NEKLUWSA 7
Scheme 1 06bEKTHO-OPUEHTUPOBAHHOE
NporpamMvpoBaHme
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OO BbEKTHO-OPUEHTUPOBAHHOE
ApPOorpaMmMmnpoBaHmne

= AOCTpakumsa gaHHbIX, 00 beanHAKLWAasA COCTOAHME
N PyHKUNMK

= MexaHu3m nepegayvn coobLEeHNN

= OObBbeKkTHble moaenu
= Junarpamma KrnaccoB
= AmnarpaMmma o0bLEKTOB

= [lpumep: «KOCMUYECKME BOUHBI»

14



AbcTpaKkumn

[TpouenypHblie abcTpakymm
ABCTpaKkuun gaHHbIX

Ob6Lee npeaHasHa4YeHUe: BblpaXkaTb CIOXHbIE MOHATUSA
yepe3 bornee NpocTble, CKpbiBas geTanu.

Bonpockl:

Kak ny4ywe Bcero npeactaBuTb CUCTEMY HADOPOM
abcTpakyumn?

Kak coenaTtb NpoCTbiM pacLLUMpPeHne CUCTEMbI?
[o6aBnATb HOBbIE TUMbI AAHHbLIX?
[o6aBnaTb HOBble YHKLIMN?

15



[logoxon «OT AaHHbIX»

m CTpPYKTYpbl AAHHbIX
u CHopKa CNOXKHbIX CTPYKTYP C NOMOLLbIO CONS:
point, line, 2dshape, 3dshape

= Vichonb3oBaHue 3arnaBHOro 3BeHa — Tera,
yKasblBalOLLEero Tun gaHHbIX

(define (make-point x y) (list ‘point X y))
= Peanusauus cTpykTypbl AaHHbIX TpebyeT Habopa

doYHKLUMWN: KOHCTPYKTOpPA, CENEKTOPOB, MyTaTOPOB, .

= O60OLEHHbIE ONEpaL MK

(define (scale x factor)
(cond ((point? x) (point-scale x factor))
((line? x) (line-scale x factor))
((2dshape? x)(2dshape-scale x factor))

((3dshape? x)(3dshape-scale x factor))
(else (display "unknown type"))))

16



OBOO0OLLEHHBIE OnepaLnn

Point Line 2-dShape 3-dShape

scale point-scale line-scale 2dshape-scale | 3dshape-scale

17




OBOO0OLLEHHBIE OnepaLnn

Point Line 2-dShape 3-dShape
scale point-scale line-scale 2dshape-scale | 3dshape-scale
translate point-trans line-trans 2dshape-trans | 3dshape-trans

18




OBOO0OLLEHHBIE OnepaLnn

Point Line 2-dShape 3-dShape
scale point-scale line-scale 2dshape-scale | 3dshape-scale
translate point-trans line-trans 2dshape-trans | 3dshape-trans
color point-color line-color 2dshape-color | 3dshape-color

19




OBOO0OLLEHHBIE OnepaLnn

= Npu gobasrieHnn HOBOM PYHKLINK

= NpocTo AobaBnsieM HOBYHO 0OOBLLIEHHYIO onepauuto

Point Line 2-dShape 3-dShape
scale point-scale line-scale 2dshape-scale | 3dshape-scale
translate point-trans line-trans 2dshape-trans | 3dshape-trans
color point-color line-color 2dshape-color | 3dshape-color
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OBOO0OLLEHHBIE OnepaLnn

= Npu gobasrieHnn HOBOM PYHKLINK

= NpocTo AobaBnsieM HOBYHO 0OOBLLIEHHYIO onepauuto

Point Line 2-dShape 3-dShape
scale point-scale line-scale 2dshape-scale | 3dshape-scale
translate point-trans line-trans 2dshape-trans | 3dshape-trans
color point-color line-color 2dshape-color | 3dshape-color

new-op
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OBOO0OLLEHHBIE OnepaLnn

= npun gobaBneHnm HOBOW (PYHKLNK

= NpocTo gobaBnsemM HOBYH 0DOOOLLEHHYIO onepauunio
= npun ao6aBneHnmM HOBOro TUMa AaHHbIX
m Heobxoaumo nepenucaTb kax /1y 000OLWEHHYIO ornepaumio

Point Line 2-dShape 3-dShape curve
scale point-scale line-scale 2dshape-scale | 3dshape-scale | --5cgle
translate point-trans line-trans 2dshape-trans | 3dshape-trans | c-trans
color point-color line-color 2dshape-color | 3dshape-color | c-color

new-op

22




[1Ba B3rndaga Ha mup

OOBbEKT AaHHbIX

Point Line 2-dShape 3-dShape curve
scale point-scale line-scale 2dshape-scale | 3dshape-scale | ~_5cgle
translate point-trans line-trans ! 2dshape-trans | 3dshape-trans | c-trans
|Eor point-color \ line-color Isthape-coIor 3dshape-color | c-color |
?ew-op I

23



UTo Takoe o0beKT AaHHbIX?

= OTO CTPYKTypa AaHHbIX
® COEeNHEHHas ¢ HabopoM COBCTBEHHbIX Ornepauui

= Ons1 KOTOPOW ecTb obLee noHaTue (line), u
aksemnnsapsbl (Iinel7)

= 3K3eMNnsp XpaHUT CBOM CBOUCTBA (COCTOSIHUE)

= Mbl n3obpenn OOIT!

24



OQOI1 B Scheme: ®yHKLUWN N cOCTOAHNE

Y pyHKUNM eCTb
napameTpbl 1 Tero onmcaHHble B lambda-BbipakeHumn
OKpYXeHue, rae XpaHsaTca CBA3blIBAHUA €€ UMEH

MOo>XXHO ncnonb3oBaTb PYHKLUMIO ONA XPaHEHUS
(1 COKpPbITUA) AaHHbIX U NMPeaocTaBeHNsa OOCTyna K HUM.

[1pn BbI30BE (PYHKLKNN CO3O0AETCA HOBOE OKPYXXEHUE.
HYy>XHO UMeTb 4OCTYN K 3TOMY OKPY>XEHUIO.

019 OOCTyna HYXXHbl ornepaunmn (KOHCTPYKTOP,
CeneKkTopbl, MyTaTopsl, ...)

MYTaTOPbl NBMEHAKT COCTOAHUE

25



[Tpumep: MyTMpYyEMbIE Napbl KAk OO BbEKTbI

(define (mcons x y)
(lambda (msQ)
(cond ((eq? msg 'MCAR) x)
((eq”? msg ' MCDR) y)
((eq? msg 'MPAIR?) #t)
(else (display “wrong msg?)))))

(define (mcar p) (p 'MCAR))
(define (mcdr p) (p 'MCDR))

(define (mpair? p)
(and (procedure? p) (p 'MPAIR?)))

26



[Tapa-o06bekT ¢ Touku 3peHns MBO

(define foo (mcons 1 2)) @

(mcar foo) ====> (foo ‘MCAR) @

(define (mcons x y)
(lambda (msg)
(cond ((eq? msg 'MCAR) x)
((eq? msg 'MCDR) y)
((eq? msg 'MPAIR?) #t)
(else ...)

GE mcons:\ foo: \

p: Msg
body: (cond ...)

(mcar foo) | ge @

=> (foo ‘MCAR) | ,
=>

E3
«..] msg: CAR @

(cond ...) | g3
=>X | g3
=1

27




MyTaLI,I/IFI [MNapbl Kak NISMEHEHNE COCTOAHUA

obbekKkTa

(define (mcons x y)
(lambda (msg)
(cond ((eq? msg ‘MCAR) x)
((eq? msg ‘MCDR) y)
((eq? msg ‘MPAIR?) #t)
((eq? msg 'SET-MCARY!)
(lambda (new-car) (set! x new-car)))
((eq? msg 'SET-MCDR!)
(lambda (new-cdr) (set! y new-cdr)))
(else ..)
(define (set-mcar! p new-car)
((p 'SET-MCAR!) new-car))
(define (set-mcdr! p new-cdr)
((p 'SET-MCDR!) new-cdr))

28



[1pymep mytaumm B MBO

(define bar (mcons 3 4)) @

) : (set-mcar! bar 0) | g
(set-mcar! bar 0) => ((bar 'SET-CAR!) 0) | g«

GE | bpar: @

? @ npucsansaeT x 0 B E4
p: XYy

body: (lambdg) ¢ ! (set! x new-car) |

ormsg e msg: SET-MCAR!

Ab

body: (cond ...) @ ....... new-car: 0 E7
cond ...) | g6 @
=> (lambda (new-car) p: new-car
(set! x new-car)) | g body: (set! x new-car)

AS



CTtunb nepenavy coobLleHnmn

= Jagum nmeHa lambda n cgenaem nx npmBaTHbIMA

(define (mcons x y)

(define (change-car new-car) (set! x new-car))

(define (change-cdr new-cdr) (set! y new-cdr))

(lambda (msg . args)

(cond ((eq? msg ‘"MCAR) x)

((eq? msg ‘MCDR) y)
((eq? msg ‘MPAIR?) #t)
((eq? msg 'SET-MCARY!) (change-car (first args)))
((eq? msg 'SET-MCDRY!) (change-cdr (first args)))
(else ...))))

= [1ieperimmem CeriekTop n Mytatop
(define (mcar p)

(p 'MCAR))
(define (set-mcar! p val)

(p 'SET-MCAR! val))
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CTunmn nporpaMmmMmnpoBaHnS:
OYHKUMOHasNbHbIN

N OO BEKTHO-OPNEHTUPOBAHHBIN

= OyHKUMOHaNbLHOE NPOorpaMMMUpPOBaHME:

= Cucrtema opraHusyetcst Habopom yHKLNMN,
obpabaTtbiBatloLLMX AAHHbIE

(do-something <data> <arg> ...)
(do-another-thing <data>)
= OOI:

= Cuctema opraHusyeTcsi Kak Habop 0OBLEKTOB,
oOMeHuBarLWmMxXca coodbLeHnamm

(<object> 'do-something <arg>)
(<object> 'do-another-thing)
m OBBLEKT MHKaNCynMpyeT AaHHblE U onepaumn

31



OcHoBHble TepMUHbI OOT

= Knacc

= onucbiBaeT oOLLY0 CTPYKTYpPY 1 NoBedeHne
OOHOTUMHbIX SK3EMMMAPOB

= B Scheme knacc — 910 oyHKUMA — onepauyms-
KOHCTPYKTOP.

= JK3emMnnsp:
= OTOenbHbI OOBEKT HEKOTOPOrO Kacca

= B Scheme, 00BbEeKT — 3TO (PYHKLUUA-00paboTUMK
cooOLLEeHN, co3daHHasa onepaumen-KOHCTPYKTOPOM
HEeKOTOPOro Krnacca
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[Mpumep. «Kocmmnyeckme BONHGLI»

= B urpe yyacteytoT
= Kopabnwu
= NMaHeThl
= OOBbEKTbI APYrnx TUMOB

= [lpumepbl 9K3eMNNApOB KiaccoB
= Millenium Falcon
= Enterprise
= Earth

8



Kopabrb

(define (make-ship position velocity num-torps)
(define (move)
(set! position (add-vect position ...)))
(define (fire-torp)
(cond ((> num-torps 0) ...)
(else ‘fail)))
(lambda (msg)
(cond ((eq? msg ‘position) position)
((eq? msg ‘velocity) velocity)
((eq? msg ‘move) (move))
((eq? msg ‘attak) (fire-torp))
(else (display “wrong message to ship™)))))

34



Knacc kopabsib

Knacc —-—
COCTOAHUE

L ——

coobuweHuns

Ship

position
velocity
num-torps

position
velocity
move
attak

35



Onarpamma o6 LEKTOB

(define enterprise

(make-ship (make-vect 10 10) (make-vect 5 0) 3))

(define war-bird

(create-ship (make-vect -10 10) (make-vect 10 0) 10))

Ship
position:
velocity:
num-torps:

position
velocity
move
attak

Ounarpamma o6bEKTOB

enterprise : Ship

pos = (vec 10 10)
vel = (vec 50)
num-torps = 3

war-bird : Ship

pos = (vec -10 10)
vel =(vec 10 0)
num-torps = 10
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C TOYKM 3pEHNA MOAENN BbIYNCIIEHNN
C OKPY>XEHNSAMU

(define enterprise
(make-ship (make-vect 10 10) (make-vect 5 0) 3))

(enterprise ‘move) ==>

(enterprise ‘position) ==> ?

GE

enterprise:\

par: pos val num...

body: (defi

(2

BHYTPEHHNE attak:
onucaHus : : |

f

position: (vec 10 10)

velocity: (vec 5 0)

num-torps: 3
move:

par: msg

’

_A

\

(define (make-ship position velocity num-torps)

(define (move)
(set! position (add-vect position ...)))
(define (fire-torp)
(cond ((> num-torps 0) ...)
(else ‘fail)))
(lambda (msg)

(cond ((eg? msg ‘position) position)
((eg? msg ‘velocity) velocity)
((eg? msg ‘move) (move))

((eg? msg ‘attak) (fire-torp))
(else (display “wrong ...”)))))

body: (cond .. body (set! position ...)

37
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[1pogomknM HaMOMHATL MUP
KKOCMUYECKNX BOVHY

= [lobaBmm nnaHeTbl — Knacc Planet

= J[lo6baBum BbIBOA
= OTOBpakeHne o6bbLEKTOB Ha 3KpaHe
= JOMyCTUM, YTO BbIBOA YMEET AenaTtb YyHKUMA draw

= njobaBunm coobuieHune ‘display, obpaboTka KOTOPOro
3aKI04aeTCs B BbI30OBE (raw C HY>XXHbIMU
napameTpamMu.
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OBOHOBMNEHHAS AmnarpamMmma KiiaccoB

Ship

position:
velocity:
num-torps:

position
velocity
move
attak
display

Planet

position:

position
display
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Knacc llnaHeTa
(define (make-planet position)
(lambda (msg)
(cond
((eq? msg ‘position) position)
((eq? msg ‘display) (draw ...))
(else (display “wrong message to planet?)))))

(define earth (make-planet (make-vect 0 0)))
(earth ‘position) ==> ...
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3anycTtum BpeMS

[1BM>XeHne B KocMoce
nobaBmm 4achbl, OTCYUUTbIBAKOLLME BPEMS

Byaem oTcrexmnBaTtb MOSIOXEHNE OBMXKYLLIMXCS
O0BEKTOB

Yyacbl byayT nocbinartbe coobleHune ‘clock-tick
OBWXYLLUMMCA 0ObeKkTaMm, YTOObl Te OOHOBUITN CBOE
COCTOSIHME

[Nobasum knacc Torpedo
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IaMeHeHna Ha gnarpamMmmMe KraccoB

Ship

Torpedo
position:
velocity:

position:
velocity:
num-torps:

position
velocity
move
display
clock-tick
explode

position
velocity
move
attak
display
clock-tick
explode

Planet

position:

position
clock-tick
display
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Yackl ynpaBndoT BCEM

Clock

The-time:

callbacks:

the-time
tick
add-callback

14|
|

|

Callback

object:
message:
data:

activate

Object
state info

message

oTnpaenser
message 0ObLEKTY
object BmecTe C

43



Yackl ynpaBndoT BCEM

Clock

The-time:

callbacks: ol - | ‘

the-time 1

tick

add-callback Callback
object:
message:
data-

activate
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Yackl ynpaBndoT BCEM

Clock

The-time:

callbacks:

the-time
tick
add-callback

|

Callback

object:
message:
data:

activate
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Peann3auus 4YacosB

(define (make-clock . args)
(let ((the-time 0)
(callbacks '()))
(lambda (msg)
(cond
((eq? msg ‘the-time) (lambda (self) the-time))
((eq? msg ‘tick) (lambda (self)
(map (lambda (x) (x 'activate)) callbacks)
CERGERIENCRUER T ENE)))
((eq? msg ‘add-callback)
(lambda (self cb)
(set! callbacks (cons cb callbacks))
‘added)))
(else (display “wrong message to clock?)))))
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Peanunsauusa callback

(define (make-clock-callback object message . data)
(lambda (msQ)
(cond
((eq? msg ‘object) (lambda (self) object))
((eq? msg ‘message) (lambda (self) message))
((eq? msg ‘activate) (lambda (self) (object message data)))
(else (display “wrong message to clock-callbak?)))))
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Topneaa

(define (make-torpedo position velocity)
(define (explode torp)
(display “torpedo goes off!”)
(remove-from-universe torp))
(define (move)
(set! position ...))
(define (me msg . args)
(cond
((eq? msg ‘position) position)
(eq? msg ‘velocity) velocity)
(eq? msg ‘move) (move))
(eq? msg ‘explode) (explode (car args)))
(eq? msg ‘display) (draw ...))
(else (display “wrong message to torp”))))
(clock ‘add-callback

(make-clock-callback me ‘move))
me) 00OBbEeKT coobLleHne

(
(
(
(
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[IpoMeXyToYHbIE NTOIW

= PaccmoTtpenn OO-ctunb nporpaMmmMmnpoBaHus:
® OTJINYHBbIN OT PYHKLUMOHANLHOrO
= Noaxo4dsLunn ana CUMYNATOPOB, CIIOXHbIX CUCTEM, ...

= PaccmoTpenu ob6bekTHble MoaeNu
= H/3 OT A3blka peanuaauunu

Knacc — WwabsioH CTPYKTYpPbI 1 NOBEAEHUS
O0BEKTOB

SK3EeMMIIAP — KOHKPETHbIM 00BEKT, CO3a4aHHbIN MO
LLabIoHy

AanarpamMmmMbl KIinaCccoB U anarpamMmmbl 0OBbEKTOB
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[Onarpamma c 0600LLEHNEM

(HacrnegoBaHmemMm)

cynepknacc

nogknacc
aTpunoyT

onepauus

Named-object

name:

name
change-name!(n)

T

Z : Book

Book

name = sicp
copyright = 1996

copyright:

year

50



MHoOXXecTBeHHOe HacriegoBaHUE

A

B

ack

JaY

bar

JaY

cough

= Cynepkracc v nogknacc
= A —cynepknacc C
= C—-nogknacc AunB

= [logknacc HacnegyeTt aTpmbyThl
N onepauum CBOUX CyrnepKnaccos

= Y C Tpu onepauunn: ack, bar,
cough
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Knacc nveHoBaHHbIX OOBbEKTOB

Ownarpamma KnaccosB Ounarpamma o0beKkToB

X : Named-object

name = sicp
Kiacc Named-object
aTpunoyThbl name:
name
onepauunu change-name!(n) y : Named-object

name = rover
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YYeT HacnegooBaHug

» Knacc: onucblBaetTca oyHKLMEN, BO3BpaLLaloLLEN
KOHCTPYKTOP

 onpeaensieT obLyo CTPYKTYPY 1 NOBEAEHNE CBOUX
9K3eMMNMSIpoB

— Habop aTpudyToB
— 06paboTyMK coobLLEHNN

— onpeaensieT cynepkracchkl, HacnegyemMmyto CTPYKTypy
1 noBeaeHue.

« KopHeBou knacc: Root

— KopeHb nepapxum HacrnegoBaHus. Bce knacchbl —
HanpsaAMyt Ui KOCBEHHO ero HacnegHuKN.

* Tunmnsauyns:

— Kaxkgbiv Knacc OomkeH peannmi3oBbiBaTb onepawuto
type, Bo3BpallaroLulyto nyTb K Root B nepapxuu
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YYeT HacnegooBaHug

m DK3EeMNMSAP: NopoxaaeTca KOHCTPYKTOPOM (Hanpumep
create-named-object)

® BCE 9K3eMMNsispbl pasfindHbl B CMbICIie eq?
= HOBbIN bopmMaT OTrpaBKMU COOBLLEHUNA:
(ask <instance> ‘<message> <arg1> ... <argn>)
m Y BCEX 9K3EMMNISPOB eCTb onepaunu:
(ask <instance> ‘type) ==> (<type> <supertype> ...)

(ask <instance> ‘is-a <some-type>) ==> <boolean>
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OBOHOBNEHHAA Anarpamma

cynepknacc

nogknacc
aTpnoyT

onepauus

Root

self

type
IS-a

X : Named-object

Named-object

name = sicp

self =

name.

type
name
change-name!(n)

m Named-object HacneagyeT oT Root:

m aTpubyT self . y kaxxgoro obbekTa ecTb CChifika Ha cebs

m ornepauuto is-a
m Nnepeonpenensert onepauuto type




OOHOBrEHHasA anarpamma

cynepknacc

nogkracc
aTpuoyT

onepaums

Root

self:

type
Is-a(t)

T

Named-object

name.:

type
name
change-namel!(n)

x : Named-object €<

name = sicp
self =

(define x (create-named-object 'sicp))
(ask x 'name) => sicp

(ask x ‘change-name! 'sicp-2nd-ed)
(ask x 'name) => sicp-2nd-ed)

(ask x 'type) => (named-object root)
(ask x 'is-a 'named-object) => #t

(ask x 'is-a ‘clock) => #f

(ask x 'is-a 'root) => #t
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OBOHOBMEHHas anarpamma

cynepknacc

nogkracc
aTpuoyT

onepaums

nogknacc
aTpnoyT

onepauus

Root

self:

type
Is-a(t)

T

Named-object

name.:

type
name
change-namel!(n)

i

Book

copyright:

year

Z : Book

name = sicp
self =
copyright = 1996

(define z (create-book 'sicp 1996))

(ask z 'year) ==> 1996

(ask z 'name) ==> sicp

(ask z 'is-a 'book) ==> #t

(ask z 'is-a 'named-object) ==> #t

57



TnnoBoe onmncaHme Knacca

= OnucaHue knacca no UMeHn <type> coaepxuT
= yKasaHue cynepkriaccoB
® COCTOsiHME (BKovawulee self)
o onpeaenarLwmn coodLLeHns n
= 00sa3aTensLHO obpabaTtbiBalOLWNM type Kak yKadaHO HUXKe

= nmetrowmm BeTBb (else (get-method ...)) anga coobuweHnn
cynepkrnacca

(define (<type> self <arg1> <arg2> ... <argn>)
(let ((<superl>-part (<superl> self <args>)
(<super2>-part (<super2> self <args>)
<other superclasses>
<other local state>)

((eq? msg type) )

<apyrue coobuleHus n >
(get-method msg <superl>-part <super2>-part ...))))))
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[TopoxxageHune ak3emnnsipoB. ObbEKTHI Instance

= [Ina knacca c umeHeMm <type> onucbiBaemM (PYyHKLNIO create-<type>
= OHa ucnonbayert create-instance — oyHKLMIO BbICLLErO NMopsiaka
= nopoXxaatowyro oobekT Instance

= Jobasnsawowyo o0bekTy Instance obpaboTymMK coodLLEHUI
Knacca <type>

= BO3BpalLlaloLLy0 CCbINKY Ha 00bekKT Instance

(define (create-<type> <arg1> <arg2> ... <argn>)
(create-instance <type> <arg1> <arg2> ... <argn>) )
m  Ob61BbeKkT co3gaéTtcs BbI30BOM Create-<type>

(define <instance> (create-<type> <arg1> <arg2> ... <argn>))
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[Mpumep. Knacc Book

KOHCTPYKTOpP Ana Book

(define (create-book name copyright)
(create-instance book name copyright))

0bpaboTymk coobLLeHnmn

aTpuodyTtbl Book
(define (book self name copyright) prby

(let ((named-object-part (named-object self name)))
(lambda (msg)
(cond
((eq? msg ‘type) (lambda () (type-extend 'book ‘named-object)))
((eg? msg ‘year) (lambda () copyright)) HOBO€E coobLLeHne
(else (get-method msg named-object-part))))))

cynepknacc cosgaHue obpaboTumnka cynepkracca

YHaclnegoBaHHbIE METOAbI

60



Ewe npumep: knacc Named-object

(define (create-named-object name)
(create-instance named-object name))

(define (named-object self name)
(let ((root-part (root self)))
(lambda (msg)
(cond
((eq? msg ‘type)
(lambda () (type-extend 'named-object root-part)))

((eq? msg ‘name) (lambda () name))

((eg? msg ‘change-name!) (lambda (newname) (set! name newname)))
(else (get-method msg root-part))))))
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iIcnonb3oBaHe o0bekToB Instance

= [OWUCK MeToaa: ana <coobueHnsa> B <instance>

m ob6a wara cpasy: ask

(define <instance> (create-<type> <arg1> <arg2> ... <argn>))

(define sm-method ( ‘<coobLleHne> <instance>))

(ask <instance> ‘<coobuleHne> <m-arg1> ... <m-argm>)

62



Mepapxunda Tunos

] |_|pl/l HacllieaoBaHNN Y 3K3EMIJIIAPA HECKOJIbKO TUMOB

Root
JAY
A
JAY
C

(define a-instance (create-a))
(define c-instance (create-c))

(ask a-instance ‘type) => (a root)
(ask c-instance ‘type) => (c a b root)

(ask c-instance ‘is-a ‘c)=> #t
(ask c-instance ‘is-a ‘b)=> #t
(ask c-instance ‘is-a ‘a)=> #t
(ask c-instance ‘is-a ‘root)=> #t

(ask a-instance ‘is-a ‘c)=> #f
(ask a-instance ‘is-a ‘b)=> #f

(ask a-instance ‘is-a ‘a)=> #t
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Toukun 3peHnsa Ha OOIl

Touka 3peHna mogenu
avarpamMma KnaccoBs U aunarpamma o0beKTOB

TEpPMUHOMNOrna: coodlleHus, onepauum, obobdLleHne,
cynepknacc, nogknacc, ...

Touka 3peHns NCroNb30BaHUSA
CornaweHuna o Tom Kak nucatb OO-koa Ha Scheme:
OonucbiBaTb Kracc
yKa3blBaTb €ro cyrnepkracchol
nopoXxaaTb 3K3eMNAsApPbI
MCNOJSIb30BaThb 3K3eMMAapbl (Bbl3blBaTh Onepawmnm)

[anee:

Touka 3peHunsa peanmsaunm
Kak peanusoBaHbl 9K3eMMrisipbl, KNnacchl, HacnegosaHine



BepHemc4a K npumepy

cynepknacc

nogknacc
aTpunoyT

onepauus

nogknacc
aTpnoyT

onepaums

Root

self:

type
is-a(t)

1

Named-object

Z : Book

name.

type
name
change-name(n)

name = sicp

self =
copyright = 1996

i

Book
copyright:

year
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C TOYKN 3peHNS MOLENN OKPYKEHNN
(define z (create-book 'sicp 1996))

GE

----------------------------------------------------------------------------------------------------------------------
. .
. s
o* ¢
S *
8 £
. .
.
& .
L -
= .
. u
.
.

self: self: self:

handler: name: sicp name: sicp

copyright:1996

t f

named- object- root-part:
E g‘ ( ) part: \
(0] cona ...
0ObEKT K g% \ \_@

Instance

06paboTumk p- Msg p: Msg p: msg

coobLLeHnN body: (cond ...) body: (cond ...) body: (cond ...)
........... 12 o A S WP
6036 0b6paboTumk
06paboTumnK QIR LS Root
Book Named-object
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Touka 3peHunsa peanusaummn. Instance

(define (make-instance)
(let ((handler #f))
(lambda (msg)
(cond
((eq? msg 'set-handler!)
(lambda (handler-proc)
(set! handler handler-proc)))
(else (get-method msg handler))))))

(define (create-instance maker . args)
(let* ((instance (make-instance))
(handler (apply maker instance args)))
(ask instance ‘set-handler! handler)
Instance))

Instance

handler:

set-handler!(h)
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To4yka 3peHnd peanmnsauyunn.
get-method n ask
= NOJTIYYUTb MEeTOo.

(define (get-method message object)
(object message))

"ask" — komOMHauma noncka metoaa 1 ero Bbi3oBa

(define (ask object message . args)
(let ((method (get-method message object)))
(if (method? method)
(apply method args)
(display “wrong method™))))

(apply op args) ==> (op arg1 arg2 ... argn)
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B Mogenn okpy>XeHunm
(define z (create-book 'sicp 1996))

GE

/,sel-f:/

)
: root-part:
p- SEEL(E part: \
body: (cond ...) \
O0ObLEKT %
Instance N
; ‘me p: message
obpabo p: Message p: message >
cog6u4eT:|l|A|;|< body: (cond ...) body: (cond ...) body: (cond ...)
........... INSTANCE. ... ferrireressesee s e saesassns e sy ssesaessesnssnssessesssnsnssnsshansnesnnnss®™
06paboTumnk obpabotunk O6pggquMK
Book Named-object
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Touyka 3peHnda ncnonb3oBaHud. Self

= B kaxxgom knacce ectb atpmbyT self
m self — 3To cchbinka Ha Becb 3K3eMnnsp

m 3adem? Kak u korga ncnonbsyetcs self ?

= [1pn peanuzaumu onepaumm o6bLEKT MOXET NocnaThb
cooOLLEHME CBOEN HYaCTW: HaANpuUMep, BHYTPU ornepaumn
Krnacca Book, MOXHO

(ask named-object-part ‘change-name ‘mit-sicp)
= /IHorga HyXHO nocnaTtb COODLEHNE IKIEMMNAPY LESTUKOM:
Hanpumep
(ask self ‘year)

= B cutyauuun, korga onepaumsa nogkriacca
nepeonpegensieT onepaunio cynepkriacca HyxHa
BO3MOXXHOCTb YKa3aTb, Yblo onepaumio Mbl XOTUM
Bbl3BaTb: OObEKTa 1M yHacnegoBaHHOW YacTn ObbeKTa

= PaccmoTpum Ha npumepe
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Knacc Person

Person

name:
type
whoareyou?
SEVS)

(define pl (create-person 'joe))
(ask pl 'whoareyou?) ==> joe

(ask pl 'say '(the sky is blue)) ==> (the sky is blue)
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Person

Peanun3auusd Person
name:

(define (create-person name) type
whoareyou?

(create-instance person name)) say(s)

(define (person self name)
(let ((root-part (root self)))
(lambda (msg)
(cond

((eq? msg ‘type)
(lambda () (type-extend 'person root-part)))

((egq? msg ‘whoareyou?) (lambda () name))
((eq? msg ‘say) (lambda (stuff) stuff))

(else (get-method msg root-part))))))
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Person

name:

type
whoareyou?

say(s)

i

Professor

type

{nacc Professor

(define profl (create-professor 'fred))

(ask profl 'say '(the sky is blue))
==> (the sky Is blue)
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Person

name:

type
whoareyou?

say(s)

Professor

type
whoareyou?
lecture(n)

{nacc Professor

(define profl (create-professor 'fred))

(ask profl 'whoareyou?)

==> (prof fred)

onepauuna npodgeccopa ‘whoareyou?
MCNOJSb3YET onepawunto NepPCcoHb!
‘whoareyou?

(ask profl 'lecture '(the sky is blue))
==> (therefore the sky is blue)

onepaund lecture NCIOJ1b3yeT onepauunto

say
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Peannsauunsa Professor ?

Professor

(define (create-professor name)
(create-instance professor name)) vige

(define (professor self name) Ivnguarf(f))u
(let ((person-part (person self name)))
(lambda (msg)
(cond

((eq? msg ‘type)

(lambda () (type-extend 'professor person-part)))
((eq? msg ‘whoareyou?)

(lambda () (list 'prof (ask person-part ‘whoareyou?))))
((eq? msg ‘lecture)

(lambda (notes)

(cons 'therefore (ask person-part 'say notes))))

(else (get-method msg person-part))))))
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K{nacc Arrogant-prof

Person

name:

type
whoareyou?

say(s)

T

Professor

type
whoareyou?
lecture(n)

T

Arrogant-prof

type
SEVIO)

(define apl (create-arrogant-prof 'perfect))

(ask apl 'whoareyou?)
==> (prof perfect)

(ask apl 'say '(the sky is blue))
==> (the sky is blue obviously)
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Peannsaunsa Arrogant-prof ?

(define (create-arrogant-prof name) Arrogant-prof
(create-instance arrogant-prof name)) type( :
say(s

(define (arrogant-prof self name)
(let ((prof-part (professor self name)))
(lambda (msQ)
(cond
((eq? msg ‘type)
(lambda () (type-extend 'arrogant-prof prof-part)))
((eq? msg ‘say) (lambda (stuff)
(append (ask prof-part 'say stuff)
(list 'obviously))))
(else (get-method msg prof-part))))))
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UynakoBatocTb Arrogant-prof

Person

name:

type
whoareyou?

say(s)

T

Professor

type
whoareyou?
lecture(n)

T

Arrogant-prof

type
say(s)

(define apl (create-arrogant-prof 'perfect))

(ask apl 'lecture '(the sky is blue))
==> (therefore the sky is blue)

* [lovyemy B KOHLe dppa3sbl HET
“obviously”?

— lecture ncnonb3yeT say Kracca
Professor, a He say knacca
Arrogant-professor
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icnpaBneHHbIN Arrogant-prof

Person

name:

type
whoareyou?

say(s)

T

Professor

type
whoareyou?
lecture(n)

T

Arrogant-prof

type
SEVIO)

(define apl (create-arrogant-prof 'perfect))

(ask apl 'lecture '(the sky is blue))
==> (therefore the sky is blue obviously)
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[lepecmoTpeHHas peannsaund Professor

(define (create-professor name) ?
(create-instance professor name)) Professor
type
(define (professor self name) whoareyou?
(let ((person-part (person self name))) lecture(n)
(lambda (msg)
(cond

((eq? msg ‘type)
(lambda () (type-extend 'professor person-part)))
((eq? msg ‘whoareyou?) (lambda () (list 'prof name)))
((eq? msg ‘lecture) (lambda (notes)
(cons 'therefore
(ask self 'say notes))))
(else (get-method msg person-part))))))



(nacc Student (define s1 (create-student ‘bert))

Person (ask s1 'whoareyou?)
name: ==> pert
type
el (ask s1 'say '(i do not understand))
ZF ZF ==> (excuse me but | do not understand)
Professor I
Student
type
whoareyou?
lecture(n) type

? say(s)

Arrogant-prof

type
SEVIO)
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Student

Peanunszauunsa Student

type

(define (create-student name) say(s)
(create-instance student name))

(define (student self name)
(let ((person-part (person self name)))
(lambda (msQ)
(cond
((eq? msg ‘type)
(lambda () (type-extend 'student person-part)))
((eq? msg ‘say) (lambda (stuff)
(append '(excuse me but)
(ask person-part 'say stuff))))

(else (get-method msg person-part))))))
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Onepaunmn question u answer
(define pl (create-person 'joe))

P .
nam;rson (define s1 (create-student 'bert))
type :
whcza;eyou? (ask s1 'question pl
say(S 1 .
quﬁsﬂon(p, 0 (why is the sky blue))
answer(p, ) ==> (bert | do not know about why is the
ZF D skyblue)
Professor I
Student
type
whoareyou?
lecture(n) type

? say(s)

Arrogant-prof

type
SEVO) 83




HoBaga peanusauma Person

(define (person self name)
(let ((root-part (root self)))
(lambda (msg)
(cond
((eq? msg ‘type)
(lambda () (type-extend 'person root-part)))
((eq? msg ‘whoareyou?) (lambda () name))
((eq? msg ‘say) (lambda (stuff) stuff))
((eq? msg ‘question)
(lambda (of-whom query)
(ask of-whom 'answer self query)))
((eq? msg ‘answer)
(lambda (whom query)
(ask self 'say
(cons (ask whom 'whoareyou?)
(append ‘(i do not know about)

query)))))
(else (get-method msg root-part))))))

Person

name.

type
whoareyou?
say(s)
guestion(p, q)
answer(p, q)
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Arrogant-prof — cneumanbHbIN OTBET

Person

name:

type
whoareyou?
say(s)
guestion(p, q)
answer(p, q)

7

Professor

type
whoareyou?
lecture(n)

i

Arrogant-prof

type
say(s)
answer(p, q)

(define s1 (create-student 'bert))
(define profl (create-professor 'fred))
(define apl (create-arrogant-prof 'perfect))

(ask sl 'question apl
'(why is the sky blue))
==> (this should be obvious to you obviously)

(ask profl 'question apl
'(why Is the sky blue))
==> (but you wrote a paper about why
IS the sky blue obviously)
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HoBaga peanunsaumnsa Arrogant-prof

(define (arrogant-prof self name)
(let ((prof-part (professor self name)))
(lambda (msgQ)
(cond

((eq? msg ‘type)
(lambda () (type-extend 'arrogant-prof prof-part)))
((eq? msg ‘say) (lambda (stuff)

(append (ask prof-part 'say stuff)

(list 'obviously))))
((eq? msg ‘answer)
(lambda (whom query)
(cond ((ask whom 'is-a 'student)
(ask self 'say
'(this should be obvious to you)))
(
(ask self 'say
(append ‘(but you wrote a paper about)
query)))

(else (ask prof-part 'answer whom query)))))

(else (get-method msg prof-part))))))
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Toru

= Mebl onnceiBaem nepapxmm knaccos

= NCMNOJ1b3yA CorfnalueHnme no CTpykrtype onnmcaHus
KIaccCa

= 1191 HacneaoBaHNSA CTPYKTYPbl U NOBEAEHUs
U3 cynepknacca

= YnpaBrfieHne NoBeaeHNeEM
= “ask” K cBOen yacTtu
= “ask” k self

= JlononHutensbHOe ynpasreHne Ha OCHOBE TUMOB
O0BLEKTOB
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[anbLie bonblue

= [lpocTO OOBLEKTHI
= cornalweHne o coobLLEHMSAX N onepaLnsix
= self

= HacnepgoBaHue (0OOMHOYHOE)
® BHYTPEHHME 4YacCTu OT CynepKnaccoB
= B onepauum MOXHO obpaTUTbLCS K BHYTPEHHEW YacCTu

= get-method onga cynepkracca HaxoauT HY>KHbIN
MeTona

m MHOXecTBeHHOe HacneaoBaHue €&
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Singer un Singing-arrogant-prof

Person

name:

type
whoareyou?

say(s)

Professor

type
whoareyou?
lecture(n)

T

Arrogant-prof

type
say(s)

[leBeL -- He nepcoHa.

OH roBopwuT, NpmMbaBnsasi B KOHUE
dopasbl "tra la la".

YMeeT netb.
Singer
type
SEV(E)
sing
S-a-p
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Peannsauusa Singer Singer

(define (create-singer)
(create-instance singer)) type
say(s)

sing

(define (singer self)
(let ((root-part (root self)))
(lambda (msg)
(cond

((eq? msg ‘type)
(lambda () (type-extend 'singer root-part)))
((eq? msg ‘say)
(lambda (stuff) (append stuff '(tra la 1a))))
((eq? msg ‘sing)
(lambda () (ask self 'say '(the hills are alive))))
(else (get-method msg root-part))))))

Singer — 6a30BbIX KNnacc (y Hero oanH cynepknacc -- Root)



Peannsauunga Singing-arrogant-prof

ARROGANT-
SINGER

L

(define (create-singing-arrogant-prof name) S-a-p
(create-instance singing-arrogant-prof name))

(define (singing-arrogant-prof self name)
(let ((singer-part (singer self))
(arr-prof-part (arrogant-prof self name)))
(lambda (msQ)
(cond

((eq? msg ‘type)

(lambda () (type-extend 'singing-arrogant-prof
singer-part
arr-prof-part)))

(else (get-method msg singer-part arr-prof-part))))))
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[Tlpumep ¢ Singing-arrogant-professor
(define sapl (create-singing-arrogant-prof 'zoe))
(ask sapl 'whoareyou?)
==> (prof zoe)

(ask sap1l 'sing)
==> (the hills are alive tra la |a)

(ask sapl 'say '(the sky is blue))
==> (the sky is blue tra la la)

(ask sapl 'lecture '(the sky is blue))
==> (therefore the sky is blue tra la la)

m onepauus say knacca arrogant-prof He pabotaet B sapl (HeT
B KOHUe dopa3s)

= get-method HaxoguT say B Knacce singer, ykasaHHOM nepBbIM
®  €CJI1 HaM HYXeH TOYHbIN KOHTPOIb,

= TO crnefyet peanuaoBaTb Say B Krnacce Singing-arrogant-professor
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Toyka 3peHnda peanusaumm.
MHoOXecTBEeHHOEe HacriegoBaHUE

m Kak peanunsoBaTb HOBbIU get-method?

m [IpOCMaTpUBaATb IK3EeMNIIAPbI MO NOPSAOKY, MOKa He
OydeTt HanaeH TOT, KOTOPbIN MOXeT obpaboTaTth
coolOLleHune.

(define (get-method message object)
(object message))

npeBpallaeTcs B

(define (get-method message . objects)
(define (try objects)
(if (null? objects)
(no-method)
(let ((method ((car objects) message)))
(if (not (eq? method (no-method)))
method
(try (cdr objects))))))
(try objects))



ELle npumep

Llenb npumepa: npoaeMOHCTPMPOBAaTb PasHULY MeXay
= ‘is-a’ (cBA3blo 0606LLEHNS)
= “has-a’ (accoumaunen)

[obaBum poaCcTBEHHLIE CBS3K K person!
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PoaocTBeHHble CBA3U

= = [obasum knacc Mother n paccmoTpum,
? YTO NONYYUTCS C TOYKN 3PEHUS
Named-object = [uarpamMMbl KNaccoB
? = noBeAdeHus
- = auarpamMmmbl OOBbEKTOB
Person

= ONncaHungd KinaccoB

? = MOOENN BblMUCIEHUN
Mother C OKPY>KEHNAMMU
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1

Onncanme Named-object

Named-object

(define (create-named-object name)

(create-instance named-object name)) name:

ENE
type

(define (named-object self name)
(let ((root-part (root self)))
(lambda (msg)
(cond

((eq? msg ‘type)

(lambda () (type-extend 'named-object root-part)))
((eq? msg ‘name) (lambda () name))

(else (get-method msg root-part))))))

(define (names-of objects)
(map (lambda (x) (ask x ‘name)) objects))

96



Knacc Person

Named-object

A

Person
mother:
father: i
children: <4

has-a list of

type
say(s)
mother has-a
set-mother!
father
set-father!
add-child!
children

Moth'er <

type
have-child!(f, n)

Person nogknacc Named-object
COCTOSIHME: Tenepb Y NEePCOHHI. ..
= ecmb MaTb (9k3emnnap Mother)
m ecmb oTel (9k3emnnsap Person)

= eCcmb CMNUCOK AeTen
(3K3eMnAapoB person)

noseaeHue: gobasrieHbl onepaunm

Ons ynpasneHnUs COCTOAHNEM
Mother nogknacc Person

= [JobaBneHa onepauunsd
have-child!(father, name)
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[loBegeHue

Named-object

A

Person

mother:

father:

— has-a

children:

NA

—

type

say(s)
mother
set-mother!
father
set-father!
add-child!
children

a

Moth'er

has-a list of

has-a

type
have-child!(f, n)

(define a (create-mother 'anne))
(define b (create-person 'bob))
(ask a ‘'name) ==> anne
(ask b 'name) ==> bob
(ask a 'type) ==>
(mother person named-object root)

(ask b 'type) ==>
(person named-object root)

(define c (ask a 'have-child! b 'cindy))

(define d (ask a 'have-child! b 'dan))

(names-of (ask a 'children)) ==>
(dan cindy)

(names-of (ask b ‘children)) ==>
(dan cindy)

(ask d 'name) ==> dan

(ask (ask d 'mother) 'name) ==> anne o



Onarpamma o6bLEKTOB

Cc : Person

—

name: cindy_/

mother:
father:
children: null

d : Person

name: dan

mother: /

father:
children: null

a : Mother

name: anne
mother: null
father: null

children: —[13-[

b : Person

name: bob
mother: null
father: null

children: —>|:|:-|—'|:|Z

99



OnuncaHne knacca Person P
(define (create-person name) mOthe_r:
(create-instance person name)) U
children:
(define (person self name) A
(let ((named-part (named-object self name)) S?y(s)
(mother null) mother
(father null) set-mother!
(children null)) father
(lambda (msg) set-father!
(cond add-child!
(eq? msg ‘type) (lambda () (type-extend 'person named-part)))L_children

(eq? msg ‘say) (lambda (stuff) (display stuff)))
(eq? msg ‘mother) (lambda () mother))
(eq? msg ‘father) (lambda () father))
(eq? msg ‘children) (lambda () children))
(eq? msg ‘set-mother!) (lambda (mom) (set! mother mom)))
(eq? msg ‘set-father!) (lambda (dad) (set! father dad)))
(eq? msg ‘add-child!) (lambda (child)
(set! children (cons child children))
child))

(else (get-method msg named-part))))))
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OnuncaHue knacca Mother JA

Mother
(define (create-mother name) type
(create-instance mother name)) reErielts 1)

(define (mother self name)
(let ((person-part (person self name)))
(lambda (msg)
(cond

((eq? msg ‘type) (lambda () (type-extend 'mother person-part)))

((eq? msg ‘have-child!)

(lambda (dad child-name)

(let ((child (create-person child-name)))

(ask child 'set-mother! self)
(ask child 'set-father! dad)
(ask self 'add-child! child)
(ask dad 'add-child! child))))

(else (get-method msg person-part))))))
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[lobaBrneHne obbekTa-pebEHKa

(define a (create-mother 'anne))

a : Mother

(define b (create-person 'bob))

name: anne
mother: null
father: null
children:

b : Person

(lambda (dad child-name)

(let ((child (create-person child-name)))

name: bob
mother: null
father: null
children:

(ask child 'set-mother! self)
(ask child 'set-father! dad)
(ask self '‘add-child child)
(ask dad 'add-child child)))
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[lobaBrneHne obbekTa-pebEHKa

a : Mother
name: anne
= mother: null
C . Person father: null
name: cindy children: —{ 1]
mother: "/
father:
children: null
b : Person
name: bob
mother: null
(lambda (dad child-name) it
(let ((child (create-person child-name)))

(ask child 'set-mother! self)
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B Moaenun okpy>XeHun

(create-person ‘cindy) =>

(create-instance person ‘cindy)

GE

C:
|
handler:

7

Instance

(define (make-instance)
(let ((handler #f))

)

(define (create-instance maker . args)
(let* ((instance (make-instance) )
(handler (apply maker instance args) ))
(ask instance ‘set-handler! handler)

instance))
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(define (person self name)

B MOOEJ1 Opr>KeH|/||7| (let ((named-part (make-named-object

(create-person ‘cindy) => self name))

(create-instance make-person ‘cindy) (mother nil)
(father nil)
GE (children nil))
C: (lambda (message)
f T (case message ...))))
self:
T pzré cindy
handler: !
mother: null
father: null
children: null
named-part:
Instance g (define (create-instance maker . args)
(let* ((instance (make-instance) )
P/ Msg (handler (apply maker
ody: (cond ...) instance args) ))
0b6paboTymk

Person instance))
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B Moaenun okpy>XeHun

(create-person ‘cindy) =>
(create-instance person ‘cindy)

(define (named-object self name)
(let ((root-part (root self)))
(lambda (msg)
( cond...))))

GE
C: \
1 i N
self: self:
! pzré cindy /—nﬁ cindy
handler: A
mother: null root-part:
father: null
children: null
named-part: >
PERSON :
Instance 2

P"mMSg
body: (cond...)

0b6paboTymk
Person

bedy: (cend ...)

0bpaboTymk
Named-object
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B Moaenun okpy>XeHun

(create-person ‘cindy) =>
(create-instance person ‘cindy)

(define (root self)

(lambda (msg)
( cond...))))

GE
C:

i i i
self: self: | selE—

! pzré cindy /M i il

/
handler: 1
mother: null root-part:
father: null \
children: null_ \\
named-part: >
Instance p: Msy p: msg
bedy: (cend ...)  boay: {cond ...)
P mMsg

body: (cond ...)

0b6paboTymk
Person

0bpaboTymk
Named-object

0b6paboTumk
Root
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BblLll/lC.l_leHl/le 2. B Person Het 3. B Named-object ecTtb

(ask ¢ ‘'name) | o6pabotku ‘name; obpaboTka
BbI30B get-method

1. BbI30B get-method B handler 8 named-part

GE\\
C.

---||,‘
?,
g )

body: (cond ...)

p msg

p msg

: : 'body;-(-cond--.-, “ Body:(cond-w)
: p: msg — '
..... body (mnd ) El:) msqg: name\
4. (lambda () name) | E1 ==> #proc ’ E2

5. (#proc) ==> name | E2 ==> cindy p: name | E%os

bod\y/: name



VITor nekummn (

Knacchbl: onucbiBaloT 06Uy CTPYKTYPY U NOBEOEHME
IK3eMnnapbl cogepar:

m «3arnaBHoe 3BeHO» (self)

® Liernoyky obpaboTymKoB

Mepapxua knaccos

= HacnegoBaHue CTPYKTYp 1 NOBeOEHUA CynepKnaccos

= MHOXecCcTBEHHOE HacnegoBaHMe: NpaBuia rnomcka
onepauunu

OOI1

= Moaenb: gnarpammsbl KfiiaccoB U OOBHEKTOB

= Ucnonb3oBaHue: crnocobbl ONMcaHns KnaccoB U
CO34aHNA SK3EMITIIAPOB

s Peanusauun: otobpaxenune noHatum OOl B Scheme
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