Embedded Systems Design: A Unaified

Hardware/Software Introduction
el

Chapter 8: State Machine and
Concurrent Process Model

Introduction
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= Describing embedded system’s processing behavior
— Can be extremely difficult
= Complexity increasing with increasing IC capacity
— Past washing maciine:, smal] zames efc.
» Humdreds of lines of code

= Tﬂ-ﬂﬂ}'- TV set-top boges, Call phons, o
* Hindreds of thonsands of linss of code
* Desired behavior eften not fully understoed in beginning
— My implementation bues due to dexrription mistakes, onrizsions
— Englizh {or other natural language) common starting point
= Precise description difficult to impessible
* Example: Motor Viehicle Code — thousand: of page: long...
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Outline
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+ Mlodslz vs. Lanzuage:z
» State Machine Model
- FEM/FSMD
— HCFEM and Statechartz Lansnaze
— Drogram-Stata Machins (DEN0) Alpdzl
+ Concurrent Process Model
- Communication
- Synchronization
- Implementation
» Dataflow MModal
* Feaal-Time Systems
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An example of trying to be precise in English

« California Vehicle Code
— BRight-of-way of crosswalks

= 11950 () The drver of 2 vakocls chall yiald the nght-ofway fo a padesirian crossing
$ing moadary ithin mny morkod crossalke or within amy mmesked crossalk at 2
harsaction, sxcent & ctaertviss pomded i thix caamear.

= (1) The provisioms of this soction whall mot relice 2 pedestrian from the duty of using
e carg for bis or e safoly. Bio pedestrian shall mddanly lerwe a marh o othar place
of safety and ik or m isto the path of a veiicle which & 5o closs 5 %0 comstate an
o dint award Mo pedestrian siall wenscsssarily stop or delay rafB wkile ina
mraried or enmaried crosmvalk

* (C)} The pronsicss of mbdizisson () skall not reliee 2 driver of 2 vekiclk fom tha
daaty of exmrcimg dne car for the safety of @ay pedestrize witim oy marked
crcamalk or nthie s treeorkeod croeamialic 2 am Searuaction.

— All that just for crozsing the sireet (and there's pmch maore)!
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Models and languages
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» How can we (precizely) capture behavior?
— Wea may think of lanzuages: (C, C++], but comprration modsl is the key
» Common computation modals:
— Sequential program madsl
* Statements, rules for composing stxtements, semantics for execuiing them
— Commuricating procszs model
— State machine maodal
* For comirn! domrirated syxtemns, monitors control inpeots, sets comfrol oubpots
— Dataflow model
Qbject-oriented model
* For breakong complex sofiware o simpler, well-defined piaces
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Text versus Graphics

1
* Models versus languages not to be confosed with text
versus graphics
— Text and graphics are just two types of lanpuages

» Text letters, rumbsrs
» Graphics: circles, arrows (phes zame letters, numbers)
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Models vs. languages

Congratation medzls describe sysiem belevior

- Comcsphal notion, 65, TeCIPE, Gequcestial program

Languzazss capture models

— Conzois form, a5, Englick C

Vanety of lansases can cagfure ope model

— Eg., sequantial program modal 3+ C,0H, Tma

Ore [anzuage cam capiure varishy of modals

— Epg, T+ — seqoantial program medel, objec-onentsd modal, stz maching modil
Cartain [an=nazes betier 2t caphaing certain compaiation modals
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Introductory example: An elevator controller
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Elevator controller using a sequential
program model
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Fimite-state machine (FSM) model
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Finite-state machine (FSM) model

+ Tryving to capture this behavior as sequential program 1z a bt
awkward
+ Instead we mught conzider an FSM meodel, desenbing the system
as:
— Pozzibls states
« Ez Ide, GoingLp, GoingDy, DocrOpen
— Poszibls tranzitions fTom ope stabe to another based on npuat
= Ez,req > foar
— Action: that acour in sach state

= Ez Inthe Goinglp state, udot=1,0000mp=1, dowr, open, and
timer start={0)

v Trvit...

Embrdied Boramer Derton 4 Diegfed 1il
Al T T e rion. o S el Do

Formal defimition
e ]
* AnFEM is a §-tuple F<5,. 1. O, F_ H, 5,
— Simasetofall states {5, 5, ..., 5}
— Jisasetofmpus {i, i, ....I}
— is aset of output= {0, 0. ....a,}
— Fiz anext-state function (5 xJ — 5)
— His m output function (5 — O
— 5, izan mitial state
Moore-type
— Azzociaies puipais with states (3= siven above, Hmaps 5 — O
Mealy-type
— AszpCiates patpaats with tramsitions (Hmaps SxJ— O}
Shorthand motations to =simplify descriptions
— Implicithy a=sizn 0 to all unazsigmed outputs in 2 state
— Implicithy AND every transition condition with clock edze (FEM i synchronons)
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