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O

. Further increasing performance?

B Shrinking is not allowing this anymore
e Shedding light from General Purpose computing...

ﬂ:member that good old fellow Pentium IV ? Intel Netbust architecture Family\
25 - Initial plans:

- Phasel: 20 stages (Willamette and Northwood cores), target: 3.4 GHz.
- Phase 2: 31 stages (Prescott and Cedar Mill cores), target: 5 GHz

N
o

- Phase 3: 45 stages (Tejas core), to reach over 7 GHz. (never happened)
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O Performance... not the only challenge

® Hitting ILP wall, the Power wall, what are the options?

e ILP reached a plateau, frequency cannot be scaled further up...
e ...how do we utilize the additional transistors Moore’s delivers every 18 month?

10,000,000
o Transistors (000)

¢ Clock Speed (MHz)
1,000,000 a Power (W)
o Parf/Clock (ILP)
100,000
10,000
1,000
100

10

0
1970 1975 1980 1985 1990 1995 2000 2005 2010
Year

Illustration: A. Tovey Source: D. Patterson, UC—Berkeley
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0- PRINCIPLES:
Homogeneous, Distributed & Adaptive
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O Shared memory / message passing

B Example in the Embedded domain: Qualcomm MSM7200

e MPSo0C + specialized ISPs + HW accelerators (1, 2, 3)

e 4 cores heterogeneous / shared memory design + a number of accelerators / IFs

e Packs up each and every possible accelerator,

e Customer pays royalties for using optional features (3D acceleration, USB host, etc.)

| 4 differentiated CPUs:

EBI 1 EBI2

L] MDD Client
L] CAMERA IF SRAM

===l -ARM 11 (Application proc.)
i - ARM 9 (modem)
- 2 DSPs (Audio + Modem)

rocessar

CODEC SUPPORT
MPEG-4,
H.263,H.264
Windows Media,
Real Metworks

APPS MICRO ARM11

APP5 D5P QDSPS

2D/3D, Java Accelerators

Modem MICRO ARMS26

Modem DSF QDEF4

BREW

Open GL-ES

JAVA JSR 184

set Il CODEC SUPPORT
L] ascewmc
AMR, AMR-WE,

EMHANCEMENTS
CMX, AAC+, AAC
STEREC, MIDI

er Optimization
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O Shared memory / message passing

B Example in the Embedded domain: Qualcomm MSM7200
MPSoC + specialized ISPs + HW accelerators (1, 2, 3)

4 cores heterogeneous / shared memory design + a number of accelerators / IFs
Packs up each and every possible accelerator,

Customer pays royalties for using optional features (3D acceleration, USB host, etc.)

Radio firmware

(ukernel)

AIR INTERFACES

IMAGE
PROCESSING
{1 MODIClient | MEMORY SUPPORT

v T s ]

Shared

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

memory

UMTS, HSDPA,

gl Sl ' HOST
MSM7200 jﬁf.?f!f 5 «——| MEMORY-

Color Buffer
gpsOne

CODEC SUPPORT
MPEG-4,
H.263,H.264
Windows Media,
Real Networks

PROCESSORS

GRAPHICS

ARM 9 CPU £ d

MOBILE
DISPLAY
PROCESSOR

AHB BUSES

BREW

Open GL-ES

JAVAJSR 184

CODEC SUPPORT
AAC EVRC

I ane AMF, AMR-WE, ~ ;

nput AMRWE+ N 3 Z-BUFFER

u ~ ' avea) |

Security INTERNAL N i ( )
FUNCTIONS \\ :
ENHANCEMENTS |

~ &
CMX, AACH AAC CONNECTVITY ~_ iIncludedinMSM =

STEREQ, MIDI N,
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O

. Scaling performance: the modem

B Baseband complexity from GSM to 4G

LTE: Long Term Evolution

2G

2.5G 3G 3.5G 4G
Standard
GSM GPRS UMTS HSPA LTE
Débit (Mb/s) 0.01 0.1 1 10 100
Complexité (MOPS) 5 50 500 5000 50000
Consommation (mW) 100 200 300 400 500
Noeud Technologique 130nm 90nm 65nm 45nm 32nm
Radio Baseband
* 50 GOPS 100% 7 graphics
. hi
500 mW 809 graphics |
media
T 60 % ] media
. (De-)coding
o Tlme. Frequel:lcy
| Fromtens DAC o [ nomsh IS o acicauing HoST wst|
processing radio radio
20% T
Modem bande de base application
application
0%
mW GOPS
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O Scaling — what's at stake?

B Does this template scale?
e Heterogeneity makes it difficult to increase processor count (TTM, progr.)
e And yields to decreased overall silicon usage (ex: 2D/3D seldom used)

[ Heterogeneous ] [ Static ] [ Centralized ]
HOST
: . MEMORY-
Color Buffer
: MOBILE ;
: DISPLAY :
: PROCESSOR [l
= 5
mil.Dcmw) = .
Z-BUFFER
(@vea) |

| Included in MSM
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O Scaling?

B 180 U-turn: Homogeneous, distributed & adaptive systems

. =

a
Heterogeneous

- _/

Centralized Distributed

Static

Adaptlve




LIRMM

1- AN EXPLORATORY MPSoC: HS-SCALE

Processor 0

X =
Processor O: Pracessor 1
30052860 ns 30123160 ns
30342 us Allocated space (task 30412260 ns Allocated space (task

+ stacky: #3864

30343040 ns

30624880 ns  Task Ohject =
00000000

30625320 ns

30903460 ns  Task Header =
00000000

30904520 ns

Processor Z:

out frazen
132256600 ns  Sent WD Iife message
to NP id1

132901280 ns  We do notreceive
WD message from the neighbour since
9 ticks -> PB -> Creats Diagnostic
neighbaur thread -
133514840 s Create new fask

(name: OSDiagnosticNeighaur, Start
Address: 100eA6d4

133807760 ns DiagnosticThread — o

=] [75 = tepip found a Tistenning sockat . ]

PR

+ stack): 8384

30413320 ns

30695160 ns  Task Object =
0ooooonn

30696200 ns

30873760 ns  Task Header =
00000000

30974300 ns j
1

Processor 3.

84007320 ns  Received Watchdog
UDP Packet 00030000, ticks:7,
ticksLastwD:4, deltad

Processor 1 | Frocessor 2 | |Processoral |

]
] Pe Mt
[ o
o statis
[ Exceptionid

it (e = Program Counter

i opcode
0 Exapfon e
] Trget

0 1ng stafis
o waketp

[LL: lralr it <re ¢HOP)

o= [P0

84306520 N5 Bent WO life message_l

Current Time

to NPU ie:2

85050840 N -> HW Inter-> lsrf] qI e
i=5 -> fopip found a listenning socket

99736360 N5 Received Watchdog 0 crees

UDP Packet 00030000, ticks:10,
ticksLastWD:7, deltad

TNNNAREAN N Bent WO it mescans

Harctware Break Point

¥ Enable 0 =] Processor
[fc == =™ G Hex C Dec

proviovscpds | | westc | | mindor | _mnde | [feoemeooos 2 ns (" cycles

G
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O

> HS-scale

B Concepts:

e A grid of tiny networked (Hermes XY NoC) PEs

e PE made of simplest RISC + RAM + pK + NI = DSt hlted
Private memories, message passing _

e Distributed decision-making, in SW

- 20-30kB preemptive uK w. dynamic loader
Tasks

v v v v v v
MP API

v v v v v v

Exception Manager

Dynamic
Task Memory < > Task l l

o Manaaement Management

A
3 v /0 e
Routing

N
Table Scheduler

Adaptation
‘ N Interrupt Manager
4

RAM Timer FIFO UART




O Adaptation

B What are the main levers?
e Voltage/Frequency scaling (perf/power)
e Route reconfiguration

e Rescheduling
e | Task migration ¢ R

e Algorithmic reconfigurations
.+ DI2GNGSIS
©) = ()

B And what about decision making?
e Scenario-driven
® Imonitoring—driven I
e |[terative
e Heuristic
e ...

Gilles SASSATELLI | 12



Task migration

B Task migration incurs a cost..

e Contrarily to shared / coherent memory MPSoCs,
task code and context have to be migrated physically..

e Usually requires MMU HW / dynamic loader in SW

Shared memory Private memories

4 ==
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LIRMM

Experiment

B Neigbor load balancing « hot / cold potatoe»

'
@
T
©
2
—
O
—
o)
q0]
(<D}
-

Most Critical Task

18 TASKS (PROCESS0RS RUNNING AT 600MHz)

SS0RS RUNNING AT 600MHz)

18 TASKS (PROCE!

T T T T T T
TR S S U +
: L D
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e et et e e
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L e e i i st
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R S e e e
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LEAST CRITICAL TASK [LCT)
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O Example decision making strategy

B Use of well-known feedback control-loop techniques..

e Frequency scaling for ‘boosting’ performance whenever necessary (task
migration) and revert to the lowest possible otherwise (saving power)

e All of this at task-level, overlaid network of PID controllers

T

i
THROUGHPUT
MONITORING
FREQUENCY PID
SCALING CONTROLLER

P K e(r)

\ v

t
\ —Setpoint hr Emor+» I Kk !,I e(r)dr {z}b Process |—Output—»
0

> D de(t )
\ K di
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O Use of PID controllers
B Strategy:

e 1- model the process when exposed to a step
300
» P K e(?) 280

[+

[e2]

o
T

4

+ [
—Setpoint Emor» I K.[e(r)dr 3 Process |-Output—»
J; -

A

n n n
=} n &
o o o

T T T

THROUGHPUT (KB/s)

iy

o

o
T

Y

D K, df;(:)

Pj\m .

i \/\A

/ |
—&— MEASURED THROUGHPUT

— — — FREQUENCY CHANGING

140 g
V‘? > THEORETICAL THROUGHPUT
0 1 2 3 4 5 6

__»
»
®




O

- Use of PID controllers

B And then see how the system behaves when undergoing perturbations
e Audio/video decoder (MJPEG / ADPCM): 7 tasks

e Here an incoming task (task migration)

THROUGHPUT (KB/s)

PROCESSOR INITIALLY AT 300MHz

210 I T I T I [ ]
QJ' —&— WITHOUT TASK MIGRATION
—— TASK MIGRATION (NO REGULATION)
190 I' R TASK MIGRATION (WITH REGULATION)
II' TASK MIGRATION
|
170 : |
1
_l
130 :
50 | | | | 1 | | 1
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
TIME (s)

SET POINT

\TELLI| 17



LIRMM

II- CASE STUDY:
GENEPY, a MPSoC for baseband processing

Homogeneous

RAM DSP

DSP

NoC

RAM I‘ CPU

DSP

Heterogeneous

Gilles SASSATELLI| 18



G0 Lleti

O State of the art

LIRMM

B MAGALIC=O Leti
e Tuned for 3GPP-LTE telecom, 65nm ST CMOS process

e Powerful energy efficient solution

Smart Memory Engine 32bits VLIW DSP

Communication processor

2,4 GMAC

ARM CPU MC8051 SME

| 128kB / 16GBits i

=l \

SME[ ARM1176 DmA|[ 3

| ext ARM |

o5 | TRX_OFDM DSP SME RX_BIT WIFLEX
=

| __subsystem ||
il

bFDMjf SME -
| |

‘ |
L = |



O Going homogeneous

B Keep the ingredients, change the recipe:

e Define atile that embeds 2 DSPs and a SME
e Keep the ARM CPU for control purposes
e And instantiate as many tiles as necessary

MC8051

=0 leti

Homogeneous

UWB_LDPC

TRX_OFDM DSP

RX_BIT

WIFLEX

Gilles SASSATELLI | 20



Q @leﬁ
o Going homogeneous, distributed control

B Distributed control? Homogeneous
e Go a little further, remove the ARM and use a local control CPU Distributed

Gilles SASSATELLI | 21



O @ Lleti
e Area

= ST65nM - 400MH?

Centralized control Semi-distributed control Fully distributed control
DSP : :
NI CcCcC SMEP SMEP
_ T NI ccc NI MIPS
DSP SME : :
NI ccC ccc : :

2 = (mm2) : (mm2) : (mm2)
Routeur : 0,159 Routeur : 0,159 Routeur : 0,159
DSP +NI . 0,483 { 2 DSPs . 0,792  {2DSPs . 0,816
SME+NI . 1,323 | SME . 1226 iSME . 1,216

Mover : 0,033 Mover : 0,033
NI + CCC . 0,126 NI + MIPS . 0,201
TOTAL : 2,768 TOTAL : 2,303 TOTAL : 2,392

v

| |_' - L7 I - 14% 1
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O

LIRMM

B 400MHz — 1 frame computation

Homogeneous

Semi-distributed control

Performance

Centralized control

DSP ARM CPU DSP
e . i e
0) 01
DSP SME DSP
o el B cecll b e
10 111
SME
Processing time 551 ps

: Processing time :

SMEP ARM CPU
NI ccc N
0) 01
SMEP
i
10]
531 us

NO PERFORMANCE OVERHEAD

i Processing time :

=0 et

Homogeneous Distributed

Fully distributed control

NI MIPS

NI MIPS

530 us

Gilles SASSATELLI| 23



O

LIRMM

Power

B Post P&R extraction (w/o ARM)

Centralized control

DSP DSP
m =1 o | B K ey
0) 01] 02)
DSP SME DSP
Nit fceef| NG cec{ FNiT ccc
10 ll_ll 12]
SME
Consommation 234 mW

: Consommation

Homogeneous

Semi-distributed control

SMEP
?Nﬁ geeaw

10]

209 mW

“_» - 10% |

: Consommation

A 4

=0 et

Homogeneous Distributed

Fully distributed control

NI MIPS

NI MIPS

192 mW

:- 18% 1
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O G0 leti

s Task mapping

o 3GPP-LTE features adaptive modulation

o Frames of multiple modes have to be supported, Antenne 1
o With the associated processing overhead: ] CaeiE
Datg " mimo
Data R Decoding
Mode 1 Mode 3 Mode 5 Pilot
Estimation 91000 cycles 91000 cycles 91000 cycles Antenne 2
Interpolation 1750 cycles 3500 cycles 17500 cycles
declc\)/gli\fl(; 12000 cycles 24000 cycles 120000 cycles
| |_, X2 _T I
, x10
Static mapping
Estimation Inter Estimation Inter Estimation Inter Estimation Inter
MIMO MIMO MIMO MIMO MIMO
e | P O 1 D

Temps
Gilles SASSATELLI | 25



=0 et

O

LIRMM

Adaptive

Homogeneous

And adaptive mapping

o 3GPP-LTE features adaptive modulation

o Frames of multiple modes have to be supported,

o With the associated processing overhead:
Adaptive mapping of

MIMO decoding :

Mode 1 Mode 3 Mode 5
* Mode 1,3 : SMEP 1
Estimation 91000 cycles 91000 cycles 91000 cycles
*Mode5 :SMEP2
Interpolation 1750 cycles 3500 cycles 17500 cycles
declc\)/l(yi\f](; 12000 cycles 24000 cycles 120000 cycles
| |_, X2 _T I
, x10
Adaptive mapping
S @0 3 §
SEs Estimation @Q)$ Estimation Inter Estimation \\N"QJ @ B Estimation
il (wps] G
MIMO MIMO
Gilles SASSATEI-_r@m'pQG



O Vs. State of the art

B Compared to other MIMO capable devices

Ferfarmance efficiency

100
SMEP SMEP
T
)
A A GENEPY =
. T
SMEP . =
% 10 T
LN g
0.. —
- X N units
Efficiency
MOPS/mW ¥
GENEPY platform
1 T T
100 1000 10000

MOPS5/mm?

Results normalized against 65nm — 1.2V :
Infineon MuSiC, Tomahawk, SandBlaster SB3011, TI C64x, IMEC ADRES Gilles sassaTELLI | 27



LIRMM

I1I- PUTTING HOMOGENEITY TO USE.:
DScale, a reliable exploration platform

Crash repartition due to StuckAt faults on NPU(1,1)

#:Crash HS-Scale

7 Crash DHS-Scale

DHS-Scale Watchdog
detect an error

R12
R13 R14
R14 R15
R15 ‘ R16
R16 W R17
R17 / = RIS
R18 = . =" R
R19 : R20
R20 R21
R21 ¥ R22
R22 R23

P
EPGTAT. .y ol STAR

Gilles SASSATELLI | 28
StuckAt 1 faults StuckAt O faults', e |




O Last one: improving reliability

M |s there a means to exploit the natural
redundancy of such systems?

B Targeted Applications
e Typical non life critical (smartphones, Pay TV, etc.)

B Performance constraints
e Low area/ power overhead
e Transient loss of availability / functionality / data acceptable

B Target crash faults

Gilles SASSATELLI | 29



O Implementing recovery 1574

Fault Detection

[ gl !

System-wide RESET

| /

Error diagnostic upon reboot > ]

|

Local defect isolation

Application remapping

A

or

Local process compensation
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LIRMM

B Additional hardware

= Implementing recovery

PE

—————

Isolation

NPU

Gilles SASSATELLI | 31



O Implementing recovery 1574

B Functionning

______________

Pre-Diagnostics (Task)

i ' Hardware 2
________________________________ . | WDT
1 Software (configurable) . "
! | I
Watchdog(Th[gqu___ - % ‘
: :’ Retehe g | RESEL 1> Isolation
I\—m'e's-sage—’\l | and Reset
> Mutualise [ Send I Uni i
nressSdye - i I Interconnection

Isolation

Isolation and Recovery
decisions

_______________________________

PSRy Ry R

/ Interconnect ; . !
Pre-Diagnostics (Task) :

/ Isolation and Recovery
decisions




O Implementing recovery IS72

B Depending on error type and frequency, the distributed boot loader can:
e Do fine tuning (DVFS)
e Maintain the defective element isolated
e Performed by the bootloader

H-Scale il 33



< How reliable? Lys

LIRMM

B Accepting a performance overhead

e Less PEs, others take over computation
e MTTF improvements limited by #interface PEs (case 1-4) and interconnect

— = Standard

1)

' : s Case 1
I ;] ERRRRRRRRRR ........ \ sl ....... ..... —— Case 2
: : : : P Case 3
: : : : : — Cased
O6F- ....... o ............ ..... — = 0% failure |

Y .......

: 1545f§'d§fdes_§efparat;“
T, NPU(0,0) with NPU (3,3)

End Bootloader time (Cycles

Oof ....... ..... ............. ..... , ........... 4

Reliability: Probabilty system work correctly (|3

T

i

i

i

i

|

i

i
)
|

li
| 4

- u]
10 10 10
Time/MTTFstandard

30 NEU (-, V) axis

NPU (=) axis
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O Conclusion

B Shifting part of the application handling at run-time (vs.
design-time) is a promising alternative: Adaptation

B Combined with homogeneity, a means to fill the performance
gap, to an extent. Further, allows for facilitated design,
reliability strategies

B Finally control has to be distributed (hierarchical) so that
performance scales
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