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7DVN�OHYHO�UXQ�WLPH�VFKHGXOLQJ�DSSURDFK
IRU�G\QDPLF�UHDO�WLPH�PXOWL�PHGLD�V\VWHPV

)UDQFN\�&DWWKRRU��,0(&��%HOJLXP

&XUUHQW�7&0�UHVHDUFK�SURMHFW�PHPEHUV�

,0(&��3RO�0DUFKDO��&KXQ�:RQJ��3HQJ�<DQJ

.�8�/HXYHQ�(6$7��6WHIDDQ�+LPSH
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*RDO�RI�RXU�UHVHDUFK

� $�PHWKRGRORJ\�WR�PDS�G\QDPLF�DQG�FRQFXUUHQW
UHDO�WLPH�DSSOLFDWLRQV�RQ�DQ�HPEHGGHG�PXOWL�
SURFHVVRU�SODWIRUP
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MPEG4JPEG

:K\�DUH�$SSOLFDWLRQV�EHFRPLQJ�PRUH
G\QDPLF�DQG�FRQFXUUHQW"

The workload decreases but the tasks are dynamically created and
their size is data dependent

T1
T1’ T1

T2
T3

T4
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MPEG-4 : multimedia spec
= too huge to handle as 1 task
=> break up in many interacting tasks

With this code my boss 
has to give me a raise!!!

TASK1

h

Cost(P)

Exec.Time

/RFDO�SLFWXUH
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This didn’t look so good after all???

TASK1

TASK2

TASK3

Processor 1

*OREDO�SLFWXUH��DG�KRF

h

h

h

t1

t2

t3

t1+t2+t3<T
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TASK1

TASK2

TASK3

Processor 1

*OREDO�WUDGH�RIIV�ZLWK�FRVW�SHUIRUPDQFH�FXUYHV

h

h

h

Luckily we have the Pareto approach!

x

x

x

t1n

t2n

t3n

t1n+t2n+t3n<T
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2XWOLQH

� 0RWLYDWLRQ��FKDOOHQJHV�LQ�WKH�V\VWHP�OHYHO�GHVLJQ

� 2YHUYLHZ�RI�PHWKRGRORJ\

� &RVW�HIILFLHQW�UXQ�WLPH�VFKHGXOLQJ�IRU�5726

� /RQJ�WHUP�UHVHDUFK�FKDOOHQJHV
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data in

ISR

time

data out
routing reply

Routing
Record

Packet
Record

FIFO

out

IN
622 Mb/s

OUT

OUT

622 Mb/s

622 Mb/s

53 cycles, 200 accesses

$SSOLFDWLRQ�GRPDLQ

� 3URFHVVHV
² '\QDPLF�DQG�FRQFXUUHQW
SURFHVVHV

² *OREDO�ORFDO�FRQWURO

² /LWWOH�GDWD�SURFHVVLQJ

� &RPSOH[�GDWD�VHWV
² /DUJH�DQG�LUUHJXODU�G\QDPLFDOO\
DOORFDWHG�GDWD

² +XJH�PHPRU\�DFFHVVHV

� 6WULQJHQW�UHDO�WLPH�FRQVWUDLQWV

� (PEHGGHG�V\VWHP

Network layer protocols (ATM, IP, …)
Multi-media algorithms with dynamic character (MPEG4, MPEG7)
Wireless and wired terminals (Internet, WLAN, ADSL, …)

E.g.:
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Executive

Decoders

Presenter

 
 

Application

Data
Channel

ALManager

Flex
Demux

Service

Data
Channel

Data
Channel

Data
Channel

Decoding
Buffer

Composition
Memory

BIFS
Critical

path

 OD

...

30 msec

RenderingPre/post

Decoding

Pre/post writing

5HDO�WLPH�FRQVWUDLQWV�DQG�WLPLQJ�LQ
WKH�,0��03(*�VWDQGDUG
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superscalar,
Issue Width 12

Simultaneous
Multithreading

Multi-
processor,
8PE, Issue
Width 2

7DUJHW�DUFKLWHFWXUH�
&KLS�0XOWL�3URFHVVRU��&03�

� $GYDQWDJHV�
² 3HUIRUPDQFH��SRVVLELOLW\�WR�H[SORLW�WKUHDG�OHYHO�SDUDOOHOLVP
FRPELQHG�ZLWK�,/3

² (QHUJ\��ORZ�HQHUJ\�FRVW�SHU�LQVWUXFWLRQ�E\�FXVWRPL]LQJ�WKH
QRGHV��$6,3V����HIIHFWLYH�PHPRU\�KLHUDUFK\�DQG�GLVWULEXWHG
FXVWRPLVDEOH�RUJDQLVDWLRQ

² )OH[LEOH��SURJUDPPDEOH�QRGHV

² 6FDODELOLW\��PHPRU\�EDQGZLGWK�LV�VFDODEOH��LI�JRRG�PHPRU\
KLHUDUFK\�LV�XVHG�

From L. Hammond, IEEE Computer, Sept 1997
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:K\�DUHQ·W�&03V�XVHG�QRZ"

Live from FZ-TV

� 0XOWL�SURFHVVRUV�DUH�XVHG�LQ�VHUYHUV�DQG�VFLHQWLILF
FRPSXWLQJ

� 1RW�LQ�WKH�FRQWH[W�RI�HPEHGGHG�V\VWHPV
² HIILFLHQW�PDSSLQJ�UHTXLUHV�D�YHU\�KLJK�GHVLJQ�HIIRUW�ZKHQ�GRQH
PDQXDOO\

² QHHG�IRU�D�FRPSLOHU
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&�&����V\VWHP�UHILQHPHQW���H[SORUDWLRQ

$OJRULWKPV 'DWD�6WUXFWXUHV�

ARM

IP1 IP2

RAM ROM

$UFKLWHFWXUH

P rocessor arch itecture

RAM
RAM

ROM

MMU

custom
logic

DSP

ROM micro
processor
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2XWOLQH

� 0RWLYDWLRQ��FKDOOHQJHV�LQ�WKH�V\VWHP�OHYHO�GHVLJQ

� 2YHUYLHZ�RI�PHWKRGRORJ\��GDWD�PDQDJHPHQW

� &RVW�HIILFLHQW�UXQ�WLPH�VFKHGXOLQJ�IRU�5726

� /RQJ�WHUP�UHVHDUFK�FKDOOHQJHV
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7DVN�/HYHO�'76(�RQ�WKH�,0��SOD\HU

D
el

iv
er

y 
L

ay
er Data

Channel
BufferData

ChannelData
ChannelData
Channel

Buffer
Buffer

Buffer

BIFS

OD

Wavelet

Wavelet
Buffer

Buffer

R
en

de
re

r

Investigated
Part 

PACT’00 (COLPwsh), PACS’00
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A
dd

re
ss

 s
pa

ce

Time

3ODWIRUP�,QGHSHQGHQW�&RGH
7UDQVIRUPDWLRQV

Time

Allocating ALAP
De-allocating ASAP

Time

Analysis of
Real requirements

Improved grey-box model



��LPHF�����0SUB6R&�6XPPHU�6FKRRO�-XO\���

$FFHVV�RUGHULQJ�DQG�JHQHUDWLRQ�RI�WKH�WDVN
�SDUWLDO��SUHFHGHQFH�FRQVWUDLQWV

M
em

or
y 

A
re

a

T1
T2

T3
T4

T5T6

T1 T2 T3 T4 T5 T6

1 HW
 accelerator

T1 T2 T3

T4 T5 T6

HW1

HW1

No constraints 
on schedule

T1 T3

T4
T5T6

T2

2 HW
 accelerators

T1 T3T5T6

T2T4

Constraints 
on schedule

T1 T6 T3

T4

T5

T2

HW1

HW1

MA Cycle Budget
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5HVXOWV�RQ�,0��SOD\HU

Memory
Size
Pre

Memory
Size
Post

Memory
Energy
Pre

Memory
Energy
Post

1Proc 86.9kB 14 .8kB 0.78mJ 0.16mJ

2Proc 193kB 19.41kB 1.54mJ 0.19mJ

Cost

Time-Budget (MA cycle budget) 

x

x

PACT’00 (COLPwsh)
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2XWOLQH

� 0RWLYDWLRQ��FKDOOHQJHV�LQ�WKH�V\VWHP�OHYHO�GHVLJQ

� 2YHUYLHZ�RI�PHWKRGRORJ\��FRQFXUUHQF\�PQJQW

� &RVW�HIILFLHQW�UXQ�WLPH�VFKHGXOLQJ�IRU�5726

� 5HVXOWV�RQ�03(*���,0��SOD\HU

� /RQJ�WHUP�UHVHDUFK�FKDOOHQJHV
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7&0�VWHSV�DLP�DW�UHPRYLQJ�WKH
ERWWOHQHFNV�IRU�EHWWHU�SHUIRUPDQFH

2SWLPL]HG�V\VWHP�VSHFLILFDWLRQ

7DVN�OHYHO�V\VWHP�DUFKLWHFWXUH

,QWHU�WDVN�'76(

7DVN�FRQFXUUHQF\�PQJQW

7DVN� 7DVN�

7DVN�

,QWHU�WDVN�LQWHUIDFH�UHILQHPHQW

7DVN�WR�SURFHVVRU�DVVLJQPHQW

� ��7DVN�WKUHDG�VFKHGXOLQJ

� �
�

�

�7DVN�FRQF��([WUDFWLRQ�WUDIR

$UUD\�SURFHVVRU�DOORFDWLRQ

9LUWXDO

3URF�

9LUWXDO

3URF�

��3URF

ICPP’00, Kluwer book’99
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7KH���SURFHVVRU�DSSURDFK
�VFKHGXOLQJ���DVVLJQPHQW�

$50

3URFHVVRU

�

9GG �9 9GG ���9

$50

3URFHVVRU

�

7DVNQ7DVN�7DVN�

Codes’01, J.of Sys.Arch (summer 2001)
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7UDGH�RII�EHWZHHQ�WLPH�EXGJHW
�SHULRG�ODWHQF\��DQG�FRVW��H�J�HQHUJ\��OHDGV
WR�3DUHWR�FXUYHV

7LPH

&RVW

&%�&%�&%�&%�&%�&%�

3URFHVVRU�DOORF�DVVLJQ

�DQG�VFKHGXOLQJ�DOWHUQDWLYHV

IRU�FRGH�YHUVLRQ��

x
x

x

x
Non-optimal points
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3DUHWR�FXUYH�IRU���SURF��PDSSLQJ

Bottleneck
of case 1

Scheduling
alternatives
for case 1

� 7UDQVIRUPDWLRQV�VKLIW�WKH�3DUHWR�&XUYH
² 'HFUHDVH�FRVW�IRU�VDPH�7LPH�%XGJHW

² ,QFUHDVH�SHUIRUPDQFH�IRU�VDPH�&RVW�%XGJHW

New curve
for case 2

TCM trafo

Energy

Time Budget
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&RPSDULVRQ�IRU�RULJLQDO�DQG�WUDQVIRUPHG
JUDSKV�RQ���SURFHVVRUV�ZLWK�GLIIHUHQW�9GG

original

Transformed
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&RPSDULVRQ�EHWZHHQ�GLIIHUHQW
SURFHVVRU�SODWIRUPV

Combination 2

Combination 3

(Global Pareto curve)

Global Pareto curve

2 1
3

4
5

6

6

5
4

3
2

1
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2XWOLQH

� 0RWLYDWLRQ��FKDOOHQJHV�LQ�WKH�V\VWHP�OHYHO�GHVLJQ

� 2YHUYLHZ�RI�PHWKRGRORJ\

� &RVW�HIILFLHQW�UXQ�WLPH�VFKHGXOLQJ�IRU�5726

� 5HVXOWV�RQ�03(*���,0��SOD\HU

� /RQJ�WHUP�UHVHDUFK�FKDOOHQJHV
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:K\�UXQ�WLPH�VFKHGXOHU"�,�

'HVLJQ�WLPH�6FKHGXOHU

��3UHGLFWDELOLW\ ���6FKHGXODELOLW\�IRU

���)OH[LELOLW\ �����G\QDPLF�HYHQWV

��5XQ�WLPH�FRPSOH[LW\ ��2SWLPL]DWLRQ

5XQ�WLPH�6FKHGXOHU

���3UHGLFWDELOLW\ ��6FKHGXODELOLW\�IRU

��)OH[LELOLW\ �����G\QDPLF�HYHQWV

���5XQ�WLPH�FRPSOH[LW\ ���2SWLPL]DWLRQ
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:K\�UXQ�WLPH�VFKHGXOHU"�,,�

&\FOH�%XGJHW

&RVW

CB1&%�&%�&%�&%�&%�

� 'HVLJQ�WLPH�VFKHGXOHU�FDQ�RQO\�ZRUN�DW�RQH
RSHUDWLRQ�SRLQW���QR�IOH[LELOLW\�ZLWK�FKDQJLQJ
HQYLURQPHQW

� ,W�PXVW�FRQVLGHU�WKH�ZRUVW�FDVH���D�ZDVWH�ZKHQ�LW·V
LQ�RWKHU�FDVHV
² GDWD�GHSHQGHQF\

² QRQ�GHWHUPLQLVP

² G\QDPLF�FUHDWLRQ�UHOHDVH

operation point
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&RPELQDWLRQ�RI�GHVLJQ��DQG�UXQ�WLPH�VFKHGXOHUV

1
2

3

thread frame 1

A B

thread frame 2

1 3 2

Static
Scheduling

Static
Scheduling

A B
Dynamic

Scheduling

1 A B 3 2

� 'HVLJQ�WLPH�VFKHGXOLQJ��DW�FRPSLOH�WLPH��H[SORULQJ�DOO�WKH
RSWLPL]DWLRQ�SRVVLELOLW\

� 5XQ�WLPH�VFKHGXOLQJ��DW�UXQ�WLPH��SURYLGLQJ�IOH[LELOLW\�DQG
G\QDPLF�FRQWURO�DW�ORZ�FRVW

Cases’00, Design&Test- Sep.’01
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5XQ�WLPH�VFKHGXOLQJ�H[DPSOH�,�

Thread Frame 1

Cycle Budget

Thread Frame 2

Cycle Budget

Thread Frame 3

Cycle Budget

Cost

80 100

+ •A new thread frame coming
•20 cycle budgets available

Cost Cost
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5XQ�WLPH�VFKHGXOLQJ�H[DPSOH�,,�

Thread Frame 1

Cycle Budget

Thread Frame 2

Cycle Budget

Thread Frame 3

Cycle Budget

Cost

80 100

20

Cost Cost

feasible,

but optimal?
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5XQ�WLPH�VFKHGXOLQJ�H[DPSOH�,,,�

Thread Frame 1

Cycle Budget80

Thread Frame 2

Cycle Budget80

Thread Frame 3

Cycle Budget

Cost

40

Cost Cost

100

20

∆1

∆2  > ∆1

cost increase

cost decrease
and

a better
solution
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$'6/�6\VWHP�$UFKLWHFWXUH

RX CTRLTX CTRL

Control SW

Twisted pair

ATM
IF

HW

• TX and  RX CTRL  have a deadline equal to
one symbol, where fsymbol = 4 kHz
• SW tasks have deadlines much longer, for
example, 128 symbols

MAP IFFT DSP FER/S

Cell DEMAP DSP FER/S

MON

RX DATAPATH

TX DATAPATH

Cell

FFT

Analog
FE
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*UDQXODULW\�RI�WKH�WKUHDGV�FDQ�EH�LPSRUWDQW

Timer
1

Timer
2

SW

Threads

T1
T2

T3

6 nodes
3 threads

T1

T2

6 nodes
2 threads

or
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5XQ�WLPH�VFKHGXOLQJ�UHVXOW

�

��

��

��

��

��

��

� � � � �

Two Proc.(vlow = 1V, vhigh = 5V)

One Proc.(v = 5V)

node number
 in timer threads

total energy

39%
32% 32%

24% 20%

Cases’00
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0DLQ�PHVVDJHV

� (PEHGGHG�PXOWL�PHGLD�DSSOLFDWLRQV�DUH�EHFRPLQJ
YHU\�G\QDPLF�DQG�FRQFXUUHQW�LQ�QDWXUH
 !�5726�HVVHQWLDO

� �7DVN�&RQFXUUHQF\�0DQDJHPHQW��DSSURDFK
SURYLGHV�WKH�IOH[LELOLW\�DQG�RSWLPL]DWLRQ�SRVVLELOLW\
ZKLOH�OLPLWLQJ�WKH�UXQ�WLPH�FRPSXWDWLRQ�FRPSOH[LW\

� $�PXOWLSURFHVVRU�SODWIRUP�ZLWK�GLIIHUHQW�ZRUNLQJ
YROWDJHV�SRWHQWLDOO\�SURYLGHV�DQ�HQHUJ\�VDYLQJ
VROXWLRQ

� �$SSOLFDWLRQ�VSHFLILF�UXQ�WLPH�VFKHGXOLQJ�WHFKQLTXH
FRPELQHG�ZLWK�GHVLJQ�WLPH�VFKHGXOLQJ�WR�SURYLGH
FRVW�SHUIRUPDQFH�3DUHWR�FXUYH�HVVHQWLDO�IRU
HIIHFWLYH�VROXWLRQ
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2XWOLQH

� 0RWLYDWLRQ��FKDOOHQJHV�LQ�WKH�V\VWHP�OHYHO�GHVLJQ

� 2YHUYLHZ�RI�PHWKRGRORJ\

� &RVW�HIILFLHQW�UXQ�WLPH�VFKHGXOLQJ�IRU�5726

� 5HVXOWV�RQ�03(*���,0��SOD\HU

� /RQJ�WHUP�UHVHDUFK�FKDOOHQJHV



��LPHF�����0SUB6R&�6XPPHU�6FKRRO�-XO\���

5HVHDUFK�FKDOOHQJHV

� ([WUDFW�´JUH\�ER[�PRGHOµ�IURP�FRQYHQWLRQDO
VSHFLILFDWLRQV

� &ODVVLILFDWLRQ�DQG�GHVLJQ�VXSSRUW�IRU�JUH\�ER[
WUDQVIRUPDWLRQV

� )LQG�IDVW�KHXULVWLFV�IRU�GHVLJQ�WLPH�DQG�UXQ�WLPH
VFKHGXOLQJ�PHWKRGV

� &RQVLGHU�WKH�FRPPXQLFDWLRQ�DQG�FRQWH[W�VZLWFK
RYHUKHDG

� )XOO\�KDQGOH�FRPSOH[�QRQ�GHWHUPLQLVWLF�EHKDYLRUV


