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Target of our work was to design a processor with the following

features:

• All-purpose functionality

• Increased performance only by reconfiguration

• Compatibility with legacy processors with the same ISA

- Existing compiler technology should be applicable

- Legacy (program) code should run on the processor

Introduction
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• Superscalar Architectures perform out-of-order execution

- based on the availability of unemployed FUs

- based on the availability of executable instructions

• Executable Instructions are scheduled and routed to free
functional units by an issue logic

• Processors with different execution stages can execute the
same code with different performance results.

Subject of reconfiguration in the proposed architecture is
the execution stage.

Basic Ideas
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Implementation

• ISA: Arm Thumb

• Target FPGA: Virtex-II-XC2V8000

B. Klauer, A.Niyonkuru Superscalar Technology for Reconfigurable Processors
T T T

T

T

T

Fetch-Stage

Decoder

Issue-Logic WB

Execution -Stage

Implementation



5

B. Klauer, A.Niyonkuru Superscalar Technology for Reconfigurable Processors
T T T

T

T

T

Trace valid?

Fetch 2 Addresses (4 Instructions)

Yes No

Suitable
Config?

Yes

No

Reconfigure

Fetch from
Trace Cache

Decode/Execute/WB

Store into
Trace Cache

Predecode

Fetch from
Instruction Memory

Operational principle

B. Klauer, A.Niyonkuru Superscalar Technology for Reconfigurable Processors
T T T

T

T

T

Fetch Unit/Predecoder

Instr15

4 
In

st
ru

ct
io

ns

PC

4 
In

st
ru

ct
io

ns

P
C

 &
 In

st
ru

ct
io

ns

Instr0Trace_Line0

Instr15Instr0Trace_Line7

Instr15Instr0Trace_Line1

PC

PC

PC

Trace Cache
Instruction Memory

(DP Block RAM)

PC

9 bit 64 bit64 bit

The fetch stage

+1



6

B. Klauer, A.Niyonkuru Superscalar Technology for Reconfigurable Processors
T T T

T

T

T

Instr_in[0...3]

& PC

Instr_out[0...3]

• Source Registers
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• Benchmarking with the SPEC CPU 2000 BM.

• Operating system support (File System, I/O, etc.)

Why Simulation ?
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• Simulator: ARM-Version of the SimpleScalar Toolset extended by:

- a Trace Cache

- the Configuration Manager

- an extended issue-logic

- a reconfigurable EX stage

• Problems investigated: Applications from the SPEC CPU2000 
Benchmark

gzip: Datacompression

vpr: FPGA-Place & Route

gcc: GNU C Compiler

equake: Earthquake-Simulations

ammp: Chemical Computations

• C-Compiler: ggc

Simulation
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Conclusions

• Superscalar Technology can be improved by reconfiguration

• Legacy Code and standard compilers can be used.

• There could be a stronger improvement with fast(er) partial 
reconfiguration methods

• What is the difference between programming and configuration ?

• Can dynamic reconfiguration be done self-organized ?
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Thanks

… for your attention !


