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Gd—n:n\ Mainframe, Al &t - one computer, many

(50-704 users
2 AICH

(80-90ELI=EY)  (Client-server, DB / PC - one computer, one user

CIE 4! (&)/Distributed computing

us computing

(214191) ny computer
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DB Servers -
Millions
Workstations
100 Millions

Personal Computers

Embedded Computers

Billions
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% Computers that are interacting with the environment
(physical systems)
e Application specific system

7 Ol Al
e Automotive controllers
e Avionics
e Medical devices
e Multimedia devices

e Industrial controllers
e 12| Cl

)

C From Lee and Shshia [2010]
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sﬁAutomobile IS an Embedded System

Switch

Body neMgrk__-
|

. Gateway
______ S e VAN

I ==
Powertrain network -

___________________

~ |RSEECU
/ U Rear

Centeir D'SplayRear Entertainment
Equipment (DVD, Game, ;
U ]
Cluster |\ _ . e DV VTR etc.)

a s * Camcorder
IDB-1394 POF Cable Torer
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7 AlZ2F HIeF A (Real-time constraints)

e Transformational/ Interactive/ Reactive

Ol 82 AMAE (Heterogeneous parallel computing system)
e CPUs (multi-tasking SW) + Hardware

detet AN RFAELU SLE

e On-line debugging is often impossible

/
Al

/
Al

/
al

RTPAE

e Cost-performance ratio
Power/energy consumption
User friendliness

Shape and Weight

Time to market

() e reliability, safety, availability
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# Programmer vs Architect
e Programmer is not a computer engineer!

7 We need "true" engineers to build complex
computing systems
e Follower vs pioneer
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Supercapacitor
bank module

Lithium-ion battery
bank module
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Lead-acid battery
bank module
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Physical Systems

- S2/& 20 WIHE WEAS
Z FEHS(Cyber-systems)0| 22l &
I 2 Nl A(Physical-systems)2t2| &S5
1 F(feedback loops)E S5tH
= I"* T Z HIA S| DynamicsE
ZHU MAZEEoZ 2K, HOoste
A A El

Cyber-Physical
Interactions

Complex Networked
Computers, Sensors, and
Actuators

Automotive Mechanics

| Physical System
E 3

Physical System
o 3
Cyber System Cyber System
Pal RS-

Componentizing Kernel
mA'A; mAA;

| JIES Kernel I
sSw4 SwW1 SW2 Sw4
\ g"w mA'A, mAA'EA
All-simulated system All-real system
Physical System
; £

l

SW1 SW2
SW3 0® 0¥ (sw3
0w
ﬁ . - Q b - Cyber Syste
CPU RAM SENSOR ACTUATOR CPU RAM SENSOR ACTUATOR
A 7.8 W FAN| T A ITHET S0 AT A g | ===
MY e A T2 0B Q30| A HFO| 2l Mid. of development process
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StHE M E (Adaptive Display Switching Tech.)
- 2232, RIRIH S22 HE| AQEIE SAN &8

l Wheel axis value

Accelerometer
sensor y-axis value

/
I— Buttons

1 Foot pedals

Z= MO (Adaptive

I UHHEXE EEotH AOE
Input Switching Tech.)
- diojdE, X0IAE, 2R MA S JIE 2Z2Ht

HEAHOIEUNA DUz &=
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- Proxy ServerE 0|

2 2E FLFotLlet
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Z| &= Offloading

HTTP GET HTTP GET

HTTP DATA

Proxy
Server Outbound
Server
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# Complexity increases incessantly

e More processing power is required
o XTH 7|=0| D1 S

1000000 3G :"

Algorithmic
Complexity

100000

10000
o) Processor Performance
1000 = 2G - ’
7-
100
10 —_—— :
—2 1G Battery Capacity
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
Q ™ Lo % © Q > Qe 4% © Q
S Q2 Qe &) &) ) Q Q N %
'a FFF S S S S
C ) Source: Data compiled from multiple sources (BWRC)
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e Heterogeneous archltectures
e Many-cores: 88 £=XMI|e| R A|A A|2E

7 et S&0| s A0l =&3 (dynamic behavior)
# Design Challenges

e HW/SW co-development becomes more important
e System verification becomes more difficult
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—imto Design an Embedded System

# Integration of diverse subjects into a whole

e Hardware architecture

e System software

e Application software

e Optimization algorithm

e Software/system engineering

=0l (Decomposition): decompose a complex problem into
small simple problems

o =4S} (Abstraction): translate the problem into a simpler one
by hiding unnecessary details
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profotype

Debugging, optimization [

CAD tools

System specification|- - o Architecture decision Prototyping
by experts test
v - ngh cost 1

Functional inefficient

simulation | _ _ _ _ _ _ |- ___ designloop/ _ _ _ |_______ .
I A 4
: HW development N:\T Software development :
. ! !
|
: |

—> Early separation of HW and SW
Cﬁ Slow/ high cost/ hard to maintain and debug
D,
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_ILugi: Transistors per Chip

Potential Design Complexity and Designer Productivity

10,000
1.000 Logic Tr./Chip Eguivalant Added Complaxity /
£
TF_IS.M_ /
100 58 r. compounded
10 Complexity growth rate .

(M)
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At 28 (Productivity Gap)
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7 (1) 2 A MM AHE (Design Reuse): Virtual Component (IP) based
design & platform based design

7 (2) HW/SW S & & Al (Codesign): Systematic Design
Methodology

7 (3) 220(8F € H (Model-based design): formal model is
good for verification

v (4 ANAE =F ZEEHOEEAH &P (CAD)ER

P
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% IP-based design
e Reuse the pre-verified component
e Processor core, peripheral, memory, interface

e SW library
7 233 JIgt £ (Platform-based design)
e Reuse the pre-verified architecture Platform API
e Trade-off between customized design R
and general purpose design application
software

Hardware platform

input output

& & & & & 7 7 23 7 = & & & C AP OL_:I __I'" /él : SNU
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Pre-Qualified/Verified ~ Foundation Block + Reference Design
Foundation-I1P* .
' 4 Scaleable
A X bus, test, power, 10,
clock, timing architectures
B Hardware IP
N — Processor(s), RTOS(es) and
e SW architecture
i SWIP
= | Programmable Methodology / Flows:
System-level performance
~~—_— evaluation environment
*|P can be hardware (digital Rapid Prototype for
or analogue) or software. End-Customer Evaluation

Foundry-Specific

IP can be hard, soft or Sye-Cuelifssion

firm’ (HW), source or

object (SW) Foundry Targetting Flow
Cﬁj Source@cadence

SoC Derivative Design
Methodologies

24 5 > » 5 3 CAP A4, SNU
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% ARM-based platform
% Accelerators for Graphics and Video/Audio CODECs

NOR
Flash

NAND
Flash

Mobile

Trace Emulator |
DDR

| Analyzer Pod

72 JTAG/ [ eplo

Emulation
VE Camera I/F Camera
Serial Parellel Module

Camera-Serial { Sub' Camera

Ante UART/IrDA

GPS5300

Antenna ARM1136

Imaging

Video and Audio | On/Off

: 2 Accelerator
2D/3D Graphics IVA™ 2 System

Accelerator Interface o —
Power Reset 32 kHz Crystal]

WiLink™ ; Shared Memory Controller/DMA Clock Mgr
TNETWI1253

Antenna
NV

Timers, Interrupt Controller, Mailbox

coexistence

BRF6300 A0

5.0 Solution AL

Flashing

TCs
[TT PR control/Data A
Chipset MS/MMC/ Display Controller

Battery

SD/SDIO Parallel-Serial "

High-Speed (HS)
USB2 OTG
Controller

A Connector

i LED

logy: SHA-1/MDS5,

DES/3DES, RNG, AES, PKA, Secure WDT, Keys

£2%| Keypad

k -
fal ‘ ‘ TCS2046
; : d Touch Screen
MS/MMC/ et
SDISDIO ™ QVGA VGA Controller LEGEND
Card PAL/NTSC Color TFT Color TFT

Tl Product
Display Display A- roducts
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HW/SW B&aH|

# Concurrent design of HW/SW components

% Evaluate the effect of a design decision at early stage by
e Z 2 EEHY (virtual prototyping)” to enable systematic
& Hl & 2HE M (design space exploration)

» time > time

—

H
SV iteration

ost cost
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component simulator for uP1
component simulator for uP2
component simulator for uP3
component simulator for ASIC

comm. arch. simulator for BUS1, Bl
BRIDGE

Virtual Prototype of

HW/SW T AIE=|o]

a System

ISS1

ISS2

ISS3

HDL

2,

Comm.

Arch. simulator

Cosim. kernel

Simulation host

v Jtat ZIZ2EE0I8: BFE Al2dI0l&E22 &Ml o=
-

Real Prototype of

a System

uP1 ubP2

BUS1

| BRIDGE |

BUS2

uP3 ASIC

e,
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Algorithm simulation

Architecture Optimization

HW/SW B &3

System Specification > Design Space Exploration <
(HW/SW Partitianing)

|

v

A 4

v

Interface Synthesis

Performance
Estimation
(Cosimulation/
Co-verification)

SW Synthesis

Prototyping

HW Synthesis

CAD tools and SW Development Tools

28
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Implementation (hardware or software) independent
Z=0| 0|5}o} &t

Refinement from functional simulation to implementation
Modeling languages

e HW: HDL (Hardware Description Languages: VHDL, Verilog)
e SW: C, C++, Java

o A|2El =& BHIZ]I AH0{: SystemC, SpecC, Esterel, Dataflow

PO

2IBOZRE AIARE A7 &t 0IY:
Algorithm specification in a programming language, C or C++.
Good for functional simulation

HE ALH A0 FHelstX]| S

ds 240 0{21F

|
==

&
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. m===) actor model
computation -
(behavior) . Jport
o f() L g()
A channel I J r \
8 Module or actor
T (function)

7 A2l D E precise and unambiguous semantics
e Functional specification: f (input, output, state)
e Well defined function composition
() e Properties and Constraints

PO
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% Synthesis is refinement
|

I

SW implementation

uP

| |
C :
HW IP: A : :
: - SW IP: B :

C

A
HW 0s
—
wrapper wrapper

automatic interface

\?Physj cal c\’_hanrlﬁl

synthesis
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ofjTol OISt a3 Far EpAn

System
Microarchite

(o
mapping o O?K

3 Functionon S
Microarchitecture

Architecture selectiop
Platform selectis

Algorithm development
- Functional Simula

partitioning

O

design loop

Architecture 4" HW/SW coverification
fine-tuning

Refine

HW/SW /Interface

©O
synthesis

Implementation °
of system
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7 HICIE AIAES & HE Flet AlIAE =T 8 HE
e 1MICH: PeaCE (HW/SW codesign environment)
e 2MICH: HOPES (parallel embedded SW development)

v Mz 8 D=
e M= 05 7|
e HW/SW Stt Al=8|0|M 7|=

5 S AWICS T2 HY Jl2

PO
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W
% PeaCE home page
e http://peace.snu.ac.kr/research/peace
e papers, manual, etc
% Open source program
e Released on Nov. 2004.

e Demonstrated at the Univ. Booth in DAC 2003-2006

# Provide all design steps from system-level specification to
synthesis

PeaCE

e,
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- ﬁ[ Motivational Example

# Multi-mode Multi-media Terminal Example

e Three modes of operation:
e Video phone: H.263 encoder/decoder and G.723 encoder/decoder

e Divx player: H.263 decoder and MP3 player e
: =
i e player » decoder
» Demux |
1 G.723 L.
decoder
__,| Network | |
" H.263 e camera
M <— encoder
< ux |
Mode & o
Task H 263 encoder
control | | H L.
7 B Read file » decoder
Packet decoder [ MP3
control decoder [
Q) Ei" MP3 decoder

% s s s s s CAPATA SNU
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PeaCE Design Environment

ion as Codi

< PeaCE : Ptolemy exte

sign Environment

File Edit View Run Tool Library Option Comment Help

D & =@ ]
(" Design [W] Platform | =] schematic/Peace/DemoDesignFlow/MMT_APLbasicProject

Design

D MMT_APLbasicProjecti1230
o [ MMTFSM_Topl1 4
o [ VIC_USB_AFPIIZ

sim | arch I estimation r graphgen l partition I tracegen I dse 'platform ] cosim ]cosyn |

Task Mode y

E ic/Peac

BpMMTFSM

text==2fmode=2 stop==1/tostart=1

stop==1itostart=1

[ccc |v‘ ,Task-Model [v| | exitPyone==1/
Name Value Type =+
processor  |arm720T STRING =" : fFS M d I
d==1/mode=1
processorld |0 INT O e
host STRING
?Iirectun/ SHOMEIPEA. .. gg:mg - tastarat
re ) exitip3==1/
Looping Level [SJS STRING exitPhone=
2 > stop=={ ftostart=1
dispiays O INT [5] schematic/Peace/Demo/BPMMT_APIMC_USB_API
compile? YES INT -
un? YES INT B i /BpH263FREncStream 27 X
write schedul...[NO INT
staticBuffering |YES INT . )
funcName main STRING '1‘363 Encoderﬂm fractional rate 5
compileCom... [gec STRING )-.. t | : li
compileOptio._. STRING — =l i
linkOptions _|-Im STRING =5 E He e =
resources  [STDIO STRINGARR... 3 L3 i F
optLevel 0 INT 3 07 [EE
bufferSharing [NO INT T
numUsable |1 INT — Lty
seq 1 INT =
nonseq 1 INT = =
Debughode |0 INT |
Add Parameter | | Del Parameter I
Extended SDF (dataflow) [4odel
Name Value Type &
width 176 int [ ‘
height 144 int —
MBCols 176/16 int e 7
MER 144116 i a
enab‘lj:s 1 ::: open FRDec galaxy =
look in FRDec ~ |
log | run ”
~# 7 ] & ] ] ] 36 ] ] ] 9 ]



JschematicUser mykim/MMT_test

VIC_UISE

Div¥_task CGC

‘ cotinectizal
r_

Demo Functional Simulationdl

OZEEo Y

start | sUspend

pakings.mpsd
divecrffriend.avi
phone:# 147461211

‘ CAMCEL

Ok,
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7 Target: OHLIZ O OIS SHICIE AIAE
. EIEMS T}
o AlZtn} M M =HE T

7 o2& A= (Sub-problems)
e Parallelism extraction (multiple use case, multi-tasking apps.)
e Functional parallelism, data-parallelism, temporal-parallelism
e Partitioning and mapping
e Parallel code generation: parallel programming is not easy
e Performance estimation and verification
e Design space exploration

) ‘ Need of sound (scalable and robust) methodology

PO
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v AL J|8 e
e MAPS from RWTH, Aachen
7 0 =HE I
e Language extension with annotations
e openMP for IBM Cell

e Language extension with APIs

e CUDA from nVidia, OpenCL from Khronos group, Ct from Intel,
Stream tools for SPI, Hierarchical Tiled Array from UIUC

5 DY |E gy

e Gedae, Streamlt from MIT, Sesame from U. Amsterdam,
Simulink

g

Sis Jlet & HOPES
e,

3% 4 s s s s CAPOITA SNU
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7 2 )Y =S meet-in-the-middle approach

o Z2HE= SI=HIE 12{SIX| §F
(Manual
design,

. SIESOE EUES £ !
Role of “execution model”
- Programming platform (CIC)
Software Platform / \
_ 7 Soitware Platform \

40 = - ¥ 7 7 CAP C&:' ?' /él 0 SNU

N

Applications
(Manual
design)
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HOPES &1l &

[ Dataflow Model UML =
- = Manual Coding
Automatic Code Generation
- = -

Common Intermediate Code

[ Task Codes(Algorithm) ] [ XML File(Architecture) ]

-
EiA3 Z& <—{Performance Lib./ Constraints]
- .
| cicwo R R-Er
- .
A B CCode REME Ot4 T2 EEHOIE
e

4 CAP 3 +4, SNU
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? : —
§ ﬁm (Common Intermediate Code)

7 Z22HY ZHE
e execution model of a parallel architecture

o 2IX0| R 7|l Ui \Viewed as a “generalized dataflow model” or
a process network

T, ]‘“&'\"[ T, ] =, CIC Task Codes \:
\\ 1 1
\ 1 1
Control i Ty i
T | a i
1 1
‘ = Algorithm '
. 1
Channel Types: : - Avail. Parallelism i
FIFO or Arra ! | Model « Architecture I
Modeling a shared memor - 3 [
% (ndexed slots) i TS = Mapping :
\ = Control ,I'
AN = Profile ot

e,
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% CIC REQ| 24
e Functional simulation discrete-time simulation w/ control tasks
e Static analysis
e Parallel scheduling

7 X2tk el B2 22 AlAl Targets:

e HSIM, IBM Cell, ARM MPCore, NXT+PC, GPGPU(CUDA)
w Jta IZ2 EEHO| &

e Scalable, parallel simulation

E-EEEIET:

)
e,
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7 For functional validation
e CIC translation to multi-thread codes (pthreads).
e Generated codes are run on a host machine

# For performance estimation
e CIC E}23E EPZI Z2MMZ DIE
o OHE ZIE 0|E5101 Z|AAIZI7} X1 27 0|5

# For performance verification

e CIC translation to target C code.
o J}& Z2EEIO|E A|LHIS 0|8510{1 HE

PO
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s A TZNE
o REMICH ADIEZ] 714

Z2EE0Y 71E

At T 2 M E

|

A==0l0IE{ #ix|2| S

=18 PAIEDN
o MAMSE

55 ECUs & 7 Buses of
4 types with Gateways

-————--IIIIIIIl.llllIIl

XIZ2 Projects

Bus,

ECU,
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XIZ2 Projects
|

: Needs for high resolution

7 ITRC _,O_I ;I' _ﬂl’ I‘” S | ||] => Needs for next generation multimedia platform
I

most commonly used

o il‘A‘“EI‘I TV (4k) resolutions

= = i
|

|
|
HD full HD:

1600p 4K 8K

Multi-core Media Processor

Audio Processor | Audio
Maodule (CPU) [ Buffer

Stream Module
(CPU Subsystem 0)

DSP Module
(GPU 1)

Decoding

Image
[ Enhancement
Inter/intra | (NC, Fl, etc.)
Prediction I Function §
HWIPs

- === =]

DDR3 DDR3

»  CAP ¢4, SNU
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XIZ2 Projects

7——
7 ASAlAtEEA Al Technonia® Umile 22 A E

e 2009.12.1 - 2011.11.30
e GPGPU £ 0|28} H|C|2 EBHATEIC| B3] 7|& JHut

0

| T AL
EROIE IR . - w REMal The _Sparians. SO, DT . S = 00 AR
PP, AR s ey ). RS WP - T A = E i

o | - MMl The., Spartans, 2OML (FVE e, 2wk - YO0 ZAE
0 ": —— | FAP&0 HL D54 B s odires ). SEDRIEI0 AP 3 - o {01585
T - 3

o - Ml The, Spartans, 2OML (RO e, 20wk ’ YL S9AE

u I FAPLS H. D58 S as ofirer), 4EI0ED0 AP 3 - - {0150 200
monE - w MiMeE The. Sparians. S, DD, 3wk ~ 300 4B
= I AP ML 25 e el ), AENBIE T - - LB = =)

2 0Or 213 EHOmile Encoder)

e,
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SHICIE A|I2H d7l= AFEl S2/8= 048] £0I= Silol= S#
7|=0|C}: H= SHI0|E == 7=} EX] 2ol

MZ22 A 71¥H
A AR
HW/SW Sgt MA
2 7|49 M

AlAR = CAD B
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