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Abstract

Recent evaluations report that C-to-FPGA flows can produce
results with a quality close to hand-crafted designs [1].
Programs which use dynamic, pointer-based data structures
remain difficult to implement well, yet these structures are

common In software. We compare a data-flow centric 3 M | e Eh 9 L
implementation to a recursive tree traversal implementation . Manual partitioning ot the tree data structure, privatisation

which makes use of pointer-linked data structures. We ot heap memory for centre sets and memory allocators

oresent source code transformations that ensure | 4 LOOP distribution to enable efficient pipelining

4 Code Transformations - Filtering Algorithm

1. On-chip dynamic memory allocation: Custom
Implementation of the allocator

2. Standard approach to handle recursion: Replaced by a
while-loop and a stack

syntheS|_sab|I|ty and Improve the quallty of | results. The while stack not empty do Some pointers on
automation of these transformations motivates future . the stack alias,
) while (stack not empty) and (queue not full) do but read-write
research. = pop (pointers to treeNode u, centreSet Z) — dependences are
3| enqueue (pointers to treeNode u, centreSet Z) preserved by the
Case Stu dy end while transformation
: _ _ while gqueue not empty do
« Compare two equivalent algo_rlthms for K-m_eans clustering: £ dequeue (pointers to treeNode u, centreSet Z)
Lloyd’s Algorithm and the Filtering Algorithm [2] S| ..remaining loop body ...
- Determine required source code refactoring end while
end while
Algorithm Lloyd’s Algorithm The Filtering Algorithm
Clustering result Both algorithms produce the same result R I
Algorithm 210 - 10* 9-10* esults
complexity’ node-centre interactions node-centre interactions « Taken from placed and routed FPGA deS|gns
Computational  Simple control flow  Uses tree data structure built ° Lond‘s implementation achieves ‘close to hand-written’
properties . Emllolarressinfgly parallel from the data set | performance using synthesis directives only
Well-suted for FPGAs -1+ E‘;ﬁ\‘;’;’i‘fn:f;gii":ﬁ;iation . > 5 x-Improvement of latency due to manual source code
Implementation | Seamless C-to-FPGA Requires substantial source code modifications for the Flltermg Algorlthm
in Vivado HLS implementation modifications 9 ! ! ! ! '

1Synthetic data set, 16384 data points, 128 clusters, : - Parallel instantiations of function FILTER, P=2 :
search complexity proportional to execution time 1 SN IR - Partitioning directive for the tree memory BT

Filt. HLS design:
Base line design, P=1
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zoo-% o function FILTER(treeNode u, CentreSet Z) , Transformation 3)
0 Cege ."E v ': k » ZA(_ Closest Centre € Z to Uu. mldp()lnt 6k Ny ............ - Parallel instantiations of function F”_TER, P=2 |
sof . daeR e - Manual partitioning of the tree memory
B if u is leaf then - ~ ; ~
ZZZ ¥ updateCentreBuffer(z") E ¢ /o S O
: (]
sod: NSRRI R . - . - oSN else E Transformation 4)
ooa Clustering | o new new/zZ s a4 N/ - Manual loop transformation and insertion of ) |
1000 500 0 500 1000 o pruneSet(Z, ZA’ . bndBox) 4(03-; dependence dlreetlves to enable.plpellnlng
: if [newZ| > 1 then a SN/ S S R
f“'f“t“’l'; LLOYDS() 4 FILTER(w. left, newZ) [Lioyd's HLS design:
or all x; € {x;,x;, ..., xy} do FILTER(w. right, newZ) ; | - Partitioning directive for the data set memory
forall z; € {2, 2,, ..., zx } do ' ’ 7 RN N S | - Loop unrolling directive for the outer loop, P=40
2 2 delete newZ : | - Pipelining directive for the inner loop
d? < ||x; -z else | | | |
EIId for Filtering Algorithm, hand- S
z <« closest centre to x; delete newZ/ written VHDL design, P=2 [~ - | written VHDL design, P=40 \h
updateCentreBuffer(z") end if 05 . 10 1c 20 o
end for end if Slices (x1000) Xilinx Virtex 7, 200MHz timing constraint
end function end function
_ Conclusion
Why Pointers? . State-of-the-art HLS tools can achieve ‘close to hand-
* Unbalanced, data-dependent tree shape: written’ performance
Pointer-linked data structure « Lack of automated optimisations for programs using
* Dynamic instead of static memory allocation: pointers and dynamic structures: extensive code
Significant on-chip memory savings (reuse memory space) transformations required

* Future work focuses on a dependence / disjointness
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< 50 3.5 - © | Clustering the colour space of the Lena image, N=16384, K=128
o " * '_ — - - - —_— - - - T - - - _— . § [ - -
S i analysis for data structures accessed through pointers in
» S EES I L : _
@ 15| ... |Selected ||~ |Worst-case bound || order to automate these code transformations
I5 bound .1 oiiii | (static allocation) :
9 o - - | B=256 . .t | B=16383 f
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