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Our focus: automate reconfigurable stencil computation



. Identify reconfiguration opportunities

—partitioning algorithm: generate configurations based on
variations in time dimension

. analyse runtime benefits for stencil computation

—analytical model: optimise generated partitions, to fully utilise
avallable resources

. evaluate run-time solutions

—Scheduling algorithm: evaluate run-time benefits and
overhead, to provide optimal run-time solution



stencil Computation: Reverse Time Migration (RTM)

! | Exampl: Oil & Gas Alcatin

for t =1 to tmax:
for 1 = 0 to X*Y*Z-1:
1 = convolve(curr[i], stencil)

next := 2 * curr[i] - prev[i] + vvI[i] * 1 : <:)
next[1i] = next + source[1i]
apply boundary condition (curr, next)
swap buffers (prev, curr, next)
& Forward propagation %
: correlation 9
Forward propagation \CED/
@ Backward propagation @ \



1. Partitioning algorithm: functions to segments

* segments

—functions in same data dependency level combined as a
segment

—segment variations express algorithm variations in time

dimension 2@
2\A
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« configurations

—one or more segments are combined as a valid
configuration to be executed

—optimised configurations utilise run-time benefits
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—one or more configurations are coordinated to accomplish
application tasks

—optimal partition balances run-time benefits and overhead
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2. Analytical model: data-paths
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Operations on X-Dimention Operations on Y-Dimention Operations on Z-Dimention
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Analytical model: error and resource consumption
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* Dbit-width optimisation, arithmetic operation transform

normalised computation precision (RMS)
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* bit-width optimisation, arithmetic operation transform
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Analytical model: FPGA resource consumption
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accumulating resource consumption

Ds — 2 Nop.i - Bp - Ip; < DSP consumption
Ap
Nepi-Br-Tr:) +1 .
Ls= 2 WNopi - Br 1) + 11 LUT consumption

Ar
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ps= 2=Wer yr— < FF consumption




: memory systems

Analytical model

V5]

e customised memory architecture
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Memory Systems

Analytical Model
« data access blocking
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Analytical model: memory systems
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* customised memory architecture

memaory resource consumption

4
L - (S (24 No) + 1)

Bs = =1 _
Ap/ (Wap - By)

ne+ (P, —1)-25
Py

(ny+ (P, —1)-25)

ﬂldp =
P



Analytical model: memory systems
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* customised memory architecture

Be_ X1 map - (S (24 Ne) +1)
A/ (Wap - By)

ne+ (P, —1)-25
Py

(ny+ (P, —1)-25)
?—chip bandwidth requirement

BWq, > “'{"fdp + By - Pdp} - Penl - fknl
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lability

Analytical model
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« parallel data-paths: multiple memory access

 serial: multiple time steps

Pe—————— = - —

e e e e e e e e e e e e e e ———— e ——

" &
YT Y H
i
sadnjandjseajuj ALOLWID IA
i |
[ . L1011 L=
i T
[ (tptpbplobybtstybsleyk 1 + B
e L L
! I 1
! E;mﬁ waad()y __..:..EL -
1 (=9 .._...
! 1 L ) %)
1 i o a | |
o & -
" _ IYIE) paaw —_mw _ _IM_ J: ) -
_ _ T —
_ ! W m
' : Sy u
m ey B " ””””” i o
P “I... IIIIIIIIIIII " ....._.__._._”_._._”..
m “.m Hipeaadgy pruayg | 1= ””””””
! B . m.. .._._”_._._”_._._..
! e~
- LW
| ﬁ LLELS ] tEE_L 3| R
i | _......__....,_..
)R
LI I U T ¥ .
= N -
SAININAISEAJU] ATOWD A
FESRY] ’
I O

syueg Atowndpy dig)—-3o

syueg Atowapy diyH)—po




Analytical model: optimisation
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* Objective

Minimise: ¢, = R, - = ]Dﬁ(olb ;Pft >
nl ° nl ° p +t
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= o
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Analytical model: optimisation
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Subject to:
 Constraints
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Analytical model: optimisation
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e QOverhead
—reconfiguration time
—data transfer time

o ﬁr‘fﬂ-ﬂ?(Bs: DE-! L"I FE'}
¢

GT'E
Cm

@

2-D Wy, - (1+N.)- By



23

Partifion0

™ | Configuration
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Algorithm 3 Partition Scheduling Algorithm.

‘_ - nf;;.ur.;i-ol;- Labels: v,: nodes , p,: partitions , Cur: current configuration
= ===-=7 Functions Conf{v,. p,): find the configuration in partition p, that v, € ¢,

’ ) - for p, € Partitions do

for v, € Source Nodes do
Cur + Confi{v,. p;)
while v, NextNode # (i do
if v, & Cur then

1
2
3:
4:
5:
" A =-~, & Cur +— Conf(v,. p.)
/ | @57 @ ' Teze += Cur.Cre + Cur.Cyp
i R > end if
9: Tere +=Cur.(C}y
9 10:
' r_-'l-_ iy 11:
-
Yo :

v, +— v, NextNode

end while
p‘i!- T — -‘h'Iax{Tf.'If }
- end for
14:  Partition < Min(p,.T)
15: end for




* fully utilise available resources
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* model accuracy
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* approximating peak performance
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cpul GPU- FPGA (static) FPGA (optimal)
data size” s m 1 [14] S m 1 s m 1
execution time () I81.7 | 14582 | 55748 | [10] | [11] | [12] 3.6 180 | 1479 | 29 134 | 110.59
overhead time (t)* 0.03 0.01 0 0’ 0.14 0.58 3.88 0.22 0.82 5.8
throughput (GFlop/s) 1.8 0.9 1.8 36 | 512 | 645 | 3587| 70.6 | 68.0 66.8 02.8 | 91.6 91.6
speed-up 1x 1x 1x n/a n'a 39.2x 76.4x )?ﬂ'le"lt 102.9x 50.9x
power (W)” 182 185 183 461 | n/a n/a n'a 128 12 124 131 128 127
energy (10°7)° 33 269 1020 n/gf n/a 0.5 2.3 18.3 0.4 1.7 14.6
efficiency ((MFlop/s)/W) 9 g 4 9 9 g 76.5 | 1f| | n/a IF: : 527.1 538.9 | 785.0 | 7156 721.3
efficiency gains 56.7x | 108.4x 554x | 80.8x | 145.1x 71l.4x
e improveo system perfoyfn

—1.59 times faster than the best published GPU and FPGA
results
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cpul GPU- FPGA (static) FPGA (optimal)

data size” s m 1 [14] 5 m 1 5 m 1
execution time (f) 181.7 | 1458.2 | 5574.8 | [10] | [11] | [12] 3.6 18.0 147.9 2.9 13.4 | 110.59
overhead time (t)* 0.03 0.01 0 0’ 0.14 0.58 3.88 0.22 0.82 5.8
throughput (GFlop/s)? 1.8 0.9 1.8 36 | 512 | 645 | 35874 70.6 68.0 66.8 | 102.8 | 916 91.6
speed-up 1x 1x 1x n/a naf| 39.2x 76.4x 37.11x _#57.1x | 102.9x 50.9x
power (W)? 182 185 183 | 461 | na | nia | o | 128 129 A | 131 128 127
energy (10°7)° 33 269 1020 n/a Sa 0.5 2.3 18.3 0.4 1.7 14.6
cfficiency (MFlop/s)/W) | 9.8 4.9 0.8 765 | n/a | na J wa | 5514 53890 | 785.0 | 715.6 | 721.3
efficiency gains 1x 1x 1x n/a : 56.7x 554x | 80.8x | 145.1x 71l.4x

* Improved system performagce

—1.45 times faster than optimized static implementation
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cpul GPU- FPGA (static) FPGA (optimal)
data size” s m 1 [14] 5 m 1 s m 1
execution time () I81.7 | 14582 | 55748 | [10] | [11] | [12] 3.6 180 | 1479 | 29 134 | 110.59
overhead time (t)* 0.03 0.01 0 0’ 0.14 0.58 3.88 0.22 0.82 5.8
throughput (GFlop/s) 1.8 0.9 1.8 36 | 512 | 645 | 3587| 70.6 | 68.0 66.8 | 102.8 | 916 91.6
speed-up 1x 1x 1x n/a n'a 39.2x T76.4x 37.11x | 57.1x | 102.9x 50.9x
power (W)” 182 185 183 461 | n'a | n/a n'a 128 129 124 131 128 127
energy (10°7)° 33 269 1020 n/a n'a 0.5 23 18.3 04 1.7 14.6
efficiency ((MFlop/s)/W) 0.8 4.9 9.8 76.5 | na | nla n'a 551.4 527.1 538.9 85.0 | 715.6 721.3
efficiency gains 1x 1x 1x n/a n'a Tx | 108.4x 55.4%().83 145.1x 71l.4x
» improved system performance

—-1.42 times more energy efficient than the static designs
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generalise design methods
partial reconfiguration
run-time scheduling

further applications
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« design method to exploit run-time reconfiguration
—partitioner
—analytical model
—scheduler

* Improved system performance

—1.59 times faster than the best published GPU and FPGA
results

—1.45 times faster than optimized static implementation
—-1.42 times more energy efficient than the static designs



