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nasa7 This is an FP benchmark written in FORTRAN. It is a collection of seven
synthetic kernels.

Ii This is an integer benchmark written in C. It is a LISP interpreter that
measures the time it takes to solve the nine-queens problem.

eqntott This is an integer benchmark written in C. It translates Boolean equations
into a truth table.

matrix300 This is an FP benchmark written in FORTRAN. It exercises the Unpack
routine saxp¥ on matrices of order 300.

fpppp This is an FP benchmark written in FORTRAN. It calc.ulates a two-electron
integral derivative (quantum chemistry).

tomcatv This is an FP benchmark written in FORTRAN. It is a vectorized mesh
generation program.

2.2. Benchmark Compilation

On MIPS, the benchmarks were compiled using RISC Compilers 2.10 with optimization
-03 (-02 for gccl35, spice2g6, and fpppp) per the SPEC Makefiles, best -G numbers per
the linker, and -Olimit values per the compiler.

On SPARC, the benchmarks were compiled with SPARC Compilers 1.0 (beta) (Sun C 1.1
(beta) and Sun FORTRAN 1.4 (beta» using the optiOns: -eg89 -04 -libmil -dalign.

2.3. Data Collection

On MIPS we used pixie and pixstats8 (and an in-house pixstats-like program) to
collect dynamic instruction counts. On SPARC we used the corresponding tools, spix
and spixstats.9 pixie and spix instrument programs to collect enough information
to detennine how often each user-level instruction is executed. pixstat 5 and spix­
stats produce summary data based on these counts. Additional data on SPARC was
obtained using shadow,tO which allowed us to perform efficient (traceless) trace-driven
analyses.

Two of the benchmarks create subprocesses, which are not automatically handled by the
tools. gccl.35 consists of two programs, one of which (gcc) invokes the other (ccl) to
compile each input file; we counted both gce and cel. Similarly, eqntott invokes the
local C preprocessor on the input file; we did not count the C preprocessor.

2.4. Architecture vs. Implementation

This paper compares the instructions executed. by MIPS and SPARC on an architectural
basis. This is because implementations change more frequently than instruction set
architectures. However, to provide a more complete understanding of the architectural
differences, it is sometimes necessary to refer to implementation characteristics.

For example, a load instruction quite often cannot return its data before the cycle
immediately follOWing the load. MIPS requires an intervening instruction between the
load and any instruction that uses the load data. This is an architectural tradeoff that
will last through future compatible implementations. SPARC requires the hardware to
impose an interlock if the data was not ready for the following instruction. All current
implementations of SPARC have a one-cycle interlock. though future implementations
may have more or less than one. For equivalent implementations, interlocks result in a
lower instruction count fOT SPARe and a lower cydes-per-instruetion ratio for MIPS,
even though both would give equivalent performance.
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Another example involves register windows. One may argue that instructions executed
in register window overflow/underflow trap handlers should be counted. One may
also argue that for an implementation-independent study, these instructions should not
be counted because the number of register windows is an implementation issue. In
order to better understand the tradeoffs, we have included numbers on register window
overhead for a SPARC implementation with eight windows.

2.5. Architectural Differences Between MIPS and SPARe

MIPS (MIPS I: R3OOO/R3010) and SPARe (Version 7) have far more architectural similar­
ities than differences. A full description of these similarities and differences appears in
Appendix E of Computer Architecture: A Quantitative Approach.n For review, the major
differences between the MIPS and SPARC instruction set architectures are:

1. MIPS uses a 32-register, fixed-sized, integer register file. SPARC uses a register
window scheme with eight global registers and a set of 24-register overlapping
windows.t Only 32 registers are accessible at any given time.

2. MIPS has instructions to move values between integer and FP (floating point)
registers. SPARC uses integer and FP load/store sequences to move operands
between register sets.

3. MIPS only has single-precision FP loads and stores. SPARC has single-precision
and double-precision FP loads and stores.

4. MIPS loads and stores have one addressing mode: register + immediate. SPARC
loads and stores have two addressing modes: register + immediate and
register + register.

5. MIPS can often perfonn compare-and-branch in one instruction. SPARC requires
one instruction to set condition codes and another instruction to branch.

6. MIPS branches require an instruction to be executed in the delay slot. SPARC has
annulling branches that can cancel the execution of the delay slot instruction
depending on whether the branch is taken.

7. MIPS requires an intervening instruction between a load and the use of the data
from that load to prevent a load-use data conflict. SPARC allows a load to be
immediately followed by an instruction using that data. If necessary, the
hardware will cause a delay automatically.

8. MIPS has an instruction to move values between single-precision FP registers and
an instruction to move values between double-precision FP registers. SPARe
only has the former.

9. MIPS has integer multiply and divide/remainder instructions. SPARC does not.

10. MIPS does not have FP square root instructions. SPARC does.

11. MIPS does not have conditional trap instructions. SPARC does.

12. MIPS traps to software to manage its TLB. SPARe implements its memory
management in hardware.

13. The immediate constant field in MIPS instructions is 16 bits wide. In SPARC, it is
13 bits wide.

t So far, all SPARe implementations have either seven or eight register windows.
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