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Last Lecture: Syshewn
Putting It All Together: ODs define initial States

Hierarchical State Machines: kind, region

Initial pseudostate, final state

This Lecture:

Educational Objectives: Capabilities for following tasks/questions.

What does this hierarchical State Machine mean? What may happen if |
inject this event?

What is: AND-State, OR-State, pseudo-state, entry/exit/do, final state, ...

Content:
Composite states
Legal state configuration
Lca, depth, ..
Exit/Entry, internal transitions

History and others
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Composite States

(formalisation followdDamm et al., 2003

3/46



Composite States
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o In a sense, composite states are about
abbreviation, structuring, and avoiding redundancy.

o ldea: in Tron, for the Player's Statemachine,

instead of
n
w - ¢\ x/
\ write
x/\ & X/
X/
[resigned_]

T

[ resigned ]
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Composite States
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and instead of

FW [wf=——

write

| N
/N =
— . F/ F

I Y,




Recall: Syntax
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- ; ~
| |

(%) | E
| |

= L :.szt

translates to

7

(;{(tap, st), (s, st), (s1, st)(s7, t)(s2, st)(sh, st)(s3, St)(s5, st)},

~

S, kind
A
S,
itOp H{{SBIS — {{817 8/1}7 {827 3,2}7 {337 Sé}}a S1 Q)v 3/1 = Q)v s b
Te;z'ron

/: (“>) - Zué_gk SW X k(
—, 1, annot)

RSN
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Syntax: Fork/Join

SPzIAL CASE @—Hﬂfw
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IS f: 4. {?'—>(§5’? 553)1 €2 A anugf

For brevity, we always consider transitions with (possibly) multiple

sources and targets, i.e.

— (2°\0) x (2°\ 0
P EDIE kb

For instance, 7("[‘ f’"" ctecl 7474
4 S1 ) \ V/ ( S4 A
trlgd]/act
! .
¢

translates to

(S, kind, region, {t1},{t1 — ({32,83} {ss5, 36})}, {t1 — (tr, gd, act)})
~—— N ~— _

— ¢ annot

Naming convention: ¥ (t) = (source(t), target(t)).
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Composite States: Blessing or Curse?
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J

H/

/t,-,

what may happen on E7?

can E, GG kill the object?

what may happen on E, F7?
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Composite States: Blessing or Curse?
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/ N
.

States:

what are legal state
configurations?

what is the type of the

imp_licit st attribute?

Transitions:

what are legal
transitions?

when is a transition
enabled?

what effects do transi-
tions have?

\

ned G/
. N
[true]/ L/
F/

what may happen on E7?

what may happen on E, F7?

can E, GG kill the object?
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States:st, (Legal) State Configurations
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The type of st is from now on a set of states, i.e. st : 2°

A set S; C S is called (legal) state configurations if and only if

top € S1, and
With each state s € S; Eeat-has—{ non-empty region ) £ R € region(s),

exactly one (non pseudo-state) child of s,is in Sy, i.e.
{s € R | kind(s) € {st, fin}} N Si| = 1.

Examples:
- ; N 4 s b
Sy= ﬂ:f’ y | | C“y&) i
| I ) .
$H} () | E6 S 5
s LEMNA , i , i ,
: ) ) Geegsd)ff (LU LR )
= NOT LEGAL. hg wissuy Sa=ldop. <., 82, s VT LEGAL, xaef
> 55346 NOT LEBAL. “:(";“(i i e Sz o sy
eetemlos Sy sk
;;zé“@‘%,s;.:;r@% syc ips, s gy & LEGAC

S3 = 55'{"’6"3"‘333 wel axacty (oc $50.57.533 4y <lad )
oL
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Towards Transitions: A Partial Order on States

— 14 — 2012-01-17 — Shierstm —

The substate- (or child-) relation induces a partial order on states:

o top < s, forall s € S,

o 5 <, forall s" € child(s),

o transitive, reflexive, antisymmetric,

o ' <sands"” <simpliess’ <s"ors” <s'

—

[/

£Ctp
I\
4 /S N
4’ N
/
\Sefer
*
N\ = %

A\

/

7/ l
<
/ /8 S

.

51

gh/

T
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Least Copafrion Ance&tor and 1ing .
X

. . /
o The least common ancestor is the function lca : 2°°— S such that

» The states in Sy are (transitive) children of lca(S1), i.e. [CLAt#:
\7S$7¢S ¢ 61'651
lca(Sy) < s, for alls € S; C S, = la(S,) = e

—

o lca(Sy) is minimal, i.e. if § < s for all s € 51, then § < lca(S7)
» Note: [ca(S1) exists for all S; C S (last candidate: top).

— - by lalisisd) =
—_— e ! “
' |
/ *?"[C“(i]":sZi\ II / S/ \
/ | |
x| ‘ ~ —~ | |
7|\ / I /
o T )
\ - I I
N I , - - 0 0 \
— (@4 - ) () (s
| |
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Least Common Ancestor and Ting
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Two states s1,s5 € S are called orthogonal, denoted s; L so, if and only if
they are unordered, i.e. s;1 £ s5 and sy £ s1, and v=ca e
w. . . . . a /CD‘A'O'—)
they live in different regions of an AND-state, i.e. / @&fo‘é’

s, region(s) = {S1,..., 5.}, 1<i#j<n:s € childTSz-) A s2 € chz’lcﬁSj),
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Least Common Ancestor and Ting
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o A set of states S7 C S is called consistent, denoted by | 57,

if and only if for each s, s’ € Sy,
o s< 5, o CeAm: Y S.e5 e

o s <s, or

\ 2D s, i ot

S, is [af’ stl (mn/‘y_

o s L s L
ons.
/ N
»\\/(C_J uokN\ege{ 7 -~ \
4 (\5 \\ N Vs’ SN
o n | ~ |
~ v\ — — [
TN T ! &) [ |
~ \l \ N—- — et
N 82 -~ Y
S ll\l //3’1’ \: 3’2’\ | Tg | /
|
N A N )
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Legal Transitions
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A hiearchical state-machine (S, kind, region, —, 1, annot) is called well-
formed if and only if for all transitions t €—,

(Ve source and destination are consistent, i.e. | source(t) and | target(t),

(il ® source (and destination) states are pairwise up,ordereczl, l.e.
forall s, s" € source(t) (€ target(t)), s L s ‘

(ii.‘) the top state is neither

source nor destination, i.e. / | \
top & source(t) U source(t). |
1
Recall: final states are o vof B/ |
tions. G’ ; N
not sources of transitions. o Hoat So :
I B/
Example: > | F/ |
[ CLAA: 4 7l I “
LC ) S§ \ J :
I

(ii)?[;l
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