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Stud*nt t* Left:
Studcnt to Righl:

** r'r*t stmnt wc:nking until imstructed t* d* s*.
1 You musf ai?.$r,.rsr i* the speqe gfgyfde$ fl:r ansursrs *ffer *li*ry quesfi*r;. W* vtill

iEnr:rc p*st&'*rs writt*n anywh*r* sls* rn fli* i:r:okl*f. AiJ paq*s rq_ff?ss &**kf*f me.rsf be
eqqoryrlfqd fcr *ffisrwisa it wittri*f i:e grade#.

2. Y*u ars p*rrxift*rl ? p*g* cf ffcfes 8.5x11 {finrif *nrJ *ack).
3. Y*u may ficl #ss any *l*etr**i* rlevtce.

,.". .!..t" ". +. ' '' .. .r.i811"..,..i i. ,J " 1 ... .r,.-l:d: 
".--t,.'. r;'b"rt1lt' {-r' }1. . 1: {ft{":.'{.} tl\' . .i "s{c;rl {..}t}"V

{J#i-S I fi*#frf ? SICSi},}SfA 1 kMlrxfsr ##}S Pr*f" "Via*g'.A*f*or:y' *&*n

1 of 10

QulestEon t 1$

8u*stfimm 2 6,E

QuestEofi 3 ?8.

*uestlon 4 J$

QurestEon 5 {HC} +S

YOYEL 1*&



#0!^A | trCWWt'f {l*S{bq#$A l "{,finter t{}*# Frr:f. Nia*,9 'fr,r"!{.&t*sy { h{"{?

Consid*r tl"re f*ll*wirrg Karnaugh I'r'l*p f*r the Brol*an fLrn*tion, Y. A blank truth table is pr*vided
for y*ul'c0nveftience.

Affi

,,0*,,
I,J I

ll"11l' il1Cil

"il0" * il 1 fi!
'0"t " * fl\rl slo " t-g("1
"4 4 0

t?\
0 C

,'{ n" -r_1_ 1t tlx i* XJ\

CD

(b) \#rite the finCIiean (si:m-*f-praduct)
any)" {5 pts)

{a} e ircle the prim* impli*ants *n the map. t5 i:ts}
How many prir"n* in"rplicants are ther*? .l
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(ci txpr*ss a$ a n'rinimal sum *f pr*duct, -..,Y. (5 pts)

Thc K-*":ap i* pr*vid*d f*r"ycur conv*ni*nce.
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(a) ls DeMnrgan's theorem still true with mor€ than twc variablec? lf sa, pr"ave it in the case of
three variables x, y and z. (S pts) fvs ) lilult1"v voyr )r y.onu l\a (ir,ft hdic, , V"rn iry.,*, 
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{b} Rewrite the follawing Boolean equaticn in (Disjunctiv*) l{ormalform. (S pts}

1-,19n+ll+T
wh*r* & mean! X*R *perati*n, i"*" , Affifr = AiJ + i8 tf /1/0h,, F.ilv ,)E^ol*,
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Answer:

.iAr-i',4rt) *O+tt. frtla)'rAt,:-- ttrt) + iAgt- ,,iw)

:-
f = ilE=L- "*l-tg :4$ , A-6-"- -*

{c} Simplify f frorn {h} i* a n:rnimurn sum-of-pr*ducts. List whlch ffiE:olsan praperti** y*u us* at
*ach stap uf th* *impllfieation. l-"iint: ysil mary use K-rnap to u*rifly your a*swer. {6 pts}
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(d) \ Jith only ?-inpLit f'ICIR Eates, irnpl*ment f with a minimal numb*r sf Sates. ilrav+ the gate

di*grarn. (t'Jote: no csmplemented inplit$ #re Siven) {S pts}
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The following 12-bit word can be used to represent different numbers depending on the t 7

encoding I ': i-itpltn';ri 2i .:i"n..,^h't (' + j-\ :.s'l' ' )' '2' '20
12b'1110_0110_1101 *+ 000t- t0at- 0Al0 *+ 00ai- i0cl- 0att =2i(i tL!416+2i,1

r jgtl ,ll(a) lf the word is 2's complement, what is the corresponding integer? (4 pts) - q 03

(b) lf we convert the word (treated as unsigned) into base-4, what is the represented number? : 103

(3 pts) ll to-.Ot t0.- 1t 0tiztzlt ???i ?"
(c) lf we take answer in (b), extending how we define 1's complement for base-2, write the 3's

complement of the base-4 number. (4 pts)

Ot2t0z

(d) What is this word in Hexadecimal? (3 pts) E 6 0

(e) lnbase-2Osystem,assumeeachdigitisnow00,0l ,02,...09, 10,11,...19(eachcalleda

Praf" Xiang'A,*th*ny' Ck*n

How would one represent a base-1O integer 1246? (4 pts) 3 r 2 6

What's the 20's complement representation of -1246 (i.e. the 20's complement of lhe 1246)?
(4 pts) iL . t v.. lq

f- tl t u,ry/c^a* i 16, )7/ ts

Using the first vigit as the sign vigit, what is the most positive value in base-10 integer that
can be represented? (3 pts) 3?t7

l\ar v.l^t i q/ lq, i1 ( l€r v5k elil los renje 0-n)

= ?rlOO + !l,r)Q + 11

= 3690 * 380 vll
= 3qq1

l2tl6 ^L
- t t-|c T- L0 xS

-T +- 2."'i 2
:-/-P 6 +- ZA"r 6
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"vigit"). Forexample,01,19 is 39 in decimal. Using 3 "vigits":
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{a; lmple*:*nt a *ne-bit "h*lf-sLrbtractor" from gat*s. T}re carry-out of this subtra*tor is I when
the result i* -1. The truth table fcr this is shown be!ol'r: (S pts)
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(i:) implement a "full-sui:tractor" from "half-subtraetor" blocks. (S pts)
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(*) lmpi*rnent a 3-bit "subtrastnr" fr*m '1-hit "fuNi-subtra*tor" bl*cks. (7 pts)
Prof. Xiang'Antfu*uy' C**n
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titri-S i ##ge$f $lf;Sib$$lfA I Wi$r*i" fS?4) Profl" "Yiarigr'l{rt{'fl*my' #Jt*m

(d) Processor$ use a block called *n ALU (Arithi::*tic LoEi* Unit) as part of their proce$sing

capability. l-.lern we will impiemefit a vf;ry basic ALU with a tctal of 4 fun*ticn*, selected by a
2-bit code. Using the building hlncks discusseei in lecture and the 3-bit subtra*tor blcck,
imll$tlg0la-3:i:it ALUJhat caryad$i*j;ubtract,"teqate ane sraument, and muitiplv bv ?. Tha
seleet codes *re listed in the tabl* helow. lrlot* that ther* *re 3 inputs i3:bit a, 3-bit b, and

thc 2-bit s*lect **de) and ? *utputs (3-bit result and a 1-bit *arry). {14 pts)

Fiint: Multiplying a n*mber is like shifting the bits to th* left and using fi as the lowest bit. An
*xampie: a = t = 3'bS01 *> ?ii * 2 * atr'bOill#
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lnrpl*m*nt a 4-bit Gr;*y code't1 incrementor using buildir:E blocks {no Eat*s}. Th* 4-bit Sray
*odes are sh*wn [:elow.

#rr*f" Niu*:g'&,*ifu**y' *b**
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