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0. Introduction

Shade simulates (emulates) a processor, and is used to execute and trace programs.
Today, Shade runs on SPARC [SPARCS] systems to trace SPEC [SPEC] benchmarks to
help build better SPARC hardware and software. Shade cannot yet run operating sys-
tem code nor multiprocessor applications.

Users write programs, called analyzers, which call Shade functions to simulate and
trace applications, usually benchmarks. The most popular analyzers simulate caches and
microprocessor pipelines. ‘

Tracing in Shade is programmable and permits per-instruction access to the state
(registers and memory) of the simulated program. Trace information flows from Shade
to the analyzer through memory instead of pipes or files. Shade generates traces quickly
and the level of tracing detail can be changed while the application is being simulated.
Thus, Shade’s traces can be recreated on demand, avoiding the processing and storage
costs of conventional traces. When conventional traces are desired, it is straightforward
to write Shade “analyzers” that generate traces in arbitrary formats.

The system where Shade and the analyzer run is the host system. The system where
the application runs is the target system. The target system need not exist; through simu-
lation, Shade offers applications a virfual target system (virtual machine). The virtual tar-
get may be an incomplete model of the target; for example, Shade does not yet simulate
privileged instructions.

Shade uses dynamic compilation to increase simulation performance. At run time,
application code fragments are compiled into special-purpose host machine code frag-
ments called translations. Translations are executed directly on the host system to simu-
late and trace the application code. Translations are cached for later reuse to amortize
compilation costs.

The translation that Shade compiles for an application instruction is essentially an
optimized, in-line expansion of the code a conventional simulator would execute to
simulate and trace the same instruction. Some of the work that a conventional simulator
must do each time an instruction is simulated, such as fetching and decoding the appli-
cation instruction, is instead done once by Shade when the translation is compiled.
Compiling application instructions in groups provides additional optimization oppor-
tunities. For example, virtual application state that would normally be stored and load-
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ed between simulating two application instructions can instead remain in host scratch
registers.

Often, the host system is used directly to minimize simulation costs. For example,
a target add instruction that sets condition codes can often be simulated with a host in-
struction that does just the same. This is more efficient than first performing an add,
then computing the individual target condition code values based on the target opera-
tion, operands and results.

This paper is mostly about the design, implementation, and performance of Shade.
The use of Shade is described elsewhere [Cmelik93b, Cmelik93c]. Unless otherwise noted,

we are describing the version of Shade which runs Version 8 SPARC applications on
Version 8 SPARC hosts.

1. User Interface

This section gives a brief tour of the Shade user interface, as seen by the Shade analyzer
writer.

11. Loading

The function shade_load loads a new application program for simulation and tracing.
The arguments to the function are the application program file name, command line ar-
gument list, and environment variable list. shade_load reads the text and data seg-
ments from the program file, allocates and clears a BSS (uninitialized data) segment, and
allocates a stack, which is initialized from the command line arguments and environ-
ment.

Once the application is loaded, the analyzer is allowed to make certain system calls
in the context of the application program. For example, the analyzer can make calls that
redirect the application’s I/0.

Analyzers can (sequentially) simulate multiple applications. This allows analyzers
to perform the otherwise painstaking process of summarizing results for multiple-
command benchmarks.

1.2. Simulating and Tracing

The function shade run is called with an array of trace records and the array size.
shade_run simulates the application while filling in trace records. It returns the
number of instructions traced, which may be less than the number of instructions simu-
lated. Zero is returned when the application has terminated.

Shade provides analyzers with control over tracing, so analyzers only pay for the
trace data they want. Shade can directly record the following trace information:

« instruction address
+ instruction text
» decoded opcode value

« effective address: data address for loads and stores, target address for control
transfer instructions

« branch taken flag

« annulled (squashed) instruction flag

» values of integer and floating point registers used in the instruction; source regis-
ter values are recorded before instruction simulation, destination registers after




