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1 Content

= Software system wide tasks

= Manager concept principle

= Manager state machine

= Manager execution flow

= Discussion topics and improvements

= Basic and extended concept

= Summary

© MicraConsult - Micraelectronics Consuting & Training GmbH

= Applying to increasing software complexity
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2 Software System Wide Tasks

Software System Wide Tasks

The following software system wide tasks are relevant for each architecture element and need to be
coordinated overall:

= Software system / subsystem instantiation and initialization

= Software system/ subsystem relation initialization

= Software system / subsystem configuration, parametrization, database access
= Software system / subsystem resource allocation

= Software system / subsystem boot

= Software system / subsystem execution

= Software system / subsystem diagnostics, self test, debugging
= Software system/ subsystem reboot

= Software system/ subsystem shutdown

= Software system / subsystem error management

= ... and less or further software system wide tasks

These tasks have to be coordinated by applying a software system wide management concept.

© MicroConsult - Micraelectronics Consuting & Training GmbH Tuesday, September 5, 2023 u Micro CONSULT
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2.1 Manager Concept
2.1.1 Principle

Manager Concept — Principle
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2.2 Applying to Increasing Software Complexity
2.2.1 Architecture Levels: Infinite Multiplicity

Manager Concept — Applying to Increasing Software Complexity — Architecture Levels: Infinite Multiplicity
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2.2.2 Architecture Levels: Infinite Depth

Manager Concept — Applying to Increasing Software Complexity — Architecture Levels: Infinite Depth

Software_Manangement AE1 |
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2.2.3 Architecture Level Tree

Manager Concept — Applying to Increasing Software Complexity — Architecture Level Tree

The different software architecture levels can be visualized in a tree structure:

I { architectureLevel = x} |

L R @ 9 9 Q@ @ 9 @ © © 9Q @ 99 ® Q @ O {achiectrelevel=4)}]

’ { architectureLevel = 3} |

] (\ ) Q ) (\ /
| ‘[ W B {architectureLevel = 2} |

| { architectureLevel =1} I

@ AEnManager {archtectureLevel = 2 .. x}
O SoftwareManager {archtectureLevel = 1}

@ main() {archtectureLevel = 0} ® { architectureLevel = 0}
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2.3

2.3.1 Procedural Programming Approach

Manager Concept - Initialization — Procedural Programming Approach

© MicroConsult - Microelectronics Consulting & Training GmbH

Initialization

AEn
{ architectureLevel = 2 }
m1
mSoftwareManager mAEnManager
I N L U B vixamit)
create() createREn () m2
init () initAEn ()
_________ w2 () mN
_____________________________ 5| init miO

© MicroConsult - Microelectronics Consuting & Training GmbH

Tuestay, September 5, 2023

= main()includes and initializes mSoftwareManager by calling init (). The function create () may become obsolete because
object creation is not required.

= mSoftwareManager includes and initializes all mAEnManager by delegates: init () calls initAEn (). The delegates are also
applicable to deeper architecture hierarchies.

= mAEnManager includes and initializes all required modules that belong to the architecture element AEn by calling the module
init_mN () functionsin initAEn().

34 Micro CONSULT
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2.4 Instantiation and Initialization

2.4.1 Object Oriented Programming Approach

Manager Concept — Instantiation and Initialization — Object Oriented Programming Approach

{ architectureLevel = 2 }

cl
cSoftwareManager cAEnManager
c1()
<> init()
cSof twareManager () cAEnManager () c2
create () createAEn ()
init () initAEn()
c2()
k> K > ———— init() cN
cN ()
init()

= main()instantiates and initializes cSoftwareManager by calling cSoftwareManager (), create () and init ().

= cSoftwareManager instantiates and initializes all cAEnManager by delegates: create () calls createAEn () and init () calls
initAEn (). The delegates are also applicable to deeper architecture hierarchies.

= cAEnManager instantiates and initializes all required objects that belong to the architecture element AEn by executing the class
constructors and optionally by calling the class init () functions in initAEn ()or they are called by their own constructors.

= Further implementation details depend on the selected relationship (composition, aggregation, association).

34 Micro CONSULT
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2.5 Relation Initialization

Manager Concept — Relation Initialization

AEn

{ architectureLevel = 2 }

cl

cSoftwareManager cAEnManager

cl()
<> init()

[}

csoftwareManager () CcAEnManager () c2

create () createAEn () l
init () initAEn()
buildRelations () buildAEnRelations () c20) cN

K> ——— init()

cN()
init()

AEx !

{ archi elevel=2}
—
—| cAExManager lAlv 3

= cAEnManager initializes the relations inside AEn through a delegated call: buildRelations () calls buildAEnRealations () and
is executed still in main ().

= cAEnManager initializes relations to objects of other architecture elements; here, between the objects of cN and 3, callback
registrations are also executed. To avoid a bidirectional relationship between cSoftwareManager and AEnManager, dependency
between cAEnManager and cAExManager is applicable, e.g. to get the address of the ¢3 object.

© MicroConsult - Microelectronics Cansutting & Training GrbH Tuesday, September 5, 2023 ﬂ Micro CONSULT
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2.6 Configuration, Parametrization, Data Base Access

Manager Concept — Configuration, Parametrization, Data Base Access

AEn
{ architectureLevel = 2 }
cl
cSoftwareManager cAEnManager
c1()
P P init()
config ()
csoftwareManager () cAEnManager () c2
create () createAEn ()
init() initAEn()
buildRelations () buildAEnRelations () €20 cN
config() configAEn () K> ——— init()
eN()
init()

[

cDataBase

= cSoftwareManager has access to the (small) parameter database cDataBase.
= config() accesses the data of the database and passes them to the corresponding cAEnManager by calling its configAEn ()

function.
= configAEn () function calls the corresponding config () functions of the class(es) / module(s) to pass the data to the final

destination.

©MicroConsult - Mieroelectronics Cansuting & Training GmbH Tuesday, September 5, 2023 m MICROCONSULT
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2.7 Resource Pre-Allocation

Manager Concept — Resource Pre-Allocation
AEn
{ architectureLevel = 2 }
cl
cSoftwareManager cAEnManager
c1()
e o init()
config ()
csoftwareManager () cAEnManager () c2
create () createAEn () l
init() initAEn()
buildRelations () buildAEnRelations () cz() cN
config() configAEn () K> >——— init()
allocateResources () allocateAEnResources () i
cN ()
init()
i -
1 1
! OSAL ;
i
' { architectureLevel =2}
S N
» cSoftwareManager and each AEnManager allocate all required (operating system) resources,
e.g. memory, queues, event groups, mutexes, semaphores, timers, ...
© MicroConsuit- Microelecironics Cansulting & Training GmbH Tuesday, September 5, 2023 ; FHE MicroCONSULT
© MicroConsult - Microelectronics Consulting & Training GmbH MANAGER-13

Manager_Pattern__MicroConsult_ThomasBatt.docx



Embedded Software Manager Pattern
Software System Wide Tasks

2.8 Boot, Start and Run
2.8.1 Without Operating System (Bare Metal)

Manager Concept — Boot, Start and Run — Without Operating System (Bare Metal)

AEn
{ architectureLevel = 2 }
cl
cSoftwareManager cAEnManager
cl()
P @ init()
config ()
csoftwareManager () CAEnManager () 2
create () createAEn ()
init () initAEn()
buildRelations () buildAEnRelations () cz() cN
config() configAEn () K >——— init()
allocateResources () allocateAEnResources () run()
run() TunAEn () enQ)
init()
run()

Without operating system (bare metal):
= run() function calls the runaEn () function of all AEn, contains the central while (true) loop which is executed inmain ().

= runAEn () function calls the corresponding run () functions of each class / module, e.g. c2::run() and cN::run().

© MicroConsult - Microelectronics Consuing & Training GmbH Tuesday, Septembers, 2023 3 A MicroCONSULT
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2.8.2 With Operating System

AEn
{ architectureLevel = 2 }
ct
cSoftwareManager cAEnManager

mSof twareState mAEnState cl0

Py P init()

config ()

csoftwareManager () CAEnManager () c2
create () createAEn ()
init() initAEn ()
buildRelations () buildAEnRelations () c2() cN
config() configAEn () [ > ——— init()
allocateResources () allocateAEnResources () task()
start () eNO)
taskInit () taskAENInit () init()
taskoperation () taskAEnOparation () task()

With operating system:

start () function of cSoftwareManager boots the operating system.
= The operating system schedules first taskInit () which also creates the taskAEnInit () of each AEn.
= taskXInit () optionally creates taskXOperation () for each manager, e.g. representing current Software / AEn states.
= taskAEnInit () also creates the application tasks, e.g. c2::task() and cN::task().
= taskXInit () are terminated atthe end.

©MicroConsult- Micmelectra g & Training GmbH Tuesday, September 5, 2023 m Micro CONSULT
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2.9 Diagnostics

Manager Concept — Diagnostics
AEn
{ architectureLevel = 2 }
cl
cSoftwareManager cAEnManager
softwarestat mAEnStat c10
mSoftwareState ey nstate 1P init()
config ()
csoftwaremManager () cAEnManager () c2
create () createAEn ()
init() initAEn ()
buildRelations () buildAEnRelations () cz() cN
config() configAEn () [K>——— init()
allocateResources () allocateAEnResources () task()
start () eN D)
taskInit () taskAENInit () init()
taskoperation () taskAEnOparation () task()
executeDiagnostics () executeAEnDiagnostics ()
cDiagnostics |
= cSoftwareManager can read diagnostics and debug data from each cAEnManager.
= cSoftwareManager can write diagnostics and debug data to each cAEnManager.
= cDiagnostics is connected to a hardware interface to view and input diagnostic data or only to save at run-time.
©MicraConsult - Micmelectronics Consuting & Training GmbH Tuesday, September 5, 2023 A MicroCONSULT
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2.10 Restart

AEn
{ architectureLevel = 2 }
cl
cSoftwareManager cAEnManager
cl{)
msoftwarestate P mAEnState P init()
config ()

csoftwareManager () cAEnManager () c2
create () createAEn () l
destroy () destroyAEn ()
init () initAEn() cz0 cN
deinit() deinitAEn() [O——— init()
buildRelations () buildAEnRelations () task()
resetRelations () resetAEnRelations () cN ()
config() configAEn () init()
allocateResources () allocateAEnResources () task()
deallocateResources () deallocateAEnResources ()
start()
taskInit () taskAEnInit ()
taskoOperation () taskAEnOparation ()
executeDiagnostics () executeAEnDiagnostics ()
restart() restartAEn()

= cSoftwareManager can restart the complete software system supported by each cAEnManager.
= cSoftwareManager can restart each architecture element separately via its cAEnManager.

= For a restart procedure, some “opposite” functions can be added optionally: destroy () [create()], deinit ()[init ()], and
resetRelations ()[buildRelations ()], deallocateResources ()[allocateResourcs ()].

© MicroConsuit- Microelecironics Cansulting & Training GmbH Tuesday, September 5, 2023 FHE MicroCONSULT
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2.11 Shutdown

Manager Concept — Shutdown
AEn
{ architectureLevel = 2 }
cl
cSoftwareManager cAEnManager

msoftwarestate mAEnState el

init()

config ()
csoftwareManager () cAEnManager () c2
create () createAEn ()
destroy() destroyAEn ()
init () initAEn() €20 cN
deinit () deinitaEn () [ S>—— init0
buildRelations () buildAEnRelations () task()
resetRelations() resetAEnRelations () eN i)
config() configAEn () init()
allocateResources () allocateAEnResources () task()
deallocateResources () deallocateAEnResources ()
start ()
taskInit () taskAEnInit ()
taskoperation () taskAEnOparation ()
executeDiagnostics () executeAEnDiagnostics ()
restart() restartAEn()
shutdown () shutdownAEn ()
= cSoftwareManager can shut down the complete software system supported by each cAEnManager.
= cSoftwareManager can shut down separately each architecture element via its cAEnManager.
= For a shutdown procedure, some “opposite” functions can be added optionally: destroy () [create ()], deinit ()[init ()], and

resetRelations ()[buildRelations ()], deallocateResources ()[allocateResourcs()].

©MicraConsult - Micmelectronics Consuting & Training GmbH Tuesday, September 5, 2023 A MicroCONSULT
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2.12 Error Management

2.12.1 Central

Manager Concept — Error Management — Centralized
AEn

m ] { architectureLevel =2}
cl
cSoftwareManager cAEnManager m l l
Sof twaresStat. mAEnState c10
mSof tw ate P P init()
config ()
csoftwareManager () CAEnManager () c2
create () createAEn ()
init () initAEn()
buildRelations () buildAEnRelations () c2) cN
allocateResources () allocateAEnResources () K> ———— init0)
config() configAEn () task()
start() eN()
taskInit () taskAENInit () init()
taskoperation () taskAEnOparation () task()
executeDiagnostics () executeAEnDiagnostics ()
restart() restartAEn()
shutdown () shutdownAEn ()
notifyError () notifyAEnError ()
handleError ()
recoverError ()
| cErrorLogbook | Centralized error handling:
= AEn elements report all recognized errors to the cAEnManager
Q 0.* = cAEnManager passes all notified errors directly to the cSoftwareManager
I CErrorEntry |._| cError = cSoftwareManager handles all errors and saves them in the cErrorLogbook.

©MicroConsult - Micraelectronics Consuiting & Training GmbH Tuesay, September 5, 20: FA MicroCONSULT
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2.12.2 Decentral

Manager Concept — E Management — Decentralized
AEn
Fatal error | || { architectureLevel =2}
cl
cSoftwareManager cAEnManager m l l
mSoftwarestate Py mAEnState . cl0
@ init()
config ()
csoftwareManager () CAEnManager () c2
createsoftware () createAEn ()
initsoftware () initAEn()
buildRelations () buildAEnRelations () €2() cN
allocateResources () allocateAEnResources() [KC>———— init()
config() configAEn() task()
start() enp)
taskInit () taskAEnInit () init()
taskoOperation () taskAEnOparation () task()
executeDiagnostics () executeAEnDiagnostics ()
restart() restartAEn()
shutdown () shutdownAEn ()
notifyError () notifyAEnError ()
handleError () handleAEnError ()
recoverError () recoverAEnError ()
l’ T
| cErrorLogbook |<—| Decentralized error handling:
= AEn elements report all recognized errors to the cAEnManager.
0" = cAEnManager handles and saves errors locally, except for fatal errors.
I cErrorEntry I._| cError | = cAEnManager passes fatal errors to the cSoftwareManager.
= cSoftwareManager handles fatal errors and saves them in the cErrorLogbook.
© MicroConsult - Microelecironics Consuting & Training GmoH Tuesaay, September s, 2023 s19 A MicroCONSULT
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2.13 Manager State Machine

Manager Concept — Manager State Machine

cSoftwareManager CAENM:
taskoperation () taskAEnoperation ()

evStart
evShutdownOperating

evNormalOperating

evDiagnostics

evNormal Operating
Initializin Operating Normal Diagnostics Shutdown
9 operation operation operation
evNormal
Operating evDiagnostics
G 53 goe B p . Operating
evIinitializing evinitializing evNormal evNormal evDiagnostics ReCOVEr evShutdown evShutdown
Error Recover Operating Operating Operating Operating Operating
Error Recover Error Error Recover
Error handling
evRestart
= The cSoftwareManager state represents the state of the complete software. Fail safe

operation

= The cAEnManager state represents the state of the corresponding architecture element.
© MicroConsut- Microelectronics g & Training GmbH Tuesday, September 5, 2023 A MicroCONSULT
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2.14 Manager Top Level Execution Flow

Manager Concept — Manager Top Level Execution Flow
main() ?
[ Instantiate software manager ]
] 1 ]
Software manager start() [ shutdown () ]
constructor / construct () T
9 ’ Software manager
destructor / destruct ()
[ create() ] [ Boot operating system ]
07 07 9
[ init () ] [ Schedule taskInit () ] [ deallocateResources () ]
07 07 v
[ bulidRelations () ] [ Create taskOperation () ] [ resetRelations () ]
07 07 2
( config() ) [ Terminate taskmnit() | ( deinit () )
07 v
[ allocateResources () ] Schedule t [ destroy () ]
| |
© MicroConsut- Microelecironics Cansuling & Training GmbH Tuesday, September 5, 2023 A MicroCONSULT
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2.15 Discussion Topics and Improvements

Manager Concept — Discussion Topics and Improvements

= Some missing details:
— Operation of error notification when errors are not polled by the managers.

= The manager classes / modules are not equipped with software interface(s).
= Some design principles are not fulfilled by the manager classes / modules.
— Principle of magic seven to twelve:
Too many functionalities are located in one class / module.

— SRP - Single responsibility principle:
Different functionalities are located in one manager class / module.

= Possible approaches:
=> Add callback interfaces for error notification. = Refer to the next view.

=> Add software interfaces. = Refer to the view after next.

=> Segregate the manager into different managers according to their functionalities.
=>» Increases design and code complexity tremendously.
=>» This approach is NOT recommended!

© MicroConsuit- Microelecironics Cansulting & Training GmbH Tuesday, September 5, 2023 FHE MicroCONSULT
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2.15.1 Basic Concept with Error Notification Interface

Manager Concept — Basic Concept with Error Notification Interface

atypen Common | «typen
Software_Management AEn

tags Management tags
architecturelevel =1 i 2
«callback interfacen
cSoftwareManager (BN S > iebcErrorHandler L1 Ll L _ cAEnManager
mSoftwareState L i AEnStat
- mAEnState
+  cSoftwareManger()
+  cAEnManagerf
+ ~cSoftwareManager() + ”:AEnMa:ge(r}()
areate) +  create()
::x)rwﬁ + destroy()
+ init)
deinit() +  deinit)
buildRelations() +  buildRelations()
mse;n(g;ams{) L _)] kd_ |+ reseteltions)
config + config()
allocateResources() b
" ;e;l\:;cs\ekesnurms() + deallocateResources() o
taskInit() s
. + taskOperation() + o)
i § + executeDiagnostics() + ~N()
executeDiagnostics) | | | | T + restart() + init)
o restart() " MaxNumberOfDiagnosticsErtries| . :,mﬂwno o :einh()
+ shutdown() ’—1 ! i s
B | [ I O I I
5 ::n:e::r)() i s - notifyError() +  config()
o el handleError() +  taskOperation()
e MaxNumberOfDiagnosticEntries - recoverError() +  registerErrorHandler()
+  enterFaifsafe() +  getDiagnosticsDatal)
cDiagnosticsEntry

3 Micro CONSULT
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2.15.2 Extended Concept with Error Notification and Manager Interface

Manager Concept — Extended Concept with Error Notification Manager Interface
aper commn ] ayer
Software_! AEn
tag: Management | L
architectureLevel =1 2
«calback, interfaces 3 Y — ———
cSoftwareManager Y I O o bcErrorHandier < e cAEManager
mSoftwareState dinterfacen +  notifyEmor() z - mAEnState
. > 1

+ = = | + CcAEnManager()

+ ~cSoftwareManager() | + ~cAEnManager()

- oeste) 1 acreaten - ceate()

- destroy() - et e ot Ty ) iy o (P

- ink() ; winterfacen - i)

- deinit() | icAEnManager - denit()

- buidRelations() | buidRelations)

- resetRelations() | |+ ceate) - resetRelations()

- config) I [+ destroyg - configy)

- allocateResources() <) | |+ mif) - allocateResources()

- deallocateResources() - | I |+ deini deallocateResources() — = —

+ start) = ? ||+ buidRetons() taskOperation()

2 taskinny) 1|+ resetgelations() . | exitbgran) L

- tskoperaton() ctor oo [+ config) Ft-F-1|- restanp )

- executeDiagnostics() | +  alocateResources() - shutdown() + )

- restart() + deallocateResources() - regsterEmorHandler() +  init)

+  shutdown() + notfyErmor() +  deint()

- notfyEmor() 1.+ |+ eeateDiagnostics() - handleError) l@ |+ buidReaitons()
handleErmor() oanian | restart) recoverErmorf) + config()
recoverEmor() +  shutdown() - enterFailSafe() +  taskOperation{)
enterFailsafe() P +  regsterEmorHander() + registerEmorHandler()

cbiagnosts = ———1+ enterfailsafe() + getDiagnosticsDatal)

———— | >

il T K
T ol 7
= ’ o 1| comgussotmuy I
i I MaxNumberOfDiagnosicsEntries. J !
] i
1 create wcreater ! :
i S, el DR
i
| |
1
'
i
A MicroCoNsuLT
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3 Summary and Outlook

Summary and Outlook

= The purpose of the manager pattern is to cope with software system wide tasks.

= The manager pattern supports flexibility, scalability and expandability to a great extent.

= Different detailed design variants are feasible, depending on:
— software requirements
— software architecture
— programming approach
— programming language

= This ESE presentation:
— Download: http://download.microconsult.net/ese2023/manager-pattern.zip

= My ESE presentations from the last three years cover similar interesting topics:
— Download: http://download.microconsult.net/ese2020/interface-designs.zip
— Download: http://download.microconsult.net/ese2021/port-designs .zip

— Download: http://download.microconsult.net/ese2022/polymorphism.zip
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MicroConsult Training and Coaching

Training [English and German]:

Software Architectures for Embedded and Real-Time Systems
English German

Embedded C++: Object-Oriented Programming for yC with C++/EC++
English German

Embedded C++ Advanced: Object-Oriented Programming for yC with C++/EC++

English German

Embedded Software Design and Patterns with C

English German
%I]croCorésult GmbH

: . 3 tt Dipl-Ing.

CoaCh'ng [Eng"Sh and German]. Ser?ionv"asana:er %gilnil:ggsfz':)aching

You are welcome to send us your inguiry. thatt@microconsuit.com
+49 (0)89 450617-35
www.microconsult.de
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