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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, TI 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

• （Dedicated Hardware Module）
Ex. JPEG, MPEG-2, etc.
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Homogeneous vs. Heterogeneous

MDHxMDAMDxMxArchitecture

Fair                                   Good                     Very Good
Perf./Cost or 
Perf./Power

Most of 
current SoCs

UniphierCell (MD8),
SB3000(MD4),
Philips 
Cake/Wasabi

Core 2 (M2, M4),
Xbox 360 CPU (M3),
MPCore(M4),
Niagara(M8) 

Examples

Very good                              Good Fair
Programmab
ility /
Scalability

HeterogeneousHomogeneous

M M M M M D D D M D A M D H H
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Architecture Trade-off

Media
Performance

Programmable
HW Engine

Programmability

DSP

Accelerator

System
Requirements

(Perf. for host processing)
General-purpose

Processor
(Main CPU)
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SoC Platform based on Configurable ProcessoSoC Platform based on Configurable Processorr
―― MDMDHH TypeType

•• Reusable IP (MeP module)Reusable IP (MeP module)
ex.)ex.) Video decode/encodeVideo decode/encode

Audio decode/encodeAudio decode/encode

2D/3D graphics2D/3D graphics

MePMeP
Module 0Module 0

MePMeP SoCSoC
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HW ModuleHW Module

MePMeP
Module 1Module 1

MePMeP
Module 2Module 2

JTAG DebugJTAG Debug
I/F ModuleI/F Module

Memory Controller,Memory Controller,
Host I/F, etcHost I/F, etc

Data ProcessingData Processing

MePMeP ModuleModule

MePMeP CoreCore

32 bit32 bit
CPUCPU

ExtensionExtension

-- AudioAudio
-- VideoVideo

-- GraphicsGraphics
-- Stream Stream 

ExtensionExtension
I/FI/F

ExtensionExtension

--HWHW
--UCIUCI

-- DSPDSP
-- VLIWVLIW

Bus BridgeBus Bridge
(Memory Controller)(Memory Controller)

Host CPUHost CPU
((ARMARM,, MIPSMIPS, , 

etc)etc)

DMACDMAC

Bus BridgeBus Bridge

PeripheralPeripheral
I/OI/O

Host ProcessingHost Processing

MePMeP
Module 0Module 0

MePMeP SoCSoC

G
lo

ba
l B

u
s

G
lo

ba
l B

u
s

HW ModuleHW Module

MePMeP
Module 1Module 1

MePMeP
Module 2Module 2

JTAG DebugJTAG Debug
I/F ModuleI/F Module

M  D  Hx
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Digital
BEP

Ghost
Canceller

Terre.
Digital
Tuner

3DYCS
Multi
Color

Decoder 

Terre.
Analog 

Tuner

LVDS
TX

Audio 
DAC

Audio 
DAC

PANEL
(1080p)

IEEE
1394

1ch
HDMI

External
Bus

NAND
Flash

SUB OUT
Audio 
ADC

3chADC
108MHz

CVBS-IN
S-IN

HDMI-IN
1ch

EEPROM

BS/CS
Tuner

DDR2-SDRAM

Digital
Selector

SEINE3

Component-IN
PC-IN

PCI
I/F NAND

Flash
I/F

NTSC
Encoder

TSP   
(Demux)   

Audio DSP    
(1ch)    

MPEG2
Decoder

Video
DAC

Graphics
Engine

TX49 W4
(MIPS Core)(MIPS Core)

PANEL OUT

BS+OFDM
Demodulator
TC90502XBG

LVTTL

“Seine3” SoC for HDTV

Control
Processor

M  D  H2
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32Mbit eDRAM

64
PCM I/FVideo In Video Out GPIO/Host I/F

ACORE
DSP

Speech/Audio

DRAMC
SPI

Boot
ROM

FCORE
FFXI

Filter

FMEC

FHDBF
VCORE
Video/JPEG

VMEF VLZP VHLZP

VMCBVHMCB VDCT VHDCT

System//Demux

DMAC

MCORE

MPEG-4
Accelerators

H.264
Accelerators

NW I/F

• 90nm CMOS (16Mbit eDRAM x2)
• H.264 decode @CIF 30fps, 

MPEG-4 encode/decode @VGA 30fps

DMACDMAC DMAC

Audio DSP

“T5V” Mobile MM Engine (ISSCC 2005)

D2 H2
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Feature TopicsFeature Topics
MPEG4: VGA 30fps enc./dec.
H.264: CIF 30fps dec.
Audio: MP3, AAC enc./dec.
Speech: AMR enc./dec.
JPEG: 2M pixels
2D/3D graphics accelerator
LCD controller ● Camera I/F
NAND I/F ● SDIO ● SDRAMC

LCD

LCD

Camera

BB LSI

SD, mini SD

Cam.

36Mbit eDRAM

JPEG

LC
DC

SD
IF

NAND
IF

Other
Peripherals

Audio/
Video

( MeP x 3 )

Host
IF

Scaler

Graph
-ics

ARM
9

SDRAM
Cont.

TS IF TS Demux

SDRAM   
SDR/DDR

Digital
TV

ISDB-T

“T5G”=“T5V”+ARM+GFX

Sonics MX bus

M  D2 H2
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SW Solution for Media Processing

Media
Performance

Programmable
HW Engine

Programmability

DSP

Accelerator

System
Requirements

(Perf. for host processing)

or

General-purpose
Processor

(Main CPU)
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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.

MPSoC ’07 12

Example of MDx type: Cell Broadband Engine 

M  D8
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Cell Architecture

XDR
DRAM

Element Interconnect Bus (EIB)

PPE

PPU

xio
FlexIO

SPE

SPU

SPE SPE SPE

SPE SPE SPE SPE

L2
Cache
(512KB)

LS

PowerPC Processor 
Element (PPE)

DMAC

SPU
LS

DMAC

SPU
LS

DMAC

SPU
LS

DMAC

SPU

LS

DMAC

SPU

LS

DMAC

SPU

LS

DMAC

SPU

LS

DMAC

25.6GB/s

>250GB/s

Synergistic Processor 
Element (SPE)
-2-way Superscalar
-26-stage pipeline
-128-bit datapath

- 128-bit Int./FP SIMD
-128 x 128-b GPRs
- 256KB local storage
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Visconti: Image Recognition Processor (CICC 2003) 

• 0.13µm CMOS
• 150MHz
• 1W@1.5V
• PBGA 456 pin
• 1M Gates (Random logic) 

+ 260 K bytes （RAM）

3-way
VLIW

Processor

Peripherals

3-way
VLIW

Processor

3-way
VLIW

Processor

6.
98

m
m

(M)  D3

Main CPU
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64-bit VLIW Coprocessor Extension
• Core Mode

– 32-bit RISC processor

Coprocessor

Core 
Registers

Inst. Decoder

Data RAM
Data Cache

ALU

Coprocessor Inst. Decoder

MeP Core

Instruction Buffer
32or64

16/32

32b ALU

Instruction RAM 
Instruction Cache

Coprocessor Registers

ALU

• VLIW Mode

C
ore
C

ore

Pipe0

Pipe1

Flow Control
Load and Store

Data 
Processing
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Accumulator

64-bit SIMD Datapath

General-purpose Registers
64bitsｘ32 5R3W

ALU

Multiplier
Ｘ Ｘ Ｘ

＋＋ ＋

Accumulator
＋＋ ＋

ALUX1 Stage

X2 Stage

X3 Stage

8 bits x 8
16 bits x 4
32 bits x 2

Pipe 0 Pipe 1

32 bits x 8

8 bits x 8
16 bits x 4
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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

D D DD

Instruction

ALU ALU LD/ST

ALU

Thｒead 0 Thｒead 1Thｒead 2Thｒead 3
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Cell SPE Multi-layered Programming Model

S
P

E
 S

cheduling
S

P
E

 P
rogram

m
ing

SPE Thread Layer

SPE 0

SPE 1

SPE 2

PPE/SPE Module Layer

SPE Overlay Layer

Audio
Decoder

Stream
Demux

Video
Decoder

Video
Proc.

AV
RendererTuner

SPE Thread

SPE Thread

SPE Thread

SPE Module

Function A Function B Function C Function D

SPE Thread
Function

Local
Storage

XDR
DRAM
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Thread Parallelization Models
• Data Parallel

• Pipelining

Processor 0
func. ＃0 func. #1 func. #2

Processor 2

Processor 0 Processor 1 Processor 2

function
#0

function
#2

function
#1

Thread 0

Thread 1

Thread 2

Thread 0 Thread 1 Thread 2

Processor 1
func. ＃0

func. ＃0

func. #1

func. #1

func. #2

func. #2

Input Data

Input Data

Output Data

Output Data
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Data Parallel Processing for Video CODEC

Frame Parallel

Line Parallel

Macro Block Parallel

Proc. 0 Proc. 1 Proc. 2

Sync.
overhead

Small

Large

Thread size &
memory
footprint

Small

Large

PC

Cell

Mobile
application
processor
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Data Parallel Processing of MPEG-2 Decode

• MB: Macro Block Parallel

• SL: Slice (Line) Parallel

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

M0-V M0-D
M1-V M0-D

M2-V

Proc. #0
Proc. #1
Proc. #2 M0-D

M1-V M0-D
M2-V M0-D

M1-V M0-D

M1-V M0-D
M1-V M0-D

M1-V M0-D

M1-V M0-D
M1-V M0-D

M1-V M0-D
Mx-V = Macro block #x VLD, Mx-D = Macro block #x decode

Slice #0 VLDProc. #0
Proc. #1
Proc. #2

Slice #0 Decode
Slice #1 VLD Slice #1 Decode

Slice #2 VLD Decode

Slice #0 VLDProc. #0
Proc. #1
Proc. #2

Slice #0 Decode
Slice #1 VLD Slice #1 Decode

Slice #2 VLD Slice #2 Decode

PS
PS

PS

VLD

Slice #3 VLDPS
Slice #4 VLDPS

Slice #5 VLDPS
PS = Pre-scanning slice header 
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Performance Comparison

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

CABAC

ME

IntraPred

T／Qー

Filter

IQ／IT

＋

MC

GenRef

Input Video Data

Reference Frame

Output Encoded Bits

Motion Estimation

Motion Compensation

Transform/Quantization

Intra Prediction

Context-based 
Adaptive Binary
Arithmetic Coding

Inverse Transform/
Inverse Quantization

Generate Reference

Deblocking Filter

Very fine grain data 
dependency,
100 – 1000 cycles

…

Intra Prediction predicts 
pixel data based on 
surroundings

Thread 1

Thread 2

Thread 3
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Face Recognition Thread Partitioning for Visconti

Processor #0

Face detection (Full QVGA)

Subspace 
calc.

Similarity calc.

Frame No.

Face 
detection

Processor #1 Processor #2

Face position Face pattern

Face 
detection

Face position

Face 
detection

Face position

Subspace 
calc.

Face pattern

Subspace 
calc.

Face pattern

Input subspace

Similarity calc.

Input subspace

Fail

Face detection (Full QVGA)

n

n + 1

n + 2

n + 3

n + 4

Time Face detection fail

Face detection fail

Data Parallel Processing
Divide the image into 
three parts and search 
face feature points by 
three processors

Pipeline Processing
• Face detection
• Subspace calculation
• Similarity calculation

Face detection fail
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Cache vs. Scratchpad Memory

- Need overlay
→ Size of memory should be large!

- Pipeline stall due to cache missCons

+ Can be managed by program 
→ good for real-time processing

+ Latency tolerant
+ Block transfer

+ SW friendly
+ (Relatively) small area and 
power consumption  

Pros

Scratchpad MemoryCache Memory

Processor
Core

Inst.
Cache

Data
Cache

Processor
Core

Inst.
Mem.

Data
Mem.

DMAC
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Real-time Requirement for Multimedia Processing

Survo Control

μSec

TV Phone

mSec

Sec

Digital TV
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Comparing Memory Systems for Chip Multiprocessors
(Stanford Univ., ISCA’07)

• 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.

• CC: Cache-Coherent Model
– 32KB 2-way assoc. cache

• STR: Streaming Model
– 24KB local memory and 8KB 2-way assoc. cache

• 512KB L2 cache
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QCGA

D1

1080i

720p

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Node 65nm 45nm 32nm 22nm

Year

300MHz
8-16 cores

500MHz
16-32 cores

700MHz
32-64 cores

1GHz
64-128 cores

SW solution
HW solution

Mobile competitiv
e line(H.265)

Roadmap toward SW Solution

MPSoC
Trends
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HW Solution to SW Solution for Mobile Applications

130nm 90nm 65nm

100mW

1W

Power
Consumption

Main CPU

DSP

HW Engine

H.264 decode B.L. D1 30fps

MPSoC ’07 30

Venezia: Scalable Mobile AV Platform

720p 30fps enc/decD1 30fps/Audio dec.QVGA 30fps Video
& Audio dec.

MeP
Core

I$ D$

MeP
Core

I$ D$

L2 Cache

・・・ ・・・・

Headquarters Media Processing Engines (MPEs)

MeP Core

I$ D$

VLIW Cop.
MeP Core

I$ D$

VLIW Cop.
Venezia Architecture
• Multi RISC cores & Multi 

MPEs
• Cache-based system
• Scalable SW platform 

with binary compatibility

MeP
Core

I$ D$

MeP
Core

I$ D$

MeP Core

I$ D$

VLIW Cop.

MeP Core

I$ D$

VLIW Cop.

L2 Cache

MeP
Core

I$ D$

MeP Core

I$ D$

VLIW Cop.

MeP Core

I$ D$

VLIW Cop.

L2 Cache

MeP Core

I$ D$

VLIW Cop.

MeP Core

I$ D$

VLIW Cop.
MeP
Core

I$ D$
ME

(M) Dx
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QCGA

D1

1080i

720p

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Node 65nm 45nm 32nm 22nm

Year

300MHz
8-16 cores

500MHz
16-32 cores

700MHz
32-64 cores

1GHz
64-128 cores

SW solution

HW solution

Mobile competitiv
e line(H.265)

Roadmap toward SW Solution

MPSoC
Trends

x2.67

x2.25

Architecture breakthrough 
is necessary
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SW Solution for Media Processing

Media
Performance

Programmable
HW Engine

Programmability

DSP

Accelerator

System
Requirements

(Perf. for host processing)
General-purpose

Processor
(Main CPU)
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Toshiba’s Dynamically Reconfigurable Processor (Hot Chips ’06)

DMAC

Control

Processor

(ex. MeP)

I/O 
Buffer

Buffer Writer

Inter Unit Buffer

Formatter1AUX1

Input Ctrl

Output Ctrl

AUX0

Input Ctrl

Output Ctrl

Input Ctrl

Output Ctrl

Write 
Control

Formatter0

Buffer Reader

Output Ctrl
Code 
Buffer

SAKE (Statically Allocated Kernel Execute)

Shuffle
16-bit ALU * 8

Shuffle
16-bit ALU * 8

Shuffle
16-bit ALU * 8

Shuffle
16-bit ALU * 8

16-bit ALU * 8

8-parallel SIMD
- 32-bit integer
- 16-bit multiplier

For multimedia appl.
• 300KG
• 300MHz@90nm
• 46mW@H.264 VGA 

decode
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Toshiba’s Vector Processor: VCP

DMAC

Control

Processor

(ex. MeP)

Data

Memory

Vector Register File (128bx64, 6R4W)
Inst. 

Memory

VCP (Vector Co-Processor)

Shuffle

ALU

For HD size video processing
• 57ops. x 16SIMD x 300MHz = 274GOPS at max.
• 636KG + Reg. File 335KG + SRAM 8K+16KB
• 300MHz@90nm

Vector Load/Store Unit

Instruction 
Queue

3-issue Scalar
Processor

Acc./ALU

Shuffle

ALU

ALU

Acc

ALU ALU

MUL/ALU
ALU ALU ALU

Shuffle Shuffle

Control

128 or 256-bit VLIW

Vector 
Control

16-parallel SIMD
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Future MPSoC Architecture
― More Than 1000 Processors on a Chip?

CPU
HW Engine

HW Engine

Per. I/O

CPU

CPU

Mem.

HW Engine

HW Engine

CPU

CPU

CPU

CPU

CPU

CPU

CPU

CPU

DSP

Per. I/O

CPU
HW Engine

HW Engine

Per. I/O

PE PEPE
PE PEPE
PE PEPE

Network
on Chip Mem. Cont.

HS I/O

Debug Cont.

CPU

CPU

Mem.

Apl.Accel.

Apl.Accel.

Apl.Accel.

Per. I/O

Mem.

CPU 

Apl.Accel.

Homogeneous 
Multiprocessor

MSoC (Multi-System on Chip) Platform

Today’s MP 
Architecture

Accelerator
Reconfig. Proc.
SIMD Array Proc.
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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

• Thread parallelization is important.

• 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??

• Compiler support
• Thread scheduling method
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