Research digital devices by means of modelling
system on the basis &fValue differential
calculus

Dmitrienko V.D., Leonov S.Yu., Gladkikh T.V.

characters, enabling to distinguish smooth tragrsstifrom
Abstract —Given article is devoted to the description of new competitions of signals.

system’s of simulation, which based on the mathemiagl Fantozi alphabet [3] contains nine characters aiotvs:
device (_)f K-Value differential calculus, pqssibilities. This to differentiate already at simulation static anghamic
zziﬁmc'gfr\;\ﬁthf%rs;gze;rﬁ?oér:n fgé?\?}fég?ghﬁpeedemces risks of failures as to three characters of Eihgjees
' alphabet such states as smooth transition fromir@d#

Index Terms —CAD, elements models, equations with delay, (E), Smooth transition from #1# in #0# (H) are adsiadic
fuzzy fronts, K-Value differential calculation, simulation, ik of failure in #0#R), static risk of failure in #1#Vj,
switching capacity. dynamic risk of failure from #0# in #18)(dynamic risk of
failure from #1# in #0#L). Introduction of four more
I. INTRODUCTION characters: O (transition from uncertainty in #O0#¥),

. . - : .. (transition from uncertainty in #1#, (transition from #0#
ow computer simulation of digital devices behavgr . . . . .
: 9 In uncertainty) and (transition from #1# in uncertainty),
an integral part of automation!s systems of thei e .
L e . . as allowed to distinguish phases of uncertaintyg an
designing and verification. By means of simulation . L h
. . . . stability [4]. Application of logical many-valuedperators
systems of electronic devices computer-aided desigve ; : . .
. . . enables to differentiate risks of failures, races and
such tasks as definition of installation!s chaimgnals of . : .
- . . . . competitions of signals that are rather essential t
digital devices and their subsequent logical opanat N . o g
R o . combinative devices where it is necessary to firitical
optimization of synchronization!s chains parametarsl

time characteristics of switching, the analysis of signa%Iaces (structural components) with a view of their

competitions, definitions of signals distributiortimme and F;bsequent modification and elimination of compmets
their delays, constructions of checking tests amecks of : . . . .
. . " : . At the same time, in known systems simulation ota
their entirety [1 " 3]. Thus complexity of moderfeetronic . .
. d 4 . lass processes and physical faults which are dabge
devices, high frequency of their operation deman . . . T
! . I usage of high frequencies of units operation is glaated
appropriate new methods of the analysis of the@ration . L .
. o .. and are linked to essential increase of a roleighats
correctness with usage of quantitative and quiéat

characteristics of possibility of failures appeaein them distribution on explorers of digital devices timarameters.

Complexity of modem digital single-crystal systemsBeS'des in similar systems there is no possibtlityparse

(System On Chip " SOC) and necessity of rise Oﬁrthemfluence of increase quantitative parameters acession
simulation!s reliability have led to necessity cimy-valued of logical signals Wh'Ch. are Fieflned by power oftshing.
alphabets usage instead of traditional binary. Tdweest The purpose of article is the descrlptlon of thewn_e
labor-consuming is simulation by means of the tivalee automated system of the complex high-speed devices

Eihelberger's alphabet [2] using three charactésitt, constructed with usage of modern technologies ication,

#zero#t and #uncertainty# (X)). This alphabet aIIov\\f\éhICh basis the mathematical devicekefalue differential

- : . . Icul 7
considering two steady states at simulation, aadthers it caleulus [6, 7]
represents all as uncertainty. Some extensionreéthalue

simulation is five-digit which in addition uses the Il. FORMATION OFK-VALUE COMPUTER

ELEMENTSMODELS
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of K-Value differential calculus is guided by usekeValue dU oy (8) o
" value of derivative of unknown target

functions, i.e. the functions accepting values freet of Where
integers {0, 1,! , K"1} during the discrete moments of
timet; = 0, 1,! , N. In this case logic signals quantize o
amplitude and receive corresponding values of thelev timet;; j %L M:M" quantity of outputs of an element;
on the basis of use G{-value derivatves wnich oan be Ui (s #D1) and Ugy, (5 #D;)  the modifed values
entered as follows: of j's target signalU,;(t #D;) and jw's input signal

nsignal Uy (t) J's internal logic block at the moment of

) Umpjw(t #D;) logic element at a moment of time
dF" () , F$" O (#) FG#"1) e
%o ; (t#D;); woll MNy ; j%LM; w%l Ny, .

dt; 2"t —
dF#(ti) ) F(t, )<#>k F(t #"1) . D; " delay ofj's logic block of the d-eV|cej %L M . -
at Yo T ; Presence of late argument gives an opportunity to
! description and simulation elements with feedbaaigh,
dF3(t) O/F(ti $"t)(#), Ft) for example, as elements with memory. Thus the eize
dt 0 " ' delay not necessarily should have some unique vé&loe

various internal logic units of an element it carcept

here &, * , ¢ sub . dule F(t) various values. These values, in turn, also cay walimits
where &#} " operation of subtraction on modui& F(t) *  from minimal up to the maximal size of delay ofrett. It

the function, accepting value from set [0! 1,K"1] during  provides simulation an element with floating delafsits

the discrete moments of timte= 0, 1,! , N; "t =1 " the internal units.

minimal increment of an independent variakhle As argumentsof the K-Value differential equations
From the entered definitions of derivatieé K-Value making system, their switching modified in view of

functions in practice is used only such receptibK-Value ~capacity, value of entrance, intermediate and tasgmals

derivatives, when valuesf K-Value functions during the Of an element are entered. This updating is carded

current and previous moments of time are knownhwhe ~according to expression:

help of suchK-Value differential operator any element

digital computing can be described. Basic lo#i¢/alue o (G #D)),if Egu(t #D;) . Ep,
operations abovK-Value operands are entered according to oL M
tables Kelly [2]. Besides the us#f K-Value derivatives . _ J ’
there is an opportunity to make calculation only tla K #1, if (Egut(ti#Dj), Ep),

moment of switching entrance signals that is attioenent  Uaus (i #D;) %

(t YY) i 0 M
of time whenthe K-Value derivative is not equal to zero. It Usi_ (6 #Dj) %0, | %L M;

allows reducing considerably time expenses at sitioul (0, if (EJi(t #D)), Ep),

devices of the big complexity. e
Any element of digital computers in developed CAD i ; Ug_ j (6 #D;) %K #1, j %l M;

described by systerof the K-Value differential equations

with the late argument, looking like: o jwlt #D)), if Evj;l(ti #D). Ep’
dUgua(t) o E w %, Nj;

a2 Uoualt #3.Usuat #Dy) UEK w1 it LG #0)), Ey),
Unpjw(ti #Dj) %

Uipa(ti #D1), Uppio(ti #Dy),

Ul (t #D;) %60, WL N;
Ugpny, (6 #D1)t), 4, to;

EO, if (Ev{/(ti #D;), Ep),
Ul (t #D;) %K #1, wL N,

dUoutM (ti )

dt %f (UoutM (ti #1)! U6utM (ti # DM )r

! where EJ,(t #D;) and E)(t; #D,) " the saved up value
of capacity of switching's output angw's input signal on

moment of time (t; #D;); E

U5utM1(ti # Dl)! Usum 2(ti #Dy )
Ugsumny, (G # Dy ) t), 4, to,

NN SN TSN

p  Discrete analogue of

threshold power of switching;Ug (i #D;) and
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Usftw(ti #D;) " the saved up value dfs output andw's

input signal, fixed before the beginning of transiprocess.
Saved up by the moment of timg"(D;) capacities of
signals are defined according to the following esgions:

+0, U oy (t #D;)2 {0, K #1},
t /0

G #

[Uout (tk)(umax#um|n)$
i

$U i, 1(K #1))2,
Uou; (6 #D;) 0 {0, K #13,
t,/ 0

ty %s

B
y
§
i
?

max

onut (ti #D,; j

U
voltage corresponding logic unit and logic zetg; ; "

where U integer analogues of levels the

the

moment of the beginning of transient of switchjisgtarget
signal from one steady condition in another:

min »

Ht;#D,;), Uy (4 #D,)2{0,K#1}, t / O
[ %M, Uy (4 #D)0{0 K#L}, t /O

ts
0,1, %0

The size of delay; j's internal logic unit of an element
accepts the value from s@; possible sizes of delays of ©

"if Ctrl _T %4, then setT,, contains except for

typical value also the delays of an element dewjafrom
t, opt ON sized, equal to duration of its transitive process of

switching from one steady condition in another

(sz ARoundt, opi#4),t, op Rouno(tz_opt$4)} ).

In the developed system of the automated desigoimg
the basis oK-Value differential calculus general model of
an element of digital computers which can contain i
structureM of logic internal units, each of which has one

exit andN; entrances [%L M), is set by the structure

resulted on the fig. 1.

The mainframe of the given structure is the block 1
which is intended for the decision systeinthe K-Value
differential equations with late argument. The ctute of
an element also includes the block 4 which areyzagrout
initialization of an element which consists in aéfon of
the sizes of buffers at their initial filling. Bef signals,
which are removed from buffer elements will arriwe the
solving block of systemof the K-Value differential
equations (the block 1), their values can be chéngieh
depending on power of switching of elements. Thialysis
is carried out in the block 5 which is intended for
calculation of power of entrance and target signals. On an
input of this block are act signals, which are reatbfrom
entrance and target buffer elements. And their esalare
removed from an output of this block with the aauoaf
power analysis already.

The signalCtrl define the stage of initialization or a stage
of modelling is carried out. And if the stage ofdeding is
defines, can be two variants " calculation valués target
S|gnal with modeling or updating of buffer elemegests

For maintenance of simulation with floating delahe

unit. Unit T,; depends on values of typical, minimal andstructure resulted on fig. 1, includes the bloakhich are

maximal delays of an element and can be set
function fr (t, ope t2 mins tz_max Ctrl _T). Signal Ctrl _T
represents the managing signal determining a wathef
task of this set:

"if Ctrl _T %0, then set of all values of delays is

reduced to a typical delay of an eleme'@tj (%, opd );

"if Ctrl _T %l, then set contains typical, minimal and
maximal sizes of a delayl{; %{t, min, t;_opt tz_max );

"if Ctrl _T %2 or Ctrl _T %3, then setT,, contains

possible values of a delay which are defined infawnity
by the law of distribution of the random variabkesdribing
a deviation of a delay from its typical value. Th#mdom
variable has the normal
parameters are defined by the minimal, maximaltgpital
sizes of a delay of logic unit.

R&l, 2008, « 1

Wrrymg out formation of sets of allowable sizésdelays

of logic unit of an element. Thus required accuratyhe
analysis is defined by sign@itrl_T according to which the
specified set is formed.

Besides the above described blocks, structure ef th
generalized structure (fig. 1) contains also the block 6
intended for switching of entrance signals of anent and
target signals of internal logic units. Thus thisdk forms
sets of entrance signals for each internal element.

Depending on features of functioning of the pragelct
device and the requirements showed to the spetisiaf
their serviceability in developed system on theida$ K-

Value differential calculus it is possible to usettb full

model of an element, and its separate individuadlki Use
of these models is defined by the chosen mode of

law of distribution whichsimulation.
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Fig. 1. Structuref general model of an element of digital computerghe basis dk-Value differential calculus

In developed system it is allocated four basic modes of Mode of modeling 4This mode represents a mode of
simulation: simulation with #floating# delays and the accoufit o
Mode of modeling 1lt is connected to the description ofcapacity of switching of entrance and target sigiaaluse of

functioning of elements thK-Value differential equations the description of functioning of elemertig the K-Value
with delay. At a choice of the first mode in theusture of differential equations with delay. At a choice bétfourth
an element resulted on fig. 2 block of power anialygorks mode of simulation all blocks which are included in
as the transfer buffer. Thus values of the sigreding on structure of an element are in working order thiiwes

its input without change are transferred to theckld. executing the complex analysis of serviceability tbé
Besides on an output of the block of formation efagls of device with use of all opportunities incorporated i
internal logic units of an element of s@;j contain only developed system.

typical values.

Mode of modeling 2.This mode corresponds to the
description of functioning of elementshe KValue
differential equations with delay in view of capsciof Now development of new and perspective devices is
switching of entrance and target signals. In thisdenon fulfilled on the basis of usage of CMOS-technology.
structure of an element the block of power analysidowever with implantation in process of CMOS-
completely functions. It allows to execute simuatiof an technology!s production there was a new class gtighl
element in view of capacity of switching of entranand faults which appear in change of signals distrimuttime
target signals. In this case as delays of elentbatstypical [8]- Correct operation of the digital device inghiase is
values are used only. possible only when times of signals distributiorors)

Mode of modeling 3. This mode corresponds to explorers of the logic circuit lay in the certaimits. When
simulation with #floating# delays at use the dpsion of time of a signalls distribution quits for these ilisnspeak
functioning of elementsby the K-Value differential that the fault of type change of delay of a sigakks place.
equations with delay. Simulation of such devices can be fulfilled in gyst of

In this case the element is represented by fulcsire in simulation on the basis &f-value representation of signals
which the block 5 of power analysis, however, does and the computers base units operation!s desariptiothe
function, i.e. signals on an output of this bloakyf comply ~ basis otthe K-value differential equations.
with signals on its input The offered system of simulation allows represdnt i

necessary explorers of digital devices as the |bngs

I1l. RESEARCH OF FAILURES RISKS WITH USE OF MODELLING
ON THE BASIS OFK-VALUE DIFFERENTIAL CALCULUS
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connecting transmitters and signals receivers, barma of is equal #3# (half from maximum value at seven-efgm

K-value differential or functional models [9]. Thestgm of representation of logical signals).
simulation allows research also computers operatigiew  MEEEEEEG—_—_—_—_——— -loix|

L. . | B Mobg Vew  Heb .
of power of switching processes that enables terdehe a Hs[ = SeeBlclF 2 P T

: . - : . . |e|En| Hpore
static noise stability of projected devices. At Hane time,
the offered system of simulation allows to modedi atl b
processes in the digital devices, enumerated gadied
recelved at usage known thlrteen_value alphabe$'am 306 912151831 24 37 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 B4 67 90 93 96 99
example we shall consider simulation of the devesilted |-t e

Operatlon on f|g 2 ! TOOONZIEIE N I 033G 04245 4B 51 B GT G0 GBI GG B0 72% 78 81 84 67 490 93 86 00
. L C

306 9121518212427 30 33 36 39 47 45 48 51 54 57 60 63 66 69 72 75 78 81 B4 87 90 93 96 99 =
\ ;

X1 & X6 & X10 4
—] G1
X2 & % & Fig. 3. Static risk of failure in #0#
9
X G4 According to tab. the dynamic risk of failure fra#d# in
& Ix & | . #1#(F) on an output of a logical unit #And# takes place,
R oA o when on its inputs there are sign®l¢static risk of failure
Xs 5 _|_ in #1#) andE (smooth transition from #0# in #1#). It
G3 | Xs corresponds to an intersection of the eighth lime the fifth
column of the table. On fig. 4 are resulted results of
Fig. 2. The device with presence of failure risks simulation of this case where sign&l@ndB correspond to

specified entry signalsy and E, and signalC shows
gresence of dynamic risk of failure at transitioonfi #0# in

The main component of such device is two-input 1#

logical unit #And# which table of states in thevaBie

alphabet looks like: [smusimciat R
Fie  Modeing  Mew  Heb

& [O[1[X|[E|[H[P|[V[F[LJIO[I[A]B e gn" drecrHe [© FF d eeeE|F A EF d ]
0]0] 0 0 0 0 0 0 0 0 0 ( D ; B
10| 1| X|E|H|P| V| F| L] O I|A| B q
X0 X| X|A[ O]l Pl Xl Al O g X A X I
E|O0O| E A E P P F F Pl P F|A]|] A ! S 16 21 24 27 30 33 36 39 42 45 46 51 54 57 60 63 66 69 72 15 76 O1 64 67 00 63 86 09
H|IO|H|O|P|H|P| P| P L| O O P L £ !
P|{O|P|P|P| P| Pl Pl Pl P P P H R j
VIOIVIX|IFIPIP VIFILIO | Al B O G D16 15 20 24 2730 93 9 38 42 45 46 1 4 5760 63 66 60 712 74 78 6184 97 00 43 66 9
FI|O|]F|A|F|P|P|F|IF|P|P|F|A]A ; t
L|{O|L|O|P| L|P| L| P|] Ll Of Of P L 4
O]|]0|O|O| Pl O] Pl O PP O O O R (¢ ‘I
| 01 X ElToOolP ITF]ol o 1 TAT] X [_’ssB13|5|92':4_\rzt39353042a5:a5w545r[u555n5012?57awa‘arala’:aﬁae =
AlO[A[A[A[P|[P[AJA[P|P|A[A[A A >
Bl[o|[B|[X|AJL|[P|[BJA[L]O]X]|A]|B '

Fig. 4. Dynamic risk of failure from #0# in #1#

For the beginning it is possible to consider sitrgt
when on inputs of a logical unit #And# there aganaisE For an example it is possible to consider operatbn
(smooth transition from #0# in #1#) addtransition from more complex device (fig. 3) at which there areltfaof
uncertainty in #0#). It corresponds to output dighahich  type #delay of signalls distribution#. Sort of tHevice in
is on an intersection of the fifth line and the veleth system of computer-aided design on the basi&-ghlue
column of the table. Such output signal is staiék of differential calculus is presented on fig. 5.
failure in #0#P). On fig. 3 results of logical unit simulation  On inputsx, andx; this device difference of a logical
are resulted #And# at the specified entry sigsadm@lsA  signal from #1# in #0#, on inpwsandx, " a level of a
and B accordingly) in system on the basis Kfvalue constant #1#, and on an inpgt" a logic zero level moves.
differential calculus aK = 7. Thus on an outputx #failure# of an output logical signal
In this case in system of simulation logical #0ih@des concerning a level logical #1# is observed. Itesponds to
with zero, and logical #1# corresponds to value #6#a situation of static risk of failure in #1# (fig). Thus any
accordingly the minimum and maximum values at sevemnit of the circuit can to be in any of thirteeatss.
element representation of signals. The systemof K-value simulation allows parsing also
On an output of a unit signél which really corresponds devices with usage power the analysis of switclsiggals.
to static risk of failure in #0# is observed, thessamplitude
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On fig. 7 time diagrams of operation of the de\fig@ 3) in T e = &
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Fig. 7. Time diagrams of the device functioningbase mode

T e -l
Fig. 5. Structure of the device in systefiK-Value modeling ;'E; %% Wl =F dleekrls|F IF I 3
3 [ g jJ_ j_b P 42 _A‘__ _d;_;l_ b= T R = A - ) [s]
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Fig. 6. Static risk of failure

On fig. 8 time diagrams of this device operation in a baw
mode (without the analysis of logical signals shiig
power) in that case when on two its input&indx; signals Fig. 8. Time diagrams pf functioning the‘device/iew of power
which are encoded &3 (see the table), and on inputsx, switching on entrance signals
act are resulted ang are submitted logical #1#, #1# and #0#
accordingly.

Apparently from a figure on outpuks, andx;; during a
working time slice (about 15 nanoseconds on
nanoseconds) keeps a level of logical uncertaikity: (3),

Similarly, the account of power switching of entan
logic signals leads to a deviation from le#ef 3 values on
§II other intermediate circuits of the designedicevAll
: . ) ) ) ) this causes that on an outpwf in an interval of time 27 "
that |s.def|ned by logic of separgte_ logical umiferation 30 nanoseconds are observed error condition irfiotime of
according to truth tables [6]. Similar results tuwot at #failure# of a target voltage from a level of utaiaty up to
usage of other methods and systems of many-valug evel of logic zero, and on an outpy " #failure# of a

simulation. e o
. . . logic signal on an output from a level of logic #mp to a
At activation in systenof K-Value modelling process in Iegel ofguncertainty P g P

the account of power switching on entrance sigrihtge is The received results speak about an opportunity in

an opportunity of its account at modelling devide, yegigning devices and research their working cépdi
particular, on outputg andx; on a working interval time ,aans of system on the basis KfValue differential

signals reach steady logic levels (fig. 6), unlikéevel of caiculus to receive more exact quantitative anditatisie
uncertainty which could be observed in the previoase analysis error situations in designed devices.

(fig. 5).
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