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3.1 Introduction

e Simulation is the process of
the behavior of a circuit design it
is physically built.
. stage
- Simulation
. development stage
— ___ Simulation
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Logic Simulation for Design Verification

| Specification

v ¥
Manual design or Testbench
via Synthesis Development
v v
Circuit — Expected
Description Input Stimul Responses

yes Simulated 4

’ Responses

| Response
no Analysis
Next Design Y
Stage
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3.1 Introduction -

Fault Simulation for Test and Diagnosis

Fault simulation rates the
patterns in detecting
fault , or fault
Fault simulation helps
can be generated.

, fault simulation identifies

In test
test patterns.

Electrical and Computer Engineering

of a set of test
defects expressed in

faults so that
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3.2 Simulation Models -
Gate-Level Network

A H

— Joo—«
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3.2 Simulation Models -
Sequential Circuits
Xy T — Z
X —¥ —*
H Combinational
X;: primary input (PI) Xp — ™ Logic " Z
z;: primary output (PO) " oy Y,
y;: pseudo primary input (PPI) " )2 Y2 )
Y;: pseudo primary output (PPO) ”' 5’; Ya “
. 8 .
o
('8
&
w
clock ————T Page 6
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3.2 Simulation Models -
Sequential Circuits (Gate-Level Description)

PresetB
X )
PresetB
Clock : Dc 0B b
D — — Q
D DFF
ClearB Clock —> O— QB
ClearB 4(')
. . . Page 7
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3.2 Simulation Models -
Logic Symbols (O, 1, U, Z2)
AND |0 1 u OR|0 1 u NOT|0 1 wu
0 0 0O 0 0 1 u 1 0 u
1 0 1 u 1 1 11
u 0 u u u u 1l u
€
X1 31/01 q)oﬁ
€
Xp N |
2 DFF
. — 0—
3
X3 33/03
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3.2 Simulation Models -
Bus Conflict

aBus conflict occurs if at least drivers drive the bus
to binary values

aTo simulate behavior, one may insert a
for each bus wire

=May report only the of bus conflict
=May utilize logic to represent
logic states (including logic
and )
Electrical and Computer Engineering Page?
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3.2 Simulation Model -
Logical Element Evaluation

. of evaluation depends on
- logic symbols

- and of logic elements

 Commonly used

Page 10
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3.2 Simulation Model -
Logical Element Evaluation (Truth Table)

* The most and easy to
implement
— For logic, __ entries for n-input logic
element
— May use the input value as
—Table _ increases with
the number of inputs
» Could be for logic
-A logic system requires a table of

entries for an n-input logic element

Electrical and Computer Engineering
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3.2 Simulation Model -
Logical Element Evaluation (Input Scanning)

* The gate can be determined by the of inputs
— If any of the inputs is the value, the gate
output is c®i, where i is the value
— Otherwise, if any of the inputsis ___, the gate output is

— Otherwise, the gate output is

| c i
AND 0 0
OR 1 0
NAND 0 1
NOR 1 1

. . . Page 12
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3.2 Simulation Model -
Logical Element Evaluation (Input Scanning)

u_in « false

return ¢'®i

u_in ¢ true ‘ v ¢« next input ‘ return u

I yes
no no yes .
v ==y? - v ==c7 > return c®i

Page 13
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3.2 Simulation Model -
Logical Element Evaluation (Input Counting)

aKeep the counts of and inputs
=c_count: the number of inputs
=u_count: the number of inputs

m] counts during logic
sExample:
One input of a switches from __ to
—C_count --
—u_count ++

aSame rules as used to evaluate gate
outputs

. . . Page 14
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3.2 Simulation Model -
Logical Element Evaluation (Parallel Gate)

aExploit the in the host computer
=A __ -bhit computer can perform ___logic operations in
alzlololt FICICI
G
‘
1[1]1]0] of1]1]0]
T oA ge
c (1f1]1]o] ‘ofofof1]
ofol1]o]
. . . Page 15
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3.2 Simulation Model -
Timing Models (Gate Delay)
=5
G F
B=1
() delay A 1 2
dy=2ns F 2
(b) _ I delay
d=2ns A 1 15
d;=15ns F 2
2 —>
(c) ____delay A 15 1— ‘
dnin=1ns
dax =2 NS F
—1
2
Page 16

Electrical and Computer Engineering




UAH Chapter 3 CPE 628
3.2 Simulation Model -
Timing Models (Inertial Delay)

aThe input pulse necessary for the
output to
B=‘: } F d=15ns dy=3ns

(a) Pulse duration less than d

A =i

F

(b) Pulse duration longer than d,

Al ——T2 3 »
Pl 3 e z —
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3.2 Simulation Model -

Timing Models (Wire Delay)

* Wires are inherently and
» |t takes time for a signal to along a wire

Page 18
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3.2 Simulation Model -
Timing Models (Functional Element Delay)

aFor more complicated

elements like

Present

Input condition state Outputs| Delays (ns)
D Clock PresetB ClearB q Q OB| to Q toQB |Comments
X X ¥ 0 o [T 1T 16 1.8 |Asynchronous preset
X )T( 0 \2 1 * I 1.8 1.6 |Asynchronous clear
1 0 0 0 2 3 Q01
o 1 0 0 1 |4 T 3 2 0150
i . X Page 19
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3.3 Logic Simulation -
Compiled-Code Simulation
- Translate the logic (st )
network into a series of
., {
that model the ™0 )
of the individual cto,
and the yes
between them. read in nextinput
veclor v
. because 1
the entire network must run compiled code
with input v in host
be executed for every machine
though }
0n|y a output simulation
results
of itis
Page 20
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3.3 Logic Simulation -
Event-Driven Simulation

a 22 ) H:0 -1
Gz
e — k10

B 01
c 1 E:1 J:0

i . i Page 21
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3.3 Logic Simulation -
Event-Driven Simulation

read in initial
condition

v
»

no

b4

—Te no
vector?

yes

read in new input
vector

put active Pis’
fanout gates in Q

put g's fanout
gates in Q

. . . Page 22
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3.3 Logic Simulation -
Event-Driven Simulation

ONeed a scheduler than the
=Not only but also to evaluate
to p, vy
ty aVvqy [ LV [ sV
t; w, V"

. . . Page 23
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3.3 Logic Simulation -
Event-Driven Simulation
get next time get next event get next gate g
stamp t (g, v,;*) from Lg fromLy,
v
retrieve current yes evaluate g and
event list Lg b4 @ schedule (g, v,*)
- at f+delay(g)
1 vge vt
le |2 appendg's
o fanout gates to
activity list L
Page 24
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3.3 Logic Simulation -
Event-Driven Simulation

A £oo0 Delays
Gl1-8,G2-8,G3-4,
G4-6
—G,,/I) — K10 Events
e (A, 1,0),(C,0,2)
c - (B,0,4), (A 0,8)
La | Scheduled events
. . . Page 25
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3.3 Logic Simulation -
Hazards
A ~ w Delays
G ) Gl1-2,G2-2,
- G3-3,G4-2
L v Events
. — Y . (A, 1,0), (B, 1, 0),
. [ ‘ (C.0,0), (B, 0, 1)
B y J
c I,'f'/‘ E F @(4
Types: Static 0-hazard, static 1-hazard, dynamic 0-hazard, dynamic 1-hazard
Page 26
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Hazards (Static Hazard Detection)

olLetvi=viv;.---vi and vZ=vXvZ...v2 be __ consecutive
0Add a V*=v}v;...v+according to the
following rule ) {Vil if v =2
A )
u ifvi=v?
Q the V1V*V2 sequence using logic
0Any signal that is 1ul or OuO indicates the
I
of a hazard. 4 o )"
T o
, — S
2—:'{;‘/ E F {}( :
. . . Page 27
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3.4 Fault Simulation -
Introduction
Given
Determine
aTask to
=n: Circuit , of logic gates
=p: Number of
=f : Number of
aSince fis to n, the overall time

is O(pn?)

Electrical and Computer Engineering
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3.4 Fault Simulation -
Serial Fault Simulation

aFirst, perform logic simulation on the
circuit, obtain Good ( ) response
aFor , perform and logic
simulation, obtain circuit response
A N H
£ A stuck-at 1 —@/iY_
| Gy K
L
B T~ 3¢ g Jstuck-at 0
c —‘,Jf'/ E F @(' J
Pat. # Input Internal Output
A\ B | Cc | E| F | L J|H| K|k |K&
o1 |0 1 1 10 1 0|1
ez oo 1 1 1 o0 ERE
1 oo o 0 01 0 o |1
i . X Page 29
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3.4 Fault Simulation -
Serial Fault Simulation
SR
start
F « collapsed fault list
| fault-free simulation for
all patterns
1. get next fault ffrom F
2. resel pattern counter
1. get next pattern p
2. fault simulation for p
delete ffrom F
Page 30
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3.4 Fault Simulation -
Serial Fault Simulation(Fault Dropping)

a simulation of the fault

aoExample
=Suppose we are to simulate P,, P,, P; in order
=sFault _is detected by
=Do not simulate _ for ___,

aFor fault
=Most faults are detected after ____ test patterns
have been applied

aFor fault
. to obtain the fault simulation

i . i Page 31
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3.4 Fault Simulation -
Serial Fault Simulation(Pros and Cons)

0Advantages
sEasy to

=Ability to handle a of fault models

aDisadvantages

- A Page 32
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3.4 Fault Simulation -
Parallel Fault Simulation

aExploit the parallelism of operations
Q fault simulation
=Parallel in
a fault simulation
=pParallel in
aAssumption
=Use logic: ____is enough to store logic
="Use _ -bitwide __ word
aParallel simulation
= bits for faulty circuits
= bit for fault-free circuit
aProcess and circuit in parallel

using bitwise logic operations

i . i Page 33
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3.4 Fault Simulation - Parallel Fault
Simulation(Parallel Faults Fault Injection)

A H
f: A stuck-at 1 G,

o x
L
B = g Jstuck-at0

0j1|0

B | J
G S
2 e 7155015,

. o Page 34
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3.4 Fault Simulation - Parallel Fault
Simulation(Parallel Faults Example)

A TN |

G W H
of1]o}/ 1/ |a | |
. [ L s~
1 Gy JO K
L z—
k)
B N J
e |suE»F@o -
)
= oHS
Ourtp
p:t Input Internal i
| A A | B|C|E F L |J|J H K
FFlo|lo|tfo]1 1 tfojofo 1
p: | | o 1 1 0 1 1 | [} (1] 1
glofol 0 1 1| [} 0|0 1
FFlojolof|l1] 1 1jfoflaelan 1
plelofr]o]1] I O I T
[} i} o 1 1 1] 1 ] L] ] 1
FF 1 1 oo 0 o 0 1 | il 1]
Pololo|rjojofofojolr|1]ae 0
gl |rfoflofjo]ofoell 0 1
. ) L Page 35
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3.4 Fault Simulation - Parallel Fault
Simulation(Parallel Faults Pros and Cons)

0Advantages

A number of faults are detected by
when simulating the of test
sequence

aDisadvantages

=Only applicable to the or models

=sFaults cannot be unless all faults are
detected

Page 36
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3.4 Fault Simulation -
Parallel Fault Simulation(Parallel Patterns)

aParallel pattern single fault propagation (PPSFP)

aParallel
="With a data width, are
packed into a word and simulated for the or
circuit
aSingle
sFirst, simulation
=Next, for each , fault and
simulation
. . . Page 37
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3.4 Fault Simulation - Parallel Fault
Simulation(Parallel Patterns Algorithm)
| slan /
F « colapsed fault list
v
( end }—m"&f;:::mt:}
] ves
1. apply next w patterns
2. Opoog + good circuit outputs
ﬁes I!?yes
| get next fault ffrom F ] ( end )
delete f from F . -
'} 1. remove last fault
2_inject fault £
no
yes --——-6’;:;1?——-‘___ Oy« faully circuit outputs
T Mgoad” — of w patterns
Page 38
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3.4 Fault Simulation - Parallel Fault
Simulation(Parallel Patterns Example)

A >< G H
f. A stuck-at 1 2
Gy K
L
B X g Jstuck-at 0
? G. o
[# E F J
Input Inte rmal Ot put
1 B [ E F L J i K
P 1] 1 0 1 1 1 o 0 1
Fault Py o 0 1 1 1 1 ] L] 1
Free Z
Py 1 0 0 o 0 1] 1 ] 0
P, 1 1 i 1 1 1 0 1 0
N2 n‘"‘ 1 0 1 1 1 1 0 1 1)
Py 1 0 [} [} 0 (1] 1 0 o
P, 0 1 0 1 1 1 0 i 1
) P, 0 [ 1 1 1 1 0 0 1
Py 1 0 0 1) 1] o 1) 0 1
. . . Page 39
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3.4 Fault Simulation - Parallel Fault
Simulation(Parallel Patterns Pros and Cons)

0Advantages
sFault is as soon as

=Best for simulating that come
later, where per
is lower

aDisadvantages

=Not suitable for circuits

- A Page 40
Electrical and Computer Engineering

20



UAH Chapter 3 CPE 628

3.4 Fault Simulation -
Deductive Fault Simulation

aBased on rather than
aFault attached to ___denotedas
=Set of causing __ to differ from its
value
aFault
. the fault of a gate from those
of the gate based on logic reasoning
; N Page 41
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3.4 Fault Simulation -
Deductive Fault Simulation(Example Pattern 1)

) c: value
DAl gate inputs hold value i value
| : set of gate
L={UL |u{z/(c®i R
z jel J { ( ) } S: holding
value
La= (A1} {AM, HIM}
0
K

1] L
{B/0, E/0, L/0}

{Al1, HI1, BIO,
EID, FIO, J1, KIO}

Lg = {B/0}
1
B e 1 1 3 0
c . ' E F 3 J
B/0, EIO B/0, E/Q, F/O B/0, E/0, FIO, J
Loeicry | I } { }

Page 42
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3.4 Fault Simulation -
Deductive Fault Simulation(Example Pattern 2)

¢ : controlling value
i : inversion value
| : set of gate inputs
L, =[u L Ju{z/(c i) } Z: gate output
jel Y S :inputs holding
controlling value

DAll gate inputs hold non-controlling value

A
G, o )
i ] oo &
1L {C/0}

Lg={BN1} {cioy
B g 1 1 0
¢ — ¢ E F T

Lo = {CI0} {C/0} {C/0} {Ci0}

i . : Page 43
Electrical and Computer Engineering
UAH Chapter 3 CPE 628

3.4 Fault Simulation -
Deductive Fault Simulation(Example Pattern 3)

¢ : controlling value
i : inversion value
. | : set of gate inputs
L =[(nL)-(u L)I{z/c®I} 2 gae outpu

ies jel=s S : inputs holding
controlling value

{B/1, CM, ENM, LI}

DAt least input holds value

L, = {AI0}
1
K
0| L {FI1, JI0, KI}
(BN, EN, LI}
Lg = {B/1}
B 0 0 0 1
G G
c 'V E F J
0 {81, ¢/, EN} {BM, C1, EN, F1} {BI1, CM1, EN, FI0, J/O}

. . . Page 44
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3.4 Fault Simulation -
Deductive Fault Simulation(Algorithm)

| F « collapsed fault list |

Y.

v

no next
tter

yes

| apply next pattern ‘

:

1. fault-free simulation
2. propagate fault list

end

no

delete detected faults yes
F empty?

Page 45
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3.4 Fault Simulation -
Deductive Fault Simulation(Pros and Cons)

0Advantages
=\Very
sSimulate  faultsin
aDisadvantages
=Not easy to handle
=Only for timing model
=Potential problem

- A Page 46
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3.4 Fault Simulation -
Concurrent Fault Simulation

aSimulate only parts of whole circuit

Q simulation with - and
circuits simulated altogether

aConcurrent  for each gate
=Consist of a set of gates
—Fault & associated gate ___ values
" only contains ___ faults
=Fault from previous stage
Electrical and Computer Engineering paged’
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3.4 Fault Simulation -
Concurrent Fault Simulation(Definitions)

a event
»Events that happenin ___ circuit
»Affect both gatesand ___ gates
a event

=Events that occur in the circuit of corresponding
fault

= Affect _____gates
. of new bad gates

. of bad gates whose are the
as good gates

Electrical and Computer Engineering
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3.4 Fault Simulation -
Concurrent Fault Simulation(Algorithm)

| start )

| Fq—c.ollaps'edfault ist |
3

no ™,
"~ end

‘Ir yes
| apply next pattern |

. |
!
v
1. analyze events at gate inputs
2. execute events
3. compute events at gate outputs
I

yes
yes . ‘I’no
\, Mo F delete detected faults
\ s J‘ ‘<®>~—( from F ‘
i . - Page 49
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3.4 Fault Simulation -
Concurrent Fault Simulation(Example 1)
AN ::' Al:u— 1 EA;;‘EJI':}
A = >n—vﬂ \
% i /
O K
L
u—1
u— 1 u—0
=0 | G ) 7143 J
200
1 G0
i oD
- Page 50
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3.4 Fault Simulation -
Concurrent Fault Simulation(Example 2)

o *
oo
s s,
An 1} YA O
1 4 20 ._.”
0 o TN
A 0

B 1 0
c o1 G 7 7 % 5
=
-(’ J0
/ o) /
The ~~>('rn */ T

Encvnq‘: C0:1-0 {0 I3 CO:0—1 3 Co (re]

/ ! :
i, o F

. . . Page 51
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3.4 Fault Simulation -
Concurrent Fault Simulation(Example 3)
4 0—1
0 L
B 10
c :)‘ =0 G‘>> E F
\‘-6'---
1,0 0
""" ’ Page 52
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3.4 Fault Simulation -
Concurrent Fault Simulation(Pros and Cons)

0Advantages

aDisadvantages

=Potential problem

—Size of the changesat

Page 53
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3.4 Fault Simulation -
Differential Fault Simulation

a  the_ oftwo techniques
=  fault simulation

Qldea
sSimulate ___ every faulty circuit
=Track only between circuit
and one
=|nject as
sEasily implementedby - simulator

. A Page 54
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3.4 Fault Simulation -
Differential Fault Simulation(Sequence)

P, P, | .| P | Pu P,
Good G, G || G | Gu || 6
fl Fl,l I7.1,2 /ﬁl,i I:ﬁ_,i+l /ﬁl,n
f2 F2,1 /EZ,Z e / I:2,i 2,i+1 F2,n

1:k I:k,l /Fk,Z / I:k,i /Fk,i+1 / Fk,n

fk+1 Fk+1,1 / I:k+l,2 / : I:k+1,i Fk+1,i+l / : I:k+1,r1
1 7 T
fm Fm 1 I:m,2 Fm,i Fm,i+1 e I:m,n
i . i Page 55
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3.4 Fault Simulation -
Differential Fault Simulation(Algorithm)

(" wn )
\ star |
e vy

F « collapsed fault list |

restore good circuit state

1. apply next pattern
2. Qg+ good circuit outputs

»> no
next o
——faut? — —Lomy? =
Fg ryes
delete ffrom F get next fault £ [ end |
& | I ‘ | \—J
| no 1. restore faulty circuit state
yes o 2. remove last fault
—0r== Ogood? _— 3. inject fault f
— 4. Oy« fault circuit outputs
5. store gate difference P 56
. L ' age
Electrical and Computer Engineering
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3.4 Fault Simulation -
Differential Fault Simulation(Pros and Cons)

Advantages
=Suitable for fault simulation
Disadvantages

=*Including information makes the

problem explode

. X . Page 57
Electrical and Computer Engineering

UAH Chapter 3 CPE 628

3.4 Fault Simulation -
Fault Detection Decision

a detected fault

=Qutputs of fault-free and faulty circuit are
—1/0 or 0/1
—No unknowns, no Z

Q detected fault
=Whether the fault is detected is
sExample: stuck-at-0 on signal of tri-state buffer

Q faults
=Cause circuit to
=Impossible to faulty circuit
Q faults
=Catastrophic fault effect
sExample: stuck-at fault on
=Usually counted as

- A Page 58
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3.4 Fault Simulation -
Comparison of Techniques

a
] fault simulation:
] fault simulation: O(n?), n: num of
] fault simulation: O(n?)
] fault is faster than fault simulation
] fault simulation: even faster than fault
simulation and
a usage
] fault simulation, fault simulation: no problem
] fault simulation: memory ,
hard to size
] fault simulation: more than
fault simulation
] fault simulation: less memory problem than
fault simulation
. . . Page 59
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3.4 Fault Simulation -
Comparison of Techniques
a - fault simulation to handle unknown (X)
and/or high-impedance (2)
] fault simulation, fault simulation,
fault simulation: easy to handle
= fault simulation: difficult
a and modeling capability
= fault simulation: no problem
= fault simulation, deductive fault simulation: not
capable
= fault simulation: capable
. fault simulation: capable
Page 60
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3.4 Fault Simulation -
Comparison of Techniques

a circuit
= fault simulation, fault simulation,
fault simulation, fault

simulation: no problem
. - difficult

" fault simulation: difficult due to many

i . X Page 61
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3.4 Fault Simulation -
Comparison of Techniques
m] and fault simulation are popular
for combinational ( ) circuits
Q fault simulation and fault
simulation is popular for circuits
a - fault simulation
=Prevent memory problem
Q fault simulation
=Reduce fault simulation
Page 62
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3.5 Concluding Remarks

CPE 628

aFault simulation is very important for

aPopular techniques

aRequirements for fault simulation
" speed, memory usage, modeling
blocks, circuits

Page 63
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