'e
¥ Nesahive Nusohexd awe §n :)‘s ComBrespent Aotm) -

N \5|+
£ BN Ry o e e roost eitlon hotda B S
& Roo B Re MO c@,ne_nwnbe,m% & e 3B
¥ The covthmekle Sl'\?&‘\- *w leavie> e S?zv\ \:P:)
U”C\""DZQA- ond SR Ahe oumnber CV\Q\u.AJ'A.&A"'e SHT

hodhe W * 'Fhw, Ro-y emods, *he Same Qo TSNS
e S+ Scoo Ra-t (& togt and ‘fe«‘)(qu& \:’a'\\z, oPt v1t\-om \Qn—z}

%&mm o 450_'6"@5\\&*& Ro o ot .
3 Tae Q&\ﬁ\me\‘\c Qi el NS e cLO\n‘\oRD
and ShEE an oddas Ly P o Ate e 3 j-

& %,\.n\’nd k‘b\’\‘ @&Q“__\ L

2 A shao YererSel oot W e b9 fo

R LR
‘Qn-\ C\"&N’Aeb e Value atter Re Shi8

A THie \qc._()p@(\g:, & M md&%@\?dc‘)&\‘on &y o
Canden on ovestiow . {
2 Ao ovedtow OCu»s alved cn asitwelic
ol fekr B SlelY  bekwe Mo Shith, Rnol o ooteyual
ro Ro-n _
2 A0 Ovestlow SR Hoe Ve 2an be used
Ao o\e}ed— oun ek te | SWdT ek overtow ,
\}5 - Qn—\ @ Qn,')_'

Scanned by CamScanner



A Ve20 Thexe @ no O%e)f&(ouo odd P&y, -
(W'\EX\?, W oaun OY‘Q)\'\'\DLO Qand A S\%‘n \QQVQM c:)@'ex ,\,%a_g\nﬁg;r
! AV'S ok b&r\rqj\ﬁ!,weé, \h%D Xeve OVedHow ‘Q’\\Q'HQOLO\%"H‘Q
Sarme Cleck Ruwse ok SWORS J"N—’C'&f&*ex.

BaROWARE Q‘MPLT_W\QNTHT\ON '~

Sede ot
Lore Qs WS\WCAM)
/Cf?@n) T &Ztsw& & ekt uR.

5 Mox No |
Sdedk|  Owrpus
s HO H, HLHS
\
S M\'))Q H‘ O (‘IQ ‘;)o Al QL
Mo My
Mox  —Hy
Sesad Dobud . A B comsreiondl raouit
Q::) | S\ntEhedN

&* A Posxln = L holte fov o S dktunt
weu)\a. \ae,c..' b\&xcec}’\\mod S & ‘Se—g\g\e» Lot & w\d

\oo2 - -~ o~ bc Avaunsteneer] do
* hﬁ(‘mmw\o S’\-.?&fhed
Rven 'S@e{:x’rt&-
XReo— esy NS
(=9 \e,(’g\‘»

Scanned by CamScanner



&
» Qn Aty tyP= X CD(\Q‘-{’%\Q.,&H\QV\O . @ Clocle (Dd.kle:& s
e & | Parerx  Gund,
V\egckec\.u. Q—c»c \oo.&&v\& c\—'l(\g,c\c:;._}mL ‘o he %‘e_skqu )
ool Pulre Sneedad o inhoke VRS
®

& Q-n oL Pu‘ocea:c:caD? w}k \.g‘.}»\ treuny re,%:\;&ey_’s T’t

o~ © - ak\n.
& ernent theo AN opehelt
Y w nwe &&@?M o \mP\ ;

Wit o o mieatonal Qo

* D Al oay e ¢ ootend ’v
Y Lo be Shtkkes O ANLE ?\o.me:h ooke
o)

o4 feg?:}e)\ Aot
faTHE coOMNMMoD D :
Nnc Comb:m}\‘ﬁv“’-)

t |‘

0y Mo
) dous dede 0udpuds, «
E:;:Se&m Popul’, ON(?O( A\t e e (G-

pAheT Lox S 'f'w (1)
e ,Se\e,&\\ow

N o \(\W .
B ©qQud oL N
f\"f/\e’

(R'(‘Du%y\ Ry, Trexe ave

) Cund

PPU_&— S~ 0 e
A \phen
| ?ﬁtp&- d ceder oXe s
| A ushen e S2

‘9\\9& \ | NS N o Acudor Tavues and

U_}’v‘?\cﬂe\b ,
o s O RuKS Cout o

a m\,_g_kW\eR\ex
Scanned by CamScanner

o =N\ el o e
\ e deee Do \2 X



s IT »
AQ\WM&(M L0GI\C QT UN

Tndtrend. o) \nool\w\"j AP EAnal. %ﬁz?s\eh&

Q
?&‘%m\wﬂo e onecp obexak lond AXeckly comPuked

Sypkrern  SohOP>  Ouraaes & ShOYaSe Teststed
| e chede Lo o COMMON er,mk{owo,L e Called,
Co0y

an o Dyeren \O%?c, b, AoCetaded. ALO-

To Gext co OnTeeco eerakion , the
o SAM A

b > e
s Ao cemk S A SRe>HTT

' R X e
A Ao o A orkvacakiex) e,

=
Sz
2)
Y
0.8 = c ’Do
o3 OAmEnC)
oxeus©
_ S\t
0 4x)
! AMU)C
2
=Y

Qe —~
A7
S
B ‘ Shd
<)
P gx

\ N i \\‘ .
DN e Ste= O&oﬁn"&\«&\c logqes Bt

Scanned by CamScanner



A4 The ALo [;3; e CommnakPoaod. Ot
OC~ oty Recesom M@, e s=aisvens Rvough
o

5 exrina oo ~NesRsteXe

b < R
e PLU Cund \OXo = e o Pe),(“'

\ o0
B e Re who cade AN
& TA 5%‘\9&—,\_ M?C}CD D@e)—»aﬁ‘" oYy QL x&_
-

WS Mmase Qe Y e

|
|

O
Somefmay Yee HREE LN

SYEVE e
¥ \’8} Cadn é&me}\w_ \0%?,-_ e St QCeLuty
- \ J

\ e COMbh\Qd,\
Ao cec Py VCeviour QL eckiony C=0 = l

e SISO < a-@:?%mkeb =
TaRus> P e and Q{r ax= 2 PPhed
e mﬁ?b'

&

- [ ?

0 Persii o0 SStech ’Dﬁe,fco&-\\ot\ Punerlon
Sy Sz S So &Tn
> o0 o ©o © £=A Troeentex,
o (&) ) o F=AA PDacxecaent A
6 o6 o 'O Pz AYS Addion
O o O ) = At Q) Add Lovh Coxuy
o) O | o o N F=p A Saeteack MR oD
») o) . 0} = AAS ] Suihreac o
(o} B \ I O c=n» —) Do remrr= A A
> o YV I ] lg=hA Tcanztes B
o \ o o X Yo AAR] AND
© o 1 x Fe AVB o®,

Scanned by CamScanner



&

o \ Vb Xx [p=ADB ¥ oR
o | U Y P2A CornPement A
( o X XX F2Sn B [ShERY ik ARarol

Uy x x |P=Shae SRtk Afatof
\

A 'pas,r\\iodqb oo oVemad'n n o
*
Sioad So. A 4ax|

U ChooSed e essn
w\é_ o \Oa?C‘, Duk?u_&s

ected. Lot N Pﬂ‘)m
o Ox Yoo OF

Maler
ourpur U0 P

[ =)
axn c.:o?*hmg)n cC

?V\ Re . 2 e (‘nu_\‘\“?\&'ﬂe—.‘ ==

& The MQ—S wdg}
o R SR
Qecked W Pob
g A O"a“@’ h.DO d_akcn.- QOQM f\ﬂ%e_
F e SUNSIRE Lt
Ne CesNe DAk (5% %m s

e SRy ek ok,

cund B o e

apux Cann Crn o ey
e coctecied Lo e
et Steoy s TO SSuentE
Qi SToSR

oRenaon
x e O

Q. Me, mu.b}?
o e LY

e Ous C oMY s HE
b W Ge
e Cea Solon Beax
Q“?\K \ \
?$ (\%& r(;o( 03\\\)9\“\ a\‘\ (& D?eﬁﬂ&\ ary, |

g Oo Pwovides 2T o SR Kot

3 twoo
OR ek v0N Ao \e%;fc_ efesarlony O
en N ’

oTONS .
S o N (D Sehe gl

WV s dRve Vo fakle: Sa, %2,%,%9, cund. Cla, J

Scanned by CamScanner



T e L o

SR

PU o ash Tt en=Ra wRa>ar s 0O\,
SEeeTT R xR e T @
2 T ST SEIy Qe S
corecred WWh 33 5 Lo

oo Glrxe. Qe)«e,c)vQé\
e\ o%‘\’c_ R
T e o>

Scanned by CamScanner




LOZTC IO o whlesdy

Fa e"j'r'-_"-'r

o i l"f
A o ey r
=0 1'

b nag 2T i v e b
(Ll ﬁ"ll"u-_fl-ll‘.'l,f "J ""i""'" 'h'-.* [ 54 =1

o Y. - L .ll“j, ] - ﬁ*.:‘-_d:‘.uq i)

¢

O Qezrrab it S |

- 4 a8t P S
f i Figaped¥ 2wt earal A s o TH 3

"\f .ll.’q.r a LT =1 .

i iy s
# R e 4L
O S WL sad , FAera
&:I R s e
r

h 'f{ﬁ.l rfi, fii’i‘—"l
- .
st
¢ = « WV "d‘.ﬂ‘a‘;.'?,.,p. [
* it Faf Eand l'l’_" "f Va- | I ‘ 5‘

. O e Y

T TR ey ST o s e, s -ﬁ‘nuﬂ“-@gé
= r = I LA o,
Vi M "‘(,,:-_ Frae me g PRy Ty e

"

'-r_n\ Ao (P T D I
v e AR

—
':_-r-'-".r_ ;" ™), ..

tor Wne.' SeABAA ] L, Of the Cegishwiy,

B, F - ﬁ"-r# LIPS o e S T'l & ¥ )

' L] - ™
' d !")'}-: PR A AR = A ST FIE S | u} ':".}'-"}

4 A

-~

20 ‘v pmegeraded
1"-'::;“‘&-4,&;* R
;‘ h:ﬂ A 'rk;fm.:fl'd. ﬁi’w_ i s rage__

—

Ky CoatLde r¢%:;WJ; bears Ve 's,:'u.d,_ /- e e Céh‘#-rb
ot B\ betolo and e Condend g 2% e \\0O .

<. oA - |

il ' lolo  cpnderd o )

i

< lIt,cJ w}-e,.f.b-g;,cg_l_ J =
on o Coben s %) 2Oz -
.--'""""-"- L i

e oty ef V) efiten -R-c_mm.d«m

{ tre A, ""' b I'i‘:'h'n'l"‘
C% “re— crivcevs, Qazadio" a3 '?"aw-a) oMhe ‘o ®
v - o ﬂéﬂt‘m oo oo T o o Na @0 azng, F-fm‘:bu

! . - ! M |

1

'*(a}.a.u.b ez & e loBic cANCLOOOa TN asde. Saddon
cd in SCenrife cocodd ey our By q@‘5

Uj &

l pp@ud  Fotei v s Qwakon e&«wg Y ‘1’“5

| Lo O LA, N f-oﬁv.".ﬁt} haeltfords

Scanned by CamScanner




W

I LSO S P § Yo . Vieasrdl e 0 TH Yalius),
F

dddele o Do . . . Pt ralued (e o vey
e Mo Brewl’ op Ly o (e N b e

.":"'1""1 I § - "- . l

¥
® pinwd,  Tehe by P M,

Vi g el i e b F e €~
L L3
o - * & - W '1'
VL VR Trnsartes D Wi Maga RI- e =, U A, “a al
ooy L Ny L
“ N t{f
Yo e 0 Vo = P -
- o -cr-n
X R 1 '54‘ -'Tl’. € !.h-"‘l-" -~y . | ’
o ; ;
- " B
o LT |

v = ﬁ,r.l‘-.h
Lever Mo Ml dabie e pde Map Pe e M A

adhos M o0 bie  teyimi 00 CResatis ay B
- f:\ (i ?‘inq'l\u,\' Vo Alea f‘ (L

s

F #ﬁ‘tnu.b‘!’ ’ l“ ©
io Gl A\ Suw b G “"thh";—"

e Yricxoelommbive Cnnbe tide )

Select ive - Comn Plemand =
e ‘:--qﬂ.\ﬂd\'*t C.‘_l::-ﬂ“.\\r_

CorvPlernetd Lita Pr b  Thece resm ode Cemcmalomdag V5 B
. | pl0 N bede~ve |
' ! Moo Bclogie cRoond ) R ;
g AR A‘Cd“!’)

MRS et comPre O—E}ﬁ“ Coan SexVe

RT3 P s e— Y Lol

Scanned by CamScanner




!*nh{lj b T W

-._:'I"‘!"‘filﬂ"ﬁ1g- |\ht-.-‘.|':r-n

The. hoosdiw cama. AVnpuernaorredorn B M S

N:Cicw\“-r‘»c:x_,‘r{gﬁh f'\‘.‘.ﬂ*.,*}-fﬁh e o \“‘:}:ﬂfwﬂ ® d
-

Fo< pacs v'* ow Pai~c S oty NEN ua.&-rca‘..s-txe. t-:h';c:c’h-c(w'

Mg \"cl:\'u_;% voqle funchicn.

h\&w;:} horre. a—e lﬂ:lﬁ.t. wh:m

Cao TP uXewdh LLie onty feus - AN, oA, xeal “-E'L"j_mt\
Carr i\ earea. b .

Loqte cCiveul

ﬂ"’_ Tr Cossitta OF Souwy Saken oand. a. WO
Caom 0F Mae HSour logie sfadekiond. IS A enescdey

|

S‘ —_— L
Se — | ..
’ gl 5, So |outhd [ (Pew
A MuOX sl
ﬁ; _‘Cﬂ_-_—o l"EP 0 = E:FAB A’{D
| o [B-a®8 ]| X¥of
:j - ' .1 ccmml_"_"'
v SAtE e ) )
| . 3 |
SRR R Y IR P -

Scanned by CamScanner



. — Cig- =l A e s oD Aech T M
_:‘-R‘E-'F’:-n%\ € oy =y e _ ot
lh-r‘l*"' — —

tDBPL AT CMG OO el X cova o9,

1CL;-5-J’-'1"'¥C&\_,._:S.‘!\ Ay o™ T

N on el e
.ﬁ : e f-ﬂ""’-’?\w\nﬂ\}' A\l et ogara 2=
.‘“;"r' ’ ‘_ﬂ_QW DM-M B E:h_vf
Coaame- A AT, Ve oo .
We- wnle N oeare S e e A Ca E.tmbﬂ-'hﬁr
-m:t”l € o o eocaren Ove- e A Swﬂ"'m‘j
{ MHE‘?Wu . ‘&.Qgg Rb
" R — R R Y
o Pand & > o OR OPaxalion
A berween -
"t%ﬁ-- ) \(w&m&b\ﬂ O o C_C}'L‘\‘c'i:a\- M‘ih\'\
al 'lt bekgﬂw —ano b"“t“‘}“‘b
L 1 . List el L%?“-— M e PedraTonn
- I' e -;Q:?f-*ﬂr'e-nﬂ&%?brl“:mw
|—
g \ e Xxion Naxee
& t&."' MiCsO R ) -
Vi Boolemotundion | M L
L o . ’ :
No FF_D F-{-' A A!-B | . F“"‘“'D'
| F1 =% i .. i
. AQ
or! R F& P
| R =% F< A
! FLI. -.:.I"ﬂ £ 4R NG
- § * : o
e =Y F4S s
o . 2® ¢ p®
e friwe
+4)
Ay
L = (x®Y) "
Croz Y
Fro ;c:*&\‘ Fl,éjﬁ\{ﬁb
IF“ - P {'P’
fp =% —
! 1 = o -
ﬁ Fl:" 'iu""i F #i——'r
Iy F AP
l i, {22 r Lo\

Scanned by CamScanner



—d

UNIT-1 BASIC STRUCTURE OF COMPUTERS
INTRODUCTION
A Computer is a programmable machine.
» The two principal characteristics of a computer are;
- It responds to a specific set of instructions in a well-defined manner.
« It can execute a prerecorded list of instructions (a program).
 Modern computers are electronic and digital.
- The actual machinery wires, transisiors, and circuits is called hardware.
The instructions and data are called software.
- All general-purpose computers require the following hardware components:
- Memory: Enables a computer to store, at least temporarily, data and programs.

- Mass storage device: Allows a computer to permanently retain large amounts
of data. Common mass storage devices include disk drives and tape drives.

- Input device: Usually a keyboard and mouse are the input device through which
data and instructions enier a compuier.

- OQutput device: A display screen, printer, or other device that lets you see what
the computer has accomplished.

- Central processing unit (CPU): The heart of the computer, this is the component
that actually executes instructions. - In addition to these components, many others
make it possible for the basic components to work together efficiently. + For example,
every computer requires a bus that transmits data from one part of the computer to
anolher.

COMPUTER TYPES

Computers can be generally classified by size and power as follows, though there
is considerable overlap:

- Personal computer: A small, single-user computer based on a microprocessor.

- In addition to the microprocessor, a personal computer has a keyboard for
entering data, a monitor for displaying information, and a storage device for saving data.

- Working station: A powerful, single-user compuler. A warkstation is like a
personal computer, but it has a more powerful microprocessor and a higher quality
monitor.

» Minicomputer: A multi-user computer capable of supporting from 10 to
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hundreds of users simultaneously.

. Mainframe: A powerful multi-user computer capable of supporting many
hundreds or thousands of users simultaneously.

« Supercomputer; An extremely fast computer that can perform hundreds of
millions of instructions per second.

Minicomputer: -+ A midsized computer. In size and power, minicomputers lie
between workstations and mainframes.

. A minicomputer, @ term no longer much used, is a computer of a size
intermediate between a microcomputer and a mainframe.

» Typically, minicomputers have been stand-alone computers (computer systems
with attached terminals and other devices) sold to small and mid-size businesses for
general business applications and to large enterprises for department-level operations,

« In recent years, the minicomputer has evolved into the "mid-range server” and
is part of a network. IBM's AS/400e is a good example.

» The AS/400 - formally renamed the "IBM iSeries,” but still commonly known as
AS/400 - is a midrange server designed for small businesses and departments in large
enterprises and now redesigned so that it will work well in distributed networks with
Web applications.

« The AS/400 uses the PowerPC microprocessor with its reduced instruction set
computer technology. Its operating system is called the 0S/400.

« With multi-terabytes of disk storage and a Java virtual memory closely tied into
the operating system, IBM hopes to make the AS/400 a kind of versatile all-purpose
server that can replace PC servers and Web servers in the world's businesses,
competing with both Wintel and Unix servers, while giving its present enormous
customer base an immediate leap into the Internet.

Workstation:

1) A type of computer used for engineering applications (CAD/CAM), desktop
publishing, software development, and other types of applications that require
a moderate amount of computing power and relatively high quality graphics
capabilities. « Workstations generally come with a large, high- resolution
graphics screen, at least 64 MB (mega bytes) of RAM, built-in network
support, and a graphical user interface.

2) In networking, workstation refers to any computer connected to a local-area
network. It could be a workstation or a personal computer.

- Mainframe: A very large and expensive computer capable of supporting
|

Scanned by CamScanner



| L

hundreds, or even thousands, of users simultaneously. In the hierarchy that
starts with a simple microprocessors (in watches, for example) at the bottom
and moves to supercomputer at the top, mainframes are just below
supercomputers.

» In some ways, mainframes are more powerful than supercomputers because
they support more simultaneous programs.

« But supercomputers can execute a single program faster than a mainframe.
The distinction between small mainframes and minicomputers is vague,
depending really on how the manufacturer wants to market its machines.

« Microcomputer: The term microcomputer Is generally synonymous with
personal computer, or a computer that depends on a microprocessaor.

« Microcomputers are designed to be used by individuals, whether in the form of
PCs, workstations or notebook computers. « A microcomputer contains a CPU on
a microchip (the microprocessor), a memory system (typically ROM and RAM), a
bus system and I/0 ports, typically housed in a motherboard.

« Microprocessor: A silicon chip that contains a CPU. In the world of personal
computers, the terms microprocessor and CPU are used interchangeably.

« A microprocessor (sometimes abbreviated PP) is a digital electronic component with
miniaturized transistors on a single semiconductor integrated circuit (IC). « One or more
microprocessors typically serve as a central processing unit (CPU) in a computer
system or handheld device. « Microprocessors made possible the advent of the
microcomputer. « At the heart of all personal computers and most working stations sits
a microprocessor, « Microprocessors also control the logic of almost all digital devices,
from clock radios to fuelinjection systems for automobiles. « Three basic
characteristics differentiate microprocessors:

« Instruction set: The set of instructions that the microprocessor can execute.
« Bandwidth: The number of bits processed in a single instruction.

« Clock speed: Given in megahertz (MHz), the clock speed determines how many
instructions per second the processor can execute.

In both cases, the higher the value, the more powerful the CPU. For example, a 32 bit
microprocessor that runs at 50MHz is more powerful than a 16-bit microprocessor that
runs at 2oMHz.

« In addition to bandwidth and clock speed, microprocessors are classified as being
either RISC (reduced instruction set computer) or CISC (complex instruction set
computer).

» Supercomputer. A supercomputer is a computer that performs at or near the currently
highest operational rate for computers.

Bl [
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- A supercomputer is typically used for scientific and engineering applications that must
handle very large databases or do a great amount of computation (or both).

- At any given time, there are usually a few well-publicized supercomputers that operate
at the very latest and always incredible speeds.

» The term is also sometimes applied to far slower (but still impressively fast)
computers.

- Most supercomputers are really multiple computers that perform parallel processing.
Computer Types

Computer is a fast electronic calculating machine which accepts digital input,
processes it according to the internally stored instructions (Programs) and produces
1he result on the output device.

The computers can be classified into various categories as given below:
= Micro Computer

= | aptop Computer

« Work Station

s Super Computer

« Main Frame

« Hand Held

« Multi core

Micro Computer:

A personal computer; designed to meet the computer needs of an individual.
Provides access to a wide variety of computing applications, such as word processing,
pholo editing, e-mail, and internet.

Laptop Computer:

A portable, compact computer that can run on power supply or a battery unit. All
components are integrated as one compact unit. It is generally more expensive than a
comparable desklop. [t is also called a Notebook.

Work Station:

Powerful desktop computer designed for specialized tasks. Generally used for
tasks that requires a lot of processing speed. Can also be an ordinary personal
computer attached to a LAN {local area network).
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~ Super Computer:

A computer that is considered to be fastest in the world. Used to execute tasks
that would take lot of time for other computers. For Ex: Modeling weather systems,
genome sequence, etc (Refer site: htip://www.top500.0rg/)

Main Frame:

Large expensive computer capable of simultaneously processing data for
hundreds or thousands of users. Used to store, manage, and process large amounts of
data that need to be reliable, secure, and centralized.

Hand Held:

It is also called a PDA (Personal Digital Assistant). A computer that fits into a
pocket, runs on batteries, and is used while holding the unit in your hand. Typically used
as an appointment book, address book, calculator and notepad.

Multi Core:

Have Multiple Cores — parallel computing platforms. Many Cores or computing
elements in a single chip. Typical Examples: Sany Play station, Core 2 Dug, i3, i7 elc.

GENERATION OF COMPUTERS

Development of technologies used to fabricate the processors, memories and
I/0 units of the computers has been divided into various generations as given below:

« First generation

e Second generation

« Third generalion

= Fourth generation

« Beyond the fourth generation
First generation: 1946 to 1955:

Computers of this generation used Vacuum Tubes. The computes were built
using stored program concepl. BEx: ENIAC, EDSAC, IBM 701. Computers of this age
typically used about ten thousand vacuum tubes. They were bulky in size had slow
operating speed, short life time and limited programmingfacilities.

Second generation: 1955 to 1965:

Bl [
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Computers of this generation used the germanium transistors as the active
switching electronic device. Ex: IEM 7000, B5000, IBM 1407. Comparatively smaller in
size About ten times faster operating speed as compared to first generation vacuum
tube based computers. Consumed less power, had fairly good reliability. Availability of
large memory was an added advantage.

Third generation: 1965 to 1975:

The computers of this generation used the Integrated Circuits as the active
electronic components. Ex: IBM system 360, PDP minicomputer etc. They were still
smaller in size. They had powerful CPUs with the capacity of executing 1 million
instructions per second (MIPS). Used to consume very less power consumption.

Fourth generation: 1976 to 1990:

The computers of this generation used the LSI chips like microprocessor as their active
electronic element. HCL horizen lll, and WIPRCQ"S Uniplus+ HCL"s Busybee PC etc. They
used high speed microprocessor as CPU. They were more user friendly and highly
reliable systems. They had large storage capacity disk memories.

Beyond Fourth Generation: 1990 onwards:

Specialized and dedicated VLSI chips are used to contral specific functions of
these computers. Modern Desktop PC"s, Laptops or Notebook Computers.
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1.1 FEATURES OF 8086
o The 8086 is a 16 bit processor.
"o The 8086 has a 16 bit Data bus.
o The 8086 has a 20°bit Address bus. |
e Direct addressing capability 1 M Byte of Memory (279
¢ It provides fourteen 16-bit register.-
o 24 Operand addressing modes.
o  Bit, Byte, Word, and Block operations.

e 8 and 16-bit Signed and Unsigned arithmetic operations including multiply and
divide.

o  Four general-purpose 16-bit registers: AX,BX, CX, DX
e  Two Pointer group registers: Stack Pointer (SP), Base Pointer (BP)
¢  Two Index grOup registers: Source Index (SI), Destination Index (DI)

e  Four Segment registers: Code Segment (CS), Data Segment (DS), Stack Segment
(SS), Extra Segment (ES) ;

o 6 status flags and 3 control flags.
~e  Memory is byte'-addressable'—each address stores an 8-bit value.
-o  Addresses can be up to 32 bits long, resulting in up to 4 GB of memory.
"+ Range of clock rates: § MHz for 8086, 8 MHz for 8086-2, 10 MHz for 8086-!
* - Multibus system compatible interface
* Available in 40pin Plastic Package and Lead Cerdrp
1.2 8086 MIGROPRUGESSOR ARGHITEGTURE

The internal functlons of the 8086 processor are partmoned logncally mto two processmg
units as shown in the Flg 1 1 35 R Ry -- ‘ :
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1.2 Microprocessors and Microcontrollers

Memory
interface

e N e e a

BIU | |

(Bus Interface Unit) : {} :

: !

| : '

| 5 , [

i = 7 y; Instruction :
I (Eg Segment 3 Queue :
, : 3 registers 2 }
g e y DS— 1 '
| : IP <~ Instruction [~ ————= A ':
: = _ pointer : Centrol :
L e I B 4 Unit '
p | f
B ‘ eul ¢ / :
i E H * I T I

J (Execution unit) | I
:. I I
| I '
| l I
| | i
| General | [[[AH_JAL I
; purpose ~+ BH | BL Arithmetic !

} registers 0 CH |cCL Logilc: Unit ;
L I DH | DL 1
; ‘?'i : Pointers —L SP {
il e , |
*** e ‘{ ——$i Flags s |
R registers | = 4
i ; o . A i

£ Fig. 1.1. Architecture of 8086
| ‘ ‘ 1. Bus Interface Unit (BIU)
E '

B 2, Execution Unit (EU)

3 The BIU and EU function independently. The BIU interfaces the 8086 to the outside
¥ world. The BIU fetches instructions, reads data from memory and ports, and writes data to
i memory and I/O ports. ‘

Bt o oo B : ;
Bt EU receives program instruction codes and data from the BIU, executes these
instructions and stores the results either in the general;egi%ters or output them through the

Bt BIU. EU has no connections to the system buses. It receives and outputs all its data through
1+ the BIU. ' |

it Thc_ BIU contain#f : -
L. Segmentregisters
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AT OVQU LA VPR e - 7-“\-\
The EU contains

1. ALU

General purpose registers

[Se]

Index registers

o

4. Pointers
5. Flagregister

1.2.1 General Purpose Registers

All general registers of the 8086 microprocessor can be used for arithmetic and logic

operations. The 16 bit general registers are:
I. Accumulator register (AX)
2. Base register (BX)
3. Count register (CX)
4. Data register (DX)

() Accumulator register

It consists of two 8-bit registers AL and AH, which can be combined together and used
as a 16-bit register AX. AL contains the low-order byte of the word, and AH.contains the
high-order byte. Accumulator can be used for I/0 operations and string manipulation.

(i) Base register

It consists of two 8-bit registers BL and BH which can be combined together and used
as a 16-bit register BX. BL contains the low-order byte of the word, and BH contains the

high-order byte. BX register usually contains a data pointer used for based, based indexed or
register indirect addressing. ’

(iii) Count register

It consists of two 8-bit registers CL and CH, which can be combined together and used
asa 16-bit register CX. When combined, CL register contains the low-order byte of the word,

and CH contains the high-order byte. Count register can be used as a counter in string
manipulation and shift/rotate mstructlons

(w) Data reglster g ‘ »

| ~ It consists of two 8-bit rcglsters DL and DH Wthh can bc combined together and used

;as ¢ 16-b1t regxster DX. ‘When combined, DL register contains the low-order byte of the
L, “ord and DH conmms the hlgh-order byte. Data register can be used as a port number jn

| 1f0 nperanons‘ In mteger 32-bit multlply and dxvnde mstructxon the DX register contams
i hzgh-erder word of the mmal or. resultm' _vnumber |
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p Microprocessors and Microcontrollers

1.2.2 Segment Registers

Most of the registers contain data/instruction offsets within 64 KB memory segment.
There are four different 64 KB segments for instructions, stack, data and extra data. The
segment registers are:

I. Code segment (CS)
2. Stack segment (SS)

3. Ddta segment (DS)

4. __Extra segment (ES)
(i) Code segment (CS)

It is a 16-bit register containing address of 64 KB segmenfwith processor instructions.
The processor uses CS register for all accesses to instructions refege’rlggi_b_y_ms ruction pointer

(IP) register. CS register cannot be changed directly. The CS register is automatically updated

during FAR JUMP, FAR CALL and FAR RET instructions.
(1i) Stack segment (SS) |
It is a 16-bit register containing address of 64KB segment) with program stack. By

- default, the processor assumes that all data referenced by the stack-peinter-(SP) and base

pointer (BP) registers are located in the stack segment SS register can be changed directly
using POP instruction.
ﬁ

(iii) Data segment (DS)

It is a 16-bit register containing address of 64KB segment) with program data. By
default, the processor assumes that all data referenced by general/registers (AX, BX, CX,
DX) and index register (SI, DI) is located in the data segment. DSTegister can be changed
directly usmg POP and LDS mstructlons :

(iv) Extra segmcnt (ES)

It isa 16-bit register containing address of 64KB segment\ usually with program d data

‘By default, the processor assumes that the DI register references-the-ES-segmentin string
- manipulation instructions. ES register can be changed dlrectly using POP and LES instructions

Itis possible to change default segments used by general and index registers by prefixing
instructions with a CS, SS, DS or ES prefix

" 123 ‘Pointer Registers

: (l) Stack Pmnter (SP)

fay uIt is a 16-bit reglster pomtmg to program stack
e .‘lf!{‘?;}(ll) Base Pomter (BP) Gy ' |

ntmgitodata in fd}e staek segment BP reglster is usually used
register indirect addressing it
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The 8086 Microprocessor .
1.2.4 Index Registers

(i) Source Index (SI)

It is a 16-bit register. SI is-used for indexed, based indexed and register indirect
addressing, as well as a source data address in string manipulation instructions.

(ii) Destination Index (DI)

It is a 16-bit register. DI is used for indexed, based indexed and register indirect
addressing, as well as a destination data address in string manipulation instructions.

_____12.5 Instruction Pointer (IP)

Itis a 16-bit register. The operation is same as the program counter. The IP register is
updated by the BIU to point to the address of the next instruction. Programs do not have
direct access to the IP, but during execution of a program the IP can be modified or saved and
-restored from the stack.

1.2.6 Flag register
It is a 16-bit register containing nine I—Eit flags:
Six status or condition flags (OF, SF, ZF, AF, PF, CF)
Three control flags ( TF, DF, IF)

e Overflow Flag (OF) - set if the result is too large positive number, or is too small
- negative number to fit into destination operand.

e  Sign Flag (SF) - set if the most significant bit oftﬁe result is set.
*  Zero Flag (ZF) - set if the result is zero.

"« Auxiliary carry Flag (AF) - set if there was a carry from or borrow to bits 0-3 in
~ the AL register.

¢ Parity Flag (PF) - set if parity (the number of “1” bits) in the low-order byte of

the result is even.

. Carry Flag (CF) - set if there was a carry from or borrow to the most significant
bit during last result calculation.

*  Trap or Single-step Flag (TF) - if set then single-step interrupt will occur after
the next instruction.

¢ Direction Flag (DF) - if set then string manipulation instructions will auto-
decrement index registers. If cleared then the index registers will be auto-
incremented, '

- * Interrupt-enable Flag (IF) - setting this bit enables maskable interrupts.

SEELESGR S ~ Scanned by CamScanner
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16 Microprocessors and Microcontrollers

AH AL Accumulator (AX)
BH BL Base (BX)
CH CL Count (CX)
DH DL Data (DX)

SP Stack Pointer

BP Base Pointer

SI Source Index

DI Destination Index

_____ cs Code Segment

DS Data Segment

SS Stack Segment

ES |~ Extra Segment

IP Instruction Pointer

OF DF IF TF SF ZF | AF PF | CF |Flags

~ Fig 1.2. Internal Registers in 8086
1.2.7 Instruction Queue

. The instruction queue is a First-In-First-out (FIFO) group of registers where 6 bytes of
instruction code is pre-fetched from memory ahead of time. It is being done to speed-
up program execution by overlapping instruction fetch and execution. This mechanism
is known as PIPELINING.

. If the queue is full, the BIU does not perform any bus cycle. If the BIU is not full and
can store atleast 2 bytes and EU does not request it to access memory, the BIU may
pre-fetch instructions.

. If the BIU is interrupted by the EU for memory access while pre-fetching, the BIU first
completes fetching and then services the EU. In case of JMP instruction, the BIU wi]|
reset the queue and begin refilling after passing the new instruction to the EU,

1.2.8 ALU .

iy e It is a 16 bit register. It can add, subtract, increment, decrement, complement, shifi
~ numbers and performs AND, OR, XOR operations.

1.2.9 Control unit B R
i The control unit in th;EU’difeéts thc,ihtémal opgra'tio'ns': like RD: WR> M/I0 [

~—
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MEMOR Y SEGMENTATION
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F 2.1 8086 SIGNALS

(Max mode)

GND[_] ! 40 [ Ve
ap.[ |2 39 [ Ap,
AD, 3 38 [ AdS
AD,[ |4 37 [__] A,
AD, [ 15 36 [ AWS;
AD, 6 35 [ AWS,
AD,[ |7 3 ] BHESS,
ap;[ |8 33 ] MN/MX.
AD,[ ]9 2[R
aD,[_] 10 31 [ ] RQ/@GT,
ap,[Ju 8086 3 []wofT,
an,[ 12 29 ] TOCKI
Ap,[_|13 N
AD, 14 2715
AD, 15 6 15
AD[ 1 16 s oS,
N[ 17 24 : Qs .
NTR[_| 18 23 ] TEST
cak[J v 22 [ ] READY
_eno[ 20 ¥l ] REsET
 Fig.2.1. Pin Diagram of 8086
e w«:

(Mfu mode)
(HOLD)

" (HLDA)

(WR).
(M/i0)
(DT/R)

~ (DEN)
(ALE)

(INTA)
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2.2

Microprocessors and Microcontrollers

A 40 pin DIP 8086 microprocessor is shown in Fig.2.1. 8086 microprocessor can operate
in two modes: Minimum mode and Maximum mode. The pins 24 to 31 have alternate functions

for every mode.

Minimum mode

MN/MX pin is connected to +5V. Used in small systems including only one CPU.

Maximum mode

MN/MX pin is connected to ground. Used in large systems and systems with more
than one processor.

Minimum Mode Signals:

Address/data/status
AD -AD, Address/data bus Bidirectiohal; 2-state
A JS,-A,JS, Address/status bus output,3-state
RD Read from memory/IO output,3-state
READY Ready signal input
M/10 Select memory or IO output,3-state
WR Write to memory/IO output,3-state
ALE Address latch enable output
DT/R Data transmit/receive output
DEN Data bus enable output
BHE/S, Bus high enable output
INTR Interrupt request input
NMI Non-maskable interrupt input
RESET Reset input
INTA Interrupt acknowledge output
HOLD Hold request input
HLDA Hold acknowledge output
TEST Test pin tested by WAIT instrr‘uction\ * input
MN/MX Minimum/maximum mode, 5V~ input
CLK “Clock pin for basic tlmmg s:gna! input
e Ee Lo P ower supply, 5 V s
e FONDE e :'Ground connecnon OV
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5 Maximum Mode Signals:
; e Address/data/status \1 \
= L — Ce T
- AD,-AD, Address/data bus Bidirectional, 3-state
f Au_‘/SG-Aw/S3 Address/status bus output,3-state s
RD Read from memory/IO output,3-state
READY Ready signal input
" |BHE/S, Bus high enable output
“‘ S,,S, .S, Status/handshake bits indicating the
function of the current bus cycle output
INTR Interrupt request input
NMI Non-maskable interrupt input
~ |RESET Reset input
? RT)/GT“ RQ/GT, Request/grant pins for bus access bidirectional
LOCK Used to lock the bus, activated by output
f LOCK prefix on any instruction
; QS,,Qs, Queue status output
TEST Test pin tested by WAIT instruction input
‘ MN/MX Minimum/maximum mode, 0V input
| CLK Clock pin for basic timing signal input
Ve Power supply, +5V
GND Ground connection, 0V

2._1.1 Address / Data Bus (AD <—AD)

The multiplexed Address/ Data bus acts as address bus dunng the ﬁrst part of machine
cycle (T1) and data bus for the remammg part of lhe machme cycle. :

212 Address/Status (A /S, A,/S,,A,/S, 4,/S)

s Durmg Tl these are the four most s;gmf cant address lmes for memory operations.
,_‘;:*_TDurmg 110 operations . these lines are LOW. During memory and I/O operations, status
‘information is av‘ail-ab‘le on these lines during T2, 13, Tw. T4 The status of the inter rUPt
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2.4

Microprocessors and Microcontrollers

enable FLAG bit (S,) is updated at the beginning of

ach CLK cycle. Function of status bits
S3 and S4 as shown below:

S 83 Function

0 0 | ES, Extra segment
0 1 SS, Stack Segment
] 0 CS, Code segment
1 1 DS, Data segment

2.1.3 Bus High Enable/Status (BHE/S))

During T1 the bus high enable signal (BHE ) should be used to enable data onto the
most significant half of the data bus, pins D, £D,.

BHE is LOW during T1 for read, write, and interrupt acknowledge cycles when a byte
is to be transferred on the high portion of the bus. The S, status information is available
during T2, T3, and T4. |

BHE | A Characteristics

0 0 Whole word
l Upper byte from/to odd address

1 0 Lower byte from/to even address

] 1 None

2.1.4 Read (RD)

This signal is used to read data from memory or [/0 device which reside on the 8086
local bus.

2.1.5 Ready

If this signal is low the 8086 enters into WAIT state The READY SIgnal from memory/
10 is synchronized by the 8284A clock generator to form READY This signal is active HIGH.

2.1.6 Interrupt Request (INTR)

Itis a level triggered maskable‘interrupt request. A subroutine is vectored via an interrupt
vector lookup table located in system memory. It can be internally masked by software resetting

the interrupt enable bn INTR is mtemally synchromzed ThlS signal is active HIGH

ST mput is LOW execution
Thls_ mput IS synchromzed

 This i mput is exammed byfthe “W&lt” mstructlon f the
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8086 System Bus Structure 55
2.1.8 Non-Maskabhle Interrupt (NMI)

It is an edge triggered input which causes a type 2 interrupt. NMI is nol maskable
‘nternally by software. A transition from LOW to HIGH initiates the interrupt at the end of

(he current instruction.

9.1.9 Resel

This signal is used to reset the 8086. It causes the processor to immediately terminate
its present activity. The signal must be active HIGH for at least four clock cycles. It restarts
execution when RESET returns LOW.

9.1.10 Clock (CLK)

This signal provides the basic timing for the processor and bus controller. The clock
frequency may be 5 MHz or 8 MHz or 10 MHz depending on the version of 8086.

2.1V,
It is a +5V power supply pin.
2.1.12  Ground (GND)

Two pins (1 and 20) are connected to ground ie, 0 V power supply.

9 1.13 Minimum/Maximum (MN/VX)

This pin indicates what mode the processor is to operate in. The 8086 can be configured

~ in either minimum mode or maximum mode using this pin.

2.1.14 Minimum Mode Signals

MEMORY /10 (M/10)
It is used to distinguish a memory access from an 1/0 access. M = HIGH, 1/0 = LOW.

WRITE(WR)
It indicates that the processor is performing a wrile memory or write I/0 cycle, depending

on the state of the M/10O signal.
Interrupt Acknowledge (INTA)

This signal indicates recognition of an interrupt request. It is used as a read strobe for
interrupt acknowledge cycles.
Address Latch Enable (ALE)

This signal is used to demultiplex the AD-AD  into A -A , and D;-D . It is a HIGH
pulse active during T1 of any bus cycle. -
Data Transmit/Receive (DT/R)

This signal desires to use a data bus transceiver (8286/8287). It is used to control the
direction of data flow through the transceiver. A high signal on this pin indicates that 8086 is
transmitting the data and low indicates that 8086 is receiving the data.
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2.6 Microprocessors and Microcontrollers

Data Enable( DEN)

This signal informs the transceivers (8286/8287) that the 8086 is ready to send or

receive data.
Hold
This signal indicates that another master (DMA or processor) is requesting the host
11 8086 to handover the system bus.
| Hold Acknowledge (HLDA)
On receiving HOLD signal 8086 outputs HLDA signal HIGH as an acknowledgement.
9.1.15 Maximum Mode Signals

1oy . . . .. F
‘ Maximum mode operation differs from minimum mode in that some of the control
signals must be externally generated. This requires additional circuitry. however, a chip -the

' 8288 bus controller- designed for this purpose is available.

Status (S, , S, S,)

i These three status signals indicate the type of machine cycle used. These status lines

J are encoded as shown below:

-!* '5‘;; S, | S, Machine cycle
2 ' 0 0 0 | Interrupt acknowledge
! 0 0 1 | 1/0 read
0 ] 0 | 1/0 write
0 | | | Halt

0 0 | Opcode fetch
1 0 | | Memory read
' 1 1 0 | Memory write

1 1 1 | Passive

Request/Grant (RQ/GT,, RQ /GT,)

These pins are used by other local bus masters to force RQ/GT, the processor (o

release the local bus at the end of the processor’s current bus cycle. Each pin is bidirectional

with RQ/GT, having higher priority than RQ/GT,.
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g086 System Bus Structure
bt A

LOCK

This signal indicates that other system bus maslers arc no |
bus while LOCK is active LOW. The LLOCK signal 1s acnvalc_d by the
instruction and remains active until the completion of the next instruction.
active LOW.

Queue Status (QS,, QS))

The queue status is valid during the CLK cycle after which the queuc operation is
performcd. QS1 and QSO provide status to allow external tracking of the internal 8086
instruction queue.

(1o gain control of the system
“LOCK™ prefx
This signal s

—f— T —— =

v

T ———

QS, | QS, Characteristics

0 0 | No operation

0 I First byte of opcode from Qucue
I 0 | Empty the Queue

] l Subsequent byte from Queue

/4
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INSTRUCTION SET AND PROGRAMMING WITH 8086

Instruction Formats -Addressing Modes-Instruction Set, Assembler Directives-Macros, Programs
Involving Logical, Branch Instructions — Sorting and Evaluating Arithmetic Expressions — String

Manipulations-Simple ALPs.

Assembler Instruction Format

The general format of an assembler instruction is
Label: Mnemonic Operand, Operand ; Comments
Label:

e A label is an identifier that is assigned to the address of the first byte of instruction in
which it appears.
e An instruction may or may not have label, it provide a symbolic name which is used in

branch instruction to branch to the instruction.
Mnemonic:

e Mnemonic must present in all instruction. It defines the type of operation such as
ADD,SUB MUL etc.

Operand:

e It may or may not present, depends on the type of instruction.

e One operand may appear. If we use two operands used, then we need to use a comma to
separate it.

e If we use two operand, destination operand must appear first and source operand must

appear second.
Comments:

e After semicolon we can use whatever we want to write.

e ltisoptional.



ADDRESSING MODES :

The different ways in which a  source operand is denoted in an instruction are known as the

addressing modes. There are 8 different addressing modes in 8086 programming. They are

1. Immediate addressing mode

2. Register addressing mode

3. Direct addressing mode

4. Register indirect addressing mode
5. Based addressing mode

6. Indexed addressing mode.

7. Based indexed addressing mode
8. Based, Indexed with displacement.

Immediate addressing mode: The addressing mode in which the data operand is a part
of the instruction itself is called Immediate addressing mode.

For Ex: MOV CX, 4847 H
ADD AX, 2456 H
MOV AL, FFH

Register addressing mode : Register addressing mode means, a register is the source of
an operand for an instruction.

For Ex: MOV AX, BX copies the contents of the 16-bit BX register into the 16-bit AX
register.

EX: ADD CX,DX
Direct addressing mode: The addressing mode in which the effective address of the
memory location at which the data operand is stored is given in the instruction.i.e the

effective address is just a 16-bit number is written directly in the instruction.

For Ex: MOV BX, [1354H]
MOV BL,[0400H]

. The square brackets around the 1354 H denotes the contents of the memory location.

When executed, this instruction will copy the contents of the memory location into BX



register. This addressing mode is called direct because the displacement of the operand
from the segment base is specified directly in the instruction.

Register indirect addressing mode: Register indirect addressing allows data to be
addressed at any memory location through an offset address held in any of the following
registers: BP, BX, DI and SI.

Ex: MOV AX, [BX]. Suppose the register BX contains 4675H ,the contents of the
4675 H are moved to AX.
ADD CX,{BX}
Based addressing mode: The offset address of the operand is given by the sum of
contents of the BX or BP registers and an 8-bit or 16-bit displacement.
Ex: MOV DX, [BX+04]
ADD CL,[BX+08]

Indexed Addressing mode: The operands offset address is found by adding the
contents of Sl or DI register and 8-bit or 16-bit displacements.

Ex: MOV BX,[SI+06]
ADD AL,[DI+08]

Based -index addressing mode: The offset address of the operand is computed by
summing the base register to the contents of an Index register.

Ex: ADD CX,[BX+SI]

MOV AX,[BX+DI]

Based Indexed with displacement mode: The operands offset is computed by adding
the base register contents, an Index registers contents and 8 or 16-bit displacement.
Ex: MOV AX,[BX+DI+08]

ADD CX,[BX+SI+16]



INSTRUCTION SET OF 8086

Operand types:

REG: AX, BX, CX, DX, AH, AL, BL, BH, CH, CL, DH, DL, DI, SI, BP, SP.
SREG: DS, ES, SS, and only as second operand: CS.

The 8086 microprocessor supports 6 types of Instructions. They are

1. Data transfer instructions

2. Arithmetic instructions

3. Bit manipulation instructions

4. String instructions

5. Program Execution Transfer instructions (Branch & loop Instructions)

6. Processor control instructions

1. Data Transfer instructions :These instructions are used to transfer the data from source operand to
destination operand. All the store, move, load, exchange ,input and output instructions belong to to this

group.

General purpose byte or word transfer instructions:

MOV : Copy byte or word from specified source to specified destination

PUSH : Push the specified word to top of the stack

POP : Popthe word from top of the stack to the specified location

PUSHA : Push all registers to the stack

POPA : Pop the words from stack to all registers

XCHG : Exchange the contents of the specified source and destination operands one of which may be a
register or memory location.

XLAT :Translate a byte in AL using a table in memory



Simple input and output port transfer instructions

1. IN :Reads a byte or word from specified port to the accumulator
2. OUT : Sends out a byte or word from accumulator to a specified port

Special address transfer instructions

1. LEA : Load effective address of operand into specified register
2. LDS :Load DS register and other specified register from memory
3. LES :Load ES register and other specified register from memory.

Flag transfer registers

LAHF : Load AH with the low byte of the flag register
SAHF : Store AH register to low byte of flag register
PUSHF : Copy flag register to top of the stack

4. POPF : Copy word at top of the stack to flag register

wN e

2. Arithmetic instructions : These instructions are used to perform various mathematical operations
like addition, subtraction, multiplication and division etc....

Addition instructions

1.ADD : Add specified byte to byte or word to word
2.ADC :Add with carry

3.INC : Increment specified byte or specified word by 1
4.AAA : ASCII adjust after addition

5.DAA : Decimal (BCD) adjust after addition

Subtraction instructions

SUB : Subtract byte from byte or word from word

SBB : Subtract with borrow

DEC : Decrement specified byte or word by 1

NEG : Negate or invert each bit of a specified byte or word and add 1(2’s complement)
CMP : Compare two specified byte or two specified words

AAS : ASCII adjust after subtraction

DAS : Decimal adjust after subtraction

Noook~wnE

Multiplication instructions

1. MUL : Multiply unsigned byte by byte or unsigned word or word.
2. IMUL : Multiply signed bye by byte or signed word by word
3. AAM : ASCII adjust after multiplication



Division instructions

agkrwbE

DIV : Divide unsigned word by byte or unsigned double word by word
IDIV : Divide signed word by byte or signed double word by word
AAD : ASCII adjust after division

CBW : Fill upper byte of word with copies of sign bit of lower byte
CWD : Fill upper word of double word with sign bit of lower word.

3. Bit Manipulation instructions : These instructions include logical , shift and rotate instructions in

which a bit of the data is involved. Logical

instructions

1.
2.

3.

3.

4.

NOT :Invert each bit of a byte or word.

AND : ANDing each bit in a byte or word with the corresponding bit in another byte
or word.

OR : ORIing each bit in a byte or word with the corresponding bit in another

byte or word.

XOR : Exclusive OR each bit in a byte or word with the corresponding bit in another
byte or word.

TEST :AND operands to update flags, but don’t change operands.

Shift instructions

1. SHL/SAL : Shift bits of a word or byte left, put zero(S) in LSBs.
2. SHR - Shift bits of a word or byte right, put zero(S) in MSBs.
3. SAR : Shift bits of a word or byte right, copy old MSB into new MSB.

Rotate instructions

1. ROL :Rotate bits of byte or word left, MSB to LSB and to Carry Flag [CF]
2. ROR : Rotate bits of byte or word right, LSB to MSB and to Carry Flag [CF]
3. RCR :Rotate bits of byte or word right, LSB TO CF and CF to MSB

4. RCL :Rotate bits of byte or word left, MSB TO CF and CF to LSB

4. String instructions

A string is a series of bytes or a series of words in sequential memory locations. A string often consists of

ASCII character codes.
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REP : An instruction prefix. Repeat following instruction until CX=0
REPE/REPZ : Repeat following instruction until CX=0 or zero flag ZF=1
REPNE/REPNZ : Repeat following instruction until CX=0 or zero flag ZF=1
MOVS/MOVSB/MOVSW: Move byte or word from one string to another
COMS/COMPSB/COMPSW: Compare two string bytes or two string words
LODS/LODSB/LODSW: Load string byte in to AL or string word into AX



5.Program Execution Transfer instructions

These instructions are similar to branching or looping instructions. These instructions include conditional
& unconditional jump or loop instructions.

Unconditional transfer instructions

1. CALL : Call a procedure, save return address on stack
2. RET :Return from procedure to the main program.
3. JMP : Goto specified address to get next instruction

Conditional transfer instructions

1. JA/JJNBE : Jump if above / jump if not below or equal

2. JAE/JNB : Jump if above /jump if not below

3. JBE/IJNA : Jump if below or equal/ Jump if not above

4. JC > jump if carry flag CF=1

5. JENZ > jump if equal/jump if zero flag ZF=1

6. JG/IJNLE :Jump if greater/ jump if not less than or equal

7. JGE/JNL : jump if greater than or equal/ jump if not less than
8. JL/INGE : jump if less than/ jump if not greater than or equal
9. JLE/JNG : jump if less than or equal/ jump if not greater than
10. JNC : jump if no carry (CF=0)

11. JNE/JNZ : jump if not equal/ jump if not zero(ZF=0)

12. JNO - jump if no overflow(OF=0)

13. JNP/JPO : jump if not parity/ jump if parity odd(PF=0)

14. NS : jump if not sign(SF=0)

15.JO : jump if overflow flag(OF=1)

16. JP/JPE : jump if parity/jump if parity even(PF=1)

17.JS : jump if sign(SF=1)

6.Iteration control instructions
These instructions are used to execute a series of instructions for certain number of times.

LOOP :Loop through a sequence of instructions until CX=0

LOOPE/LOOPZ : Loop through a sequence of instructions while ZF=1and CX =0
LOOPNE/LOOPNZ : Loop through a sequence of instructions while ZF=0 and CX =0
JCXZ : jump to specified address if CX=0

el A

7. Interrupt instructions

INT : Interrupt program execution, call service procedure

INTO : Interrupt program execution if OF=1

IRET : Return from interrupt service procedure to main program
BOUND : Check if effective address within specified array bounds

Wk



8.Processor control instructions
Flag set/clear instructions

STC :SetcarryflagCFto 1

CLC : Clear carry flag CF to 0

CMC : Complement the state of the carry flag CF

STD : Set direction flag DF to 1 (decrement string pointers)
CLD : Clear direction flag DF to 0

STl  : Set interrupt enable flag to 1(enable INTR input)
CLI : Clear interrupt enable Flag to 0 (disable INTR input)

Nook~wdpE

10. External Hardware synchronization instructions

HLT : Halt (do nothing) until interrupt or reset

WAIT : Wait (Do nothing) until signal on the test pin is low

ESC : Escape to external coprocessor such as 8087 or 8089

LOCK : Aninstruction prefix. Prevents another processor from taking the bus while the adjacent
instruction executes.

Pwn P

ASSEMBLER DIRECTIVES :

Assembler directives are the directions to the assembler which indicate how an operand or
section of the program is to be processed. These are also called pseudo operations which are not

executable by the microprocessor. The various directives are explained below.

1. ASSUME : The ASSUME directive is used to inform the assembler the name of the logical segment it

should use for a specified segment.

Ex: ASSUME DS: DATA tells the assembler that for any program instruction which refers to the data

segment ,it should use the logical segment called DATA.

2.DB -Define byte. It is used to declare a byte variable or set aside one or more storage locations of type

byte in memory.

For example, CURRENT_VALUE DB 36H tells the assembler to reserve 1 byte of memory for a variable
named CURRENT _VALUE and to put the value 36 H in that memory location when the program is
loaded into RAM .

3. DW -Define word. It tells the assembler to define a variable of type word or to reserve storage

locations of type word in memory.



4. DD(define double word) :This directive is used to declare a variable of type double word or restore

memory locations which can be accessed as type double word.

5.DQ (define quadword) :This directive is used to tell the assembler to declare a variable 4 words in

length or to reserve 4 words of storage in memory .

6.DT (define ten bytes):lt is used to inform the assembler to define a variable which is 10 bytes in length

or to reserve 10 bytes of storage in memory.

7. EQU -Equate It is used to give a name to some value or symbol. Every time the assembler finds the
given name in the program, it will replace the name with the value or symbol we have equated with that

name

8.0RG -Originate : The ORG statement changes the starting offset address of the data.

It allows to set the location counter to a desired value at any point in the program.For example the

statement ORG 3000H tells the assembler to set the location counter to 3000H.
9 .PROC- Procedure: It is used to identify the start of a procedure. Or subroutine.

10. END- End program .This directive indicates the assembler that this is the end of the program

module.The assembler ignores any statements after an END directive.
11. ENDP- End procedure: It indicates the end of the procedure (subroutine) to the assembler.

12.ENDS-End Segment: This directive is used with the name of the segment to indicate the end of that

logical segment.
Ex: CODE SEGMENT : Start of logical segment containing code
CODE ENDS : End of the segment named CODE.

13. EVEN: ¢ Align on even memory address. The EVEN directive tells the assembler to increment the

location counter to the next even address if it is not already at an even address.

¢ The 8086 can read a word from memory in one bus cycle if word is at even address, two bus cycles, if

word is at Odd address. A NOP instruction is inserted in the location incremented over.



Differences between Procedures and Macros

What is macro

A macro is a series of instructions that have a name that the programmer can use
anywhere in the program . In addition, a macro begins with the macro directive and
ends with the% endmacro directive.

The syntax of Macro is as follows.
% macro macro_name
<Macro body>
% end macro

The macro_name helps to identify the macro and the number_of _params relates to the
number parameters. It is also possible to call the macro using the macro name with the
required parameters. If it is necessary to execute the same instruction set several times,
the programmer can therefore write these instructions into a macro and use this in his
program..

What is procedure

Procedures are useful in making a large program easier to read, maintain, and change.
Typically, a procedure consists of three main sections. First, the procedure name, which
helps identify the procedure. Second, the instructions within the body describing the
task to be performed. Finally, the return statement, which denotes the return statement.

The syntax of Macro is as follows.

proc_name:

Procedural bod


https://euresisjournal.org/what-is-the-difference-between-program-and-process/#Program

RET



MACRO
VERSUS
PROCEDURE

MACRO

Sequence of instructions
that is written within the
macro definition to
support modular
programming
E B B EEEEEEEEEEEEEEEDR

RCC]Uil'CS more memory

Does not require CALL and
RET instructions

Machine code is generated
each time the macro is
called
E BN EEEEEEEEEEEEEESEDR
Parameters are passed as a
part of statement which
calls the macro

Macro executes faster than
a procedure
A B B E B EEEEEEEEEEEEEERm
Eliminates the overhead

time to call the procedure
and to return the program

TT 1 N k| . 1 4

PROCEDURE

Set of instructions which
can be called repetitively
that performs a specific
task

EEEEEEEEEEEEEEEEEENEDN
Requires less memory

Requires CALL and RET
instructions

Machine code generates
only once

Parameters are passed in
registers and memory
locations of stack

Procedure executes slower than
a macro
E B EEEEEEEEEEEEEEENEEN
Requires more overhead
time to call the procedure
and to return back to the
calling procedure

TT 1T N ey %y | W AY
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UNIT-5

SYLLABUS

INTERFACING DEVICES:

8255 PPI- Block Diagram, Various Modes of Operation, Interface D/A and A/D
interfacing, Keyboard Interfacing, 8259 Interrupt controller,8279 Keyboard and
display controller, seven segment display,8251 serial communication protocol.

(8255- Programmable Peripheral Interface)

Def: The 8255 is a general purpose programmable 1/O device designed to transfer the data from
I/0 to Microprocessor or Microprocessor to 1/0O devices. It can be used with almost any
microprocessor (8 bit, 16 bit or 32 bit).It consists of 24 1/0O lines which can be configured as per
the requirement

Features of 8255:

1. It has 24 1/O lines with which it communicates with 1/0 devices.

2. The 24 1/0 lines of 8255 are arranges in three ports, i.e., PORT A, PORT B, and PORT
C.

3. Port A contains 8-bit I/0 (PAO-PA7), Port B 8 1/O lines are represented as (PBO-PB7),
Port C can be split into two parts, i.e. PORT C lower (PC0-PC3) and PORT C upper
(PC7-PC4). It is also 8 bit port.

4. These three ports are further divided into two groups, i.e. Group A includes PORT A and
Upper PORT C. Group B includes PORT B and Lower PORT C.

5. All these ports can be programmed as Input or Output using Control word register
( CWR) of 8255.

6. Peripheral devices: Printers, keyboards, displays, floppy disk controllers, CRT
controllers, machine tools, D-to-A and A-to-D converters, etc are connected to the
microprocessor through he 8255A Port Pins.

7. ltisalso called as Parallel Communication Interface.

8. It can be operated in two basic modes:

i. Bit Set/ResetM ode
ii. 1/0 Mode
9. 1/0 mode is further divided into 3 modes:

i. Simple 1/0 mode (Mode 0)
ii. Strobed 1/0 mode (Mode I)
iii. Bidirectional Data Transfer mode (Mode 2)
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Architecture of 8255 Programmable Peripheral Interface

) 2
™ Griup
Power [—> +5V GT:“F’ <:> Port <:> IO
< LI;_ A PA,-P.
Supply >GND - o o onirof 8) le sl
I W
Group A
o Port C /O
Bidirectional Data Bus a <:> Upper Q PC,-PC,
Data m @
D, - D, <:::> Bus K p =
1 Internal = Port C /o
Data <:> Lower PC.-PC
_ Bus (4) an e
AD —>s
WR —>9 I
A — poag GFEUP <: Group
A Write Control <:> ° -
RESET —>» Control —~ Port B PB,-PB,
Logic (8}
3

.ﬁ_J

Fig. : Block Diagram of 82554

The 8255 consists of Four sections namely

|. Data Bus Buffer

2. Read/Write Control Logic

3. Group A Control

4. Group B Control
I. Data Bus Buffer

This is a Bi-Directional Data Bus used to interface the internal data bus of 8255A to the

System Data Bus of 8086. Using IN or OUT instructions, CPU can read or write the data from/to
the Data Bus Buffer. It can also be used to transfer control words and status information between
C PU and 8255,A..
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2. Read/Write Control Logic
This block controls the Chip Selection ( CS ), Read (Rp ) and Write { WR ) operations.
It consists of A and A, signals which are generally connected to the MPU address lines A
and A, respectively. When Cg (Chip Select) signal goes LOW, different values of A and A,
select one of the /O ports or Control Register as shown in the Table 4.1 given below.

Table : 8255 Port Selection
A A Selected
0 0 PORT A
0 1 PORT B

1 0 PORT C
1 1 Control Register
X X 8255A is not Selected

Group A Control and Group B Control

To execute peripheral data transfer, three 8 -bit ports are provided in 8255,{ i.e. ports A,
B and C . For the purpose of programming 8255A these ports are grouped as follows
Group A Port A and Most Significant Bits (MSB) of Port C (PC, — PC,)

Group B Port B and Least Significant Bits (LSB) of Port C (PC_ - PC,)

Port A: One 8-bit data output latch/buffer and one 8-bit input latch buffer.
Port B: One B-bit data input/output latch/buffer.

Port C: One 8-bit data output latch/buffer and one 8-bit data input buffer. This port can

be divided into two 4-bit ports and it can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B.

Operating Modes :

l. Bit Set/Reset (BSR) mode
2. 1/0 Mode

D, bit of Control word decides the type of Mode. Ifitis “17, I/O mode is selected. If
it is “0”. BSR mode is selected.

D, D, D, D, D, D, D, D,

0/1
l J L

BSR mode /O mode
Mode O Mode 1 Mode 2
Simple YO Handshake /O Bi-Directional Data bus for Port A
for ports A, B and C for port A and/or Port B in either Mode 0 or 1
Port B Port C bits are
Port C bits are used as used as handshake signals

handshake signals
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Bit set/Reset Mode:

* The Bit Set/Reset (BSR) mode is applicable to port C only.

« Each line of port C (PCO - PC7) can be set/reset by suitably loading the control word
register as shown in Figure 4.

*  BSR mode and 1/0 mode are independent and selection of BSR mode does not affect
the operation of other ports in 1/0 mode.

D, Dg Ds D, Dy D, D, Do
I[E o SN X THES OSSR I b MR b oSt b i St
l | | 1 i |
v v —» Port C bit Set / Reset
BSR mode Don't care Port C bit select 1 = Set
b b b 0 = Reset
o O O Bit O
c O 1 Bit 1
O 1 (8] Bit 2
(8] 1 1 Bit 3
1 c O Bit 4
1 O 1 BitsS
1 1 (8] Bil 6
1 1 1 Bit 7

BSR control word format
D7 bit is always 0 for BSR mode.
Bits D6, D5 and D4 are don't care bits.
Bits D3, D2 and D1 are used to select the pin of Port C.
« Bit DO is used to set/reset the selected pin of Port C.
» Selection of port C pin is determined as follows: B3 B2 B1 Bit/pin of port C set.

1/0 Mode :

The 1/0 mode is divided in to three modes Mode 0, Mode | and Mode 2 given below.
1. Mode 0 - Basic 1/0 Mode

2. Mode | - Strobed 1/0 Mode

3. Mode2 - Bi-Directional Data Transfer Mode
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Contrct Word
o.[o.[ o.] o.] o.]

Lo ] o

D

Group B
Part G (lower-PG.,-PC
a 1(=“inpu?° J

O = Qutput

Fort B

1 = Input

0 = Output
Mode Selection
> 0 = Mode O
1 = Modz 1

L4

/ Group A
Port C (Upper-PC_-PCL)

1 = Input
N = Output
Forl A

1 = Input
0 = Qutput

Mode Selection
00 = Mode 0

—> 01 = Mode 1
i = Mode 2
1 = 1JO Mode

e
>

0 = BSR Mode

* Mode 0 —In this mode all the three ports (port A, B, C) can work as simple input
function or simple output function.

* Mode 1 - Handshake 1/0 mode or strobbed 1/0O mode. In this mode either port A or
port B can work as simple input port or simple output port, and port C bits are used
for handshake signals before actual data transmission.

Example: A CPU wants to transfer data to a printer. In this case since speed of processor is
very fast as compared to relatively slow printer, so before actual data transfer it will send
handshake signals to the printer for synchronization of the speed of the CPU and the

peripherals.
DO - D7
F STB'

CPU I: o qPFﬂNTER
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PIN DIAGRAM OF 8255 (Programmable Peripheral interface)

P, ] " a0 [ Pa.
Pa, [ = as ] PA,
PA, = as ] PA.
Pa, [ a4 arv [ PA.
Al s as [ (W)
TS 1= as |1 RESET
GHND [ 7 a4 [ D.
A s az [ D.
A, = 32 |3 oD,
PG, [} o 31 [ o,
Pc, []117 B255A a0 [ o,
P, [ 12 2o | ] D.
PrC, ] 1= 28 ] D,
PC, [ 14 27 1 .
PC, [ s 26 1 w..
PC. [ 18 251 PB,
PC, [ 7 24 ] PB,
PB, [] 18 231 FB;
P [} 12 221 PB.
PB, [} =20 211 FB,

Pin Dicgram of 82554

Data Bus (D,_D,)

RD (Read)

WR (Write)

A and A
RESET

CS (Chip Select)
PA,-PA,
PB,-PB,

PC-PC,

Bi-directional, tri state 8-bit data bus. This is used to interface 8255A
to the System Data Bus.

It enables the 8255A to send the data or status information to the
CPU on the data bus i.¢. it allows the CPU to read the data or status
word from 8255A.

It allows the CPU to write the data or control words in to 8255A.

When CS = 0, these signals A, and A, are used to control the
selection of ports and Control Register.

A “high” signal of this input clears the Control Register and all ports
(A, B and C)

It enables the communication between 8255A and the CPU.

Port A bidirectional I/0 pins
Port B bidirectional I/O pins
PortC bidirectional I/O pins
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INTEL 8259 (Programmable Interrupt controller)

Introduction:

The dictionary meaning of ‘Interrupt’ is to break the sequence of operation.

While CPU (Processor) is executing a program when interrupt occurs it breaks the
normal sequence of execution and diverts its execution to some other program called as
Interrupt service routine (ISR) or Sub program.

After execution of sub program the control is transferred to Once again to main program
which was being executed at the time of interrupt.

The Intel 8259 is a Programmable Interrupt Controller (PIC) designed for the Intel
8085 and Intel 8086 microprocessors.

Defnition: PIC is a device which is used to increase the interrupt handling capacity

of the microprocessor.

Features:

1.

The Intel 8259A Programmable Interrupt Controller handles up to eight vectored priority
interrupts for the CPU.

It is cascadable for up to 64 vectored priority interrupts without additional circuitry.
It is packaged in a 28-pin DIP, requires a single 5V supply.

The 8259 combines multiple interrupt input sources into a single interrupt output to the host
microprocessor, extending the interrupt levels available in a system beyond the one or two
levels found on the processor chip.

It accepts requests from the peripheral equipment, determines which of the incoming
requests is of the highest importance (priority), checks whether the incoming request has a
higher priority value than the level currently being serviced, and issues an interrupt to the
CPU based on this determination .

It minimize the software and real-time overhead in handling multiple interrupt priorities
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Block diagram of 8259 (Programmable Interrupt controller)

Internal Block Diagrma

8259 internal block diagrarm

IMTA, IMT
DO-D7 ===| Data bus |s=—— | 1 T
buffer M | Control logic |
T | il I
E |
- R 1 I} [ 1
RD——— Read/ I = |RO
WH—— wirite A, In-service Priority Intermupt |<— IR
Al—— logic L register [<=> |resolver |<== |request |
(ISR register |:
ce———— B (IRR)
1 =— |R7
=
CAS0 =—| Cascade
CAST =—|  buffer /s |«—— | Interrupt mask register (IMR) |
CASZ2 «——| comparator -

Data bus buffer: It is a bidirectional data bus that interfaces 8259 bus to Microprocessor
system data bus. Control word, status information pass through the data bus buffer during
read or writes operation.

Read/ Write control logic: This block is responsible to accept the control words from
the Microprocessor. This block also allows the status of the 8259 to be transferred on to
the data bus.

» CS (CHIP SELECT): A LOW on this input enables the 8259A. No reading or writing of
the chip will occur unless the device is selected.

» WR (WRITE): A LOW on this input enables the CPU to write control words (ICWs and
OCWs) to the 8259A.

» RD (READ)_: A LOW on this input enables the 8259A to send the status of the Interrupt
Request Register (IRR), In Service Register (ISR), the Interrupt Mask Register (IMR), or
the Interrupt level onto the Data Bus.

» AO0: This input signal is used in conjunction with WR and RD signals to write commands
into the various command registers, as well as reading the various status registers of the
chip. This line can be tied directly to one of the address lines.

The CASCADE BUFFER/COMPARATOR: This function block stores and compares
the IDs of all 8259A"s used in the system. The associated three I/O pins (CAS0-2) are
outputs when the 8259A is used as a master and are inputs when the 8259A is used as a
slave. As a master, the 8259A sends the ID of the interrupting slave device onto the
CASO — 2 lines. The slave thus selected will send its preprogrammed subroutine address
onto the Data Bus during the next one or two consecutive INTA pulses.
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» Control Loqgic:

INT: This pin goes high whenever a valid interrupt request is occurred. It is used to interrupt the
Microprocessor(CPU) and is connected to the interrupt input of the Microprocessor(CPU).

INTA: The processor acknowledges with the Interrupt acknowledge signal when it accepts the
interrupt.

INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR)

+ The IRR is used to store all the interrupt levels which are requesting service; and the
ISR is used to store all the interrupt levels which are being serviced.

* PRIORITY RESOLVER: This logic block determines the priorities of the bits set in the

IRR. The highest priority is selected and strobed into the corresponding bit of the ISR
during INTA pulse.

* INTERRUPT MASK REGISTER (IMR): The IMR stores the bits which mask the
interrupt lines to be masked. The IMR operates on the IRR. Masking of a higher priority
input will not affect the interrupt request lines of lower quality.

Connection of 8259A with 8086 microprocessor (Single Mode)

8086 INTERRUPT AND 8259
TYPE TO 8086

DO IRO j[¢—

INTERRUPT
l«— | INPUTS

oooooo)U’
O

\ L A A A A AAA
1&

|

D7 IR7 le——
INTA INT

AD7

INTR

INTA

In the above diagram if we see the interface connections between 8086 and 8259. The 8259 can
support 8 interrupts with the help of IR0 to IR7. The interrupts coming from the interfacing
devices are stored in the interrupt request register and the priority resolver will decide whether
fixed priority or Rotating priority is selected, and sends the interrupt signal(INT) to the
microprocessor to inform that external devices wants the service. Now the 8086 will send an

Acknowledgement signal which helps to serve the subroutine, once the interrupt is serviced once
again the microprocessor will execute its own task.
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The steps are explained here as follows:

Interrupt sequence:

1) One or more of the INTERRUPT REQUEST lines (IRo-IR7) are raised high, setting the,
corresponding IRR bit(s).

2) The priority resolver checks three registers : The IRR for interrupt requests, the IMR for
masking bits, and the ISR for the interrupt request being served. It resolves the priority and sets
the INT high when it is appropriate to do so.

3) In response to the INTR signal, 8086 completes current instruction cycle and executes
interrupt acknowledge cycle, thus giving an INTA pulse.

4) Upon receiving an INTA from the 8086, the highest priority ISR bit is set and the
corresponding IRR bit is reset. Then 8259A places the opcode for CALL instruction on the data
bus.

5) The interrupt acknowledge cycles allow the 8259 to release preprogrammed subroutine
address onto, the data bus and the subprogram starts execution.

7) This completes the interrupt cycle. In the AEOI (Automatic End of Interrupt) mode the ISR
bit is reset at the end of the second INTA pulse.

Initialization Command words:

-~ B

JICWI: A D, D, D, D, D, D, D D,

0 X X X 1 LTIV | X |SNGL| IC4
CEE——— I
1 = Level Triggered Mode 1=ICW4 Needed
0 = Edge Triggered Mode 0= No ICW4 Needed
1 = Single

0 = Cascade Mode

¢ To program this ICW for 8086 we place alogic 1 in bit IC4.

<+ Bits D7, D6 , D5and D2 are don’t care for microprocessor operation and only
apply to the 8259A when used with an 8-bit 8085 microprocessor.

+» This ICW selects single or cascade operation by programming the SNGL bit. If
cascade operation is selected, we must also program ICW3.

*» The LTIM bit determines whether the interrupt request inputs are positive edge

triggered or level-triggered.
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= ;—\’6'/.]?)»7 Do Ds D4
| ol s Tl | 3 | e =

| l T7-T3 of Interrupt Vector
Address (8086/8088 Mode)

*3» Selects the vector number used with the interrupt request inputs.
** For example, if we decide to program the 8259A so that it functions at vector
locations O8H-0OFH, we place a O8H into this command word.

> Likewise, if we decide to program the 8259A for vectors 70H-77H, we place a
70H in this ICW. Ao D- Ds Ds Ds Ds D: Dy Do

1 T- Ts T: Ts Ts Ase Ay As

® T: — T3 are A3 — A0 of interrupt address

® Ajs — As. As — Selected according to interrupt request level.

Thev are not the address lines of Microorocessor
« AD =1 selects ICW,
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8279-Keyboard and Display controller

Definition: The INTEL 8279 programmable keyboard/display controller is designed specially
for interfacing Keyboard and Display to 8085/8086 microprocessor based systems.
Introduction:

8279 programmable keyboard/display controller simultaneously drives the display of a
system and interfaces a Keyboard with the CPU.

The keyboard display interface first scans the keyboard and identifies if any key has been
pressed. It then sends their relative code of the pressed key to the CPU and vice-a-versa.
It also transmits the data received from the CPU, to the display device. Both the functions
are performed by the controller without involving the CPU.

The Keyboard is interfaced either in the Interrupt or the polled mode.

Features of 8279:

The keyboard section can interface an array of a maximum of 64keys with the CPU.
The keyboard entries are debounced and stored in an 8 byte FIFO RAM, that is further
accessed by the CPU to read the keycodes.

The 8279 normally provides a maximum of sixteen 7 segment display interface with the
CPU.

If a FIFO contains a valid key entry the CPU is interrupted or polled mode to read the
entry.

Simultaneous keyboard and display operations

Scanned keyboard mode.

8-character keyboard FIFO.

Right or left entry 16-byte display RAM.

Used for Interaction between keyboard and different microprocessor.

8279 Interfacing with 8086 Microprocessor

|
|
. — KEYBOARD
| {8 Columns '
e ———— : ' = J
| JSMFT CNTL RLg.7 | Y 8 Rows
‘ ‘
. 8259-1R; | !
e — ]
Do-Dy K 4 Do - Dy |
3:8 DECODER
RD | ——~{RD |
8086/ WR——— - — = WR 8279 ’ > ~—" v
8250 RESET - RESET PN e ‘
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Pin description of 8279:

Data Bus Lines, DBy - DBy

These are 8 bidirectional data bus lines used to transfer the data to/from the CPU.
CLK:

The clock input is used to generate internal timings required by the microprocessor.
RESET:

As the name suggests a high on this line is used to Reset the the Intel 8279. when it is enabled the
command registers are cleared and 8279 enters in to initial state.

CS Chip Select:

When this pin is set to low, it allows read/write operations, else this pin should be set to high.

Ao:

This pin indicates the transfer of command information. When it is low, it indicates the transfer of data.
RD, WR:

This Read/Write pin enables the data buffer to send/receive data over the data bus.

IRQ:

This interrupt output line goes high when there is data in the FIFO RAM. The interrupt line goes low
with each FIFO RAM read operation. However, if the FIFO RAM further contains any key-code entry to
be read by the CPU, this pin again goes high to generate an interrupt to the CPU.

VSSy VCCZ
These are the ground and power supply lines of the microprocessor.

SLo — SLs:

These are the scan lines used to scan the keyboard matrix and display the digits. These lines can be
programmed as encoded or decoded, using the mode control register.

RLo — RL7

These are the Return Lines which are connected to one terminal of keys, while the other terminal of the
keys is connected to the decoded scan lines.

SHIFT:

The Shift input line status is stored along with every key code in FIFO in the scanned keyboard mode.
CNTL/STB - CONTROL/STROBED I/P Mode:

In the keyboard mode, this line is used as a control input and stored in FIFO on a key closure. The line
enters the data into FIFO RAM, in the strobed input mode.

BD:
It stands for blank display. It is used to blank the display during digit switching.

OUTA, - OUTA;z and OUTB, — OUTBs:
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These are the output ports for 16x8 internal display refresh registers. The data from these
lines is synchronized with the scan lines to scan the display.

Introduction to seven segment display

Introduction:

»  Microprocessor is a device used for Multipurpose, it means it can be used for performing
Arithmetic and Logical operations and also used for turning on or off the devices.

*  Whenever the information is processed by the Microprocessors, the result obtained by the
processor has to be displayed to the user through the output devices( LED, Monitor screen, LCD
etc).

» For displaying only numbers, letters and hexadecimal letters, simple 7 segment displays are used.
» The 7 segment type is the least expensive, most commonly used and easiest to interface.

» 7 segment LED display is very popular and it can display digits from 0 to 9 and quite a few
characters like A, b, C, ., H, E, e, F, n, o,t,u,y, etc.

Seven segment display structure:

LA >

= =
PG
= c
<D > e

»  Seven segment displays internally consist of 8 LEDs. In these LEDs, 7 LEDs are used to indicate
the digits 0 to 9 and Letters and single LED is used for indicating decimal point.

»  Generally seven segments are two types, one is common cathode and the other is common anode.

» Seven-segment displays are widely used in digital clocks, electronic meters, basic calculators, and
other electronic devices that display numerical information.

Common cathode display:

* In common cathode the cathode of all Led’s are connected to common pin and the anodes are left
free.

* Inthe common cathode display, all the cathode connections of the LED segments are joined
together to logic “0” or ground. The individual segments are illuminated by application of a
“HIGH”, or logic “1”.
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Common Anode Display:

In common anode the anodes of Led’s are connected to common pin and the cathodes are left
free.

* Inthe common anode display, all the anode connections of the LED segments are joined together
to logic “1”. The individual segments are illuminated by applying a ground, logic “0” or “LOW”
signal via a suitable current limiting resistor to the Cathode of the particular segment (a-g)

O hARACER
D E

FEEFEER R

ooy Srracdss

* In Common Anode display, anodes of the all LEDs are connected to Vcc, cathodes are connected
to microprocessor port pins via 8255.

* In Common Cathode display, cathodes of the all LEDs are connected to Gnd, anodes are
connected to microprocessor port pins via 8255.

| DIOIDE | Do T, | STATUS

CO A PO D
AT HDDE 1 ora

CO A T T

LA IO D E L] Lt |

| | 1 | OFF

Depending upon the decimal digit to be displayed, the particular set of LEDs to be lighten up. For
instance, to display the numerical digit 0, we will need to light up six of the LED segments corresponding
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toa, b, ¢, d, e and f. Thus the various digits from 0 through 9 can be displayed using a 7-segment display

as shown.

|

|::

2

d a

HE A
; ;

] ] I ] | ]
= Ic I-:: aI . I-:: [ I-: aI . Ic I-:
d d d
] ] ] ] I
Common cathode table for displaying digits starting from 0.1.2.......9.
h F=3 3 e d a hex value

g o o 1 1 1 1 3F

'l o o o o o o o6

— o 1 o 1 1 i sB
— 1 o o o 1 aF
7 o o o o 66
5 o 1 o 1 1 6D
5 o 1 1 1 1 1 7D
71l o o o o o 1 o7
E o 1 1 1 7E
q o 1 1 o 1 1 6F

1l o 1 1 o 1 77

b o 1 1 1 o 7C
E o o 1 1 1 1 39
D’ o 1 o 1 1 o sSE
= 1 1 1 1 1 79
1| o 1 1 o 1 e i |
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Block diagram of interfacing Seven Segment Display with 8086 using 8255

DC POWER
SUPPLY

PORT C

* Port A line of the 8255 is buffered and connected to the segments of the seven segment displays,
as shown in the tablel .

PORT-LINE SEGMENT

w
-
4
=

PAD

PaAl

PA2

PAJ

PAS

PG

A
B
C
D
Pad E
F
G
D

il =il ] el el e b I

PAT ECIMAL POINT

* Port lines PC2, PC1 and PCO are connected to the inputs of a 74LS145 decoder driver, the
outputs of which are connected to the common cathode of the six, Seven-segment displays. The
port line combination and corresponding digits enabled are listed in table 2.

L.NO 2 1 Co DIGIT

D1

D2

D4

D5

P
0
1
0 D3
1
0
1

5 P
1 1
2 0
1 |
4 |
5 0
(& i

P
I
0
I
i
|
|

D
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To display a word on a display unit Di (i= 0 to 5), the seven segment code of the character to be
displayed on the unit is to be output through port A, while the display unit is selected by the
combination of PC2 to PCO bits of port C.

Parallel Communication

In parallel communication the data bits are simultaneously transmitted using
multiple communication links between sender and receiver. Here, various links are
used and each bit of data is transmitted separately over all the communication link.

» The figure below shows the transmission of 8 byte data using parallel
communication technique:

A\ A 4

>
>
>
L
>
Ld

Receiver

O[O~ |O]- |0

vyVYyY

| Parallel Communication |

Here, as we can see that for the transmission of 8-bit of data, 8 separate
communication links are utilized. This leads to a faster communication between
the sender and receiver. But for connecting multiple lines between sender and
receiver multiple connecting units are to be present between a pair of sender and
receiver.

Disadvantage: parallel communication is not suitable for long distance
transmission, because connecting multiple lines to large distances is very difficult
and expensive.

Serial Communication

In serial communication the data bits are transmitted serially over a common
communication link one after the other. Basically it does not allow simultaneous
transmission of data because only a single channel is utilized. Thereby allowing

sequential transfer rather than simultaneous transfer.



Dr.K.Gopi,
Department of ECE.

» The figure below shows the serial data transmission

Data Bus

O : 1 O x (OB, Receiver

l Serial Communication |

It is highly suitable for long distance signal transmission as only a single
wire or bus is used. So, it can be connected between two points that are
separated at a large distance with respect to each other.

Disadvantage: But as only asingle data bit is transmitted thus the
transmission of data is a quiet time taking process.

Comparision chart of Serial Vs Parallel communication

Basis of comparision Serial Parallel communication
communication

Number of communication | Single Multiple

link used

Number of transmitted only one bit. n number of links will

bit/clock cycle carry n bits.

Data transmission speed Slow Comparatively fast

Suitable for Long distance Short distance

Cost Low High

System Up-gradation Easy Quite difficult

Transmission modes
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Need for synchronization

Whenever an electronic device transmits digital information to another electronic device. There
must certain link establish between the two devices, that is the receiving device must have some
way of knowing where each data unit begins and where it ends.

» So there are two types of synchronization

1. Synchronous
2. Asynchronous

= In digital electronics, both Synchronous and Asynchronous Transmission are the type of
serial data transmission in which data is transmitted between sender and receiver.

Synchronous transmission

Synchronous simply means that the communications happen in real time, with all parties
engaged simultaneously. Here the data is sent in the form of blocks.

Characteristics of synchronous communication:

» There are no spaces (gaps) in between characters being sent.
» Timing is provided between devices sender and receiver.
» Special ’syn’ characters goes before the data being sent, this includes the timing
functions.
» Itis more efficient and more reliable to transmit large amount of data.
» Examples of synchronous transmissions:
— Chatrooms
— Video conferencing
— Telephonic conversations
Flow of data

Sender 10011110 | 11010100 | 01111010 | 10101010 | Receiver

Synchronous Transmission

Asynchronous transmission
In Asynchronous Transmission, data is sent in form of byte or character. In this transmission
start bits and stop bits are added with data. It does not require synchronization.For asynchronous
transmission start bit is used to identify the beginning of transmission and stop bit to identify the
end of transmission.

Characteristics of Asynchronous Transmission
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« Each byte is added with start and stop bits, this is called framing.
* There may be gaps or spaces in between characters.
Examples of Asynchronous Transmission
» Emails
> Radios
» Televisions
Flow of data
Sender o111 CI11| O I/I 1l11 oo11 D1IO | | 1|11D1 Receiver
/
Stop bit Drata Start bit
Asynchronous Transmission
Difference between synchronous and asynchronous
Points of comparison Synchronous transmission Asynchronous transmission
Definition Transmits data in the form of blocks Transmits one byte at a
time
Speed of transmission | Quick slow
cost Expensive Less cost
Time interval constant Random
Gaps between data Does not exist Gaps are introduced
examples Teleconference, videoconference, Emails, letters etc
chatrooms
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UNIVERSAL SYNCHRONOUS & ASYNCHRONUS TRANSMITTER AND

RECEIVER (USART) - 8251 IC

It is sometimes called the programmable Communications Interface (PCI). It

Is an 1IC which converts the parallel data to serial data and serial data to parallel

data.

It supports both synchronous and Asynchronous data transmission.

Synchronous operation uses a clock and data line while there is no separate clock
accompanying the data for Asynchronous transmission.

Features of 8251 USART:

1.
2.

8251 IC is defined as USART for serial communication.

Programmable IC designed for synchronous /asynchronous serial data
communication.

Receives parallel data from CPU (processor) converts in to serial data after
conversion.

It also receives serial data from outside and coverts in to parallel data to the
CPU (processor) after conversion.

It has built-in Baud rate generator

It allows full duplex transmission

It provides error detection logic, which detects parity, overrun and framing
errors.

It has 28 pins; DIP package is available
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Architecture

Data Transmit

D,-0, <> Bws K => > Buffer — TxD

Buffer P —>S)

1

—> TxRDY

Tramnsmit | s + EMPTY
Control

b¢—TxC

Internal Data Bus

DSR Receive
DTR Modem <F Buffer [—RxD

1S Control ] [ (P« 8)
.RTS ‘

v, o

Recelve
Control

—>» RxRDY
b¢— RxC

K> SYNDET/
BRKDET

The above Fig shows the block diagram of 8251A. It has five sections.
|. Read/Write Control logic
2. Data Bus Buffer
3. Transmitter Section
4. Receiver Section
5. Modem Control

e The Read/Write control logic determines the functions of the chip according to the
control word in its register and monitors the data flow. The Data Bus Buffer transfers the
control word/status information between the chip and CPU.

The Transmitter section converts the parallel word received from CPU to serial bits and

transmits over T xD line to peripherals. The Receiver section receives the serial bits from the

peripheral, converts them in to parallel word and transfers to the CPU. The Modem Control
section extends the data communication through any Modem over telephone lines
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Data bus buffer: This data bus buffer is used to write the command, status or data from or to the
8251.

Read/ Write control logic: Interfaces the 8251 with the Microprocessor, determines the
function of the chip according to the control word in the control register and monitors the data
flow.

= CS — Chip Select : When signal goes low, the 8251A is selected by the
MPU for communication.

= C/D — Control/Data : When signal is high, the control or status register
is addressed; when it is low, data buffer is addressed. (Control register
& status register are differentiated by WR and RD signals)

= WR : When signal is low, the MPU either writes in the control register
or sends output to the data buffer.

= RD : When signal goes low, the MPU either reads a status from the
status register or accepts data from data buffer.

= RESET : A high on this signal reset 8252A & forces it into the idle
mode.

= CLK : Clock input, usually connected to the system clock for
communication with the microprocessor.

Transmit buffer —
This block is used for parallel to serial converter that receives a parallel byte for conversion
into serial signal and further transmission onto the common channel.

= TXD: It is an output signal, if its value is one, means transmitter will transmit the data.

Transmit control —
This block is used to control the data transmission with the help of following pins:

= TXRDY: It means transmitter is ready to transmit data character.

*  TXEMPTY: An output signal which indicates that TXEMPTY pin has transmitted all the
data characters and transmitter is empty now.

* TXC: An active-low input pin which controls the data transmission rate of transmitted
data.
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Receive buffer —
This block receives the serial data and converts it to parallel data.

= RXD: An input signal which receives the data.

Receive control —
This block controls the receiving data.

= RXRDY: An input signal indicates that it is ready to receive the data.

= RXC: An active-low input signal which controls the data transmission rate of received
data.

= SYNDET/BD:

¢ During asynchronous mode, the signal SYNDET/BRKDET will indicate the break in the
data transmission.

¢ During synchronous mode, the signal SYNDET/BRKDET will indicate the reception of
synchronous character.

Modem control:

*  The MODEM control unit allows to interface a MODEM to 8251A and to establish data
communication through MODEM over telephone lines.

» A device converts analog signals to digital signals and vice-versa and helps the
computers to communicate over telephone lines or cable wires. The following are active-
low pins of Modem.

DSR: Data Set Ready signal, This signal when low indicates Modem is ready for
communication

DTR: Data terminal Ready signal, this signal when low indicates terminal equipment is ready
for communication.

CTS: clear to send, this signal when high indicates that DTE has data and ready to transmit the
data to Modem

RTS: Request to send, this signal when low indicates that the DCE is free and can receive the
data now for DTE.

DTE (DATA TERMINALEQUIPMENT): It includes any unit that functions either as source
or destination for binary digital data.
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DCE ( Data communication equipment): it includes any circuit that transmits and receive the
data in the form or analog or digital signal.

OPERATING MODE OF 8251

To communicate with 8251A.t he CPU has to inform the details about mode, baud rate, stop
bits, parity bit etc., to USART. This is done by a set of control words. The CPU must check the status
(ready) of the peripheral by reading the status register. The control words are divided in to two formats.

Mode word

The Mode word specifies the general characteristics of operation such as baud, parity, number

of stop bits.
Mode Word
Fig. shows the mode word format.
0, (o (o8 0. £, 0., o, o,
1] ¥ ] I
[] ] [] 1
=N i s EP i PEMN | L, | L. B, | B, T—

B S —— o0 — SYM Mode
01 — ASYM x 1

10 — ASYMN x 16
11 — ASYM x 64

Character Langth

O3 — 5 Bits
e 01 — & Bits
10 — 7 Bits
11 — 8 Bits

Parity Control

XO = No Parily
o ©1 = Odd Parity
i1 = Ewen Parity

Framing Contral

O — Mot valic
ASYM (DD, # 00) o1 — 1 Stop Bit

110 — 1152 Stop Bits
11 — 2 Stop Bits

* The format can be considered as four 2-bit fields. The first 2-bit field (D;-Do) determines whether
the USART is to operate in the synchronous (00) or asynchronous mode.

* In the asychronous mode, this field determines the division factor for clock to decide the baud
rate. For example, if D; and Do are both ones, the RxC and TxC will be divided to generate the
baudrate(Bits per second)
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* The second 2-bit field (Ds-D;) determines number of data bits in one character. With this 2-bit
field we can set character length from 5-bits to 8 bits.

* The third 2-bit field, (Ds-D4), controls the parity generation. The parity bit is added to the data
bits only if parity is enabled.

The last field, (D;-Ds¢), has two meanings depending on whether operation is to be in the synchronous or
asynchronous mode. For asynchronous mode, (i.e. D;Do # 00), it controls the number of STOP bits to be
transmitted with the character. In synchronous mode, (i.e. DiDo) = 00) this field controls the
synchronizing process. It decides whether to transmit single synchronizing character or two
synchronizing characters
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