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shurtcuts and well edizcabed guesses in reduss PIEMGTy <ize Al ey,
tick Lo 3 fracion of what zn "esact” algnrirhm wonkl requice, Homeue;
ralbwer than fisding a prenably minimal sxprassics for 2 Ingic functicn,
heuristic merhody dlbemmpt oo Find an “almast sl cne.

Even far prableins chas can b sulved by i Yenact” merteel, 5 heuriage
meshed rypically finds 2 paod solution s=n 1imes Goser. The s SUCCE
Ful hewristic program, Espresso I, does in Cact produce minimal or nege-
miifumal resalis for i masarity of groblems Cwichio eoe or swn Prostac)

berers ), including problerms with doséds of inpuss and husdreds af purcechas)
LErmes.

5 Lackieg of tings difereaily As we mennioged earlier, muleple-oulpy)
minimizalion cae he handkd by sireighthorsard, fairly  icchanics|
modiflenticss o single-oulput mimimizaton methods. However, by
loaking &1 maliple-catput minimization a5 & problem in rnultivalued
Cnembinary ) logic. the designers of the Espreasg-byw algnritem were abds
b make substactiol performance impeovemeits eeer Espresso-il

Mo icdiormarinn ea these metheds ein b Found in the Beferemees,

——— —_— e

*4.5 Timing Hazards

The analysic metheds that we develuped in Section 4.2 igneee sireug) delay and

dice in [y ior of comhlinarional lugec ircens. That s,
i ler @ circuit's pusput i3 8 Tanction nf its (npuls under she assnmpdivn
that the inpurs have bzen sable for 3 long ime, relative wo the delays in ke
circuic's electronics. However, we showed in Saenan 3.6 that the acial delay
fram an inpit change ta the coresponding outpur chainge in a real Ingic gireudt
is nonzerd ko depends an many facors.

Becaiise of circuit delaye. the frameienr dedior of a Ingic cireiin jiay
differ fevan whal i predicted by 3 slealy-state analyais. Iz particular, a cirgisils
puipul may produce a shon pulse, often calbed 2 glivk, /1 8 Gme when srepdy-
stace nnklyeis predicis thar the nurgul shiuld sot cRaRge. & hazard is said i exis
when o zir the pussibility of producing such & gl Whether or noc the
glitch acroklly wocurs depends an the exact delays snd othier electrical characrer-
istics of the eircuit. Sinve such paramesers are difficolr s contnod in production
circwits, o logie desgner must he prepaned to eliminare hazands (the possibifin
uf 2 glitch) even thaugh a glitch may nesar oaly under a warsi-case combanation
af legical and ebeeirical vonditinns.

"4.5.1 Stalic Hazards

A eraric-1 kazard is the possthiley of & ciccuits oalpes preducng & 1 glitcckwhan
we wiitld expect Lhe autputin remain at w nice sieady 1 based on & static analysis
af the cireulr function. A formal defladtion is given ax follows.

Timing Hazards

-
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Flgure 4-44 Simiatwith g statc-1 hazard: &) lagic gingram: {b) Hming d agram.

fretinriiom: A slalic- L hazard is 2 pale ol icpul combinationg thal: (2] differ in
wnly voe inpai varlalhe and (b) both give a 1 output; such that it g
pussible for o mmvezitany O cutpus s ooosr dusmg & ransition in
e differing inpan vafishle,

For example, considir ke |ogic circuit in Figure 4=k Soppess ihar ¥
eid ¥ are bath | and thar Z i changing from 1 e 0. Then (b) shuws the Bmeng
dizgrem, assuming thed the propagaiion delay thoough each pie or imerter 3
o unil Gme. Even thaugh “simic” asalysis predicts et the gurpil is 1 fos bosh
inpol cuanbinations Y, 2 = 111 pd 37,2 = 110, the fiming diapram shows that
F poes o 0 for poe umit rime dusing & 1-0traosition oo 2. beciase ol the delay in
the inverier 2l generanss 2°

A matic-0 hasard @5 the pessibality of a 1 gliich when we sxpeen e cincuit
o have a steady O cutput:

definidien: A static ) karard is o pals af mpul combinations thae () difter in
only ane input variable s (h) both give 2 0 petpur; sech tha it is
possdble Far a mementary 1 odlgal o ocoar during o cransison in
the differing input sarinhle, ’

Smce a static )l Fazard 15 just e dual af a smiic-1 hazacd, an OF-ARD cirosit
daat is B dunl of Figure 444 2] wveald have & srarie-0 hazard,

An OAAND ciredit with fuur static A hazords 19 shersg in Figure 4 4512}
Q= nf the hazards cocurs when W20 Y = (00 and 7 15 changal, as shown in (b
Yoo should ke ahle o fisd the otber three hazards and elomisans all of them after
sudying the next saheesion,

*3.5.2 Findlng Satic Hazards Using Maps
& Karnauph map cam b used o detect stalic haronds (i 3 reo-kevel sumeof
proaces of produet-ol-sams circait. The exsstence of podexizslence of siatic
barards depends on e cincuit design for o Inge fenczioa

A preperly dedigned two-level sum-nf-producs (ARD-0R) ciocuit has no
stalic-) hezards. & static-0 barard woald exise in sueh & circuil caly i buth a

Roference: Digital Design — Prrciples and Fractioes, 17 Edition, John Wakerlv, Preptice. | nll, 2062
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Figure 4-48 Jircuil wilk slatic-0 hazaids (8} lcge diagram; (b7 liming Jiagram

variable and its complemen were conaccied e the same AND gate, which wogl
b silly. Howewer, the circalt muy have slalic- | hazards, Their exsienes can s
predicted from 2 Bamaugh map whene 1he proabect teoms cormaspanding ra
AMD pates in the circui are circled.

Figure 4-45{a1 shuws the Kameogh map for the cincuin af Figun: d-44. I g
cleas from the map thas thede is e single product ierm that covers hirh o
vombinalicos X, 2 < 111 and ¥,%Z = 114}, Thus, intailively, it is possible oy
the puzput bo "glitch”™ mnmesainily o 00l e AMD gale output that covers ang of
the comhinaticne goes wn [ before e AMD gale cutpul cevering the aiher ipu
comhination gres in 1. The way e eliminale e hazard is alwe quise apperem
Sionply include an exira producr ierm JAND gate) to cover b hazardous inp
par. as shawn in Figure 44450, The svra product wreme il tums cad, is ihe
cowrensiy uf the two prigmzl 1ermes; in pensml, we mis

...,._.:_..
alimingiz hazards. The enrrespanding frist carcusl i3 shuwn i
T.m:..n Tar.
Another example iz shown in Figure 4-48. In this exgmple, theee prodo
lerms masl be added po =liminale the static- | hazards
A propey designed two-leve]l prodact.of-sims 1SR8RO cercnir b 5a
a1 hazards. 1L mor hane stabic-0 hazards, Bowewer, These hamards can be
detected and eliminated by stadying e adjacent (I in the Kamaugh map, ifa
manner dual b the foregaing.
Fi 4.4 e — " e
gura - -2 ; e
EarnaLgh map lar e .m....,.. L .F .._.n_ Vo u.......... L |.E o~ ’
crourtal Frgare 4-24: u 1)1 @ B 1
1a] 23 originaly desoned: R e 2 7 1h
U2 il slalis- 1 Bazard i A i ._ ! [ ! _. ._M_.r.. Q .
eliminahed. v.3 -....._. —_ O S T B W TN

i T
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Figure .47
| — |. XY Circuit wilh sraric- |
- hazar] elimingpsd.

453 Dvnamic Hazarde
A dvAamds hesand 65 the prssibg

: mixi; lha i
Mulliple putput trmnsitions can oceur il there
delaya froam iy changing inpey 1o the changing

= malbple prths il differen,
ourpol.
_u_..nwa.p!_.___q- vansider the giryuit in Figure 4-29: it hes thres differenc parhs
Eroent ifiput X in the outpan F. One el the faths goss theough & slew OR gaie, ard
Hﬂu.__n.__.m_“ﬁh ﬂﬂ_"&“_ﬁﬁ Eabs thil is even shower, [ the inpal o che et 12
o e SRR 1 then the gutput will be 1, a8 shown, Naw 5o
”_._x X EH.E 1o L Assiitiing ar all of the BHlES 2heepr the Lwg H.H__M.neh_._ﬂ.____.._q-:u“ﬂ
ﬂ_u:ﬂn.:__m *ery Tl the transiticns shows in black accur nexr, and the putpur
pnes vemii . che dulpet of the “slow" OF : i
: . gale changes. crearing e
_._.__.“._.._ﬂ..__.._“”n. ._.E..“pd In nomitatic celar, anmd the iUk goesqy | m___a:__....z_r._,_.d_”ﬁz_
the “sleveer™ OR gate chonges, creming the tracsitions shown in jkalic salur,
and the curpul gees ra s fnal state of .
D....:.E_..w. _,"_q.:_“_m di nar ovcur in 4 properly dexigned twa-leve] AND-OR
ur OR-AND carcuit, that i3, ane iij which e variohle and its complement are cog-

Figure 4-48 Karnaugl AL A0 aantee sumeedpredosts ciroa
desined; o} wilh exira FrEcuct IRrmy o oodr slabio. 1 Yiazards
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Figure 4-49 Circuit with a dynamc hazard

nected to the same first-level gate. In multilevel circuits, dynamic hazards can be
discovered using a method described in the References.

“4.5.4 Designing Hazard-Free Circuits
Only a few simations, such as the design of feedback sequential circuits, require
hazard-free combinational circuits. Techniques for finding hazards in arbitrary
circuits, described in the References, are rather difficult to use. So, when you
require a hazard-free design, it's best to use a circuil structure that is easy Io
analyze.

In particular. we have indicated that a properly designed two-level AMD-
OR circuit has no static-0 or dynamic hazards. Static-| hazards may exist in such
a circuit, but they can be found and eliminated using the map method described
earlier. If cost is not a problem, then a brute-force method of obtaining a hazard-
free realization is 1o use the complete sum—the sum of all of the prime impli-
cants of the logic function (see Exercise 4.84). In a dual manner, & hazard-free
two-level OR-AND circuit can be designed for any logic function. Finally, note
that everything we've said about AND-OR circuits naturally applies to the corre-
sponding NAND-NAMD designs, and about OR-AND applies to NOR-NOR.

. MOST HAZARDS quiﬂﬁ:nﬂlr!ui??iirﬁi.?i-.- "

ARE NOT well-designed, synchranous digital system is structured so that hazard analysis isnot |
HAZARDOUS! E?Eiingiuaﬂrﬂ-ﬂ:%ﬁéﬂimii:g-

e!&iﬁwﬂw!nﬁit-iﬁ&mi,lﬁé are nol looked ar™
until they have had time 1o settle to steady-state value. Hazard analysis and elimi-
mAtion e typically needed only in the design of asynchronous sequential circuits,
such as the feedback sequential circuits discussed in Section 7.9 You'll rarely have
reason 1o design such a circult, but if you do, oan understanding of hazards will be
absolutely essential for & relishle result
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