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Static vs. Dynamic Types



Revisit: Inheritance for Code Reuse
/V,l . lag wafe

ame: STRING
STUDENT FSes:  LIST[COURSE]

Z = hanter]
/* new features */ é/ )x ~ * /* new features */

discount rate: REAL
set_dr (r: REAL)+

/* redefined features */
(tuition, REALK+

premium_rate: REAL

RESIDENT_STUDENT NON_RESIDENT_STUDENT




Static Type vs. Dynamic Type S8 ,; resl KSE)3
Mﬁ;ﬁfﬂ o’/ﬂ“"'ﬂ 3* new  NKSG- s
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new denf "Alan ) e
={new\ResidentStudent ("Mark") ;
N R
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local s( GO T

N {4
: 022 ("Algﬁ'e)

} rs.make ("Mark")

Zo In Eiffel, the dynamic type can be omitted if it is meant to be the

DL‘}E[:(S same as the static type:

local s; d
do create.s.make ("Alan")/ {_v;s

Lot @ S wako (' e



Student Classes (with Inheritance)y Expectations

register (c: COURSE)+ i name: STRING
tuition: REAL+ STUDENT courses: LINKED_ LIST[COURSE]

po«/:ré -

/* new features */ /* new features */

premium_rate: REA . . iscount_rate: REAL
‘ set_pr (r: REA1L)+ ! - set dr (r: REAL)+

/* redefined features */ ,NON_RESIDENT_STUDENT /* redefined features */

tuition: REAL++ tuition: REAL++

RESIDENT_STUDENT/; ‘nrs : NON_RESIDENT_STUDEN]

create {STUDENT) sl.make ("S1") >
/.>create {RESIDENT _STUDENT)} . make ("SZ")SZ 8

{ create {NON_RESIDENT_STUDENT} s3.make ("S3")
create {RESIDENT_STUDENT} rs.make ("RS")
create {NON_RESIDENT_STUDENT} nrs.make ("NRS")

courses tuition
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Polymorphism: Intuition

register (c: COURSE)+
tuition: REAL+ STUDENT

name: STRING
courses: LINKED LIST[COURSE]

/* new features */ / \ /* new features */
i discount_rate: REAL

remium_rate: REAL —
set_pr (r: REAL)+ - ="
T redefined features */< RESIDENT_STUDENT
Ttion: REAL++ N— /

NON_RESIDENT_STUD /* redefined features }/

tuition: REAL++

10::315TUDENT- S P @ YS *7 ’@

RESIDENT ST”EEQT
do

create make ’
create (rs)make ("Rachael")

rs.set_pr (1 2

\fc-o)oo\1<:Do-|4>-c,or\>—L

Vis := rs /x Is this valid? x*/ - - Q%S’et-d
- = e <\
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Dynamic Binding: Intuition
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N
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2 create

local c : COURSE ; s : STUDENT
.rs : RESIDENT.STUDENT ; nrs :

do create c.make ("EECS3311", 100.0)

NON. ENT_STUDENT

{ RESIDENT STUDENT} (Z3). make ("Rachael™)
create {NON_RESIDENT_STUDENT} nrs.make ("Nancy") /%\
)729 o

s 8et_pril.235); TS.re ister(c) S d 6"'”‘
nrs.set_dr(0.75); HW /J %

.q
125.0 end = l KS z (&/"D/
_74’5 ﬂd tute! ™ ~

S

@

@ STUDENT

nrs:NON RESIDENT STUDENT —RQ
¢ = =

Wr% Lol

name

courses

premium_rate

=

courses

discount_rate
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Multi-Level Inheritance Hierarchy of Smartphones

SMART_PHONE

10S

surf_web -- redefined using safari

facetime'-- new feature

/ \( quick_take )

dial > basic feature
‘surf web)- basic feature

surf_web -- redefined using firefox
{ skype l-- new feature

NG

ANDROID

side_sync

IPHONE_XS_MAX

IPHONE_11_PRO ] SAMSUNa

€ zoomage ) /

N / N\

HUAWEI_P30_PRO

HUAWEIlMATE_ZO_PRO GALAXY_S10 GALAXY_S10_PLUS
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Substitutions by a Descendant Type

register (c: COURSE)+
tuition: REAL+

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

/* redefined features */
tuition: REAL++

name: STRING
STUDENT __

/

~

RESIDENT_STUDENT

NON_RESIDENT_STUDENT

courses: LINKED LIST[COURSE]

/* new features */
discount rate: REAL
set dr (r: REAL)+
— N

/* redefined features */
tuition: REAL++




Inheritance Forms a Type Hierarchy (1)
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P d
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Inheritance Forms a Type Hierarchy (2)

I SMART_PHONE

dial -- basic feature
surf_web -- basic feature

/

108

surf_web -- redefined using safari
facetime -- new feature

B

IPHONE_XS_MAX

gquick tak

.

ANDROID

surf_web -- redefined using firefox

skype -- new feature

/

IPHONE_11_PRO

\ side_sync

HUAWEI SAMSUNG
o / \ / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

ancestors

expectations

descendants
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Rules of Substitutions (1)

SMART PHONE dial -- basic feature
- surf_web -- basic feature

e T~

urf " web -- redefined using safari = i ing fi
9 NDROID surf_web -- redefined using firefox
facetlme - new feature

skype -- new feature

/ \ @ / \ side_sync

IPHONE_XS_MAX IPHONE_11_PRO HUAWEI

SAMSUNG

= 2\ / N\

HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

mp_1:/I0S =D/ := (7l
pl: I PHONE_XS_MAX / - &
p2: I_PHONE_11_PRO  / mp—l| i=7p ST

§T




Rules of Substitutions (2)

SMART_PHONE

dial -- basic feature
surf_web -- basic feature

L

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

e—
quick_take side_sync

IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG

zoomage

HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS




Reference Variables: Static Type

register (c: COURSE)+

name: STRING
tuition: REAL+ STUDENT courses: LINKED LIST[COURSE]
“—— —

/ \ /* new features */

discount_rate: REAL
set_dr (r: REAL)+

/* redefined features */
tuition: REAL++

wdlfined feammres */ | |RESIDENT_STUDENT)/ NON_RESIDENT_STUDENT
tuition: REAL++

jim:§TUDENTj>

Jf\/l . é y
(S
v

e ;q‘({w

jim: @ENT ST_@
e —

5P
Jl’t.]?./



3 [
Reference Variables: Static Type
SMART PH OND dial -- basic featt'Jre
< = surf_web -- basic feature
/ - \
surf_web -- redefined using safari surf_web -- redefined using firefox

: ANDROID
facetime -- new feature skype -- new feature

T 108

(| e

Al

/ \ i / \ —

IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG

N\ / N\

HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

Design 1: Design 2:

fmp: SMART_PHONE @ 10S
FAvey RARy R EaaE




Change of Dynamic Type (1)

regiéter (c: COURSE)+
tuition: REAL+

/% new features */
remium_rate: REAL

set_pr (r: REAL)+

/* redefined features */

tuition: REAL++

na;ne: STRING
< STUDENT)

.=

RESIDENT_STUDENT

AN

courses: LINKED_LIST[COURSE]

/* new features */

NON_RESIDENT_STUDENT

discount_rate: REAL
set_dr (r: REAL)+

/* redefined features */
tuition: REAL++




Change of Dynamic Type (2)

QUOWoONOOOTA~,WN =
Q.
o

-2 create
~)create

test_polymorphism students

{STUDENT} (jimdmake ("J. Davis")
{RESIDENT_STUDENT}( rs)make ("J. Davis")

NON_RESIDENT STUDENT} nrsJmake ("J. Davis")

1 = v "~
:Q : = p t
- O Jin(C= 'rlirs v S . _éo m I
=/ jim X
14 end —— i
3 ———%
oA 5& A} s
§EUDENTZI) \5<§ESIDENT A ™ FXON_RESL s,
) T’/ y B 3 7
n. "3 T n. |“7.%4’ N "{ fact”
CS. CS. CS.
pr. dr.




Testing of Dynamic Binding

RESIDENT_S.
n.
CS.

pr.

STUDENT

NON_RESI_S.

n.
cs.
dr.

class STUDENT

n.

create make

Cs.

tuition: REAL

feature Att
name: STRING
courses: LINKED_LIST [COURSE]
feature o1 nds that c¢ sed as E
make (n: STRING) do name := n ; create courses.make end
feature Commands
register ( COURSE) do courses.extend (c) end
feature Queries

local base: REAL
do base := 0.0
across courses as ¢ loop base := base + c.item.fee end
Result := base
end
lend

AT

test_dynamic_binding_students: BOOLEAN
local

jim: STUDENT

rs: RESIDENT_ STUDENT

nrs: NON_RESIDENT_STUDENT

c: COURSE
do

create c.make ("EECS3311", 500.0)

create {STUDENT} jim.make ("J. Davis")
create {RESIDENT_STUDENT} rs.make
rs.register (c)

rs.set_pr (1.5)
jim := rs
Result := jim.tuition = 750.0

check Result end
create {NON_RESIDENT_STUDENT} nrs.make
nrs.register (c)

nrs.set_dr (0.5)

jim := nrs

Result := jim.tuition = 250.0
and

COURSE
t.
fee

class

RESIDENT_STUDENT
inherit

STUDENT

redefine tuition

create make
feature Attril

premium.rate :

end

feature -- Commands
set_pr REAL) do premium_rate := r end
feature Queries
tuition: REAL
local base: REAL
do base := Precursor ; Result := base »

end

class

NON_RESIDENT_STUDENT
inherit
STUDENT
redefine tuition end
create make
feature -- Attr

discount-rate
feature ds

set.dr (r: REAL) do discount_rate := r end
feature -- Queries

tuition: REAL

local base: REAL

premium rate end| do base := Precursor ; Result := base * discount.rate end

lend

("J.

("J. Davis")

Davis")
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register (Course c) name: STRING

Ty p e C a S"' : tuition: REAL STUDENT courses: LINKED_LIST[COUNRSE]
M 01. i vaf i o n /* new features */ / \ /* new features */

premium_rate: REAL discount_rate: REAL
set_pr (r: REAL) RESIDENT_STUDENT NON_RESIDENT_STUDENT | set_dr (r: REAL)

/* r_z'deﬁlwd features */ /* redefined features */
tuition: REAL tuition: REAL

local (Jim: STUDE‘I\? SIDENT_ STUDEN
b4 RESID NT STUDE jimj make ("J. Davis")

?( MM;I ' expé@)& ezy(:‘:ﬂ))

rs.setPremiumRate (1'.5)

g@ @“’M _qr

RESIDENT_S.
n. -1
CS. T

HLERR PR

A WON =

51@ X




Inferrinqg the DT of a Variable is Undecidable

) —

-

// — R
. Your Program O
/ ol N 2| last DT of s

z& %S,
J ;

class MyClass
make

local z
C) STUDENT

create {RESIDENT "STUDENT} s.make
end
end DT




Type Cast: Syntax

’q‘\@;ﬂ“e‘m

& ol F l-fz o0 4: 7S

1 {ch k/éttached |ESIDENT STUDENTIP@as !M:hen
2 ES O b jlm
o

Tl D anl o buwp
@ alual to Wt g @ pEtss

rs.set pr
%end

- \7\9% aEiaiiabadn
RS - 7 o
e RESIDENT_S. @ A‘t’(kéh(’d {Rsi JM 28 v thed

n.

J. Davies

Cs.

S :i=Y

pr.

Gis) K- set_pr (6
elsg.

| |
o]




Violation-Free Cast: Upwards or Downwards (1)

SMART_PHONE

dial -- basic feature
surf_web -- basic feature

S

108

surf_web -- redefined using safari
facetime -- new feature

ANDROID

surf_web -- redefined using firefox
skype -- new feature

IPHONE_XS_MAX

\ quick_take,
R -

IPHONE_11_PRO

/ \ o

L]
HUAWEI SAMSUNG
zoomage / \
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

(V4
@y_phone < IOS)

end

create {IPHONE_11_PRO} my_phone.make




Violation-Free Cast: Upwards or Downwards (2)

jal -- basic feature
urf_web -- basic feature

SMART_PHONE

U uald y
(A vow).-

17
surj web -- redefineg usin safan - i ing fi
108 g ANDROID surf_web -- redefined using firefox
etime -- new feafur e skype -- new feature
e—
—
\/-ES side_sync
IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG

zZoomage

/N

HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

my_phone: | IOS
create {IPHONE 11_PRO} my_phone. make

end
check attached {IPHONE-ll_PRO}me_phone as ipll_pro then

now call features defined in IPHONE_11_PRO on ipll_pro

side_sync, zoomage .

== €an

surf_web, facetime,

PN




Violation-Free Cast: Upwards or Downwards (3)

dial -- basic feature

SMART_PHONE )
- surf_web -- basic feature

facetime -- new feat're C w

owr

_—
E_11_PR y

zoomage / \

skype -- new feature

(e / \

HUAWEI SAMSUNG

IPHONE_XS_MAX

surf_web -- redefined using safari - i ing fi
o g j}J BA) ANDROID surf_web -- redefined using firefox

HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

—— can only call features defined in IOS on myPhone
-— dial, surf_web, facetime. quick_take, skype, side_syn zoomage. *&(‘V’ %
check attached {SMART PHONE} my_phone as sp then

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

-—- dial, surf_web. facgft ine quick_take, skype, sSjee_sync, o age.
end —V ~ \ ST; _l,_, 0'
check attached ({ 's as(ipl 1_pro/then

SeCULCP on ipll_pro

—-— can now call
-— dial, surf _web, facetime, quick take v skype, side_sync, zoomage X
end

8

my_phone: I? d m
create {IPHONE_11_PRO} my_phone.make AA“ a “ra

v




Ancestors, Expectations, Descendants, and Code Reuse

check attached @} @ then ...

hat if C is not an_an or of v's DT?

A runtime assertion violation occurs!
-v’s DT cannot fulfill the eerctation BilEh

always compiles




Cast Violation at Runtime (1)

dial -- basic feature
surf_web -- basic feature

SMART_PHONE

surf_web -- redefined using safari

facetime -- new feature ANDROID

surf_web -- redefined using firefox
skype -- new feature

/ \ quick_take

IPHONE_XS_MAX IPHONE_11_PRO HUAWEI

side_sync

SAMSUNG

zZoomage
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS
test_smart_phone=tywpe cast_violation ‘
local mine £ _ANDROID /
do create {HUAWEI} mine.make |
ST of mine 1is+ANPROID; DT of mine is HUAWEI
check attached {SMART PHONE} mine as sp then end
-=ST of sp is SMART PHONE; DT of sp 1is HUAN
check attached {HUAWEI} mine as huawei then end
-— ST of huawei 1s HUAWEI; DT of huawei 1s HUAWEI
check attached {SAMSUNG} mine as samsung then ... end
ssertion violation
—-— ' SAMSUNG is not ancestor of mine’s DT (HUAWETI)
check attached {HUAWEI_P30_PRO} mine as p30_pro then end
olation
PRO is not ancestor of mine’s DT (HUAWEI)




Cast Violation at Runtime (2)

dial -- basic feature

SMART_PHONE N
surf_web -- basic feature

surf_web -- redefined using safari

facetime -- new feature T

surf_web -- redefined using firefox
skype -- new feature

/ \ quick_take ﬁ/

side_sync

IPHONE_XS_MAX IPHONE_11_PRO ’7 HUAWEI ‘ SAMSUNG
|
zoomage
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 SMARI _PHONE; DT of sp is HUAWE
check attached {HUAWEI} mine as huaweli then ™. .. end

ST of huawei 1s HUAWEI; DT of huawel is HUAWEI

—-— Assertion violation

SAMSUNG is not ancestor of mine’s DT (HUAWETI)
check attached {HUAWEI P30_PRO} mine as p30_pro then
—-— Assertion violation

end

check attached {SAMSUNG} mine as samsung then ... end

—— ' HUAWEI_P30_PRO is not ancestor of mine’s DT (HUAWEI)

end




Cast Violation at Runtime (3)

dial -- basic feature
surf_web -- basic feature

SMART_PHONE

surf_web -- redefined using safari
facetime -- new feature

/ \ quick_take

ANDROID /

A‘f o7 Y&, Vown .

Nwolpten? 5.

J
‘DT wiwp

surf_web -- redefined using firefox
skype -- new feature

IPHONE_XS_MAX IPHONE_11_PRO HUAWEI SAMSUNG )—‘ Vv Q LJE’ z
7
2> [ t
zZoomage [Rﬂ t (
HUAWEI_P30_PRO HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS _!JP MQ{

test_smart_phone_type_cast_violation
local mine: MD
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 huaweil then end
—— ST of huawel disp HUAWET, of huawei is HUAWET
check attached {SAMSUNG} <min;as samsung then ... end
—-— Assertion violation

* SAMSUNG 1is not ancestor of mine’s DT (HUAWEI)
check attached {HUAWEI_P30_PRO} mine as p30_pro then
Assertion violation

* HUAWEI_P30_PRO 1is not ancestor

end

of mine’s DT (HUAWEI)
end

e Sauionty
oxpel (64 Splb_smt)




Cast Violation at Runtime (4)

dial -- basic feature
surf_web -- basic feature

SMART_PHONE

surf_web -- redefined using safari

facetime -- new feature St

&m,n(e 7 YEQ-
Velotma 7 YES

surf_web -- redefined using firefox

L T oder

7 7

side_sync
" »
IPHONE_XS_MAX IPHONE_11_PRO < HUAWEI SAMSUNG [a /l,'t
Zoomase / \ ﬁ\H\?l ( thp
UAWEI_P30_PRO ) HUAWEI_MATE_20_PRO GALAXY_S10 GALAXY_S10_PLUS

L

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 huawel then ... end
-— ST of huawel 1is HUAWEI; DT of huawel 1is HUAWEI
check attached {SAMSUNG} mine as samsung then ... end

—-— Assertion violation

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

st 1
Hodut1_Voo_ Vo's

ANl ?oomye) |
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Feature Call Parame’rers Supplier
ST 5 S, - SS[«A:»M{] peve Sl [ STUVEA/'()

class STYDENT MANAGEMENT _SY -
Ss) : ARRAY[ETUDENH] S [1 /*(‘ 15/ St student

\add s) (s: STUDENT) dolss[0]](
add rs (rs: RESIDENT.STUDENT) do ss[0] := rs end

add _nrs (nrs: NON_RESIDENT_STUDENT) do ss[0] := nrs end

Say:
sms: STUDENT_MANAGEMENT_SYSTEM /7/ ,

= D] ==
When should the following glls compile?

sms.add_s(6) - _ P e

sms.add_rs (o)
sms.add_nrs (0)

724



SS @

add_s] (s) ISTUDENT) (do ss[0] := s end
ladd_rs [{rs} RESIDENT_STUDENT)/do ss[0] :=

add_nrs (nrs: NON_RESIDENT_STUDENT) do ss[0] :=

test_polymorphism_ feature_arguments
local 5_ ST }\I

sz, s CErPED) R~
T%: RESIDENT STUDENT ; nrs: NON_RESIDENT STUDENT| Vot adAl.
: STUDENT_MANAGEMENT _SYSTEM [tz
sms . - "dp 7. ,‘f(/ﬁ[',u @/‘2& cP

do nk velaaat o T
create sms.make -
create { sl.make ("sl")

create { } s2.make ("s2")
create { } Eosmake: ("si8®)
create { } rs.make ("rs")
create { } nrs.make ("nrs")

| sms.add_s @71/ 'sms.add_rs @) XY
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register (Course c) name: STRING
tuition: REAL STUDENT courses: LINKED_LIST[COUNRSE]
> |
/* new features */ / \ é ew features */

o T .
premium_rate: REAL discount_rate: REAL
set_pr (r: REAL) RESIDENT_STUDENT NON_RESIDENT_STUDENT | set_dr (r: REAL)
4 sadained features */ - /* redefined features */
) tuition: REAL

class STUDENT MANAGEMENT SYSETM
students: LINKED_LIST [STUDENT]
test_sms_polymorphism: BOOLEAN add_student (s: STUDENT)

local d Yg
rs: RESIDENT STUDENT

— st .extend (s
nrs: NON_RESIDENT_STUDENT d - (s)
c: COURSE eng S:=mwS

sms: STUDENT MANAGEMENT_SYSTEM registerAll (c: COURSE)
do do

create rs.make ("Jim") across

rs.set_pr (1.5) gstudents as s
create nrs.make ("Jeremy") loop

nrs.set_dr (0.5) , ;
— 5. 1ltem (EEEERSISENR) ( C
\ / create sms.make g (e
COURSE (1) sms.add_s
\( [/ sms.add_s (nrs
t 3;" create c.mak& ("EECS3311", 500)
fee tm sms.register all (c
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< oktothedl RST sms.apt. S, (1) &8 K1
M class STUDENT MANAGEMENT SYSTEM {

&> ss: LINKED_LIST [|STUDEN: ENﬂ]

SMS
\§ 5 | add_s (s: STUDENT)

do
¥S [ RESIDENT .

L _S. ss.extend (s)
S[m ] 5[0 [eeaf] L |ogena
cs. | A, ] [es | A
pr| 1.2 l? dr.| 0.5

get_student (1: INTEGER) :'| STUDENT
require 1 <= 1 and 1 <= sS.count
do -

COURSE 4
ny \\wlqt Result := \@
fo E 0 end .

= end S‘T &d :

test_sms_polymorphism: BOOLEAN
local
rs: RESIDENT STUDENT ; nrs: NON_RESIDENT STUDENT
c: COURSE ; sms: STUDENT MANAGEMENT SYSTEM
do

Possible DT
of Result?

create rs.make ("Jim") ; rs.set_pr (1.5)
create nrs.make ("Jeremy") ; nrs.set_dr (0.5)
create sms.make ; sms.add_s (rs) ; sms.add_s (nrs)

create c.make ("EECS3311", 500) ; sms.register_all (c)
Result :=/” [”

SM}(get student(lﬂ Eieen =Qs0
and get_ studem() Mtuition = 250

end



