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Safety and Reliability of Embedded Systems
(Sicherheit und Zuverlässigkeit eingebetteter Systeme)

Safety and Reliability Analysis Models: Overview 
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Classification of Safety / Reliability Analysis Techniques

Focused Property
Safety, Reliability, Availability...

Application Area
Scope

Product / Process, HW / SW, System / Component

Process Phase
Search Direction

Inductive / Deductive

Degree of Formality
Representation

Textual, Graphical, Tabular

Model based: Combinatorial vs. State-Based
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HAZOP / PHA

Hazard and Operability Study (HAZOP)
From chemical industry
Find potential hazards at early process stage
Check every "flow" in preliminary design scheme for deviations
Manual search using guide-words (more, less, no, reverse...)

Preliminary Hazard Analysis (PHA)
During requirements analysis or early design phase
Coarse identification, classification and counter-measures for potential 
hazards
Table representations
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Event Tree Analysis

Forward-searching technique with graphical representation
Search consequences to given hazard, depending on conditions

Pressure 
Too High

p1

opens 1-p2

fails p2 opens 1-p3

fails p3

Pressure 
Relief Valve 2

Pressure 
Relief Valve 1

No Hazard
p1-p1*p2

No Hazard
p1*p2-p1*p2*p3

Hazard
p1*p2*p3
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The Failure Mode, Effects and Criticality Analysis (FMECA) is a 
preventive method for the identification of problems, their risks and 
effects
FMECA has the following goals

Detection of hazards and problems 
Identification of potential risk
Quantification of risks
Determination of corrective measures

FMECA can be performed as component FMECA (e.g. for a 
subsystem), as system FMECA (a complete system) or as process 
FMECA (e.g. for a development process)

FMECA
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FMECA

FMECA is done in the following steps
Fault analysis: Collection of possible faults including available 
information about the type, causes and consequences 
Risk evaluation with the aid of the risk priority number

RPZ = occurrence probability * severity of consequences * probability of non-detection

- If for the three influencing factors a value between 1 and 10 is used 
(1= no risk, minor occurrence; 10 = high risk, high occurrence), the 
RPZ is a value between 1 and 1000 

- The risk priority number generates a ranking for the causes of faults
- Causes of faults with a high risk priority number are to be handled 

with priority
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Reliability Block Diagrams

Interconnection of all components of a system which are involved in 
performing the required function; represented as a flow chart
RBDs distinguish only two states (intact/failed)
Reliability function R(t)

F(t) gives the probability that at time t at least one failure has occurred; 
thus R(t) = 1 - F(t) is the probability that at time t no failure has occurred 
yet
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n serial connected components Ki. The system S fails if one of the 
components fails

RS(t) = RK1(t) RK2(t) RK3(t) ... RKn(t) =       RKi(t)

Example:
Two components with R1 = R2 = 0,8: RS = 0,64

Reliability Block Diagrams 
Serial Connection

K1 K2 K3 Kn

S

n

Π
i = 1
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n parallel connected components Ki. The system 
S fails if all components fail

FS(t) = FK1(t) FK2(t) FK3(t) ... FKn(t) =       FKi(t)

RS(t) = 1 - FS(t) = 1 - FKi(t) = 1 - (1- RKi(t))

Example:
Two components with R1 = R2 = 0,8: RS = 0,96

Reliability Block Diagrams 
Parallel Connection

K1

S

K2

K3

Kn

n

Π
i = 1

n

Π
i = 1

n

Π
i = 1
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Combinations of serial and parallel connections can be solved 
hierarchically

Reliability Block Diagrams 
Combined Serial/Parallel Connection

K1 K2 K3

S

K4

S1
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Example:
System S is a parallel connection of the subsystem S1 with  
component K4

The reliability of the subsystem S1 is: 
RS1(t) = RK1(t) RK2(t) RK3(t)

The reliability of the system S is:
RS(t) = 1 – [(1 – RK4(t)) (1 – RS1(t))]

= 1 – [(1 – RK4(t)) (1 – RK1(t) RK2(t) RK3(t))]

All components have the reliability R = 0,8: RS = 0,9024

Reliability Block Diagrams



7

Seite 7

© Prof. Dr. Liggesmeyer, 13Safety and Reliability of Embedded Systems

Markov models are based on a description of the system behavior 
with state machines
Example

A system with failure rate λ and repair rate μ is to be analyzed with the 
aid of a Markov model. The Markov model has the states A and B
A is the state where the system 
is intact. B is the state where
the system failed
The system changes with the
failure rate λ from the intact   
state into the failed state. 
With the repair rate μ it changes 
from the failed state into the  
intact operation

Markov Modeling

λ

μ

A Β
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Markov Modeling

dPA(t)
dt

dPB(t)
dt

= - λ PA(t) + μ PB(t)

= λ PA(t) - μ PB(t) = -
dPA(t)

dt

PA(t) =          + (c - ) e-(μ + λ)t
μ

μ + λ
μ

μ + λ

PB(t) = 1 - PA(t) = 1 – [           + (c - ) e-(μ + λ)t]
μ

μ + λ
μ

μ + λ

PA(t) + PB(t) = 1
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For t towards infinite one gets the steady state of the system 

If the repair rate is high compared to the failure rate the probability 
that the system is intact approaches 1
If the repair rate is low compared to the failure rate the probability that 
the system is intact approaches zero
These layover probabilities are independent of the initial layover 
probabilities

Markov Modeling

lim PA(t) =

lim PB(t) = 1 -

μ
μ + λ

μ
μ + λ

t → ∞

t → ∞
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Fault Tree Analysis

Analysis method for the qualitative and 
quantitative evaluation of a specific
failure of a system
Deductive (backward searching)
Graphical and intuitive technique
Based on Boolean logic and 
combinatorics
Widely accepted, captured in standards / 
handbooks
Has been used and extended since 1961
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Model-Based Safety and Reliability Analysis Methods 
Literature

Liggesmeyer 2000, Qualitätssicherung softwareintensiver technischer 
Systeme, Heidelberg: Spektrum-Verlag 2000
DIN 25424; DIN 25424-1, Fehlerbaumanalyse Methoden und Bildzeichen, 
September 1981; DIN 25424-2: Fehlerbaumanalyse Handrechenverfahren 
zur Auswertung eines Fehlerbaumes, April 1990; Berlin: Beuth Verlag
DIN 25448, Ausfalleffektanalyse (Fehler-Möglichkeits- und -Einfluß-Analyse), 
Berlin: Beuth Verlag, Mai 1990
IEC 812, Analysis Techniques for System Reliability - Procedure for Failure
Mode and Effect Analysis (FMEA), International Electrotechnical Commission 
1985
IEC 61025, Fault tree analysis (FTA), International Electrotechnical
Commission 1990
IEC 61078, Analysis techniques for dependability - Reliability block diagram
method, International Electrotechnical Commission 1991
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Commission 1995



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


