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Introduction

What is pyCPA?
Apython implementation Compositional Performance Analysis

Atargets heterogeneous distributed systems
Acalculates bounds on
Aworst-case/bestcase response times (WCRT/BCRT)
Aend-to-end latency,
Aload,
Abuffer sizes
Aframework for building tailored research tools
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ABriefhistory of (py)CPA
AFoundations- informalintroduction of CPA
ASystemmodel
Alterative analysidlow
ApyCPAoverview
ACore
AAnalysiextensions
AHandon sessioroverview
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Brief history of (py)CPA

A2005 —the SymTAS approach [1]
Acommercialisedy Symtavisior(since 2016t.uxofi
A2010-2012 — pragmatic implementation in python by J. Diemer andJer
Afree, opensource, extensible, for academic use
A2012 — pyCPMublished at WATERS [2]

Asince then
Ause ofpyCPAor prototyping new analyses (extensions), e.g.
AEthernet (AVB), CAN
ANoCs gateways
Arunnables task chains
A..
Amaintenance and minor improvements pyCPAcore

[1] R.Henig A. Hamann, MlersakR.Racy K. Richter, and R. ErnsttheSynBA St AmpLeuacl

Proceedings Computers and Digital Techniques, 2005
[2] J. Diemer, Axerand R. Ernst, “Compositi onapyCHe,r f3orrdnalnnctee rAmaatliyosni asl

Analysis Tools and Methodologies for Embed&edTImeSystems (WATERS), 2012
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Informal introduction to CPA

System model

ATasks and resources

AEvent model interfaces
Aeta/delta curves
Astandard event models

CPA flow

Alocal scheduling analysis
Abusywindow approach

Aevent model propagation
Ajitter propagation
Abusytimes
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CPA system model

Resource Resource

AResources A provide service (CPU time)

— Task >| Task
Ascheduled according to policy (e.g. rourabin) _)O O_
e—@<

ATasks A consume service \ ) \ )
Aworst-case and bestase execution times (WCET/BCET)

Aphases: activation

v

execution

completion

ATask links A activation dependencies
Aflow of activation events (one task activates the other)
Aabstracted byevent models
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Event model abstraction

Input events/ activationtrace output events/ activationtrace

|

‘L ‘L ‘L = processing ’L ’L

Idea: Aneventmodelis a worst-caseabstractionfrom the actualtrace.

"*(n Y1 minimum/maximum number of activations within any time windpwii

1*+(n):  maximum/minimum time interval between first and last activation of
any sequence df activations (pseudanverse to' *-(n )j
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From traces to event models
"*I(n Y1 Minimum/Maximum number of activations within any time windgw

L*(n):  Maximum/minimum time interval between first and last activation of
any sequence df activations (pseudanverse to' *-(n )

Example: d*-(5):

| 1 S O R \

7

absolute time

& n
< >

pt=5
we see 1 events

Idea: Shift a window of length gpt=5 over the trace and count events
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From traces to event models
"*I(n Y1 Minimum/Maximum number of activations within any time windgw

L*(n):  Maximum/minimum time interval between first and last activation of
any sequence df activations (pseudanverse to' *-(n )

Example: d*-(5):

7

absolute time

R Y S A A

&
<

Pt=5
we see 4 events

Idea: Shift a window of length gpt=5 over the trace and count events
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From traces to event models
"*I(n Y1 Minimum/Maximum number of activations within any time windgw

L*(n):  Maximum/minimum time interval between first and last activation of
any sequence df activations (pseudanverse to' *-(n )

Example: d*-(5):

| 1 | R A A A \

7

g absolute time

&
<

Ppt=5
we see 3 events

Idea: Shift a window of length gpt=5 over the trace and count events
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From traces to event models
"*I(n Y1 Minimum/Maximum number of activations within any time windgwii

L*(n):  Maximum/minimum time interval between first and last activation of
any sequence df activations (pseudanverse to' *-(n )

Example: d*+(5):

I [

7

absolute time

'*(n €5): 4
'-(n 85); 1

oV,
SR ‘+ Technische
LR # Universitit 5th December 2017 | J. Schlatow | An introduction to pyCPA | Slide 11

" Z
“‘ﬁ %"’ Braunschweig

¥,
¢ﬁ\"sl‘,‘.ﬂ'-




From traces to event models
"*I(n Y1 Minimum/Maximum number of activations within any time windgw

L*(n):  Maximum/minimum time interval between first and last activation of
any sequence df activations (pseudanverse to' *-(n )

Example: d*-(5):

| 1 | S O R \

7

absolute time

Similar approach to retrieve 1 */-(n):
Measure distance between any sequence of n events
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From traces to event models

i At) d(n)
T T T T T T T 2;1" T T T T T T T
N v
Tk w y 4 & H(n)
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oYy, event model plots generated by pyCPA
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What if we don‘t have a trace

Standard event models:
Aperiodic(P)
L-(n)=(n1)*P
Aperiodicwith jitter (PJ)
1-(n)=min(0,(R1)*P-J)
Aperiodicwith jitter min. distance(PJd
1-(nN)=min((n1)*d,(n-1)*P-J)
Asporadic(usingmin. interarrivaltime)

Adefineyour own:
e.g.burstof ceventseveryT time.
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CPA overview

Event model abstraction renders analysis compositional
Aoutput event model can be computed from:

a) knowninput event model and

b) result ofresource analysis

A iterative analysis flow

Resource
input event model VAR _| output event model
+/- A >{ Task r g +/- A >.“ TaSk.
Nin ( ): U Nout ( ): ., g
- J
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CPA - iterative analysis flow

Step 1: Local analysis

Environment Model ]

AComput e e ac lkase meiskor sasedanr s t l

critical instant scenario
A Derive tasloutput event models

Step 2: Global analysis
A Propagate event models to dependent tasks.
A Go to step 1 if any event model has changed.
A Otherwise, terminate.
(Step 3: Path analysis)

A Compute eneto-end latencies.
AE.g. sum of WCRTS.

Input Event Models

\ 4

Local
Resource Analysis

|

<

v

Output Event Models

\ 4

\

Convergence or
Non-Schedulability?

\’

Path Analysis

—
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Local resource analysis

preemption |

_9@_> Scheduling policy: SPP
(Static Priority Preemptive)
T,>T,
T
| CPU, |
A2 \4 ‘l’
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Busy window (SPP)

Level-i busy window: time intervalduringwhichthe resourceis busyexecutingT; or

anytaskwith priority higherthan T.
A Largest (worst-case) busy window is computed from critical instant assumption!

\ \ \l/

T, X
preemption |, v v
resumption
|
T2
A\ 4 :
level-2 busy window level-2 busy window
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Busy-window analysis based on critical instant

. 0,(4) S
’ 0,(3)
0,(2
1(2) E

Y \ 4 \4

Ty =
A\ v AR

A\ \ 4 Y

T, F R
A\
. 07,(2) S

largestlevel2 busywindow  worst-case response time
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Response times

Y | AD@(®) 1 () worst-case response time found among busy times B(q)

Y ‘l’ \ 4
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Local resource analysis

Summary
Abusywindow analysis depends on scheduler (e.g. round robin, SPP, SPNP,

Abusy times are used to calculate worsise/bestcase response timey 7
Aoutput event models can be computed from busindow analysis
Ajitter propagation
Al @) 1 @) 0
Awith output jitter 0 Y Y

Abetter: Derive event model from output trace that results from busy times
and input event model.

Asee [3]

[3] S.Schlieckeand R. Ernst, “ A REoEndPath LatencyApnpputatiendntHetéragen&ousdMultiprocessor
Systems”, Proc. 7th 1 nter nat Calesigrand 8ystenf Synthess (CODESSR), 2808 r d war e S
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pyCPA core

What comes with pyCPA:
ACPA system model
Aevent models (incl. transformation between eta/delta functions)
Alocal resource analyses (SPP, SPNP, round robin, TDMA, etc.)
Acalculation/propagation of output event models
Aiterative analysis kernel
Apath analyses
Avisualisation
Aplotting of event models
Asystem graphs
AGantt charts (SPP/SPNP only)
A CPA framework for researchers, not a tool for end users
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pyCPA model

CPAcomponents pyCPAClassegsimplified

System other classes

Resource Resource

n*-(At) ——)@ >( Task

—_——

Resource

Scheduler EventModel
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Setting up a system

AEasiest way to model systentdython code R1

Alnstantiatesystem model
V

Alnstantiate and bind

System graph generated by pyCPA from system model

A Resources

ATasks 1 s = model.System/()
ALInk dependent 3 |rl = s.bind _resource (model.Resource ("E1",

ta.SkS 4 schedulers. SPEScheduler{)})
A : 6 |£ll = rl.bind task (model.Task("T11", wcet=:, bcet=h,
Alnstantiateevent 7 scheduling parameter=1})

models for tasks g |t12 = rl.bind task(model.Task("T12", wcet=9, bcet=1,

9 scheduling parameter=2))

with no predecessor
11 tl1l.1link dependent_task(tlZ)

AOptional:
AAdd paths fOI’ Iatency 13 |Tll.in_event_model = model.EventModel (P=30, J=60)
analysis 15 |pl = s.add_path("P1", [tll, t12])
A Add constraints 17 s.constraints.add backlog constraint (tll, 5)

18 s.constraints.add weort _constraint (tlZ, B80)
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Analysis of a system

ASimply calanalysis.analyze system 0
AResults are returned in a dictionary, indexed by task names
AMore detailed analyses (e.g. path latency) are called separately

results = analysis.analyze_system(s)

3 | for £t in [tl1l, tl1Z]:

4 print ("%s: wert=%d"™ % (t.name, results[t].wcrt))
& |bcl, wcl = path_analysis.end_to end lat encm{pl, 5)
print ("Path latency: [%d,%d]"%(bcl,wcl)’

AResults can be visualized

AGantt charts of critical instant
scenario

APlots of results vianatplotlib

T11

T12

WCRT=37.0—
i i i i i i i i i i i i
o 5 10 15 20 25 30 35 40 45 50 55
time At
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Additional concepts and analyses

Junctions and forks
Aarbitrary strategies for joining/forking event models
Limited event-model propagation
Aeventmodel propagation only at resource boundaries
Path analyses
Aeventtriggered paths (event chains)

Abaseline: sum of WCRTSs

Aimprovement for pipelined chains (pay burst only once)
Atime-triggered paths (causeffect chains)

Asum of WCRTSs + sampling delay

A Stable framework for (almost) arbitrary analysis extensions.
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pyCPA analysis extensions

.-'T System Model ) ( Environment Model )
‘. v
K ! ( Input Event Models )(—

* Event Model
Propagation

Local
A

Resource Analysis

pyC PA core (Output Event Models)

Y
el Convergence or No
"'.,. Non-Schedulability?

Path Analysis )

pyCPA extension A pyCPA extension B

J \ N
: Local Extended 1 : Extended Improved
. Resource Analysis System Model I Event Models
|
! I
! I
! I

Propagation

1

1

1

. 1

1 Environment I

1 [ Model ] |
\

[ Improved ]
Path Analysis
__________________ - e e
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Extension overview

Quite a few model and analysis extensions have been developed over the past
years, e.g.:

ACAN - t,echnology-specific model layer, e.g.:

: A frames = communication tasks

AEthernet AVB + A output ports = communication resources

ANoCs A traffic streams = paths

AGateways (multiplexing/demultiplexing) osource-analysis replacements
ATaskchain busywindow | new propagation methods,

(propagation at resource boundaries) | system-model refinements, etc.
ARunnables
Aetc.

Not all of them are publicly available (please ask the authors for academic use).
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Example extension: task-chain analysis

Standard CPA: busy-window

________
___________

N analyses N

U R R S S

event model| || S/ ' T
propagated —»‘ propagated \a—‘—/

— event modelsf—— event models f_‘ﬁi

-----
-------

Output :
- —_— - -= i & — — — — = - -
event model< @( I < | @

Resource

Drawbacks:
Ainterference accounted multiple times (in each busy window)
A pessimistic WCRTs
A (too) many iterations
Aevent model s bgrstfy ahomnmgasheglpwth
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Example extension: task-chain analysis

Task-chain busy-window analysis:

Input

L e I T ™ o I S S — - - - - - .’ ______ —
event model @ >©_ :

~ - propagated

—
1
event models i'
>

Output [ _@< @ :
£€-4F4t ------- H-——— == ¢ - ——-——- -
event model

Resource

Benefits:
Aconsiders transactional chains, blocking relations
Asignificantly better WCRTs and etudend latencies (and faster analysis)

Usage:

sequence | manual thre?d _ automated enriched
charts " communication (OSspecific) | task graph —’l ANALYZEl
(GraphML) (GraphML)
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What to expect in the hands-on session?

The basics:

Amodelling and analyzing a system
Aplotting

Apath analysis

And more: use of junctions

|

custom fork strategy

custom scheduler

-

CPU1

" P=50]=2 d=0 - @ BUS c&ug

R DO ED (O
\

custom propagation

- -

= e e e == =

(7 P=30]=3d=0 - @

e e - —— —
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Thank you for your attention.

Source code:
https://bitbucket.org/pycpa/

Docs:
http://pycpa.readthedocs.io/en/latest/
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