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Motivation

® The term cyber-physical system describes the

“[...] tight conjoining of and coordination between

computational and physical resources.” 1]

® Cyber-physical systems can be managed as
product line 3
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Motivation: Problem Space & Solution Space ﬁ(".

Problem Space , Solution Space

> L > [
infotainment Software Components -
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Research Goals A\‘(IT

titute of Technology

RQ1: How can solution space artefacts be described in a meta-model?

RQ2: How can be checked if a valid configuration is actually realizable?

k .
& demands 8GB ; 4GB provides @

4 FOSD 2024 Philip Ochs TVA - KASTEL - KIT



Unified Conceptual Model (UCM) KT
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@ Meta-Model to describe Problem and Solution Space

Problem Space R Solution Space kﬁ {i}

radio high-end

opts —————1 . @ rTTooommmmomoooon s

D Option Product <<----- S--m- 5 Product
*opts Configuration | <<derive>>--------q-------- '
— | Feature Option configs* <<derive>> !
; \Y
OPS | Constraint <cons Component
* Resource
expression l comps demands *
Software < value: Number
Feature Unified SyStem Component -
. . 1 type J
Hardware - provides R T
Component esource Type
Magging <<enum>> name: String
Boundary Type Hb p— unit: Unit
expression LOWER, UPPER, EXACT |°Un@@y 1}
[7 ’ 8] isAdditive: Bool
isExclusive: Bool
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AT

Ressource Allocation Problem

B Software components specify @ Goal: Find a resource assignment:

resource demands ® from each resource demand
® Hardware components specify ® to a resource provisioning
resource provisionings ® satisfying all constraints
® Here: A decision problem ® Component assignment follows from
resource assignment [4]

Resource Type 1
Software Component 1 Hardware Component 1
Resource Type 2

Software Component 2 Resource Type 3 Hardware Component 2
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AT

Ressource Allocation Problem: Example
B Software components specify @ Goal: Find a resource assignment:
resource demands ® from each resource demand
® Hardware components specify B to a resource provisioning
resource provisionings B satisfying all constraints
® Here: A decision problem ® Component assignment follows from
resource assignment [4]

ﬁ RAM [GB #

Resp. Ti fota
esp. Time [ms] infotainment-hardware

infotainment-software

vehicle-safety-software PR no. Tyre Sensors vehicle-safety-hardware
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Roadmap: Problem Space — Solution Space ﬂ(".

Problem Space Solution Space

Maboin Resource }
- Demands Resource

from SW Components L

Configuration

Assignment
Problem

Component
Assignments

or unsat

Resource

Provisionings
from HW Components

—

5B ® 2l =t i
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Mapping Variability-Aware Resource Demands ﬂ(".

® Software components and their demands are defined by features

infotainment
Feature Model

radio high-end

Resource Demands

Resp. Time

Resource Types
yP (<, [ms])

Software Comp. iInfotainment-software
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Configuration A ﬂ é\
'SW-Comp. | RAM | Resp. Time
0 2 100

Configuration B ﬂ |8|\
SW-Comp. | RA | Resp. Time
0 8 100
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Solve the Resource Allocation Problem A\‘(IT

@ with (C)OTS tools, e.g. Z3 Theorem Prover (9
B 2 possible results:

® problem satisfiable
= software components can be assigned
to hardware components
= valid configuration also realizable

® problem unsatisfiable
= valid configuration not realizable

infotainment-hardware

vehicle-safety-hardware

demands:E;c_:‘l:.s ; 4GB provides @
® Implications:

® 3 valid but non-realizable configuration = problem and solution space diverge
® All valid configurations also realizable = consistent problem and solution space
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Application Details ﬂ(".
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® Build-Time: Realizability

® Product Line consistent
= all configurations offered to a customer are known to be realizable

Problem Space Solution Space
= D 2 = ] ‘ | |
Valid map Resource Demands B c t
Configurations - AS:E::;Z?“ solv: As(;ri;‘r)\(;:‘::ts
® Run-Time: Update-Ability Problems (or unsat)

Resource Provisionings

® software component gets update
— update changes its resource demands

® Which product variants in field may receive the update
so that they’re still functioning?

1" FOSD 2024 Philip Ochs TVA - KASTEL - KIT



Evaluating the Realizability Analysis Method A\‘(IT

® Along 2 case studies, consisting of problem and solution space

B “Case Study 17 for verification /\

critical-component-monitoring

)
ir i Il ir i big seat-adjustment seat-motorization
t 10way seat-motorization-front seat-motorization-front-back

ssssss

body-comfort-system

known case study in research context [56] CERNOR

alarm-system-interior

® Design: Selecting a single certain feature yields unsatisfiable resource
demands = configuration not realisable (Ground Truth)
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Evaluation Procedure ﬂ(".

® Computation of result sets: All configurations both valid and realisable

® Comparison between computed and expected result sets (Ground Truth):
Equality & both contain the exactly same elements

Problem Space Solution Space l

A - Ground Truth
=\

ﬂ é . - - - Icomp.
Resource Demands
. map - w
All Valid Resource | Component

Configurations - Assignment SOVe Assignments Valid & Realisable
Problems (or unsat.) Configurations

Resource Provisionings |
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Evaluation Results

AT
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Case Study Case Study 1 BCS Case Study
no. Valid Configurations 20 7512
no. Realisable Configurations  Ground Truth 4 4200
Realizability Analysis Method 4 4200
Equality True True

® result sets (realisable configurations)
® for both case studies (Case Study 1 & BCS Case Study)
® are equal to the Ground Truth

® Assuming the Realizability Analysis Method to be evaluated positively
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Summary ﬂ(".
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® Research Questions: — I |
Confguration | <<deiivess -1yt
figs* <<derive>>
RQ1: How can = :
. omponent
solution space artefacts comps™ — o Resouce
be described in a meta-model?| wsee e value: Number
t Hardware provides * e J
Component e — Resource Type
. <<enuUM>> name: String
RQ2: How can be checked, Vepping Boundary Type__le——of unit: Uni
if a valid configuration cxpressin LOWER, UPPER, EXACT [ ™ ive: B
is actually realizable? = Jsive: Boo

Configurations

ce olve Cor_nponenl
i Assignments
I (or unsat.)

@ Outlook/ WIP

® evaluating performance of analysis method (w.r.t. computationally expensive steps)
® implementing/ re-modelling versioning of a product line
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Resource Types in the UCM \‘(IT

® The resource type defines 3 central properties of a resource:

1. isAdditive (€ {TRUE, FALSE})
If multiple resource demands or resource provisionings sum up

2. isExclusive (€ {TRUE, FALSE})
If a resource is provided only for a single demand

3. boundaryType (€ {LOWER, UPPER,EXACT})
Comparison operator between resource demands and provisionings

® Example: Random Access Memory (RAM)
can be described as additive, non- excluswe and with a lower boundary:

2 software components demand at least 4 GB of RAM respectively
= in total, at least 8 GB of RAM are demanded
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Component Assignment

AT
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B Software components are assigned to hardware components
by assigning all their resource demands to suitable resource provisionings

® Formulate and solve assignment problem

(" &
2 p ~ = )
comm-bandwidth comm-bandwidth
- - >= 500 Kblu's = 1000 kbit's
infotainment- \ \ / SOt
software / - 3
core-clock core-clock
>= 500 MHz = 1000 MHz
security- [comm-bandwidth |
software >= 100 Kblv's
I | | I
Software Resource Resource | Resource | | Haraware |
Components Demands Assignments Provisions Components
2 )
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Case Study 1
Assignment EXx.

Philip Ochs

infotainment-software

Infotainment Hardware

ccm-visualization-software

Critical Component
Monitoring Hardware

ccm-calculation-software

seat-adjustment-panel-
software

Car Periphery Hardware

tyre-pressure-monitoring-
software
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Case Study 1 ﬂ(".

® “Toy Example” for Verification
® Covers all possible resource types = covers all developed constraints
® 20 valid configurations to test

— provides
no. motorized Seats = 2
infotainment critical-component-monitoring electric-seats tyre-pressure-monitoring ,
/O\ /\' demands
infotainment-small infotainment-big seat-adjustment seat-motorization no. motorized S eats = 4

AN N

seat-adjustment-6way seat-adjustment-10way seat-motorization-front seat-motorization-front-back
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“Body Comfort System® (BCS) Case Study ﬂ(".

® Known case study in research context (5.6

® Feature model part of a real world example (28 features)
® Extended by solution space artefacts

body-comfort-system

@ 7512 valid configurations to test ‘4\
prOVideS hmi door-system security
> no. Security Video Cameras =4
, rc-key central-locking alarm-system
[L

demands |
> no. Security Video Cameras = 5 —e alarm-system-interior
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