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Abstract

Hardware accelerators outperform equivalent
software implementations through the exploitation of
both spatial and temporal parallelism. Determining
the correct levels of each in order to maximize system
performance is a challenging task. We present
techniques for exploring the design space of a high-
level pipelined architecture to balance pipeline stages
and optimize performance. Consideration is given to
both memory-intensive and compute-intensive stages.
As an example, a custom FPGA-based architecture for
a simulated annealing algorithm which runs as a time-
critical  in-space  application is  presented.
Performance of the novel architecture is compared
with that of traditional space-based microprocessors.
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2. Background
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3. Methodology

#

generate minimal architecture for all stages
compute latency of all stages
Loop
identify worst-performing stage
reduce latency of worst stage by either
a. reducing latency enough to pass “worst
stage” label to a different stage OR
b. reducing latency as much as possible
while retaining “worst stage” label
EndLoop (when worst stage label cannot be passed)

Figure 1: Algorithm for generating a pipelined
processor.



temperature — INITIAL TEMP

generate initial solution

compute score of initial solution

while temperature > STOP THRESHOLD
copy: next solution — current solution
alter: mod_ify next solution
evaluate: compute score of next solution
accept: probabilistically accep? next solution
adjustTemperature

Figure 2: Simulated annealing pseudocode. An
optimal solution is derived by repeatedly executing five

steps.
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Figure 3: The simulated annealing pipelined
architecture.
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3.1 Acceleration of Memory-Intensive Stages
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for (i=0; i<100; i++)
dest[i] = source[i];
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Figure 4: Memory circuit that allows for double-wide data
transfers in addition to word-sized accesses.



3.2 Acceleration of Compute-Intensive Stages
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Evaluate

distance = 0;
for (i=0; i<99; i++)
distance += (abs(x_pos[next[i]]
- x_pos[next[i+1]])
+ abs(y_pos[next[i]]
- y_pos[next[i+1]1));

}
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Figure 5: One possible architecture for the TSP
Evaluate function.

Table 1: DSE Progression
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Table 2: Speedup Comparison (100 MHz clock freq.)
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ASP Performance as a Function of LUTs

Fa
]
=]

Clock Cycles per Heration
f— —_ [ (x5 %) %) =
] iy ] = (i) = 5] =
o o o o [==) =] [==)
T T T T T T T
L L L L L | |

th
[=1
T
L

I I I I I I
4600 4800 5000 5200 5400 5600 a80C
LUTs

Figure 6: Custom architecture performance as a
function of LUT usage.
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5. Conclusions and Future Work
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ASP Performance as a Function of Flip-Flops
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Figure 7: Custom architecture performance as a
function of flip-flop usage.

&SP Performance as a Function of Block RAMs
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Figure 8: Custom architecture performance as a
function of Block RAM usage.
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