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Abstract

We present an efficient design method of Algorithm-
Based Fault Tolerant(ABFT) systems based on Modified
Processor-Data(MPD) graph which maintains the data de-
pendent information between data elements for a given
computation. We investigate the fault detectability and
locatability for k-fault in terms of error patterns, and a
check scheme for single-fault locating and two-fault detect-
ing ABFT systems is derived. With the full use of data
dependent information together with an appropriate error
propagation model, the number of checks can be reduced
compared with conventional processor-data model.

1. Introduction

The advent of cost-effective VLSI components in the
past few years has made commercial development of mul-
tiprocessor systems feasible. Since the probability of one
or more processors failing in such multiprocessor systems
is quite large, it is desirable to build some fault tolerant fea-
ture into them. But the requirements for high performance
and fault tolerance are seemingly contradictory. Cost ef-
fectiveness has always been a major concern in designing
VLSI systems. Therefore a useful objective of research is to
devise techniques for incorporating fault tolerance at lower
cost without sacrificing the performance.

The technique called algorithm-based fault toler-
ance(ABFT), suggested by Huang and Abraham[2], deals
with concurrent error checking at a high level to achieve the
above objectives. ABFT techniques have been proposed for
various signal processing computations such as matrix oper-
ation, Fast Fourier Transforms(FFT), QR Factorization, and
so on. Due to the increasing popularity of ABFT applica-
tions it is desirable to have a general model and methodol-
ogy for system analysis to design more efficient fault toler-

ant systems.

The first attempt analyzing ABFT systems was made by
Banerjee and Abraham[2] who proposed a graph-theoretic
model. Also, the matrix-based model presented in [7] sim-
plified the analysis procedure by introducing the new neces-
sary and sufficient conditions for the fault detectability and
locatability of ABFT systems. These models have not ad-
dressed error generation and error propagation for a given
system. Therefore there may exist some redundant error
patterns in analyzing and designing ABFT systems.

Such redundant error patterns may be a cause of an in-
crease in the complexity and the number of checks in ana-
lyzing and designing ABFT systems, respectively. This sit-
uation motivates the investigation of more efficient model
so that the analysis procedure is simplified and the number
of checks is reduced. To achieve such objectives, we intro-
duce data dependent information between computation re-
sults computed by processors. Since data dependency gives
an useful information for error generation/propagation, we
can simplify the analysis procedure and reduce the number
of checks by using data dependent information in analyzing
and designing ABFT systems.

In this paper, we will discuss an analysis model based
on MPD graph, its effectiveness in designing ABFT sys-
tems and constructing checks fork-fault detectable and lo-
catable ABFT systems. Also, we will discusssingle-fault
detectability and locatability so that checks can be directly
obtained from MPD graph, and provide a heuristic method
in constructing checks forsingle-fault locatable andtwo-
fault detectable ABFT systems.

The rest of the paper is organized as follows. In section
2 we define faults, errors, and checking operations with re-
gard to ABFT systems. The analysis model based on MPD
graph and its effectiveness are described in detail in Section
3. In section 4 we present the fault detectability and lo-
catability fork-fault from the relations of error patterns and
data elements. An efficient design ofsingle-faultdetecting



and locating ABFT system from MPD graph is presented in
section 5. Finally, we conclude in section 6.

2. Terminology

In this section, we will define faults, errors, and checking
operations with regard to multiprocessor systems which are
candidate architectures for the application of ABFT tech-
niques. The basic terminologies are based on [7].

A fault is any condition that causes a malfunction in pro-
cessor(s). An error is any discrepancy between the expected
result of an operation and the actual result of the operation
under fault of the processor which performs the operation.
A fault in a processor is assumed to be manifested as an
error in one or more data elements affected by it. In gen-
eral, a fault in ABFT scheme is detected by detecting errors
in the results generated by the processor. The problem of
detection of various faults is translated to the problem of
detecting errors in the computed results. However, we must
note that certain types of faults may not produce any error
at all. Therefore, if a particular fault does not produce any
error in data elements computed by a processor, we say the
fault to beunobservable and may disregard the presence of
that fault. That is, if a fault is unobservable, then we don’t
distinguish between this case and the fault-free case because
the result of the computation is correct. Hence, an error im-
plies the presence of a fault in the computing system.

The main target application regarding in this paper is the
linear algebra based computations such as matrix operations
and signal processing. And we assume throughout this pa-
per that, whichever a processor is normal or faulty, the pro-
cessor always outputs an erroneous result if at least one in-
put data for computing the result is erroneous.

A collection of one or more faults(errors) is called a
fault(error) pattern. If there areM processors in the
system, there are2M � 1 possible fault patterns. Fault pat-
terns consisting ofk or fewer elements(faulty processors)
are calledk-fault.

A check on the data element is any combination of hard-
ware and software procedures performed on the data ele-
ments to generate an output either 1 or 0. The set of data el-
ements checked by a check is called itsdata set. We assume
that the capability of a check is limited to a (g,h) check, and
the (g,h) check is defined ong data elements such that the
result of the checking operation is as follows:

1. The check reports error(i:e: outputs a 1) if it deter-
mines that there is at mosth data elements in its data
set being in error.

2. The check passes(i:e: outputs a 0) if it determines that
there are no errors in the data elements in its data set.

3. The check is unpredictable if the number of erroneous
elements in its data set is greater thanh.

The checks introduce redundancies in the computation
to detect and locate faults in the system. In general, the re-
dundancy to implement the checks increases ash is greater.
The (g,1) check should be more practically implemented,
and we will use in this paper only (g,1) check with arbitrary
but finiteg.

We assume that the checks in a system consist of
c1; c2; � � � ; cq; � � � ; cQ. The state of the checks in the sys-
tem can be represented by aQ-bit binary sequence. The
qth bit in the sequence is 1 if checkcq outputs 1, else it is 0.
ThisQ-bit binary sequence is usually called thesyndrome.

A system is said tok-fault detectableif some check re-
ports error for any fault pattern of size at mostk. Also a
system is said tok-fault locatableif each fault pattern of
size at mostk can be uniquely identified by the syndrome.
However, since an ABFT system indirectly tests the faults
by errors and there may exist some unobservable fault, we
will redefine the fault detectability and locatability in terms
of error patterns for disregarding the existence of the unob-
servable faults.

Definition 1 (k-Fault Detectable) An ABFT system is said
to k-fault detectable if for each error pattern induced by k-
fault, there is at least one check that certainly outputs 1.

Definition 2 (k-Fault Locatable) An ABFT system is said
to k-fault locatable if for any pair of error patterns, one is
induced by a fault pattern in k-fault and the other is induced
by any other fault pattern in k-fault, there is some check that
certainly gives a different output.

3. Analysis Model using MPD Graph

3.1. MPD Graph Model

An algorithm which can be represented byDependence
Graph(DG),GD(VD,ED), is considered, whereVD denotes
the set of vertices each of which represents an operation as-
sociated with data element, primary input or primary out-
put, andED denotes the set of directed edges each of which
represents the data dependency from source to destination
vertices.

In the practical implementation, vertices in DG are
mapped into processors by a mapping functionMf , where
Mf is assumed to map vertices of primary inputs and pri-
mary outputs into themselves. As a result, an implemen-
tation of a givenGD(VD,ED) is modeled as the compu-
tation graphGc(Vc,Ec), whereVc=fMf (v)jv 2 VDg is
a set of vertices which represent processors, primary in-
puts and primary outputs andEc=f(Mf (u),Mf (v))j(u; v)2
ED;Mf (u)6= Mf (v)g is a set of directed edges which rep-
resent data dependencies between processors and between



processors and primary inputs=outputs. Various implemen-
tations can be obtained by choosing various mapping func-
tions. The problem of how to chooseMf is out of our con-
cern, and we assume that the mapping functionMf is a
priori given.

We assume that a given algorithm is executed on a set
of M processorsp1; p2; � � � ; pM and generatesN data ele-
mentsd1; d2; � � � ; dN as results. FromGc, we can obtain a
directed acyclic graphG(V ,E) which is called MPD graph.
V (=Vp [ Vd) denotes the set of nodes of processors(Vp)
and data elements(Vd) andE(=Epd [ Edd) denotes a set of
edges each of which represents either the relation between
processors and data elements,i:e:, if a processorpm pro-
duces a data elementdn, then (pm; dn)2 Epd, or data de-
pendency between data elements,i:e:, if one data element
di is used as an input for computing other data elementdj ,
then (di; dj)2 Edd.
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Figure 1. Description of MPD graph model.

In the following, we introduce several notations for fault
patterns and error patterns.f li is a set ofi processors and
indicates one fault pattern of the sizei.

Fi =

C(M;i)[
l=1

ff lig (1)

is the set of all fault patterns of their size exactlyi, where
C(M; i)= M !

(M�i)!i! . And

F k =

k[
i=1

Fi (2)

is the set of allk-fault patterns.
On the other hand,elji is a subset ofVd and indicates one

error pattern.

eli = fe
l1
i ; e

l2
i ; � � � ; e

ljl
i g (3)

is the set of all error patterns induced by a fault patternf li .

Ei =

C(M;i)[
l=1

eli (4)

Ek =

k[
i=1

Ei (5)

are the sets of error patterns induced by fault patterns inFi
and those inF k, respectively.

To construct error patterns, if it is needed, we consider
adjacency matricesPD andDD and areachable matrixR
as follows:

1. [PD]ij : 1 if there is a directed edge frompi to dj and
0 otherwise.

2. [DD]ij : 1 if there is a directed edge fromdi to dj and
0 otherwise.

3. [R]ij : 1 if there is a path fromdi todj and 0 otherwise.

From these two adjacency matrices and the reach-
able matrix, first we constructE1. And then we obtain
E2; E3; � � � ; Ek from E1, recursively. That is,Ei consists
all of the availablepairwise unionsof all elements inE1

and those inEi�1.

3.2. Effect of MPD Model

To show the effectiveness of MPD model, we will con-
sider the following algorithm as an example. Data element
di is computed by operationoi for i = 1; 2; � � � ;M . And
data elementdi is used as an input for computing the data
elementdi+1 for i = 1; 2; � � � ;M �1 anddM is not used as
inputs for computing any other data elements. We assume
that operations are mapped into processors inone-to-one
fashion so that data elementdi is computed by processor
pi. The conventional PD graph[2] and the proposed MPD
graph for this situation are illustrated in Figure 2.

Assume that we want to construct a set of checks such
that the designated system issingle-fault detectable. For the
case of the conventional PD graph,M checks are needed to
detectsingle-faultbecause a fault inp1 may affect all of
data elements to be erroneous, so all available error pat-
terns induced by faulty processorp1 are all of the available
combinations of data elementsd1; d2; � � � ; dM . However,
for the case of the proposed MPD graph which introduces
data dependent information, we can detect single-fault to
just one check fordM because error pattern induced by
faulty processorpi always includes the data elementdM .
Also there does not exist any check to locate single-fault
in the conventional PD graph because the faulty processor
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Figure 2. The conventional PD graph and MPD
graph for a given algorithm.

p1 and another faulty processors can not be identified by
the syndrome. But single-fault in MPD graph can be lo-
cated byM checks: one check for each data elementdi.
Thus, there always exist checks to locate single-fault in the
proposed MPD graph. In most cases that there exist data
dependencies between data elements computed by proces-
sors, the designated ABFT system in the proposed MPD
graph can be implemented with fewer checks than the con-
ventional PD graph.

The details on fault detection and location based on MPD
graph for ABFT system will be discussed in the following
section.

4. Fault Detectability and Locatability in terms
of Error Patterns

In this section, we describe fault detectable and locat-
able system based on the proposed MPD graph model.
To simplify the notations, letfi be a fault pattern inF k

and let eiu(2 Ek) be theu-th error pattern induced by
a fault patternfi. To describe fault detectability and lo-
catability, first we introduce anundirected bipartitegraph
GED(VED; EED) which describes the relation between
error patterns and data elements. The set of vertices
VED(=Ek [ Vd) denotes the set of error patterns(Ek) and
the set of data elements(Vd), and the set of edgesEED de-
notes the relation between error patterns and data elements
: if the data elementdn is contained in an error patterneiu
induced by a fault patternfi, then there exists an undirected
edge(eiu,dn).

In the following, letC = fc1; c2; � � � ; cq ; � � � ; cQg be a
set of checks andh(V;E); Ci be an ABFT system.

Lemma 1 An ABFT systemh(V;E); Ci is k-fault de-
tectable if and only if for each error patterneiu, 1 �
i � jF kj, there is at least one checkc 2 C such that
jc \ eiuj = 1.

Proof: (1) sufficient condition: If jcq \ eiuj=1, then the
checkcq certainly outputs 1 for an error patterneiu because
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Figure 3. Construction of checks for k-fault
detectable ABFT system.

exactly one data element incq is in error. Hence, there is at
least one check which certainly outputs 1 for each error pat-
tern induced byfi, 1 � i � jF kj. (2) necessary condition:
The proof is by contradiction. Suppose that, for a certain
error patterneiu, 8cq , [jcq \ eiuj=0 or jcq \ eiuj �2]. If
jcq \ eiuj=0, thencq certainly outputs 0 for the error pattern
eiu. If jcq \ eiuj �2, then the checkcq is unpredictable be-
cause the checkcq is (g,1) check. Hence, there is no check
that can certainly output 1 foreiu. This is a contradiction.

Now, we will discuss k-fault locatable system. Analyz-
ing ABFT system for its fault locatability is a much harder
problem when compared to the problem of analyzing the
fault detectability. This is the reason that, in the case of
fault locatability, we have to determine not only whether a
fault pattern is detectable but also whether the fault pattern
is distinguishable from other fault patterns.

:
:

:
:

:
:

:
:

:
:

:
:

D C

Data elements ChecksError patterns

c

E

e

e

F

f

f

i

j c’

ED graph  GED

Fault patterns

iu

jv

Figure 4. Construction of checks for k-fault
locatable ABFT system.

Lemma 2 If an ABFT systemh(V;E); Ci is k-fault locat-



able, then for any pair of error patternseiu andejv , i 6= j,
1 � i � jF kj, 1 � j � jF kj, eiu � ejv 6= ;, where�
denotes the symmetric difference.

Proof: The proof is by contradiction. Suppose that for
i 6= j, the symmetric difference of the error patternseiu and
ejv is empty. Whenfi andfj induceeiu andejv , respec-
tively, the syndrome forfi and the one forfj are the same
becauseeiu = ejv . Hence, there is no way that the checks
can distinguishfi andfj for i 6= j. This is a contradiction.

Lemma 3 An ABFT systemh(V;E); Ci isk-fault locatable
if for each pair of error patternseiu andejv, i 6= j, 1 � i �
jF kj, 1 � j � jF kj, there is at least one check-pairc 2 C
andc0 2 C such that
jc \ (eiu � ejv)j = 1 and jc \ (eiu \ ejv)j = 0
jc0 \ ejv j = 1 if jc \ (eiu � ejv)j = 1
jc0 \ eiuj = 1 if jc \ (ejv � eiu)j = 1.

Proof: From the definition ofk-fault locatability, the syn-
dromes for two error patternseiu and ejv which are in-
duced by two-distinct fault patternsfi andfj , respectively,
have to be different. Letdij be a data element contained
in both eiu � ejv and c so thatjc \ (eiu � ejv)j=1 and
jc\ (eiu \ ejv)j=0. If dij is in ejv , thenjc0 \ eiuj=1 and the
partial syndromecc0 is 01 and 11(or 1X) forfi andfj , re-
spectively, where X denotes that the check is unpredictable.
Similarly, if dij is in eiu, thenjc0 \ ejv j=1 and the partial
syndromecc0 is 11(or 1X) and 01 forfi andfj , respectively.
Therefore,fi andfj are detected and distinguished by the
check-pairc andc0.

Lemma 4 If an ABFT systemh(V;E); Ci is k-fault locat-
able due to Lemma 3, then it is also 2k-fault detectable.

Proof: It is clear that if an ABFT systemh(V;E); Ci is
k-fault locatable, then it is alsok-fault detectable because
from the proof of Lemma 3, the check-pairc andc0 can de-
tecteiu andejv . The error patterns induced by 2k-fault are
obtained by taking all available pairwise unions of elements
in Ek and elements inEk. Hence we will prove whether
the checks detect the error patterneiu [ ejv , 1 � i � jF kj,
1 � j � jF kj. Since exactly one data element ineiu [ ejv
inE2k is in data set of the checkc, the error patterneiu[ejv
can be detected byc from Lemma 1. Therefore, the checks
which consist of these check-pairs can detect 2k-fault.

5. Single-Fault Detecting and Locating System
from MPD Graph

In the previous section, fault detectability and locatabil-
ity are discussed in terms of error patterns. However, in
general, to generate error patterns is a costly task, and also
the number of error patterns is too large to maintain for anal-
ysis and synthesis. In this section, we describesingle-fault
detectability and locatability on MPD graph.

For a given MPD graphG(V;E) withM processor nodes
andN data nodes,D(pm) denotes the set of all data ele-
ments which are reachable from the processorpm. Note
that D(pi) is equivalent to the largest error pattern induced
by single-fault patternfpig.

Let Di=fDi1; Di2; � � � ; DiWi
g, i = 1; 2; � � � ;M , be a

subset family of D(pi), where D(pi)=
Wi[
w=1

Diw. Diw denotes

the set of all data elements which are reachable from thewth
adjacent data element of the processorpi. Wi is the number
of adjacent data elements ofpi

Lemma 5 An ABFT systemh(V;E); Ci is single-fault de-
tectable if for eachDi, 1 � i � M , there is a set of
checksCi = fc0; c1; � � � ; cs; � � � ; cSig � C such thatCi
is recursively(until Ds

i is empty) defined as follows,
D0
i = Di������
cs \

0
@ [
Diw2Ds

i

Diw

1
A
������
= 1

Ds+1
i = Ds

i �
[

jcs\Diwj=1

fDiwg

Proof: Note that all of the available unions of elements
in Di become all error patterns for the single-fault pattern
fpig. The checkc0 detects the largest error pattern(D(pi))
and some other error patterns which are all of the avail-
able unions ofDiw ’s such thatjc0 \Diwj=1. The checkcs
detects error patterns which are all of the available unions
of Diw ’s such thatjcs \ Diwj=1. Together with the def-

inition of Ds+1
i , Di � Ds+1

i =

s[
�=1

2
4 [
jc�\Diwj=1

fDiwg

3
5

andfc0; c1; � � � ; csg can detect error patterns which are all
of the available unions of elements inDi � Ds+1

i . Since

cs+1 is selected so that

������
cs \

0
@ [

Diw2D
s+1

i

Diw

1
A
������
= 1, then

jDi � Ds+2
i j � jDi �Ds+1

i j+ 1, and henceDi � Ds+1
i

becomes to contain all elements inDi after appropriate it-
erations.

Lemma 6 An ABFT systemh(V;E); Ci is single-fault
locatable if for each pair ofDi andDj , i 6= j, 1 � i �M ,
1 � j � M , there is a set of checksCij=Cr [
(
SR
r=0 C

0
r) � C, where Cr=fc0; c1; � � � ; cr; � � �,cRg

and C 0
r=fc

0
r0; c

0
r1,� � � ; c

0
rb; � � � ; c

0
rBr
g such that they are

recursively(until either Dr
i or Dr

j is empty) defined as
follows,
D0
i = Di

D0
j = Dj������
cr \

0
@ [
Diw2Dr

i

Diw �
[

Djz2Dr
j

Djz

1
A
������
= 1 and



c

c

c

d

d

d

0

1

i0

i1
:
:

:
:

c

s

S

is

i

D0 =D(p  )ii
Di

1

Di
s

D

Data elements

Figure 5. Construction of checks for single-
fault detection.

������
cr \

0
@ [
Diw2Dr

i

Diw \
[

Djz2Dr
j

Djz

1
A
������
= 0

if

������
cr \

0
@ [
Diw2Dr

i

Diw

1
A
������

= 1, then C 0
r; D

r+1
i and

Dr+1
j are,
2
666666666666664

Dr0
j = Dr

j�������
c0rb \

0
B@

[
Djz2Drb

j

Djz

1
CA

�������
= 1

D
r(b+1)
j = Drb

j �
[

jc0
rb
\Djzj=1

fDjzg

Dr+1
i = Dr

i �
[

jcr\Diwj=1

fDiwg

Dr+1
j = Dr

j

3
777777777777775

if

������
cr \

0
@ [
Djz2Dr

j

Djz

1
A
������

= 1, then C 0
r; D

r+1
i and

Dr+1
j are,
2
66666666666664

Dr0
i = Dr

i������
c0rb \

0
@ [
Diw2Drb

i

Diw

1
A
������
= 1

D
r(b+1)
i = Drb

i �
[

jc0
rb
\Diwj=1

fDiwg

Dr+1
i = Dr

i

Dr+1
j = Dr

j �
[

jcr\Djz j=1

fDjzg

3
77777777777775

Proof: From Lemma 5, if

������
cr \

0
@ [
Diw2Dr

i

Diw

1
A
������
=1, then

cr detects error patterns which are all of the available unions
of Diw ’s such thatjcr \ Diwj=1 andC 0

r detects all error

patterns in
[

Djz2Dr
j

Djz , while cr outputs 0 for every error

pattern in
[

Djz2Dr
j

Djz . Accordingly, the partial syndrome

crc
0
r0c

0
r1 � � � c

0
rBr

is different for any one of error patterns
which are all of the available unions ofDiw ’s such that
jcr \Diwj=1 and any one of error patterns in

[
Djz2Dr

j

Djz .

Now the remained pairs of error patterns to be distinguished
are all element pairs ofDr

i �
[

jcr\Diwj=1

fDiwg = Dr+1
i

andDr
j = Dr+1

j . The case

������
cr \

0
@ [
Djz2Dr

j

Djz

1
A
������
=1 is

the same butDr
i andDr

j are updated differently. Totally,
the set of checksCij can distinguish fault patternsfpig
and fpjg. Therefore, if there is a set of checksCij for
i 6= j, 1 � i � M , 1 � j � M , then the ABFT system
h(V;E); Ci is single-fault locatable.
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Lemma 7 If an ABFT systemh(V;E); Ci is single-fault lo-
catable due to Lemma 6, then it is also two-fault detectable.

Proof: Let Uix be one of all available unions of elements
in Di and letUjy be one of all available unions of elements
in Dj . ThenUij(=Uix [ Ujy) is one of the error patterns
induced by the fault patternfpi; pjg. From Lemma 6, since
exactly one data element inUij is in the data set ofcr, Uij
can be detected bycr. Since every error pattern for the
fault patternfpi; pjg has the formUix [ Ujy , the single-
fault locatable ABFT system by Lemma 6 is also two-fault



detectable system.
Now, we introduce a greedy algorithm to construct

checks for single-fault locating and two-fault detecting
ABFT system. Letc and c0 be a check-pair satisfying
Lemma 6: c and c0 are inCr andC 0

r, respectively. Let
Ddn be the set ofDiw ’s(or Djz ’s) which includes the data
elementdn. The algorithm shown in Figure 7 finds data el-
ements to be checked by checks, and always returnsCHK
if there exists a set of checks given by Lemma 6.

6. Conclusions

In this paper, we present a model based on MPD graph
which is addressed the data dependent information in
designing ABFT systems. By using this model, the number
of checks can be reduced for most cases that exist data
dependencies between results computed by processors.
Also we presentk-fault detectability and locatability in
terms of error patterns, and present single-fault detectability
and locatability on MPD graph. Finally, we introduced a
greedy algorithm for single-fault locating and two-fault
detecting ABFT system.
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CHK LOCATE( D(pm),Dm,CHK)

1CHK  ;
2 for 1 � i < j �M
3 Qi  D(pi)
4 Qj  D(pj)
5 Ti  Di

6 Tj  Dj

7 while(Qi 6= ; & Qj 6= ;)
8 if(c is not inCHK such thatjc\ (Qi�Qj)j = 1)
9 c dn with the maximum cardinality

jDdn \ (Qi �Qj)j in Qi �Qj

10 CHK  CHK [ fcg
11 if(jc \Qij = 1)
12 Q Qj

13 T  Tj
14 while(Q 6= ;)
15 if(c0 is not inCHK such thatjc0 \Qj = 1)
16 c0  dn with the maximum cardinality

jDdn j in Q
17 CHK  CHK [ fc0g

18 T  T �
[

jc0\Djz j=1

fDjzg

19 Q 
[

Djz2T

Djz

20 Ti  Ti �
[

jc\Diwj=1

fDiwg

21 Qi  
[

Diw2Ti

Diw

22 else
23 Q Qi

24 T  Ti
25 while(Q 6= ;)
26 if(c0 is not inCHK such thatjc0 \Qj = 1)
27 c0  dn with the maximum cardinality

jDdn j in Q
28 CHK  CHK [ fc0g

29 T  T �
[

jc0\Diwj=1

fDiwg

30 Q 
[

Diw2T

Diw

31 Tj  Tj �
[

jc\Djz j=1

fDjzg

32 Qj  
[

Djz2Tj

Djz

33 returnCHK

Figure 7. A greedy algorithm for constructing
checks of single-fault locating and two-fault
detecting ABFT systems.


