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Design of Framework Markup Language with State Machines
and Its Implementation for MVC Applications

YOSHIHIDE CHUBACHI, -t KEN OKADAtt and HAJIME OHIWA¢®

‘We propose a new language to develop reusable controller components named the Frame-
work Markup Language (FwML) and its runtime environment named the FwML Runtime
Engine (FwML-RE). The runtime status of the MVC structured software is represented as
XML data structure and the controller components of the software are described as state
machines. Since those reusable controller components have a feature of the framework in the
context of the component based development, the whole of our proposal can be called the
FwML Meta-Framework (FwML-MF). In this paper, we describe the design and implemen-
tation of the FwWML-MF. Also we explain that two sample applications can reuse one set of
controller components written in the FwML. This example shows that these components work
as the application framework with the FwML-RE. We will evaluate this result and mention the
benefits of our proposal from the viewpoints of the reusability of the controller components,
the combinations of CASE tools, the supporting functions for the developers.
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Fig.1 The overview of FwML meta-framework.
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Fig.2 The implementation of MVC structure with events

passing.
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Fig.4 The behavior of Model Controller state machine
(See Fig.2 @0 ®).
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<!ELEMENT StateMachine (State+)>

<!ATTLIST StateMachine context CDATA #REQUIRED>
<!ELEMENT State (Transition*)>

<!ATTLIST State name CDATA #REQUIRED>

<!ELEMENT Transition (Guard?, Action?)>
<!ATTLIST Transition event CDATA #REQUIRED>
<!ATTLIST Transition target CDATA #REQUIRED>
<!ELEMENT Guard (#PCDATA)>

<!ELEMENT Action (Expressionx)>
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Fig.5 The document type definition of FwML (State
machine part).
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01 Cursor DO0O0OOO0DOO0OO
Table 1 State of Cursor State Machine.

<!ELEMENT StateModel (Model,Cursor)>
<!ELEMENT Model (Record)*>

<IATTRIBUTE Model state (#PCDATA) #REQUIRED>
<!ELEMENT Record ANY>

<!ELEMENT Cursor (#PCDATA)>

<!ATTRIBUTE Cursor state (#PCDATA) #REQUIRED>

0 6 Framework StateModel 000
Fig.6 Define of Framework StateModel.
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Table 2 State transition table of Cursor State Machine.

empty | single top middle bottom
append single bottom bottom bottom bottom
edit - single top middle bottom
delete - empty [count($M)=2] single [cursor=count($M)-1] bottom | [count($M)=2] single
lelse] top [else] middle lelse] bottom
previous | - - - [cursor=2] top [count($M)=2] top
[else] middle lelse] middle
next - - [count($M)=2] bottom | [cursor=count($M)-1] bottom | -
[else] middle [else] middle

StateModel 0 0 0 0 O Framework StateModel O O
OO0O0ODTDOOOOD Framework StateModel O
e 000D 0o00oOouobbo2000000
00000000000 000 RecordOOO 100
Cursor O 0OO0OOOOOOO
O00O0O0ORecord0000ODOODOOODOODOO
0000000 00oooOoOoo0oOOoO00D0OORecordd
00000000 0O0ANYOOODOODOODOOOO
0oooooo Cursor000000O0DOODOOOO
J00000d0doooooooooodg#PCATAO
000ooorPO0O0OOCursor 000000000
gooboobobbOodbOstateDQO0oonoog
3.2.2 Framework Controller 00O
Framework Controller 0000 OOOOOOOO
000o00ooooooDoooon Cursor 0000
000o0oooooooo Cursor0000OOOOO
go0o0ooOoobobDoboOobooOoboOo 200000
000dd0o0oDOobO0oooOo3a00oobooono s50
0000000000000000000 append(r)0
edit(r)0 delete(r)0 previous()Onext() 00O OO0
gbooooboboobooboooobobob rgon
goboooboboooboboboboboobooo
gooboooobooo
0oooooooOO0Cursor DOOO0OOOODO
goboooobobobooboobooboboooo

Y 0000000000 00000000 DTDOOOO0OOO0
0000000000000 000RELAX NGOOOOOO
gooooooooOoo0obO0oo0O0o00FwML-SM OOO0OO
0000000000 include 00000000D0000OO

oooooooUoooooOooooo 105000
ooooooogod

Cursor 000 O00OO0O0O0ODOOOO 20000000
O00o0oooD A2100 1000000000000
O0000O0OO0O00OO0oOoooUoooooo Cuarsor d
0000 300000000 30000 bottom OO
0000000000 next0O0O0OOOOOOOOO

Framework Controller 00000000 O0O0O0O
0000025 000000000Cursor 0000
0 Model Controller 000000000000 OAp-
plication Data Model D DO OD0O0OO0ODOOODOO
O A.2.2 00O Framework Controller 0 FwML O O
O00000000o0o0o0oUoooooooo A230
0O OModel Controller 0000000000 OOOO
ooooooogo

3.2.3 Framework UI Controller 0 00O

GgulooOoOoOOoOoOOoOOOoOOoOoOoooooooog
Framework Ul Controller 00002000000
0000000 20000000 50000000
O Cursor DO O0O0O0O0OO0O0O0O00OOO0OOOO
0000000 FwML Ul Controller OO OO O
000000000000 Framework UI Controller
oooooo

3.3 J0000000OoOoooooooooo

ooooooooOoOooooOoooooooooo
O0000OO0ooODOO0oO0O0OOg22000 10000
Application StateModeld Application UI Controller
000000oo0oooooooooooooono



8 goooooooooooooooo

<!ELEMENT Record (JName,KName,Address,Tel,Zip)>
<!ELEMENT JName (#PCDATA)>
<!ELEMENT KName (#PCDATA)>
<!ELEMENT Address (#PCDATA)>
<!ELEMENT Tel (#PCDATA)>
<!ELEMENT Zip (#PCDATA)>

07 000000 Record JOOOO DTD
Fig.7 Document type definition of Record element for
the address book.

<!ELEMENT Record (Date,Item,Category,

Income,Outgoing, Amount)>
<!ELEMENT Date (#PCDATA) >
<!ELEMENT Item (#PCDATA) >
<!ELEMENT Category (#PCDATA)>
<!ELEMENT Income (#PCDATA)>
<!ELEMENT Outgoing (#PCDATA)>
<!ELEMENT Amount  (#PCDATA)>
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Fig.8 Document type definition of Record element for
the cashebook.
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<StateModel>
<Model state="idle">
<Record>
<JName>[ 0 0 </JName>
<KName>[ 00 00 O O </KName>
<Address>0 000000 XXXX</Address>
<Tel>0466-XX-XXXX</Tel>
<Zip>252-XXXX</Zip>
</Record>
<Record>
<JName>[ O O </JName>
<KName>O 0O 000 O O </KName>
<Address>0 000000 XXXX</Address>
<Tel>045-XX-XXXX</Tel>
<Zip>245-XXXX</Zip>
</Record>
</Model>
<Cursor state="top">1</Cursor>
</StateModel>

09 0000 StateModel O
Fig.9 An example of StateModel of the address book.
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StateMachine: context="$C/Cursor"
State: name="top"
Transition: trigger="append" target="bottom"
Effect:
replace(select ("$$/text(O"),
text (eval("count ($M/Record)+1")))
event ("$M", "append",
params ("$M/" ,pnode("1")))
notify(params())

Transition: trigger="edit" target="top"
Effect:

event ("$M", "replace" ,params(
"$M/Record [number ($C/Cursor/text ())]1",
pnode("1")))

notify(params())

Transition: trigger="delete" target="single"
Guard:test (eval("count ($M/Record) = 2"))
Effect:

event ("$M", "remove" ,params (
"$M/Record [number ($C/Cursor/text ())]1"))
notify(params())

Transition: trigger="delete" target="top"
Effect:

event ("$M", "remove" ,params (
"$M/Record [number ($C/Cursor/text ())1"))
notify(params())

Transition: trigger="next" target="bottom"
Guard:test (eval ("count ($M/Record) = 2"))
Effect:

replace(select ("$$/textO"),
text (eval ("number ($$/text () + 1")))
notify(params())

Transition: trigger="next" target="middle"
Effect:

replace(select ("$$/text(O"),
text (eval ("number ($$/text()) + 1")))
notify(params())

A.2.3 Model Controller
Model Controller 0 FWML OO OOODOODODO

StateMachine: context="$M"
State: name="idle"
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single top
empt ; edit — | edit
append delete [count($M/Record)=2]
delete append delete [else]
L /) next [cont(§M/Record)=2]
append /
next [else] previous [$$/text()=2]
[/ ___middle \
; edit
; delete [else]
; next [else]
; previous [else]
append
next
[$$/textO=count($M/Record)-1] delete [else]
delete )
[$$/textO=count($§M/Record)-1]| | previous [else]
bottom
- append
; edit
previous
delete [count(§M/Record)=2] [count(§M/Record)=2]
0 10 /StateModel/Cursor 0000
Fig.10 The state chart of /StateModel/Cursor.
Transition: trigger="append" target="idle" <Guard><Test><Eval>
Effect: count (/StateModel/Model/Record) = 2
append (pselect ("1") ,pnode("2")) </Eval></Test></Guard>
notify(params(pnode("2"))) 08:TRANSITION:single
Transition: trigger="insertAfter" 09:POST:/StateModel/Model . remove
target="idle" (/StateModel/Model/Record[1])
Effect: 10:P0OST:0ObservableEvent .update ()
insertAfter(pselect("1"),pnode("2")) 11:P0OST:0bservableEvent .update ()
notify(params()) 12:EFFECT:
Transition: trigger="insertBefore" <Effect>
target="idle" <Event>
Effect: <Target>/StateModel/Model</Target>
insertBefore(pselect("1") ,pnode("2")) <Trigger>remove</Trigger>
notify(params()) <Params>
Transition: trigger="remove" target="idle" <Cat>
Effect: /StateModel/Model/Record[
remove (pselect("1")) <Eval>
notify(params(pnode("2"))) number (/StateModel/Cursor/text ())
Transition: trigger="replace" target="idle" </Eval>
Effect:
replace(pselect("1") ,pnode("2")) </Cat>
notify(params (pnode("2"))) </Params>
</Event>
A.2.4 O0O0OdeleteDO00O0OO0OOOO <Notify><Params/></Notify>
</Effect>
.EVENT START 13:<--EVENT QUEUE
: . 14:-->EVENT QUEUE:3
ﬁgsgvéﬁgaagggge}/ Cursor.delete 15:DISPATCH: /StateModel/Model . remove
DISPATCH: /StateModel/Cursor .delete () (/StateModel/Model/Record[1])
RECEIVE: /StateModel/Cursor 16:RECEIVE: /StateModel/Model
STATE: tOp 17:STATE:idle
GUARD; 18:TRANSITION:idle
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20:P0ST:0bservableEvent .update ()
21:P0ST:0bservableEvent .update ()
22:EFFECT:
<Effect>
<Remove>
<PSelect>1</PSelect>
</Remove>
<Notify><Params/></Notify>
</Effect>
23:CALLBACK:sample.addressbook.AddressTable
24:CALLBACK:sample.addressbook.Browser
25:<--EVENT QUEUE
26:-->EVENT QUEUE:3
27:CALLBACK:sample.addressbook.AddressBookMain
28:CALLBACK:sample.addressbook.AddressTable
29:CALLBACK:sample.addressbook.Browser
30:<--EVENT QUEUE
31:EVENT END

A.2.5 StateModelOODO OO

<StateModel>

<Model state="idle">
<Record>
<JName>[ O O </JName>
<KName>O 0 00O O O </KName>
<Address>0 000000 XXXX</Address>
<TelNo>045-XX-XXXX</TelNo>
<Zip>241-XXXX</Zip>

</Record>

</Model>
<Cursor state="single">1</Cursor>
</StateModel>
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