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Why CGRA for HPC?
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RIKEN CGRA Architecture
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enhance the throughput of LS tiles: LS tiles
are commonly connected to memory tech-
nologies which provide optimal performance
for sequential memory access only. On the
other hand, iterative stencil loops and similar
applications cause repeated and interleaved

SB tile is responsible for connecting all other tiles forming the
whole array. In the baseline configuration, each SB tile is con-
nected to its own PE and all eight neighboring tiles, forming a
King-style mesh connection. The SB tile allows static routing
with multiple streams concurrently passing through the same
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Processing Element Tile with Heterogeneous ALUs
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Various HPC kernels often require transcendental functions, such as square root and exponen-
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PB b fiqured f - lica- Embedded Router (CGRA-ER), the SB-based design hasamuch g g o g Consequently, instead of using just one type of ALU, we plan to combine them within a hetero-

S can be contigured for various applica higher routability albeit with 6.3 times resource usage. At the in[6] - out(7] G0 G0 S 7o . . .

tions: For stencil-like computation, they act 9 y ) ge. out[4] in[7] Mux0.ne Muxt.ne Muxz.ne Mux10.ne geneous CGRA and investigate a proper balance to reduce resource usage and, potentially,

baseline configuration, our prior research has shown that the
interconnect is overprovisioned, thus having a low utilization.
Furtherresearch to find the balance is necessary.

as a shift register with parallel outputs. out[o] outf1] out(2] power consumption.

Offsets of parallel outputs are configurable
and the buffer supports insertion of addi-
tional samples at the start and end of data
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Baseline fully-meshed topology

Systolic Array Style Computation on CGRA

Reduced topology (no vertical)

Connection of PBs between CGRA's SBs.

Multiplexers allow bypassing PBs. For this purpose, anew ALU has to

be designed. The new ALU has
three inputs and two major parts.
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example square-root, exponent, I
logarithm and division. This e _{FUNTALY)
complex part is optional and may
not presentin all Pes.

FPGA-Based Emulation on Real HPC Environment

For alarge-scale evaluation in an HPC environment, we are
developing FPGA-based emulation of the CGRA. The

might waste a lot of PEs as both side of the
branch are always executed. In addition, the
type of predication network, either a dedi-
cated predication network or sharing the
datapath. A further study on the trade-offs
between allthese factorsis necessary.

Data Flow Mode: FFT example

ALU Opcode

e Using GenMap compiler: GA-based multi-objective S e
and general-purpose mapping framework for CGRA :

¥v" Find solutions in a Pareto-front for mapping a DFG onto
CGRA (place-and-route: P&R)

v" Select the best set of solutions as final P&R solution

3

Also, we must consider the compiler support.
Aregular CPU oriented program predications
happen on the control-flow side of the
program, however branch instruction in
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Systolic Mode: example for GEMM (highly regular) =

r_csrw_bitout !

o_avlst_LSoffset
[3..5]
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o_avlst_LSoffset

-<o_config
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Unmodified RIKEN CGRA (using Elastic interface) With Baseline PE, MM 8x16 With FMA enabled PE, GEMM/MM 16x16 | %- 7 r_csw_bitin u,% | E, , —
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