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It is well known that central problems in the design of
uter hardware {e.g.. minini:_atiﬁn of systems of boolean
tions, state assignment for sequential machimes, test
-ation for logical networks, etc.) are NP-hard [1-3], this
ies that any algorithm for the optimal solution of these
lems will require an exponential number of steps. This is
same order of complexity as that of a 'brute—force' approach,
d on 8 comparison all possible solutions. The sitwation
rs even more difficult when noting the dreamatic increase in
cé complexity with t]u.'.'_ transition to wvery large scale
gration (VLSI) technologies. Due to this difficul ty, there
growing demand for analf-ticnl design technigues usefnl for
 and complex devices. This sitvation i1s similar teo that in
lesign of optimal comtrol systems, Here, the system is first
irized and then 2n optimsl approximating linéar system is
gned by the use of such powerfnl technigues as the Laplace
form, the Fourier transform, or Z-transform. The spectral
iques presented in this book are similar to these classical
sforms: in fact, they maintain the basic properties of the
ace and Foarier traansforms. They may be considered as
ralizations of these classical transforms for the analvysis
jesign of digital devices, both binary and non—-binary.

An intrinsic advantage of the Laplace snd Founrier trangforms
hat many problems which are difficult to solve in the

nal or ‘time’ domain have simple solutions in the transform
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aspect to the spectral technigues discussed in this volume.
Consider & combinatiomal metwork (Fig.l) with m binary input

|ines XpsesesXpy_q and k binary ontpevt lines ¥g,ee.s¥p-1- Ihis
levice can be described by the fumction

B k-1
¥y = f(x) (zx = Z Zjlj, ¥ = E zj’fj » Xj. ¥j € {0,1}), {1)
j=0 j=0

Lot us introduce now 2 transform W:f—>7F, as an analog to the

Hourier transform, for the system f ¢f Boolear faunctionms:

F
flo) = 272 ¥ £(x) ¥, (x) , (2)
) 4
m—1 |
rhere o = ¥ 2Je; (e; € {0,1)) and
j=0
m—1
2 xjoy
¥o(x) = Wolw) = (g (=@ =, 30 : (3)
X0 « ) A _ - ?'EI
Xy ¢ | Combinational | e ry=f{x)
Xm-1 __ Y1

Fig. 1. Block diagram of a combinational network.



-»f iz known as the Walsh transform or as the Walsh-Hadamard
asform, A (2 x 2M) - matrix with elements '1.:» = (—1)(1-“‘:‘
>alled the Radamard matrix,

The inverse Walsh transform 1‘1:?—}1‘ is defined by

£(x) = 3 ) W () = ¥ Flw) (-1)(x0) (4)
| ® | 0

function ?[m] is known as the Walsk image, or the Walsk
ctrum, of the original funcetion f(x) and w is called as a
eralized freguency'. |

There are gquite a few imporiant design problems that are
4 difficult to solve using the original functionm f(x), vyet
+ easy to solve using the spectrum ?{u}. Some of these

lems will be consgsidered in Chapters 1,2,3.4,5, and, 7 of this

Before we discuss applications of the Walsh transform, let
riefly review the basic properties of the Walsk fumctions and
¥Walsk transform. (For & more detailed description and proofs
roperties of the Walsh transform, see [5-7].)

First we note that the Walsh functions [lmh] = {-1){z,0),

(mﬂﬂ-"“n-:[), X ® (Xgsr.erXg 1)} form a complete set of
ogonal fanctions, i.e.

2R X W (x) We(x) = 8, ¢ (5)
b 4
l, o=t
€ B¢ =
0, o ¥ ¢ ; and if

= 2 f(x) Wuo(x) = 0 for all &, then f(x) = 0 for all x.
x



are related to the group struncture of the set of binary vectors.

A set @ is seid to be a group witk respect to operation *
iff: for any a,b G we have a*b G, there exists 0 G such that
2#0=0%s=s for any a G, and for any 8 G there exists a 1 G such
that a*a~1 = o l®#3=0, A group 6 is said to be commutative
(Abelian) if for any a,b- € a*b=b*a. Two groamps, G, with
cperation * and 6y with operation o, are said to be isomorphic
iff there exists a one—to-one mapping (isomorphism) h:G 4=>G,
sach that h(a*b)=h(z)oh(b) for amy a,be Gy.

The set of Walsh functions form a multiplicative gromp

¥oix} =1 for all x and |

Wolx) Welx) = Wa4(x) | (6)
wvhere n®t is a componentwise modulo-2 addition (I0R operation)
pf binary n-?ﬁct-nrs w and t.

From {6) and (3) we also have the following 'translation of
arguments’ property |

¥, (x® ) =¥ (x) ¥ () . | (7

The most important property of Walsh functions is that the
nul tiplicative group of Walsh fuanctions is isomorphic to the
dyadic group F% of all binary m-vectors with zespect to the
componentvise XOR operation., The importance of this property
follows from the fact that all logical functions describing
behavicr of combinational computer components eare defined over
the dyadic growp F¥, This isomorphism, h:W (z)¢—>w, is similar
to the isomorphism between the multiplicative growp of the

2n -
xw) (i =¥-1) and the additive

pxponential functions exp(i
N
gronp of integers [(0,%1,+2,+3,...]).
¥e shall summarize now the mest important properties of the

Walsh transform W:f—>Ff (i.e., of the hermonic analysis over the
dyadic growp) which will be widely uvsed throughout this book



$
f(x) = 2 ajf;(x), where a; are arbitrary
i=1

5
Then Tlw) = E ni?i[m}
i=1

Translation of Arguments
plx)=£f(x @ <) for some v & F2,

L Bw) = ¥ _(u) Fe).

Logical Convolntjon
te p = £,8¢,, for plz) = 2 f1(x) £p(Ttdx).

Plancherel Theorem
1_1"2 f;(x) fo{x) = E ?lfm) ?zim} .

I 1)

Poisson Snmmation Theorem

real number s,

{8)

{9)

(10)

(11)

(12)

Let V be a subgroup of the dyadic group BY of binary m-

ors and V'Lbe the orthogonal subgroup

”Iﬂ""’:‘m—ll I Iﬂz“ $ Ilzl & e $
(Zw—~1 = O for all (Zg,...Zn-1) € VI

1% #(x) = ¥ £
xeV weV-

¢ {¥| is the number of elements in V.

(13)



pectral characteristic of switching functions, namely, the
ogical auntocorrelation functiom B, which may be definmed for the
iven gsystem f of switching fimetions as

B(t) = ¥ £(x) #(x @ ©v) . (14)

b 4
The following important resulit, which is an analog of the
¢ll-known ‘I’ia:_u:r—l]’:inchin theorem in the theory of stochastic

rocesses, shows the relation between the astocorrelation

gnction and the Walsh transform

Po
B = 22m{p2 . (15)
W "
f f
: W e i
T W {w)
W .
P(x)=f(xeT) é(u}ﬂ'&lulf{ml
a) Linearity (8) b)) Translation of Arguments (3)
W - | W "
f f f1\ "'\ﬁ
W " W a
f, b f;
® ® @ °
W W

LR £ g=te, tof, 2"Teh=h.4,
c}Logical Convolution (11)

Fig. 2. Properties of the Walsh transform.




27" 6005 x)= Z Hlw b w)
W

d) Plancherel Theorem (12)

W

Flx)a— s i)

-1 - .
VI % W%L
g _ r
VI x%f {x.}-. u% 1“'J‘lm)

e) Poisson Theorem (13)

fr— of

gmpl W 1
£) Wiener-Khinchin Theorem (15)

Fig. 2. Properties of the Walsh transform (cont'd).



ccessive application of the Walsh transform to the original
nction £f. (Relatioms (8)—(15) are illustrated by Fig2)

¥e note that the logical auntocorrelation function is
variant under the dyadic shift (i.e., fuactions f(x) and f(x
have the same autocorrelation for any binary vector tEF%]‘.

e spectrum f-'(u} and the autocorrelation functioan B(t) will be

¢ most important analytical tools msed in this book for
xctral design technigues. |

We¢ also note that the basic properties (8) - (15} of the
1sh transform are very similar to the corresponding properties
the Laplace or the Fouriex transforms, the major difference is
¢ replacement of addition (or subtraction) by componentwise
dulo 2 addition, Teo compute the Walsh transform f{I}‘"'i'"%[m}
s can use the Fast Walsh Transform algorithm [5,8.9,124]. Foz
© €F) this requires u2® gdditions and svbtractions, and 2%
mory cells, This indicates that it is guite fessible to
npute Walsh transforms and lugicai aptocorrelations for systems

Boolean functions of,. say, 20 arguments using modern
mputers, ’l‘ﬂ:les of Walsh transforms and logical
tocorrelations for differemt classes of Boolean functions may
found in {5 ].

The Walsh transform can be genmeralized to the case of non-
nary (p~ary,p>2) furctions. This is relevant, for example, to
age processing (see Chapter 3 and Chapter 5) snd digital
1tering (see Chepter 4). In this case Walsh functions W _(x}
¢ roplaced by the gemeralized Walsh {or Chrestenson) functions

(x} where
n m—-1 _
Im(::) = exp (i . Exjmj} {ifﬁ} ' (16)
P j=0
m—3 k-1
ven that x = E ijj' W o= pj mj’ Ij'mj E{ﬂ.l’*‘ﬁipnl}_
J=0 j=0



[1ned AT poinxrs L,L, ..., N-i may be CcONS14ered &5 8 speciel
e of the Chrestenson transform for p=N and m=1l.

All basic properties of the Walsh transiore can be easily
weralized t.n the case of the Chrestenson transform (see [ 5 ]).
¢ Walsh transform is =& special case of the Chrestenson
ansform for p=2).

The Chrestenson transform may be considered as a Fourier
ansform over the group F;. of all p-~ary m-vectors (p not
cessarily prime) with respect te the operations of
nponentwise modolo p addition.

To generalize the Walsh or the Chrestenson transforms to the
se of an arbitrary commutative group & (e.g. when different
nponents of vector x belong to the different slphebets, x.

J
, and the group operation in G is the componentwise addition,

i components added modulo IGj[, j=0,....,m—1) one should replace
eChrestensonfunctions{16) by the characters of thegroup G

haracters Im ere homomorphisms of G_intn the mul tiplicative
ouep of rocts of uwnity, i.e. for any x, z € G
(x*z)=X,(x) I, (z) where * is the operation in G and [f (x)]| =
IH{Z)|=1. ¥alsh functions and Chrestenson functions are
aracters of F¥ and F‘ﬁ correspondingly) [5]. These generalized
nrier transforms may be further genmerslized to the czse when G
a noncommutative grouwp (for e:nnple.' when x& G is a
rnotation of input terminajs). In this case characters should
replaced by unitarzy irreducible representstions of G, which
e metrix~valuned functions defined over the grouwp G [10,11].
nexralized Fourier transforms over arbitrery finite commutative

d noncommuatative groups will be nged im Chaptiter 3 and Chapter

In conclusion, we again note that all the basic properties
the Walsh transform (8)-(15), inmcladiag the Fast Walsh
ansform algorithm., may be generalized to the Fourier transform

er any finite group G [11]. Generalizations of the Walsh and



elds, These zre known as the Walsh-€Ealois and the
restenson—Galois transforms [5,10,12]).

The Walsh transform and its generalizations have been widely
ed in the analysis and design of digitil devices, We will
esent below 2 very brief summary of these applications,

The earliest applications of the Walsk transform bave been

the areas of Boolean functions classifications, design
chriques for logical devices and data transmission,

Spectral approaches for Boolean function classifications
ve been presented in [13, 14, 135, 19] and for the da.sign of
gical devices in [§,14 - 21,113,120}, Applications of tke
1sk transform for data transmission started with the pioneering
rk ¢f Hermuth [32] and confinuned -'in. [23 - 26,38]. Spectral
chnigues have been alsec widely used in the theory of error-—
rrecting codes and in particular for the proef of MacWilliams
entities [ 27 ]J. In addition, they have been useful to
mpute weight distributions of linear codes [28] and their
sets [29]. |

The Chrestenson transform has been used in multiple—valwed
gic (especielly termary logic), for design of devices with many
ables states [30 ~ 35,118,119]1, and in the theory of non—bimary
ror—correcting codes (27 — 391,

Another area where the Walsh transform and Wal sh-related
ansforms have been widely used is signel processing, especially
age processing and patteram analysis [6, 36-43). The VWalsh
ansform and its generalizations have also been used for digital
ltering, construction of suboptimal Wiemer fil ters and anmalysis
- tradeoffs between the statistical performance of a filter and
s computational complexity [42, 43, 122, 123, 125l

Spectral techniques for testing of logical networks by
rification of the coefficients in the spectrum or in the

‘tocorrelation function have been developed in [51 - 54, 1171.

e problem of comstructing optimal data compression schemes by



ticnlarly useful for compressing test resSpoOnse s of
ical networks [44, 45], of memories [50]., and for testing
erical computations [46, 47, 481, Spectral techmniques for
iability inmlysis of logical networks has been presented in
- — 58,120].

In this boek, Chapters 1 and 2 are devoted to applications
spectral techniques for logical design. Chapter 3 deals with
lications of these techniques to pattern analysis, and Chapter
rith spplications to digit;nl filtering, -Computer archifectores

spectral processing and pipelining of data by cellular arrays
» presented in Chapter 5. Here the presentation is made with
phnsis'nn signal and imege processing and on generalized
ctral estimation algoritims,

Chapters 6, 7, 8, and 9 focns & special attenticn on the
'blems of testing, faullt detection and correction in computer
dware.

With the advent of LSI and VLSI tecknology the growing costs
test gemeration and np,pli'i:atiun of is becoming a real
tleneck of the computer industry. The major reasons for this
- poor controllabilities and observabilities of internal nodes
complex devices and limited numbers of ouwtput pins. The time
1 the cost of testing increases tremendounsly (ip general,
onentially) with the growing complexity of the devices to be
sted. In many cases, this cost is higher than the cost of
rel opment and manufacturing, 'The majority of direct li_a_]:mr time
juired to build an Apple III is straight test.timanu If the
st and the rework time is added together, 72% of the process
ne 1s accounted for' [59]. VWe may &also recognize that
werating an optimal test for detecting single stuck-at faunlts
ly is already an NP-hard problem (i.e., the number of steps im
y test generation procedure grows exponentially with the

rease of the number of getes in the device under test) 2,3l



tworks is the choice of a2 fault model. The fault model may
pend on the device's logical structure, its electrical
nfiguration eand the environment where this device is to bhe
ed. The following fault models have been widely used: single
d mul tiple stunwck—at fawlts [61, 62, 83, 871, intermittent
ransient, or soft) fawlts [87, 57, 58, 110], single and
I tiple bridging (short—cirewit) fawlts [83, 105-108), pattern
nsitive faults for semiconductor memories [83, 109], and stuck-
—~open faunlts for CMOS devices [111, 112], Stuck—-at feults,
idging fanlts and intermittent fzults are presently the most
pular fauwlt nndels~in nse, The stuck—at fault model is used in
apters 6, 7 and B of this book, the bridging fault model in
apter 6, and the intermittent fawlt model in Chapter 9.

For testing of small and mediuwm scale integration devices
te-level approaches have been widely used, In this case the
ipat data for test generatiun'cunsists'of 8 gate—level
scription of a device umnder test and a gate~level description
" a class of possible faults. These gate—level test generation
‘ocedures have been based on the ideas of path sensitization
331, Boolean differenmce [61] and the D-algorithm {62, 116]. The
olean difference (derivative) 3f/0x; with respect to x; for the

olean fanction f(xo.....::l_ll is defined as

ﬂffﬂ.ti {Iu"."li-].':i*']-'-"’In_l} =

f(xop....Ii_-l,ﬂ.li+1.....1n_1} &b (17}
f{:u;..-.l-i_lil;li.l.l’i-*;Im_].] -

e single stuck-at-1 (stuck-at—0Q) Ffault at 1ine 93 is detected
7 a test vector t= (ty,....,t,_4) iff, respectively,

ti af!a:i {tﬂl'-tlti_liti.*l:---:tn_l) =1 [13]
{ti a‘ffﬂli (tnl---lti—l#ti-‘-li-ilif-.l—l) = 1) -

Al



. modifications, have beemn and still are very useful for small
l mediuw size devices, this is especially trume for devices
rre -design forx i:‘enrs!:.:ﬂ:oil:i,i:;y'r guidelines [63, 87, 115] Lave been
lemented. With the transition to VLSI technolopgy there is =z
ywing demand to develop more efficient testing procedures.
e are severa]l reasons for this. First of all, for VLSI
ices, & gate—level description of the device is very complex
! may not be availeble at all {(to individoal nsers). Even if

gate-level description is available to a test designer, the
t of test generation, is in many cases, prohibitively high for
I devices. These considerations stimulated the development n.f
- functiomal tastiﬁg approach as a viable alternative to gate-
el testing, especially in-the case of microprocessor testing.

For functiomal testing, the input desta for test genmeration
isists of a functional description of the circanit and of a
1ss of fawlts [64-68]. For the functiomal testing of &
croprocessor, the functiopal description may be a register—
nsfer—-level uﬁe. and typical functional fanlts may be
lacements of an instruction by ancther one, replacements of an
struction by no instruction or two instruétiﬂns. etc.
.65,67,68].

Functional testing techniques have been sucoessfully used
" many years for testing of complex devices. Nevertheless, for
s¢ approaches, the cost of VLSI test generstion is very lhigh,
eciaslly when 2 broad spectrum of devices has to be tested In
lition, it is difficult to estimate the effeciency of &
1ctional test. For example, the percentzge of fanlts of a
en class, say single stuck-at faults, which are detected by
- test may be difficult to calculate. In many cases the only
 to estimate this fault coverage for 2 functiomel test is to
form a computer simulation using & large set of faults.
ortunately, software packages for the simulation are very

cosive, and lengthy CPU times may be required to run these




In view of these AdAifficul ties, there is a growing tendency
y the VLSI enviromment to eliminste as much of test geperation
5 pnssible; The following four approackes have been used to
shieve this goal:

1. wniversal standerd tests for various classes of faults,

2. ¢xhaustive or random testing, in combination with

various date compression schemes, for the generation of
test data and compression of test responses,

3. design for testability,

4. Dbuilt-in self-testing approeches based on iantroducing

redundancy into a device in order to provide self-
. error—detecting/correcting capabilities,
he se approaches are considered in Chapters 6, 7, 8 and 9 of this
ok,

Fortunately,  the same factors that make the problem of test
sneration for VLSI devices so difficult, nawely, the increasing
pmplexity and large diversity of the circuvits, facilitate
nother approach known as universal testing [69-72). Based upon
robabilistic considerations, sniversal tests are designed to
petect all faults of a2 given class in almost 211 devic&s. The
raction of devices in which universal tests detect all the
anlts of a given claszs, approaches omne rapidly as the number of
npot lines for the circwit under test grows. For all practical
nurposes, this fraction cam be put equal to one for the number of
pput lines m) 20. The tramsition from functiomel to uwhiversal
gsting is similar in prini:ipla to the tramsition from mechanics
o statistical mechanics. The major breskthrouwgh ia
ommunication engineering due to Shannon's information theory was
psed on very si.nilnr idesas.

The nriversa] testing approach is presented in Chapter 6.
or this approsch, one does not try to develop a test for a
pecific device, but rather to coastruct a deterministic standard

g5t that can then be uscd for a large set of devices., Note that



- WV WA FRLEREVE RV LHE LY W) Ay ¥R O vUVLAALVMPEVL Bw YV LA L
it cases of wniverssl testing. The universal testing approach
erther 2imed to f.ill the gap between functionrl and random
ting and to combine some advantages of both. For universal
ting, the input data for test generation consists of
ameters of the device under_.tast,{_a.g.. nambers of input and
nut 1ines, flip—flops, etc.) and & description of & class of
ible faults (e.g., stuck—at faumlts of a given multiplicity).
rally speaking, universal tests require less test patterns
| random testis but n-ure than functional omnes.

There are some sini__l nr_iti&_ﬁ betweer random and mniversal
ting, for instance, both approaches ignore the specific
tures of the device under test. Nevertheless, there are
yntial differences between these ipprqnchas.thnt lead to
ferent test sizes aﬁ.d fanlt detecting capabilities, and
efore these similarities may be misleading. First, universsl
s are desigrned in a deterministic manner, where not only the
. patterns but also their sequential order may be esserntizl.
ke other hand, the generation and application of random test
erng Bre int:_:insiu:aily stochastic. Second, we note that in
‘rast with random testing, mmiversal tests ere fault oriented:
. they are desigped for a specific class of faults,
Universal tests are efficient when & broad spectrum of
ol ex VL8I devices should be tested, and a small probability of
detecting all the errors of a givem class can be tolerated,

Chapter 6 presents nniversal te#ts and the corresponding
abilities of fault detection for single and mul tiple stuck-at
bridging fauvlts at input/ontput l_ina# and fanlts in £flip-
ns. A detailed comparative analysis of universal vs.,
-tionnl snd wniversal vs. random testing is also presented in
ter 6. | _

Another approach to testing that dees mot regquire & complex

I gemeration procedure is that of random or exhaustive



» millions of test patterans. In order to efficiently monitor
3t responses it is necessary to compress the output streams.
he compression nf'in output sequence of, say, 105'bits may
xsult in a 16-bit signature that is to be monitored for fault
xtection or fault location. The optimal choice of 2 data
mpressor for & givenm cless of errors is very diffienlt to
sfine. In addition, the ﬁruhahility of mazsking an error by a
ven data compressor must be estimated. (Note that we mean by
ror a manifestation of 2 fault at the output of a device under
st )

Chapter 7 preseanis spectral techingues for data compression,
1ese techniques are based on verification of some precomputed
ectral coefficients ?[u). where ¥ is the Walsh transform of a
rstem of Boolean fenctions, £, describing the behavior of the
gl t-free device,

Another approach to the compression of test data makes use
f single or multiple input linear feedback shift registers
.FSR}, which are shift registers with XQOR gates in their
zedback loops [79, 80]. For this approach, as well as for
most all other knewn datz compression techniques, (like syndrom
»sting [73, 74], or tramsition counting {81, 82, B83]), data
INPressors are iaqﬁential devices implementing 'time
mpression’ of an output data stream.

A different approech to the same problem is based on the
lea of 'space compression’ [84,121]. In this case the data
ympressor is a combiprational device with a smaller namber of
ntpot lines than thkat in the device uader test, Only ontpnt
ines of the '"space compressor’ are monitored for testing. The
heories of 'space data compression’ (841 and "time data
ympression’ [79, 80, 84, 121] are related to the theories of
inear error—corrécting codes and cyclic error—correcting codes,
:spectively, The best "space’ or 'time’ data compressors for

e given class of errors correspond to decoders of optimal



A survey of c¢ata compression technigques unsefuol for faelt
etion and fanlt location (diagnosis) is praseﬁted in Chapter
A special atteantion in this chapter is devoted to linear
lback shift registers (LFSRs), since at the present time these
the most popuwlar. tools for compressing test responses,
ost all results published in this area are devoted to
lications.of LFSRs for farlt detection. A survey of these
31 ts and new resumlts on fault diagnosis by LFSRs are presented
“hapter 8. |

Since testing remains very expensive while the cost of
dware is decreasing, there is a growing interest in using
l1t-in on—line concurrent self—tests. In this case, working
testing modes are combined, and 2 redundancy is introduced to
vide sclf-e::ur—ﬂat#nting and/or self-error—-correcting
abilities. A built—in self-test may be efficiently wunsed for
ecting not only stuck-at faunlts but intermittent faults as
1. (Note that gate-level, functional, randem and aniversal
ting approaches, as described abeve, are not efficientlfur
ecting intermittent f-anlts.} On the other hand, it 1is very
ficelt te test networks witk built—ian favult correction.
The following technigues heve been considered for self-erroxr—
ection and correction: replication, "interwoven logic', and
or correcting codes.

For replication technigues several copies of a device are
d, and outputs of these copies are compared for fanult
ection [85-87}), or a :;pa#ia.l threshold element {‘voter') is
d to correct, {(or 'mask’) errors [87-88]. Note that voters
:mselves may also be replicated [87]. Different
:unfigﬁrntinna gsol f-purging replication and adaptive voting
hniques have been suggested [87, 113, 1141, When a faulty copy
jdentified by comparing its output with the outpnt of the
er, the favlty copy is antomaticsally switched ount and & spare

'y switched in, In spite of the fasct that replication




ilitary and civil applicetions, especially in the form of
aplication and triplication.

Another set of well-known approaches for self-error-
orrection, is referred to as ‘interwoven logic’ [89 -93]. Here
¢ are trying to construct a metwork in such a way that the gates
t any given I.HEI in the network will mask a maximal nomber of
rrors that appesr in the gates and lines of the previons level.
his spproach results in redumdant inpots to each gate to provide
or gate—level fault-masking, A major disadvaniage of the
intervoven logic' is that its implementation results inm very
igh redundancy, which may even decrease the reliability of the
hole systenm,

In view of all this, there is a growing interest in the
pplication of error~detecting and error—correcting codes for the
esign of relisable devices, The simplest form of these
echnaigues is parity checking., We also note that replication
echnigues may be comsidered az a special case af the application
f error-correcting codes. (These are called ‘repetition codes’,
ith a small transmission rate, but 2 very simple decoding

rocedore [87]). Techniques for a reliable design based on
rror~detecting and error—correcting codes may be efficiently

sed for designing control sections of computers. The behavior
f a control section may be described by the finite automaion
sequential machine) model, Here, error—-detecting and error-
orrecting codes may be nsed for the finite antomaton’s state
ssignment or for a reliable implementstion of the corresponding
equential network’s combinationmal pert, In the latter case we
dd a few input and outpuot lines for every logical sebrnetwork,
kis is done in such a way that input and output vectors of the
eul t~free subne twork are codewords of the chosen code [87, 96 -
04]. This approech is promising since it results in high—speed
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