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ABSTRACT

Use of crossarray is becoming more and more im portant nowadays. Crossarray can be implemented
by crossbar and Clos network.

Qur telephone switching system even now uses crosshar network I we allow some delay Clos
network can replace crossbarnetwork with sufficient amount of reduction in number of switches.
Buta major problem with the implementation of Clos network for telephone switching system is the
lack of fault diagnosis procedures. So, this projecthas been taken as a dissertation work which would
enable us to diagnose different types of faults in Clos network. |



CONTENTS

1. INTRODUCTION
.1 Ml':!f;iﬁl:lg{: terconnection Network (MIN) S
1.2. Cfl:m#if’imlinn of MINs b
1.3. Scope of the Waork 0
1.4. Organization of the Report 6
2. DEFINFFION OF NETWORK STRUCTURE AND FAULT MODEL
2.1, Introduction to Clos Network 7
2.2. Structure Definition | 7
2.3. Fault Model - 7.
3. FAULT DIAGNOSIS
3.1, Problem Definition and Motivation 9
- 3.2. Some Definitions and requirements | 9
3.3, Test Veclor Design and Algorithms for Switching Faults 9
3.4. Diagnosis of Single Switching Fault 12
3.5, Link Short Circuit Faults . 13
3.6. Upper Bound on the Number of Tests and Test Vector Design 13
3.0.1. Upper Bound on the Number of Tests 14
3.6.2. Test Vector Design 16
3.7. Detection of Short Circuit Faults in a 3-stage Clos Network 16
3.8, Diagnosis of Link Short Circuit Faults E - 17
390 Multiple Switching Fault Diagnosis - | 17
310 Single Multiple Link Short Circuit Fault Diagnosis ~ - 18
4. CONCLUSION 19
5. BIBLIOGRAPIY o 20
6. APPINDIX
6.1 Simmulation Program for Faaelt Diagnosis of Single SW1mmg Fault 2:-1--

0.2, Smummulation Program for | Sl Diagnosis of Single wahhnk Short C;mu;{ FFault 27



CIHAPTER |
INTRODUCTION
11 Multistage Interconnection Networks (MIN)

~ A recent trend in computing is to distribute the concurrently executable portions among a set of
processing elements. 'There are two basic approaches ta this - one is to build a loosely-coupled system
and the other is to form a fightly-coupled system.

- Inloosely-coupled systems, the processors do notshare any common clock orany common mem ory,
but share the important resources like data files, softwares, special hardware components etc., is
- possible without duplicating the resources themselves. They may even be seperated from each uthcr
and connected through databuses, radio/iclephone links, satellite, ete. These systems commonly

reffered to as distributed system.

In tightly coupled systems the processors share one common clock or common memory or both,
resulting a parallgl processing environment. Such a system enables one to meet the requirement for

cnorimous amount of {ast real-time computations in many mellczll applications, e.g., weather
(orecasting, image processing, cle. Examples of paraile) processing syst®ms include |n|wlumtl

computers, array processors and multiprocessors. A distributed/ parallel processing system involv-
Ing array processors require an interconnection network for communication among processing
clements. -

Interconnection networks may be broadly classified as:

(A) sfatic ruerconnection tefwork
and (b)) dynanuc interconnection neiwork.

A static interconnection network is o cotlection of processors and links among them, c.p., lincar
array, ring, systolicarray, hypercube, barrel shifter, cube connected eycles. A dynamic interconnec-
tlon neiwork has a setol sources and a set of destinations (may be same as sct of sources) which are
conpected through switehes and tinks, Ditferent input-ontput connection paticrns may be achicved
by changing switch-scttings. Dynamic interconnection networks can be classified as : '

) senigrle stage interconnection network
and ) multistage intereonnection nemwvork (MIN).

1.2, Cllassification of MINy

The number of stages, inferstage connection topology, and switching capability of the switching
elements (51)) characterize 4 MIN, The MIN can be considered as a permutation function which
poermutes the mpn[ lmes 1o the output lines according to the control setting such that any input line
may be connected o any one of the output lines. Itis important to note that not all MINs are capable
Cof providing all possible permuitations, e notall requests can be serviced at all times. On this basis

the MIiNs can be classified as follows -

(1) Blocking or non-rearrangeable type: These MINs can not provide all possible permutations
hecausc there ts penarally a onique path between a given input outpul pairin the netwaork and ithlocks
L‘i‘lhltn other tnput output paths from heing established, e.p., baseline, omepa, (ip and indirect



hypercube networks.,

(it) Loosely nonblocking or rearrangeable type: These MINs can provide all possible permutations
ol the input Hines. Flowever itis necessary 1o establish analternate path for some other pair. This ix
- called l'ﬂ:’t!’i‘ﬁ.nglﬂg,ffiht‘. network to achieve the required permutation, e.g., Benes, (3 _l-c}gzN - 4) stage
- omega network,

o (dHi) Strictly nonblpcking type: These MINs have multiple paths for any input output pair and it is
always possible tojestabiish a path, independent of existing paths, e.g., Clos network.

'
1.3 Scope of the Work

The arca of fault dipgnosis of MINs is assuming more angd more importance because with the use of
the parallel systeins cxpanding rapidly, system reliability measures. are becoming prominent
parameters for system performance.

Gur telephone swigching system in which it is always be possible (o e&t'abﬂsh;ﬁ;_gﬂnneclion (rom an
idle inputto an idiejoutput regardless of the number of calis served by the systemda yet implemented
by crossbar netwofk, If we allow some delay Clos network can replace- ¢rcwhar network with
sullicient number gf reduction in number of switches. The Clos network mns*wﬂﬁped by C. Clos
|52 No work ondiagnosis of faults in Clos network has been published titf how. |

Our problem is to diagnose any single fault in a 3-stage Clos network, A 3-st_ngc Clos network
defined as N(n,m,) [B02], where ris number of Input stage switches, m is number of middie stage
switches and i is number of inputs per input switch. Fault in a clos network may be switching fault,
| inirastage link stuck-tault, and short cireuit Cault. [ntrastage link stuck-fault can not be distinguished
from switching fault without extra hardwarce. So, in this work we treat inlrnﬁlngﬂ link stuck-fault as
switching fault. We have obtained the l'ﬂ]inwingiﬂfults: |
(1) For diagnosis of single faults at most 4-13te5t vectors are required.
(1} For visibility of short civeuit faulls at most (2[log, (2n- DH]- 1) Hog NT+ 1 test veetors
are required. -
(i) For dingnosis af single short circuit faults at most 2 Hog,NT + 1 extra test vectors are.,
required. |

1.4. Grganization of the Report:

The report consists of the motivation of the work, fault model delinition, detection and diagnosis
“procedures and conclusion. Single switching faults and short circuit faulls has been discussed
Separately. Distinguishing procedures for multiple faults has also been discussed, Simmulation
programs for bot short circoit fault dingnosis and single switching fault diagnosis have been
developed and run. The results of those simulation programs support the results obtained in this

waork.
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CHAPTER 2
DEVINITION OF NETWORK STRUCTURIE AND FAULT MODIL

2.!. introduction to Clos Network:

CThe timpact of reeent discoveries and developments in the electronic ant .is‘beingfﬁlt in the telephone
switching ficld. This is evidence by the fact that many laboratories here and abroad have research
and development programs for arriving af cconomic clectronic switching system. In some of these
systems, such as the ECASS system, the role of switching crossnet array becomes much more
important than in present day commercial telephone systems. In that system the common control
cquipmentis less expensive, but the éross POINtS are more expensive. Reqﬁifements forsuchasystem
are tint number of cross points should be minimum. Due to these ripmsing requiremaents some
compromise 1s required. To design a crossnet arrays where it is always possible to cstablish a
coanection from an idle input to an idle output regardless of the amount of traffic on the system, a
simplesquare array with N inputs, N outputs and N crosspoints are sufficient (fig. 1), Hcan be taken
as an upper design limit. In case of clos network less number nfcrt.‘rsspnin_ls is required. The number
of crosspoints, l'L:{_luirf:.tI for 3-stage Clos network, where n = N2 s equal to (6% NY2- 3« N ). This
s less than N7 for N > 36, Tna 3-stage Clos network, the number of input stage switches are greater
than ar equal to number of inputs per input switch (C52). |

LI |

9

¢ . 2

Fig, 1
3 x 3 Crossarray

2.3, Structure Defindtlon

Each switch is basically a multiplexer demultiplexer circuit. For an m x n switch eacl mput is
demultiplexed by [ ton demultiplexer and then outputs are multiplcxﬂd*by m to | multiplexer. Here
weare maintaining seperate control structure for each input line of each switch. Foranm x n swilch,
the number of control lines for each mputis equal to [ log, n ]. Thus for an m x n switch, m + [ logr
nf control lines are required. Only for the output switches of size m xn we are maintaining | lng:}
| control lines for each output and in total n [log, m] control lines are réquired. Forall switches
other than the output switches each input is demultiplexed by its control lines and for each output

switch the outputs are multiplexed by its control lines.

2.4. Fault model

Fautt dingnosisis concerned with detecting and tocating faults in intereonnection networks. As time-
- shared buses could introdoce catastrophe (o an entire computer system, systems using complex
iterconnection netwaorks would he cven more valnerable to hardware or shoftware [aults of
conneciion components. To conduct the Fault dingnosis, a fault model must be delined so that one
Knows what faul necd (o be iested and loented.



We want o dingnasis sny type ol single switching fault or short circuit fault between any twao links
ina Clos networky According 1o our model the faults in a Clos network can be classified as:’

(1) Switching faults: Switehing faults ina Clos network can be classified as:

() Cantrol :4‘1;:1“1{--1“;1“]1: Hoany control tine of any switch is stuck a( 0 (respective 1), it is called
control stuck-at-( (respective stuck-at-1) fault, | |

(D)Iaput stugk-Cault: I any input of any switch is stuck at () (respective 1), itis called input
stuck-at-@(respective stuck-at-1) fault. Ifany input of any switch is open, itis also modelled
as mpud H;ll'.lt.tkhl':nili.. -

(¢)Output stpck-faalt: If any output of a switch is stuck at 0 (respective 1), it is called output -
stuck-at-() (respective stuck-at-1) fault, If any output of any switch is open, it is also -
mnda‘llmiénﬂ outoud stuck-ault

(hinterstage tink stuck-fault: In multiplexer or demultipiexer circuit of any switch input or
output of some gate has been opened, i.e., some input of a switch has lost connection with
some output of that switch.

(¢)}Control shhort civeuil fault: Two control lines corresponding to g speelfic input of a switeh
may be shorted together, | |

(2) Link short circ@it fauit:

A second type of fault which are not switching faults is known as link shott circuit faults, in which
arry two links of the network may be shorted together. .

(3) Intrastage link stuck-fauit:

Any linlin between two stages is stuck at Qor 1. This can not be distinguished from switching (aulls.
S0 throughout the report it will be considered as switching fault,
| R ;o |

b fig. 2000 or bis opened, it will be treated as inter stage link stuck-fault and if ¢ is open ie. ¢ iy
high, it will be treated ng input and output link short circult fault. If number of output of a switch is
cqual to 2% + 1, then the stuck at 0 fault at the most signifj;ﬁa-nt position of.the control lincs of any
ofthe inputlines is equivalent to the interstage link stuck-fault between that input and last ou put line.

In case of switching faults the faulty output wiil remain stuck at 0 or 1 forany type of test vector
duritng a particulat switch setting. In case of link short circuit fault-the faulty output will set to the
lower value of them who are involved in short circuit. |

Input Linc a

Dccoded Control Line ¢ /

Quiput Line b, -
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CHAPTERS
FAULT DIAGNOSIS

3.1, Problem Definttion and Motivation

-

Our preblemis, "o study and develop dingnostic procedures forany type ol single switching faults
aud link short civeuit Gault between any two links in a Clos network™”. The arca of fault diagnosis of
MINs is assuming more and more importance because with the use parnlit.,l systems expanding
rapidly, system reliability measures are becoming prominent lmmmclcrs for system performance.
To guarantee fault free performance it is therefore necessary to be able to test system components,
[t is desitable that such test procedures be algorithmic in nature so that automated implementation
is possible and in view of widespread LS VLEST implementation ufmmtqystcm components, such
test procedures should access only the input/output terminals.

Fault dingnosis of Clos network is necessary because Clos network is cost effective in the telephone
switching system with respect to crossbar, This has been motivated us to choose this work as my

dissertation work.
3.2. Some Definitions and Requirements

Definition ] Asetofinputs designed for lesting purpose is known as festvector. A particular choice
olset of finks which will remain onata time defines a phase, In s phase a particular control scitingof
the input, output and middle stage switches defines a subphase.

* To detect the faults In a Clos network we should ensure that (a) each lnput ut‘each switch should get
connection with each output of that switch, (i) every link should get complementary test inputs, and
(c) each pairoflinks in the network receive complementary test inputs. Here durmg testing switching
faults and link short cireuit Faults has been taken seperately.

3.3. Test Vector Design and Algorithins for Switching Faults

Ja these cases faully behaviour is thatan input of the faulty switch is not getting connectionawith some
output of it. To detect thesé (aults we should ensure that (a) each link is onat least once, (b) cach input
of cach switch should get connection with each output nfthat switch, (¢) every link should get com-
plemcntary test mpuls,

Lommma i
Twao phases, each having rsubphases can ensure (o) and (b),

Proof.
Namber the middie stage swilches as 001 (2n-2). Define two phases as:

(1) Oniy the cven numbered middie stage switches will be fully onin lirst phase. [Note :
ramber of even pombered middle stage switch s equal to nl. Even numbered outputs of

npulswitches aod cven numbered inputs ol output switches will remain on in that phase,

CaOrdd pansbered md-He switches and middie switch pumbered O will be on insccond phase.



Two phases are shown i fig. 3 fora 16 x 16 Clos network.

Thus by these two phases cach input and output of cach switch will be on at least once, i,e., satisfying
(). Now in each phasce rotate the connections 1 times each time shifting by one, These subphases for

phase 1 is shown in {ig. 4.
Thus in first phase (respective second phase) (1) cach input ol each even (respective odd) numbered
middie switch will get connection with each output of it, (if) each input of each input switch will get

connection with each even (respective odd) numbered output of it, (iii) each output of each output
switch will get connection with each even (respective odd) numbered input of it.

Thus it is satisfying (b). -

Algorithn A ¢ Test vector generation
1. All links of stage 0 receive test input (.

Definition 2 ¢ Each subphase ol cach phase testing congists of setting all the SEs in the mode of that
subphase of that phase and performing the following tests.

(1) [Feed the test vector generated according to algorithm A and observe the output responses.

(ihFeed the complementary test vector and observe the output résponses.

This definition is satisfying (¢).

input stage switch Middie stage switch Output stage switch
—— RRe—
_ o oo

1-.

------- — T |

___________ S s —
(a) phase |
N #Ww*, m: ; | e
- o - b F\i.m#__.

_____________ | "" i —

| _

(H) phase 2

Fig.d
Conneclion patieras ol inpud outpul and middle stage switches in o 16 x 16 3-stupge Clos
network
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Input stage switch Middle stage switch Output stage switch
o T - .
e Y [
—‘hh‘“—““‘x-___. ]
i\ - — . I )
i - . k — 4

(a) Subphase 1

(b) Subphase 2

F e L N S —

LT el il WY L L,

———El T U e M .

(c) Subphase 3

J
(d) Subphase 4
Fig. 4
Conneclion pat{erns of input, owput and middle stage switches in 16 x ]6-34!::;:1* (los
- nefwork

-

Algoritlm 1> Testing a Clos network for single switching fault

(1) Generate the test vector hy algorithm A, 3

(4) Hisin testvecton of step | perform cach subphase of cach phasce lesting

() F there exists a single switching fault some faulty response will be
bralts amd faulty phases.

(asmdefinition?).
observed. Note {hose

() HEmore than one faulty response s observed ina subphase of 4 phase then it is a multiple
vt else itis a single fault,

For diagiosis of single fault we will follow the procedure discusse

d'in 3.4, For diagnosis of mutiple
Caults we would follow the menthods discussed in 3.9,

- il -



Thus total number of test vector required for fault detection = 2% r* 2 méxr, .

YA, Blagnasiy of Staple Swilchiong Iault

Definition 3 . Define the ontpul response unary if the observed response is 00 or 11 inihig two: tmtﬁ
o Ca subphinse. Define itas binary i the observed response is O1 or 10 in the two tesis-of. ;wuhphasc
Mormal response s 1.

Note that all switching faulis will show unary response.

Algorvhne C o etection of Taulty switch and diagnosis of fault.
( D) or cach contrel setting where the unary fault was observed (d) set the network with tha!
control setiipg () mark the faulty patly, ‘

(D)l rom the marked paths find the common part where they converse.

CHECthe common port is only ananput (respective output) stage switch, then (a) if fault is in
cvery subphase of every phase then itis input stage input stuck-fault (respective output
stage outpul stuck-fmudt) and () else 1t 1s controf short circuit or control stuck-fault. To
distinpush them ra the algorithun .

(HHEthe conmon part s one mpuat stage switch and one middie stage switch, then (a) I (aulty’
response oceurs i all subphases ol a phase, thea faultis any of these three types: (i) Inpul
stage switeh autprd stuck-fault. (1) Middle stage switeh input sfuck-fault. (in) bitrastage
link stuck-fault. These three can not be distinguished without extra hardware. (b) Elsc it is
middie stage control shord circutt or control stuck-fault. To distinguish them we would run

atporithm 1,

S common partis one outputstage switch and one middle stage switch and faulty response
oceurs il subphases of a phase, then fault is any of these three i'yp»:m: (1} Qutput stage
switeh input stuck-Tautt. (1) Middle stage switch output stuck-fauit. (iii) Intrastage link
stuek-fault. These three can not be distinguished without extra hardware,

(O)if input, output and middie stage switches are same and fault is in only one subphase of 3
phase, then it s interstage link stuck-fauit. To tind the faulty switch (a) Fix the input and
outpul stage switch control settings to the same values with the subphase where faulty
response was found and the middie stage switch control settings completely different with
that subphase, (b) Generate the test veetor by algorithim A. (¢) Using the test vector of step
(D) and connection pattern of step (a) perform test according to definition 2. (d) If there
cxists no fanlty response then fault is at middle stage switch, else if faulty response is at
sane output then 1t was at output stage switch, else it is at input stage switch.

(7)in all other cases i is muitipie fault.

Algoridone D)0 Distingaishing between control stuck-{ault and control short circuit fault,
(178 1twise ANID the controf vadues of the marked inpuat (respective uulput) ol the faulty inpul
ot muadie (respective ootput) stage switch,
(230 any of the bits results 1o 1 ihen itis the control stuck-at-0 fault at that control line.
(iilse |
Bitwise OR the control values of the marked input (respective output) of the input or

¥
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mddle (respective outpul) stagc,

() Thany ol the bits results to 0, then it (s the control stuck-at-1 fault at that control line.

(1) lise {
Uetp be the number of control tines. Number them by O through p-1 from
sty tomsh. Generate (7C, ) different combinations. For each combination
NOK the carresponding mmmi values torall the unmarked outputs (respec
tyveanputs) ol the Baulty input or middle (respective output) stage switch, if
toracombimation resultis O forafl unmarked outputs, then itis control short
cricutt fault between those two lines.

L]

A ank Short Clreuid Faults

Upto wection b we have seen how single switching faults in a 3-stage Clos network can be
dlaginosed. iu reis another type of fault namely, short cirenit fault among the links of the network.
The problem s Vo study and develop dragnostic procedures for link short circuit fault in a Clos
Helwork .
Adittte msight into the problem will reveal that this general problem has the following parameters:
(1) the samber of Timks that belongs 1o a short circuil group.
(.2}-the nmmmber ol stages ol the Clos network.
(3) the number of disjoint groups of shorted links or in other words, whether there is
A single fink short circon fault or multiple link short cireuit faults.
(1) restrictions on the location of the fault i.e. whtlher or not the shﬂrted llnks beh}ngj

to the same stage. |
Here we have restricted the the problem to single fault with the number of shorted links limited to
two. The location of the fult is unrestricted, i.e., the fault may occur i any one of the switches in

any one of the switches.

Hoere the upper bound on the number of tests has been obtained and the corresponding test vectors
are also developed, The fault diagnosis of link short circuit fault in a group of two links has been
completed. The results of this study summarised as follows:

(1) fink shorteirevitfaultneeds atmost (2[tog (2n-1)]- D [log NT4 1 test vectors for visthitity
of tanlt, -

() a d-stage Clos network with a 2 link short cireuit fault needs at most 2 flog N7 1 1 extia
test vectors for diagnosis, }

L0 Upper Bouwnd on the Number of Tests and Test Vector Generation:

The iogiealvalue ofashorted Hink is zero. The paths on which the shorted links lie will give a Goutput
sponse at the corresponding outputs when the test vector provides compleme nary test Hpids o
these paths. The short circuit becomes transparent otherwise, .e.g., fig. 5.
Thus the imk short cireuit fault behaviowr can be characterised as |
() fault 1 visible when the short circuited links lie on different paths which receive
compicmoentary mputs, | |
C Ui transparent swhen cither the <horted Hoks Hie on different paths which receive

sepe testanpuls o they e on same path.

Y i,
e
1
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Visible and Transparent faults in 16 x 16 3-stage Clos network

3.6.1. Upper Bound on the Number of Tests:

Since we assume that the shorted response is zero, whenever a link short circuit faultis visible with
a given testvector, the faulty response will be observed only atsome of the paths involved in the shor
cirenit. To get hold of the other faulty paths we use the test strategy of testing the netwaork in the
same contietsctting with the complementacy test vector, This is similarto the pair of tests discussed
tn detinition 2. o
Hencelorth, we will always bear in mind that for a visible {ink short circuit fault exactly two outpuis
will be observed with complementary test veetors, Therefore to testa link short cireuit fault we needd
o cnsuse that all pogr af ks in the network receive L:mnp!umt:m;n‘y (est inpum;

Lemma 2o Voran N x N Clos network, at most [ Jo N1 test vectors are needed to easure that atl
Pt of ks wlhicch are anina particular control scetting belonging to the same stage receive

complomentiry lest inpuls.

Cronf s Tetipybe the nomoer of testveetor needed for the stated purpase tor pinput lines. our pon

o Dnc N Now any test vector applicdto an N ox N Clos network will have kK 07s and (N-k) s,

P R WA A DA, J PR S A 5 PR LA TR S iy . . ] A . - . * . et ,
Uo-s ko O W sueh g fest eector all sach poir of Tinks of the iput side one of which receives o O

- —— - —

cottested tor link short circait faolt, Farther tests are required to tesi link

testnnat i the other 1,

r
-

a -4 - 3 'i'l‘r E 1 ! ":.r!. .ﬁntrT' [ ' ) : o i | 't‘!-‘.ri 1 {';'r\- ! - * * .
shori cireur fnnst among e aroup of finks dthat received a O (sive k) and the group that reccived o

Po(srze pR) inderenaentiy, Stence we canwrile the following recwrrence relation

vy b b {max (R, IN-Kk))).

h—-
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Wlearly [(K) is 2 nondeceasing function the optimum value of k is {N/2], so that

Ny < 1+ [([N/2]).

The scelution of the equation is f{N) < flog, N

: Thus 1 can be concludsd that all the pairs of input lines of a Clog network can be provided
": complenentiary test inputs using at most ok, N test vectons,

- Now, mease of Clos network all Tinks will not be op at a time. But we have {o test link short circut
fault for cach pair of Hinks.So we have to usc some strategy such that each pair of links should remain

an ata time at least once within the test procedure.
e ’Lﬁﬁt’.

Letrna 30 Povan N N Clos network (2 Hop, { 2n-1)] - 1) tests are sufTicient to ensure that

(1) cach pale nl. links should remain ob at a time al leastonce and

(b) every {ault should be visible.
Proaf s Iostead of giving a direet proof we are describing one strategy which will give the proof.
Al input and output switches will remain on during one test if all inputs are on.So, if we can show
that 2 [log, { 2n-1)] -1 tests are sufficient to ensure thateach pair of output of an input switch shotild
reniatit on at g time al least once, it widl be enough tor (a). Toke {(2n-1) output of input switch
(respeative iput of output switeh) us 2n-1 bits numbered from left to rlghtand the bit value will be
(For 1 correspoading Hink s on or off respectively,

CUY Pest i the Ishit vatue 1o O and penerate 2 types ol bit pattern given.below.,
oo e e - . ——r——-———-—)
| | | |

P31 ]”tmli I¥ () I o & T SN NUTRR B4
- e e i i e e e = Rk et e - ] S s T — — it e -4
|

it | Typely 0 ] 0 1 e 1 0
{
SRR [ I |
Value ! Type 1} O () 'I 0 | ... . ]
J
. . .__.-....ﬁ_ﬁ-h,........,._q...,...,..l.._,._, e et e e ar P o min g e el et e tmemee L et w1 wereiss e R P I —

[ Dot ooty {respective wput) line sl remain on with every other outpal (respeciive it

s nd Dl oned. (proet s obvious)

2y et b Dt bibvalue to Fand 2od & id bt value to Oand generale two types of Dit patfern given

e den
:II..... I A - — r——— —— ....,,|_._ —— T A g it —— L g e s
b Posiion () | 2 Yoo e, 1200- 2
o s e e ,,] e e e A e —.— 1 U R — e . —
] L .
: Bt 3 Tvpe | [ O () | | ()
.> | ’
E i ST B — - Y A ,_._.__,.‘---,-,.,.._._..i e em s e o R —{
o Vadue Pivpe fip () ) 0 I #

|

a |
] EUNUREUR RN SR SR | )

Thas affer sien Tine state s Bke that st three

aufput espective inputy lines will remainon with every other output (respective input) lines at least
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once. H
Al ith step we m: fml;( 20D - 1) bits to T and next 20D bits to 0 and for remaining 2n - 2' bits twci :

types of bit p'*.ttem as before.(i < ({log, (Zn-1)]- 1)

Note that here inf every case number of bits getting value 0 is equal to 26-1) 4 (2n-2)/2, ie., n
This way after [ﬁng (2n-1)]-1 steps number of lines which will remain on with other output lme
at least once is efjual to |

o (fleg@n-t)) - 1)1 _ 1 4 o (Nog(2n-0)]-1)-
= o(leg @] 1) _ g
- =n-1,if 2n-1 = 2%-1 for some integer k
- > n-1 otherwise.

Then generate a connection pattern such that n inputs (respestive outputs) are connected to last n
outputs (respective inputs). Then we have reached to a point that all nutputs af an input switch
(respective all inpiits of an output switch) are pairwise on at least nnce. S |

Number of tests # 2 ( [l':.mg2 (2n-1)]-1)+1=2(log,(2n-1)]-

Thus it is satisfyi g (a).,

These tests are numbered like 5,5,..,5, Ly
For all tests other than s s, the control settlngs are in straight mode and for test s, and s, the control

settings are shifted by plus one for input and middle stage switches and mmus one for outp ut stage
switches from stralght mode,

Thus In s,,8, all links which were in same path In other phases will be ln dlff‘srent paths. Therelore
every fault will be wmble at Ieast once within 2 [log, (2n - 2)] -1 tests.. |

3.6.2. Test Vector Dem_n
_Th'e f_ollowing algprithm generates the test vectors for detectingsingle:sﬁon circuit fault.

Algorithm E : Test vector to test an N x N 3-stage Clos network, where p = [log, N]
(1) For f:= p downto 1 do / |
(8) classify the input lines into odd and even lines based on the i_leftmost bits of
their addresses.

(b) Even input lines receive a test mput 1, odd lmes receive a test input 0.
end for |

Fig. 6 shows the test vectors generated fora 16 x 16 3-stage Clos network.
3.7. Detection of Short Circuit Faults in o 3-stage Clos Network

Following algorithm describes the procedure for single link short circuit fault detection.

Algorithm I . | |
| (1) For each phase s ,s,,..,s, for each test vector test the network until faulty response is
abserved where k= (2 [log, (20 - 1)] - 1).
2) During step 1 faulty response is found, test the network with the complementary test
vector of that vector and in that phase in which phase and by which vector it was found.

- The test procedure dicussedabove will cause exactly two faults. Tn worst case testing upto last phase
~_ ~and last test veetor is required and then one test by complementary test vector. Thus total number

16 -
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| Fig. 6 o |
Test vectors generated by algorithm E in a 16 x 16 3-stage Clos network
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ninil

of test vector ( 2 Jlog, (2n - 1)] -1) [log,N] +1 is required.
3.8. Diagnosis of Link Short Circuit Faults

Algorithm G ; | ‘ WG
(1) Sct the network control settings same as the phase in which faulty response,obscrved.
(2) Trace the faulty paths and mark them. | |
(3) Sct the network shifing by plus one for input or middle stage switches and by minus one
for output switches with same links on as step |,
(4) Test the network by each test vector generated by algorithm E. If faulty response is found
for some vector, test the network by its complementary test vector and go to step S.
(5) 10 no faulty respanse found by step 4,0 to step 3 |
clse trace the faulty paths and mark them.
(6) Find tlg{e%i(gtersecting links.
G h?:"r'-‘t*-}(
Lenmma 4 : For aAClos network at most 2 [log,N| + 1 extra test vectors are required for dingnosis
of faull. ~

Proof . By three completely different control settings with same links off as in straight mode the
fault will be visible and the faulty paths will be intersecting. Among them one type of control sctting
has been used during [aelt detection.

In worst case testing after shifting by one may not give any faulty output, thus total 2 [log N] + 1
test vectors are required.

3.9. Multiple Switching Fault Diagnosis

If there is a multiple fault in the network then during running of the algorithm C faulty paths may

~ 17 -



converse to (a) different switch, or (b) different link, or (¢) different input of same switch.

In each of the above three cases treat them as different faults and for each fault seperate the faulty
piaths and faulty outputs of the faulty switch. Then run step 3 to 6 of algorithm C for each fhrult. Thus
Cault diagnosts can be done. -

[Note - If faulty paths converse to same input of same switch then they may not be seperated and
diagnosed. Butif the multiple fault is control stuck or control short circuit fault then they can be

sepcrated and diagnoscd by algorithm D only.]
3.10. Single multiple link short circuit fault diagnosis,

Follow the algorithm G only modifying step 6 as follows: L
If faulty paths are not intersecting go to step 3, else find the faulty links.

-8 -



CHAPTER 4

CONCILUSION

Fault diagnosis procedures {or two-link short circuit fault and single switching faults have been
developed. The vpper bound for number of test vectors needed for detecting and diagnosis of them
has been tound. Botdiagnosis of multiple faults has not been done totally. Further work can be done

on multiple faults.

Alter diagnosis of fault if it is scen that (1) fault is in input and oulput switch then they have to be
replaced  (2) i fauit is 2t middle stage network can be vsed as rearrangeable network. According
to the Slepian Duguid [B62]theorem a Clos Network N(n,r,m)can be used as rearrangeable network
it m > o0 H faait is at the middle stage switch, what will be the algorithm to use the network as
rearrangeable network 1s not known yet. Further work can be done on it.

.10
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CHAPTER &
APPEND IX
5;1. Simmulation Hrogram for Diagriosis of Single switcehing Tault

#imcliude <stdio.n,
Finclude <matn.ns
void in_to_out (vagidl;
void gen_alg_c{voind)

shruct inp €
| int inpsl4d;
int comsifaly
it outsl?71
> inptf41;
struct mid 4
int inpslal
int conselal,
int outsl4l §
' migdlC?73}

struct oup L
int inpst71)
int conslC4];
int outsl4l]}
> ouptC4l}

int faalti2031067;
it bkO, k2, k3, kb3S, kb, kk? kB, kS, Faultl,faultd, faultldy

main ()
{
int jyi,k,m;
kS = ~13

k3=0y

lllllt“ﬂ.hl'-ﬂlIIlh!.:liﬂ uuuuuuuu # ¥ H M M I W N W N K BT W H % ® HOH ¥ H M H O N B o H
Adlgorithm R

W oMM OH RN AR HH!I‘IHIIIﬁ.-ﬂluu uuuuuu % B u 2 U H K N U N W AT W oW R B W AW N HEN # MW oR B W

for (i=0;i<4yi+t)
for (j=13;j74; j++) o
ouptbil.corislj} = inptlil.consl jl = 3kj-13
midli2kj~1l.conslil = i,
micdllZxjleconslil] = ~1g
}h
for (i=0;i<45i++) 4
auptlbild.consl0] = inptlil.consiQGl = O3
midliOdeconslid = 13
}
ki 3=03;
gen_alg_clly |
for (i=0)i<3;i++) £
for (k=03ki4ik++)
Por (i=053<43j++)
if (imptlkl.iconsh jli==0) A
inptbkl.conal 11 =13

E
|
Ft



ouptibkl.consbild =13

+
alse | :
inptlkl.consljl =Cinptlkl.consl ji +2 Y%7;
ouptikl.consl il =Couptikl.consl jl+323%7;
*

i (k==0) midlikl.consljd =(midlilikl.consl jl+1)%4;
plese midlldkk~ld.consl jl
“(mldltikk I1leconsl jl+1l)%4;
3. |
I, 3=k k3+1;
gen_alg_c();
i O
for (i=07;i<451i4+)r
for (j=03;j<4i++) £ .
mupttll ogyslij] = inmptlid.consl jl
midlE2kjTydonsCil = ij
Lf (j1=0) #idll24Aj — 1l.conslild = —-13
by | |

i

2% 35

bl 3=0 3}
gen_alqg_ci)}
for (i=0pic<3giety {
For (k=07KJ4 k++)
for (j=gdyjicd4;j++) o
o inptlikJ.consl i) =(inptikY.consl j1+2)%B
- midii2kkI.consljd ={(midll2&k).consl j1+1)%4;
adptLPJ,LmnﬁLJJ ={puptlil.consl 11+2)48,
- ¥
U I=k 341
Cgqn_alg o))

¥
'unuu-uu-uuu-lnlulql-:-n ﬂﬂﬂﬂﬂﬂﬂ W R W WD R MW X OE W R MW OWOEH R oI % KM N W W MU
.- Algorithm F arvd 1) .
nuuuuu-uun-annu-niinu-_‘ -------- H M = B N H B M oW oMM W OB R N om ol MW OWONON MW oo

if (k3!=1) printf{*It is a3 multiple faultim");
alﬁe: {

i G=kk 7sKH8=0;
f ¢ o(§=0;: jus=kkS:i++) if (bkG==0) £
1f (£aultlollLllt=faultli3011) kG =)
¥
fgp (=0} jo=kkSjj++) if (kk8==0) |
if (FaultlOIT3dl=faultl jI031) kB =1;
| ¥
if ((kk& == 0) &% (kk8 ==0)) ftaultld = -1,
@lge if (kkéo==0) faultl=0;
else if (kk8==0) faultl=2;
else faultl=l;
1P ((Faulitd==0) || (faultid==2)) { |
for (j=1; i<=kk%S3j++) if (kk7==0)
1f (faultlOlL2Afaultl =FfanltljIildikfaultlls L7 =1
if (k7==0) {
1f (kkS==7) printf("it 15 inmput stuck Ffault a3t stage nod
Ad switeh nmo 4d and dlo_no Zd\n',faultl,faultlOlifaultd+1, faultiOli iiwult*i}
else 1f (kkd==3)
faultl=faultlOIL2];
for C(i=liid=kbayi++) fanltl=Ffaultlsfaultiill2

.|
¥



pleue
glee
:}.
elae {

if (faultl == 1)

printf ("Il is control stuck 3t 0 faull at stage N

“d switcoch no %4d and /o _no 4d and ati control ity

no OAm*,faultd, faultlolifault24+13, faultlollsAtanlta ]y
plse 1f (Faultl == 32)

printf ("1t is control stuck at O fault at stage N

¥d switch no ¥d and 170 _no %d and at control il

e 1Amt, Cault, FaultlOolifaultd+ ], fanltlOlldAlaultial)y
elee 1if (Lfaultl == 4)

printf ("Il is control stuck at O fault atl stage >

wd switeh mo %d arnd i/o _no %d and at control bity

ro 2hnY  taultd, faultl0Ilfaultl2+1d, faultlOll2Alanitaly
@lae printf(*Ilt is = multiple fault \n']

ks

1 (kbkd ==4)
fﬂultl fgultiﬂjtjj,
for (i=lyid=kki;1++ faultl faultli{faalti ILE
i f (faultl 3 6)

pl}ntf('11 is control stuck at 1 fault at stage

vd switch mo %Zd and i/ _no %d and at control bt

rno ONM ", Lault2, Ffaultlollfault2+1, £aultiOdlEdAlanltaly g
elae if (Faultl == %) |

primntf ("1t is control stuck 23t 0 fault at sbtage

vd switch no %Zd and 1/0_no %Zd and at comtrol Dot |

mo vt , Paultd, faultlOIifaule3+1T,faultiOIL2Afaultdldlnyg

| else if (faultl == 3) -

printf('lL is control stuck at 0 fault at stage

vd switch no %d and i/0_no Zd and at control bt

o 2\mY ,Pault2, faultlolfault3+1 ], LanltbOILIATaultiald)y
elese printf(*lt is a multiple fault n®ij

:}.

1f (ki ==3) 4
Faultl=faultLQolL2Y ™ faultllILIdy
1F (Fauwlil == 0

printf(* Lt is control short circuit fault belwesn o

control bits 1 8 2 at stage Zd switch no Ad and j;m1hﬁ

Zesn® , Pault, FaultiOllfaulta+1d, faultlOILdAfanl bl
eleon 1f (Faulil == 4)

printf (v I4 is conmtrel short circuit Ffault belween N

control bits O % 1 at stage %Zd switch mo Zd sl 170 nd

Zetsm® ,Pault2, faultlolifaul t3+1 3, fanitlOdLaAlanitaldl]
alae if (faultl == 2)

printf{"1lt is control short circuit Ffault bwiw&aﬁ N

control bits O & 2 at stage Zd switch no Zd and 170 nd

Zoeisnt yfanltd, faulti0I0faultdsld, fault[ﬁ][“ﬁf1u1+”ﬂ};
elee printf{*Iit is a multlplm Faulisa® ¥y

¥

aloe primtf "It is a multiple faultin®)y

b b

= Q
for (3=

’ B
03 jo=kkSs j++) if (kkG==0) <
'}.

if (kkB==0) o
if (kkBH==7)

1P (fault2==0) printf(*f{t is stage no 1 inpul stuck ory

input stage output stuck fault at stage nmo 1 switon
e Ao and dinput po Zd oand 3t imput stage switobh po o A

Ty
A



and outpuli po Zd \m?,faultiOodl23,faultlOl01],faultlOI0LI, FaultlOI020)
else pPrintf("It is stage no 1 output stuck or)
stage no 2 input stuck fault at stage no 1 swiltonn
no %d oand output no Xd oand at stasge no 2 swibtoh no Aoh
arcd dinput mo %d AnY,faultlOIC20, faultiOIC3,faultlOIC3T, faultlOI02);
>
elase 1if ({(faultl2==0) && ({(kkd ==1) |} (kkI==3))) 4
faugltl = faultLOolIL3];
for (i=0,i<=kkG5i+4)
faultl=Ffaultl % faultlillzl]
faultld = TawltLQIl23];
For (i=0;i=khk3}i++)
faultd=faultyd | faultlill3d)
tf (fauitlli=0) {
i (fauitl == 1)
printfi*iL is control stuek at O fault at stage no 1o
switeh no Zd and dnput no Zd arsd a3t control bath
o ONn? o i aultlOodL3T,faultiOllidlyg
e¢lese 1f (faullbl == Q)
printf(*1lt is control stuck at 0 fault at stage mo ]
switeh no %9 and dinput no %3 arnd at cormtrol bBahy
e INn Y, TanltLeIlZ2, Faulti0Il 1)y
| 3.
plese if (faultdi=33)
1 (faultd == 3)
printf (1L is control stuck at 1 fault at stage no
Cawiteh no A9 oand dinput no 4d oand at conmtrol ot
o O, Faul L0023, fanltliOlllld g
@lse if (faultl == 1)
printf "1t is control stuck at 1 fault at stage o 1
sWwiteh no Zd and imnput no A3 and at control bihy
o 1AM, LaultlOI03Y, fauitiOIL1d) )
e
| ooelse prantf('IL 1s conmtrol snort ocrrourt sty
«tage no 1 switch no Zd input ro ZaNn® ,faultBO0L20,faultiGlll T,
1 |
+
elee printfd*It is stage no 1 output stuck orh
stage no 2 input stuck fault a3t stage no L switons
e Zd o oarnd output mo Zd and at stage no 2 switon no B
And irnput ne Zd An"  FTaulitDOlL2), FaultiOdid), faultiOoldi3), fauiti Gl al);
>
by
-elase 1f (faulltg== 1) A
l 1. Q=20 5
10 (kkH==1) A
if ((Ffaultlodloti=fanltliIi0d) ||
(FaultiOllAd!=Ffagltlid041) || (£faulitCOIl23T=fanltlt 10210y kES:
¥
L (ke Q==0)
bl B=Cault LOILdd/ 3 kk8=kbEBAZ
Lf (kh8==faultl0IC21) <
kb 3= (faultlQIl3] ~ faultlolllil +42%4 )
for (i=03i<4vi++) for (f=0pia43 442 1
cuwptiild.consljl=inptlil.consl jl=00x 0 j+ick 3y P HE]
midlldAxjloconsiil=Crvlbhd+ L rad]
¥
faultl=kkdy
aern_alg o0,

wh



| ﬁ. if (faulti==kk3)
print$¢*It is inter link styeck Fault at shage no LS
pwitoh no Zd input no Ad output no wd\m®, faultLOIl21, FaultioI01Y, faulhlOllal)
. o alee if (faultf0l03d==faultlkkoILE 1)
- printg(*lt is inter link stuck fault at stage no 25
switeh ro Zd inpudlno Zd output no Xd\n‘,faulttﬂjﬁaﬂ,faulttﬂjtﬁj,faultﬂ%ﬂt41?;-
A elge if ({faultiOllild==FfaultikioI011:
printf( "It is inter link stuck fault at staas no ON
Bwitoch no Ad inpufl no Xd putput no wd\m® , Faultloll1d, faultCOI00], faultbOILa ] ]
. | vlse printfC*It is a multiple Ffauliyen’ i
}
glee
b 3= (faultL0lL3] - faultlL0I01Tra4,
for (i=0:iv4ri++r for (j=l;ji<4y t++r ¢
pguptlfiliconslbjl = inptLildeiconsljl = Lkj—l,
midiC2&kj~1l.conslil = (i+12745
}
for (i=03iv451+4) +
puptlil.consl0l = inptLiild.conslO0l = 0O}
midilfOol,.consCil =(iL+1)%4;
\
for (i=0pidki3yitsd A
for (k=03kJ43k++) LTor (j=0§ jo45 j++!
if Cinptiki.consi jl==0) 4
inptlitl.conslhjl =1
ouptiki.consljl =1}
¥

L] |
¥
H
?

eloe A
imptikd.consl il =Ginptikl.consl jJ LSS I A
ouptikl.consi 1. =(oupthhl.conal 1+23475
¥
i (hm=0) midilkl.conslid =(midilkI.consl ji+iii4;
plse midll24k~-11.consljl =(midll 2k ~1d.consl 33+ 10 44,
¥
+
faultl=kudy
gen_alag_ o),
if (faultls=khkd)
printf(*It is inter link stuck fault at stage no |
switch mo %d inpet no %d output no v\, Faultl0I02], fanltCOI0LT, faultlolls
- slse if (FaultLOl03)==faulilkkiILa]
= printf ("It is inter link stueck fault a3t stage no d-
switeh no #4d inph% no #Zd4 output no %d\ﬁ‘,faulttﬂﬂ[ﬁ],fault[@jtﬁﬂ,fﬁuittﬂjtéj3;
5 olee if (Faultli0dCll==faultikkOILLL:
- | printf(*It is inter link stuck fault at stage no D%
switeoh o %d input no Xd output no Kﬂ%n“,faultﬂﬁ]ﬁl],fault[@jtﬁﬂ,faultﬂﬁﬁtﬁﬁ};
olee printf(*it is 3 multiple Pavltse 3y
}.

|‘l
a

.1.1_ . i
-|+i - :‘;-
"

i

kg
plee printf(*It is a3 multiple Fault\n®o g
¥ |
plee if (k3==0) printf(*lt is not a faulty network\n®l;
else printf(*It is a multiple faulti\n®l)g



Foild in_to_oulb €)

K |

int di,jj,kk,kk¥, kh;

Fi-m o »w unn--unnnuwun nnnnn luhuﬂuuunnuunnnuuunuu:-ununniunnuuununuuu:;
Impiemﬂntatian nf Fault

khwlﬁptLOJ CGHEPI]

irptiol.conalll= (znptLOJ.ennﬁLi] | X))
V*Lﬁpf[liu]ﬂpﬁtll 2 Q) g

kh=midll 0l .consill;

micll[OD. conslll= midllO0d.conglld | Ol;A/

Illlllllllnlru:lnnltun?Inﬂnilllnhnﬂh uuuuuuuu ® H W M 8 MM WA N R HE E R
for (ii=0;1ii<4;@i+4)
for (jj=0jjj<d3jj++) <
%PnlnptL11] consl jjils
if (kki=7) {
ﬂldlEPkJ inpsliil= inptliid.outslkk] = tnptlididoinpsl 53
hklmmldltkkJ consliily
Af (kkll= ~1) midlilkkl.outslkkl] = midli{kkIoinpsliils:

for (ii=03ii<43ii+s)
for (jj=03jj<4yjj++) £

1f (ouptliil.conslijl t= 7 .
ouptiiil.outs ji01 = midilouptliil.consljjll.ontsliil;
>

Anptl0d.conslll & kh;

/kouptlllioutsl1I=0z:4/

FAmidliQl.consllll = khik/

g }
; ﬂlg rithm A and Checking of ﬂutputa

uuuuuuu HIHI'-II--IIPHI#HHHHIIIHIllHIIJI-H‘-IIHHIII

void gen_alg_ef{)
{
int iid,jids
b2 = 0 |
for {iii= G,iii{4£1i1++)
| for (J3j#05jiiv4siji++) tnptliiil.inpsljjijl=0;
- Ain_to_out(); |
for (iii=0; 111€4F111++)
fnr (jJJ#ﬁ JIJ453334y) if {muptﬁllljumutaﬁjgjll'ﬁﬁ 1.
| kS = kRS 4+ 1
b2=kd+] ;
faulttkkhjlﬂj =431y
FaultlkkSIE2) = ouptlCiiil. consl jijls
FaultlbkdI01d = (iii - ki3 +4) %4,
FaultlkbSIC0T = faultlkksI047 =333
faultlkbkyIL5) 13

by
for (1ii=0jdiii<43iii++)
fnr (JJ3=03J0J74733j++) inptLiiil. Inpsljjil=1;
1r_to_aut();
for (iii=0;iii<4riii++)

for (Jji=050iiv4iji++) if (ouptliiil.outsCjijili=1) <
kD= kRS o+ 1
k2= 3+



faulidtfiedIiadl = iii;

faultikkeIL2d = ouptliitidicomsl jjgls
faultfkis1017] (iii - kk3 + 4)%4,

FaultlhiebHIL0] faultlkeSI04T =133:

fanltlkkIILS] 0;

I | S

f (k2==2) k3:
flae 1 ((Rd=

¥
A

y
) 8% (k31=2)) k3 = 1;

i

it H

e
1

It ia control stdck at 0 fault at stage 0 switech no O anﬁ'ifa“nn 1oand at
tontrol kit no 1

Ee&ult:

b.2. SimmulationiProgram Tor agrnosis of Single Two-link short circuit faull
L - -
Finciude <stdio.h:

kincliude <math.by

+oid in_to_out (void);

void gern_alg_alveicd)y

int check_fault(iint faulty);

struct irp < |
ahtort inpsh4l;

stiort . c0n$§4]

snort outs .

Foinpti4

Lstruct mid < |
short inps ;

short cons
short nuttt ;

Y midlC7]

struct oup {
| ahmrt inps ?J,
sort COnsk

whmrt aute
-k mupt[4

!'

43“

faultlSI030;

int ph,kkﬁ,hkﬁ,f&ultl,faultﬁ,faultB,fault%,faultﬁ,féultﬁ;

main (7 .
{.

short j,i,k,m,ko,ki:

kS = ~13%

, Algorithm F

fTor (i=Qyid4yi++)
for (3=0; j<4;j++) < '
ouptLil.conslidl = dnptlil.consljl = 24375
mirdli24kjl.comslil = 13
if (ji=0) wmidll2&k3 ~11. consbil = -1 3

27



er_alg a3y
PE (kS = 1) L1
For (i=03i<4;1i++)
for (j= 1,J~1¥,Ji+) 1
ouptlilaigonsl(j+1)%4] = 1npt[1J.cmh$LJ 11 = 3%j-13
mldLL’ﬁgwlj conslil = -¢i+1)%4; :
! midllz *JI.LQNELlj = -Y3
| ¥ .
for (i«ﬂ,1t4,1++1 4 . . |
i‘ puptlLilegonsll] = inp§lil.consl3] = O
midltﬁ].gnnﬁii] = (i+£i%4:

¥ ¥
ptro= 1
gen_alg a();
LE (kRY == ~1) K

for (i=07i<45i++].
%) £

for (j=1; j<4; 34 |

ﬂupt[ixiﬂ;nﬁf(1+1)24] = inptlil.conslj~171 = 34j;
midlC2AJFfeondTil = (i+1)%4;
midlL2A$4kd.conslil = ~1;
¥ | T

for (i=0Q;i{4;i+e}!
muptEiJ g = inptlil.consi3] = 1:
midif13.de = (i-+1)%4:
midlL 0.« = ~1y
} i

ph = 13 '

gen_alg_a()}

if (hkd == «1) {1

for (i=0,i<45i++) £
ouptlil.donsl3T = inptlil.consld) = &;
midlloduganslil = i}
midlLO0J.donskil = -1
midlL4k. Qn"LlJ = -]y
midil63, ﬁhstlj moo-]

for (i=0;i<4pi++)]
for (j=033<3; j+4) <

ouptlitedansil = inptlil.consb il = j+1:
midllj+ldecondglil = i;
\ "

ph = 0 |

gen_alg_a{ly

Lf (kS == ~1) {

for (i=0;i<3pi++)

o for (j=07j<47j++) midifil.consljl = -1

For (i=0;iv45i++)
for {Jmﬂ Jf4 J++) 1

ouptlil.consljl = 1nptf¢] coansl il = +3;
m1dl[3+3].cuﬁﬁti3 = iy
F

phy = g
jen_alg _adl();

LE (kkd== 1) printf{("There is no f#ﬁlt\n‘);

=8



L (FaultLEIlfanit]l ~1d==fault{Z0Lfaultl -7 7 Faultd = faultl

E]ﬁiﬁ

l H 4 ¥ H H X B A A B H 0 b i1 A W B H H H ¥ # # H H W A T K m a4 8 m u E B ® H KHE H H BH H W 1 1 4 M N #H B H N [F ] 1t
i - ﬁlgijrﬂhm &
.! H H I N 1 mn m N H H B H W M W M 3 H B B H X B M ¥ B A O H O U A ¥ %% H un A @ d m N o 4 n n N m ¥ W A W H M O H H W I

Fop (k=0pko2iked) Af (RRBRS SF) A
uh = ph + 13
i = inp¥LOl.consll1;
bo = oupflOi.consl 31
Tor (i=031<4;1+4+)
far (3= l,j*4 j++) «
* inptliJ.conslji = 1npt[11 consl (j+12441;
muptfij congl(4~-3)1 = ouptlild.consl(3~3)1;
| if (midilgiajl.conslil] = ~1)
é midli2kjleconslil =nidll243].conslild +12443
| if (midlifedj~-1l.conglil t= =-1)
midilZ2ai~1l.canslid = (midlL2&j~1l.econsglild +1 3134y
}.
for (i=071<4; iH*} 1
anttllutmnﬁtﬁﬂ = ki
guptlil.consCOd = koj
tfF middliOTaconablrd s —10
midll0T.consbid = (midil0d.conslidl +12%4,
| ¥
gen_alg_&al);
r o }
faultl = ~13 &
for (i=]l; i1<4; i1++) if (fanlbtLOold0i] == faulti23011) faultl = 1}
if (faultll= *ﬂ) { |
PfF (FaultCOILfaultl ~1ds=Ffaultl230faultl ~17) faultld=~faultl -1,
glae if {(Paultioiffaultl+ld==fanlti3I0faulbi+lldy faultd=laglitlsly
alse fault]l = -1;
¥
faultld = ~1;
for (i=17 143 i++3 4f (FaualdtfO0ILild == Ffaultlallil) faultd = 13
wf (Fault3i= 13 o
L (FaultfOlifanltd ~1l==fagltl3I0faultd -11) faultd = faglts 13
alse if (Laultf0l0fault3d+ll==Faulti3Ilfault3+1]) Ffaultd=faultld+ly
alese faulty = -1} o
¥
P8 ((klSx3)y | (dfaultls== ~1) &% (faultd == -11))
prlnti(“li ie & multiple Fault\n®)j
alse 18 (Faultl == -13 4
for {i=ly 174, 1++]
i (FaultLiltlil == FaltL3ILil)y fauvltl = i
1F (faultlti= 13 {
if (faultllilfaultl “]J“Mfau]t[?]ffauiil =11 Fagltd = Faultl ~1.
glese 1f (faultlilllfaclti+ltesfaglti230faultl+ L)) Tanibtd=Taultlir1]
@lse faultl = -~13

>

if (faultls= ~1) primbif("1t 18 a multiple faultin®)y
Elae A
i1f ({faultdxTawltl) o (fanltdt=2))
Faultl=FfaultliliLifauitlIad + FaultliIlfag!Lily
@leae fagltl = CaaltLilEfauglitl A7 + Faultllibfagltals
Lf CofaultAFfanltd) [} (Taultdi=E)) x
Fault3=Ffaulti0olifagitdliss + Faultf0I0Fs.haly
plae Taultd = fagltbollfsulidis™ + TawliilOolifaultsl




primbf{*Yault is stage no %2d link no X32d and stage o 524
Link no Z3d\n*,faultld,faultl,faultd, faulitld;
¥
}

elee if (faulilde= ~1) {

far (i=ly i<4; i+4)

if (fsultlIdfil] == fault[ﬂ][ij) faultld = i;
if (faufltl!l= ~1) <
if (faugtLlJ[faultS ~1)==faulti3ILfaultd ~11) faultd = faul o

2lese 1f (faulttl]Efault3+llﬂ“fauht53}Efault3+lJ) faultﬂ“[anJL‘+i
olge fapltﬂ = =13 -

3

if (faultd==

*1) priﬁtf('It isla,multiple Faultin®)y
elese { |

i ((fault&}faultl) ] (faylt21=2))

faultﬁﬁfaulttﬂjtfiultlJ#4 + faultlOllfanltl])

e_ﬁe faultl = £aultioICfaultliix? + faultLGJLfauli”H;
i ((fault4}fau1t3) b (Baglta1=2))

faulti= faultEIJEf Uit 3144 + fauldlllifaultal:
P&%e faultd = faultCIILfault3Ia7 + faultLlllfanltal:

lentf( Fault is stage no fzd link no A3d -and stage no 23

1iink no Z2d\n',fault2,faultl,faulte,faultld); o
o ?'

-

Fawlts = -1,

Tor (i=ly 1747 i+4) 1f (£fanltilI0il == FfaultL2I0i1y faulth = |
1 F (faultst= ~10) o |
1P (Faultllilfanitdh ~1ld==faulti2Lfaulty ~131) faulth= iau]I” -

@lee 17 (FaultllllfanliiB+ll==faultl2I0f30lt5+11) faultt 'ulhﬁ%l;
else faulth = -1;

+ |
1f (faultibi= ~-1) 4
L (i Paultbxfaultdy | (faultbi=32))
TaultH=faulbtLlI0faultslr4 + faultilICfaultsd;
eloe faulth = FaoltliI0faultSIA7 + Tagltll3iC0faultel:
LF ((faultdsfauliady | ] (faultd!=3))
Fault3=faultlOIlfault3144 + faultl0Ilfaultdl:;
slee Fawltd = CaultiOIlfanltIiaV + faultlOIlfaunitael;
printfd"Fault 18 stage mo L3d link no 424 amd stage

Vinmk mo Z20N\n" jfaulte, Taultd,faulid,faultd);
:}.

. L T *,
1‘ ; {.:l ;-“';: fel i,.!

Bl g {.

for (i=L; 1947 i++) if (FaultlllI0id == fagiti3IC1T) Faults = 1
Lf (faugltsStis 1) |

1 (FavithLliifaulty ~1ls=faultl2]10faultd ~171) Ffaultb=faglts ~1:

Blae 1F (FaultllIiifasuitS+]lde=faulti2ilfaults+l ) fﬁulthidultﬁ;1;
@lse faullhy = -1 |

*
1 (Faulths= ~1) primtf ("1t is
plae -
AF i fanlthsfaultd)y 1 (FaultGi=2))
Faulit=lanltlLI00aultdlid + Faultllillfaul ol
elue faulth = LaultllILfaultSl4&7 + faultllIlfaultsat:
1E GO FaultdaTanlely J1 (Faultli=32))
faultl=FfanltloI0fagltilid + Faultiolifalidl;
eltee faultl = faulbtlOI0faultldA7 4+ faulti0I0fault®l; .
praintf{*Fault 1s stage no Z3d Linmk nmo 33d and stags mo X3

a multiple fagltin®)



] :i_fr:if-. no Add\n® ,FPaunltt, Faultd, faultl, faultl);

b iy

void in_to_out (1
{
ant id, jiskbykkl, khy
For (1i=03ii<d4jiitet)
for (j3=03 JJ*4,33++3 {
. khEinptliil.consl jils
Pf (kki=7) {
MidilkbkIoiinpsliild= dmptliil.outsikl]l = imptlidideinpsit 1413
bkd=midlikkl.consliil;
1? (kb ll= =13 midlChkl, outslkkl] = midllkkl.inpsiiid:
>
¥
for (ii=0fii<asiisep)
far (jj= 0,3334;3‘++} {
| 18} (ouptliidiconsljil t= 7)
 tE1iJ uutELJJJ = midl[auptitli consljjlleoutaliil

| | Tmblﬁmpntatimn of Fault |
1f tmuptL]] ﬂUtﬁLQJ b oyptl2l.outsl21) |
ouptlhll. autst 01 = ouptldl.outsldI=07

H ® K WH H 1 B H 1 H A W &t R # B K " ¥ 0 #H 0 B K B B B B B OH H H H 1 B B M W HhH B XN mn

# H W B KN H % B B B H AW KR T E AR Y M AN B R B A B B W HE M H N U B E M W H B E B W MNRB® R M O R M N H H H K B W U Wi o =
g
B M i w KR R T & H B B H b 9 g = m ® # H Il R it =% 3 RN " n 1] H A 1% H B H U H % n M m B & BE # 5 B 4 H W =B M W B B H H H B O u
ﬁjgnrlthm k
H Hﬂﬂ-ﬂéﬂﬂiﬂﬂﬂﬂﬂﬂlﬁ ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ H ®R R H O B i N U O ¥ " WM H H W = ¥ N M H N W #H A 11 B B W W N #® H H ¥ ©® #H# A Hd n i

soid gen_alg &)

{
short i,j,k,pynym,faulty;
... e 4*

Faulty = 0,
for (i=nyi>0yi~--)d
AR (faultys=0)
for (k=0jkI40k+4+)
Ffor (j=053j4535++) «
h = (4&k + J)/pow(d,(4~i2)¢
p = m/2;
p = pha;
1 (m == p)  dinptlki.inpeljl = O
@lese inptlikl.inpsljl = 13
}.
in_to_out(); -
faulty m:niwuif'f&ult{iﬁnﬂbty?;
1E (Faulty==1) {
Tor (k=0 k<45 k440
Tor (3=07 154 4440 4 |
L o fanpt el inpsl J3 == ) inptlidoanpsi g =17



LN

ql%ﬁ 1nptEP3 1npaf31 0

3& to_outd), |
au]ty = cheek fault(faultyi“

H O H &t B U N = HH-Hnillluﬂi!nnnnuHHHHHIHII_IHHIIIIIliiﬂ}i-nnﬂnnﬂﬂl:ﬂu#i-llmh.nuuuunH

int check_fault( int faulty)

4 | -

A A B

- for (k=Q k4 k%+}

Tor (j= G,3=4;J++} { -
1 f (auptt(%+ph)/43.autﬁL(J+”kph}24]| =inptiklinpsljl)y

faulty = fa uity*LF .
| ke, 2. 5 bkl o+ 1

faulttkkdlﬂ&ﬁ 2 (ktph)ia;
PaulbLhkkGIL2T = ouptl(k+phi%4al. EDﬂEE(J+“kpn}f%3
faultChkSITLT = k3.
f PaultThhBI000 = J,_ |
{ Faultlkke53I04] = (J*E*ph)fq"
¥ _
1.
&eturn Taulty,

¥
Result:

Eault 1% stage nﬁ 4 lirk no 4 ard stage no 4 link no 190





