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Al: Self-healing CPU Pipeline [vis

L
-

* Error detection using Nicolaidis shadow registers
* History registers keep track of latest pipeline stage registers
* No pipeline flushing necessary - fixed 2-cycle penalty

* Implemented in Leon3 processor

| e Pipeline control

freeze retry error error Jerror error
‘jD—| ‘3Dj > -ij‘
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Al: Simulation results

* | eon3 Modelsim simulations

* Error injection and detection using Mibench testbench

Increase in cycles per instruction (CPI)
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A4: FPGA prototyping GG'

* Self-healing Leon3 pipeline running on a Virtex4 board

— Error injection in FPGA
— Error detection and correction
— Will be a building block for ASoC MPSoC FPGA demonstrator

global error o 0 ”_ﬂ
r shad m resl(o) 0| O [ | |
r main m resl(o) 0| 0O [ ] | |
error_r m resuld 0| o [[]] [T LI I I
Dataport[32] ol ol I [ [ I
me_sel o o [_|
holdn_rlb 1 1 Ll
transient ol o I
—

ChipScope measurements
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A2/B3: Architecture description ! Fzi “m.
language for SystemC oc

* Design space exploration requires
architecture description language (ADL) for SystemC

* Most existing ADL are special purpose.

* Few ADL address SystemC (LISA, ArchC), however focus
on Instruction set architectures.

* No ADL is flexible enough to describe new ASoC
architecture.
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1 1tbasoc — an ADL for SystemC o6
)
ADL
—__
- SystemC
( \ [Ilbasoc " source fiIesJ
ADL
\ ) C++ Compiler
)
ADL Cg\rrtl)pl)_i-ler“L Simulator}
—__
)
ADL
— v’ Lengthy C++ compilation happens only once.
gthy P PP y
ADL 4 Only one executable
— 4 Very flexible and general: full SystemC
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1 1basoc — internals

At elaboration, read in ADL and create internal
representation.

The internal representation contains
— Hierarchy information

— Dependencies

— Port bindings

— Module parameters

ASoC

® Construct SystemC hierarchy.

* Start simulation.

September 17, 2008
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I 1basoc — code examples

<?xml version="1.0" encoding="UTF-8" standalone=''no'?>
<ASoCsim name="ASoC" type="'Simulator'>

<Module name="FL" type="Layer">
<Modulle name="CPU" type="FE"'>
<param name=""frequency" value=""2000MHz""
type=""frequency'/>
<port name="'mem' target="_MEM.bus"/>
</Module>
</Module>

<Module name="AL" type=''Layer''>
<Modulie name="FrgMon' type="monFreq’''>
<depend target="':_ASoC.FL.CPU"/>
</Module>
</Module>

</ASoCsim>

Architecture description
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I 1basoc — code examples

FE: :FE(module_name& mn, module_desc& md)

: Module(mn, md)
{

->freq =

}

md .param["frequency'] -getValue<frequency>();

monFreq: :monFreg(module_name& mn, module_desc& md)

: Module(mn, md)
{

deferReference(mnd, >targetFE, md.depend.get());

}

Behavioral description in SystemC
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Design-time and run-ti
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B2: Evaluation of XCS
fOI’ SOC COI’]'[I’O| [Bernauer08a]

* Setup: simulate workloads on AMD Opteron QuadCore

— LR decomposition, folding, matrix multiplication

* Estimated parameters:

— Static Power Ps = Vpp * N  kdesign * fleak
— Dynamic Power Pi=a-Cp- VL%D - Ip
— Temperature (HotSpot) [Huango4]
o L N %_l_—:’i}_ﬁi
— Soft error rate [zhuos] A(f) = Ao - 10T Fmin
— Timing errors [Goldo3] tav(T) = to, + tdelay (T)

* 2 steps: XCS learning & XCS acting

* Goal: find optimal frequency & voltage
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Step 1. XCS learning GG
* Reward function: performance, power, reliability

fmax pma,x

with rel(t, v, f) = {

) + w3 - rel(tava f)

R(f:p:tnv) — W1y -

0 1if error

1 otherwise

here : wy = 200, wg = 35, w3z = 200

* Learning cycle

!

Random frequency > Exploit/explore
and voltage step of XCS

> Reward function
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* Under normal conditions, XCS finds optimal operating point.

* With increased ambient temperature (+15 K):

— XCS finds optimal operating point.
— However, system oscillates.
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Learning without genetic algorithm (a7t

* Optimize dual-core application:

Corel >

Core2 > JI
Y
w

* Reward function to minimize waiting time:

R(f,p,t,v, w) = wtime(w) + ws (1 - ) + warel(t, v, f)

Pmax

Wmax

time(w) 1 — —— if the waiting time of Core 1=0
ime(w) =
otherwise
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®= Yes, XCS can learn without genetic algorithm.

= |Long delay due to 2s time constant to measure temperature.
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* XCS can find optimal operating points in CPUs.
* XCS tolerates changing environments.

* XCS tolerates changing reward functions.
® XCS can learn without genetic algorithm.

* First step towards the goal that the designer does not have
to specify everything in detalil.
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LCT lear
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* Simulation: dual-core video application where one core fails

sometimes.

* Goal: learn to adjust the frequency of non-failing core

quickly.
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Preliminary Synthesis Results

(Xilinx Virtex-1l Pro FPGA, without fithess update)
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Cooperations ee

* Team of Prof. Reif ® Team of Prof. Ernst
— Verification of self-x properties — Interested in reliability estimation.

based on logic model o ond|CS ksh t Karlsruh
) o o workshop at Karilsrune,
Tools for reliability estimations June 19/20, 2008

® Team of Prof. Fey — Well visited with 25 participants

— Increase reliability of

marching pixels. ® Organic Computing Workshop at
annual Gl conference,
* Teams of Prof. Muller-Schloer/ September 12, 2008

Prof. Schmeck
— LCS concept and implementation

* Team of Prof. Maehle/
Prof. Brockmann

— Cooperation on HW/SW Learning
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Al: ASoC performance and
power optimizations
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