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Streaming Computations

Memory access intensive

Given by task graph

Special topologies:  
linear chains,  trees

General, 
directed acyclic graphs

2 kinds of tasks

serial, e.g. merge

data-parallel
(vector ops)
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Cell BE

Main Memory Bandwidth
peak 25.6 GB/s per direction

Bandwidth to off-chip
memory is performance 
bottleneck for memory-
intensive computations

Element Interconnect Bus  (EIB)

Internal Bus, Bandwidth (peak)
204.8 GB/s = 25.6 GB/s per bus unit

Local Store 256KB
single ported
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Orchestrating SPEs and main memory

Dancehall
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
All tasks active
simultaneously

User-level
scheduler

Trades increased
on-chip commu-
nication for reduced
memory accessExample: 

Merge tree computation
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Case Study:
On-Chip-Pipelining for Merger Trees (1)

Pipeline taskgraph

Double-buffering

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

Tasks:

Comput. load

Memory load

Comm. rate

Which mappings
are good?
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Case Study:
On-Chip-Pipelining for Merger Trees (2)

Pipeline taskgraph

Double-buffering

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

Tasks:

Comput. load

Memory load

Comm. rate

Which mappings
are good?
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Optimization Problem

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

Max. Σ buffers per SPE should be minimal

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

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

Multi-objective optimization problem
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ILP Model

xv,q = 1 
iff task v mapped to SPE q

Minimize
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O(np) variables
O(np) constraints where
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ILP Mapping Results for Merge Trees:
2 Pareto-optimal Mappings (32-to-1 Merger)

maxMemoryLoad:  10x5B

maxInterSPEComm: 1.75

maxMemoryLoad:  8x5B

maxInterSPEComm: 2.5

Pipeline-
Efficiency 93%
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More ILP Results for Merger Trees
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ILP Mapping Result for FFT

8x4 FFT  (Butterfly task graph)  on 6 SPEs
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ILP Mapping results
for general data-parallel task graphs

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

LL9

FIR8

T-8LL10
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Divide-and-Conquer Heuristic

ILP complexity grows linearly in p and n

Too high for p>=8 on larger task graphs

Split both task graph and SPE set in halves,
using ILP model for p=2

Then solve by ILP if small enough, or solve recursively

Task graph for vectorized
Livermore Loop 9:
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Granularity Control

Too few heavy-weight tasks not all SPEs utilized

Solution:  Strip-Mining (Task splitting)

Only for data-parallel tasks
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Approximation Algorithm
for b-ary Merge Trees

Iterative algorithm

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

Step i maps li lowest
yet unmapped levels
to li SPEs

where li is the largest
power of b that is 
<= the number of yet
unmapped levels – 1

Mapping by equal
distribution of subtrees

Details: in the paper
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Approximation Algorithm
for b-ary Merge Trees (2)

The computed mapping has the following properties:

The maximum computational load is 1/1  (= root merger load)

This is optimal

The maximum memory load is about

This is larger than a 
straightforward lower bound
by a factor < b

Proof:  in the paper

B
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Summary

Optimized On-Chip Pipelining for CELL 

Trade more internal communication for less memory accesses

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

ILP model for general task graphs

DC-heuristic for general task graphs

Iterative approximation algorithm for merge trees

Future Work

Implementation to verify simulation results


