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Streaming Computations Pe i Cell BE Re v
® Memory access intensive
m Given by task graph Cell BE Processor "] sPE (synergistic Processing Element)
d 2
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bottleneck for memory-
Jntensive computatipns

. . R Case Study: U
Orchestrating SPEs and main memory %;cjmbj On-Chip-Pipelining for Merger Trees (1) ;}ij

Dancehall

m Use SPE local store as explicitly
managed cache for shared main
memory

® Bandwidth to main memory is
performance bottleneck for
streaming computations

On-Chip Pipelining
m All tasks active
simultaneously

o User-level
scheduler

® Trades increased
on-chip commu-
nication for reduced!
memory access

Example:
Merge tree computation
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m Pipeline taskgraph
m Double-buffering

B Example:
Map 16-to-1
Merger-tree
(4-level tree)
to 4 SPEs

B Tasks:
e Comput. load
e Memory load
e Comm. rate

® Which mappings '
are good? !
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Case Study:

On-Chip-Pipelining for Merger Trees (2)
B Pipeline taskgraph
m Double-buffering

B Example:
Map 16-to-1
Merger-tree
(4-level tree)
to 4 SPEs

B Tasks:
e Comput. load
e Memory load
e Comm. rate

® Which mappings
are good? !
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Optimization Problem

® Max. accumulated work load mapped to a SPE
should be minimal

m Max. X buffers per SPE should be minimal

e as DMA performance degrades for small packet sizes
and local store is very small

m Inter-SPE communication volume should be low
(max. 204 GB/s)

- Multi-objective optimization problem
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ILP Model f:]l:a"

a"%, \J‘G
X, .= 1
iff task v mapped to SPE g VoeV: Y w,=1
qeP
@@ Yqge P: Z Ty q - p(v) < maxComputloa
® @ veV
@H Yge P: Z Tyq - Fv) < maxMemoryLoa
o vev

Y(u,v) € E, g€ P Ziuwyg < Tog

Z(uw)g S Tug
commLoad = g 7(e) — E E Zeq T(e
eck ecllqeP

Minimize A - maxComputLoad + ey - maxMemoryLoad

+ ec - commLoad
O(np) variables

. O(np) constraints

where 0 < ey <land0 < e < |

ILP Mapping Results for Merge Trees:
2 Pareto-optimal Mappings (32-to-1 Merger)
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More ILP Results for Merger Trees

Table 1. The Pareto-optimal solutions for

mapping b-ary merge trees, found with ILP,

foro=2,k=p=5,6,T.

k binary con- | max. mem- | commLoad

variables  straints | ory load
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k=6 0 86 312605 \‘
14 | 24375 —
15| 1.9375
20 | 1875

k=T 1771 1906 21 | 2375
29 123125
30 |2 lﬂ

AR
ILP Mapping Result for FFT F\ l‘
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m 8x4 FFT (Butterfly task graph) on 6 SPEs
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ILP Mapping results !:j?
for general data-parallel task graphs a‘%mg

m Data-parallel task graphs
from vectorized Livermore Loops and synthetic benchmarks

Divide-and-Conquer Heuristic

| |LP complexity grows linearly in pand n
e Too high for p>=8 on larger task graphs

m Solution: Strip-Mining (Task splitting)
e Only for data-parallel tasks
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Kemel ~ Description #Nodes  #Edges IVLP model for I):Q ;LP model forp =38 ® Split both task graph and SPE set in halves,
n m | va's constt.  time | var's  conslr. time ing ILP model for p=2
[0 Integrate predictors B | m W 206 W — using p=
LLI0  Difference predictors 29 W M5 384 006s | 459 502 1:26:39s e Then solve by ILP if small en
LL14 1D particle incell, 2nd loop 19 200 43 290 0:03s | 323 380 1:05s
LL22  Planckian distribution 10 8| 11 125 <00s| 147 163 <0:0ls Task graph for vectorized
FIRS  8-tap FIR filter 16 2 B 29 450ds | 307 393 0:04s Livermore Loop 9:
T8 Binary tree, 16 leaves 3l 30| 369 40 536s | 491 536 0:11s
C-6 Cook pyramid, 6 leaves 21 30 ) 309 400 27:56s | 411 526 3:22s
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U Approximation Algorithm
Granularity Control a;lln for b-ary Merge Trees

| |terative algorithm

e Maps a k-level
b-ary merge tree
to p=k SPEs
in O(b log k) steps WO

m Step imaps /; lowest
yet unmapped levels
to /; SPEs

e where J;is the largest

power of b that is Y Sty
<= the number of yet .
unmapped levels — 1 [ JC

e Mapping by equal
distribution of subtrees

The computed mapping has the following properties:

B The maximum computational load is 1/1 (= root merger load)
e This is optimal R
B The maximum memory load is about %
,
e This is larger than a ’
straightforward lower bound
by a factor < b

Proof: in the paper
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Approximation Algorithm f:js%
for b-ary Merge Trees (2) PN S Summary
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Optimized On-Chip Pipelining for CELL
m Trade more internal communication for less memory accesses

B Optimize mapping of tasks for computational load balance,
SPE memory load balance, overall communication volume

m |LP model for general task graphs
m DC-heuristic for general task graphs
B |terative approximation algorithm for merge trees

Future Work
B Implementation to verify simulation results
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