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1 Introduction

Early simulation is a very important tool in the devel-
opment any large scale system. Accuracy and 
exibil-
ity are critical characteristics which allow the archi-
tect to explore the design tradeo� space. Moreover, in
many systems, especially those for recon�gurable com-
puting, a good simulation environment will continue
to be used long after the architecture solidi�es, serv-
ing a variety of roles including as a platform for the
development of run time systems, programming tools,
benchmarks, and even end applications[1]. Therefore,
visibility, controllability and user interface are also im-
portant design considerations.

National Semiconductor's Adaptive Processing Ar-
chitecture (NAPA) integrates a Fixed Instruction set
Processor (FIP), an Adaptive Logic Processor (ALP),
memory and other support circuitry into a single re-
con�gurable computing device[3]. The NAPA archi-
tecture simulator, NAPAsim, consists of a C language,
cycle accurate model of the RISC core, peripherals and
memories, coupled with an event driven logic simula-
tor for modelling the user-de�ned contents of the re-
con�gurable logic and a Tcl/Tk[2] based GUI to pro-
vide source level symbolic debugging capabilities. NA-
PAsim was developed to serve as both a tool for archi-
tectural exploration and as a platform for system and
application software development.

2 Con�gurability

To support the architectural exploration NAPAsim
was developed as a \con�gurable" simulator. A run
time con�guration �le optionally provided by the user
determines such architectural parameters as the size,
shape, number and performance of memories; the type
of FIP processor; the presence and con�guration of
caches; and the presence of peripheral devices. Built in
support exists for linking in user-provided simulation
models of external devices. To model multiprocessing
con�gurations NAPAsim is structured to allow the di-
rect simulation of clusters of NAPA devices connected

via the ToggleBus.
The con�gurability of NAPAsim allowed the NAPA

designers to explore a number of architectural trade-
o�s, including the ratio of the area devoted to memory
vs. recon�gurable logic; the performance of internal
vs. external memory; and the e�cacy of a hardware
managed instruction cache vs. a software managed fast
on-chip SRAM.

3 Debugging and Instrumentation

To �ll the role of software development platform, NA-
PAsim was designed with extensive instrumentation
to support debugging and performance tuning of the
application. This instrumentation includes the abil-
ity to set a variety of breakpoints, the collection of
run time statistics, and automatic, non-intrusive pro-
cedure level pro�ling.

Standard source code breakpoints allow the user to
break execution at a given instruction or source line of
the FIP program. Additionally, data breakpoints allow
the user to break execution when particular events
occur in memory, FIP registers, or ALP signals. The
user can specify a symbol name or memory location
to cause a break whenever the value of the named
object changes. Alternatively, the user can specify a
particular value (with an optional bit mask) to cause a
break only when the named object changes to or from
the speci�ed value. This mechanism e�ectively allows
the user to set breakpoints on events in the ALP logic.
For example, a break can be set whenever a particular
user de�ned signal or bus reaches a certain value.

A trace mechanism allows the user to record
changes in value of a selected set of signals, registers
and memory locations. The trace data may be sent to
a �le in a format of the user's speci�cation, or it may
be viewed in a logic analyzer like waveform display.

The collection of run time statistics provides de-
tails of the utilization of the various resources in the
NAPA system. Statistics collected on the FIP execu-
tion include the average number of clock cycles per



instruction, the average instruction fetch and data ac-
cess times, and the percentage of time spent executing
LOAD and STORE instructions. For each memory,
the average utilization is reported. The average core
bus utilization and contention are also reported.

FIP source level pro�ling is provided to allow the
user to dynamically analyze the performance of an ap-
plication on a per procedure basis. Pro�ling within
the simulator is non-intrusive, that is, no additional
code is added to the application program. Pro�ling
and run time statistics together provide the applica-
tion programmer with all of the information needed to
perform iterative re�nement of an application.

Support also exists for architectural debugging. For
example, by enabling certain switches the architect
can watch the queueing behavior of the buses and
memories to identify arbitration problems and re-
source contention.

4 Implementation

The NAPA simulator is written in ANSI C, C++ and
Tcl and runs on both Linux and 32-bit Windows plat-
forms. Figure 1 illustrates the structure of NAPAsim.
The NAPAsim kernel is a standalone program that
communicates with the user through a simple com-
mand line interpreter. For each NAPA component
in the system there exists a set of models for the
FIP, peripherals and memories, and a logic simula-
tion database for the ALP. A simple command line
interpreter communicates with the simulation engine
through a well de�ned API. The user can directly
control the simulator through the command inter-
preter, or can interact with the graphical user interface
(GUI). The GUI, written in Tcl/Tk, runs as a separate
process and communicates with the NAPAsim kernel
through its own interface to the API.

The GUI provides the user with several di�erent
views of the application, including the C source code,
the disassembled text, a \watch list" of program sym-
bols and locations, the contents of memory, the per-
formance pro�le, and the run time statistics. All of
these views are updated dynamically as the applica-
tion executes. The user can also display the contents
of any of the memories, and can trace through the logic
structure in the ALP. In addition, the GUI provides
extensive access to the on-line User Manual.

The command interpreter of the standalone kernel
can read from script �les, making it ideal for batch
mode execution. This mode of operation is useful for
running regression tests and for performing architec-
tural tradeo� experiments. These experiments are or-
ganized as a set of simulator con�guration �les, with

Figure 1: Implementation of NAPAsim

each �le de�ning a system with a di�erent set of ar-
chitectural parameters. A set of benchmark programs
are then executed on the simulator for each di�erent
architecture, the results collected and analyzed.

The cycle accurate nature of NAPAsim permits us
to derive test vectors for the major blocks of the chip
for use in the logic design. The trace facility is used to
generate a record of the expected behavior of the top
level buses of the chip. A separate program, cbstim,
generates Verilog stimulous �les from the trace data,
which are then used to drive the block and chip level
logic simulation.
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