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- 7 SchoolExt DepartmentExt
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Level 1 Metaclasses

ClassObject

new
name
instanceS

ize

%

[ | | I 1
MetaSchool MetaDepartment MetaStudent MetaCourse Metalnstructor
; S : .
I School J I Department | l Course | I Instructor l
Student |
MetaGraduate MetaUndergraduate
I Graduate J IUndergraduate—l
12 Class Di
el s g School Department ]
Chairs
name : name Has name : name
address : address 0.1
>
phone : phone 1 |
1.*  AssignedTo
L.» g
Member Offer
* ]“‘ l... Ol
Student Course Instructor
name : name Attends | name : name Teaches |name : name
studentld : studentld courseld : courseld
* L * l..‘
Graduate Undergraduate
‘ Refine
Level 3 Set of Objects
CompHas -
School Department AssocChairs
AggAssignedTo
Cahoo ) | AgeMember AsocOfer
AssocAttends AssocTeaches
Student Course Instructor
| )
Graduate Undergraduate
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[SCHOOL, NAME, ADDRESS, PHONE]
[DEPARTMENT]

[STUDENT, STUDENTID]

[COURSE, COURSEID]
INSTRUCTOR]

—School

name . NAME
address : ADDRESS
phone : PHONE

— SchoolExt:
school : F SCHOOL
schoolAttrs : SCHOOL ~ School

dom schoolAttrs Qschool

— Department-
name : NAME

Ext

— Department
department : F DEPARTMENT
departmentAttrs | DEPARTMENT -H Department

dom departmentAtirs £ department

name : NAME
studentld : STUDENTID
—StudentBxt

student : F STUDENT
studentAttrs  STUDENT -+ Student

dom studentAttrs £ student

name : NAME
courseld : COURSEID

---c.nuspkrt
course | F COURSE

courseAtirs COURSE  Course

dom courseAttrs £ course

— Instructor----
name . NAME

— InstructorExt:
instructor : F INSTRUCTOR
instructorAttrs : INSTRUCTOR -1t Instructor

dom instructorAttrs £ instructor

5.2

3

—GraduateExt----------------

StudentExt

graduate ; F STUDENT

graduateAttrs : STUDENT -  Graduate

dom graduateAttrs ¢ graduate

%raduate 6 {student}
a £ dom graduateAttrs \a € (om studentAttrs ¢
(fraduateAttrs a).studentattrs = (studentAttrs a)

— Undergraduate------
studentattrs . Student

StudentExt
undergraduate . F STUDENT
undergraduateAttrs . STUDENT -  Undergraduate

dom undergraduateAttrs £ undergraduate

undergraduate 6 {student}

V a £ dom undergraduateAttrs |
a - (om studentAttrs 1
(undergraduateAttrs a).studentattrs =
(StudentAttrs a)

— CompHas
DepartmentExt
SchoolExt
compHes : F (DEPARTMENT X SCHOOL)

dom compHas £ department
ran compHas £ school
Vrl, ri:ran comHas

compHas-(rl) = compHas~(r2) =>rl =r2
\/ X : departmentl (compHas(\{x}\i) =1
V'y : school m>i(compHas(\{y})) >

—AggMember
SchoolExt
StudentExt
aggMember ; F (SCHOOL X STUDENT)

dom aggMember £ school
ran aggMember £ student
\/ X : school m#(aggMember({x) > 0
Vy : student maggMember(\{y}))) > 1

—AggAssignTo
DepartmentExt
InstructorExt
agoAssignTo . F (DEPARTMENTX INSTRUCTOR]

dom aggAssignTo C department

ran aggAssignTo £ instructor .
Vet e ()
V7 instructor * #aggAssignTo ([{y}])) > 1




—AssocChairs-
DepartmentExt
InstructorExt
assocChairs | F {DEPARTMENT X INSTRUCTOR)

dom assocChairs Q department
fan assocChairs £ instructor
VdI, &2 : dom assocChairs,
rl,r2 : 1 assocChairs, *
assocChairs{dl) = assocChairs {d2) => d| =d2 A
assocChalrs~(rl) assocChairs~{r2) =*rl =r2
VX department tt( halrs(\{ )>0A

#(
hairs~({y}\)) >

uctor »

anocC7ra|r|#E|{y}| <1

—AssocAttends
StudentExt
CourseExt
assocAttends : F (STUDENT X COURSE)

domassocAttends£smdent

ends £ cou
V X student ¢ #(assoo&ttends(\{ ) >0
VY course « #(assocAttends~(\{y}\)) > 0

DepartmentExt
assocOffer | F (DEPARTMENT X COURSE)

dom assocOffer £ depanment

IaN assocOffer Qcoul

V" department - #(assocOffer(l{*}')) 1
VY : course m#(assocOffer~(\{y}) > 1

—AssocTeaches:
CourseExt
InstructorExt
assocTeaches : F (COURSE X INSTRUCTOR)

dom assocTeaches £ course
ran assocTeaches £ instructor

VL. Teaches({X
VK: ?r?gtﬁectoﬁ( * #(a550creacAgI~ (ff> 1)>0

A SchoolExt
school? : SCHOOL
si : School

school? € dom schoolAttrs
school = school ~ {schoal!)
schoolAtrs = schoolAtirs ~ {school? 17}
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—AddDepartment----------------
A DepartmentExt
depanment? DEPARTMENT

7' Department

department? § dom depam'nentAtlrs

department = department  {department?}

departmentAttrs = dej NtAttrs
{department! *> ﬁ

AddStudent:
A StudentExt
student! | STUDENT

I : Student

student! ¢ dom studentAttrs
student =student  {student!}
studentAttrs = StudentAtrs  {student! >*, %}

course! €00m courseAttrs
course' = course ~ {cowrie?}
COUrseAltrs = courseAttrs — {cowrie? »>c?}

— (ddInstructoi--------------
A InstructorExt

instructor! . INSTRUCTOR
i! : Instructor

instructor! & dom instructorAttrs

instructor = instructor ~ {instructor?}

instructorAttrs = instructorAtrs
{instructor! >>i7%

A GraduateExt
graduate! : STUDENT
g! : Graduate

graduate! ¢ dom graduateAttrs
graduate' =graduate  {graduate!'}
graduateAttrs = graduateAttrs  {graduate! > g}

—AddUndergraduate----------
A UndergraduateExt
undergraduate! : STUDENT

I': Undergraduate

undergraduate! < (10M undergraduateAttrs

undergraduate = undergraduate
{undergraduate! }

undergraduateAttrs = undergraduateAttrs
{undergraduate! P> 7}



3

"' Kemoveuepartmeni
A DepartmentExt
department? . DEPARTMENT

department? & dom departmentAttrs

department = department \ {department?}

departmentAttrs = {department’}
departmentAttrs

nemove’\cnooi
A CompHas
RemoveDepartment
school? : SCHOOL

school? £ dom schoolAttrs

school = school \ {school! }

schoolAttrs - {school!} < schoolAttrs

{department?} = {5 : department \
compHas(s) - schooll ¢ }

LY

A StudentExt
student! : STUDENT

student!  (om studentAttrs
student = student\ {student!}
studentAttrs = {student!}  StudentAtirs

\emoversourse
A CourseBxt
course! . COURSE

course! € (0M courseAttrs
course' = course \ {course!}
courseAtrs = {C0Urse?} *3 courseAttrs

Removelnstructor:
A InstructorExt
instructor! . INSTRUCTOR

instructor! € dom instructorAttrs
instructor = instructor \ {instructor!}

instructorAttrs' = {instructor?}  instructorAttrs

A GraduateExt
graduate! : STUDENT

graduate! & (om graduateAttrs
graduate' = graduate \ {graduate!}

graduateAttrs = {graduate!} graduateAttrs

Rermove Undergraduate

A UndergraduateExt
undergraduate! : STUDENT

undergraduate? € (0M undergraduateAttrs

undergraduate’ = undergraduate \
{undergraduate!}

undergraduateAttrs' = {undergraduate’} 3
undergraduateAttrs

52

~nangeocnooi
A SchoolExt
school? : SCHOOL
I : School

school! E dom schoolAttrs
school = school
schoolAttrs = schoolAtirs ® {school! 7}

~nungeuepurimeru
A DepartmentExt
department! : DEPARTMENT
d! : Department

department! 6 dom departmentAtirs

department = department

departmentAttrs = departmentAttrs ®
{department!  d!}

LY

A StudentExt
student? : STUDENT
1 - Student

student! E dom StudentAttrs
student = student
studentAttrs = StudentAtrs ® {student! t> 7}

nange”uurse
A CourseExt
course! : COURSE
c! . Course

course? € (0m courseAttrs
COursé = course
courseAttrs = courseAttrs  {course! <c!}

Changelnstructo:
A InstructorExt
instructor! : INSTRUCTOR
a : Instructor

instructor! € dom instructorAttrs

instructor —nstructor

instructorAttrs = instructorAtirs
{instructor! >»/7}

'CnungeUrauuate
A GraduateExt
graduate! : STUDENT
g! : Graduate

graduate!  (0m graduateAttrs

graduate' = graduate
graduateAttrs =graduateAttrs  {graduate! >*g'}

()
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— ChangeUndergraduate-----
A UndergraduateExt

undergraduate? : STUDENT
? . Graduate
undergraduate? ¢ dom undergraduateAttrs
undergraduate’ = undergraduate
undergraduateAttrs = undergraduateAttrs ®
{undergraduate? >->«?}

2 52 $ ()

- 7 AddSchool AddDepartment

AddStudent AddCourse Addinstructor AddGraduate AddUndergraduate

7 RemoveDepartment RemoveSchool
RemoveStudent RemoveCourse Removelnstructor RemoveGraduate

Removellndergraduate

- 74 ChangeSchool ChangeDepartment
ChangeStudent ChangeCourse Changelnstructor ChangeGraduate

Changelindergraduate

3) Z/EVES

AddStudent RemoveStudent ChangeStudent

— AddStudent
A StudentExt
student? : STUDENT

? : Student

student? £ dom studnetAttrs
studentl- student {student?
studentAttrs ' - studentAttrs  {student? >> 7}

— RemoveStudent—
A StudentExt
student? : STUDENT

student? e dom StudnetAttrs
student' - student \ [student?)
studentAttrs ' - {student?} <3 StudentAttrs



— ChangeStudent—
A StudentExt
student? : STUDENT

? : Student

student? e dom studnetAttrs
student' - student
studentAttrs ' - studentAttrs ® {stuent? 1» ?}

AddStudent
Theorem preAddStudent
V StudentExt; student? ; STUDENT; ? . Student ®
student? £ dom StudentAttrs => pre AddStudent

prove by reduce  Z/EVES true

RemoveStudent
Theorem preRemoveStudent
V studentExt; student? : STUDENT
student? e dom studentAttrs A
dom studentAttrs \ {student?} e P(student\ {student?})
pre RemoveStudent

prove by reduce  Z/EVES true

ChangeStudent
Theorem preChangeStudent
V StudentExt; student? : STUDENT; ? : Student
student? e dom studentAttrs => pre ChangeStudent

prove by reduce  Z/EVES true
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5.1

AddSchool
AddDepartment
AddStudent
AddCourse
Addlnstructor

AddGraduate

AddUndergraduate

RemoveDepartment

RemoveSchool

RemoveStudent

RemoveCourse

Removelnstructor

RemoveGraduate

RemoveUndergraduate

ChangeSchool

ChangeDepartment

school? £ dom schoolAttrs

department? £ dom departmentAttrs

student? dom studentAttrs

course? £ dom courseAttrs

instructor? . dom instructorAttrs

graduate? £ dom graduateAttrs A

graduate? £ graduate A

graduate? e student

undergraduate? £ dom undergraduateAttrs A

undergraduate? £ undergraduate A

undergraduate? E student

department? E dom departmentAttrs A

dom departmentAttrs \ {department?} e
P(department \ {department?})

school? 6 dom schoolAttrs A

school? E school

student? £ dom StudentAttrs A

dom studentAttrs \ {student?} e P(student \ {student?})

course? £ dom courseAttrs A

dom courseAttrs \ {course?} E P(course \ {course?})

instructor? £ dom instructorAttrs A

dom instructorAttrs \ {instructor?} £ P(instructor\ {instructor?})

graduate? £ \dom graduateAttrs A

graduate? E graduate A

graduate? £ student

undergraduate? E dom undergraduateAttrs A
undergraduate? £ undergraduate A
undergraduate? £ student

school? E dom schoolAttrs

Department? £ dom departmentAttrs

40



51 fll ()
ChangeStudent student? e dom StudentAttrs
ChangeCourse course? e dom courseAttrs
Changelnstructor instructor? 6 dom instructorAttrs
ChangeGraduate graduate? e dom graduateAttrs A

graduate? e graduate A
graduate? £ student

ChangeUndergraduate undergraduate? e dom undergraduateAttrs A
undergraduate? e undergraduate A

undergraduate? £ student

4

(Initial

- AddStudent
state) student studentAttrs
— Initstudent
StudentExt '
student' = 0

studentAttrs / = 0

1
TestAdd2Students  Initstudent 9 AddStudent 9

AddStudent[student2?/student?, s2?/s7?]

§ (Schema composition)

try

try TestAdd2Students[student? := OID11 ? := John,
Student2? = OID2, 2? :=jack];
1 prove by reduce Z/EVES

student studentAttrs



student' = {0ID1} {0ID2} A
studentAttrs' = {(0ID11john)} {(OID2, jack)} A

-10ID2 = QID1

try TestAdd2Students[student? := OID11 ? := john,
Student2? := OID11s2? := jack];
prove by reduce ZIEVES false

student? g dom StudentAttrs

RemoveStudent
, 2
TestAddThenRemoveStudent - Initstudent 9 AddStudent 9

RemoveStudent[student2?/student?]

try TestAddThenRemoveStudent[student? := OID1, ? :=john,
Student2? := OID1];
prove by reduce Z/EVES
student StudentAttrs

studentl= 0 A studentAttrs' = 0

ChangeStudent
3
TestChangeStudent  Initstudent 9 AddStudent 9

ChangeStudent[student2?/student?, s2?/s?]

try TestChangeStudent[student? := OID11 ? :=john,
Student2? = (I, s2? :=jack];
prove by reduce Z/EVES
studentAttrs StudentAttrs

Student2? studentAttrs

studentl= {OID1} A StudentAttrs1= {(OID1ljohn)} ® {(OID1, jack)}
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studentl= {0ID1} A studentAttrs' = {(0ID1, jack)}

- AddStudent
Theorem TwoStudentsOfAddingAreNotSame

V TestAdd2Students ¢ Student2? A student?

prove by reduce Z/EVES true
AddStudent student? e dom StudentAttrs

student? Student2?

- RemoveStudent
Theorem TwoStudentsOfRemovingAreSame

V TestAddThenRemoveStudent ¢ Student2? = student?

prove by reduce Z/EVES true
RemoveStudent student? G dom studentAttrs A dom
studentAttrs \ {student?} G P(student \ {student?}) student?

Student2?

- ChangeStudent
Theorem TwoStudentsOfChangingAreSame

VTestChangeStudent « Student2? = student?

prove by reduce  Z/EVES true
ChangeStudent student? G dom studentAttrs

student? Student2?

532
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53 54

ZIEVES

8 Species Fish Event Tank DisplayFish
ExperimentalFish DisplayTank ScientificTank
8 SpeciesExt  FishExt
EventExt TankExt DispiayFishExt ExperimentalFishExt DisplayTankExt
ScientificTankExt
4 AssocReps AssocExperience
AssocPopulationl AssocPopulation2
8 AddSpecies AddFish AddEvent
AddTank AddDisplayFish AddExperimentalFish ~ AddDisplayTank
AddScientificTank
8 RemoveSpecies RemoveFish
RemoveEvent RemoveTank RemoveDisplayFish RemoveExperimentalFish
RemoveDisplayTank RemoveScientificTank
8 ChangeSpecies ChangeFish
ChangeEvent ChangeTank ChangeDisplayFish ChangeExperimentalFish

ChangeDisplayTank ChangeScientificTank



Level | Metaclasses ClassObject

new
name
instanceSize

ﬁl

[ I I 1

MetaSpecies MetaFish MetaEvent MetaTank Tank

= o= ]

MetaDisplayFish MetaExperimentalFish | | MetaDisplayTank MetaScientificTank i

:

L DisplayFish ] I ExperimentalFish I DisplayTank l I ScientificTank ]
Level 2 Class Diagram
Species Fish Event Tank
sname : sname Res fname : fname Expenitape edate : edate tname : tname
sfood : sfood " fcolor : feolor \ . |enote: enote teolor : tcolor
fweight : fweight tvolumn : tvolumn
DisplayFish ExperimentalFish DisplayTank ScientificTank
lightingEffect : lightingEffect temperature : temperature
soundTrack : soundTrack salinity : salinity
£, |
¥ Populationl * 1 1
Population
Refine
Level 3 Set of Objects
AssocReps| AssocExperience

Species Fish Event Tank

[ spctics b ﬁsh% ﬁ @ [—L}—L

DisplayFish ExperimentalFish DisplayTank ScientificTank

i % 3 A
i experimental Fish ( dispIayTank) (sciemiﬁcTank)
{

AssocPopulationl

AssocPopulation2
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[SPECIES, SNAME, SFOOD)]

[FISH, FNAME, FCOLOR, FWEIGHT]
[EVENT, EDATE, ENOTE]

[TANK, TNAME, TCOLOR, TVOLUMN]
[LIGHTINGEFFECT, SOUNDTRACK]
[TEMPERATURE, SALINITY]

sname . SNAME
sfood . SFOOD

— SpediesExt
spedies | F SPECIES
SpeciesAllrs : SPECIES ~ Spedies

dom speciesAttrs ¢ spedies
fname | FNAME

/color : FCOLOR
fweight : FWEIGHT

fish : FFISH
fishAttrs : FISH -** Fish

domfishAttrs € fish

dom eventattrs ¢ evert

tname . TNAME
tcolor : TCOLOR
tvolumn : TVOLUMN

— TankExt-----==========----
tank : F TANK
tankAttrs | TANK - Tank

dom tankAttrs C tank

—DisplayFislr
fishattrs . FHsh

—DisplayFishExi
FishExt
displayFish : F FISH
displayFishAttrs : FISH -** DisplayFish

dom displayFishAttrs ¢ displayFish

displayfish € {fish}

V aQuom displayFishAttrs la  domfishAsttrs -
(displayFishAttrs a).fishattrs = (fishAttrs a)

54
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—Experimentalisk
fishattrs : Fish

— ExperimentalFshExt
FshExt
experimentalFish : F FISH
experimentalFishAttrs : FISH -# ExperimentalFish

dom experimentalFishAttrs QexperimentalFish
experimentalFish € {fish}
Vac dom experimentalFishAtrs |

a e domfishAttrs

GexpenmentalehAttrs a).fishattrs = (fishAttrs a)

—DisplayTanL
tankattrs : Tank
lightingEffect : LIGHTINGEFFECT
soundTrack : SOUNDTRACK

— DisplayTankExt
TankExt
displayTank : F TANK
display TankAttrs : TANK > Display Tank

dom displayTankAttrs C displayTank

displayTank € {tank}

V ac dom displayTankAtrs |a e dom tankAttrs -
(displayTankAttrs a).tankattrs = (tankAttrs a)

—ScientificTanke-------====--==----
tankattrs : Tank

temperature | TEMPERATURE
salinity : SALINITY

—ScientificTankExt
TankExt
ScientificTank : F TANK
scientficTankAttrs : TANK  ScientificTank

dom scientficTankAttrs ¢ ScientificTank

ScientificTank 6 {tank}

Vac dom scientficTankAttrs la e dom tankAtrs *
{scientficTankAttrs a).tankattrs = {tankAttrs )

—AssocRes
FshExt

[.']Pc vt
assocReps .« F (FISH X SPEICES)

dom assocReps € fish
IaN assocReps Qspedies

Virlr2: ranassocReps n
assocRe s-(rl) =

12)=>rl =12
VX ‘fish asAocﬁEep| |{ ) =
V'y - species » #{awocAeepj-(>'}) > 0




—AssocExperience
EventExt
FishExt

assocExperience : F (EVENT X FISH)

dom assocExperience ¢ event
I'an assocExperience Qfish
Vri, r2 : ran assocExperience |

a_sgoquxperience-(rl) = assocExperience~(r2) =>

VX even! 1 (assccExperience({x)) = 1
Vy :fis]i « #(assocExperience~({y}Y) >0

—AssocPopulation]-----------------------
DisplayFishExt
Display TankExt
assocPopulation! : F (FISHx TANK)

dom assocPopulationl o displayFish

I'an assocPopulationl QdisplayTank

Vri, r2 : ran assocPopulationl -
assocPopulationl~(rl) = assocPopulationl ~(r2)
=rl =r2

V X displayFish I tti{assocPopulationl(\{x}\)) = 1

y y : displayTank - ~(assocPopulationi~{\{y}\)) > 0

—AssocPopulation----------------------
ExperimentalFishExt
ScientificTankExt

assocPopulation2 : F (FISH X TANK)

dom assocPopulation2 ¢ experimentalFish
ran assocPopulation2 C scientificTank
V rl, r2 : ran assocPopulation! -
assocPopulation2~(rl) = assocPopuIation2~(r2)
=rl=r2
Vx . experimentalFish -
#assocPopulation2([{x}|)) = 1
V§ : scientificTank I
#(aMoc/pw/an'on2~({y}|)) > 0
— " ddSpedies---------
A SpeciesExt
species? | SPECIES
si : Spedes
species? £ dom speciesAttrs
species' = spedes  {Species?}
SpeciesAllrs' = speciesAtrs  {spedies? 7}

— AddFish—
A FishExt
fish? :F1.S7/
)? :Fisl!

[ '? £ domfishAttrs
fish! =fish  (fishi)
fishAttrs =fishAttrs  {/isn? 1?2}
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evert? § dom eventAtrs
even =even/ {even/?}
eventAttrs = eventAttrs  (event! »e?}

— AddTank—
A TankBxt
tank?

7 Tank

tank? ( dom tankAttrs
tank =tank (tank!)
tankAttrs = tankAtrs  {tank? >>/7}

—  ddDisplayFish—

A DisplayFishExt _..

displayFish? : F/STI
7. DisplayFish

displayFish? § (om displayFishAtirs

displayFish = displayFish displayFish?}

displayFishAttrs —displayFishAtirs
displayFish?

—VlddExperimentalFish—
A ExperimentalFishExt
experimentalFish? : FZSF/
el : ExperimentalFish

experimentalFish? § 10M experimentalFishAttrs

experimentalFish = experimentalFish
experimentalFish?}

experimentalFishAtrs' = experimentalFishAttrs
{experimentalFish? >»¢?

— AddDisplayTank—
A DisplayTankExt
displayTank? : TMA*

7 DisplayTank

displayTank? § dom displayTankAttrs

displayTank = displayTank {displayTank?}

displayTankAttrs = displayTankAttrs
displayTank? |» ?f

— AddScientificTank—
A ScientificTankExt
scientificTank? | TANK

? : ScientificTank

scientificTank? § dom scientific TankAttrs

scientificTank = scientificTank ~ {scientificTank?}

scientificTankAttrs = scientificTankAtirs
(scientificTank! £ 7}



— RenmoveSpedies—
A SpeciesExt
species| : SPECIES

speciesl ¢ (0M speciesAtirs
spedies = spedies \ {speciesl}
speciesAltrs = {speciesl} 3 speciesAttrs

—RemoveFisk
A FishExt
fishl : FISH

fishl ¢ domfishAttrs
fish' =fish \ {fishl}
fishAttrs = {fishl} SfishAttrs

—RemoveBventr
A BventExt
eventl . EVENT

eventl ¢ dom eventAttrs
ever{ = event\ {eventl}
eventAtrs' = {eventl} 3eventAtirs

—RemoveTank
A TankExt
tankl : TANK

tankl ¢ dom tankAttrs
tank = tank\ {tanki}
tankAttrs = {tankl} BtankAttrs

— RemoveDisplayFisk
A DisplayFishExt
displayFishl :FISH

displayFishl 6 dom displayFishAttrs

displayFish' = displayFish \ {displayFishl}

displayFishAttrs = {displayFishl} <
displayFishAttrs

—RemoveExperimentalFisk
A ExperimentalFishExt
experimentalishl : FISH

experimentalFishl ¢ 00M experimentalFishAttrs

experimentalFish' = experimentalFish \
{experimentalFishi}

experimentalFishAttrs = {experimentalFishl} <

experimentalFshAttrs
—RemoveDisplayTank
A DisplayTankExt
displayTankl . TANK

displayTank ¢ dom display TankAttrs

dispiayTank = displayTank \ {displayTankI}

display TankAttrs - {displayTankl} <
displayTankAttrs

5.4

—RemoveScientificTank
A ScientificTankExt
scientificTankl . TANK

scientificTankl ¢ dom scientificTankAttrs

48

scientificTank = scientificTank \ {scientificTankl}

scientificTankAttrs = {scientificTankl} <
scientific TankAttrs

— ChangeSpedies—

A Speciesbxt

species| : SPECIES

Si . Spedes

species| ¢ 00M speciesAtirs
species = spedes

speciesAltrs = spediesAtrs © {speciesl >»1?}

— ChangeFisk
A FishExt
fishl FISH
ft :Fish

fishl ¢ domfishAttrs
fish' =fish
fishAttrs =fishAttrs  {fishl <-*/?}

— ChangeEvent-
A EventExt
eventl . EVENT
el : Bvent

eventl ¢ 10M eventAtrs
even( = event
eventAttrs' = eventAttrs ® {eventl H>e?}

— Change Tank
A TankBxt
tankl : 4

1?7 : Tank

tankl ¢ 00M tankAttrs
tank = ton/:
tankAtrs = tankAttrs  {tankl H>f?}

— ChangeDisplayFisk
A DisplayFishExt
displayFishl :F/ST/

? " DisplayFish

displayFishl ¢ dom displayFishAttrs

displayFish' = displayFish

displayFishAttrs = displayFishAttrs ©
{displayFishl >> ?



A ExperimentalFishExt
experimentalFish! : FISH
g1 : ExperimentalFish

experimentalFishl € 0m experimentalFishAttrs

experimentalFshl = experimentalFish

experimentalFishAttrs = experimentalFishAttrs ®
{experimentalFish? H» e’?fe

ChangeDisplayTank
A DisplayTankExt
displayTankl : TANK
<fi : DisplayTank

displayTankl 6 dom displayTankAttrs

displayTank' = displayTank

displayTankAttrs —display TankAttrs ®
displayTank? |» ?f

3)

AddSpecies RemoveSpeceis

— AddSpecies

49

~nangezciemijict ana
A ScientificTankExt
scientificTankl . TANK
si . ScientificTank
scientificTankl E dom scientficTankAttrs
ScientificTank = ScientificTank
scientificTankAttrs = scientificTankAttrs ®
{scientificTankl >>{?}

ZIEVES

ChangeSpecies

A SpeciesExt
species? : SPECIES
? . Species

species? £ dom speciesAttrs
{species?}
speciesAttrs ' = speciesAttrs

species ' - speces

— RemoveSpecies—
A SpeciesExt
species? : SPECIES

{species? ?}

species? e dom speciesAttrs
species ' = species \ {species?}
speciesAttrs ' = {species?} <3 speciesAttrs



— ChangeSpecies—
A SpeciesExt
species? : SPECIES

? : Species

species? e dom speciesAttrs
species ' = species
speciesAttrs ' - speciesAttrs  {speices? <> 7}

AddSpecies
Theorem preAddSpecies
V SpeciesExt; species? : SPECIES; ? : Species ¢
species? £ dom speciesAttrs => pre AddSpecies

prove by reduce  Z/EVES true

RemoveSpecies
Theorem preRemoveSpecies
V SpeciesExt; species? : SPECIES
species? e dom speicesAttrs A
dom speciesAttrs \ {species?} e P(species \ {species?})
pre RemoveSpecies

prove by reduce  Z/EVES true

ChangeSpecies
Theorem preChangeSpecies
V SpeciesExt; species? : SPECIES; ? : Species
species? e dom speciesAttrs => pre ChangeSpeces

prove by reduce  Z/EVES true
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5.2

AddSpecies
AddFish
AddEvent
AddTank

AddDisplayFish

AddExperimentalFish

AddDisplayTank

AddScientificTank

RemoveSpecies

RemoveFish

RemoveEvent

RemoveTank

RemoveDisplayFish

RemoveExperimentalFish

species? £ dom speciesAttrs

fish? £ dom fishAttrs

event? £ dom eventAttrs

tank? £ dom tankAttrs

displayFish? £ dom displayFishAttrs A
displayFish? £ displayFish A

displayFish? ¢ fish

experimentalFish? £ dom experimentalFishAttrs A
experimentalFish? £ experimentalFish A
experimentalFish? G fish

displayTank? £ dom displayTankAttrs A
displayTank? £ displayTank A

displayTank? e tank

scientificTank? £ dom scientificTankAttrs A
scientificTank? £ scientificTank A

scientificTank? G tank

species? ¢ dom speciesAttrs A

dom speciesAttrs \ {species?} GP(species \ {species?})
fish? G dom fishAttrs A

dom fishAttrs \ {fish?} 6 P(fish \ { fish?})

event? G dom eventAttrs A

dom eventAttrs \ {event?} G P(event\ {event?})
tank? ¢ dom tankAttrs A

dom tankAttrs \ \{tank?\} ¢ P(tank \ {tank?})
displayFish? ¢ dom displayFishAttrs A
displayFish?  displayFish A

displayFish? £ fish

experimentalFish? ¢ dom experimentalFishAttrs A
experimentalFish? ¢ experimentalFish A

experimentalFish? £ fish

ol
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RemoveDisplayTank

RemoveScientificTank

ChangeSpecies
ChangeFish
ChangeEvent
ChangeTank

ChangeDisplayFish

ChangeExperimentalFish

52

()

displayTank? E dom displayTankAttrs A
displayTank? e displayTank A
displayTank? g tank

scientificTank? e dom scientificTankAttrs A
scientificTank? e scientificTank A
scientificTank? g tank

species? e dom speciesAttrs

fish? e dom fishAttrs

event? e dom eventAttrs

tank? e dom tankAttrs

displayFish? e dom displayFishAttrs A
displayFish? E displayFish A

displayFish? g fish

experimentalFish? E dom experimentalFishAttrs A
experimentalFish? E experimentalFish A

experimentalFish? g fish

ChangeDisplayTank displayTank? E dom displayTankAttrs A
displayTank? E displayTank A
displayTank? g tank

ChangeScientificTank scientificTank? E dom scientificTankAttrs A
scientificTank? E scientificTank A
scientificTank? g tank

- AddSpecies
species speicesAttrs
— InitSpecies
SpeciesExt"

species' = 0
speciesAttrs / = 0
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4
TestAdd2Species = InitSpecies 9 AddSpecies 9

AddSpecies[species2?/species?, s2?/s?]

try
try TestAdd2Species[species? := 0ID1, ? := dolphin,

speies2? = OID2, 2? := shark];

prove by reduce Z/EVES
species speciesAttrs
species’ = {OID1} {OID2} A
speicesAttrs1= {(OID1, dolphin)} {(OID2, shark)} A
—0OID2 = OID1

try TestAdd2Species[species? := OID1, ? := dolphin,
species2? = OID1, s2? = shark];
prove by reduce Z/EVES false

species? g dom speciesAttrs

RemoveSpecies
5
TestAddThenRemoveSpecies  InitSpeices I AddSpecies 9

RemoveSpecies[species2?/species?]

try TestAddThenRemoveSpecies[species? := OID11 ? := dolphin,
species2? = OID1];
prove by reduce Z/EVES
species speciesAttrs

species’ = 0 A speciesAttrs’ = 0
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ChangeSpecies
,6

TestChangeSpecies - InitSpecies : AddSpecies §

ChangeSpecies[species2?/species?, s2?7/s7?]
try TestChangeSpecies[species? := 0ID1, ? := dolphin,

species2? ;= OID1, s2? := shark];

prove by reduce ZIEVES
speciesAttrs speciesAttrs

species2? speciesAttrs

species' = {OID1} A speciesAttrs' = {(( 'l, dolphin)}®{(OID1, shark)}

species' = {OID1} A speciesAttrs' = {(OID1, shark)}

AddSpecies
Theorem TwoSpeciesOfAddingAreNotSame

ViestAdd2Species ¢ species2? * species?

prove by reduce  Z/IEVES true
AddSpecies species? £ dom speciesAttrs

species? species2?

RemoveSpecies
Theorem TwoSpeciesOfRemovingAreSame

V TestAddThenRemoveSpecies « species2? = species?

prove by reduce  Z/IEVES true
RemoveSpecies species? e dom speciesAtirs A
dom speciesAttrs \ {species?} e P(species \ {species?})

species? species2?



ChangeSpecies
Theorem TwoSpeciesOfChangingAreSame

V TestChangeSpecies ¢ species2? = species?

prove by reduce  Z/EVES true

ChangeSpecies  species? e dom speciesAttrs

species? species2?
5.3.3
55 2
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5.6

D ZIEVES

2 7

5
3
- 7 Bank ATMMachine BankClient

Account Transaction CheckingAccount SavingAccount
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- 7 BankExt ATMMachineExt

BankClientExt  AccountExt TransactionExt CheckingAccountExt

SavingAccountExt

- 5 AggHasl AggHas2

AssocOpen AssocAccountTrans AssocSavingChecking
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Level |1 Metaclasses

ClassObject

new
name
instanceSize

zP.

[ I

| 1 1

MetaBank MetaBankClient | | MetaATMMachine MetaAccount MetaTransaction
Bank BankClient ATMMachine | ' T j
[ ] I I I L Account ]I Transaction
MetaCheckingAccount MetaSavingAccount
ICheckingAccountl uavinyuounl I
Level 2 Class Diagram Bank ATMMachine
name : name Hasl | name : name
address : address 1 . address : address
Has2
*
BankClient Account Transaction
firstname - name Open | number : number AccountTrans [anc1d - transid
lastname : name . 4 balance : balance | " transDate : transDate

cardNumber : cardNumber
pinNumber : pinNumber

7y
| o

CheckingAccount

SavingChecking

transTime : transTime
transType : transType
amount : amount
postBalance : postBalance

SavingAccount

1 1

* Refine

Level 3 Set of Objects

BankClient

AssocOpen

A
Bank o___ggﬂi

ATMMachine

Q
AggHas2

AssocAccountTrans

aTMMachine

Account

Lx

I

CheckingAccount

Transaction

AssocSavingChecking

SavingAccount

£

D



[BANK, NAME, ADDRESS]

[ATMMACHINE]

[BANKCLIENT, FIRSTNAME, LASTNAME,
CARDNUMBER, PINNUMBER]

[ACCOUNT, NUMBER, BALANCE]

[TRANSACTION, TRANSID, TRANSDATE,
TRANSTIME, TRANSTYPE, AMOUNT,
POSTBALANCE]

— Bank

name :NAME

address : ADDRESS

— BankExt-----========------
bank : FBANK
bankAttrs :BANK -M®Bank

dom bankAttrs C bank

— ATMMachine------
name :NAME
address : ADDRESS

— ATMMachingExt--==================-==

aTMMachine : FATMMACHINE

aTMMachineAttrs .ATMMACHINE -*
ATMMachine

domaTMMachineAttrs C aTMMachine

— BankClient----===========---=--
firstname :FIRSTNAME
lastname LASTNAME
cardNumber : CARDNUMBER
pinNumber : PINNUMBER

— BankClientExt
bankClient : FBANKCLIENT
bankClientAttrs :BANKCLIENT =®»BankClient

dom bankClientAttrs Q bankClient
— Accoun |---==--=---=

number :NUMBER
balance :BALANCE

— AccountExt
account : FACCOUNT
accountAttrs :ACCOUNT -» Account

dom accountAttrs C account

— Transaction----===========-----
transld I TRANSID

transDate : TRANSDATE
transTime : TRANSTIME
transType : TRANSTYPE
amount :AMOUNT
postBalance : POSTBALANCE

5.6
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— TransactionExt
transaction : FTRANSACTION
transactionAttrs : TRANSACTION -B» Transaction

domtransactionAttrs Q transaction

— CheckingA ccount—
accountattrs :Account

— CheckingA ccountExt---===========---=

AccountExt

checkingAccount : FACCOUNT

checkingAccountAttrs :ACCOUNT “*+
CheckingAccount

dom checkingAccountAttrs CcheckingAccount

checkingAccount € {account}

VaQ domcheckingAccountAttrs |
a € domaccountAttrs B
QcheckingAccountAttrs a).accountattrs =
(accountAttrs a)

— SavingAccount-------
accountattrs :Account

— SavingAccountExXi---===============

AccountExt

SavingAccount : FACCOUNT

savingAccountAttrs ;ACCOUNT -H
SavingAccount

domsavingAccountAttrs € SavingAccount

SavingAccount € {account}

V ac domsavingAccountAttrs |
a e domaccountAttrs ®
{savingAccountAttrs a}.accountattrs =
(accountAttrs a)

AggHasl---
ATMMachineExt
BankExt
aggHasl :F{ATMMACHINE XBANK)

domaggHasI C aTMMachine
lan aggHasl C bank
Vrl1,r2 ranaggHasl -

aggHasI~{rl) = aggHaslI~{r2) rl =r2
V x :aTMMachine *#(agg//a5/({x}|)) = 1
Vy : bank *#(agg//aj)~({y}D) >0

— AggHas?2
AccountExt', BankExt
aggHas2 . F{ACCOUNT X BANK)

dom aggHas2 Q account
lan aggHas2 Q bank
Vrl,r2 :fANaggHas2 =
aggHas2~{rl) = aggHas2~{r2) =>rl =r2
V x :account m#{aggHas2{\{x}\)) = 1
Vy :bank s#(agg//aj2~(|(y}|)) > 0



— AssocOpen
BankClientExt, AccountExt
assocOpen . F(BANKCLIENT XACCOUNT)

domassocOpen £ bankClient

fan assocOpen £ account

Vrl, r2 :domassocOpen B
assocOpen(rl) =assocOpen{r2) =>rl =r2

V I bankclient » #(asiocOpe«(| {*} 1)) > 1

V y:account m#{assocOpen~{\{y}\)) = 1

— ssocAccountTrans-----=--=--===-=--=
AccountExt
TransactionExt
assocAccountTrans :
F{aAcCOuUNT XTRANSACTION)

domassocAccountTrans £ account

ran assocAccountTrans £ transaction

Vrl, r2 :dom assocAccountTrans W
assocAccountTrans(rl) = assocAccountTrans{r2)
=r/ =12

V X:account « tt{assocAccountTrans{\{x}\)) >0

Vy :transaction *#(@assoc/lccona7y<ms~([{.y}))= 1

— AssocSavingChecking--------
CheckingAccountExt
SavingAccountExt
assocSavingChecking :

F{accouNT XACCOUNT)

dom assocSavingChecking £ checkingAccount

lan assocSavingChecking £ savingAccount

Vdl,d2 - dom assocSavingChecking',

rl,r2 ranassocSavingChecking', -
assocSavingChecking(dl) =
assocSavingChecking {d2) =>d| = 2A
assocSavingChecking~(rl) =
assocSavingChecking~{r2) =$rl = r2

V X:checkingAccount B
#HanpcSavrigCAecAWGH(;tH)) = |

VY :savingAccount B
#(awoc5av/ngCAecAi«g-()1)) = 1

— AddBank----
A BankExt
bank? : A4M:
€? :Bank

bank? £ dom bankAttrs
bank' = bank  {bank?}
bankAttrs - bankAttrs  {banks =>/%

— /)TMMachine=---------------
AN TMMachineExt
aTMMachine! _ATMMACHINE
a! :/4TMMachine

aTMMachine! £ domaTMMachineAttrs

aTMMachine' =aTMMachine {aTMMachinel}

aTMMachineAttrs = aTMMachineAttrs
{aTMMachine? |l»a?}

5.6
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— AddBankClient--========----
A BankClientExt
bankClient? :BANKCLIENT
bl IBankClient

bankClient? € dom bankClientAttrs

bankClient = bankClient {bankClient?}

bankClientAttrs = bankClientAttrs
{bankclient?>>A?}

— AddAccount---===----

account! :ACCOUNT
a! Account

account? € domaccountAttrs
account = account {account!}
accountAttrs =accountAttrs  {account! >>a?}

— ddTransaction--=========----
A TransactionExt

transaction! : TRANSACTION
t?: Transaction

transaction! £ dOM transactionAttrs

transaction = transaction {transaction?}

transactionAttrs = transactionAttrs
{transaction?=>/?}

— AddCheckingAccount---------
A ho tfiyiaa  if
checkingAccount! ACCOUNT
c! ICheckingAccount

checkingAccount?E dom checkingAccountAttrs

checkingAccountl= checkingAccount
{checkingA ccount?}

checkingAccountAttrs = checkingAccountAttrs
{checkingAccount? =>C?}

— AddSavingAccouni----------
A SavingAccountExt
savingAccount? ACCOUNT

! SavingAccount

savingAccount? 2 dom savingAccountAttrs

savingAccount =savingAccount
{savingAccount?}

savingAccountAttrs =savingAccountAttrs
{savingAccount? -=>5%}

— RemoveBank
A BankExt
bank? : &4M 1

bank? e dom bankAttrs
bank =bank \ {bank!}
bankAttrs = {bank!} < bankAttrs



— RemoveATMMachine----------
AATMMachine Ext
aTMMachine! ATMMACHINE

aTMMachine? EdomaTMMachineAttrs

aTMMachiné =aTMMachine \ {aTMMachine?}

aTMMachineAttrs ={aTMMachine?}
aTMMachineAttrs

— RemoveBankCliem---------
A BankClientExt
bankClient! :BANKCLIENT

bankClient! dombankClientAttrs
bankClient = bankClient\ {bankClientl}
bankClientAttrs = {bankClientl} BbankClientAttrs

— RemoveAccount-—-
AAccountExt
accountl :ACCOUNT

accountl € domaccountAttrs
account = account\ {accountl}
accountAttrs = {accountl} < accountAttrs

— RemoveTransaction----------
A TransactionExt
transaction! I TRANSACTION.

transaction! EdomtransactionAttrs

transaction =transaction \ {transaction?}

transactionAttrs = {transaction?}
transactionAttrs

— RemoveCheckingAccount-----
A CheckingAccountExt
checkingAccount! .ACCOUNT

checkingAccount?e dom checkingAccountAttrs

checkingAccount = checkingAccount\
{checkingAccount!}

checkingAccountAttrs = {checkingAccount?} 8
checkingA ccountA ttrs

— RemoveSavingAccount---=--=--====--=-=--=
A SavingAccountExt
savingAccount? :ACCOUNT

savingAccount?Edom savingAccountAttrs

savingAccount =savingAccount \
{savingAccount?}

savingAccountAttrs = {savingAccount?} -3
savingA ccountAttrs

— ChangeBank
A BankExt
bank! @ ,WA'
b! IBank

exA? E dom bankAttrs

bank = bank
bankAttrs = bankAttrs  {bank! > ?}

it/ 5.6
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— ChangeA TMMachine----------
AATMMachineExt
aTMMachine? .ATMMACHINE
a! :[ATMMachine

aTMMachine! € domaTMMachineAttrs

aTMMachine = aTMMachine

aTMMachineAttrs =aTMMachineAttrs ®
{aTMMachine?>>a?7}

— ChangeBankClient---------
A BankClientExt
bankClient? :BANKCLIENT
b?:BankClient

bankClient! £ dOm bankClientAttrs

bankClient = bankClient

bankClientAttrs = bankClientAttrs O
{bankclient?» 7}

— ChangeAccount------
AAccountExt
account? :ACCOUNT
a! :Account

account! e dOMaccountAttrs
account= account
accountAttrs = accountAttrs ® {account?t=>a7?}

— ChangeTransaction----------
A TransactionExt
transaction! I TRANSACTION
f?: Transaction

transaction! € dom transactionAttrs

transaction =transaction

transactionAttrs = transactionAttrs ©
{transaction?t=>f?}

— ChangeCheckingAccount-----
A CheckingAccountExt
checkingAccount? .ACCOUNT
¢?: CheckingAccount

checkingAccount! £ dom checkingAccountAttrs

checkingAccount = checkingAccount

checkingAccountAttrs = checkingAccountAttrs ©
{checkingAccount?t>c?}

— ChangeSavingAccount-——-
A savingAccountExt

savingAccount! :ACCOUNT
! ISavingAccount

savingAccount?EdomsavingAccountAttrs

savingAccount = savingAccount

savingAccountAttrs = savingAccountAttrs
{savingAccount! =>1%
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7 AddBank AddATMMachine

AddBankClient AddAccount AddTransaction AddCheckingAccount

AddSavingAccount

7 RemoveBank RemoveATMMachine

RemoveBankClient RemoveAccount RemoveTransaction
RemoveCheckingAccount RemoveSavingAccount

7 ChangeBank ChangeATMMachine

ChangeBankClient ChangeAccount ChangeTransaction
ChangeCheckingAccount ChangeSavingAccount

ZIEVES

AddAccount RemoveAccount ChangeAccount

— AddAccount
A AccountExt
account? :ACCOUNT

a? : Account

account? e dom accountAttrs
account' = account {account?}

accountAttrs ' - accountAttrs {account? a?}

— RemoveAccount------
A AccountExt
account? :ACCOUNT

account? e dom accountAttrs
account' - account\{account?}

accountAttrs ' = {account?} <8 accountAttrs

— ChangeAccount-—-—-
A AccountExt
account? : ACCOUNT

a? : Account

account? e dom accountAttrs
account' = account

accountAttrs ' = accountAttrs ® {account? !-> a?}
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AddAccount
Theorem preAddAccount
V AccountExt; account? : ACCOUNT; a? : Account e
account? £ dom accountAttrs => pre AddAccount

1 prove by reduce ZIEVES true

RemoveAccount
Theorem preRemoveAccount
V AccountExt; account? : ACCOUNT -
account? e dom accountAttrs A
dom accountAttrs \ {account?} e P(account\ {account?}) =>
pre RemoveAccount

prove by reduce ZIEVES true

ChangeAccount
Theorem preChangeAccount
V AccountExt; account? : ACCOUNT; a? : Account «

account? e dom accountAttrs => pre ChangeAccount

prove by reduce ZIEVES true
53
5.3
AddBank bank? £ dom bankAttrs
AddATMMachine aTMMachine? £ dom aTMMachineAttrs

AddBankClient

bankClient? £ dom bankClientAttrs

AddAccount account? £ dom accountAttrs
AddTransaction transaction? £ dom transactionAttrs
AddCheckingAccount checkingAccount? £ dom checkingAccountAttrs A

checkingAccount? £ checkingAccount A

checkingAccount? e account
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5.3 ()

AddSavingAccount savingAccount? £ dom savingAccountAttrs A
savingAccount? £ savingAccount A savingAccount? E account
RemoveBank bank? E dom bankAttrs A
dom bankAttrs \ {bank?} e P(bank \ {bank?})
RemoveATMMachine aTMMachine? E dom aTMMachineAttrs A
dom aTMMachineAttrs \ {aTMMachine?} E
P(aTMMachine \ {aTMMachine?})
RemoveBankClient bankClient? E dom bankClientAttrs A
dom bankClientAttrs\{bankClient?} e P(bankClient\{bankClient?})
RemoveAccount account? E dom accountAttrs A
dom accountAttrs \ {account?} E P(account\ {account?})
RemoveTransaction transaction? £ dom transactionAttrs A
dom transactionAttrs \ {transaction?} e
P(transaction \ {transaction?})
RemoveCheckingAccount checkingAccount? e dom checkingAccountAttrs A
checkingAccount? e checkingAccount A
checkingAccount? £ checkingAccount
RemoveSavingAccount savingAccount? e dom savingAccountAttrs A
savingAccount? e savingAccount A

savingAccount? £ savingAccount

ChangeBank bank? £ dom bankAttrs
ChangeATMMachine aTMMachine? £ dom aTMMachineAttrs
ChangeBankClient bankClient? £ dom bankClientAttrs
ChangeAccount account? £ dom accountAttrs
ChangeTransaction transaction? £ dom transactionAttrs

ChangeCheckingAccount checkingAccount? £ dom checkingAccountAttrs A
checkingAccount? £ checkingAccount A
checkingAccount? £ account

ChangeSavingAccount savingAccount? £ dom savingAccountAttrs A

savingAccount? E savingAccount A savingAccount? £ account
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AddAccount
account accountAttrs
— InitAccount
AccountExt/

account' - 0
accountAttrs ' = 0

7

TestAdd2Accounts - InitAccount o AddAccount o

AddAccount[account2?/account?, a2?/a?]

try

try TestAdd2Accounts[account? := OID11a? := accountl011

account2? := OID2, a2? := accountl02];

prove by reduce ZIEVES
account accountAttrs
accountl= {OID1} {OID2} A
'I, accountl01)}u{(OID2, accountl02)}

accountAttrs’ = {((

A 0ID2 = OID1

try TestAdd2Accounts[account? := OID1, a? := accountl01,

account2? := OID1, a2? := accountl02];

prove by reduce ZIEVES false

account? £ dom accountAttrs

RemoveAccount

8
TestAddThenRemoveAccount — InitAccount ¢« AddAccount o

RemoveAccount[account2?/account?]

try TestAddThenRemoveAccount[account? := OlID11a? := accountl011

account2? := OID1];
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prove by reduce ZIEVES
account accountAttrs

accountl= 0 A accountAttrs' = 0

ChangeAccount
9
TestChangeAccount InitAccount 8AddAccount o

ChangeAccount[account2?/account?, a2?/a?]

try TestChangeAccount[account? := OlD11a? := accountl0l11
account2? := OID11a2? := accountl02];
prove by reduce ZIEVES
accountAttrs accountAttrs

account2? accountAttrs

account' = {OID1} A

accountAttrs' = {(0ID1, accountl0l1l)} ® {(OID1, accountl02)}

account' = {01D I} A accountAttrs' = {(0ID1, account102)}

AddAccount

Theorem TwoAccountsOfAddingAreNotSame

V TestAdd2Account « account2? A~ account?

prove by reduce ZIEVES true
AddAccount account? e dom accountAttrs
account? account2?
RemoveAccount

Theorem TwoAccountOfRemovingAreSame

VTestAddThenRemoveAccount « account2? = account?
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prove by reduce Z/EVES true
RemoveAccount account? E dom accountAttrs A
dom accountAttrs \ {account?} e P(account \ {account?})

account? account2?

ChangeAccount
Theorem TwoAccountsOfChangingAreSame

V TestChangeAccount « account2? = account?

prove by reduce  Z/EVES true
ChangeAccount account? e dom accountAttrs

account? account2?
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