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Multicore SoC is coming
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Source: 2007 ISSCC and IDF




Multithread Multiprocessor SM Core

Source: nVidia
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The Perspective for MPSoC
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Driving Forces for MPSOC

« Technology Push: Semiconductor technology
— Moore’s law is still working

“Number of transistors on a chip doubling every 18-
24 Months”

« Same design with
— Smaller area
— Lower cost

« Same area with
— more functionality

£ U
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Driving Forces for MPSOC

 Demand Pull
— RMS (Recognition, Mining and Synthesis) for Server
— MMM (Mobile MultiMedia) for end products

Mobile multimedia platform

» Mobile device becomes the personal multimedia platform

Cellular
network/
Internet

Video
Photo/video gl 2 camcorder

viewer




Multimedia Signal Processing

Signals: Image, Speech, Audio, Graphic
Representations: Bitstream, Frame, Pixel
Applications: 2D/3D Modeling, Animation,

Content Based Indexing and Retrieval, Storage

and Transmission

Key Technology:[Video Coding and Graphics]

Ref: Prof. Pirsch Keynote on ICME 2007
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Evaluation of Video Coding

Standards

ITU-T Video Coding Experts Group (VCEG)
Short-Term

(?5501)—’ (|_1|'92§53) <H.263+l++(1998)
H.26L(1999~)

Long-Term

ISO Motion Picture Experts Group (MPEG)

Joint Video Team

(JVT) 2001 H.264 Fidelity Range
Extensions (FREXxt)
High Profile
Finalized in 2005
L 2BAAVC e H.264 Multi-view
(Advanced Video — zll\l/ld\?g)Codmg

Coding

)
Baseline ProfiIN
H.264 Scalable

MPEG-1 . MPEG-2 MPEG-4 / . Extension: Scalable
Finalized in 2003
(1991) * (1994) * (1999) nalized in Video Coding (SVC)
H.262 Finalized in 2007
- P -

Compression Efficiency

Higher resolution ,

More Functiom%‘ SPUEY =1
«»\6 T
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Services with Scalable Functions

* From compression efficiency to specific functionalities

SVC
Encoder

D
Uniform
Bitstream

Total3. 27 Mbps

(1280x720), 60fps

High Quality
Mobile !
CIF (176x144), 15fps @l D1 (720x576), 30fps
Low Quality H.. Medium Quality
National Taiwan Universi ty 11

Evolution of Coding Tools

* New adaptive prediction modes, function-oriented tools

H.264 H.264 High
Tool MPEG-2 MPEG-4 ASP VC-1 Baseline profile H.264 SVC
Frame Type ,P.B I.LP,B I,P.B I, P P, B I,P, B, El, EP,EB
Macro-block 16x16...4x4 16x16...4x4 16x16...4x4 (7
partition in MC 16x16 16x16,8x8 16x16,8x8 (7 modes) (7 modes) modes)
Motion-vector
precision 1/2 1/4 1/4 1/4 1/4 1/4
Intra-prediction
modes 2 2 13 22 22
Transform DCT DCT DCT* 4x4 Integer*® Integer™ 4x4/8x8 Integer®
Loop filter V V \'% V

CAVLC,
Entropy coding VLC VLC CAVLC CAVLC CABAC CAVLC, CABAC
Hierarchical B- [
multiple 8x8 frame, inter-layer
global motion reference  transform/pre prediction,
Special features compensation frames diction CGS/MGS/FGS
Rl 1

National Taiwan Universi ty 12




Architectural Perspective for
Multimedia Processing
« Parallel Processing

[ — Requirement: Processing of independent segments]

— Pipelining, systolic processing
— Task level parallelism

— Instruction level parallelism

— Data level parallelism

 Stream Processor

[ — Requirement: Processing of dependent segments

— Scalable architecture ,.
¥

— Multi-thread and cache 6 -~ )
S~ 13
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Design Space in Various Levels

Memory-Related

Memory Access
Regularity

System Memory
Bandwidth

Internal SRAM
bandwidth

Data Reuse
Strategy

Algorithm
Modification

PE Processing

Internal Internal

SRAM Size

X Architecture
A Memory Size DeSIQn —

PE Utilization

Pipeline

Pipeline Stage
g Buffer

Balance

P Hardware Area
(Required Frequene




H.264 Encoding as Example

Video
Source

Intra Mode Information

Residues Y

Bitstream
E——

|

Intra Pred.l
?— Trans. —»{ Quant. [~ Entropy
) ) Coding

—>| ME/MC |~—- v 1

Inv. Inv.
T — Reco;struct. “* Trans. Quant.

<¢— Deblocking

Frame
Buffer

Data Dependency Analysis

P-frame scheme

— Referenced frames are all different ' H H H H
B-frame scheme

— The B-frames may have the same referenced P-
frames

— The next P-frame also has the same reference frame

current frame current frame
Cur. MB
Display t-1 t t+1 t+2 t+3 t+4 t+5 g
order !
Encoding {5 t t+1 t-1 t+3 t+4 t+2
order 16




Frame-Parallel Encoding
Scheme

* Encode frames of same reference frames in
parallel
— The MBs of same location are encoded simultaneously
— Achieve frame-level data reuse

— For IBBP scheme, 66% system memory bandwidth is
saved

Concurrent Encoding

Cur. MB
BO
display order t-1 t
encode order t-6 t t -3 t+3 t+3 t

ME Algorithm

* Predicted moving window (PMW) search
— Adaptive 16x16/ 16x8 window size

..............................

/

e | Eedl Predicted MV

2D Data Sharing




Concept of Data Sharing
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17 Data sharing in two directions

within 16x4 candidates

Level C and Level D Schemes

e N Ve SRH'l Y N ~
* Level C Search Seich

— Horizontal data reuse Regipn 0 Regipn 1

SRy —_—

N x (SR, + N -1) SR, - CBO | CB1
Levelc ™~ ~1+
N x N N

SRB=(SR, + N -1)(SR, + N —-1)
e LevelD

Ea

— Fully data reuse N

Ea = 1 SRelf —

LevelD IR

SRB = (SR, +W —1)(SR, —1)

N?'Wvg';vn—‘r U




2D Bandwidth Sharing ME Architecture

From External: Level C Data Reuse of SW
|

A\ 72 N2
Control Cur. MB Registers Luma Ref. Pels SRAMs
Circuit 1 _ .
T Toceoeebeeees SCXIIIEr T TTTT e
: | Sub Tree #0 || Sub Tree #1 | -+ | Sub Tree #15]
(] (]
: ) ] A
o e k
CLK_A {16 SAD Registers : Hofiigg;?' e
CLK B —>["16 SAD Registers §
CLK C +—=—>{"16 SAD Registers v “ri (A
CLK D —>"16 SAD Registers

Horizontal Data Sharing

31 Pixels from Ref. SRAM 00

ol1]2]|3]|a|5|6|7]|8]|9[10[{11]12]13]|14|15|16] --- [26|27]|28]29]|30
-------------------------------------------- ~y -(:_:_'.'.:.':-.-_:f...... ----___..-"" i o:
d Sub Tree #0 —)| Sub Tree #1 }—) Sub Tree #14 —)|Sub Tree #15
16 Pixels (1 Row) from Current Registers
'|AD AD AD AD AD AD AD AD AD AD AD AD AD AD AD AD;
TP P P
s N2 D
: Sub Tree [

BW reduction: 2562>31 (12.1%)
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Vertical Data Sharing

Cur. Vert. Addr. Ref. Vert. Addr. - CLK_A
—3) 16 SAD Registers [¢——
J J : CLK_B
Current Reference —3 16 SAD Registers [é———
Registers SRAM 5 SAD Roa CLK _C
16’,': 31’,': 16—)| 6 egisters  |@mm—
- CLK_D
Parallel Tree k———3 16 SAD Registers [e———
Vertical 4x Data Sharing Schedule
Time >
CLK A 1 [
gLK_E 1 [
on- LK I_I I_I
BW reduction: CLKD 1
IOSESCRCCREO] | cur. Addr. 009@09@09
Ref. Addr. C__ 0 X 1T X2

Neticnal Taiwan Universt Ey

Main Concepts of the FME Stage

 Thorough parallelization of each block with
full pipeline and high utilization
— Sequential process of VBS
— The least common factor of VBS is 4x4.
— The SATD involves 4x4 Hadamard transform.

1. Design a 4x4-block processing unit (PU)

2. Apply the folding technique for larger
blocks to iteratively utilize the PUs




4x4-Block Processing Unit (PU)

A Row of Four Cur. MB Pels and
A Row of Four Interpolated Ref. Pels % throughput but

@}l@@@} PE x 4 similar gate count
NN N N compared with the

1-D Hadamard prior sequential

— ?L transform design
— S I
£
?‘g P SATD
I
0 <R
> |
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Parallel Configuration of PUs

Search Area SRAMs ‘ Router
(Shared with IME) ‘ u Sh q
[ | are
Luma MC ———— . .
US”F]{‘ZM < |nterpo|ation Interp0|at|0n
28 . 28 - y L saves 764K

Cur. MB 4x4-Block | | 4x4-Block 4x4-Block ;

SRAM PU « DY J ru logic gates.

9'3/>|<\‘/‘r 2| 2 2

v Th.Costs 4x4-Block | ] 4x4-Block 4x4-Block

Cost l} PU i PU > PU )

Gen. 4 T T T Nine PUs of
— 4x4-Block | | 4x4-Block 4x4-Block Adjacent 3x3
Ref. [ PU 1 PU > PU ;

Cost > Candidates
oo for Ever
E§74 Ref. Costs 9x4 Candidate Costs Inter Mode y

Decision
Mode . - Best Inter Mode
Lagrangian Mode Decision > > Results to

Cost Gen. [ Info. Buffer P
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4x4 Intra Prediction (14MB)

0 (vertical) 1 (horizontal) 2 (DC)
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16x16 Intra Prediction (I116MB)

0 (vertical) 1 (horizontal) 2 (DC) 3 (plane)
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Reconfigurable Computin

Four processing elements Neighboring Rec.

Pels, Parameters,
PE Connections

— Generate four predictors in one cycle

Normal configuration \
— |4MB modes except hori. and vert. i

Bypass configuration
— 14MB/I16MB hori. and vert. modes

« Cascading configuration ,
— 14MB and I16MB DC modes L y
. : : Rounding /
« Recursive configuration

Scaling

— I1M16MB plane prediction mode

NHational Taiwan University

Interleaved 14MB/I16MB Schedule

A Original Schedule
14AMB 14AMB pEIviz 116MB [16MB 116MB 116MB
Block 0 Block 1 .. Block 15 MB MB MB MB
9 Modes | 9 Modes | MY [ele[EM Mode O Mode1 Mode2 Mode3

v v v
Bubbles Bubbles Bubbles
14MB 14MB 14MB Interleaved Schedule
Block O Block 1 Block 15
9 Modes 9 Modes 9 Modes Bubbles Eliminated
116MB |116MB 116MB I16MB
Block O Block 1 Block 14 Block 15
Mode 0-3 Mode 0-3 Mode 0-3 Mode 0-3

NHational Taiwan University




System Architecture for Video
Encoding

Video Source In, Bitstream Out

A
H \ 4
EnCOder Chlp System Bus Interface
v I £
Cur. Luma Cur. MB Residue Bitstream
14MB/Rec. E C
IME FME IP TotalCoef.
ChromaMC DB
Search Area Luma MC 1 Rec. Deblock Local
N Ref. & MV QP &IntraFlag | T External
\ 4 Memory
Local Bus Interface
<1st Stage—>|<—2nd Stage—>|<—3rd Stage—>|<—4th %g
£ %
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Chip Micrograph
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Source: Huang, NTU, ISSCC 2005

National Taiwan University




Chip Features

Technology 0.18 um CMOS 1P6M

Supply Voltage 1.8V

Core Area 7.68x4.13mm?

Logic Gates 922.8K (2-input NAND gate)
SRAM 34.72KB

Encoding Tools Baseline Profile Compression

81MHz for D1

Operating Frequency 108MHz for HDTV720p

';.F'Ing .
. 581mW for D1 .
Power Consumption 285mW for HDTV720 ,@ XYGTel
mW for p%‘ .‘ﬁ'& U
“/ 7 33
Outline

* Multi-core stream processor SoC for Graphic
and computer vision

— Streaming data model

NHational Taiwan University




GPUs evolution

« Evolution of the PC hardware graphics pipeline:
— 1995-1998: Texture mapping and z-buffer
— 1998: Multitexturing
— 1999-2000: Transform and lighting
— 2001: Programmable vertex shader
— 2002-2003: Programmable pixel shader

— 2004-2006: Shader model 3.0 and 64-bit color
support

— 2007: Stream computing

Traditional GPU pipeline

T&L evolved to vertex shading

Triangle Triangle, point, line — setup

Flat shading, texturing, eventually
Pixel shading

Pixel

Blending, Z-buffering, antialiasing

L
m Wider and faster over the years %‘ v
National Taiwan Un




Performance evolution

Graphic Specific Proaramabilit Stream
P Computing P 9 { Processing,_
100000——
» Memory Bandwidth (GB/s)
10000 —— Vertex Rate (M vertices/s)
1000 — Pixel Rate (M pixels/s)
GFLOPS (G flops)
100 —
— Power (mw)
10 — —— Area (M Transistors)
1 1
0.1
1994 2004 2007
DX6 DX7 DX8 DX9 DX10
GL1 1 GL1 4 GL1 5 GL20 NHational Taiwan University
Graphic Specific . Stream
P Computing _ Iirogramablllt{ Processing,_
100000——
/ \ /—ﬂ,/—h«emory Bandwidth (GB/s)
10000 | i rtex Rate (M vertices/s)
= f
1000 LEIE Stream xel Rate (M pixels/s)
= ) Computing FLOPS (G flops)
100 || mixed :
ASIC 3 : Is coming |er mw)
N With (NVO
- .
10 —H Programmabi t%Tl-R?OO) rea (M Transistors)
1 .
\ A ) \ )
0.1
1994 2004 2007 %
DX6 DX7 DX8 DX9 DX10

GL1 1 GL1 4 GL1 5 GLZO NHational Taiwan University




Stream Programming Model

« Stream program organizes data as streams and
computation as kernel
— Stream element (record)
* 8-Dbit pixel
 User defined data structure (MB, RGB_pixel...)

— e e e e e e e e e e e e e e e e e e S e S e =

— Kernel
» Define computation from input streams to output streams
* Only access local memory space!! e

NHational Taiwan University

Stream Processing Model

Stream
Buffer
1]
| Bridge |

4 ™\ \ Input Stream Data 4 N\
Stream Processing Model

Stream
Input
Registers/Cache

Reference Texture Temporary Kernel Constant Reference
Data | —>

: Execution | ) ni Data
Buffer Cache Registers Uit Registers Buffer

A
\

Stream
Output
Registers/Cache

\ ) ‘Output Stream Data
| Bridge |
|

Stream
Buffer

NHational Taiwan University




Multi-core System Architecture

Dual-Kernels for graphic
pipeline efficiency

On Chip SW
Geometry Stream Fragment Stream
Primitive Unified Primitive ATDF Unified Fragment
» Fetching » Stream > Setup » Stream |—»| Operation >
Bridge Kernel Bridge Kernel Bridge
A A A
A
Texture
A

External Memoryy

Vertex Stream | Tile Stream | | Texture Stream | Colorl/,

A

; %{%ﬁ Y
RISC CPU ~

(GLES Application and Driver)

National Taiwan University

Pipeline Task Sharing by
Reconfigurable Stream Core

Vertex Shader

Triangle Pixel Shader

Idle hardware

Werkload Perf =4

Vertex Shader

Pixel Shader
Heavy Pixel
Workload Perf = 8
™S * 43

National Taiwan University




Unified Stream Core

Unified Shader

Heavy Pixel
Workload Perf =12

MNational Taiwan University




Task level scalable for multi-core

system

| System BUS

Instruction
Queue
Controller

USKO

Instruction
Memory
1KB

Instruction
Queue
Controller

USK1

Instruction
Memory
1KB

s

~
CMA Data
PE

Processing Elements

Instruction Instruction —I—Il —I—Il Unified SOP
Fetch L | Fetch (RECX:“F&S%
A apti e
C ’-asl ‘Adder Tree @
M ,—|
A Scredt S
B - J
y Thread B Thread A /
s EXE EXE
Texture Texture
A A
Thread B Thread A Thread B
wB wB wB @ :
' ' /AN
¥ CMA BUS v v \ A
~ 46
NHational Taiwan University
| System BUS
|
N 4 v N | A
USKO Instruction USKA1 Instruction
Queue Queue CMA Data -
Controller Controller PE
Instruction Instruction
Memory Memory
1KB 1KB
Processing Elements
Instruction Instruction —I—Il —I—Il Unifiea SOP
Fetch Fetch ‘:é:kgg;
Ada tive
c [ Tei ) (3550 @
M ,—|
A Scheduler -
B G J
u Thread B)| |(Thread A ——
s EXE EXE o
Texture
Y Y y
Thread B Thread A Thread B
WB WB wB

l CMA BUS +

%;%; "

47
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Reconfiguration for instruction path

System BUS | -
4 Y N e N
USKO Instruction USK1 Instruction
Queue Queue -
Controller Controller E

CMA Data
P

Processing Elements

Instruction
Memory
1KB

Instruction
Memory
1KB

Instructi Instructi Unified SOP
“retch | “Fetch | | =l | B
Ada rtive
( T._. 5 k j Adder Tree
k Scheduler ,Wl

Thread A
EXE

\
Thread B Thread A /
EXE EXE 1

Texture

Y

Thread A Thread B

Thread Bj C’hread A @ .
WB WB WB WB .
: : : : % N2
¥ cmABUS v v v %

~ 48
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Measurement result

* Average 1.6 times speed up

120

80

- " | ——Proposed ATS

—*— Non-schduling

Utilization rate(%)

Q0

20

0 100 200 300 400 500 600 700 800 900

Frame

-

Accepted as “Configurable Memory Array for Multimedia Multithreading StreamyBProgassing Archifeciute s,
,”in Proc. |IEEE International Symposium on Circuits and Systems (ISCAS’08), May 2008




Stream architecture for Mobile
Multimedia

* Duo heterogeneous cores
» Due homogenous stream processor cores
» Multi-Clock domain power optimization

- ’
1 AHB System Bus
L 4 h 4
Graphics Specific Engine
Stream | RISC
Fetch Primitive Raster ROP i CPU
Unit Setup Engine Engine
Stream
I I I i CMA BUS Data Buffer
Memory and
Configurable Memory Array (CMA) <> Controller < = Reference
T T (MC) Memory | Data Buffer
Bus
/’ . .
Stream Processing Unit (SPU) Power
Unified Stream Unified Stream | Aware
Kernel (USKO0) Kernel (USK1) - | Frequency
\_  J Scaling
—_

NHational Taiwan University

Die photo and specification

Process Technology UMC 90nm CMOS 1P9M LowK
Supply Voltage 1.0V core, 2.5V I/0
Clock Frequency 50-200MHz, 5 CLK Domains
Power Consumption 26mW (stream Processing Unit 16 mw)
RISC CPU 1¥: 8KB
SRAM D$: 8KB
SPU IM: 2KB
CMA 10KB
16 GOPS
Arithmetic
Performance - 6.4 GFLOPS
Thrr:lﬁ’gr']fut 200M vertics/s, 400M ixe

- ! 4 g
Accepted as “A 26mW 6.4GFLOPS Multi-Core Stream Processor for Mobile Multimedia Applications,” Dig!st echnic&pPapers
of Symposium on VLS| Circuits, 2008. - 51
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Stream Architecture for Computer
Vision

« 2D Stream processor
— Computer vision function architecture
— Tile base stream processing

« Parallel mask conditional operation
— Avoid a lot of branch instructions

(=] 11 Ce]
= =
Tile Memory Manager
T ERea=
g |
== [TTT] ket
) iy
Reg — — —
if el g E[[D Tilell
ALU
] T
s
sssss ¥
»| Stream Interf
A Sr— J |
————————— @— — — —
EEEEEEE
Bus

Stream Architecture for Computer

Vision
(— - - - - - - - )
— emm —— — o e o— ——
| T e = L
I I Mask I I Mask I I
I — === — === |
I I Tile Memory Manager | I
I Inst T Qe _E rDﬁTilel_D KFE; 'r:ngl
MEM Reg '
I —— I Djjj Kernal J I
s o coaass e
I Decode I%e;t:) e
I . rD:ED TilelD F'FOI
@ ALU ->I Djjj Function ,
| _L == =
| [»'1 11 |
>| Stream Interface |
— e e ———— — — — — —— — —
External 53
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Stream Architecture for Computer
Vision

’ I\I/II’I]ESI:/I ‘ Hist Matrix Tree Sh:re
’ v Reg Reg Reg | **°

~ Reg
@ ____ ’ Decode 5o @
’ Control / \\ .
@ —1=No)
Memor °
>']:|:|:| lj?:d) G . I \ Y '
r
Lol \ (B2
N———”’

Tile Mvemory Manaéer \ PE \
e
\ & — e
Y, " 54
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Scalable Visual Processor
External Bus (AHB 2.0)
x
J_,\L AHB Interfac‘;e (2 Masters)
™ I I I
CM;)S Image Bitplane Feature .
ensor Memory Global Processor Decision
(CIS) -~ Processor (FP) Processor |---
M (GP) (DP)
: i
TRy 2 W
Decision Feedback

128-PE SIMD Processor Array:
Parallel-In, Parallel-Out

Operations 32-b 5-Stage Processor: i
Scalar-to-Scalar Operations
L 2B T
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IVisual (Intelligent Visual Processor)

 Highest level ' - e

abstraction | csa Group 1 it

— Image-in, answer- | Read-Out
; Feature

. - Decision
Scalable . Processor

architecture for

hlgher . I:_;E Array Circuits of
specification fhe Global

. Processor
— Can be easily
combined

— Change integrated
PE array number

Video Stream Processor

InterLane Switch I

Descriptor
Register { \
H
ile 1 Scalar Unit 1 - Dlata
| E RF > llel
8 aralle
- RF | ALU
£ RF
g
== | (LN ] RF
A | RF | ALUo
e o g I
] 2 8
-_— w =1 -
Stream o v e d - 2 :
Command . 5 [ RF| = § RF
Port 2 vLIW R RF | ALu4
- i} - 1.
B Sequencer [ RAY| ans RE ;
g i InKtruction
@« p— Lot
P | [z] parallel
. \ = =
Instruction f - g -
Memory _gﬁé% _553’5
96 kB |1 = |1 =
o o [ )
Lane Register File Lane Register File
16 kB 16 kB
Source: ISSCC 2007 rerm—
> Fetch Unit —1 Stream Load/Store Unit

: : -

ty
Instruction Memory Port Data Memory Port




Architectural Perspective for
Multimedia Processing

« Parallel Processing

[ — Requirement: Processing of independent segments]

— Pipelining, systolic processing
— Task level parallelism

— Instruction level parallelism

— Data level parallelism

 Stream Processor

[ — Requirement: Processing of dependent segments

— Scalable architecture
— Multi-thread and cache %

58 NHational Taiwan University

Architectural Perspectives of MPSOC

OPE || OPE| | OPE|-[PPE|  Stream base PE Core with:
—Data parallel

OPE |——| DPE | | DPE || DPE| _|pstruction parallel
—Reconfigurable

DPE |—| DPE | | DPE DPE| -Scalable

DPE |-——| DPE | | DPE DPE

Generic CPU with
Main Main :
Processor Processor -Record preparige

* YRV,
‘ :
~ 59
NHational Taiwan University




Conclusion

« Semiconductor Technology and Mobile
MultiMedia applications are continuously the
push-pull driving forces for MPSoC.

* End Products with Battery power for MMM
requires novel multi-core architectures.

Thank you!




