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I. A BSTRACT

Hardware Description Languages (HDL) like VHDL
are widely used to design and simulate with program-
mable logic devices. Simulation of very large scale
integrated digital systems (VLSI) is of great importance
as it assures system correctness and maximizes system
performance ([1], [2], [4]). The utilization of parallel
simulation introduces the problem of how to partition the
logic gates and system behaviors of the circuit among
the available processors in order to obtain maximum
speedup. This paper presents how a series of sequential
statements like VHDLprocessesand signals can be
used to simulate parallel message broadcasts. Processes
and signals are the most important VHDL parts for
simulation.

A VHDL process is a construct for embodying al-
gorithms. A process is used to describe the behavior of
a part of the design using a series of sequential state-
ments. In a parallel processor system, communication is
performed via message passing; at any instance of time,
a number of processors exchange messages, that is, many
processes are running. In our modeling approach, a set
of parallel running processes will be mapped to a set
of VHDL processes. A VHDL process has two states:
active or suspended. The processes to be executed are
put into a process queue. Once a process is selected for
execution, it is put to active state and all the sequential
statements inside are executed one by one. As soon as
the last statement is executed, the process reaches the
”suspended” state. A process becomes active again only
when there is a change of value in any of itsdriving
signals. A driving signal is a special VHDL element
that can cause a process to execute. A process associated
with a signal is executed if the signal changes value. The
list of signals that may cause a process to run is called
sensitivity list. It is obvious that more than one signal
may cause a process to execute and there may be many
processes running, triggered by the same signal. It is
important to note that VHDL signals do not change value
like variables do in a high-level programming language.
A new value isscheduledto be assigned to a signal one

delta delayafter the current simulation time. This means
that if the simulation time isTc then a signal scheduled
to change value will not be updated untilTc+δ. Delta
delays can cause the simulator to repeat the series of
statements inside a process more than once.

We now describe how we can use the VHDL tools
to simulate a parallel message passing algorithm. The
VHDL code description will be presented in the paper.
Assume that a communication scheduling algorithm that
allows pipeline based processing of messages has been
developed. Also, assume that the pipeline strategy has
three stages,stg0, stg1, and stg2. To make a VHDL
description for the message passing problem we first
need to activate transfer processes by assigned transfer
signals and then to identify a set of variables that act as
stage registers.

When a transfer process executes, a message from a
node is passed to the staging register of the pipeline. Sup-
pose that there are 6 parallel processes that can execute
at a time:P0, P1, P2,...P5. Each of the transfer processes
is sensitive to a change of value that occurs in a signal
of an originally defined array of bit or logicvector type.
We name this arraytransfer processor list. In other
words, this processor list is a bit vector with its values
being 1 if the corresponding processor is to send a mes-
sage during a simulation cycle, or 0 if the corresponding
processor remains idle. The decision on the processes
that will execute is taken by the scheduling algorithm
that successively updates the bit vector. A new simulation
cycle begins when thetransfer processor list gets
a new value or when a previously executed process
suspends. Each simulation cycle consists of a number
of delta cycles. Each delta cycle updates the value of
the stage registers.

Figure 1 illustrates the simulation cycles created and
the changes occuring in each cycle, for the six processes.
Initially, all signals that may activate processes are set to
zero. Assume that the algorithm decides that processes
P0 and P1 must send a message at a time. This means
that the 6-bit signaltransfer processor list transitions
to ”110000” (the first two bits change value) during the
first simulation cycle. This causes two transfer processes
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Fig. 1. Simulation Cycles & Signal updates

P0 andP1 to execute. After aδ cycle, the first stage of
the pipeline (which is modeled by stage register stg0) is
updated with its new value, that is, it handles the proper
data for the messages fromP0 andP1. In Figure 1, we
show that by assigning the valuesP0 andP1 to stg0.

The scheduling algorithm keeps on generating in-
terprocessor communications. Assume thatP2 and P3

are scheduled to execute. The value of the signal
transfer processor list changes from ”110000” to
”111100” (see Figure 1) during simulation cycle 2. Stage
registerstg1 will now be responsible for the execution of
P0, P1 (previously handled by stg0) while stage register
stg0 is responsible for the newly triggered processes.
This is shown in Figure 1, by assigning the valuestg0 to
stg1 and the valuesP2,P3 to stg0. These value changes
occur within two moreδ cycles.

Finally, P2 and P3 are scheduled to execute. The
transfer processor list transitions form ”111100” to
”111111”. The last stage registerstg2 now becomes
responsible for the communications previously handled
by stg1, while the stage registerstg1 is responsible for
the communications previously handled bystg0. These
changes require threeδ delays +0,+1,+2. During the
last δ delay, the stage registers have been assigned their
proper value, that is,stg0 ⇐ P4, P5, stg1 ⇐ P2, P3, and
stg0 ⇐ P0, P1

At this point, it is important to note that the value
of δ delay is normally assigned by the programmer
and its value may vary between several executions
of the simulation or between value assignments to
the stage registers. Factors that affect the value ofδ
are: (1) the duration of transfer tasks, and (2) link
availability. To assign a properδ delay, we use the
VHDL key-word after. In our previous example, if we
wish to triggerP0 andP1 after 20ns (recall that in this
casetransfer processor list transitions to ”110000”),
we should write:

tps=”11000”after 20ns;

Such δ values are very important for VHDL parallel
simulation. When describing parallel behaviors with
VHDL sequential statements, the sequence of these
statements is of no importance, unless we force them to
be executed in specified times.

This paper is the beginning of a research on how
to model parallel algorithms and applications with a
hardware description language like VHDL. We initially
focus on producing the VHDL source that describes the
necessary operations required by a parallel algorithm.
Our key idea is to map parallel executing processes
to VHDL processes and use signals drivers for process
activation. The signal values are updated by the message
passing algorithm.
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