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QVERVIEW

Almost every event in the world can be viewed as a
gradually changing process, Processes are constantly beginning,
continuing, or ending, and at any monent one or more processes
can be initiated or completed, No process, however, can be
completed at the same time it was initiated. Furthermore,
the actions of one process can effect the initiation or com-
pletion of other processes,

Gary G, Hendrix has developed a system which simulates
such "autonomous process dynamics" Eﬁ&éo]. This system
facilitates modelling events which are independent, but which
may effect each other, such as a group of robots moving in a
room or an electronic circuit., 1In this paper, the Hendrix
system is used to model the voltage behavior over time of
some basic digital hardware building blocks. The material is
presented so as to provide insight into the way hardware
devices actually work,

The paper begins with a discussion of how signals change
from one voltage to another., A simple clock is modelled to
$11uetrate these principles. Next, the other basic unit for
understanding digital building blocks, the propagation delay,
is explored, and a simple flip-flop is used as an illustration.
These basic concepts are then used to implement a model of a
mechanical switch, a debouncer for the switch, and a one-shot

pulser. The more complicated circuits show the flexibility



of our earlier models, The paper closes with a discussion of
how the modelling of hardware building blocks demonstrates
the power of the Hendrix system, and a discussion of how this
simulation system can beused to explain the operation of

digital hardware,
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BACKGROUND
A Brief Description of the Modeling System
The simulation system described by Gary G. Hendrix [3]
allows the programmer to model the world as a collectionof
continuous, ongoing processes, The condition of the world

at any time is a list, called the state of the world model

(SWM)., The SWM is constantly updated with information about
the changes occuring within the world itself,

Each process in the Hendrix model is controlled by a
scenario., A scenario contains, first, the conditions neces-
sary for the initiation of the process, The initiation
conditions, as well as all other conditions in a scenario,
are separated into symbolic and numeric conditions.,

A Symbolic Initiation Condition (ICS) organizes the relation-
ships of the scenario's parameters to the SWM, The Numeric
Initiation Conditions (ICN) then restrict the values which

may initiaté-the process, Second, The scenario contains a
description of the effects of the process on the SWM, in-
cluding time dependent equations describing the gradual
effects. Ths Symbolic Gradual Effects (EGS) are the symbolie
changes in the SWM which take place after the scenario is
iniatiated, and which are removed when the scenario terminates.
The Numeric Gradual Effects (EGN) céontain equations describing

the changes in the SWM over time, Hendrix's system views



time as a continuous phenomenon, Earlier systems

contained no parallelism (real or simulated) and

omitted the notion of time duration -associated with

a given process, Continuous timephenomena can be

simulded by using mathematical expressions, which

are time dependent functions, as parameters, Any

reference to such a parameter results in the eval-

uation of the exnression at thegiven point in-

mndel time, [;.b.ﬂ X

The Symbolic Continuation Conditions (CCS) are relations
which must exist in the SWM in order for the process to
continue,” The Numeric Continuation Conditions (CCN) contain
equations which evaluate to the time at which the process is
to terminate. As long as the CCN or CCS are true, the*process
continues. When any CCS is removed from the SWM, or the time
computed in the CCN is reached, the process will stop,

Each scenario can explicitly alter the SWM through
adding and deleting effects. An Initial Adding gffect (EIA)
adds relationships to the SWM, while the lnitial Ekleting

fffects (EID) removes relationships from the SWM. This

alteration of the world model then may cause other processes
to be initiated or terminated. Once a process terminates,
the post-deleting effects (EPD) behave like the (EID), removing ;
relationships from the SWM as necessary, Likewise, the post-
adding effects (EPA) behave like the EIA, adding relations
to the SWM after the termination of theprocess, Again, these
modifications of the SWM may cause other processes to begin
or end,

The operations on tﬂe SWM caused by the scenarios (adding
and deleting effects), the movement of model time, and the

actual initiation and termination of processes are all



controlled by a process monitor called the Monitor Executive,

This monitor behaves

as if it were a demon in charge of carrying out all

the processes in the modeled world, Given an initial
. state of the world and a set of process: scénarios,

the demon determines all processes which would be

initiated, For each process to be initiated, the

demon selects an imp (a control block) and charges

the imp with the realization of the process., As

the various imps make changes in the $tate of the

world, the demon watches for new opportunitiés-

to start other processes, assigning more imps as

needed, When an imp's process is completed or

interrupted, the imp notifies the demon who in

turn releases the imp from its charge, [?.P.lSj
A control block is a particular reference to a scenario, and
contains the parameter bindings for that instance of the
gsoenario., Several incarnations of a process can exist simul-
taneously, and a control block will then be created for each
incarnation. The various incarnations can be distinguished by
the bindings of the parameters,

Model time, as kept by the process monitor, is not a
conventional clock, tut rather is a real variable manipulated
by the monitor, FEach control block has a time at which it
will terminate (computed in the CCN), The monitor is constantly
scaning the coptrol block list, looking for the control block
with the earliest interrupt time (Ti). If no scenario exists
with an initiation time less than Tj, time is moved to Tj, and
the process is interrupted, Otherwise, any scenario with
initiation time less than T{ is begun, with model time moved O

to the initiation time. [3] For a detailed examination of

the program which implements Hendrix's system, see[ﬁ].



Basic Concepts

Several steps are necessary when developing a model for
use with the Hendrix Simulation System as implemented by
Lowrance [h]. In this part of the paper, .the rudiments of
the modeling system are explored, while giving the reader o
information about digital circuits and voltage levels,

After reading this section, the reader will approach the more
complex building blocks with knowledge of voltage levels,
signals, propagation delays, and the way these concepts are

modeled,

1, The Signal World

The first question to be answered when using the Hendrix
System is, "Whaf is the initial state of the world?" When
modeling digital hardware, the signal is a crucial element,
A signal is an entity which has a voltage level, and which
can be an input or an output, Unless it is a constant, a
signal can change from a high voltage level to a low voltage
level (or vice versa) at a specified fate. These transitions
are called edges, Thppughout this paper, a high voltage
level will be between 2 volts and 5 volts, and a low voltage
level will be between 0 volts and 0.8 volts, The SWM for a
$ignal is created by the scenario CREATE-SIGNAL (Figure 1).
Any scenario with CREATE in its name is used to create a SWM

for the particular entity which is needed, CREATE-SIGNAL




initializes a signal world, and is initiated by adding an
ALLOCATF-ACTIVATE CREATE-SIGNAL order to the SWM. (1ine 1,1,2),
The ALLOCATE-ACTI?ATE contains the values for the particular
signal being created. Line 1,1,4 deletes the ALLOCATE-ACTIVATE

1 ‘CREATE~SIGNAL(FAR SIG CVOLTS CRATE FT NT FLH FHL)

(ICS(ALLOCATE-ACTIVATE CREATE-SIGNAL SIG CVOLTS CRATE FT NT
FLH FPHL) )

(EID(ALLOCATE~ACTIVATE CREATE-SIGNAL SIG CVOLTS CRATE FT NT
ELH-FHL) 2

(EIACTYFPE SIG SIGNAL)(VOLTS SIG CVOLTS)(RORIN SIG CRATE)
(FTHRESH SIG FT) (NTHRESH SIG NT)
(FULLSEUF SIG OFF)(FULSEDN SIG OFF)
(FILHIN SIG FLH)(FHLIN SIG FHL)))

O O~ Fw

Figure 1,1

" order, so that only one signallis created, Lines 1.1.6
through 1,1,9 create a SWM where SIG is a signal, SIG has a
voltage level of CVOLTS, and a rate of voltage transition
CRATE (where the voltage transition rate is CRATE volts per
nanosecond), Since many digital devices are triggered or
started by the transitions or edges of signals, the relations
on line 1,1,7 are added to the SWM, (PTHRESH SIG PT) means
that when the voltage of the signal SIG rises to PT volts

(the positive threshold), a message (PULSEUP SIG ON) is
inserted in the SWM, This enables the modeller to use up-
ward transitions of the signal SIG in the model, The relation
(NTHRESH SIG NT) causes a (PULSEDN SIG ON) to be added to the
SWM when SIG falls to NT (the negative threshold), When SIG
is created, it is neither rising or falling (line1,1,8), it
has a low to high propagation delay PLH (linel1,1.9), and it
has a high to low propagation delay PHL. The concept of



propagation delay will be explored in section three, the
Propagation Delay World,

Now, the scenarios which will perform the transitions
between high and low voltage levels are written, The scenerios
STARTUF and FINISHUP (Figure 1,2) are written, The scenerio
STARTUP will be used as an example, since design of the

other scenarios is similar,

o1 (STARTUF(FAR S CVOLTS ! CRORIN CFTHRESH)

.2 (ICS(TYFE S SIGNAL)(VOLTS S CVUOLTS)(RORIN S CRORIN)

.3 (FTHRESH S CFTHRESH) (FULSEUF S OFF) (EDGE S UF))

an (ICN(LT CVOLTS CFTHRESH)(GE CVOLTS 0)(GE CRORIN 0.000001))
.5 (EID(VOLTS S %) (EDGE S UF))

.6 (EGS(VOLLTS S YVOLTS))

7 (EGN((t= YVOLTS(XPLUS CVOLTS(XTIMES CRORIN $)))

.8 (i= % (QUOCKXDIF YVOLTS CVYOLTS)CRORIND)))

.9 (CCN FUNC (XFLUS %(QUO(XDIF CFTHRESH CVOLTS)CRORIN)Y))

.10  (EPD(FULSEUP S OFF)(VOLTS 8§ X))
11 (EFA(FULSEUF S ON)(VOLTS 8§ CPTHRESH)))

L 12 (FINISHUF(FAR S CVOLTS ! CRORIN CFTHRESH)

=11 (ICS(TYFE S SIGNAL)(VOLTS S CVOLTS)(KORIN S CRORIN)
L1k (FTHRESH S CFTHRESH) (FULSEUF S ON))

.15 (ICN(EQUAL CVYOLTS CFTHRESH)(GE CRORIN 0.,000001))
.16 (EID(VOLTS S %))

.17 (EGS(VOLTS S YVOLTS))

s 18 (EGN(($= YVOLTS (XFLUS CYOLTS (XTIMES CRORIN $)))
.19 t= ¢ (QUOCXDIF YVOLTS CVYOLTS) CRORIN))))
.20 (CCN FUNC (XPLUS Z%Z(QUO(XDIF 3.4 CVOLTS) CRORIN)))
23 (EFD(FULSEUF S ON))

22 (EFA(FULSEUF § OFF)))

Figure 1,2
The sctenario performs a gradual task of raising the
voltage level of the signal, This rising voltage is produced
by the following equation:
YVOLTS = CVOLTS + (CRORIN * §)
where YVOLTS is the gradually increasing voltage level, CVOLTS

is the initial voltage level when the scenario is entered,




CRORIN is the rate of voltage rise, and $ is the model

time elapsed since the scenario began, All of this in incor-
porated into the gradual conditions of the scenario (lines
1.2.6=1,2:8),

The next step is to find a formula for determining the
proper time to interrupt or stop the scenario, The equation
iss

INTERRUPT TIME = % + (CPTHRESH-CVOLTS)/CRORIN,
where % is the process initiation time, and CPTHRESH is the
positive threshold of the signal, Since it is at this time
that the voltage has reached thethreshold level, the signal
(PULSEUP S ON) is added to the SWM (lines 1.2.9-1,2,11).,

The third step in the formation of the secnario STARTUP
is to create the initial conditions of the scenario. (lines
1.2.2-1,2.4), The first five conditions are part of the
initial SWM, and can be true for all signals in the world
being modelled, However, it is the last condition that has
to be true before the scenario is initiated for the signal S.
This condition, (EDGE S UP), makes the initiation of the
scenario unique, and allows other scemarios to trigger signals.

Finally, pre- and post-effects are added to the scenario.,
(l1ines 1,2.5, and 1,2,10-11), The EID removes the current
voltage of the signal S, and the condition that S is rising.
Once the time computed on line 1,2,9 is reached, the EPD
removes the condition (PULSEUP S OFF) and the voltage level
of S. The eéondition (PULSEUP S ON), as well as the condition
that S has reached the threshold voltage level, is added to the

SWM in line 1,2,11 of the scenario,
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The scenario FINISHUP uses the relations (PULSEUP S ON)
and (VOLTS S CPTHRESH), line 1,2,14, as its unique initiation
conditions. It then raises the voltage of the signal S to
the proper high level of 3.4 volts, deleting the (PULSEUP S ON)
when this level is reached, The opposite pair of scenarios,
STARTDN and FINISHDN (Figure 1.3), use analogous methods to

gradually bring the voltage level to a low state,

(STARTOMCFAR 8 CVYOLTS 3 CRORIN CNTHRESH)
(ICS(TYFE S SIGNAL)(VOLTS § CVOLTS)(RORIN S CRORIN)
(NTHRESH S CNTHRESH) (FULSEDN S OFF) (EDGE S IN))
(ICN(GT CVUOLTS CNTHRESH) (LT CVOLTS 35)(GE CRORIN 0.000001))
(EIDCVYOLTS S X)(EDGE S DN))
(EGS(VOLTS S YVOLTS))
(EGNC($= YVOLTS(XDIF CVOLTS(XTIMES CRORIN $)))
(t= 4 (QUOCKDIF CVOLTS YVOLTS)CRORIN))DD)
(CCN FUNC (¥FLUS Z(QUOCXDIF CVOLTS CNTHRESH)CRORIN)))
(EFDI(FULSEDN 8 OFF)(VOLTS 8 X))
(EPA(FULSEDN § ON)(VOLTS 8§ CNTHRESH)))

(FINISHION(FAR S CVOLTS ! CRORIN CNTHRESH) :
(ICS(TYFPE S SIGNAL)(VOLTS S CVOLTS) (RORIN S CRORIN)

(NTHRESH € CNTHRESH) (FULSEDN S ON))
(ICN(EQUAL CVOLTS CNTHRESH) (GE CRORIN 0.000001))

(EID(VOLTS § %))

(EGS(VOLTS § YVOLTS))

(EGN( (3= YVOLTS(XDIF CUOLTS(XTIMES CRORIN $)))
(4= $(QUOCXDIF CVOLTS YVOLTS)CRORIN)) D))

(CCN FUNC (%PLUS % (QUO(XDIF CVOLTS 0.2)CRORIN)))

(EPD(FULSEDN S ON))

(EFA(PULSEDN S OFF)))

Figure 1,3

Example 1 illustratés thechanges in the SWM éaused by
adding a rising edge to thesignal world. The control block
trace shows the creation and destruction of the STARTUP §nd
FINISHUP scenarios, the parameter bindings, and the model time
at initiation or interuption. The changing voltage of the
signal S is found under.the #*#*#*®SKLRS*#**% section,while the.
pulse is rising, but the final value is returned to the

#x2#EXPRS*#*#* part of the SWM,

if




Example one -- The Signal World

¥(HEIM)

HENDRIX SIMULATION

> i

INFUT | SCENARIO LIST? X(EVAL SLIST)
STARTUF FINISHUF STARTON FINISHON CREATE-SIGNAL

INPUT SWM RELATION LIST?! X(EVAL SWM)
COMMAND?: X(TRACE X)

COMMANDI: XAUTOSNAF

COMMAND: X(ADDCALLOCATE-ACTIVATE CREATE-SIGNAL S 0.2

COMMAND: *GO

“<<<CREATING CEX>> TIME = 0

CREATE-SIGNAL XX (SIG S) (CVOLTS 0.1999999%9) (CRATE

99929279) (FLH 0) (PHL ©0)

L4<DESTROYING CB>>> TIME = O

CREATE-SIGNAL X% (SIG S) (CVOLTS 0.19999999) (CRATE

299999 9) (PLH 0) (PHL O)

COMMAND? XFICTURE

KKNKT I ME KKk

0

KXKKEXFRSk¥Kk

(FHLIN S 0)

(FLHIN § 0)

(FULSEDN S OFF)
(PULSEUFP 8§ OFF)
(NTHRESH S 0.79999%9%%)
(PTHRESH S8 2)

(RORIN S 1)

(VOLTS S 0.19999999)
(TYFE S SIGNAL)

KKK XSKLRS KKKk

KKK K 8K KKK K K KKK X K

COMMANII: X(ADDCEDGE S UF))

1

2 0.8 00))

1% APTEF ENY. B 7

1)

(PT 2) (NT 0.7

11
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COMMANDS %GO

<< CREATING CRx>> TIME = 0
STARTUF %X (S §) (CVOLTS 0.19999999) (CRORIN 1) (CFTHRESH 2)

KK T ITMEXOR KX

0

KN KEXF R SRR AOK

(FHLIN S 0)

(PLHIN S5 0)

(PULSEDN S OFF)
(PULSEUP § OFF)
(NTHRESH 8§ 0.79299999%)
(FTHRESH S 2)

(RORIN S 1)

(TYFE 8§ SIGNAL)
HERAHSRKLRERAROKXK

(YOLTS '8 0,19992929)
FORKOK KK KKKk X

S4oDESTROYING CRX>:> TIME = 1,7999999
STARTUF %% (S S) (CVOLTS 0,19999999) (CRORIN 1) (CFTHRESH 2

4 “CREATING CBx:>» TIME = 1.7999999
FINISHUF %X (S §) (CVOLTS 2) (CRORIN 1) (CFTHRESH 2)

¥ HKKT IME KKK
1.7999999
FEAKEXFRSKKKK
(FHLIN 5 0) °
(FILHIN § 0)
(FULSEIN 8 OFF)
(FULSEUF § ON)
(NTHRESGH & 0.79999999) PTHRESH 5 3 0 1, 4s
(PTHRESH § 2)
(RORIN S 1)
(TYFE S SIGNAL)

-
-

1
FEXKEKLRSKAE KK B . i y 4 -RZS
(VOLTS § 2.0}
K BOKR H0OK ok KOk Ok 0Kk K

Z<DESTROYING CEBx>>» TIME = 3.2000000
FINISHUF %% (S S) (CVOLTS 2) (CRORIN 1) (CFTHRESH 2)

COMMANDN: X(ADD(EDGE S IIN))

COMMANDI? %GO ,

<L CREATING CRX»:: TIME = 3.2000000
STARTON XX (S S) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 0.7999%9999)
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YAERTIMEX $KX
3,2000000 "
K EXFRE¥KK K .
(FHLIN § 0)
(FLHIN S 0) VOLTS '
(FULSEDIN 8 OFF) ;

(FULSEUF S OFF) ! 3.9velts

(NTHRESH S 0.7999999%9) 3 | PuLsEye

(FTHRESH S 2) 2 30 velts OFF

(F\'UR‘EN S 1) | 2.2 nsecs.

(TYFE S SIGNAL) o] P " i ; " 3

FHKKEKLRS KKk X ° 1 2 3 y 5 ‘ 7 TIME (nsec)
(VOLLTS S 3.,4000000)

SRR KKK K HOIK K K ,

Z<DESTROYING CE::> TIME = 5.8000000

STARTON ¥ (5 S) (CVOLTS 3.,4000000) (CRORIN 1) (CNTHRESH 0.79999999)

LHwCREATING CBx3:: TIME = 5,8000000
FINISHDN %% (S 8) (CVOLTS 0.79999999) (CRORIN 1) (CNTHRESH 0.79999999
)

KKK T T ME kKK
5.8000000 et
EREKEXFRS Ik

(FHLLIN S 0) Vg_t.g's
(PLHIN 8§ 0) '
(FULSELIN S ON) 1
(FULSEUF S OFF) 3
(NTHRESH S 0.79999999) 2
(PTHRESH S 2)

| !
34valts  pULSEPN
OFF |

| PULSEDN
ON

NTHRESH

- 0.8 velis

(RORIN S 1) - _ st ke . T Si§ nsec,

(TYFE S SIGNAL) °e | 2 3 4 5 o 7 Time (nsec)
KKKKSKL R E* kK

(VOLTS § 0,79999999) :
KK A KKK Ok AR KK L J

“#<DESTROYING CRx>>» TIME = &.4000000
FINISHDN XX (S 8) (CVOLTS 0.,79999999) (CRORIN 1) (CNTHRESH 0.79999999
)

COMMAND: XFICTURE

XHRKT IME %ok Kok
6.4000000
KHOKEXF RSKK Ak
(FHLIN S 0) r 3
(FLHIN S 0)

(PULSEDN S OFF) vors
(FULSEUF S OFF)

(NTHRESH S 0.79999999) : '?bubﬂ
(FTHRESH S 2) 22

(RORIN S 1) 2 |

(VOLTS S 0.,19999997) 1 PULSEDN
(TYPE S SIGNAL) 54 : 4 ; i S | LSS AT
K KKK KoK KKK K ok Kk oK K

COMMAND: %STOF &

ORI TERMINATED-AT-TIMEXXXX 6.,4000000)
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2. The Clock World

A way of representing a signal, and the means of tran-
sition for this signal from low to high voltage levels, and
from high to low voltage levels have now been established,
This knowledge is used to model a specialized signal -- the
clock., A clock signal is a signal that, once it is turned
on, oscillates between high and low voltage at a given rate
of speed, To model this, a timing mechanism to switch the
signal back and forth has been provided,

The first part of the Clock World is a CREATE scenario

for the clock, which can be_found in Figure 2.1, An

.1 (CREATE-CLOCK(PAR SIG RATE FT NT)

) (ICS(ALLOCATE-ACTIVATE CREATE-CLOCK SIG RATE FT NT))
3 (EID(ALLOCATE~ACTIVATE CREATE-CLOCK SIG RATE FT NT))
U (EIACALLOCATE-ACTIVATE CREATE-SIGNAL SIG 0.2 RATE FT NT 0 O)
9 (SFEED SIG 0)(CLOCK SIG LOW)))
Figure 2,1

" ALLOCATE-ACTIVATE ordes is necessary to initiate the clock
(line 2,1,2), This order says the clock world contains a
signal SIG, with voltage transition rate RATE, a positive thres-~
hold PT, and a negative threshold NT. CREATE-CLOCK removes

the ALLOCATE-ACTIVATE order, as in the signal world, and

then creates a signal (line2,1.4), The conditions on line

2,1,5 are the initiation condition for CLOCKON,

«1 (CLOCKON(FAR C CSFEED)

(ICS(TYFPE C SIGNAL)(ALLOCATE-ACTIVATE CLOCKON C CSFEED)
(SFEED C 0))

(EID (SFEED C 0))

(EIA(SFEED C CSFEED))

(CCS(ALLOCATE-ACTIVATE CLOCKON C CSFEEIN)

(EFD(SFEED C CSFEEIL))

(EFA(SFEED C 0)))

@~ N £

Figupg -
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The scenario CLOCKON (Figure 2,2) turns the clock on or off.,
An ALLOCATE-ACTIVATE order (line 2.1.2) includes the desired
clock speed, 1n1tiates CLOCKON. As long as the ALLOCATE-
ACTIVATE order remains in the SWM, the clock will contlnue

to oscillate at a rate CSPEED, When the ALLOCATE-ACTIVATE
6rder is deleted, the clock turns off, and the clock speed

is reset to zero, Throughout the remainder of this paper, a
clock speed of one MHz (one million cycles per second) will

be assumed, The scenario HIGHCLOCK (Figure 2,3) will keep

(HIGHCLOCK(FAR C ¢ CSFEED CVOLTS)

(ICS(CLOCK C HIGH)(TYFE C SIGNAL) (VOLTS C CVOLTS) (SFEED C CSFEEID

(ICN(GE CYOLTS 3.4)(LE CVOLTS 5.0)(GE CSFEED 0.,001)
(LE CSFEED 10))

(CCN FUNC (XFLUS % (QUO 500 CSFEED)))

(EFD(CILOCK € HIGH))

(EFACEDNGE C DN)(CLOCK C LOW)))

Figure 2,3
the signal high for one-half the clock's cycle time in
nanoseconde, Once this scenario is entered, the clock signal
will remain high until a time 500 / CSPEED has passed (line:.
2.3.5): This formula is derived as follows, CSPEED is in
units of MHz, which equals one cycle in 1000 nanoseconds,
Thus, 1/2 cycle would be 500 nanoseconds. Five hundred divided
by the CSPEED will equal how many nanoseconds the clock should
remain in its current state.

(LOWCLOCK(FAR C & CSFEED CUULTS)

(ICS(CLOCK C LOW)(TYFE C SIGNAL) (VOLTS C CVOLTS)(SFEED C CSFEEIN)

(ICN(GE CVOLTS 0)(LE CVOLTS 0.8)(GE CSFEED 0.001) |
(LE CSFEED 10))

(CCN FUNC (xPLUS % (QUOD 500 CSFEEID)))

(EFD(CLOCK C LOW))

(EFACEDGE C UF)(CLOCK C HIGH)))

Figure 2.4



16
When this time has passed, the relation (EDGE CLK DN) is
added to the SWM to start the transition to the low level,

The scenario LOWCLOCK (Figure 2,4) behaves in a similar
manner,

The operation of the clock is demonstrated in example 2,
The (ALLOCATE-ACTIVATE CLOCKON CLK 1) order starts the clock,
The trace then shows the initiation and destruction of the
STARTUP andé FINISHUP scenarios, The listing of the SWM
shows that now the clock CLK is high, The trace continues to

show the oscillation of the clock signal until the ALLOCATE-

ACTIVATE order is deleted,




Example two -- The Clock World
¥CHSIM)

HFNBF]X SlH

INFUT SCENARIO LIST! *(EVAL SLIST)

HIGHCLOCK LLOWCLOCK CLOCKON STARTUF FINISHUF STARTION FINISHIN
CREATE-SIGNAL CREATE-CLOCK

INFUT SWM RELATION LIST: ¥(EVAL SWM)

COMMAND? X (TRACE *)

COMMAND? X (SNAFSHOT S50)

COMMANDY ¥ (SNAFPSHOT 502)

COMMAND? X (SNAFSHOT 550)

COMMAND ! X (SNAFSHOT 1004)

COMMAND ! X (SNAFSHOT 1010)

COMMAND? X(AID(ALLOCATE-ACTIVATE CREATE-CLOCK CLK 1 1.4 1.4))

COMMAND? %GO

“{<CREATING CBX»>> TIME = 0
CREATE-CLOCK %X (SIG CLK) (RATE 1) (FT 1,4000000) (NT 1.4000000)

iZDESTROYING CE>»> TIME = 0
CREATE-CLOCK XX (SIG CLK) (RATE 1) (FT 1.,4000000) (NT 1.4000000)

“4<CREATING CB>>» TIME = 0

CREATE-SIGNAL %% (SIG CLK) (CVOLTS 0.19999999) (CRATE 1) (FT 1.400000
0) (NT 1.,4000000) (FLH 0) (FHL 0)

<<<DESTROYING CE>>> TIME = 0

CREATE-SIGNAL %X (SIG CLK) (CVOLTS 0. 19999999) (CRATE 1) (FPT 1.400000
0) (NT 1.,4000000) (FLH 0) (FHL 0)

COMMAND? X(BREAK 1700)
COMMAND? % (ADD(ALLOCATE-ACTIVATE CLOCKON CLK 1))

COMMANING %GO
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A OREATING CRex3 TIME = 0
CLOCKON %X (G CLK) (CSFEED 1)

<O CREATING CRE:E TIME = 0O
EOWCLEQCK ¥ -¢CGLKY (CSREED. 1) (CVOLTS 0. 192999999

$XERT IMERIOKK

50

EHHREXFRSKAKOK

(FHLIN CLK 0)

(FLHIN CLK ©)

(FULSEDN CLK OFF)
(FULSEUF CLK OFF)
(NTHRESH CLK 1.4000000)
(FTHRESH CLK 1.,4000000)
(RORIN CLK 1)

(VOLETS CLK 0.49997999)
(TYFE CIL.K SIGNAL)
(CLOCK CLK LOW)

(SFEEnN CLK 1)
(ALLOCATE-ACTIVATE CLOCKON CLK 1)
¥k SKLRSHAOKK
ok kol SCRORKROIOKOK

<o NESTROYING CR>>»> TIME = 500.0
LOWELOGK %X <L CLK) C(CSPEED 1) (BUDLTS.0.19929999)

<< CREATING CR>>> TIME = 500.0
STARTUF %% (S CLK) (CVOLTS 0,19999999) (CRORIN 1) (CFTHRESH 1.4000000
)

“<<NESTROYING CR>»>> TIME = 901.20000
STARTUF X% (S CLK) (CVOLTS 0.19999999) (CRORIN 1) (CFTHRESH 1.4000000
) .

i< CREATING CB>>> TIME = 501.,20000
FINISHUF x% (S CLK) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.,4000000
)

FORNCKT T ME ¥o0kk

502.0000

KAXKEXFRS K KKK

(PHLIN CEK 02

(PLHIN CLK. Q)

(PULSEDN CLK OFF)
(FULSEUP CLK ON)
(NTHRESH ClLLK 1.4000000)
(FTHRESH CLK 1.4000000)
(RORIN CLK 1)

(TYPE CLK SIGNAL)

(CLOCK CLK HIGH) :
(SFEED CLK 1)
(ALLOCATE~ACTIVATE CLOCKON CLK 1)
KR KRSKILRSH KKK

(VOLTS CLK 1.4000000)
koK Ok K ok ok kol sk ok okok

<< < ODESTROYING CRB>>> TIME = 503.20000
FINISHUF %% (S CLK) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.4000000
)
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££<CREATING CE>»» TIME = 503.20000

HIGHCLOCK #% (C CLK) (CSFEED 1) (CVOLTS 3.4000000) §
okHOKT IMEY KA ¥
550.,00000

FRRKEXFRSH AN

(FHLIN CLK 0)

(FILHIN CLK 0)

(FULSEDN CLK OFF)
(FPULSEUF CLK:UOFF 2
(NTHRESH CLK 1.4000000)
(FTHRESH CLK 1.400Q000)
(RORIN CLK 1)

(VOLTS CLK 2.,4000000)
(TYFE| CLK SIGNAL)
(CI.OCK CLK HIGH)

CEPEEN ELK. 1)
(ALLOCATE-ACTIVATE CLOCKON CLK 1)
HHAOKSKL RS ¥ koK
ORI RO OR KR 30K

<< NESTROYING CR>X> TIME = 1003.2000
HIGHCLOCK X% (C CLK) (CSFEED 1) (CVOLTS 3.4000000)

<<<CREATING CRB>>> TIME = 1003.2000
STARTDON %% (S CLK) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 1.4000000)

“4<DESTROYING CRxx> TIME = 1003.2000
STARTDN %% (S CLK) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 1.,4000000)

=< CREATING CB>X>> TIME = 1005.2000
FINISHON *% (8 CLK) (CVOLTS 1.4000000) (CRORIN 1) (CNTHRESH 1.4000000
)

FORRKT ITME®kkk

1006,0000

XAKKEXFRS KK KX

(FHLIN CLK 0)

(FLHIN CLK 0)

(FULSEDN CLK ON)

(FULSEUF CLK OFF)

"(NTHRESH CLK 1.4000000)

(FTHRESH CLK 1.4000000)

(RORIN CLK 1)

(TYPE CLK SIGNAL)

(CLOCK CLK LOW)

(SPEED CLK 1)

(ALLOCATE-ACTIVATE CLOCKON CLK 1)
KX SKL RSO0k »
(VOLTS CLK 1.4000000)

okok koK ok kokok Kok kokk

<<<DESTROYING CR>>> TIME = 1006.4000 .
FINISHDN %% (S CLK) (CVOLTS 1.4000000) (CRORIN 1) (CNTHRESH 1.4000000
)



SHLCREATING CR:x: TIME = 1006.4000
LOWCLOCK %% (C CLK) (CESFEED 1) (CVOLTS 0.20000305)

FORK KT IME ¥ kX

1010.0000

FORKKE XF RS KKKk

(FHLIN CLK 09

(FLHIN CLK 0)

(FULSEDN CLK OFF)
(FULSEUF CLK OFF)
(NTHRESH CLK 1.,4000000)
(FTHRESH CLK 1,4000000)
(RORIN CLK 1)

(VOLLTS CLK 0.,20000305)
(TYFE CLK SIGNAL)
(CLOCK CLK LOW)

(SFEED CLK 1)
(ALLOCATE-ACTIVATE CLOCKON CLK 1)
FARAKS KL RSK KK

3K OKOKONKOKOOKCK KK K KOk XK

SLADESTROYING CHY>> TIME = 1506.4000
LOWCLOCK X¥X¥ (C CLK) (CSFEED 1) (CVOLTS 0.2000030%5)

<o CREATING CRx>:> TIME = 1506.4000
STARTUP %% (8 CLK) (CVOLTS 0.20000305) (CRORIN 1) (CFTHRESH 1.4000000
)

4w DESTROYING CRXX:> TIME = 1507.4000
STARTUF %% (S CLK) (CVOLTS 0.20000305) (CRORIN 1) (CFTHRESH 1.,4000000
)

<<<CREATING CE:x>> TIME = 1507,6000
FINISHUF x% (S CLK) (CVOLTS 1.,4000000) (CRORIN 1) (CFTHRESH 1.4000000
)

<« DESTROYING CB»>»» TIME = 13509.46000
FINISHUF %X (8 CLK) (CVOLTS 1.4000000) (CRORIN 1) (CPTHRESH 1.4000000

COMMAND? X(DEL (ALLOCATE-ACTIVATE X X X))

“C<<DESTROYING CH>>> TIME = 1700
CLOCKON %% (C CLK) (CSPEED 1)

COMMAND? XGO

<<<DESTROYING CRE>>»> TIME = 2009.6000
HIGHCLOCK %% (C CLK) -(CSFEED 1) (CVOLTS 3.4000000)

“Z<CREATING CR>>> TIME = 2009.6000
STARTDN %% (8 CLK) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 1.4000000)




CsNESTROYING CBX>» TIME = 2011.6000
STARTDN *% (S CLK) (CVOLTS 3.4000000)

“<CREATING CB>>> TIME = 2011.6000
FINISHDN %% (S CLK) (CVOLTS 1.4000000)
)

<4< DESTROYING CB>>>» TIME = 2012.8000
FINISHDN %% (S CLK) (CVOLTS 1.,4000000)
)

COMMANDI? XSTOF

(RXKKTERMINATED-AT-TIMEX¥%% 2012.8000)

(CRORIN 1) (CNTHRESH 1.,4000000)

(CRORIN 1) (CNTHRESH 1.,4000000

(CRORIN 1) (CNTHRESH 1.4000000

21
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3. The Propagation Delay World

Many of the concepts necessary for modelling a signal
can be applied when modelling hardware gates and storage
elements, The first process to be simulated is the propagation
delay through a gate, Propagation delay is the very short
period of time between when the inputs to a circuit change,
and when the output recognizes this change., To a person
using an integrated circuit, this presents little or no
problem because the delay is ugually less than 100 nano-
seconds, When modelling on the nanosecond level, however,
this propagation delay becomes very important, especially since
the delay is usually different for the low to high transition
and for the high to low transition of the output,

The scenarios PROPDELAYLH and PROPDELAYHL (Figure 3.1)
accomplish this task for low to high transitions and for
high to low transitions of the output, respectively?
1 ‘FPROFDELAYLH(FAR Q L ! CFLHIN CRORIN CVYOLTS CFTHRESH)
2 (ICS(FLHIN @ CPLHIN)(TRIGLH Q L){(RORIN L CRORIN)
3 (VOLTS L CVOLTS)(FTHRESH L CFTHRESH))
L (EIDCTRIGEH O L))
5 (CCN FUNC (XFLUS % (XDIF CFLHIN(QUO (%DIF CFTHRESH CVOLTS)
?
8

CRORIN))))
CEPACEDGE L UFY2)

(FROFDELAYHL(PAR Q Z ¢ CFHLIN CRORIN CVOLTS CNTHRESH)

.9 (ICS(FHLIN Q@ CFHLIN)(TRIGHL Q@ Z)(RORIN Z CRORIN)

010 (VOLTS Z CVOLTS)(NTHRESH Z CNTHRESH))

11 (EIDCTRIGHL Q Z))

12 (CCN FUNC (X%FLUS %Z(¥DIF CFHLIN (QUO (%IIF CVUOLTS CNTHRESH)
13 CRORIN)))) .

14 (EFACEDGE Z DN)))

"y Figure 3.1
‘When the pscudo-relation (TRIGLH Q L), line3.1.2, is found

in tke SWM, the scenario PROPDELAYLH waits for the propagation
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delay time (PLHIN), and then uses the pseudo-relation (EDGE
L UP), line 3.1.7, to cause the signal to.rise. (A pseudo-
relation is a relation which is used only to initiate desired
scenarios, A pseudo-relation will never be found in the SWM
when a PICTURE is taken.) In the CCN, the time (CPTHRESH-
CVOLTS )/CRORIN is subtracted from the given propagation
delay time, This is necessary because of theaffect shown in
Figure 3.2, The total propagation delay time lasts until the
output signal has reached the threshold level, By subtracting
the time it would take the signal to reach the threshold
level, we get an accurate time to delay before starting the

signal upward.

I
total propagation delay ————

output signal

t-—- -

time in " time in
| PROPDELAYLH scenario | STARTUP —
scenario

Figure 3,2



4L, The Flio-Flop World

The type D flio-floo is a hardware device which has the
characteristic of memory. When a type D flip-flop senses-a
rising clock edge, the voltaze on its input is duplicated
on its Q outout, and the inverse voltage is placed on its
Q' output., The rising clock edge is a product of the scenario
STARTU® (FPigure 1,2), and the event associated with this
occurence is called trigeering the flip-flop. Between
clock pulses, the outputs Q and Q' remain stable, even when
the value at D fluctuates, A type D flip-flop, then delays
a signal for one clock period. D flip-flops are commonly used
for data storage, and also for data synchronization.[:?]
vigure 4.1 is the truth table and the functional diagram

for a tyne D flip-flop, [6,p.5-22:|

FUNCTION TABLE 3 oxl. g o
D CLK Q Q
L y; L H Flips
H "’ H L FI"P
X L Q Q

Figure 4.1

When modelling the behavior of this flip-flop, only the
two cases where the clock trigger occurs when the input D
is the inverse of the output Q must be considered, since if
the new input is the same as the output, no propagation delay
will result., One scenario (FFOUTLOW, Figure 4,2) then
models the flip-flop outout's transition from high to low, and
one scenario (FFOUTHIGH, Figure 4.3) models the change from

low to high., The ICS for each sce®prio (lines 4,2.2, §.3.2)
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contain the voltage levels necessary to initate a change in
the D input, the voltage levels necessary to initiate a change
in the Q output, and the condition that the clock is pro-
ducing a rising edge, The ICN (lines 4.,2,4,4,3.4) he list
the voltage levels required to initiate the scenario. Each
scenario then deletes the current output, (lines 4.,2,7,4.3,7)

and initiates the proper propagation delay scenaric.(lines 4,2,8,

h-jsa)t
.1 (FFOUTLOW(FAR CLK1 DIN Q@ QNOT ¢ CDIN CQ CONOT)
% (ICS(TUFLE CLK1 DIN Q@ QNOT)(FULSEUF CLK1 ON)(STATE Q@ HIGH)
= (VOLTS DIN CDIN)(VOLTS Q CQ)(VOLTS QNOT CQNOT))
R (ICN(GE CDIN 0.2)(LE CDIN 0.8)
e (GE CQ 2)(LE CQ 5)
.6 (GE CANOT 0.2)(LE CANOT 0.8))
o7 (EID(STATE Q@ HIGH))
.8 (EIA(STATE Q LOW) (TRIGLH DIN GNOT)(TRIGHL DIN Q)))
Figure 4,2
.1 ‘FFOUTHIGH(FAR CLK1 DIN @ GNOT ¢ CDIN CQ CONOT)
.2 (ICS(TUFLLE CLLK1 DIN Q QNOT) (FULSEUP CLKL ON)(STATE Q LOW)
3 (VOLTS DIN CDINX(VOLTS Q CR)(VOLTS GNOT CQNOT))
n ({ICN(GE CDIN 2.,0)(LE CDIN 5.0)
.5 (GE CQ 0)(LLE CQ 0.8)
.6 (GE CANOT 2.0)(LE CQANOT 5.0))
o7 (EID(STATE Q LOW))
.8 (EIA(STATE @ HIGH)(TRIGLH DIN Q)(TRIGHL DIN QNOT)))

Figure 4,3

The SWM for the flip-flop is created by the scenario,
CREATE-FLIP-FLOP (Figure 4,4), It uses the CREATE-SIGNAL
scenario to create the input signal and the output signals
(lines 4,4,4-6), It also creates a clock input to the flip-
flop by initializing CREATE-CLOCK. The relation (TUPLE K I 0f 02)
(l1ine 4,4,8) is then added to the SWM to link the four signals
together into one circuit., This allows for more than one

flip-flop to be modeled at the same time, The final relation
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added to the SWM is the state of the output which is used
in the FFOUTHIGH and FFOUTLOW scenarios to prevent them

from being reinitialized while the propagation delays occur,

ol ‘CREATE-FLIF-FLOF (PAR K I 01 02 VI V01 V02 STO1)

o (ICS(ALLOCATE-ACTIVATE CREATE-FLIF-FLOF K I 01 02 VI V01 v02
STO1))

I (EID(ALLOCATE-ACTIVATE CREATE-FLIFP-FLOF K I 01 02 VI V01 V02
STO1))

ol (EIA(ALLOCATE-ACTIVATE CREATE-SIGNAL I VI 1 2,0 0.8 14 20)

. (ALLOCATE-ACTIVATE CREATE-SIGNAL 01 vO1 1 2.0 0.8 0 0)

.6 (ALLOCATE-ACTIVATE CREATE-SIGNAL 02 V02 1 2.0 0.8 0 0)

o' (ALLOCATE-ACTIVATE CREATE-CILLOCK K 1 2,0 0.8)

.8 (TUFLLE K T 01 02)

.9 (STATE 01 ST0O1)))

Figure 4.4

Example 3 is a sample output which shows the behavior
of the flip-flop scenarios, When the SWM is first created,
the voltage levels of the input IN1 and the output OUT1 are
both low, Then the voltage level of IN1 is changed to a
high state and the clock, CLK, is turned on, When the
upward clock edge occurs (TIME = 501.7999), the scenario
FFOUTHIGH is initiated, causing the propagation delays to
begin and changing the state of OUT1 to a HIGH level., After
the propagation delays, the flip-flop is stabilized with
the input, IN1, and the output, 0UT1, again at the same
voltage level., OUT1 will remain stable until at least the
next clock pulse and it will only change then if the level

of IN1 is a low voltage,
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Example three -- the Flip-flop World

¥ (HSIM)

INFUT SCENARIO LIST: Xx(EVAL

HIGHCLOCK
FFOUTLOW FROFDELAYLH FROFDELAYHL

SLIST>

LOWCLOCK CLOCKON STARTUF FIMISHUF

CREATE-SIGNAL CREATE--CLOCK CREATE-FLIF~-FLOF

INFUT SWM RELLATION 1.IST:

COMMAND? X (TRACE X)

COMMAND? X (SNAFSHOTS 50 502 510

COMMAND? X (BEREAK B0O0)

COMMAND$

0.2 3.4 LOW))

COMMAND:? %GO

<< CREATING CE>>> TIME = 0

¥ CEVAL SWM)

CREATE-FLIP-FLOF %% (K CLK) (I IN1)

@) (VO1 0.19999999)

<<<DESTROYING CR>:>> TIME = 0
CREATE-FLIF-FLOF %% (K CLK)

(V02 3,4000000)

(1. IN1)

?) (VD1 0.1929999929) (VD2 3.4000000)

LX< CREATING CRB>>> TIME = 0

CREATE-STGNAL %% (SIG OUT2) (CVOLTS

0. 795%9999)  (PLH 03 (FHL Q)

<L<<DESTROYING CB:>>> TIME = 0
CREATE-SIGNAL %X (SIG 0UT2)
0 799729999) <FLH 0) (RPHL 0)

<<<CREATING CB>>> TIME = 0

(CVOLTS

CREATE-SIGNAL %% (SIG OUT1) (CVOLTS

T 0.79799999) (PLH 0) (PHL 0)

(01 QUT1) (02 DUT2) (VI 0:.199979%9

(STO1 LOW)

(01 OUT1) (02 QUT2) (VI 0.,1999999
(STO1 LOW)

3+4000000) (CRATE 1) (FT 2.0) (NT

3.4000000) (CRATE 1) (FT 2.,0) (NT

QL1 9Y9P99Y5)Y (CRATE 13 CRT 2500000

STARTIN FINISHDN FFOUTHIGH

X(ADDCALLOCATE-ACTIVATE CREATE-FLIF~-FLOF CLK IN1 OUT1 OUT2 0.2.



<<t DESTROYING CH> TIME =

CREATE-SIGNAL X% (SIG 0UT1)

T 0729999990 " (FLH 0): (FHL
<4 CREATING CBx>x>> TIME = 0
CREATE-SIGNAL %% (SIG IN1)

0. 7998929%) (REH 14) (RHL

<4< DESTROYING CR>>> TIME =
CREATE-~SIGNAL XX (SIG IN1)
03 29299993 (PLH<l4) (PHL

. CREATING CRBX>> TIME = 0

CREATE~-CLOCK %% (SIG CLK) (RATE 1)

“<<DESTROYING CRB»»> TIME =
CREATE~-CLOCK X% (SIG CLK)

<L<CREATING CRBXx>>> TIME = 0
CREATE-SIGNAL X% (SIG CLK)
0:79999999) (PLH 0) (PHL
<+ DESTROYING CRX*>>> TIME =
CREATE-SIGNAL %X (SIG CLK)
0,727999929) (PLH '0)

COMMAND 2

COMMANID ¢

COMMAND ¢

X (ADDC(VOLTS IN1 3.

28

0
(CVOLTS 0.19999999) (CRATE 1) (FT 2.0) (N
0)
(CVOLTS 0.19999999) (CRATE 1) (PT 2.0) (NT
20)
0
(EVOLTS 0.129299929) «(CRATE 1) (PT¥ 2,0) (NT.
20)
CET 2:0) . CNT' ©.79999999)
0
(RATE 1) (FT 2,0) (NT 0.7999999%)
(CVOLTS 0.19997999) (CRATE 17 (PT 2.0) (NT
0)
0
(CVOLTS 0.19999799) (CRATE 1) (PT 2.0) (NT

(FHL 0)

¥(ADDCALLOCATE~-ACTIVATE CLOCKON CLK 1))

¥(DEL(VOLTS IN1 %))

4))




COMMAND? *FICTURE

ook kT IMEOK KK

0

FAHKKEXFRE¥ H40K

(CLOCK CLK LOW)

(SPEED CLK 0)

(FHLIN CLK O)

(PHLIN IN1 20)

(FHLIN OUT1 0O)

(FHLIN OUT2 0)

(PLHIN CLKR )

(FLHIN IN1 14)

(FLHIN 0OUT1 0)

(FLHIN OUT2 0)

(FULSEDN CLK OFF)
(FULSEDN IN1 OFF)
(FULSEDN 0UT1 OFF)
(FULSEDN 0OUT2 OFF)
(FPULSEUF CLK OFF)
CPUHLSEUP. ENT OFF)
(PULSEUP OUT L OFF)
(FULSEUF 0OUT2 OFF)
(NTHRESH CLK 0.799999%99)
(NTHRESH IN1 0.79999999)
(NTHRESH 0OUT1 0.79992929)
(NTHRESH QUT2 0.79999999)
(FTHRESH CLK 2.0)
(FTHRESH IN1 2.,0)
(FTHRESH OUT1 2.0)
(PTHRESH 0OUT2 2.0)
(RORIN CLK 1)

(RORIN IN1 1)

(RORIN OUT1 1)

(RORIN OUTZ 1)

(VOLTS IN1 3.4000000)
(VOLTS CLK 0,199999929)
(VOLTS OUT1 0.19999999)
(VOLTS 0OUT2 3.4000000)
(TYFE CLK SIGNAL)

(TYFE IN1 SIGNAL)

(TYFE OUT1 SIGNAL)

(TYFE 0OUT2 SIGNAL)
(STATE OUT1 LOW)

(TUFLE CLK IN1 OUT1 0UT2)
(ALLOCATE-ACTIVATE CLOCKON CLK 1)
XXX KSKLRS¥ KKk

0K KK K K KOK KOk 0K KK K K

COMMAND: *GO
<<<.CREATING CR>»>» TIME = 0
CLOCKON xx (C CLK) (CSFEED 1)

<4SCREATING CB>»>» TIME = 0

LOWCLOCK X% (C CLK) (CSFEED 1) (EVOLTS 0,1799929%)

29



FOREXTIME¥ KKK

50

¥AFHEXFRS
CLK LOW)
GLE 12
CLK 0)
IN1 20)
ouT:L O
ouT2 0)
CLK O)
IN1 14)
ouT1 0)
ouT2 0)

(CLOCK
(SREED
(FHLIN
(FHLIN
(FHLLIN
(FHLIN
(FLHIN
(FLHIN
(PLHIN
(FLHIN
(FUL.SEDN
(FULSEDN
(FULSEIN
(FULSEDN
(FUL.SEUF
(FULSEUF
(FULSEUF
(FULSEUF
(NTHRESH
(NTHRESH
(NTHRESH

HAOE X

CLLK OFF)

IN1 OFF)

ouT1 OFF)

QUTZ2 OFF)

CLK OFF)

IN1 OFF)

OUTY DFF)

ouT2 OFF)

CELK 0 27999729%)
IN1L 0.79999999)
0UT1 0.79999299)

ouUT2 0.79999999)
CLK 2.0)
INL 2.0)

(NTHRESH
(FTHRESH
(FTHRESH
(FTHRESH 0OUT1 2.0)

(FTHRESH 0UT2 2.0)

(RORIN CLK 1)

(RORIN IN1 1)

(RORIN OUT1 1)

(RORIN OQUTZ 1)

(VOLTS IN1 3.4000000)

CVOLTS CLK 0+1%79929777)

(VOLTS OUT1 0.,1999979%)

(VOLTS 0UT2 3.4000000)

(TYFE CLK SIGNAL)

(TYFE IN1 SIGNAL)

(TYFE OUT1 SIGNAL)

(TYFE OUT2 SIGNAL)

(STATE OUT1 LOW)

(TUFLE CLK IN1 0OUT1 OUT2)
(ALLOCATE-ACTIVATE CLOCKON CLK 1)
ORIk SKLRSkd0kk

KKK K K K CKOKOKOKKOK KOK KK

500.0
1) (CVOLTS 0.19999999)

<4< DESTROYING CR:>:>> TIME =
LOWCLOCK %xx (C CLK) (CSFEED

wi . CREATING (CE>:
STARTUF %% (S CLK)

TIME = 500.0

{(CVOILLTS 0.19999922) (CRORIN 1) (CFTHRESH 2,07

TIME .= 501.79999
(EVELTS 0.129979729)

<<<DESTROYING CB>>x

STARTUF %% (S CLK) (CRORIN 1) (CFPTHRESH 2.0)

“#<CREATING CBX>>>
FINISHUF %% (S CLK)

501.,79999
2.0) (CRORIN 1)

TIME =

(CVOLTS (CFTHRESH 2.0)




<2 'CREATING CR:>X> TIME = 501.79999 35
FFOUTHIGH *x (CLK1 CLK) (DIN IN1) (Q OUT1) (QNOT OUT2) (CDIN 3.4000
0) (CQR 0.1999999%9) (CANOT 3.4000000)
LA DESTROYING CR>>> TIME = 501,79999 :

FFOUTHIGH %% (CLK1 CLK) (DIN IN1) (Q OUT1) (QNOT OUT2) (CDIN 3,400000
0) (CQ 0.199992999) (CANOT 3.4000000)

“<<CREATING CR:>>> TIME = 501.,79999
FROFDELAYLH %% (Q IN1) (L OUT1) (CFLHIN 14) (CRORIN 1) (CVOLTS 0.1999
?999) (CFTHRESH 2.0)

“wCREATING CR>»» TIME = 501.79999
FROFDELAYHL *% (Q IN1) (Z 0OUT2) (CPHLIN 20) (CRORIN 1) (CVOLTS 33,4000
000) (CNTHRESH 0.79999999)

FRORKT ITME ¥4 k%

202

KFRKKEXF RS HK

(CLOCK CLK HIGH)
{SPEEDCLK 1)

(FHLIN CLK 0)

(FHLIN IN1 20)

(FHLIN OUT1 0)

(FHLIN QUT2 0)

(PLHIN CLK 0)

(FLHIN IN1 14)

(FLHIN 0OUT1 0)

(FLHIN OUT2 0)

(FULSEUN CLK OFF)
(FULSEDN IN1 OFF)
(PULSEDN OUT1 OFF)
(FULSEDN OUT2 OFF)
(FULSEUF CLK ON)

(FULSEUF IN1 OFF)
(FULSEUP OUT1 OFF)
(FULSEUF OQUTZ2 OFF)
(NTHRESH CLK 0.797999%9)
(NTHRESH IN1 0.79999999)
(NTHRESH 0UT1 0.7999999%)
(NTHRESH 0UT2 0.,79999999)
(PTHRESH CLK 2.0)
(PTHRESH IN1 2,0)
(FTHRESH OUT1 2.0)
(PTHRESH 0UT2 2,0)

(RORIN CLK 1)

(RORIN IN1 1)

(RORIN OUT1 1)

(RORIN OUT2 1)

(VOLTS IN1 3.4000000)
(VOLTS 0UT1 0.19999999)
(VOLTS 0UT2 3.4000000) L
(TYFE CLK SIGNAL)

(TYFE IN1 SIGNAL)

(TYFE OUT1 SIGNAL)

(TYFE OUT2 SIGNAL)

(STATE OUT1 HIGH)

(TUFLE CLK IN1 OUT1 0OUT2)
(ALLOCATE-ACTIVATE CLOCKON CLK 1)
KEXNXEKL RS Kdkk

(VOLTS CLK 2.2000007)

KOk KRR K kKRR KKK Kk



“LCDESTROYING CR->> TIME = 503,20000

FINISHUF

LILCREATING CB>>>-
HIGHCLOCK

¥k (S5 CLK) (CVOLTS 2.,0) (CRORIN 1) (CFTHRESH 2.0)

TIME = 503.,20000
X% (C CLK) (CSFEED 1) (CVOLTS 3.,4000015)

FORKOKT ITME XX %%

910

FHKKEXFRE KKKk
(CLOCK CLK HIGH)
(SFEED CLK 1)
(FHLIN CLK 0)
(FHLIN IN1 20)
(FHLIN 0OQUT1 0)
(FHLIN OUT2 0)
(FLHIN CLK 0)
(FLHIN IN1 14)
(FLHIN OUT1 0O)
(FLHIN OUT2 0)

(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(PULSEUF
(FULSEUF
(FULSEUF
(FULLSEUF
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH

CLK OFF)

IN1 OFF)

OUT1 OFF)

GUT2 8 EED

CLK OFF»

IN1 OFF)
OUTYOFF2

nuT2 'GFF3

CLK 0.7999999%)
IN1 0.79999999)
OUT1:0: 79997229 )
AUT2 . 0.79999929)

(FTHRESH CLK 2.0)
(FTHRESH IN1 2.0)
(FTHRESH 0OUT1 2.0)
(FTHRESH 0UT2 2.0)
(RORIN CLK 1)

(RORIN IN1 1)

(RORIN OUT1 1)

(RORIN OUTZ 1)

(VOLTS CLK 3.4000013)
(VOLTS IN1 3.4000000)
(VOLTS OUTI 031729999%9)
(VOLTS 0OUT2 3.4000000)
(TYFE CLK SIGNAL)

(TYFE IN1 SIGNAL)

(TYFE OUT1 SIGNAL)
(TYFPE OUT2 SIGNAL)
(STATE OUT1 HIGH)
(TUPLE CLK INi OUT1 OUT2)
(ALLOCATE-ACTIVATE CLOCKON CLK 1)
KkKKSKLRSHHKXK

KK OROK K KK KKK K KK K K

“owDESTROYING CR:>:» TIME = 514.0
FROFPDELAYLH %% (Q IN1) (L OUT1i) (CFLHIN 14) (CRORIN 1) (CVOLTS 0.1999
9999) (CFTHRESH 2.0)

“<~CREATING CB>>> TIME = S514.0
STARTUF xx (S 0OUT1) (CVOLTS 0.19929999%9) (CRORIN 1) (CFTHRESH 2.0)
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o DESTROYING CRZ >3
STARTUF %X

<LLCREATING CR>&:x

FINISHUF

“<<DESTROYING CB>>>

FINISHUF

“<<DESTROYING CRii
FROFDELAYHL XX

33

TIME = 515.80000
{CUOLTS  0lYYII2T7 ) (CFTHRESH 2,0)

(S 0UT1) (CRORIN 1)

515.80000
2.0)

TIME =

¥k (S 0UT1) (CVOLTS (CRORIN 1) (CPTHRESH 2.0)

517.20000
(CRORIN 1) (CFTHRESH 2.0)

TIME =
% (S OUT1) (CVOLTS 2.0)

TIME =
(Z 0UT2)

919:199927

(CFHLIN 20) (CRORIN 1) (CVOLTS 3.4000

(@ INL)

000) (CNTHRESH 0.79%99929%99)

oS CREATING CRX:3
STARTDN *X% (S OUTZ2)

9)

< IESTROYING
STARTDN XX (S 0OUT2)

2

<< CREATING CRXx>

TIME = 519.19999

(CVOLTS 3.4000000) (CNTHRESH 0.7999999

(CRORIN 1)

CRBxxx> TIME = 3521.79999

(CVOLTS 3.,4000000) (CRORIN 1) (CNTHRESH 0.7999799

TIME = §21:79999

FINISHIN %% (S OUT2) (CVOLTS 0.79999999) (CRORIN 1) (CNTHRESH 0.79999

299)

“4<DESTROYING CBX>>>
FINISHDN X% (S OUT2)

999)

TIME = 522.39999

(CVOLTS 0.79999999) (CRORIN 1) (CNTHRESH 0.79999

HKRKT IME R KKK

550

KRR KEXFRS KKK

(CLOCK
(SFEED
(FHLIN
(FHLIN
(FHLIN
(FHLIN
(FLHIN
(PLHIN
(FLHIN
(FLHIN
(FULSEDN
(FULSEDN
(FULSEDN
(FPULSEDN
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(PULSEDN
(FULSEDN
(PULSELN
(FULSEDN
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(FTHRESH
(FPTHRESH

CLK HIGH)
LLK 1)
CLK O)
IN1 20)
ouTt1 0)
ouT2 0)
CLK Q)
IN1 14)
ouT1 0)
ouT2 0)

CLK OFF)

IN1 OFF)

OUT1 OFF)

ouT2 OFF)

CLK OFF)

INL: BFF)

ouTl OFF)

ouT2 OFF)

CLK OFF) A
IN1 OFF)

OuT1 OFF)

ouT2 OFF)

CLK 0,79999999)
IN1 0.7999999)
OUT1 O.79999999)
ouT2 0.799999299)
CLK 2.,0)

IN1 2.0



CPTHRESH 0UT2"250)
(PTHRESH OUT2 2.0)

(RORIN CLK 1)

(RORIN IN1 1)

(RORIN OUT1 1)

(RORIN OUT2 1)

(VOLLTS CLK 2.4000000)
(VUDLTS IN1 3.4000000)
(VOLTS 0UT1 2,4000000)
(VOLTS OUTZ2 0.,19999999)
(TYPE CLK SIGNAL)

(TYFE IN1 SIGNAL)

(TYFE OUT1 SIGNAL)

(TYFE OUT2 SIGNAL)

(STATE OUT1 HIGH)

(TUFPLE CLK IN1 OUT1 0UT2)
(ALLOCATE-ACTIVATE CLOCKON CLK 1)
KRRKSKLRS K KKK
KKKk K KK O XOK KKK

80

it

EA

;i!

i 7 i
i DI
o= i
i S i
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COMMAND$ X(DEL(ALLOCATE-ACTIVATE X X X))

<<DESTROYING CER::> TIME = 800
CLOCKON %% (C CLK) (CSPEED 1)

COMMAND ¢ %GO

CaSNESTROYING CR>>> TIME = 1003,2000
HIGHCLOCK %% (C CLK) (CSFEED 1) (CVOLTS 3. 4000014)

<< CREATING CB>>> TIME = 1003.2000
STARTON %% (S CLK) (CVOLTS 3,4000015) (CRORIN 1) (CNTHRESH 0.79999999
)

(< <DESTROYING CE:>»> TIME = 1005.8000
STARTON %% (S CLK) (CVOLTS 3.4000015) (CRORIN 1) (CNTHRESH 0.79999999
)

<«<<CREATING CERX>>> TIME = 1005.8000

FINISHDN %X (S CLK) (CVOLTS 0.7999999%) (CRORIN 1) (CNTHRESH 0.799%99
?9)

Co<DESTROYING CR>>3> TIME = 1006.4000

FINISHON %% (S CLK) (CVOLTS 0.79999799) (CRORIN 1) (CNTHRESH 0.797999
29

COMMAND: %STOP

COKOKKTERMINATED-AT-TIMEXXX% 1006.4000)
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i

In the previous sections, we have developed models of
electronic signals, and of the actions of a clock and a
flip-flop, The clock and the flip-flop were devélopéd pri-
primarily as learning tools, in order to organize the devel-
opment of the simultaneous models to follow, The concepts
of propagation delay and of voltage transitién, and the
scenarios implementing these concepts (Table 5,1) are im-
portant cnmponents of the switch debouncer and of the one-shot,

and should te thoroughly understood before continuing.

SCENARIO FIGURE
STARTUP 1.2
PINISHUP 1.2
STARTDN 1
FINISHDN &
PROPDELAYLH i
PROPDELAYHL 3.1

Table 5,1
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6. The Switch World

The mechanical switch, which is a common component in
digital devices, does not present a clean transition from on to
off or from off to on., 1Instead, the switch "bounces" between
contact and out of contact many times (often for several
millissconds)after it is opened or closed. This behavior is
unsuitable for digital circuits, which may respond in micro-
seconds, or even in nanoseconds, (7]

The model of a mechanical switch operates as follows,

The CREATE-SWITCH scenario (Pigure 6.1) éreates an initial

o1 "CREATE-SWITCH(FAR S R PLH FHL SWITCH)

- (ICS(ALLOCATE-ACTIVATE CREATE-SWITCH S R FLH FHL SWITCH))
.3 (EIDCALLOCATE-ACTIVATE CREATE-SWITCH S R FLH FHL SWITCH))
U (EIACALLOCATE-ACTIVATE CREATE-SIGNAL § 0.2 10 2,0 0.8 FLH FHL)
oy (ALLOCATE-ACTIVATE CREATE-SIGNAL R 3.4 10 2.0 0.8 PLH FHL)
& (IOWN R S SWITCH)
o7 (CONTACT R ON)
4 (CONTACT & OFF)
.9 (NEOUNCE R Q) (NEOUNCE S 0)))
Figure 6,1

SWM with two switch signals, S and R, S is initially low,
0.2 volts, with a transition rate of ten volts per nano-
secbnd, while R is initially high, 3.4 volts, with the same
transition rate (linés 6.1.4, 6,1,5), The switch is down
(1ine 6,1,6), R is in contact with the switch (line 6.1.7),
S is not in contact with the switch (line 6,1.8), and the
switech is not bouncing (line 6,1.9), After an ALLOCATE-
ACTIVATE SWITCHUP or SWITCHDN order is found‘in the SWM, the
switch process is initiated., SWITCHUP will be used as a

design example,
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The SWITCHUP scenario (Figure 6.2) then deletes the
current condition of the switch (line 6.2.3), adds the
opposite condition (line 6.2.5),.and also adds the condition
that the switch is bouncing (line 6.,2,7). The scenario adds
(NBOUNCE S 5), (6.2.7), signifying that the switch will bounce
five times. We have chosen to model far fewer bounces than an
actual switch would have, The effects of this choice on the
other components of the model, however, are the same as a

switeh which bounces longer,

el (SWITCHUF (FAR KR S T)

w2 (ICS (DOWN R S T)(ALLOCATE-ACTIVATE SWITCHUF T))
63 (EID (DOWN R § T)(ALLOCATE-ACTIVATE SWITCHUF T)
N (CONTACT R %) (CONTACT & %)

o5 (NBOUNCE R %) (NEOUNCE S %))

.6 (EIA (UF R S T)(CONTACT R OFF)(CONTACT S ON)

4 (NEDUNCE R 0)(NEOUNCE 8 5)

oD (EDGE R DN)(EDGE S UF)))

9 (SWITCHIN (FAR R S T)
.10 (ICS (UF K S T)(ALLOCATE~-ACTIVATE SWITCHIN T))
e 11 (EID (UF R S T)(ALLOCATE~ACTIVATE SWITCHODN T)

o L (NEOUNCE R %) (NEOUNCE S X))
.13, (EIA (DOWN R S T)(CONTACT R ON)(CONTACT & OFF)
14 (NEOUNCE R 5)(NEOUNCE S 0)
«15 (EDGE R UP)(EDNGE S IIN)))
Figure 6,2

The STARTUP scenario is initiated by the EDGE condition,
and the PULSEUP relation initiates HIT and BOUNCE (Figures 6,3
and é.h). Fach time the rising signal reaches the threshold
voltage with the symbolic éondition S ON, and the number of
bounces left is greater than zero, HIT holds the signal S
high for thirty nanoseconds (6,3.7), then changes S to OFF

(6.3.8), and starts a negative-going edge for S (6.3.8).
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This edge initiates STARTDN, and then BOUNCE takes control.
BOUNCE holds S OFF for a time related to the total number

of bounces (6.4,6), where each successive initiation of BOUNCE
covers a smaller time interval., The switch will continue to
hit and bounce, with each hit lasting thirty nanoseconds, and
each bounce being shorter, until the output SET is a constant
high voltage,

.1 (EBOUNCE (FAR S CNEOUNCE)

.2 (ICS (CONTACT S OFF)(TYPE S SIGNAL)

.3 (NEOUNCE S CNROUNCE) (FULSEDN S ON))

A4 (ICN (GT CNEOUNCE 0))

.5 (CCS (NEOUNCE S CNEOUNCE ))

.6 (CCN FUNC (XFLUS % (FROG2 (SETQ NEW (SUE1 CNEOUNCE))CNEOUNCE)?))
7 (EFD  (CONTACT S OFF)(NBOUNCE S %))

.8 (EFA (CONTACT S ON) (NEOUNCE S NEW)(EDGE S UF)))

Figure 6.3

¢ (HIT (FAR S CNBOUNCE)
2 (ICS (TYFPE S SIGNAL) (CONTACT S ON)
3 (NEOUNCE S CNEBOUNCE) (FULSEUF S ON))
(ICN (GT CNBOUNCE 0))
5 (CCS (NBOUNCE S CNEOUNCE))
6 (CCN FUNC (X%PLUS % 30))
7 (EFD (CONTACT S ON))
8 (EFA (CONTACT S OFF)(EDGE S INY))
Figure 6.4
Example 4 demonstrates the operation of the mechanical
switch simulation. After the SWM is created, switech input
R is on, and input S is off, The switch is then turned on,
and it has five bounces left, HIT is destroyed after 30
nanoseconds, the signal begins a downward transition, and
R and S are off at time = 33, The switch then continues to
hit and bounce until time = 163,58, when NBOUNCE S = 0, S

ijs ON and R is OFF.




Example four -- The Switch World
¥K(HSIM)

HENDRIX SIMULATION SYSTEM

INFUT SCENARIO LIST! X(EVAL SLIST)

STARTUF FINISHUF STARTON FINISHDN HIT ROUNCE SWITCHUF
SWITCHIN CREATE-SIGNAL CREATE-SWITCH

INFUT SWM RELATION LIST! *(EVAL SWM)

COMMANIN: X (TRACE X)

COMMAND: X (SNAFSHOTS 20 33)

COMMAND : X (ADDCALLOCATE~ACTIVATE CREATE-SWITCH S R 0 0 SW1))
COMMAND: XG0

<4< CREATING CR>>> TIME = 0O

CREATE~-SWITCH %% (S 8) (R R) (FLH 0) (FHL 0) (SWITCH SW1)

4L UDESTROYING CBx>:> TIME = 0
CREATE-SWITCH %% (S S§) (R R) (FLH 0) (FHL Q) (SWITCH SW1)

<L<CREATING CBXx>> TIME = 0O
CREATE-SIGNAL XX (SIG R) (CVOLTS 3.4000000) (CRATE 10) (FT 2.0) (NT
+7999999%) (PLH 0) (PHL )

4 LNESTROYING CB>>> TIME = 0

CREATE-SIGNAL XX (SIG R) (CVOLTS 3.4000000) (CRATE 10) (FT 2.0) (NT O

«7999929%2) (PLH O) (PHL 0)

<<<CREATING CE>>> TIME = 0

CREATE~-SIGNAL %% (SIG 8) (CVOLTS 0,1999999%9) (CRATE 10) (PT 2.0) (NT

0.79999999) (PLH 0) (PHL 0)

<<<DESTROYING CB»>> TIME = O

CREATE-SIGNAL XX (SIG S) (CVOLTS 0.,19999999) (CRATE 10) (FT 2,0) (NT

0.79999992) (FLH 0) (PHL 0)

COMMAND ! X(ADDCALLOCATE-ACTIVATE SWITCHUF SW1))
COMMAND: %GO

£{<<CREATING CR>>> TIME = O
SWITCHUF %X (R R) (8 S8) (T SWl1l)

XS DESTROYING CR>>> TIME = 0O
SWITEHUP X% (R R)| (8 .8) (T SW1)
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T CREATING CR:x TIME = 0
STARTUF %% (8 S) (CVOLTS 0.19999999) (CRORIN 10) (CFTHRESH 2.0)

SULCREATING CB>»> TIME = 0
STARTIN %% (S R) (CVOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.79999999)

“<<DESTROYING CRB>>> TIME = 0.17999999
STARTUF Xxx (S S) (CVOLTS 0,19999999) (CRORIN 10) (CFTHRESH 2.0)

“i<CREATING CR:>> TIME = 0,17999999
FINISHUF %% (5 S) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

L CREATING CR:3:3 TIME = 0,17999999
HIT %% (S §) (CNROUNCE S)

“L<DESTROYING CER>>> TIME = 0,26000000
STARTDN X% (8 R) (CVOLTS 3,4000000) (CRORIN 10) (CNTHRESH 0.79999999)

“LCREATING CR:>> TIME = 0.26000000
FINISHDN %% (S R) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999999%
2)

“uwDESTROYING CRBXxX>> TIME = 0,32000000
FINISHON x% (S R) (CVOLTS 0,79999999) (CRORIN 10) (CNTHRESH 0.7999999
?)

A DESTROYING CRx=::> TIME = 0,32000000

FINISHUF %% (8 S) (CVOLTS 2.0) (CRORIN 10) (CPTHRESH 2.0)
KAKKT IMERR KK

20

FAORKE XFREX 30K %

(UP R & SW1)
(FHLIN 5 0)
(FHLIN R 0)
(FLLHIN § 0)
(FLHIN R 0)
(FULSEDN
(FULSEDN
(PULBELF
(FULSEUF
(NTHRESH
(NTHRIESH
(FTHRESH 2.0)
(FTHRESH 2.0)
(RORIN 8 10)

(RORIN R 10)

(VOLTS S 2,4000000)
(VOLTS 'R 0.20000001)
(TYFE S SIGNAL)
(TYFE R SIGNAL)
(NEOUNCE S %)
(NEOUNCE R 0)
(CONTACT S ON)
(CONTACT R OFF)
KEKKEKLRS KKK XK
ARACOKOK KK KKK K KKK % K

OFF)
OFF)
OFF)
OFF)
0.+ 72999999 )
0.799999299)

AN wmD
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Lo sTESTROYING CRex» TIME = 30.180000
HIT %% (S S5) (CNEBODUNCE 3)

<<SCREATING CEx:» TIME = 30.180000
STARTIN *% (8 §) (CVOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.799999%99)

c<<DESTROYING CR=>> TIME = 30.440000
STARTON XX (S §) (CVOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.79999999)

“4UCREATING CRx>>> TIME = 30.440000
FINISHIN *% (S §) (CVOLTS 0.79999999) (CKRORIN 10) (CNTHRESH O 75 YPRID
29

“iCCREATING CR>>> TIME = 30.440000
BOUNCE %% (S S) (CNEOUNCE 35)

Z4sDESTROYING CR-:=> TIME = 30.5
FINISHON %% (S ) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999999
)

KK KT IMER KAk
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FRKKEXFRSKK KX
(UPF R § SWl)
(FHLIN § 0)
fFHLIN R 0)
(PLHIN S 0)
CPERIN (R, Q)
(FULSEDN
(FULSEDN
(FULSEUF
(FULSEUF
(NTHRESH
(NTHRESH
(FTHRESH 2,0)
(FTHRESH 2.0)
(RORIN & 10)

(RORIN R 10)

(VOLTS S 0.20000056)
(VOLTS R 0.,20000001)
(TYFE § SIGNAL)
(TYFE R SIGNAL)
(NBOUNCE 8 3)
(NBOUNCE R 0)
(CONTACT S OFF)
(CONTACT R OFF)

XX KKSKLRS KKKk

R0k kK K KOk K K kKoK KKK

OFF)
OFF)
OFF)
OFF)
0.79999929)
Q7 P92999%)

amouAnmmIoWw

L4COESTROYING CB>>> TIME = 353.440000
BOUNCE %% (S S§) (CNEOUNCE 35)

<<<CREATING CBX>>> TIME = 335.440000
STARTUF %% (S §) (CVOLTS 0.20000056) (CRORIN 10) (CFTHRESH 2.0)

Z<<DESTROYING CE:>>> TIME = 35.619999
STARTUF %% (S 8) (CVOLTS 0.20000056) (CRORIN 10) (CPTHRESH 2.0)
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COCREATING CE»»> TIME
FINIGHUF %% (S 8) (CVOLTS

35.619999
2.0)

S CREATING CB:Ex
HIT %% (& 8)

TIME 35:.619999
(CNEOUNCE NEW)

Lo NESTROYING CR:2E
FINILSHUF

TIME 335.759999

IO TIESTROYING CRx:3> TIME
HIT %% (5§ §) (CNEOUNCE NEW)

65.4619999

LS CREATING CEX--> TIME 65.619999
STARTIN XX (S 8) (CVOLTS 3.3999986)

<L DESTROYING CR::3:> TIME 45.880000
STARTION %% (& 8) (CVOLTS 3.3999786)

TIME 65.880000
(CVOLTS 0.79999999)

LU CREATING CBX
FINISHION %% (S5 S)

)
wadCREATING CBx::> TIME = 65.880000
BOUNCE *X% (S 8) (CNEOUNCE NEW)

o< DESTROYING Ch:=>> TIME = 65.940000
FINISHUN %% (5 8§) (CVOLTS 0.79992999)
.

CoaDESTROYING CBxxx TIME = 68,880000
FOUNCE %% (S 85) (CNEOUNCE NEW)

TIME = 48.880000
(CVOLTS 0.,19999580)

LU CREATING CBHH2
STARTUF X% (8 &)

o DESTROYING CBx>> TIME 692.060000
STARTUF %X (5 8§) (CYOLTS 0,19999580)

TIME
(CVOLTS

6%.060000
2.0)

<<<CREATING CRx>>
FINISHUF *xX (S S)

«Z“CREATING CB>::» TIME 69.060000
HIT %% (8 S) (CNEROUNCE NEW)

LLLOESTROYING CERX>>> TIME
FINISHUF %% (8 8) (CVOLTS

69.200000
2.0)

<L DESTROYING CR:::> TIME
HIT %X (8 S) (CNEOUNCE NEW)

?2.060000

o ZCREATING CR>3>
STARTION %% (8 8)

T1IME ?92.0460000
(CVOLTS 3.4000034)

“CZDESTROYING CBx>> TIME ?9.320000
STARTDON X% (S5 8) (CVOLTS 3.4000034)

(CRORIN 100

¥ (5 §) (CVOLTS 2.0) (CRORIN 10)

(CRORIN 10)

(CRORIN 10)

(CRORIN 10)

(CRORIN 109

(CRORIN 10)

(CRORIN 10)

(CFTHRESH 2.0)

(CFTHRESH 2.0)

(CNTHRESH 0,7999999%)

(CNTHRESH 0.799999%99)

(CRORIN 10) (CNTHRESH 0.7999999

(CRORIN 10) (CNTHRESH 0.7999999

(CRORIN 10) (CFTHRESH 2.0)

(CRORIN 10) (CFTHRESH 2.0)

(CFTHRESH 2.0)

2

—

(CFTHRESH 2.0)

(CNTHRESH 0.799999%9%)

(CNTHRESH 0.79999%9%9)

42
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<< <OREATING CBxx»> TIME = 99.320000
FINISHIN %% (S S) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999999
)

“LsCREATING CRxx> TIME = 99.320000
ROUNCE %% (S S) (CNBOUNCE NEW)

< DESTROYING CBr>»> TIME = 99.380001
FINISHON %% (5 §) (CVOLTS 0.7999999%9) (CRORIN 10) (CNTHRESH 0.7999999
% ;

SosDESTROYING CRH:x TIME = 101.32000
HOUNCE %% (S 85) (CNBOUNCE NEW)

<L CREATING CR»»> TIME = 101.32000
STARTUF %X (8 §) (CVOLTS 0.19999580) (CRORIN 10) (CFTHRESH 2.0)

S DESTROYING CR:>> TIME = 101.50000
STARTUF %% (8 S8) (CVYOLTS 0.19999580) (CRORIN 10) (CFTHRESH 2.0)

<4<<CREATING CER>>> TIME = 101.50000 .
FINISHUF %% (& S) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2,0)

“%<CREATING CRx>x> TIME = 101.30000
HIT %% (5 §) (CNEBOUNCE NEW)

<4< DESTROYING CBxX»>» TIME = 101.64000
FINISHUF %% (S 8) (CVOLTS 2.,0) (CRORIN 10) (CFTHRESH 2.0)

“<<DESTROYING CR>>»> TIME = 131.30000
HIT %% (S S) (CNEOUNCE NEW)

“#«<CREATING CEB>>> TIME = 131,30000
STARTDN %¥ (S S) (CVOLTS 3.4000034) (CRORIN 10) (CNTHRESH 0.79999999)

“4«“DESTROYING CRBX>>> TIME = 131.76000
STARTDN XX (S 8) (CVOLTS 3.4000034) (CRORIN 10) (CNTHRESH 0.79999999)

<< CREATING CBX>>> TIME = 131.76000
FINISHION X% (8 8) (CVOLTS 0.799999%9%9) (CRORIN 10) (CNTHRESH 0.7999999
9)

£<<CREATING CR>>»> TIME = 131.76000
BOUNCE %% (S S) (CNEBOUNCE NEW)

<<{<NESTROYING CRB>>> TIME = 131.82000
FINISHIDN %X (8 8) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999999
?)

<<<ODESTROYING CB>>> TIME = 132.76000
BOUNCE %% (S S8) (CNBOUNCE NEW)

<<<CREATING CE>>> TIME = 132.76000
STARTUF %% (S S) (CVOLTS 0.20000533) (CRORIN 10) (CPTHRESH 2.0)

<<<DESTROYING CBx>> TIME = 132.94000
STARTUF %% (S 8) (CVOLTS 0.20000533) (CRORIN 10) (CFTHRESH 2.0)
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SURCREATING CRee TIME = 132,%94000
FINISHUF X% (S §) (CVOLTS 2,0) (CRORIN 10) (CPTHRESH 2.0)

w4 CREATING CR:x> TIME = 132,94000
HIT %x (§ 8) (CNEOUNCE NEW)

L4CDESTROYING CB>>2> TIME = 133.08000
FINISHUF %X (S S) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

LCUDESTROYING CRxx> TIME = 162,94000
HIT XX (8 S) (CNEOUNCE NEW)

<L{YCREATING CEx>> TIME = 162.94000
STARTION X% (S 8) (CVOLTS 3.3999938) (CRORIN 10) (CNTHRESH 0.79999999)

LA DESTROYING CBX:> TIME = 163.20000
STARTON XX (5 §) (CVOLTS 3,39929938) (CRORIN 10) (CNTHRESH 0.79999999)

<4< CREATING CRx>>»> TIME = 163.20000
FINISHON X% (S 8) (CVOLTS 0.799299999) (CRORIN 10) (CNTHRESH 0.7999299
)

O CREATING CRxx2 TIME = 163.20000
BOUNCE %% (S 8) (CNROUNCE NEW)

CaaNESTROYING CB=:>> TIME = 163.20000
ROUNCE %% (8 8) (CNEOUNCE NEW)

<4 CDESTROYING CR>:x> TIME = 163.26000
FINISHION #k (5 8) (CVOLTS 0.7929999%2) (CRORIN 10) (CNTHRESH 0.7999999
?)

L4 CREATING CR::: TIME = 163.26000
STARTUFP %% (S S8) (CVOLTS 0.20000533) (CRORIN 10) (CFTHRESH 2.0)

<LCDESTROYING CRE::> TIME = 163.44000
STARTUF %X (S 8) (CVOLTS 0.20000533) (CRORIN 10) (CFTHRESH 2.0)

“<<CREATING CEB:>> TIME = 163.44000
FINISHUF X% (S S) (CVOLTS 2,0) (CRORIN 10) (CFTHRESH 2.0)

S<CNESTROYING CR:xx TIME = 163.358000
FINISHUF X% (S &) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

COMMAND: XFICTURE




XOROKK T TME KX
163,58000

XX AKEXF RS kAKX
(UF R S SW1)
(FHLIN S 0)
(FHLIN K 0)
(FLHIN S 0)
(FLHIN R 0)
tFULSEDN
(FULSEDN
(FUL.SEUF
(FULSEUF
(NTHRESH
(NTHRESH
(FTHRESH 2.0)
(FTHRESH 2.0)
(RORIN S 10)

(RORIN R 10)

(VYDLTE 8 3,3999%238)
(VOLTS R 0.,20000001)
(TYFE § SIGNAL)
(TYFE R SIGNAL)
(NEOUNCE S5 NEW)
(NEOUNCE R 0)
(CONTACT S ON)
(CONTACT R OFF)

FORAKK GRS Hodokok

R A koK ok ok ok ok ok ok ROk K

aFF )
OFF)
OFF)
OFF)
O+l R92HI797)
O LI 79799

awm

~
4

MDYy

COMMAND: XSTOF

(CKXKXXTERMINATED-AT-TIMEX¥XX 163.58000)

ks



46

7. The Debounced Switch

A switch debouncer is a circuit which only responds
to the first change in voltage from a mechanical switch,
ignoring subsequent fluctuations, On the MSI level, a switch
debouncer may be constructed from an R-S (master-slave)
flip-flop, while on the SSI level, a pair of cross-coupled
NOR or NAND gates produce a debounced output, We have chosen
to model the SSI circuit shown in Figure 7.1, [?.p.12-31]

The first step when simulating a logic circuit is to
determine the truth table for each type of gate in the circuit,

The truth table for a 7402 NOR gate is: [6,p.5-22]

IN1 | IN2 | OUT
L L H
L H L
H L L
H H L

The programmer should then write a scenario for each line of
the truth table (FPigure 7,2). The scenario HIGH7402 will be
used as an example, The ICS for the scenario will include
a tuple showing the two imputs and the output (7.2.2), the
voltage levels of the inputs and output (7.2.3), and the state
(high or low) of the output (7.2.2). The ICN (7.2.5-7.2.7)
contain the voltage boundariles necessary to initiate each pro-
cess, The scenario will then delete the current state of
the output (7.2.8), add the new state (7.2.9), and start the
propagation delay/signal change process (7.2.9).

The SWM for the debouncer is created by CREATE-DEBOUNCE,
Figure 7.3. The debouncer has two outputs, OH and OL (7.3.2),
and a switch SWITCH, A CREATE-SWITCH order is added to the
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fHIGH7402 (FAR IN1 IN2 OUT1 ¢ CVIN1 CVIN2 CVYOUT CFTHRESH CNTHRESH)
(ICS (TUFLE IN1 IN2 OUT1)(STATE OUT1 LOW)
(VOLTS IN1 CVIN1)(VOLTS IN2 CVIN2)(VOLTS OUT1 CVOUT)
(FTHRESH OUT1 CFTHRESH) (NTHRESH IN1 CNTHRESH))
(ICN (LE CVIN1 CNTHRESH)(GE CVIN1 0)
(LE CVINZ2 CNTHRESH) (GE CVINZ2 0)
(LE CVUOUT CFTHRESH)(GE CVOUT 0))
(EID (STATE OUT1 LOW))
(EIA (STATE OUT1 HIGH) (TRIGLH IN1 0UT3)))

(LOW7402-1 (FAR IN1 IN2 OUT1 § CVIN1 CVIN2 CVOUT CFTHRESH CNTHRESH)
(ICS (TUFLE IN1 IN2 OUT1)(STATE 0OUT1 HIGH)
(VOLTS IN1 CVIN1)(VOLTS IN2 CVINZ2)(VOLTS OUT1 CvOUuT)
(NTHRESH IN1 CNTHRESH) (FTHRESH IN2 CFTHRESH))
(ICN (LE CVIN1 CNTHRESH) (GE CVIN1i 0)
(GE CVINZ2 CPTHRESH) (LE CVIN2 5.0)
(GE CVOUT CNTHRESH)(LE CVOUT 5.0))
(EID (STATE OUT1 HIGH))
(EIA (STATE OUT1 LOW)(TRIGHL IN1 0UT1)))

(LOW7402-2(FAR IN1 IN2 DUT1 @ CVIN1 CUVINZ CVOUT CHTHRESH CFTHRESH)
(ICS(TUFLE IN1 IN2 OUT1)(STATE 0UT1 HIGH)
(VOLTS IN1 CVUIN1)(VOLTS INZ2 CVINZ2)(VOLTS OUT1 CVOUT)
(FTHRESH IN1 CFTHRESH) (NTHRESH IN2 CNTHRESH))
(ICN(GE CVIN1 CFTHRESH) (LE CVINiI 3)
(LE CVIN2 CNTHRESH) (GE CVIN2 0)
(GE CVOUT CNTHRESH) (LE CVOUT 3))
(EID(STATE OUT1 HIGH))
(EIA(STATE OUT1 LOW)(TRIGHL IN1 OUT1)))

(LOW7402-3 (FAR IN1 IN2 OUT ¢ CVIN1 CVIN2 CVDOUT CFTHRESH CNTHRESH)
(ICS (TUPLE IN1 IN2 OUT1)(STATE 0OUT1 HIGH)
(VOLTS IN1 CVIN1)(VOLTS IN2 CVIN2)(VOLTS 0OUT1I CVOUT)
(NTHRESH OUT1 CNTHRESH) (FTHRESH IN1 CFTHRESH))
(ICN (GE CVIN1 CFTHRESH)(LE CVIN1 5.0)
(GE CVIN2 CPTHRESH) (LE CVIN2 5,0)
(GE CVOUT CNTHRESH)(LE CVOUT 5.0))
(EID (STATE OUT1 HIGH))
(EIA (STATE OUT1 LOW)(TRIGHL IN1 0OUT1)))

Figure 7.2
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SWM (7.3.2), as well as two signals (7:3.5:7:3:6)« The

0L output is low, the OH output is high (7.3.7), and
the tuples (7.3.8) show the cross-coupled nature of the two
NOR gates,

The sample run of the switch debouncer (Example 5)
shows that SWi is set, the set input voltage bounces, RESET
is low, PROPDELAYLH causes OUTH to go high, and PROPDELAYHL
causes OUTL to go low, The switch bounces for about 165
nanoseconds (model time), but the OUTH output is constantly
high after the first HIT,

TCREATE-NEROUNCE(FAR S R OL OH SWITCH)
(ICS(ALLOCATE-~-ACTIVATE CREATE~-DEBOUNCE .S R 0L OH SWITCH))
(EID(ALLOCATE-ACTIVATE CREATE-~-DEEROUNCE S R OL OH SWITCH))
(EIACALLOCATE-ACTIVATE CREATE-SWITCH S R 12 8 SWITCH)

(ALLOCATE-ACTIVATE CREATE-SIGNAL OH 3.4 1 2 6.8 0 0
(ALLOCATE~ACTIVATE CREATE-~-SIGNAL OL 052472 0ya . 1010

(STATE OL LOW)(STATE OH HIGH)
(TUFLE S OL OH)(TUFLE R OH 0OL)))

Figure 7.3
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Example 5 -- The Switch Debouncer
¥ (HEIM)

HERDRIX SIMULAT

TEM

ON S8Y

I

I m

INFUT SCENARIO LIST?! X(EVAL SLIST)

STARTUF FINISHUF STARTDN FINISHDN FROFDELAYI.H FROFDELAYHL
HIGH7402 LOW7402-1 LOW7402-2 LOW7402-3 ROUNCE HIT SWITCHUF SWITCHIN
CREATE~SI1GNAL CREATE-SWITCH CREATE-DEROUNCE

INFUT SWM RELATION LIST?! (EVAL SWM)
COMMAND Y X(TRACE X)

COMMANID'? ¥ (SNAFSHOTS 7 10 20 33)
COMMAND ! X (BREAK 36)

COMMAND ! X (ADDC(ALLOCATE~ACTIVATE CREATE-DEROUNCE SET RESET OUTL OUTH SW2
) ;

COMMAND: %GO

<< CREATING CB:>>> TIME = 0
CREATE-DEBOUNCE %% (S SET) (R RESET) (0L OUTL) (OH OUTH) (SWITCH SW2)

<< DESTROYING CE>>» TIME = 0
CREATE-DEBOUNCE %% (S SET) (R RESET) (OL OUTL) (OH OUTH) (SWITCH SW2)

~<<CREATING CBX>*> TIME = 0
CREATE-SIGNAL X% (SIG OUTL) (CVOLTS 0.19999999) (CRATE 1) (FT 2) (NT
0.79999999) (PLH 0) (PHL 0)

“L<DESTROYING CB>>> TIME = 0
CREATE~SIGNAL %% (SIG OUTL) (CVOLTS 0,19999999) (CRATE 1) (FT 2) (NT
0.79299929) (PLH 0) (FPHL 0)

<A< CREATING CR:>:>> TIME = 0 »
CREATE-SIGNAL %% (SIG OUTH) (CVOLTS 3.4000000) (CRATE 1) (FT 2) (NT O
+ Z2YP9292) (PLH 0) (PHL 0)

|
LA DESTROYING CB>:> TIME = 0
CREATE-SIGNAL X% (SIG OUTH) (CVOLTS 3.4000000) (CRATE 1) (FT 2) (NT O
sTPTRIRRY) APLH 0) (PHL O)

“4ICREATING CB:*>>»> TIME = 0
CREATE-SWITCH XX (5 SET) (R RESET) KPLH 12) (PHL B8) (SWITCH SW2)
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<SCHESTROYING CE::= TIME = 0
CREATE-SWITCH %% (S SET) (R RESET) (FLH 12) (PHL 8) (SWITCH SW2)

“wZCREATING CB>-> TIME = 0
CREATE-SIGNAL %X (S1G RESET) (CVOLTS 3.4000000) (CRATE 10) (FT 2.0) ¢
NT 0.79999999) (FLH 12) (FHL 8)

“AADESTROYING CB>>> TIME = 0
CREATE-SIGNAL XX (SIG RESET) (CVOLTS 3.4000000) (CRATE 10) (FT 2.0) (
NT 0.79999999) (PLH 12) (FHL 8)

<< CREATING CB>>> TIME = 0
CREATE-SIGNAL %% (SIG SET) (CVOLTS 0.19999999) (CRATE 10) (FT 2.0) (N
T 0:79999299) CPLH 42) (PHL 8)

<4< DESTROYING CR>X>> TIME = 0
CREATE-SIGNAL XX (SIG SET) (CVOLTS 0.19999999) (CRATE 10) (FT 2.0) (N
I 007N e999) KPLH 1235 (FHL 8)

COMMAND: X (ADDCALLOCATE~-ACTIVATE SWITCHUF SW2))

COMMAND: XGO

UL CREATING CREHE TIME = 0
SWITCHUF %% (R RESET) (S SET) (T SW2)

LL<DESTROY.ING CBx>> TIME = .0
SWITCHUF X% (R RESET) (8§ SET) (T SW2)

LU CREATING CR>>> TIME = O
STARTUF %X (8 SET) (CVOLTS 0.1999999%9) (CRORIN 10) (CFTHRESH 2.0)

“<<CREATING CEX>:»> TIME = O
STARTDN XX (8 RESET) (CVOLTS 3,4000000) (CRORIN 10) (CNTHRESH 0.,79999
2993

“4ADESTROYING CB>>: TIME = 0.17999999
STARTUF %% (S SET) (CVUOLTS 0.19999999) (CRORIN 10) (CFTHRESH 2.0)

“4<CREATING CB>»> TIME = 0,17999999
FINISHUF %X (S SET) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

““<CREATING CBx>>> TIME = 0,17999999
HIT %% (S5 SET) (CNEOUNCE 35)

LA DESTROYING CRx>> TIME = 0.26000000
STARTDN %% (8 RESET) (CVOLTS 3.,4000000) (CRORIN 10) (CNTHRESH 0.,79999
QLY

<<<CREATING CB>>» TIME = 0.26000000 :
FINISHDN %X (8§ RESET) (CVOLTS 0,79999999) (CRORIN 10) (CNTHRESH 0.799
29929

“w<DESTROYING CB:>> TIME = 0,.32000000
FINISHION %% (S RESET) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.799
SETPT D

“4<DESTROYING CER>»» TIME = 0.32000000
FINISHUF %X (S SET) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)




<< CREATING CB>:l
LOW7402-2 x% (IN1 SET) (IN2 OUTL)
2 0.19999997)

o DESTROYING CR>>> TIME =

TIME = 0.,32000000
(OUT1 OUTH) (CVIN1 3.4000000) (CVIN

(CVOUT 3.4000000) (CNTHRESH 0.79%99999%9) (CFTHRESH 2.0)

0.32000000
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LOW7402-2 %x (IN1 SET) (IN2 OUTL) (OUT1 OUTH) (CVIN1 3.4000000) (CVIN

2 0.,1992%99229)

LA CREATING CREXx»

(CVOUT 3.4000000)

TIME = 0.32000000

(CNTHRESH 0.,7999999%9) (CFTHRESH 2.0)

FROFDELAYHL X% (Q SET) (Z OUTH) (CFHLIN 8) (CRORIN 1) (CVOLTS 3.40000
00) (CNTHRESH 0.7999%299%9)

LS DESTROYING CRHH: TIME =
FROFPDELLAYHL X% (Q SET)Y (Z OUTH)

00) (CNTHRESH 0.7?9%9999%)

" .CREATING CR>>> TIME = 5,71999Y99
STARTION XX (8 OUTH) (CVOLTS 3.4000000)

?)

KRR T THMEdokk¥k

7

KAHHEXF RSk Ak
CUF IRESET -8ET -5W2)

(NEOUNCE
(NBOUNCE
(CONTACT
(CONTACT

o ) T
RESET 0)
SET ON)
RESET OFF)

(FHLIN SET &)
(PBLINSRESET . 8)
(FHLIN OUTH 0)
(FHLIN OUTL 0O)
(PERIN SET 129
(FLHIN RESET 12)
(FLHIN QUTH 0)
(FLBIN OUTL 0)

(FULSEDN
(FULSEDN
(PULSEDN
(FULSEDN
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH

RESET OFF)
SET OFF)

OUTH OFF)

OUTL OFF)

SET OFF)

RESET OFF)

OUTH OFF)

OUTL OFF) -

SET 0.79999999)
RESET 0.79999999)
OUTH 0.79999999)
OUTL 0.79999999)
SET 2.0)

RESET 2.0)

OUTH 2)

oUTL 2)

(RORIN SET 10)

(RORIN RESET 10)

(RORIN OUTH 1)

(RORIN OUTL 1)

(VOLTS SET 3.4000000)
(VOLTS RESET 0.20000001)
(VOLTS OUTL 0.19999999)

B4 7179999
(CFHLIN 8) (CRORIN 1) (CVOLTS 3.40000

(CRORIN 1) (CNTHRESH 0.,7979%9%99
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(TYFE SET SIGNAL)
(TYFE RESET SIGNAL)
(TYFE OUTH SIGNAL)
(TYFE OUTL SIGNAL)
(TUFLE RESET OUTH OQUTL)
(TUFLE SET OUTL OUTH)
(STATE OUTH LOW)
(STATE OUTL LOW)

*RKKSKLRS KKKk

(VOLTS OUTH 2.1199999)

KK KK KK 0K KKK K KOOk %

<<<DESTROYING CR>x» TIME = 8.3200000

STARTDON %% (S OUTH) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 0.7999999
)

£<<CREATING CBXx>»> TIME = 8.3200000
FINISHIN %% (S OUTH) (CVOLTS 0.79999999) (CRORIN 1) (CNTHRESH 0+792929
ik D,

L<<DESTROYING CE:x>> TIME = 8.9200000
FINISHON %% (S OUTH) (CVOLTS 0.79999999) (CRORIN 1) (CNTHRESH 0.79999
993

<Z<CREATING CRxx»> TIME = 8.9200000
HIGH7402 %% (IN1 RESET) (IN2 OUTH) (OUT1 OUTL) (CVIN1 0.20000001) (CV
IN? 0.19999997) (CVOUT 0.1999999%9) (CFTHRESH 2) (CNTHRESH 0.,79999799)

£2<DESTROYING CR::> TIME = 8.,9200000
HIGH7402 %% (IN1 RESET) (IN2 OUTH) (OUTL1 OUTL) (CVIN1 0.,20000001) (CV
IN? 0,19999997) (CVOUT 0.19999299) (CFTHRESH 2) (CNTHRESH 0.79999999)

<2 <CREATING CBx»> TIME = 8.9200000
PROFDELAYLH %% (Q RESET) (L OUTL) (CFLHIN 12) (CRORIN 1) (CVOLTS 0.19
999999) (CFTHRESH 2)

KAOKKT ITMER kKK

10

KXk KEXFRS¥KKX

(UF RESET SET SW2)
(NBOUNCE SET 3)
(NEOUNCE RESET 0)
(CONTACT SET ON)
(CONTACT RESET OFF)
(FHLIN SET 8)
(FHLIN RESET 8)
(FHLIN OUTH 0)
(FHLIN OUTL O)
(PLHIN SET 12)
(FLHIN RESET 12)
(FLHIN OUTH 0)
(PLHIN OUTL O)
(FULLSEDON OUTH OFF)
(PULSEDN RESET OFF)
(FULSEDN SET OFF)
(FULSEDN OUTL OFF)
(FULSEUF SET OFF)
(FULSEUF RESET OFF)



(FULSEUF
(FULSEUF
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(FTHRESH
(FTHRESH

(FTHRESH

(FTHRESH

OUTH OFF)

QuUTL OFF)

SET 0.79999999)
RESET 0.79999999)
OUTH 0.79999999)
OUTE. Q79599995 )
SET 2:09

RESET 2.0)

OUTH 2)

ouTL 2)

(RORIN SET 10)

(RORIN RESET 10)

(RORIN OUTH 1)

(RORIN OUTL 1)

(VOLTS OUTH 0.19999997)
(VOLTS SET 3.4000000)
(VOLTS RESET 0.,20000001)
(VOLTS OUTL 0.19999999)
(TYFE SET SIGNAL)

(TYFE RESET SIGNAL)
(TYFE OUTH SIGNAL)
(TYFE OUTL SIGNAL)
(TUFLE RESET OUTH OUTL)
(TUFLE SET OUTL OUTH)
(STATE OUTL HIGH)
(STATE OUTH LOW)

KR KK SKI_RSAHOKKK

ARk KKK Ok kK OROK FOKIOK KK

<#<DESTROYING CR:> TIME =

FROFDELAYLH %% (Q RESET) (L OUTL)

999999) (CFTHRESH 2)

19.120000

<< <CREATING CB>>> TIME = 19.120000

STARTUF %% (S OUTL) (CVOLTS 0.19999999)

¥Rk T ITME Xk XX

20

KKK KEXFRS) kKX

(UP RESET SET SW2)
(NBOUNCE SET 5)
(NBOUNCE RESET 0)
(CONTACT SET ON)
(CONTACT RESET OFF)
(PHLIN SET 8)
(PHLIN RESET 8)
(PHLIN OUTH 0)
(FPHLIN OUTL O)
(PLHIN SET 12)
(PLHIN RESET 12)
(FLHIN OUTH O)
(FLHIN OUTL ©)
(FULSEDIN OUTH OFF)
(PULSEDN RESET OFF)
(FULSEDN SET OFF)
(FPULSEDN OUTL OFF)
(PULSEUP SET OFF)
(PULSEUF RESET OFF)
(FULSEUF OUTH OFF)
(PULSEUF OUTL OFF)

(CRORIN 1) (CFTHRESH 2)
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(CFLHIN 12) (CRORIN 1) (CVOLTS 0.1°9
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sS4
INTHRESH SET 0.79999999)
(MTHRESH RESET 0.79999999)
(NTHRESH QUTH 0.,79999999)
(NTHRESH QUTL 0.79999%999)
(PTEIRESH SET 240)
(FTHRESH RESET 2,0)
(FTHRESH OUTH 2)
(FTHRESH OUTL 2)
(RORIN SET 10)
(RORIN RESET 10)
(RORIN OUTH 1)
(RORIN OUTL 1)
(VOLTS OUTH 0.199999%97)
(VOLTS SET 3.4000000)
(VOLTS RESET 0.20000001)
(TYFE SET SIGNAL)
(TYFE RESET SIGNAL)
(TYFE OUTH SIGNAL)
(TYPE OUTIL. SIGNAL)
(TUPLE REBET BUTH OUTL)
(TUFLE SET OUTL OUTH)
(STATE OUTL HIGH)
(STATE OUTH LOW)
KKK SRR EKAOKK
(VOLTS OQUTL 1.0799998)
KKK OK Aok kR k0K Ok %

<HUNESTROYING CB>x» TIME = 20,220000
STARTUF XX (S OUTL) (CVOLTS 0.,19999999) (CRORIN 1) (CPTHRESH 2)

<4< CREATING CBX>> TIME = 20.920000
FINISHUF X% (S OUTL) (CVOLTS 2) (CRORIN 1) (CFTHRESH 2)

LA DESTROYING CR:x> TIME = 22.,320000
FINISHUF %% (S OUTL) (CVOLTS 2> (CRORIN 1) (CFTHRESH 2)

<A NDESTROYING CB:=x> TIME = 30.180000
HIT %% (5 SET) (CNEOUNCE 35)

<<« CREATING CRx»>»> TIME = 30.180000
STARTON X% (S5 SET) (CVOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.79299%99

?)

4 DESTROYING CRxx> TIME = 30,440000
STARTON %% (8 SET) (CVOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.799999%9
2y

UL CREATING CB>x> TIME = 30.440000
FINISHON X% (S SET) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.799%9%

P99

1

LH<CREATING CB:x> TIME = 30.440000
BOUNCE %% (5 SET) (CNEROUNCE 3)

<4 <DESTROYING CBX>>> TIME = 30.5
FINISHDN XX (S5 SET) (CVOLTS 0.799999%%2) (CRORIN 10) (CNTHRESH 0.79999
299)
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FAORKEXFRSKKKXK

(UFP RESET SET SW2)
(NHOUNCE SET 5)
(NEOUNCE RESET 0)
(CONTACT SET OFF)
(CONTACT RESET OFF)
(FHLIN SET 8)
(FHLIN RESET 8)

(FHLIN
(FHLIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FUL.SEDN
(FULSEDN
(FUL.SEDN
(FULSEDN
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(NTHRESH
(NTHRESH
(NTHREESH
(NTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH

OUTH 0)
ouTL 0D
SEYL.12)
RESET 1.2)
OUTH 0)
OuUTL 0)

SET OFF)

OUTH OFF)

RESET OFF)

OUTL OFF)

ouUTL OFF)

SET OFF)

RESET OFF)

OUTH OFF)

SET 0.79999999)
RESET 0,7999%999%9)
OUTH 0,79%99299%)
DUTL. O i79929999)
SEL: 2:0)

RESET 2.0)

OUTH 2)

ouTL 2)

(RORIN SET 10)

(RORIN RESET 10)

(RORIN OUTH 1)

(RORIN OUTL 1)

(VOLTS SET 0.20000056)

(VOLTS OUTL 3.4000000)

(VOLTS OUTH 0.199999%97)

(VOLTS RESET 0.20000001)

(TYFE SET SIGNAL)

(TYFE RESET SIGNAL)

(TYFE OUTH SIGNAL)

(TYFE OUTL SIGNAL)

(TUFLE RESET OUTH OQUTL)

(TUFLE SET OUTL OUTH)

(STATE OUTL HIGH)

(STATE OUTH LOW)

HAKRSKLRS KA H0K

HOK KKK K KOK¥OK K Kk K X

< ODESTROYING CB>>:»> TIME = 35.440000
BEOUNCE %% (S SET) (CNEBOUNCE 35)

<< <CREATING CBX»:>> TIME = 35.440000

STARTUF %% (5 SET) (CVOLTS 0.20000056) (CPTHRESH 2.0)

(CRORIN 10)

35.619999?
0.20000056)

<<<DESTROYING CEX>>> TIME =

STARTUF XX (S SET) (CVOLTS (CRORIN 10) (CFTHRESH 2.0)
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“<<CREATING CE:>> TIME = 3%,419999
FINISHUF %% (S SET) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

“Z<CREATING CR>>» TIME = 35.619999
HIT %X (S SET) (CNEOUNCE NEW)

<ZZDESTROYING CEX:> TIME = 35,759999
FINISHUF %% (S SET) (CVOLTS 2,0) (CRORIN 10) (CFTHRESH 2.0)

COMMANID? XFICTURE

AOKKKT T ME KoKk X
34

KXKKEXFPRS KKK K

(UF RESET SET SW2)
(NBOUNCE SET NEW)
(NBOUNCE RESET 0)
(CONTACT SET ON)

(CONTACT RESET OFF)
(PHLIN SET 8)

(FHLIN RESET 8)

(FHLIN OUTH O)

(FHLIN OUTL 0)

(PLHIN SET 12)

(FPLHIN RESET 12)

(FILHIN OUTH 0)

(FLHIN OUTL 0)

(FULSEDN SET OFF)
(FULSEDN OUTH OFF)
(FULSEDIN RESET OFF)
(FPULSEDON OUTL OFF)
(FULSEUF SET OFF)
(FULSEUF OUTL OFF)
(PULSEUFP RESET OFF)
(FULSEUF OUTH OFF)
(NTHRESH SET 0.79999999)
(NTHRESH RESET 0.79999999)
(NTHRESH OUTH 0,799999%99)
(NTHRESH 0OUTL 0.79999999)
(FTHRESH SET 2.0)
(FTHRESH RESET 2.0)
(FTHRESH OUTH 2)

(FTHRESH OUTL 2)

(RORIN SET 10)

(RORIN RESET 10)

(RORIN DUTH 1) 3
(RORIN OUTL 1)

(VOLTS SET 3.3999986)
(VOLTS OUTL 3.4000000)
(VOLTS OUTH 0.,19999997)
(VOLTS RESET 0.20000001)
(TYFE SET SIGNAL)

(TYPE RESET SIGNAL)

(TYFE OUTH SIGNAL)

(TYPE OUTL SIGNAL)




(TUFLE RESET OUTH OUTL)
(TUFLE SET OUTL OQUTH)
(STATE OUTL. HIGH)
(S5TATE OUTH LOW)
KKKKSKILRS K XKk

SKOK K 3K K ok KK HOK K K K

COMMAND: X (UNTRACE x)
COMMAND: %GO

COMMAND ! XSTOF

CRKXKTERMINATED-AT~-TIME 163.58000)
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8. The One-Shot World

The one-shot (or monostable multivibrator) is a
timing element which outputs a pulse of a specific duration
when it is triggered, Available in integrated circuit
packages, the chips are used in applications such as memory
control which require# timing cycles different from a comp-
uter's synchronous clock, [7] This timing is achieved by
means of resistors and capacitors used as inputs to the
circuit, Typical output pulses for the 74121 one-shot range
from 35 nanoseconds to 200 milliseconds. [E.p. 6-64]

The scenario CREATE-ONE-SHOT (Figure 8.1) contains all
(CREATE-ONE-SHOT(FPAR A B Il OH OL C CS R RS)

(ICS(ALLLOCATE~ACTIVATE CREATE-ONE-SHOT A B I OH OL C C5 R RS))

(EIDCALLOCATE-ACTIVATE CREATE-ONE~SHOT A B I OH OL C CS R RS))
(EIA(ALLOCATE-ACTIVATE CREATE-SIGNAL A 0.2 1 1.4 1.4 45 50)

(ALLLOCATE-ACTIVATE CREATE-SIGNAL B 0.2 1 1.4 1.4 45 50)
(ALLLOCATE-ACTIVATE CREATE-SIGNAL D 0.2 0.1 1.35 1.55 35 40)
(ALLOCATE-ACTIVATE CREATE-SIGNAL OH 0.2 1 1.4 1.4 0 0)
(ALL.LOCATE-ACTIVATE CREATE-SIGNAL OL 3.4 1 1.4 1.4 0 0)

(LEFTIN OH ZERO)(LEFTIN OL ZERO)

(TUFILE A B DI OH OL)(TUFLE B A I OH OL)
(STATE OUT OFF)

(TYFE C CAF)(STATE C CLOSED)(SIZE C CS)
(TYFE R RES)(STATE R VCC){(RSIZE R RS)))

Figure 8,1

the relations necessary to form the SWM, There are three
signal: inputs and two output signals, All propagation delay
values, the threshold values for the input signals, and the
rate of rise of the inputs were taken from the specifications
for the circuit, [6,0.6-65] The relation (STATE OUT OFF) is
used to allow only one triggering input signal to have its
effect on the output,

To obtain the scenarios needed to simulate a one-shot,

the truth table for the circuit should be examined (Figure 8.2),




74121 ONE-SHOT
| ____Function Table _ ___|
INPUTS OUTPUTS
A1 [ A2 | B | OUTH { OUTL
L X | H L H
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X S ibn L H
H Ho|X L H
H H Eq
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Figure 8,2
79121
ONE-SHoT
Q | OuTH
q ouTL
AL
Av RExT

Figure 8,3
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Only the lines of the truth table which result in an output
pulse must be modeled., The three trigger scenarios accomplish

. this (Figure 8,4), By adding and extra TUPLE to the SWM,

(TRIGGERA(FAR Q@ R S 0 ONOT & CVOLTS FVOLTS)
(ICS(TUFLE Q@ R § O ONOT)(STATE OUT OFF)
(FULSEDN Q ON)(FULSEDN R OFF) (FULSEUF S OFF)
(VOILLTS R CVYOLTS)(VOLTS § FVOLTS))
(ICN(GT CVOLTS 1.4)(GT FVOLTS 1.4))
(EID(STATE OUT OFF))
(EIA(STATE OUT ON)(TRIGLH Q@ 0)(TRIGHL Q ONOT)))

(TRIGGERAA(FAR Q R S 0 ONOT ¢ CVYOLTS)
(ICS(TUFLE Q@ R S O ONOT)(STATE OUT OFF)
(FULSEDN Q ON)(FULSEDN R ON) (FULSEUF S OFF)
(VOLTS S CVOLTS))
(ICNC(GE CVOLTS 1.4))
(EID(STATE OUT OFF))
(EIA(STATE OUT ON)(TRIGLH Q@ O0)(TRIGHL Q ONOT)))

(TRIGGERE(FAR Q@ R § 0 ONOT ¢ CVOLTS)
(ICS(TUFLE Q@ R 8 0 ONOT)(STATE OUT OFF)
(FULSE Q OFF)(FULSEUF S ON)(VOLTS Q CVOLTS))
(ICNCLT CVOLTS 1.4))
(EID(STATE OUT OFF))
(ETIA(STATE OUT ON)(TRIGLH S 0)(TRIGHL S ONOT)))

Figure 8.4

(=g

one scenario can model two lines on the truth table, The
trace (Example 6) shows the action of the one-shot, TRIGGERA
uses the new TUPLE to cause the output pulse when either
input Al or input A2 has a PULSEDN relationship, and the
other input is in a high state, TRIGGERAA handles the case
when both A inputs are on negative edges, and TRIGGERB
handles the positive edge cases, Since all inputs are ignored
while there is an output pulse, the condition STATE OUT ON
is added at this point., This prevents other activity on the
inputs to affect the model until the output pulse is done,
Unlike a NOR gate or a flip-flop, the one-shot's output

only remains high for a period of time determined by the
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O~J W\ FW =

0

.13  (EFA (STATE OUT OFF)(EDGE Q@ DN)(LEFTIN Q ZERO)))
.14 (QUTFUTLOW (FAR A B G DI @ R C ¢ CRORIN CVOLTS CRSIZE CSIZE)
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timing capacitors and resistors. Therefore, special OUTPUT-
HIGH and OUTPUTLOW scenarios were developed (Figure 8.5).
When the OUTH signal of the one-shot reaches its high level,
OUTPUTHIGH is entered, Once entered, the scenario keeps the
output at a high voltage level until either the CCS goes false
(8.5.9), or until the interrupt time from the CCN is reached
(8,5.10), The formula CSIZE * CRSIZE * 0,693147 is obtained
as an approximation from the TI data book (6,6-64]. Other
equations which more closely approximate the duration of the
output pulse may easily be substituted in the CCN. When the
interrupt time is reached, the signal is started down to the
low level, and the STATE of OUT is set to OFF, allowing another
input trigger to initiate an output pulse, ) -
FOUTFUTHIGH(PAR & B 6 Q@ ' R C ¢ CRORIN CYOLTS CRSIZE CSIZE)
(ICSC(TUFLE A B G Q IN(VOLTS Q CUOLTS) (RORIN @ CRORIN)
(LEFTIN Q ZERO)(STATE OUT ON)
(TYFE R RES)(RSIZE R CRSIZE)(STATE R vCce)
(TYFE C CAF)(SIZE C CSIZE)(STATE C CLOSED) )
(ICN(GE CRSIZE 2)(LE CRSIZE 30) (EQUAL CVOLTS 3.4)
(GE CSIZE 10)(LE CSIZE 10000000))
(EIDCLEFTIN Q %))
(CCS(RSIZE R CRSIZE)(SIZE C CSIZE))

(CCN FUNC (XFLUS % (XDIF(XTIMES CSIZE CRSIZE +693147)
(QUD 3.2 CRORIN))))

e
N=O

(EFD(STATE OUT X))

15 (ICS(TUFLE A B 6 I @) (VOLTS @ CVOLTS)(RORIN @ CRORIN)

.16 (LEFTIN Q ZERD)(STATE OUT ON)(TYFE R RES)(RSIZE R CRSIZE)
17 (STATE R VCC)(TYFE C CAF)(SIZE C CSIZE)(STATE C CLOSEI))
.18 (TCN(BE CRSIZE 2)(LE CRSIZE 30)

.19 (EQUAL CVOLTS 0.2)

.20 (GE CSIZE 10)(LE CSIZE 10000000)) {

o | (EIDCLEFTIN Q %))

28 (CCS(RSIZE R CRSIZE)(SIZE C CSIZE)) N

o2 (CCN FUNC (XFLUS % (XDIF(XTIMES CSIZE CRSIZE .493147)

- (QUO 3.2 CRORIN))))

025 (EFDC(STATE OUT %))

.26 (EFA(STATE OUT OFF)(EDGE Q UP)(LEFTIN Q ZERO)))

Figur? 8.5
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Example 7 is a sample run of the one-shot world, After
the SWM is created, a rising edge on input B is added,
After the propagation delay, the output scenarios are * * ° +
initiated, and the output continues for 150.8 nanoseconds,
fhen. the outputs return to their normal states, waiting for

additional input,
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Example 7 -- The One-shot World

INFUT SCENARID LIST! X(EVAL SLIST)

STARTUF FINISHUF STARTON FINISHDN TRIGGERA
TRIGGERAA TRIGGERE FROFDELAYLH FROFDELAYHL OUTHFUTHIGH
OQUTFUTLOW CREATE-SIGNAL CREATE-ONE-SHOT

INFUT SWM RELATION LIST: X(EVAL SWM)
COMMANIDI: X(TRACE X)
COMMANII: X (SNAFSHOTS 16 55 735)

COMMANIDI ¢ % (ADDCALILOCATE-ACTIVATE CREATE-ONE-SHOT A1 A2 B OUTH OUTL
*KCEXT 30 REXT 5))

CoOMMANDI? %GO

“<<CREATING CB:x>»» TIME = 0
CREATE-ONE-SHOT %X (A Al) (B A2) (D E) (OH OUTH) (0L OUTL) (C CEXT) (
€8 30% (R REXT) (RS 3)

“<<DESTROYING CB>>:» TIME = 0
CREATE-ONE-=SHOT %% (A A1) (B A2) (DI B) (OH OUTH) (OL OUTL) (C CEXT) (
CS 30) (R REXT) (RS 5)

<<<CREATING CR>>> TIME = 0
CREATE-~SIGNAL %% (SIG OUTL) (CVOLTS 3.4000000) (CRATE 1) (FT 1.400000
0) (NT 1.,4000000) (FLH 0) (FHL 0)

£<<NESTROYING CBr»> TIME = 0O i
CREATE-SIGNAL %% (SIG OUTL) (CVOLTS 3.4000000) (CRATE 1) (FT 1.400000
0) (NT 1.4000000) (FLH 0) (FHL 0)

£<<CREATING CB>>> TIME = 0 &

CREATE-SIGNAL X% (SIG OUTH) (CVOLTS 0.19999999) (CRATE 1) (FT 1,40000
00) (NT 1.4000000) (FLH 0) (FHL 0)

<<<DESTROYING CB>>> TIME = 0
CREATE-SIGNAL %X (SIG OUTH) (CVOLTS 0.19999999) (CRATE 1) (FT 1.40000
00) (NT 1.4000000) (FLH 0) (FHL 0O)

<<<CREATING CBX>>> TIME = 0
CREATE-SIGNAL %X (SIG E) (CVOLTS 0.19999999) (CRATE 0.09999999) (FT 1
,5499999) (NT 1.3500000) (FLH 35) (FHL 40)
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L2 {DESTROYING CB>>> TIME = 0
CREATE-SIGNAL %% (SIG B) (CUOLTS 0.19999999) (CRATE 0.09999999) (PT 1
«5499999) (NT 1.3500000) (FLH 35) (FHL 40)

Lo CREATING CRH=>> TIME = 0
CREATE-SIGNAL XX (SIG A2) (CVOLTS 0,19999999) (CRATE 1) (FT 1.,4000000
) (NT 1.4000000) (FLH 45) (FHL 50)

“L<DESTROYING CB>>> TIME = 0
CREATE-SIGNAL XX (SIG A2) (CVOLTS 0.19999999) (CRATE 1) (FT 1.4000000
> (NT. 1,4000000) (FLH 45) (FHL 50)

Lo <CREATING CR>:>> TIME = 0
CREATE-SIGNAL X% (SIG A1) (CVOLTS 0.19999999) (CKRATE 1) (FT 1.4000000
> (NT 1.4000000) (FLH 45) (FHL 50)

i DESTROYING CB>>> TIME = 0
CREATE-SIGNAL X% (SIG A1) (CVOLTS 0.19999999) (CRATE 1) (FT 1.4000000
) (NT 1.4000000) (FLH 43) (FHL 50)

COMMAND? X(AIDCEDGE B UF))
COMMAND ¢ %GO

“<*CREATING CEX»x» TIME = 0
STARTUF XX (S B) (CVOLTS 0.19997929) (CRORIN 0.09999999) (CFTHRESH 1.
2499999) '

LX< DESTROYING CRx>-% TIME = 13:5
STARTUF XX (S E) (CVOLTS 0.19999999) (CRORIN 0.09999999) (CFTHRESH 1.
G499999)

“““CREATING CB>>> TIME = 13.95
FINISHUF X% (S B) (CVOLTS 1.5499999) (CRORIN 0.09999999) (CPTHRESH 1.
5479999)

“L<CREATING CEB:>>> TIME = 13.5
TRIGGERE XX (Q A2) (R Al) (S E) (0 OUTH) (ONOT OUTL) (CVOLTS 0.199999
29)

“<<DESTROYING CE>>> TIME = 13.5
TRIGGERE *% (Q A2) (R Al) (S E) (0 OUTH) (ONOT OUTL) (CVUOLTS 0.19999%
?9)

ot CREATING CBX:>> TIME = 13.5
FROFDELAYLH %X (Q B) (L OUTH) (CFLHIN 35) (CRORIN 1) (CVOLTS 0.199999
99) (CFTHRESH 1.4000000)

““<CREATING CB>>> TIME = 13.5 :
FROFDELAYHL X% (Q B) (Z OUTL) (CFHLIN 40) (CRORIN 1) (CVOLTS 3.400000
0) (CNTHRESH 1.4000000)

KKk T ITME X k¥0k
16

EXRKEXF RS ¥0000kK
(FHLIN A1 50)
(FHLIN A2 50)




(FHLIN E 40)

(FHLIN OUTH 0)

(FHLIN OUTL 0)

(FLHIN A1 435)

(FLHIN A2 435)

(FLHIN B 35)

(FLHIN OUTH 0)

(FLHIN OUTL 0)

(FULSEDN A1 OFF)
(FULSEDN A2 OFF)
(FULSEDN B OFF)

(FULSEUN QUTH OFF)
(FULSEDN OUTL OFF)
(PULSEUF B ON)

(FULSEUF Al OFF)
(FULSEUF A2 OFF)
(FULSEUF OUTH OFF)
(FULSEUF OUTL OFF)
(NTHRESH A1 1.4000000)
(NTHRESH A2 1.4000000)
(NTHRESH B 1.3500000)
(NTHRESH OUTH 1.4000000)
(NTHRESH OUTL 1.4000000)
(FTHRESH A1 1.,4000000)
(FTHRESH A2 1.4000000)
(PTHRESH B 1.35499999)
(FTHRESH OUTH 1.4000000)
(FTHRESH OUTL 1.4000000)
(RORIN Al 1)

(RORIN A2 1)

(RORIN E 0.09979999)
(RORIN OUTH 1)

(RORIN OUTL 1)

(VOLTS Al 0.199999%9%)
(VOLTS A2 0.1999999%9)
(VOLTS OUTH 0.199999%99)
(VOLTS OUTL 3.4000000)
(RSIZE REXT 5)

(SIZE CEXT 30)

(TYFE Al SIGNAL)

(TYFE A2 SIGNAL)

(TYFE B SIGNAL)

(TYPE OUTH SIGNAL)

(TYFE OUTL SIGNAL)

(TYFE REXI -RES)

(TYFPE CEXT CAF)

(STATE OUT ON)

(STATE REXT VCC)

{STATE CEXT CLOSEI
(TUFLE A2 A1 B OUTH QUTL)
(TUFLE A1 A2 B OUTH OUTL)
(LEFTIN ODUTL ZEROQ)
(LEFTIN OUTH ZERO)
XAKKSKLRSKkkxk

(VLTS B 1.7979999%)

KKk Ok KOk ok kKKK K K K K

“4<DESTROYING CEB:>> TIME = 32.000000

FINISHUF %% (S E) (CVOLTS 1.5499%99%) (CRORIN 0.099999%9%)

GA72997)
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(CPTHRESH 1.
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S CNESTROYING CE33 TIME = 47 ,300000
FROFDELAYLH %% (Q B) (L OUTH) (CFLHIN 35) (CRORIN 1) (CVOLTS 0.1992999
?9) (CFTHRESH 1.4000000)
i CREATING CE>=2> TIME = 47.300000
STARTUF %% (S OUTH) (CVOLTS 0.19999999) (CRORIN 1) (CFTHRESH 1.400000
0)

<L DESTROYING CEx:: TIME = 48.5
STARTUF Xx (S5 OUTH) (CVOLTS 0.19999999) (CRORIN 1) (CFPTHRESH 1.400000
o)

<<<CREATING CB>>> TIME = 48.5
FINISHUF %X (S OUTH) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.400000
0)

o DESTROYING CEBH::> TIME = 50.95
FINISHUF X% (S OUTH) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.400000
Q)

“oLCREATING CRB>>> TIME = 50.5
QUTFUTHIGH %X (A A2) (B Al) (G E) (Q OUTH) (D OUTL) (R REXT) (C CEXT)
(CRORIN 1) (CVOLTS 3.4000000) (CRSIZE 3) (CSIZE 30)

X< NESTROYING CR>>> TIME = G1.,9
FROFDELAYHL %X (Q B) (Z OUTL) (CFHLIN 40) (CRORIN 1) (CVOLTS 3.400000
0) (CNTHRESH 1.4000000)

<<<CREATING CB»>> TIME = 51.35 -
STARTON %% (S 0OUTL) (CVOLTES 3.4000000) (CRORIN 1) (CNTHRESH 1.4000000
)

<L<DESTROYING CRX»>> TIME = 53.35
STARTDN XX (8 OUTL) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 1.4000000
)

“4<CREATING CB>>> TIME = 53.3
FINISHION XX (8 OUTL) (CVOLTS 1.4000000) (CRORIN 1) (CNTHRESH 1.400000
0)

<<<DESTROYING CEB>>> TIME = 54.699999
FINISHDN %% (S OUTL)> (CVOLTS 1.4000000) (CRORIN 1) (CNTHRESH 1.400000
Q)

“<<CREATING CR>>> TIME = 54.699999
OUTFUTLOW x% (A A2) (B Al) (G B) (D OUTH) (@ OUTL) (R REXT) (C CEXT)
(CRORIN 1) (CVOLTS 0.20000019) (CRSIZE 5) (CSIZE 30)

FORRKT IMEXKXX
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KKAKEXFRE KAk kK i
(FHLIN Al 50)
(FHLIN A2 50)
(FHLIN B 40)
(FHLIN OUTH 0)
CPHLIN GQUTL 0)
(FLHIN Al 43)
(FLHIN A2 43)
(PLHIN B 35)
(FLHIN OUTH 0)




.

(FLHIN OUTL 0)

(FULSEDN
(FULSEDN
(FUL.SEDN
(FULSEDN
(FULSEDN
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(PULSEUF
(NTHRESH
(NTHREEH
(NTHRESH
(NTHRESH
(NTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH

OUTL OFF)

A1 OFF)

A2 OFF)

B OFF)

OUTH OFF)

OUTH OFF)

kR OFF)

Al OFF)

A2 OFF)

ouTL OFF)

Al 1.4000000)
A2 1.4000000)

E 1.3500000)
OUTH 1.4000000)
ouTL 1.4000000)
Al 1.4000000)
A2 1.4000000)

B 1.5499%999)
OUTH 1.4000000)
OUTL 1.4000000)

(RORIN A1 1)
(RORIN A2 1)

(RORIN B

0.09992979)

(RORIN OUTH 1)
(RORIN OUTL 1)

(VOLTS
(VOLTS
(VOLTS
(VOLTS
(VOLTS

OUTL 0.20000019)
OUTH 2.,4000000)
E 3.4000000)

Al 0.1999999%9)
A2 0.,1999999%9)

(RSIZE REXT 35)
CSIZE [CEXT 30)
(TYFE A1 SIGNAL)
(TYFE A2 SIGNAL)
(TYFE B SIGNAL)
(TYFE OUTH SIGNAL)
(TYFE OUTL SIGNAL)
(TYPE |REXT RES)
(TYFE CEXT CAF)
(STATE OUT ON)
(STATE REXT VCC)
(STATE CEXT CLOSED)

(TUFLE A2 A1 B OUTH OUTL)
(TUFLE A1 A2 B OUTH OUTL)

XKKKSKLRSKKKK
ok ok ok ok ok ko ok ek ok ok ok ok

<<<DESTROYING CR>>>
OUTFUTHIGH %% (A A2) (B Al) (G E)
(CRORIN 1) (CVOLTS 3.4000000)

<<<CREATING CB>>> TIME
STARTON %% (S OUTH) (CVOLTS 3.4000000)

)

<<LNESTROYING CEX>>> TIME

STARTON %% (S OUTH)
)

197.29979
(Q-OUTH)?
(CRSIZE 5)

(n ouUTL)
(CSIZE 30)

197 29999
(CRORIN 1)

199.2999%

(CVOLTS 3.4000000) (CRORIN 1)
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(R REXT) (C CEXT)

(CNTHRESH 1.4000000

(CNTHRESH 1.4000000
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e CREATING CB>3:l

FINISHDN XX (S OUTH)

0)

< DESTROYING CE>>> TIME =
FINISHDN X% (S OUTH) (CVOLTS 1.4000000)

Q)

LLCDESTROYING CRX>> TIME =

68

TINE » 199.2999%
(CVOLTS 1.4000000) (CRORIN 1) (CNTHRESH 1.400000
200.5
(CRORIN 1) (CNTHRESH 1.400000

201.5

QUTFUTLOW x%x (A A2) (B A1) (G B) (DI OUTH) (Q OUTL) (R REXT) (C CEXT)
(CRORIN 1) (CVOLTS 0.20000019) (CRSIZE 5) (CSIZE 30)

LLCCREATING CB>»> TIME = 201.5

STARTUF XX (5 OUTL) (CVOLTS 0.20000019) (CRORIN 1) (CFTHRESH 1.400000
Q)

<4< DESTROYING CB>>> TIME = 202,70000

STARTUF xx (S8 OUTL) (CVOLTS 0.20000019) (CRORIN 1) (CFTHRESH 1.400000
0)

“ T CREATING CBXx3>> TIME = 202,70000

FINISHUF %% (S OUTL) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.400000
0)

<<<DESTROYING CR:>X> TIME = 204,70000

FINISHUF %% (S OUTL) (CVOLTS 1,4000000) (CRORIN 1) (CFTHRESH 1.400000

o)

COMMAND §

XFICTURE

KKK T ITMEXKKX

204,70000

KKAKEXF RS KKK

(FHLIN
(FHLIN
(FHLIN E
(FHLIN
(FHLIN
(FLHIN
(FLHIN
(FLHIN E
(FLHIN
(FLHIN
(FULSEIN
(FULSEDN
(FULSEDN
(FULSEDN

(FULSEDN

(PULSEUF
(FULSEUP
(PULSEUF
(FULSEUF
(FULSEUF
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(FTHRESH

Al 50)
A2

50)
40)

OUTH 0)
OuUTL 0)
Al 435)
A2 435)

39)

OQUTH 0)
ouTL O)

OUTH OFF)
QUTL OFF)
Al OFF)
A2 OFF)

B OFF)
DUTE =OFF2
OUTH OFF)
B. GFF)

Al OFF)
A2 OFF)
Al
A2

1.4000000)
1.4000000)

B 1.3500000)
OUTH 1.4000000)
OUTL 1.4000000)
Al 1.4000000)




(PTHRESH A2 1.4000000)
(FTHRESH B 1.5499999)
(FTHRESH OUTH 1.4000000)
(FTHRESH OUTL 1.4000000)
(RORIN Al 1)

(RORIN A2 1)

(RORIN B 0.09999999)
(RORIN OUTH 1)

(RORIN OUTL 1)

(VOLTS OUTL 2.4000000)
(VOLTS OUTH 0.19992924)
(VOLTS B 3.4000000)
(VOI.TS Al 0.19999999)
(VOLTS A2 0.19999999)
(RSIZEl REXT- 5}

(SIZE CEXT 30)

(TYFE A1 SIGNAL)

(TYFE A2 SIGNAL)

(TYFE B SIGNAL)

(TYFE OUTH SIGNAL)

(TYFE OUTL SIGNAL)

(TYFE |REXT RES)

(TYFE CEXT CAF)

(STATE OUT OFF)

(STATE REXT VCC)

(STATE CEXT CLOSED)
(TUFLE A2 A1 B OUTH OUTL)
(TUFLE A1 A2 B OUTH 0OUTL)
(LEFTIN OUTL ZERO)
C(LEFTIN-DUTH ZERO)
XRACKSKL RS AKXk

JHOKOK K KOK RCHOKOK KOO ROKK

COMMANLI? XSTOF

(kXXX TERMINATED-AT-TIMEXXXX 204,70000)
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9, Debounced Inputs to the One-shot

An interSgting exercise of the model is to use debounced
switches as described in section 7 as inputs to the one-shot
just completed., This requires fourteen signals to be modeled,
The SWM to create these signals is shown in Figure 9.1,
The three switches are created (9,1,1-9,1.3) and a one-shot
is then created (9,1.4), Then, the extra TEMPorary signals
needed to debounce the switches, and the TUPLES are added to
the SWM, Such a configuration with initial voltage levels is

shown in Figure 9.2,

.1 (ALLOCATE~ACTIVATE CREATE-SWITCH SET1 RESET1 12 8 SW1)
.2 (ALLOCATE-ACTIVATE CREATE-SWITCH SET2 RESET2 12 8 SW2)
*3 (ALLOCATE-ACTIVATE CREATE-SWITCH SET3 RESET3 12 8 SW3)
(ALLOCATE~ACTIVATE CREATE-ONE-SHOT A1 A2 B OUTH OUTL CEXT 30
.5 KINT 2) :

.6 (ALLOCATE~ACTIVATE CREATE-SIGNAL TEMF1 3.4 1 2,0 0.8 0 0)
.7 (ALLOCATE~-ACTIVATE CREATE-SIGNAL TEMF2 3.4 1 2.0 0.8 0 O0)
.8 (ALLODCATE-ACTIVATE CREATE-SIGNAL TEMF3 3.4 1 2.0 0.8 0 0)

.9 (TUFLE RESET1 TEMFL A1)

J10(TUFLE SET1 Al TEMF1)

JI1(TUFLE RESET2 TEMF2 A2)

JI2(TUFLE SET2 A2 TEMF2)

.13 (TUFLE RESET3 TEMF3 E)

JIB(TUFLE SETZ E TEMF3)

J15(STATE A1l LOW) (STATE A2 LOW)(STATE E LOW)

L16 (STATE TEMF1 HIGH) (STATE TEMFZ HIGH) (STATE TEMF3 HIGH)

Figure 9.1

|
Example 8 is a sample of the output produced by the

circuit described above. SW3 is thrown upward, causing the B
input to have a positive edge, which triggers the one-shot,
Notice that the switch is still bouncing even after the output

pulses have been completed,
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Example B---Debounced Inputs to a One-shot

X (HSIM)
HENDRIX SIMULATION SYSTEM

««ENFUT SCENARIO LIST? X(EVAL SLIST)

STARTUF FINISHUF STARTON FINISHON TRIGGERA TRIGGERAA
TRIGGERE FROFDELAYLH FROFDELAYHL OUTFUTHIGH QUTFUTLOW
HIGH7402 L.OW7402-1 1.LOW7402-2 LOW7402-3 BOUNCE HIT SWITCHUF
SWITCHON CREATE-SIGNAL CREATE-SWITCH CREATE-ONE-SHOT

INFUT SWH RELATION LISTI X(EVAL SWM)

COMMANDI: X (TRACE X)

COMMAND: X (SNAFSHOTS 19 20)

COMMAND: %GO

o SCREATING CR»:: TIME = 0
CREATE-SIGNAL *% (SIG TEMF1) (CVOLTS 3.4000000) (CRATE 1) (FT
T O« 79999992) "LPLH 0¥ (FHL 0}

<<<DESTROYING CEX>:>> TIME = 0
CREATE-SIGNAL %X (SIG TEMF1) (CVYOLTS 3.4000000) (CRATE 1) (FT
T 0. 799299292) APLH ©) (PHL ©)

“<<<CREATING CB>>> TIME = 0
CREATE~SIGNAL %% (SIG TEMF2) (CVOLTS 3.4000000) (CRATE 1) (FT
T 0.79999999) (PLH 0) (PHL 0)

LCSDESTROYING CB>>> TIME = 0

CREATE-SIGNAL %% (SIG TEMF2) (CVOLTS 3.4000000) (CRATE 1) (FT 2

T 0.79999999). (PLH 0) (PHL O)

<4< CREATING CB>>» TIME = O
CREATE-~SIGNAL X% (SIG TEMF3) (CVOLTS 3.4000000) (CRATE 1) (FT
T 0:729299299) (PiH 03 (PHL Q)

<<ZDESTROYING CB>>> TIME = O
CREATE-SIGNAL %% (SIG TEMF3) (CVOLTS 3.4000000) (CRATE 1) (FT
T 0.79999999) (PLH 0) (PHL 0) ‘

o CREATING CBR»>3 TIME = O
CREATE-SWITCH %% (S SET1) (R RESET1) (FLH 12) (FHL 8) (SWITCH

L£<<DESTROYING CR>>> TIME = 0
CREATE-SWITCH %% (S SET1) (R RESET1) (FLH 12) (FHL 8) (SWITCH

2:0)

2.0)

20

2.0)

SWi)

SW1)
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wa CKEATING CB>>> TIME = 0
CREATE-STGNAL *X (SIG RESET1) (CVOLTS 3.4000000) (CRATE 10) (FT 2.0)
(NT 0.79999999) (FPLH 12) (FHL 8)

2o DESTROYING CB>>> TIME = 0
CREATE-S1GNAL %% (SIG RESET1) (CVOLTS 2.4000000) (CRATE 10) (FT 2.0)
(NT 0.77999999) (FLH 12) (FHL 8)

<54 CREATING CB>>> TIME = 0
CREATE-SIGNAL %% (SIG SET1) (CVOLTS 0.19999999) (CRATE 10) (FT 2.0) (
NT 0,7999999%) (PLH 12) (PHL 8)

<o DESTROYING CRx::> TIME = 0
CREATE~SIGNAL %% (SIG SET1) (CVOLTS 0.19999999) (CRATE 10) (FT 2.0) (
NT 0,799999929) (PLH 12) (FHL 8)

L CREATING CBx>> TIME = 0O
CREATE-SWITCH %% (8 SET2) (R RESET2) (FLH 12) (FHL 8) (SWITCH SW2)

o DESTROYING CR:>> TIME = 0
CREATE~SWITCH %% (S SET2) (R RESET2) (FLH 12) (FHL 8) (SWITCH SW2)

44w CREATING CERE>x TIME = O
CREATE-SIGNAL X% (SIG RESET2) (CVOLTS 3.4000000) (CRATE 10) (FT 2.0)
(NT=0.W2999299%0 (FEH 129 (PHL B8)

LOCNESTROYING CR::: TIME = 0
CREATE-SIGNAL X% (SIG RESET2) (CVOLTS 3.4000000) (CRATE 10) (FT 2.0)
GNT- 0a[772999599) (FLH 12) (PHL 8%

<44 CREATING CR:>>» TIME = 0
CREATE-SIGNAL XX (S1G SET2) (CVOLTS 0.197299999) (CRATE 10) (FT 2,0) (
NT QARSI 990  (PLH 12 (FPhL "8)

<LUDESTROYING CBx>2 TIME = O
CREATE-SIGNAL X% (SIG SET2) (CVOLTS 0.19999999) (CRATE 10) (FT 2.,0) (
NT D.1P999999) (PLH 12) <(PHL 8)

<<<CREATING CR>>> TIME = 0
CREATE-SWITCH %% (S SET3) (R RESET3) (FLH 12) (FHL 8) (SWITCH SW3)

LHLDESTROYING CR>>> TIME = 0
CREATE-SWITCH X% (S SET3) (R RESET3) (FLH 12) (PHL 8) (SWITCH SW3)

L<<CREATING CB>>> TIME = 0
CREATE-SIGNAL %X (SIG RESET3) (CVOLTS 3.4000000) (CRATE 10) (FT 2.,0)
(NT 0.7999999%) (FLH 12) (FHL 8)

<<<DESTROYING CB:>>> TIME = 0
CREATE-SIGNAL %X (SIG RESET3) (CVOLTS 3.4000000) (CRATE 10) (FT 2.0)
(NT O 799922993 (PLH 12) (FHL B8)

<<<CREATING CR:>>> TIME = O
CREATE-SIGNAL %X (SIG SET3) (CVOLTS 0.19999999) (CRATE 10) (FT 2.0) (
NT O J72997972) (PLH 123 (PHL 8)

<< DESTROYING CEX>> TIME = 0
CREATE-SIGNAL XX (SIG SET3) (CVOLTS 0.19999999) (CRATE 10) (FT 2.0) (
M- D 799999993, APLH~12) (PHL 83

/
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“UCREATING CRx:> TIME = 0

QHEATE*DNE"SHUT ¥ (A A1) (B A2) (D B) (OH OUTH) (OL OUTL) (C CEXT) ¢«
G5 30) (R RINT)Y (RS 2)

TS DESTROYING CRS>> TIME = O
CREATE-ONE-SHOT %X (A A1) (B A2) (D B) (OH OUTH) (OL OUTL) (C CEXT) «
CS 30) (R RINT) (RS 2)

~<<CREATING CR>>> TIME = O

_ CREATE~-SIGNAL %% (SIG OUTL) (CVOLTS 3.4000000) (CRATE 1) (FT 1.400000

0) (NT 1.4000000) (FLH 0) (FHL 0)

“4<DESTROYING CB>>> TIME = 0
CREATE-SIGNAL %% (SIG QUTL) (CVDLTS 3.4000000) (CRATE 1) (FT 1.400000
0) (NT 1.4000000) (FLH 0) (FHL 0)

“4<CREATING CRx>> TIME = O
CREATE-SIGNAL X% (SIG OUTH) (CVOLTS 0.1999999%9) (CRATE 1) (FT 1.40000
00) (NT 1.4000000) (FLH 0) (FHL 0)

2o DESTROYING CRx>> TIME = 0
CREATE-SIGNAL %% (SIG OUTH) (CVOLTS 0.19999999) (CRATE 1) (FT 1.,40000
00) (NT 1.4000000) (FLH 0) (FHL 0)

2o CCREATING CRe>»> TIME = O
CEEATE-SIGNAL %% (SIG B) (CVOLTS 0.19999999) (CRATE 0.09999999) 22 168 |
J5499999) (NT 1.3500000) (FPLH 35) (FHL 40)

L4<DESTROYING CRB>»»>> TIME = O '
CREATE-SIGNAL XX (SIG B) (CVOLTS 0.1999999%9) (CRATE 0+, 09999972) UPT 1
.5499999) (NT 1.3500000) (FLH 35) (FHL 40)

<<<CREATING CB>»>» TIME = 0
CREATE-SIGNAL X% (SIG A2) (CVOLTS 0.1%999999) (CRATE 1) (FT 1.4000000
Y (NT 1.4000000) (FLH 45) (FHL 350)

CocDESTROYING CR:x:> TIME = O
CREATE-SIGNAL %% (SIG A2) (CVOLTS 0.19999999) (CRATE 1) (FT 1.4000000
) (NT 1.4000000) (FLH 45) (FHL 50)

<<<CREATING CEBx>> TIME = O

CREATE-SIGNAL %% (SIG A1) (CVOLTS 0.19999999) (CRATE 1) (FT 1.,4000000
) (NT 1.4000000) (FLH 43) (FHL 50)

<<<DESTROYING CEBr»> TIME = O

CREATE-SIGNAL %% (SIG A1) (CVOLTS 0.19999999) (CRATE 1) (FT 1.4000000
) (NT 1.4000000) (FLH 45) (FHL 50)

COMMAND! *(ADDC(ALLOCATE-ACTIVATE SWITCHUF SW3))
COMMAND: %GO

Z<<CREATING CB>>> TIME = 0
SWITCHUF %% (R RESET3) (8 SET3) (T SW3)

<SS DESTROYING CRx>xx TIME = 0
SWITCHUF Xx (R RESET3) (S SET3) (T SW3)




F &

{4 CREATING CB>»» TIME = 0
STARTUF %% (S SET3) (CUOLTS 0.19999999) (CRORIN 10) (CFTHRESH 2.0)

<Z<CREATING CH:»» TIME = 0 ais
STARTIN %X (S RESET3) (CVOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.7999
9999)

<<DESTROYING CRx>> TIME = 0.,17999999
STARTUF %% (S SET3) (CVOLTS 0,19999999) (CRORIN 10) (CFTHRESH 2.,0)

“L<CREATING CBx>> TIME = 0.17992999
FINISHUF %% (S SET3) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

LA CREATING CBx:> TIME = 0.17992999
HET %% (S SEES) (CNEOQUNEE S)

<A DESTROYING CR:>:xx TIME = 0.26000000
STARTON *% (5 RESET3) (CVYOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.799%9
2992)

SO GREATING CRX>:: TIME = 0.26000000
FINISHON %% (S RESET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.79
292999

4L DESTROYING CEX::> TIME = 0.32000000
FINISHIDN *¥ (S RESET3) (CVOLTS 0.7999999%) (CRORIN 10) (CNTHRESH 0.79
P9999%)

o DESTROYING CR>::> TIME = 0.32000000
FINISHUF X% (8 SET3) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.,0)

“OUCREATING CRBX:> TIME = 0.32000000
LOW7402-2 %% (IN1 SET3) (IN2 R) (QUT1 TEMF3) (CVIN1 3.4000000) (CVINZ2
0.19999929%2) (CVOUT 3,.,4000000) (CNTHRESH 1.3500000) (CFTHRESH 2.0)

“awDESTROYING CB>&:> TIME = 0.32000000
LOW7402-2 %X (IN1 SET3) (IN2 B) (OUT1 TEMF3) (CVIN1 3.4000000) (CVINZ2
0.19999999) (CVOUT 3.4000000) (CNTHRESH 1.3500000) (CFTHRESH 2.0)

L4+ CREATING CR>>> TIME = 0,32000000
FROFDEI.AYHL %X (Q SET3) (Z TEMF3) (CFHLIN 8) (CRORIN 1) (CVOLTS 3.400
0000) (CNTHRESH 0.7999%799%) k

C{DESTROYING CE:3»> TIME = 5.,7199999
FROFDELAYHL %% (Q SET3) (Z. TEMF3) (CFHLIN 8) (CRORIN 1) (CVOLTS 3.400
0000) (CNTHRESH 0.77%9999%9)

L4<CREATING CRB::3 TIME = 5.7199999
STARTIN %% (S TEMF3) (CVUOLTS 3.4000000) (CRORIN 1) (CNTHRESH 0.799999
99)

SHCDESTROYING CR:X> TIME = 8.3200000
STARTDN XX (S TEMF3) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 0.799999
293

“LCCREATING CR::x TIME = 8.3200000
FINISHDN X% (S TEMF3) (CVOLTS 0.79999299%9) (CRORIN 1) (CNTHRESH 0.79%29
F999)



o DESTROYING CRMo
FINISHUN

Y999)

LCREATING
HIGH7402 X% (IN1 RESET3)
N2 0.19999997

299999

LLCDESTROYING CRE»
HIGH?7402 %% (IN1 RESET3)
N2 0.19999997)

PEHYFY)

“+4 (8 TEMF3)

CRG

TIME

(CVOUT 0.19999999) (CFTHRESH 1.5499999)

TIME =

(CVOUT 0.,19999999)

76

TIME = 8.,9200000
(CVOLTS 0.79999999)

(CRORIN 1) (CNTHRESH 0,7999

= 8.9200000

(IN2 TEMF3) (QUT1 B) (CVINi 0.20000001) (CVvI

(CNTHRESH 0.79

8.2200000
(IN2 TEMF3) (0OUT1 E) (CVIN1 0.20000001) (CVI

(CFTHRESH 1.5499999) (CNTHRESH 0,79

LiZCREATING CR=x> TIME = 8,9200000
FROFIIELAYLH %% (Q RESET3) (L E) (CFLHIN 12)
TS 0.19999999) (CFTHRESH 1.,5499999)

(CRORIN 0.09999999) (CVOL

L DESTROYING CR::x TIME = 7,4200000 o
FROFDELAYLH %X (Q RESET3) (L E) (CFLHIN 12)
T8 0.19999999) (CFTHRESH 1.5499999)

(CRORIN 0.09999999) (CVOL

“AnCREATING CR»5i
STARTUF %% (S RB)
DAF9999)

TIME = 7.,4200000

(CVOLTS 0.19999299) (CRORIN 0.09999999) (CPTHRESH 1.

AOKACR T T ME H KoKk
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FAORKEXF RSk
(UP RESET3 SET3
(REIZE RINT 3)
(SIZE CEXT 30)

SW3)

(LEFTIN QUTL ZERO)
(LEFTIN OUTH ZERO)

(NEDQUNCE
(NEOUNCE
{(NEOUNCE
(NEOUNCE
(NBOUNCE
(NEOUNCE
(CONTACT
(CONTACT
(CONTACT
(CONTACT
(CONTACT
(CONTACT

BETS3: 52
RESETZ - ()
SET2-03
REBETE -0}
BETEL20 )
RESETI D)
SET3 ON)
RESET3 OFF)
SET2 OFF)
RESET2 ON»
SET1 OFF)
RESET1 ON)

(DOWN RESET2 SET2 SW2)
(IIOWN RESET1 SET1 SuWi1)

(FHLIN
(FHLIN
(FHLIN E
(FHLIN
(FHLIN
(FHLIN
(FHLIN
(FHLIN
(FHLIN
(FHLIN
(FHLIN
(FHLIN

Al 50)
A2

30)
40)

OUTH 0)
ouTL O)
SETZ 8)
RESET3 8)
SET2 8)
RESET2 8)
SET1 8)
RESETL #)
TEMF3 0)




(FHLIN
(FHLIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FLLHIN
(FLHIN
(FLHIN

TEMF2 0)
TEMF1 0)
Al 45)

A2 A5)

E 35)

OUTH 0)
ouTL O
SET3 12)
RESET3: 12)
SET2 12)
RESETZ 12)
8ET1 12)
RESEN1 129
FEMES Q)

(FLHIN TEMF2 0)
(FLHIN TEMF1 0)

(FULSEDN
(FULSEDN
(PULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULLSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEUF
(FULSEUF
(FULLSEUF
(PULSEUF
(PULSEUF
(FPULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(PULSEUF
(FULSEUF
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
{(NTHRESH
(FTHRESH
(FTHRESH

TEMF3 0OFF)»

RESET3 OFF)

Al OFF)

A2 OFF)

E OFF)

OUTH OFF)

QUTL OFF)

SET3 OFF)

SET2 OFF)

RESET2 OFF)

SET1 QFF)

RESET1 OFF)

TEMF2 OFF)

TEMF1 OFF)

SET3 OFF)

Al OFF)

A2 OFF)

E OFF)

OUTH OFF)

OUTL OFF)

RESET3 OFF)

SET2 OFF)

RESET2 OFF)

SET1 OFF)

RESET1 OFF)

TEMF3 OFF)

TEMF2 OFF)

TEMF1 OFF)

Al 1,4000000)

A2 1.4000000)

B 1.33500000)

OUTH 1.4000000)
OUTL 1,4000000)
SET3 0.79999999)
RESET3 0.79999969)
SET2 0.79999999)
RESET2 0.79999999)
SET1 0.79999999)
RESET1 0.79999999)
TEMF3 0.799929999)
TEMF2 0.79999999)
TEMF1 0.79999999)
Al 1,4000000)

A2 1,4000000)

77



(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH

E 1,5499999)
OUTH 1.4000000)
OUTL 1,4000000)
SET3 2.0)
REBET3 2.0)
SET2 2.0)
RESET2 2.0)
SET1 2.0)
RESET1 2.0)

(FTHRE
(FTHRE
(FTHRE
{RORIN
(RORIN
(RORIN
(RORIM
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(VOLTS
(VOLLTS
(VOILLTS
(VOLTS
(VOLTS
(VOLTS
(VOLLTS
(MOLTS
(VUDLTS
(VOLTS
(VOL.TS
(VOLTS
(MOLTS
CTTRPE
CTYRE
(TYFE
CTYPE
{ TTPE
CTYPE
CTYEE
CTYPE
VIV RE
(TYFE
CTYRPE
CTYRE
CTYRE
CTYRE
CLYPE
(TYPE
(TUFLE
CFUPLE
(TUFLE
(TUFLE
(TUFLE

SH TEMF3 2,0)

SH TEMF2 2.0)

SH TENMPLI. 2,0)

Al 1)

A2 1)

B 0.09999999)
BLETH 1)

GUET L ==1)

SET3 10)

RESET3 10)

SET2 10)

RESET2 10)

SETl 10)

RESET1 10)

TEMF3 1)

TEMF2 1)

TENF1. 1)

TEMPE 0.199%29997)
SET3 3.4000000)
RESET3 0,20000001)
Al 0.19999999)

A2 0.19999999)
OUTH 0.19999999)
OUTL 3.4000000)
SETZ 019999299
RESETZ2 3.4000000)
SET 1 Ol T7999299)
RESET1 3.4000000)
TEMF2 3,4000000)
TEMF1 3.4000000)
Al SIGNAL)
A2 SIGNAL)
E SIGNAL)
OUTH SIGNAL)

OUTL SIGNAL)
RINT RES)

CEXT CAF)
SET3 SIGNAL)
RESET3 SIGNAL)
SET2 SIGNAL)
RESETZ2 SIGNAL)
SET1 SIGNAL)
RESET1 SIGNAL)
TEMF3 SIGNAL)
TEMF2 SIGNAL)
TEMF1 SIGNAL)

A2 Al B OUTH OUTL)
Al A2 B OUTH OUTL)
RESET1 TEMP1 ‘Al)
SET1 Al TEMF1)
RESET2 TEMF2 AZ2)

78
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CRLIREESSETZ A2 TEMF2)
¢ HUELED RESEGS STEME S B
{TUPLE SET3 B TEME3)
(STATE B HIGH)

(STATE TEMF3 LOW)
(STATE RINT VCC)
(STATE CEXT CLOSED)
(STATE OUT OFF)
(STATE Al LOW)

(STATE A2 ILOW)

(STATE TEMF1 HIGH)
(STATE TEMF2 HIGH)
ARXNHERLRSHodk k¥

(MOET S =R 1 s 3ST9999 )
K Ak RO RCR HORKOK KOk

CLADESTROYING CR:>> TIME = 20,920000
STARTUF Xk (8 E) (CVOLTS 0.19999999) (CRORIN 0.09999999) (CFTHRESH 1.
a429999)

“iwCREATING CEx>»» TIME = 20,920000
FINISHUF %% (S B) (CVOLTS 1.5499999) (CRORIN 0.09999999) (CFTHRESH 1.
54999929)

“TACREATING CE>>> TIME = 20,920000
TRIGGERE %% (Q A2) (R A1) (S B) (D OUTH) (ONOT OUTL) (CVOLTS 0.199999
299

“LADESTROYING CR>>> TIME = 20,920000
TRIGGERE %% (Q A2) (R A1) (S R) (0 OUTH) (ONOT OUTL) (CVOLTS 0.199999
)

LLUCREATING CEx:> TIME = 20.920000
FROFDELAYLH %X (Q B) (L OUTH) (CFLHIN 35) (CRORIN 1) (CVOLTS 0.199999
99) (CFTHRESH 1.4000000)

“ZXCREATING CR:»»>> TIME = 20,920000
FROFDELAYHL XX (Q EB) (Z OUTL) (CPHLIN 40) (CRORIN 1) (CVOLTS 3.400000
0) (CNTHRESH 1.4000000)

“otDESTROYING CE»>> TIME = 30.180000
HIT XX (S SET3) (CNEOUNCE 5)

“IZCREATING CB>>»> TIME = 30.,180000
STARTDN %% (S SET3) (CVOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.,7999%9
?9)

CLCDESTROYING CB:>> TIME = 30.440000

STARTDN %% (S SET3) (CVOLTS 3.4000000) (CRORIN 10) (CNTHRESH 0.799999
29)

“<<CREATING CB:>> TIME = 30.440000

FINISHIN %% (S SET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.799%
9992)

“<<CREATING CRB>>> TIME = 30.,440000
BOUNCE %X (S SET3) (CNEBOUNCE 5)

“4ZDESTROYING CEx>> TIME = 30.5
FINISHDON X% (8 SET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.,799%
29290
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“i DESTROYING CRBr»> TIME = 35,440000
BOUNCE %X (S SET3) (CNEOUNCE 5)

““<CREATING CBX»>> TIME = 35,440000
STARTUF %% (8 SET3) (CVOLTS 0.20000056) (CROKIN 10) (CFTHRESH 2.0)

“DESTROYING CB>>> TIME = 35.419999
STARTUF %% (8 SET3) (CVOLTS 0.20000056) (CRORIN 10) (CFTHRESH 2.0)

<<+<CREATING CRX>>»> TIME = 35.819999
FINISHUF XX (S SET3) (CVOLTS 2,0) (CRORIN 10) (CFTHRESH 2.0)

“%LCREATING CR>>> TIME = 35.619999
HIT %% (S SET3) (CNEBOUNCE NEW)

ot DESTROYING CRE:> TIME = 35,759999
FINISHUF %x (S5 SET3) (CVOLTS 2,0) (CRORIN 10) (CFTHRESH 2.0)

“4ZDESTROYING CRX>:>> TIME = 39,420000
FINISHUF XX (S B) (CVOLTS 1.5499999) (CRORIN 0.09999999) (CFTHRESH 1.
T499999)

4 DESTROYING CBx:> TIME = 354,720000
FROFDELAYLH %X (Q B) (L OUTH) (CFLHIN 35) (CRORIN 1) (CVOLTS 0.199999
?9) (CFTHRESH 1.4000000)

<4 CREATING CRXixx TIME = 54,720000
STARTUF *x (5 QUTH) (CVOLTS 0.199929%%) (CRORIN 1) (CFTHRESH 1.400000
0)

<<<DESTROYING CR>>> TIME = 35.920000
STARTUF %X (S OUTH) (CVOLTS 0.19999999) (CRORIN 1) (CFTHRESH 1.,400000
Q)

“+ W CREATING CR>>> TIME = 55,920000
FINISHUF X% (S OUTH) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.400000
0)

w2 DESTROYING CERX»»»> TIME = 57.920000
FINISHUF %% (S OUTH) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.400000
)

<<<CREATING CR>>» TIME = 57.920000
OQUTFUTHIGH %% (A AZ) (B Al) (G RY (Q OUTH) (D OUTL) (R RINT) (C CEXT)
(CRORIN 1) (CVOLTS 3.4000000) (CRSIZE 2) (CSIZE 30)

£<<DESTROYING CR>>> TIME = 58.920000
FROFDELAYHL X% (@ B) (Z OUTL) (CFHLIN 40) (CRORIN 1) (CVOLTS 3.400000
0O) (CNTHRESH 1.4000000)

<O CCREATING CRx>> TIME = 58.920000
STARTIN %X (& OUTL) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 1.4000000
)

S<<DESTROYING CR>>> TIME = 60.920000
STARTDN %% (S OUTL) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 1.4000000
)
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L .CREATING CE*>> TIME = 40.920000
FINTGHIN %X (S OUTL) (CVOLTS 1.4000000) (CRORIN 1) (CNTHRESH 1.400000
0)

CIDESTROYING CR:x> TIME = 62.119999
FINISHIN Xk (5 OUTL.) (CVOLTS 1.4000000) (CRORIN 1) (CNTHRESH 1.400000
0)

“~-~CREATING CB>>> TIME = 42.119999
OUTFUTLLOW X% (A A2) (R A1) (G KH) (D OUTH) (Q OUTL) (R RINT) (C CEXT)
(CRORIN 1) (CVOLTS 0.20000019) (CRSIZE 2) (CSIZE 30)

LL<DESTROYING CR>>> TIME = 65,61999%
HIT %% (&% SET3) (CNEOUNCE NEW)

I CREATING CR::: TIME = 65.819999
STARTDN %X (S SET3) (CVOLTS 3.3999786) (CRORIN 10) (CNTHRESH 0.799999
29

“LDESTROYING CR:x:>> TIME = 465.880000
STARTIIN X% (8 SET3) (CVOLTS 3.,3999986) (CRORIN 10) (CNTHRESH 0.,7999%9%
29

oA CREATING CR>xx TIME = 65.880000
FINISHDON X% (S SET3) (CVOLTS 0,7999999%9) (CRORIN 10) (CNTHRESH 0.7999
@229}

“w<CREATING CHx>» TIME = 65.880000
BOUNCE %X (S SET3) (CNREOUNCE NEW)

“o<DESTROYING CREXx>> TIME = 65.940000
FINISHDN %% (5 SET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999
9999)

“<<DESTROYING CBx»>> TIME = 48.880000
BOUNCE %% (S SET3) (CNEOUNCE NEW)

ot CREATING CR>:>3 TIME = 468.880000
STARTUF %% (8 SET3) (CVOLTS 0.19999580) (CRORIN 10) (CFTHRESH 2.0)

“L<DESTROYING CB>>> TIME = 69.060000
STARTUF XX (S SET3) (CVOLTS 0.19999580) (CRORIN 10) (CFTHRESH 2.0)

L <{CREATING CRB:>>> TIME = 69.060000
FINISHUF %% (S SET3) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

~oLCREATING CRB>>» TIME = 69.060000
HIT %% (S SET3) (CNRBOUNCE NEW)

SHCDESTROYING CRxx> TIME = 69.200000 ,
FINISHUF X% (8 SET3) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)
AKX T IME ROk k¥

?0

KKKKEXFRS )Xk X

(UP RESET3 SET3 SW3)
(RSIZE RINT 2)

(SIZE [CEXT. 30)
(NEQUNCE SET3 NEW)
(MEOUNCE RESET3 0)



SET2 0)
RESET2. 0)
SETI 0D
RESETL -0
SET3 ON)
RESET3 OFF)
SET250FED)
RESETZ ON)
(CONTACT SET1 OFF)
(CONTACT RESET1 ON)
(DOWN RESET2 SETZ2 SW2)
(DOWN RESET1 SET1 SW1)
(FHLIN Al G0)
(FHLIN A2 50)
(FHLIN B 40)

(FHLIN OUTH 0)
CEHLEN OHTL 30
CPHLIN -SET.3 -8)
(FHLLIN RESET3 8)
(PHILIN SETZ -8)
CPHLIN RESETZ 89
CPREIN SETL: 83
(FHLIN RESET1 8)
(FHLIN TEMF3 0)
CPHIGEN: TEME2 O3
(FHLIN TEMF1 0)
(FILHIN &1 45)
(FLHIN A2 43)
(FLHIN B 33)

(FLHIN QOUTH 0)
CPLHIN GUTL 0)
(PLLHIN SETS 12)
(FLHIN RESET3 12)
(FLRIN BET2 18)
FPLHIN RESETS 1.2)
CELHIN: BETL 129
(PEHIN RESET1 12)
CPLHIN: TEMP3 O)
(FLHIN TEMFZ 20D
(FLHIN TEMF1 0)

(HEOGUNCE
CHEOUNCE
CMEOUNGE
INBOUNCE
(CONTALT
(CONTACT
(CONTACT
(CONTACT

(FULSEIDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSELN
_(FULSEDN
(FULSEIDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDON
(FULSEDN
(FULSEUF
(PULSEUP
(FULSEUF
(FULSEUP
(FULSEUF
(FULSEUF

SET3 OFF)
OuTL. OFF)
TEMRI:OFF )
RESET3 "OEF?
Al OFF)

A2 OFF)

E OFF)

OUTH OFF)
SETZ OFF)
RESET2  OFEF)
BT OEF)
RESET1 OFF)
TEMNP2C0FE)
TEMPL: OFF)
SET3 OFF)
OUTH OFF)

B OFF)

Al DOFF)

A2 OFF)
BUTL OFF?»




(PULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(FULSEUF
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHREZH
(NTHRESH
(NTHRESH
(NTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH

RESET3 OFF)

SET2 OFF)

RESETZ2 OFF)

SET1 OFF)

REBET1 OFF)

TEMP3 OFF)

TEMP2 OFF)

TEMPL OFF)

Al 1.4000000)

A2 1.4000000)

E 1.3500000)

OUTH 1.4000000)
OUTL. 1.4000000)
BETS 0.79999999)
RESET3 0,7999999%9)
SET2 0.79999999)
REBET2 0.7999999%9)
SET1 0.79999999)
RESET1 0.79999999)
TEMF3 0.79999999)
TEMF2 0.79999999)
TEMF1 0.79999999)
Al 1.4000000)

A2 1.4000000)

B 1,5499999)

OUTH 1.,4000000)
OUTL 1.4000000)
SET3 2.0)

RESET3 2.0)

BET2 2.0)

RESET2 2.0)

gkl 2409

RESET1 2.0)

TEMP3 2.0)

TENPRE 24+0)

TEMPY 2:0)

(RORIN A1 1)
(RORIN A2 1)

(RORIN B

0.09999999)

(RORIN OUTH 1)

(RORIN QUTL 1)

(RORIN SET3 10)

(RORIN RESET3 10)-
(RORIN SET2 10)

(RORIN RESET2 10)

(RORIN SET1 10)

(RORIN RESET1 10)

(RORIN TEMF3 1)

(RORIN TEMF2 1)

(RORIN TEMF1 1)

(VOLTS SET3 3.4000034Y
(VOLLTS OUTL 0.2000001%9)
(VOLTS OUTH 3,4000000)
(VOLTS B 3.4000000)
(VOLTS TEMFP3 0,19999997)
(VOLTS RESET3 0.20000001)
(VOLTS A1 0.19999999)
(VOLTS A2 0.19999999)
(VOLTS SET2 0.1999999%9)
(VOLTS RESET2 3.4000000)

83
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(VOLTS SET1 0.19999999)
(VOLTS RESET1 3,4000000)
(VOLLTS TEMF2 3.4000000)
(VOLTS TEMF1 3.4000000)
(TYFE Al SIGNAL)

(TYFE A2 SIGNAL)

(TYFE B SIGNAL)

(TYFE OUTH SIGNAL)
(TYFE OUTL. SIGNAL)
(TYFE RINT RES?}

(TYFE CEXT CAF)

(TYFE SET3 SIGNAL)
(TYFE RESET3 SIGNAL)?
(TYPE SETZ2 SIGNAL)
(TYFE RESET2 SIGNAL)
(TYFPE SET1 SIGNAL)
(TYFE RESET1 SIGNAL)
(TYFE TEMF3 SIGNAL)
(TYPE TEMF2 SIGNAL)
(TYFE TEMF1 SIGNAL)
(TUFLE A2 Al B OUTH OUTL)
(TUFLE Al A2 B OUTH OUTL)
(TUFLE RESET1 TEMF1 Al)
( TURLE "SET1. A1 TEMF1)
(TUFLE RESET2 TEMFP2 A2)
(TUPLE SET2 A2 TEMFP2)
(TUPLE RESET3 TEMP3 E)
(TUPLE SETS BuTENMFS)
(STATE OUT ON)

(STATE B HIGH)

(STATE TEMF3 LLOW)
(STATE RINT VCC)

(STATE CEXT CLOSEIL)
(STATE A1 LOW)

(STATE A2 LOW)

(STATE TEMF1 HIGH)
(STATE TEMF2 HIGH)
KKACKESRLRGACK KK
SRR MOk CHROK OROKOK ROk X

<2< NESTROYING CRB>>> TIME = 992.060000
HIT %% (5 SET3) (CNEOUNCE NEW)

<4< CREATING CR>>> TIME = 99.0560000
STARTDN xx (8 SET3) (CVOLTS 3.4000034) (CRORIN 10) (CNTHRESH 0.799999
793

<A DESTROYING CRBX:-> TIME = 99.320000
STARTDN %% (S SET3) (CVOLTS 3.4000034) (CRORIN 10) (CNTHRESH 0.797999
A

k|

Xt CREATING CBX>>x TIME = 99.320000
FINISHON X% (8 SET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999
P999)

<4 CREATING CE:>>> TIME = 99.320000
BOUNCE X% (S5 SET3) (CNROUNCE NEW)

LLCNESTROYING CB>:>» TIME = 99.380001
FINISHION %% (8 SET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999
2992%)




o wDESTROYING CRE: TIME = 101.32000
EOUNCE xX% (5 SET3) (CNEOUNCE NEW)

“CREATING CRI:3:> TIME = 101.32000
STARTUF %X (8 SET3) (CVOLTS 0.19999580) (CRORIN 10) (CFTHRESH 2.0)

<4 NESTROYING CE>X>> TIME = 101.50000
STARTUF %% (S SET3) (CVOLTS 0.19999580) (CRORIN 10) (CFTHRESH 2.0)

«+=~CREATING CBX>>» TIME = 101.30000
FINISHUF %% (S SET3) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

“CREATING CBXx:> TIME = 101.50000
HIT %% (8 SET3) (CNEOUNCE NEW)

o DESTROYING CRBx:x> TIME = 101.64000
FINISHUF %% (S SET3) (CVOLTS 2,0) (CRORIN 10) (CFTHRESH 2.0)

U TIESTROYING CRBxx3> TIME = 114.72000
OUTFUTHIGH XX (A AZ2) (B A1) (G B) (Q OUTH) (D OUTL) (R RINT) (C CEXT)
(CRORIN 1) (CVOLTS 2Z.,4000000) (CRSIZE 2) (CSIZE 30)

“LLCREATING CBx>»> TIME = 114.72000
STARTDN %X (5 OUTH) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 1.4000000
)

LA DESTROYING CRx:> TIME = 116.72000
STARTIN *% (S QUTH) (CVOLTS 3.4000000) (CRORIN 1) (CNTHRESH 1.,4000000
)

“LACREATING CB>>> TIME = 116.72000
FINISHDON X% (S5 OUTH) (CVOLTS 1,4000000) (CRORIN 1) (CNTHRESH 1.400000
)

<<ADESTROYING CB>>»> TIME = 117.92000
FINISHION %X (5 OUTH) (CVODLTS 1.4000000) (CRORIN 1) (CNTHRESH 1.400000
Q)

««<DESTROYING CR:>>> TIME = 118.922000
OUTFUTLOW %X (A A2) (B A1) (G B) (D OUTH) (@ OUTL) (R RINT) (C CEXT)
(CRORIN 1) (CVOLTS 0,20000019) (CRSIZE 2) (CSIZE 30)

“=-CREATING CB>>> TIME = 118.92000
STARTUF X% (S5 OUTL) (CVOLTS 0.20000019) (CRORIN 1) (CFTHRESH 1.400000
0) ;

<<<OESTROYING CE>>> TIME = 120,11999
STARTUF %% (S OUTL) (CVOLTS 0.,20000019) (CRORIN 1) (CFTHRESH 1.400000
0)

<4< CREATING CR>>> TIME = 120.11999
FINISHUF %% (5 OUTL) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.400000
Q)

LLLDESTROYING CR>>> TIME = 122,11999
FINISHUF X% (S5 OUTL) (CVOLTS 1.4000000) (CRORIN 1) (CFTHRESH 1.400000
Q)
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““~DESTROYING CR>>> TIME = 131.50000
HIT %% (8 SET3) (CNEOUNCE NEW)

“U{CREATING CR>»» TIME = 131.,50000
STARTON *X (8 SET3) (CVOLTS 3.4000034) (CRORIN 10) (CNTHRESH 0.799999
e

St TESTROYING CRB::> TIME = 131.76000
STARTDN X% (8 SET3) (CVOLTS 3,4000034) (CRORIN 10) (CNTHRESH 0.79999%9
921

“wCREATING CEX>> TIME = 131.76000
FINISHION X% (S SET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999
9999)

X CREATING CR>>> TIME = 131,76000
BOUNCE xX (85 SET3) (CNEOUNCE NEW)

LA DESTROYING CBX>> TIME = 131.82000
FINISHON %% (S SET3) (CVOLTS 0,79999999) (CRORIN 10) (CNTHRESH 0.799%
D999

LA DESTROYING CR:>> TIME = 132,746000
BOUNCE x% (S5 SET3) (CNEOUNCE NEW)

LU CREATING CBax> TIME = 132.76000
STARTUF %% (8§ BET3) (CVOLTS 0.20000533) (CRORIN 10) (CFTHRESH 2.0)

“HCDESTROYING CRx:> TIME = 132.24000
STARTUF X% (8 SET3) (CVOLTS 0,20000533) (CRORIN 10) (CFTHRESH 2.0)

“UCCREATING CBx>>> TIME = 132,94000 '
FINISHUF X% (S5 SET3) (CVOLTS 2.,0) (CRORIN 10) (CFTHRESH 2.0)

oL CREATING CBx>> TIME = 132.94000
HIT %% (S SET3) (CNROUNCE NEW)

S DESTROYING CR*>>> TIME = 133.08000
FINISHUF %% (S SET3) (CVOLTS 2.0) (CRORIN 10) (CFTHRESH 2.0)

o DESTROYING CE>>> TIME = 162.94000
HIT %% (S SET3) (CNROUNCE NEW)

“UUCREATING CR>»> TIME = 182.94000
STARTON XX (S SET3) (CVOLTS 3.3999938) (CRORIN 10) (CNTHRESH 0.799999
?9)

UAOESTROYING CRx>> TIME = 163.,20000
STARTIN X% (S SET3) (CVOLTS 3.3999938) (CRORIN 10) (CNTHRESH 0.799999
?9)

LHCCREATING CEBX>:>x TIME = 1463.20000
FINISHON X% (8 SET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999
92999)

L4 CREATING CB>>> TIME = 163,20000
EOUNCE %X (S SET3) (CNEBOUNCE NEW)

<<YDESTROYING CB:>>> TIME = 143.20000
BOUNCE XX (S SET3) (CNEOUNCE NEW)
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<<<DESTROYING CE:>> TIME = 163.26000
FINISHIN %% (S SET3) (CVOLTS 0.79999999) (CRORIN 10) (CNTHRESH 0.7999
997

TIME = 163.26000
(CVODL.TS 0,20000533)

£<CCREATING CR:>>

STARTUF %% (S5 SET3) (CFTHRESH

(CRORIN 10) 2,00
<<<DESTROYING CE>>> TIME = 1463.44000

STARTUF %% (& SET3) (CVOLTS 0.20000533) (CRORIN 10) (CFTHRESH 2.0)
<<= CREATING CE>>> TIME = 163.44000

FINISHUF X% (S SET3) (CVOLTS 2,0) (CRORIN 10) (CFTHRESH 2.0)

TIME = 163.,58000
(CVOLTS 2.0) (CRORIN 10)

ZAnDESTROYING CR:>:
FINISHUF %% (8 SET3) (CPFTHRESH 2.0)

COMMAND: XFICTURE

KAOKKT I MIZ koK
163.58000
EXEKEXFRS¥KKXK

(UF RESET3 SET3 SW3)
(RSIZE RINT 2)

(BIZE CEXT 20)
(LEFTIN OQUTL ZERO)
(LEFTIN OUTH ZERO)

(NEOUNCE
(NEOUNCE
{(NEOUNCE
(NBOUNCE
(NBEOUNCE
(NROUNCE
(CONTACT
(CONTACT
(CONTACT
(CONTACT
(CONTACT
(CONTACT

SET3 NEW)
RESET3 0)
SET2 0)
RESETZ2
8ET1 0)
RESET1 0)
SET3 ON)
RESET3 0OFF)
SET2 OFF)
RESETZ ON)
SELL -OFF 2
RESET1 ON)

0)

(DOWN RESETZ2 SETZ2 SW2)
(DOWN RESET1 SET1 SW1)

(FHLIN
(FHLIN
(FHLIN E
(FHLIN
(FHLIN
(FHLIN
(PHLIN
(FHLIN
(FHLIN
(FHLIN

Al 50)
A2 50)

40)

OUTH 0)
oUTL 0)
SET3 8)
RESET3 8)
SET2 8)
RESET2 8)
SET1 8)

RESET1 8)
TEMF3 0)
TEMP2 0)
TEMF1 0)
Al 45)

A2 435)

E 35)
OUTH O0)
QUTL- Q)

(FHLIN
(FHLIN
(FHLIN
(FHLLIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FLHIN



(FLHIN
(FLHIN
(FLHIN
(FLHIN
(FPLHIN
(FLHIN
(FLHIN
(FPLLHIN
(FLHIN

SEhEE12)
RESETE 122
SET2 7129
RESETZ .12)
SETI 12
RESETL 12)
TEMF3 Q)
TEMF2 0)
TEMPL =0

(FULSEDIN
(FULSEDN
(FULSEIDIN
(FULSEIDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEDN
(FULLSEDN
(FULSEDIN
(FULSEDN
(FULSEDN
(FULSEDN
(FULSEUF
(FULSEUF
(FULSEUF
(PULESEUP
(FULSEUF
(FULSEUF
(FULSEUR
(PUL.SEUF
(FULSEUF
(FULLSEUF
(PULSEUP
(FULSEUF
(FLULSEUF
(FULLSEUF
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(NTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FTHRESH
(FPTHRESH
(FTHRESH
(FTHRESH
(FPTHRESH
(FTHRESH

S8ET3 OFF)

OUTH OFF)

QUTL OFF)

TEMP3 OFF)

RESET3 OFF)

Al OFF)

A2 OFF)

E OFF)

SET2 GEF)

RESETZ OFE)

SET1 OFF)

RESET1 OFF)

TEMP2 -OFF)

TENFL OFF)

SET3 OFF)

OUTLE: OFF)
OUTH>0FF ¥

E OFF)

Al OFF)

A2 OFF)

RESET3 OFF)

SETZ OFF)

RESET2 OFF)

SET1 OFF)

RESET1 OFF )

TENPS GEF)
TENFZTOFFY)

TEMPL “UFE)

Al 1.4000000)

A2 1.4000000)

B 1.3500000)

OUTH 1.4000000)
OUTL 1.4000000)
EET3 0.799929999)
RESET3 0.739992999
SET2 0,79999929)
RESET2 0.79999999)
SET1 0,79999299)
RESET1 0.79999999)
TEMR3 0. 79992999)
TEMF2 0.79999999)
TEMPL 0. 79229999)
Al 1,4000000)

A2 1.4000000)

E 1,5499299%)

OUTH 1.4000000)
OUTL 1.4000000)
SET3 2.0)

RESET3 2.0)

SET2 2.0)

RESET2 2.0)
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(FTHRE
(FTHRE
(FTHRE
{PTHRE
(FTHRE
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(RORIN
(VOLTS
(VOL.TS
(VOLTS
(VOLTS
(VOLTS
(VOLTS
(VOL.TS
(MOLTS
(VOLTS
(VOLTS
(VOLTS
(VOL.TS
(VOLTS
(VOLTS
CTYPE

{TYFE

A TYFPE

{ TYPE

CTYPE

CTYRE

L EYRE

CTYRE

(TYFE

CTYPE

CEYPE

(TYFE

(TYPE

CHYRE

(TYRE

(TYFE

(TUPLE
(TUFLE
(TUFLE
(TUFLE
(TUFLE
CTUPLE
(URPLE
{TOELE
(STATE
(STATE
(STATE

SH 8ET1 2.0}
8H RESET1 2.0)
SH' TEMP3 2.0)
ol TEMPZ 2.0)
oH -TENFT “24+0)
Al 1)
A2 1)
E 0.09999999)
OUTH 1)
OUTL 1)
SET3 10)
RESET3 10)
sET2 10)
RESETZ2 10)
SET1 10)
RESET1 10)
TENFS °1)
TEME2:-1)
TEMFL. 12
SET3 3.3999938)
OUTL 3.4000000)
OUTH 0.20000019)
E 3.4000000)
TEMP3 0.1%292999927)
RESET3 0.20000001)
Al 0.,192999799)
A2 0.19999999)
BET2 0:19999999)
RESET2 3.,4000000)
SET1 0.199992799)
RESET1 3.4000000)
TEMF2 3.4000000)
TEMF1 3.4000000)
Al SIGNAL)
A2 SIGNAL)
B SIGNAL)
OUTH SIGNAL)
OUTL SIGNAL)
RINT RES)
CEXT CaAF)
SET3 SIGNAL)
RESET3 SIGNAL)
SET2 SIGNAL)
RESET2 SIGNAL)
SET1 SIGNAL)
RESET1 SIGNAL)
TEMF3 SIGNAL)
TEMF2 SIGNAL)
TEMF1 SIGNAL)
A2 A1 B OUTH OUTL)
Al A2 B OUTH OUTL)
RESET1 TEMF1 Al)
8ET1 Al TEMP1)
RESET2 TEMF2 A2)
SET2 A2 TEMP2)
RESET3 TEMP3 B)
SET2 B TEMR3)
OUT OFF)
E HIGH)
TEMF3 LOW)

89



(STATE RINT WECC)
(STATE CEXT CLOSED)
(STATE Al LOW)
(STATE A2 LOW)
(STATE TEMF1 HIGH)
(STATE TEMF2 HIGH)
KEKKERLRS KKK XK

KK RHOKHOKROK KK 0K XK K XK

COMMAND? XSTOF

OOKKKTERMINATED-AT-TIMEX¥XX 163.58000)
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10, Conclusion

Hendrix's system has previodﬁ@y been used primarily to
model events on a large scale, with time measured in minutes
or in seconds, We have shown that this model will also
accurately simulate events which take place on a very short
time scale, Since our models of digital circuits are accurate,
this system could, then, be a powerful tool for teaching
digital elcetronics, When writing scenarios for any circuit,
the student must first understand the operation of each part,
and must also understand the interrelationships of all the
components in the circuit,

Gary Hendrix's ideas are embodied in CONCUR, a language
for continuous, concurrent processes [ﬁl + which is currently

being implemented at Indiana University.
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