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Generating LOTOS Specifications from UML Static
Structure Diagrams

Cheol-Hong Kim' - Yu-Whoan Ahn''- Won-Chun Lee''t

ABSTRACT

It is recognized that object-oriented methods and formal methods are two different main streams that will influence
on the future direction of software mgmemng A merging effort on these two technologies, named "a formal approach
on system specifications using objecbarimtgd methods emerges rapidly and produces remarkable research results.
LOTOS is well-suited to an ob]ect*basqd‘mh However, to provide a full object-oriented approach, we need to
model generalization (i.e. inheritance and polymorphism). Most authors who have examined this topic have proposed
extensions to LOTOS. As an extension of such an effort, this paper proposes a method that generates LOTOS
specification from static structure diagrams in UML.
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<operations>
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type ClassA_State_Type is B1_Type, B2_Type
sorts ClassA_State

S
the_ClassA_State: -> ClassA_State
make_ClassA_State: Bl, B2 -> ClassA_State
get_bl: ClassA_State -> Bl
get_b2: ClassA_State -> B2
<other operations>
eqns
forall classA_State: ClassA_State
ofsort Bl
get_bl(classA_State) = the B1;
ofsort B2
get_b2(classA_State) = the BZ;
<other equations>
endtype (* ClassA_State_Type *)

process ClassA{gl(id: ClassA_Id, s: ClassA_State): noexit :=
<process body>
endproc (* ClassA *)
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process ClassAlglid: ClassA_Id, s: ClassA_State): noexit :=
{ < event for operation 1 >
exit( < new ClassA_State > )
]
< event for operation 2 >

exit( < new ClassA_State > )
0

} >>maccept new_s; ClassA_State
in ClassA{gl(id, new_s)

endproc (* ClassA *)
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type ClassA_State_Type is Bl_Type, UNKNOWN_Type, NaturalNumber
sorts ClassA_State
opns
the_ClassA_State: -> ClassA_State
make_ClassA_State: Bl, UNKNOWN, Nat-> ClassA_State
get_bl: ClassA_State -> Bl
get_b2: ClassA_State -> UNKNOWN
get_b3: ClassA_State ~> Nat
<other operations>
eqns
forall classA_State: ClassA_State
ofsort Bl .
get_bl{classA_State) = the_Bl.
ofsort UNKNOWN
get_b2(classA_State) = the_UNKNOWN;
ofsort Nat
get_b3(classA_State) = the_Nat;
<other equations>
endtype (* ClassA_State_Type *)

o A Az

Z AAe o AN 383 FEddy. F A9
HAe Z& 0 F& FL-EL Mu2E AL
et g Aot AMEL LOTOS FAAM A
A Az fdded, A4 AdAe LE(sort)e
Ao EH2E AAS L, g @& FYg29 A
H2g Fdsed Adgd B =244 24 29
271 0% J2E2E ZdeEvn AgEn Ao
A2 ClassA7h 3] Q262§ 7HY o, A4¥x
& Adste 2EE t&F Zo] AAY 4 gt

type Class_Id_Type

sorts ClassA_Id

opns the_ClassA_Id -> ClassA_Id
endtype (* Class_Id_Type *)
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type Set_Id_Type is Set actualizedby Id_Type using
sortname Id for Element
Bool for FBool
endtype (* Set_Id_Type *)
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process ClassAlglid: ClassA_Id, s: ClassA_State): noexit :=
<process body>
endproc (* ClassA *)
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process ClassAs[gl(ids: ClassA_Set): noexit =
g lcreate ?id: ClassA_Id ?s: ClassA_State [id notin ids];
( ClassAlgl(id, s)
I
ClassAslg](Insert(id, ids))
)
endproc (* ClassAs *)
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op'B, ClassA_State -> C
equation 3¢ &3 o] e}

forall classA_State: ClassA_State, p: B
ofsort C
oplp, classA_State) = the C
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exit(s)

%, 99 e g2 AT ps s& 7HRI ADT
evold opE EFSE Aow ot Wk op
7} non-atomice]d, € 2§ ClassAE 9% LOTOS =
EA2E g 22 eneoldos Heldrt

UML P CIOIOIZ 2 RE) LOTOS BAM 4 3505

g lop lid p' B;

(* internal processing *)

g 'rtn_op lid lop(the_B, s);

exit(s)
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exit(op(p, s))
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g 'op lid ?7p: B;

(* internal processing *)
g 'rtn_op lid:
exit(op(the_B, s))
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type ClassA_State_Type is B1_Type, B2 Type, B3 Type, ClassB_Set_Type

sorts ClassA_State

opns
the_ClassA_State: ~> ClassA_State
make_ClassA_State: Bl, B2, ClassB_Set -> ClassA_State
get_bl: ClassA_State ~> Bl
get_bZ ClassA_State -> B2
get_ClassB_Id: ClassA_State -> ClassB_Id
add_ClassB_ld: ClassB_Id, ClassA_State -> ClassA_State

op_l: ClassA_State -> Bl
op_2: B2, ClassA_State -> B3
op_3: ClassA_State -> ClassA_State

eqns
forall classA_State: ClassA_State
ofsort Bl
get_bl(classA_State) = the Bl;
ofsort B2
get_b2(classA_State) = the_B2;
ofsort ClassB_Id
get_ClassB_Id{(classA_State) = the ClassB_Id;
ofsort Bl
op_l(classA_State) = the_BI:
ofsort B3
forail p: B2

op_2(p, classA_State) = the B3;
endtype (* ClassA_State_Type )

type ClassB_State_Type is B1_Type, B2 Type, B3_Type, ClassA_Id_Type
sorts ClassB_State
opns
the_ClassB_State: -> ClassB_State
make_ClassB_State! B, B2, ClassA_Id -> ClassB_State
get_bl: ClassB_State -> Bl
get_b2: ClassB_State -> B2
get_ClassA_Id ClassB_State -> ClassA_Id
op_1: ClassB_State ~> Bl
op_2: B2, ClassB_State -> B3
op_3 ClassB_State -> ClassB_State

eqns
forall ClassB_State: ClassB_State
ofsort Bl
get_bl(classB_State) = the_Bl;
ofsort B2

get_b2(classB_State) = the_B2;
ofsort ClassA_Id
get. ClassA_Id(classB_State) = the_ClassA_Id;
ofsort Bl
op_l(classB_State) = the_Bl;
ofsort B3
forall p: B2
op_2(p, classB_State) = the_B3;
endtype (x ClassA_State_Type *)

36 Z etEHAggregation)

aggregation® aggregate$] E# 2o A@E tholo}
ZE22 JEPdr) aggregatione A At #wAZ 2
g AAA aggregated E0 vod ANZ 239
AXAEGE FYHFT} aggregatest HFIXUEE A%
2 }FHY, 28E EAYE VMY, HHAE AR
3 £4¢ et o8 FF9 aggregatest Yl
[2,3], ¥ =FdMe AXAES g B o8 7
Fo2) @& A4T 2. AEIEE aggregate
St part.of @A) Sl A¥HES} H¥dEg 33



& & 9o, e 4253 ¥ g #48 A
FE fUrh aggregates €A% HEIVEY HAE A
3tn 2% A43e F&HYt FFIIEY Mujre
A9 aggregatec] AT AFEch Alxmae O
ANEL DA aggregatest T4l3ln o FHEWEY]
EAe 43 Rl aggregated] tHEAFE Ay 1
oy, H¥JIES TFAHE gwtAl wHE& —Oad.
aggregate® ¥ Lo olAE 587 Hstd, ag-
gregation®] HEJIEIL A Fst ) o9 2
old-g TEof @t} shte HIIEG Fite 2
Helo]do] A¥ A$ T AIUAHE e oy
goldo] HEAES aggregated] & AFHEE 3
W, UML tholeta@le] eu#old 54 ExdL H
FUE FH29E THAEE ok (2Y HE ag-
gregateo] Al AMu]2 op_bl# op 28 TEHAIF7] 3}
& ComponentB7t AMul2~ op_ bl& #3383, Com-
ponentC7} Al 2 op 28 A Fde 43S BAZE

AggA

op_al()
op_a2(}
op_bl(nl:Nat): Bool{ComponentB }
op_c2(n2:Nat){ ComponentC }

S S

ComponentB ComponentC
op_bi(nl:Nat): Bool op_cl()
op_b2() op_c2(n2:Nat)

(38 4 ® e 3

aggregatet™ ComponentB2| U281~ sluel Com-
ponentC8 zero £& 8l olis] JAAWAE EFF
th A2 ComponentC AA7F Ax@lx3l €@
ComponentC ) 2/} seto] AAl" + UxE ADT
AggA State Typee 2.3 ol4  add_ComponentC_IdE
FHcl AA aggregatew HAY ZEA2E HE
o] Hd|, o] TREMAE aggregatedt L o]FE
Zte Aol ZRALS § HAIEVES] T2 A Qx
W32 Yed Frh aggregated) EME Pezid
Z2AM2E LOTOS ¥HE ddatg Algste vehd
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LOTOS 3% H#4 oz WHg

#7147 AolE g _ComponentB#t g_ComponentC+
Aol T2 ComponentB# ComponentCzte] 4
AEE 98 AHelgrh Aol A2 FeHE=
XdEe A AUAE EPEEd, £ aggregation
WA= BEUES g 4L 2= BAE Hdg
o}, aggregation®] Al 4 HXVUER Bibgd, A
A ZAx Rasis Ao ZaAas e LEY
BHE Zed Ao ZrA2e FHE B 278
7] 98t AERTE (29 4)9 aggregation BA 2R
B A€ LOTOS "WAE vhgat g

process AggAlgliid: AggA_Id, s' AggA_State) : noexit =
hide g_ComponentB, g_ComponentC in
AggAlg, g ComponentB, g_ComponentCJ(id, s)
| lg_ComponentB, g_ComponentC] |
( ComponentBlg_ComponentB](the_ComponentB_Id,
the_ComponentB_State)
il
ComponentCs[g_ComponentC} ({} of ComponentC_Set)
)
where

process AggAlg, g ComponentB, g_ComponentCliid: AggA_Id,
s AggA State): noexit =
{ g lop_al lid:

exit(op_al(s))

g lop_a2 lid
exit(op_a2(s))
[
g lop_bl 'id ?nl: Nat;
g_ComponentB lop_bl ?ide’ ComponentB_Id nl ?rtn_val: Bool;
g 'rtn_op_bl lid 'rtn_val;
exit(s)
I
g lop.c2 lid M2 Nat;
g_ComponentC !'op_c2 %idc: ComponentC_Id 'n2;
g rtn_op_c2 lid
exit(op_c2(n2, s))
} >> accept new_s' AggA_State
in AggAlg, g ComponentB, g ComponentCl(id, new_s)
endproc (* of inner AggA *)
endproc (* AggA *)

process ComponentB{gl(id: ComponentB_ld, s: ComponentB_State):
noexit :=
( g lop._bl !id ?nl: Nat 'op_bl(nl, s);

exit(s)
5]

g lop_b2 lid;

exit(op_b2(s))
) >> accept new_s: ComponentB_State

in ComponentBlgl{id, new_s)

endproc {* ComponentB *)

process ComponentCs{gl(ids: ComponentC_Set): noexit :=
g 'create ?id: ComponentC_Id ?s: ComponentC_State [id
notin ids]:
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( ComponentClgl(id, s)
Il
ComponentCsigl{insert(id, ids))

)
endproc (* ComponentCs *)

process  ComponentClgl(id: ComponentC_Id, s' ComponentC_
State): noexit :=
( g 'op.c2 lid 7n2: Nat;

exit(op_c2(n2, s))
[

g lop_cl lidi

exit(op_cl(s))
) >> accept new_s: ComponentC_State

in ComponentClgl(id, new_s)

endproc (* ComponentC *)

37 34 (Muttipiicity)

dutd oz thEAe] el bound7t ALY lower-
bound® upper-boundo]t}, whek t}FAde] A ETHE,
el Ad4z gdE 4 Aok FAE upper-bound
¥ +2 BEEEH oA 049 ¥d&ch 54 1
£ LOTOS HAdA e AAe NExE FEe
AN 4oz Agdd OE BE dFHL @
ARl A o A AEzte] ARE B@IE 54
& Roste Aoz FPPTL

38 A #efA(Association Class)

BAE FYgxst 28 448 2L 5 Uk w4 29
2 #A9 BEY £4¢ Zeo @A gd=x
LOTOSM S4¢ AN dxg 74 gede Jt
stz YurAQ FHxe 2 ez gHArt Ul
A AL Ay F Fdxd AH AdxE 7AHE ¥
A A AEag etk e (ad 59 84 s
ZRE WEE LOTOS Z2Ax Ao YHE BoEr)

process AssocClass(g, h] (ida: ClassA_Id, idb: ClassB_Id,
s: AssocClass_State): noexit :=

endpmc (* AssocClass *)

ClassA ClassB

AssocClass

attr_a
attr b

(T 5) A #Ax

39 N_ary #4

nary 8AE 37 olde FHae @A
LOTOSe A #A8 FAste a4 Adxd29 AH
Azl 48 2 g2 FEAC

ClassA

ClassB

(22! 6) N_ary A

(29 6)8 n_ary #A dg3E LOTOS Z=A
29 24¢ ted g,

process Narylg, hl(ida: ClassA_Id; idb: ClassB_Id,
ide: ClassC_Id): noexit :=

endproc (* Nary *)

nary BAE oW dolHx E#A Fon, @
BAE FAST de AN JdAgre /HR L Qi

3.10 #H4(Composition)

UMLA A 42 aggregation®] 7% Hejojt}t. &
e Mol AYA rjojolEE Az gddth
2o £4e UML Ed82 tojeladlida &4 w4
2§89 & £ o (29 e 2e 4guE AYs

ClassC

att_a: ComponentA
att_b: ComponentB

1 1
attr_a 1 1 attr_b

ComponentA L ComponentB I

al: Sortl
a2: Sort2

opl(b3: Sort3, b4: Sortd)
op2(b2: Sort3): Sort§

(a8 7) 43 8y
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(29 DA 723" B9 AXIEE ClassCH
&A402 FHEh ComponentA7} AFate v ol
2 ClassClelA &4& z3er] g Aol =
2 ClassCol FEo|AdEEL AEE £ gich ClassCe
LOTOS ##-2 ComponentA$} ComponentB7} &2
tpolofio N £402 HAHE T FAHE AX
UEZ HogE 98& 23 g 7 714 3%
oA, ClassCol 4ei€ HosE= ADTE &Y Com-
ponentA_Type® ComponentB_Type& import %t}
727 €Y ComponentAcl €5+ LOTOS ADT
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type ComponentA_Type is Sortl_Type, Sort2 Type, Sott3_Type,
Sort4_Type, Sort5_Type
sorts ComponentA
opns
make_ComponentA: Sortl, Sort2 -> ComponentA
the_ComponentA: ComponentA-> ComponentA
get_al: ComponentA -> Sortl
get_a2: ComponentA -> Sort2
opl: Sort3, Sort4, ComponentA -> ComponentA
op2: Sort3, ComponentA -> Sortd
eqns
forall componentA: ComponentA
ofsort Sortl
get_al(componentA) = the_Sortl;
ofsort Sort2
get_a2(componentA) = the_Sort2;
ofsort Sorts
forall b2: Sort3
op2(b2, componentA) = the_Sorts;
endtype (+ ComponentA_Type *)

meb T3l £44 o ADTE ERlo] Com-
ponentA_State_Type®] ¢}d ComponentA_Typeo] &
Aerg Adsd AA Jeg s ADTS @
HHE 2=

311 2 ¥h=HGeneralization)

LOTOSw A 7I¢k F2o o Adsic a2y
gH AAAY A2 WS AT st etz
(&35 B¥)E ZEHY $ glojor drl
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Super
(abstract)

selector_1{)
modifier_I()

T

Sub

modifier_2()

(28 8) soFeAast ME Felia

g A Ao N, subtyping® FH A
%9 A¢E ¥z TFEED o)HT ATAYEL
AgHe AMul2e AlavAz uvebdoh subtyped
A7t supertype A ZE BEHE YSWIE 9
B, £§ Y d&o] B LnEHY FAYE
F8Y & UxE 275 (29 )N HiEds
Zol FHEHL SuperZ e 45§ Wol JAF &
2 subst At FPgEch s Supers EAE
< 4 Ae8 dE LOTOS ZT2ZAM A SuperZ od
& o] Hejg ¢ gtk

process Superlglid: Super Jd, s Super_State) : exit(Super_State) :=

g !selector_] lid !selector_1(s);
exit(s)
[]g !modifier 1 lid;

exit(modifier_1(s))
endproc (* Super *)

4 3B ALY

AollA Heg Hg Ao A UMLERH
LOTOSE 443l7] $i8)M+ Extemal File Format$l
T Z=E2 WS HFHog LOTOS HHE 4
Ao (29 9)¢ S8 dojolide 41389 Ex-
ternal File Format2.2 ¥#EHT, o] $3 Hd2RE
4274¢ LOOTOS HAHE A8t B =RMes A
# thelel1@F Aggregation AN U E#d 2 Eb,
22 Gb, F2 Fool W# A€ ReFEo)
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Ab N
Eb {abstract} 9.0 am> ] <<controller>>
<<calls>> ra rb Cb
#al;Al <<calls>> ¢l
opfl(pa;Al,pa2;A1)(Fb) <<calls>> #322;A2
op_cr()(+Fb) ope
opf3(x:Nat);Bool(Gb) <<update>> )
+opal(c;Ch)
1 ? . +opaZ(p;Al) col )
| ‘I <<gquery>> |
Gb b +opal3();A2 Dh
n:Nat ? d:D!
opf3(x:Nat):Bool opfl(pa:Al,pa2:Al) opd():D1
opfd(p:Nat) -opf2() Bb
L o
Hb opbb(n:Nat);Bool
opf5()
(38 9) |~ crolotag off
4.1 BExtemal File Format o attribute
g8 tolol1Ys) Aggregation BANE B2 assevintoon
Eb, Ed2 Gb, Fd2 Fbola €A Ebg Fd#H2 Eb role (») (1) navigable -, aggregate <=, composite -
= ti
Fhz¥e 448 33 el 4 nez. o 3y P oofl(pa: AL pa2: AL,
9 AdAE LI BYez Aoy, sy 2 ‘001120
o] rEZ Edo| Art e
calledby
package System
class Eb class Gb
muiti -
attribute calledby
association
Ab role (1) (*) navigable +; aggregate -; composite -,
Fb role (1) (*) navigable +; aggregate >=; composite -,
Gb role (1) (1) navigable +. aggregate >=: composite -,
opera?{)(n AL paZ AD {Fb) 42 44 E LOTOS
0Ol . , o ,
oncr) (Fb) 449 LOTOS BAlE 4149 External FileZ %8
Sup(;cpt?;xst Nat): Bool {Gb} A4 5 A, Aggregation #A = Ebst ¥~
S
call Fbe] AA dE RAgFu v, 3649 Aggre-
caﬂ:ﬁ;be gation W T wel YPHAAG. mZ=e FAHL
Bb 2 229 AR BY HARSE ZTZA2E Uyl

Utk A= For el A2EAE EREY 4 Uo

B2 A AAdAHObject Generator) T Z A A< Fbs
class <<controller>> Cb 7} A3 =9k

class Ab {abstract}

class Fb specification example: noexit
multi + library



Set, NaturalNumber, Boolean
endlib
type Id_Type is Boolean, NaturalNumber
sorts Id
opns idl, id2, id3, id4, id5, id6, id7, id8, id9, id10
idll, id12, id13, idl4, id15, idi6, id17, id18
id19, id20: -> Id
h: Id -> Nat
_eq, ne_, It gt Id Id -> Bool
eqns forall nl, n2: Id
ofsort Nat
h(idh) = 0
h(id2) = succ(h(id1));

h(id20) = succ(h(id19));

ofsort Bool

nl eq n2 = h(nl) egq h(n2);

nl ne n2 = hinl) ne hin2);

nl It n2 = hinl) It h(n2);

nl gt n2 = h(nl) gt h(n2),
endtype

type Eb_Id_Type is

sorts Eb_Id

opns the Eb_Id: -> Eb_Id
endtype (* Eb_Id_Type *)

type Eb_State Type is Ab_Set. Type, Fb_Set_Type,
Gb_Id_Type, Al_Type, NaturalNumber, Bool
sort Eb_State
opns
the_Eb_State: -> Eb_State
make_Eb_State: Ab_Set, Fb_Set, Gb_Id ->Eb_State
get_Ab_Id: Eb State -> Ab_Id
add_Ab_Id: Ab_Id, Eb_State -> Eb_State
get_Fb_Id: Eb_State -> Fb_Id
add_Fb_ld: Fb_Id, Eb_State -> Eb_State
get_Gb_Id: Eb_State -> Gb_ld
opfl: Al. Al, Eb_State -> Eb_State
op_cr- Eb_State -> Eb_State
opf3: Nat, Eb_State -> Bool
eqns
forall eb_State: Eb_State
ofsort Ab_Id
get_Ab_Id(eb_State) = the_Ab_Id;
ofsort Fb_Id
get_Fb_1d(eb_State)
ofsort Gb_Id
get_Gb_Id(eb_State)
ofsort Bool
forall x: Nat
opf3(x, eb) = the_Bool:
endtype (* Eb_State_Type *)

type Fb_Set_Type is Set_Id_Type
renamedby
sortnames
Fb_Id for Id
Fb_Set for Set
opnnames the_Fb_Id for id20

the_Fb_Id;

the_Gb_Id;

UML BX7Z CHOIOIOMORRE LOTOS HAl M 3511

endtype (+ Fb_Set_Type *)

type Fb_State_Type is NaturalNumber, Al_Type
sorts Fb_State
opns
the_Fb_State: -> Fb_State
make_Fb_State: Nat -> Fb_State
get_n' Fb_State -> Nat
opfl: Al, Al, Fb_State -> Fb_State
opf2: Fb_State -> Fh_State
eqns
forall fh_State: Fb_State: Fb_State
ofsort Nat
get_n(Fb_State: Fb_State
ofsort Nat
get_n(fb_State) = the_Nat;
endtype (x Fb_State_Type *)

behaviour (* behaviour expression *)
where (* package system #*)
(* process Eb is an aggregate *)
process Eblg, g_Ab, g Cbl(id: Eb_Id, s: Eb_State): noexit :=
hide g_Fb, g Gb in
Eblg, g_Fb, g Gb, g Ab, g Cbl(id, s)
llg_Fb, g_Gbll
(Fbslg_Fbl{{} of Fb_Set)
il
Gbig_Gbl(the_Gb_ld, the_Gb_State)
)
where
(* Definition of inner control process *)
process Eblg, g Fb, g Gb, g_Ab, g Cbl(id: Eb_Id,
s:Eb_State): noexit :=
(g lopfl lid ?pa: Al ?pa2: Al;
g_Fb lopfl ? idc: Fb_Id 'pa 'pa2;
g 'rtn_opft tid;
exit(opfl{pa, pa2, s))
i

g lop_cr lidi
g_Fb Icreate ?idc: Fb_id !the Fb_State:
exit(op_cr(add_Fb_Id(idc, s))
0
g 'opf3 lid ?x; Nat
g_Gb lopf3 ?idc: Gb_id 'x ?rtn_val: Bool;
g 'rtn_opf3 lid !rtn_val;
exit(s)
) >> accept new_s: Eb_State
in Eblg, g_Fb, g Gb, g_Ab, g _Cbllid, new_s)
endproc (* of inner Eb %)
endproc (* Eb *)

(* process Fbs is an object generator *)
process Fbslgltids: Fb_Set): noexit :=
g Icreate 7id: Fb_id ?s: Fb_State [id notin idsk
(  Fbigliid, s)
i
Fhslgl{insert(id, ids))
endproc (* Fbs *)

process Fblgllid: Fb_Id, s: Fb_State): noexit :=
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(g lopfl lid 7pa: Al ?pa2: Al
exit(opfl(pa, pa2, s))
) >> accept new_s: Fb_State

in Fbigl(id, new_s)
endproc (*x Fb %)
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