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Violation-Free Cas¥: Upward o@vnwarﬂ/s‘_&)

e

=
— 5
SMART_PHONE dial -- basic featflre
A surf_web -- basic fea;
T — — -

x

rf_web -- redefined using safari

surf_web -- redefined using firefox

A ANDROID
acetime -- new feature skype -- new feature
side_sync
IPHONE_XS_MAX HUAWEI SAMSUNG
zoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

N To5 my_ 177!«9

res defined in IOS on myPhone
quick_ tglgg, skype, side_sy,
@ hen
¥ PHONE on S,S
end

check attached {IPHONE_11 _PRO} my_phone as ipll_pro then

—-— can now call features defined in IPHONE_11_PRO on ipll_pro

-— dial, surf_web, facetime, quick_take . skype, side_sync, Zoomage.
end

—-— can only ca
-- dial,




Violation-Free Cast: Upwards or Downwards (3)

dial -- basic feature

SMART_PHONE )
- surf_web -- basic feature

urf_web -- redefined using safari ANDROID surf_web -- redefined using firefox
‘acetime -- new feature skype -- new feature
side_sync
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG
zoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

my_phone:
create {IPR _14TPRO} my_phone.make

—— can only call features defined in IOS on myPhone

-—- dial, surf_web, facetime. quick_take, skype, side_sync, zoomage.
check attached {SMART PHONE} my_phone as sp then

—-— can now call features defined in SMART_PHONE on sp

-— dial, surf_web . facetime, quick_take, skype, side_sync, zoomage‘
end
check attached m} my_phone as ipll_pro then

—-— can now call features defined in IPHONE_11_PRO on ipll_pro

-- dial, surf_web, facetime, quick_ take . skype, side_sync, zoomage.
end




Cast Violation at Runtime (1)

~ dial ic fe
SMART_PHONE ial -gbasic eatf/re
" web -- basic feature

SUN, web -- redefined using safari

: ANDROID
facgtime -- new feature

okl gteaded {13

surf Web -- redefined using firefox

sk, -- new feature
_ = =
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG
M y. "”’, =
H UAWEI_P3(y HUAWEI_W GALAXY_S10 GALAXY_S10_PLU
= - N——"
test_s one_type_cast_violation
loca
do create {AUAWEI} mine.make
-— ST of mine is ANDROID; DT of mine 1is HUAWEI
check attached {SMART PHONE} mine as sp then ... end
-— ST of sp is SMART PHONE; DT of sp is HUAWEI
check attached {HUAWEI} mine as huawei then ... end
-— ST of huawei is HUAWEI; DT of huawei is HUAWEI
check attached {SAMSUNG} mine as samsung then ... end
—-— Assertion violation
—-— ' SAMSUNG is not ancestor of mine’s DT (HUAWETI)
check attached {HUAWEI_P30_PRO} mine as p30_pro then end

-— Assertion violation

—— " HUAWEI_P30_PRO is not ancestor of mine’s DT (HUAWETI)

end
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Cast Violation at Runtime (2)

SMART_PHONE

dial -- basic feature
surf_web -- basic feature

surf_web -- redefined using safari
facetime -- new feature

/ \ quick_take

surf_web -- redefined using firefox
skype -- new feature

ANDROID

side_sync

IPHONE_XS_MAX IPHONE_11_PRO

HUAWEI SAMSUNG

zZoomage
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS
test_smart_phone_type cast_violation
local mine: ANDROID
do create {HUAWEI} mine.make
—-— ST of mine is ANDROID; DT of mine is HUAWEI
check attached {SMART PHONE} mine as sp then ... end
—-— ST of sp is SMART_PHONE; DT of sp is HUAWEI
check attached {HUAWEI} mine as huaweli then end
ST of huawei 1s HUAWEI; DT of huaweli is HUAWEI
check attached {SAMSUNG} mine as samsung then end
—-— Assertion violation
- SAMSUNG 1s not ancestor of mine’s DT (HUAWEI)
check attached {HUAWEI P30_PRO} mine as p30_pro then ... end
—-— Assertion violation
—— HUAWEI_P30_PRO is not ancestor of mine’s DT (HUAWETI)
end




Cast Violation at Runtime (3)

dial -- basic feature
surf_web -- basic feature

SMART_PHONE

surf_web -- redefined using safari

facetime -- new feature I

/ \ quick_take

surf_web -- redefined using firefox
skype -- new feature

side_sync
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI ‘SAMSUNG
zZoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS
test_smart_phone_type cast_violation
local mine: ANDROID
do create {HUAWEI} mine.make
—-— ST of mine is ANDROID; DT of mine 1is HUAWEI
check attached {SMART PHONE} mine as sp then ... end
-— ST of sp is SMART _PHONE; DT of sp is HUAWEI
check attached {HUAWEI} mine as huaweil then end
—-— ST of huawei is HUAWEI; DT of huawei is HUAWET
check attached {SAMSUNG} mine as samsung then end
—-— Assertion vidlation
- SAMSUNG is not ancestor of mine’s DT (HUAWEI)
check attached {HUAWEI_P30_PRO} mine as p30_pro then ... end
Assertion violation
- HUAWEI_P30_PRO 1is not ancestor of mine’s DT (HUAWEI)
end




Cast Violation ime (4)

urf_web -- basicgeature

_

surf_web -- redefined using safari ANDROID surf_web -- redefined using firefox
facetime -- new feature skype -- new feature

/ \ quick_take - side_sync

IPHONE_XS_MAX IPHONE_11_PRO SAMSUNG
> HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

Pl
test_smart_ph aey cast_violation S HV Z
local mine: ROZ /\a
do create \ ‘ ‘ / SF
—— ST Of o
‘/@ack attached SMART_PHONE) mine asf sp hen ... end
e HOUAWE L

‘ check attached {HUAWE mine as huawel then ... end
-— ST of huawel 1is HUAWEI; DT of huawel 1is HUAWEI

check attached {SAMSUNG} mine as samsung then ... end \P k
—-— Assertion violation . 6

—— . SAMSUNG 1is not ancestor of mine’s DT (HUAWEI) -

check attached {HUAWEI P30 PRO} mine as p30_pro then ... end

—-— Assertion viSTEtTon

—— ** HUAWEI_P30_PRO is not ancestor of mine’s DT (HUAWETI)
end




Feature Call Arguments: Supplier

class STUDENT_MANAGEMENT_SYSTEM
Ss. : ARRAY [ STUDENT]

[addws| (5) STUDENT) do

add " {rs:

add _nrs (nrs:

sms: STUDENT_MANAGEMENT_SYSTEM

When should the following calls compile?

_#sms.add_s (@‘”'(7 = 0
sms.add_rs (0)
sms.add_nrs (0)



Feature Call Arguments: Client

class STUDENT MANAGEMENT SYSTEM {

[0] := rs end
do ss[0] := nrs end

test_polymorphism feature arguments
i

Sy 33:6§TUDEN;:
rs4 RESIDENT STUDENT ; nrs: NON_RESIDENT STUDENT
sms: STUDENT MANAGEMENT SYSTEM
do
create sms.make
create {STUDENT} sl1.make ("s1")
create {RESIDENT STUDENT} sZ.make ("s2")
create {NON_RESIDENT STUDENT} s3.make ("s3")

create {RESIDENT_STUDENT} rs.make ("rs") S;
9@

create {NON_ RESIDE%;ZSTUDENT} nrs.make ("nrs")

sms.add_s @ %‘ 1/& lsms add_rs @_]
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register (Course ¢)
tuition: REAL

STUDENT

name: STRING

=

/* new features */
premium_rate: REAL
set_pr (r: REAL)
/* redefined features */

RESIDENT_STUDENT

<

NON_RESIDENT_STUDENT

tuition: REAL

test_sms_polymorphism: BOOLEAN
local
rs: RESIDENT STUDENT
nrs: NON_RESIDENT STUDENT
¢: COURSE
sms: STUDENT MANAGEMENT SYSTEM
do
create Is.make make
fj>rs set_pr (l 5)
create nrs.make
nrs.set_dr (0.5)
create sms.make
sms.add s (rs
sms.@dd_s (nrs)
create c.make ("EECS3311",
sms.register_all (c)
Result := sms.ss[1]
end

( "Jim")

("Jeremy")

500)

.tuition = 750 and sms.ss[2]

courses: LINKED LIST[COUNRSE]

/* new features */
discount_rate: REAL
set_dr (r: REAL)

/* redefined features */
tuition: REAL

class STUDENT MANAGEME EIM.
students) LINKED_LIST STU?EBEZ

dent (s
do

STUDENT)

students.extend (s)

end
HegusSiEFAIN® (c:
do
across
students as
loop .

COURSE)

S

Suitem.register (c)

end
end
end

.tuition = 250




S, S/ vS.(#£S
Feature Call Return Values ‘%ﬁfTUDENT MANAGEMENT SYSTEM {
INKED_ LIST [ STUDENT]

| 2

Juts SMS L add_s (s: STUDENT)
ss | . do
ss.extend (s)
yvS end 2
SIDENT_S. NONZRESI=S get__student((i:) INTEGE STUDENT
YS n. ~|j7f/ n. JBOK;r/ “require 1 <= i and i <= &
cs. —PBtN| cs. b do {
pr. /S’) Ndr. [ 0.¢ Result := sg[1i]
NN e end >
end

te&st_sms_polymorphism: BOOLEAN

local —
[zs :] ; nrs: NON_RESIDENT_STUDENT Possible DT
c: COURS ;  Shrs— TUDENT MANAGEMENT _SYSTEM

do WS% of Result?
—xreate rs. "Jim") ; rs.set_pr (1.5)
>create nrs.make ("Jeremy") ; nrs.set_dr
create ﬂs.make ; .sms.add s _(rs) ; sms.add s (nrs)
create c.make ("EECS3311", 500) ; sms.register_a Ge)
Result := ¢
!get student j 50
250

d{’gef student (2)Ktuition

end
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