
R,£V(EWUF f\\urYJJ3SR SYSTEMS6/- coDES, 

Cd()_ldll_'L._-dldo"~ d q" ... d~\. ., . -\ CJ. . -,·,;-c 
,----. .,. J . .: I U .---J \:	 

CD \) 

Thh,C19'l1 fXlJ1-t. . t~),\:noUX . 
.-(}--. . Ra.c1.Lx FjLc.di.rnol lJa5lt . 

pOint. 

NUrn.a.n~te.rr>3· '.~.'. CJ.o~i~ cfb, 

I. cecv-n.a1- fWrnCut StfJtcm
 
~, ~. ruJrn.\:rn s~t~
 
2>.. octolrwrn\£Jl S'tteJ61>


) 

(...	 4.' H~ruJ~'rV1·,s~te5').
 
QeDJ-rto.l nurn-tfJt. S ~'r,esn : ----. '.-' - .'"" ~ lhe.-. c:le£isnnL ,·n.umtvt,,: 5~t&" ":tJ CL ou.dJ., "f.. to .. xt h..a.?J . 

)-' .. 
! . to ~t ¥5)_,~S~mOOl?J to oe,pWfflt CL rwrnlt:h.I.: 

.J 
l ..' 

-7"'~ ~ OI\I,~13,l.\I~.G;.II'6 o..n.d9 . 
~ . ".
 

, ' ..
 

j·X
.. 

-r I, 
'. 



\j) 
• _J '"t.~ '.. ' '. 

\ "" .,~ 1he. ~x PO'lht IfJ Kn.own. oJ) -th£.- declmn.L',V-Vint .1··.··· "~'. 
r 'I, ,', 

"""" . ", 
: 

iJJ ~en b~. 

(d 'UDn)+ l d - '" 10fH) + .... -1{d\x 10') +Ldo~·J;j+L d_ 1 'l \0' J+ 
I . 

. . 

n il l
 
d .... xIt?}'"  . ~ 

'. ~1." . - - C
I ' 
r "'. \ 

1.1
. ..... . ( 

.\~ 

/1 ~f 
- , 

.~ 
/' -', 

- 100 -t- 30 t IS + O· 5+ o·oc, . 
I'" i 

0;::. 1355((,. 
1: - .~;/ 

~ fWrn1xJL s~tvn ~ - . 
.. - II~l 

..~ o -me-~ rwm.tvL S~\:e5i) JJ:J cLmdLia. 1:~ h.o.5'J . 
J

-. 

... '. ) 
- ,'fwo 'indepencknl: ~B.J;8. 

;. 

~ ~ nurn~.nJ1e. J7e,p~ .hte-~ '.c\ \o'OJLd. " "1'\ 
~ (1 

Cll. _.J\-..... / 

.~ The 'h.O.diX . ro'nt i9:> '(Down (ffi· ~ '.Bif1.rouj. POlnt
'. 

, 0) OL' l' 19:> 0... b..i.t-
',' 

FoLJJl fl)JTlbot b..J;.9J ~ t\\\bb~e-

'3 MJIJ. .-=? \)j te.. ·.·~l 
.U

c;~\JP o\;lb b.i..U:> -7 lJJW. 

~~~~¥:l: .•••.
Vi.. two-stole. detlJ.LeJJ 

_I__ • , • "." • • /
 
. ,". '-... ' ."" . ".
 

------- '-.--

, 
;,-~ 

., 

:.. 
.~ 

~-i 

~ 

t:i "~IQ~ ~: ... i 
Such M~~ cL:.cxie?> clc . 

J . 



.. : .' ':: ' 

" 

-7 lhe ~ ?JlfLt·. "\Ch \WWf1cth ••••~ .• He-~ j=Oiflt. 

~ lhe-- c±u:snal- ~olent c%- A, \B,e, 0 i r; and ~ oJ1e. 

., .l DI \ \ I \'2.. I l3) IY a.n..d 15. 

-? ~~ rwrnltJl S'zJBtcrn-e.oJiifJL~ %oe.pwm

tlf:g ~ bJJu~ rwrn1£M st&ed 0Jl.d PJ1D.~ 'I~ 
lhe- cornputrn ' ." ..'.•... . 

.' ~ lhe.. contm.1?J ~ '~"",~mRlIl ",LA~'.-v)~p,o~ho,.1 ,'•.'_. [ '1f "K..J'''''':J \JJ1101 gUr"''''''''.~ flU 

.~ I ~~ Ole VeJUjcOll~ iDfuwllL. 



~-'-------'-"~ -.._..- '.(" 

; (l, OJ ~pedLve. flUml::0r.·	 'f,, 
I 
,I

, LSB ~ LwJ)t ,~blt,	 I 
'~. 'I 

,,~ rut whiclu '.hoWJ13"',,-\t£ lm9Jc ~ C16tJrlc 
Jj) called LS2J.' '".'	 

:1 

I 
I 

,'., !"'iSS -:, Mo~k -SutJ~bit. . ' 
""" '1he-b.J: wrum ."~ -\he m5k ~ pSutton 

UXitJh.t iii ~ rnSll . 
! 

( 
( 
,

, 

I 
I 

I, 
I 

rrtSD - MDS t- ~cal1t,~ .
 
LSO- le1l5Jt Eu:8~t ~b .
 

.'. I ConueJ1PujJfl tom· LmG' .~ m GflmYm. MdiK ~ - .' 

••.• 1 .•••. :In COtnf'\:e)lS~~ ~ ~ dHili, 
. bJt ..1ht-.,~,'~WJ bJ -\te'. UWI ~ \:Y6 in the, 'j: 

.•. 1iJ1r'1 t\r ~lfUJmlV1! ~.lUImlflJ, "'- o~taL I 

ruJnLb3\· 

r-7"~ io···~.•'--) ochl1 to ~ 
o .ocJ.ol·. tod2QrulL.· .-7 ~ to octaL 

'. ~. H~···:m.deDJlcl 0 r\~ 1:0 ~ 
I 

I 
-7 ~ to ~ --;? ~ -to t\~"1Jl,dedrnal

.T, 

~ d?iJ.rnO.l. tD· odnL, .~ eeto..L to HeJl().,cle.uJI1.Cll '( 
o .det.Lr%L tD' ~-~. \.-J~ in odol. 

,I 

T 



, ' 

')('O\\O\.O\\DJ~ ::. c \ D; 

(lO\\D\.O\IO) =/llvr-,'S' (, Y 2l····.···C····qJ· ( '\ I, ,;..,,0J· 
. ' .s ~.a 2-' 0 _I-l--"-~ ~ \!.. '" OLJ +LO)(~ ) + O't-;;)J+ \~~ )+l°A..;,) J -t L\ "'- Cl . 

+l0X. ~)+(-' ~~~+ (\ i-~) 1CO~~~) . 

::: 3&+0 +~+ 4 +0+ J+6 +0·(15+ O,\d5+ 0, 

::. rL\5,~15) ." '.. 
..;",'--- ' fD . 

,octaL to de.Wno.L ',
,,, ) 

l Y053. 03) 2> - (2-09.\ J .. ' lO .. '.' .' 

c(4053.03) y d-\ 0 K B~f 5'ke;+3~80+ O~el -\ 3 Ki'" 
3:l- I 1) -I -;L ~ 

+".". ,".:: &042> t 0 + q 0 + 3' + •...... .'. ~." 0. .' .'. 
::<:'., 

, ! -::. 2-o<t" 
, \;,;,.". .:" ". 

)! 

~> (5:)a.l~) D -: ( ') 10·
 
) r . - ()
 

II 
!r'eJ1J {WrnWt ~~. i?, cx}o.l. :\}Jt ~. 

T .u.:o.. , JJrl .\J LJLI.J w-u ~\'@l(o'i~' flQt" Q.,OcW.-· .' .! esu 
,," ,.:.' .I vn.We- 'In ~
 

n.um.CRJ1 .
 
(16'3. G3J2J:: Cl\9\ _1'1· ) 10 .,


LID -\ -1- '. . " . '. 

::: 1 iB~-+ 51B'+3X3°-t GiS\+3 'ksJ-, 
, . ,.' ... ," - .' . 

_ U.L\% -t 40 + ?> T (3. "15 +'O.b t.t C,i. .. .'. ' 

) 

.) 

_. '". " 



··.. ·H~-tV~'-·; . '" . 
_ l 

CSA3JIG-(l443, )
'. . ~. ..•... ... 10. . 

'. ". l~ ~J IG = (5X t0 ) +(tD AI co') t~ XliPJ 
.'--,' 
- . 

-

~ . , (~40) IG 

C~~~)lG 

::: 

, . : . 

W8()+ I (Qd~ 3' 
. :' "', 

" ."' 

UYlf3) . 
10 .. 

ClC, \ 3 . .' ..~ •. '. :' 10. 

UoX-Jc,~)-tC4'h,d) -t(13X\6o) 

l,S3G +b Y-\"- ''3 • 

( 

( 

, 

!l ~ 

) 

I! " nun\fJL .iJJ fnOCVn oJ'> .• ~d ditti?uJJn osul· 
r I 

'. - ~ 

, ,. fYUJ~ .fJiQtha:l.< 
o lr£ \rtteg'Jt .artD.•...~~ 1\ (L dzWnnJ-. 

'. ru;mtvt oJle-~,~pucrl:cl:1 fsl' ~ (Jm\J eJ1fuCrn . 
. 0J).(l .-thesv..... -\re' •.... )f1JuW9 .. ~ ~ . 

.·~Tn~~~· 
.... 'To L0fl\Je)tt -\te \r~~ p'DLt b~ ~ -tr-e ~ 

di~ rr0h09J the--~e5lJ c:IDm.n-l (UJm~ t9; 
,

diuide.d ~ .. ~.' 

~~--~----'-. 
'.. 

-7 \0 CClL\JeJLt .de..ClnW-L IW~· tD
 



( 

[ , 

[ 

( 

( 

I 

I 

I 

! 

' : .. 

--------_. _.-------:--'-'-~~~--~-~~(!j) 
~' :Jt.fTl.£llJlcbl .i5'J -\1Jund ~ eo.Lh ili~ .udell -the-. 

9}Joti..ent o. ... <".'( .. 

l}£. ~ JroL! ito-m to\iofll .@. top ....~e- 1:he 

~aJmt'~ tn~ rwrnttJ"Li' '. .' 

LG~~J10 =l ) '. 
2

~' (Dc¥
 

~ 3\ - 0 Ii' L':J ~ . . ..
 

r rQ) :::. r 111\ \oj ....•.~l5 - I 
~l£) .\D l····.. ·.· . ~.
 

~ l;"- 1
 
J... 

I ~02I, ) I 

\ -l.) 

[Y)SB. 

F~ pmt QmveJLai.on 
, 

)
) -

'To wnve;lt· -the ~ j)oJL1: b~ ~ .
 
:
 ~ ~ rrw~~r~ g%U .~
 
'( 'ruJrntfJl \ 9:> f1UJltpJ.Led OJ ~ .'.' .
 
, j 1h1- 1rlt'1fl J1l"t d,- ih<- nuJ~ 1~i~o.\W' .
 
) ,-' 1k ~ L' ('(l;\[ ft rm ~n "n ,...-t i rrf). ,unC\\.. -\he...b1()[ t.on.o.i 
. ED..G\lrrwL~" UF~" .. .l)~ . 

: ~ C\- CD cJeWTul1 nu~p ::~QWeb ik pm•• ,~ 
) The. ·\C\te~ 'XO..6 ~ .'~. ·..·<1.· ......,. '"--? 

) O. G~ 5 'I-. 2. :::. ~ \.2.-5 

) O.ict.~ 'A 'd -=- 0·5 
) Q.Sf.. ';t - \,,0 

)~~, 
... I 

.~ .';l D· (0 'd~") 1D ::- C 



--- -

(0, 6ClS\o:; (, 0\) •....•.•... 
..... . 2.'. 

-0.•' Q05. \5) .' =- '.' .··•.C f 
...... .....'f..-. '.'.• rCl 

.' . 

~ID5 
0.' '5 'f... Q =-0·30 o 

'. .":: ..~ 50l- I'l\ o.'30 ~ 'cl.. :: o· G0 o 
e") &LG - 0 

·o.c,o}(~ =- ,.'aD \I ~ 13-0 
, " ,,," .. , .... -' . o .'d.,o '" D. -=. D· '-\.D tJ 

" ", .~. G- \ 
(').\..\0'(';:1 .: 0 .~o. a 

~. 3-0 .... 
~ O.~O)(d :: \. GO 
1- \" 

~rt~ '~ .•.....•.. 

. . ' ." 

\D5\0:; \, 0' DQI.~ . 

(l0'3,15) IO~ U1otbql. 001 DOll, 

'.. Drlm-ol toodnL>_··· 

I .-=- ~l((" l{1V&. 
g 

6·~ a18 .~ y.~ IP ~ 

(').<tb",C(;- ':- l·G ~ 1 
o .b&-)(~ :::. 5· ltl\ , ·5. 

http:�....�.�


------ -

( . 

, .. c_.__. ~~ --------:(2).-.. 
". , ) 8. ~l~~I.; 3Y]~ 

D.q3x- 0 ~ l.l.I~' 
".: .. " 

o.W-I. 'l-%" ::. 3· 52

b:51'!S :. 4·\G.< 

... .,~. 

~ to H~'.--. 

. CQ&nOl to t-\e.:>l.O-Clecisn.£1LCOf\-V~I!0.~ oJ) .. 

, Ick;rnnl- to octal. elf4 .%tat .,,,\hi» .. ca'IP- ~. 
I r<UJL~ cmrl .~ @L b~ I~ uJhidJ ,9; 1he 

I:@e- et-- HelO.dmmoL rwmCol S\YJ~· . .. $1;,. 
.4~ \ 'Y .

"--,..,, .. ,0
. l . 2,"-'" .-7 Ct3~· 516). ~l~DA. 9Yl,} Q ,...-Iv. ..10 ··IG. 

\~'" ... 

t(; . 13B 0, '515 K \ G;' . :;9;'2-t 
lot '3,5

t G I' - \'0 ~ , 2.-&" X. tG ,.. ·-::.Y<t.tg lb ~------ 10o o ·ll~~ Lf> .. ' ~·.·1.Gg- _ 
". ., , .' o ..~ l:J r'I .... 

:: ( [OD ,-(-p_~f2)..... . .• 
~. U15C,r~G)\() . .. ,. .)-C 

.
 
"t Qr.(;~ o.2--6 ~ t (; -;::. Lt, lit>
 
l(; l1l=-0 eJ. \ b X. l6~ 2.-. 'j b
 

~-o
 
b. 56:( \b . ~-g ·9-' 
a ~"lb Xlb. ::\S ,36 

-r------------:-~--~--.'-'-------~~J

.', . ,~.. 

, '~.' :' ; ~ . . 

mailto:I:@e-et--HelO.dmmoL


. loconvent:odnL to ~ . JLf->t ~lo.ce 

•. each oclnL cL:if' ~.iJ:9,;) - b.it biJlil"'] eq,uiuJent, 

.••.•	 ~ lS(3) ~ •...~UO I'll OOll)2

. C"l~ SJ .'.~' >(11101010 I) 2.g 

> ~(3~G)8~' •..•. '3 ,.' ..' ..~ G 
. . . . 

·0 It··· . .... 0\ 0 \\ a 

Lo\ tOlD \ to)'.' .".' 
.• . . . ,."l.-.c . 

to octal erm.VeJlfuoo '
. "... ~ 

To c:.ot\\lWt~ {p. oe.tn1, j~t oe.,~. 

e018"""PAr 3 biJ:?,1J'j ~. oW rwrnW1 
..... :7 5~ -the-·.irtc~ ~ .~~ inro 

~pPJ cAr -\h~ .~ .. s~ "{tCJfll -fue ~ 
-FX)\ fLt on. \nltuSidm...· 

'. ~ In ink~ ~ to.~ rouP.o\ 3~ \:Ui9J ~ 
~h-t 10 leW '.' . '. ..... . ' .' 

r 
... ~.1<1 ~ ~-\n ••~ r up do 1 lllt9J 

~ ~ -to ~1-dJ. 
~ I1- needed Md 0S on -\he,' e.,'11~ ~ ~ ~ 
~ ,md; and .~ "'i)nL ~ -the. ~ 

, 



• • 

'," " 

o011	 \ 0 l \ 0 \ \. 0 \ I 0 \" 
" .: .~:". ,-..-.	 ." ."-' ' 

. ", .,' ... 

~.	 .. ' ",I	 5 5. 3i' 
0,•.<: :",	 . 

-7' ( I 0 \ \ 0 \ D \ O. I \ 0\ 0\0 ) 2- .....;(5sa, (050.) . .... ....	 ......• .... '. 8 .. 

II o)w \\001)
10\ 101\0 I 0\, 

:,";"-:
:~' ".. ";:GIs 0 

t).	 5 ~ . -',' 

[ . 

t-Iew.deWno-L -to ~ eon.vo£Lof1;i~·· 
----~ . 

'To	 CDmJ(')(,t OJ \-wLcIDfl1£lL (UJm~ -tb blfllCv(Jj . 

~ ..hj'It:S l\~h1{ .• ~. q!-1iV~ ~ 
~~\{)..Ge e.o..ch 

8<oJr"Lp\e.- :
. ,	 )---7 ( 
: l	 ~.,..-7	 CGA3) \G 

. .:.", "" . " 



,. , -.-: " .~, .'."., '.'. ': 

." '. . ......Cbffi!~.-
~=-----c-- . "':: , . , 

, ,.: 

--,-~~ . 

, . 

. .:' 

(IOO\O\IQ10\Ol~~-:-7: (1~D5J.· 

.-0 l1l0110IDIOIOI·tOIOIDIOI\ ---7 l ) 16. 

ooq \ 0 I I 0 I 0 \ 0 t 0 \.\ 0 t 0 \ 0 l (J I 00 0 

1 B. 5. ' I A ) 

(\\D\\OI Dl DtOI.1D\O\D\DI)Q.~ lIBS5. AACO) IG 

,,---7 ,C,I \0 \\0 I 10\ . 001\01) '- . 

00\ t 

3. 

D1\ 0 

~ .',",. 

I.. \ 0 \ 

0,' 

,00 I ,I 0 100 

Lt. 
, ) 



; .,' 

. c' 

( 

('\0 (OruJeYtt on odo.Lrwm?2n,tD he-~~ •. 
( f;')lht- CD'fL®It -the- ~eJ\J oJ:01· rwml:>eJt .,.•}:b ~. 
( o.ruJ -tbesu. lhe- ~ fU)rrtl:v1.',l() ... he.,~. ',' 

r'.'.'... ) . 
( -7 C35(0 . (03)8 '7 C .....,' l~, 

..<..-: '~., . : .;- . 
-"','I.odal to ~ 

~.~to ~uL·.· 

53 
.. . . " .1' 3 .. 

. ,,::.:.
G \ G \ . ) tl0'llDr 0 \ LO 1\ 011)2

, 'J 

oOO~1 \ 10\ l 11' 0 \0 I \ 0 0 I J 00 
:,..:.", 
..... 

"< ;. .'olE E- . C . c. 

. ) C35G.(3)8 )1 [Of-E. Cc.), 

,~ .' .H~clecLnwl -to octal con.\J~".' 
) ! ..... 

) To c.rmv0tl: 0--~. rwn\btm oclctl, 
) fl~t Qrnvmt 1he. ~eS1 ~•.·..·.fWcn\:vt-to bl~ .
 
.~
 ClfI-rl t}1Qf1J -the. ~ f1l)m'rot' td oeWt . 

..) .... 
. .' 

) 7 C69 F· AE") \G ..~ l 8 
) 

.. ) I. HeJJlC~Wn.C1L to ~ .. 

)
)

a. ~ -to ·octal. 

,) 

) 

J)t-------"'---------,--...:.....--~~~-----.:------.:---~
 
., ....: .; ;;, ~." ., . 



{) \ 9 .\ r- \,K .\ E \
 
lOll \00\ ,1"1 .... \01°.1\\0
 

....., 

\~'l ~tll~I.I:\O~I 0: 
... ( B9F.(\E-J lG.· ~{ 5(!,jl. 53 '{ \~ . II . 

. .. . 'S \:@l I ... Cnnv~ ~.... ~.. slftern -to ~~. '.' 

')
 
\'1.

'To can.voo: ......•Clnj S~~A~ -m ~s'ft~. ~t .. 

I ~~ ~'Zb~ ~~m~ Nrl ~ 
... ,. ." .~, ~...,..>. 

:Ste-pI::-f r3alj . > l~I'.· ) . 
.. 'i.2.- I 5 . ......\D. 0 

'" . I'i- rs'\3t5\.a~ 5-\-\ iSo .... 

. _ laS +1'5 +10 +\ •........... 

- (& I \) 
. 10 

••. il~l{ ~\\) to' ...~.' (\lJ-,<). \1-. 

1\2---~\\ 
I : 

_\ l- n -l '1'-.. • 1-'

\1,-- \-5 I')
I:), 0- \ 

----_-Jt;
~
 



"" ._. . . 

(·t- \'s c~ o.su).-'5 eamplLrnJL?J : ~ •. 

, ' ....:"::," 

(. I 

.,
 

,) 

~ aYe. ~ in ~5~~t.o .... 5i~ 
fu suboo..ctnn ~ 00J.e l1Odi-)\ )..-ur'tUfJ. ~•..• '~.. '. 

twD ~L ~ ~ COfI1f~ ;>~/ ,';5 -CJJi"nfl,-ern.en:t- .' .. ' 
(~ cmnp~J and the. IT-lJ'~·lcrmp\qneni: . 

.CDirni.ni9Jhe.d Ro.cllx. CDfl\P~)' 

15 aru::l 'J' S eom.plernenJj2j :-

Ik ,'S CC5Tnf\wtQJ1i ~ CL ~ ruJrritml~ obWrW .~ 
cmnp~ alL i th 1:U±h J %tat )}) ,b~:rep\n.Wu9 all b\ 5 b~ 
;s am:! all ,'s bj D\ 5· ~ . .' . 

e~Dfn..pte.. ~
 
I 
\
SlOTnpbrreni:7 

'"The. ~.'s 

a.cJchng \ I 'tD 

e<ompk 

,s 
, 

compturent 

;;II S c..onc-p~ 

0 \ lO \0 \0 I· L010 lDID \ I 00 
. 

100 10 10 I 0 0 I 0 \ 0 10 IDOt I.· . 

c:mnp\~ r'l Q ~ fU).ilCb1 \9:> obi.aiflRd . b 
o • r; ~. 
tth \ S c..o-rnptesnesrt: . 

OI\D!O\O I 

roo I0 lOt' O. 

. +. I. 

. \00 I 0 \ 0 \ 1 

1010 l 10 1011.'.. 

cH 010010100 
", :"-:
.".: 'i 1 

. \ 

... ;:'-:.,"
 

. ,
 

• .. J, 

I 



._-----_._--'_: 
\ . .' .'. 

I S COntpI eme.n±' :

:In 1'0 COfYlp~ Su6t:oeuiu:nl (odd -1he. 15 Lcrl"llf~ i 
..ihe-. SlJbbo.-h0u1 in .'1he, .. _~. It ~ )9J (1J ~ DOC/ 

.WI:9 ..-the-. CtJJmH· 'wwmd o.rt.d Qdd it to 1he. LsB. Jhm t~ • 
..caJkA ihe eru:l 0Jw0fld ".~' .4 -\he. rno5 r:n b I ik 
~uLi 1,'0 pfu1:tvJe, ospd i 9;J In me. ~ . Th-\h!. rnS6 19J'1 ' 

~ l?e9.>uLt \~ ~~. aJUi\9> 1ft \1JJ1 S LDT'r1fl~ 
~. . ... 

'. £"A.~ Ie- '. --e . . .,.. 

~u bt:mLt 20 1JWm 3G 
3(J- Ln·.' 

3b - 001 00 \ 00 

&0- ODO '{OIc:Jc) 
\ ..' 

," .. 

'..... 

'.' - '. 

~ -the. e- tJj: l' S C.CWif~ 15&)
 

_~ 00 lOb I 0 0 

---'::;>+1 \ 
. I I 

I C.l1 01 I . ( ,'s c.ornp~~ 
'.' I. 

ULJOCl?ll I" 

'. ~ .\ l f\oo -tht em CV(J))I J 
I I! \ ~~ 

0001° 000 

/!flG· 

~. rttSB \9.JO. lhe-'11eJJIJLt i?J pSllhu e- . 
: >.- "::" .:' :." 

Th t\:Cmnp~~hDfll ClOd u ,'s ~~ 
~ dg' sub~nn,d ~. 11J 1:heYe. \9:1 CL. ~ out 

o.dci -fuR., ~ 'In 'LSB pfuitwn . 

..... It the. fl\S~. t\- ~ oeRJlJVc OJ -\hefV -the.. o.JY9J~ 

. ~9J ~t.ue. ..·~~B ot -the. 6UJ\)LC l, -thm ~ ~u£Jl 

I~ ~6L.,vQ.. .• 
..~--. "1 

'.' ..-.' '., 

1 



(	 (j) ..... 
~.' 

(,;~ 

Add -+ 3G -to -t-1-O ~ S biL····.l'S,cornpl~· i&m· .... 
(... 

." 

36 --7 00 \ 00 10 D ~ 1 10 110\ 1 
, . 

~o ~ 00 orO \ () D -7 I I l 0 lOll 
, I I I I I 

'. !J I I () 00 I 10 . 
r '	 \> . .j'.LCLd~ -lkefui ()}[)[)rld CDJtJttt)'

.-:.--'------- .' 

\\OOeDl\I ....··... 

fYl5B I PJ \ / -\:hQfl -!::he-~ "I~ ~oh.va.-
, i." 

0011\ 00 D 5G .	 ) 
0;.:" 

I
I • 

3(, tOl.O ';; 51;,. 
'. 

eXo.mptC- 3 s "." 
j . 

Add -3G .to -'--0 ~ t) hit \'S .~ .~. !
I 

.' ~ 1 0" 

Sb ~ 0 qoo lDO-=? t 10 , I 0 1 j> 

00010100 --=? II \ atOll 

.. iJ I \0 Doll D. 

. l) 000 It 
1
1:-=1 ~UcL. 

o 0 I \ too 0,- 5 C, .' .•... .. 
. .".. . ' . 

. ' . '. ". 

lilOOD \1[).·' 
.

,
':-

. 

".' 'J 

to tQ.o .. ~
 

+ 3G -7 Dol DO 10D
 
. -:":.. 

-.3(',?> IIOL 101 \	 -ti-o 
-1: ';tD 0 0 0 I 0 I 0 D "':~G
 

I
 
l \ ( 0 I I I \ . ----"') . ~lG'
 

000'0000 

"." ..; '. ;-.. ,.' ." .'~ ': . "', 



Tn ~\s 

~ . . 

(omp~ sub\:m.Lb.lJn lo.dcl-l:he. o!s ~~ , 
. <t the. 51)b~ .•.. to -\he-.' ~. Ib-~ ,9;; OJ ~ 

'.' outJ ~ 'sn(51e't. 'l1 ....ihe.. rnS13 19J 0/ -the. ~UU J'9J 

p&Ut..u.e. o..nd 19.>'1(1 {rue. ~. It-~ (Y\S 8 '17:J' 1 
1 

--the

~ul1 \~ ~oi:w e Gf1.di ~ 10 'I ~ ~?-J CD'mp ~ ~ . 

.E::i~\e... I ~. - .' .... 

Subtm.U: &0 JJJrnn Jb I~OrLO -.tL. • '. \ 
.' 1)~'	 '--~ ~\J~ 6 - bJ1~ s C!:Jrr1.P~ -(O\P1. 
3G -20 . . 

.' .-.7 ToJ<e, 5~b btL~. ~O, 

&O~ 000/ O!O 6 

9r; ~. 00100 LOO 

&0 -7Li I plIO\) Ccl'.s com.p~ iruIJ ct- 20). 

11 000 100? 0 L ~rL(J1{. -!he. ~), 
..... ~.,~ .' 

Add - 3GW -or ao ~. ~ S- tll1: ~\s l1mtp~- ~. 

-+3(; >	 06100 lO 0
 
llO l 10 I \ .
 

. . ..~ .' ,;+,
-3b --:'-''--7/ J\,0 l I ~' 0:0 

I
i /
 
I 

i 

i I 

I
 
\ ' 

f 

I 
. ) 

) 

I 
) 

I 
I 
I 
I 
I ,) 

~o ~ 000\0100	 r
1\\~OOOO '1'" 

-3G0tlOtl 100 11",00/11, 0 .. 0 .... 1111 ',.) 
. • t l I	 I U l.J I 

-I G:<:, 1,\ \10 00 0 :'o~, otloi~ D0~ C:+ tG) I) 
~--,fI1--"S~5:...J~9.1::........:....\ /C;.. .. .. 1)

) 
.... -\t1eJu~~+ ~.,~·~u~lt~· J2'PJ:->---'-'.;~.~u~e-...L-----'_--=====-_~ 



'~"".' 

:'.~3·.-

, f'dd-LJ5 ,15 to T 6{·1J 

OOIDI\'O\ .	 noD 

t I 0 I 00 I ~.	 00 I ~ Us Cnmf~ -\1&lffl) 
~ , 

( . 

-t '01.5 -?	 0 101 0 \l 'I.. \ 00 b
 
1\0100\0. 0 \00
 

J t I ,"

Q 00 I 0 I 0a I . I J 0 o' (1g.~.--\hiL~. 
. ' , 

- \ J,. 
~!-t \. :t >'" 

b~k Y 
.

Add -l45.15 to-81.S, ~ -tht," (~-b.iliQ'b(~~ 
-t'(,1.5~ 0101011\·\000 +Y5.15--'7·cO\tHLDI. \\06···· 

u's comp~) to 10 1 OOO~ 0\ 11 u'S~)' \ \010010.00 II 

(pddl) ) ".... ",,1 
lis L""'!') . I~ I 0 LODD.' ~~oo 0'SC~1. \ to) 00 I0, a100 • 

0.1 1:-	 .- 41.15""'" - , .' .. 
, -t) . 'J . i·. .
 

.i
 

_ <01. 5 .	 \. 0 \,0 \ oDD . \ D00 

-LJS."15 1\ 0 \ DOlO· DlO 0 
.. " 

----~--
, ,"(I] 1 010 . I 100 ·.·lJ'9Q~ ~~J , 
~ 01.	 . . j:'.' . 

. ,...: .... 
\ 0000 \ 0 t· 00 \ \ 

I . :",.Co ; -." 

~__~._.J I 

, lVOO 0\ 0 I . 0 I 00 .' 

- ..~..' ". 

/ 

. ) 

,) 

.,.", 



'. l' . .' 
; qs ~~:-

- ~". 

J.nq's· crn-np~ Sob t~ 

.···... 0 ~ i}e q'5 .•.·..·~··· t\ ~- Subbl~, 
'. -=1 Add q\S(m'nfJ~ C\. st)b~' tD -the.- m.iJuJe.n.rl . 
•'. ~ ~ \~'I9J OJ (1))CYUJ {t 1n-d.imie1J thnt; -I:ht &$JtOCJl 19>
 

p&lhve. Aeidff ~ -tD .-trL LSD 6.\ -th.iJ., ~U\.t
 
. . . . '. . 

to.~ 0JfJ[J£)l. 

", . -0 1~ .~' 19)'(\0 ~. ; t \nciLc.oXeJ.) i;hcJ: -1heI 

~ 1?:J . ~o:t-ue- a0d.; ~ ~l:l\.t cb~ '\91 'Itt:> 
I .' . . . 

9 s crrrnp\weslt - . .'
 
~ f- 'lnd ""\he- q I S Coihp~ ~' --:\he. -tollocwJl5 de.cJ.rnoJ-
(U)I!L~' . .'. . 

--7Y5l-C, ,(Jl S..::::; lIq~ b . 0 l3 'O'.b ~.
 

..C). '\9;.'1 .1. '\.1

q~ '1 ~~q ~.q 9 

.4.~ 2-b . D1. '1l
Y'l \')6 13~ .b 5: 

. , $'41'?:> .. ~ 1.\.j
..-
S~13~'I.~~
 

,., 

;, ~'5' eo-rnpL~ ~ .C\ S~b~ :  ( 

,..... ~ 14~ ,?5(.; - 43{;. G 1-. . 

. S-\epl;~ 9f\~· 9.1 
. 436, G2-

~ 

5(;3.3"1

'. ) 

_-- '. J....... 
,.":: 



. j, ~ . 

.. . '.li~.G~ - lY5.SG,. 

Ste.-p \ : - q 99· 99 
ILJ5·~G
 

~5Y " 13
 
,., ". 

ste.p a ',- Y?l~' Co '2

'd5LJ ' \3
 

I 

G90,15
 

S\e.p3' _ 1:\ ~19J nD ~ .. The. Di'1>l)Vl 'I",~e ••
 

ste..pl1:- Q9Q, 9~ , '~.' 

G~O ,"15
 

309· eO 4
 
( , i

,:. ~. : I .' 

j 

-? yq e G 

qqC\ 9 
4Qg-c; 

50\3 
1 

--4>Y5a6,015, ..... 

··········9'199.999 
'[-15a(,; /015 

5~l3}1~If •. 
: ".:"; ,..- . ,", . : . 

-' .' ]'., 

i 5Yl ?>:9~5 .'.••.•.•. 



",,' 

\ 

>/ 
lY5.<OCd '.' 

.·'1 5b'3 .3B .' . 
. l I I' .'. .....• . ..•..... ! 

. @30'1 .Qy. Li3f\Dle~-L~

I
i -;, LJ3{;.GQ_lYS.15~. 

999·~9 
l. '-\ S· 5G
 
Q.Sy·13 .'
 

'. \ 
~-'-'~ 

~5Y .\Y 

~3G· ~~ 
~54 -\ \.i 
GJ

I 

0 .1G 
.. 

Cf\.lO~, +e. ~j 

9QL)·99 
G9D ·lb .' 

~.---'-..~..-. . ) 

. 31)9· ~3 < 
. ) 

, 
,,7 

., r. 



( I'" \ 
-_.._,_.__ ..-._----'--_..__ ----......~.~._---~---

i ' \

:1, '2> S.Ccrrn.p~ ~c!e 0 - .I" ~------:-.' ..'

Iffrui ~ \IJ

1

S comp~ ~ -\t-e. -to\.Lo~ 
C

.' ~." 

r I 

--7 . 9AD- 3A\0 GA3G 
\5 15 \5· rfr 15II --'15 \S \~ 15 

J 9 PI D-3 A 
G A 3 C; . 

G 5 .~ .-e: -5 
. j 9. 5 c 9 . 

F ~15G9 B.- e- I Y
 
fo -lG ."
 ~ ..•....IJ _"1 .-7 \5 llJ 15, 
t2-~rB 

C. l Y (3-.'9 t,,~-~1
. \4 ..:~ e" .' '.' 1-:;:9 

. l (;, '. ,.;n-~\ 3 .',1 

}~~t 
.\.:8' '.~ . ' 
'.\~~ ;ty> '.' 

." '. 

_ 5 1 9 
" ", 

,J 
( , 

._' 

/5 \5 15 

A ~ G 



.' :":" :: 

.ICD·1S ~~-·~di-·--::~-·-----·-·-· --------.--.-~---.---
~L--~t"' . . L 

•Frf\d -thi t" 5 ccirnp~~ -the.·-\ptlntJ-lin.s. c!ec.a:m.aL n.urnWt, 

15\5 \ 5
 

I_A .• ~C ••·••.••
 
,'" _:.---~ ... " 

'. I I .' 5 l -";3' ~{ tS'S COfTl?~) 
".." L I 0 of (Mel'n.·


I -, ,
 
f 5 1.4 CIG,'.5'CDTnf~)·c. 
! -- ' . -.' .' 
I -,----.c.,- 

1,< ..' . •.•.... . ".}
 
JIG S ('nmn~ -:"_\A ~ Sub\:;lo..L-'t:irJ1l , - T r'.~ '-'~ 

.' '. --~'~"'~'--
I . . . - .'I
t ". . ", ~.~. 

i C9;B.~ elY 
i 

"" " 

i 
•I,' , . 
I
lIS ·IS ··IS·. ", .~ 

(.i· r . \ . -y . 
, \...-

I
I'

<c--,'---'--~I '3 . E ·.5' (\S'S CDf'l1f~)' 
1,. 1 

I , 

C '1 13
 

3 E c..
 

I
 --'- 0 8l Cijn~'lt J. 

i\-~ .~ ,~OJP<JUVt 

. -',' 
.~: '. 

. ". -;" ". "" i::~ '; " .'" '-",' 

I 
I 

l, 



Ill. 
S 3 ~bi 

. -. '. ", l§! 
, ' 

_..,-.-.,--,-.........._.,.~ .......·"':'.~w_-'.:--i~ ............--._.,,_
 
, . I 

. -""" .15 .CGmp~ rrttlhode .. 

. .. ,., . 

l \ S 

1 

~a3-7 G,2.3 

_"35 L.~ y'd..S 
1:2- 50 

I 

~ 

"'1 

a 
l 
3 

15 y. 

. 
. 

,
,j III 

_ 
"Sab 
.0 S 1 

CDl'\f~ ct -the 1P\lo~ '.deWrw1-.• ruJrJ1bU . 
. '. , . 

.-; . 
:::,- ,. 

.... '. '-.. ' . ,"~,. - " . 

l.~.•·l 
D~IO 

. ...... ~. ,,\1 

,'\p-l2

L\ '"' \~ . 

11-- - \Y 
\2, - \ S': 

l;, \ Lo.-dd 

~ '3 \ . 

, 
352
LSLJ 

~<5_,_~' _' .( NO UOOVj,MflllJV1 'l~ ~aku-L 

• .,,' , L" _: ~ -. , -
r .) '------------' 

:; • '. 

: ' .. , 
•• __ L,' ·.i,·' 1 ~ ....Of, I 



I .. 8 S comp~ .._'-_.._.--._-----_....__._~--_. __._~._.,--'----'-"._ 

1I 

. rtod -the ~'s. urrnp~ ~.~ 1PUn~ deuJmLrwrotC&' 

~··53G. 

II 1

I S3GC
 ··.··i.' 

I ~ .. ~ lei'S cornp~) 
t + 1 •• Cadd ...• ,)i
I . ,d-.~.. ~_tS\50JD1f~} 
! .. . . . .... 

h~ISComf~ ~de ~S\)6~ ~ 
=. .. ...e:..-_

. b~3 - 352-· . ...... '.> 

r· l ll. 
1 0 52-. ... 
. Y .~.5 L~\S cm-np~) 

. I -La.dd i) . 
l{ aG l~\& comP.~)· 

I 

c; 2- 3 

y'1-(O 
-----~':.. " . 

(D 2- S '_ .. CjnDe-~ ~)-

.q ~ P~I --\hi. ~lLV1 \ 9:> p1llUJlt , 
. . : . 

_.• J 

) 

" '.- r • 



.

._----, 
, l' NUrnbvl &~-~~ : =-.---,-~-----_...:-".:::::~~. 

. . . ..' 

.~~ two ~ 9>' l\DN1liV),,; .-' ....•. ". 

-7 un &ijrul rul(YlCoU) . 
.... . . 

, 1-" &l{Joe.rl (Wmbvt7J ...., 

I 1k I\J.JffllJulIJ wJ:j:hDUt pg,;tiJJC81 "Batu.£. ~01>. 
"'" /<Iw[jj1 @> un&ltJntd {\1XTl~. ~~"'" ~ •... 

\~ olw"W' p&JJw~ 1W"'l:£.n1, c.~} 
, i jfl SJ{jned rwm\:eol 0\ftefl1.~ rum\vJ' ""'ti '" . 
. I pch;llue Bt ~e, ~ ~~_0'hJ-\lII~,' .'. 
IJ &fBred ~~ .~ 6Yi-.,' . 
1 ~ . 

i -'l sfBO' rnDBn11vck ~/ • 

!~ I'S compL~ ~"."".'"

,1-" ~ I S (%n1"1eJ;;entnr~'
, . ' . 

. f' s~n - rn-aBrUtude ~nn ~.~ . . 

Tl\- sl'p_ rnD;:jrUJule r€p~.'1f-e. 1'1\,8 
'. .'. . 

~ -\k "'-'Bn aJ'd -fee., ~ .•.• tJJj:fo 

~ 4J,g m.<J8 rJMe ,.Th- (VlS(', l>i>t i~ \ y it i~, 
-Ik &1B ib ~e, <:>.rtd (Vlt[', .'bit 190 0 , ;t;~ .'D ..' .' . .'fI 

I ~ fJ,gfl ;y, ~WJ e- .' ...• i
I 'In e0 [,jJ:; ~,!>l (VlOe\~"'1k. SiS" ,.

ht 
.• ! on.d ~ _. _:n ; nll WJ,~ >ewJ" -\he. , ni±ude •.L "'""uy - -.J WJeJ\ -" "'f. .' C('O{J. • 

i .~-",,-,----.~.~ ..._---' 

'" 



I 

I, 
J 

. ~ *he- fWmtVt ·H~ -~ -'-G"~~ i~-·-~-':~~'-'·~-'·"'····"·<>-"·· 

SiBn bit . . 

·+b'~~ 
': -6 ~ GJQl§JDJ()8illJ 

lis c '. l~~~9nn-fu1r. roil , _
.~ amp. ..... "1"YXJ~'1 ,I .....• 'TCyl:he,.\'S c~\wmt~, ~ p~,I' 
i IUJm\:vIJJ ~ ~. l'S C0fl11l~~ <i ~~"~ !MrrUn< CLlJ\;te obt~: b,tjW \'lQ com.p~ '\ ~ ) 
1h I'n (l'llJ.i rwrn.beJl, ... 
I ~ ~~ .' . 
f . 

ms~:o ~ p&i±t.ue 

i 

1
i 

- co ...;>\ \ II (0 0 \ ] 
< 
t
 
i
 

IQ'S comp~ ~~- . 

I •... .. /:.• Ji, ..~•. <l'S CO"'J'"-f ~, \he ~.: 
.• rwmt:tn51· ~~/ ~'S C!mtp~~ (~ 
.~ue rwri\ltJtlart lL obWntd·. b~ , 

-2)¥J'.•ihe. . l'S . CCmtp~ ~ W NYY\C£Jt lbj ~lo.iln:J t)~ I' one '. 
.... ". .' ..' .. ' Lb:Jrl 

..\ '." .' 

-1~ ~'. ~. 5 Cmn:p~ C\- tnLrwml:vt b~ ~ l J : 

1\S (JjrY1f~ ~\) tk' rumbot " 
, ·.\}/Ii· 

... ':. ,. 



--,--~---~---

: " ' . .>.:. 

I , 

t 

"!-G0['\I~ 
I! . i 
i 

i i 

I 
! 
i 
f 

i, 

I 

I 
, I 

pe.cifrtol. 

-tl 0\ ( \ 

+G o (I 0 

-+5 OlOJ 

OLOO+L1 

00 L I-t 3 

00 10+a 
000 It \ 

lilBi-Ied - Q 's 

.CNr1-p1Qment 
, "'co 

··•.··.011 t 

••. 0110 

atil 

o L L D 
,",:"' .. 

.' 0 101olOl
 

OLOO
o l 00" 

(0 1 )00 I \ 

OOI.D .·.·oo\.C) 

() 0 0 I (JOO! 

':.. 
".: "_. 

1 .... 

I 
!
~-' '. ! .. ' 
! 
i 

1 . '.. ". 
. . 

i 
!, 
1 

i.." 1 , ~ .
.I 

!, . 

'" .." 

.';.'" 

. .. / . - ,.,: 
.... (,", -;' 



~
. 
. . 

I
 
j 
j, . 

. ~ 
8
 

WOe?) .] ..•.. . ::. 

--'-"-~ :::"<' 

••... "
.. ' .p .' 

... ;>l·. 

I'.'~. .... '.
'---c--~' ~'.''.' " 

4:. 

.'';; . . 

---'...J,~ f 

t~f
 
, 

'. :.. ' ;;:b 'gf .. 

;,.., ..... ~ ~ 
........
 ].. ~" 

} ..••. ,;r ..... 
.' ...<[J '. 7~

···'r i

..••...••.•.·•..·.····.1'· ~
 

........~ 
....... I-------' .
.• ~ r ~ : 

~ ~i2 ..
-i.. .'
7.~••,..-----...__---.J 

-

~ , 
::r 
CP 

 [ 

N, 
:r 
r 

-

I 

cO' 
Ul 

-
-

cO. 
eD . 

.' .....:.' 7..,...,------------~~~----'---------- ~
 

http:��...��.�.��


, , ' 

('

•.-.-co-drn-------------~·----- -----------"---.~. ---'----...::Q§)...,:;I~-U-fl'iQju.C

~ALphofwnmUc ~ 
- I .1' Alp\-u>ruJrnQ)(iC ~ ore- ~. ~"'w\-tCclU j \ 

. '.' r"' 

~ nlp\u:llWnvtiC ~, 1\Jb..•• (b~ . ~n.c1VdU> I 
<llp~G eb:h», 1elJ:0\1> <:\, -1ht A~ ,~, .. ,,' 

• ~ S,,=!rnl:oih Md pu~ ~, ASCII oftd· 
, E!'>W\C aYe ~ U'£.d Atphmw~ .c.o&Ji, ." 

· A,C I I C"rr<Jti.£OfU S!JW\OlLd cneb- -jjl\ f~ Jjv~ L 
dufmol>Th~W9?)'r .~CDtC CEX(ended ~'. ~ '-." , .. - .' .... 

,., . " ' . 

., . AI.p\uwJrneniG ced<J'> .Ql\>. =!{o,~ !n!",<.output 

• c:Ieu1foJ\ · Such oil "':J~' p>tinWJ> ,vOU$.,. -,' . - ! 

---7i we!B~ Md_(lfJfl- ~hted ~', ~. 

• 1h< ~h.ted coc\zf,aJ'e ~ [,l\LiPc ~ 
i-lk pwm - W'iIJ~ plUnCipl~~ ~ 't -\he,
I (Uirtt\:VL ~. I}J srcr¥ .~.', .. .•.•.. ..,. ... 
i r:.",' __ D-Ilal ~~';;l\ ~'1-2 -- \ . .' - ..: ...- . .' 
I C¥'-' 0, \ I" . .. .., .

I100 / ~;~ ~ '~~... ;" Af,~::-SU~cj,~ If>
 
. v-''Q'-- / . _ ~''-P Vel I '. . ..... 

. . -".:; " ,":' .' -',:: . , . 

. ,.'
'. :1 





'7i 'Belli:- ca::Iei>. _ ' ' ([JJ
r' • • r . 

~cl.iL LDde5J ...•on: a.b->o caJ.JW tmLbcJl7)tMro. crdeb . 
~_ (1[)Jfl£'. ltM-4 lndLmteJJ. 1hxit ..•~.ti9J Uni.l: c:lJ?t.onU . 
~ -1wO~ffiJtue code?J· .'\he.. vnj.,tc1tJJIDstu co~. •..... 

~ spe-~ (Ldu~ lrl -tht:t1~ ~ ~' .. ' 
~ &~hffig.' ....••.•........
 

.. t:f..-; - Gt'1illJ [DOC. 

"" ~e CDdw:-· ...•...•. . 

. . A Po lin I'h (J e codz \,9") (}J' •..• .' .' ce0e-' let w'rUth ,ihL .'.~.
'I~~ .. '.' .... oi'\ 

Ur, f\ \.en9.>t £JB~ bib) -\;m tocltLWful19:> an. -1rm.D a -' 1 
.' (\. . . 

i aYe_ ik. ~ i~9,-~ ~6, JQ-ow
0 2r ~ -1. 

. . . .' 

.' E-'/-,,' - &'M:1 cock-. .. . .•..•. '.. 
) . . '. .. 

) ~. coded .dedJno-L CBe-O) c.ode:& 842J·LDLk->

. ) . , '\'n iL:o.. '.LOck -- ~ ",&wna1)AftSt 0 ~rohJ. 
-u L "Ul.LN 1 t:Q..Ul ..... .~-, .. -0' 

: q, ill co:b:l b<j a. l( - b1l 1:>intlJ':j1lJ.,l'Yi\m'; till <JJ;o .'. '.,
 
.' ItolkJ -Jhe. n.aJ:u)liIJ-~ wle. ~&...W1f1'te ..-\kdeWnW.
 
., 'c, . ... . . 

) rwm~ 115' [of'J \:f. ~ 05? 
: .." . ,.. In

." 
ecD 1\\ J,.illbiJ~bJt .•

-., .'. . 

) ...... .' 

l . '.' ..' ....00610\0 \,1
Tt \9J ~L ~ ~O~"'~ m.fuJV .'
 

J ad~"~ -lhiJo toM, jy, '~ ,~".l\"'~.ioMLl 
)

) 
1ltrJ"l cJe.c.i,m.<ll-.> " .' . .. ..... .... ". '.. .' . 

. 'J c1.JJo.dvo.stlnff C\- m BCD cock ~ .... 1hJit.,roW:h~o~ 
.) eve- rn&e.- comp\ex oruci :Lt ~ ~b1±9J . 

,) 

~) 

_)'----- ----C~----~~f'. 



..'.' 8eD .a.dd.i.tLoll .' -
..'.0 Lon-\l~t -the.- d:.drN1LNJ(IL~ Into ~~ &.0 

coc1eJ-l·
0> Add 1:re. two BLDhlJrIlblN>, ~ -\he bn?liC ""l6I
 

4PL •.~ cLddJ±wn., .' .
 
o	 ch&K lte. j!eJ)uLi 11:Drn '11) ~ -Lo m lW--I:Iv:ill 9) it '19> 

Q va1.LdBtorwrn~ .
 
. --'7 ~ in .)ieJIuLc· ,1\ .~ ih.oru 9 &\ i\; (U . CoWUj ~
 
•. {>to1'\ -IJi 4-Ilil: sum, 'do< ""'" Ii, ,n Iill1d . 
o	 To '. ccrmd --\Bz S0CO>/ n.dd CaII D) G -to --\hi. SUrf) tDsn.
 

ct- -thoiGotODp~ . .
 

.... ..-::) Ii' ~ deiuL-\1JlJJMn C; 19) ~, 5.Lmp~ add ~
 
· ~."-tp ittruty-blt [,()yJup.
 

· !==~I"I~~f''-"..--"""".'1'_e.. .-	 .. '''(02) 3 . 5 + ~ 5(0. 2- . 
I 

. ~ 3 + l3. ~o 
'~Y;3S-7 0110100 0 oOII.a~o \ I 

:l 3 ~ DOlO Dot! '.~5'G.2.-~ 0010 OID\ 01\0. OO~O 

_I "_ ~ 0DOl o? I' I h 9 'C ; ; 00 \ \ 0 'I :~ 0\. 0 I II
 

3(; 00' I () II 0 0 ~ \.0
 
· "" - ~-=---~~.- . __--'1-------

I00 0 CDC) 0 \ \ I00 I· 0 l ~ J
 

ltU 
too I DO \ \ l 00 \. 0 \ I I 

" . .' . 

" . ." 



I 

i. " • 

( . 

) 

, 
,- .• J 

,BCD Su'o~ : 

0 EDLh ll-bit 6t')lOUp ~ Sobblohe.rui •.•'.~ .'\he.. ~pood1I1.1 
y~\)jt QjtDJp ~ -the rrWuJen.d, 

--) 'Ib- -\hili i~ MboJlJlOLO ~ m >ru± ~\lm Gt"-DOp 

~ (\D ~" 

~ 'k -\hve ,1) '" \:o1O\.l)lil j;wnl•. -\ht ivJ; 'j'U"?, ~ blono) 

19> Subbmcte..d ~ -the-- ~t£JtJY\% ~lO\JP, '. 
~:' ... ~v 

2-2:, .-- \.3 i. 3(;, .%- \4+'-·5 
'l.3 (; . 3 ~ 60 10 001 J. 0 1\ O. l'O Da
 

2-~0 0010001)
 
I \.\1-' S ~ 0 ..°01 0\00 oolO· DIDl
l I f j" '1 , 

, ~ -?l 000 I 001 \ ~ _~". L-tLI~-',------:-~. 
1 ql{ ..2>. 0000 Il\,l! DIOD.a art 

00 ot DeroO 
----- 6 itO· ' 

s' :~ 

\ ·······WD·····.~·.qs ... ,- ... . . 
. .,:. -. ..:: ::" ~

LOD'} 01 fJ O. 00 lOlblO 
.0 I 10 

~(D 01' tJ lOO. (j 0 [0 .3 0000 .. ' '. J' 

0000 WDL cHOO,r 00 L1 
--~.-

o "r' .,..... l{,. . :3, 

. '" 

I 



,

...' o .2-3~;l6"- ll{1.~'3.> . l-3b~~ ~ 'DO\D 00\1 O\tD. IOOD 

%51~~ ~ LDO0 a ,ui 0 I t l . 0 I0 1.q~q. 9 
..". 1'1 U

L41:-~5" u;t D ' l00 D I lO III0 I 

.•..<6 ~ 1. If .... OILO 0110 . 0 lLD 
. 11.\11 --- .I 

----l 00 I ,0.f 00 001 IlJ 0000 ' . . v • 

ll· '5 
D
 

In, '10 S lNfl-Pkrn.en:t .i~M'e ~ ~ .
 
, I· ' 

"L3b, ~
 

LL\:~- .6"
 

D''l4 -5' . 
~-.' 

, . 

". E;(CeM 1hJlee Code. (jS",3J ': 

.1U • e:;.LeM - 3 ~ 10- () ~en dffiJno.l, 

fU)rrubVl ;9J ~ •••.•..... b8 addLrlg .3 (0011) . -to ea.rhJ 
.,. in .lI;.~GU.vefl ..L-L ",.." CM.V'~._1_ ~ ',~ 1'\ ft ~""'t '. LI~.... n.u}"Lrt1 hn...LLJl. 'CL'\ a-IJ CL L. I IU I 

. . 

•. ~hted BtD co:1ec>~t.a1 arui 5cl.\r -Cf]1'I\P~9 
code.
 
'It com \J?., .'. we! 181' roUthm11Lc o~.
 

!-, 

) 

',.J 

. ;: ..' 
. , -',' 

... , 

. ',:' !.."_ .r· "~' '. 

.. :;;~ ,\,.,~ :, '. , 



I:' 'G.x~s~-~3~A~dd.il:UJll~'1W~, -=-__----~~--'----l!.V~\Jdl.__
 
(' . I 

0\0 IlJ IlD .'.
l.~ -+ I~ 2.~ -=1 56 -=7
 

=-= \i) -0 YG .~ b\OOClIl 0
 
1 . . ;i") , .' 

I oVlll DO 

-00\ \~oot I 
.0 \W) OD I .. IOJfllJVl III 't-S ~ ~) 

-

Llr ~~ a.dd -+ CiOII:.
 

1'~ .~ (lat ~W sLb\JlD.f± .,-Doil.
 

-7 ~ 3(; .iQ -r 1Y'2 . 5· 

'W(;;, '0"':':;;:' 5 C09. B. ~ 0\0 \01\6 LOO \ .lO \' 

IY1.,5 --7 Y15.S··-'7 0\00 ·CJ\n ...b\o\'\oCJ~ 
~OO\ ····\tttl t\\o<1l 00

\\ ' . . '. I,J . 

tODI' ." I \0'1 .\ \ \ \ ...••. 00 \ r 
-',: . 

. ,.' . 
.~ 

. .. 
".: .... 

I \.0 \ 1\\ \ ClOl t .
toO \ 

~ 00'\\ ~oo I \ +00 \ \/. .•. .'; 
. . . . ;

00\ \ 
\ IO\) ,0 \I()':L~~ rrJ )(S-3) 

0\\.0 10\0 ,;", .

----~---'-... -'-'....-:;> 

9 ,3 ...• 
'3 I' 

; 

• J 
,.~I 



'.. )(5 - 3 Sob-bmi1.dn ';.- '. 

...... ~ "tr.h0mow ~;5LJbbu1Lt 3 Coo I I) 

•....---'J "'tboI1J1IDUJ nbt~akd· ·.·add ?>( DO 11) .
 
. . .' , 

'. ~~S~ 3 -Ie, 'S.', 

~·5. 3 -:;>5~· b ''-70 to;IWOO. 0 I \ 0 

1(;'S~ 49. .~. ~oloOloo\ . [DOD
11_I 11 

I \ I 0 0000 1\\0 
- DO \1-+00 II '-"00 \ \ . I I 1 \ 

DOlT 

1) 
... ~ 

-J . -,:) 

~--- %;. ". O· '6 • 

7'2-6 1 ~ ll)
 

~bl 0 5 40 10 -7'i Ot 01 lool LO lO
 

11) ~ Y 10 <t;. ~OlOO [0,-0 LOaD
 
I I 1 

ODOO L\ 'I ~OlO 
'. ,*00 II . - 00 I) -{ 00 \ 1 

-
....

.. 

D tl 
CJ1S~lJ)01\n 'i- s ~3), ......~~_.~. __-~:--

·.··3 
....."- ~ . 

•. ..' 0 
. . 

.~ 

'I ".;; .' 

i ' 

., ',' ,,'I '-" :,"" . .,.' ,". 
:. ,. ~::~.'J·· .. ,i~_ . ., . ' .,..;: .:""':: ,., 



. . 
. {"'';'\{ 
,~:'. 

. )(3 - 3 s ubbLa.tuTfl ~ qs c.o-rn-p~ .... 
( 

--7 G91- 3lf 8 

q,\~ 

34%
 

3'2>3
 

( . 

." . 

9'3~ 
:. : 

\ 0 11 101 0:(i5-3 ~ O\G'64-)'3, ~1 00 1 
WOD DtoD ...q%l{ -) rO.D \ 

C, 51. 

I) 00 D I .00 l I It\.O . 

4 1
. 

0001 001 \ IlL\'
 

-t 00\\· --\:-0011 -Doll'·
 
. 

\ t Ob·(~UJtn,;[l YSr~ J . 

f'lr . 

.. ' ..'''~''- ....• ,.:3 
----~~....'.' 

(1. 

~~OLJJ . ~ Subtm.L1 3(00\\) 

\~ bbuDUJ I\Dt ~d Md. :0 lOaIi)·. .- -..: . 

": ,":. ,:.' 



• • 

'., 't.S - 3 Sob~CLd:LCrrr "'. . .I.._~~DS ccrmp~ :_ 

'.' -0 6~l- 311~ 

~'l'1
 
3\{~
 

.' - C; 51' lqrs~t~~) 
_ I t+ 0.60'1) 
G5 L. (IS rrn"'nO1~ ~) __~ L IDLU""T 

brl 
*~CJJ 

'.. --4 f!)E

,g-q-~ y-S- 3·~	 1001> to1 \ \ 0 \ (] 
/00 t'l 000 0 I0 1 

,,~'- ..<' - . 
. i D COl0(\)0 or 'l ~ , 1 ) 

·······VJ .' 
". '. DonIl· DO \ I 1\ t , . .	 .
'. '. ~ ,'. '.	 I ):1 (1'6e-%e. caJL'l1 

00 \y' . Db\" \ \ \ 

'.•....-rI)OYt*OO\\ -00 II 
.' '. ...., II t , ' 

o I. I. 0 0 I J D 1 l 00 
r J ..... ~ .. -.::.. 'I n'·. XS - '1 "," = 

()Jt:J.(lVl	 .....:-~----'--'------

-3 
·•.•• -3 -3 

..... :" 

f . 

. . 
i ' 

t . 

) 

",.':" ..-----., .... ~.,"'---'~-.~,.~-----~')'. ), ::". {,;.>.,:.	 . " 
",.1. 



, )," 

WOI 
, . 

1106 

II oJ 

II \ I 

III D 

<\0 to 
" . 
lO II 

. t:OOO, 
. ':. 

B 

9 

A 

B 
c. 
o 
f 

r:. 

0\ lO 

o I \ I 

otal 

0100 

0001, 
I 

00 (j) 1 

0010 

o aoo 0 

I - - , 

_ ~ code- \9J ()J l.\ ~ b.i.t (1lJ~w:k:Ii i9:l OJ unlt d.t:JJtnn.U 
Cock \:QLDlJ9£ .su([Qffutie. cociz. ~\n~CIrl2.- dib\P-I{l 

oneS bit p&j:h,on only - Tt "\7J oJ-J)Oc?L~e. c.o:k" . 

It l?:l bom ~e. oM lJl)lt dL9.>bnx:e, ~ . 

'. 
:.-\i:;t ~0e&" 

)),~ ~ ~ code. Cn1W~ I. ." .. i ' . .. ... . ",., '_.' · .:' 
:.~ =7 ~ m msB dU' -\he- ~. oJ? ~_llIBB ~ •..

'. 

J --'> Add ~(nSB A1t<-~ jj) \he. #t bil;',n ~ 
; ,~\\De ~ ~.,. .'.' ...:..... .........•. .....'
 

) ~ Acld -thL and ~ db ~ -to ~'. ~•.. blt-. ~:l:he- blMJl!j' ....
 
~. j"Od b.J!; to --\k: l.\'Ih 1Jll;' . . . .
 

CoftIJm\; ~ 0II0 '" 'the. ~ .••. Cp~ .• 
J 0 GJ \$\ ® fJ 
.' 1\ \ \ I I 1\ .. \" 

, I 0 \ 0 I~I (on,\le;Lt ~ 100 \ to -\he ~ LQ)J~: 
. _I I '@ 0 (£) offi I .. 

'.J II 11 It II
 
1 10 I
 



_.Gt'h(UJio ~M\J~: -'	 ~ .,-~;J	 J 
'. ': ':., - .: - .... '.--- .:.-.. . .	 .';( 

•....~ The- .mSB<\ -thebJru:jJ~:rlUJmttn 'I~ the- S1Jr'e oJJ~ fnS6 4-the I' 

(
 

.. • Gu1Jll] co± . .•... ....•. •	 . . .. ·
 
.. -"l Md -\he. msB "tt~ to -\he. oW: ~ b;t <t 
· the-•. ~. code ,Bn~ ~~ .' . 
:'0 Add·.·l}£ @i'Q biA:' ··~.k ~ to -the.. 2J"fd wt c\. -\he..6t'JtOJJ 'J 

•.	 -\:he. 3w blt ~-llie--~ -to -the It-th bLt do the ~ code, 

"7 conueJct&~1n ~.. . . 

110\\ \0 \ 1 

\ IP l' ". tJi't1 . \ 1\°1\ ~/o I

~1~lJ+J*	 +t ~+ f~I	 \0 I 

(\~ C\ ~ e.cdec ;- ... I 
? ~ coc:k i~ ~ itt %>e, ~ '1. ~tol.- &jno.l1>l 

@hit ~ '1h<P(DJ'llltl\Q <'It~. I 
·-7 The. ~ cn:k i", \:l21ill .\hoJ1 -\he. biMJtlj CD£ ;n i 
. ..~ rnro1J~~. . . r 

'.~ '\h{. ~ code. .~ ~ "~ .• -\131 ~ -\he- cueJJ L\r- I 
j(<lJIMl!'Jh ~5. i 

.• 0~ w.-4 ~.cpde5\-to~ ~ ~ I 
· 1" 0Jl'1f"ID?> ~ POW'Jl ~.	 .: 

-7 Mo\hrn ~ '\~ ro:k "' ~ lrr1Lc6ton) 
(11 31Dhf. on cJi7,\<. . . .	 r,~ ~ . .	 I. 

) 

I 

I 

i 



, "Lo6tie ~:-


LoW ~ o. 

, '-, ~; , , 

.' .. I 



( .....l}1~ e\_LogLt. jo1@~<-;~---------
.' . "-. '~'.. ,:," 

L A(\)OC:nme:: ........ 
(
 

.~. DR 6toici···'rB~GcldJ .
3' ..'. .. .' .... .
 
.' r\lOT&oie..) .'. '.' .
 

~;~~~t::n~ ~. 
c;;. E:xCLU5fVEOR-~> . 

\ :",' . -. .". 

1- EAClV S \V~ f\lOR 6ta±e... '.' 
• • • • p 

AND Gto±e.-' - .... 
". . _ l. .' _. ,.~':. ." 

, .An AND giJe;'" {1 ~~ ullJ:h -two & rr&. "I'~ 
..1'lIIrl ore. rolpllt .-that. ~ i'Nol":l O~· '1hf wtpJt 

: . , 
. , q<ill ]\1\10 ]oti.9:J.h.'cJh crn.I:J whm o.\.L C\ '\IJJ 1npu'i?o . 
_. '1 

· p . .u.~""f(l\'" S.l-._f .~\ _H D\-L·~ - '_J:Tl~ .u... ·~ In IJ \L'VWll. L-O-.\2, • j1\J ().JJ'- ,u Lffi ~... u ~ 
l)lJ\pot i?> ••. i.WJ .. . .. 

.. . .' T:ruJ\h lnb\e 
x.. y 2::..'/.... Y 

'0 0 '0 

0 I 0 

I D 0 

1 I \ 

M .... oR .~ i9J CL Lo~ .~ wl1h -tun &. mm 
· \f\pu\}) . ()Jlf1 .. ~ cotPLJt. 1ho:t ~~ OR~n:l o~:' 
In<. o.JI:put q,. oJlOR B~ 19> ~h whe5u 0I1Jj = 1(' 
-Ik I<\put '~N1n 5~· IN all- otnm cord.o'lurM) 

~ OUtput ..l~LoW.J 

j
I," .," 

. ,.



,0, 

!'~'
 

X' ."y '2 :2-"'J.t Y 
.';
".: 

o 0" 0 , "\ "o 
" 

0,,': .'l 

rt' 
", .,.-." 

.j. 

NDT ~ l '
1\ NOT sot \)') ~O ~(Jf\\(\Ue.K~ \~ OJ '" 

~ input, ~ roq,t~. ·~·.·.rft~7t i~
 
~ -\he. ~ c\ iht jop0~ "1ha\;:llJ D-\IW . 

dl 
,"put pod<tw.> D- \Ugh Qutylt, h'tJ1-r.inp't •pndLlC '" 

"I ')lJJu l '1.LWLe... 'LoW output. -,.;-li. ,.b..L .,' ", ' . .: . ". . 

p, 'E> ,', 

d \ 
T .. 



-- .... .'-----'- ,;",,,,- '~' }
l\lDR 6t.aie. : 

'The- teJvnNOR f+~. oR-~ 1PLLow:d b~ 0. NOI &t~e. ,I. 

.' ~(l.ltpJt '% Q ~ G<l\i,(~ IDF I W,," o1J3k Input!>: 
.' '.' c.U'e • ~ f D\. ~!j .~- Cltn?)L 'c~ -\ht:. outp\.lt \5'J, 

.',".'. Lo~' 0 '. . 

IA:r--'D ...... ~7:--------D~· -y. 

. ~. . .'. <; "Surntol
 
. ~ table., '--.I
 

..... 

Y::.I-\+B 
. "., 

: -':: 
',' . 

•I. 

I 

··.eX-oR '~'; - C~~e,-OR~) 
) 

.'The.. . OLlTfut .chOJ) '.' 8f:;~OR ~ '117 0-.; ~ I whQrt"~ 
-tuD' '\npu~ oJ1€. ...•. ~.. Lo~ ond.' Lor:c '0' (J)~ ~ 

'.. -1iVO ~(\?JtiJ" cUte. .·.ot -tk .•..• S()Slle. ~ ~. •
) 

. . Thv-th Ulbte. Y~ f\ B +Ae, 

I 
I 

. I . \ 

I
; 

r)
r

1'he, o~u~ 9r o.ru&K ~ NO R ~. ,l$l) Q ~ \ uJ heJu 'r 
ihe- -two~I)IJlJ\1)' o.J!e.: 'SClJY'e. orui ~ 0 WMR -the.. / 

'" .Uto lnpo1JJ 1ll'e- ~. 81. - NoR ~&ok ',)', EX .oR ,;.J 

Y'EJ
A 

,
00 

. -.. • 0)0 

l 
.' ..·····0 

. D 
0l I 

- '- 

A 'Pc> Y 

0 0 0 

Q J r 
[ 0 I 

L I 0 

'y:: AEf) B. 

. , ..... ::. -.\,:~: ::".-: 
• , _'.. • _'~.'''' .,' j' ; ..... ', I " ._ .' 



Y ..... 

0, 0 '. I 

0·····' ·..·.0 

I' I).a;, !
i 

E:nJ(6\ _ ckterl:in1J codeB , 

, w\-.,n -h: ~ \~;}ltl J .1 

,:t<- 'b)Jlmlj .~ \., ~.u±ted •. ~ ..•""":5»"W'1 'co'oJlQiWl" 
, I s!f>1ITn Oil out&. ""'CJ caJl" .. •. . . . 

I 11UJ> (TII.OSf> .. ~,,,, il\!l'J:' ~:tP I'ill 
I' .. 

1'\) ~ -ID '0' 

. " .. 

~p~ ~ .. ~ 
.;

! 

10 ~ .ebtfu·"'~'"J ~i-ooffl~ ewJ 
,: ~Ol , ~ b.J; 15\ 'rob'e- -\\wfl •""'"•. ~ .ipe. od~ ',n 1h(
. " .' .':. . .c. .' . . 

'Pol:.<»', ~ <'.llJa- bW> oJ\Wl '\hi.. '.' ~. and 501"'I . . . .' . 

It..r<vJI c.l5tre-w.on.'\ eJOID1 )(1 \ltdoJ:aj.'Thfue. a\l1a bMJ 
'.. ~'. . 

\ Q1le.- e<JJeJ ~ w±7> ' ..... ..,
 
I ." .. . .
 
i,";> lho>e. oJt!- two ~ q f"""l:J - dill o.nJ ""en ~,
 
I,~ F& odd M ' \k l""rt:J b1I: 11J icl: to 0.6 ~ <It 1.kIi ~. ",ch 1ho,tlJ-,e. ",Inl nlJ",bvl ~'(bUh'1 n the. 

,I ~ \0c.\1x1fN] -the. 1""":1 bit i9> "" odd. fUJrn\:l.n. 

'I~ f'31 emn P"uJ:l ,%Jt paJUJ:J till \~oeJ:; too. o:ln Ie,\: fu, 

:1, ~ such '\h:>:l.. fu.-tD'lall1Jjnltn'1,' l bL-b'> \n.-\:he. 

.~ ~. 1~ il-e M toli9) iJsl . e1J<'Jl (UJrnttJ\, .. 

~. . . . .. 
. ..~ 



.
 
oM~ e.'JeJ1.~ 

~-I 

C)(J\ I '. 

I b 
~ 
r 

.'.;".0600
.. 

.. ,-: ... 
000 I . f 

0 
J 

0 
6 

...~ .. 1..'. 
".'," 

.. , 0 
,• '0\ 0 D ..' '. Lf '. 

, D\
 
O'lO 1
5 

1 o
0'\ \ 0

(; 
o l \ \ 0 \ 

, 

;? 1-'1f\.~GfI.--eYeD-~::-.'~~.:;t.• -S~~;-:-·.:=::.~) -W-'--:;IULh:--r-J~-1te~--:-iP----:-llo-uur:9-'--W~-----I I 

eontn1D OJL en&. .• 

to...) 10 1\ D It 0
 
lhe. 1\.D.9J \'5 \Cl ~ umd 19J odd US), 5o,-thm:. i~ an e.m-t.
 

I 

I )
 lb) Ilo\10ll
.'~ f\D.ct- .I~ lC1 1}£ 'w&d '(9) elm LG') J So I ~ \9) (\0 em1En 

(G) IDI0 I0 00 
.1hL no. d, i vi" ihe w&d \i, Ddd C3J, so -\lm<e. I" an eJtn15t. 

-co Th on Ddd - fXlJlihjscJwne, wluLh .rJ,. 1k .:w~ ('. 
.~ .crmta1n QJt t'.JO&\ .• 
{ct.}. llO l \/01
Ihe.-(\o,~ \'S \rl n W~ 19J, e,ve.nc.c.). so, ~ \91 Ml e.:lautL 

Cb) llOno) 0 .. '. .. 
lk (\D, ~ I'S if\ -the lIl&.6 lh ad d C~), So ~ 15:> no fJ0lB1, ~. 

'.' 

Cc) 11. DnD 00 
~ (\0, c\ \s ~(l~ umdl9J ev(?J1 C4')) 5D ~ 191 Of) ~.~) 

~) 

/rut oo\b\ 
.JT~.··.••.0.;,~.. iP,:',~,:?,-::---~~~---;.. --,---_~-- ---l')

.\ .."; 



. .. 

: '-H~-;_-;;CD~OOZ-i:~C~E.'1tlilll~.-=--::;c:ODW~t.n:B~.-:-,=ctri·t·ePJ~J-. ------"-.. ~<cJ~'~••. .•• 

, A ~ <9> &Jd 1:0 be OIl eoili1 <~ 'tQd<..' w\U.fh
 
ollnUJ eJO&1 cJ,j:ecliDil' orul ~.,' o"J'e. C<:ilkA, ontL~tet1"j
 

I. ()Jl.d L~ LDdeh.· .:-." .. 

• --'? l\o.rmfuntl c.x\L not onlJ] ~ :\k.. 'dctet\JJlf' cl,Q biti en&I • 

but oJ9JO' I@~ whi.£h bIt \9J in~L ..... .... .•... ..' 

. --';	 1\"- uxl£, <PM '" 1\LI'l\be1 g, ~1>ifJ,'lOroled atto.l1Wn 
~ )lL me code fOup . 

.;I - blt \1~ Lcde.-', - . .....•......
 

t . '. .
 

. 10 bt~~t -boun chta-~ ~ .•. ' p~ ~ 1o&VMI 

o	 \ Q. ....• .•.... .' . 

.... ot ~~ I Ol llJv:l 'cl. ~ ~. .:6Ye- . rui~ i:D~OJ
 
. 1_ bll: code. o.&d whithl~ 1hm~eiJJnt.wfrtl .
 

, \o..,,¥) " T .	 ,", :i)U u ' l)J-'-' 171 . 
/-.... 

.;
')	 

PI (p,- 03 Py DS 0, Or. 
I; • 

. )i)	 D ~ ~ chhL ~12J . 
) ! .",.,
 

J' p' -ifsl ~ rmu-~ bit9J . '.' . ..... '.
 
t 

j PI \7> ~ to k, ~ to 0,1 0' DL D. 
'. 

\\:eJJ~heJ.J
.	

1)SD1h.oi 
.'......•	 .')

) etUl ~ Ouen \)it9J 1,3,5 Qf\d"1 ll'l, D, ,05' Oq-J i
 
} ~ 11>' to be set to Q '0' %c 0.' ( S".~ It eJ\'rnJ>\i9.,hd>
..	 . 
) eJje.n ~ O\Jet1 bi-l9l~,3 J to,l Cp~)D3J.DG. Og-J
)'	 . ..... .... .'.'	 . '. 

) Pq.;5\ 1:0 be W:; 1:0 CL 'a' 111. Q',' S6'1hnt 1t eJ\\nhli1J\leJ, 

) l'lJQS1 p:nUhjoum \:J.l9J 'Y. 5, •. 1 { poi, j)5 ,(1:' O~), • .' . 
) At \h<. ~ end, -\he ..• ~. ~ in itL 
; ~ ox:Ie. ',9> cl2m:kd. 1:1> geL',-\, o/".J •. ~ hffi,e. oWJJM. ..' . 

'. . ' 



, . (" 

aU u~kd- ;1.'. eJ.\:51. \13 /~) ,1/ \lllJJ" a,3i <; iT/ 0Jl.d h.it?'J 4 c. 1I'....· . . . . ".. lJ l~' 0J1e.. . ~ ..' . -ffit e..veSl ~ ,.' .' •.•..•.. '. •.... . . ( 

, I, ....~ v, 1hIJj ill .~ [Xlt,-lM- ,~ flO om& I 
loea-ted ~ I'•. --'l "t -lhm,iil OJ) •• om&.,'c\h. ·.emUlt 1>i\:c. ea:-u lr

. I 
I

I". ~ 0-3 - bit hin~ ruJm\f.t1· 

'p @o@OEf) 0 ,	 
I
r . L\ :: .' I. .' 3 '.. 5· .::r 

C-~ '~P02 @03@DS.@ 0:r 
I 
I 

(3 ~P4 e05 ED D6®D:t-· I 
. ,,_ .. " ',: ':
 

' .."'
 

.' . Ertc.rde ..J -+,,' .'.	 bien :-~~ ~I) .',-". . . ~ ~\..O \'0" n.tD. -the. 1- h 'l l;:;�\. _ .~ . . . .'	 LJ..l>\,.". code.. . . .. '. .' ' .	 l 
I 

'. The- . biJ:; ~...: j 
) 

f\ ..•.. r;.-,'D3 .Pq DS 
D;	 I

\ () 
, . '~.:"	 I 

ail:!!> I,,,, " ,J (P,'" )~\.nwe. OJtfl p~ .5o· P, rnDst '" (1' I 'I
 

13i\:?>~ ,3, G.l l~ t I 0 ) ~ \: h:uL OJ"" l'.,u.bj . 50 p~ """I- fL <L' L ..,.,
 

· BiJ:1, 4,", r" ,l. (P~ Dt 0J~I- no.ce. eJjQJl ~ • 50 p. tnJY.>'L fL. ' 1': .
 
~ .' ~ C-C)de- .• ~ .•. ~~ wt9J 193 !. 

~I rl-- f1PL{ f)S-DGD~ .' . . I 
IOltOI,D, .1 

· -? lhiJ> cbt1J ~ -\hmJll"h "- rei:'J chtlJrrd.	 )(J" I 

lre.. ~'9.J, I 
~ 0 I QD I DC V0101 D~). UI)

PI ~t- ~ Pit Os- Db D;l-- .' ,~ , . 

l"'"7'''='''''-----''7 -~-----''------------_-----:'_~ ). . . . . " . ,: ' .. , ~



" ",." 

= d l~to: '0' ;niht	 'IS ~"~ ..... 
C = 

1 
\ ® ,eo ® 0 

_ D' pU£Cb '0;'lrrh~'S p&.ULOn..' 
~ -:: D @ Hf) lED 0 

- 1FU~Cult/\n %. as~. . 
"""t·,"· "." ,"",'" "C = Df£) D E£)Iffi 0 .	 '.":" -

""" 

3 
'-". " 

f)l)LDl ;() the. l\-th .~. 
"" ,. ; 

,""",

·.lO\\DID 

!~ - bi.J7 ~code- >- , ...,...... .... 
-\;?tClN3rnlt PLoht dotct-~ J .~.. 1l~ITU ~ LD~".rnJ	 ,--':'<:J -	 '. . ". p-~ 

.-to. rno.:fe-- OJat ~ '2-0 I ~) ;!- and ~ ~ •. ~.•• '•.oYe- added
 

1,"--hit code u:&l w\uih ,9, ~ .~...
 
" ", ( , l 

~. f2- D P D DG 01 Pg ~ .... DID °11 . <0,).
3 y S
 

PI '17':> ~ to CL '0'81'\) l.PI,DsIOs,D-j,D:j,·Dl))
 

~ . p~ CPQ , D3' 0(;,D1' qo 0\1)'
 

( J	 Rt l P4,OS, D, ,°1 )n-) '. 
, 

t'B [''% I Dq ) 0 I OI'PI\,D,i) .'.. ' 
. ,	 . 

c~e..: - W-Vl'J) - 01·0' \ 0 ID , ~~, \~.~ bi-b Lode-.,
 

R ~'- D.3P\j °5 Db °1 P& ,09 OlD '. °1\ PI1_ ..
 

o -t 0 '\10 \' D
 

'II Pllpl! 0/ \J\)1.)1) VJe5\ p~, ~O,::Pl'.: 0,


I P LP.Q! 0 J a) I ) 0 I \) e.,U en ~ I go -- ~~ --: 0 .
a 
";1 F4l f~ J 1) D.J 1, b) OJefl ~J S'o ~Pq -~ 0 

~j "'Ill'll, IP,I 0) 01<11 ~ ,50 L~t C{l . 

~_)r'~__O_D_O_O~l_O_l~{)_t--,-o_t_D~l~~~'.•.• _.;!dom':---,._·,- .~)~·l····.····._· _.~:--:,*"~~.'. 
..., .'. .	 . .. ,i:;t~:J:;iE~r;lj;~fd~·~ 



. . 

15 bith",rmTi~n1l cOde· ,-..' ~ .' "-'"' .... -:- -:J; ~ ... ,,I. . ..:....- ,::".' . ,I{ 
. To~rn.lt e~\Jen c:hto- ~ '1<L01 ~. ~ .r '. 

3.~ otp&iJirri>\ ;)0
,;)"., oru:l 1l. ~ 01f DYe oAdeA -to ': 

~ D.J lC5'~b.itLDcklJJ,'&tdwruch ~9:> ~ ~m.ltte.d. " 
. . ". . [ 

I 
fJ . \-'0 0 0 () a 0 D D 0 f) 0 rf~ fl;t.. D .4 .. s{~ .. ''1 ,'0 9' \0 1\ I?- 13 11..\ I)'

3 

P, ;71 set to br-'O' (\] "'(PI}0, ' ° 5 , 0." '4 ' 0" , 0, 3 ,D,s) 'I 

r,;9.> ~ 10 be 'a' al'icP" °3 , DG' 0." 0.0,0", °'4 ,DJ5) 'I 

'••~. \10 set: -\J) !xc'D' 1l\. 'I' tPlj, 05, rt ' 01 ' 0,2-' OJ, OJ 4 \)151 I 

II~ ,,9:)' '.£Jet to bctb' 0\'\' (%' Oq ,0\0\ Dill Dll-' 0'2>'1 °Lll,015J I 
.......... ". I. 

, '.. 

... ~.'._ ..•....•..... ' 1 

n- b.J; wwup 011611 lalDl, ~ wt -tk'. ~ cede. 
P, P D PyP DbPlfiCO Oq DID D)')..-D r3 DJI-t °1'5, 

I0 1 \ 

L 3 s I 
D . ..•. 11 .'6 1 0 I 0 1 

,I 
I1\ [PI) 0) L) 0 .··.\··1 II Y:evm lJ~h, 'P, ':.. I

, 

. )) 1 ) ..... .J 

P~C~~I 0,1,0. 1,.\,0,\ .) "~.ef\ p~ p~ :; 0 r 
. .' - ,.: 

PI{ (Pl{) I} 1cO /0 1,0; I) 'eJ1en ~ . p~ 7c 0 
I 

1 I 

P'a- CPI(> I I, L I, 0/~ J I)evt?Jl 1:xJ.JUt'j P95 c:. \ I 

D1"l- 01'0 Oll-t D)S"", I 
1,r p)..- 03 Py 050(; D1 P~. f4 0\0 °\ 

l .' ..:: 
'\:10 \ 1 L \ o L 0 ':

I Ci 00 
~I 

'y 
",) 

I 
()\Ooot\ 0 lH \ 0\01 I 

~,... T-~----~--- "·l) 



I .~ . 

: · .-.st:oNi:ou:\ sop oru:l paS;
.' .. ! 

Sop (5o[Y\ ot ?'IDdu@)', - '" '. 
I '. .' 

. i r-lULt tewl 0 ~nuJ\~ .··.WO \it ~~ 
j~ (01kp, j1'l1Ddu:-t tof'1, [Ell:- 1\We) IIBc) AI» Mer;£) 

sop --7 5u~ ct- Paluet-t~l7?' ~,s or· '. 
· .. ... 

eJ:- . f\\)-tiA +AC ".
 
'. A ill
 alw rolW '<he. ~l1\tlw~ ~18""{D",n 

, 

stCI.fl.dlDLd ~o p : - .'.' ". ". . .' '. 
_.' 

- :rr :"o.\9>D ~. ~~eonoo1IDL ~{DLF} 
:J±;9> aJro co.JbI -\he e<~ s<rnq, p""doclJ,~t\t 
~Cm.LLOJ. sorn ~L\ - jihOGudfJ V.'1f\·~ ~11he- iJ~' 
191 -fu.e S\.XiL L\- 0... ruJfll.~ ~ pmdQe.t~ .....~.. eoLJu .. · . 
P""'dt:tl -te;un. ~olL Wti.obFu> ~ In Ccr<np~ 
8L \fflCl)ffl?~ ~, •• ••.•. ..... . '. 

. . ".:' ." .. 

fU~,5IcJ" --P\CL +AbC- -t p,BC,-J--!\'6C 

• I Sop in . stMdaXd Sop : 
, e.- -

. I ~ umJ.te- dOllJ n ill -\he t~ 
I! -=7 ~-\) ~ &-~ vroti-Db\QJ:J C'lJ1e-. ~ to. ~. Wtm, . 
( ~ ~ WtM bj ow~1t ';'"h .1h<. scin' q;. 
:~ eo.th one- q, iTe. ~~ Q.n.d ,\:1, (mnt'~ 
,~ -;:> dnnp out -the J1eDUftchnt -te1Ufl.. . .'
 
)
 ---? Pe1'\.u-Q- -1I-t- \.Ol1iJlbieJ', bIj' j;i\t DS i 

'.J (mil fl\~ vCDLlDb\eJj ~ ·'.0'5: ..... '.... 
.,j) '-'-"' , - -ron - '..~. I"O)lio.bIeJ> "cJ hJl' s, . • 

· r· 

. .~::~. .. ~ 



,---, 
, r-·..... *EXpanD fC0I B) ":: "AB+- B; 

~. rJ»eJl ~"5b OJ -\JJ-D ". \JDJ1.illb\e ~ . 
•. 10 SeLOf1.d -ieY\fYl, ~\I(J)\.lo.b \e.- A ;9J ~ .' So rnu\tL~ . 

it b~lR-\-A), 

=o·f-+.··. tl -,?(\(Jf\ - LOlIl.fl~ ~ \,) 

. ..... -ff)-\- r1 ~ LoiI\f> \e.rnQnte.d ...:::;,' \() J, 
.... , - .,\ ,. 3. 

, ~i'Lln, CI) 3) , 

.', *' -tC~,B,C) ~ A&C ~A~C-+ AB+ e,c ' 
~ ABc -fABC -+ fit) (c t c) +3C[A;A) 

. . . .".. . ... :~ .... .. 

",~ , A(!;C + f\t) cA- A(3CtA(?:/C + p,6C +ABe 

:::- p;e,C+ A6C -l-f1l?JC 

-=- &1 \ -+ ,\ l I +1 () \
 
;: fII,3 -\- (l11-+ en.5
 

"=- ~ rn.l3/) ,I} , " 

'.' --7\l	 feR (~J c) ::- ""R -t-.f\£+ BcA '
 

"= A-(IS+B)(c+c)+ f;B[C-tC) -t" 8CA
 --- .:.... . : 

'-:. Af::;+ f'rf!JCC-t C. ) .:1: AB.C+A&C -+ A6C. '" 
. . ~- . . ..-=-? ----;-	 .- 

=.At)c-t A~L+ frl:>c.t ~e;c:-r- -AG>c+B8c + ABS 
-:.----- . ..:. - - ~ 

:::- PrBC + f'd3C. . +~BC: + F1eZ. ,. " . fI'\ 1 +015 -t (Y\4 +frt.( 
~ ~l\\+101-+JOO+ 11'0 ~ 

,', . " "I,;,	 ' ~lY\l\.{,PIC,ll) , 



I " . "". "..' \AI <:rJ",' ,'. ,l!SJV 

I: PDS[p:nDduci q.., Sur<)):.-·'" ,.' '. "'.,', "•• , 

( , Sum tvUfl;- Sum c\ two En ~.~~le- iSlJ c:a.lkd " 
I • , 

5 urn wun· LE1-- > (fi-t I?:», CfH- B-t'C), ,," 

PoS ~ pYlOOuc.t c\ 5u(Y)~, \~c.D1JM \-lO~. 

f:.'I-.> (A+~) [B+A+cJ,' 
Tt I~ aJ.9Jo ceJkd. c.o-6J'uru:.hue 1I'mmo.t ~ LLNF) " 

, SiwLdClJld poS'e'~ , ' 
'It i~ aJ9.,O mlJodtD1)juod>-ue. cnrtlwllint -\P1 Cc.eF) .... 

'It I?J C\l9JrJ ~ 1he.a~ 'I:mOOLJcJ:<:\ SurD --tfuM &t, .•.. 
C<1fu(>'l.i.DlL pmdcJCl c\ Sum i\&f'l .••. :rn:\lull 1/lto, 1:11<-~ . 

I~ ymodtLt C\CL rwm~ c\ S\XYl ~ ,w~ QLLC.h ,5 urr1
1.et<'\ ~ dlL\iolu1lble» 6:\hili\n mrnv~ ~ 
un-~Ie.~ ~'~, "Y' 

o • ,~.' 

f LA I ~ t cJ ,:-' CA-t"i?;t-c) CAT ~+CJ [A+e:,t L) , ' . ..... .' 
, ' 

/ Po ~ to _~trJJLdca.q paS, ::-' 

o ~ down ill~ te.J\5Y'.9J ' 

~ L\i ~ & ~ ltVLiO-bLtl' oJI2.." ~ .,'\n ,~, teN0 " 

?-'trooet 'c%apew:l thni t£Jun b~ ~ "",.,'iht ~ 
~ -!he.. rni.9fJiJl1j w>.iOh\e on.dYl1J L~~· 

~ dump Dut ~ ~1lndcJ'± rmL ': ' 

-?" Pt.p \.ole- -the- c.o-rn-p~e,d \JC1JtDlb~ b~,' (s ond -the-' 
(\01\ _ lo-rn-P~\t1J1i.o.bl£JJ b~~S '."', .', '.'" 



-; .. 

. ', : 

. ".' .. 

•..... », ~ -t lA 1'» "0+5) LA). .' 

.1ht- fUQ\ .• ~ ~ cv 1JJJO ,vo5lfublL lfind:&n:' 
. 'Jh seronO -\D\f'l, ~1,{OOhb\f- r, ;91 ~. 30 Qd:! •. 

ltb~ CB-tBj .
 
tAT B) LAI ::- CA ~&)C-PnPJ:B) '..
 

. ", .:..... ~ 

'.: LF.-r~) LA-r~} (A+~)' 
. : 7-.' : 

.>==-l'DYL \O~,·) 
. .'. .. 

.. :~. MI,M~1 M3 

.... 'if, . • •• '. =c 1T ML"L, , ). 
CA~€>") CF\ -t B-t L ) .'. fCAd),L )e-i 

. 
A 
_. . . .." .' 

(A+ 13.13 -t- C.CJ..CA+e;+ C.c) CAT~+ C)

(lA+(',){MB)4cC.~~fH&+L1lA~L)(A+MC)" 

CA+I'; t d LA -r&+'[)£A+ro+C). c.A-tB,'C) Cf\'t6"t L') 0'+1',+(.) 
.. . .' . ..... '. ". '. ..' . i' 

Cwo) (oOI) (DISl [0 1\) liDO) lio l) 



, .' : ... 

....~-<:._~. 

.' 

... 

. ': "( .-' r~ . -~---. -_.. --.. -----....-------0--_--- 
(: 1'JANO - pJ ft 1\10 Peo.1L~,' ~~-..-- --- 

--' 
....~ Nf1ND~. '. 
:~' . ": 

r.. l' n" f>o 7\. 

I I 

I"-) AND ~. 
I 

I af) ~A.E> i\ ..... ··.· .. .• ~ ... '·~V . 
"1 J..) e, .......•.....
 

. I I -lr ~ . ~~ '. ~2-dddone r\lOT .~ 
~.,. >." .... 

A·B"f\· (', ~--Q,U" 
13 

) 

) '3) DR ~ 
ste.p:-I aAdbubble.. em. input '.',y c.- A+-~ . 

A ....,,:D Y 
i3, ~-,d 

. ~te.p ~> ~d1(lDtj~. , 

~~'~ 
" 

B~··· 
·<rA..! 

f\~"'O+-I' 
M ' ..' '. L---, 

• 0 .'. -: • '. 

. , 

iY ;. A;1B' ' . 
.J
 ~.
 -

,~, .." :::. A'+ f?:> .'....: ; 

··.·.:=-A t:I3,. i "rl ' .' 
'.0 " •• ••••••• • 

'.:' ,'. - ......J 
.'.;...' .. .'" . ., .>.,j::i~~l;iF:1i';::i.::~ . 



' " 
.~-- ---_._~--- ---~----,---~.-r.-+ 

. )~ .' 

'

. ., 

n---'-J ~ 

. 

" : 

j. 

I.~ .DYoA•B ... 

5) 1\.10 R &de.•..•.-.' '. • y::,A+~. 
'.' > ~.,' ,.,,' ••" ".:. '.

'. 0. . "..... . ... :: f\o.£:>' 

- b-'-1)'10MB / .. 

S\:~: 
. .: -'. 

~te-P ".'~ :L .... 

" 

- I _---I---n~ 
. 

ste.p'3: 

n~---• .. tyr----
.... '-A 

.... ---~ ... 

.'. () -
.-r;;) EX __oR' ~ •.... 

'-I 
.. ' E> '. 

CA +-~) (F\.\- B) 
:: -U\-H~j +0+~J 
.:: LA·e) ..:rCA· BJ 

.. , .;..., ..., I. 

) 

) 

) 

() 

, 
'''--' 

'-



. I. i 
!-'

Ste.p 1:

;I~A 
"I C~ 

A -\\ 
~ --co---U 

---', 
.~ 

p.. _---I 

G
.C-- ---1 

'. step L ',

A---l 

0---4 

A _---I
'\?;;. -I 

'. C-

ste..p 3 :

A-+ B 

-
A.o,. c , 
~-t- ~-tc.. 

".,.- .... " ... 

. ::- .: 

.: .... 

, ... ." 

'. 

:.", 

! . 

\/0-~t C) CA+~ CPI +f;-\-c) 

..... ':::l£\1C)+CA;e:)-+~t8-t-C) 
....;.,' , _:, -=;;.... ~ '.' .
 
-AL *" A\~+ A· lb· c."
 
. ... . -.. . - " 

.•,,,=-PrC-t- f\~'+ A~L...,' 

. ~ .. 

. ;.... 



i, 
I 

I 
I, 

:+)EX-NOR ~~--~------~~~---. i 
. ..' -~'I. '( 

f': -D~'-' ---:y ~ f\B -1- fiB. 

B. ,', 

8:>tep 1 : 

F\ 
~

'/ ,i9:=:_

.

PI _----I

: .--r::
-y-' 

~ 
".' . 

,

,": 

,'-- ti-tB., , ,FI- e,r 
----,., 

, 

.5'- ~
 

A,- _....-'--"--'-'- ' \1'\----' , _ .. .--'
, 0 

13. ~,_--'-'---:I M ~ £0\1"0 ' 

':lPl.p~ "'. 'tf''-'' ~ EA~ 
'/ ~ .A:C- --T A"i + A~C-, •.' '" 

,., .'-. 

A--I 
c...-----l 

" ~ --,--,.------I 

" b 
, C-. ~,~--C--1 

, ' . 

, \ 

' . ,"," .



- --

\ 
, 

.~': 

, ' '"" .·n· 

y 

B 
c ,3.:>t.e.p, ,

step 1

y'.fA ":. :" 
, .' 

I 'lJ-~V:- ~+B
I~ , " "':::"A.f; 
,
i '.• '=. t\.i~. 

13) DR ~
 
, I !


I
DYo~BI: 

"'. . 

PT ~ ..••. 
~ . .' '., .. 

.... " ... '.'~ ." 

f) . ~ '> ...•. ..••. f\-+~ ~ -0+~ 
. .~. 

, ~'...
P-:>
 

y) NAND ~ , . ":' .
 
':._', . 

, .. "' 

... j 

_Dt;P 



,---,--~---~---..,..--------- -------- ....< s~: - '.. ~tq 3, -·-~l" 

:;..•• ~..•••.. --1)0 

..•..• ~--r:::p 

-.
,.;.--,. 

P< V ~ l-'--··.·~\ A113.

.' 

---V-e: I 
b 

..·..··5) NOR- GuJt',- I 
.<' .~ I 
~~ ... A~[P-·

'.'~ 

. " ...n. '. 
'--'.':'--." '., .': : 0 

')t)(-OR~> ste.p'.~ \ ,I . 

'- -e 

. 

f\ D .Y-: A5't;M .• 
I 

B" .. '..•..•~~ 
I 
I 

.... ' 

\ 

I 
. .' . -"~', .' , : ' ...:.... I 

I 

-
,', '" 

-
".-' 

, ; -, I. 

'.: '!. :.{.-,', i· i ' 



~-~ 

i, • 

i .! r'~s~te.-~p=y~~ ~:=-_-------2,'--"__-----~(lCJ~· ---l 
...~ . 

...•...... ./?'. CB~B -r R'~) 
. "r ' . 

. - . ,", . 

-

~'. 

,--.. ~ 

y~ f\~~ -t-AB A' 

(:> 

A 

.(3,' 

ste-p 2-. : -

}
 
I
 

j 

. ". '.. 

Ste..p j : 

1,.,1 

'oj L)~ 
oj 



11 • : 

.} 

\. ::" 

~ y ~ ACT ~c l AB-t- 0, ..•..~~. Boo~ E.)\P~ ~ 

..~ .. NDR-•. ~.·: 
. .:' .. ' . 

'1~ AC-t &>t A5 +.0, . ... 

....•'f'\'~ .. 
C 

t=f) 
v .. 
At· 

B-~ 

, . 
0."
 

......•. St-e..p ',- 1
 

_( 'i 

f 
\./- )

(:. 

o
 
! .
 

.....;..
 

Step:- :L 

,f) ----+ 

&~'[')(}---<.-t--" 

..•.. 1>- " '~y.
 
C~-~..t>o . '.
 
k .CD
 

L~.:3 

<b ~
 
0'--.---~--:-..----

J~r. ..' -0.' 1..0---'"
C· , 
i'l ~.~_--<0 .'.. 
~ --,--u 

...:.. : 

.._'. 

i:-:i' . " -,. ..' . .,' . 
. ~" ,L,r; .~ . 



V 

"' .. .~fn") ....' 

(I 
( 

, ( 
;,;1' " 

..' ....•. .... :::.-. ::. 
~ 

I 

D 

.step 3 .' ~ 

Q:> 

F\ 

\) 
",. A"t+e;CfA~+D 

i 

0 ~.~c+6C +A~-+D . 
" . ' , '. : . 

.~ \"'I'''-sit 1M-~~ ..b:J ..• ~ NOR~· 
,C-,\;-ll.,+c) CPi-tC) lB-tC). ' 

, ' 

\ 

,', '". 

. '! ' '.y.' '. / ..A- -----;
 
6 --'......,--'
 
c.. ~----t Y =-- LAtB+C.) LA +C) U~-t:'t) 

.. ,.,"/ r . 
; . . :~., ! 

'"J 

A 

. :,',e.-----1 
"' . 

0J '~'----l 

C ------I 

fS" .'-.-----1"'1'>r--~ 

C-----J 

.' 

.:' , ,,'. . ..... 

.' -'.-. 

.·.·.:"(~i:,;~~,i,,~
 



A-,.---l ",,---s::----.. 

C~_~I 

& .......--',-1-"",---", 

..•. ~te-p '2- : 
. '.: '" 

C-.---J 

A A---'
! .E>~" 

C -...-'_-1 , '. -.. 

. ,~. ~. _.~ "",:--,:, 

... ~.~O~.C V 

f, c'; '.' '. (~ . ..•. .... ...•. . 
~ ". .'1; .••....•.. ~,~,- _ 
C- . ..' .' B-tC;: Bt C ';- f:>.G .) r 

I 
I 

j I 
A,·C~I~-1 

--e:' I 
'CP;.&:C)(A'C) C€:>·C-J ! 

c l~-T1,~)[i\*C:)[e,+c) ! 
e.c .....• 

. , 

_ [Pl-t6-t-C-J CK -rC) (j;-tL) I 

I' 



































































, ' 
i 
! 
! 
i 
i 
,!~' 
! ' 
II lh> rn&t \J}UC ()1Ii\h roe\:JL ~ ',~ -\he .euJdilwf1 

! do iJuo lUnJJlUj ~. f\ ~ cMJ.<tt -\hot · 
~ tre ru:\:li.fwn c\ 1:lJ.lO b)l:JIl~calJeP o,"n.nlj;.odck ~
 
me. -\h1ll= ~. iJ1e. oo\di:WJ11t\.-\JiJ>eI- b)l:JIl -two blth ord
 
~"" CO'JJUj 1 i~ cnl\ed ti:jplJ.. oiJ<\>J<' . .
 

ft~M~ 
, f\ lull.\; <J.ddtn i~ 11> L~ol [jlttlJit uWh -htJoW m 

lllJ\OJUj ;npu\P>. (p.u~ uru:J ~ .b.it9» onrl. nuo. '1 '0 . 

SOO1;:;~ ~~~ . ~ ~ ~~i~ :: ".. 
\:: _rnA-p,P S, ... r: '. fI1CJ.P iPl c .. 

A:- e-., S C-

t\'£' . ' 
L-._.Q-----=-:c.!+} . 

O 0 0 () eO CD· ... (} . .

o \ I 0 
I (r~·~~ ·1 L-.-ki'-(D=-I~3, .

l 0 D . 
..... L ",.. f\ ·B··

01 _: or\' .S:: Ae;+A£, 
:: A@B,· ...LeLl .TmJth.J to.blE:-,. 

, • '"-I' : .,' 

.". ,~;" ~,-

l 



i 

r----:-------'--~--c-~~----- -~-~-----._------~"":-~"_.......--.._--~-_._'--'''.
 -.>~.- ..-~:Ll 

rl n' Ii...05f f)Sf'l -- .-.--' 
~.~ (1 ~ :',' I.::...., . 

'. .~". ,.- ::, -. . . 

NANO 

LDuk -(j," 

Lo~:-
~--- ,~-6 :: A-I:> -t F\ ~ --,-- --

S=A.B+AB tA·A +B0< 

-= -A (A-tB) +~( A-\-f; )/
'. .' ".,." ". 

- ".~ -A 
~ A. AI?> T 6,f\e, 

---~ 
." r 

-:: A. fiB + BAS 
::.. p.. A15. B,AB 

-
C -:0 PI- e, ::. PI e, ir. -~ . 

f'r 

-f!, 

fSi:,
 

,
 

'bUM 

! 

I3J(f) ) , 
! 
f 
i 

~ !,(:" A£> I 

C I 
I 

.p,~---g !
I 
! 

I, 
i 
I 

I 
j 

...---::: I, ) 
A--t~ I 

C !. :1 

---;= I,' J1\-t1b !..s 
i~ 

Af-I) 

I 
! 
I
i ) 
.! 
1 
i J 
i 
i 

Ji 
, ~I

j 

._. - L_"-_Pr_6_,__I~.____________ _.. _ _....
 
~ 



"CJ 
, ' ,'F'u \\ oddeJ\ .' - -'..-:-'".--,--'--'-'-,.-,.--------,:----..:....------; 

A -bULL o..ddm &l (1J cornbinrwDML ~"j:hnt ~ {till' 

b.ili'J and (1J COU:J ond OlJtpot?J ~eurn a.Icl .... ~ , 'ine- iJU
o.dckYL o.ddPJ m ~ f\.ruui B and·•.. tt;~P u ~lfl 

,CDWrnn. c:.o1kd -t\--e. co.JDl!:j - ~ tl q n ... 
;nout~ 

.. c:. 0, f)A.	 5 

0 b 0 
>•• : 

0 0 I 
(J' \ D 

I0 
.

I 

I
. .0	 0 . 
.. 

I 0 I 

I.	 I 0 

( I 1 

s ,-Ae,C1n -t A~c.~ n+ A e,Cin + ABC-jO .
 
j2,c..:n . .
 

(\	 0 0\ I 10 . 

o . I 

(?).' 

~'-'-J

. , .. 

.
OLltPOtl> 

5 Cou'r 
(')	 0
 

0
I 
ClI 

0	 1 

bI 

I0 

(j	 I 

l	 I 

Glr:;	 .•..•...•. '. .•...••... '.. 

FulL~ C~ ~ two hcJ.tOd+M ~.O'fle-()R SciteJ. 
S ~ A6C-'in t- P; BCfI->-t Al:iCint- FlBqn . 

. 

:: C ill C. AB +i'lf;) t-C'11 CFIB +HBJi 
.' -	 1\1.·. ,. 

- A@fj c..[11 t C7n [Affi5}; •..•.•.•..
 

A®Be CIII ,
 
,;., ' ... ; 

, : I, 

http:�..�.�.�
http:�..�...�


...... Cout:c ABC)n+ ABcin + A~C~f)+AlF\B;:;l~ln~----------'-.,I" 

. SueT', 
.... ' ", 

..'./ 

PI --..-~~r~4"-· ~'~......." ......"..·.....r., 

5 ~~..-.-,.-I 

c~ni . 
I ." 

, AS "qn t ~l'>"'A'jj)' I 

....• ::. Al:>-tCffl (ftft)B) .. ·.·.···· .• •••·•·•· 
.. . -, .' 

. - . 

/-I."TL ~ ~Jt. .. 
subbta.d:&JJ: _ '"'::1J: 

:en' .... Sd>~ ;·eoffi subbloh0td bit c\ 1:he- NJrn'cvL ~9.J 90bbuw 
·
 

·
 

." 
·
 

:: AB(c.)()+Cjn0+ ABc.-tn+f\BC.~n .
 

e-kd. ~ llli ~p0nd.iJJ8 •....~ i1WWenD b.i.1 to ~ C1J 

rl; lliWrifi'_ ~; IT rrt\ ,. ' '.' '. . .' 
1..L'1)\J'"' '-' -- ~"" . . . . . . . 

. .. "' .. 

H~ -subbw.tt:8l.' - ,.. . .. 
- Ah.ol\>scJb~;(hO.J ~nL ~ -tnot 

9Lbtmct:7J rfti hit ·.. ~.·.·1:ht:D-tho.;t on-d pMdtM -\he. ~. 
Tt a.1M·h.o?J arv OU~1ut to 3~ 'rb OJ I h.OJ;. bean
 

= AB +AB 
"." 

- ~@ e, .. '. 

~ ........---I.. ~
 

. '.• . q\ npl.)VJ ou 
.'F\E:> d. b 

... o·.D Cl a 
0\ \ I 

lO \ 0 

I·. I 0 0 

b~'"
 
1\r.-rnD.? '-\0'. d,~ 0 \ 

CDI0 
0 

~G J_( 

d~fTe+A-"B 
,Il;, 

.J1 'l<--l.L..-..----l--~ 

. ) 

I' .~ 
) 

i .' 

) 

) 

) 

) 

) 

I 
..Y 

~... ,-=-'!,.... ~ ~..J
 



.:;' ~. 

. r 
. 'NAND hJ~: 

d ~ FllSt AB
 

~ A.Ei-AB-t-AA+BB
 
., ... ': . 

.,=- ACA-t"6) -\- B(}i-t I:> j d
 
=- fl.. PlB+ B· p;e,
 

. ---::::: ~ ~
 
~ A.A.8. B.AB ~ 

f-J .. ." .. ·(B,~ 
b So AB b. 

:.	 Re-\- BB 
B.:· . 

~ 

= B(A-t"B) 

= B u\e). 

~~ 
d::. ASt AB
 

::. p,B -t PiBt BB,-t AA
 

~ ~Cfl~~)-tRLR-tB) 
- _.-~ 

::. B-tRtB-I- R+AtB. 

b ~ FIB,
 

-_ B() t t\' f'\
 
.--- -	 . ' 
= :: f\ C. A.{ B) . . .
 

::. F\ -I- UH: B)
 

Full~ subbw-clm:
.\k .h.ol\J ~~ soob1a±DtO:lS\J .\:iz-. LJ9')Z.d,~ .~ 

lSB sob~ TI,.~ ',~ " blloow .du>tUB ihic sub'v'<>hon 
'\ tk LSB', "t ~ ft"- .'vb-oo&an: ',~ IN.. mt ... "'8"')t . . 
CJl""" o. 1h<. Sub~ . hLt i~ .. sub-bwLted4/"'f'\ elk cniJu1'J1l'l 
lie. ~ -\h- b%Dtow ~ ·-thptCD lurno ~ i&l .'.' 

{he.. Sr>b{Ju).th,on. III ~ . pJl~Co\.U("f)Q. 

.~. . 



, ' . 'Th 'RAl 5ub~, ~.'-CtAPU1J;-~-'--A~S/ bou-ow-,o"bi'J and 

Output>? roe ~1iiitd) 0-fltI bonDW lbl, 

,", ~ul\-subtna.ct51 b~u~i "f', 

bo'Jmow, 

~o' ~: SLJb~C1J~81 0 ~oJ-':::~~~ 
( 

I
I
i 

i, 

[\lANO ~> " lACB5 
.'> id~ 17eBIDbj : tR$B)®b~~ '(ft@B)CA@PJ)O;' bi )bj, 

, b"' A6+ b'l ()e~J '~,."~~',-t b'llA~PJJ ~::=-::'----:_~~=::;===:
 
....~ 'f\e,;;;lA\!lB) < 'B C;<1>;) • b; Lbi~H lAfil &)J
 

oj 

~ ~. A~~~i Chi' Cf\~gJJ 
__' .._~__~__~ -l J 

, ) 

if\plJ l:PJ 
,·A l2> b'I 

0 00 
C) 0 j 

..
0 I, 0

", 

,() I
, 

l 0 0 

0 Jl 
L Dl 

l L I 
\. 

, 

" \(- fl1.CLP tal 
' ' e,\:i\o0tputlJ -

d b 
00 

, 

, " 

I1 
'.',r 1 'd:: 'AP:>bi+ ABbj + f\t3bj+ABbj 

I0 . ~ bi lAB-rAB)f};j [AB'H~B) 
I 0 

- b'{ A fr) BJ -\- bi lA@ 6)
00 " 

{) - A(f) Bffi b'l0 ,t ,

b -;: .Pi~b·\ T ~e;bi + AG>b',-t fiG h'l 

":- ABLb',+"b;') +(ABkA0) bj 

'_ "Ae,+ (~) b'\ 

b 



:," . 

.' ". 

d'·' 

6. 

' . 

: ~-~i_ 
IrI 

. . .:. ":",: ~ . 

d :; "AfBe@bi 
. -----:::::::= 

; ~ @B) bi :;T- l f'EB 8) b i 
.'. :. ~'..~..
 

:. [Cfl(f)B) + C-f\@-6)biJ[bi-+lfT@0)biJ····· 
~ lAID (3) + Cf\@B) +~ i -\- bi +[f1@&Ytb'l •.... 
=~ .............•........ ':;:.
 

- ..-- ;:. 
"."C}\[)~)+ (A(DB)+ bi -I- b, "\:Cfl(±)6)+b,
.'..

-, . 

. ...-------: )
b ::; AB,.. oi CAIB B 1 

~ A(f.-re) TLAf)B)Lf\~ ... ' 1\ 

- II + LMf',) + CA@8~;;;i 
~ . 

; .' 

b. ~__I 

, 
.j. 

~-------._--__--~~----c-~---~~(
 

--------rL-.-~;..e---z 



. ..' .. 

Sy 

."'~"'.-='.~.--;,:;....-----~-------------
. ., :'...,:": 



I2J
 

1f-e ~Ltel a.dcb irt W' ~~~ .: out qea.Uu .' '. 

""ll ~ebt. \1'0 -!he- [al1JllJ -1n. -to 1bt' ,oat, ",Bi ~ ••, ' 
o.dckn.i9J cnllid LL "JUfpl~ ~ odden· 1'0 .ihe fXl'LCillel ~ ,
 
1;\£ ~ .coot" eo.ch 9~lD~' iDihL C<IJll<;':J- in '
 
<1, -It-£. i'£.U: star- >fi. SIJf'1 and ib@1Jj pot b.L1J>~' on::t ·
 
5tn.x;f ClIJ\ no\; lc pncllJU0 , U(l\iL<;oine- i:unt. ~'~
 
CillD1:':J - in t\ -lh.IJt S~ oCiill15\.,IIIiJJ\" due.-\o ~ Jl!1Df1!.j
 
ion ,\e\ll1f' i<l \he. \fI{jL ~. tJ)\,;.ch \wl -to ":
 

.~ ~ If\. -the- . o.Dcli\uJ1\~ceJf)· .... 

• Lj _ bit pQJUl1ld SLJ~t'JLo,etOl: - .••. 

1he SlJboocJ:wn c\ ~ rum~ cam te..q,mtied • 
outffl&t crm\Je{'ltrrL~. ~ meosf> .:% .Ct:rTn?~tfJ. "The-.: 

"'u~ I\-B unrc c\ooc 'l>J~~ a's c.nrnp~ 
do B nnxl etdc®g it 10 1\, ~ Q'5 ~ .'cow '~ 
obtoin'-Ll I>J {nl<lniJ fu.. \ s CDm\'~ C\nd ndc/in;l \in ." 

• & - k.aJ.k' 5ii)~, jXl.ill c\ ~l\L\5 ~~ 
,k tm.p\Qrr1eN:e.d lLLi1h I\Dt ~o.t~ t \('l\1~t ..•. ." 

. . ." ' . 

j2." •.:-~ 

~~ 9r 4-tUt0mM SuDtmcl:B1. 

. ~, .'. , '" 

. I . 
5y . ~3 ..... ..••..•...•. s~ ..' •...... .•. . 5, ..' 

• •fiy . ~ .A..3 •. ~ ..f'r:).. '. . t?n A \.' " . 

. 'I· ,. 
-.". ":.':. 

" "_." ,...",';I!' ~ ; 



.. [ . 
. . 

IB~~' '~~-.~Su';bbth:iaL;;;'·:·'~'.fm~·~:~=-:.~------~(W.~.~ad~cleJt-~·.·
~--. .'..'.~ .... b.ddJlm1/~ sub~ Q~ oJ1e
 

CorrLblne.d ~rttD .~~t uUth en. c.ommcrn ~
 
a.cleV-1. l1U9J." i7? deme- ~,:; ndud.lr1B j( DR jcile: uW:h cn..cn
OJ[ 

fUll tLdc6J. lhe.M Mo&\nput amthn\h. -the- O~. 
-7 when M ~O -{he..": ~" •• Jh•• oJ) Qdch.1 

w\-v) M,:- \" -\hi'. ~,' '19J Qfl Sub"bw..d:&, 
. ", . .... 

\ilLh X-bR'~ '..... ~ei:tn.PJt 1'1 o..ru! orrt- D\,- -thL irtput9.>cl B~ 

~ \..lJhen .' M::. 0 i' B®D ~B.'-1l-e-lotL o.d de7l .'~eJ1 -me.- volLe, 

e\- 5 .... ihe.~I\p.rt ,· ..·tanlj·/lJ 'd onD -the,.·.dnLUit .~ 
J 

A.tB. ' . .-.... ......•.•..,-••., ..' .' . 

whenM =- ,) BEB 1 ::Bllht ~ tl a.Mvt ~~ -the. U'l1re 

AB, -lJ,t "put·='::I 1~' I' on-d -IJ-,e ciWJit ~ 
.. /.\-6 .. ' 

M .) 
'", . 

I ft I-f\ . 
:) ", Al---A I.

y ,.1<\ . .. 

Y
/.....; 

;: l- I".\. ".A . 
,II" /,.);. 

"IE 

.~ 

-.---:------~ 

/ 

'\ Lr ~~ t 

IIy<, f' 
.. 

-' . 
., 

LI . ". FA] i', t'l. .. f-AJ. '-C3 cif'\.FA3 ~- FA I.{. '-" 

. . .'

t.:' i' ".' ;;"", . 

http:�.�..,-��


.. " 

-----~ 

...•.•.. Sn. 
~~ 

". ,., .. ,." .:" 

I 

" .: 

~·.·I"· 

..1 . 
. J' 

...... - - ,,:,;,;, - '. . 

. ( 

( 

. ,.. " . . . . 

~.. ----_._.~~~_.~._
LooK- A- HEAD - CARRY ADDER '- r - ' 

lhe- JD"'Ule.L etdcbt, ~ 9~ "uJih whirh(lJ)j 
o.Jdfuon GlN \;c ~~ " ~OV~ b:i. -the- 1>Jn<. ~ . 
~ -1:1-.. QlJIJlif1> to pllO~ 1\L000000k~ all ej, •..•1k 

'~. 't\ tt ndch.n· '.' . ' 
I I\t lQoK<)MlJ:\ -CCOO1:':I~ '.~ Up -u-..~ .• 
l IJj ~ -IhJ, ~\'- ~.•~.' :Lt • ~.• alL ' 

i 1;he, i~ hiJ:l, lliJ"\U~Uj, .1hiIYdhode. <\, "~Up 
i \k pJW""'" " i1JwJ on %e. troD .~ .••~ "'•.1fL . 

!~\L ",,,doJt, cnJk.d -fu. c.o)t>'.lJ ~ <Wl~ P'ill~I . . ' 

I~' 
, _.- - - - ... 
\ 

f 



. ~ .ptPp1BCJtnf7 :- . 
. .-:-
 A~\~ pxorn:gded 'l~ ~ Of'e ~-the-

.,1:wO 'inpJ lJ,i:tPJ .A&.B .•..oYe- 0 r (l, ~ u.0lt owen \x.. pm\::tJ.r 
, ~. on {he ~ \u1q<l, "b l&> f', wu:I B ~ \, -\hQJl 'de ! 
',U1ilL emt f"'D~ 'ihe ••••(l1l\1UJ b<lI: will ~ ik ~, ! 

:Dr P ill tillJU ()l\ OJ' . 

. . p =A@13· 

~ ~. ~\;- oJ> ....~. nih ULr I -th@ ? ~te. o.9J CP 

Pit c;... ;nEBBn. 

ffu 1he-fML5Urn- oru1~ 

en .:: .Pn @en' 

( '. ' .. Po :: I)ll@ B(\), 

C :: (n-r \= GJn +p(\Cnon .... . 
·::·Ah,B,,-t Pn Co 

;. .Ab· Bn -t lFln@Bo) ell ' 

BaJ;W .•.Of\ ·.~I ,.~.' ••• ~ ~~ 
voJtiD~ 1tJll- o..tideM; ~, . 

....... 
. 

n =. t
. 

c\ .'-:. &() ~Po co ...•·.•••. 
.: 610 +CAo@Bo) CD 

.~~--,-~~.:-. _f4t>-=-.--=130._+_(~J4 __.. ··•.. __ ~__l ~;0®·~_6~O) c.o_,_~
 
,J
 



c 
( 

,, 

( 

c 
( 

( 

.':':'. G:J '. 
---.~...-....:..._.. _.'--.---_. .- --------------_..._--	 .---'---,--_--....:..-----\. 

LQ:: l'1\TP1'C\ 

n~3 
C ' Gt~t P" .C" ' 

3 

fl::Y

-::&1\-1- PI' Gco+r"f\j·c'O .. 
. .' . 

G'J.+ P,r61 I + f~· PI,GtD Va· PI· PDCO 

G.t' 61 -t P3. C:J = &3 + 1'3· &,,+ f'". f", Gi,+ P,: Po P,Ot.-j 
3 , . ·..r3.r~,P\, Po:Go,. 

1k ~ ~ ~()-~.~.•'••'.'. 

ell c. (;[1-1 -t Pn - I ' Ln-\ 
'I' - r_ ~ n GIn '"' -T P" "Pn-';>: Gt" -:>+_---tP.n·· \-. -PO':-C-

O
' 

. ._ \':'ll f1- \ \ r 11- \ • ,,-'" , •-. .-:. .. - .:>. ,,,. . . -. .,'. , 

I 6\0	 1'0 C{) Gl \ (), ~?--:~1-CoP.,~.3 . " 

t----+--+-+-+-..-+-+--l--ln '< .. '. 
~--l-----l---l-'-l-+--+---!LJ' .' •.01"'. " '1 -"..

. '." . 

c. '. 
~	 :3 

- ',' 



) 

p 
Cl 
I ~ 

..•••. G1 .. 
. .. Lj . 

• 

P.3 

, . 
~. 

.' J '":"'I"'" .... 

P:, .. 

\--'.-;....t ~ .... LOoK .. 
·A \-:\ E.f1 0 

~ ?2-
\--.,..,..-t Pz:: ..•...•.•.... ~--\\ 

.......aonn'\1I\\-fu. C L--:.----r;
()~\..IJJ"'"' • 1.. 

• 

f\1 

. ... 
.•... 

\....----1

,--~..-'-1..... 

. (', 

, 

\--- 52

~ late~, ~cuLt-W
 

CbJOt5a.ddv\ . 
. . 

. , 
.J 

~~••.~--_.--~-l;
+----------' 

.i-; : 



.	 .~--'_'__'____ ,-'- --'--=---1 
..... B2D ~./ ..• 

( . ~~lJp. ' .. 
{ 1\3 f\:l- AI f\D B2,82- B, Bo •.' •... 

c . 
,.", l;' 

.. 'L--'-, 

. '.' _\.c..._~~.e----' 
s	 

Sy t,s3lS1--tsJ 

! 
i 
I 

I	 ,' ..'!
I	 . ." . .I	 ..' . . . .'.

!~ Tn Be-D oAdvL F\dd 1he- 4- OltBc.D~rQ(k "~?J * eo.Uv
 
.}! ~ ~ ~ ~ ~hi~ o.d.drti>crfl,.
 '.' 
'~ F&. -lh& ~ w~ "\he. S\JrY,; Jh 9. ~Lm}-the- SUrtt II) 

\Ii pltDfV1 &0 ~ (lfl(\ llD ~<;9:l~. 
-) w~ ~5um.· ~ -\wo ~ ;A;~ -\h.oJlrQj CiJ..•.·..:n.o·'tT1'J1ih 

t\ O~\O .should be- ().,oded to-thatSum,-to ?Jilldtie. :\he 

pJ1.O peYL BCD J'Muli . 

o JR ahJve ~. It - bit ~ela.dcbl C~ :Lc 
l4LSB3).	 'The- two '. BCD· roupPJ 1\3, A2-' A\! f1o . 0I1rl 

B3I 6Q I ~ I So cU'e.-Clpph-ed -to Q,(-l- WJt p1JU1LletMde.n. 
. '., 



-;---..,-.:..,-'----~--~:...-_-~.~ .._-
. The- 'o.dcbtoutput LW1tbe- ~ Cy I S3J~ISI:S;;--'~~ -(,4 ;9:l~'
 
.' ~M ClrSy .•·•· . 

. -7 W~ Cc\h. ihtinput9.J ~ 'loo I. lhe, Sum ouffiut S S s S 5 I . , '. . . 'r 4' 3' 1-' ) 0, 

. Caf\ ~' ... ~." ooooo,'-to lOOIO, ' 

.-?> -rre-.' ~ .·iR OJ \'3CD<1ddex ~t 'riliJde tt \.o~
 
5um \~
nuded··· lo&ttct wnmvat -thL ~~ 

0\00\ , 

. Sy 53 52- .. S..\ 56 

[0o \ 0 L 0 
. , 

. ( ';,\ ,
'1 ID l 0 

..... \ 1
6 D 

•o l 1 
,"". 

I?:>
0 Io I \ 

14 
\ r' Do l 

ISl . \ .... L ro 
IG I

, 

\.'. OO ... ·.OD 

11 1
I

)
I 0 0'0 I.··· I'

18 IID.CJ ". t' 0 

.~ Ilto.bo\le- Tcilitt.:SneW9):1ht cnWJ '1P ~ 1hJVu' Lool . 

'"\kSLJrrl .'Will- 'oe.,hitJh7 wnme-va 5y :: \ ) 

~ whQsteums3 =- \ Md~ ~ ~ Sl 'OL mtnoJ1e. 1. 

'1'ntiu • X~ Sq +S3lS~*SI) ..
 
Whvvellell ,~>l r,,'c,r9JNtn9#llW -to O11d the., 0\ l 0 to ~
 
S mb..lb'J .' :'~.~;J Ii 

Ll . .' . 

'" " .. .' .'.,"'-" 

.";",' 



,'i:V.-.._---- --_.- '''-..-.-- .~ 

''\he- c.ww± ~\JJ ~ -\hJ1ee, ta5iiL ~'8LO CDde . 

I~UpS) ~, ~)-' f', \ flo on.d 83 ()l,' B'. JEn, QJ'e etdded to ~±hQ5t In 
I rIUPfVL q bA pmcJlel CLdde.n -to pJlOOLJCe. . Sum &4 S3 S2;SISD. 

( I~ \n~ -96WJ .shown '1~\QJnW,-\t:L: . ~:2uJJn '.~ 'I.. 
i 1he- lDW'J1. 4~b.lt ctdcb.lJ1.t-\l ,a..dd . ··..• :.aalet~an 0110 

r -to -the.-' Sum. ~.~ L0Den '{" '=- If P'J-Dcf' .... ~e, CDSUrr1 

!llUtpO t .J1e~ b~ £.=, E-:J-- £. \ £0" ••. .. . . 
I ..i wnw Y.. ~ 0 I 1:hm:- /9) /\0 ~ .. ' and flO ~ ' 
j In. such ~ £3 £.2.. E. 1£0 : £2>~-- SlSo.'Tu:t:l &~ 1jW Md2lth 

. I 01f1J CL eonnedcd \rL ··CMco.&· when\two 8LCn&e ~t • ..,
i ..

. 

~ rwrnWV\, ~-to ~ oDded.·.. ~~ .. owl r\ '.~ 
j ~t ~CD o.dcbl (9) .ccrffi,eD.e.d' rfh ~.~-\n 1\ ~.'.' . 
l.swm.d BCD ctddeJ1.".
 
i EXl~ - 3 Pldde.n'-,-: .•'"::.'. .
 
; I . . . ....:'.... 

. . : :"':" 
." : ..:0' ; .. 

-:;> :TIL ~'f&]fJ - 3 ~. 
I. P>tdd-two '/5- 3 Lode- roLJ~ .•.
 
~. It ~ ~ \ D.J:id oD \1 ".. ' .,.•.••..••.••. '.' .....• .
 

C}
 

.
 
: 

.. 

i\ ~ '0 5ub~ oo\\,Oi;aM 1\0\ (l3"O &LiiMI-). q 
. . . ., . ..".. .". .:" 

Th ~ \hi-~ CA?;,AJ-,A,Ao}(lltdctddmrl (~3~~Po 
1() '1-5- 2, CLdde.d. ~ --the- l{~ bit ·~l,Mdfd1. ~.,-tlJ.L

" . ...' . . . . .... '.' :.... . ... ' 

~ l~ (L I) -theruOOtl '19:J CLcidW: to t\-tsu[OJb.i±JJ ;'. 

S3 s~ SI ~ C\ {he- OWe)\, G.J:idvt ,', rt~ ~£YL ,4 r b.lt 

ptlliuUet a.dclen. ~ -the. ~l$l)<CL ~D i. ~"" 11-DI) .'~; 
) Qddtc\ to --fue. stXn ~. . .'. - . 

',:~ -,. ! \ 

http:�.��..��.��


. r-,-- ._-,---,.,-, 
..' 

:: >,." 

..·1·

. eout ....•. .It-b.J:: ~\kL 
. .....et.AdVll1ttLS~3 L 

seJeO& ;~ 'G-. ~. ".~ .• -BulL ,000p~ £e.®1Ol ch±cu 

'1~f'J\J, 0Ju1 oJjnuJ9o ~ .~ c\, *"'" at CL Woe 1:D 

~ ~ "'to -1he:outpvt. 1\1[. )U)Utn:) c\, 1},e 

~do.iJ»·,. \n.V)~ 1:D'-\he output '(91 LM~oUe.d. ~ 

, SEl£.Cr t\Wl)v:>.N~ .~' OJt:.~n ifLpdt ~ ill't.11. 

.. In.· eOO:t G_0V.)o.rtd~ DUtpJt .. 
"--' 

"':." ~ 

! 
r-~~-----'--~~=I

• 
.. 

I
,)f
 

'." I 

C)'.... ", 

MulliplexvtPJ lo~ ~J. 

(YWULpLe,'K.0:9me.O.M ,S~. A. rrw'lbfle.w1 fu c:btcu
 

I

! 

!
 
!
 
I 
i 

~ 

, I 

, 

; . 
'. 



--

-- -

() 
.-;.... _~---- -- 

'. BoJiiC a- IrlpJt mulllP\.O<Vl ; 
\ 

" . 

I Th ~ _'Ir\PUt \fW\\1p\OO5\ hn.ue. a-lnput9J~OJt
 
Co, on.cl D" ()JU'\ ant seled:li/le), S, ootlollt(lpt .,~;u
 

( . 

". Do 

.: .. 

. ,......
o 

·.9,' "'.'. 

--- .__ . ·7-~'---.--·"'-'-"""~ 

.

P L,.l.-:..-----1"

. :'0' 

I s
;

BLDcX~' 'T~1h-tDJ?tt,·js ..", "" ...1 

, '.. 'il: .•·.··L:. SO t SD 

• 
. . . ' ....,. . '. 0 I

! lti- lDf'- lO/eli> Clj'p1mJ in 1J-ie, .i;~~~ •• loau: ~ 
i ~ wlu:ch t1f\JD 3cJe: \9J enOb\td .So '.-fuo:t.;{9; ddili 

\ f\pJt ~ %ocD~ru ~ OR,j~' -to -futoutpJt . 

I AND I .i wnw. 5 ~ 0 g~ 19) ennbte.c\;dJlClAfJD fjot. &r '\9J ,
 

~ob\.e.d I 50,.T--::. Do ..,... . '...... .' '.
 

S ~ I , A [\\0 ,got.&I~ Eruili\eA.()lulANO ~ \i~
 
\ 1 di.9Jo.bLW ) SD 1 7.>0 I.' ";:,; -So . ' .' '
 l' ...:" 

I ~ ll- \l1pLk lIWL-wp1eml:- .' 

Po. \'3usth tlbk •...••......BloCK~ 

°2. 

5 So. I 

D0 

0 \ 
'Z-t • 

\ 0 

1\ \.I 
I -

'2J 

00 
2. 

OJ 

OJ. ...... 

D.:.3 
, 

) ~ 
z,,, SoSI(])Ot SDS1DI+60SID.l--tScPl~

J 



_

, 

10< ,.-lnpd: ""'~\~~-T~-9inp~t~lli£\eWili": 
To D>1e-/-b.uo8-1nPJUJ DW\tLptbVlfJ -to ~ C1J ' 

ICD _~rlPU~ ('fU)\hft~J\?J', ore oR, ~. end em€. ',Il\H')l-ieJt· 

~ ~D: ~cL l'nt1P~ WeGl- ;flpUVJ S315~ lSI anm So 

'. OM will~t ....O'fle- ..t\ ~ Ie, 'InplJTh " -to. ~ 1hJID\J? tD'I.-,
 

. \he.- S:> iflPUt- cllm~ whldlJ 0UJ~tf\DlU\ '\9) eJLO.btw,
 

W~ ~3:: 6, -\hc ..•.~ f'lU.)t~ \am .; ~ efLD,\)\£d anD SQ I 51 and
 
~. ;11.j>'Jv, ~., lll'tti.du '\ ,Il> clo1w ",n!",th uUlL
 

"Pre" at ",11> n'*fut onO p:l9!l 1NtnU;r -\he. OR, 3o¥. M . 

• . to~' 8 ""-1 ,iN.. '. 'J\-l8nJ;-nw\bfkxtJlJ> i9J en.o.b\.e.d Md ~ lSI 
3 

· 1 oo.rl '" ',npulJ, 5cleLt ~ cj,- ill> doJ.<u "Input>'> . J,l;I ~ . . 

-to Duqvt X. , 

\ 
i 

. ! 

. I 

I 

"1.9hm -lMrn M>J '" 
,eN 

'--5D~ 
9". 
8:>I 

. I
· • I 

I, , 
-. D,~ 8x,J . .. 

0 
~ 3> rrlu')( . 

, 

V
I 

DS
!' • 

D:l-.. 

..." .. 
.. 

J• . .\. .., 
, 

... ~, .. ~.lo~ r;:tWD '6i. \ rrwi\ to ~ l~ _._., -

. .
 
. :; .. .'.:
 

I.'..":, ~ ;' 

· .", ," . , r·', 

SA .' 

'eo, """ .. -, ,\ '!.: .. 
'-, 

. ;:J 2-<> .. 
I \'~ 

.. -.Vv, 
1.DLt:OL:' M fflO'J., 

~ 

Gf\! 
50 

.. • .. 
S I - , 

S :\ 
.. 

~ 

o~ 06 
g-~ .Cb 

t 7 .ell • ~ 

., 
~ D

,; . 

2......-:1 ~~ 
G', {b--< 

<6 \ 
.3~ 

X . .(\ ---= 
.. 

D~ 
!: . 

~ - ·liW)\"V, 
to D~ 

'7 
4

Os- l.l> ---: 
•c"::; O,{; 

-
7~ r/:.· 

l'{ -7 D,G.. 
't .. 

,~~ 

I 



• 

: 

,.) 

. ) 

.. ®
 

\0 obtoift 0- 3~"* I nWK ~ -bJ.Jo \G*.lrfW;(~ 0J\.c:L 
. . .' ":., 

tme- «.% I rrwx. A 3a*\ (TU)X h.d9.> 3~ cIa.taJ it'tp\ltn .so 'It .. 

~ Jj.JJe ~ .sclrt 1.iNf,. ~ QIG%;""" """ . onJ:J. 

\DuX d().i..oJ ~ Un.@J, ~ inpot'h ~iLl(l,E. ClJ1e." ccmnctkd in 
fu c:h:h:1 ~ t1neJI ~ ~ bD th t~.>f l.rrUJA.~· osu::l -\:he, 

m&\; W£J~ iopJt Ai~ comW:ed}*01be.#-CW:Ui .. 
~ . liner c\ the. &~ I mux.· fBI- ~.' ·lOhJcfr C\ BLO E :.0000 

-to lill IIn.P\)'g) o-to \~Wi1L o..ppedJl ~. the \~put tD1J7W\JCl1.h 
0' "do-'~ ,&: I (YUJ)\. w~ -\:he- outryt r-I ab1te~I~ t w~, \ 
f1'UJ1\ evud input?; n; to 31 ~\L Q-Ppezt' CI3::" -tt$•."'jnput, ~
t Cl\ -the. 'a.~ \ rrwYo, ~ut" the- e.iJtpU} Fa ct-fue. s~c,cmn lb1t- \ 
f1ll.Ji\ " r-& A ::- 0, oocpvt F-:: ~ \ t -tDt A ~lJ outP\J~ '. ~ ~ F-a., ' 

.' .~. ., 

'.':- 

[~ So 
b ~ .51 
c..-; S'J
13"~ 5.3 

M\ 
"0 

~ \ \.G '.\~ .2.. 
\ (YtU'/..,
, 
, 

/
1 ~ 

I 

? ' , 1'"1 ,- 
,IS' eN~ 

l 0 

lo~ 

• . 

"J > c· 

.' . I~- ~ ',~::~:::.:'~·i;:\ .:".: l;~~l":I/i\:~~£il..;,' 



- .~' '. 

---------------'-- .. 
,- . 

I 0-S 0 ..3D 0 0 
..

D
J .. .3 .2- l 

I 

00 0 0 0 0 
r ..

..··0
D 00 0 

~ 

•.\ 0 b 0 0 0 \.-.----4~ D£:O \So 

0 0\ 0 0
 

l~th \:tlble..··
 

.' h,··· ;' ', .•..• "",, • 

0, ·..... 
••. 7' 

I[\.. 

DJ \"2-.. 
·~deJm)X 

5 

. ',' .:; .' '," -." 
. . ;." :;. ,,~: ! ',,:, , .' \ 



( 

" ". 
( ClG Os- °3 8\· 00 

S::L 5 l 5i) °1 °4 01

( 0 0 0 0 CJ 00\ 0 0 

0 0 0 0 D 00 0 \
 
0 l 0
 0 0 0 0 00 
D , l \ 0 0 0 aD 0 

0 0 0 D 0 D 0 0~ 

I '.t 0 0 0 0 0 0 0 

0 D C) 00 0 

C) CJ D 0 
\ \ 0 

D 01 l I 

I
\ 

0 0 
[): 0 

d 0 
• o· 0 

0", 0 
, . ".c/·o'

". ,";' _.
 

:.: '".
0 Q 
.. '".' .,. ,. 

0'
" 

0
" .• .. 

:. I." 

. ,. ", 

.-;:' 

:,. 03~ D~2-S\ 3D _.
;.. . s s . 

'.. 0 .c... IJ 51. \ 0t.t " . . '.' 
--T" l~' 

oS?.5\ '~D' . 

: , ' .. 



E-N . 'lO I----> 

L\-
To. -

r 

1 

. I' 

~.' . 

'.".

. ".',." 

es". 

... / 

EoN·I 
I 

...:..... ,:..>.. 

, 
l';f~• 0 • 
~ .I • 

\ 

\ 

\.'. L.£ I 
I 

ckmui1- ' , 



li~·EN.N~~~,--=-_---------:T--,-_~~ __i]-@~3---1
 
• I l .' . . ':' 

. f\f\ UlLOCe.n i9) 0- deiliU wh.8e ~(\P~ ".~ ..•..&WnoJ- ~" 
Mrll& t\!phn.bebL Lhm1~ ®d" ~h&t· CJJ\:ptJ~ ~ ~ 
c.odW ~~1:cIiwn C\;Me.. tnpLJt7j<AC\ e.nmdeJ1 -\~ Q dWia-. 
w'ruLn crm\len!J.J ls~ (U)rnlmJ.m0.:rnt:D\fJ into ux\eA',
 
~. me.. EMO~ h.M ~ ~l\ IClp\.lt?J_~'·cm6 (\' OtJtpotfJ.' .
 

.' '~.' ". -
, 

I!~ 

&.~ , 

£n[Ob \ 

,- , .... ' 

.';-, , - . 

. I 

I
 
I
 

I 

...... 
". 7'l\ " 2>..., >8\coden<: 

1 .' '. , ,-
BLDCJ,~' 

:. .." ", 

AI:: 01-+0,3 O~O\6;D3. 
AD::: 0\ + D3 . 

'.
\ 

··•·· •..~Wble..· 

}---_Ao 

. -.." 

. , 



I 

,,\" 

oedmol -to BCD ffiCn:;'d~,eJI.:=;:;"",::--:-,---------~ 
, " ,'" ,'" ,,' I ,,' --"":1 

. Til thd, ~1-<'nUxWt hoJ>Lo inpuVdYl< -\& 
ea.ch ',' detifn.o.L ','~I,cillr1 ,t.t OLJtpiJ~ CIDte?> pmci0:9 iD -the, 

Bc.o CoM. 

.~. 

' ' ,', 

In.nlt9-J. 
oo ~ 
D .I 

,P....." DO 0 
D.3

01 \p'{, '( 
V~~~-' ' ,~--'--""2

D,~ 
D.r 
O'_~ 

D .,
j 

• 

.. :. 

Ds S
DG f;, 

Df 1 

O?> % 
, '-- Dq or 
" 

, , 
,~1nb\e, 

,'~'to D1- 2If, ,,"', , 'k,~~A-\ 
1 BC-D', D3 3 
~ "" cNCOde..n ' ' D~ l( 

.,' '-,"l'1l-J t 
t\3 AI-- F\ I PIa 

0 C) Cl 0 

0 0 0 I 

0 0 L() 

0 0 l I 

0 [0 D 

0 to 1 
0 'L t 1) 

0 I L \ 

1 0 DO 
J, 1\ n I 

' 

) 

,J 

',,' ~~~~~_~ __---'-'l , .: 'J 

, ,,' ' ' ' 

. "'. ,.. ' ... ,.:. ;,.: ' 



(, <'~ .. ' '. ' ... ~.' 

..\-~~-_I==~--:-,-=··_---_··_·_-_· . '.. .. ..... ".. ,,·....c ..._ .._ lK...lU\D ..". ". 

r 
r A .chodeYt J3l 0- ... ~ cenwiC~-thnt .CJffiVextJJ O.n>r'J· . 

( l ~ "$t CD&~nto ~n CXJtp\Jt.;tiJ~ '¢vcn -\tul±: •... ~ 
emt Dl5tpLlt l\J>e-. i?; o.-c:fuIo1eO .... {8't.... erich ',,~ .. 'c\ -the. ,'. r 
pMllbte. Com~ ~ \(\~)tk?J""POt ea1.h C\ -Ihu£\n~Llt I 
com~ I ~ cme 1\ -\nt.'. OO~\Jt .&ill be-~ i 

O~h), all- -tk o-\Wt Ouq,"1J, wj!i .'.~ irV:odille: .' 
(\1)w) , .sclne- ,oocleJv1 cUt? cle9.ll8~~~Dd~~. QLtwe. . Low" ... \.,' 
cot?ut ( whil~ all -the-' othvL DUtputfJJtinoln VUsh, 

'. ~-4 ,.u.oe., ~ '
-~. 

&. to 4 

ch.odvl , 
, 

Btoc...K ~ .. , 
I; 
," (\l Ao 

'": .

.' '. ~ .' . "r:.."•. '>.......• n D·.· \ DD 
Pi'\ T'\ 0 V'=" - 

' .. 

o '. \ 
CJ D(.6. o· \ ...•
 
Cl
VI >\ , 0

'C) 
~_..---' -

•.< 'fnDthm..bk . 

. 

~_-o 
'2--;- . 



.----_.... _y_to -I e;, decocbt ~ Uu03 - to- 8 ch-·---·------·---'· .',--
===.= '.' _..... cx:leJU'J.- \ .. ' 

~ w.LtD eMblt, Input!'> CLlJVi'£ (jJlTl1fflli:l ~
 
to ~.. o.-~ ~>o 0 b1niJ1 " 40 to - Ib &, al>J< ',t
 

..• ~ {uJO 3,tp~Je4de;8 "'" M&t s.s~ input 

. liit A,i~ crninerWl fu"1'an •. JftVe>lDJ -to Eo M ff upP"! ell 

.Md clffiW:I;j . 1J:j e (Jf\ lJ-L'lrubJ de.codo 1NJ!\ "" ;~ tow, itt 

IDf'iVl cIe.cDc:\rn i~ enobled onil ite \!loa ckLndrn.L90 chMb\vi 
1ht. bnfuJm d€Jj)o; t)d:pu~ ill 0' sr CJS1.rl 1D P ~ outp ui?J . 

. _.' ."; . 

~ ~ 1l1hef\i'i3;~ ~h, -\ok La""" <kLndoJc ;~ 
I.:

moble-J 0JLd ··.·ihL UPpuldwxJeJ\ I~ eiJ.J:@1-e-d. ~ tnttnm 
IchoebloLJtpUU, ~~ ~\bOO 10 Illl w\eLk '\he 

'oul:pJry, ~ ik tnp &WOVl· .""- rill o'~ , ! 

1\0 - • 

~ 
IA;.
I 
I . i . 

:.'\"-n.
j .'. A.=,
I ..' 

l... 

L 

flo 

f\, . 
3~H 

Ay :"

deciden' 
c. 

• 

Ao 

Po I~'X. '3 

f\ ckWdtn 
l.---' . 

E 

" 

"" 
~
 
0,
~.
 
Du 

-,

810+-

i Di 
~ 
DtL D u
o(
D( 
°Ll.! 
Dl 

1 

1 i 

I 
I 
I 

I 
I, 

, I
• 

,.' ,.,":. -, -: ].;, . 
, ';" I~,-', , I' 

. 



( 15 ' --- ---- -- --- ' ®
'I e.veJ1 ~rnent ~, ~ -~--~~,,.-,_~__~L 
I "" .. 

, ! ltUJ, ~ '\- """cb?> ~ 1he.£,CocaJe· ond fl'1D1lifuI .
iCl\l\fD\:7, -to ~. &>I'" 9;grnlintdiJip\ll\j c!aLiCPo In ~ 

r, ito pl)L()du~ Q c:Wmol Ye.O..d out 8i.dl, 9!8,~\9) ~,,'u'p 
4"-~ -\hJl1= .e.m.i.tJ> ~UJren ~;~ .~ 

l-\hltougtu it lCL ro&t «jr<TlTlOi1tlj"Il'>W ~ ;nrluck 

I LE:O5, \n~CQJlt 4fL~cmrl LLO~, " 

I .:; : I 
, q 

I ,.Prj . ,j, 

c. 
, 

.. ~ II .'/ 
A2- dBC-D
 

A, e.
 
\ [\PUt . f
 

Ao Gt
 

, 

BlocK. 

". 

", 

" 

Cl.l .. I ()" 0 0 ,0
\ I . 0 0 0 I, I 

,: . 

l r>o~\ 00 I " 0'0 \ '0 
"• I 

" t I I~ 1 00 l'3:1 (J" 0 I I
~I 

, 
'~ .' 

" 

;,y L~ "(j \ 0 0 0 l \ 0 0 I 1 
'-" 

51 ,
, "

I 0 I J ' ,\ \0 L 0 1 "~.O,,., l_'I 

GI~ .. 

I) D l I l:l I ".' 
0 \ 1 l l I 

,>: I 0 () 0l I 
I "0 t t J l 1 1 0 

8 CJ ..'_I 1 0 0 (') L : l \ 
..

I l l 1 
q ['I ,-, - ~ • r I I ..tl l I 1,u' '-' 



, , 

-
\f\~ ~ n\ I 1 10 

00 iii' I (f , 
. Il-

I r I 
l " .Ji 

I] 1-/J )( X X,I.<I, 
0 U70r I "I X X,'b~\ 

..:. , 

...> 

...·i\ f\v 
... '. t:):,, '~Ch 1"11 .'. II ", n IIf'l1\ . 

II \ 2.-.'0 / ".~ 

I (l~ I] Iv~. 

, X X X 
,q 

X 
\. ,~ '( 

10 h~ I " .0/. '.~ 
~ 

, 

J< - rrtC1.p 1& OJ . 

,'·Ao 

) 

"00 00 

0\ , 0\ 

I \ , I 

to CD 

~,~~ 01 
".. : . 

'10v 0 1\ , , ".;j
'0 

I f\..1 
1I 

. 1 • !.;;( r 

I x.. x.. 'A,~ K 
0 [ c 1· '" •x....II >(-il 

I 
r 
I
! tI.... 
'/ . 

k - fI1O.P ~ d k- - rr1Clfe. l3J 
~ 

cl ::AEJ+AJ-A1T f'tl..A)Ao+A2-It;AQ 4-Al..AO 
u 



.,'.. 

, .' 

... 

1(~~ i& ~, .~::K:-rnDf:.ifu.Gt: 

f-:. A, Ao+ Ao +~A2./'\1 +ALA,Ao ...... '.' . , . 
". '. 

Gt:: A3 +-A\ Ao + ALAI t 7\;l.A I 

:,' ....
Al 

~.3 ' 

.. 
f\z..- : 

". '0':-Pm 
f'.3 

A,j... 

f\D 

~1'\;1

P!,
 bl 
> 

P;-o 
(>11 

AO 

/'\1.

1\3 . 

% 
r-:-- C .
 

.- 
lSi, 

%,
 
f\ \
 , . 

flD 

: '~ . 

",. ' 

. .' ,', l~ ..... 



.< • 

." :-.... ' . 

• 

~.-'--~~~
 

AI-.·---~~~
 
P\-:I.- .' " 

[
'1I1~:_--'--_..,...,..:.,,---1 l,,A{)-.-..-----'--_,------:........:-J...........-.:.,
 . 

f',:J-.'
/~:~.~... D f 1 
!, 
r 
i 

. .p.,']J-:--'--~-J.. 

.~ ..~_-'---_2.J 

."'.. 

.~_-.--c,----.-~~-'------l

A\~-~-:J 

.;--

Pr, ~_-1
 

P;~-~--1
 

7\---'-3
 
(\J..------J
 

AI-----I 

(.\1-..--"""""'" 

l-b ----,.-_--J 

.A3_~---,--~----'---~ 

. Pt\ .__-------'-"1' 
Ao _----,-----'--'-'-,.-:,.4 

f\}..-~."'"'._--,:-----4 
..-P'IJ -....c,--'--~~--~~ 

'-~ 

••> 

1\,-----1 
Pic --~-----I-

~ 

F'fo_---f 

Az-.---'----~-'---4' 

-/'r( 



.~, .(
(

,·r~;-
. The-~I9J(lJ .... ~.~"". 

It ~ -the ~n.i.l.Ld'.4~ f\;bj\: rumIJ;M .. 

! M.d flllOui.deJ', 1ht :l'el.o1we ~uL\: oJ,.-the otJtj>ut 

IIht bloLK. ~ ~ on n-hiJ; ~~ 
~ fu lnpLlih .Ond -t\-v'eQ. outpqbJ. Acid [j .~ -fue... 
fl- bit ·\npot9J. \he.. C01h.fOO1D±th'OUtpu\l'.J oJe ~7 ,!);A ~ ~ ilfl.d 
A~B . lXpmdin:9 Upon.· --the. YeW\.E ~'~ I.c.w-. 1 ~ ..•..... 
Dutpuh will be- niBh.<: . ..' ." 

......." . .
 

.. '.<1\<B,; 

~ ,?i>'f\cB< 

I 1> ~f\> e· 

I \-bil ConprotniOl :- .' .. '.
i .' / . 
I \L ~ t.. : lr r ,"""".rY\'I1",tfu .'.j 1Ix;.. CJl)e- ~ LUI • r-'~ ,1,9) QJ 

. JI ~ ~ wiJtu -luJo Irtt'0'b'> A<an.d·l\ .. Ni:cl -%l'L 
! .....•.Ioo\:pub> ~ 1'1"-1',, ~ o.B, 1\0( ('" 

1

!/1)~ t _ blt-- A> P:> .....
 

I~.~~ r f\YYH\Il'n /\ -\-,!h A ~.B 
j , \.-U I' r ll..UUI 1'---'>. A <. B 

I 
1 

,.,'.' 

t
! 

OlItpul;'oInput6' .... 
f1c.(2., I1r& 8"> BPm B~ 

\ 00Q 0'.· 
'. I , •

" 

'0\ a0 
.-... () 

.. 0 I .. . L 0 

00 I.·.• ··•. ·l·. 1 • 

I 



-------------~ 

. A;:-='~-+~~() 

6 0 -t------t-e--:----,d--I. 

1--_ F\<' B 

. . @-~ COrrLpClJlO±& ~ :~; • 

~,logcc-,m OJ ~ -.b.Lt ...••~ . ~d= -the. -two ~ -bit
fW~ bz. A ""-'AI AO .&10.1):: e:" \)0 . 

." . . .. ' .. ',;". . . 

"-0 it A, ~ 1 OSldB I: 0 j ~ A 7" B '01. 

o ~tA J aJ1.d B'{' ~~ CULd AD ~ I on.d ~ D~ 0 --\:hQJl,
 

'A?B ..', .'.
 
. . . 

A> B: AIB\ +t~0B I) AD ~ '.' 

. ~ "-\-13 I :: 1· onxfA I =- o'-lhe.n A<- B ~ 
~ 1+ B! 0JLd A! '.Lm? eGlfJoLosw 80 ~ l osui AD ~ 0 ~ 

A< B 
A-< B : AIG, t lA{a 13,) AO SO

~~..:....--~----=--:.~~--=--='--~------J
 

( 

( 

: 
i j 

- ,.~ 

) 

\ 
.~ 

,)
 
'.,' .... :.... , ..;,., .:,: ,: ., 

" .
 
.J 



( I~_' ' "__"' __ '__ ' '-'_' ~ -~---2__----/" ......• ~ .' 
'. 1-7 ',~ A I ~ BI Qjle eq;nL cw:i it' AoLlsLd 60 ...•_., cm:.ByJol. tJ\Qsl 

A::.B 

.. ," ... ,-,.. -' . _.~, " - , 

15\----1 
A- \._-----'-c--I .... .":.:"_.'" 

. '.••- -'.' A ;P.:> , 

" 

._,'.. 
" 

\-----'-__ A-;. B .' 

---r,-c -:-_----1 

~~ \---- A< B, 
~p.. Y.__---r---

~I 

! bLt- . otO!' ,y- ~,~ 
I. _~_~_:!.---

I lhe.. LDete ~ ().. 4~ bil- C~(ThiJ&. tet-tne. ~\0l .bit:.
 

i ruJ~ tJ.l.llL be- A '- A3~AIAO DJU:l -.·G~ B3~'~lBO.
 
I ' .~ . ". : '..,. J 

1'-7 i~ 1\3 G land B3=O,'1hUl'A"13~' ..
 

I~ ~ h.3 and B 0Ye.. 81}JO.L'; osUi ItA ~ '::.1 and 8L :: 0 I 81
 
1--4 .ih A3 0SLd .~ 

3 

~ ~G1 / ··A;Lo.n,d. B~'~ eqpo.l) '.~ .'It-

I .' . : 

: A L ~ ~ / CSld ~L::' 0 & .• '. '-. . '.' '.
J . _•.' - . . . 

'f t ~ 3 Md 8 we. eq;Jll/ ().N:J It AJ--omJ B2-~ eqj.G1/
0

l1Ilrl1 A 0J1.d 5 J .oJt:- )~[ .' AD ""t- J ofLd 50'~ o . 
. .-' .' :'., 



_ +-_.~_~~ _._._:.:__,__~.::_~._: _.__. n 

Cfl::-<o) =A3 f0J1tCAjJG3 ) f\e~ 1- (A~P('.?) lA£:)~J A~l ' 
(-, 

+ U~~£3)CA2-C?~0CAP ~I) AD 6D	 
, I 

: I 

LA <; B) :~.'. fb' BSq- CA:)~e3) A2-~J-T (AdO B-o) U~1-8 BJ A 16} 

-+ Cfl3G 6-3)CA,-O ~.L) CApe J)80 bo 
· .1 

A 005 : (Pt/lJ fS3 ) C~:0'~J:}CAIOBr) (AD(JBo). 
. .	 .I 

I
 

I
 
· i 
· I 

I- , 
r 

I 
· I 
· I 
· j II 

I 

PrOI=.:========t=t=r==r 
I .... '.' ~ 

·1 AJ~lU''., 33---j \.1'\-~--"-'~-++t-"-----.....--., 
· . 

-I:::~ 
'.

f\1~

~,~ 

14<&'	 i 

I 

I, 

, 

"'.. 

f\ .. 

:~ 



__

( 

.( 

( 

. ,' . @ 
~ 81ux:\V1.FJ :_ '::-....-.'.-'~..--;--:.~+'-------:='---.ri-' 

. .~ . " . 

'It 17J p5iUbLG iho± u.co E51:~ inpu1h p;e euiDJ~ 
oi OJ tune.. TD o~ rome. --'d-!.ill , p~ mtodeJ1h, oJ1elRW . 
A ~ mcoebt ~'(L LD(fC ~t.-\hof~pon~ -toJ\J~t 
ooc (nput 1(\ oLC.&d(1flLe LLl.i±h Same: pJl.ilili~S~tesn o.m~I 

cili. th.&e- -th.cJ: ~ l:e- tWnlJ\.tdDro~ Uj. ~h, ."T'ri'" ment '.' 
~~ 5'!>tem 'lfJ _~.'."()i).'~- ~emas~ 

.. . .. ".' . .':, .. ' t . 

~ -the- ~ ~~u tfJ . . '., ". '. .•... ..' . ..' .... ..' 

I Ji\ SOf11<- p>1JlO"L'~';~ .•~ 
rnD::J We.. .~ 10pJffi -lliat;&:ve .llfI~Ul>eJ:l 'rutin, Ii\:; 

. ,,' \ ; '.:. '. . 

-\he., '" Eoshe- -t.me > on,d'. '.-tk pJliJili.poI::~O:u:Jp .C\ "\heeflttld~ 
i ile 1h.fue. C!lJ>I.f.> '" i:D ~cJ: \k .*,1' wJ)h 11>& ~n.J,\: 

i~' . 
I ~. " ... : ?hI'''' .. ,".:I
14 - Input . fUu»~ EntDQeYt:

I, 
& OLJtp\J~ A Md B I -tnt cffie.uil~ C1J~ I ootput

i I ~ne.a I>j V, lniP.> i~ CI. \.OliO JUt-.• \nd;.cot\3l .'\:hOL.' i~ 
! £it w • , uJ\wl· eme-' &1 £'rl..fre 'Wi po\}'; aYe- eqjXJl- to \ : :tt
! :.u-',OpJm tll'e. 0 ,-\W<. rp,n0 ••~ ; nput .;<>Ul ,1~
I~ to o. \k otholt -\wO
 

, l;JW> v ~ 0 .o.rul cU'e
 

, (DY'I{\,:lwn6. 

i 

I 
J 

\ 
~v =. 

_._. 

. , 

TJUJ\h 1nb~e 

D + 0)1' D.2-"\- ° 3 .o
._._._"_......

output{> o1t' fIllt 

s~ d!> 
q,b, 0,.. 03 

O bD 0 
.'. LOO' (). 
><[0 0 

'.' x.~ .·.l O· 

iM,PkteA .
 

~ t w--. 
FI B V 

x.. .X '0 
.0 0 .1 . 

. 0 I · \ 
• I 1) .... ~ .. 

. ,. 
. ,.",." 

.: r 

.. ',',"' . ;"," ;;"1, 

.--'"..,.,..('\,,":"1',.~d,..,......"bd==I==~::::J--J
 

•.• "",,,.,.,,,,,,•. ,, 



.. - ..... 

~ -tD-~1he ," '.'~ 1:~Qble -.-m OvtplJtiA~-0-- cYe-. 

, 

A :;e.JYJ.C hra,~,6J Co ,l'''j I 0, \l,\~,\4, \s) 

B-= E-rn ( \13,4;:.1), 1,~ 11) 1\2. 1\ 3, \S') 
..': ':' .-' . 

k- n-tilp ~,. A' \<._~ ~ B. 
. . . . 

Qo,0' t'll,

e r IL I
'0 .2 '-

I I 4 le- I 
6 

1 "., I ,), ( I~ '0 

0 ,,' J L.. 10, 

l

o 

I ( roIt (0 ",' Q,O 1-~" 
Do ".,,:' 

, ,.' ! 
!
i ,0 

, I i 
I I 
i i 

Ii 
.". ; , I

, : I, , I ,! 
! 
j 

i 

- A-\- D,tDQ 

I -. 

, \ ' 
r \ 

r··. f . : 

II i 
, " " 

, ' 

('II0, :+':n, 
r". " 1 Y 

D l \,' rl 

• '3 

l l I. I 
" - 1 .b 

t , I t I 
I • to 

0 II ' l I 
e ,In 

o 

t 

0 

. , 
i,, 

, i 
...: .i 

I
I.:; " 0 I 

, , 
", . ] 

, ' 

\[ -:. D
6 

.,. D....-T D,-t 0ll i 



( 

(, " PRDr_Of\NlI\rICl.~1\J1 \ -~ .i~· '.. ". ..' CD ~ 
.... __ '.UL!\J:JLll~!!.:lJol£.LO&\COEV\CE;S,. ". ....: ..' . '.' ~ 

I

,:~:=~i~:::~~1
 
~~R- ~ ~ mDJW~ondotci~jDrLO-b~I .•.•.... 

.	 . . . . .. -

! lDUJ cB'Jt.
 
i--' 1'1.-° ',9.J l1S1 :Ie 1ho1. c.on.\XllniJ 1(puf... ru>nWJ '\r
 

3<JtV'l, ~' ~ and· J'e?t~·~. 0): ~fL~L~ .' 

on- 0Up, 1ni~ n:- .;'h Slid to be, • po~'f\l.CLble-- '. I 

CffQtf'£. fu, s~ ~~ Ie \9J ~ 13~ I 
TntVLco-rmeLlln:9 ~s:l L~' .... 'i I 

~ ,~ dYe- ~~~h ct- ~te-, 

ck,v.iLf. whLc-h ClJe, 

'~iffid ~ ~, LROM) '.' . 

.~ px~lt ~ ~ (1JLA) 

'.-;> P'to~k ~'lo~LPF\LJ. . 

READ ONLY ~:-
~-

o	 1he.- ~ ~ .~ I~()J.~ a\-8eJni,CJJflchrl:81 

~ -thiJt \9J ckbi8oW, tDnola chlD., -ffiol I~ 
.....	 '. ..... . 'I 

eili10t 1~3\J'fl~nQSll- 8t LtWL nat •••• c~ *~. .'. . 
o	 ~ oPVtCWim J flO (lfJJJ c±rtcu (JJ.SD' .' ~ .....:~
 

\flXo Ci ROM) but ~ CDJU·tt.. , ~ ~ «oM.
 

1:he, P'LciQ9A ~ E:nl~ daio- .·l~ .colbd .'. P'-~ i
 
m ht~ _ Ii\. ---\hL. Ro~, ., .. , .
C' 

. . . 
. . 

-.... " ..:~_ .. _.~-~_._ . ..._'-"- j..... 

.	 . ". 



0 
-------~ --- ---- --- .. . -, ---_.- -. -. - ._-~---~-

;
 Sr:rme- RDM' S COJ1not,;~ the.01 d~-~ ante

~ ~.~'.. '. ~mtd . ~ ~_0JLl be- eJLCtf'2-(] 

onc\ ~P'L0fQrmnWo9J .·~oPj ~. 

~ fVJ' c\ ·.RoM'5;: 
. ~ 

PROI'f) 

-'l ~lij blouhJbJill-10 ~ 
10 en.n r\ot- te- ~f)'}jlDOJ1nfl1Yl1PrI. I . . ~ ~~ -~ :... ~ 

I ) 

'. 
· 

1~ Non vol.ct.U-. ..;..
I ." . .. 

\--1 ~L ~ SrrlClllvowme. ebm ~ 
:'. i~ I .lY£Jl rDLOO71n mm/1 hLe. •...... 

~- - ~ ~., ...~~ . 

. 
· 

· 
". 

• 

I 
!

i
I 

,C 

· 

..... 
I 
I 

j!~-~-
. " -. '._._-.~ .. " .~_ , .. -~'.- . - __ .- - .._ . 

. 
_. -'--1 



-: . 

:--:, E::YLD.Wb~e) ~)\e- {(')M
 

t~ ~O~ .b~ 3~ ~.Oii ·IMULo±e.d .Slli£j) .
 
;....:j c.xoJilbk wi±h u!b1ctviotei ~\'\t... "
 

I 0 (\\5'<\' \Jol...cdiLe-·
 
, 
i E..GP R.om .
J I . 

10 ~ ~ ~ ~7).c511 .~rfJU~ ~ ," 

\=-7 NOiI vol61.llc 
',': .. 

PjL()~k ~O~:-> 
....--

o	 It- i~ bo\h -1he, ~ ,·aNJ· -thf-..' oR C:JLD±dJ· 

with (L ~ JL'~' "fuc--' .. ~UnwLM ~~ .' 
~Mu0 --1:he- blCLK ~ .oJu:l¥ ~tnuetan ..... ' 
~ 1(;~ ';l RDf'I\. , . . 

~ 11: cDTfu-9JtJJ %(\ ifl?ut li0V')0ru;1 (YL output ~ .. 

~ GJ-Lh bit ~ C:\. ~••.• ioput\ill'lio.b\QJJ. '.' 
~ ~ te&-d M o.JjYe?tJ.>" ..... . 

..-:) EnLh hit <:JW1hLruetwn mnt ..~ DDt ok,'· t},L.... 

O~\.lt li.ne-A- \)0 ~ 0- w'Old 

B~OL~di~,' , .. ' 

M ·,oroyUiled (jJWJ.i.t willu ~~9oJ:m • 
di~ into on 1'\1\\0 ~. .Will· CVI.·.· OJ( ~ 
p5Low:de- Oft AND-OR. Sur: q' ?5t~d\)(tJJ .'\m.p~ 



( 

EPROM' -__ I 

j-':;> f.J1..Q..W.b\'e)p5W~)le.... i(Clf'l).. . 

I--=, j»lO~ bJ S~ ~~01l ·IMU'lcUe.d jaW'J. 

--=1 blo.Jiilile, v.U±h ulbuvioW 8 ht .··· 
'0 (\\Jf\ \/D\..oilLe. .r 

~f:PROfll . 
--' 

~~ ~ ~ ~.()1l·.lmu~ ~".
 
=7 No-fJ vol6tie.	 . 

Pjl{j~l~ .R.o~ :_.. 

o	 It----l~ oem. ~~ :dn.d -\he. DR GurtdJ· 

with CL ~ JL~-' ~-1olio~ .~~ .' 
5~ ~ ~lcd" ~ 'om! ..••.•.~ COfY6VwdLOl1 -..•.•. ' 
~ \(;'A- ';;l RDM. '.' . - .. ' . 

~ It. (onfu3Jt~ %rt input li0eJ)~ond 0lDotpuF liJLQ5).

~ EoJ-h bit ~ 4 tnt irwut \,(})1.illbW'J. '.' . 
,'.	 ".... . ;.... ' 

"I,9j ~ M OLkh'e?fJ . .'. 
e.--:? EoLh bit c.r.nnb.Lrurib.DD '\hDi -._ •... ~~ oot ~ .... 'thL.· ..•. . 

o~0t ~ \~ (Jllled CL w'OLd 
. :." 

.' •", •• ' I ;.', • ;,~ 

http:thL.�..�


, 

, . p r>: '/
f> 

, ... .. 
-~ 

C/ . 'S.. 
, 

," 
-, 

/ 

,..------ ....-~_.-. __ .... ". 

IrtpubJ .. 

. -,,:, 
'/ 

, 
\ . / . 

.... , -;; I) 
., <\; 

!' 

..~ 

, 
, 

I4X	 \e; ,
Pc . ,,/ 

/~ \'I. 

F..~'  f;-.I 
, . 

; .:.:	 " .. 

.	 

'" . 

r!..... 1 
...~.~bwdioft ~ ((;XioRorn . 

o	 .~~\1- CLc\OeJt l~ PKbf1l . 
. ' 

.	 . . 

. .,.	 '1}e" fl1)~ ••.. 9r I\)PvtlJ. voJtlo.b\Qh at OJ 

....	 +\1 .web ())'ec 3· The-p&5Wle-' ruJrrth'Jt oj; C 

DYe- e. So lliO(Ld 31\8 choovt. \he NJrn.tvl C\ 
DJtplK/J ' t\ -uu\t a.dden aYe &1. ~ (Die oUfll o.suJ 

~ . 

. . 



'C~' 

• 
,I :> 

. -
,7 j\ \ , 

,./ r--
• 

I .. " '.,/ 

.. --- • 

\1 <" 

7 '-

J 7 
~ 

( .". . 

.••... (2)
' .. ;' 

, 

.. -. - -,'- ; . 
, .. ,-. .",,~.' . ,	 . --_.... . 

otJtput .~: ~So(Y\ Fj ". : 

S	 C-
.

(inA	 B ~ .... , t9?··.·••.. "..·&Jrf)~ frn L\ l'a,\.\ t 
q). 

( 0 .' .'0 ·,'/,~~':8YtC3(51 (;,,=1-). ~ 
. . 0 0 

, 

0 

o .	 !( . 10	 I0 LD~~ .. ·.	 ~ . 
, 

\	 00 
, ).. l0 

0\	 0 

0 \l 

l . ~ 0 

Il \ 
...... 

O.l 

I0 

DI 

ICl 

0 I 

I I 

..:
-" 

"
r 

, 

I 

I·'· .' 
r·~· . 
i·', '. '. ,. J' ., , " I ~ ", . 

~ : .,3:LS.:' 
, 

-3

J

1 : • y 
1..•.'dei~ I .' , I:" Ii 
I

.
" 

E~~.,3'
I 
'.

BCD 
(L E, Eo .. t 3~ B, B I'~	 0 

. 

, 

,II. .::I
0	 0 () 0	 00 I 

0 0 I0	 \ I0	 \ I . 
'0	 0 ..	 

II .' 

0 L 0 ... I I	 jI\ 00	 0 , 

0 0 I ,
·0

, \ 0 
.\ 

II 100 00	 l 
0'00\\0	 l 0 

I 0 o~l I
l CJ0	 '\ 

l 'in 
l	 0 I.. 

J '.	 ,...0 I l 
1--1--- .. ....... ,: ..
 _....~'-~ .... _..,-...---::._.~~'1 --..-CJ-·....-Q-l'J~-j t 9-.. _-L,,~"~ __..:. 

;~: ".' . 
' :~. . ,:', /'\ I r I

.'. 
n'(\,	 , . '.; ... '. " ...'" 



--
3 
v 

"" 
v 

'-' 

I 

. t _ -' . '." ','.. "., -','-, .: .step c2 : _ • .•.... '... 'i' '. . . 
,~ ( 

.' ...•. "ro{133 6;;;)31 e,o}~ E-m LDI~,\.1IG,8) 

El C~ Gl-~1 Bo}. ~£m (OI31~ ll,9»)'· 

E.aC~ B.;l 6 1 BDJ:o?"{I'd ,3,1.1, q) 

EJ L133 6L B, ()o}.·::8n(S(CoI1Ig~)· 
I Sfef'3( [ ~. 

0 
1 

.' .., 
I 3: 

B Y 
5lb\:{X
G 

~I. .'. a. .. 

. B .. 9:. 
. to 

\ I 

t' 
13 

L~ 
l,) 

, 
, 
i 

.. J 

t 
. ! 

j 
1 
i 

:, ; 
. "0 

, . ~ 

". i 

I 
J 

.. 

'. -'.: 

.... . 

,~ . 

.' " 

.. 

,J 
I ..... I ~;. 

./ , 7'~ 
I ) ~) , /' 

-/~' .....r
~ 

1:
'\ 

/' ,'"
,/, , \ 

7 ,\ 

,
~ ,I '  "......'" 

/.I " , 

(' 

\ 

1hLp leJrlerd;-~-' ·.ioUD~ 
. . ..... 

,~., .pROm,'" 

'. ~CA(el LJ~_-p; ~ t (-r 6~ .. 

'f,Mt- ~uen ~o-n COnuoow In±o OJ 

E: J
 

S1wudDneJ ~p '~'.' •.
 
feAl (),f) ~.', A6tC t 8e
 



\1). 
-'--~" _~ - ~.-._- -~-

( 

- 75;8 (eTc) +' CCA +AJ(6f~) T BC[f-){-t:j)
( 

"- A~c +A6 c 1-~+ABC-+ ABC+f\e c+ A~1-!',Be. • 
J' '.."'. J' .' . 

=~l)C tA6C + A&C + fT6C-+ A~+A6C' ..... . 
r '/ 

b.l\) olD) \1\ J lD\) °Lt)OD \ .. ' . 
. -.", , . 

I I 
~. ". 

'c' !, i2(A,6IC) ~ E-m C1Jd...,3J5IV, 
, 

.~ . ~" .lo(fc ~:-
:;- . 

>,.~.':', --.' ". ", 

~
 

/-'
 

"
 -/
 

.....
 
\)
 

. , 

, I
 ~.
 . 
..~ ..,., , 

.::' , 1I . 3'1..8 J 1 

~~
 
j

I,
 
j
"( , 

.• .r." ~" 
""

( 
'J ~ 

, "

1[\ 
jC [-.,/ 

,1 . 
. j . 

. . :" ..." ".~. .' . 
1 

• ... .' ::~! . 
i . ,b.f. 

. , , 
. PAL:' ~~ Amill:J •. ~< ~ •....•. 

..1be- rmo~le- A5l~;wrc .1.ljOJ rnw{f ... rv<-.-.~ 
ckuLcL ()JiihJ cu ~ OR ~~OJlti:o.J ~k. 

AND ~ ~l ocl:J -W-i\ND ~ . 0Ye-' 
" : '. 

p-~le-., 

j 
I", , ... I' . 

. ; i' ':Ji 



- -

.... ,.-.__.. - .----..

Thtpl&ent .-tht1oLlDwiJ1S"1JUn~ uUnB- P"AL.. _-- ..-- j c, 
. '1 I I 

( ': 
p, [(lIb/Lid) :.eM[D, II<¥J3 j lO/"lJ /D. 

I ~ Co- I~ /CId) :'£sYJLa I \ J ro I tJ I ~ )
 

step 1:
.. i _...:.--.

.,i on 
o{)
 

, .0 I
. 

.'". i l 1 

CD 
" 

C! 
1,<) /"\ i"IL .. LL Q.. 

,-'-' 

'\.- I 3 ~ 

rn tl 

-.u ~'" \ ~ 
r 1, 

i~ l' 
I~ 

I 

0 l • \ '1 " 
ll)l 

-h(\ ",I I III 

It ,j. r 
I .' 

.. , 

" 
I 

~ \l .' Il 

ID 

0- I ~ \ ·to 

M~ 
L.l> 

.. CL6+([Cdtbd 

step~, >- PALP'tO~ 
. ,". 

'.' .A~ o. :3ctl2: '~rLp\.l\h .pJICrlult
.. 

(L .' .h.· L d~~ 

0 0 ..- l- '1 
.. .. 

~ 0 - 1 I 

~3 '-- 6 \ 
.'-- .-- .-... 

o'..' 0 l- 4 -
0 I 

-

I 0s , ....,. . -:-

I ' 
, ' 

output?> 

( I.1=,:: Q6-T tl£d 
.,.bd 

s.:: be + 
e:t bcd 

J, 



... \2J ....
 
------,---

StqJ 3 ;- i m:p~--:-- - , . 

---2----~ .
 
~ bet·
 

. 

;',.' 

.. 
~ 

,#Ii,. 

llbc.d .'.'--. 

'. . 

./ 

• 

:., 

'J 

. ...

f=r> •:'r:;),., ..•'_ 

~~ 4-b.1t··&.D 10 
_.. .~ 

~PAL, ./.'. . .." 

. StEp:-1 - . , . 
-

• 

;:.-. "." 

.~I B4 B.3 Bl-, B,· X4. 'x'j 't~. xli· . . ; ", 
.. ': . :. 

.; ....~ 

i 0 1:) o 0 Cl n 1('
. r ": '-:" .•.' >.~. 

0 0 o ! 0 D 0 
'".", ." 

0 0 l 0 o . I d J 

0 
CJ 
0 

D 
I 
L 

1 J 

o 0 
o } 

o 
o 
I 

L 
.. \. 

o 

I 0 
. : ..'-: 

1.. J •..•... -_. 

Q tJ 

.. 

0 
0 

1 

\ 

lO 

I I I 

I (J 

o 
CJ J 

, "i: 

1'· D··· 
i·.·· 

l 
l 

0 
0 

(') 0 
o I t 

[ 

o 
\ 

t 

tJ 
I 

0 
..,-,. .,." 

","j•• ,.:~l ':.J ,1~L~::·: .. ~: .: 



, ." 
-- -----~~--···~~'I ---

·I..~~ ~'8m l5~(,/._ll~I~)+ dC1D/III12/1,31\~1ISJ 
(1. ." . ,. • r 

'13 ::- £{YlCll~r31Ylq)?-t dLIOtll/12;13)4tISJ 
. . .,'.. ' .. . \. 

;(1.. ~ ..2m CO/3)4"llg)~+ d CID/11 1 12{13/14 1\5) 

•XL ~ .', .•0n LOll)1{~ICQ)'+ d(10; \\ (12 1 13)\t-/1 IS) 
i,
i I ) 

! 
i 
I ' . 
I 
I 

I . ' 

I 

.- ..,: 

.... 0.. ~\ 
. \)y 

'b'-\,~ '" ~L-r'LL-~'-----c-----'--( b:.-, 

6t>.' \ 
l---~O1------1.I---'.3.=-!-+---.:+ 

0,1 

l! 

Xl{ c:. 5q+ (3<3°2- +e3 BI 

~3 ::.~·~~+~5~T ~6~ 
X~ ::~()jt B>J-G) 

"~" /.:-,. 

x. l .::: 'g, 

l[Lb .... n. \?)
V2-' 

fJ~f&, .'. 
OJ() 
'0 r p4--::~~;?F:;j . . 

([ Ibll4~=ttt=~~ 
\'\) ~~~c::=~~ ...: 

.(j}i( ID 

A 



r 

, 

pitoduct 
t~ 

, ., 

.'

3. 

Y 
, 

I 5
! 
.J. 

e:, 

l 

8 

~ 

\0 

I I 

l 
.j 

AND 6t~ 1npJt?):, ,. 
Bw B", 13.2-- 8 I 

,..\ ~ "- .
 

\ _..' 
'. 

Xl{:: Bl-l + 63 f3?--t fj,B1
 
.: ' 

.\ 

0 0 

o - .,
) 

( o 
:..'" 

."". :., 
0 0 

[ r 
.. ' 

,." :,' 
.~ -

0····· 
.. 

_ '. - ... ....1\. l ~ >B J 
." , ' 

11 -. 

5+e-p 3 :- ~O~ ~.. , ..' 

.. " ." 

, . 

l------ --,'----,:.~____,_--~---'--l." 
"-',' ,.:. " 
,,"L'. " .• 



.' .. 
I--- "', >----- " r-: ",.., . 

".• '~ 
, 

~~ , 

'. 
" 

•• 
'I" 

.' .J, 
j"

,l; . ,I". 
II' . /.f'" 

,
• I, ;1/' , 

'~". f"I " 
,I,,:.., , 

I I"11\ 

,I, .. I, 
. I , / 'r-

, 
/ I" '. I \ 

I, . . 

'. '" 

. " 

I 

"
.'. 

I'\, • 

" 

,"" .. 

~-~B~~B~~"-----~-------:l('
 
'2--'By .3 

, ' 

'.1'\ 
"LJ " 

n I 
.U 
n 
LJ
 

I' 
i 
,I 

..1\ 
U I n ) 

U r 
.~ I 

LI I 
in 

U 
I 

:.r-\ 
LJ
 
n
1Y
 
r"\ 

U 
, , . 

nLy
 

6
M

f"- . 
-~ ,:.~, . 

'

-<Cj 
. ••..• c.: .. " .:; ,,: 

. xl{ ><'3 'XJ-x. I . 

'1~~, 
},-. 



( 

,, ............ - - -'''. '"'''' ..''' _ ~- _.'-' _.. .. . .@

Tinp\vnenL ~ -\OllDwiJl-3 broLro.n ~--U~.9"PALw:il:6--"'---· 

( 

-\oWL . \ [l~ ond 3 .. ~ ANO - DR StLJ)t,cluJ1e, A1£o W'lfk tk. 
Pf\L ?3L~ to.b~e., 

'::1 LA I '10, c., D) -:. £ro L't., d I \3)
- . ,..;' 

fa Lf'J,6, c.. 0) : 0nll "~ ,9 1\0, II, \2, 13:,\\.1) )5) 
.0 r,", nCO) - (";." ('" " 3 II rJr:r 1!Q·1D, (1, \s) ......•.
r3Lni O f I • CJ'.t: V ,a.. , 'il [\.l)r '.<.''-: .:". '",' 

t", . 

r=YlA,B,c..O) ;:. f[O.L\la,I6 I \':J.. 11'3)'
 

v· D 
II
 

o I I I '. I "00 
~~ 
,
io,o •• , ~ (i)t. 

I ~ c . { 

(, .. 11. "l- I., 

. '" ,L 't> 

i 
I 
j 0 

I 
! 1\ 
I
 
i Lo
 
! 
i 

. , .,. ,"" 
. •. .~.'I 

I 
I

.'0, 

~~~ct r AND In.pO~ ':oiJtpv~ '. i 
'.' .l"-'U' , Pr. B c 0 1='-1 

" 

\ l \ 0 - 
L 0010-. 

l- _ 3 _ ...-'-._ - -- _-~ _ .' "r - '-." 

y- \ ~---
5 - It \ 

- .. ,- ,- g, - - - ~- 
l a "- -  ~3>:- 'AB +CO+fOD 

. -'.: ."9 - - \ \ 
9 I- -:.-0 _-.....Q.. -_ .:':-;-'" ,.- ...--"i .. - .,..-. '--';. to - - - - I] L=4=-:F .11-· AGO+ABCD·., I \ I _ 0 a
12 o 0 0 I .-. 

: /:'--- --..... 
j_~ .~~'--~~-.. -~_-..-=_~_._.-. ...- ....._.1 ... .::.... ..__ -- ..- ....-~-..~.....-:.-..--J--.__._......-_ ....~ ....~ .,.....:...:... ....'--.-........- ..

.•. ,;.'.>""i,';: i.:~,,·;;_. 



( 
.f\ . . ~ o,~ .'17'h"h'·.· •.... 

.. ~. '. 
T'" 

:". : '. "". 

l ~ ,": 

I···········..----". 

.' ",. :' ' .... . 

t '. - -
f0 r-, 

,/;i . 
- I • ... l '.........•.l'" , 

.. 
. . ,~.' 

• 
.. 
., . 

.' /" . ., 
. I ....' iI . .. 

.. " .i . I f'\, 

I ,
"." ... 

I
< 

, 
l 
0 

0 
'. I 

.' I 
0,

'1. " 
.,': Iii' .' .. I•~ .'. ~ .. 

. 
I 

i · II .1, · i
'7 ,. , rc 

I · .. 
I,• " 

. 'I'
-""---,'" 

A ,- - -
\ 

. . :-I, 
.1 ,I 

I -/ i' 

! 
0 

! 

I' II /.~[, • I 
f\ 

" 
. ,1\ / 

I 

I 
! 

I 

..•. I
I

,_""-.__~_._~."~<-.."..... ~...... c_~_ ~-. "-"'-_.-. 

i 
i 

.'.I. 
I 

,.- '-- .~.:~.,~ _.___ ·~~r_,...,...-

( .. 

\ 

, 

I 

-

I 

i 
i. 
I 

1 
; 
I -

•I 
I 

I 

I -
I 

L-

I--, 

-~ 

I\ 

, 

f\ 
L.J 

.."r7\ 
10

.~ .. 

O·
.~ 

'f"\ 
U ; 

! 

1\ 
~' 

L" 0 

U 
1\ 

--1-J 
, 

V I 
0 

; 
I 
1U· ! 

0
, 
i 
Il 0 
I 

~ 
i 

I

D ! 
! 
I 

i 

J; 
r 

1J__ _,_ 1=L.,.... r-3 J:y 
I
, 
, 

.. . 
: :.'<.. " ;, ,-:,':: ."" -', ,"" . 



( .." . 
:". ' 

( , ~PlA--'-.~.-_... -t·-......-l - .....----~"'-~ 
I IU ,  . e. roiL ~. .••.. ..•....• . 

----'-_.-.,.__.- -' . 

. I ~~ ~ ~ 
, 

' 

. 
, . 

"" 

. 

. 

( 

( ThpM~~ ~cfG.,~ W~ botYu m 
AND M.d OR ~" Cfl.fU 1:f., .P'L?~·1kfMdLJGt .• 

I ~Irt ihL AND.~ f'lltlJ tic· ... ~ b,J oJl!:j of. 
! 3~' 10 p:;m'J.Uk -1he- .... ~ 50r1Lab p3L0J uc.ifJ 

. '•.. 

.. 

• ... 
'-, ~b\c
 

AN ~.
 

'..:<
 

~
po ..'
 
f)R..~·'·
 
,. .:' c'
 

...

"
 '7

-/ 
" .. .. 0 

;
~ I 

i ..•.. 
.: .. " . . .···.······.···b·' pLf\ . I! .,.; .....:-7 imp~-fue. ~. wolron ~ .•.•... ~ .. ~ .•••...•. , 

ALi..IY, 2J) : 8nCll~ly/G) '.,
 

p{i IY,2) :. 8'n Ch() I?J 1~1'=t:)
 

~.c4 A =Y.i.+ '/z- i-J-YL 
.•... Atf) .••.•. ~ X2 t YL:t 'J. If2. • 

1<--~ -t& A >, '" .AC c) h:;-' . ..•....... ."
 

=- ,-X+ij . LV+2J .lXiV+2Y .'. 
~X+2) +cYtiJ.f('itY+.LJ' . .' J ..•.. 
~ \IZ _k· ..' --=-- ·~T-_-t:~yZ, -.._ ...". .' .....

1- ' ------------.. .' .' . . -_.. - ....,.__._---~_. . 

i 



- - - ----

--

---

...... -

.:.',.' 

- ---~-~ 

'......... ?
 
-, 
j \. 

~.• \ . 1\- .•. 
ii.-W---:-_. .: ..... 
~ ,\ .-. 

I ": 

I 
---" 

eLT) ".~ ~ytz.- . B:: 'XL T Y Z

! ;5CJ.-) '-12 -+: -;; 2
 

i~~ Ble):, •...•....• '. - . 
. : '. . .' .CY-r2-J Lx-t 2JJ
 
! . =-['1f2)+ ( ~ +~)
 
1 . ;:. Y2+ X-'0 
j .,' . i 

". IA:c,) ::: '/.2 t'!z.~+'i\y.z- ,Bll)::: ~.Y+ L 

.I Ale) 0'/H Yn 1-;$ J', Cc) ~ Yz -l XZ; 

1Sttp2-: -~Wb~ 
\

G). \....... \ ~d~~.~,
 
, -." X:. _6 -.... _... ..',' . ..... . I 1 i \... ~ --"'::>0'
I I I . yz, to 

. 'X '!- z-O-Ol 
.... ~ lXL'" <I" 

Y z.. .... 1\ I 
~ 

\'f-V2.- 0 00 
, 
'Xi 

'. 

. 0 1·~ '"-
z- -f" ~·.·.r·
 

.Vz .- .' ~·--····d-D ~ 

---6 ---~--- :-c;r --~:::::.-~~---' ------ ---'. ----.---;::::::-- -~;::::::-----+---+-----



--

( 

, 
I 

I 
( I 

I 

I 
I 

( 

-----  ..~~--"---------

. .. ,~ -

. -',". 

,ZJ .x 

)(2." 

~~ ..•........
 
",: ; 

,,-,. . ,

'-7': 'l.rn?\ernQnt -fue. -\DUDwiJI-g' bo()\e6Jl~ ~\ ..,~' f'l-a}' 
.. ! C1 ~ .~ .. =ilit •••.~ •.• J'UI ...••. . . 

! () -' A ~ c.") ~ t.mC'6>1151=1-) .. " ..•..•••...••. ..•......•• .-.......... ..•.•..• 
I rl·-t.,/' ,.. 

I r-~l A[ ~J:-l -=- ENl\I~ 1(,)' ...., ..' '.
 

J Ste.p I', - K-"""'f' j,Vl f'i LT=~) ... ~~
 
I IY_O 

~ '

.....~00~·~~.!.L--l~-...;
.~.'...' 

\':> G : 
I,: f\ \>I 
I 0 1 0' ~. 

\ ... 
I
I , . c . . 

' 

I tf1.=; L~-r6) ( BtC)
 
--__~_ _____'_·;______="c'ltCAi:.e) +. ce; T CJ·
 

.---c------'i-----4 

,( I 

http:ilit���.~�.�


•.•.. r-'-_...--_ .. ···-r?-- ~-l:A-")~-~Z ...
 
.," I P-I lT)~ A£:>j Be .....< r r ) - - 
.". . . . . .. ·q\....-L -=- A ,6 + f?J- C 

..·' I l '.' ,'" " . ',.' ...., 
r- - f)jCLP i%!'.' p~ L~,~)' " K:-fll-LLP -\Pt F2(CffiYlP~-{&-i1) , 

'.. . :'. ~ .
 

n..C .. '.. 7\ '.
 

•••"•..•... if')v 

.' ~..---J-

. , . Lu

{). 0" I '. j , 

, 

· \ 

'. I ['I ::: 

! F~, p; IOn A6 1",.. =C8+C). L5+C) tJ\+CJ . 
"1 ----- -'-'.' i "; Q1-tcJ -1- [6-tC)t(j) -I:c) ! 
"'. I "..':..- . i 

: 
I 

..., .' .... =- A· -

C + BC + PI C . 
~I 

.'. :' f2 1C'T}::. .A6+B C'.' P, (c) '-- Ae-+ 5 C . 

' .. 1 P~{ T ):."A0 .C +FTC •... FO(Cc.) ~ Ac:-t ~c t A C 

'. i . tJJhtnLit- t-o.ni ~ICT) & (2~tt) ~ 4 pjl[ldlJet 
...... I 1~ an.c1o.VJD ~'. S()flle.' rwcn-~ 0\- ~ducJ::-
· I ~ wkik" to.klrlg'Fttf) ,~ f-& LG) f2, (Girtf;lL\ ') ,I 

SD W- 'noJre. -to ~ 12\ Cr) Et ~lr-r), 

i Ste.p ~', - ~fru)to..bLe-I ~ -- •. ~~ -- -- . ". '..- -- ~ 

l 0 

ktPJtflI 
.' 

.~.. cI A , 

I ~C):" 

I 
,- :

\. I 
,i 

-
0D .' ...- ..... 

-' 1 
---~---- . 

•~dLJet- . 
'~. 

-A5 

rtJ C

..' -~-Abt 
-p,-C J 

-- .- _ -_.~ .. ... 

outpvtf-J . 
f;(,) 'F;tCC: 

-I- I 
~'I l- ~ 

f .+-
-.  J 

_~._•.'·e____' .... _ 

'.1:· ' 
::1: .<, ,( ;:;:::,", '\' "'. 



••...... ,(J9J
 
-.,..-------:---f . 

" i
t\ 

" I I•.·••I 
I 

." ;,."( r 

. ',....I 

,.." ... ; 

1\1:> 

ffil)\(i tco~ ~c1:cnrJ 19~ 
. 

( 
r , 

(\,6 .. . I . 

···;f\tco-mp~~. 
.' 

\l)~~.
 

1-> lemml ---the.- 1PUD~C'

I 3xy It '2.- PLR. ... ,'I' ,I 

r::, l Q2:- I Ct I t ~D) . ~ Em eDt '/3 /S) ... 

r:<2 eQ 2 , Q[ / a. 6) . ~ Em [ 3 15 )i) 
":."- ' 

step \ ',- K-~ . 

0,Qo tl 
. 

1

l TJWe. ~) 
Q

&.
\IOv'V v 

J 

\ 0 L 

I [ r f,'i 

I --LlT) ~~Qo+Q~QJ -tQ).Q(j 

1 .__.__--.:-·. -,-'--~-~~ 



--

1 
'-~ ___.....,_._-~----_._..._--~ .'.:_-" --c-.__ .- .-'..

'''' '," fILe.)~ Ql- QCJ -t Q.2 .Q\ -t '0:\ '°6 
~ ~ 

[ -=--, Q~ ,QO -tQ2--Q j -t Q l ' QO " ') 

, i 

, . i 

F
h 
CCcrmp~~·· 

0....0.,0 CJ \ \. -0 

O--V (),--Q 

o 

~ 
t~ =. \?,-O)' l O-)-.-t QD 

-
.t~J ~ QD---f Q').;:Q\ 

>. '!. 

I 
_ iiF;CT) =. De, 0-0:tQ2--~ fQ2.iZo' r-1CC) "--0.2-.0..0 -t Q 2-· Qrt Q\ .aD 

' 

f-2--l1J ~, Q 2--
, 
Qo -T Qt g,.o {=-?-lcJ ~ Cio -t Q2- :Q I
 

i st~o1 ; PLA '"" '~"."'.'."• ,
 ' '1D.b le... ." _, p3W ", 
, - , . . ' . 

1 
~ucr Thpotn'· 

QL,',' 0..01\.2-t~ 
'". f 

,-i , 

:---

' ,

0> I! 
.' 

--QI ilD
 
Q2- -----Q)
 ,,1) "0 , ' 

([2 Qb 

-, 
, -

'. , 

D -,'
" 

Q6 -
, 0 

. , I• 
: 

;":. 
'-'t.

. . 

00tput~
 

f\L')
 

1
 

I
 

I
 

-

~c.c.)
 

.- 

\ 

---' -

I
 



·.. . w
 .. . -_._--_._
: .-' 

.' 

".. t· . 

.... \ :' 

I'II .. 

~ ~Wffi± -the- -\oUD~.,~· ···.pt~·.··, 

i 

t 
'. I .', .•.. 

"'. : 

f1llCl'/,2.) ~ E.m(II'2-,YLc;,) 7\~(xJ114-) '-feMe C>r\IGf-'i)
. - ". . . 

c(Y-/V,2-) ~ Eml2 t b } 

ste..p l " ~ K -rrmp, 
K-rn:ap 1fu A CT~~L· 
\) 2. -

~ 'l-Y-.I.L-t-.l.Li-,.......uL,-J-IL--, 

Alc):~0-t\I+2.)' (}+z) (ii-2j 

.' ...•.•.c)l~ z-t ~ l. t -CZJ. 



-~"'-'--- - _.-.... - " .. '"--... ,-. '.-.~ ...
 
. . ', ....,.... '-'-.' .
 

Ie -mn.p ~ B(T) •..• ····--·_·f
r< -- rrm.p ~ 6CC.) I.' 'f'-'1'200 ' 0 [ '.' 

.. '. ~j7-
I I (0", 

. " .. v.,.. . '\ 

I . 'rO 0)2-
l::0 

(0 oj \l- ' , 6.U 

-

0 (") 1'1 I 
,,

..•. '0 
.... ' " 

I
,

·.· 

'C~=!'f::='L\-'-~~ 

I . '. ," .. ,:.' .. ,
 
·.1·
 

BlT)~ ~E-t-ll~·" ..•.·.···...·.·, .....•.. BUJ V-\-~) L~-t~· 
. . , . . 

--- ~
:. )C ,~ -t )I..:J 

:.. " '-. 

~ 'tj-t~ . 
..••... i K-('nQp ~··.tCJJ·· 

\/?- '. t-rn!!--p ~ cCY~ 
i 

~ I l to 
. o '0

Io (1)

'2-.. I
'IJ- )-.'~~L..,--'.-,-+"'::;::-' i 

i 
I 

. 
. \ .

t---~..:....l..f--"''-I+'-:--IR 

1 I.', cD' , 
...... '.;' 

... :..:'i 
I . ".': 

. j , 

CC~) ~~(j'0 
! ~ ~ 

I :.. '.~ +2.
I
 
I
 

. ! ':. j '"t z... . 

I5{e,p 2.- ~ - 'P'W~ trJ:,Le.-. \.. 

", . I 

I 
. i 

'. I 

i p:ttduet ~ 
j 

't.Z-
~ 

-
.YL' 
-~ xyz

\ 

-~ xy
 
Xy
 

'f\put9.> •. ' . DUtpUth . ., 
.x. V 6. IATT) r.lT 
\ '. 

~:'. 0 r -

I .\ - \ 0 ..-. 

I<:) 0 I -. 
~ \0 0 ~ 

\-V r 1 

d T .
 -

J 

-

-

-

'. .' ~ .- ',' ."" 



. -. @", 

...~ ..-:- .... ---...-.-,- .-._ ..... _.. . ;",. " "... ..................--.---'.'O--'="'-"7""i
 

step'- 3 

;, ..Lo~~',- ::- . 
. I 

I'K 'I .I 
. 

. ,.' . 

Z

". ". 

,~. ".. 

;-...... ".,., ... ". 

" 

~ Gu-ve. -BIt to~ ,~teJnen±ol:u:rn q~ .3~~l.j l:W:. ROM ~ 
I Q c::l&DckYl ~ OJ SCI ito bLe.. .~ . 

! A 3 & 'i y. bit RDfY)j~ to .te.. iMf\e5nW:ed . It- '.
 
i ".' bit9J .ko..c.h .' .... .' .'..
 
; C~t?> ~ 32- u&:\5? ~ -boLD1 . .........•.. '. ..... ' ~ ~ k
 

i =ti-Ve "lLpk ~ ~ 1S-Dn -tnt ~. rwMWV'J ~ 
I . . . . 

!6-\h:nOUJh ~ I -1lD'- -fuL' M~. )he.*,('-i[lpU~ ~ dffix:bj' 

. ,'r0:D 32, c:iJ:>tinLt DUtp\J~ b::J rYe~ L\O- '5 'k 31- deLrdeJt. 

fuLh output C\ -the, ...dw:x\en ~.QmwuBt:J M~ 
lhR.. 3~ output?:> D.\- -\he- de.rodeJ1 ~C~ete.d to ewh L\
the- -\Dun DR jo.kJJ.. •. ......•... 

__. .. __.__ --... ." .:.---'---.---.-..-'..--,-~~..-J 

. ~ ".. . 
,.1'." ·t.!; 



-.. 
't· 

. ,3· 

~ . " ., . 

.~ .f . 

,tt 
. , 13~ 

l.~ 
'.' "'.. 

l 

~. 
t
 

./ 5f?:,,-,-- t
 
,
 

I) 
:[').-- ~ 't 

!--I'decca '1 t;'" g,1=.3 , ~. 

L{ if,
--;; 1-1. . 

!! 
:; 
34-' 

'/\..: ~ 

\/ f'J
 
. ' 

7 
.... 

\
 
,/ 

0 , 
2

'. , ~ 
'/' y, 

'" ,y,,- Lb .s 
" 

./ 
G 

.~ 1 
~ • 
~/ ';] 

9 
1-0 

. I I. 
Ii 
r3 
w

-

. , 

'.' 

.': ... <.... Co< \... ~ 

'\7\../ 
--_. 

.
 
. 

.-

PT AO
 

-

~, , . . f:¥; Per;- ~ ."," ~~. f>t /"<, 

, 

! 

, 
j 

I
 
I 
!, 
i 
i 

I
I 

I 
I
 

{:\D
'A
 



L-__-~---.-L~~~-~~--,-l-~-~~---'-'------l.'. 

i~ 1hLp\esnent (}J ~ iDBC~(ocle:cnn\JOLte.n ~ 
)I u&illB PAL-

i ~ 'lo.rn- tnhlfl-5 3" b-lt ~ ,8,
I 

B"nrlil \ J eco COde."u..:::::J' ~, .. to .B-:>. 8., B \ C ~L~I L:l. c 1 . 
0 DO"·::· ·'0' 0·.··..O 0 ,':, ". ' 

o 0 I 0 .' 0 ot 
o lO 00 lO 
o 1 J 0 O· .:'.: l J 

"I L 000100
L t ,0.6 () I" 0 J . 

--- .---·-T ."C'-T'---0'--~ to_\. ~~ .. ,.---------.--.-- ---- I 

'. -«



~ Jbffi--+;;);iJ\£1--4'-~---~----~------- 

, I 
" , 

i 
'" 

, 
'I', , 

" 

, , 
i, 

".l
l: 
! 
i 

" , 
,I 

.'-1 

.,' 
. I 

B8 -.... . -'
 

t'.5 

C


I?q 3 
o .5 O~OI.'-· • ~Cl~ t:5. ~S3CJ- ~J 

..•. .' 00.0 00000 

060 r '.,'.'" 00'000 00 I 
co to·oO()OOOLO 

.00 1.'1..-00000 0 I 1 

OJ OCr" 60900 $0 0 

ot 0 I,' oo~,:bo D \ 0 1 

C} .•.• ~ 10- 0 -0,0 0 ,,0 , I 0 

01 L Ii. 0 o'c) 0 ',0 I I l 

to 00,' 0'060'",10 00 

l 0 D I',' 0 ',' 0 .·0 0" ! 0 0 I 
to LO' •C\ D '0,,1 '''' Cl 0 0 0 

LO \'.1'. 0 o. 61 ',0 0 0 ) 

l 1 0 0-0 0 d'; I; 0 D 1 0 

It oLo 0 or '.',' 0 0 1 I 
L L l 0 0 0 0:\ 0 l 0 () 

t '. I t \, 0'06\ '.",0 l C) t 

:= 2nL [LOr' I, \ ~l Ii\l Y(\ S,)

4 

C3 ~ £01 LL1 J? I (OJ lJ\~115) 

~ ~ Erne"dc/OJ G,l j l1,13J 

~ 

C,:: ~(1/~15:,li9) II}I3,JS) . 

=tell era ,9)_ ~
 

,
 

'
 

i 
i ( " 

. 
'" 

!
 
i 
i ' 
;, 

I' 
\ 

.$kp 1', ~ k -mcip.
 

". j" 

j 

l _J
I

, --~_._-------- .------------_. 
~ ,'. ~ .. 



- -

r 
, , 

---- .'.'. - : ·:.
By B t ?Jy 1)2-, f:,y~BJ-. ·'.hI B3t~f5 .. . .... .2-3 .. ' ' 

-: .. 'I 
&t~
 

o'0 

D I 

q 
" ~ LO 

.
) ,

,, I 
I
, 

I 
I "
 

, 

I
 
I 
!, 

) I 
) 

, 

) 

'. ) 

) i 

to'· ". 

~ >.,k-rnnp ~ c~ L" 
fB 1 l 11'\!J~o 

II 
! 

.... 
! 
~...' ..': 

I .. 
. " ...... -B 1.·.·· 

~~. >: 

. ,.. " 

OUtput·\~LJ(l lnputh . 
'i~ [) l{ lbs -b.2- 16 1 

00 L--~r--J-~-¥1-~ 
. ') 

O( \~~~+tr-J<>-I 
l1 \5N·+.'\JJ.l>-\.....~\~.'-r-~ 

n 1 

t \' 
Cl \ .3 ~ 

" t I 
.-oJ 

U. ..
-

(t 0L, l' 
l'l 

'R " " to 

'•. C5 ::ByB +s
~.&< .'.' z. 
..", 

~.. --;" 

C4':B~ct6:J 
... 

>•• 

c..3:: BitB3t 
13B ..
 
3' 

C:),:: B'-1~B~-j-

~y 8)2

. ., ,. 

:P-. I 

1 
' 

3·, 

Y, . 

, 

5 
G 

0 

-
I 

l \ - 

I 
•

- I 

0 0 
-
J - 
I l 

• 

f ~l 0 

8 6 -- ( 
-
9 - I c .~ .5- l - . J - ..... -.. _.-~.-~,10 - - 

• 



, 

. I 

¥ ff. V .•~ 
I. . . 

<:(. •
,": . . 

. . 

- .' . . 

.... ') . b4 £-3.( . . . · " .. 

r\ 
; 

• ; 
~. I\.. 

" 
<. 

, . LJ 
, 

· - .,: 

I 

" 
I· . 

, 1\6/>:1-
I 

, 

", 
, -:7 , U~.-

. ' ..... ~~h 
' .• 11 ' .•1/ 

IJ 

.~ 
r 

~-,~ .' 
'/1\ .' , 

, 
.. 

'.' 
. , 

~-
. 

. ~ 

..--..~ 

.J, 
, 

~B~",1\ • / 

;, 
, -; I'-

· . 

.. 

~.J,-
-, .; 

, . 

• 

_ of:,_ 

. i 
~J. 

.. 

-I' I 1'-.' . L/ 

..• 1, "'" .-:1 lJ l 
.. '. i 

r'l .. V 
, 

. 

1 ~ {)~v 
I .. a 

j 

i 

. '1
 
!
 

.\
; 

I : 
! ,
 
I
 

. I 
. I
 

I
 
I 

i 
; 

; 

' i
I' 

, ' 

, ! 
i, 

, 

I 
I 

I 
! 
1 
I 
i 

I 
~ I 

,~. : ..... :" .....':"1 .," 



) 
. - ·'to •. 

'~ 

BlDd~ ~ c\- ~tmL ~. 
Ihtre ~ -twD ~e7J et ~" ~. 

~ ~nc.hnonOlYJ ~:  lhe .~ .~?J."" 
w\-0h oJ1e ccnl:bmLLe.d ~ cvc10cYV ..' ~ .. coJJe-d 
s.':J flc.lm=ui'J ~ CJ')luilil:9.,. ~ cijtuillfJ
if- a.du.oJ:ed ~ c1Dc.k.a.:s<l1ll ,~... ~ ..... 

o A S~rtclmonDlYJ ~: - lhe ,:rc~ ~ .... whLdu 
~ (lot crmbioLlM b~ "&1 cloU:-~' e-cJJed..... .C!-, S~ll~~ 
~ CiJUw1JJ Ithnt )$l)' -{k.~'·~tlftL ~ ..' 
In. whlLh eJJent'h C05l tore pOO-"OJl.::j itfne. -the )npuD9J 
())1e Ofpli-u1 rote ceJJed AS~rtduLon00?> se.q,tmt.o.L ~v' 



;,' , 

,~Ofl bctwccn ~(ic-h ~lJ9J &. A-S~nchj(Qi)QLJ9J .~~ 
5-.::Jn. 'JlDYlOLf:) ,1\ 5~ nUS . '----\. 

',' ',\. Jh~([cJmonoLYJ., 'Cih~ J, I· 'ill ~~([chjjOflD(J9J c1~LitLth-/ : ' ' 

,'.""'. -the; cho~ I(l;;inp.k;.;, ,; ~ ", in ~npJt 3.f9n.oJ7J i, 
~n.oJ5) 'cpJlJ ,'" ~t ~ CCtfl ¥ ~~ eX?JTl{'J11n I 

.', ~' vpon.', ~ ',. Cli' oJ1.-lj ,r0tnstt o\~ . 

. t\ cJ.rtk.~.··. , , 
•."..,.Q. Tn ".. ~n~lYJ "~, ~. Jh OJ%CILh'J1oWL0 CJ1UUt9:J) 

',' ~ ,~, oYe->' ',. ~~5i1h ~ eLthv1 
~.;. J ". \ ' ,', ,. ',".", ' , \5ffi.OCre.d PF-S &- tune de1c::1 . 

,"	 cJoUE-O fPs.,.", ".",',".','" , ~., .. ! 
'3 . "lhe-" ~rqO?~ 3. 5.iJLU' -the. cJCGt0 ;,9.) oot I 

g~c\- dDC~ '.~".6n~,(1)S~~UlJ ~ 
1	 tu'ne- "~ 1fW~l\led .. ',.'., CO-N o~ ~tDt. -th.oJu I 

,I, ' " " ' ,."', S~flLhJIDf1OlJ9:> ~.
 

" l.j. The.:J ().11e. ~iO ',.,.,,' ,

..~[) ..• . . •. 'to m3'e- dilJiwU: 1;0 cJefu;ij O. 

" ~. ~ Ptip jioP'? ;-;> 

',' -). 1he., mtbt jm-p&tont .'~ ~ 19J ~ 1PP --t¥P 

,'. lJJhiUu 19J ",' m.cu:ie up L\ (].\v' 09fJem-bl:! ab- lr1fL 3Gi:e.?J, 
'~ ~VUl ~, Cu \o~ ~ .~ rt?clt hM rw 8~) 

." ~ / SeJ/~',' Lo~ j~ CDN ~ . ~e-d I 

'. ~ \rt ~ -ttw.t ,penmJl ;(\~ 4;0 Ge-
, 51O'ed.' . ,,'
 

. ' .	 . 

.",.,. ~ Pli,p -~0 ~ %£' .~ bWleiJng b~ t\~tJ 
, , , g~ WLtu.J:lJ .AGbnJJ.:i I~ -1W~ 19;) OS\J tm{ -b~\J 

.". J • , • 

.	 ',.' '-: ,', 'l~: . 



I •. ~ 

' .. -, .: . 

, I~h-h '.• 
L(W.J l . eLip- ~IJ· 

I ,~c:Le.-ui.U CJJ1Ji 'It .can 5\:&e. .'. eDt\v1 \&. o. 
, --'7 Wc.h i9:l OJCc7I"'o J IPnl,r. L de-\.li.C.L ~ic.hecl0? alL 'i t~ .... 

~ ~~ ~ -

I tnj=Ut9J am~l?-J~ oM ~.\\n DOtPUtJJ '" ~ 
I ni ~ tiJne tn.d~~pendent 1\0) CloG~ SLSn.aL, '.' 
! . '" . ".' . 

~ 11 0'e-~ to rum - ClDcred ~;.c~~ / ~& ~ 
~ 1fDp9; \Lo.kh 00 to (1 Ith 0;0 \\'flIllec:L-otel:J ufDl' 

~ -the i(lpLlt 'po~ 

=;; ~ ~ ~ ~ ~ilD\')5)· 



0D"I 0 0 hnli-,.;p~,..., 0 ~ -.:.;.... \... • ;... '" 1'.00,:""", I 0 ciJL 5 
. ~ l LDrJ ~ ~1.(j.,J...> I ' 

", ., ' . 
", . 



, "{jj
:':..... , 

..: "', 

~J:- R lotch , 
• - ::>~: .:( .', .. _. .. 

:.<'..- '" 

.'.. '." ." 
.lnpuV)7 .. :. 

. ". ' .'\he- 5-R \DtUJ ~ -Iwo 
/ 

, 6J"'~'~ ~S; 
j(£Sci (j2) ; · . ' .ScT Cs) l1.l1.d .. . 

.~ .' r- ~ ' 

. I (a) . ~.8J.. 
.-/astd -two output1':J &.land ..-

·

· .. 
' 12

~ CD'fTLP~LDh.eYe.- aJ 't'n C\.fu 'tnicS3mbDL ~ ~~R ~ 
. . .. , 

-
~S-R \,olLh .~ NOR &o.teh , [a0L,lle- Yu8~ S- R .• LotchJ. 

., ; - .U:ltch tt·.5"R. .~
'\" . .IN- Low:c ~ ~-lht I 

D1&J- coop\uj NoR! 3o.teJJ , sIlfl.d R .~i fujo IOpUt!J t\
o • : " ':: • . . 

" 
-tu.D 

:'. 

9-R- \O:tUl. , , 
, '.-:. , 

.
-i) 5 , It f1}Wj)9.) -t\-ult.. tDhen 5 ;,9;) I, 'It s~ \.S~-\&- feC-

. .; . -. .. 

.. 

\~ R:. \ Lo.tch· ".'.~. 'i\:.'s cwtpu t- UUlL.'.:::;, R s\;oJv:\P.> iOl I2e7rldhd . I . - :., Clflrl ..) .' 

i5lJ oJ) 1\\QR.····••'ct- o· "\hi77 Ci9tU.uJ: calJW 

$ 
.. 

R., ~ " 

I!U D··.·. b , 

0
.LRef.>t-tJ .~. j 
' .\ 

• . 
0.': 

i'
 

" D~ 
) \ .L ThJ I
 

.s lse.t) I '.


\O~ ~ v: 
'\)ujthJ bb\t. 

I~, 
~ 

0 

0 

\ 

L 

f

0 

, 
1 

1) 

( 

0 0n+1 S'tnt 

.. 

8Jn 
0 

l 
X. 

~ 
~ 

SU: 

i~~ 

. ,." 

.. 
. 

7' 
.. 

~'.' . 
.' . 

···3@,. \Dteh &- S-R 'U1kh. 
'. 

~n 5\nJeI%-tlR 
0 NO0 .. 0
 

0
 I\ ~ 
') 0 0 'ReSE-r 

0II 
0 I ID ScT.. 

' \1.··.0 

J 
, 

.. irtdd II LIJ Ut(} 'l\ 
~,~ 

l invo.lid).
X1····1 

'i"-'uJthto.b\.e... ,. 

'. 

. -;' 
• .:,,,. - '. :.. • .~' • ~ I 



..
 I. SET ::0 1 REsET ~O~;·ThL~i·J9jW~rtBLsnfi.L ~tvt:3 SteJe- ~ W_ 
!'JOR to±ch and-It, .fu1f)••.. nO e..wLb on 1ht- cot:put ,stDJe,. 
IV ond ro wilL. ~J1L{liJl; () whn1/'--UV1 st~ ~ ~ 
~ ~o·the, o~<q.mt9J \(IpLJC~. 

~. 5tTc. O/R~.SE1 =.1 ,lhiP.lLlJ1l. <1l.untJ> .. ~ (a)::o/ (j.J~ It 
[ULLL ~e.um '.~. ~EScl ,dllJ\J1RJ to O. 'It; 

3. Se:'-T~ RESET~ 0 i ~,.'(j.l.Lt1 ~ Set (a);: I) WY1m:.\1 

w& ~O!eJl' ~OJSG1 ~\AM tb o· 
. . ~ . ".' 

~.
 
'
 
(
 
:
 

.
 

y.	 SCI:' I,' RESeT=- ·1. ThiJ?- tondLt.-.af1 Uu:.eh to oFf ruu:l ReJJe..t ~ 
loteJ) o:t '\he. 5~ tune. ,on.r:l 'It p.'tOOul.VJ fu::: 120 ':. a '( t i:h<.. iflpr,1 
~ ~~b.Pt.ntd to VJlf)~L\:t:JJUeDu(j;,4:J,.1:ht J1eJ'Ju L~ output' 'I 

'
 

.
 

S~ ~I?:> e.m.o.i:a.- .MU .Ul1pYech:dnb'le,. l1uJ.> input c.nnddJ.JOf) 5houW 
~ (\01: .. 't£- l1ie.O 'It i9Jlf)&i~.d Stote_" Bl. \{l\ro1id 5t~. 
S-R lLltcn. '~ .. '.' l\\ArvD' &D.teJJ:- c.a.c:\:.ille. Low S-R illt~) 

'--7 lhe".~ ~I~·.'·~ S-Q leJ:&u ~ c% -nuD 
~ .: c-oop'Le.cl Nf1[\JD~fJ. 

5 ~"" 
eSe--t) l _~)'c, 6V 

~_I-''\''
 
R 

CRe-St?-tJ 
, .... 

.ltzfcc:lL~. 
~l . .•....•...•.. §) 

l;))lVt \&'tDJL 
'0 l( 

I 

. invaUd 

Sef

.	 '.' _ 

S R- 6JJ" Sr.-t \ S'\o.te.- I 
0 0 0 X. ;\lM~ I 
o 0 I X (j IIvo.J.d ) , 

o \ 0 'Se.,'c I
 

0 \ I \ I
 

t i)" '0 0 Re9Je1-
1I
 

t 0 lOr
 

L I (). 0 .' NO' ~ I
 
l' I !.G~ I
-

"ThtD'\kutnble.- .	 , 

0 ReSel~ ~,-,'-S;Jn.fh~.d -tndh tu1\L .i· 
.,.; 

5R. 

.' 0

01

10 
~L~··:.-I-L.-'.~~()_.!....!,N-~.,',~c:-l'~__...,..L.-_--'--~~~-----..:..--l"r 

.'0"	 .. ' 
"	 I' ¥~

.'	 ,j... . 



'The. ~d 5 - Rlcltdl : 

the- ctnpo.b ,C.ondLl1on"J ~-
~, A So:Jed . S-R. \DlchJ
 
'J1~ s Cll\.d i?J input?> lLlill
ihL eMb\.e- f9J hiBh ltJnefIJ
 

\::e.ccrme IMW'.duJe.- o.ru1 rill
 

c.j' ..\ 
71I \ 

. i .... / •.' 
~----J .' I . 

I I:» 
. / 

W~¥\JY'I.l-l:fi\.&Jc.d $ tf( tD:fch. 

" '.": 

, 

" . ~,' 

"The. OO~lJ(>cosu ~ 5~ BJ1{j .~ 
choJlBP-d1 .9:1.' ~i.De.: co1JOO ASBnLhJL<mll 
~efJ.05l&oJ:;re.lE.N} ;rtptk 

conblDL %e. ~.tcJe..'.' c\r:.' Lold1 ~{IJh:isv 
the. fuoblt 1~ Low j -fuL<~D.PJt9J 

ch.~ ct stPie- CQ..0. ~ pln..ce ....' 
.. 

&1-1---1 -

, .. ,! ~i',' 

..,: ..... ~ .'.;:;, .:·.{-j;t~:.~'_:;,:; ..;,i~.~t-llt:Jf~£~t:.: 

l \ I 



-.ro. 0 ----.--------r o )... ~ 

~~ OJ; 

--fJ •.~"""'-----'...... (~L._--+ R



, ' 

":<", . 

.,'., . 

• :",". ,-: •• ' _.~.: - < 
". ' .; 

... ', 

o ~•.,LDh:h ,I . . '.' 
;":,' 

Il'
.' 

I I I 
\ '. 

I I 
) I \ I 0 ,'. ',. , '0 

I 
.;. 

I 

7

J "
\ \ 

I I rI 
. ' , 

D I 
[ .... -, 

n I 
.'." 

.. () II ,~ -

. , 

I 
T " 

\ 
r 'N)e-' 

.-3> 

c~)( 
cse.t) \ 

\ ~ '. 

CJ 
'Cl I 0 ····0 ,"""'0 

I 
;.: 

.. ? 

• "
':_c\ 

: 

r -,

I ! 'r \ " 
J I t ,,".'1 1 

.. \0 I 
, 

I "',t
l I 

. ' '1.

: ,'", 
. .

D 

~ -fif5I. &oW 

,) Flip -~p;6 :~ 

]peJ) q. ~ ~ ~~ ;- ---' 

• I 

--7 8~R- ~- ~? 

---=7 0 f-p *-P 
') S-K ~~~P 

~ -r ~-~p, 

. " .. :

. -. . 
" " '. -

:~. ',".: 

""~ ;' I ': : 



.... 0 ---,-'-j 

~_._----1 

~MbDL .~ +\!e. ~.,,~~, 
':, .---'--'_.... 

c. ~~~ '. ~'''''-'~"". 
<oJ / .', ., . I:)IJ 

S-R'
\ c% --'llI' . 

7' , efLp;{illP ..•• 
---3' .' ..", -

o R. - . ..' aJ·.. ,:' 

~ 

Q) , .' 

~M\:Dl ~ - ve. ~ t 

S 
I eJt:-)o 5 -~ :

""t .~ 
o . L' 4hf~~.L.--!~ &J 
P- .' _ 1 

,: I 

. '. " 

'T~1h table ',- ....: 
~._. .., . 

&/I\t I 'S\nJLCHe '5 R e;n.. 

-

"'
"'0 D 0 1) NO 

t Cl .. 0 I I cJW\ff

"" 
0 1 0 0 Rehe.t 

1-.. '(j I J 0 

t ·1 ~ ~ I ser 
.... , 0 I I 

f;. ( I CJ 

~ 
lnvn.ll.d 

1- '1 1 I f>trJe: 

0 .K X. 0 0 NO 
c1orW0 ....~ X I I 

InT'u:rn:;- lhe- ~\lL' 

::' .' -.. 

, " 



o I 

S R tVn-t J 

0 
(') 

I 
L 

D 

I 
0 

I 

BJII 
0 
\ 

:\ 

.,.' 

:.. ' 
."; . 
::: ." ' ~. 

:. "," 

",,': ,:" .... :,~ ," 

... t'" ," 

,." , 

~ inbk: ~ AteJ.ble lD\-u:fh~t9:>' ~.',.~ stot~} 
~~ stoJi ewi ~ ~:~()J~-1illP ~'9J,.,',. 

"IC.oJJM -the-~ IDb~t. ,', >' ','. . ...... •.. . 

..~ A -to.ble w\U.ch In.ciUol.eh the. ~ .. Ye~ -tot~ 
-thL # -~P ~ -1N, .. ~.n.t, Smle..~~·'·nPyj:- '·5~: 

. . . ... . 

' .. 

", 

CJ 

s ..' 1<-..... 

o .'.>\. ' 

1Io 
'. 1

•. 
.:. 

i . 

I 
i 
i
 
\
 

. L: ~=====~===!=)(='=:::0=:"~ ,! ~~--,.,...-------':"----:J 
..-" ...-." 

:.·••••0 ", ••, ••• ' .... '.". 



\ " 

0 

'",. 

elK,' , 

I 

5· I 0 

I 

I 

( 0 

.I 
\ ) 

L 
I . 

, L1 

I 
I

I II , 
, I, I 

I . 

o I 
I

I 

\ 
I I 

\ I I0 
•111 ~. I 

l-

I 

I , 
I 
I , 

I 
D- fif -{nP:- : I
 

'I 
L02f:: ."~ ,';- ' I 

D I
 
, ( 

I 
I 
I 

__-':10 0 ....,
 
0
-"
 

"
 ,
 

'-.,
 

, I 
I 

~'" - I" eJ' - )) ro 

I
 
I
 
I
 

. ,\ j r
~----,---~-~'-----'---:'-_-----------

..' ...:'.' >, 

I 



c.Ue I 0 
&J ' .. 

~C\T 
.. ste.te.

'. 0: 
, 

'" 
G 0 Cl Re.~e...t 

'" 
\ 

. 

0 .' ~ .. r. 

1 , 0 \ 
.' 

Se..t 

~ 1 
I :..... I.:." ," 

'" 
.. , 

0
)\ o '.' NO • 

~ X L·· ..... \ ~ 

I, . 

0 EVrt+I 

.D 

\ 

0 

I 

." ,:." 

SJ[\ () 

" ..
 

i , " '.
 
e" .',.: • 

o 
I

0 
,.,.,b . ". 

.. 
:l- 11 3 

I II ~~.:.•... ' 

.' . 
'0" '.

I I I . I I' ( 

D I I . . I 

l- . I 
( I"'-----J'.' 

I 
. ,eJ, I ( 

~ 

II I 
I (l \~.'-----' . I .
 

C(}egr1u~ - e.d~ ~. ~) . :.'.
 
::; 

.; ,,:' i '::,.: 

t· . \ .. 

o ,'I ['. .) "n\ 
.. ' -.......-c,,4-.!~~ [ 

,,;,I~I•... ~.••·.l·•..·...·... M. 
<>:'.1 1TLL
~.·c~e6¥~~J 

-

pJeJ'Je.nt" Ne.M:' Dswe ~tDt:e-
. ' ,..... ' I 

0 0 0 

0 \ :I I , 
" I 

l '{). I0.. I 

I 1 j : I 



. ,..•. l~c~.·· .•··.... 
'.: .. 

~ . ".t.-----

" .:
:.. :" ,',. 

•

",.-'.: 

"" .. . 

~ 8(:jmboL , 

·n·.··.··c:JJ~-K~·~]#iP··.:~·ilo;p~S)~;-----------~;
 

. ,
 
./
 

ar
 
•
 

. .
 

T
 
;,.
-

~
 -.,


>J t»
 
. .<: 

K-
~ ..... 

, . BJ
!( W 

".'.- . C~-Lli e- - e-C!~)
CpBIb-ue. '- e.¥}.
 

13UJ\n 1nb1e.:< ~bLhibL~"
 
--' 

C-ll( :r [< &111 ~+I 
.~ 

stak 
~ 0 '0 '0 ,!!I NO 
.J' 0 Q' I 

. choJl1f\ 

;,...f\ 0 J Cl 0 '~ 
S 0 I " l 0 

..A- t a Cl 1 
§ l b . I L . Se):-

s t ) 0 J 103t(s \ J 
. ) 0 

\} x: a -
><; a N-o 

0 X, X. \ I ,~. 

:r K ei.lnt-I 

0 
a 
l 
l 

0 
I 

0 
I 

Qh 
.. 0 

I 

l<m(e. 
I 

I
I
, 

. cho?M1~OWJtLG C,w~. 

~P£.nt5toJe. f\VittJe:- ~(\p0t8 
'4'""' ,,( 

0' 0 0 x 
J 

• 
0 [ X 
\ 0 >( 1 

l J )( -0 --1 

Iv ll:\ '- . ' .

• jl'-Uibo O· II .' ...• I 
I 'r' 

~., \ 

I 
I i 

I
 
I
 
r
 

,;~,-~,~-----~--'-~~---=----~-~----. '." ', .. ' t'.•': " ' ..' . .":.,. 1 
" . 



(.r~-=------::----=---_----;-~ ~@)~\3--.1/ 

( , WDJJ<?~=t& p&.W.v('-:.e4Jt~ ~e_- ~~ 

( \ Ie LlLltst-Fb-rtJLL--V' 
r . 

\ 
5. I 0 \ 10 f' , ~ ,
K
 

I
 
\ 

I 
I l"~ ~ 

I I ] 

, 1 
o I 0 I I 

! 
0 

'I I
I a\ I 

1 

I 
() \ 

D 
\ \ 

1 

o 
: '\ 0 

." .. 
. 

~ 
{) , 

, 
\ 

( , 
I: 
i. 

0 
, 

, I 
I 

I I I 
i , 
I 

0 ) 

I \, 

"1 rant) 

.0 

\ 

~f\ 

0 

ill<: "\ 

0.5'
 
S 0 

I.£ 
s I 

:J i\ 
x.c}uooiliMtL ~L 

~o . 
.'\: ~'----r-l----.-

o I \ 

t ,CD 2

1 1 . '1' ~ .' \ ,".
 
I 1: 

\ r
 

0 \0 II 

. I ' I . 

6J _}o ..... 0, "\' \1 

\ 1 \ 0 
.'. nL:'~"·~~----"---:-

- .. ",: 

", .-......", •• < 

T 

". '0" . 

- ~ 
L---..... 

. S~(l'\\:ot ~ 
cs£~e,:-\.~ 

'StoJe;- .•..6n<t\ 
. '-:, I NO0 

I •••··.··icJnf\f. 
I 
0 

('J 

'.. ' 
. '." 1r~~
 , .. I· ..

••... ' No 
\ ···.··.··icl~. 

.': I . -

..
 

. ,.. :·1-" 
. , :' " ", '~21!,>,; 
. . , .•. : ~::_":.;,,~l..-I...i;';',,;·; 



fL 
) 

.'I.'.. 
,I 

1 

1 
~ '. 

frL~ ta.ble...·'- .'. , ", 

.% ~+ \ T 
0 0 0 
0 I . 1 
I 0 1 

l J '.' 0 .. 

··.··.·~~I\ . [ . I l \.' 'I 

.....•.•.0f,: 0 1-0- 1 l, t (j II 0 \ 0 .(1, .: 

'.' ' I "'~ I
'.'7Q) < N1c.... ' L<J(J '- I N' c.. I 
.' ." (I ( 'f 1 c'l J 1 t I I 

R1:ltz-~. f)'7lOUfld '. Candi':llofi:- I 

. :l1J 1he. oiliJih ~fu. tl.oc'N ppli>e. lp i~ no lm::J' -!he. : 

smie q. itt. fF-¥P tJ..LiU ~-P on char~ ~ 0 to I ) \to 0 
'" I 

010 I osu:l So crtI,'osuJ o±< -\he- enD ~ It£ C1rtt. 1~\l;e, it~ 5rolR_ I 
Lu.ilJ-.tc unCQrlruJ1 .1hl1'J •. ~ornerum ~ 9J ceJk;d *e. jj(UL aJtOlJ'llJ3 , 
cemct.tu:rn -\he, O\Jtp0\JJ &) ond t1-! (J.ulL L~ 1m Thh ow It '\hI . 
ihe-~ pul?£. llli.d1tv tp ~~ .. too L~ Ctn'nfaJ1e,(\ UtdhJ -1:he,. I
". 

. fl'W~ c1eWj 'lre liXh ~ . I
L [\\I'NO 

1=p):,> T . I 
-tp'~ PlJ~ luidihJ •....... , I. 
'-- C> P""~ d>lDtI·· . ·1; 

\he- OneJ? fU~·.lW_d1h ~'roLJld\::f. Sum C9> -tD ollow , 
.. . . ...., i 

cmlLIDne- ."chMff' ~ .• '.'. LarnpL~ -lhtst.&e M£l ("uk. ioa ~ 
1OY\Ij "'" allow '"""'J~!';J -"eY>ultiNJ in ~ oJ:ouf-! 

.... -tk.~ ~ _~ ;~Cl.r .s~ ~~ woo [ .CCJlflDt

•... b:.- ~·in ~ .•11uh ~o~ ;~~ ~ . ~.. 

.··.~1U~~e ~... ~~ ..•. ~•.... ~ {~~. ~--VnP. f, 
....... ~." rb


I 
t-_----: ~_...,;.+.. .----~:---~-----il 

.• d., . 

. - '.. : " 



.••.. l1)
 

...... 
. ~, .- ..... 

. ,
.l E::~-=--.::--;:~.~--d-1.~-----~~.·.r,~~-~---

. I X 

S~rrtbD~ : 

- ..

:r 7. 
~ 

, 
-/ 

7k

>\ caJ' ,'.L:r, ..')c.Jl l8J 
I 

SlCUle.. .. :::~' .fYLOJAOt r-7 
.. 

~·.·····I .. 

~ K).- 6.)2.:\(, @.{ aJ ".T 
~ 

f-'V 

'The. ~Wt _. stWe- ~ ~P-~ .. ~~e1qJed fllD.lt' .{he,-to 

, , S~ru:h>wn.olJ5\ O~ Me. ~l<>,ihot\~ ,to ()jjJl.i.O -lme 
pm>biQlrlP, cl, lo,<f"-- 0Wf.;f\ clDfful 4ip-1\i'¢' \YWI' ;"Y"'-ove~ I 
,,, a.chiDJW b<j ,fIIWdVCiJ19 ~ \TIlWA -tJ.l"e-" <k\1I.,'j ,Irl¢cll' il-L , 
~ 1:h6t -1ht- -\lif-~P "..,porrl'> \no. clockl"'IU "Orul -\hL 
t= ~, 3tJl [OYi'£ ~ Qt; \\t> gJ\:t"L II I'){'J\\iJt. 5\o>J ~ 
1>4--If? 0 ~b c.olkd (JJ pcl!'>< - t11.ilJ~ .11+11"1' ~~ 
1l-L \mt' l\- -1ht tJ1'GYe~1P'Ot\lJ> cJput TO ~ 
S\nl:e. ~ '-1hL wicHh q, ~c.W0K.pU\ile. ,". ' 

, "In i'nJ)Jo1tJl- s\o.llD-K #~*"pcutuo.1Uj 
~ \DXI .j\if -4D~ - Ci nu19.> \bi.wv-..\icDP ,oi-td Ci 5\.CuR ' 

~ --I1"P. lhe ClJ1\OOL\0~ Ol'e <1j"p.ke.d -\0 '-the. '=W1 ' • 
. ~ p o.n-d ,fY1.0J.kfJ! Ol.i Dr l~ 2jtQffiloJ'Jinput .1:0 -tt . ." 

,: ...':,. 



\ '. I 

'....
 
".
 

.'
 

slcwe# ~ ..lJnp.. ,On -tht ••..~ ~~ t\ -\he. drxie. fU'-& / -\:he. . " 
ie-velJJ on lk cemb10L ~(\P~ oJ'e- tm Ttl. ~ iht output 1 J 
the.,. m.n?Jt(')l.m -fu(.-~. ed~ ~1k dRK FXJ\9,e.) 1he. stoJe cb- ). 
k rrU1JkOl 1~ ~<iU ihe. 5kwc ,<Ju'l<- oui:pJtt> ,1Dl'. IVnI>J4 
~ . nillJ.JteJ1-5L6J,e.·•..~ -~(Y? tnetDn v~ rrw:h L1e- -the -I 

l'\e!joJ:we - ~d% .t~~· fP ~~' exhpt. ~ r:JfL ~ d.Jifr1~ .. ,. 
lhL .CDY\bt6LJhputJ/~t·(t.,w.d· sto.ble. while ell:- I)J high / I 
o\hnwu>£ on unpl'eej,:.cinJie. ~~ 0CW'1, 1hi9> J"'Ol:Itm I 
ulll:h -the. f11J)5IJttn- S\.oJJe- .~ - iWP f7J. 0\l ~. w.dtu (l11.J 

Ilrnj>J1Ilved ~\:Dk s\oJJr. .~.~ cn.i.bl ik cmJ\tD1' s\oJJe 
i.tJ.l..dh c:ht11J,Lo(j:'. -0ut ..... 

"w~:-

.. 

r \ 
\
 

'. l'
, I 0 
0 0 I I

.', , 
, I 

'.

j 
" .I t 

I ..rl I L ,I ()C I. 0.r I r. ,"f'll 1 ( ; ,( .. ! .
.) \ 1 I 0, \l 0 0.'0 10I . 

7 
I 1lt 1) 
, t 1 ) 

1)(.. 0 0 
I r( \ 

. " I .) \ Il '1-. . 
1 ....•..• 1 0 e> 

'lo\lj. :0 
\' .. 1 -a0 

I I , 
6 

-

I " ~;- ~ . '. ":"" 
, ",' :,T .. 

: ".' ,.",:.;<: .. ." . ,'.' 



. ;-, •... &l 
.' ' ;, ~. '. i ,.,.. ..'... 

c. 

D 
; -, 

.---....,>/ 
11'\----:1 " fu 

\--H-c-"~ 
. 

,~ ••...'. J" 

.~ ---  - ~ - -----:s\.a.ve.., .' 

AS~nchJLcmDl}9) ~rtpvt;7;) [PReSST Qnd GL81R),' 

. , ... 
. ' 

..., -. 

". •.• . \ 5 R elK, 0.JS to:1e 
==;-~ @J\/OsL8jO-N'l. 

~.. C)1··.Jl-- 0 '.~ 
'ld) .,., JL. \ set .... 

R \- ~,~ - ~ _I l S\.WJ~~· to sf ,,-i(\~ .••. 
.... ',' '\ \ .' 

~c. ~ .•...... "IJW1h toJ)te 

r1Mttn- SIJwe. ;P1O ~.1WP', ~ . 
_ ("(\0.9.>\01. __ _ _. L '. .... 

'.. < .'. -+vuAhtnbL( 
DeLt 6J .9 

n SL (') .~ 
.' 

.' In I .3tJ;:; 
". 

.' 

lhe. S-R, D,ToruJ "J"-K . \ 1\ put?, aJ'e..' c.nllecd 5~rte;hjLOT\OlY'J ;IlPlJt~ J 

~~ l:hW1 ~ Dl1 the. 4!iP-fop outptJtWJ S~nch~ .tWihJ 
,~clotk input.· .'. •....•'... •. . ." ., ;, 
!, '. 1'ft8Jt :rc. iLl? -1JLo0 olPJo ~~81 ~GJ5j~1)9J 
IC\PU1iJ. ~ A5.:jnOmrmo~ '\I\pub.> ~ ..,••... -the:. ~~~r Clu1ptJt- . '. 
i(lckp!~ at- %-L S~fl0DtDmuP> \np\)bJorui'~ cloct. LOfU r
1\VJe- OJ 5~~OlJ JrtpUOJ CDJ\J \t, ~to'S&1 ~ ~' ¥Or .., 
tD l:k \ s\n.J£ at. RESeT~' ~ -4fop<-to.WD . StnJe- t$ Cl51-!:J 

tG~ :lle9~teffl ~ n c~ oJ: tt owJ\ '/Cl1Jut9J .· .. 
~ o:m- ~ l.ol:t1IeJ fRE~T Eh cWteetS;-1 ~ OCS2T) • '. 
DJ\rl. Cl[:AI2. m dt)rl. RE,S'G-T OlDcC1EAR _ .... . 

...:.. 

. . ~ . '. ' 



:r .. , 

&

\<.. '.~ , 
.. . . 

I.o(f
., ~.: ... . . , ~ .", 

. . 
. . 

. 
Dc-r~t1 '•. Dc... r,E.5E:1 .. f j::J1e?lpOTfJe..

r'~)"'"G·· .--.- ..: 
'.~' . 

eloc..k.. Clr'l1t\hao ...
0 

0 I aJ -=.:0 
: , 1) ,, ~;::.l 

l ) 
NO t l1',0::l. 

, 

..:;>Cw\-®r PRE = "ICU? =0 -\fen %:C- SST cJ and Dc Cl£;Pre Gl ) 

'1he. AO~f\chMn(J\YJ in p\J\'n~if\a.etve. orui the. ~ - ¥-op 3'efJ~ I 
~~ 10 1 K on.d, cLK\nput9J In. -\:hr nfum.o1. ~, 1/1' OM 

J 

~ \ -the-. c1oc1Ctcl o~ .eM ~ p\nre. 
0LDhv\ 'PR E =0 J . cUZ :: I . -then TX Sf:T cO aru1 DC c.JE A~::- I 

"The,.))(. ..' 

-i whffi PRE-::-. 0/ C:.'u? ~ .l:huu A 'S~Qc}vwn.elU9J lctput?> ~ ~no..c.tille.:,0 

,osu1 i:J-i- 1Jlif -¥P J1efJ~ ~ to :T,L( DJl,(\ cD: Input9:J , 
. . .'. 

--i Wko PR.E "- 0 / LLQ:. 1 .-\:hutJ.. A s~n.LhnonoLYS Il\putc\-e.D.JL \51 

o..dwe- WnJf=p tter'OU'tpllt ,9J (0., 
1 

-.;l e..uhut PRE:.. \J('..\..R. ~o<thV'l f\Cj~(\lhJtono~ Iflput PR..E:Se:T i9.J 

. o.ilive, W, ~. ¥np .•.. Dytput i9J l I J. . " ~-, 
-7 ().l\.[n PRE ';'1'; CJJ2. :- '\' ; lh.t.JJ conxiib1JD should flot (£ (J?Jed 

01f1.U, \\;: crJ\; J1e9.lutt 'j floi) 1n.vol.id ,9~'1 

"T~-to.b~_: 

I 

J 

1 
I 
I 

.... 

I 
I 

". I 

.. ,' 
.' I

I 

I 

I 
I 

I , 
I 

r 
, :1:I'i',., !i" .•. ,. . "'" .

." '~.; ~.~;j,:,' :i'}~~_L ,'l rr,i.":,~",, :i;~~.· ',. .i' .' .' '",
" ,."':r";,l,, I',. 



-----

®
 
Aclwe -lao f\.~()~t~~ 
~ _.Of • . --: • 

PR0 .'" ..... PR.&" 
,.v •.. 

• .......... .:3 '. 4U
 . .. ( '. 

cJJ:.', . 
. . .".' /'

I. 
.-eJ ..... .. 

. '" .,.::IC. 
I 

- , '. 

CLR 

WhQ.fU ?«~ cD o.n.d ill ::- 0 1YUJ:> <t6nd:ihoD.srwu\.d 1L0'tt:LI 

.~.d . fu'fl.,U I, t CM 011'J> LIlt ',n. 0Jl I(lVolidstfJe~. . 

wYv1. rQG::-O 0Jtd ill = I ~ theJu"'f1SJ~~lrLPut 
PRESeT 19) o:clLUl'- ~JV (JJ~UY::-I~ 'J' ,j. .''. ..•• 

w~ PRe ~ j (JfIJJ cLR -=- a', -iliulA,5B~OlJ9?lrL~~t-
CLEAR \.9> euJiJle. -tlwJV .outpJt· ·lK'oJ..' . .1 .' 

llJ~J) PQE;::.I o..n.d CLR. =-1 ,lh.el\<,A6~1'\~u?:J ~~ 
eLI'e. .1 (I o.dtue -the- o.n.d '. ~ 1fif. ~.~ .. ~ iD. J I ~DJ\.d 
Clk- rfLpUt 9.) .. ' 

OCReSE:i
), OL5S1.' 

[PRO U.LR) . 
! 00 

i 

0 

'
\ l 
l.. 

" ..... ..' 
.r 

. 

~~ 
yeJ.)pLl1"&\ . 

\rot L'P-.ed:, 
\ 

lBF- \ 

8J ;: 0 
. 

L.lrJC.-~ .'. 
oPI:.M I lUll 

. . ~~. 

, . 

~ . 

• 

: ..
 

\
 
0
 

I
 

"'-------~...~~--.,....-...,.---,.-~.\.. 
.' .,.

.' -' .1,., _,I.:' ;:' 



PRE CLR tLK. ) k &l eJ 

r t x. .'1... K i 1'\\1/ MA 

I 0 X- x,: X I 0 
. .. 

0 1 
.' .' 'A. X X 0 1 

0 .' 0 S '0 0 ~ I' I. . .'.'

S .'. 

I 0 10 
.. 00 '. 

.'.. .' 

6 0 J ....~. 0 I 0 
• 

0 
. 0 .J= ", y '. 1 0 I.' 

. ... , .. ' .. 

1 
'. 

~ 

PI<.E .ttl< m:. 5 R 8J 6) 
, . 

I if'!, I >( .>'----. .......... A, 1min 

\ 0 ..•.• '.~ ~... ~'. I 0 
.. 

0 ) ...'/--.... • x.: )( 0 \... 

0 p S G 0 .. 

0 ] 
.. 

£ 
-

I. 00 0 .' 0 I 
J::. 

" . 

• 0 0 ," : '~,' 0 1 
~,

.. . • 

5 \ • 
\ 1£\'" 

0 0 
0 )(~ X. N· C

D a 

~~D~·· .• d 
PRE elR 6.t- D .···.··taJ ..•.. ~ .:.----....., 

. ~\ I .~ .'1-,,:' f\~ 
t 0>\ >\ t 
o ". J "x; x:. ··· ..··0 

DO'S 0 .• 0 
o 0 § .\ I 

. '"-.' ..:' . '. " 

'I. - dqr\ 1:, c:o)t, 

~ e..Li:haJt.' 0 ) 

Bl ~ I ), 

o 
1 -
J ' 

o 



,- C~~---"-,--~~----_--'::-:-~--i_---> ~(E;)~Ll..~·.. 
( .1=lip- ~p con\l~:- ....••..... .... .' . 

( step \ ; ~ obtoiJl -tht chD;L~hGUili[e ·.ct#ued4UP-ifDp· 
, step d" AM olJ:n obtoin ~ ~ kah\6 '\- IWoilolJL 

- : ." ." :-, .-.' ." ,.~ ... ' "', 

,~-4n? 

sttp 3: - obtain ~.~ -tm-tht10PLJ~>ct ihec~ . . '•••• 
..-\fP -{WP IIL~.·. t\ -tl:oe. bpot~/ t\.... iht~ .# -{op •••.. 
(Wc1tt ~StcVe..~eJ)6.rthc E1l9J.tifLS efP~fo .... 

ClSlt:i \rY1fJ~ b. . .' ...•..•.•..•' .... .', ••.....• '.•.' ." ,..... .. 
'. .~.". . 

~';"Jm\J~ c\ I-JWitoP' -to S-R ~1~DP . 
. AvoJlabk ftr-~P 
~ +r-fD? 

0J() ~I\-r\S R 
'000C 

l . \00 
Cl00 I
 

0
 0II. 
D I 
r 

0l 
0l 1 

0) >\, .--I \ 
)('IIl 

,.
 
0 
0 
0 

\ 
I 

0 

~
 

~ l_~~p(E~IDhLeJ .....
 

~ S_R#fnP,C~9Jti£mble,)"
 
tc -mo.p 10'- -r .' . . .. ' 
~~ ,.'

S . 
() 0 ''0. .' 

6, 0 .' a ".: . . .' .
 

\ 10.·')(
 
. . . 

T ~ s. fun -j- R:taJl1 . 

.•.•... t'aJ1) 

···••. ·.GLn 
. --.

",.';;;':.- -,:.!., ., ,:", '", 

,,,"-i, ,....' - ,", .};,.. ,~i, ,'., :.~.: ,", . '.. ' .' :'::... ,~::::,:~ :~~';~~j~Ujij~t.t;~lij: ,,::_.i, .;,.,' ,"":1:,'"'" .. 

http:�..�.�..�
http:con\l~:-....��


'"-.' .':' . ' ." :".". 

0 ~ an-r I T.. . 

0 0 l'> 0 

0 r (J I 

l 0 1 I.. 

t 1 
. 

0I 

CDMbtiJef evO-%f{lnP ~ 1»4> llfuJUj 5c R ~-I1"P· ' ;. 
'. ". Avn1in.bte '-7S-R. ft-p~P'---=7 ellitnlli1'O table- . 

. ~ ~.. 0 ~~ ·•.·~~tL -tabLe-, 

0 (EVn. ~nt-\ S R 

0 

0 
t 
l 

0 

I 
0 

I 

D 

0 

I 

I 

t) 

0 
{ 

X. 

x.. 

~, 
a 
0 

.. '. K- rtUJf .~ 5 • 't::. -mop:im :,R 
~() 

.: 0 6J C\, o' ) 0 
• 

IX I I ,0 < 

J.;>,. f I )(1I 

co = D 

'. tosrc ~ ..•.. 

':'i-;~ 
. ~. '. - . 
.' . .. . 

I"&n-l---'"~-
I 
l 

. '. :"'. 

I
 
I
 

1--- . . >-... -----------------11 

'.. :.: ~ ) 
.: "..:; ' . , .:', 

": I ~ ":' > ". 



.' (J;}) .
 

i Pekefr·-{ht S-R-~ -1llP D~ ~ ·;;r-1c#Alop . 
~\t-7 S-~ -7'. ew3m]WD ~Le. •..... 
~6 --) J-tc ~'., ~tuG \::oJJ~e. .' 

t-~···~s· . 
.~ 5 R
~TJK .' r&n ~ KG!) •. .' '., .... • '.' I'D.:r '\ . ..... .. 

.'.' .a0 00 )\ .O.x. 0;00 .
\ 0I0 X. 
0 

0 
0 0 X-0 I , .' 

\ 00 I0f 
0 0f0 Il 

0x\ I0t 
'0\rtJl I 

0 0 IIl I 

." ; 

~ . '. 

. ..,. 

"" 
": ~'-. 

X)0 I '0 " .. : 

[ 0 1 f X .. :r &1" I----c~
0II ............
 ~ ...X- l 

T (Wn. ~I\tl :r l<: 
D 0 0 0 

.... L.--I-lc·· ·:Q;n r------"" 
~r (') . I 

. ~ 0 

t '. X- l 

::r::

-".;' . , ".:""." 





( 
,-	 - .. ' ····.w 

( CDY(lte~ : - A ~ (,DLmteJ1\~ GJi set ~# -~pfJ,uftfbe 
stateh ~_ 'ir1 j\pJlpOr~ -to yuVW? '. Ofph:ed or the Ir1.j)\Jr 
to '\he. CD\5fllRJl . ..' '. . '.. '.' 

-0 \he.. MJYl(. I tm-U 'le- 1f\~J C\JCDuntvr19J L0e.A-m .CDunt 

PU\&f':) . 
--2) (f)\mtt~ rnD-~J be. C1-<'Hlfh~cno\fJC1J~ &SeY~ 
. r.mmto)J.) , AS~n.dot.ontiLJ') CD~ ~-MO Cill.1ed 51ippk. 

rl">' ~Ic ...0-' . ..... ..
 

~J ~~J ~ .
 

-7 IlL OJ S.:1rtC.1LYJmn\J'l ·cntJ'fIi;c.M 12lip9toP)3:~ rtDt ~ _ 
.I Stirrw\iOs\eo09J~. \he dDrJ.( daQl)not· c:WreYc±t±J '. cr:mtrLDL ~~ 
, Dt wh.cc'n eu~ 5\nf ~ StrJe, .. ··· .., ' " 

...:, .If) .~l\.c.hrumoU91 counte.J\JJ C0'e clocYe.d Suu,·-1h.oL 8l.C.h.' i+';n. 
I -t\lt CIDvn:teJ1 19:1 ~G .at --\rR.Soroe: 1lmL. 

pI ~on c\- S~~ aruJ A ~ ~~.. wunteWJ ~ 
l~--.~A .':::'3.:.1~nth~~~:"::.:---,=CD~~~.~~ __~'5::'..:;j~:-:':·ruJmon:i.:.• ~.u.'.."'c6J..,....':.-=-'---:CSJ::::..::lJflW1JJ:..:...::·=--=--_,~-' 
: I· In.1h.l?J twe. q CI.l\.l'I1tDl F;:I S cJJe 1 lS\ ~ ~ C\- covnteJL WYL 
l	 crmmtW If( Such OJ. wO::! thD± \9) (ttl ~ be.f:Ji.eoJl-tine.
 
t\t Output q. ~t ~f- ~ ff ',00qJO't t% ~t J-Fostdc1oC.J:.
 
,cLoCk: 'lO\ I:Ik. 5ernn.d rf I"\:he.- DUtput lllPOf'q oat'i'-F oJl.rl So on.
 

-)C\ 1he.- 8WnO l"F- 10 ik-, -thi.hd 1='(:.' ~ .t1lL~ Pf2-S·oJ1e. c1cdW" 
~. Al\. -the. r-i2 I'3 oJ1e. not· c1oct:u! -~~lJi?Jl.y:
 

5ifYt.I.Jl-IDJ1-W!J)l:1 . " ... . . " '. . '.
 
~. ~Q M.d Imp~ 19J ueJ!!j 3· ~n on.rl !m.p~rn:u 
~te. e.,\JeJl -nm m.Bte nD01:Wl ~ .stoJ:U>., bQ.CDflie9J tediD~' ostd ~IU 
. I'\£li.Il clmwb1d: 1'1\ .u.,~,,,, Q!:J,1he- IU.lInbui C\ sta1eh if)' Jlffi9Jo 

L\9) -fuelh lDW 5~ ~uu~eo= ~. ~C~Lk: ~ Cflphtd. tD 
~ PDpqp:kd -1hJmu~ GJ rw'rL.Ixn().tl~.j2r-s. SimtJtt6JlebM~ 

0\-~r5 ~·,t~w =~~~
 
\Oht r::r.	 ~%~ontFP~ 

•	 ~•..•. ~ ··.1CL9JW1 . .
 



o 
o 
o D I I 0 1.-. 

o l 0 0 X I 

o l 0 . r x D 

c l 1 V X 0 

o l l 1 X 0 



(_ ~:;-;:C;)f}~-=-'N;S---:'",~----r--_--r--:.-_~1l.1.1~::>" ~
II fl\odell1l) P51\.\' S ~ 
IC,L :I,~11--1c0J.3)a;o:J-(8..JJ'-t~5J~.3~ElJ:l-~~8JLJfj:3~'_'~K~3+,iJ;L:·····-2~~--~·· ~K~f~.r J. ! 0 0 0 0 0 J 0 j(...... D X .' , 

A I1 00 I 0 lO .., KI ' 0 1\ I 
()1 OlD 0/1 o x.:, ' X I >\ 

0 ! I 1 0 0 1 y . )( I/\ X, , L 
1 0 1 X1 00 I 0) x.. 0·" 1\
I L 0 1 11 t5 X '. 0'" . 

", . 

K IX1 1 [ IIII () II X 0 X 0 
L 1 I 0 0 (] XI .... Y. I X ? 

.~te.p 4', ~ o'o\:n.in -the-~ ~. 
. &11'1 . ..' 

®Jili \ 11'1 n C1 1\ [1) &l,~ "'"- \ \ \D3")- rJJl~»)- ~..~O!LjO~,-,u.n~'-'-+~ 

IJ 0 UJ'" ~ 0'0 \ x. 1 ~ 1 x...." X. ). 

01. • rr . ~ ell, ~··A:c ® x,,.;
~:-,;i\----.2J-I--'-+4--~ 

\1 X '" X, ~, X 
IU 

I l~···.=I'1t----"·r"'-l--'-;LU~·"·>'"'-+··...-J'L.::l-f\J
 
\0
 (l\.\ ~ x" X, X frl :,;.l----c~.'\.l.J----,,·'t'4;'---:"O:::,.J\ D WmJ-!'!-ll:

I II 

"'0"',",,"J~ o}\, ~/1 t l~"IM
 

00 ~ ~
 
, . 0 \ '>( l( x x:
 

II K )( X; ~
 

I D LJ..; -d
 
!&J\~ ".t-~ .: (§),f'Y -t &;\1'0 

(i\ "J~ ~,&ll M{- 61J.1 M &l3J)/ 00. D t' \llh .
(,J)r~ 'i1n 0\ 1\ to I...., V . \ '. 'I' 

Ot> ",,'. 1'-: , • ", .
00 \ (I \ I. >(j X
 

01
 X"k'iJ ,J
B\ \. \ c X, >\b 

l\ X, ,>(1\1 I·V 

\I \ \~ Iu X1~ >< L0 X,;. ><:,1";, 'I '" 
m t t 'f.. ~\o' 

.KI"~\ ,~I ~ I 
~ :" .. 

tl1l"'~"''b~<~;~M ~ ~"->, <'\ 

()O~X·~ \ 
0 \ \. I. '. 

l\ \' \ 

tD KJ 'XX >( .. 
. . 

". ,." .'. ..." 



-------

,~ -" , ; 

__--,:1) 

o ~. , \, , 

I 
I -'J 

~I 
6lJ ' \C3 ..,j I ) 

~---'I 
, l 

I
 
I
 
I
 

I, 

l( .... ~I f-,--'..----1 
\'" . 

. MiBn c\ GJ S~n~ntodulb - G ~ (DOe. I 

.'. step 1:- fill~bUl %~.t0p9J.~ 3 f~lS ~ 

ste.-V& '.- Sto:le:-~'i_' 

.... ~--.--

IIO'~'--I 

'. Ste-p 3 -
.'.p~ sto1e,	 rvJ:, S~ 

B-3 tll:l- fu I
~6J1~ 

0 IC00 0 

Cr I I0 CJ \ 
00 l0 l 1 ,	 1 I 00 O· 

.. 

~: 

. ......I l \ 
L \ 0 

0 0 0
\\ L 
. 

1 

I 
I 

. .	 I
,1 

I
 
I
 
I
 
I 

~\.

4?of'l/1 iYe.d 

'3 \.2 T t 

0 0 
I 

0 \ 0 

0 (j \ -
&1 •.' 

0 
. 

0 
-

0 0 ' I • 

I I I
 

. ,"" ," 

,'~'l' .:~ 1.1'" ,:. ". t '. ;1l:".:" 



( 

( 

,str.-p y ~ ~:- .• 

l0 
SlJ 

CD'0 

lOzyL~ :
-

... QJ~ .. 

(}... S~\lclm0l10~ ~d1) .··6CO (J)l.fI\LOJ ... LJ~ J~t:.~~'S. 

Y r-r'5 
t' . ",,,. 

. .. 
s~~·. 

. 

..r. "" 

&11·€lJ2
01 \ l . In:q;O l"l 

0 .'1 rr 
.. . . 1]I X Of.... I 

(3 



'. ".-,-'.'~--'+---'--"-'--I " 
.~ 5UJte,:ry ,<~ 33 Kg 

,. 

Ql8.'l ~" .'.~ 3 ...'J- I
." .. 

'0 0·' () ) 

0 0 to 
. "". 

0,. () 1,,1 
.;":':,' '. 

[·.·000 
() I' b..'··'.. ! 

. ," .. " ~': .......:...: ",
 

.. 

~ent 5'Wt 
~ fu3 €l.J2.. aJ I.. 

D () 0 0 

(j 0 0 r 
0" 0 () \ ' 

, . 

• 
(j 0 I I 

00 l 
.. 

0 

0 1 0 I· 
(') l 1 () 

t0 I I 

(jI 0 0 .... 

l 0 0 1 

,', Stt~4'; C

1\ In ,~~~~o'o r ~,~"~n". h~).:)n .1 f'\ \ t \ In, oj
" P'\" . . .r . ~.' '. ~,., i '.00 ~ , & 

r: 
0) ~ 

.. 
0

,
- '. c. • °1 

II x.. ')(,1 ~ .•x;:;.;IS" 1I 11 

to ~ .x.a x... ~ 101\ [0 to 

I :J\ 
i--- \ 

\ )\ 

x I 
I 1\ 
)( I'I... I 

0 ~ 
0 X	 

I"\ X, 

X. 1 J 
I
 
I
 

.' 
Oc, .' .~'. . >Z.. x.... x:: 

X .:f..,6\ .>. ><- X, 
)\." x, x.. ~ 

r ><.. x.,	 

11 LO I1 I 
K 1\ Ix: I 
~ x.. 

~ 

>( X 
1

KX. ... I 
,:::.:rl( -- &J3ifu~ ~I . 'J<y IV)	 :rJ ::..6J;LeJ.J 

J ,. 
Ie> ~\ .	 ~2...a."J.'Q.i~l 

n1 ·'1, 1D	 ~I 1/ If'} ~8J3 Oel 01 11 W,,~~ ~o &~~ 

x.. x, 

M\ 7 
I 

00 ~' Ix. x. I00
. , 01 ()fI>-<.x... J01 - (I ,~ LIK.1>< P\ I[I >« 

10x... I10 >Z[0 'f.... r 
f:: 'ct. :- 6lJ(:rQ::: a; ~ I5Jj 1S3 :- ®.J.2- t1J J	 I 

I 
I 
I 

:. -'.' i~' . , .. : .:.!" ..	 
" 

K 0L\ '() 10· ,~0 
.. X- 00 x.0 1'/ ..'r<' 

X I1 XI 000 
.. 0 x:.l 0 0 I x... 0 

Dx.00'0 x.. J0 

, 

0 \ 0 x... 
0 X· 0 i\ 
c X 0 X 

c 1\ I X 
.. >( 00 A 

" 

J2- k2r"~~ 
!. ( 

0 X 
j , 'I. I '. X;.I , 
i 
I ~ II X 

)\ 0 

X. I 

0 x.. 
\ X 
)\(J
 

'. 

I .~ x,' 
l x. X 

Z K X. K 
x:. x;, 

Ix~() 1_ x.. x.. 

1I

><-. ~ ~ 
X( ><. g 

, ,·;1 ',.. 



. 
y -

0\ 

~

~ 

lhe fT\i.nlJYLO.L ~.I 
6-1' .. , ~J

(])~J
( In CD <~.., '"11l(j)3 ~r\<\ 

t()X-x:, J ',0?S0 ~o 

1 . ", \\ tJ 
1 J k ; .'. ' . . ..--' '., ..

t~ - 6JJ 
;k 3 - 6lJ I 

~ 

;: .. -
?I 

"C) 1 ifl()O r I~~ 
f) 

X0 x: '>z>\ 
1 

\\X.. I ~ 

K, 8.>j
:f, :: BJ 2
 

... ..
gte.p 5 
, - lo~ .. .

".' 

.. 
.
.I ~ .. , 

k-

~,
 

.:.... '-.. 
A , I·' . 

I-, Q.i ..&, I- 37- LJ\ 

;;> 

"
A 

[> "'" 
~ 

.~ K.2 ~2-lc. \ Gli j 

..,, 
j coirttotct-'1he- T':t 

~~ ~ " 

.. 
;, 

, 
, . 

.

r' 

1, 10t)J ~,...I () l 1 ( 
r\ 01 

Il><' x. l x:)( '. X. , 
.....1. •. X- x... Xx... ~
 

'J3 --, . 1
 

'. GJ~I
 11:" ,'n ~~~ Al 'm... DO 0'1 l~ 

)I... 

.;- .'&3 . f\ (\ 

.~~.,J ' >\ ><. x: 
;, 

0 1>(. 

)( x.. XI>( <
>L
L 

.- J:'2.--::' I 

7, .' 

.. '-tJ3 .~~ 

'1\ t> 
.' 

... 
-t:J 0J.:8j 

.• 

'-.
 

.' 

I, 

.. 

o. 

:. '" 
,- .. . 



I RJ:' "12 .~3';Jv-r-Jy--~l.. . &) 

,...-41> ,..----JI>,I> 

(i" 

'. C 
l~ 

-t."4-------,---~-:c..•.. •...'..-:-~~...•.---.~I_.~,--~ :L.o-~-\--,:~' -':c.'

. . '. 

3 
-'; l:b;.ig0 OJ :r_K counioL -tlmt 3M ~ 9lAteJ\ 3,~ ,G.,1 and - -: 

f9J' -the COunWl ~~S~.(tillf-OJ ~ S~ ~ 'In~JI 

Stepl', - rwmJj)) t\ #p- *pJJ - 3 ~ ~ ifpiJ. ' I 

Sh:p~:- st~ ~•. '.'" ....: 

,i. 



.. . .". 

\ '" r......-1-''-'-.'. --4\ '.'r=[)( 

( 

.

\0su ~.•'..' 
r-mrd....--:--'O:==I==D=fl;:=:~~O::=~=-hJum--;=OU=?J==CO~un1_~ , 

R~~ ~~~""r .• ~~t-~H 
0 II ,0 I lit> 

.' ~.ITj 
I \ I'''' . ··uO· 0 

0 '0 nC'J 
I I 

~ 
0 I D ObOO () 0 111f'l '. 

I:\i~ --+I~-+-=I-+-:-",'------:::...~~~~ 

- _J-'I_~+~e...---~'----Il\ 
R.  I \ ....~ r I 5 Gl ~ Cf D 

, , \ .2.. 
J 

'-1.. 

R -:=. 0 iQlo Doom too \ 
R~I ~!(J\ 0 
fZ-.::. x if6l1 0 l\. to l \ \ I 

\ 

I- &,U" 
= 

~ ---., 
~61,c-LR. 

\l, 

o 0 (') 000 ~ "" 1 .. (j).. '[0 
o 1 0' 0 d I . 'fI I 
1"\ 0 tOO 0 Iu ~ 0 ~~ 

0.3 0 0 { 1 \ 
(') Yo' I .0 0
 

',~o 5 
o ~ 

C) ~ 
o ~ 
'Ill 

I() L 0 
() \. I D 
0 1 l I 
l, tJ (J0 D 

O 1til (iJ III il 

9r-- ..fil', /. •...•.. r.: 13 >--ccc,--.-. ----===-- t::I, .\-'.:...-.( 

O 
_ rk- ..• ~. ~ 

.'".' 
".'- .' ,,,~, J".. ', , 

.' UR er.2-;~ 
'C:; 

~ I 00
 

0
 

·K-~.lP R
 
rt)J~::'W~ r"l I . r ~ " In 

1(') I 3r 
Ok> 1----n\--...l----'71,-71 

D I,t--:-:-t'~+r=~:::;::':::j? ~:;;t;:; 
\. \ 'A.. 1-.-- ~ l'-K, I. 

t0 L.-1J>~K~·tL':=KE·F==(:hi 

".\'.
. . 
r· on '0.....·.u '. 

. , 

'0 I 1\ 
., 

~', :., 

+.. 
:::: <':~ j,~'~~;~'.J;Lr,,-



,,: 

-" 

. 



.•...••.\liJ .
------_ >. ...~.-:.~.r , 

l~-~'	 '.' 

fY~UwroLJl? mOO -lDCD~'~ l F~-{u~' . 

TW~ ~ biL ~p\e up- (.ovntv1 ~ rt,9W1AJe:~:-~~ ~~~:. 
-7 lhe-. 'a - b..Gt up _ c.D\mtUi cn\J'fUJJ If\. thti llickna I) ,&, 3I D,]. ...i. e 

.6O,D1;\01)') /DO;01 .. etC. ~ ~__ b:itJlijlp\L up-LvuniLn/~ 
oe~.tlJe:- rolf -1JtC9~d. "J-t r-:~s) l're CDI.Nt1eJ1 \nlti~ ~t-ro 00 ...•••. 

when ~t- dr:x:i: pu\9Je. '1$') . 0fPlie.d I r-P I to3:)\t?J ot--the- ~-3J\~ '. 
~ ~ .~ ?\J\9;e, ~ BJ\ 8({J.J ~\.DW wh!jl. 1hiJJ ~. ."I 

~ pfuW-ve- - SOIlLg ill9rLOl ot iht cloer, \flP\Jt·q. FJ:: <l. . .
 

-;, So rF \91 (lOt ~)'Md \-®U / ~. stilltq -fue.. mcsnteJ\ ~
 a 
l'J'nL cUx:lc PJ\9£.- 19.1	 EiJ):' I ().f1.l3 elJa:" o.!¥ ... .. .'
 

'
 
-?> ?J,a nex1t: (.lode. pu\le. f-1-1 JJ.> cJUJJ~ -to I to. O. ihesu +ue ..... 
~ I~ e.d~ q ~ po\9£. F-r::- a \9J ~ l:D 0 tol. ~I:: 0 0Jl.d&l'l ~ '> 

.r ~b Oblt 0nlt pu\9Je. F!='I 17) ~-tOoto \' t\tQJU p&Jwt 
,901J'::9 f'ffl ~ i:h.iPJ pul9Je. FF& 1)1 no r hn (\ ni 6J ~ leJ ::. ) .

~(J 0-	 . '--'~ T ..1 .J..2... . '. 

.'0-2-' .....• 

. 1· 11 ! 
o \. 0 \ 

I I 
.'. \ . 

.t0 J 0 . CJ ~~.I ( I 
,:. ;. 

\<. '. I 
\ U 

'r :t--

0 

\--_---1 

1~'du~J
. j •LO~I~' 

•,' J. 

..•..... I1tj. 

_.. -

;"" 

.. '",' '-..-' . _.~. 

\&1) 

"'&J I 
"'-----=.I 

\ 

,'. " 
-"~' '., . . 

. .' .-" ,C;.- ,:;. ,:,,;; 

I 



3 
r--·oJ,---'·"---·.,:;.c..do-w-n-~(-.Dun~te)1"--- ~.~.,---;.,.:.-.--,"'~---:-.'-e.--'":"""~:-:--~:-'-~.-.. J-K#-{-o0-'_--~..~ 

. 

I\

j h1', 
, 

6'J 
.' ,r-I=-I " ... ,j 

~. . '-- .'.. ,. 
L- t[ e.,I 

( 

r-TL &t:

l2-P-l
. . 

);:2.- al-

I 

~113 

~ ,
eli 1--, 

3 

~3 l 

I 

-£ ;; fC-f2-3 . 1 
I 

I 
l.- ~3 Q3 I 

II , 

o .', 

oo 

I 
I 
'I , 
(/ 

J 1 

.·.···ltJ~·.·~.· 

A 2> ~blJ: ooClJnenun:W1 .. Cv\f'fl.b, 

.... '10 ~O,1'(;,J5l413)Llj/O/l .. : 

FBI dowo CIDunhnB e3J1 to r:f2tlS'J 0 . 
. ~ -to the. cloCJ:. ct-l=ol2-& _ . &-l \ 

',. -\k bYO) to ~F& 19J c.on-ttITed·. i;D. ihe... ].J\ 

•.... lillCJ:. c\ 1= ~:) - output. ~ .•. ~ , 
a,1 J SlJl. o.n.d 6.13  . ......• . Gr~' I 0 0 

. ". I I 

~" ·'§~.I I . .. ...;" .. "6J e' I ~ I '4 \ 1'---0......,1-.0---';, D[ 
3-~ opdown (oVfLID ~~ ed~-~~~-~0;-

. .' M "tkn.osne In.d.Lc.okJ.J 00 up -down cn\ffiie))l9) OJ, 

.. CoUY\tm whim CDJ) Coun.b-:fu'th In. upwOJld Q.S1..(:\ -do(j){)CillJLcI ~,,' 
-An up - dOWl mmftJ? IP.lCJJ]O .crilled OJ ~ Ibcu:.tweutd CoLm-®-! 

th QJ .b.i>-~ C1JtsnI:vt _.' 

• ~ SO Ccmb10L SiEl\Jol Mfu mode. SiBrLCLl' I~ ~d tD c.ho& 
the ~(J() 6\-C0vnf:'. . 

..~ W~ m::l ~. UpColm~ ) 0L =-0 101 down LO~tJUg 
.•.•.... ~" op . U)lf1ltns •... \RJ, rl9J~rnifud -to. cJDGV- ~t2 (}JLX] 1Dl 

down -LoU1L-wvg6Jl~\9J -tno.Mmih~ -m c1Dlkr H'-lV. 

~ 1h.ln .~ •. (}Jw~vtd b~U~ iJ.Uo AND I ~ arul fJO( OR 

Gt~·, . 

, ".". ' 
..... 

. . " ,; .:'" . ~:, ' 



" .. :~.,, .J;;~~..•"'"l,,- ~:>~~ 

I 
'1\ 

\ 

,~ 
\~ 
']
I L . 

a I . 

I 5\W} ~WlJJ: - .
 
I -=7 M OJ ~ --\}DP CGfl o~ ~ Ont--" bJ. c\- doiDJ ) (l'o' &~' \\
 
I .i.t \91 ~ W oJ-> OJ ~ - bJ; ~9J\eJI. w~ m& ,~ ~ 
I .I.\-r. ,.-m, .j.,.... Ln . LSh_-l •.• ~ ... " ~ . '. r-<I'" • ..J' . 

•~ UJ1:-LU lX>SWt:J-l) 0-- II.lJ-PUlJlJJ v\r<i [1j)rn'ce-'l ~o;:~ 5 oJ'e.' L)9JU-I ~ 
1-' A ~lvl ",,,' '" .&t q,.w's uwl 'In ,- •••CfIlk .b.lJUl":':I dnhlJ. "ThL
 

I st'bWf ~ '\, '" >T'IDL J7l1k~ 4 iliIJ, t\, ~
 
I Qo.b~ 'It coSI ~ . ..... '. ,'.' .•. .• 

: C) 5hi\1'. ~\:VJ ol'e- '" h,Y q. ~~ c.1ffi'lj ~ tb , 
I [l)~ -' .' . . . •.... , '.. ' . '.' .. ' 

I-'? ~ oJ'€. 0""; ~ -\lit \ht sW on.d ~ .9J ~ i\:in, 
I h \:09>.1'£ . ~ - 0> 8ItL\f"'t'\l'Ranrl CO unWi i~ liult .• 
I <L 5hf, "';f'tm hllJ> no 5pe.cif<d ~ '1r~\nWl ~ i~ 

'. ~. s_nr:,..\ ;"10 d t'lf"\\'"\\,'rrltlCiT1A, .' . . . . ".I .. \ vt"t.:J t~ I<J~ ,". .' .'. . . .

I"" WNY< oJ> W, Cl)u1U:1Jt .hriY> 11J, ~~. '% 5\l:M>. " 
1 Ditru . 'T:J1!)J'I\~o-u);W'lfl in ~ ~,~ :- ...... ". .'. 

[0 A (\1Jmtoi c% ~--\'DP'~ .. ~ ... to~ ·.~uLh thOt C:bJW. 

: 0\l1Jj be. ~ into on.d ~ oo€A ~ "" WJed ffi 

I 5~- ~teJl. ..... . 

\-;> ool1JJ ~ be. shifW ',,w & out 4c\W. ~\l.nti\hMt ',A 
I tvunL ~ &L prme.lJd ~ . ED) "~ •..'cUt-~.." .If) 

I ~efJ ~ ~~~tOO'lNj ~. 

.. ' ,; : ..; ;.. :., '.' ,",' .,: ;_ "i 
'.... 



',:'-,-,-~-,.-".-,---j-:-:-n-/-~-",->"-:-, ~'--!fr-=?=--::::=:;::::;:::r=:;===j------'' ,---'O{):-t--;;~-:-.-tt-:-, ~~ 

,"~. ~- ir\JfJIl'lOllcl. ~D\)t'.' •• ', ¥}1\-=t11J , ~ frW rJ . (1 

3. pO'tDlJd-in) ~_ootC ~~ct>(b 
( , 

': 4. ~-\fLl ~ef-(j()t 
I ~ 

,~tt
 
.', \0~\3t, ~~~r---'--,----' 

,~ 
chtOJ 

, ,Outpot 
~~-'In I ~ output. ", o::~ -71~14 ~~~t 

-f) b.L-chJ1ec1.arnL &'rw'tf ~tvt_ 

4i+if+Y 
5)Rom:Jt-'JUjhtShilf~rn h) Rowe, -~ shUf ~IDt . 

o Qou.O..l- 'il') I ~S€Jlial -out'5~~teJt ~ 
'. .......
 

,.."".~ ,I' " 
'\l.XW.L' ' ' 

", 

, I 

°3~. f3.J y8.130\ ~l OJ--: ' , BJ,2. °4 
,....:::,...., ., /'r?~ 

'{:.. r 
',,

. , 
" 

'".,"
'1,;,"- '.,', .. ".,;. 



To €Vl. 
T 

3 
'· 

.'.~ 34
L 

• • , 'rl ~ 

QJ]..
.. 

K1 K3 .~ \elll 

5L GJ)., • 53 

<: .'
----I, > 

\121 '@j 1(.3
l-

.. 

( \~\Jt r-----'-, 

(Iv ~I ~,~----1 

I ~ rl~ 
L.-..--,f---t K I -a; .\.-----\------J 

'------_~-->I. 

" ..b) 00iJ1:S 5 -R. ~r:S . 

-
I", 

1

~. 

, 
i'. 

! . / 
\ 

, 

.: ,-;1> .. 

• ',0; •. -.:.'" .' 





,",',R5ta> ~ -In I~ - out sh.itt ~teJI r -the doJrl.. buJJ'JI 

QYe,' ~,." ••, 91rruAtQnebtJ9Jl!!j Into -tnwl YeflpectLJVe. 5~ on ' 
fO'\OlleJ. linef>, ~1hDn?", '" b.il- b,'j_ Iill:: b1lJJh O\J~" ~ 
tJ:.ne,. ()."l[-b.J:- ~dniWw1L~oLlt, s~ ~Wl, ~ O-F-fS. I" 

'" ~ ". ~ \oU-11 ·.chicu UnefJ.·.· ..' PI I~ ,e Clfl.d 0 ~? wl-u:Lh I~ 
'.. doiw ...~ eIU~rrW -k~tm 1(1 ~ ;&f0. 
. "p. .' ,.' '. ~... c D . ~.--<.;.,. . 

'." 

(dJA ." 

t () 
c.. ;;> 

, 

D .~, 0 6J 6J -6J I.--' ." .' " ~ Ql--- 
, 

, , , 
, 

, , 
, 

..  .. '"C1:>:" 

r 
,,~ 

, , " 

",. 

I.;r 
, 

" to 
IJ !\ 

D
 

tb0 

I 

Lo~ ~"'~ ()Jq-w: pmo.lli1- jn I paJLOJJe1-out 

fbJlDl1tl- 'In:, Sem:n1-ouF~ 5futL -~ttJt', 

~-DI
 
I
 
I
 
I
 

I~ 

I, 

I 
I, 
I 
I
 
I
 
I
 
I
 

F F-y I 

I
•

.7 P-f2FP I 

. ..... ..•.. ..' 
~  . : ,c • 

. . .. ' - . 

A:'B c 0 

s\u.\rIt~ -----'fJ~--'---'.L-J-------L--l 

cU:- ~. oo..ta.- oot . . 

I 



S~~II'"n,,, 

( . ~ ~~~5iU.\F-ICOAo ~~ dciliJ.;-tobe- enivred Into ~ 
~teJl 'In. ~teL-\fum. l\,l -\he dntlv-to k S~ .... out~. 
~ WrJrWl!ll elJy . . ' 

---') w~ sh¥ l Loo.d \iOC \9) IuB h I 5:jn1eJJ Glii ~1- nnD' c)~ ~ dilJObIed) 
but &ll, GtS,G!tO ~ eru'lhle.d nJj.Dw.J1S~ c\o±OJ'\Ji-t9) to 
~ Cffi{, - stru;f -to -tnt rvJ:, '.< .•. '. . 

--'J w~ SNl t IenD . WIt 19J low) .:JDiefi6ly,CJts 'QJ1d.' 61boW. d.iJJ11Md . 

tJJ\me. (l9J 3n.ttA Gl 
1 
1Gt.l-oru:l OJ3 OJ'e-erwblWplLolJJ.iJtg -\he..' . 

cWJj.J 'mpub- to ().flpeDJl at i:l-e. 0 'lnpo!JJ$\ ite: ~,~ue.>~F5 ~
 
--J wlt® cLCOC- ?u\1Je. 19J ~ , ~dotbob.d9J ()')1~ sh1%e.L1 1:0 U
 
'. 0J rotpot 1~ 0\ -\he. ff'S ()J\JG I'~ J dtJiy i9l 'lllputte.d']l1
 

Ollt.' '2>te..p ..' .'. . .'. .. ..... . 

-' ThL o~ ~ ~ eilt>n It<-~;s~o~ 1\tthe •.• 
~ '.00h:u ~.~ 00 w'r-tlLhflN0 ,goleJloYe-eM-'b\e.d ..... 

b~ me. \01{I). M the .sn1\t [lrod Iflpot. . ..' 

o"\~i -~ 5lU.\,t ~1rJt; - ..... ... 

,'04, /aJ'f. ,'. '.. 

," . " 

. '". '. :-" .... , ,,-" . ". 

O:!, ." ~ .. " ,.,.. . . . 

fiJI 

tY\'.. 

.. L ' .• "'!.'~' ~:,' "f.. ', 

.~ '. ", '; .-:.. ~ ~,., '::;;" "'~.~ ~r~~.l';-~jr£tili~:i;:.\ .0. 
.,' . 

.. . ", ..~ "'. 

4,-1llt i:;l~ 9fu\f'~Wt. 
--7 A b1~ etYed:t.nMls~ ~tB1. ;9J o-ne.}n L0hi.clt~. cbh:u . 

b..J9J COJ\J If; 5~ -\itam ~ -to. ~h±. m~RijhLtott· ,. ,.. ' 
~' \f\ o.boue. ~ L1 ~bit .~ -io I ~-6L)t r b.D~, 

(5' \ ) S . . ';;8ht) .s' . htUl. ," 'i'" 
. . \' .:: . . ,'- . 



. i 
\ 

- ~" .,'. 

r- \'2. 



r 

,
 

•
 

.." . '. ~ 

-7> 'A ~to\ \(1"""~;-l""_A-''''''' ~\H:r"m\-'\e 1"11. shirt.nl"l ....() ~ Ii 'u':J u',,-,UJJ~'I ~"::::J I?'>OJ\JTUJ
~ 5hi1f ~te.n, ~-thot':CWt Shl\f trL·.··trlh ...•.. '.'
 

~' \91 Of bj.r~d:.t.nrul-L$~ ~tot. .•.....
 

-'> A~ ~\ot h.oJ, b:,-th ~nAdJ"'1flJ)d Lood ~ 
tL(j)! It: 191 ~ to oj) ()J ~Q)t8ill 9~\t ~tn, 

-7 FI cn;w6vm .shi.\J=' "¥\ot h.oJ, ~S~"",·,t me(lJY'.> 
whd£. \()p,k U)J1 tx. e.i:Ih.o1 III ~~' &- 111 ~eJ.~ ,·.nnd 
LLJn&e OUtput o19JD COJU. tL e;lhv1 'to" ~~ .•~ '1I1.·~.~. 
~ PI UYliJJ~ 9hi-\f ~~\f)l con~' ...~~ ~Js1-9 ..... . 
, 1'W1Jij1\<'.W1?> ',t ~tp, '\ 1Jo"" d:#1"'l'" <Wl ~ . 
, rnlAtl.p \ex.u~ . '. 
~ me- ~tP1 mDlt.-pleJJJ\YJ \-ulJJe- -uvO .'.eommo-o ..•. S~ lrtputfJ .. 

SI o.nD SD, 1nput 0 \neo..c.h flUJlliplWJ1 I?? ~W\JenS,~=OO" 
htput I 19J ~ whVl Sy13D ~ OJ) onci1rtP-lt& J9J se.hW .. , 
wkn Sl ~ :: 10 0Sl.d lllput 3)9.> ~ed··. !JJhe.n,131So:' \1 

~ w'NJ) 51 So ~ 0 J ihe. ~~ ~ ,i-'~::.-'~~.,.e--~-----1..

d, \ht. ¥\fl1 :. ~ ill ,rn.oil<."""l7inl~·\fl1o~ . 
1he.. D ~ Il1put ~ ~ -%DpI), lhih 5 10 , S:'NO~ 

..'} ~~ OJ fXrlh ~ ihL I" h.;'.'. \.'.~ "i1 La.·L..lt 
"()jtput 'e.Mh ~-tloP in:to m 0 \ :::JI~ '~"-JILrl
 
'flQI.Jt 1'!'1J-\:tt-- ~ \I;o~ 'InD. .' .'. S\-,;\t ~ot
 

r '-t 1JT 1~1 \ 0 ' """U
--7 WhMl S\SD:: D\) teJl,frl.in..O.L I dtr L J pLDlCtl\e.tLoo.cl.. 

-tne-flUJ ltLp\bWl II\?Uth ~ (]J . ...••. .' ... ''. • 

fclT" 'tD 1hL p ',npJ\7) '% -\be. ~41"'R"1hJ'>.C1JJfJRJ" ~ Sllilf . 
~ D~' with 1hL £Otiill \n?ot ~ ,nJ:n \}'f'
c¥-or 1\4." ." 

-7 lJ,l'neJ1 S\SO :. \0) OJ S~ -\~O~ J'e9:,u\!j) w.D:hJ -\Yle 
~ SeJo1iL IrLPUt jOlns ',riD ~~4}DP Pd. 

-7 I=\~ 51 S() ::. 11 -\k-.~. In.~ M ~~ 



')(.1 
'. '. 

4 

l- 0, BtJ 
~ L. o ." <iJ.2.. I--- L D3 ~

./.--1..--1-0'-\ 6{j+---
.L 

~ 
; ,.- . r-? ~ 

r:rJ' .. '~f=-~ Fl=-3 FP-/. 
, .

f'

.~ .. ""-"" 
.. ..' 

, . 
.to~ ~ C\ OJ Lt ~bi.t b~ ~trn , 

J ;. 

.t\Jl{'(fu3 ~"®J /t- XLI '1.3 X~ X) 

..•. '. ....• ' " ·®J····~···.·X·· 

'.. c,n~.lled bJ \%-'1 .. Re~ •.teJt':
. . --:--:----...;:' 

'..• ' .Th. Bu~~tOl.• ~ mo pmrru1ill~ to OC,. C\ 0Jl!j ~. 
1C ~ Some.. COOtnoL D\lbl -the. X b1t.9.J, th0t r5? SG'f11e- LJUJzr 
at- hnldulg .1tlem. .cM- unblLUe- on; ~ to Stm: ~. , 

.....~ 1% .TIR $fP> 'W) oJl·~· 8'S QjERH£\ ()Jl.d 1k ootpJt 
k.cDmeJ.J L 6J :=- 0000.' ..... . 

.• ~ whvJ ClR 3(XJJh!;gh/ ~ ~to1 ~ .. ~ ~ ~. 

". ,'.-' . , ". :,\:., -'. 



. :., , 

(8." 

": '",:' ,::" . 

L~ ~ et CL"t-hlt •conbtolLtd hJ~ ~b. 

w\-.es1 Loo.cl i~ low, 1:hL x Ill\:h QlJlnbtrenUu "<hL Ai" .At -\he. 
~ .t.me- -the- 111VMtd ~n.o.L. LrfuIl2l ru;gn. 'M ~ '. 
eo.rh tliJ

I 

~P OUtput -lD~. roJf'-lD i\71 (J,:WL,npJt0 

~,eW:xv \90 Cil1i\J1akd & ~Wml "'" each cJ..ocJe po12 
) al1lliJJeI> In o\hm w(Jul9" \lL ~ elI 1h€, ~ \vi ~ 
~ inspjk C\ lht. t.\Du. rDW • .j~;n>'1 

-'> ~ btJ.\lP1. ~toiJJ. CuJ1.l OC. b# ~ U<J~::J 
m.:&e.- 'F-FS. . .. ' . 

S~ ~tD\ CDunWm : - . 
. ' .. ShLtf ~tOl·· cDLintmJY.~ obto.tnW .... ~~-i 

~~Ol)t ShJl- ~tUl?J \Jj . P'tOvidLnj.·.~bc)jJ: ~. 
--\he.- Dutr-:t et -the- VJ5) b fF ill .~inpot ~. --\ht 'fmt- '.' ~. 

SIl\lQf£. dw.iW> DYe. colJed (l}un.tw>.~.~ alUhi5..1L 

......
 

...•
 

" 

~~ C\- stede8. The- rYJ1ht'~ •.. ~9~,¥tb1· 
'" ~;' J;, _.•:.' • . 

,- , .. 
. ,."·L ~·~i.:, ," ';.::. ".; . " ".. , '. . '0 .','. .., '.",,,:i,·';;,: 



.'
 covnlDL '19:1 'l:he.. ~ CDLJ0Jm 1s..:snp\L ~ C0lJ1LteJt) ,J .
 

-tuJi9>\W O!lJ1SJIll)lWtl:r- counlt> Be -\h &wl±h4' 
RIr:g CDLSnl:d1 :_.. .' I 

~-iw, .•"" 1he•• ~t 9qf ~\m C1lIJntv1 , ll-L ro~, (, I·. 
. ~ countvl·. \J!xlIl9 D~:~~S.1k ~ ,0\ ih0J CID~ ~ 

:f-I<: n:~ clJJ shown 1::tlDlOJ ~.~.It9J ~-1fn~ aYe-~ GJ) j f\ 'I 

CL ~&mol Snif ~ttll ~ 151 -& 0,). ootpoc at e1I..du sto1e i9J I 

cemoo.te--d 10 -IN.'. D '\1'\pJ t- .1: the rut s~) but -the.. 6J output ai I 

~ \.1J.9Jt fF- 19J Cirfl(l{Lte,d ."~. to -fue. 0 -!rtPLlt C\- -fue- ~'c}:-~I .
 
S\Jm 1h.oJ:: -the. ()}lJLOj. at Ft=~ \9J (OOU)ru~ In 'J!iru:l ~ I ~ ltkl 
~ J1lll9 Co\51lW1... ' I 

I 
I- I 

D i&J 04. IfuLJI..:. 0 :L-
.: ...,GJ;./0, I:V) 3 3 I 

r( >~ :> ~~Prl
". '..r-- ~4 6l,s......&i2.i"~I 

J 

' .. 

j l- To &3eJ 1:>3"2:- "~e, ~ ~ . 1 

~ lo~ -~ c\ 4~ Urt ~ COJn1f'J \J6iflj :r-lc ~ - {'-n0
. " '.... " ""-:.;. 

, JSi rnDJt\WJttWU?I 0I\ltj llJ 3iNf l 1911n -1h- ~~
 
Md 19.1 ~ 1:0. WWJlo:li~und 1W. ~ten oJ> Lrmz3 GJJ
 

CLOc.'K po llJeYJ 0J1e..'~ .1oib~ I -me. ~t fF i9J ~
 
--to Ct.1. So (-the. J"rillo1 s~ ·iPJ tooo J --\h.o...t 'If) 6J] ~ L 6lJ ::. 0 I&J. :. 0 

. . . .... . .' I J I (3 

'&)
'. '/ 

ri 
'.. 'If:b 

A 

P .... y

- Bi; L-----' 
,...  .. K,t{t:2 6U;. '(.3 ~ 

\ 



, ., 

7' I .' ',.,......t=. ----' 

o 

sb:rle- .~ .. nro run ' 
~~. . 

.' 0J I. t&J.2-' . % fVy 

\ 0 '.' I) 0 
. .' .' . .: 

o 6' .\0 . 0o· 0 0
0 

. '. . . ero lO .on1·tL •·· 
. 0,0 .0. 

10 0 0TlfYlif1!j ~ c\ Q.J lI'W 
0\0 0 

~ Cnun.W1. 
() 0 '.1. 0

\ 
}' , '~.' 

(') 0 0'\ 

+\~t1J( po .','. 

I) 

..' I '.
 

'2.

.··.If
 
f-

G 

+, 

~~ RI:n:9 ~unW1: - .••. ~ to.bl<:- ..
 
We- couniVl (,9:) .••. 0 b~ .,~ OJ SefuDi -I n;
 

.£oucl. -DU t s~ ~teJJ b.'J pM uiQirtg ~ \1.lLi: 1f'"1'lik .• 
\fWbtte.d outrA ct- the.\.oJk 'fl- to ~ i~lflPLJ t t\ th?. 1Pf1\: ~~. ,.' •.' 
l"e ('\J output ~. wh 5\JJJt- I~ ~1D m 0 inpilt ti
-thL rcl' S~) but -the 'fu OLJtplJtc\-m lDJJt 8~'l~ 
Ltmneili.d to ik 0 'jf1put d\ ~t $~, ~) -ihL '.' 

( ('L(lJ'1e.. Uui51te.d ~ inn I" _. ~ \-0 "rl "'." .' " ..,... '. . . 
~ . - ~ -:J LLJ'JI U-UL • .'" ...... . . .. . . . 

.:,'. ~. 



I "I 
.. 

1 
~LD0 · . 'fu7 Dlf3 ~
~ 

'-  2c -. :20, eJJ 
." . ,. . . ~.. 

. 
. . --:~

~ -
· . ~ , & 6lJ4 J@." ~-3'-" · .. 2. (, 

.

\:. I 
I
, 

Il-::fy ~J3 &..3 IJ"L BJ.LL. IJj ®i 
.. 

I
. 

~ 1(.Lt ~ 
l-I 

---e .,.; IK.3 &...3~. .. 6;.2 J.- l<" \ 6J.\ 

. 

~_~ 'c.\ ~-bil: bL~ :ni<LOl (OUYlltlt()X F!'j

I I .'1 

1o () 

o [I I ' .. 

_0_,·--=v~o:..--· ----"-0__'···Jr 

~~~;;-I----:-;-.--I
 
&, 
o 

5J,L
() 

8JJ 
Cl 

evy 
0 
~ cU fll~ 

_I 
C'J I 

<l'000' I I 
I 1 0 0 ~ ' 

C) 0 0w~· 
o 0 0 
I 0 0 

1["'1 

f , IIL a I [ 

o 0 1
1 

0 3 I. 
J'Y5 [.' 

J 
1 0 
I '1 

0 3 
0 9. 

sWe-~.,,···. 
. " ' 

, ,-"
 

, ' 

. 



". ~I:t-;'ln~'lt~f"lll~ '4l--;:;-.c;~r~=--~;-t -:;::;:-10,-:-''6""~~.~~~_~~~~G~· .._+--. II~_I~ .... 
( £.L """.J u ~h-S I:e- ~ i:h.ctt 19J*htS db- ihe.. (DtJY1ttJI be.lJJ-'- I 

roDD. ~ eD-Ch c.loc.K pol9Je- I -the- le.ud ~elJr,9; s~ed to ~ ,%x 
le-vd C\. (i)&"ill 6..>3 I 6J3 to6Jl/ onr:J -\he- .' le.veL 1\- 61.J. ·.}D~1 G.n.rl -\he. '. 

~ 19J ~peokd ~ eJJ~ eiBntclOcJ~. PJ'~" 
(' ~ M n. 1=f 30nnSOf) COlfQtm ceJ1 hn-Ue. ~n"~' sto:teP.> Qfl.l1 CO.f\J., 

COunt Up 1D &n. Pll\5'fl'J. So J \\: ,.9:> CD mod -;)nCDlSiLlJ . 

1· proulileL daJ..o., ~ 

.)~ .. ~ doJ:o-; ~., 

3· T~ C\ c:h:toJ,
 
y.. SOWU - tD - pW1cJJ. e1 LOn.\J e.nJllOf)
 

5. ~e.L -to - ~Lam\je.n5'JiDil
 

G.. CDUilt.f1:9
 

. ~. '.1-.~~-" 

f\~ c% Sh4-'~t~ :-.",:. 
, "-"" 

:.' "

.. , . ,'. ". 

c.em'J e.Jl.fJ \aD .'..' .' 

- .' 

~~~~O\ ....> 

.-: .....' .. ~': . "', 

". · 

:','., 



..... \ .. 

-, .. , 

I 
·r,· ", I 

'.'. ." I 
I 

I 
.: 
... 

. 
I 

I 
I 

. ", ~~. . i I 

"" :.'.. ' I 

I 

. ,:. " ,; . 
, .." ".... ; .... 



;
 

.
 
,
 

.
 
.
 . '.' 

Flip -1lor D~ cho.JuiLteJtili\icfJ;·---- .. '-. 
po~ &~ timt "- lhe- oul:pot ~OJfP -¥pW-ill not ~ 
s~ i~ ~ 1:he- C1f~q iht cLcdV ~~.'. 
OJ ~ch:n(ffiQU9J '\rlpot!J. ~. trot '1ntw.nl \:rl:JJJeaJI -\:he...•. t.rne. ..c\ .Of~ 
6\ 1:k hi.g~ ~'f B1 AS~Clchnrmolf.>· ~[)fDI:hQ.Jl.lJ the tiJnt oi uJhi£.h;· 
~ output o.ctu~ ~ ~; ceJJe.d .• -the-~ p.JlO~ ..OJ 'J7) 

delD:1 1f iJ.me- q -\OC ftp -~p .. T.\; I~ lJ9JLclJj 'I Q iN.'J1CU\Jf c% OJ 1?» . 
. ", ,", .. 

r6 to Itt':)· .' ,.' . 

~ ~~ ~ tPU-I~~ ~1he-btiJ9~'0\- ~Uock
 
pul9Je. to the. low - i:D - hi;glu ~ Q'w 0 utp\J t. ".." •. .... 

~ pJLo~ ~" tPHLrneMtDW ~mn;-\l-i- ~C\ 1ht clnd:: 
pul9L to 1he. ~h -to -\.ow i)1.OSfJ1PJUimi:%.~ oDtpot, ...•. ;.. 

. . '., : . . . . . 

c..Ll<> jSCl'/' pOInt onihL .• • ·>~O 1'!Xl:1ot On '\he.i i~ eda'- .. ciJ<: .•...• t~. edae. . 

[! ·SD/. poInt on '\he. 501. fO'J ntdll -the
&l__~~ LDt1l-to-~h ~'r ..... (hi,gh. tn-LDW. 

~~(V. ..... ...~\ tpHL(i .••... 

~. ~ tPLHOf:\.dtpclL,ltl·,·tc:JJ0. 
i-?> P~OP080t0n ~ -tPU-J mea9J UJ1ed ~ -1he.- . FRESE T Input 10 the,
 

\roJ - 10 - hiBh ~ dh the. Oulpub-',. "". .' .
 
~ P'lDFD8ahdi ~ -tpIlL ~uYed".".~Qrntne. ·.~SBR.. ~nput -m "lk


ht9n-to - \.Dw "\:D1O.ffJti..h.on- 4t, the- out~ . .•.•.•.. . .
 
..---'" . /" ..." 

\~~~. m .i~~~¥ .. 
I"'~' 

&Jc i j",~:,:",:~ m,. .:,\~e~~~ 
-~-+-I - \ t=rlG\ .~. tptJLLt~QMJ1Wn ~ lEV 

--71-t 
pLli

)0 T~ 
J \ 

~ ....•. f· . 
PJLqJ~ ~ tpU-I I t'PHL W.J1..t. PR-ESET()JlL\c-LE.AR . 

. . . .' 

'.'
 
.
 
"
 
. 

. '. , 
. , . ~: -' ," . 

" , , ...-.:, ,'.... ".. . ,, ' ._-0:,.. ' :., .", ~ .,".. " . 



.

·.' Set -up -~ :- The-·· Eel- -up-trne- l tS) J7J -the-~ tInt. 1& ---
· .w\u:dlJ .the- lon:lMl. \elJCJb .neW ·in & fl11.li£lta.LnW CJ7Jffltosd OIl me: 
.' ·.lnfUt-~ .41he~-;{np} pUlL8J ·W .~ aJrWvul cb -the 

.'~ edW ~ .ifR, cJ.o~pu\9Jt . .' . 

hnLd i:lmt :- ihe.h.oW time Cl-h') "9J l:k mi.nJrrwrn tune- -1OL 
'.. whi.ch 1he- COfLool .....~np.lJJ •.•.••.• fIt£d in ce ~ ~tMt oX 
.....the. lrtput i~ '.. q~ W¥p, ~ -the- COOlUJcU q.- '\he 

".~ ~ ~.-fu. clocX- P[)\})~ . ) 

fnJUliffiLlm cla:J: ~ ;->Tht rtLilWTwrndDcK ~ l f\l11lli 150 I 
....1ht ~~t ~ .. atw~ (1J fP.fop casu b~ ~lJj' I 
"W~ . Lh- '\k clocJ. ~'.;,9) alDue, ~ rnD-UJlUJ[f) J ~I 
~iWp u.:ould te.. \JNlbk,'to ~pmu::1 qpc~ C'-11O\Jjtu ()lL(1 lilJ 1 

·.\')~ wltL Ix.- wu!JeJ.ro.bte , lhe- -ffY1{L)'. limit- lJ.l.ill v~ ~ I 

cme. M~p to Qfill~ - • . . I
 
·PLJ~e. widitfJ >lht flli1J1JJ~ V-3U~ 5~ -lhe.- m.i.J"\.WW(f) I
 

P\J\oc. w.i.cf1}fJ it' -\.he-c1Dc.,I:',oruJ OJ S8n.c1utonoo~ lnru\))· 'F'15\ tt docK I
 
.• ~nnl-, ~flliruJYWCfl H·~I1···.trne.{wCI1) ond-\k rruJirrulm lDW tLn'Jt I
 
•...• -t 

w 
LL') 6J1e..' o~ ..'ond i01.' CU3~rtch0Lono\1.l .in polJJ ,	 . I. 

I·· . 5D'I. pOln:t on*e . \t50 -r. poin:\: (JfI-ttx. : 
D 'il\put. irWur · 

ill-. .: A~~,pl. jsDt~ 
I 

~"t on 1hr- ed . I 

~ ts .~ . .' ( -\: --\9u8~ ae- I 

...• 5it uP"""- aNl hold iiIr< ~ a: t -l1P -fop : 
-~s	 I 

elk" .' CLe. II~w~~); '. 
0\ 

. n.) cJ1. ..· '.	 ----4 twlL') I 
Cb) PREseT f5'- d fflR I 

I 

http:�.�.��.�


, ' ,';". " :' ,~.',.. " 

. , . - , -" ' 

::' ,: 
, i :~' .. ',: -' 

, 

, ", ':,! ,',f,'" -, 

',1' 
,.', . " 

;-, ,. ,. , ' , ' ",,' ,,";;'::,,:.:,,:.i, ' . 



I 

, 

( 

) 

.".- ,:. 

'. 

'- . 

)
'

,) 

'" ) 

\ 
"-"; 

. ...J 

( 

'"( 

J 

() 

) 



'I" 

5.48 Digital Electronics 

14.	 Tabulate the PLA programmable table for thc four Boolean functions llstcd 
below. 

A(x,y, z) ~IIIl(O, 1.2,4,6) 

B(x,y,z) ~ L>"(0.2.6, 7) 

C(x,y,z) ~ LIII(3.6) 

D(x,y,z) ~ L"I( 1.3.5.7) 

15.	 Tabulalc lht" PLA programming table for the four Boolean funcliom listed 
below. l\'1inillliz,e the number of product terms. 

A(x,y,Z) ~ L(1.2.4.6) 

B(x,J',z)~ L(O, 1,6,7) 

C(x,J',z) ~ L(2,6) 

D(x,y,z) ~ L(l,2,3,5, 7) 

16.	 Derive the PLA programming table for the combinational circuit that squares 

a 3-bit number. Minimize the number of product terms. 

17.	 List the PLA programming table for thc BCD to excess 3 code converter 
whose Boolean functions are simplified. 

•..1 18. List the PAL programming table for the BCD to excess 3 code converter 
(,) whose Boolean functions are simplined. 

19.	 The following is a truth table of a 3-input, 4-outP111 combinational circuit. 
,I . 

Tabulate the PAL programming table for the circuil and mark the fuse map ,. 
,~·.I	 ill a PAL diagram. 

Inputs Outputs 
x y z A n C D 

0 0 0 0 1 0 0 
0 0 I 1 1 1 I 
0 I 0 I 0 I 1 
0 I 1 0 1 0 I 
I 0 0 I 0 1 a 
1 0 I 0100 1 
1 1 0 1 1 I 0 
1 1 

-
I Oil, I""~ 

Chapter 6 

Synchronous Sequential 

logic Circuit 

6.1 Introduction 

A block diagram of a sequential circuit is shown in Fig.6.1. It consists ~f a combi
national circuit to which storage elements arc connected to form a feedback path. 
The storage elements are devices capable of storing binary information. This bi

nary information stored in these elemcnts at <IllY given time define the state of the 
sequential circuit attltm time. 

Inputs""'--- I.r-::-:-.-----, Outp t 

Feedback 
path 

Fig 6.1 

com~lnalional I us 
CirCUli I 

The sequential circuit receives the binary information from external inputs. 
These inputs and the present state of memory clements determine the binary value 
of the outputs of the circuit. They also de\~I"Illillc the condilion for changing Ihe 

state in memory clelllems. Thus. the m:xl state \ll" l!l(' memory clements is also a 
function of the external inpuls and the prCSl.'nl Sl.ltL'. 

Block diagram of sequential circuits 
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6.2 Digital Electronics 

6.1.1 Mealy Model Sequential Circuit 

Fig 6.2 shows the clocked synchronou.s sequential Mealy machine. The output 
of mealy n1<lchine is [he function of present inputs and present state (Flip flop 
outputs). If X is input. Qil is the present Slate and the next state is Q(n+ I). rhe 
output of Mealy funclion (Zl i~ given below. 

'. . ';'~. - 

Synchronous Sequential Logic Circuit 6.3 

Z = !(Q,,) 

The difference~ hetween the Moore machine and Mealy machine fire tabulated flS 

follows 

S.No. 

J. 

2. 

3. 

Moore machine ~ 

The output or this machine' lS 
the func(ion of the present slatc 
only. 
Input changes do not affecl lhc 
oUlput 
It requires more number of states 
for implementing same function 

~ Mealy machine 
I'lts output is funclion of presel!,l 

input as well as present state... 

!IlPU~ changes lIlay ~f[cet the 
OutpUl of the circuit 
It requires less nLlmber of stales 
ror implementing same function 

Next ~tal" 

N~Xl Stal~ln~ul X 

Qn+1r-;=: 

Decodor 

Comblnal1onal 
logic clrcult 

Fig 6.2 

·Z~/(X.Q,,) 

Momory 

L-j 

Output 
l 

r___~,"5"nl Slale 
Ourpul 
Oecodor 

Q" Caml>ln.Uan.1 
IOQlc cirCUli 

Mealy model sequential circuit 

6.2 Analysis and Synthesis of Synchronous Sequen
tial Circuits 

SyntheSisAnalysis 
ProcedureProcedure 

The output of memory element is conneeted to the input of output deeoder nnd 
next st<He decoder circuit The output of memory element is considered as present
state. 

6.1.2 Moore Model Sequential CircUit 

NOXl Sl.1te 
Oc<;odcrlputX 

,-' .i .~'~ Momory 

r 
..,' 

OutputCombInational Qn4',r;::::: 
llogic circuit 

NUl Slate ~resenls.tale 
OUlput
Cecoder

Cambrn.tlan.1
lOOk: cTrcultL--Ij

.; 

Fig 6.3 Moore model sequential cIrcuit 

Fig.6.3 shows (he block diagram of J Moore machine. The output of Moore 
machine depends only On the present state. So the output of Moore m,lchine is <1 

function of its pres~llt stare (QII). If the input i.'\ X. the next stale is Q(n+ I) and the 
p. ...:sent state is QII' The outpHt of Moore m.achille is represenced mathematically 
by 

Fig 6.4 Flow chart 
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6.4 Digiw! EkrlmlliL'.<; 

The behaviour or sequential circuit C~lll be determined from the inputs, Dulpllls 

and slateo[ its nip nop~. The outputs and next state ure botha function nfits inputs 
and the present stale. The analysi1i of a sequential circuit consists of obtailllng a 
stale table or stOlle lliagram fm the time sequencc of inputs, outputs and internal 
states. The nnaly:>i:- 01' the cloc~.d segllential circuits can be done by following 
the procedure as shown in Fig.6.i:-·'The reverse process of analysis is known as 

synthesis of clocked sequential logic circuit. 
POl' the analysi" or sec!uenlial circuit, we staft with the logic diagram. The 

excitation equatioll or Boolcnn expression o!" each flip-flop is derived from this 
logic diagram Then. ((l ohlain Ihe next state cCJui1tion, we insert lhe cs.citation 
eqLtations into lhe characterisfic Cc]lliltiollS. Th~ output equations can be derived 
from the schematiC We can generate thc slate table lIsing output and next stale 
equations. 

6.2.1 Analysis of Example Sequential Logic Circuit 

Js Oil 

® 
KB as 

I ,11	 

I'" _. 
s

/' 

BJA x 

® 
BK, 

~ IV I	 IJ= 
, 

'fi 
Fig 6.5 E~ample or sequential logic circuit 

Fig, 6.5 ~hows a clocked scqu~iltial circuit. It Iln~ one input variable x, one 

output variable y and two clm:ked JK flip flops. The /lip flops arc labelled as A. 
and B and their outputs arc labelled as A and A. Band Brespectively. 

Step 1 : Type of circuit 
The output0') of gi\'cn logic circuit (Fig.a.S) depends on present inpllt and 

also on present state (Flip /lop outputs) of flip flnps, so that lhe given sequential 
logi(,; circuit is Mealy sequential machine. 

Step 2 : Excitation eqUlltions 

The excitation cqU<lllUm or Boolean expressinns of /lip Oops A and R arc 
oblained. The equation:'. will be in thc fonn or prCsLllt slatc.~ A and Band e:-.h'rnal 

SynchCOlJOUS ScqtJellliiJ1 Lo,yic Circujl 6.5 

inpOlX, since here are tWO 1K flip flops whleh have outpU' A and IJ. Therefore the 

ex.citation eq\li.llioll (equation formed for njp flop input) 

Fol' Flip nop .. A	 1/\ = xB r'
 
KA ~xB ~
 

For fill' ftop - B	 1/1 = xA 
K,,=xA / 

St l,3 : Next stale equatlun. T.he slalC equations ean be det'iced ,hre"'y from
 
e
the logic diag ,,,". Looking-" Fig.65 we can see thai thc si~l\al fur J Inpul of 

r
Ihe flIp 110p A IS generated by the funclion Ii" and Ihe signal for input K by the 
funello Bx. Snbslilu'lug J = Ii" :lnd K = B:i IIlto a JK llip 110p cl",,'acreristie 

n 
equation g'[\'cn by 

Q!I+1 = fQn+KQIl 

State equatlon fur nlp flop A

:JT~ -Il
 

where QII = A J
AMI == (lb:)Q!1 + (Bx)Q"
 

=BxA -'- B.'A
 

~ ABx +A(B-')
 

=ARx+ A(8+ x)
 

=ABx+AB+A.>'
=AB+x(A+Alf) 

(A +AR = A+8)
=AB+x(A+B) 

A/I-r! == AB+Ax+lh 

State equalion for flip nop B
Similarly, we can rmd lhe stale equation for llip 1101' R J =Ax and K ~ Ax. 

Therefore the ~lutc equation of flip fillp B is given as 

B,,+{ =Ax B+ (A x)1l 

=AxS + (A +x)B 

= AxB+AB+ m 
=x(AR +B) -1- AH 

~ 'CIA + B) +AB 

Nil, \ =.-\ x I 13 x ) .-\8 
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Output equation 

The give~ sequential circuit has output y. The output equation can be found from 
the Fig.6.S which is derived using three input AND gnlC 

fr~ABxl 

Step 4: State table 
Table 6.\ is the :-itate tuble for the givcn scqllcliLiallogic circui!. It represents 

the relationship belween inp\lt, outpUl alld nip nop stales. It consisls of Ihree 
column:-;: preSClll slate, nc.xI state and OUlput 

Present state: It specifies the stale of lhc llip flop before occurl'cnce of a 
clock pulse. 

Next state: It is the state of flip flop after the application of a clock pulse. 

Output: This section gives the value of the OUlput variables uuring the 

.,' present state. Both next state and output section have two columns repre, senting two possible input conditions x = 0 and x = I. 
, ,
,..,., Table 6.1 
; (. 

, 

': . 

"."

~ 
OutputPresent state Next slate 

All AB y 
AB x-O x-I x-Olx-I 
00 00 10 0 I 0 
01 01 00 0 0 
10 11 10 0 I 

1\ 01 II 0 1 

We ean derive the state table as follows 

(il If present state AB ~ OO,x ~ 0 

\Vhen a present state is 00 Le. A= 0 and B = 0 and input x = O. the next 
slate is obtained by using next state equation 

Nexl slate for Hip liop A 

A,,+l =AB+Ax+Bx 
~ 01 +00+ 1.0 

~O 

Synchronous Sequential Logic Circuit 

Next stale for Hip Hop B 

811 +1 =A\'-+-Bi+AB 

~0.1+0.1 +0.0 

~O 

INext "ate for this e~,e AI! ~ DO! 

(ii) II' presenl Slale AB ~ OO.X ~ I 

Next ,tale for nip·nop A 

Alll L =Al3+Ax+Bx 

=0.\ +01 + l.l 
~I 

Next state nip Hop B 

8 
11 

+1 =AI+Bx+AB 

~O.O+O.O+O.O 

~O 

\ Next state for this case AB ~ to I 
Similarly we can obw.in next state for aU these different cases as shown in 

the table. 
(iii) Determine the entrie:; in the output section. For this,	 we have to examine 

AND gale fOf all possible present sUlte5. and inpul. 

(al If a present slate AB ~ 00. 

oulput y ~ ABx 
~O.IO 

ly~OI 

If a present state AB = 00.(bl 
Ol1\PIl\ Y = ABx 

~O.ll 

I\'~ 01 

X~O 

x=l 
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Thus, the state table of any sequential circuil can be obtained by the same pro~ 

cedure used in the above example, This example cant<lios 2 flip naps and one 
input, and one outpUl, producing four rows, two columns in lhe nex.t stale and 
output sections. In general, a sequential circuit with m flip~Hops and Il~inptlt vari~ 

ables produces 21/1 rows <lnd one for ~ach stelle and 2/1 columns, one for each input 
combination in the next slate and output sections of the stale table. 
Step 5 State diagram 

Stale diagram is a graphical represclll<l\ion of a state table. Fig.6.6 ~hows the 
slate diagram for sequential circuit. Here e(]t.:h state is represenled by <l cin.:lc. 
and Inlllsition beLween Mates is indicated by directed lines connecling the circ!e~. 

Thc binary IlLII1lber inside each circle i.dcn\ilics the state reprc.-,;clHL'd by the circle. 
The directed lines are labelled with lwo binary numbers separatcu by ,I .symbol '/' 
(sla~h). The inpuL valuc that causes the stale transition is labelled first and output 
value is next 

010 
00 

/~;
010\\0'	 '01)1/' 

~/~
 
11 

110 

Fig 6.6 State diagram of Fig.6.S 

Example 6.1	 Derive the state table and stale diagram for the sequcntial circuit 
shown in Fig.6.7(a). 

[J	 Solution 

Step 1: Type of circuit 
The output y of given sequential circuit (Fig.6.7) depends on the pr~\Oenl input 
and also present state (flip flop output) of flip Oops, so the given sequenti<lllogic 
circuit is Mealy sequential machine. 
Step 2: Excitation equation 
For flip tlop A 

J,\ = I' + R 

1(\ = A 

Synchronous Sequential Logic CirclIil 

B 

x---.-------L:/
 
CP ----rl> (0 ®
 ""rd' " 

Ii. 
_ K Q I---',.--. a 

-rl"A 0A B B B 

y 

Fig 6.7 

For nip nap B 

JR = A +x 

KR = B 

Step 3
We know thal characteristic equation of JK flip flop 

Qn+/:::: f?ln +KQII 

State equation for flir flop A 

(where Q" = A for tlip nop A)
A'ITI	 :::: tx + B)eL + AQn
 

= (x+B)A+AA
 

=Ax+AB+()
 

AII.II ::::Ax+AB 

State equation for flip nap B
 

(\vhere QJ1 = B for flip tlop B)
all, \ ::::: (A +X)QII + liQII
 

= (A H)B +BR
 

BIIII	 ::::AB+H.-,,: 

OutpU[ cql\alion 
\' __ ::\Bx 
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Step 4 : Stale lable 

IPre"en) "talc Ne~:l',!(' Output J 
ccc----t-_A_D-oc-+i AD y 

~-*\~ri--\I~~ x~~ 
f---iQ- 0 I r UII-l 0 0 --1 
L__ 11 --~- - __ '-____ __ I 
1----- - ()O_ ; IJO l-.Jl.--L.QJ 

Step 5 : Statr diagram 

Fig 6.8 

•Example 6.2 
Derive the state table <lnd stale diagram (01- the sequential circuit
shown in Fig 6.9 

o SOlution 

Step 1 : lypc of circuit 

The oUlput of a given circuit(See Fig.69) depends on prescnt input and <IIso on 
pl:esenr states. so the given sequential logic circuit is Mealy nwchines 
Step 2: Excitation Equatiun 

For flip nap Ii 
/J.[ = A.r +B.I' 

For Flip Hip B 
DII ::-.-Ax 

For Output 
Y=AB+x 

Synchronous Sequentj;jJ Logic Circuit 6.11 

Step 3:
 
We know that cbaracteristic equation of D flip flop (next state depends on input
 
D) 

AJJ +1 =DA 

[A,,+I =Ax+8xl 

BIH-] = Dn 

!B"cl=Ax! 

A 

, 
1 '---\ I"

DA QA 
A 

B -----L.-/ I I ® 
AI A:~y 

Q 

B~ 
® 

0, B 

I 
CP 

Fig 6.9 

Step 4: State lable 
The state [able contains four rows and three columns. The next state and output 
have two sub columns. 

OutputI PI"esent state I Next stale 
ABI AB Y 

x-Ix-OAB L.=:-O .1'=1 
0 

01 00 
00 I 00 I OJ 

II JI 
10 DO I101- __ I 

10 III I DO 

0
0
0
o i 
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Step 5: State Diagram 

010 

0/1 ~..A. 

011 :$=----> 11110 

~~O 
10 

b 
110 

Example 6.3 • 
Derive the Slate table <llld slale diagram for sequellli'll circuit 
shown in Fig.6.lD 

., 

BI ~A 
®

Qtl xrl:' 
®

Q, 
i, 

AxJ ~ K QA,:O: 1x --/u---+--1.2 G, 
B 

'" j •'::::::[)--. , 
Fig 6.10o Solution 

Slep 1 : lYpe of circuit 

The output y of the sequential eireuil depends Oil present state only. so the given
logic circuit is the Moore type circuit.
 
Step 2: Excitation equ~tions
 

For flip Oop A JA ~ S 

KA ~ SI 
For Dip Oop /i 

JB ~ I 

K!I~A,Bx 

."=Aq~n 

Synchronous Sequential L(l~ic Circuil 6.13 

Step 3 :
 
V>/e kno\\' thaI chanlcteristics equ:llion of JK flip ~op
 

A1l1-1 =iQ'I+KQII 
State equation for flip flup A : A". t ~ SA + (BX) A 1,- Q,,~A) 

~BA +A(B+.r) 

~ SA +AB+x 

A,.. t ~ (A ED B) +.r 
Stale equation for nip flop /i : Ii" I =.rB + (A fB x)/i 

=xB+(Ax+/lx)ll 

Ii" "' =is +AxB +Ax'/l 

Step 4: State table 

Present state lIied state Outpu 
x-a x-I 

-

y 
AB AB AB 
00 01 00 0 

01 II 10 
-

I 

10 II 10 
. 

I 
II 00 11 0 

-

q 
' 

-J
 

State diagram 

~Slate o Input 

",",00/ 
1/0 

~ 
0 CD,! 

0 

..-.--- ------.-----.---- '1------~-INoll': The state diagnllll for lvloor~ 1l1arhine is dilTel'cJl\ frnlll r-,.'kaly 1l1i.\l'hinc. 
IHel-(, (,liCit circle is coded wiLh qaL..: binary number/outpul. !L_________ _ . . 

ill 
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6.14 Digical EJectronits 

6.3 State Reduction 

Any logic design process must consider the problem of ll1in1mizing the cost of the 
final circuit. One way to reduce the cost is by reducing the number of nip nops. i. e. 
by reducing the ntlmber of states. The state reduction technique basic;llly ..}Voids 
the introduclion of redundant equivalent states. The reduction of redundanl .'Hates 
reduces the number of nip flops and logic gates required,·tbus redudng Ihe cost of 
the lina! circuil. T,,'o stales ..we said'to be redundant Or ~qllivalenl. irevery possible 
set of inputs gcncralL'eXilClly the same outputs and Ih~ saDIe neXl S!<lte.". Whcn LwO 

states arc equj\'alem. une of thelll can he removed \VilIIDll{ allefing inpuL-oUlput 
relationshIp. Le{ ll .... consider the state diagram -"hown in Fig 6.11. The S[;J1C.", arc 
denoted by lcllcr ,,-vmbols instead of their binary yallles because in ~ta[e reduction 
technique internal S[,ltes are <llso important bUl inpul omptlt sequences are more 
lmportant. The procedure conrains two steps. 

110 

0/0 010 010 

Fig 6.11 
Step 1: Finding Ihe slale lable for lhe given slale diagram 

First the given slale diagram is converted into a Slale table, Fig.6.11 sbows the 
example of state diagram. 

OutputPresent state Next state 

x=1 x-Ix-o x-O 

ca 0 0b Both are 
d • equiva;enL slates b _" .1... _ 0 

:c····· -. :_T"Dbecause of state _::Ll::X: --~---d----- c and e having a d.. -. -.-. "-.-" - - ._._" . 0 
same nex! slate 

'.e, _. _. _. _" _. c:. _. _" .. .d. _• ..~ .. - ""."!
0 

-', and same output 

Slep 2: Finding equh'alcnl slales 
The two present stale .... go to the same next sJ,lle ,md llave th~ sallle outpUI for 
both rhe input combinalions. We can e,lsily find Ihis from tile strite table. .... Wlc.~ 

6.15
Synchronous Sequential Logic Circuit 

c and e are equivalent. This is because bLlth c ami e states go to .<tates c and d 
oulputs of 0 and I for.\ = 0, X = 1 respectively. Therefore, the stale e can be 
removed and replaced by c. Tbe flOal reducod table and state diagram are givenut 
in tbe table 6.2 and Fig.6.12. T~e second row \1al'e e state for the ior x = I. it 

replaced by c beci.\\lse tile states c and e an: equivalent. 

Table 6.2 Reduced state table 
1/0 

l)resent 

state 
AB 

-...,.--- ,
 

Next ~ I
 

II 
010h-;lAB . . 1/0 _ --------l/I-{ c ) )010 

o LI 

x= W '"x=Or=()·r=l. ,I' 00I) I ca I 0 /1/11d cb ) ] \ '"0c dc 00a \ dd 
1/0 

Fig. 6.12 Reduced state diagram 

Obtain the reduced stale table and reduced slare diagram for a 
Example 6.4 seql;ential circuit whose slaW diagram is shown in Fig.6.13. 

010 

111 

Fig 6.13 
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o Solution 

The given diagl'tllTI has seven slales, one input and one outpUl. As per the slep J,
 
lhe given state diagram is conver~ed to a state table.
 
State table
 

Table 6.4(a) 

Present slate Next state Output 
x=O x 1 x-a x-' 

a a b a ab c d 0 a,c i a d a Both are 0•cJ. . .. . .. _. .e• .• equivalent stales . . f ... .. 9.. __ 1
'•.e•••••.• _. _~ •. because of slale 
.f....... .. 9. __ 

.. .t. . _. ....i:.• _. .P.... 
e and 9 having.. I ... ,.0.... .. 1, same next stale '••9•.•••.••••~ •. .. J.. _... 9.... . !.' •D- and same oulpul 

Fl'Om the above state table, it is clear that Slates e (Illd g are equivalent. So the 
srate g is replaced by state e. The reduced state table is shown in Ex.6.4 

Reduced state Table 

Table 6.4(b) 

Present state Next state Output 

x 0 x I x 0 x I 
a a b 0 0
b c d (J0 
c a d (J0 
dlBOlhare'1-[l l' (JI Iequivalenl e aslales (JI I
I l' 0I I 

From the above reduced table, Slates d and f are equivalent, hcncc '.I" Gil) be
 
replaced hy d and it can be removed. Theil lin,tlly the reduced slale lahlc i.., shown

in Table 6.4(c) 

Fiu,,, reduced tllble 

The- Sl~lli..: diagram of tile reduced slale Tallk is shown in Fig.6.4(l1). 

Synchronous Sequelllial Logic Circuit 6.17 

0/0 

110 

Present slate Next state <hll,"'" 1
AB I AB 

1/1 010l ,II!_-~ -l-'-c:.'.' "E ~(/ (/ /1 O! 0 I 
b 

I, ({ d 11 I Il 
OlD 

, , 
I/O 

, II d II I) I 010 
d 1 L' (/ (I 1 

d J' t 
L-_ (' ~ _l~ _ _L_J 110 

0 
1/1 

II 

6.4 State Assignment 

III sequential circuits we know lh,ll the behaviour of the circuit is defined in terms 
of its inputs. present state, nex.t sl<ilc and outputs. To gencrate the desired neXl 
state at particular pre~ent slale and inputs, it is necessary to have specific flip flop 
inputs. These flip flop inputs are described by a set of Boolean functions called 
nip (lop input functions. To clclermine the flip flop input functions, it is necessary 
to represent stales in the Slatc diagram llsing binary values instead of alphabets. 
This procedure is known as S(aLe assignmcnt. Tlle following rules are used in stale 
a~signnlent. 

Rule 1. Stales having the S;llll~ -~~~l st<lles for a given input condition should I 

have assignments which can he grouped into logically adj.1cent cells in a 

K-map, (Fig.6.IS) , _ . ~ 

100 111e (3 

100 

Fig.6.15 Fig.6.16 

r---- , " '" .. -_. ---- --'--, 
II{ulc 2. Slales having c1ifl.Oen.:'l1t lk'XI Slaks should h,wL ass.ignlllenl \vhich can I 

l bi..: grouped into logically ad.i~\n'IIII.·\~lI.., in K-map. (Fig,().161 
._.__ . . .. -_. ._. ------_. , ". 
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Example 6.5	 Design a sequential circuit lI~illg D flip flop for ,.1 :-;La[e diagram 

given below. Usc state assignment rules for assigning states and 
compare the required .c9,rnbinminnal cin:uit with random slale 

1/1 
0/0 

Fig 6,17 

, ' 
[j Solution 

l.: 
The st,ltes are a,b,c,d <Ind e, Each slate is randomly assigned. 

{f ~ 000, b ~ 001, c ~ 010, d ~ 0lJ, e ~ 100. The remaining combinations are 
considered as donOt care conditions. 

EXcitation table 

Present state Input Next State OutputA B , C X Al1+J B".,., (1/+ J Z0 0 0 0 0 0 00 0 () . 1 () 1 0 00 0 I 0 0 00 0 J 1 I 1M: 
I 

o 0 0
()0 1 0 I o 0 00 I 0 I 0 I I ()

0 I I 0 0 0 0 0 

j0 I I J 0 J,. 
0 , 0

I 0 () 0 0 0 I 0 IIf-r'+oj- 0, J 0 0 0 0i 

Sym:17rnnous 5'equemial Lagh- Circliit 6.19 

i Pr1cscnt state Input \~t State Output 
U ' 0 1 0 rX X X X 
LI 0 1 J tx I X X -r-

K-map simplification 
The LJ nil) lIop inpul is ~qL1a! La l1ex\ stelte 'lnd Ihe flip nop c.\pl\::~si(l11 i~ obtained 
directly" 

Expres_'iion for flip flop inpul DA Expression for flip Flop input Do 

.c,	 .ex 
w ", A , uu u, n IU,A "' '" , 3 1 : 2o 0 

lJJ , ,, •1 :1: 
, 12: : 

" "" " x x:.~; , , 11,_, ". 
x 

D x!xl 

D 0 
, 1 , , 

fil ~ 

" 4 
5 : , 7 •t!i 

" 13 15 "1 x x x x , 9 11 10 

i~':D x 

De=ACX:"SCx 

Expression for flip nop inpul Do 

.c 
ov -. .- A' -- -. 

D 0 , , , 
~ ·.~~~i: if:: 
1 ' ~ "r 7 

, 
: 1 

" 13: :" "1 x . \.~J x X
fs-, 11 

D '" x x 

Dc:::A8x + Bex 

: 
J 0 

, , , 
4 , 7 •1 :"r\ 
" .'•• -, 13 15: : 141 

x t~J xx: 
• " " 10 ,D ... ,.1: ~.. 

Z=BCx+Ax 

The random a~signll1ent reqllires 

7 1l11"l:L' illPLl~ AND gates
 

I two inplil AND gates
 

4 [\,:0 input OR gates
 

Total 12 gillc" wilh 31 inputs and ~ nip Oops are required [0 COllslru.... t the sequen· 
ti,1i logic rirL"lliL. N(HV \\'e apply slale assignment rules. thell rolln\\' the abovc 

SICps. 
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From Rule I, The slates ~-;~cTdmCJst be ~dj~ceJ1t	 l 
From Rule 2, states band C l11ust be adjacent We Form the adjacent cells in II 
the 3 variable K-map 

00 
0 

4 

01 11 10 
21 

:!J: 
3
::C:' 

5 7 6::e:,:~ :
Excitation tahle 

Pres-erlt- st-.llC : il11~ut Next StIlle . - - ':- Ol,tpiit 
,4-:-B: -C X AI;I"r--:·ll;I~-I-:-CIlr-;-~-·-i··
-0: 0 ~ --Ii 0 - II --6 -, I -. 0 - ,C 

-6 -:- 0- ~ -6' 16- -,I -:( _c - b" - -: 
-6 -:- 0- ~ -F :- -6 T:---6 -: 1- -, 

-

-

-

0 ---: 

1: :rnr;-{f:::(-i::r::-::r:::
':;"6 -:--(~--6 -, --j" - -x --'- -x -., --x-- _c - - -x- - -, 
n	 :6::::C:L:::o:: i:_::1::::".t:: -:: :0:::: 
.	 0 : I: I I I 0 I 0 

t	 rmnrrur:y
1 : 0: I I 0 0 0 1 
-e-(~---6 -, --6 -x- -:-- x- -: --x-- _:c_ -X-
-j-:- -1- ~ - -6 .-,---i - 'x' -: --X--:--X- --, .. -X- -- 
-1-:-('---1--'-6--- -'6--:--0--:-0---':---1 

-F> 1 ~ - - -r --,- i -. -6 .---6 --:. 0- --c • 0 
-'- - - ~ - - - - - , 

K- Mall simplification 
E:o:pression for r.ip foop input DA 

Expression for r.ip roop input DB 
C 

AS' UU 01 11 10 ABC, 00 01 11 101J 0 3 .2__ • 1o 0 3 2: 1 1', 1 
7,5 

7 6o 5 11 •	 x x "! _..1; 1 • ,. 
6 

13I 12 15 13 15 141- J?	 .x x __ ..x: x 1
9 11,8 10 9) 8 11 10x x x :~ ~: :{ 
DA =AC °s=ASx+-ABx 

Synchronous Sequenlial Logic Circuit 6.~ I 

Expression for r.ip f,op Input Dc Expression for [:IP [,ap input DD 

,C	 ,C
UU U1 11 10 AS
 

1 41 6 i ...~- 1 ; --.... 
1 12 13

" x x 

) 0 _..... 3 2
 
AS 

1 
{'1" ·"1'..11
 

5
 7
 
x
 1
 

15
 

9 11 1O
 
x
 

) 8 
x 

uu u, " 'u 

J 0 1 3 2 
1 

1 4 5 1 7 6 

12 13 15 14 
1 ::~.' x :.1 

B 9 11 

:~ :': 
10

D x :~"-. 

Dc=A	 Do"'I\Bx+ABx 

Under lho..: :-.1~lle assignlll~llt rules, we require 

~ three input AND gates 

I two input AND gale
 

2 two input OR gales
 

A lowl of 7 gates with 18 inputs and 3 nip flops are required to constnlcl the 
sequential logic circuit b~lsed on the state assignmeJ1l rulcs. 

6.5 Design Procedure 

The following steps are followed to design the clocked sequentiallogie circuit. 
-- ._----------

l.	 Obwin the state table from the given drcuit information such as a state
 
diagram. a timing diagram or deseription.
 

2.	 The Ilumber of stales may be reduced by state reduclion technique. 
3.	 Assign binary values to each slate in the stale tnble. 
4.	 Determine the number or flip flops required and assign a lener symbol
 

10 each Oip Oop.
 
5.	 Choose the nip flop type [Q be used according lO the iJpplicmioll. 
6.	 Derivc the excitmion table from the reuuced state table. 
7	 Derive the expression for flip flop inpuls and outputs lIsing k·lllap sim


plification (Thc presellt stale and inputs ~re considered 1'01' k-Illap sim

p'1.ific~~~?~l)_~_~~. ?_I~~~W l~~~i_~ ~~ ~~_~l_il __~:')_i_I_I_g;_ l~! P_!~(~P_~_ ~l.l!~_l_ ~~.t.:~ . _ 

6.6 Synthesis of Clocked Sequential Logic Circuits 

Synthl'sis means lhut, it is [he reverse process of analysing i1 sequemiilllogic cir
cuit. llllhi~ synthesis. we get a logic cir~uit l"rom the infnrllli.\tioll Ol'stdlC di~\,graill. 

\\-ord description etc. The detailed :-oleps tll\.' given in tho..: example. No\\' we \\ ill 
\('L' (he dLtailed description (ll" each "(Cp. 
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A !'.[ale dii.lgrulll is obtained (rom the \vorel description. timlng diagram or 
other pcrtincllI information. From tllis stme diagram, we em form a state table. 

ThL' reuuction of number of slales and binary valuc assignment to each state 
givi::s Ihe r~dLJl:[ion in combinational circuit requiremelll. The !lumber of nip flops 
required 10 design ,lilY sequential logic circuit depends on the number of slalcs. 

Example 6.6 A sequential circult- has one input <:ll1d one output and its stale 

dic.lgratll is shown in Fig.6. J R(.:\"l.Dcsi~Jl the sequential circuit 
llsing [) /lip nop 

010 

00 

1/0/'1 
~" 

1/1 
;1 01001 11
"	 1/1i~ : 
;';	 ~ /110 

10 
~ 

~ 

011 

~,	 Fig 6.18(a) 

". o Solution 

" ,,	 The given ."late diagra1ll consists of four stmes. it hat one tnjJltt (x) and one outpul 
(y). The state table for the given stale diagram is shown in Table.6.6(a). It is clear 
thal thcre arc no cquivalent stales. Thereforc. lhere is no reduclion in the state 
di<:lgra n1. As the slale diagram contains 4-slmes. it requires 2 flip-flops which arc 
named as A and R. 

Table 6.6 (a) - Outpull 
- ~lstate ~ C Present slate. ~ x = 0 x = I: B'=O .'"w I L];\B AB:~ I 

00 . 10 I

( ::_-, " I ::~:
Y 

: . 
'I·· -- -10 fIO-l_ - I [) .JI 
c----- -'I" ,,_ _-LO~L~_'L 
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Design using D-f1ip flop 

. For the design of circuit using D flip 1101' (or any nip lIop). we need the excitation 
laDle. Table Ex 6.6(b) shows the c;\.cltation lablc or LJ flip [lop from which we can 
develop cxcitalion table [or the required circuil <IS shown in table 6.6(c). 

Table 6.6 (b) Excitation table for D-flip flopr"",,", """1"'" "'''1'''''","'""'''ll
Q" I Q,,+I ~ !) 

-~- [--~- -1 I: -·l 
1 : Ll_l_ ~_ _J 

l:.. .... I..IUtLIUII ~(1 ......bl 
Inptl t 

00 0 
0 0 I 
0 I 0 
0 I I 
I 0 0 
I 0 I 
1 I 0 
\ I I 

Next state 

0 0 0 
0 1 0 
I 1 I 

0 0 0 
0 I 0 
I 0 I 
0 0 0 
0 I 0 

OutputFlip "up input~esentslate 
xA B A B DA Da J' 

0 0 
I I 
I 0 
0 0 
I I 
0 0 i 
0 I 
1 0 

- I ! 

The flip-flop input funclion and the circuit oulPUl function are obtained by 
using K-map simplification. 

Input equlItion (or) funclion for nip flop A(!).,) 
'\.B, 

A'\.~~~l<'O'. 
01 1._!J I !..!.: 

C~~) 
S 17 164 

C.!'; 

DA = A )j x + ,I B.\' +MiX -i-,\/lx 

~A()jx+B:i)+A(i!'yA Ihl 

Lelu" consider::: = ax +H~o thenS x+ Bx =~. Simplir) the above equOlion 

DA =;h.+A;-: 
=A., , 
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SubstitUlC':: = Yi.r+ III ~ jJ'l x in the above equation 

@A ~A"!lBEIlxl 

Input equation for nip llop B(Do) OutpLH funclion y 
Bx 

uu u, w , " 0 J 
~"j
U ..· 

• ~--1-: 
, , 

I'.....	 

A 00 01 11 10 

o 0 1Ci~) J 2CT1 
1 • L1\ 5 7 G ;-1· 
. ..... .... 

f)u:-::;\/f\'·:·.-\kr y=.'\:\'+AiJx 
TilL' input equatiOiI (or nip and outpul equation an~ simulated as follo\\'s 

DA =AEDIiElix 

DB~Am+ABx 

)'=Ax+ABx 

:1 ' A sequential circuii using D flip nap is obtained by llsing the above eqmHions as 

l:~ / shoWIl in fig 6.18(b). 
, 
II~' ! 
" 
f;	 A
 

B

:}
 
'V
 x--+-!/	 / 

,	 

", o,w:---LJ';. ' o ~i, ' x 
I!~ _ A '
 
'., CP
 °A," 

Fig 6.1B(b) 

6.7 Sequence Generator 

olBD, , 

® 
_I B 
0, 

y 

A sequclllial circuil which gcnerates a prescribed sequence of bits, synchronous 
with the clock. is referred to as a ~equel1ce generator. We can construct sequence 
gener<llors by lwo ways 

I. Sequence gcnerators llsing counters
 

, Sequence gl:llermors using shin rcgisLers
 

Synchronous SL't/ut:llllaJ Logic Circuit 6.25 

6.7.1 Sequence Generator using Counters
 

Flg.6.19 shows the block diagram of ~\ sequence g.1,'\\CrmtH' u:'ilng counters, It con


tains two stages 
1. counter, and 

2. next state decoder. 

[ 
L-...o 

FF inputs: 

[ 
Design Procedure 

E;l 
BJ 

I '1:1
Nexr 
Slate 

~ 
. 

de(Xlder 

[S] r-- I 
Counter FF outputs I 

Fig 6,19 

Step 1 ~ Determine the number of nip-flops required 

The number of nip-llops required to generate a panicular sequence can 

be determined us follows. 

(a) Find the Ilumber of 1's in the sequence. 

(b) Find the number oro's in the sequence. 
(c) Take the muximurn value from both. 

or f1ip~nops, choose Ininimulll value o
If 
r 'n' 

n is the required tlmnber 
to satisfy the following 

condition, 
muxiO's. \':-):::.: 2"- 1 

Step 2:	 Stale assignmenl 
Once the number or Ilip·nops is deci(lctl. we have to assign unique stall~s 

corresponding to each bit in lhe given sequence such [hat the Ilip-l1op 
representing least signilicant bit gencl'atl'S Lhe given sequence (Lile oUl
put of the flip· nap which represents lhL lei.\sL significant bit is lIs~d ttl 

represent the given scquence) 
Step J: Draw the slale diagram rrom lhe above !'>tatc assignment and obl.lin Ihe 

excitation table from the swte lliagnu:l. 

Step 4 : Fino \Ilc Boolean ~Kpressiotl forcadl lllp-llllj1 l11[1U\ by U:'iing k:illap and 
dri.l\\' the logic diagram .1'01' l~i: !50nlci.l1l c:-'P\'L·s.~iojl 
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Example 6.7 Find the number of flip~flops required to generate the sequence 

10110110, 

,J Solution
 

III the given sequence, the I1Ulllber of D's are 3 am] Ill\lllber or l's are 5.
 

max (3,5) ~ 2"-- 1 

5 :; 1'1- I 

[/I = 41 
II 

~..",.....~ 

Example 6.8	 Design a sequence generator using J K !lip-nap lo generate the 
sequence 1101011, 

o Solution 

Step I: Number of flip-flops required 

Number of D's in the sequence = 2
 

Number of 1's in the sequence = 5
 

Hence max (2,5) :s 2,,-1
 

5 .5 2'1-1 

In =4 i 
We need four nip~flops l1<l1ned as A, B, C and D. The desired sequence 
is generated by [he D flip-flops output 

Step 2: State assignment 

I Decimal 
equivalent 

A B C D 

1 
:, 

0 
5 
2 
7 
9 

0 
0 
0 
0 

0 
() 

I 

0 
0 
0 
I 
0 
I 
0 

0 
1 
0 
0 
1 
I 
0 

: f, 
: 1 : 
: 0:, , 
, , 
: I: 
: 0: 

: I: , , 

:,.1:'---. 

Given sequence, 
first enter 
this column 

-~ 

Assign binary value based 
on non-repeated states 

Synchrol1ous Sequentiill Logic Circuit 6.27 

Step 3: State diagram 

Excit:Hion table 

Prcscnl state -Ne~( ""llie I 
... 

Flip-IIup illIJuls I 

QA 
0 

Q8 
0 

Qe 
0 

QD 
0 

Q,\ 
0 

QII 
I 

Qc 
0 

(l[J 

I 
I" 
0 

K,\ 
X 

III 
I 

K8 
X 

Ie 
X 

Ke 
1 

ID 
1 

f:f) 

X 
0 0 0 1 0 0 1 I 0 X 0 X I X X a 
a 0 I a a I I I a X 1 X X a 1 X 
a a I I a a a a a X a X X 1 X 1 
a 1 0 a X X X X X X X X X X X X 

a 1 a 1 a 0 I a a X X 1 1 X X 1 
a 1 1 a X X X X X X X X X X X X 
a 1 I 1 I 0 o I 1 I X X I X 1 X 0 
1 a 0 a X x x ' X X X X X X X X X 
1 a 0 I a a 0 I X 1 a x a x x a 
I a 1 a x x x x x x X x x x x X 
1 0 I I X X X X X X X X X X X X 
I I a a x x I x x x x X x x x x X 

1 I a 1 x X x x x X XI X IX x x X 
I I I a x x x x x x XI XI x X x X 
I 1 I I X X X X X x XI Xl X X X X 

I Note: The unused slales 4, (I, 8. 10, I I, 12, 13, 14, and 15 arc considered as X 

K-map simplification 

For J A ForKA r-orJ B 

Q:Qa 

uu u, 'uQ " JI
 

11
 

11
 

" 

x r-1· ...., x : 

x x ;".~- .~..i 
x x x x __~_L~!101 \~.L.x. 

O_Q~.. 

O~···1\ 1 1 1/1-·1 

101•• ~_j x " \.~--, .. 
JA"'OBOC KA=1 Jo'" QD 
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For K6 ForJQeQ" 
000...01 0' " 10 Q ~ 00 

00 !x
01 !x 
H

11 lx 

" , ·-K\. 
, , xi 
, , x; , '.x x x x':

"'1_=::',:::----::.J 

0' 11 10 Q, 
10 

i 1 , : , 
" 

, 11-.._ --~) , 
, x , x 

x , x 
'

0'" 00 " 0 

" 
" x " 

IC 10 
Ka=1 

JC=Q/lQCf; 
Kc'" Go 

, ...... 
fX -.". 

1 : x 

x i x , , 
f x x x 

- ,, 
L~. --~. 

For JcQ Q, For Ko 
11 10Q.'Ooj~~'~ 

I ... 1 x "',--"';\ 0' 
'~"10: 1 x

";-- -~.-x 
.:J..~°fix11 i X x ~ !;i 

1 \~ x J__ ~.L~j 

JO"1 
"I,:. 
.j' Logic diagram
 
t' /"
 
',I' 

J" 

j: :.'
 
". QJ 0,
 

; .. 
@ 

@ 
0., 

K, 

.I)".,
, 

,I~) :' 

Fig 6.20 

10 

QD
) QIP 

• 
Example 6.9 Design ~l pulse train generator (Clr Ihe waveform shown below. 

~ 
o Solution
 

Step 1 : The pUlse i,~ I"cpc<Hed for every '-I.-bi! ....L·ql1C ICt: 0 Ill.
I Thercron.: rhe re
quin:d numht'l' of nip Hop i:-i (!t.'!(,('!T1IIlL'd a."; I'ollows 

r
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W 

(ii) 

Ilumber or 0\:::: 1 

nlllnhcrofl's::::J 

Hence J1Il:1x(1,J)S2"- 1 

3 S 2"-·\ 

~Jl 

\Ve need lhree flip-nor ntllll.ed as r\ B alld C. The (k,'iired sCljllcncl.' i" 
gcncralL'd by lhe C Ilip-ftop. 

Step 2: St<ltl' assignment 

G:lecimal - ATBTCl 
eel',ivalent ' I,J

.. 0 0 0 :-6;1 

I 0 0: I : 
3 0 I : I ; 
5 I 0 ;..1.: 

Given sequence 

[Not,. :
 The unused states are 2.4,6 and 7. Consider the don't care I 
eX) for these stales in the K~map simplification. J 

Step 3 : State diagram 

o 

3 

Excihltion table 

- Flip-flop inputs -- ---r _ I J[I l" lc _-~-'---C,NN'cxt5lale -L..-----rK: "II -j--X I 
rrtC:iCl\t stlltC ---i-- Q Q!J 1 (J-jQcL~_+-;x- 0I~i*l~Q Qcl ,< I O~-,--tx X ..J 
I Q,,-:1 u () 1 0 -"~-I) I X r:l...L2.. X 0 I 
r---oiO I "-',--c ' I j 

(l 

'r--~-n1. (J 1 _L () ---1-:1' X Xl!x1I 0 -'-T' ,I 0 +---_,_\' , I 0__1 : __io I ~~--~-(J (! _I -'--:._L_I~c'_-:::-"-L', .... _.... _ 

N(lk; -i;i~l\~~;~~~_~~'-:'~-~~3~~-.~~_~_:;;.~ t~;~i~~~-It:r~~i~~~_=J 
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K -map simplification 

Expressian fOr JA Expression for KA Expression for Ja 
0"0-: OuQ~ 

D," 00 01 11 10 Q~ aD 01 11 10 Q, \ 11 10 , 00 01 
0 1:;-- "i:"1 , , 

x 

,1 I''hl~ . o 1° .--' L.•_ .~--. ~_ ..o'rf"
IX X x x', x-1 r x: ,,[4' 5 7 ~ :11 4 X ,-x ]')

~~. __J'
.~.: 

" \~ ",-.. _.~ __ .J... ) x x 

JA=Q3 K,,=l J[l= O"Qc 

Expression ior KB Expression for Jc Expression (or Kc
Q,p, Q,Q, 

uu u, " 'u 
) Orr" 1_ ••. -\--rx":x 

1 4: , , I' :
\lC... _.~-- .~ •• __ 'to.: 

Q. 00 01 11 10 Q, 00 01 11 10 
~---, 3 ' ·I·~o IO::r- J·x'- _::\-- ;\(,.,i o .x 

\;' 5 7 ~ ; 4.__ 5•••. I .... .ll..~. 
'.!l:•••_~._ ",._. __lV :,x. _J._ •.~_ •••_~ 

I ~ 
Ks=l Jc =l Kc = QA 

'fllis millimal expression form i~ K-map simplificaLion 

1, ~QB J8 = QAQC Jc= I 
K" = I KB = I KC=QA 

Logic diagram 

Q ,J, o

Q"I~
0 ® 
K~ Q

A 
1 K" Q. 071 IK, 

eLK 

Fig 6.21 

• 
6.7.2 Sequence Generator using Shift Registers 

This i~ another method for designing sequence generator, In this me/hod shift 
registers with next state decoder logic are llsed. Fig.6.22 shows the block diagram 
of sequence generator lIsing shirl regjsler.~. 

From (hi::; Fig.6.22.\\'~ .see 111M the outpu! of lJext qnlc decoder is n fUllction of 
Q..\. Qu. . . QJI. The next stale decoder is a logic eircuil which decodes the output 
of shift register and gCllcr~llLs (input (0 get desired sClJucnce fromllip flop A (Iea$t 
sig.nillc<.Im bit). 

6.) ISynchronolls Sequculi<d Logic Circuit 

Shift register \~ 
1 2 n 

... 

Output 

Next slate 
decoder\ \ 

I y 

Fig 6.22 Block diagram of a sequence generator usj~g shift registers 

Example 6.10 Design a sequence generalor ((] gell~ra[c the sequence 1101011 

by shift regisLer method. 

In this approach, the minimum number of Hip-flops II, required to generate a 

sequence of length N is given by 

NS2,,-1 

In this example N = 7 and therefore, the minimum value of 11, which may gener,He 

the sequence is 

7s.2/1 -1 

[/1 = 31 

With Ihe three flip-Jlop.s. the sequence generation is s!lmvn in Tablc.6.7 The st:.lle 

diagram is shown In Fig.6.23 

6
4Table 6.7 State assignment 

Flip-flop outp;;tS::fD;" IStales 
QA QB Qc ~I \2 
I 0 0 I I 4 

~ ~ ~) 1\(:° I 
lJ~I o 

I I 0 6 

~ L_O_,_LlJ- ; . ~3 

5 

2 
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K-map simpJrfic:ltinn t(11" Dill 

Q~Qc 

'\ 8~ OJ 11 10Q, 
r'-::---,r;--T,---;:-,.r:----, 

o 

f)", 0' Q" +QIiQc +QBQC 

= Q., -1- Qo C, Qc 

The logic diagnlll1 is showil In Fig.6.24.Thc initial state is JOO. So the injJlll for 
D A • DB tlnd Dc art' JOD respeclively. 

1	 0 0 

':\ 

~ ( 
DA DB Dc 

Din 
,; IJ 

" ~. r 
3- bit shift register 

1ir~ 
li' 
... ,c:J j'
;: . 
:J~ 

,

, 

; ~ I 
Fig 6.24 

6.8 Sequence Detector 

A sequence delector is a sequenliallogic circuit that Ciln be llsed to detect whether 
a given sequence or bits hus been received or not. We can draw the state diagram 
when we know the "cfjllcnce and then foJ/ow the .~tcps 10 design scquclllial logic 
circuit to obtain the sequence detector sequential logic circuit. 

...1 Sequence I
Input sequence -----11 detec!or ---... Oulpul sequence 

Fig 6.25 
Gener(tlly seqUl'lIce detcctor produces an lHIlpliL :::: I. Whenever iL delecls the 

desired input SCCjUClll:t: and' t)" for other ca~c:-, There ..Ire two types or cklectors: 

I. A detector which dl'leL'ts overlapping inpll[ :-eqUl'llce. and 

2. A deteclor which l!':LcCL:- Ilon-overlapplill~ input sequence. 

.Synchronou.... Scq{/~1I1i<l1 Logic Circuil G.33 

Example 6.11 Design J ~equence detector which deteclS (/u: sequ~l\ce 100011. 

D Solution 

In gener<1J, lhe nUllllwr of states in Lhc state diagram is equal to the 1111111ba of bits 
in the sequence. Once lhe number o[ slales is knuwn. one has to draw rhe direcled 
lines with inpuLs and outpllts as weighed between the two staLes. Let us slarL Lo 
draw stale diagr<.llll. assuming initial stale is A. 
State A: In lhis Si;llt'. Lhe detector may rcc~i\'l' c:itht'r an inpul () (II' I. Based on 

[hest' inpuls, a :-;cquence dCLecLol' is cither in same ...,Ialc or move on to 
Lhe nexl sta:e :J~, :.;hnwn ill Fig.o.16. 

Whcn input is I. we have deLeeted l"ir:-t hit in thl,.~ scquence. hence We 
hav~ to go to next slate (B) to detecll!lc IlcXl bil ill the sequcnce 

fO 

1/0
A B~ 

(aJ	 (bJ 

Fig 6.~6 

'When input is 0, we have to remain in slale A, bet'aw,e hil '0' i~ not the 
first bit in the sequence 

State R: When input is 0, we have detected the second bit in rhe sequence. Hence 
we [lave to go to Next slate (C) to detect the next bil in the sequence (See 
Fig.6.2o(b!) 

When inplll is I, we have to remain in the state 13. because I which we 

have deLected may start the sequence output which is sLil1 zero for both 
cases 

State C:	 When inpul is O. we have detecled the third bit in the sequence. hence 
we have (0 go next stale (D) (Q detect the ncxt bil in the ::iequence 

~ 
Fig 6.26{C) 

\Vhen lnpllt is I. we have 10 go 10 stall' 13. bccause I which we have 
dC[tT1Cd lllay nol be in the segucncL' Iu he delcckd hUL it llIay be Ihe 
stan/biL or the scquCIKC. hence \\'C can Illove III "laiC B. The Ol1tput is 
..;,ill zero !Sce rig.6..2(}(Cl) 
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Slale D to Stale F:	 As explained for staLe A. slale B and state C. ir (h~ desired 
hit i~ detected, we have to go for the next slate otherwise we 
have La go to the previous ~;[iltl: from where we can continue 
the desired sequence. V./hen complete sequence is detected, 
we have to make output I and go La the initial s\;llc. The 
complete state diagranl is shown in Fig.6.26(d). 

010 

,r, 

Fig 6.26(d) -I: , ,. 
: ;.1 
j \: State assignment 

Assume that for slate assignment, we need 3 flip flops to construct the se
-I.!.("...	 quence detector circuit. The sequence detector has a tOlal of 6 stutes. Two flip 
";. " I 

:i!: ,	 flop, are enough [or Ie" than or equal to 4 states. Hence 3(23 = S) flip flops 
arc required to construct the sequence detector. We choose JK flip flop and the ~~ ~:,.	 nip /lops are labeled as A.S and C, assuming stale assignments as A = OOO.B:::: 

I·, ; 

OOI.C=OIO.D=OIl.E= 100andF= 101.,"l" ,.. 
:;. Excitation table
 

We can easily write the excitation table from the state diagram.
 

Flip flop lll(ltlts Input I Present state I Next state I Output 

x I A I B I c I ,1,,+1 1B,,+I 1C,,+I! Y I fA I K, I f. 1KII ! fc 1Kc 
010101010 I 0 101o 10lxlolxI0lX 

01010111011 
OTOTTTOTO-I I 

I!
X 

XIXII 
TiITTTX 

! 0 1011111 I 10 1010 IIIXIX!IIXII 
n 111011\ 11\ I 0 I a olXllll\lxlnlx 
010 11110 0 IX I I X'X II 
1000 010 10 OXOXIXI 
1001 OiO 1 () oxoxxo 

i·· I 0 I 0 o· 0 I 1\ 0 X x T· -i-i=tj 
!' 0.' I! -i;~=-.-0 , () 1\ X XI'. L,ittj
L.I 100 I~(J [ __ 0 XOO!X:IX 

__ 1_ I o_~_ 0 : 0 1 .._.1 X I 0 :_"~_". __:: I 
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K -map simplification 
Expression for flip flop input KAExpression for flip flop input JA 

AX· vv 

o 0 

J1 • 
x 

" x 
" •0 

Expression for flip nop Input J[I 

AB~CXv· 

3,"', 
: 1: 

7 1 : 

t~; 
1S 

x 

" 

, 1 

S 6 

xx 

" x" x 
, '" 

01 :, 1 1 Xl l x: 
' ..- .. __. ..-..:- ...... 

11 1 Xi 

101 xl ._- .....x x! I x 

00 01 11 10.--- ...-_...-.... _..... 
00 (x (~ .. -"X'1 x'1 

, . .~ 

KA= X+ C JA=X Be 
Expression for flip flop input Ka 

vvAX 
o 0 

" ' 
1 " 
0 • 

., ..v' 

7 
x 

1S 

" 
x 

x 

,,1 

iT ···x x 
6s: x1 1 

'- .. -_.... 
14" x 

, 
x '" 

JB= XC 

Expression for flip flop mput Jc 

11 10 XA~C 00 01 11 10 
7 2 001 0 pr' .tT · J··,r· .Lx·!

{x· 1; 
0114 :••.•.~._ ..• l. ..._ .§__ • : 

'x 1 x X"011' I' X I" :x 6,x; 1.._ •••• _•••• _••••••••r , . 
12: 13" 15 \4 :12 13 \5: \4: 

111 (1"- ···x··· ·TX·· ···x·[,: 11 ;~ .. ~-_ -~ ~) 
o 111 110

9 X I I , X101 8 
:'1 x l1i,x 10 X!.! 10 
' ..- _ :.' 

Kc = X+ CJc = X+B 

Expression for Output Y 

..A 
o 0 1 , 

1 ' 
5 , 

X 

" 17 1S 
1 cr .::-~-_.; 

• , 11 

0 

2 

, 
X 

" x 
10 

y= XAC 

C 
AX 00 01 11 10 

10 

00 0 1 ...-
x fX 

011 
4 

X 
s: 
1x 

~ ..~ 
1', 

7 

Xli 

' 

Ke = X+ C 

Expression for flip nap inpul Kc 

x 
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Logie diagram for sequenee detector 

X AX BX QI CB J, a. J" 0.1" B J"ee 

x AX c 
K, 

i3 X a,K.:K Q, ee Q"rA 

elK 

~=O-Y 
Fig 6.27 Logic diagram lor sequence detector • 

Example 6.12	 Design a sequence detector to detecl the sequcnce I () I from 
1010L 

o Solution 
" ~.! ~ 

"	 We have only 3 stales because we have to detect the sequence 101 from the,
'." given number IOlOl. This circuit is a(Jowed fI.::pelitioll. 

1 Initially, \ve assume lhal the circuit is in its reset state, slate lI, V....'iLh i.l J cOinIng 
in as first bit in the valid sequenee, it will go from stale a to slate b \\'ilh an output 
as a because we have not yet detected all the bits in the sequence. When input 
is 0, we detect second valid bit in the sequenee so it will go frolll slate b to stare 

J':" c, otherwise slale b remains same. When the input is I, we detect lhird bit in the 
sequence, which will go from state c to state b with the output as I because we 

" 

,; 
" (" are yet to deled all bils in the sequence. If the input is O. it will go ['rom state c to 
~) ,:. state a with olltput O. 

010 

1/0 

1/0a 

1/1010 

Fig 6.28 State diagram 

The binary values are aSl:>igned to slale {/. 1J and c. Only 1\\'\1 !lip nops are 
enough (i~ = 4)lO design the sc:quence detcclOr sequelllial logil' cin..:uil. by llsing 
T flip flops, 

ASSUHlc thl' s\;.\t~ assignmcnt 

" " 110, Ii = I! I, "~ III 

Synchronous Sl.:qll~llIinJ Logic Circuit 6.37 

Consider the input i~ X and lhe outpul is Y, 

ITllf~i, ~,-!_,~~,'~Clll slate Nc~.:;[ate Flil> !lop Inpuls '1_ OLl~~~lIll 
'*jitl-~ Ii,;; I Ii>,~,~, ~ ~t~-= 

l iO'1 1 1 0 1 1 0 
-()~ !"i-:--'-'-- . 0	 I -[1-\I l. 0§
--(J -r"l-I--,- ----;-'\:~-X X X ---X 
r-"l- :" II"; - ()------,I-(i~L"I-1-·il I r--l!
~I 11~!-=_!--.-::xJ "j-_T(lL--o--: -" 
I . ill II ! [} II I I 1 I L ~ I 

I-' ! j ,- -C'Ji_T ~<,.:L~l X 'T ~',. ~ 

K-map simplificatitHl 
Expression for Tb Expression for YExpreSSion for T~ 

ab 
x 00 01 11 10 

x o 0 1:.f_ .-.~-~.: 2 1 

1 _ ~.. _.
.•• _-1: 

S 7 
x 

6,.,t···
:.1. _0' 

Tb=xb+xb=xEDb 
T3=a+xb 

Logic diagram for sequence detector 

uu u, .v" , , 2 
X 

~_ .._!_-
.,.1: 

5 

Ci 

0 

4 

Y=xa 

T, a.1-". 

Kc Q. 

.
 
Q, 

Clock 

Fig 6.29 Logic diagram tor sequence detector 

• 
Example 6,13 .-\ sL'ljucntial l'ircuil \\ iLh 1\\'0 [) nip nop" ;\ and Band inplli X 

and OlllpUI }' I" ~pcLilit:d by the follll\\'ing 11C'\l "Late and OLllPLlt 

C'tluaLinm 
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6.38 Digital Electronics 

A(I +I) = AX +IIX 

B(I +1) =A'X 

Y=(A+Ii)X' 
(a) Draw the logic diagram of the circuit 

(b) Derive the stale table 

(e) Derive the slale clii.lgram 

o Solution 

la) I-;:IA;======:;::II 1 
x 

, 
", r 

0/0 

10 01 
1/0 

.~ j 

B 
110 

Sync/1m/J(HIS Sequential Logic Circui( 6.~9 

Example 6.14	 Reduce the number of stales in the following state wble and 

tabulate the reduced stale labIe. 

Output 
- _x_O _\ -' I 

Next state Prescnt state 
x-o Ix-I 

[) 0a f 
[)d "c 0b 

,.	 [)II 

If " 
1 IIad 
[) 0c "d	 c 

I 
.1" 0 

I 

0Il I 

"h	 

I 

"g " " 

o Solution 

Two slates are said to be equivalent if their next states and outputs are equal. 
Compare state 'a' with other st.ates. The next state of'a' and 'F are equal 

for the inputs 0 and I but their outputs are not equal. Hence {/ of f· Similarly 
comparing other states it is found that b -:;:::: e as their next state and outputs are 
equal and d = It. Hence the state table can be reduced as shown. The row e is 
removed from the table and if any previous row containing e, it is replaced by 
b and the rows are compared. If any sLate has the same next state and outputs 

replace one row, continue this process to obtain reduced state table. 

[The strike out lines are kept to illustrate reduction process] 

OutputNext slate Present state 
x=lx=Ox=1x=o 

00b(l f 
00d ~!ab ',.,J 

(l 0gd 
" 

Iff I b 
0g i jid . 

1 

:1~ 

After -the first comparison.we find lhal {/ ;::::. c hence the reduced staLe table is 

as shown below. 

;i 

,lit
" '. .,: .. ! 

. II~' I: 
"i I' 

:. 1~ ~: 
,~ ji '.:
)~f: c 

;;,~:
 
"I:: .' 

it:',
 

Fig 6.30 

(b) Slate Table 
Prescnt stflte Input Next stale I'lip nop Inputs Output 
A R X A+ n+ D,I Dn y 

0 0 0 0 0 [) [) 0 
0 I 0 0 0 [) 0 0 
1 0 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 
0 0 I 0 I 0 I 0 
0 I 1 I 1 I .• I 0 

1 0 I 1 0 1 0 0 
I I I I [) 1 0 0 

(c) State diagram 

Fig 6.31 

• 
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~=n 
B 

BQ, 

DB Q BD, 

Example 6.16 Design fl seqllcnLial circuit Lhal three nip llops A, R, 

Fig 6.33 

• 
C. OIlL~ 

;=0 

, '" 

6.40 Digi/;IJ EJecli'IlIlic.' 

I	 d 

,

, 

Outputrr;;;	 rCCS~::l s,,,,, -.;~:1\~~ , x_Jx-o , u-0 
h 0 0,f II	 ,!: ( , , 

, 
II 

l.: ~ 0

0 

Example 6.15	 Design a sequelltial cirellil with two D nip flops. t\ lIlld lJ. nnd 

Olll' input.r. \VhCll.r ~.: D. the stale or the circuit remains the 
Same. When.r = I. 11K' circuit pa.r;ses through [Ir~ s!;trC {rallSi~ 
Lions from 00 10 () I {(J J I In 10 and back to 00 alld repeat". 

o Solution 

., 
:', 

11 

o 
Fig 6.32 

State table 
Prcscnl state IIlJllIl Next stat~ Output 
A B X .4' n+ D.., Do 
0 0 0 0 0 0 0,0 ,0 ,0 0, ,0 ,0 0 0 
0 1 1 1 1 1 1 
1 0 0 1 , o '---'1 0 0 00 -H1 1 0 1 1 1 1 II]]-- 1 , 0 1--'---J o I 

K-map simplification 
Expression for flip nap input DA Expression fOf IJip flop input DB 

DA=Ax+Bx 

UU U I 11 lU 

, 0 , J ", 2 
1 i 1: 

I i·1: 5 1 11; 6cr ~ 

O",=Ax+Bx 

UU U1 11 10, ,_. 
. ":\; 2 .. ,

:1: 
T- :.1 

S 1 .. 
:11 

Synchronous Sequellliill Logic Circuit 6.41 

Circuit diHgram 

input x and Qlle OU[PUf y . The slate diagr~\I11 i\ :-.howll in the fig 
6.34. The circuit is to be designed by treating the unused stales 
as don't care condilions. Use JK flip Ilops in the design. 

11\ Solution 

State diagram 

Fig 6.34 

State table for the circuit 
Present State 

x-O 
Next slate 

x-I -1 -

A 
II 

B 
0 

C 
1 

A+ 

0 
11 1 I C+ 
o I 1 

A+ 

'I 
B+ 

0 
C+ 

]) 

., 

1 0 II 0 1 i o· 0 1 1 
II 1 0 II 1 I II 0 II 0 

-

0 
II 

1 
0 

1 
0 

0 
o 

, II 
I , 

1 1 , II 
1 

1 
0 

II 

"_L 

OUI\lllly 

=0 x= I 
0-.-' 
,j--o 
II 1 

°1_-'
11 I I 
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Exdlation table for lhe circuit 

L.');CSC;;t:'iT.'llc~l- [npt-;( Next slate Flip 11,01) Inputs Otlt(~~ 
! .:11- Hex ABC J" 1(.\ ~lKlJ Jc I Kc
 
no , 0 I~ -0 0 I lOX I II XI, X
 
0 1 0 [)rl 100 I XIG X 0 X
 i=J 
() 0 I!-----::-,o 0 lOX lOX X 00 
~oo \1-\ 100 I x-a x x [
~ "~ 

(I1~}hJ; I-~(i-r~ ~ l_lJ{H 13-+ ~~-
I

II
 

! () : I I I :	 0 i () I 0 I () I_:~ i x I I X
 

:"TTL	 i--:J 0 U'!TI- 0I 0 0 X
 

I,' .I,,' "J_(,- ~_'-,'iiH--tili~li _I ','I',_I_:2.-~
! L L"J.'J._ _I,G 1 1 X, -'- ,.(,,LX I
 

K-map simplificalioll
 

Note, lllilllerms 10, 11. J2, 13, 14 L\nd 15 ,\rc don't care
 
I,
 c 

A 

( 

vv v' " , ''"' 
I 0 1: 3 : 2 

: _1_ o .j: 

I • 
5 7 6 

I 12 13 15 I. 
x x x x 

) 8 9 __ , H .. 10 
:x x: 

" 'I .'\ J~~ 
c 

A vv v' 

) 0 •• 1 
: 1: 

4: : 5 
: x, x 

12~ 0; q--
; x' x 

8: ' 9 
~!: ...1, 

" 
3
 

7
I
 
x
 

.1,5, .
 
x
 

I
 

11
I
 x
 

J8 =C X+A 

c 
vv VI
A " 

1
 

,. -':
 
J ,0.. , 

5
1 4
 
x
 

13
1 12
 
x
 ~x 

9 . 
:.1_ 

) 8 

C 
UU UIA " ) 3.. ,,\. ' 

x
 x
 
7
1 

0 __
:x

12:
:x

4: 5
 
x
 x
:x 

13
 15
• 
x
 x
 

9
 11
) 
8 :

:1. .. .1. •• _l!. 

Kp..=1 (since a:; the ce::s are grouped) 

.v
 A 
2
 

6
 
x
 

t4. .. 
x' 

10 xi
 

vv v' " .v 

) 0 1 3 <.,;.!
x ,-x"' x 

" 

S: : 7 6: :1 
: I· : 1~ 

I" 13: : 15 ,.: ,:1 
x :x; x :x: 

) 8 9: :11 10: :1 
, x :]: x : ~:I 

K8 = ex of- Cx=C$X 

Cx 
.v A vv v' .. 

J 0 1 3 
x :ox . -"1: 

1 4 5: 7 
'x 1: 

1 12 13: 15 
x :x x· 

o 8 9 : 11 
~~ x. 

'v 

2
 

'6 
x
 

:'4 
x
 

: 10
 
x
 

3 2.. 
x ~ .x. 

7 6 
x x 

15 
"x' x 

11 : 10 
x' x 

Jc = A 8 x+Ax	 Kc = X 

(I0 

I
 I I
(I 
i
X
 (IX
 I
 

IU 

<-- ,x,
 

6
 
x·
 

14
 
x' 

10 : 
_. ox..' 

SYJlclJroIlOU.'i Sequenti,l! Logic Circuit 6,43 

Cx 01 11 10
 

011 

10
 
x 

" I--"-
" x 

" x 

" 

~ 
~.tl~..~Y 6 

rr """x x 

8 9 
,~"-J._OJ 

A6" 00 
ooro 

4 

y= A~ 

Circuit Dj,\gram 
(-----r"'\ Y=Ax 

:~\J. O'IA 

K. c.n 

Ja as Bc	 

K, a 1i 

J;; 0c 

Kc Dc 

Fig 6.35 

• 
Example 6.17	 Derive the state table ilnd )wte diagram for the sequential circuit 

shown Fig 6;36. 

X 

CP 

A 

Q, 

~B
J, 

®® 
Q, KA 6" BK, 

y 

Fig 6.36 
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o Solution 

The given circuit has two flip flops, A and B. one input X and one inpul Y. So, it 
produces a Sli.lte table wiLh 4 rows as shown below 

b
,senl State I Next stale
 
x-O x-I 

B AB AB 

t 0 01 II 
10f--I  -
00 

I,
r=--

10
01
00

-

0 
1 00 

OUlpnty 
x-O x-I 

Y 
0 ~' ~l 
0 I . 

0 
0 

01

OJ 
The :-;[aLc diagram for the sequential circuit is shown in Fig 6.37. 

State diagnun 

; ~ 

>	 01 1 

, 

__ "" 10,0'( 

11 
'I'. 
f'. 

Fig 6.37 ;~	 • 
Example 6.18 A sequeniial circuit with two D flip flops, A and B~ two inputs x 

,': Clnd y; and one output z. is specified by the following next state 
and output equations: 

A(f + I) = xy+xA 

B(f+ [)=xS+xA 

z=B 

(~) Dra\\' the logic diagram of thc circuit 
(b) Li;';llhe state tabf!;: ror sequt:ntial circuit 

(c) Draw the corresponding state diagram 

o Solution 

(a) Logic diagram of the sequential logic circuit 

A ~cqllel1tiallogic <.:ircuil is drawn llsing given equations as shown ill Fig.6.38. 

x 
y 

(b) State table 

S)'Jlchronous SequellriaJ Logic Circuit 6.45 

xy+xA 
0	 a A 

B 

0	 a z 

CP 

Fig 6.38 

OntputNext stateInputsPresent State 
IB ..Ax yA B 

1--=-' 0000 000 
-~ 0II000 

0000I00 
000I 

{) 

100 
I II0 0 

I 
I0 

II0 I10 
0I 00I0 
0I 0I10 

000 01 
{) 1I0 ~ I 
0 I . () 1 ~ 1 I	 1 

I 1.-	 1=.01 o	 ~~I I 
0 1	 III IH	 0 

'() I I,I 1 
I II110 

I 

11 

1I 1'L!-c~_I_-.L-

r 
t~ 

(0)	 State diagram 

The Slate diagram is drawil <.\-; -;!lown in Fig.6.:W with th'~ hclp of the abo"c 

table 
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{lOfl 00/1 
1010 10 .. \1110 __________ 

00 I',", 
" 

\,"(!~ I ,0110 

10 k T~ 01'1tj, 
10'111.\ 11:1 

OliO 

Fig 6,39 

• 
" Example 6.19 

Design a sequential circuit with two flip-flops A and B, and one 

'I: inputx. When x= 0, the st<1te of the circuit remains same. When 
"'j 

x = 0, the circuit goes through the slate transitions tram 00 to 01 
10 I I to I 0 back 10 00, anel ,-epealS,

o Solution 

State table 
Presenl slate Input Next state FF inputs
A B x A B DliD"a 0 a a a a aa 0 a ,.1 a ,.a a h-1a I n 

,.a ,I ,a a 
,
,. a ,u ,[) 

0 "1 1 I n 
, 
,. ,. , "00 , [)

I I 1+-' I

0 te :	 

, 
the FF Inputs oflheD FF is same as [he next slale 

K -map simplification I 
Expression (or flip flop input D

A Expression for flip flop input DEl 

, UU 01 11 10 
J " 

, 
](1: 21 

" !':i; S 71 
1, i 6~T. ~ 

00 01 11 fO 

" , 
-::1': 2 (1;Cf., S 7 6' ' 

l1i 
Di\=Ax+Bx 

DA=Ax+Sx 

SYflchml1uu..... Sequential Logic Circuit 6.47 

Logic Diagram 
By using Ih~ :lbove Boolean Expression, the diagram is constrLIcted as shown in 
Fig.MO. 

B----I" A'----I"
 
X'-----I ..J I
 

:J .>---i 0B °6-
~=:[)-J	 XO'l' 

" 8QA A I 'f 0, 

I '-- 

elK 
Fig 6,40 

Example 6.20	 Design a sequential circuit with two J K ftip~nops A and Band 
two inputs E and x. If E = 0, the. circuit remains in the same 
state regardless of the value of x, When E = J and x = l, the 

circuit goes through the :')I,lle transitions from 00 to °1 to 10 to 
11 back to 00, and repeats, When E = 1 and x = 0, the circuit 

goes through the state transitions fro~n 00 to 11 to 10 to °1 back 
to 00, and repeats, 

o Solution 

The excitation table is derived directly [rom the given speciHcation, 

Present state Nexi slate Flip flop InputsInput 
,\ B BE x A f.KA KiJfA 

(J 00 U 0 0 0 0 X X 
I) 0 00 0 I 0 a X X ,I) 0 0 I I I X XI ,,, 0 0 x X0 I, 0 

Oe
[) IIl I 0 0 0 X X , I x0 0 a x 01_ 0 ,[)I 0 0 x xa ,,.bt=l 

I 

I 0 I X XI([ I 
\

I 
([ 00 0 I X a x0~ , ,, , 0a x0 I 0 'x ,,. I Xa I 0 °1 'x, , ' , I I 0XR=-

a 

a 
x'fj00III () 0j~.\_g, x , (J() (I I I ! X 
x ,f : 0, Ol--Tl 0 x,__ I I Xt~,, " I) X 1xI , I ~,"-! 

III 
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K-map simplification , 

ExpreSSion for JA 

E 

AS' Ex I .. I 
VV VI 11 1Q 

1 J 

5 7 •••• 

: 1 : 
15 i J 14

z t~.i 
G 

• 
: ' 

" , JBl.~) ,AC
 • "	 x~ 

) ,

1 ' 

I" • 
I • •

I I
•

JA = (Bx + Sx)E 

Expression for J a 
E 

AB'E I 11 H\ IVV VI ,. '0 ,'I:	 
0,o , J 2 

; :' --·1"(1.' ,. 
o'1 

5 7 : ,
:x ><!

13 15 : "• J x xi
• 11 : 10 :

:1 1 : '" _.....

' • •!".

AC 
12 IJ, 

1 • 

j, ' 8 E 
I'	 ) 

I I
• 

J a =E 

Logic diagram 

JA °A 1A 
~=D 

QKA A 

eLK I 

Fig 6.41 

Expression for K 
A 

E 

AB ~x 00 01 I 11 10 
( 

,o , 
• 

• 

• 
12 

• 
8 

~ 

J 

•	 
2 

X X ,1 5 7	 --, 
x x: •

13 : 14 }" .~.:Ar 
9 10 ,";" ~ 
~ 

I -",
X 

KA = BEx+ B Ex =E(Bx+Bx) 

Expression for Ka 

E 

AB·,E 
VV 01 I 11 --;;;I,0,o , J 

(x·' ·~-X··:x x 
,5I • 

X x "i 1 1 iI}13" x " 1 " 1 IAb 
0 

8 9 '1x	 10 xf 
"'-~- 1-, 

X 

Ka = E 

E 

J a	 Os B 

OsKB B 

I 

Synchronous Sequenlial Logic Circuit 6.49 

Short Questions and Answer 

(.	 lv/entioll tire steps illvolvc;d ill the analysis 0/a sequential circuit.
 

The annlysis of a sequential circuit consists of:
 

(n)	 Obtaining a table or a dbgr.am for the time seqllC'J1c-: of inputs, Olltputs 
and illlernal states. 

(b)	 \Vriting Boolean expressions, which includc the necessary lime s..;:

<.jucl1ce, either directly or indireclly. 

2.	 ll'lrat is a state-equation? 

A slatc-equation (also called mmsition equntion) specifies the next state as 
i.\ function of the present state and inputs. 

3.	 What is a state-table? 

A st.ne-table contains data such as the time sequence of inputs, outputs and 
flip-flop states. The table consists of four sections labelled present state, 
input. next state and output state, 

4.	 What is a state diagram? 

A state diagram is a graphical representation of the information available in 
a Slate (able. In the diagram, a state is represented by a circle and the tran
sitions between states are indicated by directed lines connecting the circles. 

5.	 Wllat are the informations obtained from a state diagram? 

The informations obtained are as follows:
 

The state of the flip-flops are identified by the binary number inside the
 
circle.
 

A directed line connecting a.~ircle which indicates thal change of state oc·
 
curs,
 

6.	 What are input alld Olltput equations? 

The part of the circlIil that generates the inputs [0 flipflops is descrihed 
algebraically by a set of Boolean functions called input equations. 

7,	 How are the next-state values 0/ a sequelltial circuit that uses JK or T 
typeJlip-jiops derived? 

The next-state valucs of a sequential circuit that uses]K or T type flip-Hops 
arc tkri\'cd using thc foHowing procedure: 

•	 (:1) DL'lcnnine the flip nop inpul -:quatiolls in terms of thL' present state 
and input variables, 



,

--

i 

r' 

' 6.50 Digilal Elecll'Ollics 

(b)	 List the binary values of each inplH equation. 
(C)	 USC the corresponding !lip flop characteristic: t,Jble to determine the 

next slate value in the stale lable. 

8.	 HoII' lire tbe next-stale va/lies obtained from lfte characteristic equation? 

The Ilext Slale valuc9 c-'~ll.be obtained by evaluating the sta\e equations from 

the ch'lraClcristic equation. This is done by the following proccdl1r~: 

(,I)	 Determine the flip-flop input equations in [erms of the present slate 
and input varj"bles. 

(b)	 Substillilc lhe input equations into the l1i p-nap charm:lerislic equation 

Ln oblain the stale equations. 
(c)	 Use the cOITcsponding slate equations to determine the nexl Slate value 

ill the state lab Ie. 
, r 

r 
:. ' 9.	 l~'ltat are the two models ofsequential circuits? }; 
',r The two models of sequential cireuits are: 
" 

(0) Mealy model, and
 
~ (b) Moore model.
 

10.	 Compare Mealy and Moore machine. 

Moore machine r---- Mealy machine 
i.	 The output is 1.1 funetion of I. The output is a function of 

both the prescnt state and in- the present state only. 
pUl. 

Thc outputs may change if II.	 The outputs are synchronized I ii the inputs change during the with the clock, because they 
clock cycle. depend orlly on flip-flop out 

L	 
-- , 

pUiS that are synchronized 
with the clock. 

11.	 Wbat is tbe use of initial statement? 

Thc initial statemcnt is used for generating inpm signals to simulate a de
sign. in simulating <J sequential circuit, it is necessary to generate a clock 
source for triggering the flip-flops. 

12.	 HolV can the always statement be controlled? 

The always slatemcnl could be controlled by delays thm wait for a certain 
ti me or by certain conditions 10 become true or by evcnts to OCClll". 

Synchronous Sequentl,,1 Logic Circuit 6.5l 

13.	 Wlrat is a sensitivity list? 

A sensitivity list specifies the events that must occur to initiate the execu
tion of the procedural statements in the always block. Statcments within the 
block execute sequentially ancl the execution suspends "fler the last state

ment h::ls been executcd. 

14.	 Wbat ate the two kinds ofproc(~dHral assigflments? 

(a) The t\Vo kinds of proceduril\ assignments are: 

Blocking assignments 

Blocking assignment statements arc executed sequentially in the or

der, they are listed in a scquential block.
 

Blocking assignments use the symbol (=) as the assignment operator.
 

Example for pl'Ocedural blocking assignments:
 

B=A 

C=B+1 

(b) Non·blocking flssignmen\s: 

It evaluates the expres.sions on the right hand side, bu\ d~ not make the 
assignment to the left hand side, until all expressions are evaluated.
 

It uses the «=) as the operator.
 

Exan'lple for non-blocking assignments: B {= A
 

C=8+1 

15.	 HolV can we determine tire behavior of a clocked sequential circuit? 

The behavior of a clocked sequential circuit could be determined from the 

inputs. outputs and Ihe stale of its flip-Hops. 

16.	 What are clocked sequelltial circllits? 

SynChl'OllOllS sequential circuits that use clock pulses in the inputs of storage 
e\ell1ents <Ire called clocked sequential circuits. 

17.	 HoII' cmf II'e describe the s!fllclure of (l sequential eircuif? 

The ~Lqucnlja\ circuit is mack up of nip-flops and gates and so its strllcture 

can he lk,cl"ihed hy a COlllbinalion of d,lIa Ilow and kl1:lvlmal ,lalelllClll'_ 
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Short Answer Questions 

1.	 Differentiate synchronous ~nd asynchronous sequential logic circuits. 

2.	 What are the classification of sequential machine? 

3.	 Define Mealy apd ~OOl'C rVlachincs. 

4.	 Define state assig'rimcnl. 

5.	 When arc two stmes said [0 he equivalent states? 

Review Questions 

I.	 'What are the steps for the design or an asynchronous sequential circuit? 

2.	 What is the significance or state assignment? 

3.	 List the different techniques llsed for state assignment. 

4.	 Write a short note on 

(a) Shared row state assignment 
(b) One hot state assignment 

Exercises 

L	 A sequential circuit with two 0 flip Oops, A and B. two inputs x and y, and 

one input z is specified by the following next state and output equations. 

A (I + 1) =x'y+xA 

B (1+ I) =x'B+xA 

7.=B 

(a) Draw the logic diagram of the circuit 
(b) Derjve the state table. 
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2.	 A sequential circuit has one nip nop Q, two inputs x and y: and one output 
S, It consists of a full~adder circuit connected to a D !lip flop as shown in 

following fig. I. Derive the state table and slale diagram of the sequemial 
circuil. 

3.	 Analyze the circuit in the following Fig.2 «nd provt: lhal iL is equivalent to 
a TOil' tlol'. 

4.	 A sequclllial circuit has two JK !lip flops, one inpHl .\ and one output y. 

Following is the logic diagram of the circuit. Derive lilt: slale table and 

sLale diagram 7. Design a sequential circuit for lhe gi\"t~n :-.late diagr<\lll by 
using JK flip flop of the circuit. 

5.	 DC:-iign a sequential circuil with two JK flip flops, A and B and two inputs E 

and X. If E =0, the circuit renmins in the same stale regardless of lhe value 

of x. When E = 1 and X = 1, the circuit goes lhrough the Slate transitions 
rrom 00 to 0 I to 10 to 11 back to 00 and repeats. When E = I and X = 0, 

the circuit goes through the state transitions from 00 lo II to to to 01 back 

[0 00 and repeats. 

6.	 Design a sequential circuit for the given state diagmm. 
010 

7. Design a sequential circuit for the given state diagram in Fig. P5. 

011 

T jD- 0 Q 

(pi> 

Q 
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8. Design a clocked sequenlial circlli! for (he given siale di'Jgram in Fig. P6. 
111 

9. Design a sequential circuit for lhe following slate diagram. 

~010 

iO. Design a sequential circuit for the given slale diagram using JK flip flop. 

o) t( 21- ( 

Sync/JrollOus Sequential Logic ell ... 

11. Obtain the state table for the given stare diagram and reduce it. ..........
 

/O 1/0 0/1 

abe 
1/0 0/1 1/1 ~ 

0/1 

t:( 
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