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ABSTRACT

This paper shows the influence of two factors on
the hazards detection capability of a logic simulator: the
delay model (zero, nominal or min-max) and the number of
logic levels (2,3,5 or 8). Hazards are briefly defined. It
is shown that a 2-valued, nominal delay model cannot detect
hazards within a reasonable efficiency. It is also shown that
a 3-valued, zero delay model (Eichelberger's algorithm) can
detect hazards in their broadest sense, while definite hazard
pulses in particular implementations need min-max delay models
to be detected. Static hazards can be definetely detected
only with 5-valued logic, while 8-valued logic is needed to
detect dynamic hazards. It is assumed a previous knowledgeof
event-driven logic simulation by the reader /ST 75/ /WA 84/.

Key Words: Hazard detection, static hazards, dynamic hazards,

logic simulation, multi-valued logic signals.

RESUMO

Este artigo mostra a influéncia de dois fatores na
capacidade de detecao de hazards de ﬁm simulador 1ogico: o mo.
delo de delay (zero, nominal ou min-max) e o numero de niveis
logicos (2,3,5 ou 8). Hazards sao definidos brevemente. E
mostrado que um modelo de delay nominal com 2 niveis 1logicos
nao pode detetar hazards com uma eficiéncia aceitavel. E mos-
trado também que um modelo de delay zero com 3 niveis 1ogi-
cos (algoritmo de Eichelberger) pode detetar hazards no sen-—
tido mais amplo da definicao, enquanto pulsos definidos de
hazards em implementacoes particulares necessitam modelos de
delay min-max para serém detetados. Hazards estaticos so' po-
dem ser definitivamente detetados com logica de 5 valores, en
guanto loégica de 8 valores é necessaria para a detecao de

hazards dinamicos. E presumido que o leitor tem um conheci-



mento prévio de simulagdo loégica dirigida por eventos /ST 75/
/WA 84/.

Palavras-Chave: Deteg¢do de hazards, hazards estaticos, hazards

dindmiceos, simulagdo légica, sinais 1O0gicos multivaluados.

U F K G &
IBLIOTECA
CPN/PGOE



01

l. DEFINITIONS

We will define hazards based on a Karnaugh map rep
resentation . of the logic function. A static hazard exists
when: 1) the circuit makes a transition from the present
state to an adjacent state (i.e., there is a transition in
an input signal); 2) the function value is the same in both
states (i.e., there is no predicted output transition due
to the input transition); 3) both states are not covered by
a same function term. If these three conditions are present,
it can happen that, due to the particular delays in a partic
ular realization of the function, a spurious pulse appears
at the output during the transition. We will call this spike
a "hazard pulse". It can occur because the function term which
maintains the output in the initial state can turn to 0 be-
fore the term which will maintain the output in the fincl
state turns to 1. This short difference in time will be noted
as a spurious output pulse. It must be noted that the hazard
is a condition of the function implementation, and exists in
dependently of particular delays, while the hazaxd pulse
exists in a particular function realization, i.e., for spe-

cific delay values in the gates. Figure 1 shows an example.
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Figure | - Static hazard
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‘A hazard pulse can always be eliminated by the in-
sertion of appropriated delays in the circuit. The static hazard
itself, however, can be eliminated if we include in the function
implementation a redundant term which covers both the initial
and final state, such that this term maintains the output dur
ing the transition. In the example of figure 1, the term
X1.X3 eliminates the hazard. This hazard elimination means that
no hazard pulse can appear, no matter what values have the

delays in the circuit.

M-hazards/EI65/ occur for simultaneous multiple
input transitions. We define two types of M-hazards: function
hazards and logic hazards. A function hazard exists when: 1)
the circuit makes a transition from the present state to a
non-adjacent state; 2) the function value is the same in both
states; 3) for at least one of the possible intermediate states
between the initial and the final state the functions has
a different value. If these three conditions are present, it
can happen that, due to the arriving order of the input transi
tions and to the particular delays in a particular realiza-
tions of the function, the circuit goes momentaneously through
this intermediate state, such that a spurious pﬁlse appears
at the output. Figure 2 shows an example. This hazard cannot
be eliminated: it is impossible to avoid the circuit to " de
through this intermediate state with different output value.
Of course it is possible to avoid the hazard pulse in a partic

ular realization by properly selecting the gate delays.
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Figure 2 - Function hazard

A logic hazard exists when: 1) the circuit makes a
transition from the present state to a non-adjacent state; 2)
the function value is the same in both states; 3) for all possible
intermediate states between the initial and final state the
function has also the same value; 4) both initial and final
states are not covered by a same function term. If these four
conditions are present, it can happen that, due to the partic
ular delays in the circuit, the term which maintains the output
in the initial state turns to 0 before the term which will
maintain the output in the final state turns to 1. Due to this
time difference, a spurious pulse can appear at the output. It
is easy to see that the logic hazard corresponds to the static
hazard in the case Jf multiple input transition. As with the
static hazards, logic hazards can be eliminated by the inser-
tion of a redundant term in the function. Figure 3 shows an
example. There is no function hazard in this case because for
both possible intermediate states between states d and a ktate b, if input z



changes before w, and state ¢, if input w changes
the function output has also the value 1l. State a is

by term fi1 and state d by term f4, such that a logic
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before z)
covered
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exists. The inclusion of term x¥V eliminates this hazard.
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¢ ) timing diagram for the transition
(1,1,0,1) to(0,1,0,0) supposing delays=|
Figure 3 - Logic hazard
A dynamic hazard exists when the circuit has an
input transition such that the function output has different
values in the initial and final input states. The response
is a single transition from the initial to the final output

Y
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value. A dynamic hazard is the possibility that the circuit
makes more than one transition (a minimum of three) before the
output stabilizes in the final value. Figure 4 shows an exam
ple. Signal X1 has a static hazard as a result of the input
transition propagation through some combinational circuit,
while signal X2 makes a single transition from 0 to 1. Depend
ing on X1 and on the time relationship between X1 and X2,
the output signal can make a single transition from 0 to i
or pass through a sequence 0-1-0-1. A dynamic hazard is always
consequence of the combination of a static hazard with a

single transition.
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a) AND gate with delay =1
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X2 l X2 l
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b ) timing relationship between c) timing relationship between
X lond X2 doesn't generate X1 and X2 generates a hazard
a hozord pulse pulse

Figure 4 - Dynamic hazard
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2. TWO~-VALUED LOGIC AND NOMINAL DELAY SIMULATION

Let us suppose that we have a logic simulator with
2-valued logic and where a nominal delay can be specified for
each gate in the circuit. The example of Figure 1 could be
simulated with this tool. A delay = 1 would be assigned to
each gate, and we could observe the hazard pulse in output Y.
If we consider all AND gates with the same delay, no matter
what value, the simulator would give us always a response with
the hazard pulse: the lowexr path would be always longer than
the upper path, due to the inverter (assuming the inverter with
a non-zero delay). This is however a very specific case, in
which a hazard exists because one path is certainly longer than
the other. In general a hazard exists because one ‘path can be
longer than another, but this is not known before the circuit

is realized.

Figure 5 shows a part of a circuit. Let us suppose
that the changes in A and B are originated from the same input
transition, that propagated through different paths, such tlLat
the change in A occurs 1 time unit before that of signal B,
Figures 5b to 5d show three timing diagrams for different values
of delays in the inverters. Only for the third case a spike
appears at the output. A hazard is predicted for a function
only because we can consider the gates capable of having any
possible delay value. Our simulator however can only consider
concrete cases of delays, such that the hazard could or could
not be detected in a specific simulation. As we cannot be
sure of the delay values in the physical realization of the
circuit, we would need Y% gsimulations to definetely exclude
the possibility of a hazard error, for a circuit with x gates,

each with y possible delay values.
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Figure 5 - 2-volued.logic and nominal delay
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3. THREE-VALUED LOGIC AND EICHELBERGER'S ALGORITHM

A three-valued logic function has three possible
logic values instead of two. The third value "U" denotes an
undefined value, which can be 0 or 1, and is used to represent
a signal value during a transition. A three-valeud logic
function can be obtained from a corresponding two-valued func-
tion in the following way: If the inputs' of the 3-wvalued func
tion are 0's and 1's, then the output value is the same as
in the 2-valued function; if one of the inputs is U, then we
take the two possible corresponding 2-valued input config-
urations; if for both we have the same 2-valued output value,
this value is taken for the 3-valued function; if for them
we have different 2-valued output values, then the 3-valued
function output will be U. Figure 6 shows the 3-valued truth
tables for the AND and OR logic fuwnctions.

AND O ! U OrR__O ! 9]
0] (0] (0] 0] 0 (0] |

K. 0 | u | | l |
U (0] u u u u l u

Figure 6 - Truth tables for 3-valued logic

Eichelberger /EI65/ derived a method to detect
hazards in combinational and sequential circuits, considering
multiple input transitions. The method assumes no delays
associated with the gates, such that it allows hazard de-
tection according to the hazard definition, and not the
detection of hazard pulses in a specific realization. For
combinational circuits the method is very simple: 1l)evaluate
the function f (A) before the input transition: 2) assign to
each changing input the value U and evaluate the function
f(A/B) during the transition: 3) evaluate ‘the function £(B)

(5 8
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after the input transition. If f£(A)=f£(B)=£f, and SRR B AR
then the circuit has a hazard. Figure 7 shows an application
of the method. Looking to the Karnaugh map in Figure 7e we see
that in fl we have a logic hazard, while in f2 we have a func
tion hazard. The method doesn't allow a distinction between

them.

w:0->|

j‘ﬂ
y=g__DJ

%:0->| fe
a) circuit to be simulated
I I
fi(A/B)=U £1(B)=1
D By
U (@]
o Myl o e
U f2A/B)=U | f2(B)=1
c) transition A/B d ) state B
W 5 e y N0 o 1110
ol m oL ICdT.r o
=< 2
T e [I_] VLot g Lo
f,= wHWy fpo X+WY
e ) corresponding Karnaugh maps
Figure 7 - Eichelberger's method for hazard detection in combinational circuits
For sequential circuits the method is a little more
elaborated:
1) Procedure A - determine the feedback signals which can

change due to the input transition: a) make each changing input

UFRGS
INSTITUTO DE INFCRMATICA
BIBLIOTECA



10

signal equal to U; b) evaluate the circuit until all feedback
signals are stabilized (for each evaluated gate, if it has
its output changed, put the gates connected with it in the
A~-List, but only if they have an output value different of
U; Eichelberger has proved that every gate which output is

yet U cannot be more changed in this pass).

2) Procedure B - determine the feedback sighals which stabi-
lizes: a) make each changing input equal to its final value;
b) evaluate the circuit until all feedback signals are stabi
lized (for each evaluated gate, if it has its output chan
ged, put the gates connected with it in the B-List, but
only if they have an output value equal to U; Eichelberger
has proved that every gate which output is yet 0 or 1 cannot
be more changed in this pass). If after the procedure B a
signal has stabilized in the value U, then a hazard is de-
tected for it. Of course, if this is a feedback signal, then
we have detected a critical race. Figure 8 shows an applica-
tion of the method. Yl and Y2 are the feedback signals.
Procedure A is executed until the A-List is empty, what in-
dicates that no more gates can change its output values
in this pass. The result is Yl = Y2 = U, i.e. both feedback
signals can change due to the input transition. Procedure B
is then executed until the B-List is empty. The result is Yl=
U and Y2 = 1. This means that Y2 will certainly stabilize
with value 1, while Y1 can stabilize with any value, depending

on the relative delays of the circuit.
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A={}

X2:0-»1

a={c1,62,66}
A={62,66,64}

Xle—U, X2<U
G1=X2 «— U

a) circuit to be simulated (indicated is the
initial value of ecchsignal )

B={}

Xie— [, X2 <—|
Gle—X2 «— 0
62:Xle—0
GE=X1.X2<«—|
G4:61.62Yy2<«—0
65=62.y2<—0
Y2:G5+G6=— |
YI=63+G64<— U

c) Procedure B

B={c1.62.66}
8={62,66.64}
8={66,64.65} (1)
B={c4.c5.y2}
8={c5y2.y!}

B={y2.y3 (4)
B={y1} (5)
B={ } (6)

(1)

(2)

(3]

(4)

(5)

(e)

62=X1 «— U A={c6,64.65}(1)
G6=X1.X2 e—U A={G4,65y2}
64=G1.G2y2 <—0 A={G5,y2} (2)
G5=y2.62«— O A={y2}
Y2:G5+G6 <—U A={64,65}
G4=G1.G2.y2 <— U A={c5,y1}
G5=y2.G2<— U A={y1} (3)
y1= 63+G4 «—U a={e3}

-2 G3=X2yle—U a={}

b) Procedure A

Notes
G4 isyet inthe a(B)- list due to Gi.
it doesn't need to be inserted again.

64 has not changed, no gate comes
to the a-list.

y2 doesn't come to the a-list, because
its output is yet uU.

y2 isyet inthe B-list due to Ge.
It doesn't need to be inserted again.

64 and 65 don't come fothe B-list,
because their values are yet 0.

yi has not changed, 63 doesn't come
to the B-list.

Figure 8 - Eichelberger's method for hazard detection in

sequential circuits
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4, THREE-VALUED LOGIC AND MIN-MAX DELAY

The problem with Eichelberger's method is that it is
too pessimistic. Although a function can have a hazard accord
ing to the theoretical definition, a definite hazard pulse
can never occur in a physical realization of this function.
This is because the actual delays in the circuit cannot assume
any values. Indeed they are restricted to a certain range
determined by the technology. This means that a zeronelay
‘simulation like that of Eichelberger (i.e., where no specific
delay is assigned to the gates, so that the method in reality
presumes that a gate can assume any delay value) is not a
realistic approach. In Section 2 we have yet seen that assigning
a nominal delay to each gate is also an unrealistic assumpticn,
because before the circuit realization it is impossible to
known the exact delays. Furthermore the nominal delay simula-

tion is a very inefficient method of detecting hazards.

Assigning a range of delay values to each gate
seems to be needed in oxder = to obtain a realistic result. We
associate this with 3-valued logic, and obtain a  simulator
which is capable in some extent to detect hazards, as we shall
see. The delay range is specified for each gate through the
minimum and maximum values. Every signal can only make a tran
sition from 0 to 1 (or 1 to 0) if it passes through the
intermediate value U. The simulation is of course event oriented
We have four possible events for a signal: 0 - U, 1 > U,
U=1, U-» 0. Now we have a problem: if an event is predicted
for a signal, to what future time must this event be scheduled ?
I.e., what delay must we add to the present time to find the
occurrence time of the event? Minimum or maximum? The problem
is solved with the concept of dominance /BF76/. There 1is a
dominance hierarchy between the logic values (we shall use
this concept algo for 5- and 8-valued logic). In  the casze
of 3-valued 1logic, we say that the value U dominates 0 and i
and that 0 and 1 are hierarchically equivalent. Is there isan

event from a logic value "a" to a logic value "b", then:1) if

" "

"b" dominates "a", we must make the event scheduling to the

v

at
éhgmn;uﬂ

G

3
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" "

earliest possible time; 2) if "b" is dominated by a", we
must make the event scheduling to the latest possible time.
Using this rule, we are sure that we take always the worst
possible case. Fig. 9 shows the application of this method to
the example of Fig. 5. If we allow primary inputs to go direct
from 0 to 1 (or 1 to 0), it is needed a special treatment for
those gates which receive these primary inputs: an input tran
sition at the gate must cause the scheduling of two output
events, one for the minimum and another for the maximum delay.
The worst case result is clearly seen in the hazard predicted
for signal E. The earliest combination which makes E=1 is C=l,
D=1 at t=5, what causes E=1 at t=5+minimum=8 (U dominates
0). The latest combination which makes E=1 is C=1,D=1

at t=6, what causes E=1 at t=6+maximum=1l (1 is dominated by

U).

il
1
B e | U
. | D iz
delay delay E I I | ' l FAY)
min= 4 min= 3 [ P I
max=6 max=5 O | 4 56 6 7 8 l
a) circuit fo be simulated b) timing diagram

Figure 9- 3-valued logic with min-max delay

Figure 10 shows another example. An U-interval is
predicted for signal C. Here we see that an interpretation of
the value U is needed. In the last example the U-interval of
signal E was of course a hazard pulse, because the signal had
the same value before and after the interval. In this case,
signal C has different values before and after the interval,
so that we must interpret the U value as a transition between
0 and 1. The interpretation is of course easy to make, due to
the values out of the interval. Figure 11 shows a third example,
where an U-interval is predicted for signal C as in FigurelO.
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However it can be seen that the static hazard in signal A can
cause a dynamic hazard in C, as in Figure llc. The interpreta
tion od signal C cannot give us however any idea about the

existence of this hazard.

17
c B __| ks
B
¢ || | ez
delay T
min= 3 @ SNEs 3 g 7
L b} timing diagram
a) AND gate
Figure |0 - A clean transition modeled by 3-valued logic with min-max delay
A
C
B ___—-...-v-
delay
min=3
) max =5
a) AND gate
A AV A Lo
1 i 1 1
B _ 07| B _| , I
clgf////,uy/// c||lLJ|
| ||
@ 12 35 8 o 1 2 4 5 6
b) timing diagram for 3-valued logic c) timing diagrom for 2-valued logic,
and min-maox delay nomingl delay=4 and a possible input
combination from(b)
Figure li- A dynamic hazard modeled by 3-valued logic with min-rnax
delay
Event oriented simulation can be applied to combi-
national as well as to sequential circuits, without any

special considerations. Figures 12 and 13 correspond to the
example of Figure 8, where the Eichelberger's method is applied
to sequential circuits. In Figure 12 we assume delays min=1
and max=4 for all gates, while in Figure 13 we have delays
min=1 and max=2. It can be seen that in Figure 12 the hazard
in signal yl is detected as in Figure 8, while in Figure 13

§FROGS
" BIBLIOTECA

R Tatals
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yl stabilizes with value 0. As mentioned, hazard pulses de -
pend on the delay values, while the Eichelberger's method
detects hazards, which are delay independent.

p l tz0 Xi:0»l . G2:1=Uat t=0+1=1, 62: U+0 ot {=0+4=4
: X2: 0>l © Gl:l-==Uott=0+!1=1, Gl: U=0at tz0+4=4
X2 [ G6:0-+U at t=0+1=1,G66: U= | atf=0+4=4

t=1 Gi:l=»U without effect
G
I Wm G2:1-=U without effact
G2 | /Z 66:0+UF y2:0+Uaf f=(+i=2
v, t=2 y2:0=U% G4:0>U af tz241=3
63 W Y,
l I L2, G5:0-~U af tr2+1=3
G4 | | F Z//%/; 7 =3 64:0>UP y1:0->Uatt=3+1=4
65 | ] /;7"""7'7*@ G5:0=U  withoui effect
; K"/{'/ t=4 GLU=0F G4:U-0 ot fz4+478
66 | L’///j'/ l 62:U-=0F G5:U-=0 af t=4+4:8
GE&U-=l ¥ Y2:U-| at {z444=8
o b1 i
o /X////rf/? Y1:0+UF G3:0-»U ot t=4+1=5
7
y2 | I %{///,///,} t=6 G3:0-~U  without effect
Tt il t=8 G4:U-»0 without effect
O | 2 3 4 5 8 G65:U—+0 without effect
y2: Ui without effect
a) timing diagram
b) event sequencing and scheduling
Figure 12 - Same example of Fig.8, now with delays min=| and
max=4
X4 1= 0 x1=o—>|:)ea=|—~,um f=041=1
o X2:0 =1 G2:U—» Oat f=0+2=2
— Gl:t—>=U at t=0+1=1
61 | @ Gl:U—>0at tz0+2=2
sl G6:0—= U at t=0+1=1
G2 %
5% I | G6:U—= | qt t=0+2=2
64 N t=1 Gl: [—>U without effect
55 e r T G2:|—U without offect
: G6:0-»U P Yy2:0—>U at{=l+t=2
f = . signal changes occur
G6 EZZ t=2 yerQeel &t simultaneously, the simulaior
! l I Gl: U—+0 without effect | ¢ior actuatizes all veriables,
yi | G2: U-—+0 N later verifies the effect
G6: U=l y2:U—=| at fz2+2=4
S |\ b
y T 7Z I t=4  y2:U—1  without effect
QL iF 2 4

b) event sequencing and scheduling
a) timing diagraom

Figure 13- Same example of Fig.8, now with delays min=| and

max=2
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We conclude about 3-valued logic with min-max delay:
1) it allows detection of static hazards, but this detection
can be made only by interpretation of the timing diagrams, and
not by a direct information (as we shall see with 5- and 8-
valued logic); 2) it doesn't allow the detection of dynamic

hazards.

Multiple-valued logic gives always pessimistic re-
sults. In extreme cases, it can predict a hazard where this
is impossible to occur. Figure 14 shows an example. If the
input transitibn occurs at t=0, signal C can go to 1 earliest
at t=4. If the input transition occurs at t=2, signal D can go
to 0 latest at t=5. The interval from t=4 to t=5 is thus pre
dicted with C=D=U, i.e., it is possible C=D=1, what causes
a hazard pulse at E between t=6 and t=8. This prediction is
made assuming that the transition occurs at t=0 for the upper
path and at t=2 for the lower path, what of course cannot oc-

cur.

a) circuit with delays min=2 and max=3

B ' 5%22224

c : ! !W' 78
D ' ez

; |

b) timing diagram
Figure 14 - Pessimistic results in 3-valued simulation,

min-max delay
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5. FIVE~VALUED LOGIC

It was shown that 3-valued logic cannot detect dy-
namic hazards because the value U has two possible interpre-
tations: a normal transition or a hazard. To avoid this prcblem
and allow dynamic hazard detection it is needed a differentia
tion between these two cases, what is done in 5-valued logic.
The value U remains to indicate a hazard, while two new values
are .introduced to represent normal transitions. We will rep
resent them by 4 and . vFig-ure 15 shows the truth table for
the AND function. Since we maintain the min-max delay model,
the concept of dominance is needed to determine the scheduling
time of events. We have: U dominates T and ¢ , which are hier
archically equivalent; they in turn dominate 0 and 1, which

are again hierarchically equivalent.

ANDIO | & ¥ U
010 00CO
10 1 A v U
AlTO A MU WU
v |O v U V¥ U
U 100 U u

Figure 15 - Truth table for the 5-valued AND function

Figures 16 to 18 show the same examples from Figures
9 to 11, but now for 5-valued logic. It can be seen that: 1)
a static hazard is predicted as an U-interval, like in Figure
16; 2) a transition without dynamic hazard is predicted as a
4 (or ¥), as in Figure 17; 3) a transition with dynamic hazard
is predicted as an U-interval, like in Figure 18.We conclude
that a hazard (static or dynamic) will be always predicted as
an U-interval, while a transition without hazard will be pre

dicted as a ?*or a .
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A

B

c l 7

D A

e || | || | s
[ 1 i AR |
o | 4 5 6 T 8B Il

A /14'\7
Iz
I | | l [;Z/ﬁ;;?;! i
A |
o1 23 4 7

Figure 18 - Same example of Fig.ll, now for 5-valued logic
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6. EIGHT-VALUED LOGIC

Although 5-valued logic allows the detection of
both static and dynamic hazards, the distinction between them
is not automatic, but must be made by interpretation of the
timing diagrams: a static hazard is recognized when the signal
has the same value before and after the U-interval, while a
dynamic hazard exists when these values are different.An auto
matic distinction can be obtained only if we introduc;

different logic values for the two cases. The table below

gives the 8 possible values in 8-valued logic. Besides the
values 0,1, ¢4 and ¥ , four values are introduced to dis-
tinguish between situations, which were all represented by
U in the 5-valued logic: 0* for a static zero hazard, Jax
for a static one hazard, %* for a 0 a 1 transition with

dynamic hazard, and ¥* for a 1 to 0 transition with dynamic

hazard.
- static one value
0 static zero value
: 3 hazard free 0 to 1 transition
¥ hazard free 1 to 0 transition
0* static zero hazard
diis static one hazard
4= 0 to 1 transition with dynamic hazard

dx 1 to 0 transition with dynamic hazard

Figure 19 gives the 8-valued truth table of an AND
function. Three zones are marked in the table: in the first
one we have static hazards being generated by hazard Exee

transitions in opposite directions; in the second one we have

dynamic hazards being generated by the combination of static
hazards with hazard free transitions; in the third one we see

that dynamic hazards can generate static and other dynamic

hazards.
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AND| O | ¢t ¢ Ox be % {x
O]l6e 00 0 0 6. 050
Zone i ‘ stotic hazards : (O) : t b oniw :: g;
generated by opposing ; ; ;
hazard free fransitions y O ¥ O*'¥% Zone.3 dynamic and
0%} O Ox O%p—— static hazards generated
) %] © I%[fx P]O% 1ae)bse §x by dynamic hazards
Zone 2 : dynamic hazards Bl O M%iT% Oulw b 3 O
gansisted By tia | O Pelox i O% b3 O% ¥x
combination of static

hazards and hazard free
transitions

Figure 19 - Truth table for the 8-valued AND function

Since we maintain min-max delay, dominance is again
needed to solve the scheduling problem. The scheme below gives
the dominance relationship between all logic wvalues (values

in the same line are hierarchically equivalent).

Px v *

; g* 1*
growing

dominance 4 L

0 1

Figure 20 gives some examples for an AND gate, sup-
posed with delays min=3 and max=5. It can be seen that for
many cases output sequences are generated, which must be ca-
refully interpreted. For example: a 4 between t=3 and t=4
followed by a #** between t=4 and t=7, and followed by a 1%
between t=7 and t=8. This means that a 0 to 1 transition will
certainly occur between t=3 and t=7, but not necessarily between
t=3 and t=4. This transition will be possibly followed by a
negative hazard pulse between t=4 and t=8, but not necessarily
between t=7 and t=8. We could say that thé dynamic hazard re-—
gion absorbs the intervals in its immediate wvicinity, because
these intervals give redundant information in relation to that

given by the dynamic hazard interval. Using these = ideas of
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redundance and absorption, we can derive the following rules:

for static hazards

for dynamic hazards

Figure 21 clarifies these rules,

0*
0*
1%
T
sk
P *
b ox
b x

absorbs
absorbs
absorbs
absorbs
absorbs
absorbs
absorbs

absorbs

e arine s/
a later ¥

an earlier ¥
a later ¢
earlier 4 and
later ¢ and 1%
earlier ¥ and 1%
later ¢ and 0%

O‘k

showing each hazard

case and the redundant information which can be predicted by

the simulation before

and after the hazard intervals.

A x|
O Y A
¢ |4} PEEE T
T |
a) o1 2 3 4 7 8
A A A L ]
B I v 1 B | [ v |
| | Gl e Il ‘ T Tl
f s ko l [ ]
O1 2 3 4 7 8 Ol 2 3 4 T 8
“b) c)

Figure20 - Some timing diagrams for and AND gate, with delays

min=3, max=5, evaluated with 8-valued logic
timing s possible redundant informaftion
diagram before code | after code
¥L O 4 A 1 v
[ 7 | % ok ¥ 4 A
'3 p I b
Ve kS Fl Ox TF | %
) L v i v
i8I Ve ¥ i | » JL O

Figure 21- Redundance in 8-valued simulation results
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