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Word  Natural unit of dato for a processor (32/6% bit)
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Lllo =2 1] o posorpion | X+ (X 1) =X .
X - (X+Y)=X X Y=X_+}: Eaevl\vllorgan‘s
X+Y=X-Y
comm, asso, dist ( a-(bte)= (a-b)+la-c) and wv.)
Del oy = propagetion Lpd  max de{m/ from any [=any o
- con’fam{noutfm % cd  min a{e[g e
critical FA'H\ : [oh\aesf (2 ‘(Ipa)
chort [m‘ch - shortest (T ta)
2V after  crit. /', but before, mocy have  trapsient, X = \9[{755#)
i mn'% oh‘ag ram.
unigue A Cascade of Vocahulary
Canon ]‘[a [ ,FOrm s l i ﬁu’[’h ‘kab[@ complement: ir;(ve/;se of a variable (f;c.)n; set theory, the set of elements not in A)
literal: a variable ?r Ehe complement of a vEriabIe
rare '{:o be { 2 . sum O.F m{n+eVM$ product term: ;béﬁjﬁh;ion (Iogical);\r:ﬁl)\:)zliterals canl-{: be [H@mf '
XY, cD X+Y, AB+C, I(J+K)
ml’n ) } R Pf'DdL(C{ 0][ mox)(‘te)’mj' minterm: prodféfrzﬁgtgat |ncludes:(lzlv|gput variables, complemented or not

sum term: a disjunction (logical or) of literals

X+Y, A+B+C XY, A+BC
maxterm: sum term that includes all input variables, complemented or not
A+B+C, A+B+C A+C, A+BC

sum of products (SoP) expression: sum (logical or) of product (logical and) terms

(A+B)(C+B)(A+B+C  (A+B)(C+B)(A)

AB+AC+ABC AB+AC+B
2-— IEVBI l‘-"\ql.Cz product of sums (PoS) expression: product (logical and) of sum (logical or) terms
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2. CAD
3. Mopugl — Karna@}\ mas | bubble Fus}\ir\ﬂ
7(Jon,dc}\ table, vedrawp w/ aogwené\/ I
Adj. prop. For any acgs move , | bit ~pr5 e j
Look for _2 adj. [4 . 7
L FEX Y Y 4 XY X o -
=XY+ X (dist.) &B Qaverlar &muF = can over’lay
Also = YJr)(?E F= (X+XY)+[ YY) / = has all s
F:X'{'Y — has no Os l
> oy, ) -ish = dim must he Zh&

Design L. PoyulaJre truth table

2. Po?ulo%@, K—mo{? j>07
5. ﬂC several Ou’llf, find common grvufﬁ —}

L cum the terms

Don% —clare. * X
E. P”Drﬁ/ entoder - iderdifres +he 0{1'\61"(' wl the MS .
valid bit: [V, oX (f no | Fve;?n’l‘), lsim}vi:’ﬂ‘es T-table)
Bubble [ms}linﬁ NoT A/\/DP ﬁ NAND — NVDR i(}% >§NOP\
2-inpué CMoS # 2 b L L L g 2

| introduce bubbles
2. push = 'Hv'f —} = %

2 add additional bubls




ana. functions

A, Ao 2:4
Decoder ki t, 2% output ( |, oth % Pecoder v,
D m[:_t OMF " o ) ’—X‘Z W — A g:\é minterms
on€-no \A;,AO/F Ys Ao F oo =Y,
-—‘Eo\f Y sthematic
) s
Mul{i}),exer (mux) @ o -
‘Uﬂz/\/ switahes to select M infm‘;. 5, @ v T
Y: DO§+ Pl.§ ' $1Sp =01
L-bit, use a  decoder T
implementm'on«' connece n’nym‘s o tlhe 8 4, S S D e
" D Y
554 Choose some as select bifs wnte Y . D, D?
as o fucn. of the other bifs i L

Shifter | Logn’zal fill extra l’}’ 0
E. lov] =22 =vollo, [loo[<< 2 =009[00
2. Avithmetie {ill 177 value of MSB on right shift LPYeSen/es s\gn)
E. lloo] >>>2= 10
2. Kotator  votate b7 circe
E. loo] RoR 2= o[llo, |leo] Ro) 2= oo]ll

[[oo]<<< 2 = o000

!

A<<N=Ax2V
— Example: 00001 << 2 = 00100 (1 x 22 = 4)
— Example: 11101 << 2 =10100 (-3 x 22=-12) Wadch overqcfow l

A>>>N=A=2V
— Example: 01000 >>> 2 = 00010 (8 +2%2=2)
— Example: 10000 >>> 2 = 11100 (-16 + 22 = -4)

6}\0’”{ [ro
A A, Aj A, shamt,,
. iz 2
Tmplementotion shamt, ma] 4
F 2 *— 10 YS A )-{' \\J
A 4 4 v Js 3:0 3:0
3:0 3:0 il v
—{10 2
shamt ‘ 1A 12 Y, Y, :S*L v
w0
0 1|0 A A A :]:
1 0|0 0 A A =3 | Y/Za,
1 1 o 0 0 A . %
[ HH) gets Ay




A B

BdderFull: sl conny, Holfs wile carmy Co Ww
Muttibit [ Kipple carry nxfull, 0ln) wigth |

5 ow ( s
Ay By Ay A, B, A, B Cs Ay overflow = Cyy @ Cy
0\/ er{lov\/ é COLI( . Cln 0 0 0 0 0 pos & pos - pos 0 CSL} % Cg’ ’
Cso Cx G Co
0 0 1 0 q pos + neg cannot overflow 0 s0 Asi= Bs
Sy Sy S, So G =1 if tus
Lonot 32 0 1 0 0 1 pos + neg cannot overflow 0 ’ v
of Gzo, Asi, By = ]
0 1 1 il ﬂ neg + neg = pos 1
§u}7%m(7f0>/ A__B = A+é~6) 1 0 oo pos + pos = neg 1
A3t Bsi Az 30 B‘ A" Bo 1 0 1 1 0 pos + neg cannot overflow 0
[ _ £l ip brts ‘
1 1 0 i 0 pos + neg cannot overflow 0
1 1 1 1 1E_ =4 =] neg + neg = neg 0
\ Y y m I
C..\ /—\
o \—y—+ o %ﬁ/ Cy

/. Cam/ lookahead Lreduces carry chain)
Cist = AiBe +AiCi + i i
< AiBi +CilAi+Bi)

=AiBr = A +Bi

= Gi+ (i P genem’fe oY, Fyo[mjafe and  theres £ aln’ad/
E. =6t CP= Gt 6t (o P)D, = G)fé»P,+CoPP
lnprh onv

Ci has | terms | max i+ literal
fofdcb\]l o Gode del(Ay X /rpj,,[inlyu‘f)

ALD — Arithmetic }0\9{& unit

O
\y,, / B 5 Function
\EN L 000 A & B
\¥T,%Fz 001 (A | B
1J7[1 010 A+ B
Ve NN, 011 not used
Cou 100 |A & ~B
101 A | ~B
pul 110 A -
. ‘,”"z‘Fw 111 |A < B SLT (set less than) Lnnl\/ Yo used)



E. Sorter in: & k-bit int, oub: & 4-bit int, sorfed

l. Desfgn algor:‘{'hm E. bubble : compore — SwoF — mpve [ar\ges% ~encl
A B ‘

2. Use blocks to imﬂemen‘é ‘ ;

3. ImF}emenfc cir. % A comp X

DeP‘H\ =3, s1ze =§ BT

C h(lj memory)

gg&
S’foTe I b)'& b)'——éfable e[ememt/ KCY‘()Sj‘COLLFl?O{) _
Qa
teontro|  J.SR latch S R | Qi)
K—>» ®Q
set | O | § _
res o | 0 5 :
holl o O QLlt) NOoR
/"‘W‘V‘—? invlid | 1| 7/ |
2. D -latch CLE=0: R=QR opague _DCLK f?—
CLK =1, Q=1 Jcmnsyaren‘('/ e
imyle‘ w/ SR+ > — | l
N\
CLK L_./_—, Icyc(et l r;’sf!} edg(’,, [ "Fa“l'n\ﬂ - b f?—: 1
FF Y(S”‘j edge Briggered Co—= = Q=D ( ar
o CLK
DFF imp.  only one [afch 1s Transparent \/
f ! F . ho<]7
When £ 0], Q= D [eAge Sengjc;v@) CLK CLK
N1
Opbions = erabled (if EN=o, no updete) (MUX, 0 —D) bob Q=D QrQ
L1 Q- L2 Q-Q

—reset  PRE =] forces Q=1, CLR =| forces Q=0
immed(m‘el7, Yegavdlﬁés CLK



T (“toggle”) flip-flop:

(her Jt\/ pes
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V|'5]‘n3 Cdﬁﬁ IK flip-iop: R
Inal oo o~ X om0 =040 0
0 0
o 1; 1 XK\':‘FFOM ] :M
Lorew CLK
/

Veﬁmfer FE {or each bit, same CLK ’LEQ
Counter Add ] per  CLK cycle
Shilt vegister  serial FF, not paralle] Sin (A $one
Every cycle, FF shift a bt Ladds de[oy) o &

D D D, Dy

Shift t ] (oat ‘

Clk 1 |
N T RNy R

0

[E. Pam”el in = serial out)

Q, Q, Q4
Memory array large amount of data  (ypically volatie) registey - mem = disk
[ -orray-ar) Pty °
. Dynamic  yorndom occess  mem. DRAM
N mem M dﬂ
2. Stetic KAM SRAM Address —/—] ooy 25 Juto,
5. Reod or\l\/ mem K oM|
%H‘ width 2:4
ZV ) n ’b\"t add — 2 XM Decode:1 wordine, | bitline, | bitline, | bitline,,
bitline wordline stored bitline Address 2 stored }7 stored }7 stored }7
Reﬁd wordiine - b)i(t - - 1o Wordine, bn‘=o bn‘=1 b|t‘=0
stored 1 0 0 stored stored stored
bit 1 1 1 [ l A ( o1 wordline, bit = 1 }7 bit =0 }7 bit =0 }7
OV]\I word. on’ sto:'ed sto:'ed stolred
Z means “high impedance” (hi-Z, tri-stated, or floating) means signal is neither 00 wordiine, blt‘=1 }7 blt‘=1 }7 bItTO }7
;:iori\t/)een“:‘c;:t::gg,i’cal high nor low level and does not drive connected circuit. It is said Ztitor:g }7 z}:’f:(: }7 Z‘i?;e? ’;
Only selected worldline drives bitlines, all others float. L?df)’connecfed,not dn'v-'ly future 5‘60585 az Data, [%]tao
read M bits ot a time (entire }’ow)
KAM  volotile, guick K/W
periodic - maintain data. —
DRAM  store  dota  w/ ca?adl'fori small, but leak, read desfoyed P
fL[::[_rﬂ——WDTd
w/ bistoble inverter: lorgc, but fost read i i
it i
KOM not volatle , but hard to write iy Cmb
A3 Array

E. loo\iu}? table (LUT) . muH(—Porfeo[ mem ([ |+ words at o ﬁme)



(use FF to hold stote R, combinatorial lo\glc 1o compu‘fe Qe )
7([0) 9(“7 X

E. parii’x/ checker
resch _ '
DFA o —
Stote  trans, dtagmm
Design E. Vendl‘r\g mochne Sellinj IS 4 ffem,aa:clré §4,lo¢, no change

MD not allowed std. comp onent's

[. J‘denﬁ\(y L/0 I-N(S¢).D[lod), KES, CLK 0 OPen [relmse)

2. Transition dl'a\(}ra/m Wﬂ Nﬁ m

inputs output
3‘ Tra né I _ta bl e st:)a::e l; l; nextO:tate opoen
0 1 10¢
N
5¢ 0 0 5¢ 0
0 1 15+¢
1 0 10¢
Fovy each ¢tafe and |'nFu{,*Ffr\A next stote and OUiPuJC —
A
1 1
15¢ 0 0 0¢ 1
0 i ! 10¢
1 0 5¢
I 2
4. Encode the states Qo O = 00, 5-20], [0 [o, [§—=2I]
inputs output
S; Tfur'&h 'tﬂabw W/ 5’{&,{?/ O(Afyuf enCOO{l'VI state 0 0 N D next state D,D, open
j 0¢ 00 0 0 0¢ 00 0
0¢ 00 0 1 10¢ 10
0¢ 00 1 0 5¢
0¢ 00 1 i, X XX
_ 5¢ 0 0 5¢ 0
DFF/TFF / JRFF T | —
5¢ 1 i X XX
. ]
exFlnrt dont  cares B . . | e
10¢ 10 1 0 15+¢ 11
10¢ 10 1 1 % XX
ISR 0 0 0¢ 00 1
15¢ 11 0 1 10¢ 10
15¢ 1 1 0 5¢
15¢ 11 1 1 X XX

b. Boolean dor Qnt1 and owau‘f
oref)ré?:&a ) K-MAP i —
. Buildl circult

< i n[?l.rt
state current _state
__O dota &__ [ l
next state logic | output logic |
neet state |

ouﬁpu'f:

open



Qn+t alwm,s deFends on Qn and t'nFuJC,buf output dift.
outputs depends only on R (no [ O direct ra'th) o e
outpits can  degend on [ inputsJ’:@k ;Z?LC%Kkstate@outputs
output  may change wlo  CLK Lwl J’nrw(:7 — =
output on edjes Lstate X l'nyut)
Lon use one-hot encoding and,  TFF

Dattern Yewjm‘(ilo E last 4 bits are llo]

111: last 2 ones
still in pattern,
stay in state

FF inputs must be stable at CLK ~ - |
|
tsatur D before v that D must be stable (J‘YF‘ lonﬁer) D Mm-mmmo‘
_t o _F{ ‘ Eeetup | thold 1
. e CLK ’;z(
de[)ends on O Time for & to stable i Q1 < ] m
@ Tl'me 1Co>/ (L )
min time — unsteble mox :.5
—¢  Contaminetion de(ay -9 PYDPajafl'or) ' : »l
_eg CLK->R, _d-Q-=D : ):,_
e | |
I —O0000O0K |
_(,_holo{ '(IC%JF avoid oo fast It | t 3 t |
Epcqi : ( pd N setup >|

T '6{7‘% + + %53{.‘? slow
CLY skew = diff. befween 2 CLEK Vi o consider  worst
Teetp CLK 2 arrives eorI\//
Tez tpg  tpa t Toetp F L ctew
thd LY | —~—— early
Toow t Ehotd £ Tt Ted



