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Introduction

Realtime embedded systems is a broad field spanning multiple application domains
A Diversity makes systems and design methodscult to characterize

Systematically researching industry practice is common in software engineering
A Providesviewson needs, technology adoption, trends, and innovation gaps

There is no tradition of empirical studies into industry practice in réahe systems
A Contributes togapand possible divergencbetween industry practice and academic research

This paper addresses this problem through an empirical study
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Study Objectives

1. Establish whethetiming predictabilityis of concern to the reatime systems industry

2. ldentify relevant industrial problem contextsincluding hardware, middleware, and software
3. Determine whichmethods and toolsare used to achieve timing predictability

4. Establish whichiechniques and toolare used to satisfy realime requirements

5. Determinetrendsfor future real-time systems
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Contributions

A survey targeting industry practitioners was developed and distributed
A 32 questions related to the five objectives

The two main contributions of the survey are:
1. Insights into characteristics of redglme systems based on responses from 120 practitioners
2. Discovery of statistically significant differences between the three largest domains
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Methodology

A survey is chosen as the research method to meet the five research objectives
A A new survey instrument was created as there wasxisting surveyavailable for this purpose

Survey design

The survey was created usiBgrveyMonkey

Survey comprise@2 questions which would take somé&5 minutes to answer

Focus ortlosed questionswhich arefaster to answerand easier to analyze

Survey validated by f@st groupof 13 people from industry, research institutes, and universities
Survey issnonymousand we promised only to release aggregated data

To To To I I
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Sampling Method

A combination ofconvenience samplingnd snowball samplingvas used
A Members of the target population were invited usiagnailsandprivate LinkedIn messages
A Invitees were encouraged forward invitations to others working ortifferent systems
A 20 academics fromcross the worldforwarded the invitation in their industrial networks

The survey was open from December 2019 to April 2020
A 120 participants started the survey and 97 made it to the end

Please read details about methodology and threats to validity before using these results
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Introduction to Results

This section will present the results of the survey and highlight relevant observations

We comment on statistically significant differences between domains at p < 0.05
A Larger p value identifies more significant differences, but also adds false positives

Color legend
A Red bars are for mutually exclusive answers, so percentages sum up to 100%

A Blue bars are for multiple choice questions, so percentages sum up to >=100%




Demographics

Most respondents (66%) work for large companies
A Remaining 34% for SMEs

Roles in the organization
A 60% directly involved in system development
A 27% involved in industrial research
A 8% academic research, e.g. seconded staff

The majority of respondents had many years of experience

10

Question 1: How many employees does your organization|

Lhave? (n:lZl]}J
Less than 10 -] 2.52% ' '
10 to 100
101 to 1000
More than 1000 65.55% |
0% 50% 100%

'Question 2: Which position best describes your current role

(n=120)

in your organization?

11.18%
26.80%

Software Engineer Architect
Industrial/ Applied Researcher
System Engineer/ Architect
Academic Researcher
Hardware Engineer/ Architect
Manager

Quality Assurance

Other (please specify)

0% 50% 100%



System Domains

Participants had to pick a system to focus on during survey (Question 4: To what domain(s) does the considered system|

belong? (n=107)
Automotive 4[5.5?% I
Most common application domains o Avomes g
A Automotive, avionics, and consumer electronics B A s I 13.21%
Defense 13.21%
Semiconductors 10.38%
. Health 8.49%
Many systems belong to several domains " Space B 5.66%
A Largest overlap between avionics and defense (9%) Other domain (please specify) g 10.38% |
0% 50% 100%:

'Question 5: Is (parts of) the considered system safety-|

75% of considered systems had safatsitical parts critical? (n=107))
A 100% avionics, 91% automotive, and 52% consumer elect Yes rﬂ‘% 75.47%
0% a0% 100%

11 I
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Results for Objective 1

Establish whether timing predictability is of concern to the ret@ine systems industry

12
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Importance of Timing Predictabllity

A|’[hough timing predictability is important it is only Question 6: Give a score to the importance of different system
one of many system design aspects ’ aspects for the considered system. (n=107)
A Most see timing predictability as (very) important Functional correctness

) ) Reliability and availability
A Less important than functional correctness,
reliability/availability, and safety, across domains

o |

23% | 24%
36% | 17%
40% | 271%
21% | 36%

System safety

Timing predictability

System security
Participants indicating timing predictability / unit cost _ Computing power
I a a S NE A Y LIZ NI | )/ u € | a LJS Development cost

; ) ) Unit cost of

A 87% / 7% in avionics execution platform 9% 21%

A 48% / 45% in automotive Heat and thermal constraints 28% ‘ 35%
. . System size and weight

A 26% / 32% in consumer electronics ystem stze and weig

Power consumption

0% 2

[ 5 = Very important (14 []3
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Results for Objective 2

ldentify relevant industrial problem contexts, including hardware, middleware, and software

14




"ESI

Hardware Platforms are Complex

Question 8: Select the options that describe the processing}

A majority of systems (>81%) include muttore components, hardware of the considered system. (n=103)
while a minority (<40%) contain singleore components Single core 39.22% |

Multi-core (2-16 cores)
Many-core (16+ cores)

81.37%
14.71%

FPGA 42.16%
Little over 1/3 systems include FPGA, GPU, and hardware Hardware acceleratons +5 bon
accelerators I do not know
Other (please specify) | |
0% 50% 100%
A majority of systems (>63%) have elements of a complex }gmmﬁl 9} thSe'ect _tge %Pﬁonts Lo tlesmlrs s Y
. ierarcny o ¢ conswdered system. n=
memory hierarchy
. ] Mass storage e.e. disk drive / flash 63.73% '
A Mass storage devices, DRAM, and multiple levels of cac Main mgemory e.2. DRAM 73.53%
Multi-level cache 63.73%
™ Singele-level cache 31.37%
Core-local memory e.g. .
; SRAM/BRAM scratchpad(s) 45.1%
I do not know
Other (please specify) | |

0% 50% 100%
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Hardware Platforms are Distributed

Question 10: How many distributed nodes (e.g. ECUs) are
A majority of systems (73%) are considered distributed, |[there in the considered system? (n=102)
while less than 17% only contain a single node I 16.83% | |
2-4 25.74%
5-10 13.86%
Wireless networks used in 25% of systems H-100 21.78%
) o More than 100 11.88%
A Wireless the only network in just 9% of systems Ido not know [l 9.9% |
0% 50% 100%
] o _ Question 11: Which of the following options describe the
Wired connectivity more common than wireless connectivity within the (distributed) system? (n=103)
A Ethernet, CAN, and Serial most popular System is not distributed ] 10.78% | |
0 . : Ethernet 63.73%
A 48% of systems use multiple types of wired networks CAN ) 18%
Serial 34.31%
] . ] Wireless network 24.51%
Most automotive systems (74%) include CAN, while 34% FlexRay
include FIeXRay Other wired network 36.27%
I do not know | |
0% 50% 100%
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