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MPSoC Components

« M: Main CPU

Ex. ARM, MIPS, PowerPC, x86, etc.

D: DSP (Media Processor)

» Especially designed for media processing (Programmability and good cost-
performance)

* 64 or 128-bit datapath with SIMD instructions
Ex. Cell SPE, Tl C64x+, Philips TM3260, ST MMDSP+,
configurable processor with extended instructions, etc.

A: Accelerator

» Highly parallel architecture
— Reconfigurable processor, SIMD processor
Ex. NEC DRP, IMAPCAR, IMEC ADRES, etc

H: Programmable Hardware Engines

» Specific hardware engines controlled by a small processors
Ex. Configurable processor with hardware engines

Ex. JPEG, MPEG-2, etc.

(Dedicated Hardware Module)
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Homogeneous vs. Heterogeneous

Homogeneous Heterogeneous
Architecture Mx MDx MDA MDHXx
EE E : E H :
Programmab
Scalability
Perf./Cost or
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Examples |Core2 (M, M,), Cell (MD,), Uniphier Most of
Xbox 360 CPU (My), | sg3000(MDA4), current SoCs
MPCore(M,), Philips
Niagara(M,) Cake/Wasabi
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Architecture Trade-off
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SoC Platform based on Configurable Processor

— MDH Type
Host Processing Data Processing
$ MePsoC
Bus Bridge
(Memory Controller)”| = | " V MeP Module
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(ARM, MIPS, [ [ Module 0 32 bit - AHWoO
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{ . JTAG Debud(_, Audio decode/encode
¥ I/F Module 2D/3D graphics
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“Seine3” SoC for HDTV
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“T5V” Mobile MM Engine (ISSCC 2005)

+ 90nm CMOS (16Mbit eDRAM x2)
+ H.264 decode @CIF 30fps,
MPEG-4 encode/decode @VGA 30fps

¢ .
e I S O B N

Video In VideoOut  PCMI/F NWIF SPI GPIO/Host IIF
32Mbit eDRAM
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“T5G"=“T5V"+ARM+GFX

M D, H, |
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Digital| | [—|TSI I—'—|TS ST Fcale} fcon  Feature Topics
LA Sonics MX bus | "L« MPEG4: VGA 30fps enc./dec.
36Mbit eDRAM o H.264: CIF 30fps dec.
LS ne « Audio: MP3, AAC enc./dec.
NAND Other o Speech: AMR enc./dec.
-nl Peripherals Cont « JPEG: 2M pixels
v « 2D/3D graphics accelerator
' « LCD controller « Camera I/F
SD, mini SD SDRAM « NAND IF o SDIO « SDRAMC
SDR/DDR
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SW Solution for Media Processing
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Demands of SW Solution

» Support Multiple CODEC
— MPEG-2, MPEG-4, H.264, WMV, etc.
— Decode, encode, and transcode

+ Scalability
- QVGA — VGA, WVGA, D1 — 720p — 1080i — 1080p
— Multi-stream processing

* New Applications
— Image recognition
— High-quality video technology
» Frame interpolation, etc.

:Ie-acd’igl!:-l-!uBthAn > MPSoC °07

Example of MDx type: Cell Broadband Engine
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Cell Architecture

PowerPC Processor
____ Element (PPE)

Synergistic Processor
Element (SPE)
-2-way Superscalar

DMAC || DMAC| DMAC| DMA

s ws!] sl || m| " -26-stage pipeline
L] L5 Soly =] £| -128-bit datapath
SPU§ SPU SPUR SPUL B . 128-bit Int./FP SIMD
-128 x 128-b GPRs
SPE || SPE | sPE | sPE r
- 256KB local storagy
TOSHIBA 13
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Visconti: Image Recognition Processor (CICC 2003)

T (M) D,

<~ 0.13um CMOS
« 150MHz

. 1W@1.5V
PBGA 456 pin

* 1M Gates (Random logic)
+ 260 K bytes (RAM)

6.98mm

Main CPU

:Ie-acd’irgl!:-l-!vaBthAn » MPSoC 07 14
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64-bit VLIW Coprocessor Extension

» Core Mode
— 32-bit RISC processor

Flow Contro
Load and Stort

* VLIW Mode

MeP Core

Inst ion RAM
Instr n Cache
Instruction Buffer _________

A 0o
| Coprocesso REESSel
3 ) |
T T
1 I o [ L ,,,,, o [ _ [ Data.
o - Processing
or —r

Data RAM \ ALU / \ ALU /
Data Cache
I R F=—="-" 1 1O [ |, ,,,,,,,,,,,,,,,,,,,,,,,,,, _
Mollalll MPSoC 07 15
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64-bit SIMD Datapath

X3 Stage]

1

—

General-purpose Registers
64bitsx32 5R3W

TOSHIBA
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Multi-grain Parallelism

 TLP
(Thread Level Parallelism)

* ILP
(Instruction Level Parallelism)

* DLP (Data Level Parallelism)
or Loop Level Parallelism
— SIMD instructions — Horizontal
— Fused instructions — Vertical
— Vector instructions

Thread 1Thread 2Thread 3

Instruction

[ ALu || ALU || LD/ST]

ALU

VAN AN A AT

ooooonrn
VAN N ANV
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VAN AN AN A

Cell SPE Multi-layered Programming Model

PPE/SPE Module Layer \
Audio (0)]
Decoder U
Stream RN AV m
Demux / | Renderer wn
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SPE Thread o
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Thread Parallelization Models

 Data Parallel
Input Data

,Processor 0 - _ _Thread 0—— - _______ , Output Data
#( func. #0 }—{ func. #1 }—{ func. #2

,Proeessor1----Hwead 1 - —— - - ___

- ! [ func. #0 }—{ func. #1 }—{ func. #2 | i

________________________________

\Preeessor2----Thread-2 - — - ——————— - :
- : [ func. #0 H func. #1 H func. #2 } i

________________________________

* Pipelining

Processor 0 Processor 1 Processor 2

Input Data _Threado || _Thread1 || Thread Output Data
1 1
1 1
| function | ||| function || ||| function
' #0 #1 (| #2
| ] ! .
Iggnﬂ!v?ﬁﬁ > MPSoC °07 19

Data Parallel Processing for Video CODEC

Thread size & Sync.

Frame Parallel memory  overhead
footprint

/ 7 ™~
I—|:

Line Parallel

Proc. 0 Proc. 1 Proc. 2

Cell
Macro Block Parallel Mobile
application
processor
~ I Snlall  Large
Iggnﬂ!v?ﬁﬁ > MPSoC °07 20
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Data Parallel Processing of MPEG-2 Decode

« MB: Macro Block Parallel

Proc. #0 _ [MO-V][ MO-D | [M1-V] MO-D | [M1-V[ MO-D |  M1-Y MO-D |
Proc. #1 [M1-v] MO-D | [M2-v] Mo-D | M1-\ MO-D | |M1-V][ MO-D |
Proc. #2 [M2-v] Mo-D | | M1-v [MO-D | | M1-Vv | MO-D | M1-Vv _[MO-D|

Mx-V = Macro block #x VLD, Mx-D = Macro block #x decode

» SL: Slice (Line) Parallel

Proc. #0 | Slice #0 VLD Slice #0 Decode [ viD |
Proc. #1 Slice #1 VLD Slice #1 Decode |
Proc. #2 Slice #2 VLD | Decode |

» SP: Slice (Line) Parallel with Pre-scanning

Proc. #0 PS| Slice #0 VLD I Slice #0 Decode PS Slice #3 VLD
Proc. #1 | PS] Slice #1 VLD [ slice #1 Decode PS| Slice #4 VLD
Proc. #2 PS Slice #2 VLD |_Slice #2 Decode | [PS| Slice #5 VLD

PS = Pre-scanning slice header

Iacd’iSI!:-l-!vaBtioAn >3 MPSoC °07 21

Performance Comparison

Parallel MPEG-2 Decoding, MP@ML 15 Frames

350 432?‘ Single Issue Processor }
% 300 .
° \
% 250 ! 2-way Superscalar Processor L
= \x5.8 203
2 \ x3.0
g 190 109 122 \ 120 \
o i
2 100 86— o5
S 56
o L N
0 1 1 1 1 1 1 1
Single MB SL SP Single MB SL SP
Proc. Proc.
8 Processors 4 Processors

Exploiting Coarse-Grain Parallelism in the MPEG-2 Algorithm
Eiji Iwata and Kunle Olukotun
Stanford University Computer Systems Lab Technical Report CSL-TR-98-771, September 1998.
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H.264 Encode Thread Partitioning for Cell SPEs

Transform/Quantization

Context-based
Adaptive Binary

Input Video Data Motion Compensation Thread 2 R ithmeticLCodin
- / :
, =N Output Encaded Bits
\ -
t ME Q. L4 hverse Transform/
\ ,”I IQ/IT Inverse Quantization
ik '
/

\M‘ B 7 Very fine grain data
SO 1 J /7] dependency,
Intra Prediction =~ +_" - 100 — 1000 cycles

=

]
L

Intra Prediction predicts
pixel data based on
surroundings

Deblocking Filter
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Face Recognition Thread Partitioning for Visconti

Processor #0 Processor #1 Processor #2

Frame No. . .
. ’I Face detection fail |
me s ( Face detection fail «--
| /K
) Data Parallel Processing
n Face detection (Full QVGA) Divide the image into
three parts and search
Face position Face pattern face feature points by
Face Subspace three processors
n+1 A
detection calc.
[ [ A A -
i i Pipeline Processing
Face position Face pattern Input subspacd] n
* Face detection
n+2 def:gt?on 5“2;’;“6 Similarity calc » Subspace calculation
| . « Similarity calculation
] ]
Face position l Face pattern llnpu( subspace]
i,
Face Subspace N
n+3 detection il Similarity calc.
3 Fail
""""""""" ( Face detection fail )T
[T
n+4 Face detection (Full QVGA)
v I1 il o
TOSHIBA 2
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Cache vs. Scratchpad Memory

Cache Memory Scratchpad Memory
Processor
Processor Core
Core i §
1 t Inst. Data
Inst- Data Mem. Mem.
Cache| |Cache i 3
| DMAC |
Pros + SW friendly + Can be managed by program
+ (Relatively) small area and — good for real-time processing
power consumption + Latency tolerant
+ Block transfer
Cons - Pipeline stall due to cache miss - Need overlay
— Size of memory should be large!
TOSHIBA
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Real-time Requirement for Multimedia Processing

Survo Control

B_

e e e o e o o o o o = =

u sec
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Comparing Memory Systems for Chip Multiprocessors
(Stanford Univ., ISCA’07)

* CC: Cache-Coherent Model
—  32KB 2-way assoc. cache
« STR: Streaming Model
—  24KB local memory and 8KB 2-way assoc. cache

« 512KB L2 cache

MPEC-2 Encacker H.254 Enceder
L& T T T T L& T T T T

el (L350 |m = - R = = e e e

40 040
(1 k] 00

nx nx

Pormaliee d Bxecution Thme
Honmalized Execution Time

(1§ 1] (18 1]

o oo

Mo =i bl 7 ks Mo =i ™ ks

2CPs 4CF ECPDs 16 CPDE 2CPE 40P ECPDs 16 CPDE

* Both models perform and scale equally well.

»  “Non-allocate store to cache” can reduce memory traffic.
— Ex. Prepare for Store (PFS) instruction of MIPS32
— MPEG-2: Traffic due to write miss was reduced 56%.

- Streaming programming model, such as blocking and locality-aware
scheduling is efficient for cache model as well as streaming model.
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Roadmap toward SW Solution

A
(H.265)
1080i |- \N 50\
. \
720p N\ob
D1}
MPSoC | 300MHz 500MHz 700MHz 1GHz
QCGAL Trends |8-16 cores 16-32 cores 32-64 cores 64-128 cores
Year 2006‘2007 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Node 65nm 45nm 32nm 22nm
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HW Solution to SW Solution for Mobile Applications

POwer  [H.264 decode B.L. D1 30fps

Consumption

1W O
Main CPU
100mwW -
DSP
HW Engine

130nm 90nm 65nm

29
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Venezia: Scalable Mobile AV Platform

Headquarters Media Processing Engines (MPEs) I (M) D
MeP MeP MeP Core | | MeP Core q .
Venezia Architecture
Core| | Core|. .. VLIW Cop.| [VLIW Cop.| .. , Multi RISC cores & Multi
I$|DY] |1$]D$ I$ | D$ I$ | D$ MPEs
X \ 2 T A4 \J » Cache-based system
| L2 Cache | » Scalable SW platform
with binary compatibility
QVGA 30fps Video .
& Audio‘dec. D1 30fps/Audio dec. 720p 30fps enc/dec
MeP MeP Core
MeP MeP | | MeP Core Core [eP VLIW Cop.b
Core Core | |VLIW Cop.F T5]ps ore || ME s | D$ -b.
. $ .
15[ps 1spps] [ 15 | ps | = [os
—— |3 { 22— & ] J‘vtv ;
A Y

30
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Roadmap toward SW Solution

A
(H.265)
1080i |- \N 50\
x2.25 \
“r AN
x2.67 " Architecture breakthrough
D1} l is necessary
C 300MHz 500MHz 700MHz 1GHz
QCGAL Trends (816 cores 16-32 cores 32-64 cores 64-128 cores
Year | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Node 65nm 45nm 32nm 22nm
Ia?isl!:-l-!uBmAn > MPSoC "07 3

SW Solution for Media Processing
Pro.gframmability

(Perf.for host processing) _ _
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Processor / \
1 ) (Main CPU) /  System

q Requirements !
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\ 7 N /
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— ————
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Accelerator \
\\_ ———

Programmable Media
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Toshiba’s Dynamically Reconfigurable Processor (Hot Chips '06)

SAKE (Statically Allocated Kernel Execute) /,' 16-biALU * 8
1 : ] J/ Shuffle
| BI/f? Buffer Reader lz'
utrer Buffer Writer
Formatter0
Code Write o
[— | Buffer Control Output Ctrl K
¥ v o
Inter Unit Buffer
Control i it i i i i 1\\
Input Ctrl | [ Input Ctrl Ilnput CtII b
\

Processor I i X
(ex. MeP) Aux1r><jAuxo Formatter1 i
— AT

/ ~
[ Output Ctrl ,M OutpllJt Ctrl | I\Outpl]Jt ¢ For multimedia appl.

Y I A ~ + 300KG
* 300MHz@90nm
DMAC WYY
8-parallel SIMD * 46mW@H.264 VGA
2 - 32-bit integer decode
- 16-bit multiplier
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Toshiba’s Vector Processor: VCP

VCP (Vector Co-Processor)

1
Data Vector Load/Store Unit
Memory
128 or 256-bit VLIW I
Inst. Instruction . ;
— Memory Queue Vector Register File (128bx64, 6R4W)
Vector
Control Control | [
- [ shuffle ]| |[ Shufle |[ Shuffle |[ Shuffle |
Processor 3-issue Scalar
Processor =T e Y
I ALU L ALU i ALU i
(ex. MeP) ‘ Control | 1
Ll -
— EALU || ALU | [ ALU
e e ||
A) 7/ Al L Vi
7'y 7
DMAC For HD size video processing
* 570ps. x 16SIMD x 300MHz = 274GOPS at max.
A\ 4 -
* 636KG + Reg. File 335KG + SRAM 8K+16KB
TOSHIBA * 300MHz@90nm

MPSoC °07
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Future MPSoC Architecture
— More Than 1000 Processors on a Chip?

MSoC (Multi-System on Chip) Plath
/ —————— Today’s MP
= frehitectire

N
CPU HW Engine

HW Engine HW Engine |’
HW Engine| DSP | 1
Per. /O Per.1/0|
Apl.Accel. HS 1/0 [¢—>
Network L,
Mem.| on Chip Mem. Cont. |4-
CPU w\; T E- Debug Cont. |<- —>

Apl.Accel. cpu 4 cpu| ) Homogeneous
Apl.Accel F PE PE PE | | Multipgrlocessor
pl-Accel. [I| pEPEPE ||| cPU - cPU/|

| PE[PEPE

Accelerator

Reconfig. Proc. cPU | cPU |
SIMD Array Proc. Per. 1/0 CPU | CPU |
TOSHIBA 35
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Summary

* Trend to SW solution for Video CODEC
- VGA, WVGA, D1 — HD
— Scalable DSP platforms are required.
— Multi-grain parallel execution — | * Compiler support
* Thread parallelization is important. * Thread scheduling method

« Cache memory performs and scales well.
— SW friendly. Overlay is NOT needed.
— (Or large scratchpad memory (ex. Cell SPE) )

* Future MPSoC architecture for multimedia application
— Near future: Hybrid architecture of DSPs and accelerators.
— Future: Homogeneous or Heterogeneous??

Iacd’iSI!:-l-!vaBtioAn >3 MPSoC °07 36
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