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cpeotd eurmuiledledr Gleuafluich @medorh B0
awo,T srscora:.aﬂ e Eh -3 ,Qg’"@&’@@mf" EX-NOR eurrufledlesr LwieoTLImL (b
SHIHD SemLILNGD. B 6oLl 2_eTef(hameT . . .
R .. . ThSHBISST (b
@resorpd 1 s Smhaned, eeuefluiic
ULLD -11360T Siemeveulqed 2 _6melf(h&HeT

Gl (bd OHTEDS O S&W. 16y sLWHH D
gl (bS QBTSN BHWmer 1- Buhg
ellp&HCGomb. XOR — eunuied I WwL(bh2-
S LIQUIT&HE 61FWIELIHeUS S L euemevor 1.5
epeold [HlerpLIETOTON S &).

&6u1l 55 -21606051-Bevemen eumuied (EX- =y = L
NOR gate) e - S
LD -11260  Seflés aleba)gj—@sbso)so" XORJ: IJ i_l ! i_

_i

A pmio B-ulerr suglinemLuied XOR
womnitb X-NOR eunufedsefletr aeuefluiich
SIEMED 6L 6UTRIGHEMENTSH & 6U60TlHEHELD.

>

eunuiedledt &MWIh sMLLOU beterg. EX-

® NOR eunufedledr leuerfluiLiqed 2 eiterm @LOLD, XNOR _| ’_| I— — ®
HemLeE@b eeuefuiilenL semeSpnsdls
SHUMS 260011 HEHIEM &) SIS EUE uLib 113 EX-OR wmhmib EX-NOR
XNOR - eumufeoneorg EX-OR  eumuilebleor eumufedledr el6uerluii (h SiemeD6LLGEULD
By enSWm@LD.
EX-NOR euruilemeoll eILNH&&H6eUemIT 2_6iar (b ﬁu'a.l
A srpHepeouland B o wiBleneoulaib EX-OR wmmib EX-NOR eurmullebserfleor
@@é@fp@ung],asngﬂuﬂ(b_g)n@ﬂ@@gau@fp. QG).IG]ﬂUSI;(_I) SIeMEDALL QUMRIGHET LLLD —1.136D
o drefbaer @netorld smpHlemeoulGeom sl pererg. XOR eumuledleor @mevorch
sieeng 2 wiBlemeoulGeon  Qbbsmed 2 drafbe@pd  wmmulL  Heneouled
aeuefluih 2 wifHlemed G]IJQ]Lb. BméELh GLIITQ_I 1L (bLD aeueflS

o_wirhlemeouiled pLLemnGHEH &616vflHSHYLD.

e o
B EX-NOR eunufeSlér ©_arefhaer @esorchid

UL 112 &Cr Hlemeouled @msSGL Gurg WL (b
315 60T eleuefluio o _wirblemeoufled
SLLenSWLD &Heuenfléaa).

Bruetorth 2 _eTef(b&HET  61&HTECoTL
X-NOR eunuiedleor si&sEF FwedUM(b
SILLEUEMETTT  1.4—-60 SMLLLILL (bETETS. NAND wmpmio NOR  eunuilebser
Bser sibes agweLns Y =(AB)+(AB) Bresorp@o aung — eunuledssT ereiTm)
85 eumbUTID &HeswLns Y=ADB SBSULLLTEID, SiFled NAND euruileomeor g
6T60T GSMGSLILIHLD. uweTuG  elssHSled MG En(bSHEd

8 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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ereflemd  eumibs&. HID @ geuenTuiled
Sp&STEDID () 6UDSWTET SidHs
euruievsermeor AND, OR, NOT, NAND,
NOR, EX-OR wpmib EX-NOR euruilebseir
upr onfibs e&mTesorGLND. Bhs e
aUMUIeL&HEfl60T EIFWIEOLIMT(H&H6MENTSH 618IT600TL
Qhdeneooriys smmiser (Integrated
Circuit — IC'S) ghemauled HenL SHHTID,
eu@@bured NAND — eurmuflev IC-Gui
LIWI60TU(b SSLILIb M &l.

SiL_Leuemeour 1.5

An XOR gate used to add two bits

A B 2
(0] (0] 1
(0] 1 (0]
1 (0] (0]

QFWIEOLIMT(H S 6IT

cpetTm 2 enefhaer @&meor  NAND
aunuiledlesr eeuerfliiLmb&eman 6T(QE.

I o Goppis

Braser udGeormamd eu@LINIGeGW cpeiTm)
(WP&HEWI 160IUIEOT QFUIEOLIMT(b&SETTE0T Sl L 6D
(OR), eum&®ed (AND) womio By
(NOT) spdwemer &MsHs SOBIGLISTTSHET.
Bemer seily Bupsenllgsdled 2 etang)
Gurmed cwedTm) (WPHEW SigliLenL eXlFlsHei
O _6IT6M60T. SiEm6

1. uflorpm efld (Commutative laws)
2. glemevor eXld) (Associative laws)
3. udLlop ed (Distributive laws)

‘ ‘ XII EE_Tamil Version CHAPTER 01.indd 9

@55 yelwenr ealflaer Bess
6UEM & & & D M) & 6w e ereflemwowins
6L 6UEMLDSHS ©_FHELD.

polwer Qupsenisb 1854
5>§\“\‘°“' ; QULID SWITH LD eTeTLeUTTe
SuppiulLg).

1. uflorpmy €95 (Commutative Law)
heOIeT &l L6 WOHMID 6ELHSHSHE
QFWedUMboefled LwedTUGbD  Wrmlserfleor
(Variables) 151 6 60 & 6> 61T (Order)
wrHfleTneud, HenLd&n euafluinhaerfled
MDD HSSTE. LIHI&SET E&MTevoTL
SnlL6d LoMHMID OL[HSS0eT Suinsevofls
eflFl&eT euBLomm).
& wrr&6T 61&MmevuTL. dn L 6bl6or Liflommm)
el gl

A+B=B+A
8w uwM&seT 6&MeooTL  EIL(HS & 60|60
ufliordmy e

AeB=BeA
OR womio AND eunuiedleor urfliorHm)
eflglser LLLD 114 HMID LILLD 1.1560T EPEDLD
ereflemowing eXlen&&LILIL(beTeng).

A B

LD 114

A — B —
D = 1D

UL 115

2. glemevor allFl (Associative Law)

Srnevoriam@ GOULL LIM&6T 61&mevorL
8n L 6D LOMMILD 6ILIIHSHSHED QFUIGOLIM(HSEm6IT
CGomesmet@p Gurg wrMlseT @LID
LIMHMLD QFWwLiul L meyib, Fn L 6D

umL 01 QwdseE ShHm) — LIWEITLIM(b&6T 9
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esnGLILlemeot MM C&FISSLILLLIQID, HeMLSEGWD eflemenailed MHMD HSHSHMTH. CLO6OTM)
LOMH&6T QSBTE0ITL Snl LD LOMHMID EILI[HESSHE0l60T Buwinseoofls elgl&Hem LLD 116 oHMID LILLD
1.17 cweold eXlen&&LILIL (b6T6T&.

A A
A+(B+C) A+B
— B
s B+C a A+B)+C
+ +B)+
. - (A+B)
LLLD 116

CPEOTM) LOMMISH6T E1&MeToTL. &nl L 60l6d glemevor efldl: A + (B + C) = (A +B) + C

A A

UL 117

3. urSL efld (Distributive laws)

Beuelgl snmieug)... ued wMGefleT snl(bd OSTEnSUTemET @ LIBIGWT®H EILIHSS 6T
HemLHGSWD eflemeney, SibF LIMNleMWS 6HMEUOI(H FolLed OBMGLILNeL 2 _eTen &HevflHaeuf]
LOHM LIN&emETL EIL[HHEH ST LIDEMET Snl (blD Sl (bHOSTemHSHG &FWNSH S[HSHSLD.
Bunsenils (Wwennule Qeield Epssnamibd euensuled SILILbGEDSE.

AeB+C)=(A e B)+(A e C)
ULLD 118 Syeord LSl el eteueunm) Hioneooll&asliubSngl reLensd SML(b&DE.

A — |
B ‘
AB
B+C -
D
A

X = A(B+C) C—

uLLD 118

Lye0lwietT @uinseilss Sl allflser

85 @18 BraiseT -1y auGLILIGeBW SHMBHHSTRID, 6w Wetorhld SraiBs HlemevreyLl
LUbSH& asneTalg meegl. g SiqliLenL elll&er 1 edluieor uingHeufls eeuaflliumbeener
eTefleMWITSGEUSDSLID, &H6ev0ISHH (HEUSHGSID LWETUGLHME. S Leuenesor 1.6—-60 et
siqliLenL eXgl&er SILILL(HeTeTs).

10 umLb 01 @wdsE ShHn) — LIWETUM(h&ET

| T T ® (. T
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SIL_L 6Uem6vur 1.6

. A+0=A 7. A A=A

2. A+1=1 8.A-A=0

3. A-0=0 9. A=A

4. A-1=A 10. A+AB = A

5 A+A=A 1. A+ AB=A+B

6. A+ A =0 12 (A+B JA + C )=
A+ AC

SI5&HE SDHMISHET &1 LB

Wifleysenmall Wiflé LUl (heTeTeor.
1. Qeme0THS STHHE & D M) & 61T
(Combinational Logic Circuits)
2. OBMILIFFWNeT JISHHE SDHMISHET
(Sequential Logic Circuits)
& Benetihg SIHHE SHFOHDIOTH SHIHS
UMUI6L&HEm6TS CIHTEOITL SHTHEYLD, S60TTED
GaulliushiseT Qee0MH SeMLILTSHELD
o _eTeng. QSHTLISFHAINET HTHSHE SMHMISHET,
F15Hs euruwilebas@ermy GHLOIILISMHI&HEm6TULD
C&BITEOOTL. SHeMLOLILIMGLD.

BewettihD SIHHE & MHMISH6T

BI&H&HE &OHMISET Heoeunenn emevors s,
BT 2_@aih nmseafledr SigliLenLufed
asn&flu  aeuafluit; 2 _meundsliunld.
eorned  @eumemm  CsAlSHEH emeusHS
Bueons Hlemeouled SiF&HHM SemevorHS
SISHHEF &OHM| 6TOTILGbADS. LLLD —1.196D
STLLLILL (bET6T&).

Bemevuihd

aeuefluScy

o _drefty BI&EHE &HM) Z = 0

(&9}

ULLD 119 Benetuihd SisHHE &DHM)

‘ ‘ XII EE_Tamil Version CHAPTER 0l.indd 11

OBMLIFAWLINET HTHHEF FDOM)

@& o emafliged sriumdem G
6T 600T LM &emerL eumm), S Fled
2 etem Bemevolhd HIHSH euTuledserfleor
g luenLuied aeuefluilemL 2 _[HeunsH@Lo.
CalLeESHBaM 6&MetoTL. Semevohd
SIH&HE &OHMISS OSTLIFHLNEDT STHSHE
&MM)| 6T60TM)] GILILIT.

o_arafth aeuarfluSc

> T E—

sibmé sHp)

> Griioemn
Wibesw Nedremm_L LD
Blemed
BlemeTEUSLD - SHLBMT
D —T Y

LULID 1.20 Q& MLIFAWIN6DT STHSHF Smmileor
SLLLIULLD

Bemeotihd SHIH&HF &FHEDMH LN6TETL LD
(Feedback) @emetor&sLILLIG[HHSTE, &)
GailliLsons aFwedLbL. & L 6revor
(Binary) s&euevsemer G&LSHE MEUSELD
FNSHE0TLOMGLD.

6T600T &H600{18 & 1D M) S6iT

sevofleofll  WOMID  &evoflliLimeot & e6rfl 6o
(PHHW  OFWEDLMLITEOT & 6001 (hSHeme
Gupesnerer bhS eT60UTHE00(S 8D MIGH6T
Wseyb sieudlwioneorsn@. aeuenmuiled
BHMD SMbh& &ML SHT&HS euruledser
epeod, &evoflliumedt WOHMID e0&HE6UMS
snmisefled GHaSTeTerlUbL 8ol LeD,
BPHHE0, CLIHSHSHED WLOHMID 6EUSGSHHED
GunedTn 6ETEOUTH600EH  EIFUIEOLIT(H&6W6IT

G HESTETETEONLD. @hss &EDHMISET
LOlOTEUTEONE  SHDHMIGH6T 6TETLSHTEL Semeu
eeu® Ceausnss EFWedLbID. 2l0)

galLed GsweunemL Gomesnerer &g
T(h&HGIH Q\SMemEnD GBI 1 (us) emwsEam
elleoTmqH@&ID &HemmeuneorGs.

umLb O1 QwdseE ShHM) — LIWeDTLIM(b&6T 11
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SDHGUNE eT600T&H600(1S & M)I&H6MIT60T
SANmTHFnL1q, W& LIg, 8m
Hlemensenlly, SHemTSHSPIILTET LOOHMID
WPWR&sPINLTET SHpHweneuser GSMISSIL
urguGumb. Seummiled UWe6TLGbSSLILI(HID
eungleumeot SIs5s eunulevser OR, AND
wHmib EX-OR eumuilevsenm&Lo.

ST H T L1q

HeflHs Eevorh E(IHLO 6T600THEM6ME Fn.L_(bLD
CouemedemIs QFILUWD SIHHF &FDHMISES
ST HEnL LY eTedTm) L. Srevory Lo
GTEUOTHEMETS Fnl L SHIOISGSD OUTIRS),
Q&BMbSBHULLL E[HLO 6T600T600 60T &6mMIHSD
8L wdlly Heoeouwledmnhs Geurks
Beuetor(hld. Buevor(y S(HLD ETEOUTHEMENS
gl (blD OLMN(RE, &l (b O5TemeUNed L5H
EUHSTEL SeWSLI LIWEITL(bSSID 6)6T0T6T0TLD
&FOM SOWSHSLILLIG[HSHS Geuesr(bLD.
AT SHFnLIqF &DOHMIEOT LLLOMEoTE LLLD
121 (&1) —60 SALLUUL(b6TeNE.  Shmleor
eeuelllLmeor &nl(bd 6SHTemS HIHLD
(wemer, (Sum) sellsd GpuSLmer Y,
360 GSMSSLILIL(HETENS).

S=A @® B=AB + AB

O+0=0

A O+1=1
1+1=10

LLID 1.21 (21) S1emTd Fnlllg

Input bits Outputs
— B Cout

Carry

UL 1.21 (3) iemrd snliquiedr sisss GOk

8 s 1) EX-OR eumudl em eowjLo,
@m AND — eaunuiemeowd 6&T6TOTH
2 _meunssLuLbeteng. EX-OR euruiledleor
aeueflluih, &nl®d 6HTenHUNED6ITSH

12 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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SHIHEUSHTED 'sumM’ ereoreyld, AND —
eunuiedledr Geuefluih Fnl (b 6\&TemaHUN6oT
BéHeowd smeusmed CARRY ereoreyld
SWPSHSLILGED .

B eTetorsefledr dnlLed eXldluller
aiqliuemLuled Gmrrédeormed 2_eiel(haerr
UL Hleweoulled SiHedT Sl b
pnemsulementd SO &mmmeor EX-OR
eunuiedleor Geuafluiliqed ipmeug SUM-6d
1 HewLbEb. BHeowd smdHetn AND
— eumuiedledr GeuefluSLneorg, erIGUTE
@ruetory 2 _éTaf(bBEBHID 2 _WFhlemed
eumSnCaem aLGung L b
o _wiFhlemeoll UMUSTH,  ASHTEUS)
" OUMIEUBTSH 2 _6Teng). B s60Tepeold
@@ eT6v0T  6TEvUTEOO60T Sl Led e
HeUSSILGADEI. LLLD 1.21(3)) —6d SienTs
gnllgF &nmledr GOk s LUl (beTers.
SeMTH Fn L lquiledT 2 _600T6mID SiL_L 6260600
SILL6UEMEDOT 1-7—6D STLILIL(b6TETS).

SILLUED6T 1-7 WIS Fn-L1q.udledr
2_600TEmLD SiL-L 6160600

A B z Cout
(0] (0] 0] (0]
(0] 1 1 (0]
1 (0] 1 o
1 1 (0] 1

X = sum

Cout = output carry

A and B = input variables (operands)

9 _600T 601D SIL_L 6) 6m 600T U 60T LILG.
6T & o L1q Ul 60T S revor(h STH&HF
FLOGOTLIM(b&6IT S1p&&600TL UMM STLILIGLEME).
158 (CARRY) C = A *B

(SUM) S=A-B+A-B=A®B

@hss &OM SeOI&HsnLLlg 6re
SIMPSHLIL(HEUSHE0T SHMT600ID, E(IHLD 6T600T
eTeooT&Efled 6UIBLD &l (bd 6\HTemSHUN60T
b Hlemws @geotmed erHmis e\&smeer EuIeong).
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3GHEMET MM SbsHS BWEHSHSESHM(b Sn Ll L
3 o _atafheseT Q&ML (IP(RS 8nllgs
smmnS Caeme.

W58 L1q

@uetor(h SMI&HInL L) SFhHMIGHeT @ OR-
eumuiledledT cpeold BemetuTSHSLILL (beTem (B
WWR&HFLIQUITGSD. WIS Fnllgd &HHMm
Bruetor(h 2_eef(h&Hemem L (blD 61&T600TL
SIMLILN&GEYLD, SiGH60T Fnl (b 6\FHMemSHUiled
HemLb@b WHemw (CARRY) oipds
HlemensE ThHHEF OFOTN ol L 6l
Beveons HMTEOTISHTAID 3 @B  6r6vr
LI hsemar gnl (bld 6uFS LD (PS8 LIq
2 [HOUNSSLILLL &)

gnlLedled HewLEHGID BHemwd
HEOUTSHHEV (Fn L (bEUSNS) 6T(bSHEISH QSMeTern
G6u6ETUT(HELDEOTDITED, IHEWEDT LOMHMIEIOM([H
o _arafLnad &HHBeuetorpld.  ereor@Geu
cpedTm 2 eef(beememyd (A, B ommid C)
Brevor Gleuafluih&HemeTD O&TeToTL &hHm)
W(R&8 198 &OOTGD. 88 cpeTtn QLo
6T600TSHEW6MS L L LI LILIGITLI(bED .

UL 1.22(s1) oMb  (S)—eled
WR&emLiquiedr S&OMUULWLL NS0T
SO SMLLAUL (beTerg).

= (A®B)®Ci,

Cout = AB+(A @ B)Cin

uLID 1.22(a)
2,
—A
Input bits X Sum
—B
Coutf—— Output carry
Input carry Cin
uLb 1.22(b)

ULID 1.22 (&8 LIquiledr sHmiLLLD.

‘ ‘ XII EE_Tamil Version CHAPTER 01.indd 13

(P (10 & & L 19 ufl 607 ©_ 600T 60 LD
SILL6U6m6T0T LILLD1.8-60 &SMLLLILIL(b6TeTS).
8Fedb @FanMled FHTUUL FTHHWLOMESGLD
3160 60T & &) o dref & @D, 315 60T
e 6uerflud b & 61p LD &ITL1LIL (b 6IT 61T 60T
8y SiLLeuemetoTemWll  LWeiTUbSHH
(P(R&HELI1quTe0T QFWIEOLITL 6L SHMUIEONLD.
LILLD 1.22(a)—60 (P(0& Fn.L19.§ SDfledr LIL(LpLD
1.22(b)-6b 215601 @&MIUI(bLD SMLLLILL (beTeng).
@& A, B eretr @retor 2_drefbhsemenuid,
galLedledr Gurg eumHeTm Hemwd
SalLlupd GConrsded, cpeTmmeus
o erefLns 'C " ereédtm 2 emefbld, SUM
LOHMILD COUT GI'GDT @rrevorh aeuerflui(h&@EmpLD
SMLLLUL(b6TeNS). (P(R&8n LIquledT epedTm)
o drefipmefled GemmHIULFD @Ietorh
o _etefbemem 2 wiflemed QOUMOGUTE,
el6ueMu(h dn L (bdOBMema (SUM) smiphlemeoll
6ILMIEUENSHE SHITEOUTEOITLD. ETLIOILIT(LYE1HEDEDITLD
enemn Qs 2 dtetbhaeT 2 Wwiifleneoll
euMIAN BT, AIBLTESHEL6OMD GleuerfluSLmeor
'8&' (carry) e_wifHlemeotl 6ILIMEUEDSU]LD,
'mﬁ(bgi;ag;nsmaomb' (Sum) e_wiFHlemeoLl
EILMIEUEDSIILD SHT6TOTEONLD. S| SiL L 6)6mEToT
1.8 — @peold [FleBUETONONEDEI. (LP(R&H8n L I0.5
GO QG  abmg  Grrsdled
BOLF5HEH6001HHTET dnl Led BeUemeDSHemeTd
QIFWILD SHDMED E\SHTEOOTL &l.

SiL L euemeour 1.8

= = Cin z Cout
o O (0] 0]
o 0] 1 1 0]
0] 1 (0] 1 o
0] 1 1 (0] 1

1 (@) (0] 1 o

1 (0] 1 (0] 1

1 1 (0] (0] 1

1 1 1 1 1

Cin = input carry, sometimes designated as C/
Cout = output carruy, sometimes designated as Co
X = sum

A and B = input variables (operands)

umLb O1 QwdseE ShHM) — LIWeDTLIM(b&6T 13
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Bemevor HLO 6T600T &nLLg

(Parallel Binary Adder)

69 60T M) & LD GopulL WWsemLIgE
8t D) )| & 6 61T 8 e» 6voT B emevorlifed
BmettiHE 2 (HUTHSLULULLE &DHMISS
Bemevor (1) USHS @@L  6TeboT Fnllg
GTEOTM) QLIWIT. 6TThE &eTMIHS GmuLlL
Sievofleulflems 6\&mevorL. E(HLD 6T600T&6meETSH
gnl L QGeuetorp@om, Si@ euaeun(m
sieflaflenss@d QM (LIRSS LI
elisld UwWeTU®bSS Geustorpld.  Semevor
S 6Tetor Fnliquied LWedTL(bSSLILI(HLD
(P (10 & &L 1q & erfl 60T 6T 600T 600f1 & 6> &,
Gl LLILUGLD erevorderfled 2 ererm LI (b&erfled
6T600T6001 1&H6M&EEMILILI  OILUMMISHH HEWMLOWULD.
HT60T& LI (b&H6IT G\&IT600TL. 6T600T 606001 & L_L
Geu6tuT(HOLDETDMTED [HMEOTE (LP(LRE 8L 1q.&H6IT
& MmeoorL. Semevor E(IHLO6T600T &n.L g BFHeme.
By BSemevor G(HLOGTEOTT G L lq&HEWEIT
SlqlIUemL S STHS 6UTUIeLSHem6TSH 61&HT600T(h
6UIq EUEM&ESHEOND.  Semevor E(HLO  6T600T
Gl 1q&efledl QFWeOUNemL & L1 &erfledr
QFwedLIMb GMIS&EI LmTiGumLD.

2 — 9. @emevor (Lo 6T600T &n.L L. ulledr
SI&5&E ShHM)

2 — Y. Bemevor SHLOGTEOOT FnL L 6MUI
Ex-OR euruied wommip AND — eurullemeoLl
UWeTU(bh S HLLEMIDSHESHEDIID. 2-9LC
8606001 E)(HLD 6T600T & L1 UN 60 60T &6UEDTLOM S
Crrsdlermed, Sigled Gmetorh (PR
SallgF &hmiser Qemevor QemevorLifed
BemettiHHLIULIGBLUMSS  &STE0TEOMLD.
8LGung @setr QsweLNb S&MSHSH s
ererflemOWIM&LI LIMT&&6DMLD.

UG
r sisoofleuflensuledmha
1 HenL &G BF) iy
11
85 Hemeouies Aty
@ruevorLneug Sievof] 100
auflemauiled HewL &G L&
FnlLed gy
UL 1.23 (a)

14 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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Az B A1 By

— 1
A B Ci A B Ci
FA2 FA1
Cout z Cout )y
(MSB) 35 p) 1 (LSB)
UL 1.23 (b)

UL 1.23 (a)-eb -219_ @emevor
gally (Wewm GSOISHGID, UL 1.23(b)—6d
-2 @emevor SnliquiledT &SLLLLL(LPLD
SMLLLUUL(b6TONS. SeDISH 8o LIqUIM6OT S
Bretorh @B TEOUIHEMETSH  Fnl (blD,
SHeoTmed  (PedT  FnLLLULL  erevorserfledr
"'5&) o SseoTTed Gl L Buwieong). eTeorGeu
8seempunienL  Si&s  (PpWssnLllg
LIWEOTLI(bSSLILGAMSI. (P(Q& S L LqLITETS)
Bre6vu1(b &60f1—EXNIHLD 6T600T & (6THL 60T, (LPEOTE0TT
QFWLGLSFHILLL ol lquiedr L5Hlemwid
GCoI5H815 Fnl(blD 6UEFS] E\SHMTEOUTL &)

Bemevor @(BLD 6T600T &Fn L ILq &e6rflQID
B600T(h (P(1R& Fn.L 19 56T 2_6iTeeor. Emevor(h
GTEOUTHEMETSH ol (blD  GFWEOLIMLIG6D,
(Ppsedled HMD  QFLUSH OSMbHSLILLL
@retory erevurGHEfE0T GeODHS LSl
eTevorHemend (LSB) anl(p@eumbd. @ &eor
cpeold gB@HEnID E HemL S, Sigemeot
o _whwdlly e&sneurL  Sievofleuflenas @& s
O&nedory  6lFedim, Wetoipd — SIBH
Ll L6 6FWEUNLIQ6meTdH GBTL(IHLD.
QBMLSSHLIULL Sretor(p  6r6v0r&He6rfledr
GSmMHS GNUNLSHHHS 6T 600TH M6
Fal L, DTSl LWETUGLSSLILGADS.
6T 61 60T 60T M) T 6D 8dled e m & 601 B 6u
galLlulLger B g SomsEena.
SHEUTTED SNGHEME0T SibSHEl6Ten 2 WITLo LI
TEONTHEDETSH Fnl L (IPIRS Fnlles &HEM
LWIe0TLI(h 5 Geuettr(hld. ere16oTeormmed Q&led
(WEOTEOTT QO FWELGBSSLILULL  Fn L L6Dl6d
@omha BH (carry) SemLdaeomb.
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6TEOUT&H6I60T nl(blD Q&FWIEOLIM(b GSMISEIL
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6T 600T & 61 60T &n L 6D Q1 F WL 6mL
Gumesneter 4 -19- uUsS G(HWL 6revor
195 BHemel.
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SiHEWETS Sn LeYD LILIETL(HSDE.

Ll b 615 M em & Ull 601 e enLD
HenLbED 1546 wners 'cout' (pemeoTuied
eauallliLrad HewLb@GD. &nlLedled
HWLEGID Gl (b HTemsH 'Sum’ 6T60TM
(wemeotuiled HewLH@&Ww. @&Hled 'Cout' eT6oTLIS)|
ol Ledleor 154 88 SibdHP Hemedd&s
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SieéBILLbaTETg.  SHBlE 2 der C_
(LPEW EVTILITEDT & AbHD @p@g&ml_l.qujlsar
cIn & Q1 FWELI(bLD 66 HUN6D
SIEWLSSLILIL (b6TETE).

@resorhy @B ETEOUTHEmETEH
ol SemI&HELigenwCun (81) wWwwsé
Sn LIgemwiGuWim  LWedTIL(bSSHEOMD. (P&
Fn Ll lgemWll LWedTLIL(bSH e0Tmed, &n L L 60l6d
"S54 6uT&| 6T6dTn Hlemweoufed cLoGITMMEUS)
(W emeoTuilem 6ot Cin—so)u_l SeoTuilLed aFLIg
elLedmib.

Bemevor L0 6T600T oL 1q Ul 60T

(WP HELIS 16Uk S6IT

W& Liquilemertll  LWETUGLSS Qb
SievofleuiflemnaddH@ GMUL L 6T600THEm6NT Fnl L
WPRQWNg. e&MbeSSLIULL eretor LoGILed
QTMISS GopulL  Sievofleuflemsser
BmhHaned, &l LedledT Sievofl  eurflemauwo
SIFBONGLID. QI (P58 L 1q.ul6dT CLOEOLD 6(H
sieoofl euflengemwt LG FnlL (LPQUD.
eTeoT(G6u GREMEIEUM(H Si6vtf] auIflewEFHEGLD QB
W(R& snlly 655D LWIETLMLSS GeuesorhiD.
@y SewerussLULL Sal(bd SHMNISHS
Bemevor (HLO 6T600T &nl lq 6T6E0TM) GILILI.

siemrHslLLme (Half-Subtractor)

Bevorh (Lo hlemeDd 6T600T&6m6T (O,1) LOL-(bLD
sYPEGL esweurlenL GMHEST6TEHLD
SFOHNSHS ANDTSHSPIILTET SO eTedTm)
ouwg. S8&led uweTUbSSLILMGbLD ETevorth
aemsalld @eTn SYEGD eresor X
ETEUTEYLD, LOMEMNEITM) &HLPILI(HLD  6T6voT Y'
6TEUTEYLD SIEWLP&HSLILI(D. Qemeu ETevor(bld
8wy  smHriler &dm"r"cba':sh ey
eevefluipsefled eeTn elsHuwines eresor
'(Difference), D ereureyib LOMHEMITE0T M)
sLedT eretor B (Borrow) ereoreyib
AMWPSHSLILGIDE. Db mevorty pLo
Flemed erevorHemen L (G UWeTLU(bLSS
wieusne, (whensw Heneouledmhal
SLET 6Um (PIqWrg. UL 125 e
semIs sPlluner eNFls@pd, UL 1.26

16 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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(S1)-60T DMTSHSHIILITET SHTHHE SDHMILD
snlLOu peteng. a1 &mluich uLb
1.26 (&)-6fled SMLLLUL(bETENSE. SieDTs
sflluredr  &mmfledT QFwWedLIN®b, @B
cTeoorsefleor  HWSHL el serfleorug,
9 _6OUTEMD SILL6UEMETOT 1.9-60T CLP6OLD
BlepL&sUIUL (beTaTS).

SIEMI HSLIILILITEOT — ©_600T SWLD

SIL_L 661 600T
1

o) o) 1 1

-0 — SL60T 1 -0 —1

0 1 1 o)

[

ULID 1.26 (21) SNeWTSSPOIILTEIT Shm)

A —> —>D
Half
subtractor
B—> ——>» Bo

uLID 1.26 (2)) SDISHSWIILTET STSHSHE
&Hm &SNSk LLLD

@dedb @uetory 2 _erafb&HET 2 _eiement.
TeoTBeu BHed mNeoT® [Flemed HeDem6U
e&nevor  SWILLUMTedT  Q&FwWedLTLLq ulleor
cpeold Geuefluiiigementll eUMeDND. @60
eeuaflliLmeorsy @B Obb sun‘lsoa&aasrﬂeb
ES]IJIj]I_IJIJI_(bGITGITgJ 660T M) eﬁ]g,élu_lrr&
GI'GD'OT - D eTEUTEYLD, LOMHEDTEITM) &L 6br
eresor — B ereoTeyld GSMILSILLUL (beTerg).
@nhs amhled wHed  GeueafluiLmeor
'aﬁ]sg‘;]u_ln& 6T600T , eum Ex-OR eurmuig,
@rnetorLmeug — GleuefluiLmeor ‘&L 60—
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eredor, B 6D LILiqunéeLiulL 0]
o erefligementd GamesorL AND eumuigyid
LIWIedTLI(b SSLILGbED &

SiL_ L 6uemeoor 1.9

o ey eleuefluich
A B elgdwnsd  sLedr
(0] (0] (0]
o) 1 1 1
1 (0] 1 (0]
1 1 (0] (0]

W(Rs sIILmeoT

Siemrd SPINILTET &DMledT cpeold Emevorch
@ww (0,1) eTetor&Hemen LG &WEHS
Bueib. Grevorignm®e CuouliL Sw
TeoUTHEmET SHPILILSNGS (P(RS SHLIILITEDT
GOMlemeoTll LIW6TLI(hSHEOMD.  eT6l60T60fl6d
85601 cpeld (WHemsWw [Hlemeouled _eirer
6T600TEM600T &L 60TM&HL 61UM  (LPLGU|LD. @gj
CPEOTN| 2 6MaT(b&HEmeTS  C1&MeTOTL & X'
TG  SPISHGSD  6T600T6E00TT SHEYLD, Y
TEOTLS  SWILILD  6T6T0T6T0TM&HEYLD, 'Bin’
STEBTLIS (LPTHEMSII 6T6T0TET0M60T &L 65T—6T6BaT
6T60TM QI,DGf)TQ_l 2_eiaf(hdemens Qasrredvn_gj
(8L0@|Lo @gj eﬁlg,élu_m& eretor— D', &L 6oT—
eTeSor B out — ETeur Bevorh eeuefluihsemensd
Qasrrsom_gj @geir @BUILMeTE LLID 1.27—
(&1)-6d SMLLLUL (hETens).

A —>]
B —>»| wwsslLmedt
Bin —>»

uLID 1.27(21),

o -

c @}

efGHwngdp

uLLD 1.27(8)
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s  sfllurer  eeTugk  Boevor
SemI&H &1L 60T & D )| & 6M 6ITW|LD,
1) OR-eumuiem 60 wyLd 618 I 600T (b
SIWLD & SLILIL (h6IT6I & @5 uLb
127(sp)-6efléd &MLLOULbeTeTE. N —
6T600T600 | HemHUlleomeor E(IHLO  6T600TSH6M6IT
GrIgwns sWlusnHS, 'n —6r600T600N H6m B
6185 IT 600T L (L2 & LP1LILIT 60T & 60 6T
SibSHeMSHIINS( cas cade) SieMLD S| C\STeTer
Geuetorhid. (P(RS SHLPILILIMEUfledT 2_6T0T6mLD
SILL6Uem6tor 110-60 SMLLLILIL(HeT6TS).

SiL_Leuemevor 110

A B C elgdwnsd  sL6dT
o) o) o) o) o)
o) o) 1 1 1
o) 1 o) 1 1
o) 1 1 o) 1
1 o) o) 1 o)
1 o) 1 o) o)
1 1 o) o) o)
1 1 1 1 1

|1.5 eUS oneflser (Comparators)

Bruevor(h EBL0  6TEUUTSHEITE0T  Si6T6Y W6
UL b, Si6u M| & &l em L G wiwimeor
o2 peysemer  euedTWMILLG  QUIL®
omeoflufledr GeuemedWIMESLD.

gwiblemeo (Equality)

@® Ex-NOR' amiene @ SigluenL
ULk wreflwnsl  UWeTLbSSeMD.
Bsetr @ 2 _emef(h&HEHID FLOLOELEMLOED
Bm&&b Gungy, aeuefluiep &l (0) Sy,
O 2 drefbaer Fwwnes QmsGL Gung)
eleuerflulch (1) %aasuw m&@b. UL
128 'Ex-NOR' aurudled @b  erevor
eUSLpwrelluns 61& IO LI(H 6 60 & &
SML(bED .
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0 LI (b6 &LOLD

FLoLolebeor
o _gitefh LI (b6t

T e

1 :DO_ 0 &wiblebeor

0] 2 eiarf(h L. (b&6T
T e

1 e émeft
LI (b&ET &LOLD

uLLD 1.28

@ evoT(h @ 6T 600T & 61 61T
QUeDLLILGSS LUMTTULSDES, STetortk 'Ex-
NOR' eumuievser Gsemeu. O1&MboHSLILLL
@ eauseladr @reih  GeODHS
@l_wgﬁllllq e\amevorL(LSB) erevorsemer eumuiled
G —1D, Lu_lur_F,g,@l_Loéluq B\(HLD 6T600TH W6l
ennuﬂso G — b QULemLOLILI(bSSI6U6NS
UL 1.29 &,rn_(baﬂmgu @nevory GLIL|EWLD
&ma‘r"(baa@w &ons e, eeuafluich
1~ sysey, &LILemL0 &eneﬁcba:en
gwiflébeonoed Smhsne, eeueflu§es O —
&AL HemLSHSLD.

Ao
Bo

LSBs

A=B
2_wiihlemed
STHDSE

1
GSOILSTSLD

W

MSBs

awmg) siemioli): Lo erevor A —Aq Ag
& eretor B-B1 Bo

UL 1.29

Srevorh 'Ex-NOR'  aunuilévaarfledr
aeuaflSwasepd,  AND' aumues @
o drefbamemnedsd SIUUL (beTaTemS LILLD
-1.295M.(bFD &) LSB-&&6T LommILD
MSB-éa&6T @Iedurhid O ShsGeur Siedes
@nedorhd 1 50 @mseb Gurg
i, AND-euruiedesr 2_dTefb&er
S evoTiqMH&LD '1'—a§]6m|_és@Lb. eT60T(B6U S1H60T
aeuefuSig6d 1-HewLSGD. SS6T epeLd
'AND' — aumufedletr eeuefuSch Q@M &LILLL

18 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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eTeouT&H6Ifle0T &0 [Hlemevemwio (1), &owmHMm
flemeoemwiwild (0) GM&HMG).

UL  1.30 (&)  womio ()
&ML L LI (b 6T 66U T M) QUSL®b
wreoflaEhéd@® S 6760015 emel
o eTaf(hBETMEHS OBMLHEH  AHET
elenw eeuefluiiemLé sesorbLilg.

} 1 — equal

uLID 1.30 (1)

A0_1

Al=1
Bi=1

D—O — not equal

uLLD 1.30 (&%)
Siiey
(®1). uLD 1.30 (M)edT UL, @mevorh
o erafhdHer O O, 1 1 — ere0TdH
esnbéalulLTe®, eeuaflSs 1
HemL&HSLD.

() uLD 1.30 (&p)-60r LG, Gmedor
e drefbmer 1 O, 1 1 — ereor
Q&MbeSSLILLLTED, eeuefles O

HemL&H@GSLD.
Q&FWedLIM(h

GohHe\sM(hé&LILL (heTem EIHLD 6T600TSHerfleoT

flemevemw! MHM&S QSMbSSHIL LIMT.
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| T T

&fily:  suglinenL  eUISLbomesflufemeor
THHMET 266l (bHEHHS D EUHHUIEID
efifley LS P& esmemereonid. 6Ll homeflufledr
O 2 amefhaEbnD Fowns Qs Gurg
L GG, ST eeuaflSt 1-L GLIMIEUSTED,
261 eeotd AND' — eurrufledledt Qleueflucy 1 —
Hlene0emIL SieML SIS

gwwmmibleneo (Inequality)

&10 15l 60 60 eeuefluiL(h& &H@mm(b,
L e IC & UIS L bLomevfl & 6
LWI6TU(h SHSLILI(HEUSTED, 8m &wmw

ETEOTHEMET  GLILMLOLILILSSHUCSHM (D, 6THS
eTevoT QLG 6TEOTUEMSUD ST (bHMG.
TbSHHSHTLLIS A, B eredim erevorSHemearn
QUL emLILGb S H 6UST 6D HemL & GLD
eeuefluSLmeorg A, B—e efiL L1 euflwignas@eur
(A>B) siebeng AB-g eflLg dArflwsnasGeun

(A<B) @mluems UL 1.31 — epeod
SMLGEADG).
COMP
Ao 0
A1
Ao (A A>B ——
Az 3/
A=B —
Bo 0
By [, A<B [——
B2
B3 3/
uLLb 1.31

@mw erevuraenmeor A HmMID B-eor
gowwnm Hlemedemwld &evoTL M, (PSHedled
696)616UIM(H 6TE00TETTIEVID 26T 2 I LoGILIL]
1Hlemed eTevoTem600TS BHIT6Y SFIIL BeU6eTuT(hLD.
@5601 FTSHSWIOMEDT CLPEOTM)| [HlemE0SET

1. A, =1wophpib B, = O ereufled, eredor ‘A
eTedTLIg) eTevor B —g &ALl eLflwig.

2. A, = O bpmID B3 = O erevfléd, erevor
‘A’ eretTug) eretor B —gn eflLé Anflwig.

3. A3 = B3 eTeufled, SIbHS GHODHSD
@L 10l O\&MTETuTL. 6T600TEmE0TT Shliiey
Q&lw Beuesor(hlD.
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oneoflulled LWIEOTU(SSLILLD  EILIT &)6UT6DT
euflpemm&eT  eTeoTeoTOl6UEfleD, @ (HLD
eTevoT&efleor [Hlemed WL SHefled 2 _eiterm
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Hlemeouledlphg MWD  6)6v0T600TLD
SMD &S LILIL (b6T6T 5. @eueurm)
e &FWeLLI (b Gum &) FOWOMHM bl em 60
SMeOOTULL LMD, SibhF @E@H erevursarfleor
BHlemeoGw FmeuliLbpHDE.  HpHeWSWITEd
SAbsHsd Hemeouled BPHEGLD GMMHS
SLwdlly Hlemer erevor&efledr FOWLHM
Hlemeoemil Sylile) asiwg CxHemeuuevemen.
geereTmned @& (pedreord  eumLILLL
fleweos® erdlanenrsns Sienwhg el kL.
2586 2 wi @Lwdiy GMuilenLBw
(PETENISHTTEOVONSHS  Q&memen  (Geu6vor(hLD.
85 ED&ESTEODID 6T(bSHEHISHHMLIGEIT CLHEDLD
eflen&aLILGbEMDG).

LLLD —1.326) 61&M(b&HSLILLL 2_6Ter (h&elT
A=B,A>Bupmib A < B 2y dwieummlesr
eeuefluihaemend SHevorhLilg.

COMP
0 0
1
1 (& A>B [——
0 3./
A=B [—
1 0
1 A<B —
> B
0
0 3/
LD 1.32

Siiey

‘A" 2_erafbaer = O110

'B' o_crafmer = 0011 — eraufléd A>B, erédrm
Hlemeouled, eeuefluich 2 wifHlemeowinseyw,
wHm Hlemed eueuib&er SHTpHlemeoWIm&HeLD
BmH&HELD.
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o eefbmem A3 A2 A1 AO = 1001 Hmb
B3 B2 B1 BO = 1010 @geéor Gleuafluil emL&
&H600T(bLIlY..

|1.6 GPlwnsdlser (Encoders)

Q0 Blem e udled o _eren SIT6) &6l
3G HHEULSHEMET M  [HenesHE
(sL9856mEpUIeHHE 6Tevor GUBIWINS) LAMHIIS
SHOUS GOIWTSHLNGL. BSNHSLI LIUI6OTLI(LD
GomLid, HlemeoomprilgeT (eedleunriid HMID
6E0ILILIMGDT), GWDEDT  EIMIHETEHET Sp&lienel
SMIWIMTSSH SHETTESLD. SOIWLNsd  eTedTLS)
GNelleddHulledr eTHILemME OFWIEOMESLD.
Bsn® 6sMhdslumd o _drafbaefle
asmeus 6(H 2 6ei(h S0 eTesorevonaGeur,
eTevoTEU0fl6med  eTevoTeUOITHBeum S HHSHTed
LGB 8& 2 deflenL &L 6T600T6E00NTS
b0 BCD — & wmpmid. Golwunsslser
ueBGeum GMSHEMEMUD,  6T(1RS5SIHEHEMETI|LD
GSUILMHDD  QFWW  EUEDEDE. SNwnée
EILIM&IEUMS LILEOTLIGSSLILIGLD @MU (haememuib,
erevoTdHememld &Muiy euqeuons  WTHMS
S(BLD LOIEOTEUTEUNE SFTSHEUTLD VDS SFDHMMSLD.

&&W0 etevor — BCD @mlwinéd

Qeauemss GSOWTsHWNOTEH  USE
2 _emaf(hsemend CHMETITL&. 6EI6IEUT([H
o dreflligm@Ib Q0 HELD 6T 600T
Q&M (b&HSLILI(bLD GLITE), Sig60T QeueluILmeor g
SihG &ELD 6T600T 00 HGS L 'BCD' wna HT60T(S
eeuefuS(b&Hemend E1BMetoT(h SlemOW|D. &)
ULLD 1.33 60 SMLLLILL(b6TETS).

DEC/BCD

SHIFLD —
o eefh) ——]

BCD
aeuerfluSch

QAN

© 00 ~NO Ul WNPEO

UL 1.33
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'BCD'@ESI 6T600THET SILL6uemeoor 111 — 6D
STLLOUC (beTeng. @b SiLLeuemevorulleor
CLPELD EEUGIEUM(H 'BCD' &M eretoreooiih@id
I eTevoreool D@L 2 [l FHTLTemUS
H516H8 eldlsafler L STomeflésen.

@niflspede &0 6T -8,95
Bemevorwimeor BCD — @&  erevorevofled
o _etem o _wif @Ld Hlemed erevor (MSB)
A eTeiTLIg) aﬂ?]un'@gmb 1 %5 BmeELD.
Flemen A3 &5& OR eumuledledr FoedTUML TS
SHFLD 6T600T CLP6dD A 5 =819 6T60T& &n.MEDILD.

BCD Code

&&W eTevOrT A s A A A,
o] o) o) o) o]
1 o] o] o] 1
2 0 o) 1 o)
3 o) o) 1 1
4 o) 1 0 o)
5 o 1 o) 1
6 o) 1 1 o)
7 o) 1 1 1
8 1 o) o) o)
] 1 o) o) 1

Flemed 6T 60T Az—éb@ SHFID  6T600T
w&HlseT 4,56 wOHNID 7 Hsd SBHSSD
eIIM(R &), A2 —60T LS Y 5 BHESLD.
Bz 601 'OR" aumudled FLOEOTLIM(b.

A2 = 4+5+6+7

Flemed erevoT 'A1' &5 SHFD 6Tevor
wHlyser 2,3,6,7 s SBSGD U,
A, &1 DSy T e Brbeb e OR
euruiled FLoedTUIM(b.

A, = 2+3+6+7

@niHwns 'AO' &ELD 6T600T LoSILIL|S6IT
1,3,5,7 wHmId 9 & Sm&HGL aum(ps),
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A, &1 gy 1 e BBéED. @ser OR
euMudled &LoedTLIM(h.
'AO' = H3+5+7+9

G m & evoT L &0 60T LI IT (b & 60 61T
SIqLILEDL LTSS C1&T6T0T(h 6EUEEUNIH SHELD
6T 600T 61 6T0TL|LD 'BCD' eretoreoma LOMMHM EDLD.
aomled o _etem OR  eunuled&HEH&HGLD,
S FHEL 6T 600T 60011 M & Ifl W
2 el (h&emend Q&MbLILSEIT CLOEOLD BN S
Bemevoriumeor BCD  aeueflluSpsemertl
GILMEDILD.

@8 UL 1.34 60 SMLLLILL(b6TETS).

1
% Y——~Ao (LSB)
T

3 1

A1

Az

Az (MSB)

Y%

© 0 ~Nouh

S —

LD 1.34

SOILLY:

o erefy &EWD eredor O 35 SmhIe,
eeueluih SiemeTs&IGL SMphlemed EILIMILD.
ereoTBeu o emefty O sSrluL  Geuevoriq il
SleudLdlebemen.

ULLD 1.34-60 SMLLLILL (heiTerm &mmileor
GIFIEOLIML LY 60D60T Si((H&&HLONSHS SHITE00T(BLILD.
LLSS6d ST quieTen O &80 2 arafhaafled
gsneug &M o etefp 2 wiifleneoulsd
@ohaneun, eeuefluiliged HTETS 'BCD'
aeuefliihemer HeMLEGSD L _SHMTTEUoToNS
o arefy, O e wiiblemeownaeyb, wHD
SMmETHE L _6ai(bdHEHD SnphHlemeouiled
BméEb euns aeefluisc A wHmid A
o1& 2 wiiHlemeouleid, A1 LOHMILD A2
sipHlemeouies m&HED.  erevfled H&W0
erevor O @emevoriimeor BCD erevor 1001 Sy@Ld.
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|1.7 &nlefleosd (Decoder)

FhlsemEpHemer Qb  IHlemeouledlmhs
LOHODNEH HedHE WLIDHD, ISTEUS)
6T600T & 6061 FLOG6M(6h 1B ITG LI &6 S LoD ML
LIWLIEOTUI(HLD LOl60T60TE0n)| FMSH60TLD G mleNlensd
GTeOTLILI(bLD. &M TEOUTHEMET  FMSITIT600T
T(RSHHHHETNS, FOHDEHHETNS SibSHS
Hlemed QFWEOUTLIANS THMEUHSHUTIID
wrHns smHauBs GHelesSwngn. &
eefluTiiibens &nl IO EFwLWINILLL
SHHeusHemeT (AFwWnHenssd Ganefledmhs)
QUDLIUGBID CBTEDSHEHTLH  Semen&Har,
rewuled) Wetorpld Gnlefledsd &g
31560 [Hlemend & LMHMIED &)

B5s euems  LoleoTeoromieliedled
@ eevor  GOleNlensd eredTUS, QB
BI58 &nmisefler QenetorliLnG. @&
'n' oecoseflar o eefh, @@L  eredor
FIeysHemer AFesULFons 2"-sieteln@
seofldgiey eeuefluiLng wmHMd SmHADE.
@5 ueGeaum EUEMSHWITET 6EOTIIEMETUHS
seeusemerl  Lfl&&HeyD, e gIetorh
&M dlg HlemT LWEOTUMLIQNSLD, HlemeoTeud
waeaufl GBlmHnSSHHGSL LWETLGLSMS.

siqliLenL Lo erevor Gniledleose
Be0ssE a&hMler 2 eteih 1001- &
8msen Hemeouled, @@  erevor
&BelesAuler aeuaflSLie 1 HenLbHELD.
@® AND' anieoners SigluedL
GnelleosHwns s QFWeLGBbSMDE.
a6euTenll6b 60T M HG 2_6iTaf (hSHEBLD
2wy Hlemeouled @pHsH&LEUTE WL bW
aeuefllicy e wiblemed  HewL&HGSLD.
saeumremerfled  srlulL o erefLmeor
-10016r60TD E([BLD 6TEUUT6TU0M 60T S VTS
2 _eiaf(b&HEHHGLID e\6uefluiiqed 2 _wirhlened
HewL&a 2_arefl g6 @emLulled 2_sitem &(H
‘00 -&emarm LILID ~1.356) SLiqujeTeTeumm)
yrliquier ecpeod 1 & WIHMLILL
Beu6toT(HLD.

umLb O1 QwdseE ShHM) — LIWeDTLIM(b&6T 21
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_3_ X = A3/&2/&1A0

Uy
LW ooy

ThSHSSHML(b 1.4

1011 ete0TmD @HD 6T600T  6T600T600 16 60T
Gefledasbd aFLg), 2 wifhlene eeuefluick
HeoLHHE S GCHemeUUITET HIHSH
SiMIOLINEME0T EUEDTUIM).

Siiey
G&nellendH s & Q1 & LI6D HemL GILIM

Qaarr(b&,aaUULL @ eetursafled 2 _eTer
'0 -semer 1—%5 rHmn Geuesor(hid.

X=A A, A A_ (1OM)

QBMbSHLILULL  2_6Teri (h&6ITmeoT Ay, A
LoHMILD A SpFweunenn CrIiginseywD,
A 6)5]60360T LOL (LD |.|gLLqu.‘|160T eLOEOLD
ﬁguqsmasu_lrraaeuw LormHm) 'AND' eunuiedln &
o erafLnasd sriubGdng. @& uLb -1.34
60 SMLLLILIL(b6T6TS).

1

Al X = A3K2A1AO

LD 1.36

I1.8 uetTemlowimée (Multiplier)

QeTH  Sis  SiIsHG  CuoulL
Geopeunenr Geusld Q&HTeTorL  6LIL|EmLD
(21) Boss euema FOHemEhHemen BHiey

22 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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6Fg, GOTHEDEUSHSH, QDEMD 2er(h
GUITIHET SiLEDG FMHEUTSHH 60T eUPlWInS
2HCeud s dled eluTiulILGeUSNH G
8y uaTemwLWTHSH  LWeTUbLHDG.
@liueTemowindd ued 2_emef(h&Hemariyi.
ehemn  eeuefufiemLwb  G&mesoTL
Fmellwin&Lo.

Ley SO&HemEH&H6T QIH SMSHE0THS 60T
afluns@Geur 1D  61FDL L)
seouteooily Qewlp &SLHFH euflwinsGeun
uATaILGADG. @hsl ueTemwWNEHES
(WempemwWll  UweTUuhsEH  OFTemeddH
eBMLIL&6rl6d LIL|6mLD LoHMID Be05H5 61608
Fil&HemEn&eT LeGeum| OSMLIL SHLMhIS6T
eulwIns SILULUGSHD & s
FGemErHeT 6 eeuefluih QsmesoTL
2181Caus sflGmEGHHMMGD. QB 1 — 4
UelTemWINSHEUTDd 4 2 _6Tol(bSHEBD QT
aeuefluiipd, 2-1 ueTemWLWTHS UL 2
2_6itert (ha@BLD 65 QeuafluI(blD O1SMETITL HTe
Bm&GID. 4 — 2_dref(h LeTemwnsaElufleor
SO (b LULID 1.37 6D SMLLLLL (b6TeTg.

8dleo @nevoi sIEey Coiey
o eatafhadBarny mHNeOTG 2_smef(bamerfled
asneug eerm Gsrey OFWIILbHLD.

MUX
s1ey [ So 0
Gaiey | S, il
DO 0 516
Y
erflug
srey | D1 1 FleueTiie
&GiTGﬁ(b D3 2
D4 3
UL 1.37

ueTemwnéd@&se0 (MULTIPLEXING)

ueGeum FL5&HEmEHSHEM6T QMEMMD Derl &HLD
alunsg  SigQIULD  asMHOHILUSHDES
LI 60T 600 LD UL T &5 (& & 6D 6T 60T M) eI,
8sesmfleomud  HpHS  PELDEDLD
Gensdemevorly (Open system Inter

1/17/2020 2:48:29 PM ‘ ‘



connection) wn&lflsefled LwWETUGHDGI.
uebGeum EUEMSHIWIMTEDT  LIGTeMLOWITSHES
EBMLHIED [HIL LIMIS6ITTEU6DT:

B siemeoBer URSL( ULTEnWTSHS6D
(Wave length Division Multiplexing —
WDM)

B Sidlf66uetor LML LeTEnLOWINSS6D
(Frequency Division Multiplexing — FDM)

B 3L Si6menHer Uil (b LI6OT6mLOWITS&6D
(Dense Wavelength Division Multiplexing
— DWDM)

B o7y SiemedBem Lkl (b L60TemLOWITS&6D
(Conventional Wavelength Division
Multiplexing — (CWDM)

B pnengeuemwll]  efluilwed Geariy
ST LetTemLoWIm&H .

B (Reconfigural optical Add — Drop
multiplexer — ROADM)

B ash@osreoor  siflfeleuetor  LMISL (b
uedTemlowindaed (Orthogonal Frequency
Division multiplexer — OFDM)

B Garly selfuy usitemwwndsed (Add/
Drop Multiplexing — ADM)

B semedlp UuaTembLWTSESe. (Inverse
Multipluxing (IMPUX)

uedremLo aiglreflaer (Multivibrators)
uetem aiFielsar GMsHEH HBriaser
udl@Georngnd  euGUIGe UK SHHHS
Gurgb, @mie e — el (flip — flop)
&HMNI&H6ET SNISE uuuju%g')@ (PEOTUMS "@@
flemeo ued iFliedser GNHE Hlemeorey
SnToug SeuIonEDG|.

8w Hleweo (21) er(p — el LsiTEmLD
aigliredser (Bi — stable or flip-flop
multivibrator)

gngmevor [lemeoulleb b S Hlemed LisoTemLo
asiglrelwneorg 8@ Hlemeoserfled(2_wiT,
SMD)aSHTEUH GEOTMIED  [FlemEOWITETSHTS
Brs6D. 8BEED QB Haneouledl®hal,
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HODN® Hlenedd Mm BheHsF SFHMIGHS
@f uUps gnevorLed gl (External
Triggering pulse) GsemeuliupHAME.
WL  JIGUL FHT SemeouledT 6
umd SlemOemWemWW|D, SIevorLD
giqly m urd sHT HemeOUNemeTLD
2 _pusd eFLEDG. @5 b ey — ellip
ueiTemld g6l 6T60T SHMWPSHSLILGED ).
acerenfled @Hed Bmevorh IHlemedUImenT
'Blemesar 2_mHwn&sLiLb&ledrmeor.
pemswned B QB Crrssle QG
Flemedd HHeucbdemen Hlemeowind BFHlHs
Wb, HsGeu @& CILIHLOLITEOTEMLOWIITEDT
SIssHaUMSEF &FOHMSEIQID  SHevoflef]
15l 60 60T 61 & Ifal & 61l QYLD LW 60T LI(b &M &l
eréorGel 'Grq._g - 6)5]@._9' &Ml eredTUS €I
"emeeusd (B&AILSID) ETEOTMILD, Dil6D
& CrIssled 1 (1) O GaileHs (Wiqub.

|1.9 er(Q — ellpé& (Flip — flop) &mmyseir

Besseuens s&nmisefer  ceuafluinbaer
o _atefbaemerl QUTMISEH SiemLoW|D.
o arefbaer wIMWLGEUTEH  Geuefuipbbd
wMHDL  aumib. &eo DOsHUMEHE
gngeoThisefled, S&mmisefler 2 erafhaer
LIHOD UHOTEID GleuemuiLiqed LMHMD
flawmoed mssed Seudwwndns.
BeleuensHs SOHMIGET GO  6T600TS M6
Gsil&Esl LweTUGADE. @b UemsHE
&MHMS6T 'Gr@ aﬁ]@' (Flip — Flop) &mmisei
6T60T SNMLPSSLILIbHME.

eflen& &L

‘T - elé &sHMI eadTUgE BiHS
aUMTUIELSHEMEITS C\BHTE0OT(h 611G 6UEMLDSHBLILILL.
Q0 8oL e HHPIGDL. b S
6T600T &M aHTeus U Hlemeouled (O
(1) 1) Flemeowins SHEHGLD LTSI, SiGeoT
IHlemevemLL LOMHM 6 LS SHT6ToTL6D SHilq.LiL]
(External Triggering Pulse) GgemeuliLib&m&l.
860t (WPHAW Uwer, SeummledT ELPEDLD
B eTetorHemen GFGS (PQUWD. STHS
aunuiebsefleor 2 _drafp  (WemeTHafled

umLb O1 QwdseE ShHM) — LIWeDTLIM(b&6T 23
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+Vee —Vce

I
aeuaflulc N Oeuerfluic
/7
_l_ ;

13 o] Hlemev 1

(&) flemen MHml&aTeN

+Vce +Vce
aeuerfluSch eeuerfluSch
+$ + $
0 Vdc +5 Vdc

[blemed O Hlemen 1

() erp-efleg

uLID 1.38 (1), (23)

SIULUGbLD 2 _LeoTq 2 eiai(h Hlemen&EhdHd
gopeumm &OM SIS  (PIY6)&Hener
GLoMHESTEITEIHLD.

eungeuns sI&s  eunulevserfled
o atefley sOeysemer HlemeoHmisHH &
CBMETEDHLD HEOTEMD HeMLUITSI. S6oTmed
'srq.g — sﬁl@g'é &FHMNIGS HlemeoTeyLihdHHl &
Q&METEHD HMedT 2 _60oT(h. ar6levTenfled Qhd
‘T — el sHM Bretor Henesaflaib
16| 600 60 WLIIT 60T H T & Smuusned G
gnsHwondHmg).

8bs e1g-ei é sHmisefld apsrmy
(WA CUHBHET _6TeTedl. SleunHemmLl
unn evfl uMFOGUMLD.
B RS e — el &mm)
B JK e — el &om
B Derqp — aflp smmy
g — eflip & snPedT SuglLeDLS
&SLL6mLoLIL]
8 yrLusemer OHTLI SemevorLLNS
BemevTliLGHe0T CPEOD 6  eTaflemLowimeoT
e — el amnlemenr Sem&HSHEOMD. BF)
uLLD 1.38 (&1)-6d SMLLLLL(beTengl. LILlg
B e eeuafluiLmeorg LIy Aég LOetoT(hld
o atefLmesd srlumeus  UeTenmlok
SieMWLIEMLS STL(bFME. ULLD 1.38 () 60
SILLOULbeTeng Gumed LNeTenmlL &ems
B&H V1 o etefLmseyd V3_-g
eeuefluSLnsea|b asmarer Geuetor(bld. Qe0&H&
auemsd Siemwlidled @  FLOE 60 6h & emerT

24 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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LGB 2_draramed @dled L = O ereotuens
OV-DC ereoteyio H = 1 ereotuema +5v dc
6TEOTEYLD 6T(hSHEISH E\&TeiTem (BeU6TIT(HLD.

V1—0QV dc flemeouileb pé@o Guns
V3 o OV DC flemeoulBGeoBuw &mé&@io.
ULLD 1.39 (21) ufled &mLliqujeemeunm) Hesor(bld
UeTenm’ L Semevorlil Q&M (bSH&LILIbEUSTED
V1 61 gempuied Bésluiep V3 syerg de
WIGBW HgbEb. LIl A —er 2 el
seoguiL L Lmed, yrig B ufedr eeuefluSch
SpHlenensH&Gs  e1F6TmIefbhLD. Goelld
830 UleTenIT L 1D SOLILIGHEUSTED, LTL LG ‘A
61 2_eailemL HMpHlemeoulBGeoBuw BlgdHasd
esLdDE. 88 & "Blemeiinent [Hlemed’
@W. V3 = OVdc emsll Gumed V1 M@ +
5v dc syuuLLmed, V3 wib + 5v dc uflemeor
eLIMILD. 85 YetenmLiong L5evor(hld
Vi o LeT BemetorsaliLheusned, \V1—eor
eeuefluiliged 2185 + 5V dc HemLé@Wb. B8
@nevorLneug) "ﬂso:euu_lrrsur Lfﬂsoneu" SH&LD.

Setrgym’L eufl

Vi Va \%!
INV A INV B

() @mHlenevéshmi

V;=0 Vdc V,=+5 Vdc V3=0 Vdc
INV A INV B

(b)

V1=+5 Vdc V=0 Vdc V3=+5 Vdc
+Vee o INV A INV B

©
LD 1.39

i—o
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NOR euruiled erqp — efl(pé& &mbmyi

(NOR Gate flip — flop)

sigliLenL 61 — el &FMHmIsHemeT GLoLbLIhSS
yrlasepsel udeons NAND (1) NOR
eurmuiled&ementl LILIGOTLI(hSSHE0MD. 2 _aTeriL (h
shlsemEhHemer @  Hlemeouledl b
OO Hlenes® LIHneUSHS BHhs
UMWl BEHHGS BM(bHSLILIGBLD  Fn(bH6D
2_efef(h LWETL(LED G S 2_6af(boHemernéd
618 I 600T L 'NOR' 6uIm Ul 6b & em 6
UL 140 (21)6d  SMLIqU|eTeTeumm)
BmetHSHLILIbEUSHEIT CPOD QUH 611 —
el &M 2 BUTSSLILGEADS. SFsMhrled
G&M&slulbeter RS o _etafhedemend
SIS LT SSMed, @&F&HMHMTeoTs) LLLD 1.39
(&1) — 60 smLligueeng GuTed GFUIEOLICHLD.

R
Q

S Q

1) QFWELLI(h — 2_WiT 2_eitarf(h S—-R GeoLl&

R— | Q

3)) e1FWebLIb — S 2_eiterf(h S—R GeoL &

UL 1.40

@efl NOR et — eflps &mnileor
QFWIEOUIML I 6m60TSH  &HTeooTGUIMLD. @ns
e - el sdm Q Q eeam 8w
eeuafllihaemerd smetorbereng. Q-eor
Briyens Q &b Bz ettt
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o el (hae R, S eTevrd GHMildbaLILIhH60Tm60T.
erp—ell(ps smmler 2 eafh / Qeuefluio
FlemeD&HET 2 _600TemD L 6U6m6v0T 1.12 6D
STLLLILIL (b6 &.

SiL_Leuemevur 112

R S Q Action
(0] 0 Last State No Change

(0] 1 1 SET

1 0] RESET

(0]
1 1 ? Forbidden

1. © _600TemD S L 6U6M60oTUN60T  (LP&H6D
o earefl(h Memeoulledr Lg R = O,
S= 0. NOR eunuiedler o _eefty O
& 2_aTenamed Sigedr eleuerfluiLliqed
6hs WIOHDWL Hepng. ereor@eu
BhHleneouied g e — el snm|
Fneor @méG 168 HlemeoulBeoGui
Bl &@b. SiSTeug) QA - @ s
LTHMHPLD OLLTE).

2. o emefligedr @mevorLmd [Hlemed R=
0, S= 1 etet1 @SS Gung, NOR
amuiedles B - e GeuefluSeh Sp
Hlemeowns @m&&. @mevorty NOR
eumuilev & erfl 6ot 2 _eirart (h&@h & GLD
snphHlemed SILILGBLD eumpRgsd NOR —
eumuded A - &1 Gleuafluich Q- eumenTg)
2 _wifhlemeo UMD, @b Hlemweo SET
Hlemen 61607 AHeMPSSHLILILEMG).

3. o _erefliqed cpedtmmd Hlemed R = 1,
S = O ereor @m&®W0 Gumg NOR
eumuiled ‘A’ 61 QleuefluS(h SMPHleDDEE
SemerliLbS D&l 6T 60T B 6 NOR
aunuieb B et @ 2 eTefba@EhD
snphlemeouled @pLiugned eleuefuicoh
Q' smpflemedd® LIPS ELD.
B HlemedemwIHTeoT 'RESET' Flemeo
eTeoTEGmmiD.

4. o drefl 60T &emLd Hlewed R = 1, S=1
eT6oT HILILGL Cug), @HS Hlemevemwl

umLb O1 QwdseE ShHM) — LIWeDTLIM(b&6T 25
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"seollse  @weon r_F,]smev" 6T 60T
ADWPESILGADE.  @bHleneoulled
NOR eurrufedlédr & 6\6uefluiha@End
smphlemeouled @PHSSWLD. SiGTeus)
aCr swwsHed Q= O, Q =0 ereor
Bm&eb. 8hs Hene e — el
&FOMledT SlqQUUeDL S HEOTEMHG
edones SLusned, @hHd HIeOTHMD
o drefl (b HlemenemIF C1FWIOLbSHHS
gLng. @b 6eueuits &enlss
Suweon Blem e ulled Smuusmed
o_eoremin i Leuenemoruiey Qg ? -
SH& SMLLLILL (HET6TE).

|1.9 JK er(g — aflpé anm

weory ungs® RS erqp—eflps &smnfled
breoT&meug Memeowneor R = 1, S=1 eredtm
o eef(h Hlemed STULIGID GLITIQEI, 6T(—
efl(gé amnileor aeuefluop Q wHmd Q BT
Hlemepemiil UmIeusTed, GleuarfluiLiqemeord
seo0flEs  @weonwed Gundms. BHs
Hlemeoeml! WLIHDNEUSHSHTS SHGSHTTH
giqliy (Clock Pulse) @ettm cpedtmmeus
o arafLn&d SIUUGHADE. SFeTned
&e0l6H&am W Oeueluih HenLsHmg).
Beleuenss sHM) (PemeoTmevorh JK er(p—
efl(pF &HMI eTe0T SHWWPSHSHLILIBGEDE. Bbd
UMHF SDMISHET, "erevoreoofl (Counters)
GOMIGHET WSS  LWeTLGEMDE.
eT600T600 &6 HiqLIL| Semeouiedr GmIoemm
LD M MJLD eTHlTemm &l1q.L1L| & 6m 6T S
&H600TSH S| (bEUSDSHMSHLI LILIGTLI(bEME).

GIBiTLOEmM (P60 60T HGITETOT (b

JK erg—efl(p& &mmy

BQHMTSH &lgl SenDenW gDLbSSHID
el UL 141-ed &mllqujemeng GumeD,
B BMTH &119 L1L| & 6m 61T CmIwemmsd
glqlIy&emns nhm 2 srefLisd SHADS.
aeotCey @HHs sHM S9&HMTS Sl Lidleor
Griwenms sIqLNE WL bEWL aFWELIHLD.
B8 dleb @mevor(h (PHHW [Hlemen&6T ©_aTerenT.

26 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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R Q

— Mo
j

JK erp-6l(p& &mHMI SiemIo &S0

LLID 1.41
cC J K Qn +1 Action
T o o Qn Last State No Change
T o 1 0 RESET
T 1 o 1 SET
T 1 4 Q (toggle) Toggle

1. eeueflulicy, Q opeord Sugetemr AND
aunuieding LeTenr L SHledT  cLeoLd
LetoT(hlD 2 _safLnéd SILILIbEDE.

2. eeuefuie VeTenmiLsHleor Goeyeier
AND eamuiedin® LNeTenmiL &gleor
eLpeoLd L5 650T (b LD o _drafLn&s
STLILGEME.

&NI5S Semevorliy (pemmuled, aeuerfluSbaer
2 _eaf(b&HEBHLE0T QemetoIsbaLILbeUSTEd RS
a-elws anm JK erp-efps smmre
LMHOLULGSDE.

D erp — ell(pé &Hm

D a-elEshmsdT HenaTeuss
GsuillfledT SiMmsLISED WLOHMID ST6Y
e FwWwenSHHGHeTTHYD LiedTLbEDE. NAND
aumuieieir NOR aumuiiened Qewewrsg D
er(p—6X(1p&F &MHMlemeT 2_(HeUT&HSHE0MD. BF)
UWeoTUMLIq6d 10& eTerflemowing SpLUSmed
Ic’ 2 _(HeUNsS&SHMHGSL LWeTUhLS DG
8se0r (P& AW LweTun GrIFsHmmiled
SemLwswNs (Buffer) QFWeLUL (b
sne  HMossHemg (Delay) abubsHsu
UweTUGbEDE. Bbhs STOSTDSSHMS
SHUILL sre SenL66uefluied Hl&HDSSILD.
JK erag-eflgé smhemmé ST lqed D erg—
eflps smnflement &OHMI EemevorLiserfled
101& ererflemOWImd & 6m600T8860MLD.
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Preset D

1
Data D Q Output
pin
Clock > Q Inverted
output
Clear

&b D — erqg-efp
uLLD 1.42 (1)

UL  1.42(4) D er(p—eN(p&
anmler &P emLwb 142 (25) NAND
eumuiled uLweTUGLSH erp—-e(RsF SHm
SIMWSHSILLIG(BLUUDSWD  STLGHDG.
B HMT S &l1q L1y S Hlem 60 ul 6d
Smhared, 2 el eeuefluiiiged ereueis
LIODSHEMSUWID THUGSHSTH. SHYHTTSH
giqliy 2 wifHleneoulled QpHsmed, 2 6Tafh
eeueflliliged LINMMSHDS GHUbSSID.
& &HMT S &l1q.L1L9 60t Sl LuemL uiled
@ssnm 601 @ Hleweoulemeotwd IO
SeWDHES O&HTeTeUSHTED, EG) '@@ﬂemso'
er(—-el(R&FSMMI ETEOTNEMLPSHSLILIbEMG).

8ns o (g —efl (& & b m
CmiIwwemm (pemeTHFTevortr, D ergp—
ef(pFadm erevTed WHMID 6rHToemm
pemarsgneo, D erg-efgéanml
GTEUTEYLD  EUEMBLILIGbSSLILGbEMEI. 6ereoTG6u
o _eafbdemerl euMMISHE, D& Tesortk
Hlemeowmeor Geuefluiic ey Hlemevsmemenll
eun#dng. BB& SlLeuemetor 11460
STLLLILIL (b6 &.

INPUT OUTPUT
Clock o,
D Q Q
LOW X (0] 1
HIGH (0] (0] 1
HIGH 1 1 (0]

‘ ‘ XII EE_Tamil Version CHAPTER 01.indd 27

1 — ) 3 '
1 3 2 O
32 )07
_E)‘)* 7400

7400

Clock —¢

7400
7400

uLIb 1.42 (24)

|1. i) erevurevoflmem(Counters)

GuhaeoiL. uGHuledr Bruser SMbHs

aaneoL e - eflE sHmIGEEr
QT EDETIILSET  EOSDLD  6TETITETTUSHED'
61 & WIEDLIIT (b & 600 61T BGLMHE&BTETETEITID.

Beloumm QEHRISHEDUISHHULULL  6T(Q—
efl(p&FaDMIGHEmeTSH EHMETOTL  SemLIDLIL]
' 67 65T 60011 & 6T 6TeoTLILI(hLD. oT(p—
ef(pFanmIseT  @emetuTSHSLILILLY [HEELD
(WemMemWILl QUM (5 S &l SIS 60)| 6D L LLI
Hlemenaer (State) SiomevllébasLiLhedledTmeor.
&ele1euN[H GMILLIL L HleneowLd 617 6TevoT600f]
Ww &pnd smLaamd GH&HEDE.
SHMIS &gl STLUUGL SiglinemLuiled
eTevotevofldemn @@  Wfleysernal
UflssOul(beTererr. Siemey 1. QSHSWInhIE
&mml (Synchronous) 2. @&Hwhisn snm)
(Asynchronous) ereotliLUGlD. &QSSIWIrhisT
gomled (eungeuns &5  Fhmemed
6T600T6001&6T)  (1pSHe0 6T (R—eN(R&F&DHMISHE
eeualliedlGhel @G SWHMTS Sy
STLILIGD GUTE), SiBeniemL I leuafluiLmeor &)
bsHS e1(g—eN(RF &HMIES 2 etefnaes
560EMG. 6QUH 6revorevoflued 6 5Hsemeot
o7 (1 — (10 & & D M) & 6iT o _emereor Geurm,
aigsemeuiaid &GCs Hape] HemLaLMID.
QR5HWHEG  eeoenilseafled 2 staf
HUHMTSH HIGLILTEOTH 6D 60T HE 'Grqg—
g sOHNISHERHGSLD QCT CrHIsHHed
STUuUL. Geuetorbo. Qeuedl(h (LPeDMEBEMEIL
QUNHSHGID eTevuTEOO HETTEOTEl, OSTLITEFS
Wwempemwll  UNBSSHID  HlemeosHarfleor
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6T600T600 &6 SHEMUILT  OLUN(HSEID SiDED &)
eTevoTevoflufed 2 _eiter er(p—6l(R&SDMISE60T
6T 600T 600f| & 61 & 60 Wi LI QLI (H & &ILD
UM SLILbSSLILGbLEME.

Q&S WIkISIT 6T 600t 600fl &eiT
(Asynchronous Counters) (216060 &)
fibmemed erevorevofl&ar (Ripple counters)
@hg auens erevorevofluliaueer erwy — eXl(ps
SOMIGHET HMETSHHID  [HlemeomHMLD
OUMIEUSDES [FleMEOWITET &HM6d 6MMIEMLD
HevLwing. @seormed erevorevoflufled 2_eimer
e — elwé ahmiser, @Cr GBIHHled
HlemeoomnMMLD UM SUIEONE). 6T6160T60TMITED
euUTEEUTET &&MTSH Hgly BESHSGS
STLLbEUS E6Deme.

B - Flewe HHWinraisT SHLo
erevurevofl (2 Bit Asynchronous Binary
counters)

QSHWMIST QFWELTLIGHSETS SHHlenen
67600160011 6m600THSBLILIL LY (HHGLD 615 Hemd
ULID 143 &MLbEDE. LLSS6D (pSHeD 6r(p—
efl(p&&mmI 'FFO'—E')@ CLK eredTm &10&MTS
gialy C  eredim 2 emafliqedT  EO6OLD
STUUGEDG. B85 &mDHS Sy
flemeo  eTeoTLLGLEFME. STevorLmeus)
erp—ep&amm FF1  ereorugd FFO-e0r
QeuaflliLnerr Q, —Sped HMEGOTLLILGLEMS.
Griwenm &lG&MTS Sl Liileor Gumg FFO-eor
Hlemedo MMID. @eueunm| HlemeomhHmLD
eubm FFO-eir GeuefiSLmeor Q, —ement
o arefLnall eumeusned, FF1  seorg

Hemeoulemeor MHMS 6&sTaTHADE. SbHS
er(p—ell(p&amiled 'CLK'  o_eefLiq60r
Blemeoouwrsdyo, (transition) FFO —eor
aeuaflulLneor Q, MHleweolt ALWITEALD Q@
Gurzib &Cr CrrsdHled HeTs. ereorGeu
B er(-6il(pés smmisEpLD erlGuTgHIb GT
Crrsdled HMETOTLLILLTS &ITT600THST6D,
@5 erevorevoflufledr QFWIELLINGD QSHSIWIMhIGHT
QFWEOLTLTS 2 6Teng. @& &Suevorop
ap—el(pF &SHOHMISHEM6TSH EHTEOULSHTEH
8wliusne, b5 Swmblened erevorevo]
THIT60T & eleuelGeum) 15 60 60 & 6 61T &
asneupetaTs. Guoed Sl '9;
SmMHd S I CHTE0TL SHTHELD Q,
9155 LI OSTETLSTHYLD S(HEHELD
Bur g, eTevorevnflserfledT Hlemed ASMLTFFWITS
wINILGEUSTE @& esrLiTsdner Qo
ET600THEMENS SHML(bEAMG. & Si L 6Uemesor
115 &0 GMILNILLL (beTern&).

Clock Pulse Q1 Qo
Initially (0] 0]
1 o 1
2 1 (0]
3 1 1
4 (recycle) o] o
8s @@w 6T 600T & 61fl 60T

QFMLIFHAemwd SMTL(beusdne, Qend
@ eTevoTettll&HET  ETETMEM PSS EMLD.
Guebd 8dlev LT BN BT H
&IqLI&H6T eTevoTevofll LN60TL, [HITEOTHTEUS)

FFO FF1
Do — Qo D1 — Q1
CLK
C C

Qo _

LT

UL 143

28 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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FFO FF1
Qo

CLK

8i) J-K — erp-elap

> C > C

-

CLK
&) D — ereg-efl

uLIb 1.44 (21) & (23)

gligli] eToT(hD DSHEWLUI  (WHEDSUI
siged  flemeods®E  esrnelbHDE.
6T600T600f &6 l60T FWIOLIMLIG 6D LM Sl
aTeoTug SemLdl Hlemeouledlpiba LOevor(blD
WwHed Hlemend@ Hlemeommmid (Transition)
LMICUEDSHSH GSMIHGLD.

Bemall Gumeo@eu 3 — [Hlemed
@SS WnhsET S0  ereuelsEnsd, 3
ap—els &mHmisemer &6 6oTLILISHE0T
(weold 8 Hlemensemartl OUMedTD. SemaLl
GureoGeu erdHement 611y — eXl(& SHDHMISH6T
BemevtrdsLILbEedTmeoTBeur, S1HMHEHHMMT
Bumed @HLo Hlemed&HEma6TL LMEDLD.

QFWIEOLIM (h & 61T

aperm ey — els sOHmIsemen
BemeruisHg cpedtm Hewed &SI WhisT
B\(BLo 6T6vuTe0v 6mW ©_(HEUNTHS ... .

QSHS\WLIrkI@ 6T6voT600fl &6

(Synchronous counters)

ereootevofluiled o eitam  erp—6fl(RF &MHMISBET
SIEWEUTHGID [HleMEOITEOT SHTEDS CSHTLITEmLILI
eupmieTaTETEd, BENS ~ RSH WG
6T600T600f &6 6T60TM)|  QWLIWLIT.  6T6v0T600 lUdl6b
2 _eiter 67(lp — &X(IpF SDHMISH6T SEMETTHSHMELD
aCT CEISHIHEL OLMSIEUTET HNSHMTSH Sl
QBM(bSSLILGBEME.  EWLIIHLOLITEOTEOLOWITEDT
Q5HWmE erevorevoflsafly JK  erqp-
elésnn LweTLUGEDE. D erg-
eflpsammIdD @SS WIhEG  erevorevofluiied
LILIEOTLI(bSHSHEOITLD. SH60TMeD OILIMFHIeuns QHled
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Gmrmgwimeor Hlemeoonmmid (Change of state)
B6be0n s HIMT6voTH S 60TMeD, QemLI LILIEOTLI(hSS
31Fs S5 EOFWEOLIN(bS6T CHemeULILbHME!.

uLLD 1.44(31) @wmiflemed QSSWImIEG
@ erevuettllemts GSMSHDSH. 6T
eflpsamm FF-m@ J1 wpmib Ki ereorm
@ o etafh&el OBMBLUUSET EHEDLD
eamLIsfineor @ Hlemevemwill 6lLUM
wiquib. @FeoriqliienL ulled B& SHWirhisHm
6T 600T 6001 Udl 661 (5 H &) Geaumium &l &
SMLLUUGHDE).

uLLD 144 () — D' erp—ellp&smnm)
B emevilienusd STL(bEMDG.

euwiiey ufHGeummlser:
(Shift Registers)

euwre] uHGCeunM&HeT eTeoTUS 67 OSHTLIT
SI&HHE &OHOTGSWL. @& EUIBLUTEID
Be&ss5 sreysemer GsSHEDeUSSL
LwIedTLUGbSDEl. Speotmed @Hled 2 emenninHd
HlemeooMMMLD MHLI(bSHID &600TD E606m6D.

eFweoLm(h: (Operation)

euwiTe| uHGeupmlaerT ereoTLg) 61 — el(&
SOHMISHEW6TSH CHMEO0T(h 2 (HeunSHELILILL
QM SmLUUTGD. & 6eUBLUTID
05655 & D M) & 61l 601 ST 6 & 6W 6N &
Galdmeyb, sHreydemer @LLOTHMOLD,
QFLWeID ULWeTUGSDSE. Q-G &
Apliumeor UwWeTUGBLD SLhisemerd Hedm,
uFHCeunn&HEHHE& SIS Hlemed LIMHMLD
Q&g QsmeTer @uieons).
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1 6018 CHLOSSLILIL G HSSED,
aeuefluS1q6b HlemL G560

D Q _I1

—>C D- eb 1-grliuLLmed Q —eumeorg 1
HlemenemILILl QLIMID. SHI9.&HMTS
SI600T(b (LPEWEVT SILILIGLD BLITS),
eeuafluich 2185 iemioey
Hlemeouiled QH&H&LD

-

CLK

0 pergl CaLASELILLIGHSS6D,
GleuafluSL 1960 HlemL &80

0 —p [ Q@ 790

i D- 60 O- sriuLLmed Q —6umeoT&
0- Hlemevemit QUMD

HGBMTS GTETOT(h (LPEDET
SIOLLLTEID 18] L1 L 6mLoey
Hlemeouied E(HdH&LD

ClK | [/ pC¢C

LD 1.45

uglGaumniest Qe&ss  s&Dmsefler
sreysemer (1,0) GFO&ESHD, SHT6SH 66T
@LwomHpL eFLWe UWeTUbLSME.
Syeured @Fled 2 erenninhg [HlemeoomHmLD
FDLI(SEID &6ToTD E6LEm6D.

QM uslGeaupn ereoTUgs Smevorh
SigLILIEmL EFWIEDLIMT(b&HENENE C1&HTE00TL. 6([H
B&aHEF &HDMGLD

srey Gauliy (Data storage)
sr6y @Lwmmmi (Data movement)

uglGeupnluieor G&LAIILEG &6voTD, S 6meoT
(WEHW  HlemeoTeudHAISEMTS LW6TUbSHDH
ggleuneug). D' erig-efl(péshiled, 1 Sibe g
O-emenr GsilHGWL eufl(emmuilement LLLD
145 elets@dHnE. sHI6y 2 6efLns "
Q&BMbSEHILUGL Curg, Sipemenr Gsll&Hs
ap—el(pF &FOHMSHS HUSMTSH Hilgl
Qa:n(bé;aaﬂu(baﬂmgu snBung 2 dref®p

ﬁasasuuu_rrgmo erp—e(péamm Si6s
‘siowe]  HeveouwlGoGw  Bigliusmed 1

sipg erp—elpssnmle GailsslubSDS.
8z GuneoGeu o1 (p—edl(R& & memm
L1 L emioLILIS6ST epedid O —iwjtb B8 ae0MLD.

Bessd sIeydHafled 2 _eten Qe0éHs
Blemev&erfledr  (0,1)  6T600T600f1&H6m & W UIEF
(€L Y510 Slem el 6m 60T & 6186007 (b
u &l G eummiudl 6ot Gely s & m eor
&S00 SH LLLGEIMG). u &l @G eum ml udl eor
eeueeun(H Hlemed(er(p—6X(R&F&HDHMIILD, QB
@055 Hlemeoulleor GaLilliemusds GB&HEMG).
ud Ceunmiuieor LoMHMD AFWWWD Slmeor,
ugCeupm&H @& S SILILGbLD HlqHMTS SilqLidleor
sigliuenLuied uFHCeupHleEGeTennsd b
Hemeowledlmphas Sibsds HeweoosGasn
360 @ LS Ceunmluledlmhs SlbsHS
uHGaupmsCasmr  SLwrHmd  QFWEADE.
UL 146 ugdlBeumns@erenns, SHI6Y
euwiey eredeumm| HSLPFHME 6T6OTLINSHS
SMLGEDE. @Qeueeunm &SLLub 4 —
Hlemeo uFHCeupmisemero, SiHeoer
SOUALLUL (beTer  SIDYSGSM&HET  HI6Y
H&TEMEULLD ST (h&6OTD&l.

Data in —»| —»— —

v Vv
—

Data in
RN’
Data in =—>»| —»—>— > Data out Data out «- <«— <— <— |« Datain —>» —» —>» |—>» Data out
(a) Serial in/shift right/serial out (b) Serial in/shift left/serial out (c) Parallel in/serial out
Data in
AR’

= | L=

Data out Data out
(d) Serial in/parallel out (e) Parallel in/parallel out (f) Rotate right (9) Rotate left
uLID 1.46
30 umLb 01 @wdsE ShHn) — LIWETUM(h&ET
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| T T

@uunLiugHuled Bmduled SpsetoiL SHHSHHIGHmET LTeooTEUTSH6T  AMHS
G\ BTEOOTLITIT &H6IT.
B @emetoihs eUTUieL&6rfl60T &L L emLOLIL LOMHMILD LILIEOTLIM(HSET.
B 5158 eumuieb&erfledr euen&s6T — (snllq LOMHMID SLPILILITEIT) 6T600T &H600{l8 SihM)ISH6I.
B Q&5 auens FlHl&HemErs6fle — GOIWMSHS6T HNID GnlelleosHElser.
B L6eTemLOWITEE6D LOMMILD 6T HIITLIEOTEmLOWITESH6D.
B e - afl(s amm sLLemwL wHMID Geuemed QFWLILD 6lSLD.
B QW eTevor sallgseT HmID LUHGeumniserfledr &L L emIoLiL — LILIETLIT(b&ET.
SI(IH(©6H O\ CILIT([H 61T
NAND — eurrufed Bsein 2_eef(baafled arsmeug 6eotm SnphHleneouled meELD
Gungl wLbGW aeuafluion 2 wifflemneoll QUMID.
NOR — eurmufled Bsetn 2_eef(baefled asmeug eeotm 2 wiibleneouled mhsTGa
eeuefluic smplemeol] eLMID.
OR — eumufed 8561 2_aaf(baerfled ergmeug) eeitm 2 wiiflemeouied SmbamGen

QBMLITEASF &hmI

UTLILGED &600T&HELD

9_600T6MLD L 6)6D6T0T
Fal lq

SLPIILmeT

SBlwnée

&nleflensd
LieoTemLoWImEE

er(p—ell(pssnm)

6T600T600T1&H 6T

uHGeummlselr

eeuefluicy 2 wiFBlemeoll eLMID.

Besss snmiseflaerer Si&Hs Hleneowners GO &Teo
BemLeuaflufled OSTLITEUS).

BI&sE snHmisefe 2 erafl ok Hleneouledlmba eeusafluiio
1Hl6me0&H@ oMM ET(bSHEIH OSMETEBLD SHITED H6M6Y.

B&H&F SHIetT 2 eail (b eleuaflui’h Hlemeosemend GMILILE).
B0 6T6TUTHEmET Snl L 2 _F6)D Be0&HHEF SFDM).

B0 6T6tuTHemaTS HPHH 2 _FHe|D Be0sH&HE Shm)

HHEULSHEMET GUIUI(bS6TTS LoMHMIEUS)

SV bHEm6T HEHEUCSETES LOMDHMIEUS)

6D 2_eitaf(bsemenmyid 6 QeueuiemLuid Q&mesorL smeNlé &mhm).

& Crrssled 6 S eretorenetor GaiflsEID S Hleweo BevsHs
EUEMSHE SMDHM).

6T —6l(RE&DMIHEM6T GQEITHIEMETITSHS| 6TETUTETNIFHED EEUDEDEHILIS
G&LIL|D SFDHM).

85 Be5561m85 HH6ULSHMETE CFOIGHGLD (LPSHE0TEMLOUITEOT
FMHE0TLD.
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66T & &6l

uGd — o
siflumeor eflemLemwid

GaibOsbSS TREIS.
1.

32

(1 w&liaLevor)

NAND eunuiedler @@ o _etefboEpn 1
Hlemeoulled SHihFned eleuefluich ereoTeor?
3. 1

2. 0

8. 10

. Ot

6@ wrrluller BiTlens
a. 0

. 1

8. wMl&&F Fwlmeot
. onBluiedr HemedLfl

ufllorHmis &L ebleor ellflufedr Lig
ai. AB = BA

3. A = A+A

8. A + (B+C) = (A+B)+C

. A+B = B+A

UhiSL ¢ ellélufedr Lig
a1 A(B+C) = AB + AC
2. A(BC) = ABC

8. A (At = A
m.A+AB =A

SpsmetorL  elflsefled erg Ly eduledr
CanméHh&L OUMBHSTSI?

a1 A+ =1
. A=A

8 AA=A
m.A+0=0

EX — OR eunufiedledr
Q&FWebLIM(H

a. AB + AB

3. (AB) + (AB)

8. (A+B) + (A+B)
/. (A+B) (A+B)

AND aumufedleor Q& UWI6DLIML.Lq 600 60T
SpssesoTLeUHMIET 6TemSL  LWIITLI(bSEH
9_(HEUMSHSHE0ILD.

1. & NAND eurmulebaer

. cweorm NAND eurrullebaeir

8. @ NOR eurmuiled

. epeorml NOR eunuilebsseit

QEASIR
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10.

11.

12.

13.

& L1q ufl ot Siem oLy

____________ C\&IT6TOTL G

3. B 2_drafhaer — @ eeuafluipaer
. et 2 emafbaer — Qe euafluibaer
8. 8® 2 drafpbaer — cpeirm) Aeuaflulbaeei
. @@ 2 etefbasar - aeuafluio

1Bl 6m 60 8 6m 6001 & &n L1 LLITeD
L (PIQULD

1. & BTG Hlemed E(IHLD 6T600THET

3. B Buevorh Hlemeo EHLD 6T60uTSH6iT
8. G Crrsdled HMeoTES HlenE0sEmETU|LD
FF. IHT60T@ [Hl6mED&EMEMLLD OBTLITEFFWINS

eungieuns LetTemwnsEuiled 2 eememe
3. QW BT6Y 266l (b, Led HT6Y 2_aaf(b&6i
b a6y 2 arefhaer
. QI HI6Y 2_6Tafh , Qb HI6Y Aeuafluic
wHnIL @m Caiey 2 el
@ ue sey 2o erefhadr, U HIey
eeuerflul hs e Lo HmJLD Gaiey
o _eierf(h&6i
. L6D SI6Y 2_efai(h&eT, 6 Gleuemuic,
wHMID Gsiey 2 safbaer
erp—el(p&amm) STHHE & hHm) 6ot
TEEUSHEMBHENETE FMIHSGI
1. HlemeowMm LedTemD dihHlTe
3. @mHlemed LeiTemo SiFlTed
8. e Hlewed LMD SiFlTell
FF. 69(H 6T600T600f|
QSHFHWIhIBT 6T 600T600f1 &6
6T60TM)| SHWPSHSLILGLEDE.

1. fiHMemeD 6r600T600 & 6iT
). LI6D SHIQ&MT 6T600T600f 1860
8. udledro erevorevofl&HeT
FF. IOL(b 6T600T600M1&H6IT
Q&HWnsT
RS Wk &
ENCE )]
al. agTLT&HAuled o _dtem  Hlemedserfleor
6T600T600f & 6mSBEMWILI OLITMISE)

6T6UUT600T 186 6T 6T M)
6T 6001 600f] & 61l 60) (5 [ &)

3. HYSMTS FIGLIL OBM(bSHGLD (PeDMEDWILI
QUMTMIS&l.

8. er—all(&a mniler 6 61 & 6W WL
OUTMISS

FF. 1D L (b & 61fl 60T 6T 600T 600f1 & 600 & 600 LI Ll
TSI
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14. euwiey udBeupmaefled BTeydHemern
eeTLIFFAWNS Baidsd Caemeu

Sl QI HOHMTSH Sl

. QO UEb SiqLiy

8. el HHMTS SIS

. @@ sI16DG QW HU&EMTS SIgli 6igd

LSS — o
Spsanenib ellamése@rde e
auflsefled eflemLwefléseay.

3 W LI6\LI650T H6iT

1. eremeuGuiend e m B eme6v0TH &
GUTUNELSHEMENS & M).

2. NAND eurmuiiedledr siemioLlifement 6uemIHS)
©_600T6mLD SiL L 6UEDETITENIL 6T(LDEIS.

3. NAND aunmuiemeolt wwestupsdd OR
amuilemed SHLLeMDEHS .

4. SUWnsE euemTWIm).
5. UeTemWNTSHS — &HHHHLOMS eleurfl.
6. 2emIs FnLllquiledr SHMIILLLD EUEDTS.
7. (P (L& & L 1q ufl 601 ©_ 600T 60 LD
SILL 6UED6TITENIL 6T(LDF15.
® 8. @D 6T6T0THEIT60T 6 6TE00TEMETTT 6T AT

GoL&HsHe0mD?

9. QHHWIMISGT 6TEOUTETI EMWIEF  S(HHHIONS
efleurfl.

10. @nalesdenwit unm efleurfl.

elemL &6l

1. (23) 2. (FF) 3. (FF) 4. (1)
6. (2) 7. (i) 8. (a) 9. (2)
1. (=) 12. (1) 13. (o) 14. (1)
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UGS - 8
Spsanemib elambsEns® QO Lbs SieTeiled

eflemLwefl&seyb

1.

(5 w&le6vor)
EX-OR, EX-NOR aumuied s erfleor
SlemwUNlemeTW D  E1FWEDLITL LG 60 60TW|LD
2 _evoTemlD S L euemevoruiler cpeold eleurfl.
NAND wmmidb NOR  eumuievssrr
of 60T G1LIIT &) 6 T 60T eumuilev s e
TOTDEMPSSLILIFME]? 6T(bSHEISSTL(bL 60T
efleurfl.
Bmw eeudafled 2 eten  Smevurh
6TE00THEMET HTdHd 6UTUIEDIE0T CLPEID G Ll L
(B 6600T(H6ILDEOTMITED, 6THEM60TLI LILLIEOTL(h S &b
&n L 60MD 6Te0TLIemSLI LILSHIL60T eXleurfl.
5158 eunulesefled &S5 (PemMeDWIF

QFWIOLIbSS (LPGWon? SOHMIILLLD HMID
9 _6G0TemLD SILL6U6m6EDTT CLPedLD HiIHLI?

uetTemwImSAHuUledr aFwedLm emL eXleurfl?

uGd — rr
Spsanenib eflemnéserse SmuUss
siemedled efiifleuneot eXlemLwiefls&seyL.

10 W &lLIeLetoT SH6iT
cedTm| SiglitemnL. LLeSluwiedT GHMmhisemerLl
uLS&ILeorT eXleurf]

WP (R&Ha L1 LOMID DTS5 556D
&OMIG6MeT  LLLD 6ueDTH& 2 600TemD
SILL6uemeonr (peold eleurfl.

JK erp-efl(pé &miledt Q&WwebLIML L 6m60T
efleurfl.

ouwrey — udHGeummluieor

QFWIebLIMLIq 6m60TLl UL S&IL 60T eXleurfl.
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