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Goals and Motivation

b Cell: Technology that promises exceptionally
high performance

P To set up a PS3 Cluster and evaluate its
performance using benchmarks and
applications

P To assess the complexity of programming a
Cell processor

P To evaluate the cell processor for HPC




Background

Multi-core approach was deemed the next biggest change in
processor technology
Formed from IBM, Sony (SCEI) and Toshiba Alliance in 2000

Challenges to overcome:

b Memory Wall
" Streaming DMA architecture
' 3-level Memory Model: Main Storage, Local Storage, Register Files

b Power Wall
' High frequency at a low operating voltage with advanced power
management

b Efficiency Wall

' Highly optimized implementation

' Large shared register files, SIMD and deeper pipelines
Design Center opened in March 2001
Single Cell BE operational Spring 2004

Playstation3 (PS3) first available on November 11t 2006
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Hardware

| Hardware provided:
P8 PS3s

b1 Front Node:
" AMD Opteron 275
" Dual core, dual processor
" 2.2 Ghz
"1 MB Cachel.2

b GigE Switch, Network Cables, OS cds, Mouse,
Keyboard, Monitor (RCA Support)




Hardware

I Cell processor:

D 1 PPE(Power ProcessingElement)
' 64-bit PowerPC
' 32 KB Instr/Data L1 Cache, 512 KB L2 Cache
' SMP (2 threads)
' 3.2 GHz (SP: 25.6 GHops DP: 6.4 GHops)
b 8 SPEs(Synergistic ProcessingElement)
" 256 KB Local Store
' 3.2 GHz (SP: 25.6 GHops DP: 1.83 GFops )
' 128-bit Vector Registers
b EIB (Element Interconnect Bus)
' Interconnects PPE, SPEs, Memory, |I/O
' Simultaneous Read/Write
b MIC (Memory Interface Controller)
' Interfaces to XDR Memory
' Theoritical B/W of 25.6 GB/s pupeRT e e




Hardware

PS3
P Cell Processor Differs:
" 6 SPES(SP: 153.6 GFlops, DP: 11 GFlops)

b Hypervisor: Virtualization Layer (Game OS)
* Hardware only accessiblethrough this layer

b 256 MB of XDR (extreme data rate ) Memory (only ~200 MB
available)

b nVidia RSX Video Card (256 MB memory)
* 20 GB/s (write) and 15 GB/s (read)
" Blocked by Hypervisor

b 60 GB
b GigaBit Ethernet Switch
b Blu-ray disc, etc.




Hardware

I PS3 Cluster
P8 PS3s in a Private VLAN (10.0.0.X)

b GigE between the Nodes

P DHCP Server on the Front Node
" IP Masquerading, hosts name setup, etc.

b Accessible Only through Front Node
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Software

I Installed on PS3:

b Fedora Core 5
" Linux Kernel v2.6.16: No built-in Cell BE Support
" Recommendedby IBM for SDK2.0
" Minimum Installation with Extra Packages

D SDK 2.0

I |nstalled for PS3 cluster:

DMPICH2 (MPI 2.0 standard)
* Compatibility Issues with PowerPCArchitecture




Software

I SDK & Kernel Recompilation
b Two Different Compilers for PPE and SPE
P SDK Includes Compilers and Debuggers, SIMD

b

_ibraries, Full System Smulator, etc.
Kernel Needs to be Recompiled for Huge TLB

Pages
" Improves Performance

" Lower Translations from Virtual Addressesto
Physical Addresses



Software

I Complle process

.| SPE SPE SPE
Compiler [ “fobject [~ Embedder
— SPE PPE
~ | Executable ~1 Object

SPE e —
~| Object l
PPE

SPE link
Libraries LA Data

SPE
PPE PPE PPE
Source Compiler ~| Object Executable

PPE PPE PPE
Source " | Object Libraries
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Programming Models

I Various models:
b Function offload model
b Device extension model
b Computational acceleration model
b Streaming model
b Shared memory multiprocessor model
b Asymmetric thread runtime model

I Function offload model:

Performance-critical functions are offloaded to the SPEwhile the main
program executes on the PPE

Computational acceleration model:

Most computationally intensive sections of code are executed on the SPES
and the PPEacts mostly as a system service facility




Communication

I Element Interconnect Bus (EIB)
P Heart of cellG intra-chip communication

b Runs at half of processor bandwidth with peak performance of
204.8 Gb/s

D 4 rings, 2 clockwise and 2 counter-clockwise with 16 byte-wide




Communication

I Intra-chip communication (3 types):
DDMA, Mailboxes and Signals

I DMA

PbUsed for | ntra-processor communication
" PPE-SPE
" SPE-SPE

PData sent via the EIB bus
Pmfc_get(..), mfc_put(..)




Communication

I A DMA transaction

An address of the data in the main memory is received by SPE
" Data loaded from memory using the address
* Perform computation

' DMA back the data from LSto main memory

spe_create_thread(var) mfc_get()

mfc put()

XDR
Memory




Communication

I Mallboxes
b 32-bit messaged between PPE and SPE

P One inbound for SPE and two outbound to
PPE

P Not very efficient for block data transfers
b Simple to use for synchronization

P spu_write_out_mbox(..) and
Sspu_read out mbox(..)




Communication

I Node-level communication
Db MPI is used, IMB benchmarks
b Jumbo frames not supported by the kernel
b Frame size limited to 2308 bytes
b mpdringtest
time for 1 loops = 1.22009587288 seconds

P DMA Unit on the network card, allows data
transfer without PPE® intervention
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Programming Technigues

I 25 Tips to Optimize for
Cell (from IBM aritcle) E ..

b Accommodate Potential
Data Type Differences

b Exploit Multithreading

b Stay On-Chip

b Avoid Microcoded
Opcodes

b Self-Manage Cache

b EEEE.




Algorithms

spul_data

I Basic algorthim to split data into several SPEs:

f or (i=0; i< num_spes; i++) {
offset = size - (( num_spes - i)*(size/ num_spes) );
for (k=0; k < SPU_SPLIT_NUM; k++) {
spul_datalk] = data[k+offset 1;
}
}

Eg: - 1024, SPEs = 4, offset: 0, 256, 512, 768

| Basic algorithm to GtitchOcalculated data from several SPEs:

f or (i=0; i< num_spes; i++){
offset = size - (( num_spes - i)*(size/ num_spes) );
for (k=0; k < SPU_SPLIT_NUM; k++) {
r esult[k+offset ] =spul_result[k];
}
}
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Applications

I Fast Matrix Multiplication
(Dresden)

D Demonstrates near peak
performance of Cell SP

b Optimized Heavily to take
advantage of Cell features

b C=C+A*B m1SPU
b Double buffering the ‘ B 2 SPUs
DMA for continuous 04 SPUs
data flow Ve 06 SPUs

b Assembly coding to 64 x 64 matrix
multiplication in 66104 cycles
b 2048 float elements:
" 2048 * 4 = 8192 bytes limitation




Applications

| Sobel Edge Detection

b Incoming data manipulation using above
algorithm

b Recode Sobel Edge Algorithm to make it more
vectorizable friendly

b Manipulate data paths and keep the SPEs on
several nodes fed with data




Applications

| Soble Edge

P Convolution Masks

b Original algorithm:
* Multiply each element
with corresponding
convolution mask value

b Cell algorithm:

* Offset all the values
from one pixel
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Benchmarks

(Variable SPEsand Matrix Sizes) (Variable Nodes and Matrix Sizes)

- Addition of Two Arrays _ Normal (Just PPE)
- Normal (Just PPE)

- Vectorized - Addition of Two Arrays

- Multiplication of Two Arrays - Multiplication of Two Arrays
- Normal

. - Copy of Two Arrays
- VVectorized + Unrolled 2 /

- Triad (Add, Multiply) + Copy

- Copy of Two Arrays
- Normal
- Vectorized + Unrolled

- Triad (Add, Multiply) + Copy
- Normal
- Vectorized + Unrolled




Addition of Two Arrays

Addition

Time (Seconds)

1024 1536
Array Size




Multiplication of Two Arrays

Multiplication

Time (Seconds)

1024 1536
Array Size




Copying Two Arrays

- Using spu_mul() instead of straight copying helps (~0.001s)




Triad (Add, Multiply) + Copy

—e— Nimbus
PPE
2 SPEs
4 SPEs
_w 6 SPEs

Time (Seconds)

1024 1536
Array Size




Addition D Cluster

Addition - Cluster

—«—1 Node
2 Nodes
4 Nodes
8 Nodes

Time (Seconds)

Array Size




Multiplication B Cluster

Multiplication - Cluster

—+—1 Node
2 Nodes
4 Nodes
8 Nodes

Time (Seconds)

Array Size




Copy - Cluster

Copy - Cluster

/

—«&—1 Node
2 Nodes
4 Nodes
8 Nodes

Time (Seconds)

Array Size




Triad © Cluster

Comparison to Desktop processor:
D Nimbus: AMD Opteron Processor 275

Triad - Cluster

PPE Node
1 Node

2 Nodes

4 Nodes
_ w8 Nodes

——

Time (Seconds)

Array Size




Opteron 275 vs PS3 Cluster

Application Opteron

275

(seconds)

Array 140.19
Addition

Array Copy 140.13

Array 35.08
Multiplication

Triad + copy 192.69

PS3

Cluster
(seconds

)
2.15

1.45
0.62

4.2

Speed

Up

(second

S)

~65X

~97x
~57X

~49x

Cost
(%)

Optero
n $245

Power
(Watts)

Opteron
Idle: 255
Load: 287

PS3
Idle: 177
Load: 193




Opteron 275 vs Cell Processor

Application Opteron 275 Cell Processor Speed Up
(seconds) (seconds) (seconds)

Array Addition 140.19 16.31 ~8.6X
Array Copy 140.13 10.84 ~13x
Array 35.08 4.18 ~8.4X

Multiplication
Triad + copy 192.69 32.75 ~5.9x




Future

I To Investigate more ways to optimize for
cell processor

b Software managed cache
D DMA List, etc.

I To develop more applications

| To generalize algorithms for efficient
management of data

I To Investigate some of the Issues
encountered during this experience




Future for Cell

I |BM Roadrunner
P Los Alamos National lab in New Mexico
P 16,000 AMD Opteron cores
P New 65nm Cell Processors

b Expected to Be Hrst Petaflop Supercomputer
(~ 1.6 petaflops)

P 1:1 Cell cores to Opteron cores ratio
b Connected using infiniband




Conclusion

I Cluster setup Is similar to setting up any
other generic clusters

| Cell cluster can provide a good scalable
performance

| Very steep learning curve for
programming the cell

| Have to manipulate algorithms and
iIncoming data to take full advantage of
Cell
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