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Abstract

This presentation addresses the fundamentals of measuring: What and how to
measure, impact of context and experiment on measurement, measurement errors,
validation of the result against expectations, and analysis of variation and credi-
bility.
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Presentation Content

content
What and How to measure
Impact of experiment and context on measurement
Validation of results, a.0. by comparing with expectation
Consolidation of measurement data

Analysis of variation and analysis of credibility
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Measuring Approach: What and How

what

1. What do we need to know?

=

2. Define quantity to be measured. initial model
3. Define required accuracy purpose
4A. Define the measurement circumstances fe.g. by use cases
4B. Determine expectation historic data or estimation

4C. Define measurement set-up

—
Iterate

5. Determine actual accuracy uncertainties, measurement error

6. Start measuring

—

/. Perform sanity check expectation versus actual outcome
how
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1. What do We Need? Example Context Switching

guidance of
concurrency design and
task granularity

estimation of total lost CPU
time due to
context switching

What:
context switch time of
“| VxWorks running on ARM9

test program

VxWorks
operating system
ARM 9
200 MHz CPU
100 MHz bus (computing) hardware
Modeling and Analysis: Measuring version: 1.2 $, Embedded Systems
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2. Define Quantity by Initial Model

What (original): What (more explicit):
context switch time of The amount of lost CPU time,
VxWorks running on ARM9 due to context switching on
VxWorks running on ARM9
on a heavy loaded CPU
tcontext switch ~ — tscheduler + tp1, loss legend
Scheduler
Process 1
tp1, no switching Process 2
time —»
tp1, before tscheduler tp2,|oss tp2 tscheduler tp1 Jloss tp1, after
p2 pre-empts p1 p1 resumes
= lost CPU time
Modeling and Analysis: Measuring raversion: 1.2 $. Emocaded systems
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3. Define Required Accuracy

"’1 Oo/o
/ number of
/ .
guidance of estimation of total &~ %‘:”etrzﬂ f;""ﬁiggf
concurrency | | lost CPUtime i >
design and task due to cost of context
granularity context switching  [w_ .
switch
depends on OS and HW

purpose drives required accuracy
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Intermezzo: How to Measure CPU Time?

Low resolution ( ~ us - ms)
Easy access
Lot of instrumentation

High resolution ( ~ 10 ns)
requires
HW instrumentation

oooao
— oooao
oooao
oooao

|/O ) Logic analyzer /
Oscilloscope

HW High resolution ( ~ 10 ns)
Timer Cope with limitations:
- Duration (16 / 32 bit
counter)
- Requires Timer Access

CPU

"Embedded Systems
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4A. Define the Measurement Set-up

Mimick relevant real world characteristics

real world experimental set-up
many concurrent processes, with Q pre- @
empts
# instructions >> I-cache
N SOQ l,
i \\\ %0 ,I
# data >> D-cache I &,QQ’ ! no other
= o 1 ~ / 0 O0po
RN <&, CPU activities
ST Sl oo
\\\\ \\\\\\aflses
\
tp1, before tscheduler tp2,|oss tp2 tscheduler tp1 Jloss tp1, after
1 resumes
2 pre-empts p1 P .
p=p pis p = lost CPU time
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4B. Case: ARM9 Hardware Block Diagram

200 MHz 100 MHz
Instruction
. cache
cpy  onchip mebfggfv\ memory
Data
cache
cache line size:
' 8 32-bit words
chip PCB

Modeling and Analysis: Measuring
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Key Hardware Performance Aspect

— N O < O ©O© N~ ©

memory memory o © © T © T T T

request response 2 2 2 2 g g g ¢
" SENEENEN
V 22 cycles c!

<4+— 38 cycles —m—m————

memory access time in case of a cache miss
200 Mhz, 5 ns cycle: 190 ns

‘ . . inn- A "Embedded Systems
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OS Process Scheduling Concepts

New Scheduler Terminated
create .

N __ dispateh e
Ready Running
s

Interrupt :
O or even’?\ P Wait
completion (I/O / event)
Waiting
Modeling and Analysis: Measuring Feé’rﬁéﬁj%‘fz% 2 é “Embedded Systems
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Determine Expectation

simple SW model of context switch:
save state P1
determine next runnable task
update scheduler administration
load state P2
run P2

Estimate how many
Instructions and memory accesses

are needed per context switch

input data HW:

tARM instruction

t =190 ns

memory access

=5ns

Calculate the estimated time

needed per context switch

Modeling and Analysis: Measuring
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Determine Expectation Quantified

<
2 §
9 o
S EQ
n O 8
£ E&E ®©
simple SW model of context switch:
10 save state P1 Estimate how many
S0 2 determine next runnable task _ ,
. _ Instructions and Memaory aCCeSSeS
20 1 update scheduler administration
10 1 load state P2 are needed per context switch
10 1 run P2
+
100 6
P CIAE) k Calculate the estimated time
o500 ns tARM instruction S ns ) h
114015 oo scose = 190 ns needed per context swiic
1640 ns
round up (as margin) gives expected  t__ . in =2 HS
Modeling and Analysis: Measuring raversion: 1.2 §. Emoedded Systems
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4C. Code to Measure Context Switch

Task 1 Task 2

Time Stamp End

Cache Flush

Time Stamp Begin

Context Switch
Time Stamp End
Cache Flush
Time Stamp Begin
Context Switch

Time Stamp End

Cache Flush

Time Stamp Begin

Context Switch Time Stamp End
Cache Flush
Time Stamp Begin
Context Switch

Modeling and Analysis: Measuring version: 1.2 4  Embedded Systems
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Measuring Task Switch Time

Scheduler
Process 1
e 2% 3 A% 3 Process 2
® QO 3@? © 0O 3@’;‘ e 0O
&, (PO Ry mO e
.7z %% S 2 %2 D, =
2 e b b %
QY CaT QL. T QY
2% $% 2% S% &, %
%% o2 2% ©7 %%
S 4 Time
& %
% %
2 2
A A
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Understanding: Impact of Context Switch

— Scheduler
o | —
O Process 1
c
o Process 2
©
o
"(T) A
E A A A A
o)
L 3
O
S 2
>
o
S 1
O
@
s % S S ¢ Time
@ > @ > @
% >, % 0, %
-~ G/ ‘Q G/ ~ Based on figure diagram
(O OR by Ton Kostelijk
Modeling and Analysis: Measuring raversion: 1.2 . Crocaded Systems
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5. Accuracy: Measurement Error

noise resolution

N\ + €1

system measured measurement
— .
under study signal instrument —> value - 8 2
/ r / measurement
offset  calibration error
characteristics
A
measurements have
. o o i S 1
stochastic variations and =
systematic deviations g I &2
resulting in a frange
rather than a Single value -
time
Modeling and Analysis: Measuring version: 1.2 $, Embedded Systems
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Accuracy 2: Be Aware of Error Propagation

tduration = tend i tstart

{
{

=10 +/- 2 S
14 +/- 2 us

start

end

t 4 +/- ?us

duration

systematic errors: add linear

stochastic errors: add quadratic

Modeling and Analysis: Measuring
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Intermezzo Modeling Accuracy

Measurements have
stochastic variations and systematic deviations

resulting ina range ratherthana Single value.

The INputs of modeling |
"facts" , assumptions ,and measurement results

also have Stochastic variations and systematic deviations.

Stochastic variations and systematic deviations
propagate (add, amplify or cancel ) through the model

resulting in an OUTpUl range.

. . . - A  Embedded Systems
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6. Actual ARM Figures

ARMQ 200 MHZ tcontext switch
as function of cache use

cache setting emeasyid
From cache 2 LS

After cache flush 10 ps
Cache disabled 50 s

. y 10,
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/. Expectation versus Measurement

2 eXpeCted tcontext switch — 2 HS _
S .9 How to explain?
© g @
> 2 . =
5 £ measured tcontext switch 10 HS
£ ES
simple SW model of context switch: . S '
10 1 save state P1 potentially missing in expectation:
50 2 determine next runnable task memory accesses due to instructions
20 1 update scheduler administration ~10 instruction memory accesses ~= 2 js
10 ’ load state P2 memory management (MMU context)
10 ’ run P2 complex process model (parents,
+ permissions)
100 6 e [T bookkeeping, e.g performance data
input data HW:
500 t - layering (function calls, stack handling)
ns i =9 NS
ARM nstruction the combination of above issues
1140 ns + tmemory access 190 ns

1640 ns However, measurement seems to make sense
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Conclusion Context Switch Overhead

t

overhead

n context switch

t

context switch

N toontext switch = 10MS toontext switch = 2MS
S | typpeas [CPUI0RD | g [CPU load
500 oms 0.5% 1ms 0.1%
5000 50ms 5% 10ms 1%
50000 500ms 50% 100ms 10%
Modeling and Analysis: Measuring version: 1.2 Embedded systems
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Summary Context Switching on ARM9

goal of measurement
Guidance of concurrency design and task granularity
Estimation of context switching overhead

Cost of context switch on given platform

examples of measurement
Needed: context switch overhead ~10% accurate
Measurement instrumentation: HW pin and small SW test program

Simple models of HW and SW layers

Measurement results for context switching on ARM9

. . . - A  Embedded Systems
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Summary Measuring Approach

Conclusions

Measurements are an important source of factual data.
A measurement requires a well-designed experiment.
Measurement error, validation of the result determine the credibility.

Lots of consolidated data must be reduced to essential understanding.

Techniques, Models, Heuristics of this moadule
experimentation
error analysis

estimating expectations

. . . - A  Embedded Systems
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