
1

On Simulating Parallel Algorithms with VHDL

Stavros Souravlas, Efthimios Kotsialos, Athanasios Margaris, and Manos Roumeliotis

University of Macedonia, Applied Informatics Department,
156 Egnatia St. 54006, Thessaloniki, GREECE

email:{sourstav,ekots,amarg,manos}@uom.gr

Abstract

Hardware Description Languages (HDL) like VHDL are widely used to design and simulate with programmable

logic devices. Simulation of very large scale integrated digital systems (VLSI) is of great importance as it

assures system correctness and maximizes system performance ([4], [5], [9]). 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

VHDL processesand signalscan be used to simulate parallel message broadcasts. Processes and signals are the

most important VHDL parts for simulation.

I. I NTRODUCTION-RELATED WORK

Hardware Description Languages (HDL) like VHDL are widely used to design and simulate with

programmable logic devices. Simulation of very large scale integrated digital systems (VLSI) is of great

importance as it assures system correctness and maximizes system performance ([4], [5], [9]). The field 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 [7]. Performance of VHDL

simulation is a critical issue in electronic circuit design and is hard to achieve due to the complexity of

the language and the different abstraction levels [2].

Several efforts have been made in the field of parallel VHDL simulation. Lungeanu anf Shi [4]

provided a mechanism for parallel and distributed VHDL simulation using the PDES (parallel discrete-

event simulation) paradigm. More specifically, they present how VHDL signals and processes are mapped

to PDES to form a VHDL kernel.

Martin et al. [10], focused on the problem of integrating parallel VHDL with a parallel SPICE (analog

circuit) simulator calledXyceinto a common design framework. Willis and Li [17] described VHDL com-

pilation techniques which facilitate parallel or distributed simulation by embedding evaluation scheduling

in the emitted code.
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Krishnaswamy et al. [8] presented approaches and algorithms for parallelization of compiled event

driven VHDL simulations on shared-memory multiprocessors (SMP). Two approaches for parallelizing

event driven simulation are presented: the first is based on list scheduling of the graph derived from static

simulation while the second approach is based on graph partitioning.

Ghosh [6], [16] presented P2EDAS algorithm for managing asynchronous, concurrent, and accurate

simulation of behavior models on parallel processors. The P2EDAS algorithm represents a significant

advancement in that it permits the use of any number of propagation delays for every path between the

input and output of every hardware entity.

Price et al. [12] describe how the VHDL hardware description language can be used to aid the analysis,

design and implementation of adaptive array beamformers for use in teleconferencing environments

using parallel architectures. They state that VHDL provides a number of benefits to designers of such

systems including improved vision of algorithm architecture, a faster design cycle and a more parallel

and implementation-orientated design.

McBrayer and Wilsey [11] present a method through which parallel logic gates in a VHDL description

can be combined into single processes. More specifically they propose to compile parallel processes from

a logic circuit into a single combined Logical Process. Thus, instead ofn parallel LPs executing events

and exchanging event information, they propose to statically compile the objects together to reduce the

number of LPs executing in parallel.

Ramstein et al deal with a CAD tool dedicated to the design and the simulation of specific Array

Processor architectures. These architectures are described into a specific notation which includes major

characteristics of the VHDL syntax. A preprocessor generates full standard VHDL code describing the

behavior of the designed architecture. An original application to image processing is also given: the design

of a specific architecture for the extraction of regions of interests.

Schumacher and Nebel [14] offered a solution on how to successfully deal with the anomaly that arises

from the use of inheritance in parallel hardware systems. The basic idea was to separate the synchronization

code (protocol specification) and the actual behavior of a method. Method guards which allow a method

to execute if a guard expression evaluates to true are proposed to model synchronization constraints. It

is shown how to implement a suitable re-schedule mechanism for methods as part of the synchronization

code to handle the case that a guard expression is evaluated to false.

II. VHDL S IMULATORS REVIEW

The simulator is a program that models the response of a system to an input stimuli [1]. The most

important aspects concerning the simulator are theprocessesand thedriving signals.
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Fig. 1. VHDL Simulation Cycle

A VHDL processis a construct for embodying algorithms. A process is used to describe the behavior of

a part of the design using a series of sequential statements. 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 calledsensitivity 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 onedelta delayafter the current simulation time. This means that if the simulation

time is Tc 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.

A simulation cycleoccurs every time the simulation time advances. In every simulation cycle, it is

determined which signals are scheduled to change value. These signals will cause the execution of some

processes as part of a simulation cycle. During a simulation cycle, a number of delta delays may occur,

depending on the number of signals that change value during the cycle.
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Fig. 2. Simulation Cycles & Signal updates

As shown in Fig.1, a VHDL simulation cycle consists of the following phases:

• Initialization phase:All signals are assigned an initial value.

• Signal scheduling:Signals are scheduled future values at specific times.

• Process execution:All processes that include in their sensitivity list signals that change values during

the current simulation cycle are executed.

• Determine next cycle:The simulation time of the next cycle is determined. It is either the time that

a signal gets a new value or a delta cycle or multiple delta cycles.

III. S IMULATING MESSAGE PASSING PATTERNS

We now describe how we can use the VHDL tools to simulate a parallel message passing algorithm.

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. Suppose 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 logic vector 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 message 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 ofdelta cycles. Each delta cycle updates the value

of the stage registers.
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Figure 2 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 processesP0 and P1 must send a message at a time. This means that the 6-bit signal

transfer processor list transitions to ”110000” (the first two bits change value) during the first simu-

lation cycle. This causes two transfer processesP0 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 2, we show that by assigning the valuesP0

andP1 to stg0.

The scheduling algorithm keeps on generating interprocessor communications. Assume thatP2 andP3

are scheduled to execute. The value of the signaltransfer processor list changes from ”110000” to

”111100” (see Figure 1) during simulation cycle 2. Stage registerstg1 will now be responsible for the

execution ofP0, P1 (previously handled by stg0) while stage registerstg0 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 andP3 are scheduled to execute. Thetransfer processor list transitions form ”111100”

to ”111111”. The last stage registerstg2 now becomes responsible for the communications previously

handled bystg1, while the stage registerstg1 is responsible for the communications previously handled

by stg0. These changes require threeδ delays +0,+1,+2. During the lastδ delay, the stage registers have

been assigned their proper value, that is,stg0 ⇐ P4, P5, stg1 ⇐ P2, P3, and stg0 ⇐ P0, P1. A VHDL

sample code for 3 writing processes is given in Listing 1. Recall that the transfer processor list that is in

the sensitivity list of the processes is updated by a message scheduling algorithm.

p0: process(transferprocessorlist0)

begin

for i in N downto 0 loop

if transferprocessorlist0(i)=’1’ then

stg0[i]<=mem[i] after δ ns;

end if;

end loop;

end process;

p1: process(transferprocessorlist1)

begin

for i in N downto 0 loop
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if transferprocessorlist1(i)=’1’ then

stg1[i]<=stage0[i]after δ ns;

stg0[i]<=mem[i]after δ ns;

end if;

end loop;

end process;

p2: process(transferprocessorlist2)

begin

for i in N downto 0 loop

if transferprocessorlist2(i)=’1’ then

stg2[i]<=stage1[i]after δ ns;

stg1[i]<=stage0[i]after δ ns;

stg0[i]<=mem[i]after δ ns;

end if;

end loop;

end process;

Listing 1: VHDL Sample Code of transferring processes

IV. CONCLUSIONS

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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