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§ Memory market and memory complexityMemory market and memory complexity
§ NotationNotation
§ Faults and failuresFaults and failures
§ MATS+ March TestMATS+ March Test
§ Memory fault modelsMemory fault models
§ March test algorithmsMarch test algorithms
§ Inductive fault analysisInductive fault analysis
§ SummarySummary

Memory  TestMemory  TestMemory  TestMemory  Test
Memory Cells Per ChipMemory Cells Per ChipMemory Cells Per ChipMemory Cells Per Chip

Test Time in SecondsTest Time in SecondsTest Time in SecondsTest Time in Seconds
(Memory Size (Memory Size (Memory Size (Memory Size n Bitsn Bitsn Bitsn Bits))))

n

1 Mb
4 Mb

16 Mb
64 Mb

256 Mb
1 Gb
2 Gb

n

0.06
0.25
1.01
4.03

16.11
64.43
128.9

n  X log2n

1.26
5.54

24.16
104.7
451.0

1932.8
3994.4

n3/2

64.5
515.4
1.2 hr
9.2 hr

73.3 hr
586.4 hr

1658.6 hr

n2

18.3 hr
293.2 hr

4691.3 hr
75060.0 hr

1200959.9 hr
19215358.4 hr
76861433.7 hr

Size         Number of Test Algorithm Operations

NotationNotationNotationNotation
§ 0 0 ---- A cell is in logical state 0A cell is in logical state 0
§ 1 1 ---- A cell is in logical state 1A cell is in logical state 1
§ X X ---- A cell is in logical state XA cell is in logical state X
§ AA ---- A memory addressA memory address
§ ABF ABF ---- AND Bridging FaultAND Bridging Fault
§ AF AF ---- Address Decoder FaultAddress Decoder Fault
§ BB ---- Memory # bits in a wordMemory # bits in a word
§ BF BF ---- Bridging FaultBridging Fault
§ C C ---- A Memory CellA Memory Cell
§ CF CF ---- Coupling FaultCoupling Fault

Notation (Continued)Notation (Continued)Notation (Continued)Notation (Continued)
§ CFdynCFdyn ---- Dynamic Coupling FaultDynamic Coupling Fault
§ CFidCFid ---- IdempotentIdempotent Coupling FaultCoupling Fault
§ CFinCFin ---- Inversion Coupling FaultInversion Coupling Fault
§ coupling cell coupling cell –– cell whose change causes cell whose change causes 

another cell to changeanother cell to change
§ coupled cell coupled cell –– cell forced to change by a cell forced to change by a 

coupling cellcoupling cell
§ DRF DRF ---- RAM RAM Data Retention FaultData Retention Fault
§ kk - -- - Size of a neighborhoodSize of a neighborhood
§ MM ---- memory cells, words, or address setmemory cells, words, or address set
§ nn - -- - # of Memory bits# of Memory bits
§ NN ---- Number of address bits: Number of address bits: n = 2n = 2NN

§ NPSF NPSF ---- Neighborhood Pattern Sensitive FaultNeighborhood Pattern Sensitive Fault

Notation (Continued)Notation (Continued)Notation (Continued)Notation (Continued)

§ OBF OBF ---- OR Bridging FaultOR Bridging Fault
§ SAF SAF ---- StuckStuck--at Faultat Fault
§ SCF SCF ---- State Coupling FaultState Coupling Fault
§ SOAF SOAF ---- StuckStuck--Open Address Open Address 

Decoder FaultDecoder Fault
§ TF TF ---- Transition FaultTransition Fault
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March Test NotationMarch Test NotationMarch Test NotationMarch Test Notation
§ r r ---- Read a memory locationRead a memory location

§ w w ---- Write a memory locationWrite a memory location

§ r0 r0 ---- Read a 0 from a memory locationRead a 0 from a memory location

§ r1 r1 ---- Read a 1 from a memory locationRead a 1 from a memory location

§ w0 w0 ---- Write a 0 to a memory locationWrite a 0 to a memory location

§ w1 w1 ---- Write a 1 to a memory locationWrite a 1 to a memory location

§ ---- Write a 1 to a cell containing 0Write a 1 to a cell containing 0

§ ---- Write a 0 to a cell containing 1Write a 0 to a cell containing 1

March Test Notation March Test Notation March Test Notation March Test Notation 
(Continued)(Continued)(Continued)(Continued)

§ - -- - Complement the cell contentsComplement the cell contents

§ ---- Increasing memory addressingIncreasing memory addressing

§ ---- Decreasing  memory addressingDecreasing  memory addressing

§ ---- Either  increasing  or decreasingEither  increasing  or decreasing

More March Test More March Test More March Test More March Test 
NotationNotationNotationNotation

§ ---- Any write operationAny write operation
§ < ... >< ... > ---- Denotes a particular fault, ...Denotes a particular fault, ...
§ << II / / FF >> --- - II is the fault sensitizing condition, is the fault sensitizing condition, FF is is 

the faulty cell valuethe faulty cell value
§ << I1I1, ..., , ..., InIn--1 1 ; ; InIn / / FF>> ---- Denotes a fault covering Denotes a fault covering 

nn cellscells
§ I1I1, ..., , ..., InIn--11 are fault sensitization conditions are fault sensitization conditions 

in cells in cells 11 through through n n -- 11 for cell for cell nn
§ InIn gives sensitization condition for cell gives sensitization condition for cell nn
§ IfIf InIn is empty, write is empty, write In In // FF as as FF

A

MATS+ March TestMATS+ March TestMATS+ March TestMATS+ March Test
M0:M0: { March element { March element (w0) }(w0) }

for cell := 0 to n for cell := 0 to n -- 1 (or any other order) do1 (or any other order) do
write 0 to A [cell];write 0 to A [cell];

M1:M1: { March element  { March element  (r0, w1) }(r0, w1) }
for cell := 0 to n for cell := 0 to n -- 1 do1 do

read A [cell]; { Expected value = 0}read A [cell]; { Expected value = 0}
write 1 to A [cell];write 1 to A [cell];

M2:M2: {March element {March element (r1, w0) }(r1, w0) }
for cell := n for cell := n –– 1 down to 0 do1 down to 0 do

read A [cell]; { Expected value = 1 }read A [cell]; { Expected value = 1 }
write 0 to A [cell];write 0 to A [cell];

Fault ModelingFault ModelingFault ModelingFault ModelingFault ModelingFault Modeling
§ BehavioralBehavioral (black(black-- box) Model box) Model ---- State State 

machine modeling all memory content machine modeling all memory content 
combinations combinations ---- IntractableIntractable

§ FunctionalFunctional (gray(gray--box) Model box) Model ---- UsedUsed
§ Logic Gate Logic Gate Model Model ---- Not used Inadequately Not used Inadequately 

models transistors & capacitorsmodels transistors & capacitors
§ ElectricalElectrical Model Model ---- Very expensiveVery expensive
§ GeometricalGeometrical Model Model ---- Layout ModelLayout Model

§ Used with Used with Inductive Fault AnalysisInductive Fault Analysis

Functional ModelFunctional ModelFunctional ModelFunctional ModelFunctional ModelFunctional Model
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Simplified Functional ModelSimplified Functional ModelSimplified Functional ModelSimplified Functional ModelSimplified Functional ModelSimplified Functional Model Subset Functional  Subset Functional  
FaultsFaults

Subset Functional  Subset Functional  Subset Functional  Subset Functional  
FaultsFaultsFaultsFaults

a
b
c
d
e
f
g
h

Functional fault
Cell stuck
Driver stuck
Read/write line stuck
Chip-select line stuck
Data line stuck
Open circuit in data line
Short circuit between data lines
Crosstalk between data lines

Subset Functional  Subset Functional  
Faults (Continued)Faults (Continued)
Subset Functional  Subset Functional  Subset Functional  Subset Functional  
Faults (Continued)Faults (Continued)Faults (Continued)Faults (Continued)

i
j
k
l
m
n
o
p

Functional fault
Address line stuck
Open circuit in address line
Shorts between address lines
Open circuit in decoder
Wrong address access
Multiple simultaneous address access
Cell can be set to 0 but not to 1 (or vice versa)
Pattern sensitive cell interaction

Reduced Functional  Reduced Functional  
FaultsFaults

Reduced Functional  Reduced Functional  Reduced Functional  Reduced Functional  
FaultsFaultsFaultsFaults

SAF
TF
CF
NPSF

Fault
Stuck-at fault
Transition fault
Coupling fault
Neighborhood Pattern Sensitive fault

StuckStuck--at Faultsat FaultsStuckStuckStuckStuck----at Faultsat Faultsat Faultsat Faults
§ ConditionCondition : For each cell, must read a 0 and a 1.: For each cell, must read a 0 and a 1.

§ <   /0>   (<   /1>)<   /0>   (<   /1>)

A A

Transition FaultsTransition FaultsTransition FaultsTransition FaultsTransition FaultsTransition Faults
§ Cell fails to make 0    1 or 1    0 transitionCell fails to make 0    1 or 1    0 transition

§ ConditionCondition : Each cell must undergo a   transition  : Each cell must undergo a   transition  

and  a    transition, and be read after such, and  a    transition, and be read after such, 

before undergoing any further transitions.before undergoing any further transitions.

§ <   /0>,   <    /1><   /0>,   <    /1>

<   /0><   /0> transition faulttransition fault
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Coupling FaultsCoupling FaultsCoupling FaultsCoupling FaultsCoupling FaultsCoupling Faults
§ Coupling Fault Coupling Fault (CF): Transition in bit (CF): Transition in bit jj causes causes 

unwanted change in bit unwanted change in bit ii
§ 22-- Coupling FaultCoupling Fault : Involves 2 cells, special case of : Involves 2 cells, special case of 

kk-- Coupling FaultCoupling Fault
§ Must restrict Must restrict kk cells to make practicalcells to make practical

§ InversionInversion andand IdempotentIdempotent CFsCFs ---- special cases of special cases of 
22-- Coupling FaultsCoupling Faults

§ BridgingBridging and and State Coupling Faults State Coupling Faults involve any # involve any # 
of cells, caused by logic levelof cells, caused by logic level

§ Dynamic Coupling Fault Dynamic Coupling Fault (( CFdynCFdyn) ) ---- Read or write Read or write 
on on jj forces forces ii to 0 or 1to 0 or 1

Inversion Coupling Inversion Coupling 
Faults (Faults (CFinCFin))

Inversion Coupling Inversion Coupling Inversion Coupling Inversion Coupling 
Faults (Faults (Faults (Faults (CFinCFinCFinCFin))))

§ or  in cell or  in cell jj inverts contents of cell inverts contents of cell ii

§ ConditionCondition : For all cells that are coupled, : For all cells that are coupled, 
each should be read after a series of each should be read after a series of 
possiblepossible CFinsCFins may have occurred, and the may have occurred, and the 
# of coupled cell transitions must be odd # of coupled cell transitions must be odd 
(to prevent the(to prevent the CFinsCFins from masking each from masking each 
other).other).

§ <  ;  >  and  <  ;  ><  ;  >  and  <  ;  >

Good Machine State  Good Machine State  
Transition DiagramTransition Diagram

Good Machine State  Good Machine State  Good Machine State  Good Machine State  
Transition DiagramTransition DiagramTransition DiagramTransition Diagram

CFin CFin State Transition State Transition 
DiagramDiagram

CFin CFin CFin CFin State Transition State Transition State Transition State Transition 
DiagramDiagramDiagramDiagram

Idempotent Idempotent Coupling  Coupling  
Faults (Faults (CFidCFid))

Idempotent Idempotent Idempotent Idempotent Coupling  Coupling  Coupling  Coupling  
Faults (Faults (Faults (Faults (CFidCFidCFidCFid))))

§ or  transition in or  transition in jj sets cell sets cell ii to 0 or 1to 0 or 1

§ ConditionCondition : For all coupled faults, each should be : For all coupled faults, each should be 
read after a series of possibleread after a series of possible CFidsCFids may have may have 
happened, such that the sensitizedhappened, such that the sensitized CFidsCFids do not do not 
mask each other.mask each other.

§ AsymmetricAsymmetric : coupled cell only does    or  : coupled cell only does    or  

§ SymmetricSymmetric : coupled cell does both due to fault: coupled cell does both due to fault

§ <   ; 0>, <  ; 1>,  <  ; 0>, <  ; 1><   ; 0>, <  ; 1>,  <  ; 0>, <  ; 1>

CFid CFid ExampleExampleCFid CFid CFid CFid ExampleExampleExampleExample
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Dynamic Coupling  Dynamic Coupling  
Faults (Faults (CFdynCFdyn))

Dynamic Coupling  Dynamic Coupling  Dynamic Coupling  Dynamic Coupling  
Faults (Faults (Faults (Faults (CFdynCFdynCFdynCFdyn))))

§ Read or write in cell of 1 word forces cell in Read or write in cell of 1 word forces cell in 
different word to 0 or 1different word to 0 or 1

§ <r0 | w0 ; 0>, <r0 | w0 ; 1>,                   <r0 | w0 ; 0>, <r0 | w0 ; 1>,                   
< r1 | w1 ; 0>, and <r1 | w1; 1>< r1 | w1 ; 0>, and <r1 | w1; 1>
§ || Denotes “OR” of two operations Denotes “OR” of two operations 

§ More general thanMore general than CFidCFid, because a, because a CFdynCFdyn
can be sensitized by any read or write can be sensitized by any read or write 
operationoperation

Bridging FaultsBridging FaultsBridging FaultsBridging FaultsBridging FaultsBridging Faults

§ Short circuit between 2+ cells or linesShort circuit between 2+ cells or lines
§ 0 or 1 state of 0 or 1 state of coupling cellcoupling cell , rather than coupling , rather than coupling 

cell transition, causes cell transition, causes coupled cell coupled cell changechange
§ BidirectionalBidirectional fault fault ---- ii affects affects jj , , jj affects affects ii
§ AND Bridging Faults AND Bridging Faults (ABF):(ABF):

§ < 0,0 / 0,0 >, <0,1 / 0,0 >, <1,0 / 0,0>, <1,1 / 1,1>< 0,0 / 0,0 >, <0,1 / 0,0 >, <1,0 / 0,0>, <1,1 / 1,1>
§ OR Bridging Faults OR Bridging Faults (OBF)(OBF) ::

§ < 0,0 / 0,0 >, <0,1 / 1,1 >, <1,0 / 1,1>, <1,1 / 1,1>< 0,0 / 0,0 >, <0,1 / 1,1 >, <1,0 / 1,1>, <1,1 / 1,1>

State Coupling FaultsState Coupling FaultsState Coupling FaultsState Coupling FaultsState Coupling FaultsState Coupling Faults
§ Coupling cell / line Coupling cell / line jj is  in  a  given state is  in  a  given state yy that that 

forces forces coupled cell / line coupled cell / line ii into  state into  state xx
§ < 0;0 >, < 0;1 >, < 1;0 >, < 1;1 >< 0;0 >, < 0;1 >, < 1;0 >, < 1;1 >

Address Decoder Faults Address Decoder Faults 
((ADFsADFs))

Address Decoder Faults Address Decoder Faults Address Decoder Faults Address Decoder Faults 
((((ADFsADFsADFsADFs))))

§ Address decoding error  assumptions:Address decoding error  assumptions:
§ Decoder does not become sequentialDecoder does not become sequential
§ Same behavior  during both read & writeSame behavior  during both read & write

§ MultipleMultiple ADFsADFs must be tested formust be tested for
§ Decoders  have CMOS stuckDecoders  have CMOS stuck--open faultsopen faults

Fault HierarchyFault HierarchyFault HierarchyFault HierarchyFault HierarchyFault Hierarchy
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Functional RAM Testing Functional RAM Testing 
with March Testswith March Tests

Functional RAM Testing Functional RAM Testing Functional RAM Testing Functional RAM Testing 
with March Testswith March Testswith March Testswith March Tests

§ March  Tests  can  detectMarch  Tests  can  detect AFs  AFs  ---- NPSF Tests  NPSF Tests  
CannotCannot

§ Conditions  for  AF  detection:Conditions  for  AF  detection:
§ Need    Need    ( r x,  w x)( r x,  w x)
§ Need    Need    ( r x,  w x)( r x,  w x)

§ In  the following  March  tests,  addressing  In  the following  March  tests,  addressing  
orders  can  be interchangedorders  can  be interchanged

Irredundant March TestsIrredundant March TestsIrredundant March TestsIrredundant March TestsIrredundant March TestsIrredundant March Tests
Algorithm

MATS
MATS+

MATS++
MARCH X
MARCH

C—
MARCH A

MARCH Y
MARCH B

Description
{    (w0);    (r0, w1);    (r1) }

{    (w0);    (r0, w1);    (r1, w0) }
{    (w0);    (r0, w1);    (r1, w0, r0) }

{    (w0);    (r0, w1);    (r1, w0);    (r0) }
{    (w0);    (r0, w1);    (r1, w0);

(r0, w1);    (r1, w0);    (r0) }
{   (w0);   (r0, w1, w0, w1);   (r1, w0, w1);

(r1, w0, w1, w0);    (r0, w1, w0) }
{   (w0);   (r0, w1, r1);  (r1, w0, r0);   (r0) }

{    (w0);    (r0, w1, r1, w0, r0, w1);
(r1, w0, w1);    (r1, w0, w1, w0);

(r0, w1, w0) }

March Test ComplexityMarch Test ComplexityMarch Test ComplexityMarch Test Complexity

AlgorithmAlgorithm
MATSMATS

MATS+MATS+
MATS++MATS++

MARCH XMARCH X
MARCH CMARCH C——
MARCH AMARCH A
MARCH YMARCH Y
MARCH BMARCH B

ComplexityComplexity
44nn
55nn
66nn
66nn

1010 nn
1515 nn
88nn

1717 nn

MATS+ ExampleMATS+ Example
Cell (2,1) SA0 FaultCell (2,1) SA0 Fault

MATS+ ExampleMATS+ ExampleMATS+ ExampleMATS+ Example
Cell (2,1) SA0 FaultCell (2,1) SA0 FaultCell (2,1) SA0 FaultCell (2,1) SA0 Fault

MATS+:MATS+:
{ M0:    (w0); M1:    (r0, w1); M2:    (r1, w0) }{ M0:    (w0); M1:    (r0, w1); M2:    (r1, w0) }

MATS+ ExampleMATS+ Example
Cell (2, 1) SA1 FaultCell (2, 1) SA1 Fault

MATS+ ExampleMATS+ ExampleMATS+ ExampleMATS+ Example
Cell (2, 1) SA1 FaultCell (2, 1) SA1 FaultCell (2, 1) SA1 FaultCell (2, 1) SA1 Fault

MATS+:MATS+:
{ M0:    (w0); M1:    (r0, w1); M2:    (r1, w0) }{ M0:    (w0); M1:    (r0, w1); M2:    (r1, w0) }

MATS+ ExampleMATS+ Example
Multiple AF Type CMultiple AF Type C
MATS+ ExampleMATS+ ExampleMATS+ ExampleMATS+ Example

Multiple AF Type CMultiple AF Type CMultiple AF Type CMultiple AF Type C
§ Cell  (2,1)  isCell  (2,1)  is not addressablenot addressable
§ Address  (2,1)  maps into  (3,1) & vice versaAddress  (2,1)  maps into  (3,1) & vice versa
§ Can’t  write  (2,1), read (2,1) gives random #Can’t  write  (2,1), read (2,1) gives random #

MATS+:MATS+:
{ M0:    (w0); M1:    (r0, w1); M2:    (r1), w0 }{ M0:    (w0); M1:    (r0, w1); M2:    (r1), w0 }
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§ NotationNotation
§ Neighborhood pattern sensitive fault Neighborhood pattern sensitive fault 

algorithmsalgorithms
§ Cache DRAM and ROM testsCache DRAM and ROM tests
§ Memory Electrical Parametric TestsMemory Electrical Parametric Tests
§ SummarySummary

Pattern SensitivePattern Sensitive
and Electricaland Electrical
Memory  TestMemory  Test

Pattern SensitivePattern SensitivePattern SensitivePattern Sensitive
and Electricaland Electricaland Electricaland Electrical
Memory  TestMemory  TestMemory  TestMemory  Test

NotationNotationNotationNotationNotationNotation
§ ANPSF ANPSF ---- Active Neighborhood Pattern Active Neighborhood Pattern 

Sensitive FaultSensitive Fault
§ APNPSF APNPSF –– Active andActive and Passive Neighborhood Passive Neighborhood 

PSFPSF
§ NeighborhoodNeighborhood ---- Immediate cluster of cells Immediate cluster of cells 

whose pattern makes base cell failwhose pattern makes base cell fail
§ NPSF NPSF ---- Neighborhood Pattern Sensitive FaultNeighborhood Pattern Sensitive Fault
§ PNPSF PNPSF --- - Passive Neighborhood PSFPassive Neighborhood PSF
§ SNPSF SNPSF --- - Static Neighborhood Pattern Static Neighborhood Pattern 

Sensitive FaultSensitive Fault

Neighborhood Pattern  Neighborhood Pattern  
Sensitive Coupling FaultsSensitive Coupling Faults

Neighborhood Pattern  Neighborhood Pattern  Neighborhood Pattern  Neighborhood Pattern  
Sensitive Coupling FaultsSensitive Coupling FaultsSensitive Coupling FaultsSensitive Coupling Faults

§ CellCell ii ’s’s ability to change influenced by all other ability to change influenced by all other 
memory cell contents, which may be a 0/1 memory cell contents, which may be a 0/1 
pattern or a transition pattern.pattern or a transition pattern.

§ Most general Most general kk--Coupling FaultCoupling Fault
§ Base cell Base cell - -- - cell under testcell under test
§ Deleted neighborhood Deleted neighborhood ---- neighborhood without neighborhood without 

the base cellthe base cell
§ Neighborhood is single position around base cellNeighborhood is single position around base cell
§ Testing assumes read operations are fault freeTesting assumes read operations are fault free

Type 1 Active NPSFType 1 Active NPSFType 1 Active NPSFType 1 Active NPSFType 1 Active NPSFType 1 Active NPSF
§ ActiveActive:  Base cell changes when one deleted :  Base cell changes when one deleted 

neighborhood cell transitionsneighborhood cell transitions
§ Condition for detection & locationCondition for detection & location: Each base : Each base 

cell must be read in state 0 and state 1, for all cell must be read in state 0 and state 1, for all 
possible deleted neighborhood pattern possible deleted neighborhood pattern 
changes.changes.

§ C C i,ji,j <d<d00 , d, d11 , d, d33 , d, d44 ; b>; b>

§ C C i,ji,j <0,   , 1, 1; 0><0,   , 1, 1; 0> and and C C i,ji,j <0,   , 1, 1;  ><0,   , 1, 1;  >

Type 2 Active NPSFType 2 Active NPSFType 2 Active NPSFType 2 Active NPSFType 2 Active NPSFType 2 Active NPSF
§ Used when diagonal couplings are Used when diagonal couplings are 

significant, and do not necessarily cause significant, and do not necessarily cause 
horizontal/vertical couplinghorizontal/vertical coupling

Passive NPSFPassive NPSFPassive NPSFPassive NPSFPassive NPSFPassive NPSF
§ PassivePassive :  A certain neighborhood pattern :  A certain neighborhood pattern 

prevents the base cell from changingprevents the base cell from changing

§ Condition for detection and locationCondition for detection and location : Each base : Each base 
cell must be written and read in state 0 and in cell must be written and read in state 0 and in 
state 1, for all deleted neighborhood pattern state 1, for all deleted neighborhood pattern 
changes.changes.

§ / 0  (    /1)/ 0  (    /1) ---- Base cell fault effect indicating Base cell fault effect indicating 
that base cannot changethat base cannot change
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Static NPSFStatic NPSFStatic NPSFStatic NPSFStatic NPSFStatic NPSF
§ StaticStatic:  Base cell forced into a particular state :  Base cell forced into a particular state 

when deleted neighborhood contains particular when deleted neighborhood contains particular 
pattern.pattern.

§ Differs from Differs from activeactive ---- need not have a transition need not have a transition 
to sensitive SNPSFto sensitive SNPSF

§ Condition for detection and locationCondition for detection and location : Apply all 0 : Apply all 0 
and 1 combinations to and 1 combinations to kk --cell neighborhood, and cell neighborhood, and 
verify that each base cell was written.verify that each base cell was written.

§ CC ii ,j  ,j  < 0, 1, 0, 1; < 0, 1, 0, 1; -- / 0>/ 0> andand
CC ii ,j  ,j  < 0, 1, 0, 1; < 0, 1, 0, 1; -- / 1>/ 1>

Eulerian Eulerian / Hamiltonian / Hamiltonian 
Graph Tour SequencesGraph Tour Sequences
Eulerian Eulerian Eulerian Eulerian / Hamiltonian / Hamiltonian / Hamiltonian / Hamiltonian 
Graph Tour SequencesGraph Tour SequencesGraph Tour SequencesGraph Tour Sequences

§ Both  used  for  writing  shorter  patternsBoth  used  for  writing  shorter  patterns
§ HamiltonianHamiltonian –– traverses each graph node oncetraverses each graph node once
§ EulerianEulerian –– traverses each graph arc exactly oncetraverses each graph arc exactly once

Type 1 Tiling Type 1 Tiling 
NeighborhoodsNeighborhoods
Type 1 Tiling Type 1 Tiling Type 1 Tiling Type 1 Tiling 

NeighborhoodsNeighborhoodsNeighborhoodsNeighborhoods
§ Write  changes  Write  changes  kk different  neighborhoodsdifferent  neighborhoods
§ Tiling Tiling Method:  Cover  all  memory  with  nonMethod:  Cover  all  memory  with  non--

overlapping  neighborhoodsoverlapping  neighborhoods

NPSF Fault DetectionNPSF Fault Detection
and Location Algorithmand Location Algorithm
NPSF Fault DetectionNPSF Fault DetectionNPSF Fault DetectionNPSF Fault Detection

and Location Algorithmand Location Algorithmand Location Algorithmand Location Algorithm
1.1. write basewrite base--cells with 0;cells with 0;
2.2. loop loop 

apply a pattern; { it could change the apply a pattern; { it could change the 
basebase-- cell from 0 to 1. }cell from 0 to 1. }

read baseread base-- cell;cell;
endloopendloop ;;

3.3. write basewrite base--cells with 1;cells with 1;
4.4. looploop

apply a pattern; { it could change the apply a pattern; { it could change the 
basebase-- cell from 1 to 0. }cell from 1 to 0. }

read baseread base-- cell;cell;
endloopendloop ;;

NPSF Testing Algorithm  NPSF Testing Algorithm  
SummarySummary

NPSF Testing Algorithm  NPSF Testing Algorithm  NPSF Testing Algorithm  NPSF Testing Algorithm  
SummarySummarySummarySummary

§ A: A: activeactive , P: , P: passivepassive , S: , S: staticstatic
§ D: D: Detects FaultsDetects Faults, L: , L: Locates FaultsLocates Faults

SAF
L
L
L
L
L
L
L
L

Algorithm

TDANPSF1G
TLAPNPSF1G
TLAPNPSF2T
TLAPNPSF1T
TLSNPSF1G
TLSNPSF1T
TLSNPSF2T
TDSNPSF1G

Fault
Loca-
tion?

No
Yes
Yes
Yes
Yes
Yes
Yes
No

TF

L
L
L

A
D
L
L
L

P

L
L
L

S

L

L
L
L
D

NPSF
Fault Coverage Oper-

ation
Count

163.5 n
195.5 n
5122 n
194 n
43.5 n
39.2 n

569.78 n
36.125 n

Fault HierarchyFault HierarchyFault HierarchyFault Hierarchy


