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The method of bi-directional line processing is considered in logic simulation of discrete devices
which provides their compact description and convenient form of simulation results.
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A wide development of microprocessor technique resulted in the necessity of
automation of bi-directional line simulation. Its peculiarity is the use of bus
structures. The activity of elements on bus may be controlled by special
microcircuits, the so called bus arbiters [1]. But in practice it is controlled using
elements of small and average integration.

A widely used algorithm of event-driven simulation [2,3] operates in its general
formulation with the notions of element inputs and outputs and consequently,
assumes the one-directional signal propagation. The construction of a device model
taking into account the possibility of signal transmission in both directions, demands
the understanding of the device operation. It involves the doubling of these lines and
inclusion of an additional fictitious valves [3], ie. an additional work and non-
coincidence of structural model description in electric schematic diagram of device.

In [4] the data structures are described which permit us to realize the event-
driven simulation taking into account bi-directedness of some outputs of integral
microcircuits and some other peculiarities. But here the necessity arises in correcting
software realization of simulation algorithm which is made for one-directed signal
transmission. The progress in technology (in particular, functional electronics) can
result in the elements appearing with properties which are not represented in rigid
tables of interpreting realization systems.

In an hierarchical compilation simulation system (HCSS) [5] the algorithm of
event-driven simulation is realized which makes it possible to simplify the scheme
description and to automatize the simulation process. It is made together with
syntactical and semantic analyzer of device description and reference information of
the system. Thus one of the requirements to simulation systems is satisfied — the
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Figure 1. Transform of logic function realization.

realization methods of different logic functions of join should be implemented,
namely, wire AND, wire OR, the join which is peculiar for systems with a common
bus when only one output is active and others should be in a state with high output
resistance [4, 6].

One of the main defects of the compilation approach to realizing the systems of
logic simulation, namely, high time costs by changing the device design, became less
appreciable due to development of compilators of Turbo family. As it is possible to
quickly obtain the necessary data structures for processing elements with new
properties by a fixed simulation algorithm, the changes in the system can be much
more easily inserted. Here the main work is in creating the program of element
operation. This property is important taking into account rapid progress in integral
technique and functional electronics. This approach was used in automation
of elements with bi-directional outputs inclusion into event-driven simulation
algorithm without changing the latter. The algorithm involves two main elements:
a) construction of element models with bi-directional outputs; b) construction of
one-digital bus program.

The operation of one-directional element is described by its program which
determines new values of internal variables and output terminals of the element. The
necessary parameters of the program are the fields of input signal values and internal
variables of the element describing the state of the latter. These fields are formed by
the algorithm.

The program is an instruction which describes the functions of transitions and
outputs of automatic element model. The construction of an element model with bi-
directional outputs is based on the possibility of representing the operation of these
elements as the appropriate one-directional models for using them in event-driven
one-directional algorithm, Consider the element E which has X (Y), the set of purely
input (output) terminals. W is the set of bi-directional terminals, S the set of internal
state variables. The operation of E element may be described by the expressions
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Y= Y(X w, S), W=Ww(X, WS), t=S(X, W,S), where S* (W) are the new
values of the state variables and bi-directional terminals, and Y are the values of E
outputs._The set of outputs and inputs are designated as Y =Y, W) and
X=(X, W), and output and transition functions as Y’ = (Y, W) and §' = S (X, W, S),
then the one-directional element E' is defined. But the number of inputs and outputs
is increased by |W | compared to E. Therefore it should be shown in reference
information about an element with bi-directional terminals. This is achieved by
double description of the bi-directional element contacts: input and output ones.

The information is also necessary about controlling contacts of elements of
various types with bi-directional terminals. When the program element module with
bi-directional terminals is being written, it should be taken into account that the
doubling of bi-directional contacts in reference information results in their
appearance in the field of input signals and in the necessity of definition of their new
values in the field of output terminals. So, for the key in Fig, 1,a, which operation is
described by the expressions Y = T (K, X, Y) and X = T (K, X, Y), where T (K, X, Y)is
X with Y and is Y with K=0, we have the form shown in Fig. 1b. It is obtained after its
contacts doubling in reference information. Here X,Y,(Y,X,) arc the inputs
(outputs) of the element. The operation of this element can be described by the
expressions Y = T(K, X, Y,) and X, = T (K, X, Y,). Taking into account that the value
Y, is the old value Y, following thc algorithm and comparing old and new values of
the key outputs, we include in a queue of active elements the successors of contacts
X or K=1 if they change their values. We should add that the lists of contact
predecessors X (Y) coincide with those of contact successors X, (Yy), which are bus
lines or element outputs with the third state for bi-directional terminals.

On the basis of an approach used in a model of bi-directional key, the models of
elements are built where the controlling element contacts play the role of generated
key. They determine the activity of element and transfer direction. The main classes
of digital elements have been analyzed which are directly connected with buses.
These are: a) the element with outputs which have the third state; b) the element
with bi-directional informational contacts and controlling contacts OE (the control
of connection with bus) and T (the control of transfer direction); c) the element with
bi-directional informational contacts and controlling contacts CS (control of
connection with bus) and R(W) (control of transfer direction, i.c. reading or writing).
The examples are microcircuits KS555AI13, KS89AII26 or K580BA86,
K580BU 53, respectively.

The construction of the bus element model and implementation of its
operational logic necessitates the inclusion of additional data and changing the pre-
processor. The basis of models of logical schemes are the information of the device
clements and interconnections. In HCSS they are tables ELEMENTS and
INTERCONNECTIONS used for program generation in C language which
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Figure 2. One-digital scheme with switched elements,

simulates the appropriate device. Table ELEMENTS of the scheme for each i-th
element out of N available contains the line of data of the (T;, Q;, D;) kind, where T} is
the sign of the element; G, is the name of element by standard (type); D, is the name
of element in device. Table INTERCONNECTION is the set of lines of
(DQj, KQ;, DI, KI;) kind, where DQ; (DI;) are the numbers of the device elements
interconnected by the contacts KQ; and KI;. On the basis of the above tables and ref-
erence information about the device elements the program-pre-processor builds the
program in C language, where it generates the data structure necessary for each
element (for example, the lists of predecessors and successors of element contacts).

Fig. 2 presents the one-digital bus S with switched elements D1,D2, D3 . The
activity of these elements on bus is determined by the values of controlling contacts
designated by the symbols taken in practice: —OE, T, CS, W, R. For defining the value
on the bus it is necessary to have the values of element contacts D1,D2,D3,
connected with the bus and the values of their controlling contacts. To do this, it is
necessary to generate for each bus element the list of elements-successors which are
directly interconnected. This is performed in the scheme description in addition to
tables ELEMENTS and INTERCONNECTIONS. The list of elements-successors of
bus element represents the data structure (i, k, I (i, T;)), where T; is the sign of the
element ; k is the number of element contact i directly connected to bus and I i,T)
are the data describing the controlling contacts of the element i. Just the information
I (i, T;) made it possible to uniformly process the bus elements without changing the
simulation algorithm.
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In the program realization of the bus element module the following parameters
are given: a) the address of the value array for the device element terminals; b) the
queue of the active scheme elements and its characteristics (the quantity, the number
of the first free element in the queue etc); c) the address of the array of bus elements-
SUCCESSOTS.

The algorithm of bus operation involves the calculation of the activity property
S; = S (k,1(i, T)) for each bus clement-successor and the value of its output on bus
V;=V(k,I(i,T)). For verification of logical design, the information about the state
on bus is given, if the number of active elements is more than one. After definition of
active element, when the value of its active output on bus is equal to the old bus
value, the program of bus element finishes its work. Otherwise it includes the non-
cut-off elements- successors in the list of active elements and finishes the work
giving the control to properly event-driven monitor. All the above operations provide
the form of simulation object description convenient for users and visualization of its
results.
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