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Use of MATHMODELS:

class LIFO _STACK[G —-> attached ANY] create make
feature {NONE} I [

= Strategy 1
i : ARRAY[G]
S' l Ch H P H Q l felantl:lilre Abstraction function of the ADT
'nq e- Olce rlnC|p e model: SEQ[G]

do create Result.make_from.array (imp)
ensure
counts: imp.count =

= Result.count
contents:

across 1 |..| Result.count as 1 all
Result[i.item] ~ imp[i.item]

end

feature

Commands

make do create imp.make_empty ensure model.count
push (g: G) do imp.force(g,

ensure pushed: model ~ (old model.deep_twin) .appended(g)
pop do imp.remove_tail (1)

ensure popped: model ~

= 0 end
imp.count + 1)

end

(old model.deep-twin) .front end
end
class LIFO_STACK[G -> attached ANY] create make class LIFO_STACK|[G attached ANY] create make
feature {NONE} Implementation Strategy 2 (first as top) feature {NONE} Imy mentation Strategy 3 (last as top)
imp: LINKED_LIST[G] imp: LINKED_LIST[G]
feature —- Abstraction function of the stack ADT feature -- Abstraction functi
model: SEQ[G]
do create Result.make_empty

inction of the stac
model: SEQ[G]
do create Result.make_empty
across imp as cursor loop Result.prepend(cursor.item)
ensure

end across Iimp as cursor loop Result.append(cursor.item) end
ensure
counts: imp.count = Result.count counts: imp.count Result. count
contents: across 1 |..| Result.count as i all contents: across 1 |..| Result.count as 1 all
Result [i.item] ~ imp[count — i.item + 1] Result[i.item] ~ imp[i.item]

end end
feature feature —— ¢ n
make do create imp.make ensure model.count = 0 end
push (g: G) do imp.put_front (g)

make do create imp.make ensure model.count
ensure pushed:

= 0 end
push (g: G) do imp.extend(g)
model ~ (old model.deep.-twin) .appended(g) end ensure pushed: model ~ (old model.deep-twin).appended(g) end
pop do imp.start ; imp.remove pop do imp.finish ; imp.remove
ensure popped: model ~ (old model.deep.twin).front end densure popped: model ~ (old model.deep_-twin).front end
end en
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Safe Use o@y Evil Clients
~

class L], [G —> attached ANY] create make
feature {NONE} - Implementation
imp: LI ST [G]

feature‘ - Abstract ion function of the stack ADT

el: SEQ[G] > l__‘?—‘>l V4

do create Result make_empty
acro UTTOr 100p Resu cursor (item)
. IKPJJ\H' RJ"-A/f 0(._{ [
li» 7
Ilen’r nge‘ alon | [ ok o

E]STACK ACCOUNT]
gpush(%lant
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Testing REL in MATHMODELS

/A(—A
< r.overriddeéR({(a,3),(c,4)})

= {(av 3)7 (074)}.

t

b,2[), (b,5), (d.,1), (e.2),(f,3)}

r.domain_subtracted(f.domain)
- ———

el

= {(a7 3)~ (674)7 (ba2)7(b75)7(d71)7 (e7

Say r={(a,1),(b,2),(c,3),(a,4),(b,5),(c,6),(d,1),(e,2),(f,3)}

. : set of first-elements from r
o rdomain={d|(d,r)er}
o e.g., rdomain = {a,b,c,d, e, f}

* [r.range|: set of second-elements from r
orrange={r|(d,r)er}
o e.g. rrange={1,2,3,456}
rinversel: a relation like r except elements are in reverse order
o rinverse ={ (r,d)|(d,r)er}
o e.g., rinverse = {(1,a), (2,b),(3,¢), (4,a), (5,b),(6,¢), (1,d),(2,e), (3,1}

r.domain_restricted(ds) ‘: sub-relation of r with domain ds.

o r.domain_restricted(ds) = { (d,r) | (d,r)erandeds}
o e.g., rdomain_restricted({a, b}) = {(a,1),(b.,2),(a,4),(b,5)}

test_rel: BOOLEAN

¢ |r.dqmain_subtracted(ds) |-
local
r, t:|REL{{STRING, IN‘{EGER] o r.domain_subtracted(ds) =
ds: SET[STRING]

do
create r.make_from tuple_array (
=<[la7 (s ("0 21; "e®, B0
("av, 41, ["b", 51, ["c", 6],
["dll 1]’ [lle" 2], ]:"f" 3]>>
create ds. make from array (<<"a" )
—-— r 18 not 1ang

t := r{ doma:n-subtracted

by the query ted

(ds) /n1p1 jﬂJZ;?/

Result :=

. sub-relation of r with domain not ds.

={(d,r)|(d,r)ernd¢ds}
o e.g., rdomain_subtracted({a, b}) = {(¢,6), (d, 1), (e,

r.range_restricted(rs) ‘: sub-relation of r with range rs.

o rrange_restricted(rs) = { (d,r) | (d.r)ernarers}

o e.g., rrange_restricted({1, 2}) = {(a,1),(b,2),(d,1),(e,2)}
r.range_subtracted(ds) ‘: sub-relation of r with range not ds.

o r.range_subtracted(rs) = { (d,r) | (d,r)ernr¢rs}
o e.g., rrange_subtracted({1, 2}) = {(¢,3),(a,4),(b,5),(c,6)}

2),(f,3)}

t /~ r and not t.domain.has
check Result end

("a") and r.domain.has

s naad B ~f 7
hanged [

1 15 y the command ( ain,subtra
r {domai (ds) —_ &HVQJ
Result :=
t ~ r and not t.domain.has
end

("a") and not r.domain.has ("a")

("a")
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NSNS

Say r={(a1).@®).(c.3),(a4), ¥%].(c.6).(d.1),(e.2).(£.3)}
* [r.domain: set of first-elements from r
o rdomain={d|(d,r)er}
o e.g., rdomain = {a,b,c,d,e,f}
* [rrange]: set of second-elements from r
orrange={r|(d,r)er}
o e.g. rrange ={1,2,3,4,56}
« [rinverse | a relation like r except elements are in reverse order
o rinverse ={ (r,d)|(d,r)er}
o e.g., rinverse = {(1,a), (2,b),(3,c), (4,a), (5,b), (6,c), (1,d), (2,€), (3,1)}

Y. ovenile ( i(g,ZP); d—p5é)§> |
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r.domain|: set of first-elements from r

o rdomain={d|(d,r)er}

o e.g., rdomain = {a, b,c,d,e,f}

. : set of second-elements from r

orrange={r|(d,r)er} 57 =

o e.g. rrange = {1,2 3,4,5,6) Y. Jompada — ' t'/ff_

« [r.inverse| a relation like r except elements are in reverse order

o rinverse = { (r,d)|(d,r)er} { j
o e.g., rinverse = {(1,a),(2,b),(3,c), (4,4), (5,b),(6,¢), (1,d), (2,€), (3,1} >
Y. OMN/'_,J\Afofé‘(‘f (Z/Q§> ? (o), (a, 4)3

Sayr— (a1 @rg-i@(ambsncﬁ <d1>@(fsn Y. fan @_\M};'ﬁ!m‘{ é_?j>

o rdomam set of first-elements from r

o rdomain={d|(d,r)er}
o e.g., rdomain={a,b,c,d, e,f}

° : set of second-elements from r

orrange={r|(d,r)er}
o e.g., rrange ={1,2,3,4,56}

« [rinverse: a relation like r except elements are in reverse order

o rinverse = { (r,d)|(d,r)er}
o e.g., rinverse = {(1,a),(2,b),(3,c). (4,a), (5,b),(6,c), (1,d), (2, e), (3,1)}
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Model of an Example Birthday Book

domain range
A
L (o ]
\SM (\,alﬂJl ﬂj( i L") ’ IZ-@ L J
“ August-11
\\Marku ‘
October-15

“Tom
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Birthday Book: Design

ensure AN (. N

nothing_changed: model ~ !old model.ﬂ twm!
same_counts: Result.count = (model.range_restricted_by(d)).count

same_contents: ¥ name € (model.range_restricted_by(d)).domain: name € Result
-- infix symbol for range restriction: model @> (d)

invariant:
consistent_book_and_model counts: count = model.count

i b gx ¥ (BIRTHDAY
BIRTHDAY BOOK Y)
G\ day: INTEGER
mid::)s on function )< | S, L I . r:(i/nth: INTEGER
yode| :  BIRAIZ(C
count: INTEGER invariant
-- number of entries { & a0
put(d: NAMJ: d: BIRTHDAY) 1 <day=3l D
sare
model_operationl modeq~ Jold model.deep twin{
-- infix symbol for override operator: @<+
remind(d: m: . e

remind: ARRAY [MAWIE] item: STRING

invariant
item[l]E A..Z
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Birthday Book: Implementation

<

J

s

Ly Tas
BIRTHDAY BOOK 4 gl Egzlz 5 BIRTHDAY

model: FUN[NAME, BIRTHDAY] day: INTEGER

g g - < —
- abstraction function ﬂ& LI'ASF( model: FUN[NAME, ..] > month: INTEGER
o
-- promote hashtable to function
3’{9'&%&& invariant

same_counts: Result.count = implementation.count I <month <12
same_contents: ¥ [name, date] € Result: [name, date] € implementation 1 <day <31
end \

put(n: NAME; d: BIRTHDAY)
do
-- implement using hashtable
ensure
model_operation: model ~ (old model.deep_twin) @<+ [n,d]

end %

remind(d: BIRTHDAY): ARRAY[NAME] HASHABLE

do /\
-- implement using hashtable
ensure
nothing _changed: model ~ (old model.deep_twin)
same_counts: Result.count = (model @> d).count
same_contents: ¥ name € (model @> d).domain: name € Result
end

count: INTEGER -- number of names ( NAME

L

feature {NONE} remind: ARRAY[NAME] item: STRING
implementation: HASH_TABLE[BIRTHDAY, NAME]

invariant

invariant: item[1] € A..Z
consistent_book_and_model_counts: count = model.count

consistent_book_and_imp_counts: count = implementation.count
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Finite State Machine (FSM)

State Transition Table
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e | 2 (Flight Enquir
State Transition Diagram || 3 (Seat Enquiry)
4 (Reservation)
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Design of a Reservation System: First Attempt

e

wat

27

¢

s 52 ok
48 5

o~y

2

&d T 1!

l_Initial_panel:

—— Actions for Label
2_Flight_Enquiry_panel:

—— Actions for Label
3_Seat_Enquiry_panel: |

—-— Actions for Label
4_Reservation_panel:

—-— Actions for Label
5_Confirmation_panel:

—-— Actions for Label
6_Final_panel:

—-— Actions for Label

0 67(//7

k(BT

Zﬂom’f %M

3) ﬁ;Z i

Edrm/

(4)

Reservation

_Enquiry_-pahel:

Seat Enquiry Panel
untid,

a,,sweaor@m%]—

Read user’s answer for current panel
Read user’s choice for next step
if wrong answer or wrong choice then
Output error messages
end
end
Process user’s answer

case in

2: goto 2_Flight_Enquiry_panel
3: goto 4_Reservation_panel
end
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Desian of a0 tion System: Second Attempt (1)

/—_\
e
<\t\ransj.tion )src: INTEGER; choice: INTEGER): INTEGER

require valid source_state: 1 < src £ 6
valid _choice: 1 £ choice £ 3
ensure valid target_state: 1 < Result < 6

Examples: (Y £001€
transition(3,(2)— 2.
\/ transition(3, 3)—> <.

State Transition Table 2D Agayfl-mpieme@’rion

CHOICE 1 ‘@@ / choice \
SRC STATE /\ : £ 2
1 (Initial) 6 5] 2 1 2 2
2 (Flight Enqui - 1113 2 1 3
8 (Seat Enquiry) - B[\ e 2 2 | 4
4(Reservatic - 5 \ T 3 5
5 (Confirmation) -4 |1 \\5 4 1
6 (Final) - | = |- . //
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Desian of a R tion System: Second Attempt (2)

A Top-Down & Hierarchical Design

Level 3 execute_
‘session
‘ 7K
Level 2 _@
initial transition g);egute ) is_final
Level 1

— o\

U7 ~~

read ) ){ (‘correct Y| message ﬁw
/ N /

-

7N\

.

N

—
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