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A digital logic simulator pro@am is proposed~ . / o
‘ ' .- for loglc design veriﬁcation. ,and as an aid to students
. - in larm.ng digital logic doslgn. Doglo to be simulated / .

« 1s spécified by entering device. types and nodal conneotions.

] A model is proposed with sufficient tinlng detail to allow "

the simulator syntem to detoct tinlng errors whloh are ;
currently“ found by prototype debugging. B N \ .
- — \? .
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tion algorithm is ofﬁeiont in that | : e
. conbinational levels are re-sevaluated only ift! their values |
;  are needed becauso of a ehange in one of their inputs. _ The
ainnlation system will sinulate both synchtonous a.nd -asynch~ o

- ronous oircuits. ) : . - S
4 : - e L :
\ 7 RN . o ) ' -

The ainmlation system is wrltten 1n PORTRAN and - ’
operates on-llne in a comrsatlonal -odo on a ‘time-shared '
. computer. It is ourrently ‘implemented on the CDC Glloo at

Sir George Williams Univerhity.
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. % Digital Logle Simulation is the piéoeéé whereby '
-~ _ " = the runc'tioning, of a digital logic cirouit. baaed on aome f
' | “Lnodel 19 tested by the vary.’mg of both cirouit paranaters and

‘simulation conditions t RN

| - Conputer simulation has cotie lntS il.’n.clmspread'uaqfa'z
to study the behaviour of systens too large or conplicqtod to
deal-with analytically. thernat:lves to simlatlon arc mathe ,
o (Jtical analysis or experiuentation with ‘the aotnal systena or .
a prototype of the system, If a syetem 13 la.rge.. mtheutical ‘- ‘
anaij_sis may pgizome verﬁr qlfﬂc.ult or even lnpoasiblc. Also.
L oxperimentation with actual or prototype systems c¢an “be costly
Aand time-corisuming, - Moreover, the ovor-}ncmain; reliability
requirements being placad on digital oircuitty has ud( some /\
sort of computerized aimlation and ; fault dh&nosis 'lystm .
must,. A oonputer can tmcmr many mlng problcu in digiul
design that might have' proviously been found only by brondhom-‘
_h':gg The simulation oould also be mod to predict the ontyut
of the o).rcuit due to specified faults as -well as, pndiet tho

output of the fault mo clrcuit. e
¢ i

. " Ilogio slnulation oonplmm nthcr thln ilpld«m
sctual hardwaro debugging. - It can b- nud to -mm:- thc
‘e - W e A

B




- L) 2 . . .
0 , . , i
‘ ~

; - . i
LT deeign alternatives. verifying fault test procedures. -and . ®

. 2

obtaining pt&iled circuit operatipnal reference data, x

b Some sort of computerized logic s{mulator would also [
o be beneﬁcial .'m the -teaching of digital logic des:.gn. In this
| way. inexperienced students could be provided with a reasonably.
realietio and 1netructive imitation of digital. . hardware through .

- 7 whnich they could familiarize themselves with machine behaviour =
. * 'and design without actual hardware experience; . - ‘

- -

] - , " 'The selection of a eimulation model. or. models,. is ‘
’ ' the most inportant problem in any simulatmn system. The “model

' ' ehould be simple enough to use and real enough to give a reason—
L J‘ . eble approxlnation of the performnce of the syetem.

. . . In this dissertation, a eyatem is proposed for digltal

o { de!i;n logio veriﬁcation. Models for the logic circuitry have
been selected, data structures for repreaenting thesd models are
given, and the simulation algorithm is outlined No race or ,
-hasard analysis hee been - pro‘{ided in thls siumlator. However, '
tlling problene in the elrcuit can be deteeted -as the. system Ce,

. will print out nodal values at each unit delay tine. 1f 5o .

o m&ucted The ayste- ‘output would then give a visual rep-

L monhtion o:r the hazards preeent One of the features of the ‘

TN

-

) Ihuhtor is thut coublmtlone.l levels e.re evaluated only when ?
™ tholr values are needed. and only if ‘they have changed since.
last evaluated, . g L

+ Chapter I of this dissertation will be concerned L
with doﬁnlt'ione. 'tho ve.rioua nethode sed in logic siaulat“ora. ~ :.;}{?3
; otphmtlonek ot some oxiuting ehulators. Chapter 2 wm

‘,

. .
’s : N T e Y L
Y T VLT AN 5 M .ae.’?; b TL
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tion algorithm ngQd’ in -

<. this,simulator -system, while Chb.pter“y will deal with the
*

explain the ;table ‘structure and simula

v

-u,pﬁ*ﬂ-;

s.: Jé;!.'

.. actual program itself =~ operating insfmotioris. structure,
* \ - ~ PR \
subroutine descg:ipti_dns.' ete,”. ‘ - '
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. Appendix A will contain sa'niple termiti.al .aim
‘Tunsg, for the circuits shown in Pigure A-l, ‘
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N . The simulation prqcess' combines the. inputs describe- -

- , - , A

<  ing the netﬁork‘ irith additional information in ;I:he simulatorl '
v oo:werts the simulation commands describing ‘the conditions of .
‘ the - s\igmulation and dynanically executes the model by tracing '

. Y

“ 1ogie values through the network, o S~ ..

\

| ] !‘he Togio Simulation Process.shovm in Figuré 1, o,v

. koonsie‘l:s of two phases: the machine logilc description phase

- lnd the sinulation description or processing phase. In the

L uchino descr.iption phase, the input data stetene‘nts describ-.. i
DR ing ‘the digital oimuit are -converted and combined with stored -
Bt inrorution to form the model of the logic network, The simu-

lation oonands direct the sinulation processing by specifying
.irqmts. Initial logic-states and other special conditions. -
to ebtain a mlistic output. are also specified as inputs to
the simulation process, '’ - ot

. 3

b

u-!he logio oirouit aesoription and the sinulation
conditions should be ab.'l.e to be changed .’mdependently of each
clhnr By ehmging the. systen doscription. ditforent designs

‘
9
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¢ N ION TEC

P’ _ . ;rhe. follz:wirlg techniqueé'hgve been used for digital
. logio aimulat:lbn;. The relative advantage or disadvantage for
i o _each type would depend on the simulation model being used.,
‘The mndel is formed from the source input statements either
by compil.’mg the input st;tements into a set of subprograms
%, Or routines, or by tranala:l:ing the input statements into a
table structure représentiné the network, Inptits to these
o simulators are generally Bool"ean expressibns’repre'senting the
mt'work. ‘ ’ '

o .

I} .

. each nodal description with a aequence of code capable of simu-
I&ting the nndg\. The ainnlatiop‘ ia thien performed by executing
the compiled code, .. /

. \ -

T | Table driven simulators sto natwork data’ in tables
to bc ,na;d m‘the' simulation, Linkagés betwoen the logic
elements are stored as pbinters in the tables, The simulstion

) portomd by -un:lpulatlon of the data in these tables.

.

1

3

e . ' Anothor pouibility is th[o use of a nixtnre of -
B T two tochniquos dcsori'bcd avove, T f

4 . The coupuod gimulator models the entire circuit

R \;r2

p m uﬁlt and th.rerorc one ucro-uode]. e co-piled
to a form that

!i‘th mnootinlv. An noat logic luvg]. simue
-mntiona to represent the elements of the

~ Compiled simulation uses the host computer to replace |

S

R T

Jeo e o .
K RO LT



by the ooinpiler represent a Boolean type o tion, The

indicated operations in'each routine or su is performed |
directly on Boolean variabie\s. The resulting binary output of
e " this evaluation is then. passed on to the next level of the =~ .
network, | , ) l
AN o %
- , The machine code executed must be, in' the same order
in which the logic eletger;ts are activated by tl;e signal paths,
' The order in which the elements in /fki” Boolean exprossions are
evaluated is determined 1n a pre-colpilation phaso prior to
the generation of the object code, After logic levels have

o been assigned to the gates. the gates are sorted by logic levela.

. -~
an

_The level assigned to a signal is dotet-imd by the
mumber of levels bestween an element and tl_le mten inputs,
System inputs are assigned level nro. All other hqmtc have
, a level one greater than the level of. thc inputs of the gatc
_ ofcwhich it is an output. In this way,- aeqncnces of object —
| code, ordered by element lml. are then proaucod. Wien the
simulation is ‘executed, the olcunts are evaluated in ordcr -
of increasing level with the elements of the lowest level =
processed ﬁrst. Hence lmling of the c:l.rcnlt ensures -that N
PR thcmtpntofmgatohmtmudmﬂauihm
are known., SR .'i - i

, Asa result of lmlisi‘nc. im' wm mﬁ. ,,.,.ej
work upm'll'y roquiroﬁ a m“ﬁ. ‘ i .: ,,.
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' ‘:‘ w weans of the pointers to th. inpu and outputs of ingive | ¢,

. ments are translated into a data structure representing E e

. driven 'gimula'i:or models the circuit by breaking it into smaller
_blocks which can be individually modeled according to their
- type. In this way, the table driven simulator dea’]:s directly
_ with elements, This type of simulator would determine, during

- 0)

=~ i
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. In a table driven simulator,the input sérce te-‘-J

network. In contrast to the compiler simulator, the table

simulation, - what elements are to be evaltiated next and then

use a generalized routine to evaluate all elements gﬁ‘ one type. '

~ The simulatlon would be peri’ormed by a program
which'would rollow. the linkage pointers from one element to-
tho‘- mxt.' The progra'up would make use of the various entries
in the tables to perfom the required operation, The evalu- . Y
ation routiné to be uged would be determined by an entry in
an “ELEMENT TYPE” column with values of imputs jdentified by
pointers in a "!'A_N-IN" entry,

.
Y] S et~

Unlike the conpilor"‘versigm\this type of simulator
would only use one set of object code tq simulate each logicalC
opmtion. The required routine would just be executed each o

\‘_jm that type of opmtion or olcmont ‘was to be evaluated.

Basic entries required to describe_ an element e
bu ) name given to the element; 2) element. type; |
:lntcu to the input and output nodes" of the element, “

unhqu between slements would be dctemined by the program




Unlike the compiled code mc;d!lel. modifications can
be e;suy made to the ﬁetwork by chlanging pointeré in the S
tables, The table driven version is more general than the " ‘
conpiler version ar(g can handle a large najority of circuit ‘ _
txpes. but it does have the disadvantage of being slower than '
“the compiled version, ! S g

The conpiler einulator andhble driven simulator -
could be combined by replaeing the elenent type pointer in ]
the tables with an address that points to object code to |
‘simulate that particular logic operation., This would, 1n
essence, be a table driven sinulation with that. particulur
object code Being execited each tine that particular logic

/

elenentvastobeovalmtod S T

OF D

‘!ypgs of circuits that can be shuhtod are
reforred to as either asynchromna. symhronou. or a oom= -

‘bination of both, . !he terns asymhrondﬁ- and mhromun
refer to the mamner in which tinin; consl.dmticns m

-}

haulledinthe-odel Co

Y

} o Asynchronoua opontionm ﬁutthtputputor

N

a gate at any tho is dotmh\ed nolcly by u. m m
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Synchronous operation means that the output of
a device is not solely ’dependent on its inputs, A synchronous

device would only change state under control of clock pulses

-which oceur at regular 1nterv;als. For a flip flop type device,

the gatod inputs would only be uoed to determine the outpﬁt

when the clock pulse occurred,

Purely synchronous circuits could be simulated very .

effectively by a compiled code s:lmulator because the logic is
only allowed to change at specified intervals (clock tlmes)
and device delays need not be taken into account

'Howover. the ability to simulate asynchronous -
oirouits .relies on the ability to accurately represent the
time associated with the evaluation of signal values, In a. .
real circuit, cumulative delays of logic olénents may oauo/e

-cirouit behaviour to be asymhronous with respect to the

olock. In this case, a table-driven simulation may give
more roaliatic results,

o a'l-lng mtm consist of the gononl purpose system’

“simulators, ‘GPSS and SINSCRIPT, and PERTY,

* . S

k}

)




‘i

\I-ogic behaviour can be. sim\hated by anw general

_purpose simhlator that models - a discrete enviro?ment Tho '

structure of the nitwork its behaviour and the simulation
conditions can be expressed using the simulktion language.

[}

GPSS defines as its basic entitigsc

.
1) transactions which move 'through the systems

2) racilities which are operated _upon ‘oy these
transactions; A

3) blocks which provide the rules by ngich
‘transactions flow, '

™

Por logieq simulation, the above concepts would rol‘:resent‘q'
1) signal pules, 2) digital elements, 3) the signa]: paths
of the network, .'I'he‘"logio gimulation rules are de{.’mod using
the general purpose simulator language aﬁuotuiécs. A s:lgm.l
must be acted upon by a gate betoro oontinuing to move through
the system, When their, inputs chango aatos are put in an L
event gueue and are replaced when thoir outputs change, Tige
advances aeoording to the ‘time at whioh the mtt amt io to
. ocour, The output and roport generation tu',lm‘os of tho
. ‘simulators would descride the aystem flow and state ehangon
and also provide summary stat&sti. .\')c

pn‘tho and ;u-ovido Aa‘ﬁtm

"".«.n'x
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] obtain worst-case delay 1nf6mation. Information such as
X . . \ . . ‘ ’ .

M y' nost probable time delay, critical paths, and the probability
. of ‘any gi.ven delay are yielded by using PERT, .
. 'hen used as a scheduling aid, PERT requires as?

.'g.nput three estimates concerning the length of time it wibl

L .‘ - | take.to do a given job, These esfimates ares 1) the most’
, Vl] 1likely time, 2) the shortest time, ) the longest time.
[ as cutput PERT would provide the probability of finishing

. the job at any given time, - e

. In the application of PERT to logic gystems, three
2 ‘ oat:lnatea of circuit delay as indicated above& would have to

be specified, Then by using tho PERT proc

.

S Innorlal usage, the_mtwork 1saﬂowgraph
- batween co-ploted mn upreaonted by nodes. No events take
pllco \mtil all. input nts cormected to it have been conpleted
,@u mmhea botnan the\ nodes represent the time required .to
imthomxtmnt;innthatauinputemtshave ]
murrod tIn the application of PER! to logic design, the
m- ars replaced by 1o;1 blocks, Time delays are thus = .

05 than the interconnecting

nud, one inllloatinc the time for the’ element”
\Mthoothormtmrorthc olmnttotum




G -

. delair of an input branch and an OR is represented by using

the earliest time of any input for critical patlr computation,
/ .
To use the PERT technique. the basic data required
would bet lf three delay estimates for each type of logic
" blocks shortest, most likely. and longest delays 2) a normal

distribution curve in tabular form, With this data, the

.

: aﬁﬁlieation of the PERT procedure would yield quantitative
estimates fort =~ Lo :

. . o

Probability ‘that an output will occur byi
a.‘\ given time,

Critical pathsy \ .
Timing slack allowable between

N



. rather than the :subsystem level. wﬁpre registers, adders, -

:'rha simulator described in this report is a ;able-
driven simulator, - The simulator works at the gate level

eto,, are lf;)dolled.

!‘ha simulation algorithm uses a téchnique called
Selective §yaten T¢ace [3] [ 9] for combinational circuits. o
This -is the evaluating of gate outputs‘ only when there has
been a change in one ot the 1nputs. In an actual circuit;
the number of elemants actually changing ‘state at any one
‘tile is very. smll conpared ‘to the total number of elements
(ﬁguraa of 1 to 2,5% have been stated in the literature
[s1 [20D. Anw ainhlation techniqua which follows the signal
ptopagaﬁom through “the oircuit and or;ly evaluatds the gates
nquirod vlr'tgally imitates a givon network and represents a
- very efficient mthod of shulatlng ‘the network,

FEES

<

4

I
hrlior ahnhtors had oyocled through the network

lvalmtim all olmnta the network each allm:l:4 time whethef
mulrad or not, ;

.
> L ‘e
L e AT B atper JBTL

r

!l;ia ahulator is capable of simulating both
8, a-mhronou or a combination of both types of




Subroutines are uged to simulate 'the normally ¢

very slmple behaviour of the elemente types. Element outpute _

" - ‘are not calculated by checking all input valueJ in a truth

table. Unique values are checked first and if they exiss, -

. the repaining inputs are not cheeked For example. for a
b input NAND gate. ir the first input had a value of 0, then
the output of the gate would be 1 no :atter what the other

' inputs are, The other inputs are dieregarded\ thus outt,ing
dovm simulation time. This is acconplished by usinq cone

- ditional branches and not vi%h AND or OR instructions,

Thie simulator usks three simlation yalues, the
normal values'of 1 and O, and X to ropresent the unknovm or
"don t-care"  condition, The X value is used during initial-
ization to represent the complete unknown state of the mt- - &
work at the beginning of simulation, While the simulation ' ’ "y
could be started from some gpecified initial ntttc ot‘hor thm
s the tmlmown (all nodes having valuo X). this. would aAsSsUme thlt
in the actuil Sitouit it is possible to set this state,. nnd\ ;»f{.;;;f'-
disregards the possibility of inherent duign mnts pr.-
venting this state from being set, only ny ‘te m
) an accurate representatipn is to atu't vith a cehpictﬂv
“unknown circuit

.

"’ ‘Fk“tf: .
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desired to obtain the required initial state from which to K
test the network. ' ‘ N

o ’
.

|\\ ' e
Delays are speeiﬁ.ed as a built in characteristic
- ; of each element grouping, Thege delays values are not fixed

0 and can be overridden by a user specifled value. \'\
. 4 '. The usefulness of any simu;l.ator/ is reglly deter-

w_ // , . mined by its output. A very efficient and realistic simZIator 3

l / . would be of no benefit 11’ the outputs derived were of no use

to amrone. The minimum a user should be able 1o specify is:

~ 1) a 1list of the signals to, beanonitored 2) output formats,

4— Qo and 3) the time at which output is t /g be’ produced,: This I

i"“. ‘ shylator allows the usger to specify which nodes to monitor,

L ‘_ | _\‘ vhether output is to be printed every clock time or every .

? .o unit delay time, and also to specify.conditions under which |

M ' " output is to be produced. i.e, when a specified node has a x

2 certain va.lue. . 'The sinulator output is a cha.t% of signal

M uiue VS tine with each unit delay /time (if requested) in‘each N

S Al
ALY
%

i L : ’oisock cycle indicated on the printed output as well as the ‘ " (‘
gi | clock tihe ' \
ﬁ | . Ae utategl in the Introduction, there i:}o hagard s
A . .1 . amalysis performed by 'uhia sinuintor. _ However, posaible . ~ «
| hasard conditions canpe detectéd by specifying the output %

‘, %o be printed every unit delay time. In this way, possible -
hasard situutiom. such as all inputs to a gate changing . A:

-hultamously can bo detected viaunny.

I Jf a natwork being simulated should begin to |
AP j:";ff,,jf;;muht.. the uiluhtor will abort the simulation aftera -
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. The majority £ simulators ‘studied by the author.
either used a special ¢ sign languago to describe the. network
or specflf:.ed the network in terms of Boolean oquatipns. Both

of these methods were rejegted for this simulator, The 1

‘Tumbér of Boolean equationa required to speoiry a d:lgital ‘net=
work makes it dirﬁeult for anyone who is not acquainted ‘with
the design to deduce its behaviour from a listing of the () '
equations. Likewige, it oould be very todiogxs and time con-
“suming to fomulate the design in such detail, . As for a apoohl
design langpage to speciry the network, it was felt %ho.t
requiring a casual usor to leam such a ;a.nguago do'gnotod |

from the actual use of the sinulatox. -

towards the user. ‘To code the notwork. tie user needs only a ;,""‘
well-labelled cirouit diagram, All nodes’ (:lnlmtu and ontput. |
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CIRCUIT{TO BE SIMULATED : )

. . GD2-12IN3 IN¢ OUT2. -
GR2-1 OUTLOUT2JIN
'KIN CLOKSET RSETQL Q2 |
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ﬂ Tow e~ / - el
o network, The interconnection of the elements is performed
< Al ° ¢

by the program, The formats for these element descriptions,

e as well as simﬁlati.on co formats, are specified in v
v . m, 4 .

/ chapter 3. A sample circuit and its required system’ 1nput

deseription is shown in Pig. 2.0, . 2 ' ' / .

¢

- . 2 g DEVIC g ! ‘ . , S
The simulator uses an idoal\‘lsed gate model 1n ‘
which signal :tra.nsi.tions are assumed to occur inatantaneously

- rag\er than with finite rise and fa.ll times., ;,See Pig. 2.1,

Delays are specified as a Jbuilt=in eharacteriatic

. of element groupings. The logic simulation is .time quantized
and signals change value only at discrete time tmité/. The
value assigned to these units is :e].ative since gate ro .
agation delays are . specified 1n terms of an- :lntegral mmber .

of these units, - - \ |
; //' The. aimulator does not take 1n‘l:o consideraﬂon S
IR o such factors as a ehinge in devieo delay: with loa.dlrﬁf delays - P
associated with lead lengths, -variations ot parameters from '
‘ logic bldck to logic block, stxaey capecitenoe and other signal
28 - circuit properties. Also device tum—-omapd tum-orr delaye
" ave usually different. This simulator uses one delay vaiua

for both turn-on and turn-off dela.yl !!ic dohya m mmlly

set up as a cQonstant value, usually oithor the muiml ulut 2,

¢

ca
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value, it is generally sufficient to measure thé maximum
time for the ‘signél to propagate through the r}etiork‘. torl'
- ‘ .

SV most simulation requirements, .

-

. The program initializes all element delays to a

value -of one, The user can override this value and speci.fi t
& for hig gimulation run, the rela'lgive delays required for each
element grouping in terms of del@‘ﬁr tine @iu. ’

. I

. The Basic .simulator consim of the tollovdng )
tabless the Element Description table, the Node !hn ‘I:uble.
“the tine Queue table, the Punction Description table, tablcs
which contain the current value and old value of ‘each node
(or signal), an External Inpyt Sigml Value table, and a
Device Farout table, o

- . P

o !he xleunt Doscription table. ocm;uim thc 1ntnr-
o mation describing the mtmk to be -hulaiod au o!.n ot
the table is 100 rows by 8 colunp '




.22 -

5 L was chosen because 1t takes seven entries to fully describe
a flip-flop device - 2 gated inputs, a clock input, a direct
get input, a ‘direct reset input and 2 outpu'ts.

« .

" ’ z’ z - uggg &Eg !.‘-a-hlg. e, ' . At

C o ‘ ’ This table, as the name implies, .si,‘mres the names
- {

of all the nodes in the network, The table has room to store

500 names, On input, the mde-naxies are stored in this table k

E ahd the position of the name in the tadble serves as ‘l:he numbgr

& B . of the node.& which is subsequently u{_g in other tables, for )
- example the Element Description table, . :

a S . v -
2.3.3 - Current and 0ld Value Tables

: ‘ ‘ These tables sre parallel to the Name Table and o
each contains space for 500 entries. In these tables are |
stored 'the current aignal value and previous signal value of

‘a1l nodca in the mtwork., The 0ld Value Table is required - ‘

, l‘as some dovicu. i e. ﬂip-ﬂops. raspmd to a transition from '
/ Tl one loglc levsl to another, Thus the evaluation routine for

this type of slement checks this old value before calculating

& tlum output" The Current v;luo table onfry for a node. is
mdut.d ‘at the point in time when that node is scheduled to
M value, Honoo. the value of any node is lmo'ma,tany

unlt dolty tin !'ho contents -of the Current Value table are

| w.d to tlu Old Vll:\u tabdle tttar each unit. delay time and




for the de‘vice types siwla‘l;ed by the' program, Thig table
has provis:.on for 20 entries with each entry consisting of

.3 parameters, -The parameters ares 1)-a pointer to an evalu-
atioﬁx routine for the element, 2) number of ippnts. and 3) the
element delay, ‘Used with this table and- parallel with it is
a table containing the coded name of the devices that the
_eystem is dble to simulate, The position of the coded namo"'
in the table is the pointer that is stored in colunm 1 of the
Element Description Tables, '

Setting up the device delay and number of inputs

as table valuesgninimizes the mmber of evaluation rout}ms
needed for simulation.- By using this table, the s.ane routine
Qnimld be used for alb inﬁut NAND gate with a delay of 5, as '
would be used by a 2 input NAND gate with a delay of 7,

The table is functionally divided into twe parts,
All gate .descriptioné are found in the first 14 entries with
. entries 15 to 20 used for edge sensitive devices (flip-flops).
l‘h(is division ia used when evaluating synckronous devices at
the begiming or m‘h new c),ock cycle, The element tabdble ia
‘scanned for- entries ch device pointers of 15 or greater,
2.3.5. = Time Queue Table P
The rino Queue tablo contains the mnts thlt occur
at so-e ti-e L whcra t is the hndax of the tin qucuc ubh.
. This table is panllol to the Mame ‘hblt. hu soo cntrlu with
,Zcolmperontry ﬂlh ‘hblo 1.Mtom¢ulumkm




the system, This tatte stores the future value of the node. -
.and the delay time at which this ‘new value will occur. When .
the simulator run-time (unit delay time) matches that of the .

time stored in this table, the vall;e specified is updated to
the Current Value table for that node, 7

R Y Y S P

!
=]

This table is used to store the pointers to the -
’Nn\o table for the nodes designated as inputs and the clock " ;
values assigned to these nodes, This table has provision for -
tventy nodes and values for fifty clock times to be stored.
At ‘the beginning of each clock cycle, the values for the j
:) external 1nputs at that clock time are updated to the Currerﬁ:
' .Value Table, - . X

v -
[ — —

b

The Fanout tadble is pm‘llell to the Name table and
, . ocontains ten entries per row, It is, in fact, a fanout table T

- for’ cvery node in the systen. The entrios in thig table are /
poi.ntors to an entry in the: Bluent uble. each entry in the
xlmnt table representing a logic device. Any device for E .
- . I, whioch a particular node s an input will be pointed to by an .
cntry in the PFanout table for that node, A uxim of ten
Mnmt devices ‘18 dlond per .node, . This table is usa“d
dﬂrlﬂc thc :hnlation run to dotenim which devices are

W«
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In order to provide “the capabilizty of doﬂning
new devices to t!re simulat/ for any simulation run, it was .
necessary to modim the basic tablo structure. The
cations to “the structure irq_}vo adding two tables,
iary Desoription table and a Truth table.\At the sent
timo » the system allows only two new dovio?s to be defined,‘
during a simulation, hence there are?’only two entries in the
Auxiliary Description table and only two Truth tables set up.

.The Auxiliary Description table has four parameters
for each entry.. These parameters aroa 1) the i:unh_er of input

'nod‘et 2) the number of output nodes, 3) if the’ device is

an edge sensitive device - the value of the signal before
the triggering edge, 4) a pointer to the Truth table used. for
this device. An entry in the Punotion Doacription ta is '

"also used for the new device, The. Pnnction aeription ble

has six empty positions. three for gate dovicos and three for

edge-sensitive or clookod dovipoa. . To enter a nev device, the
Function Description table is seumod and the first lvaiholo

position t& that device typo i.e, gttn or clookod. is used.,

The entries in that position are as touown dovioo neme,

' pointer to a ehndard onlmﬂ.on routine, a pointer to tho
‘.ntry in the Auxiliary. Docoript.ion tn'blo. und the dmdoo dohy.

.

T™he size of tho Qruth hblu oot up m ach m
dﬁico is zsmbyveolm. muaum-dmvw\
fivo inpm and two outpm to bt mma.
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2.5 = STMULATION ALGORITHM . - o

‘The model used ti) simulate the Sction of the‘ inter-
connection of geveral gates is Just as important as the" gate
model, ‘The accuracy of the simulatiori depends -on a good
circuit model an;l the objective is to imitate the action of
the actual circuit as closely as poasible. A roblgn enc,oun«-
tered with simulation is the time synchronization of the uioglel.
elements. A real netwo will pertorx'n certain events simul-
taneously while ,ﬂw simula;tién must perform these events in- .
a sequeni:ial‘ﬁnner. Since a computer. perrom only a sdquence
of ’ol;erations .~' digital simulation must. 1nhe§:ently be discrete. _
Thus the sequence qof devicé evaluation mt be time synchron-
jgzed in order to realistically model the system behaviour.
Using the tables described in thé Table Structure section,:.
the simulation is perfornad as follows: | ‘

1) A1 vajues that exist in the Time Queue table .
at the current shu].ation time m npdntcd
to the. Oun.-ont ‘Value table,
Using the Fanout tabls, 311 dovi.eu thut
affected by this chsngc m u-mluttq
nsing the new valus of tho mdo.




&) The cﬁrrc;nt time is incremented by 1 unit

delay time and the Time Queue checked for
entries with a schedule time equal to the °
current time. When found the process is
repeated again

o This is basically the simulation technique )

employed -~ only those devices whose inputs have changed are
evaluated and all evaluations at a given time are done before
fracing the signal path further, ]

A lore detailed explanation of the sinmlation pro- :
gral 1s given in the next paragraﬁh along with a Flow Chart
“ (rig. 2 b)

Fic. 2. 1a a detailed Flow Chart of th} simu-
htion tachni.que ugsed in this program,

To begin the simulation, the external input Yvalues.
_ are read from the n%;rm Input table. The new value is
.cospared’to the current value in the Current Value table,

Ie equal, no further action is taken for this external node
am the nluo for the next external input is retrieved. ' If
_the two values are not equal, the new value is updated to the
. Gurrent Value table. By means of the Fanout table, all devices

m m affected by this change Mvo their outputs calcu=

: If the calculated cutput of the device im not equal
'ouu'mt valus of ‘the output node, the new value is

h the !h- Queue. ¢ntry for this node. !he achedulc
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{ . time stored !.s equaiﬁto tfxe cufrept '_time plus the spe‘o',ified‘j .
- . dewvice delay, A count is kept of' a11- nodes scheduled, -

- . After all external inputs have been updated to the Current
S Value table, and all outputs caloulated and scheduled for

| the devices affected, the éynchronoua .devices are avn&g;jted.

The Element table is sear;néd for smhronom; :
devices and ‘tineir outputs caloculated, Any outputs that differ
from the current value of the nodes is scheduled as outlined
above and the schedule ‘count increm§gtéd. After all a’yncﬁ-

ronous devices have been evaluated the cofibinational network
is s:unulated by tracing the signal through the . %et\vork

| The simulation tine is. initially set to .1 and the
; | Time Queue is scanned for an;r' entries with a schedule time
’ ' equal to the siuulati.on time, ' If an entry is found, the
achedule value is updated to the C\;rrent Value table and tho
entry is deleted The schedule eount is then decremented. by71.
The dcvices specified in the Fanout table for this node are
ovaluated one at a time, The Time Qunue poaition for the ° e
. output node just calculated is checked to see. 1t ‘there ls an i"
entry there already. If mo entxy; the oalculated Mua is /
compared to ﬂm current value ofthc output node, - If Qqutl,_ R
no further action is taken, If not equal, the: node. 1l aohtd-' ,
uled as explainad above and the qclnd,ulo count - muionto( by
_on;. ﬁ an cntry is. thm. thc schcdult tim ot tho' pnw
is theél checked, This j.a dona to aupm'c“ W spikin

.
v
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'doermnted by one, ;

delay, If the schedule time does not fall within the ¢ t
siuu;}atien time and the simulation time plus the device delay,

»

thia repreaents an error and the newly calculated value is

o, P
T N A

conpared to -the ¢urrent value, If not equal, the node is

scheduled as asbove and the schegule count incremented by one.
If the schedule time falls in this range, the schedule value
is compared to the newly calculated value, If equal, the
new value is not scheduled If not equal, the new value is
eeupared to the current value. ‘ As this si:;mlator ugses 3

o
N e AMap e
U< W YT

oA et o

Y

‘e

e

aimlatiop values, the new value may or may not be equal to ‘
the current ve.lue. If not ‘equal to the current value, the ~
mv value 1s scheduled without altering the schedule count,
If the values are equal, this condition then represents a
spike as defined above. The new value is ‘xot scheduled and
tho entry in the Time Queue is deleted and the schedile count

\

q -

!h:la process is repeated ‘by 1ncrementing the
linuhtlon time until the schedule count is gero, At this
point the citou.it has been simulated for one, clock time. 2’

_!hit preecar is repeated untu the ‘desired number of clock

&

tl.esihvc boen ahmlated.
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The progral consists of a maln aeeﬂon and seventéen

subroutines, The seventeen subroutines consist of eight system

subroutines and nine device evaluation subroutines,

Vs

This routine 18 the command level por%ion of the\
progra- In this routine. the :lnitialization .subroutine
(INITRN) is called to initialize all tables and variables,

This routine will call the subroutines listed below when the

command showh is entered,

N ,
Subroutine

CIRBLD

S

o e




This routine is called by the main sectioo when

the command “CIR" is entered, This rontine is responsible for
accopting the input circuit description. validating the device
typo and building up " the ELEMENT (circuit description) table,
the device PANOUT table and the NAME table. The names of the
nodes are stored in the NAME table and pointers are placed in
the Element table to point to the respective node nameé. A
pointexr to tho device e\'raluation routine is also insertedéin -
the Element table, The Fanout‘ table is parallel to the Name
table and oontaios pointers to, the devices in th? Elemeu
-which m eonneﬁted to “this node.

Two subcommands, “EDIT and "CORR; call in subroutines
mmm and CORRTN respectively. ‘ .

% command “*ENI' can be entered at any point during
the circuit Ouild to exit from the routine back to command level

li

R This subroutine buil;la up the external input table, \

-7his routine asks for the mnqa of all external, inputs to the
oirouit .rd thelr values for uch clock time., The routine

tlun hmllds upa table for 50 clock times waximum, This ,/"'

) ‘mtm is oslled by the comsand "EXT", Return is made auto-

nﬂmry to the co-und level after all input nodal values
me hbw spooititd. !ho o ino can algo be exited by enter-

W@uﬁ Iu thh mo. an poimra in tho EXTERNAL VALUR

i3

i alv AU Rmgaat ST

. f
o SAL "M Ld

ok



E.
13

e

-

»

AR“»t

e g Ten W
W e
% M

'

0,5 N ' ‘

3

The command "PAR" will call subroutine PA‘RTN
!his subroutine allows the delay time and number of inputs
for the devices simulated by the. program to ;Q changed, The
maximum number of inputs allowed is five and the largost t:lme -
delay allowed is 99, |

0,6 = Su TRIN . |

The print options subroutine (PRTRTN) is called when

the command "POP" is entered,

This routine is uged to set up
the user's print-out requirements, :In response %o directives
from the program, the user spec_ifiés whether he wishes jl:ho° oute
put to be printed every e.lock time or every ﬁnit delay tim. ‘

-+  ‘The user. can also gspecify that printed output is tm ooour only

when )certain nodes have a specified vaJ.ue. The user oan. apceuy

up to ten nodes with thei.r respective values so that output wu;l

P only be printed when one of-these nadas has the value imdicated.
. The user can also specify which nodu are. 'co be nonltorod lnﬁ
/, printed, Up to eighteen nodes oan be- abqgifiod. l‘ho donult

values are the first slghteen. nodes natéa m the. m table, .
- In response to the direotive to enter. tho m!us oz thn nodoc to

be printed. the user. can either onter up: to 18 M‘ m,«ﬁ N
or ALL, The latter tvo rnponaos tuuit !.n ‘ﬂwﬁmul Mfﬁo&? 3




made autoinatically to the command level. If an input error

has occurred, all the node names must be “entered again,

3 '3.0.7 = \ IR

Lo This is not a subroutine like the others. When the
;’c\émanq. “NCT" is entered, the initialiigtion subroutine

. (INTTBN) is called to reset all variables and initialize all
tables and arrays. A transfer ‘is then made to the circuit build

gubroutine (CIRBLD) to allow the new circuit to be entered/

) i - This routine is called when the command *SIM".or

| "SNI® is entered, This is the routine which simulates the

 oiroult for the number of clock times specified, - If no external
hputa or input values have been gpecified, the subroutine dis-
"plays the appropriate message and control is returned to. the
command routine., The circuit is initialized by setting all
node~yaiues to X and all extermal nodes to 0.and then looping
through the circuit until no further elements change state.

-lho user may specify initial settings ot external nodes before

ﬂtho circuit is initialized, Use of the command "SNI® will allow
o fﬂlt user to re-enter the aimht:lm subroutine without the
"7 oiroult being initialized, This command would be used when
o “the. untwilhu to enter in a new sequence of c}ock pulses and
cmtim to limllto the circuit without rcsotting the current
Ny pirouit ah‘h. . Howsver, tm circuit must be initialized the”
"ﬂut’tiu tt is :imhm An attespt to use the command “SNI"

w,« .
GO L. .
SR . . .
T N e i St S A e e el f e b

. P
s

[
Tpme™ o o
L B ® gl

¥,

L
R

.

b
.

"
A
¢




/
on a new circuit whicdh had not previoualy been initialized

will result in Aghe circuit being iﬁg:iauzed

DRVRTN, AORRTN, .XORRTN, JKRTN.,” DFFREN, ., and USERTN to
simulate NAND/A
gates, exclusive-o gatea. J=K :rlip flop. D rlip flops. R=S

" flip flops and user-deﬁned-devicee respectively.

gates, NOR/ gates, drivers. and-or-inverter

After the.requii;ed number of clock pulses has been
~simulated, two commands, "CONT" and "REP" can be entered. CONT
wili allow the sinuhﬁon to continue for a specified number of
clock pulses until 50 is reached, REP will repeat the simu- '
lation with the previous inpu‘f values but without inithli:ing ~
the oireuit beforehand, .
. ®END will cause the subroutine to be teuimted and
control returned to command level. | X
+. » Another subroutine PRTLIN is called as needod to
print the wvalues of the requested nodes,

-

3.0.9 - Subroutine EDITRN
mie~routine can either be oalled at mte- command h
level or in the oh\ouit build mode by onter.tng the command 'IDI!"‘

At system ooueud l.evel. 2he. mbroutlm \vill ask
what function is to be perfoned; i, e. lid‘t ﬂu !‘nnout !‘or
each device or print the eirenit deloription fx‘o- the nmont

table. Two responses, "CIR’ ua'mr vux ull :.n tho emomhtn "
tunctlon.- b i



»

.
.
l - v

*

This subroutine is called only from the circuit

“build subroutine (CIRBLD) This routine allows corrections -
to be nade to the circuit description table., No deletions of
device entries in 13_!;0 table are allov}ad. only corréctions or \ :
replacements to existing entries, . The FANOUT table is also
updated to r,eflect‘ the changes in the circuit ndesc:ibtion. No L

’

changes are made to the NAME table, : _ \

e IR
.

,-

o

-

Mk RE

| This routine is called when the command ("NDEV”" is

, ontcrcd - This subroutine allows a user-defined device to be
3 . " “entered i.nto the device table. The number of inputs (maximum
\ ‘5) and outputs (maximum ﬁ) are entered along with the device
A neme, The device delay and truth table are also entered, along

: ‘:' R with information as to whether it is an edge-sensitive device

:\ _ ('i.l-. 2 £1ip flop) or a gate, This device remains in the

_dwiet table for the duration of the progran - The description
.. of eny device can be replacad or chariged as well in this routine.

X B «

M m ror ald the routines ducribcd in

Loasyh ‘» L

.0: m’ ihm in ti&uru 3.1 to 3.10;
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Im'gg Toury

TARLE ¢
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RUNFAILN
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«

3) m;p;gd Ougut- 18 nodes (restricted by page v/idth)“ .

PABIL T

1) ng;gas
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v
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The program will ﬁmulate the follow-

ing devices: BT

o 4 "

NAND gates (2 and y 1nputs)
. AND g'ateé (2 and 4 1nputs) o
NOR gatgs (2 'and &4 inputs) -
. OR ‘, gates (2 and- '+ inputs) T

Xclusive OR gates (2 input)
m-OR-INVERTER gates n .’mputs)

DRIVER (Inverter) - c . C e
‘J/K FLIP FLOP . o

“1,) FLIP FLOP
‘R/s mIpFOP ¢ -

ahe maximim number o:t‘ elements that can be Bimulated
is 100

—

’

©o
ot
‘\'u'.-u

t‘

Up to 500 node names ean be handled

- up to 10 nodos d;m be speciried so

) .

2) w—- up to 20 external 1npu1:s can be ‘

v

speciified.' o -

.

-1nput values for 50 olock times can - ;

2

* )

be stored . | ' -

‘. o .

- ‘
N
hd ’

»
LR

can be dosignated to be printed ‘ “.”

tlht output will only ba printed ' e

‘ .
M N T R Y

vmon any 1 of the 10 has a speciﬁc
“1“.. ' * ¢ ‘ oo



. ' . 4
‘= printed output can be specified to

_be printed ev;ry clock time or.at
every gate delay time, &
C e

.
o

‘4) Parameters . . = the internal delay for each device

type has 1ni'tia11y been set to 1,

A
‘L‘his 6‘an be changed \;,p to a value of

cribed and used during any sinulation
run, These devices naynsither be’

“

ga'ées or’ edge-sensitive devices auqh .
aa rlip ﬂops. ‘

ol

.

~1+the smlator ﬁaes 3 sinulaﬂon
values 0, 1. x. x 1. ma/for 'don't

: care' "don't know" conditiom.
. W

- a. mhuu ot 10 outpnt comctions
m allo\vod :or each devicc.

.i,';g ‘0 , \,q




3\

N '

. -, . K "_VN .
[ st a
* £ t v >




0y Y TR »"‘*‘?”‘? %,@55@§ iﬁﬁ m? ;
7¥E‘¢w ST ¥ ‘{“%ﬁ‘ n R *12-}.,‘4;: J‘.f{ﬁﬁs 1»\

¢ . "

ks

j”h

od

RIS A
I . v
&

oooo;a41oooxxxx
01111000 xxxoooxmmx111
001111@0 xxxxol1xxx111
000111190 0XXXXOLLIXXK L

1110001111!!’111

h, -

a8
Ll
oyt -




1
i
|

, \
,
I % |
” . ™
~
S
r
A
e 3
. i

J-X FLIP-FLOP
. . r~

-~ i

, : - ’
ﬁ‘s( qp____
. . .
- Tlock D ¢
‘masai——
= , .
. I ‘
. . - u_
’ ", o
Ly
{ ‘
Vi : |
TN '&‘_ \}l'. . T ’

Sa N
/ Q

/ . | e

~Trigger edge - 1—>0 transition,

Asynchrorious irnputs, direct set w
(s4) and direct.clear (C4), over— -
ride the synchronous inputs. They

K]
are indepé%dent ‘of all other in-~

puts, A

v
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' Direct 1nputs (Sq and Rd)
. override: the clocked 7inhut
operati on.
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prpgr&m'.aré shown in _Figux‘e 3.11. The' truth tables for all
gate devices are three valued - O; 1 and X, All flip flop
devices trigger on a 1 to b-transition. Eand a],l digct/.’mputs C

(direct” set and direct reset) override the clocked inputs.

. !‘he fpllowing comands are used at the SYSTEM
fcanuum level of the px;okra.m -

GIR- ~  'to call the "CIRCUIT BUILD" routine 3 enter the o
— oircuit deagr‘iptioii into the syatem, _ : - .
“EX? =  to call the routine to build up the "EXTERMAL INPUT
| VALUE® table, S~
EDI? - to call in.the “EDIT® routine which allows the user

to print out either the circuit description or the
- tnnout for thc devices 1n the. circuit .
.PAR, = ~ to- call in a ‘routine which allows the us\er/(o change

-~ the delay time for all daviees. and the number o!f ‘

: - e

1nputs for gate doviees. . ' ‘ Yoo
POP =~ . tofpall in the "PRINT OPTIONS® routine. "
. this- command is uaod when the. ylser vishes to- enter
‘ ' : . 4 new oircuit daacription into the systenm, Y
" NDEV = - calls An the: 'm DEVIOE" routim. ‘This is uaed' - S

E
widt [
* .

to ontot a \usor-doﬂned device intc the aysten tabloa. ,?“%
[ . A :é

- -

A}

’ N w
i R o \
te o - < 40
* L BT T v .‘ i3
w P Lot vp! Sl
VnS o A MAY L iRl by 2,



.
o . .

i A ’

) . B . . - - - 3 -l

N - | v
. . : SRR
S SIM (SNI)- calls in the "SIHUIATION" routine, '
2 . - SIII "will. 1n1tialize tﬂt citcuit before begirming X
. " the simulation, . ' /
L . 'SNI will begin the simulation without initializ-
. - : " ing the circuit. "' J\ ‘ |
, 'END <« " terminates the progranm, ’
3.%4,2 - Device Types and Nameg - PRSI
, .. . ‘The following are the devices simulated by the pro- .
| gram with their coded device names, ) ' S
' -, 2 input NAND gate . - GD2
3 D & input NAND gate \ ek
2 .’mputcA,ND éate | GAZ ) ' PR
) & input AND gate B GA% v ‘
‘2 input NOR gate cnéy ' :
) . L, b input‘m.m)' gate GR& - f' :
' 2 input OR gate , - Go2 S :
.+ b input “OR gate ; | 50% . é
: . Bivlusive -OR gate - | XoR o
b mn/oﬂ/(tmnm gate . AOR- RS
o . Driver (Inverter) ' . DRV -~ I R
% ¢+’ J=k FLIP-FLOPS . J-K SR
' _ FLIP-FLOPS

‘D

R/S. FLIP-FLOPS




. subsequent re-entry into the Circuit Build routine, the message

"to be corrected is referenced by the numbers printed on’ 'éhev Jeft

- -84 -

L3
%

fhe first time that the comagad "CIR" (18 entered the

-

message “ENTER CIRCUIT DESCRIPTION®" will be printed, For any

will not be printed, The circuit descrlption is entered, as

per format shown in Format section. oneé dev1ce per line, up. to’

a maximum of 100 devices., Node names are from one to four

- & . . . J
»

characters in length,
Subcomman\?e - EDIT, CORR, ¥END ‘ . o
These commands can be entered at any time during SN
circuit build, ' .

) . 1
-~ . 1 .

- EDIT will produce a formatted printéout of the -
circuit description with-line numbere at the left-hand side,

- -

l'hie print-out would be useful in detecting errors in the

Q A

,entering of the circuit description,

n CORR allows eorrections to be made to the cirepit |
description. table on a line basis. The line (devme desci'i*btion)

o

in the EDI'I.‘"‘ print-out. The device deseription is corrected "‘by

re-entering the entire line, .' = T , | L

Return from both of theke routines is back to the

-'oircuit bui.ld routine at ﬁhich point the user can continue to 7.
enter: the. reuihder of the circuit description. ;‘ N .
, "END e.llows the user to exit from the circult build’ i
‘routine back to the system command ‘level, ‘ : ) ) .
um = The oiroult wuild rontine can be re-entered at-any -, | v

" time from the‘ayatem command level by entering the - . |

congand "CIR", .The rdp‘b:lne‘ will “then continue to . | a

-



. o i "
B
'
4 - 5 -
. .
[ .
- - - .

] s o build up the cireuit"descripfion table from the

| last entry. - "
Any node which is permanently connected to a ground
potential can be assigned the name *L0", and any
node connected to a hi/gh r positive source can ;m
assigned the name 1&" These are system reserved
words and will. adsign the corrget value to these

. nodes for the simulation,

L4 - ing th S 1 Input V

Command uged - 'EXT : o , E

A maximum of 20 nodes can be defined as extemal

inputs to, the simulators. o
In response to ,the message. “ENTER NO, OF INPUTS )

’ ‘
AND NAMES®™, t{::mber of inputs and their names are entered
‘as shown in th

put format.section, The number of inputs.
must be a 2 digit number with leading zeroee H necessary. -

' Only ten node® names may be entered on the first -
line. For 3 system with more than lo\.lnpute. the’ remainder.
up to a mximum ‘of 10 are entered on ‘the next 1i.ne.
ey , The nodes aesigned as inputs muet have previously v
been. entered into the systemn during the cireuit build phase, . .
Any node name that is not in, the System Name Table will'be  *
'r“ejectet‘l ' L N . C, e '\.

*BND sub—cpmmand vdll ellow the ueer tb exlt 'beck T «

_-to the sysi:em command level, In thie cese. -all entriee in N
the nxmauu INPUTS TABLE are deleted. RO e

< Ir a11 1nput nodee* spec:ltied are ve,li,d. the W“'l




- 86 -

will respond with the message, "ENTER EXTERNAL VALUES FOR

EACH NODE", The input values for each: input node are entered

either as a repetitive string or an absolute strlng of ones

’

and geroes, / _ :
Por repetltlvecrm\uts the following example 111us-

"trates the Qnethod of entering the i\nput values, Tbe input »

sequence 1001100 is to be repeated for an input &de ABCD =~

.

&ggagg&oonog ) ' g
. input bit stream - clock time values,

nunmber of aiggts in string to be repeated

L-R - indicate&/rébeat the next ? bits,. -

Q
- - node name, ' : -

g

it ig entered in the followirg manner,

The system will build up the input vector for thils
node by repeating the 7 speciried values until a maximum of
" 50 clock times have been established, ,

- Por non-repetitive inputs, an absolute string of

ones and zeroes can be entered, An example of this method of

entry 1g as followm ) . .
A node BBBB has the follo\Ing input values
111001011001 S=r==-gtc. - It is specified as followss -

.+ &BB 001011001 =mmmen ot

l—- input clock time valuee,

‘

~ , nust e zero =.not used

o Af - indicatee ~ take values as they occur

»

L— node mme -

N . . . ., . ' R
R , : . . .

e '.“.,v;'."‘:‘w\i\; "' .o, " Fon N , ': O .o ... B‘ -

O L S L 27 ST T S s VR oL W

e ‘!ho i.nput veotor is built up by taking the nlues ’




-.gpecified as the ir:put clock time values,

.. -
N

Arter all inputs have been specified. return is

Jmade automatlcally to thg system comnand level, ..
£y ( . ~

v

§ S «~ Obtaining An Edited Printo

. C uit To Be Simulate
| Command used - EDIT

2 "'( v
c.,r,

In response to ““the comand EDI’I‘. the systew w;lll

out the messages . '

"\ "ENTER EDIT Rmuns'r - CIR on PN o

j “CIR" will cause an edited printout of the circult :
deseriptién to hb printed . L

)! 'FAN" will 1iat all devicea in the ayatem by me. .
and indicate the devices o which they “fan out to, °

!
A

H 6-8S ci. Ou
Command 'use& - POP'

Print optiona available ares:-

1) Specifying up to 18 nodes to be print%d
Default -is first 18. nodes ir the nane tablu’." ,

2) Speeify:,ng up to 10 nodea \vi.ﬁh !lpecitic\ ul‘uas»
so that: printed output \d.ll only oocur mn “
"any one otme/nodéa has that valus; N \’f '.

3) Spetifying: printed output to oocbr onry clock

© time o‘!"'o/very unlt d.liy tho




R,, . , c Print every clock time. or 3 "

| - ‘ “ G - Print every delay time or ‘gate t:une. . o

. » plus dp to 10 prini only"” node names a:nd their prn;t only

\\\ valies, - . ) '~ Lo

‘:17 T \\ - In resppﬁsé to the ;nggsagga \ ' o :
| - | =EMTER 'NODES TO BE PRINTED", S R

a

the ~user'~ eﬁf{riter'eithei‘s 1) up to 18 node names or 2) ¥*END
| \to exit back to the system comarul lgvel I case 2, default
Y conditions vdll prevail and the first 18 node names in the '

7 rame uble will be sonitored and printed - , \
S T o . < & - \
5 : ’ -l Py . e X
‘ | A
. 4 - m met v ¢
- o c::mni"used - PAR ° . | R :
.t . . S f
o - This command allows the user to changa “the delay
r; Y ' tile for devices.«or the mmber of 1nputs for a gate deviqe.
:;;:,» . - . . \ S - .(;"’ R . (*: e .
f}l oo In responae to the message s T -
SR of o . o " ! T .
G0 ,{ " ._ ... “ENTER DEVICE TYPE", ; : L ;
W q‘ T e l ’ @ B
N . . the user enters one of the device names shovm in ngraph S
o, ! . 3.# 2 ét this uction. , ' . oo = _ ’ﬂ
S . \;,\ B o ? -, - P
1 ) . 1 T In rosponso to the nassage: T ’ . ‘ ;.“
il ". ' . \ _‘ ' f N .3 ’ . ::
’&’ Lt S "ENTER PAR T0 BB OHQNGED IN FORIWI‘ - MA%%M 99"’. C ]
) & thg}aur onteran o T '\7, f S '
. m +a2 digit nuubcr wlthv(uding sexoes to L

lulicato tho mw h\mbép of lnputs. or ..




T E +a2 ;digit number with leading zeroes.
ir necessary. to indicate the new delay
time, or

£

_both' of above,

Command used = NCT.

This commarid will zero out the element table,) the .
mme table. externa.l input table. and all pointers and counters.
\* ‘The aystem will respond with. the message, “ENTER CIR,CUIT /
DBSCRIPTION" The user can then enter the new circuit,

-
. -
-

no'm." Any parantter values in the Punction Description
T table that had been changed for ‘the previous

cimuit. will not be reset, They can be changed

tack to their original values or new values ‘oy
using the oomnd PAR,

.G -

ﬂm uur =y speciry two new devicés to be added
'lao thp mtu 'hbles. They nay be gate devices or edge-
nnsi,tin dovlcoa .such as ﬂip-rlops.

’ (Y

O !‘lu yurmu.l ontor tho -naw device name, ‘number
- of Iuputt and . outputt. the dchy. whether the device isa
o "‘ihﬂw nip-ﬂbp typc.) mi ﬂmuy tho truth table for the




Tiae' size of thé truth Ftabie/expected By the gystexi:

S igs 4 ) ' A ‘ v
» : * number -of columns =.sum of number of inputs + L __:
L T | | | o number of. outputs, . Yoo
= ' A nuinlrer of rows = . .(number of inpi_rba.)‘z h"«\t- ‘
' . . - Return to system command level is done automatically
after entering the truth table. - , : RN ~

.
{ N . } _ . R
! " PN . ., P - -

. . . .
® s . s

. , . ) , a Ce . [ ‘-‘ . _— . . . v CT e
- COmmands used - SIM or SNI' . ..
— ., . The command "SIM“ will. ca{l in the simu:lat(ion I

routine and initialigze all- node values to X (unknovm)xind a11 : o
input node values to zero, At this\pqint. the system will aak LA

if any input nodes are to be set to a value other than zero, -

- N

.. . Af 8o, the name and value is entered in format shcmx n the o
- romat gection. The simulator wil.l then simu;.ata thc circui.t
! with these vglues until a ateady st&te is renched. 'm:la ia ~

the initianzed s‘f;te of the circult. B K /
- The commaitid "SNI" will call in' the s&mhtion “ i
routine without inltializing the clrcuﬂ‘ This oan e uud
when it is debired to aimuhtn noro tmm thc uxhun so clock

times; .The ﬁs:st 50 clock times m sinuhtod ua;ng th& comm

“SIM", Return 13 4then made to ﬂu nyatem éamm 'uvofl whm Br
the next 50. input,plook values m antma' u(lnc thc '*

‘.r"..

"EXT", The aimulation caAn’ %hm continu& by uui

- "SNI" so that circuit _node. valun m_ummgg(v;




-91- 3
After initializa'gzion or entry to the simulation
routme.,t’he system will request the number of clock times

. %o te simulated,. The user responds with a 2 digit riumb_er
Andicating the* number éf clock times (up to a maximum of 5
. . to be simulated, |

.

. The ‘simula‘tior_x-will then proéeed wi“t'h t};e, speéified N
N " node values bei‘ng printed for each gate or clock time as ..
- dejsing&’. | y : | ' ’ |

“ After tHe speclifi‘e& number of clock times }:as been ’
SR simulated, -the system will request further simulation instruc- K
' N »tions by pr:lnting the message; ' y : | \
A ~© "BNIER CONT, REP, OR WEND*, - |
. - . CONT = means to continue the simulation from .this |
[‘ , ,' . ‘ 5 . . point. The system will again ask the. number ’ -

Ko e S ~of %ock timék to ‘be simulated. . When the .

‘ h - p mimm 50 clock times have been rea\cfxed ’ C
" . thle,simulat?on stops, ' L

, | “ REP - = means repeat ﬁp simulation using the ﬁrev- ’ .
"t " . o ious spdcif:{ed ﬁuﬁbez;,of clock times and . '
/N IR T " input. values without re-initializing the '
T o - eircult,  This will allow a circuit with o X
\ T o input val_}n' of. a repetitive nature to bem ) L
| ‘ | | qontinucuely :qilgg;ated. L N,
» \‘ ) fpi . - et me - indicates the cnd \or\)fhé simulation yun l
T o .. andreturn is nadt‘: to the system’ bommand s

level,




Command used CORR
& ¢
This is a.subcommand of the circuit build routlne.

To make corréctlons. the ciréuit build’ routine is callad3 g
using the command 'CIR” 'snd the subcommand ”CORR" is entered
Only corrections are allowed. N deletions of description
entries are pefpiﬁted. The gyste will ask which entry in the’
.cix?uit'descriptipn table is to be qorrgc$éd. ~The”corj_réction

is made by re~-entering the.entire line aeqéribing the ﬁevicay
" ’ ’ ' \(\ \/ - ) .

© 2.5} INPUT FORMATS® 7

,Figure 3,12 shows the input data formats for the

system. Also indicated is the routine and system megpages to

vhich the formats refer,
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e . ' CONCLUSION - SR (\

A program has been \siri en w’hlch makes poss1‘b1e the-,

L '

si.mulatxﬁ o dlgi.tal circuits as an available tool for de31gn -

veriﬁcatlon or teaching purposes The program has been found (

A
N

© to be very easy to ‘use. New users have found the input format

- ) very easy to use as opposed to using a special design 1anguage

to describe the clrcun;‘ ) L. . ‘ v ,

As'for’ gimulating real devices, the program do_es not
use a fixed constant as the internal delay o;‘ an elemeny g'rouping‘,‘
but allows the. user to designate his own delay to- s?i:t; his simu-
lation purposes. This a],'lows for a more realistic simﬁiation A "
najor feature of the program is the ‘use of ‘a selective trace pro- i’
eedure.. i.e, that only dev1ces whose inputs have changed are re-—
evaluated during each cycle rather than evaluating all devices

" each cycle. ) ' 1

—
.

Data 1np\rt has been si.mplifled Ail *éhat is’ requine& i
iq a well labeled diagran The descript’ion of the circult is \ :

\ taken directly from the disgran, Bach element is described with
Cits input and output nodes “as a single statement vhere the order
of 'I:hede etatemenw ia unimportant, "~ h

d “ The progran iy structured auch that 'the smulation N
cauditions ‘{inputs and outputs) can be changed independently of
. tho eimuit deacription and vice versa as outlﬂned in Chapter 1 - :

A

‘logic Simulation Process, o

I ‘ N
‘ A sanple terminal session is shown in Appendix A,.
| !he circuita simulated are shown in Figure A.l. The s»imulatipn_s
ahw _the program’s capabllity to simulate both synchronous and | ”

r “‘Val‘ious' tegtui*es of “the program . B
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'Tl}e sifulation program bas been programmed in

FORTRAN and operates* on-line in a con‘}ersation jp_pde- on' a

. . -
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' ENTER CIACUIT oéscn:cprmn : T e T o~ "
?; j‘ﬁ‘; ﬁﬁzﬁ‘ikagtﬁ . 3; .3;‘ ENTER. CIRCUIT. DESCRIPTION _

e L - . TLY FROM DIAGRAM.
7 J-K-3 J3K3J3K3CLK ~, Q3 Q3= ‘ DIRECTLY FROM DI
? '802-1 UPENQ1 UPQ1 ‘ ' N ’ ) . . . . i ' .
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., 7.GD2-3 uPQ1 —-ONQ1J2K2 - - . : N " '
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GD2-4 UPQ2D0NQZJIKE . ".‘ PRINT DESCRIPTION oF cmcun'
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- , . \
) A . ,

3
2

';3‘"' J-K-3 - J3K3 - 33&3 ) CLK T a3 - Q3- _ ‘
a- eo2=1 " uPEN e T IR S ‘g
5 %

A ]

- Go2-2 * -opEN . G- natr - S

P
~ . . A
. ) M . . *‘ﬁ

o HE vPR2r . e i

3
. S

- . - ' : R - " . . . . R . . n
f s . . . #

-6 -GD2-3 - . uPQ1 . 0*101;‘ ‘ L CoLdek2 e . X
7 604-1..: " upER @1 . @2
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; "9* G02-4 - uPm2’ bre@2 -, .. - J3KE N
‘3. COR." - I ’ ' 2 , ENTER CORRECT MODE: MAKE COf

ENTER ELeatEm LINE NO.-Z DIGITS ’ . % CIRCUIT.D_BSCMFHPN' &
789 : e : - .

~ ;
~ ENTER connr-:cr LINe . T v : -y
- 7 6024 UPQ20NR2J3K3 . : R - Cooe L T P

1 ADDI'{;{GNAL CoRRECTIONS . e '/ AR Sy
\: . “g ;’END’ DU - ~£ ...~ EXIT CIRCUIT BUILD MODE. s
§"g§¥,°"*"!’“!°, S S THIS COMMAND. ALLOWS THE.® i}

. . , 'USER TO DEFINE THE EXT.'
' . “ ! | mms. [, N




o o~ . - .,,s,a g Ares - e r oames . ao

. L ! -
z CLK Rg284. 5 - o T e T
7 upENAan111111111111111111aaeaaﬂnusnuuuueaun111111111111171111
? DNENA:~aaunuuuouaaunnauuaua111111111111111111unnuuaauuaaauaﬂnau
ENTER COMMAND o
7 POP % . SR 2 pnxur ouwrur couannn
/.JTER PRINT HEQUEST-B C—AND PRINT onLY qsauasr
? C ~ :
ENTER NODES T0 BS\PHINTEB - PRINT OUTPUT EVERY czocx !I”B‘
? UPENDNENQ1 Q2,:83 . < —= Pnrwr
ENTER COLIIAND - g
‘7 SIM - ¥
NO OF_ CLOCK TImss TO BE SIMULATED
7 38 . L
. qustr ExTERuAL INPUT NUDES-Y N
-7 -
> uPEN . QT a3
: DNEN qa'

INIT 6
CLK 1 1
cLk-2- 1
CLK 1
CLK
ELK
c
ol
- CLK
. CLK -9
cLK1g
-GLK11
CLK12
CLK13
CLK14
' CLKAS
CLK16
CLK17
CLK18
CLK19
CuLk20.
CcLK21
CLK22
CLKE3
CLK24
-~ GLK2S
CLK26
CLK272
cLk28
CLK29
CLK3g_ g - 1
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CLK34 * @
' CLK35
CLK36
'CLK3?
. CLK38
CLK39
. CLKay
CLK4 1.
CLK42 -
‘ CLK43
' CLK44
CLK45 ™A

, ENég couTVnEP-oa *END
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7

COUNTBR IS COUNTING P
AGAIN.
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CLKG6 1 SR DR O I
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CLK48 9. _
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BLKS0 1 ‘

ENTER cnuT HEP OR.*END

- ? CONT

uax OF.S0 CLOCK TIuEs HAS BEEN HEAFHED

CENTER ;zm"r REP, on *END . : -

"7 %END . - o _ . “BXI‘I‘ SIMULATION MODE.
. -"ENTER couManD . o
,,7 EXT . < e msmr. INPUI'

- ENTER NO' OF ruP@ws AND Nauss
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«ENTER EXTERNAL VALUES FOR EACH
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FreoT T L2 NOT . £ -
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" i "= : 7 G02-1 ABA 'ABB ABBA ~
' -7 GD2-2 AB2 ABCICOUT

» ' 7 _G02-3 CI1 CI2 6WM -~ -

? GD2-1 A

8

AB1.

. ?.6A2-1 A ABY ABA
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" 7.8A2-3 A B  AB2

. -7 BA2-4 ABBACARTASCI .. -
"7 BA2-5 ABBACIAACI1 :
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X =2t feel
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