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Our goals

= A good way of thinking for
— modelers
— programmers

= such that their programs will become:
— rapidly made according to specification
— have high quality
— be efficient
— maintainable by competent persons

— be adaptive to a changing environment of requirements and third
party software

= This should apply to large and small programs
,. '
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Finite State Machines

= Finite
— a finite number of states
— [here] a small number of named states

= State

— a stable situation where the process awaits stimuli
— a state in a state machine represents the history of the execution

= Machine
— that only a stimulus (signal, message) triggers behavior
— the behavior consists of executing transitions
— may also have local data
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The Knoble game

= A game administrator controls the game
* |nvites the players
* The players make a draw like:

Rock, Scissors, Paper +

* The game administrator calculates the scores
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The Knoble context composite structure |
' (3 KnobleContext .
Part j
pl: PlayerSM pZz : Playersi
inplayer : PlayerInput outplayer inplayer : Playerinput qL!tEl:aver

0STS NI

I bo_pe
~ Fromp1 :

Part j
t.;. .ot adm : GameAdmin

~| Frn:n:'n__rpzl
[ﬁ{ T putpon)
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What happens?

sd  Knoblel )

pl:PlayerSM

showpoints{points)

adm:GameAdmin

___play_now

P2:PlayersM

showpoints{points)
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. sd Knoblel )
Player: first attempt
. 2 Playersm
%| nitial statej pl:PlayersM
(Sim ple) state play_now
.
- stone
H“‘“———_________q__}
“ai o_pla " —_— stone
——— transition j st
/r trigger j
play_now = e
@ CsMLpoints = Csm.points-1;output(new showpoints(csm.points),csm.outplayer, _|Dfe__
e
effect showpoints{points)
:Give_choice : stone :' ' Wait_for_result

@ output(sig, csm.outplayer,csm);
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Player: why it is not sufficient

|+ Playersm

o, \
™,
play_now
Wait_to_play
pape r_
play_rio .
i lose win
@ CsmnLpaints = Csrn.points- 1 output (R showpoints(csm.points),csm.outplayer,csm_ e
;fGive_chDice\; stone - Wait_for_result

@ output(sig, csm.outplayer,csm);

P2:PlayersM

showpoints{points)
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Player: second solution

£ Player5™

e :-:1 '\
! Wait_to_play | lase N _
. . E@csm.paoints = csm.points—l;output(ng&w showpoints(csm.points 1, csm.outplayer, csm); Z
e e T
/._./ \,‘\ ""-\.\__H-H_ lﬁ" m
e Py ""H-..____. !
s A “‘\ e .l'll =
B e drawi / al
1 T
play_now . output(ngw shu:n:,‘-rpcnints(csm.pDints),csm.DutplayerJcsm); o
k= W |

| @ csm.points = csm.pDints+1;_D_Li_1f|_:|_ut(new\;hawpuints(ﬁésm.pfc{iints),csm.Duthaver,csm];_

%
h

| ,| f

i'/Give_chDice\'l paper,stone,scissors - Wait_for_result
—_— g {
(T @2 output(sig, csm. outplayer,csm); \ %
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GameAdmin: are these diagrams acceptable?

sd KnoblelB )

pl:PlayersmM adm:Gamesdmin P2:Playersm

_play_now

| play_now_______<| I ———____>|
_———— paper

I stomne
— _ ston:

————___:E_l | paper I

|______ stone |é———_______

Wi

N

S _>| showpoints{ points)
1

lose [ 1 T —
showpoints{ points) | |
|
sd Knoblel1C )
pl:FPlayersmM adm:Gamesdmin FP2:Playersm

na | play_rmow - _<| |
- [ —_—
shomne | |

|—f_____|3|av_r1c:'.v )J

L e e

Wi |

showpoints{ points)

|

|

|

|67____——ID—5€—————*_—4| o __>! showpoints{points]}
: |
|
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GameAdmin: first attempt

1: play_rioew

| X 2 stone
) GameAdmin 3
30 play_now

s | 41 paper

- : L ; Lo . 6; lose : e _ S:win
~aklaaas o 2 output{new play_now ), csm.to_pd,csm); " TR

Srns L _ 7
“paper | Wait_move_from_pl - RERE,

&3 paper: A : —

IIZ.I..El.lf.IEf'.' s
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-~ paper - 4 ' SCi5S0rS

lDnE sCissors Ao w2
got_paper h Qot_scissors

e -

papér stuné.

2 output(new lose(),cam.to J:ul,csmjjuutput(nésw win(]l,tsi'n.tu J:IE,I:SI‘I'I:IjDutDL:]tI:FIEW play;f';nnw(j,csm.tn _pl,csm);

']

S --"gut_ztune-
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PlayerSMGLII

Select Input Mediator » Select Input Messane

UNIVERSITY

{Ipaper
ilscissors
|| stone

Parameters

Select Input Mediator

i

» [Select Input Message

“|paper
i|'scissors
‘Nstone

Parameters

T

Input stone to inplayer
Output from pl outplayer: stone@addGE505

Output from pl outplayer: shovepoirts@beals0a-1)

Input paper to inplayer
Output from pZoutplayer: paperi@? 4514305
Output from p2outplayer: showpoints@Setas0501)

Tahle Wiew
Time State Machine Current State Input Transition Eehaviour MNext State
0 MNew GameAdming@aeec80b
0 MNeww PlayerSM@ 3554806
0 Mew PlayerSM@E@GE0dd0206
1052 GameAdming@aeecSf null Starthessagemb2 73806 Qutput play_now@E@20dbes0s pWait_move_fram_p1
1052 FlayerSMi@3oad 806 null Starthessage@370O0806 Wait_to_play
10462 FlayerSMig@35a4806 Wiait_to_play play_now@@20dbBE0A Give_chaice
1052 PlayerSh@60dd 0806 null StartMessane@EI 354806 Wiait_to_play
30274 FlayerSMig3sa4806 Give_chnoice stone@addBB805 Output stone@5dd6a805 WWait_for_result
30274 GameAdminfaeecdls Wait_move_from_p1 stone@addE8a0s Output play_now@@s21f3805  [got_stone
30274 FlayerSMg@E0dd0a06 Wait_to_play play_now@@s 2113805 Give_chaoice
381485 FlayerSM@@B0dd0308 Give_choice paper@y 4514805 Qutput paper@7? 4574305 Witait_for_result
paper@7 4514805 Output losegad8aa05
38194 GameAdmin@aeecBls got_stone Output wingad 78805 Wiait_move_fram_gp1
Qutput play_nowi@al688045
) lose@aldssans Qutput )
FlayerSMi@35a4806 Wifait_for_result @ shownaints@bea0sns 1) Witait_to_play
FlayerSMi@3oad 806 Wait_to_play play_nowipal G805 Give_choice
) wingpad Tae0s Dutput .
FlayerSM@E0dd0806 Wiait_for_result @ showpolnts @8eGBA05 (1) Wait_to_play
GameAdmin@aeeci0b Wiait_move_from_p1 showpoints@@bealB0s (-1) Default transition
GameAdmin@aeeciis Wiait_move_from_p1 showpointsE@aes3804a (1) Defaulttransition
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UML JavaFrame Profile Model analysis

SO "0 ——h—0O DTV

SSKQ — unw O

Object Model

subscA

program

desdkibe Property Model
<€ >
subscB subscA subscB
hook off
> call >
compare | ¢ePly A
T ==

{ SubscB subscB;

ciass Idle extends State
{ int runQ
{----- };

{--- X

class SubscA extends StateMachine

int stateldle, S‘ﬂteBusy, .-

ciass IdleHookOff extends Transition

EXE

(e

Trace
Process

subscA
subscB. ..
subscA. ..

>

State

Idle
Idle..
Wait..

.call..._Conv
-reply...Conv

Message Next

hookoff Wait

INF5150 INFUIT Haugen / Stglen
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State Machines: unassailability?

= Understandable

— think locally, act globally

— states represent compressed representation of execution history
= Robust

— detect errors through discovering undefined transitions

= Maintainable
— make additions and alterations with a minimum of ripple effects

= Analyzable
— systems of state machines can be handled by model checkers
— compare seguence diagrams with state machine(s)

.
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PlayerSM: Compare these versions!

7 PlayerSM

play_nowe

| Give_choice

29-Sep-05

£ Playersm
lose
@3 camn, points = csrn.points_—l;outxjut'('hew showpoints(csm, points ), csr.outplayer,csm);
OneState
play_row : draw
@3 output{inew showpointsicsm. points), csm.outplayer, csm;
paper,stane,scissars :

| @3 output (sig, csm.outplayer, csm); Wir

@3 Csim.points = csm.points+1;0utput {new: showpoints(csm. points ),csm. outplayer, csmy);

‘wait_to_play s

& csm.points = csm.paints-Loutputingw showpaints (csm.paints),csm.outplayer,csmy; | |

this state machine
does not detect
seguence errors!

craw /
w2 outputinew showpoints(osm. points ), csm.outplayer, csm;
WiF -

@ s, points = Esm‘po'\nt's-él';buprji('n'ew'showpdinfé(t_'sm.'p'nih'ts)Jc'sm.outpl'ayef,c'sm);

paper, stone, scissars wait_for_result

@3 output {sig, csm. outplayer,csm);

what if ‘play_now’ is
received here?

INF5150 INFUIT Haugen / Stglen
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Knoble: Now we add another requirement

= Assume that the Player may at any time receive a
'suspend’ message from the GUI

= This should have the effect that

— the player will not play

— until he/she receives a paper/stone/scissors message from GUI
» then such a message is directly a move

= We would like to make this change

— as compact as possible
— without changing much of what is already made functioning

-
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Do

27 Playersm

gt

P:Playing

Submachine state:
almost the old
implementation

l

£

‘z 29-Sep-05

sLispendd

plaving_again

papetr, stune,zﬂszufz

@ output(sig, csm.outplayer, csm

entry point

INF5150 INFUIT Haugen / Stglen

PlayerSM: Introducing Submachine states

by suspend if not
handled inside P

transition triggered

Suspended

play_hnw

transition fragment !
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Playing: almost like the old Player with entry

' Playing

Wait_to_play i

& csm.paints = csm.points-1;outputinetw showpoints(csm.points),csm.outplayer,csm);

drawr

play&l i ) @Dutpﬁt(néw shu\__-\:rpoints'lfcsm.pDints')',csm.Dutp'iayer,csm-); '
m Wi | !
t . t ©2 csm.points = csm.pDints+1;Dutput(ne_v'v':shawpaints(C’sm.p;i'ints),csm.outplayer,csm);
| Give_choice | paper, stone, scissors Wiait_for_result

) &3 output (sig,csm. outplayer, csm);

| plaving_again _ .
1 @ output (new showpoints(csm.points ), csm.outplayer, csm); %an S Itl 0 n frag m e nt ’

29-Sep-05 INF5150 INFUIT Haugen / Stalen

18

0STS NI



UNIVERSITY
OF OSLO

< PlayerSMGUI < PlayerSMGUI =13

Select Input Mediator Select Input Mediator : Select Input Message

Npaper i “||paper
N'scissors SCISSOrs
: | stone
ﬁ suspend

Parameters Parameters

Input scissors to inplayer Input stone to inplayer

Output from ploutplayer: scissors@sdoc3sTy i Output from p2outplaver; stoned@? 27c3a74

Output from ploutplsyer: shovwpoints@25a15374(-1) Qutput from pRoutplayer; showpoirts@SSthaT401)
Input suspend ta inplayer Input paper ta inplayer

Input stone to inplayer Output from p2outplayver: papen@The3T8TT

Output from ploutplayer: stone@213e3377 B Cutput from p2outplayer: showpoints@4828087 702
Output from ploutplayer: showepoints@ 2777877010

Output from ploutplayer: showpointe@ 3572787 7(-2
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Entry and Exit behaviors

Entry behavior will

27 Playing
| execute whenever
the state is entered
Wiait_to_play
r|| output{new showpoints(csm. points),csm.outplayer, csml; <~
K, a'
lose
G2 csmupaigts = csm.points-1;
i
G2 csm.points = csm.points+1;
Give_choice paper, stone scissors :’1J/ Wait_for_result W
@ putput(sig, csmn. outplayer,csm); N E
playing_again

@ output{new showpoints{csm.points ), csm.outplayer, csm);

INF5150 INFUIT Haugen / Stglen
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Summary State Machines

State

— finite number

— simple or composite (submachine states)
Transition

— trigger

— effect

Exit and Entry Points

— Interface points within a runtime transition
Exit and Entry Behaviors

— behavior to be executed every time the machine exits or enters
the state

State machines may have variables (and parameters)

29-Sep-05 INF5150 INFUIT Haugen / Stglen
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UML and Java: JavaFrame - the solution

- JavaFrame
transformation _
transfornation

0STS NI

_ modeling by
mapging programming
v \ 4
JavaFrame JavaFrame JavaFrame JavaFrame
Java Java Java Java
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JavaFrame — the object framework Observation
tool, input
dialog
INF 5150 - :
efilalfinas SUNNIOLA | Thread-safe, runtime
g ; effective, reentrant
IO composite states
Goneagis IO S =
Asynch. g
Interacting Active o
Objects RAULEHNS
2002 — 2004
*ERICSSON:
UML to «Avantel: Amigos
JavaFrame 1 — <UML 2.0 laboratory

transformation

*ARTS

INF5150 INFUIT Haugen / Stglen
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Experiences - The Lego Mindstorm experiment

socket mediators sockets _
server trace client trace

server

Z
T
a1
H
a1
S
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Experiences - The Performance Model

Stimuli MultiTube Response

JavaFrame 6.92ms Trad. method 10.13ms
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