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Abstract — This paper describes an interactive
animation tool, SATSm, which conveys superscalar
architecture concepts. It has been used in an
advanced undergraduate computer architecture
course to visualize the complicated behavioral
patterns of superscalar architectures, such as out-of-
order execution, in-order commitment, and the
impact of branch mispredictions and cache misses.
SATSm allows students to interactively change
hardware configuration parameters and to observe
their effects visually in a more accessible manner
than is currently possible with existing simulators or
with traditional static media.

Introduction

As the complexity of superscalar architectures
increases, the underlying concepts of dynamic
scheduling and speculative execution become
increasingly difficult to explain without some form
of visuaization. These architectures typicaly
exhibit complex behaviora patterns involving
concurrent, out-of-order execution of instructions on
multiple functional units and the resolution of data
and control dependencies on the fly. Static visual
aids, such as diagrams on whiteboards, dides, or in
textbooks, are limited in ther ability to
simultaneously convey both the structural
relationships between components of a superscalar
architecture and the temporal relationships between
instructions as they progress through the pipeline
and utilize architectural resources.

An dternative is to use a superscalar
architectural  simulator. However, existing
simulators [6,7,8,9] have been designed primarily for
performing research, in which the focus is on
accurately modeling the effects of architectural

mechanisms so that their performance characteristics
can be studied. Most of these simulators do not
attempt to visualy convey the behavior of the
architectural mechanisms themselves and how they
interact. They are often designed to accurately
model a particular architecture and are often too
complex to be suitable for students who are new to
superscalar architecture concepts. More importantly,
these simulators are typicaly not interactive: a
machine configuration is specified and the
simulation summarizes performance and resource
utilization results as output. It is not easy to observe
what is going on during the simulation (e.g., what
the components are doing and how they interact),
and it is not possible to interactively experiment with
the simulation (e.g., to force a branch misprediction
or a cache miss at any point during ssimulation in
order to observe its effect).

This paper describes SATSIm: Superscalar
Architecture Trace Simulator. SATSm is being
used at Georgia Tech in an undergraduate senior-
level course on advanced computer architecture.
SATSIm provides an animated and interactive
visualization aid for teaching some of the important
concepts associated with superscalar architectures.
These concepts include out-of-order execution, in-
order commitment, dynamic resolution of data
dependencies using register renaming and
reservation stations, and the performance effects of
branch prediction accuracy and cache hit rates.

Simulator Details

SATSIm reads instructions from a trace file and
displays them as they progress through a simulated
microarchitecture.  The user can configure the
microarchitecture by selecting the superscalar factor,



the number of reservation stations per execution
unit, the number of reorder and rename buffer
entries, and the number of each type of execution
unit. In addition, the user can specify branch
prediction accuracy, cache miss rates, and cache
miss penalties, using the dialog box shown in Figure
1

SATSIm models the behavior of the specified
microarchitecture,  avoiding  processor-specific
idiosyncrasies that tend to confuse the concepts.
Branch prediction and cache functionality are
generated dtatistically with manual override to
illustrate the effect of a misprediction. The trace file
input is in MIPs format. The simulator decodes all
instructions into one of only five types, integer,
floating point, branch, load, and store. Source and
destination registers are decoded so that data
dependencies and renaming resource utilization can
be accurately portrayed. Figure 2 shows a screen
shot of the animation in progress. Figure 3 shows
the animation window as it progresses through six
simulated clock cycles. In particular, instruction 5 is
shown going from issue to commitment.

Each ingtruction is given a three-digit name so
that it can be displayed and tracked by the user as it
progresses through the simulated processor. The
simulator displays the status of al in-flight
instructions. Instructions are shown as they occupy
locations in the pipeline, rename buffer, reorder
buffer, reservation stations, and execution units.
Instructions acquire color as their destination register
is renamed, and lose color once their result has been
broadcast. The color, or lack of color, for the
instruction providing data to each source register, is
displayed for instructions that occupy a reservation
station. The current color assignment, if any, for
each of the registers is also displayed. The status of
each instruction is updated on each smulated clock
cycle.  Running performance metrics are also
updated and displayed on each clock cycle.

The animation has three interactive features that
are useful for explaning and understanding
superscalar architecture concepts. The user can
force the next fetched branch instruction to be
mispredicted, and then observe the resulting
performance impact. The user can force the next

fetched line of instructions to miss in the instruction
cache. And, the user can force the next load
instruction that executes to miss in the data cache.

During the smulation, the user has control of the
animation speed. The animation can be set to update
the display every 1, 10, 100, or 1000 clock cycles.
The user can single step through the animation, set
the animation to 1, 2, or 10 screen updates per
second, or let it run as fast as possible. The user can
also alow the smulation to run to the end of the
trace file without updating the screen.

When the simulation ends, the program writes
pertinent performance and utilization data to a tab-
delimited text file. Table 1 lists the data that is
written to disk after each simulation.

I Rename Utilization
I Integer Execution Utilization

I Floating Point Execution
Utilization

I Branch Execution Utilization

| Memory Execution Utilization

I Integer Reservation
Utilization

| Floating Point Reservation
Utilization

| Branch Reservation
Utilization

I Memory Reservation
Utilization

I Date and Time

I All Simulation Parameters
I Trace File Name

l Total Cycles

I Number Instructions
Committed

I Number of Each
Instruction Type Fetched

| Total Icache Misses
B Total Miss Penalty
I Total Stall Cycles

| Total Dcache Misses
I Reorder Utilization

Table 1. Data Collection

SATSIm runs on Windows 9x or NT. The
program was developed using Microsoft Visual C++
Version 6.

Simulator Use

The simulator is currently used in an advanced
undergraduate computer architecture course to assist
students with understanding superscalar architecture
concepts.  One associated assignment asks the
students to discuss the effects of branch prediction
accuracy and cache hit rates on the performance of
superscalar architectures. Another assignment asks
the student to explore the design space by varying
the architectural parameters, and then discuss the
tradeoffs between chip-area cost (based on a given
cost model), cycle time, and architectural resources.



The smulator alows students to explore the
design space. Then, the archived data alows for
more thorough analysis of design tradeoffs.
Through these assignments, the students were able to
explore the difficult concepts of dynamic scheduling
and specul ative execution.

Conclusions and Future Work

SATSIm and the associated assignments assist
students with understanding superscalar architecture
concepts.  Significant improvement was observed,
through quizzes and class participation, in the
students' comprehension, as compared to previous
COUrses.

SATSIm conveys important fundamental
concepts in superscalar architecture design and their
associated nomenclature.  Once this conceptual
foundation is in place, more advanced concepts can
be discussed, such as trace caches, branch
predication, data prediction, vector processors,
SIMD ISA extensions, and multiprocessor systems.

Enhancements to SATSim include: an online
help system will be incorporated, a browse function
will be added for selecting input and output files,
and a utility for running ssimulations in batch mode
will be included. Real-time visualization of resource
utilization information will also be added.

The smulator can be downloaded from
http://ece.gatech.edu/research/pical SATSim/satsim.h
tml
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Figure 1. Screenshot of the Trace Options dialog
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Figure 2. — Screenshot of animation




Figure 3. Seguence of Animation Steps
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