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Summary 
We developed an approach for studying the design space when interfacing reconfigurable accelerators with a 
CPU. We consider reconfigurable accelerators that are controlled by a CPU via a direct low-latency interface but 
also have direct access to the memory hierarchy. In order to investigate those, we present a framework based on 
the LLVM infrastructure that performs estimation of the runtime on the target architecture utilizing profiling in-
formation and code analysis. It finds the optimal hardware/software partitioning by forming a corresponding ILP 
problem. The process is fully automated and enables the evaluation of various architecture parameters. 
 

1 Detail 
We investigate a class of CPU-accelerator architec-
tures, where the two compute devices have a direct 
interface mainly for control and are also connected by 
a shared memory hierarchy. The effects of different 
interface characteristics, cache layouts, accelerator 
sizes and ratios of compute capabilities of CPU to ac-
celerator are subject to our design space exploration. 

For each architecture configuration and code map-
ping, we estimate the total execution time based on 
analysis and profiling of the LLVM intermediate rep-
resentation of the code. We consider execution times 
for instructions on register operands, memory access 
latencies and direct communication latencies. 

While the architecture itself is well suited for concur-
rent execution on CPU and accelerator, the estimation 
model is currently limited to a sequential execution 
with the control flow alternating between the two de-
vices. This way, we determine a lower bound of the 
achievable speedups in two regards: first, the dynamic 
power consumption of the combined CPU and accel-
erator depends only on their respective dynamic pow-
er consumption and not on the sum of both. Second, 
the presented speedups do neither depend on the ex-

istence of task level or coarse grained loop level par-
allelism in the benchmarks, nor on their exposition by 
the programmer or identification by automated tools.  

Instead, the analysis focuses on the existence of ker-
nels or parts of kernels in the benchmarks that fit the 
size constraints of the accelerator and promise 
speedups after considering control flow and data flow 
overheads. Both presented aspects of the sequential 
execution model also favor a replication of several 
CPU-accelerator pairs into a multicore architecture. 

The execution time of in-register instructions is esti-
mated by an average value. We have taken steps to-
wards a calibration of these timings for different in-
struction classes on modern CPUs and to evaluate the 
estimation accuracy of the calibrated model. 

In previous publications, we found mappings of the 
code to CPU and accelerator with a greedy heuristic 
[1] and incorporated information about the control 
flow to improve the heuristic [2]. We now compute 
the optimal partitioning for a given estimation using 
ILP solving and find that the improved heuristic leads 
to optimal or almost optimal solutions in most cases.  
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Figure 1: Example of Architecture 


