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BBeneHnue

Designing object-oriented software is hard, and designing reusable object-oriented software is
even harder. You must find pertinent objects, factor them into classes at the right granularity,
define class interfaces and inheritance hierarchies, and establish key relationships among them.
Your design should be specific to the problem at hand but also general enough to address
future problems and requirements. You also want to avoid redesign, or at least minimize
it. Experienced object-oriented designers will tell you that a reusable and flexible design is
difficult if not impossible to get “right” the first time. Before a design is finished, they usually
try to reuse it several times, modifying it each time.

[TpoekTnpoBath o06bekTHO-opueHTHpoBaHHOrOo (OO) mnporpammHoro ob6ecneuenus (I10)
TPYIHO, a MPOEKTUpPoBaTb MHocokpamuo ucnosv3yemoe OO I1O ewe TpynHee. Bam HyxHO
HAaUTH NoAXoAsAlIMe OOBbeKThbl, 00ObEAUHUTb MUX B KJACChl NPABUJIBHOIO pasMepa, ONpeNesUTb
MHTep(deichl KNacCoB U HepapXHI0 HAC/le0BaHHUS, YCTAHOBUTh KJIIOUeBble B3aUMOCBSI3H MeXIY
HUMH. Baur npoekt noskeH ObITh CHeUU(pUUYHBIM [/ peliaeMOH 3aaud, HO TaKKe N0CTaTo4-
HO oOUIMM, uTOOBl YIOBJETBOPSATH OyAyLIUM TpeOOBaHMUSIM M 3ajadyaM. Bam Takxke xouercs
1306eXKaTh MepernpoeKTUPOBAHUS, UM XOTsl ObI MUHUMHU3UPOBaThb ero. OnbeitHble OO MpoeKkTH-
POBIIMKH CKa)KyT BaM, YTO MHOTOKPATHO HCIOJb3yeMbld ¥ THOKHH MPOEKT TPYAHO, €CIH He
HEBO3MOXKHO paspaboTaTb “NpaBHIBHO” ¢ mepBoro pasa. [lo OKOHYaHHS MPOeKTa, OHU OOBIUHO
MBITAIOTCS UCIOJB30BATh €r0 HECKOJIBKO pa3, KaxKIbli pa3 U3MeHssl.

Yet experienced object-oriented designers do make good designs. Meanwhile new designers
are overwhelmed by the options available and tend to fall back on non-object-oriented
techniques they’ve used before. It takes a long time for novices to learn what good object-
oriented design is all about. Experienced designers evidently know something inexperienced
ones don’t. What is it?



Bce ke onbitHble OO MPOEKTHPOBUIMKHK A€JAIOT XOPOIIHe NMPOoeKTh. B To ke Bpems Hauu-
HaloIll[He MPOEKTHPOBIIUKH MePerpyKeHbl NOCTYMHBIMH BO3MOXKHOCTSIMA U UMEIOT TEeHIEHIHIO
oTkaTbiBaThcsl K He-OO TexHHKaM, KOTOpPble OHHM HCIOJb30Basu paHblie. HoBuukam Tpebyercs
MHOTO BpeMeHH, UToObl MOHATb, uTO ke Takoe xopowni OO mnpoekT. OnbiTHBE MPOEKTHPOB-
IUKH, OUEBHJIHO, 3HAIOT UTO-TO HEH3BECTHOE HEOMBITHBIM. UTO Ke 3T0?

One thing expert designers know not to do is solve every problem from first principles.
Rather, they reuse solutions that have worked for them in the past. When they find a
good solution, they use it again and again. Such experience is part of what makes them
experts. Consequently, you'll find recurring patterns of classes and communicating objects in
many object-oriented systems. These patterns solve specific design problems and make object-
oriented designs more flexible, elegant, and ultimately reusable. They help designers reuse
successful designs by basing new designs on prior experience. A designer who is familiar with
such patterns can apply them immediately to design problems without having to rediscover
them.

OnHa U3 Bellled KOTOPYIO SKCIEPTHl 3HAIOT He NeNaTh — 3TO PelleHHe KaXKI0H 3aauu C Hy-
Jsi. Hao6opoT, OHU HMCMONB3YIOT pelleHHs, KOTOpble paboTanu B mpoiioM. Korna oHM HaXomsT
XOpolllee pellleHHe, OHU HCIOJb3YIOT ero CHOBAa M CHOBA. TaKOH OMBIT — YacTb TOTO, UTO JesaeT
nx skcrepramu. CjenoBaTesibHO, BBl HakeTe MOBTOPSIOMIMECs 1AGJOHBI KJIACCOB H COOOIIA0-
uecst 06beKThl B0 MHOruX OO cucTemax. DTH abJOHBI pellaT crelndUuecKrie MpoeKTHbIe
npo6semel U fpenaloT OO mpoekTel Gosee THOKHUMH, 3JETAaHTHBIMH U 4YPe3BbIYAHHO MOAXOAS-
IIUMU JJIS MHOTOKPATHOTO HCIOJb30BaHUsA. OHU TOMOralT MPOEKTUPOBILHKAM HCIOJIb30BaTh
yCIelIHble TPOEKThI, OCHOBBIBAsI HOBbIE MTPOEKTHI Ha MpelblayIieM omnbite. [IpoeKTUPOBILHUK, KO-
TOPBI 3HAKOM C TaKUMH 11aGJOHAMM, MOXKET Cpasy >Ke HUCMOJb30BaTh UX B TEKYIIMX 3ajauax
6e3 HeOOXOMMOCTH MePeOTKPhIBATh HX.

An analogy will help illustrate the point. Novelists and playwrights rarely design their
plots from scratch. Instead, they follow patterns like “Tragically Flawed Hero” (Macbeth,
Hamlet, etc.) or “The Romantic Novel” (countless romance novels). In the same way, object-
oriented designers follow patterns like “represent states with objects” and “decorate objects
so you can easily add/remove features.” Once you know the pattern, a lot of design decisions
follow automatically.

ITY el MOXKHO MPOUJITIOCTPUPOBATE C TIOMOLIbIO aHaJ IoruH. [I1caTtesnu u 1pamaTypru pea-
KO pa3pabaTblBalOT CBOW CIOKETHI C HYJs. BmecTo atoro oHu cienyior mabaoHaM, TaKMM Kak
“Tparnueckuit repoit” (Mak6bet, [amsaer u T.1.) uan “PoMaHTHueckas ucTopusi” (Gecuuc/ieH-
Hble poMaHTHUecKHe noBecTH). AHasornyHo OO MPOEKTHPOBIIUKU CJAEIYIOT TaKUM 00pasuam

KaK “mpeacTaB/ieHHe COCTOSSHUH C MOMOILbI0 00beKTOB” U “nekopalusi 06beKTOB /5 yIpolle-



HUs nobaBJeHus/ynanenust cBoucTB”. Ec/in BBl 3HaeTe 1a6JI0H, MHOXKECTBO pelLIeHHH CJIeAYIOT
ABTOMAaTHYECKH.

We all know the value of design experience. How many times have you had design deja-vu
— that feeling that you’ve solved a problem before but not knowing exactly where or how?
If you could remember the details of the previous problem and how you solved it, then you
could reuse the experience instead of rediscovering it. However, we don’t do a good job of
recording experience in software design for others to use.

Bce Mbl 3HaeM LieHy MpoeKTHOMY OmbITYy. Kak MHOro pas y Bac OblI0 TPOeKTHOE 0excasro
— Takoe UyBCTBO, UTO Bbl y2Ke pelllajy MOJOOHYI0 3aauy paHblle, HO He MOMHHUTE TOUHO THe
uad Kak? Ecyii Obl BBl MOIVIM 3alOMHHUTb HeTa/jy TpeNblAylled 3afaud U Kak Bbl ee pellaJH,
TO Bbl CMOTJIM OBl MCMOJIb30BaTh 3TOT OMBIT BMECTO MEePEeNpUIyMbIBaHUsS ero. TeM He MeHee, Mbl
He 3aMMCbiBaeM CBOH OMbIT B mpoekTHpoBaHud [10 nss Toro, 4Tobbl €ro MO HCHOJb30BATh
LpYTHe.

The purpose of this book is to record experience in designing object-oriented software
as design patterns. Each design pattern systematically names, explains, and evaluates an
important and recurring design in object-oriented systems. Our goal is to capture design
experience in a form that people can use effectively. To this end we have documented some
of the most important design patterns and present them as a catalog.

Lenb 3To# KHUrM 3anucaTb onblT B paspaboTke OO [IO B Buie mabJOHOB MPOEKTUPO-
BaHusA. Kanpiii mabjoH CHCTEMaTH3HPOBAHO HMMeHYeT, oObSICHSET U OLEHHBaeT BaKHOe |
nosTopsitoiieecs: npoektHoe pemenre B OO cucremax. Hama uenb 3aUKCHpOBaTh MPOEKTHBIN
OMBIT B TaKOH (popMe, YTOOBI JIIOAM MOIJIM UCNOJb30BaTh €ro 3ppeKTUBHO. 15 3TOro Mbl 10KY-
MEHTHUPOBAJIM HEKOTOPble U3 CaMbIX Ba)KHBIX MPOEKTHBIX 1Ia6JOHOB U TMPENCTaBUJIH UX B BUIE
KaraJjora.

Design patterns make it easier to reuse successful designs and architectures. Expressing
proven techniques as design patterns makes them more accessible to developers of new
systems. Design patterns help you choose design alternatives that make a system reusable
and avoid alternatives that compromise reusability. Design patterns can even improve the
documentation and maintenance of existing systems by furnishing an explicit specification of
class and object interactions and their underlying intent. Put simply, design patterns help a
designer get a design “right” faster.

[11a6/10HBEI TPOEKTHPOBAHHS YIPOILAIOT MOBTOPHOE HUCIOJb30BaHHUE YCIEMIHBIX MPOEKTHBIX U
APXUTEKTYPHBIX pellleHWH. BripakeHre MpoBepeHHbIX TEXHHK B BHJe LIa0JOHOB MPOEKTHPOBA-
HUS esaeT UX 0oJiee NOCTYMHBIMU [JIs1 pa3paboTUMKOB HOBBIX cucteM. [1laboHbl MpoekTHpO-

BaHHUA TIOMOIralOT BaM BbI6paTb [IPOEKTHBIE aJIbTEPHATHBbLI, KOTOpPbIE IO3BOJIAIT MHOTOKPATHO



MCIOJIb30BAaTh CHUCTEMY M HM30eXKaThb aJbTepHATHB, KOTOpPble 3TOro He mMo3BoJsioT. [IlaboHbl
MPOEKTUPOBAHHUSI MOTYT JaxKe YJIYUYIIWTb AOKYMEHTALHI0O W COMNPOBOXKIEHHE CYLIECTBYIOMINX
CHCTeM, TIPEIOCTaBJsAs SIBHYIO Crelrn(UKAIHUI0 B3aWMOAEHCTBHH KJaccoB, OOBEKTOB M HUX Ha-
3HaueHus. [Ipoie roBops, ma60Hb TPOEKTHPOBAHUS TIOMOTAIOT CleJaTh MPOEKT “TIPAaBUJBHO”
oblcTpee.

None of the design patterns in this book describes new or unproven designs. We have
included only designs that have been applied more than once in different systems. Most of
these designs have never been documented before. They are either part of the folklore of
the object-oriented community or are elements of some successful object-oriented systems —
neither of which is easy for novice designers to learn from. So although these designs aren’t
new, we capture them in a new and accessible way: as a catalog of design patterns having a
consistent format.

Hu onuH M3 NpoeKTHBIX 11a6J0HOB B 3TOH KHHUIe He ONHCHIBAET HOBOE WJIM HENpPOBEpeHHOe
MPOEKTHOe pelieHHe. MBI BKJIIOYHIN TOJNBKO pelleHHs, KOTOPble UCIOMb30BAMUCh G0JIee OHOTO
pasa B pasHbIX CHUCTeMaX. DOJBIIMHCTBO M3 HUX HUTIE paHblie He NOKyMeHTHpoBasuch. OHHU
IBJIAIOTCS JIKOO0 yacThbio doJbkiaopa OO coobiiectBa, MU60 37eMEHTAMH HEKOTOPBIX YCIIEIIHBIX
OO cucrem, 1 TO ¥ IPYroe CJOXKHO MU3YYUTh HEONBITHBIM MPOEKTHPOBIIHKAaM. TakuM o6pa3om,
XOT$ 3TH TMPOEKTHBIE [a0J0HbI HE HOBBI, Mbl 3a()HKCHPOBAJIM X HOBBIM U IOCTYIIHBIM CIIOCOOOM:
B BHJle KaTaJjora MPOeKTHbIX a0GJOHOB HMEIINX T0CJe10BaTebHbBIN (hopMar.

Despite the book’s size, the design patterns in it capture only a fraction of what an
expert might know. It doesn’t have any patterns dealing with concurrency or distributed
programming or real-time programming. It doesn’t have any application domain-specific
patterns. It doesn’t tell you how to build user interfaces, how to write device drivers, or
how to use an object-oriented database. Each of these areas has its own patterns, and it
would be worthwhile for someone to catalog those too.

HecmoTpsi Ha pasmep KHHrH, WAGJOHBI TPOEKTHPOBAHHS OXBATBIBAIOT TOJBKO YacTb TOTO,
UTO MOXKET 3HaTh 3KcrepT. B Hel HeT wwa6/0HOB /s Mapas/esqbHOr0 WJH paclpefieseHHO-
ro MPOrpaMMHPOBAHHS, NTPOrPAaMMUPOBAHUS CHCTEM peasibHOrO BpeMeHH. B Hell HeT HHUKaKHX
11a6JIOHOB /IS TIPUJIOKEHUH Ccrielu(pHUecKUX I/ KakoH- nu6o npeameTHoll obsactu. OHa He
pacckasblBaeT, KaK CTPOMTb MHTep(elc MoJb30BaTe s, KaK MHUCaTb APauBeprl YCTPOUCTB HJIH
Kak ucrnosnb3oBaTb OO 6asbl maHHbBIX. Kaxkpas u3 3Tux obsactedl MMeeT CBOM COOCTBEHHBIE

LH216JTOHI>I, U UX KaTaJIoTH3WpOBaHHUE 6y11eT CTOSIIMM 3aHSITHEM JJs1 KOro-jauoo opyroro.



1.1 What is a Design Pattern?

Y10 Takoe mWAa0JOH MPOEKTUPOBAHUS?

Christopher Alexander says, “Each pattern describes a problem which occurs over and over
again in our environment, and then describes the core of the solution to that problem, in such
a way that you can use this solution a million times over, without ever doing it the same way
twice” [AIS+77, page x|. Even though Alexander was talking about patterns in buildings and
towns, what he says is true about object-oriented design patterns. Our solutions are expressed
in terms of objects and interfaces instead of walls and doors, but at the core of both kinds of
patterns is a solution to a problem in a context.

Kpuctodep Anekcanmep roBoput: “Kaxkaplii 1ma6joH cHauaja OMUCHIBAET MpobJaeMy, KOTO-
past cjydaeTcsl CHOBA M CHOBA B HallleM OKPY»KeHHWH W 3aTeM OIMCBIBAeT CYTh pelleHHs ITOH
npo6seMbl, TAKUM 06pa3oM, UTO Bbl MOXKETE HCIIOJNb30BATh €€ CHOBA MHUJIIMOH pas3, He TIOBTOPSIS
ONIMH W TOT ke MyTbh ABaxabl . Jlaxxe xoTs AJjiekcaHaep roBOPHUT O 11abJOHAX B CTPOEHHUSX U
roponax, ero cjosa UcTHHHB U A7 OO mpoekTHBIX Wa6aoHOB. Hamu peleHusi BelpakeHbl B
TepMUHaxX 00bEKTOB U UHTep(heHCcOB BMECTO CTeH W ABepel, HO CyTb 000HMX BHIOB 11a0JOHOB
COCTOHUT B PElIeHHH 3aJaud B OMNpeLeJeHHOM KOHTEKCTE.

In general, a pattern has four essential elements:

B o6uiem mabJyoH cOCTOUT U3 4 CylleCTBEHHBIX 3JIEMEHTOB.

1. The pattern name is a handle we can use to describe a design problem, its solutions,
and consequences in a word or two. Naming a pattern immediately increases our design
vocabulary. It lets us design at a higher level of abstraction. Having a vocabulary for
patterns lets us talk about them with our colleagues, in our documentation, and even to
ourselves. It makes it easier to think about designs and to communicate them and their
trade-offs to others. Finding good names has been one of the hardest parts of developing

our catalog.

HasBaHue ma6io0Ha — 3TO TO, YTO Mbl MOXKEM HCIIOJb30BAThH MJIsi OMUCAHHUS MPOEKTHOH
3ajlauM, ee pelleHUH W MOCJeNCTBUU B OOHOM OBYX cJoBax. MiMeHoBaHue mabsoHa cpa-
3y ’Ke YyBeJMUHBaeT Halll NMPOeKTHBIH cjoBapb. OHO M03BOJSIET HAM IMPOEKTHPOBATh Ha
6oJiee BHICOKOM ypoBHe abcTpakuuu. Hamuuue ciaoBapsi AJsi 11a6JOHOB MO3BOJSIET HaM
TOBOPUTb O HUX C HAIIMMH KOJIJIETaMHU, B Hallled TOKYMEHTalWH U Jlake C CAMUMH COOOH.
Ato obseruaer o6ayMblBaHHE TPOEKTOB M COOOIIEHHE IPYTHM O HUX M MX ONTHUMaJbHbIX
BapuaHTax. [lonck xopomiux umeH Obl1 OOHOW M3 CJOXKHEHIIMX 3aad MpH pa3paboTke

Haliero kKaraJiora.



2. The problem describes when to apply the pattern. It explains the problem and its
context. It might describe specific design problems such as how to represent algorithms
as objects. It might describe class or object structures that are symptomatic of an
inflexible design. Sometimes the problem will include a list of conditions that must be

met before it makes sense to apply the pattern.

3agaua onuchiBaeT Korjua npuMeHsaTh madaoH. OHa o6bsicHseT 3afauy U ee KoHTeKcT. OHa
MOJKET OIUCHIBAThH Crielu(UUecKre MPOeKTHble MpobJ/eMbl, HApUMep KakK MPeaCTaBJsTh
aJITOPUTMBI B BHUJe 06beKTOB. OHA MOXKET OMHUCBIBATh CTPYKTYPBI KJIACCOB HJN 0OBEKTOB
SIBJISIOLIMXCS CUMIITOMaMHM Herubkoro npoekta. MHorgma 3amaya BKJHOYAET CIMCOK YCJIO-

BUH, KOTOpbIe NOJI2KHBI BBINTOJHATLHCA AJA TOTO, YTOOBl UMEJIO CMBICJ MNPUMEHHUTDH 111a0JI0H.

3. The solution describes the elements that make up the design, their relationships,
responsibilities, and collaborations. The solution doesn’t describe a particular concrete
design or implementation, because a pattern is like a template that can be applied in
many different situations. Instead, the pattern provides an abstract description of a
design problem and how a general arrangement of elements (classes and objects in our

case) solves it.

Pemenue onucbiBaeT 3/e€MEHTbl U3 KOTOPbIX COCTOWUT IMPOEKTHOE pelleHHe, UX CBS3H,
00513aHHOCTH W B3auMojelcTBUe. PellleHue He onmucbiBaeT KOHKPETHBIH MPOEKT WJU pea-
JIM3aLMI0, T.K. 11a6JOH MOXKeT MPUMEHSATbCS BO MHOTHX pa3JMUHBIX CUTyauusx. Bmecto
3TOT0, pelleHHe MpeAcTaBJseT abCTPaKTHOE OMHCAHHWe MPOEKTHOW 3amauu U oblliee pas-

MellleHHe 3JIeMEHTOB (B HallleM Cjlyuyae KJacCOB HJIM OOBEKTOB) pelIalolinX ee.

4. The consequences are the results and trade-offs of applying the pattern. Though
consequences are often unvoiced when we describe design decisions, they are critical for
evaluating design alternatives and for understanding the costs and benefits of applying
the pattern. The consequences for software often concern space and time trade-offs.
They may address language and implementation issues as well. Since reuse is often a
factor in object-oriented design, the consequences of a pattern include its impact on
a system’s flexibility, extensibility, or portability. Listing these consequences explicitly

helps you understand and evaluate them.

IlocnencTBUA — 3TO pe3ysnbTaThl U ONTHMaJbHble BapUAHTHl IPUMeHeHHUs 1absaoHa. Xo-
TSl NIOCJIEACTBUS 4acTO 3aMa/luMBAIOTCS, KOr4a Mbl 00CYKaaeM MPOEKTHbIE pelleHMs, OHU
BaKHBI /17151 OLIeHKH [IPOEKTHBIX a/bT€PHATUB U [JI1 NOHUMAHHS U3JIePKEK U IPEUMYLLeCTB
npuMeHeHus waobJgoHa. [locaenctBust s [1O yacto BK/IOYAIOT HM3AEPKKH MCIOJb30Ba-

HHA NaMsATH U BPEMEHHU. OHH TakxXe MOT'YT OTHOCHUTBCH K JieTaJisiM sA3blKa U peaJiu3alii.
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[TockosbKYy MHOrOKpPAaTHOCTb HCIO/NB30BaHUS dacTo siBjasercs ¢aktopoM B OO npoekTu-
POBaHHUH, NOCJENCTBHUS 11a0JA0HA BKJOUAIOT €ro BJAUsIHHE HAa TMOKOCTb, PACLIUPSIEMOCTb U
MepeHOCHMOCTb CHCTEMBI. SIBHOE MepeuncieHHe 3TUX MOCJAeACTBUI MOMOraeT BaM MOHSATh

U OOEHUTDb HX.

Point of view affects one’s interpretation of what is and isn't a pattern. One person’s
pattern can be another person’s primitive building block. For this book we have concentrated
on patterns at a certain level of abstraction. Design patterns are not about designs such as
linked lists and hash tables that can be encoded in classes and reused as is. Nor are they
complex, domain-specific designs for an entire application or subsystem. The design patterns
in this book are descriptions of communicating objects and classes that are customized to
solve a general design problem in a particular context.

WuTepriperanusi Toro, 4to siBjsieTcs IIA6JOHOM TPOEKTHPOBAHHUS, a UTO HET, 3aBHUCHUT OT
ToukH 3peHusi. To, 4To siBsisieTCs WAGIOHOM MJIS OMHOTO UeJioBeKa, HJist APYTOro sIBJSETCS MpH-
MHUTHBHBIM CTPOHTENbHBIM OJIOKOM. B 3TOil KHUTe Mbl CKOHLEHTPHUPOBAJIHUCh Ha IIaGJOHAX Ha
omnpeneseHHOM ypoBHe abcTpakuuu. LI1a6ymoHbl MPOEKTUPOBAHUS HE OMUCBHIBAIOT TAaKHe MPOEKT-
Hble pelleHHs] KaK CBSI3Hble CIHUCKH HJM X3LI-TabJHIbl, KOTOPElE MOTYT OBITh 3aKOIHPOBAHEI B
BHJIe KJACCOB U TaKHUM 00pa30M MHOTOKDPATHO HCIOJb30BaHbl. He SIBJASIOTCS OHU U CJIOXKHBIMU
npo6JIeMHO-OPHEHTHPOBAHHBIMU PELIEHUSIMU [IJIsT BCEro IMPHUJIOKEHHs MU noacucteMbl. [Ipo-
eKTHble 1a0JOHbl B 3TOH KHHUTe SIBJASIOTCS ONMMCAHMEM COOOIIAINIMXCS KJIaCCOB U OOBEKTOB,
HaCTPOEHHBIX [1Ji pelleHus oOllell MPOEeKTHOH 3afauyu B OmnpeeeHHOM KOHTEKCTe.

A design pattern names, abstracts, and identifies the key aspects of a common design
structure that make it useful for creating a reusable object-oriented design. The design
pattern identifies the participating classes and instances, their roles and collaborations, and
the distribution of responsibilities. Each design pattern focuses on a particular object-oriented
design problem or issue. It describes when it applies, whether it can be applied in view of other
design constraints, and the consequences and trade-offs of its use. Since we must eventually
implement our designs, a design pattern also provides sample C++ and (sometimes) Smalltalk
code to illustrate an implementation.

[IpoekTHBIl 1aBJIOH HA3bIBAaeT, PE3FOMHUPYET, U UAEHTU(DULHPYET KJIH0UeBble acleKThl 00IIel
POEKTHOH CTPYKTYPBI, YTO JeJaeT ero MoJe3HBIM 1Ji CO3[AaHHsI MHOTOKPATHO HCIOJIb3yeMOTro
OO mnpoexra. [IpoekTHBI 1AGJI0H HAEHTUDUIUPYET YUACTBYIOIIHE KJIACChl U UX 3K3EMILJSIPHI,
MX POJIM M B3aMMOJEHCTBHE, a TaKKe pacrpenesneHue obsg3aHHocTel. KaxKablii NpOeKTHBIN 1ia-
6s0H (hoKycUpyeTcsl HAa KOHKpeTHOH 3amade uau Borpoce OO mpoekra. [lla6s0H onuchiBaer,
KOTZla OH MPHUJIOXKHUM, MOXKET JIH OH OBbITb MCIOJIb30BaH, YUUTHIBAS TPOUHE MPOEKTHbIE OrPaHH-

YEeHHsd, a TaKxKe TMOoCJeACTBUA U pe3yJbTaThl €I0 UCII0Jb30BaHUA. HOCKOJIbe B KOHEYHOM CHeTe



Mbl JIOJI?KHBI peasii30BbIBaTh HALIM MTPOEKTHI, A6GJI0H TaKKe BKJOUaeT NpUMepHbIH Kon Ha C++
¥ (nHorma) Ha Smalltalk mist Toro, uToGbl MPOUJMIOCTPUPOBAThL PeaNU3alHIO.

Although design patterns describe object-oriented designs, they are based on practical
solutions that have been implemented in mainstream object-oriented programming languages
like Smalltalk and C++ rather than procedural languages (Pascal, C, Ada) or more dynamic
object-oriented languages (CLOS, Dylan, Self). We chose Smalltalk and C++ for pragmatic
reasons: Our day-to-day experience has been in these languages, and they are increasingly
popular.

XoTs mpoekTHble madaoHbl onucbiBaloT OO MpoeKTh, OHW OCHOBAHBI HA TMPAKTHUECKUX pe-
IIEeHUSIX peasM30BaHHbIX Ha HauboJee pacrnpoctpaHeHHBIX OO $3BIKaX MpPOrpaMMHPOBaHHUS,
tTakux Kak Smalltalk u C++, a He Ha npouenypHbix s3bikax (Pascal, C, Ada) niau 6onee nuna-
mudHbIX OO sspikax (CLOS, Dylan, Self). M Boi6panu Smalltalk u C++ 13 nparmaTuueckux
cooOpaxKeHHH: Halll TIOBCeHEBHBIH OMBIT OB B 3THX SI3bIKaX, U OHU Bce 0oJiee TOMyJ/IsiPHBIL.

The choice of programming language is important because it influences one’s point of view.
Our patterns assume Smalltalk/C++-level language features, and that choice determines what
can and cannot be implemented easily. If we assumed procedural languages, we might have
included design patterns called “Inheritance,” “Encapsulation,” and “Polymorphism.” Similarly,
some of our patterns are supported directly by the less common object-oriented languages.
CLOS has multi-methods, for example, which lessen the need for a pattern such as Visitor
(page 331). In fact, there are enough differences between Smalltalk and C++ to mean that
some patterns can be expressed more easily in one language than the other. (See Iterator
(257) for an example.)

Bribop 13blka MporpaMMHpPOBaHUS BaxKeH MOCKOJbKY OH BJIMSIET Ha TOYKY 3PEHHS YesIOBeKa.
Hamy mab/onsl nogpasyMeBarT s3bIK ColepaKallldil Bo3MoxKHOCTH ypoBHS Smalltalk/C++ | u
3TOT BbIOOD OMpenessieT, YTO MOXKET ObITh JIETKO peasii30BaHo, a 4To HeT. Ecsin Obl Mbl BhIOpain
MPOLIeNYPHBIE SI3bIKA, Mbl MOTJIM Obl BKJIIOUUTH Takue IabJoHbl, Kak “Hacnenoanue”, “Mukan-
cynauus”, “Ilomumopdusm”. AHanorn4HO, HEKOTOPBIE U3 HALIMX IIa0JOHOB HAMPSIMYIO MOALEP-
)uBatoTcsi MeHee pacnpoctpaHeHHbIMU OO sizbikamu. CLOS, Hanpumep, HMeeT MyJ/bTH-METOMBI,
KOTOpble yMeHbLIAI0T HEOOXOOUMOCTh B TakoM LiabsoHe, Kak [loceturens (331). Pakrtuuecku
mexay Smalltalk u C++ cymiecTByeT 10CTAaTOYHO pa3aUUMid, UTOOb KaKHe-JHOO 1MIabJOHbI Jer-

ye peasM30BbIBAJNHUCH B OJHOM SI3bIKE, ueM B ApyroM. (cM. Hanpumep Hrepartop (257)).



1.2 Design Patterns in Smalltalk MVC IIla6i0oHbl npoek-
tupoBaHuga B Smalltalk MVC

The Model/View/Controller (MVC) triad of classes [KP88] is used to build user interfaces in
Smalltalk-80. Looking at the design patterns inside MVC should help you see what we mean
by the term “pattern.”

Tpuana knaccoB Monenb/Bun/ducneryep (Model/View/Controller — MVC) ucnosb3oBa-
Jlach [IJIs1 TIOCTPOeHHUs1 uHTepderica nmoab3oBateas B Smalltalk-80. IlpocmoTp mpoekTHBIX 1a-
6s0HOB BHyTpr MV C no/xeH moMo4b BaM MOHSATH UTO Mbl TIOHHMAeM TOJ TEPMHUHOM “IabJoH”.

MVC consists of three kinds of objects. The Model is the application object, the View
is its screen presentation, and the Controller defines the way the user interface reacts to
user input. Before MVC, user interface designs tended to lump these objects together. MVC
decouples them to increase flexibility and reuse.

MVC cocTtout U3 Tpex BUI0B 00beKTOB. Mozesb — 3T0 00beKT NpuUJoXKeHUs, Bug — arto
ero KpaHHOe MNpejcTaBjeHHe, a Jlucnerdyep onpenessier, Kak HHTep(eHC pearupyer Ha HeH-
cTBUs nosib3oBatess. Jlo MVC npoekThl 1M0Jb30BaTeNbCKUX HHTEP(EHCOB HMeNH TeHIeHLHIO
coefnHATb 3TH 00beKThl BMecTe. MVC pasnesnsieT uX uTOOBl yBEJHUUNUTh THOKOCTb U CTENEHb
MHOT'OKPATHOTO HCIMOJb30BaHHS.

MVC decouples views and models by establishing a subscribe/notify protocol between
them. A view must ensure that its appearance reflects the state of the model. Whenever the
model’s data changes, the model notifies views that depend on it. In response, each view gets
an opportunity to update itself. This approach lets you attach multiple views to a model to
provide different presentations. You can also create new views for a model without rewriting
it.

MVC paspensier BUOBl W MOAEJNH, YCTaHaBJMBAash MeXKAYy HHUMH TIPOTOKOJ MOAIHKC-
K1/yBenoMmJ/eHust. Bum nosmkeH y1ocTOBEpUTHCS, UTO €ro MOosIBJEHHE OTPaKaeT COCTOsTHUE MoJie-
J¥. Beskuit pas, Koria 1aHHble MOJEH MEHSIOTCS, MOJIeJ/b YBEOMJISIeT BH/bl, KOTOpPbIe 3aBUCST
oT Hee. B oTBeT Kaxnblil BUJ MOJyuyaeT BO3MOKHOCTb OOHOBUTH cebsi. DTOT MOAXOJ T03BOJISET
BaM TPHUCOEIUHSITh HECKOJNBKO BHAOB K MOAENH [/l MOJy4YeHHS Pa3JU4YHBIX MpeNCcTaBIeHUH.
Takxxe BBl MOXKeTe CO3/1aBaTh HOBbIE BHABI /51 MOJeU Oe3 ee TepernucbiBaHuUs.

The following diagram shows a model and three views. (We've left out the controllers
for simplicity.) The model contains some data values, and the views defining a spreadsheet,
histogram, and pie chart display these data in various ways. The model communicates with
its views when its values change, and the views communicate with the model to access these

values.
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Crenytolnasi nuarpaMma IOKasblBaeT MoAesb W TPH Bupa. (s mpocTOTHl MBI OMYCTHJIH
00beKThI-aucneTdepbl). Mopesb CONepXKUT HEKOTOPble JaHHbIE, a BUIbl ONPENESIOT 3JeKTPOH-
HY!0 TabJHLY, TUCTOTPAMMY M KPYTOBYIO IHarpaMMy OTOOPaKarollylo 3TH AaHHble Pa3JIUYHBIMU
cnoco6amu. Moje/b B3aWMOLEHCTBYeT CO CBOMMH BHJAMH KOTJa JAaHHble MEHSIOTCS, a BUMbI

COO6LL[8}OTCH C MOAEJbI0 OJd A0CTyIa K 3TUM HAHHBIM.

views
. window |=ﬂ] . window |=ﬂ] W window |=ﬂ]
al|b|c
x| 60| 30|10
y| 50| 30| 20
z| 80| 10|10

model

Taken at face value, this example reflects a design that decouples views from models. But
the design is applicable to a more general problem: decoupling objects so that changes to one
can affect any number of others without requiring the changed object to know details of the
others. This more general design is described by the Observer (page 293) design pattern.

HowmuHanbHO 3TOT mpHMep OTpakaeT MPOEKT, KOTOPLIH OTAesieT BUAB oT Monesei. Ho npo-
eKTHOe pellleHhe MPUMeHUMO K OoJiee 0O0lleld 3amade: pasneseHrHe 0OBEKTOB, TaKUM 00pasoM,
9TOOBl MU3MEHEHHUSI B OMHOM OOBEKTE MOTJIM BJHUSITh Ha JII0O0e KONMWYeCTBO NPYyrux, 6e3 Heo6Xo-
AMMOCTH /ISl H3MEHsIeMOro 00beKTa 3HaThb O HUX JeTand. DToT Gosee obliee pelieHHe OMUCAHO
mabsaoHom Haburonatens (ctp. 293).

Another feature of MVC is that views can be nested. For example, a control panel of
buttons might be implemented as a complex view containing nested button views. The
user interface for an object inspector can consist of nested views that may be reused in

a debugger. MV C supports nested views with the CompositeView class, a subclass of View.
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CompositeView objects act just like View objects; a composite view can be used wherever a
view can be used, but it also contains and manages nested views.

Hpyrum ceoiictBoMm MV C siB1sieTcs1 BO3MOXKHOCTb BJIOXKeHUs1 BU0B. Hanpumep, KOHTpOJIb-
Hasl MaHesb ¢ KHONKAMH MOXKET OBITh peaju30BaHA KaK COCTABHOH BHJ COMEPXKAIIUH BJIOXKEH-
Hble BHJbl KHOMOK. [losib30BaTesibekuil HHTep(elC /s HHCIIEKTOpa 00bEKTOB MOXKET COCTOSITh
M3 BJIOKEHHBIX BHJIOB, KOTOPble MOT'YT ObITb MOBTOPHO HCMOJb30BaHbl B oTaanduke. MV C non-
NIep>KUBaeT BJIOXKEHHble BHAbI ¢ MoMollbio Kiaacca CompositeView, siBasiomierocss moak/aaccom
View. O6bekThl Kjaacca CompositeView nedcTBYIOT B TOYHOCTH Kak O0OBEKTHl KJjacca View;
COCTAaBHOHU BUJ MOXKeT ObITb HCIOJb30BaH Be3Jle Tle MOXKET HUCIOJb30BaThCsl BUI, HO OH TaKXkKe
COJIEPKUT BJIOXKEHHBIMU BHIBI U yTIPABJSET UMHU.

Again, we could think of this as a design that lets us treat a composite view just like we
treat one of its components. But the design is applicable to a more general problem, which
occurs whenever we want to group objects and treat the group like an individual object. This
more general design is described by the Composite (163) design pattern. It lets you create
a class hierarchy in which some subclasses define primitive objects (e.g., Button) and other
classes define composite objects (CompositeView) that assemble the primitives into more
complex objects.

U1 cHoBa, MBI MOXKeM AyMaTb 06 3TOM, KaK O MPOEKTHOM pelLIeHHH, KOTOPOe MO3BOJISeT pa-
60TaTb C COCTaBHBIM BHJOM TaK »Ke KaK C OHHUM M3 ero KoMrnoHeHToB. Ho mpoekTHOe peleHue
NPUMeHHMO K 6GoJiee 00llel 3aaue, KOTOpast MOSIBJAsSETCS BCeraa, KOria Mbl XOTHM CTPYIIHPO-
BaTb 0OBEKTH U paboTaTh C TPYIIOH, KaK C OTAEJbHBIM 00beKTOM. DTO OoJiee oblliee pelleHHe
onucano B mabjoHe Kommnosut(163). OH mosBoJisieT BaM CO31aTh Hepapxuio KJAcCOB B KOTO-
PbIX HEKOTOPBIE MOIKJACChl OTIPEeITIOT MPUMUTHBHBIE 06beKThl (Hanpumep KHomnka), a npyrue
KJIaCcChl OTpefieisiioT cocTaBHble 06beKTh (CompositeView), KoTopele co6HUpPAIOT MPUMHUTHBEL B
6oJiee CI0KHBIE OOBEKTHI.

MVC also lets you change the way a view responds to user input without changing its
visual presentation. You might want to change the way it responds to the keyboard, for
example, or have it use a pop-up menu instead of command keys. MVC encapsulates the
response mechanism in a Controller object. There is a class hierarchy of controllers, making
it easy to create a new controller as a variation on an existing one.

Taxkxxe MVC mno3Bo/isieT MU3MeHSATb pPeaklMi0 BHAa Ha BBOJ MOJb30BaTessi 0e3 U3MeHeHHs
ero BH3yaJIbHOIO MpejcTaB/eHHs. Hanpumep BBl XOTHTE H3MEHUTh €ro peaklivio Ha BBOL C KJa-
BHATYPBI, HJIH UCIIOJb30BaTh YIPABJsOllee MEHI0 BMECTO KOMaHAHbIX KaaBuil. MVC nHkarmncy-
JUPYeT MexaHu3M oTBeTa B 00bekTe [ucneruep. CyliecTByeT Hepapxusi KJACCOB TUCIETYEPOB,

yhpoliiamwiias co3faHre HOBOro AHCIIeTYepa B BHAE BapHaHTa yxKe CYLIECTBYIOLIEro.
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A view uses an instance of a Controller subclass to implement a particular response
strategy; to implement a different strategy, simply replace the instance with a different kind
of controller. It’s even possible to change a view’s controller at run-time to let the view
change the way it responds to user input. For example, a view can be disabled so that it
doesn’t accept input simply by giving it a controller that ignores input events.

Bun ncnonbayeT sx3emmisp noakaacca Jlucneruep as peasusallii KOHKPETHOH CTpaTerun
OTBeTa; NJs peajM3alluy APYTod CTPaTeruu, MPOCTO 3aMEHUTE IKIEMILISIP IPYTUM BHIOM JTHC-
neruepa. MoxHO naxke 3aMeHHTb OHCIeTYep BHIA HA JPYroid BO BPeMs BLINOJHEHHS, YTOObI
TMO3BOJIUTh BUIY M3MEHHUTh PeaKIHI0 Ha BBOJ T0Jb30BaTess. Hamnpumep, BUA MOXeT OBITb OT-
KJIIOUeH TaKUM 00pa3oM, 4TOObl OH He BOCITPUHUMAJ BBOJ MOJIb30BATES TPOCTO MOAKJIIOYEHUEM
K HEMY JAWCIeTYepa UTHOPHUPYIOLIETO BBOJ.

The View-Controller relationship is an example of the Strategy (315) design pattern. A
Strategy is an object that represents an algorithm. It’s useful when you want to replace the
algorithm either statically or dynamically, when you have a lot of variants of the algorithm,
or when the algorithm has complex data structures that you want to encapsulate.

Cssi3b Bun-lucnetuep siBnsiercss npumepoM npoekTHoro mabnaona Crpaterus (315). Crpa-
Terusi — 3TO 00bEKT, KOTOPBIH MpencTaBisieT co6oi aaroputM. OH ToJsie3eH, KOoraa Bbl XOTHTE
3aMeHHUTb AJTOPUTM CTATHUECKU WJIM JAHHAMHUECKH, KOTJA y Bac €CTb MHOT'O BapHaHTOB aJ-
TOPUTMA, WU/ KOTHA ajJTOPUTM CONEPIKUT CJIOKHBIE CTPYKTYPbl NAHHBIX, KOTOPble Bbl XOTHTE
MHKAICYJIHPOBaTh.

MVC uses other design patterns, such as Factory Method (107) to specify the default
controller class for a view and Decorator (175) to add scrolling to a view. But the main
relationships in MVC are given by the Observer, Composite, and Strategy design patterns.

MVC wucnonbsyer npyrue mabJoHbl MPOEKTHPOBaHUs, Takve Kak 3aBoackoid Meton (107)
ISl yKa3aHus qUcreTyepa Buaa no ymonuanuio u lekopatop(107) nist no6GaB/ieHust CKPOJIIUHTA
K Buay. Ho ocHoBHBIe cBsis3u B MVC mpencraB/ieHbl MpoeKTHbIMU mabmoHamu Habmonaress,

Komnosut u Crparerusi.
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1.3 Describing Design Patterns

Onucaunmne IlpoektHoix IllabaonoB

How do we describe design patterns? Graphical notations, while important and useful, aren’t
sufficient. They simply capture the end product of the design process as relationships between
classes and objects. To reuse the design, we must also record the decisions, alternatives, and
trade-offs that led to it. Concrete examples are important too, because they help you see the
design in action.

Kak mbl omucbiBaeM mpoekTHble mabJoHbl? [pacduueckre 0603HaUeHHS] BaXKHBI U TI0JIE3HH,
HO HenocTaTouHbl. OHHM MPOCTO (PUKCHUPYIOT KOHEUYHBIH pe3yJsbTaT Mpollecca MPOeKTHPOBAHUS B
BHJE CBsI3el MeXIy KaaccaMu U o6beKTaMu. J{JisT MHOTOKPAaTHOTO MCIMOJb30BAHUS MTPOEKTa, Mb
JOJIXKHBI TaKKe 3aMucaTb HallW pelleHHsi, aJbTePHATUBHl U ONTHMAaJbHble BAPHAHTHI, KOTOPHIE
K HeMmy mpuBesnd. KOHKpeTHbIe MPHUMepBl TaKyKe BaKHbl, MOTOMY YTO OHHM MOMOTAIOT YBUIETb
MPOEKT B NeHCTBHH.

We describe design patterns using a consistent format. Each pattern is divided into sections
according to the following template. The template lends a uniform structure to the information,
making design patterns easier to learn, compare, and use.

Mbl onucbiBaeM TpPOeKTHbIe 1IAGJOHBI, MCIOJIb3Ys MOCAeNoBaTe bHbIH (popmaT. OnucaHue
KaXKJI0T0 11abJIoHa JIeJIUTCs Ha maparpadbl Mo cjaenyrolieMy madaoHy :). DTOT wabJoH Mnpero-
CTaBJIsIeT eIMHO0OPa3HYI0 CTPYKTYPY AJsI HH(MOPMALMH, YIIPOLLasi U3yUeHHe, UCTIONb30BaHHE H

CpaBHEHHe MPOEKTHBIX 11a0J0HOB.

Pattern Name and Classification Haspanue mat6maona u kaaccupukanus

The pattern’s name conveys the essence of the pattern succinctly. A good name is
vital, because it will become part of your design vocabulary. The pattern’s classification

reflects the scheme we introduce in Section

HasBaHnue mabsoHa KpaTKo MepefaeT ero CyUlHOCTb. Xopollee HMs BaxKHO, MOCKOJbKY
OHO CTaHEeT YacTbl0 Ballero NMPOEKTHOro cjoBaps. Knaccugpukauus mab/i0HOB OTpaxKaeT

cxemy u3 pasgeda [LDl

Intent Hamepenue

A short statement that answers the following questions: What does the design pattern
do? What is its rationale and intent? What particular design issue or problem does it

address?
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KopoTkoe yTBepxKaeHHe OoTBedalolllee Ha CJedylolide Bompochl: YUTo nenaeT MpoeKTHBIH
mabsoH? KakoBo ero o6ocHoBaHue U HasHaueHHe? J[Jis KaKoil MMEHHO MPOEKTHOH 3a7auu

OH NpefHa3HayeH?
Also Known As Takxke Hssecten Kak

Other well-known names for the pattern, if any.

Jpyrue xopolio u3BecTHble UMeHa A/ 1abJoHa, eC/H eCTh.

Motivation MortuBarug

A scenario that illustrates a design problem and how the class and object structures in
the pattern solve the problem. The scenario will help you understand the more abstract

description of the pattern that follows.

CueHapuii HITIOCTPUPYIOILMH NPOEKTHYIO 3a1a4y M MOKa3blBAOLIUK KaK CTPYKTYpHI KJac-
COB 1 00beKTOB B 1absoHe pemaioT ee. CLeHapui MOMOXKeT BaM MOHAThL 6oJiee abCTpPaKT-

HOe omnucaHue mabJoHa.

Applicability Ccepa npumeHeHus

What are the situations in which the design pattern can be applied? What are examples

of poor designs that the pattern can address? How can you recognize these situations?

KakoBbl CHTyallMd B KOTOPbIX MOXKET ObITh PUMeHEH NMPOeKTHbIH mabaoH? KakoBbl npume-
pbl TIJIOXHUX MPOEKTOB B KOTOPBIX OH MOXKeT ObITb NMpHMeHeH? Kak Bbl MOXKeTe pacrno3HaTh

TaKHe CI/ITyaLlI/II/I?

Structure Crpykrypa

A graphical representation of the classes in the pattern using a notation based on
the Object Modeling Technique (OMT) [RBP+91]. We also use interaction diagrams
[JCJO92, Bo094] to illustrate sequences of requests and collaborations between objects.

Appendix B describes these notations in detail.

['paduueckoe mpencraB/ieHre KJaaccoB B IabJyoHe (MCIosb3yeMasi HOTAllMsi OCHOBaHa Ha
Texuuke MopenupoBanus O6bektoB) (OMT) [RBP+91]. Ml Takke ucrosb3yeM aua-
rpammbl B3aumonedctBusi [JCJO92, Boo94| masi uamocTpaldy MocjenoBaTeIbHOCTH 3a-
MPOCOB H B3aMMOJEHCTBHEH MexXay o0bekTaMu. B [punoxenun B 3Tu HOTallMK OMHChIBa-

I0TCSl TOAPOOHO.

Participants YuacTHuku

The classes and/or objects participating in the design pattern and their responsibilities.
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Kuiaccel u/nau 06beKThl, yUacTBYIOLIHE B TPOEKTHOM I1a0JI0He, a TaKXkKe X 00SI3aHHOCTH.

Collaborations BsanmoneiicTBus
How the participants collaborate to carry out their responsibilities.

Kak yyacTHHKH B3aWMOLEHCTBYIOT JJIsl BBIIIOJHEHUS] CBOMX 00s3aHHOCTEH.

Consequences Ilocnenctaus

How does the pattern support its objectives? What are the trade-offs and results of using

the pattern? What aspect of system structure does it let you vary independently?

Kak wma6soH peanusyer cBou Lesu? KakoBbl H3IepKKHU U Pe3yabTaThl HCIIOJIb30BaHHUS

mabsoHa? Kakol acrekT CTPYKTYpbl CUCTEMbl OH MO3BOJISIET BAM M3MEHSITh HE3aBUCHMO?
Implementation Peanusauus

What pitfalls, hints, or techniques should you be aware of when implementing the

pattern? Are there language-specific issues?
B HanuuuM Kakux JIOBYIIEK, TPIOKOB M TEXHHUK Bbl JOJ/KHBI OTHAAaBaTh cebe OTUET MPH
peanusauuu mabdsoHa? CyliecTBYIOT JH MpoOieMbl creluduyeckre AJs ONpeaeseHHOro
13bIKa?

Sample Code Ilpumep kona

Code fragments that illustrate how you might implement the pattern in C++ or
Smalltalk.

®parmeHThl Kola, KOTOpble MOKa3blBalOT KakK Bbl MOXeTe peasn3oBaTh IadjoH Ha C++
unu Smalltalk.
Known Uses M3BecTHBIE UCIOJB30BAHUSA

Examples of the pattern found in real systems. We include at least two examples from

different domains.
[Tpumepnl ucnob30BaHUS Ia6JOHA B peasibHbIX CHCTeMaX. MBI BKJIOUUIN KaK MUHUMYM
IBa pUMepa U3 pa3HbIX 06JacTell MPUMeHEeHHUs.

Related Patterns Css3p ¢ mabsaoHamMu

What design patterns are closely related to this one? What are the important differences?
With which other patterns should this one be used?

Kakue 1mab/oHbl MPOEKTUPOBAHUS TECHO CBsI3aHbl ¢ 3TUM? KakoBbl BaxKHble pazanuusi? C

KaKUMH JIPYrUMH 1a0JOHAMU JOJI2KEH HCIO0J/b30BaThCsl NaHHbIH 11a0/10H?
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The appendices provide background information that will help you understand the patterns
and the discussions surrounding them. Appendix A is a glossary of terminology we use. We've
already mentioned Appendix B, which presents the various notations. We’'ll also describe
aspects of the notations as we introduce them in the upcoming discussions. Finally, Appendix
C contains source code for the foundation classes we use in code samples.

[TpusoxxeHus: MpenoCTaBJ/SIOT NOMOJHUTENBHYI0 HH(POPMALHIO, KOTOPasi MOMOXKET BaM I0-
HSATH a6J0OHb U UX 00cyx)aeHue. [IpunokeHre A — 3TO CJ0Baph UCMOJIb30BAHHOH TEPMUHOJIO-
rud. Mbl yKe yIIOMHHA/U NpUJoKeHHe B B KoTopoM mpencTaBsieHbl pasjiHuHble HOTAOUU. Mel
TaKKe OIHUIIEM aCTeKThl HOTAllMH KOTa Mbl MPEACTaBUM MX B MOCJeAYIOIUX obcyKaeHusx. U
HakoHell npuJjoxkeHne C COREPKHUT MCXOMHBIM KO AJisi 6a30BbIX KJIaCCOB HMCIIOJNb3yeMbIX HAMH

B IpUMepax.
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1.4 The Catalog of Design Patterns Karamor mpoekTHbIX

a0JOHOB

The catalog beginning on page 79 contains 23 design patterns. Their names and intents are
listed next to give you an overview. The number in parentheses after each pattern name gives
the page number for the pattern (a convention we follow throughout the book).

Katasor HaunHaetcss Ha cTpaHule 79 W comep:KHUT 23 MPOEKTHHIX wabsioHa. X vMeHa U
HaMepeHHUsl NepeuncseHbl HUKe B BUle 003opa. Homep B ckoOkax moc/e Kaxaoro iabJ/oHa
O3HayaeT HOMEp CTPAHMIBEI Ha KOTOPOH OnucaH Iab/oH (3TOro COTVAIleHHsl Mbl TPHUAEPKHUBA-

eMCsl BO BCEH KHHUTe)

AocTpakTHasa ¢abpuka (Abstract Factory) (87)

Provide an interface for creating families of related or dependent objects without

specifying their concrete classes.

[IpenocraBnsietT uHTepdeiic nJs CO3NaHUS CEMEHCTB CBSI3aHHBIX UJU 3aBUCHMbBIX 00BEKTOB

0e3 YKa3aHHs WX KOHKPETHBIX KJIaCCOB.

Ananrtep (Adapter) (139)

Convert the interface of a class into another interface clients expect. Adapter lets classes

work together that couldn’t otherwise because of incompatible interfaces.

[Ipeo6pasyet nHTepdeic Kaacca B Apyroit HHTepdeic, oXKuaaeMblil KJIHeHTaMU. Anantep

M03BOJISIET KJaccaM ¢ HeCOBMECTHMBIMU MHTep(delicaMu paGoTaTh BMecTe.
Mocrt (Bridge) (151)
Decouple an abstraction from its implementation so that the two can vary independently.

Oruengsier abCTpaKIMIO OT ee peasM3alldd Tak, YTOObl OHU MOIJIM M3MEHSITbCSl He3aBU-

CHMO.

Crpouteas (Builder) (97)

Separate the construction of a complex object from its representation so that the same

construction process can create different representations.

OTILG.HHET KOHCTPYHUPOBaHHE CJI02KHbBIX 00BEKTOB OT €ro npeacTaBJieHUd, TaK YTOOHI OOHWH

KOHCTPYHPYIOLIUH MTPOLECC MOT CO3[aBaTh Pa3JMuHble NPeACTABJEHHUS.

IHenb orBercTBeHHOCTH (Chain of Responsibility) (223)
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Avoid coupling the sender of a request to its receiver by giving more than one object
a chance to handle the request. Chain the receiving objects and pass the request along

the chain until an object handles it.

36eraet cBsi3biBaHUS 00beKTa MOC/ABLIETO 3aMIPOC C €ro NoJyyaTeseM IyTeM MpegoCcTas-
JIEHUS] BO3MOXKHOCTH 00paboTKH 3anpoca 6osiee ueM ogHOMY 00beKTy. ClemnssieT 06beKThl
noJiyyaTesid U mepefaer 3anpoc Mo Lenodyke A0 TeX Mop MoKa Kakoi-nnbo oObeKT He 00-

paboraer ero.

Komanga (Command) (233)

Encapsulate a request as an object, thereby letting you parameterize clients with

different requests, queue or log requests, and support undoable operations.

WMukancyaupyet 3anpoc B 00beKT, TaKUM 00pa3oM, 1M03BOJIsIs TapaMeTpPU30BaTh KJAUEHTOB
pPa3/JMYHBIMM 3alIPOCAMH, CTABUTh 3alPOCHl B OUepelb UJHU NIPOTOKOJIUPOBATH HUX, a TaKxXKe

noAAep2KKUBAaTh OTMEHsAeMbie Ollepalriu.

Komnosut (Composite) (163)

Compose objects into tree structures to represent part-whole hierarchies. Composite lets

clients treat individual objects and compositions of objects uniformly.

Coenunsier 0ObeKTbl B [PEBOBHIHbIE CTPYKTYPbl AJs TpeacTaBJeHHst HepapXWi BHIa
1es10e-4acTb. KoMno3ut 1nospoJisieT KAreHTaM 00pallaThCsl ¢ OTAeAbHBIMH 00BEKTAMU TaK-

JKe Kak M ¢ rpynnamu o0beKTOoB.

Hexkopatop (Decorator) (175)

Attach additional responsibilities to an object dynamically. Decorators provide a flexible

alternative to subclassing for extending functionality.

JlMHaMuyeckH npucoeirHsSeT K OOBEKTY MAOMNOJHHUTeNbHble 0053aHHOCTH. [lekopaTopel
NPeNOoCTaBJAIT TMOKYI0 aJbTepHATHUBY CaOKJ/JIACCHUHTY [JIS pacliMpeHUs (DyHKLHOHAJb-

HOCTH.

®acan (Facade) (185)

Provide a unified interface to a set of interfaces in a subsystem. Facade defines a higher-

level interface that makes the subsystem easier to use.

[IpenoctaBnsier yHU(DULUPOBAHHBIA HHTep(delc A/ MHOXKeCTBa UHTep(elcoB B MOACH-
creme. @acan onpenensieT nHTepdelc Gosee BHICOKOTO YPOBHS I 0ON€rdyeHusi UCIoJb-

30BaHHUA IMOACHCTEMDI.
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3aBoxackoit meton (Factory Method) (107)

Define an interface for creating an object, but let subclasses decide which class to

instantiate. Factory Method lets a class defer instantiation to subclasses.
Onpenensier uHTepdelc A co3naHUsl 00bEKTa, HO MO3BOJSIET MOAKJIAcCaM pellaTh K-
3eMILJISIP KaKoTo KJacca Co3/aTh. 3aBOACKOH METO TM03BOJISIET KJaccy yCTynaTb CO3AaHue
TMofKJIaccaM.

JlerkoBec (Flyweight) (195)
Use sharing to support large numbers of fine-grained objects efficiently.
Hcnonbayer pasnenenve /st 3h(HeKTHBHON paboOThl ¢ OOJBIIMM KOJUYECTBOM MaJIeHbKHX
00BEKTOB.

Hutepnperarop (Interpreter) (243)

Given a language, define a represention for its grammar along with an interpreter that

uses the representation to interpret sentences in the language.

Jlna pnaHHOro f13plka onpejesisieT NpeAcTaBJ/eHHe ero rpaMMaTHKH BMeCTe C UHTepIpe-
TAaTOPOM, KOTOPBIH MCIIOJB3yeT TPaMMaTHKY AJSI MHTeplpeTaluuu MpeljoXXeHHUH Ha 3TOM
I3bIKE.

Hreparop (Iterator) (257)

Provide a way to access the elements of an aggregate object sequentially without

exposing its underlying representation.
[IpenocraBJisieT crnoco6 MOCJAEIOBATENBHOTO NOCTYMA K 3J€MEHTaM COCTaBHOIO 0ObeKTa
0€e3 pacKpBITHS ero MpeacTaBeHHUs.

IMocpennuk (Mediator) (273)

Define an object that encapsulates how a set of objects interact. Mediator promotes
loose coupling by keeping objects from referring to each other explicitly, and it lets you

vary their interaction independently.

Onpenensier 00bEKT, WHKAICYJIUPYIOUIMN B3aHMOIEHCTBYE HEKOTOPOro MHOXKeCTBa 00b-
ekToB. [locpenHuk obecrneunBaetr ocnab/eHue CleNNeHns, He 1aBasi 00beKTaM CChlIaThCs

APYyr Ha aApyra saBHO, W ITO3BOJIAET HE3aBHUCHUMO M3MEHATH HX B3aHMOﬂ€ﬁCTBHe.

IIamsate (Memento) (283)
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Without violating encapsulation, capture and externalize an object’s internal state so

that the object can be restored to this state later.
Bes HapylleHHs] HHKANCYASUUH (DUKCUPYET U COXPaHSIeT BHYTPEHHee COCTOsIHUE 00beKTa,
4TOOBI MOXKHO OBIJIO BEPHYTHCSI K 3TOMY COCTOSIHHIO TMO3JKE.

Hao6aoparens (Observer) (293)

Define a one-to-many dependency between objects so that when one object changes

state, all its dependents are notified and updated automatically.

OmnpenesisieT OTHOILIEHHE OJHH KO MHOTMM MeXIy 00beKTaMU TaKUM 06pa3oM, uTo KOoria
OIMH 00BEKT H3MEHSIeT COCTOSIHHE, BCE 3aBUCSIIHE OT Hero 00bEeKThl yYBEIOMJISIOTCS H
OOHOBJISTIOTCSI ABTOMAaTHUECKH.

IIpororun (Prototype) (117)

Specify the kinds of objects to create using a prototypical instance, and create new

objects by copying this prototype.
YKkasbiBaeT Kakue BUIbl 00BEKTOB CO3[1aBaTh, UCMOMb3Ysl MPOTOTHIIHLIA K3EMILISP U CO-
3[1aeT HOBble 0OBEKTBI KOMMPOBAHHEM 3TOTO TMPOTOTHIIA.
ITonnomoumns (Proxy) (207)
Provide a surrogate or placeholder for another object to control access to it.

[IpenocraB/sieT 3aMeHUTE/b AJIS1 APYroro 00beKTa IJ/s1 KOHTPOJS AOCTYyNa K HEMY.

Onunouka (Singleton) (127)
Ensure a class only has one instance, and provide a global point of access to it.
[IpoBepsieT 4To KJacc UMeeT TOJbKO OIUH IK3eMIIP U 00ecreyrBaeT r00aibHyl0 TOUKY
JOCTYTa K HEMY.

Cocrogaue (State) (305)

Allow an object to alter its behavior when its internal state changes. The object will

appear to change its class.
[To3BosisieT 0ObEKTY H3MEHSATh CBOE TOBeJleHHe KOTa ero BHYTPEHHee COCTOSIHHE MeHs-
ercsi. Co3zaeT Breyat/ieHHe, UTO 0ObEKT CMEHMJ CBOH KJjacc.
Crparerus (Strategy) (315)
Define a family of algorithms, encapsulate each one, and make them interchangeable.

Strategy lets the algorithm vary independently from clients that use it.
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Omnpenensier ceMelcTBO aATOPUTMOB, HHKAINCYJUPYeT KaxKAbld W JejaeT MX B3aMMO3a-
MeHsieMbIMH. CTpaTerusi Mo3BOJisieT HU3MEHSIThb aJrOPUTM HE3aBHUCHMO OT KJHEHTOB €ro

HCITOJIb3YIOUINX.

IIla6aonubiii meton (Template Method) (325)

Define the skeleton of an algorithm in an operation, deferring some steps to subclasses.
Template Method lets subclasses redefine certain steps of an algorithm without changing

the algorithm’s structure.

OmnpenessieT ckeJieT aJropuTMa B Oofepall, OCTaBJsisi HEKOTOpPble Iard AJs peanu3alun
B noakJaccax. [llabsoHHBIA MeTon MO3BOJSIET MOAKJIACCAM IepeonpeesiTb OnpereseH-

Hble 1IaTh aJroput™Ma 6e3 U3MeHEeHHs ero CTPYKTYpHI.

ITocerutean [Visitor] (331)

Represent an operation to be performed on the elements of an object structure. Visitor
lets you define a new operation without changing the classes of the elements on which

it operates.

[TpencraBasier neficTBre, KOTOpoe HEOOXOAMMO MPOU3BECTH Hal 3JeMeHTaMH 00beKTHOH
cTpyKTyphl. [ToceTurens no3sossier onpeneuTb HOBoe elcTBUe Oe3 H3MeHEHHs KJacCoB

9JIEMEHTOB Hall KOTOPbIMH 3TO JeHCTBHE [IPOU3BOAUTCH.

22



1.5 Organizing the Catalog

OpraHnsaum{ KaTaJora

Design patterns vary in their granularity and level of abstraction. Because there are many
design patterns, we need a way to organize them. This section classifies design patterns so
that we can refer to families of related patterns. The classification helps you learn the patterns
in the catalog faster, and it can direct efforts to find new patterns as well.

[IpoekTHble 11a6/10HBI Pa3/MYAIOTCS MO CTENeHH JeTajlu3aluu U ypoBHIO abcTpakuuu. [lo-
CKOJIBKY CYIIeCTBYeT MHOTI'O MPOEKTHBIX IIa0J0HOB, HaM HYKeH CIoco0 WX opraHu3auuu. B
3TOM pasjiesie MPOeKTHbIe 1a0JOHbl KJaCCU(UIUPYIOTCS, UTOOBI Mbl MOTJIM CChIJIAaThCs Ha Ce-
MeHcTBa CBsI3aHHBIX 11a6/oHOB. Knaccudukauus no3posisieT BaM M3yuathb LIAGJIOHBl B KaTaJore
ObICTpee, a TaKXKe OHa MOXET HATpaBUTh BAIIM YCHJIHS AJISl IOMCKA HOBBIX I1a0JIOHOB.

We classify design patterns by two criteria (Table [LLI). The first criterion, called purpose,
reflects what a pattern does. Patterns can have either creational, structural, or behavioral
purpose. Creational patterns concern the process of object creation. Structural patterns deal
with the composition of classes or objects. Behavioral patterns characterize the ways in which

classes or objects interact and distribute responsibility.

Creational Structural Behavioral

Class | Factory Method (107) | Adapter (139) Interpreter (243)

Template Method (325)
Object | Abstract Factory (87) | Adapter (139) Chain of Responsibility(223)

Builder (97) Bridge (151) Command (233)

Prototype (117) Composite (163) | Iterator (257)

Singleton (127) Decorator (175) | Mediator (273)
Facade (185) Memento (283)
Proxy (207) Flyweight (195)

Observer (293)
State (305)
Strategy (315)
Visitor (331)

Tabauua 1.1: Design pattern space
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Mbl KnaccuUUUpPYyeM MpPOeKTHble mabgoHbl no aByM Kputepusam (Ta6auna [1.2). [Tepsoiit
KPUTEPUH - Ha3HauyeHMe, MOKa3blBaeT 4To fAesaeT wab/oH. [IlabjsoHBl MOryT MMeTb cO3Aalo-
liee, CTPYKTYPHOE HJIM MOBefleHuecKoe HaszHaueHHe. Cozjarolye LabJoHbl UMEIOT OTHOLIEHHE
K rpoleccy co3faHust oobekta. CTPyKTypHble 11a0J0Hbl UMEIOT AeJ0 ¢ KOMIIO3ULHel KJaccoB
U1 06bekToB. [loBeneHueckue 1aOMOHBI XapaKTePU3YIOT MYTH B3aUMOAEHCTBHS O0OBEKTOB U

pacnpeneseHrss OTBETCTBEHHOCTH MeXXKAYy HHUMH.

Cozparomue CrpykrypHBIE IloBeneHueckue

Kunaccosbie | 3aBonckoit meton (107) Ananrep (139) Wurepnperatop (243)
[Ila6aounbiét Meton (325)

Oo0vbekTHble | AGcTpakTHas (abpuka(87) | Anantep (139) [lenb oTBeTCTBEHHOCTH(223)

Crpoureans (97) Mocr (151) Komanpa (233)

[TpotoTtun (117) Kommnoszut (163) Hreparop (257)

Onunouxka (127) Iekopatop (175) | [Tocpennuk (273)

®acan (185) [TamsaTs (283)

[TomHomouusi(207) | Jlerkosec (195)
Hab6monarens (293)
Cocrosinue (305)
Crparerus (315)

[Toceturens (331)

Ta6auua 1.2: [IpocTpaHCTBO MPOEKTHBIX 1AGJJOHOB

The second criterion, called scope, specifies whether the pattern applies primarily to
classes or to objects. Class patterns deal with relationships between classes and their
subclasses. These relationships are established through inheritance, so they are static—fixed
at compile-time. Object patterns deal with object relationships, which can be changed at run-
time and are more dynamic. Almost all patterns use inheritance to some extent. So the only
patterns labeled “class patterns” are those that focus on class relationships. Note that most
patterns are in the Object scope.

BTopoii kpuTepruii — 06JacTh NpUMeHEHHUSs, YKA3bIBa€T MPUMEHHUM JIH 11a06J0H B OCHOBHOM
K KsaaccaM uiaud oObekrtaM. [I1abG/oHBI KJaccoB MMEIOT Aes0 CO CBS3SIMU MeXIy KJacCaMH U
MX MOJIKJIacCaMy. DTH CBSI3W yCTAHABJAMBAIOTCS Uepe3 HacjefOoBaHHe, TAKUM 00pa3oM OHH CTa-

THYECKH OIpeneJieHbl BO BpeMsaA KOMIIUJIALIHHA. OObekTHBIEe 1a0JOHBI UMEIOT JeJi0 CO CBA39dMU

24



MeX1y 00BbeKTaMM, KOTOpble GoJiee NHHAMUYHBL U MOTYT OBITb H3MeHEHbl BO BpeMsl BBIOJ-
HeHusi. [louTu Bce mabsoHBI B KaKOH-TO Mepe HCMOJB3YIOT HacjenoBaHHe. [103TOMy TOJBKO
11a6JI0OHBl OTMeUeHHble KaK “I1a0J/0HBl KaaccoB” (DOKYCUPYIOTCS Ha CBS3SX KJACCOB. 3aMeTbTe,
4TO OOJIBIIMHCTBO WAabJ0HOB paboTal0T ¢ 0OBEKTAMH.

Creational class patterns defer some part of object creation to subclasses, while Creational
object patterns defer it to another object. The Structural class patterns use inheritance to
compose classes, while the Structural object patterns describe ways to assemble objects. The
Behavioral class patterns use inheritance to describe algorithms and flow of control, whereas
the Behavioral object patterns describe how a group of objects cooperate to perform a task
that no single object can carry out alone.

Coszpatommire mabJ/0Hbl KJacca OCTaBJSIOT YacTb Mpolecca Co3laHus oObeKkTa MoaKJ/aaccaM,
torna kak Cospamwiive 00beKTHble MAGJOHBI OCTABJSIOT YaCThb CO3MAHHUS APYTOMY OOBEKTY.
CrpykTypHble mabJoOHbl KJacca HCIOJNb3YIOT HAacjel0BaHHe JJIsi COeIMHEeHHs] KJacCOB, TOTAA
Kak CTPYKTypHBIe 11a06J0HBl 00BEKTOB OMUCHIBAIOT COCOOBI cOOPKH 00BeKTOB. [loBeneHueckue
1abJIOHBI KJ1acca UCIOJb3YIOT Hacael0BaHNe [JIs1 OTTMCAHUS aJrOPUTMOB U MTOTOKA YIPaBJEHHUS,
a [loBeneHueckue ma6M0HEl 0ObEKTa ONMUCHIBAIOT KaK I'Pyrnna 00beKTOB B3aHUMOAEHCTBYeT 1Jis
pelleHUs 3a1a4M, KOTOPYIO HHU OIHH OOBEKT HE MOXKET BHIIIOJHUTb CaAMOCTOSITENBHO.

There are other ways to organize the patterns. Some patterns are often used together.
For example, Composite is often used with [terator or Visitor. Some patterns are alternatives:
Prototype is often an alternative to Abstract Factory. Some patterns result in similar designs
even though the patterns have different intents. For example, the structure diagrams of
Composite and Decorator are similar.

CyliecTByIOT apyrue crnocobbl opraHu3auuu wabaoHoB. Hekoropble maGaoHB 4acTo HC-
nosb3ytotest BMecte. Hanpumep Kommnosur yacto ucnosbsyercsi ¢ Mreparopom u Ilocerutenem.
HexkoTopble 1m1a6J0HBl UMEIOT asbTepHaTHBBI: [IpoTOTHN uyacTo siBJisleTCs ajbTepHAaTHBOH AG-
crpakTHoH Pabpuke. Hekoropble 1mab/joHBl BEAYT K TMOXOXKHUM IMPOEKTHBIM peLIeHHSM, NaxKe
eCcJIM 3TH 1abJIOHbl UMEIOT pa3Hble HamepeHus. Hanpumep cTpyKTypHble nuarpammbl Kommosu-
Ta U JlekopaTopa MOX0XH.

Yet another way to organize design patterns is according to how they reference each other
in their “Related Patterns” sections. Figure [L1] depicts these relationships graphically.

Eure omuH crnoco6 opraHu3anuu 1abJOHOB — COTJIACHO MX CChIIKAM APYT Ha JApyra B
pasnene “Csizannbie mabaonb”. PucyHok [LI] onuceiBaeT 3TH cBsi3u rpaduyeckH.

Clearly there are many ways to organize design patterns. Having multiple ways of thinking
about patterns will deepen your insight into what they do, how they compare, and when to

apply them.
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HecoMHeHHO cyliecTByeT MHOro crnoco0oB OpPraHH3alMU NMPOeKTHbIX wabsoHoB. Hamnnuue
HEeCKOJIbKMX CIOCOOO0B pasMbILI/eHHUs] 0 1abJoHaxX yrayOUT Balle MOHUMaHUe TOro, YTO OHH

AeJIaloT, KaK OHU COOTHOCATCA U KaK UX NMPUMEHATh.
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Puc. 1.1: Design pattern relationships B3anmocBsiau npoekTHbIX 111a670HOB
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1.6 How Design Patterns Solve Design Problems

Kak IIPOCKTHDBIEC 1 a0JIOHBI pECUIAOT NMPOCKTHLIC 3aJa4YH

Design patterns solve many of the day-to-day problems object-oriented designers face, and in
many different ways. Here are several of these problems and how design patterns solve them.

[IpoekTHBIe 1IA0JOHBI PEIIAIOT MHOXECTBO €XKEeJHEBHBIX MPOGJEeM C KOTOPbIMH CTaJKHWBa-
torcsi OO TpPOeKTHUPOBIIMKH, MHOKECTBOM pa3HbIX croco6oB. [lajee mepedyucsieHbl HECKOJIbKO

HOI[O6HI)IX 3a/lad U KaK MPOEKTHbIE 1mabJI0Hbl UX pemaroT.

1.6.1 Finding Appropriate Objects

IIouck He0OXOOAMMBIX 00BLEKTOB

Object-oriented programs are made up of objects. An object packages both data and the
procedures that operate on that data. The procedures are typically called methods or
operations. An object performs an operation when it receives a request (or message) from
a client.

OO nporpaMMmbl cOCTOSIT U3 00beKTOB. OOBEKT COMEPKHUT KaK NaHHbIe TaK U MPOLeNyphl pa-
6oTarliie ¢ 3TUMU AaHHBIMU. [Iponenypbl 0ObIYHO HA3BIBAIOTCS METOAAMHM UJIM ONEpPalUsIMHU.
OO6beKT BBITMOJNHSET ONEPALMIO KOTAA OH MOJydaeT 3ampoc (MJad COOOUmEeHHne) OT KINEHTA.

Requests are the only way to get an object to execute an operation. Operations are the only
way to change an object’s internal data. Because of these restrictions, the object’s internal
state is said to be encapsulated; it cannot be accessed directly, and its representation is
invisible from outside the object.

3anpochl 3TO €IMHCTBEHHBIH CMOCO0 3aCTaBUTh 00BEKT BBIMOJHUTDH omnepauuio. Onepaunn
3TO eUHCTBEHHBIN CII0CO6 U3MeHeHHsI BHYTPEHHUX NaHHbIX 00bekTa. M3-3a 3THX orpaHudeHuH,
BHYTPEHHee COCTOsIHHE 00beKTa Ha3blBaeTCsl MHKAICYJIUPOBAHHBIM; OHO HEIOCTYITHO Harpsi-
MYIO U €ro TpejcTaBJeHre HEBUAMMO H3BHE 00ObeKTa.

The hard part about object-oriented design is decomposing a system into objects. The
task is difficult because many factors come into play: encapsulation, granularity, dependency,
flexibility, performance, evolution, reusability, and on and on. They all influence the
decomposition, often in conflicting ways.

TpynHo#t yacteto OO NMpoeKTHPOBaHUS SIBJSIETCS NEKOMIIO3UIHSI CUCTEMbl HAa 0ObEKThI. JTa
3ajaua TpyaHa, MOTOMY YTO Ha Hee BJIMSIOT MHOTHe (DAKTOPBI: WHKAICYJSLHUS, pa3Mep, 3aBHU-
CHUMOCTb, THOKOCTb, TIPOM3BOAUTELHOCTD, IBOJIOLHUS, TOBTOPHOE MCIMOJb30BAHUS U T.J. U T.II.

Bce 3710 BaMsieT Ha JAE€KOMIIO3UIIHMIO U YaCTO MNPOTUBOPEUYUT APYr APYTY.
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Object-oriented design methodologies favor many different approaches. You can write a
problem statement, single out the nouns and verbs, and create corresponding classes and
operations. Or you can focus on the collaborations and responsibilities in your system. Or
you can model the real world and translate the objects found during analysis into design.
There will always be disagreement on which approach is best.

OO MeTOmONOTHH MTPOEKTHPOBAHUS MCIIOJNB3YIOT MHOXKECTBO Pa3HbIX MOAXON0B. Bel MoxkeTe
HanucaTh 3a/lauy B BUJE YTBEP:KAEHHS, BbIIENUTh CYIIECTBUTENbHBIE U TJ1aroJbl U CO3AaTh CO-
OTBETCTBYIOLIME KJacchl U onepauuu. Mau Bbl MoxkeTe COKYCHPOBAThCS HA B3aWMOJAEHCTBHUSIX
¥ OTBETCTBEHHOCTH B Balle# cucteme. Mn cMmomenvpoBaTh peasibHbIH MHUP U TepeBeCTH 00b-
eKThl HalileHHble B XOJle aHa/in3a B MpoeKT. Bcerna 6ynyT cyliecTBOBaTb pasHOIIACHs, O TOM
KaKOH MOAXOX Jyylle.

Many objects in a design come from the analysis model. But object-oriented designs often
end up with classes that have no counterparts in the real world. Some of these are low-
level classes like arrays. Others are much higher-level. For example, the Composite (163)
pattern introduces an abstraction for treating objects uniformly that doesn’t have a physical
counterpart. Strict modeling of the real world leads to a system that reflects today’s realities
but not necessarily tomorrow’s. The abstractions that emerge during design are key to making
a design flexible.

MHorue 00beKTH MPUXOAAT B MPOEKT U3 aHanuTuueckoil momenud. Ho OO mpoekTsl uacto
MPUXOAAT K KJaccaM y KOTOPbIX HET 3KBHUBaJEHTOB B peasjbHOM MHpe. HekoTopble M3 HHX
3TO HU3KOYPOBHEBBIE KJAaCChl, TaKHe Kak MaccHBBL. [lpyrue ropasno 6oJiee BBICOKOYPOBHEBBIE.
Hanpumep mabuon Komnosur (163) npencrapisier abeTpakiifio ajst paboThl ¢ 00beKTaMH e1u-
HO06pa3Ho, He UMEIOLLYI0 (PU3UUeCcKOro IKBUBaseHTa. CTporoe MoaesHpOBaHHE peasbHOrO MUPa
TMPUBOIUT K CUCTEME, KOTOPast OTPAXKAET CETOAHSIIHNE peasiy, HO Heobs13aTeIbHO 3aBTPAILHHE.
AGcTpakiuy BO3HMKAWOIIME BO BPeMsi IPOEKTHPOBAHUS SIBJSIOTCS KJIOUEBBIMU JJISI CO3aHHUS
rUOKOr0 MpOeKTa.

Design patterns help you identify less-obvious abstractions and the objects that can capture
them. For example, objects that represent a process or algorithm don’t occur in nature, yet
they are a crucial part of flexible designs. The Strategy (315) pattern describes how to
implement interchangeable families of algorithms. The State (305) pattern represents each
state of an entity as an object. These objects are seldom found during analysis or even the
early stages of design; they’re discovered later in the course of making a design more flexible
and reusable.

[IpoekTHble 11a6JMOHBI TOMOTAIOT BaM HAEHTHU(PULUPOBATb MeHee siBHble aOCTPaKUHUU U 00b-

€KTbl, KOTOPbl€ MOT'YT HMCIIOJIb30BATh HX. HaanMep O6T:>eKTbI, npeacTaBJdlolIide npouecc UJau
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aJTOPUTM He CYLIECTBYIOT B NMPHUPOAE, HO OHHU SIBJSIOTCS BaKHOHW 4YaCTbl0 TMOKUX NPOEKTOB.
[MIa6non Ctpaterus (315) omucbiBaeT Kak peasin30BaThb B3aWMO3aMeHsieMble CeMEHCTBa aJro-
putmoB. [lla6aon Cocrosinue (305) mpencTaB/sieT KaXKaoe COCTOSTHME CYLIHOCTH B BHAe 00b-
ekTa. ITH 0ObeKThl pefKo 00HAapYyKHUBAIOTCS BO BPEMS aHa/IM3a WJM Ja)Ke Ha PaHHUX CTaIUsX
NPOEKTHPOBAHHUS; OHH OOHApYKUBAIOTCSl M03Ke B Ipolecce NnepelesKU NpoekTa AJs 0oJbluel

THOKOCTH U MHOT'OKPATHOI'0 MCII0JIb30BaHHUA.

1.6.2 Determining Object Granularity OnpeneseHue pasmepa 00be€KTOB

Objects can vary tremendously in size and number. They can represent everything down to
the hardware or all the way up to entire applications. How do we decide what should be an
object?

OO6BEeKTBl MOTYT OYeHb CHJIBHO OTJIMYATbCS B pa3Mepe U KosuuecTBe. OHM MOT'YT NpeacTas-
JISITh BCe OT alllapaTHOH YacTH 1O LeJbIX NPUIOXKeHHH. Kak ke pemuTb 4TO AOJ/IKHO OBITh
00bEKTOM?.

Design patterns address this issue as well. The Facade (185) pattern describes how to
represent complete subsystems as objects, and the Flyweight (195) pattern describes how to
support huge numbers of objects at the finest granularities. Other design patterns describe
specific ways of decomposing an object into smaller objects. Abstract Factory (87) and Builder
(97) yield objects whose only responsibilities are creating other objects. Visitor (331) and
Command (233) yield objects whose only responsibilities are to implement a request on
another object or group of objects.

[IpoekTHBIe 1MaGJMOHBI pelialnT Takxke W 3ToT Bompoc. Llabmon Pacan (185) omuchiBaer
KaK MpPeACTaBJISTh LieJible MOACUCTEMBI B BUle 00bEKTOB, a 1wabJjoH Jlerkosec (195) onuchiBaer
KaK ylIep:KHBaTb OTPOMHOE KOJHUECTBO OOBEKTOB B He(oJ blIOM o6beMe. Jlpyrue mpoekTHble
11a6JIOHBI OMTUCHIBAIOT CrEU(pUUECKHEe MYTH TEKOMIO3ULIUK 00beKTa Ha MeHbIlIHe 00beKThH. Ab-
ctpaktHasi @abpuka (87) u Crpoutenb (97) mpencTaB/sitoT 0ObEKTbl, eMUHCTBEHHOH 00si3aH-
HOCTbIO KOTOPBIX SIBJSIETCSl cO3laHue Apyrux o6bekToB. [loceturens (331) u Komanma (233)
cobuparoT 06beKThl eANHCTBEHHOH 0053aHHOCTbIO KOTOPBIX SIBJISIETCS peasin3allus 3amnpoca JIpy-

roro o0beKTa UJU TPyNibl 0OBbEKTOB.

1.6.3 Specifying Object Interfaces Onpenenenue O0bekTHbIXx HHTEp-

teiicoB

Every operation declared by an object specifies the operation’s name, the objects it takes as

parameters, and the operation’s return value. This is known as the operation’s signature. The
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set of all signatures defined by an object’s operations is called the interface to the object. An
object’s interface characterizes the complete set of requests that can be sent to the object.
Any request that matches a signature in the object’s interface may be sent to the object.

Kaxnass onepauus B 00bekTe omnpenessieTcss WMeHeM, 0ObeKTaMH, NMPUHHMaeMbIMU B Ka-
yecTBe MapaMeTpoB, U pPe3y/bTaTOM. DTO TaK Ha3blBaeMasi CUTHATypa orepauud. MHOXecTBO
BCEX CHUTHATYp, ONpefleIeHHBIX B 00beKTe ornepalui, Ha3biBaeTcsi HHTepgerncom obbekrta. MH-
Tepdelic o6beKkTa XapaKTepu3yeT MOJHOE MHOXKECTBO 3alpPOCOB, KOTOPble MOXKHO HarmpaBJ/IsiTh
o0bekTy. Jlto6oi 3ampoc MOAXOASILIMK MO CUTHATYpy B HHTepdelce oObeKTa MOXKET ObIThb
nocJaH 0ObeKTy.

A type is a name used to denote a particular interface. We speak of an object as having
the type “Window” if it accepts all requests for the operations defined in the interface named
“Window.” An object may have many types, and widely different objects can share a type.
Part of an object’s interface may be characterized by one type, and other parts by other types.
Two objects of the same type need only share parts of their interfaces. Interfaces can contain
other interfaces as subsets. We say that a type is a subtype of another if its interface contains
the interface of its supertype. Often we speak of a subtype inheriting the interface of its
supertype.

Tun 310 MM KcnoJb3yeMoe IJIsi CCBIIKA Ha COOTBETCTBYIOMIMH HHTepdelc. Mbl roBopum,
4yTo 00beKT uMeeT TN “OKHO”, ecid OH NMPUHUMAeT BCe 3aMpOChl AJs ONepalUi omnpeneseH-
HbIX B HHTepdetice “OkHO”. OOBEKT MOXKET UMeTb MHOT'O THIIOB U MHOT'He pPa3JjMuHble 00BEKThI
MOTYT pas3fiesisitb OfMH THM. YacTb HHTepdeiica 00bekTa MOXKeT OBbITh OMHMCAHA OJHHUM THIIOM,
a Ipyrue 4acTH APYrUMU TUnaMu. J[Ba oObeKTa OTHOTO M TOr0 Ke THUMA NOJKHBI Pa3lessiTh
TOJIBKO YacTH UX UHTepdeicoB. MHTepdelichl MOTyT comepkaTh APYrHe UHTeP(eHChl B KauecTBe
MOAMHOXeCTB. MBI TOBOPHM, UTO THII SIBJISIETCS MOATUIIOM JIPYTOro THIIA, €CJIU ero HHTepderc
CONEepPKUT HHTep(elc ero cymepruma. HacTo Mbl TOBOPHUM O TOATHIE HACAEOYHOU{eM WHTEP-
(belic cBOero cymneprumna.

Interfaces are fundamental in object-oriented systems. Objects are known only through
their interfaces. There is no way to know anything about an object or to ask it to do
anything without going through its interface. An object’s interface says nothing about its
implementation — different objects are free to implement requests differently. That means two
objects having completely different implementations can have identical interfaces.

Wurtepdeiicel pynnamentanphel aast OO cucteM. O6beKThl H3BECTHBI TOJBKO Uepe3 UX HH-
Tepgeicol. HeBo3MOKHO y3HATh 4TO-HUOYAb 006 00bEKTe WUJU MONPOCUTH €ro CAeJaTh UYTO-TO

He yepe3 uHTepdeiic. MuTepdelic o6bekTa HUUEro He cOOOIIaeT O €ro peanu3allid — pasHble
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00BEeKTHl MOTYT 06pabdaThiBaTh 3aMpPOCHl 110 Pa3HOMY. DTO 03HAUaeT, UTO Ba 00bEKTa, UMeIoLIe
COBEpLIEHHO pasHble peasn3aliM, MOTYT UMeThb HIEeHTHUYHble HHTeP(hEHCH.

When a request is sent to an object, the particular operation that’s performed depends
on both the request and the receiving object. Different objects that support identical requests
may have different implementations of the operations that fulfill these requests. The run-time
association of a request to an object and one of its operations is known as dynamic binding.

Korna 3ampoc mocsian oObeKTy, BBINOJHEHHE COOTBETCTBYIOIIEH OMepaldd 3aBUCUT U OT
3arpoca M OT moJsyuaroliero oobekra. Pa3inunble 06beKThl MO AEPKHUBAIOLIHe OfHHAKOBBIE 3a-
MPOCHI MOTYT MO Pa3HOMY peasii30BBIBATH ONEpPAIMH BBITIOJNHSIOLUINE 3TH 3anpockl. CBs3bIBaHHE
3ampoca K 0ObeKTYy C OIHOH M3 ero Ornepaldil BO BPeMs BBINOJHEHHS M3BECTHO KaK AMHAMU-
YyeCcKoe CBsI3bIBaHUE.

Dynamic binding means that issuing a request doesn’t commit you to a particular
implementation until run-time. Consequently, you can write programs that expect an object
with a particular interface, knowing that any object that has the correct interface will
accept the request. Moreover, dynamic binding lets you substitute objects that have identical
interfaces for each other at run-time. This substitutability is known as polymorphism, and
it’s a key concept in object-oriented systems. It lets a client object make few assumptions
about other objects beyond supporting a particular interface. Polymorphism simplifies the
definitions of clients, decouples objects from each other, and lets them vary their relationships
to each other at run-time.

JluHaMuuecKoe CBsI3bIBaHHME 03HAaYaeT YTO BBI30OB 3aMpoca He TPUBSI3bIBAET BAaC K KOHKPET-
HOM peasM3allii 0 BpeMeHH BbimosiHeHHs. CjienoBaTe/bHO Bbl MOXKETE MHCATb MPOrPAMMBI,
KOTOpbIe 0XKHUIAIOT 0OBbEKT C KOHKPETHBIM HHTep(EeHCcoM, 3HasA, UTO KaXKAbli 0ObEKT C KOPPEKT-
HBIM HHTepdeiicom o6paboraer 3anpoc. bosee Toro, TMHaMHUeCKoe CBS3bIBAHHE MT03BOJISIET BAM
3aMeHsITh 0OBEKThl C HIEHTHUHBIMU HHTep(delcaMy ApPyr Ha Ipyra BO BpeMs BBITIOJNHeHHUs. Ta-
Kasi 3aMelllaeMOCTh Ha3blBaeTCs MOJUMOP(MU3MOM U SIBJsieTCs KJueBoH KoHuenuedr B OO
cucTeMax. DTO MO3BOJSIET KJIHEHTCKUM 0OBbEKTaM He eJaThb MHOTO MPeNNoJIoKeHHH 0 IPYyTUx
00beKkTax, KpoMe MOIAEPKKH COOTBETCTBYIoLIero uurepdeiica. [lonnumopgusm ynpouraer onpe-
IleJIeHUs] KJIMEHTOB, OTHeJsieT 00BbeKThl OPYT OT APYra U IMO3BOJSIET UM MeHSTb CBSI3b IPYyT C
APYTOM BO BpeMsl BBHIIIOJHEHHUS.

Design patterns help you define interfaces by identifying their key elements and the kinds
of data that get sent across an interface. A design pattern might also tell you what not to
put in the interface. The Memento (283) pattern is a good example. It describes how to
encapsulate and save the internal state of an object so that the object can be restored to

that state later. The pattern stipulates that Memento objects must define two interfaces: a
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restricted one that lets clients hold and copy mementos, and a privileged one that only the
original object can use to store and retrieve state in the memento.

[IpoekTHBIE 111a6JIOHBI TOMOTAIOT BaM OMPeNeNUTh HHTeP(eHchl, HAEHTHDULIUPYS UX KJode-
Bble 3JIEMEHTHl U JaHHbIe MepechliaeMble yepe3 HHTep(eiic. Xopolui npumMep 3Toro — 1abJjoH
[TamsaTs (283). On onucBIBaeT Kak HHKAICYJIHPOBATh U COXPAHUTb BHYTPEHHEE COCTOSIHHE 00b-
€KTa TakK, 4TOObl 0OBEKT MOT BEPHYTHCS K 3TOMY COCTOSIHHIO Mo3xke. B mabsoHe ykaseiBaeTcs,
uyTo 00beKTH [1aMsiTh MOJIKHBI ONpefesiTh ABa UHTepGeiica: orpaHHUeHHbIH, KOTOPbIH MO3BO-
JIsieT KJWeHTaM COlep:KaTh U KOMMPOBaTb OOBEKTHI, U MPHUBHJIETHPOBAHHBIH, KOTOPBIH MOXKET
MCIOJIb30BAaTh UCXOMHBIH 00BEKT IJIsi COXPAHEHHUsI U MOJYYeHHS] CBOErO COCTOSTHHUS.

Design patterns also specify relationships between interfaces. In particular, they often
require some classes to have similar interfaces, or they place constraints on the interfaces of
some classes. For example, both Decorator (175) and Proxy (207) require the interfaces of
Decorator and Proxy objects to be identical to the decorated and proxied objects. In Visitor
(331), the Visitor interface must reflect all classes of objects that visitors can visit.

[TpoekTHBIe 1AGJOHBI TaKXKe ONMpPENeNsiOT CBSI3U MeXIy HHTepdeiicamu. B uacTHocTH oHHM
yacTo TpebyoT, YTOObl HEKOTOPBIE KJAaCcChl UMeJH MOoX0XKHe HHTepdericel. Hanpumep maboHbl
Hexoparop (175) u [Tonnomounst (207) TpebyroT uT0Obl HHTEP(EHCH X 00BEKTOB ObIJIU HIEH-
tTuuHbl. B mab6sone [Tocetutens (331), uHTepdelic mosKeH OoTpa)kaTh BCe KJacChl 0ObEKTOB

KOTOpPbI€ OH MOXKET MoCellaTh.

1.6.4  Specifying Object Implementations Onpenenenune Peanusamuit

O0BbeKTOB

So far we've said little about how we actually define an object. An object’s implementation
is defined by its class. The class specifies the object’s internal data and representation and
defines the operations the object can perform.

Jlo 3TOoro Mbl MaJjio FOBOPUJIM O TOM, KaK Mbl T€HCTBUTEJbHO onpefessieM 00bekT. Peanusa-
1usi 00beKTa omnpenessieTcs ero KaaccoMm. Knace cneunduuupyer BHyTpeHHHE NaHHbIE 00beKTa
M ero npejicTaBJeHHe, a TAKxKe ONpeessieT Ornepalun, KOTOpble 0ObEKT MOXKET BbIIOJHSATE.

Our OMT-based notation (summarized in Appendix B) depicts a class as a rectangle with
the class name in bold. Operations appear in normal type below the class name. Any data
that the class defines comes after the operations. Lines separate the class name from the
operations and the operations from the data:

Hama Hotauus ocHoBanHast Ha OMT (onucaHHasi B puJoKeHHH B) n3obparkaeT KJjacc Kak

MPSIMOYTOJIbHUK, B KOTOPOM >KHPHBIM LIPU(TOM HamucaHO MMs Kjaacca. Onepanuu HamucaHbI
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HOPMaJIbHBIM LIPU(TOM HUKe UMeHH KJjacca. JIIoOble naHHble, KOTOpBIE ONpenessieT Kaace UayT

nocJqe nedctBuit. Mmsi knacca, neficTBUS U JaHHble Pa3NessilOTCS JUHHUSIMMU.

ClassName

Operation1()
Type Operation2()

instanceVariable1

Type instanceVariable2

Return types and instance variable types are optional, since we don’t assume a statically
typed implementation language.

Tunbsl Bo3BpaliaeMbiX NaHHBIX U THI 9K3eMIIsSpa KJacca ONMLUUOHAJNbHBI, T.K. Mbl He Ipei-
nojiaraeM HCIOJIb30BaHHWE CTATHUECKH THIHM3UPOBAHHOTO SI3BIKA.

Objects are created by instantiating a class. The object is said to be an instance of
the class. The process of instantiating a class allocates storage for the object’s internal data
(made up of instance variables) and associates the operations with these data. Many similar
instances of an object can be created by instantiating a class.

O6bekThl CO3[aI0TC MHCTAaHHUPOBaHMEM Kjacca. OObeKT Ha3blBaeTCs 3K3eMILIAPOM
kjacca. [Iporece MHCTAaHUMPOBaHUS KJjacca BblessieT NMPOCTPAHCTBO IJis NAHHBIX 00bEKTa U
CBSI3bIBAeT OMepalvy C 3THMH NAaHHBIMH. MHOrHe OIMHAKOBblEe 3K3eMILISIPbl OOBEKTOB MOTYT
CO3/1aHbl MHCTAHLMPOBAHUEM KJjacca.

A dashed arrowhead line indicates a class that instantiates objects of another class. The
arrow points to the class of the instantiated objects.

[TyHKTHpHAS JIUHHS CO CTPEJKON MOKAa3bIBaeT KJacc, KOTOPbIH HHCTAHIUPYET 0ObEKTHl APY-

roro KJacca. CTpenKa YKa3bIBa€T Ha KJaCC CO034aBaeMbIX 00BEKTOB.

Instantiator ---------- = Instantiatee

New classes can be defined in terms of existing classes using class inheritance. When a
subclass inherits from a parent class, it includes the definitions of all the data and operations
that the parent class defines. Objects that are instances of the subclass will contain all data
defined by the subclass and its parent classes, and they’ll be able to perform all operations
defined by this subclass and its parents. We indicate the subclass relationship with a vertical

line and a triangle:
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HoBble Ks1accel MOTyT OBITH OINpefiesieHbl B TEPMHUHAX CYILECTBYIOIIMX KJaCcCOB C HCIO0Jb30-
BaHMeM HacjaegoBaHusdA. Korjga mogkJaacc HacsienyeT OT pOAUTEIbCKOTO KJAacca, OH BKJIOUYAET
omnpefiesieHUs BCeX NaHHBIX U oNepaluil poauteabckoro kaacca. OObeKTbl 9K3eMIIsIpbl MOAKJ/IaC-
ca OynyT colmep:KaTb BCe AaHHble ONpeleseHHble MOAKAACCOM H ero POAUTEebCKMMH KJacCaMH,
U OHM CMOTYT BBINIOJIHSATb BCe OMNepPaLUU ONpefeseHHble B MOAKJIACCE U B €ro poautessx. Mbl

[IOKa3biBaeéM OTHOLIEHHA ITIOoAKJiaccCa BepTHKaHbHOﬁ qepToﬁ C TPEYTOJbHHUKOM.

ParentClass

Operation()

Subclass

An abstract class is one whose main purpose is to define a common interface for its
subclasses. An abstract class will defer some or all of its implementation to operations defined
in subclasses; hence an abstract class cannot be instantiated. The operations that an abstract
class declares but doesn’t implement are called abstract operations. Classes that aren’t
abstract are called concrete classes.

AOGcTpaKTHBIM KJacc 3TO KJacC, OCHOBHAs 1eJb KOTOPOTO ONpenesuTh 0OIIUH UHTepdeic
IS ero MOAKJaccoB. AGCTPAKTHBIH KJacC OCTaBJIsieT YaCTh WUJIM BCIO CBOK peasiu3alHio ore-
pauusM OrnpelesieHHBIX B ToAKaaccax. TakuM o06pa3om, abCTpPaKTHBIH KJacC He MOXeT ObITh
MHCTaHUKpoBaH. Omnepauuy, KoTopble abCTPAaKTHBIH KJacc ONpelesisieT, HO He peasld30BbIBAET
Ha3bIBAIOTCS aOCTPAKTHBIMHU omepauusaMu. He aGcTpakTHble KJacChl HA3bIBAIOTCS KOHKPET-
HBIMH.

Subclasses can refine and redefine behaviors of their parent classes. More specifically, a
class may override an operation defined by its parent class. Overriding gives subclasses a
chance to handle requests instead of their parent classes. Class inheritance lets you define
classes simply by extending other classes, making it easy to define families of objects having
related functionality.

[Tonknaccsl MOTYT COBEpLIEHCTBOBATb M IepeornpenesiiTh MOBeAeHHe POIUTENbCKUX KJjac-
coB. TouyHee KJ1acC MOXKET 3aMEHMTB OTEepaLlHI0 ONpe/ie/leHHYI0 B POAUTENbCKOM KJjacce. [lepe-
omnpeziesieHHe JaeT MOAKJ/IAcCaM BO3MOKHOCTb 00pabaThiBaTh 3aMPOChl BMECTO MX POAUTENbCKUX
KsaccoB. HacsenoBanve no3BoJisieT BaM ONpenessiTh KJAACCh, TIPOCTO PACIIUPSIs APYTHE KJIAaCCH,

U ympollasd TeM CaMbIM CO3J1aHHE ceMeHCTB 00BEKTOB C MOX0XKeH qJYHKLU/IOHa.HbHOCTb}O.
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The names of abstract classes appear in slanted type to distinguish them from concrete
classes. Slanted type is also used to denote abstract operations. A diagram may include
pseudocode for an operation’s implementation; if so, the code will appear in a dog-eared box
connected by a dashed line to the operation it implements.

MmeHa aGcTpakTHBIX KJaCCOB MHUILYTCS HAKJIOHHBIM MIPUMTOM [Jisi TOTO, UTOObl OTJIHUHTh
MX OT KOHKDPETHBIX KJaccoB. HakJOHHBIH MIpUPT TakxkKe HUCMOJMb3yeTCsl AJsI ONpeleseHus abd-
CTPaKTHBIX omepauuil. Jluarpamma MoXKeT BKJIOUaTh MCEBAOKOM [Js peaju3allu onepaiuii; B
TaKOM cJydae KO H300pakaeTcsi B NMPSIMOYTOJbHHUKE C 3alHYTBIM YT'OJKOM IOACOeAHHEHHBIM

YHKTUPHOX JIMHHUEH K Olepalld KOTOPYIO OH peasiu3yer.

AbstractClass

Oparation}

ConcreteSubclass

implementation

Operation() O--—-—-q9--—--====--+ pseudocode

A mixin class is a class that’s intended to provide an optional interface or functionality
to other classes. It’s similar to an abstract class in that it’s not intended to be instantiated.
Mixin classes require multiple inheritance:

Kuaacc-npumech — 3TO KJsacc, KOTOPbIH MpefoCTaBJ/sieT OMNLMUOHAJNbHBIE HHTepdeilc uau
(YHKIHOHAJIBHOCTb JJIsT APYTHX KJjaccoB. OH MOX0XK Ha aOCTPaKTHBIH KJjacc, B TOM, UTO OH
TaKxKe He MpelHa3HaueH /s WHCTaHUMpoBaHHsA. Ksacchl-npumMecu TpeOYIOT HAJHUHsS MHOXKe-

CTBEHHOI'O HacCJieJOBaHHUA:

ExistingClass Mixirn

ExistingOperation() NMixinOperation(i

A . A

AugmentedClass

ExistingCrparation()
MixinOperation{}
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Class versus Interface Inheritance

HacnenoBanue KjaccoB IPOTUB Hac/JielOBaHUS MHTepP(ericoB.

[t’s important to understand the difference between an object’s class and its fype.

BaxXHO MOHATH pPa3HULY MEXAY KAACCOM 00BEKTA U €ro Mumnom.

An object’s class defines how the object is implemented. The class defines the object’s
internal state and the implementation of its operations. In contrast, an object’s type only
refers to its interface-the set of requests to which it can respond. An object can have many
types, and objects of different classes can have the same type.

Knacc onpenensier BHyTpeHHee COCTOsSIHHEe 00beKkTa M peanusauuio ero omepauuid. C npy-
rOH CTOPOHBI THI 00BEKTa TOJBKO CChlIaeTcs Ha ero MHTep(delc — MHOMKECTBO 3aMpocoB, Ha
KoTopble 00beKT pearupyeT. OObeKT MOXKET MMeTb MHOI'O THIIOB, U OOBEKThl Pa3HBIX KJacCOB
MOTYT WMETb OJIMH THII.

Of course, there’s a close relationship between class and type. Because a class defines
the operations an object can perform, it also defines the object’s type. When we say that an
object is an instance of a class, we imply that the object supports the interface defined by the
class.

KoHeuHo, cyliecTByeT TecHasi B3aMMOCBSI3b MeXKJAy KJacCoM W THIOM. [locKosbKYy KJjacc
ompeseJisieT olepallH BBINOJNHseMble 0ObEKTOM, OH TakXKe omnpejiessieT TUI o6bekTa. Korna mbl
FOBOPHUM, UTO OOBEKT 3TO IK3eMIUISpP KJjacca, Mbl MOApa3yMeBaeM, YTO OOBEKT MOANEPKHUBAET
UHTEP(ENC onpeneeHHbId KJIAaCCOM.

Languages like C++ and Eiffel use classes to specify both an object’s type and its
implementation. Smalltalk programs do not declare the types of variables; consequently, the
compiler does not check that the types of objects assigned to a variable are subtypes of the
variable’s type. Sending a message requires checking that the class of the receiver implements
the message, but it doesn’t require checking that the receiver is an instance of a particular
class.

Taxue s3piku Kak C++ u Eiffel ncnonbaytoT kaacesl aasi ykasaHus Kak TUNa 00beKTa Tak
u ero peanusauuu. Smalltalk mporpaMmel He ompenensilOT THIBI MEPEMEHHBIX; CJIEI0BATETbHO
KOMITUJISITOP He MPOBepsieT, YTO THMBI 0OBEKTOB TMPUCBOEHHBIX TePEMEHHOH SIBJSIOTCS TMOATH-
MaMH TUMa 3ToH nepeMeHHOH. [lochika coobuieHns TpebyeT MPOBEPKH, YTO KJACC MOJTydaTess
obOpabaTbiBaeT 3TO cO0OllleHHe, HO He TpeOyeT MPOBEPKU TOTO, UTO MOJydaTesb SIBASETCS K-
3eMIJISIPOM OIIpefieJIeHHOro KJjacca.

[t’s also important to understand the difference between class inheritance and interface
inheritance (or subtyping). Class inheritance defines an object’s implementation in terms

of another object’s implementation. In short, it’s a mechanism for code and representation
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sharing. In contrast, interface inheritance (or subtyping) describes when an object can be
used in place of another.

Tak:>xe Ba)KHO MOHSThH PA3HHUILY MeXJAy HacJelOBaHHEM KJaccoB M MHTepdeiicoB. Hacsemno-
BaHMe KJAaCCOB OINpelesisieT peann3alnio 00beKTa B TePMHUHAX peau3alyu APYroro oO6bekTa.
Bxpatie 3To MexaHH3M COBMECTHOTO MCIOJIb30BAHUS KOIA U MpeACTaB/eHHs naHHBIX. C npyroi
CTOPOHBI Hac/eqoBaHUe HHTeP(DecoB 00bSICHSET, KOTIa ONUH 00BEKT MOXKeT ObITh UCMO0Jb30BaH
BMECTO JIPYTOro.

[t’s easy to confuse these two concepts, because many languages don’t make the
distinction explicit. In languages like C++ and Eiilel, inheritance means both interface and
implementation inheritance. The standard way to inherit an interface in C++ is to inherit
publicly from a class that has (pure) virtual member functions. Pure interface inheritance can
be approximated in C++ by inheriting publicly from pure abstract classes. Pure implementation
or class inheritance can be approximated with private inheritance. In Smalltalk, inheritance
means just implementation inheritance. You can assign instances of any class to a variable
as long as those instances support the operation performed on the value of the variable.

Jlerko mepenyTaTb 3TH [Be KOHILENIHH, MOCKOJIbKY MHOTHE SI3bIKH SIBHO He pas3jessiioT
ux. B takux sizeikax kak C++ u Eiffel, HacsenoBanue o3HauaeT ofHOBpeMeHHO HacJelOBaHHe
uHTep(delica U peanusauun. CtaHnapTHLIH crnocob yHacsaenoBatb HHTepdeiic B C++ — yHacse-
JI0BaTh OTKPBITO OT KJiacca, KOTOPbIH MMeeT (YHCTO) BUPTYyasbHble (YHKUHH-ueHbl. UucToe
HacJeoBaHWe HHTep(eHcoB MOXKeT OBbITh MPUOIU3UTENBHO peann3oBaHo B C++ OTKPBITHIM Ha-
CJIeIOBaHHEM OT UHUCTO abCTPAKTHBIX KJjaccoB. UHCTOe HacjefoBaHHe peasn3allMy HJH KJjacca
NpUOIU3UTENBHO peann3dyeTcsl 3aKpbiThiM HacaenoBanueMm. B Smalltalk nacsmenyercss tosbko
peasusalusi. Bbl MoXKeTe TMPUCBaHWBaTh IK3eMILISIPbl JIIOOOr0 KJjacca MepeMeHHOH, eCJd OHH
TMOIEPXKUBAIOT OMePalMK OCYIIeCTBIseMble HAJl 3HaU€HHEM MepeMeHHOH.

Although most programming languages don’t support the distinction between interface and
implementation inheritance, people make the distinction in practice. Smalltalk programmers
usually act as if subclasses were subtypes (though there are some well-known exceptions
[Co092]); C++ programmers manipulate objects through types defined by abstract classes.

XoTs MHOTHeE I3BIKH MTPOrPAMMUPOBaHHUS He MOAIEPKUBAIOT Pa3/aHule MeX1y Hacjlel0BaHH-
eM peajusalluu U UHTepdelica, JIOAU AeNaloT pa3juure Ha npakTvke. [Iporpammupyroniye Ha
Smalltalk 06buHO HEHCTBYIOT Tak ec/u Obl MOAKJACCH ObLIK MOATHIAMH (XOTs €CTb HECKOJBKO
M3BECTHBIX HCKJoueHHi); [Iporpammupytomue Ha C++ pa6oTaioT ¢ 06beKTaMH uepe3 THIIbI
onpeneseHHble B aOCTPAKTHBIX KJaccax.

Many of the design patterns depend on this distinction. For example, objects in a Chain

of Responsibility (223) must have a common type, but usually they don’t share a common
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implementation. In the Composite (163) pattern, Component defines a common interface, but
Composite often defines a common implementation. Command (233), Observer (293), State
(305), and Strategy (315) are often implemented with abstract classes that are pure interfaces.

MHorue u3 1wab/J0HOB NMPOEKTUPOBAHUS 3aBUCAT OT 3TOro pasauuus. Hanpumep oObeKThI
B [lenu OtBeTcTBeHHOCTH (223) MOJIXKHBI MMETh OOLIME THI, HO OOBIYHO OHHM He DPa3AessioT
o6yt peanusauuio. B mabsone Komnosut (163) KommnoneHT ompenensiet oOuinit uHTepdeiic,
Ho Kommosut yacto omnpezesnsier obmyto peanusauuio. Komanna (233), Habarwoparens (293),
Cocrosinue (305) u Crparerus (315) uacto peanusyoTcsi ¢ TOMOLIbIO aOCTPAKTHBIX KJIacCOB U

YUCTBIX UHTeP(EHCOB.

Programming to an Interface, not an Implementation IIporpammupoBanue njisi uHTEP-

theiica, a He peannzauuu

Class inheritance is basically just a mechanism for extending an application’s functionality
by reusing functionality in parent classes. It lets you define a new kind of object rapidly in
terms of an old one. It lets you get new implementations almost for free, inheriting most of
what you need from existing classes.

HacnenoBanue KsaccoB B OCHOBHOM TOJIbKO MeXaHW3M MJis PACIIHpPeHUs (PYHKIHOHAJIbHO-
CTH TPUJIOKEHHUS C TIOMOLIBIO MOBTOPHOT'O HCIOJNb30BaHUS (DYHKLIMOHAJBHOCTH POAMUTENbCKUX
kyaccoB. OHO MO3BOJIIeT BaM OBICTPO ONpeNessiTh HOBBIH BUJ 00bEKTa B TEPMHHAX CTaporo.
OHo 103BOJISIET TOJyYaTh HOBblE peasn3alyy MPaKTUYeCKH AapoM, Hacjeaysi GOJbIIYI0 YacTb
TOTO YTO BaM HYKHO OT CYILECTBYIOLIUX KJIACCOB.

However, implementation reuse is only half the story. Inheritance’s ability to define families
of objects with identical interfaces (usually by inheriting from an abstract class) is also
important. Why? Because polymorphism depends on it.

Tem He MeHee, WCMO/Ib30BaHHE peasiM3allud 3TO TOJBKO MOJOBHHA JeJsa. Takxke BaKHA
CMOCOOHOCTh HACJIEIOBAHUS OIpeleisiTh ceMeHCTBa 00BEKTOB C UOeHMmuuHbIMU UHTep(elcaMu
(o6b1yHO Hacsenys oT abctpakTHoro Kiaacca). I[louemy? [loToMy 4TO OT 3TOro 3aBHUCHUT TOJH-
MOpP(HU3M.

When inheritance is used carefully (some will say properly), all classes derived from an
abstract class will share its interface. This implies that a subclass merely adds or overrides
operations and does not hide operations of the parent class. All subclasses can then respond
to the requests in the interface of this abstract class, making them all subtypes of the abstract
class.

Korna Hac/ienoBaHue MCHOJb3YeTCsl aKKYpaTHO (HEKOTOPbIE CKaXyT Npasuivio), BCe KJac-

Cbl YHacJieqlOBaHHbie OT a6CTpaKTHOFO KJjacca pasaedsaT €ro HHTequEIZC. 310 noapasymeBaer,
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YTO TOAKJIACC TPOCTO N0OABJSIET UJIH TIepeolpeesisieT oNepalyu, 1 He TpsiueT Onepaluy poau-
TeJbCKOTO KJacca. Bce MoAKAacchl MOTYT OTBedaTb Ha 3ampochl B HHTepdelice abCTPAaKTHOTO
KJlacca, UTo JeslaeT MX MOATHUIAMMU abCTPAKTHOTO KJjacca.

There are two benelits to manipulating objects solely in terms of the interface defined by
abstract classes:

Y paboThl ¢ 00beKTaMH UCKJIOYUTEJNbHO B TEPMHUHAX HHTepdelica onpeieseHHOro abcTpaKT-

HBbIM KJ/IaCCOM €CTb [ABa MNpeUuMyILleCTBa:

1. Clients remain unaware of the specific types of objects they use, as long as the objects

adhere to the interface that clients expect.

KnneHTbl He 6eCroKOSITCS O KOHKPETHBIX THIAX HCIHOJb3yeMbIX 00BEKTOB, MOKa 0ObEKTHI

NPUIEPXKHUBAIOTCSA UHTep(erca 0XXKUAAeMOr0 KJIHEHTAMH.

2. Clients remain unaware of the classes that implement these objects. Clients only know

about the abstract class(es) defining the interface.

KnureHTH He 6€CMOKOATCS O KJaccax, KOTOpble Peasu3yioT 3TH 00beKThl. K/HeHThl 3HAIOT

TOJIbKO 00 abCTpaKTHBIX KJacc(ax) ornpenensiolnx HHTepdec.

This so greatly reduces implementation dependencies between subsystems that it leads to
the following principle of reusable object-oriented design:

DTO TaK 3HAYUTEJNBHO OCJIabJsieT 3aBUCHMOCTH MEXJAY TMOACHCTEMAaMM, YTO MPHUBOAUT K
caenytouemy npuHuuny OO npoeKTUpOBaHUS:

Program to an interface, not an implementation.

[Ipoepammupyiime ora unmepeiica, a He pearusayuu.

Don’t declare variables to be instances of particular concrete classes. Instead, commit only
to an interface defined by an abstract class. You will find this to be a common theme of the
design patterns in this book.

He onpenensiite nepemMeHHble 3K3eMILISIPBI KAKOTO-TO KOHKPETHOTO KJsacca. Bmecto artoro
UCTOJIb3yHTEe TOJMbKO HUHTep(elc onpeneseHHbIH abCTPaKTHBIM KJaccoM. Bbl oOHapykuTe, UTO
3TO 00l1asi TeMa MPOeKTHBIX AbJOHOB B 3TOH KHHUTe.

You have to instantiate concrete classes (that is, specify a particular implementation)
somewhere in your system, of course, and the creational patterns (Abstract Factory (87),
Builder (97), Factory Method (107), Prototype (117), and Singleton (127) let you do just
that. By abstracting the process of object creation, these patterns give you different ways
to associate an interface with its implementation transparently at instantiation. Creational

patterns ensure that your system is written in terms of interfaces, not implementations.
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KoHeuHo BaM TpueTcsl cO3laBaTb KOHKPETHble KJacChl (TO €CThb YKa3blBaThb KOHKDPETHYIO
peasiM3alllio) Tae-TO B Ballled cucTeMe, H cosaatomiue 1absonbl (AbcTpakTHast ¢abpuka (87),
Crpoutenn (97), 3aBonckoit meton (107), [Tporotun (117) u Onnuouka (127) mo3BoJsitOT BaM
cuenath 3T0. AGcTparupoBaHHeM Ipolecca CO3JaHHsi 0ObEKTOB 3TH 1IabJOHBI TPEeN0CTaBsi-
FOT BaM pasHble CrocoObl MPO3PayHOro acCOLMHUPOBaHUS HHTepdelca ¢ peannsaldel Ha JTare
cognanus. Coapamwiiye mabJoHbl FapaHTUPYIOT, UTO Ballla CHCTEMa HalWCaHa B TePMHUHAX HH-

TepdelicoB, a He peannu3aLui.

1.6.5 Putting Reuse Mechanisms to Work

HpI/IMeHeHI/Ie ME€XaHU3MOB MHOTOKPATHOIo UCNOJb30BaAHUA

Most people can understand concepts like objects, interfaces, classes, and inheritance. The
challenge lies in applying them to build flexible, reusable software, and design patterns can
show you how.

BOJIbIIMHCTBO JIFOeH MOTYT TMOHSTh KOHLEMIUH Bpoae 0OBbEKTOB, HHTEP(HEHCOB, KIaCcCOB U
HacJenoBaHus. TPYAHOCTh 3aKJH0YAETCs B UX MPUMEHEHHUH /IS CO3IaHUsI THOKMX, MHOTOKPAaTHO

HUCIIOJb3YEMbIX MIpOrpamMmmM, H 11a6JI0HbBI [IPOEKTHPOBAHUA MOT'YT IOKa3aTb BaM KakK 3TO CleJ/aTh.

Inheritance versus Composition

HacnenoBanue npotus Komnosunuu

The two most common techniques for reusing functionality in object-oriented systems are
class inheritance and object composition. As we’ve explained, class inheritance lets you
define the implementation of one class in terms of another’s. Reuse by subclassing is often
referred to as white-box reuse. The term “white-box” refers to visibility: With inheritance,
the internals of parent classes are often visible to subclasses.

JIBe camble pacmpoCTpaHeHHble TeXHUKH [Jis MOBTOPHOTO HCIOJIb30BaHUS (DYHKIIHOHAJTBHO-
ct B OO cucTeMax 3TO Hac/JeoBaHHe KJIACCOB U KOMIIO3ULIMSA 00beKTOB. Kak Mbl 00 bsCHSIH,
HacJeoBaHHE KJACCOB I03BOJISIET BaM OMNPENeIUTh peasu3allio OJHOr0 KJjacca B TepMHHaX
npyroro. HMcronb3oBaHue co3naHHeM MOAK/IACCOB YAacTO HA3blBAIOT HCIOJIb30BaHHEM 0eJoro
auuKa. TepMuH “Oesiblil SIUK~ T'OBOPUT O BUIUMOCTH: NPU HAC/eNOBAHWHW BHYTPEHHOCTH PO-
JAWUTEJbCKUX KJIACCOB YAaCTO BHUIHBI MOIKJIACCAM.

Object composition is an alternative to class inheritance. Here, new functionality is
obtained by assembling or composing objects to get more complex functionality. Object

composition requires that the objects being composed have well-defined interfaces. This style
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of reuse is called black-box reuse, because no internal details of objects are visible. Objects
appear only as “black boxes.”

AJnbTepHATHBON HACJENOBAHHUIO SIBJSETCS KOMIO3UILHUS OOBEKTOB. 3[eCh HOBast (PYHKIIHO-
HaAJIbHOCTb MOJYydaeTcsl 0ObeJUHEHHUEM WU KOMNOHOB8KOU 00beKTOB. KoMmosunuusi oObeKToB
TpeGyeT HAJMUHUS Y HUX XOPOILIO ONpeleseHHbIX HHTep(elcoB. DTOT CTUJIb UCIIONb30BAHUS Ha-
3bIBAETCSl UCIOJb30BAaHMEM UEpPHOrO SINMKA, MMOCKOJIbKY BHYTPEHHEe COCTOsTHHE OOBEKTOB He
BUAHO. OOBEKTHI MPEACTAIOT TOJNBKO B BUJE “YepHBIX SILIUKOB’.

Inheritance and composition each have their advantages and disadvantages. Class
inheritance is defined statically at compile-time and is straightiorward to use, since it’s
supported directly by the programming language. Class inheritance also makes it easier
to modify the implementation being reused. When a subclass overrides some but not all
operations, it can affect the operations it inherits as well, assuming they call the overridden
operations.

HacnenoBanue u KoMmosuuus MMEIOT CBOM MpPeUMYyLIecTBa M HemocTaTkKd. HacsenoBanue
KJIACCOB OTpeJieJIeHO CTaTHUECKHU BO BpPeMsi KOMIHUJSLMK U MPOCTO B UCIOJb30BAHUH, MOCKOJIb-
Ky TIOLJIepXKHUBAeTCs HEMOCPeACTBEHHO SI3bIKOM MporpamMMupoBaHusi. Hacnenosanve takxke 06-
JleruaeT U3MeHeHHe MHOTOKPATHO HCIIOJIb3yeMol peanu3anuu. Korna nogksace nepeornpenessier
HEKOTOpble, HO He BCe OIMepalry, 3TO MOXKeT TaKKe BJMSTh HA ONMepaluyd KOTOpble OH HacJe-
ILyeT, €CJIM OHU BBI3BIBAIOT Tepeorpesie/ieHHble OMepaltu.

But class inheritance has some disadvantages, too. First, you can’t change the
implementations inherited from parent classes at run-time, because inheritance is defined
at compile-time. Second, and generally worse, parent classes often define at least part of their
subclasses’ physical representation. Because inheritance exposes a subclass to details of its
parent’s implementation, it’s often said that “inheritance breaks encapsulation” [Sny86]. The
implementation of a subclass becomes so bound up with the implementation of its parent class
that any change in the parent’s implementation will force the subclass to change.

Ho nacsenoBaHue nMeeT Takxke W HeNOCTATKU. Bo-TepBBIX, BBl He MOXKeTe M3MEHSATb pea-
JIU3ALHH YHACJeJ0BaHHBEIE OT POAUTENbCKOrO KJacca BO BpeMsl BBINOJNHEHHS, TOTOMY UTO Ha-
CJle[lOBaHHUe OIpe/ie/IeHO BO BpeMsi KOMITHJSILUK. Bo-BTOPBIX, YTO OOBIUHO XYy2Ke, POAUTETbCKHE
KJIACChl YAcCTO OMPeessiioT KaK MHHUMYM YacTb (PU3WUECKOT0 MPEeACTaBJEHHS MX TMOAKJac-
coB. [lockosbKy Hac/ienoBaHMe MOCBSIIAET MOAKJIACC B J€TAIU PeaNnu3al|y ero PoAUTETbCKOT0
KJlacca, 4acToO T'OBOPSIT, YTO “HacjiefloBaHMe HapyllaeT WHKancyasuui” [Sny86]|. Peanusauus
TMOJIKJIacca CTAHOBHUTCS TaK CBsi3aHa C peasiM3alded POIUTENbCKOro KJjacca, UTo Jrboe H3Me-

HEHHE B POOAMTEJJbCKOM KJlaCCe MPHUBEAET TAK2Ke U K M3MEHEHHIO MOJAKJaccCa.
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Implementation dependencies can cause problems when you’re trying to reuse a subclass.
Should any aspect of the inherited implementation not be appropriate for new problem
domains, the parent class must be rewritten or replaced by something more appropriate.
This dependency limits flexibility and ultimately reusability. One cure for this is to inherit
only from abstract classes, since they usually provide little or no implementation.

3aBUCUMOCTH peasu3alliii MOTYT BBI3BaTb MPOOJEMbl KOTAA Bbl IMbITAETECh MOBTOPHO HC-
Mo/b30BaTh MoAKJacc. Eciau Kakoi-11b0 acrneKT YHAc/JeNOBAHHOH peasiu3aldd He MOAXOAUT
I/ HOBBIX CIeLH(HUECKUX 3a1ad, POAMTENbCKUH KJacc HYxKHO OyieT Tependcartb, WM 3a-
MEHHTb Ha 4TO-JH60 6ojee moaxofsiiiee. JTa 3aBUCUMOCTb OTPaHHUYMBAET THOKOCTb M MHOTO-
KpPaTHOe HCMOJb30BaHHe. ENMHCTBEHHOE JIEKAPCTBO MPOTHUB 3TOr0 — HAC/AEN0BATb TOJNBKO OT
abCTPAKTHBIX KJIACCOB, T.K. B HUX MaJjO WJIK COBCEM HET peasM3alluy.

Object composition is defined dynamically at run-time through objects acquiring references
to other objects. Composition requires objects to respect each others’ interfaces, which in turn
requires carefully designed interfaces that don’t stop you from using one object with many
others. But there is a payoff. Because objects are accessed solely through their interfaces, we
don’t break encapsulation. Any object can be replaced at run-time by another as long as it
has the same type. Moreover, because an object’s implementation will be written in terms of
object interfaces, there are substantially fewer implementation dependencies.

Kommnosuiusi 06beKTOB omnpenessieTcss TMHAMUYECKH BO BPEMs BBITIOJIHEHHS Yepe3 CChIIKH
00beKTOB Ha Apyrue o6bekThl. Komnosuuus tpedyet, 4ToOBl 00BEKTHl COOIOAAMN UHTEP(EHCH
IPYTrUX OOBEKTOB, YTO B CBOIO odepeldb TpeOyeT TIIATeJbHO pa3paboTaHHBLIX HHTeP(eHcoB,
KOTOpBIe OBl He MpPEensTCTBOBAIM HCIMOJIb30BAHHIO 00BEKTa CO MHOTMMHU ApPyTrMMH. Ho oHa Toro
crout. [lockonbKy pab6ota ¢ 06beKTaMU MPOUCXOAUT HCKJIOUHUTEJbHO uepe3 HUX HHTepdelchl
Mbl He HapyllaeM HHKamncynsuuo. JIro60# 06beKT MOXKeT ObITh 3aMeHeH Ha JPyrodl BO BpeMsi
BBITIOJIHEHHUS] [IOKA OH HMeEeT TOT Ke THIl. BoJsiee TOTo, MOCKOJNBKY peasu3alust ob6beKta Oymer
HalMCaHa B TePMUHAX MHTep(eHCcoB, 3aBUCUMOCTeN OyleT 3HAYUTENbHO MEHbLIe.

Object composition has another effect on system design. Favoring object composition over
class inheritance helps you keep each class encapsulated and focused on one task. Your classes
and class hierarchies will remain small and will be less likely to grow into unmanageable
monsters. On the other hand, a design based on object composition will have more objects
(if fewer classes), and the system’s behavior will depend on their interrelationships instead of
being defined in one class.

Komnosuuusi 06bekToB MeeT APYrod 3¢dekT Ha nmpoekT cucteMmbl. [IpeanoureHue Komro-
3ULHH 00bEKTOB Mepesl HACJe0BaHHEM MOMOTAeT BaM IMOAAEPKHUBATb WHKATCYAALNIO KaxKA0T0

KJjiacca H (pOKYCI/IpOBaTb ero Ha OJHOHU 3ajaue. Bamu knaccel U Hepapxuu KJaCcCoB OCTaHYTCA
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HeOOJIBIIMMH U C MeHbIlle BEPOSTHOCTBIO BBIPACTYT B OTPOMHBIX HEyIpaBJ/sieMbiX MOHCTPOB. C
IPYTOH CTOPOHBI IPOEKT OCHOBAHHBIA HA KOMIIO3UIIUU 00BEKTOB OyIeT UMeTb 60Jbllie 00beKTOB
(T.K. MeHbIIIe KJ1acCOB), ¥ TOBeJeHHE CUCTEMbI OYIeT 3aBUCETh OT X B3aUMOOTHOIIEHHH BMECTO
TOTO, YTOOBI ONpPENeNsATbCS B OfHOM KJjacce.

That leads us to our second principle of object-oriented design:

D10 MpUBOAUT Hac Ko Bropomy npuHuuny OO mpoeKTHpOoBaHUS:

Favor object composition over class inheritance.

[Ipednouumaiime Komnosuyuto 06veKmMo8 HaACA008aAHUIO KAACCOS.

Ideally, you shouldn’t have to create new components to achieve reuse. You should be able
to get all the functionality you need just by assembling existing components through object
composition. But this is rarely the case, because the set of available components is never
quite rich enough in practice. Reuse by inheritance makes it easier to make new components
that can be composed with old ones. Inheritance and object composition thus work together.

B nnease, Bbl He NO/IKHBI CO3/1aBaTh HOBBIX KOMIIOHEHTOB MJisl JOCTHKEHHUSI MHOTOKPATHOTO
MCII0JIb30BAHHUS. Bbl 10/2KHBI UMETh BO3MOXKHOCTb MOJYYUTb BCIO HEOOXOAUMYIO (PYHKIIMOHAJb-
HOCTb, MPOCTO 00BENUHSS CYLIeCTBYIOIIHE KOMIIOHEHTHI, C TIOMOIIbI0 0ObEKTHOH KOMIO3HIIHH.
Ho takue ciyuau penkw, MOCKOJNBbKY HAaGop HOCTYMHBIX KOMIIOHEHT MPAaKTHYeCKH HHUKOTA He
6biBaeT HOCTaTOUHO Gorat. MHOroKpaTHOe MCMO/Nb30BaHHUEe MyTeM HaCJeNOBaHHS yIPOIIAET CO-
3laHHe HOBBIX KOMIIOHEHT, KOTOpPble MOTYT ObITb COEAMHEHBI C YK€ HMelUMUcs. Takum 06-
pa3oM, HacjelOBaHHe U KOMIO3HULHs 00BbEKTOB paboTalOT BMECTE.

Nevertheless, our experience is that designers overuse inheritance as a reuse technique,
and designs are often made more reusable (and simpler) by depending more on object
composition. You’ll see object composition applied again and again in the design patterns.

OnHako, COIJIaCHO HAlIeMy OIBITY MPOEKTHPOBIIMKH 4Yallle HUCMOJb3YIOT HacjeloBaHHe B
KauecTBe TeXHHUKH TOBTOPHOI'O HCIOJb30BAHHUS, TOTAA KaK IMPOEKTbl 3a4acTyl Jydlle MHO-
FOKPATHO HCIOJb3YIOTCS (M CTAHOBSITCS MPOLIE), ecJd OOoJblle MOJaraTbCsi HAa KOMIO3HIHIO
00beKTOB. BBl yBHANTE, YTO KOMIO3HUIMS OOBEKTOB CHOBA M CHOBA TMPHUMEHsIETCS B I1a06J0HAX

POEKTHPOBAHHSI.

Delegation

Heneruposanue

Delegation is a way of making composition as powerful for reuse as inheritance [Lie86, JZ91].
In delegation, fwo objects are involved in handling a request: a receiving object delegates
operations to its delegate. This is analogous to subclasses deferring requests to parent classes.

But with inheritance, an inherited operation can always refer to the receiving object through
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the this member variable in C++ and self in Smalltalk. To achieve the same effect with
delegation, the receiver passes itself to the delegate to let the delegated operation refer to the
receiver.

HenerupoBanue — 3T0 Croco6 CHesaTb KOMIO3HUIMIO TAKOH K€ MOLIHOH JJIi MOBTOPHOTO
UCIONb30BaHUSI KaK HacsJenoBaHue. [Ipu nesnerupoanuu B 006paboTKy 3ampoca BoBJeYeHbl 08a
00beKTa: MOMYYaIOLUHH 00bEKT HeJerupyeT ornepanuy CBOEMY AeJeraty. DTo MOX0XKe Ha IOJ-
KJIaCChl Tepearollfe 3ampochl POaUTEbCKUM KjaccaMm. Ho mpu HacnemoBaHuM, Hacjemyemas
omnepalys BCcerga MOXKeT COCJaTbCs Ha MOJydaloluil 00beKT uepe3 nepeMeHHyo-4/eH this B
C++ u self B Smalltalk. [lns mosnyueHus: aHasoruuHOro aggeKra Npu AeJerupoBaHUH, I0-
JydaTtesib nepenaet cebsi feserary, yToObl MO3BOJIHUTb NeJErHMPyeMOH OMepaldy CChIIATbCs Ha
noJTydaTeJis.

For example, instead of making class Window a subclass of Rectangle (because windows
happen to be rectangular), the Window class might reuse the behavior of Rectangle by
keeping a Rectangle instance variable and delegating Rectangle-specific behavior to it. In
other words, instead of a Window being a Rectangle, it would have a Rectangle. Window
must now forward requests to its Rectangle instance explicitly, whereas before it would have
inherited those operations.

Hanpumep, BMecTo co3manus kjacca OKHO Kak moaksacca [IpsMoyrosbHHKa (MOCKOJMBKY
OKHa yYallle BCero MmpsiMOyToJbHbI), Ka1acc OKHO MOXKET HCMOoJb30BaTh noBeneHue [Ipsmoyrosb-
HHKa BKJIIOUEHHEM 3K3eMIsipa nepeMeHHOH [IpsiMmoyronbHUK U deseeuposaruem el oBeqeHHUs
cnenuduuHoro nns [lpsimoyrosnbHuka. pyrumu ciaoBamu, OKHO BMecTO TOro, 4TOOBI Gbvimb
[TpsimoyronbHukoM, 6ynet codepacame IlpsimoyronpHuk. Tenmeppr OKHO MOJIXKHO SIBHO Tepena-
BaTh 3ampockl 3K3eMmmuspy [IpsMoyrosbHHKa, TOTa Kak paHblle OHO Obl HacJeI0BajO 3TH
ornepauuy.

The following diagram depicts the Window class delegating its Area operation to a
Rectangle instance.

Crenytomasi auarpamma onucbkiBaeT kjaace OKHO meserupyromui omnepauuio O6sacTb K-

3eMILISIpY NMPSIMOYTOJIbHUKA.
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Window Rectangie
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A plain arrowhead line indicates that a class keeps a reference to an instance of another
class. The reference has an optional name, “rectangle” in this case.

JIUHMSA cO CTpesKOH MOKa3blBaeT, 4YTO KJAacC CONEPXKHUT CCBIIKY Ha 3K3eMIUIp IPyroro
ksacca. CchljKa UMeeT ONMIHOHAIbHOE HMS, B JAHHOM CJydae “mpsiMOyTOJNbHHUK

The main advantage of delegation is that it makes it easy to compose behaviors at run-
time and to change the way they’re composed. Our window can become circular at run-time
simply by replacing its Rectangle instance with a Circle instance, assuming Rectangle and
Circle have the same type.

OcCHOBHOe MPeuMYIeCTBO IeJerHpPOBaHUS B TOM, YTO OHO oOJserdaer o6beIMHEHHE TTOBEIEe-
HUsSI 00BEKTOB BO BpeMsl BBIMIOJHEHHS U M3MeHeHHe crocoba 3Toro odbenrHeHus. Haie okHO
MOKET CTaTh KPYTJIBIM BO BpeMsl BBITIOJIHEHHSI NIPOCTO 3aMeHOH 3k3eMmmusipa [IpsimoyrosnpHuKa
Ha sK3eMmasip OKpPY»KHOCTH, B NpeAnoJioxkeHud, uto [IpsgmoyrosbHuk U OKpPY’KHOCTb HMEIOT
OIIMHAKOBBIN THII.

Delegation has a disadvantage it shares with other techniques that make software more
flexible through object composition: Dynamic, highly parameterized software is harder to
understand than more static software. There are also run-time inefficiencies, but the human
inefficiencies are more important in the long run. Delegation is a good design choice only
when it simplifies more than it complicates. It isn’'t easy to give rules that tell you exactly
when to use delegation, because how effective it will be depends on the context and on how
much experience you have with it. Delegation works best when it’s used in highly stylized
ways — that is, in standard patterns.

Y nenerupoBaHHs €CTb HENOCTATOK, KOTOPBIM TaKKe MPUCYLI NPYTMM TeXHUKaM, JeJsalo-
mwuM [1O Gosee rubkuM depe3 KOMIMO3ULHMIO 00beKTOB: J[MHaMHUHOe, CHJbHO MapamMeTpH30-
BaHHoe [1O mouaTh TpynHee, uem Gosee cratnyHoe [1O. Takke MpUCYTCTBYIOT MPOrpaMMHBIE
M3IEepPKKU BO BPEMSsI BBITIOJIHEHHS, HO ueJioBeuecKHe HU3Iep:KKHU OoJsiee BaXKHBI B JIOJTOCPOU-
HoOM mepcrekThBe. [lesierupoBaHue SBJSETCS XOPOIIUM MPOEKTHBIM BBIGOPOM, TOJNBKO KOT/Ia OHO

ynpouiaet 6oJblle, 4eM ycJaoxKHseT. Henpocto nate npasusa, KOTOpble TOUHO TOBOPSIT KOTZA
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MCIOJIb30BaTh JleleTHPOBaHUe, MOCKOJIbKY ero 3(QeKTHBHOCTb 3aBUCUT OT KOHTEKCTa U Ba-
ILIET0 OMBITA €ro Ucrnosb3oBaHus. [lenerupoBanue paboTaer Jyulle BCETO MPHU UCIOIb30BAHUH
XOpOIIO OTpe/ie/leHHBIMU Crocof6aMyd — TO €CTb B CTaHIAPTHBIX 1I1abJ0HAX.

Several design patterns use delegation. The State (305), Strategy (315), and Visitor (331)
patterns depend on it. In the State pattern, an object delegates requests to a State object that
represents its current state. In the Strategy pattern, an object delegates a specific request to
an object that represents a strategy for carrying out the request. An object will only have one
state, but it can have many strategies for different requests. The purpose of both patterns is
to change the behavior of an object by changing the objects to which it delegates requests.
In Visitor, the operation that gets performed on each element of an object structure is always
delegated to the Visitor object.

Heckonbko 1m1a6/0HOB MPOEKTHPOBAaHUS HCIOJb3YIOT nesernpoanue. CocrosHue (305),
Crparerus (315), Ilocerutennb (331) 3aBucsiT oT Hero. B mabsone CocrosiHHe 00BEKT me-
Jerupyet 3anpockl 00beKTy COCTOsSIHHE, KOTOPBIH TpeNCTaBJ/seT €ro TeKyllee cOCTOsiHHe. B
mabsoHe Ctparerusi, o6beKkT Heserupyer crneun@uyeckuil 3anpoc 0ObeKTY, KOTOPbIH MpeiCTaB-
JIieT CTpaTervio 1/ BblmoJHeHUs 3anpoca. O6beKT OyfeT HMeTb TOJbKO OTHO COCTOSIHHUE,
HO OH MOXET HMeTb MHOXECTBO CTpaTeruil AJs pasandyHbiX 3anpoco. Lleap o6oux 1wabd.o-
HOB — H3MEHWTb IOBeleHHe 00BbEeKTa, 3aMeHsisi 00BEKThl, KOTOPbIM OH JeJIerMpyeT 3ampochl.
B Tlocerurene neficTBue MPOU3BOAMMOE Hal KaXKAbIM 3JEMEHTOB CTPYKTYypbl 00BbEKTa BCeraa
nenerupyercs: o6bekty IloceTutesns.

Other patterns use delegation less heavily. Mediator (273) introduces an object to mediate
communication between other objects. Sometimes the Mediator object implements operations
simply by forwarding them to the other objects; other times it passes along a reference to itself
and thus uses true delegation. Chain of Responsibility (223) handles requests by forwarding
them from one object to another along a chain of objects. Sometimes this request carries with
it a reference to the original object receiving the request, in which case the pattern is using
delegation. Bridge (151) decouples an abstraction from its implementation. If the abstraction
and a particular implementation are closely matched, then the abstraction may simply delegate
operations to that implementation.

OcrasbHble 1A0JOHBl MeHbIIe HCHONB3YIOT AenerupoBanue. [locpenHux (273) mpencras-
JisieT 0OBEKT-MOCPETHUK MeXKAy NPYTMMH B3aUMOAEHCTBYIOIIMMH oObekTaMu. MHorna o6bekT
[TocpenHHUK peasu3yeT omepaLyH, IPOCTO MepefaBas UX APYTUM 00bEKTaM; B IPYTHX C/aydasx
OH TlepelaeT CCBIIKY Ha ce06sl CaMOTO U TaKUM 00pa3oM HCIOJIb3yeT HACTOsIee e erHPOBaHHUeE.
[lenb oTBeTcTBeHHOCTH (223) 06pabaTbiBaeT 3ampochl, MepeaaBasi UX OT OJHOTO 0ObeKTa K Ipy-

roMy I10 LEIOYKeE. I/IHOI‘Ha 3TOT 3allpoC repenaeTrcd BMecTe CO CCBIJIKOM Ha MCXOAHBIN O6’beKT,
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MOJIy4YaKOLIMK 3aMpoc, B TaKOM cjydae IabJoH HUCMosb3yeT nesernpoBanue. Moct (151) otme-
JsieT abCcTpakiMio OT peanusauuu. Ecau abeTpakius U COOTBETCTBYIOLLAs peasu3aldsl TeCHO
COTJIaCOBaHBI, TO aOCTPaKIUsl MOKET MPOCTO [IeJerupoBaTh Onepalyuy 3TOH peann3alui.
Delegation is an extreme example of object composition. It shows that you can always
replace inheritance with object composition as a mechanism for code reuse.
JlenerupoBaHue 3TO 3KCTPeMaJsbHbBIA MPUMeEP KOMMO3ULUHUH 06beKTOB. OH MOKAa3bIBAET, UTO
BBl BCETZla MOXKETe 3aMeHHThb HacJjiefloBaHHe Ha KOMIIO3HMIIMI0 00BEKTOB B KaueCTBe MeXaHH3Ma

MHOTOKPATHOI'0 MCIIO0JIb30BaHUA KoOJa.

Inheritance versus Parameterized Types

HacnenoBanue nmpoTuB napamMeTpu3OBaHHBIX THIIOB

Another (not strictly object-oriented) technique for reusing functionality is through
parameterized types, also known as generics (Ada, Eiffel) and templates (C++). This
technique lets you define a type without specifying all the other types it uses. The unspecified
types are supplied as parameters at the point of use. For example, a List class can be
parameterized by the type of elements it contains. To declare a list of integers, you supply
the type “integer” as a parameter to the List parameterized type. To declare a list of String
objects, you supply the “String” type as a parameter. The language implementation will create
a customized version of the List class template for each type of element.

Ipyrasi (He cTporo 06bEKTHO-OPUEHTHPOBAHHAS) TeXHHUKA [Jisi MHOTOKPATHOI'O HCIIOJIb30-
BaHUs (DYHKIHOHAJBHOCTH 3TO MapaMeTPH30BaHHbIE THUIIbI, TAK)Ke U3BECTHbE, KAK POIOBbIE
(generics) (Ada, Eiffel) u ma6aons! (templates) (C++). Dta TexHHKa MO3BOJISIET BaM OMpeje-
JISITh TUN 0€3 yKa3aHHs BCeX THIIOB KOTOPblE OH HUCMOJb3yeT. HeykasaHHble THITBI TepefalnTcs
B KauecTBe napamempos B TOUKe Hcrosb3oBanus. Hampumep kiace Criucok MoxeT GBITb Mapa-
MEeTPHU30BaH THIIOM COLEPXKALIMXCS B HEM 3JieMeHTOB. [lJisi onpenesieHHsl CIIUCKa [eJbIX YHCeI,
Bbl MpeNOCTaBJsieTe TUN “lleoe” Kak mapameTp AJs napameTpusoBaHHoro tumna Crnucok. [las
ornpeneJsieHUs] CIMCKa CTPOK Bbl HcrmoJsb3yeTe TUn “CTpoka” B KauecTBe napamerpa. Peannsa-
IMs f3bIKa CO3JACT COOTBETCTBYIOLLYI0 BepcHio IabjoHa Kiaacca CHHCOK IS Ka)KIOro THIA
3JIeMeHTa.

Parameterized types give us a third way (in addition to class inheritance and object
composition) to compose behavior in object-oriented systems. Many designs can be
implemented using any of these three techniques. To parameterize a sorting routine by the
operation it uses to compare elements, we could make the comparison

[TlapameTpr3oBaHHbIE THUIIBI JAOT HAM TPeTHH crnocob (B H00aBKY K Hac/JeNOBaHMIO KJjac-

COB M KOMIIO3HMIIMH O6"beKTOB) JJid KOMIIOHOBKH ITIOBE€IEHHA B OO cucremax. MHorue [IPOEKThI
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MOTYT OBbITb peasi30BaHbl C MCIOJNb30BAaHUEM JIOO0ro M3 3TUX cnocob6os. i mapameTpuso-
BaHHUsl NMPOLEAYPBl COPTUPOBKHU ONepalueidl KOTopasi CpaBHUBAET 3JeMEHThl Mbl MOXKEM CJeJ/aThb

CpaBHEHHE!

1. an operation implemented by subclasses (an application of Template Method (325),

ornepalueil peaqn3oBaHHOH noxakJaaccamu (ucrosnb3yem [llabaonubiii Meton) (325)

2. the responsibility of an object that’s passed to the sorting routine (Strategy (315), or

OTBETCTBEHHOCTBIO 00BEKTA TepenaBaeMoro B mpouenypy coptupoBku (Crparerus (315)

HJH

3. an argument of a C++ template or Ada generic that specifies the name of the function

to call to compare the elements.

aprymeHToM wab6saoHa C++ uiau pomosoro tuna Ada, KOTOpeIH yKasbiBaeT UMs (YHKLHH

BbI3bIBAEMOH OJis1 CpPaBHEHHS 3JIEMEHTOB.

There are important differences between these techniques. Object composition lets you
change the behavior being composed at run-time, but it also requires indirection and can
be less efficient. Inheritance lets you provide default implementations for operations and lets
subclasses override them. Parameterized types let you change the types that a class can use.
But neither inheritance nor parameterized types can change at run-time. Which approach is
best depends on your design and implementation constraints.

CyILecTBYIOT BaxKHbIe PA3JHuUsl MEXAY STHUMH TexHHKaMH. Kommosunusi o6beKToB 103BO-
JIieT BaM M3MeHSIThb CO3JaBaeMoOe TOBelleHHe BO BpeMsl BBIMIOJIHEHHS, HO Takxke TpebyeT Koc-
BEHHOCTH M MOXeT ObiTb MeHee 3(dexkTrBHA. HacsnenoBaHue Mo3BoJisieT BaM MPeNOCTABUTH
peasiM3alliyi onepaluil Mo yMOJYaHHUIO U MO3BOJISIET KJaccaM repeonpenessth ux. [lapamerpu-
30BaHHbIE THIIbl T03BOJISIOT BAM H3MEHSATb THIIBI UCIOJb3yeMble KaaccoM. Ho HU HacsenoBaHue,
HU MapaMeTpH30BaHHbIE THIbl He MOTYT U3MEHSIThCSl BO BpeMsl BhlMOJIHeHHs . Kako# moaxon syd-
Ile 3aBUCHUT OT OTPaHUUYEHHH TMPOEKTa ¥ peasu3alluy.

None of the patterns in this book concerns parameterized types, though we use them on
occasion to customize a pattern’s C++ implementation. Parameterized types aren’t needed at
all in a language like Smalltalk that doesn’t have compile-time type checking.

Hu onvH U3 wab/0HOB B 3TOH KHUTE HE HCIIOJb3yeT MapaMeTPU30BaHHbIE THIIbI, XOTS MBI
MCIOJIb3YeM UX MPH Caydae AJsl yKadaHUs peanusauuu mwabdnona Ha C++. [lapamerprsoBaHHble
THUIBl He HYXHBI B fi3blKax Bpofe Smalltalk, koTopble He MPOBOAAT MPOBEPKY THUIOB BO BpeMs

KOMITHJIALLUH.
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1.6.6 Relating Run-Time and Compile-Time Structures
CooTHoUIeHNEe CTPYKTYP BPpEMEHU KOMMIUJISILUN U BPEeMEeHU BbITOJI-

HEHUNdA

An object-oriented program’s run-time structure often bears little resemblance to its code
structure. The code structure is frozen at compile-time; it consists of classes in fixed
inheritance relationships. A program’s run-time structure consists of rapidly changing
networks of communicating objects. In fact, the two structures are largely independent.
Trying to understand one from the other is like trying to understand the dynamism of living
ecosystems from the static taxonomy of plants and animals, and vice versa.

CtpyKTypa 06’beKTHO-OPHEHTHPOBAHHOH MPOrpaMMbl BO BpPEMsI BHIIIOJHEHHS 3a4acTyl0 HeCeT
cnabblil OTIEeUaToK CTPYKTYphl ee Koma. CTPyKTypa Koia 3aMOpOXKeHa BO BPeMs BBIIOJHEHHUS;
OHa COCTOUT M3 KJIACCOB JKECTKO CBSI3aHHBIX OTHOLIEHHUSIMHU HacJjenoBaHusi. CTPyKTypa nporpam-
MBI BO BpeMsl BBITIOJIHEHHSI COCTOUT M3 OBICTPO U3MEHSIOLIUXCS CeTeld B3aUMOIEHCTBYIOLUIUX 00b-
eKTOB. [leliCTBUTEBHO 3TH JBe CTPYKTYPbI MPaKTHUYECKH He3aBUCHMBbI. [loMbITKA MOHATH OAHY
o Ipyrod nmogo6Ha MOMBITKE TMOHATb TUHAMHKY KHBBIX 9KOCHCTEM 10 CTATHUECKOH aHATOMHHU
pacTeHHUH U KUBOTHBIX U Ha06OpOT.

Consider the distinction between object aggregation and acquaintance and how
differently they manifest themselves at compile- and run-times. Aggregation implies that
one object owns or is responsible for another object. Generally we speak of an object having
or being part of another object. Aggregation implies that an aggregate object and its owner
have identical lifetimes.

PaccmoTpuM pasznuude MexIy arperanveidl U B3aMMONEHMCTBHEM OODBEKTOB M KaK OHHU
pas3JM4yHO OOHApyKHUBAIOT ce6s1 BO BpeMsl KOMIHUJSILUHM H BO BpeMs BbIMOJHeHHs. Arperauus
TMOAPa3yMeBaeT, UTO ONUH 0ObEKT BJAJleeT UJIU SIBJSIETCS OTBETCTBEHHBIM 3a Ipyrod o6bekT. B
o0lLIeM MBI TOBOPUM OOBEKTe SIBJSIOIIEMCS 4ACMblo APYroro obbeKTa. Arperauus mnoppasyme-
BaeT, 4YTO arperupyeMblil 00BEKT U ero BJjajesel] UMeT OIMHAKOBOE BPeMs CyIeCTBOBaHHUS.

Acquaintance implies that an object merely knows of another object. Sometimes
acquaintance is called “association” or the “using” relationship. Acquainted objects may request
operations of each other, but they aren’t responsible for each other. Acquaintance is a weaker
relationship than aggregation and suggests much looser coupling between objects.

BsaumonelicTBHe monpasymMeBaeT 4TO OOBEKT TOJNBKO 3Haem O APyroMm obbekTe. MHorna
B3aHMOJIeICTBHE HA3bIBAETCSl OTHOIIEHHEM “acCOIMMPOBAHHUSI” UM “HCMoJb30BaHus . B3aumo-

NEeUCTBYIOIHE 00BEKTHl MOTYT 3alpalluBaTh ONepauyy APYT ApPyra, HO OHU He OTBEedarT APYr
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3a gpyra. OTHolLIeHHe B3aMMOIEHCTBHS c/abee arperalyd W NpeirnosaraeT ropasao MeHbIIYIO
CBSI3b MeX1y 0OBeKTaMH.

In our diagrams, a plain arrowhead line denotes acquaintance. An arrowhead line with a
diamond at its base denotes aggregation:

B Hamux nuarpamMmax npocTast JIMHHSI CO CTPeJKOH O3HadaeT B3anMmopnelcTBhe. CTpeska C

pPOMOMKOM y OCHOBaHHSI 03Ha4aeT arperauuio:

aggregatelnstance
Aggregator > M~ Aggregatee

[t’s easy to confuse aggregation and acquaintance, because they are often implemented in
the same way. In Smalltalk, all variables are references to other objects. There’s no distinction
in the programming language between aggregation and acquaintance. In C++, aggregation
can be implemented by defining member variables that are real instances, but it’s more
common to define them as pointers or references to instances. Acquaintance is implemented
with pointers and references as well.

Jlerko mepemnyTtaTth arperanyi ¥ B3aMMOAEHCTBHE, TOCKOJbKY OHH UaCTO Peasu3yloTCsi
onnHakoBo. B Smalltalk Bce mepemeHHble SBISIIOTCS CCBHIIKAMH Ha APYrHe oObeKThl. B si3bl-
Ke HeT pa3/jMuusi MeXIy arperauueidl u B3aumopedcTBueM. B C++ arperauus MoxeT ObITb
pean30BaHa OINpelesieHHe MepeMeHHbIX-UJeHOB, KOTOPble SIBJSIOTCS HENOCPeACTBEHHBIMH 3K-
3eMIIIpaMHu, HO GoJiee OOIIENPUHSTAS MPAKTHKA ONPeNessiTh MX KaK CChIIKH HUJIHM YKa3aTesH
Ha 3K3eMILIsipbl. B3aumonericTBre TakxkKe peasu3yeTcsi C TOMOLIbIO yKa3aTesel U CChIIOK.

Ultimately, acquaintance and aggregation are determined more by intent than by explicit
language mechanisms. The distinction may be hard to see in the compile-time structure,
but it’s significant. Aggregation relationships tend to be fewer and more permanent than
acquaintance. Acquaintances, in contrast, are made and remade more frequently, sometimes
existing only for the duration of an operation. Acquaintances are more dynamic as well,
making them more difficult to discern in the source code.

B KoHIle KOHIIOB B3aMMOJEHCTBHE U arperanusi ONnpeiessitoTcs 60Jblle HaMepeHUsIMH, YeM
SIBHBIMH $I3bIKOBBIMH MeXaHHU3MaMu. Pa3jnuue MoxkeT ObITb TPYAHO YBUIETb B CTPYKType Bpe-
MEHH KOMIHUJISILIMH, HO OHO 3HauuTe bHO. OTHOILIEHHH arperauun oObIYHO MeHblle U OHU GoJiee
noctTostHHbl. Hao6opoT, B3aUMOIEHCTBUS CO3JAIOTCS U MepelesblBaloTcsl 60Jee 4acTo, WHOTAA
CYILILeCTBYsI TOJbKO BO BpeMsi BHIIIOJTHEHHS ONepaliy. Takxke B3aUMOAeHCTBUSI Oosiee TUHAMHU-
HbI, UTO YCJIOXKHSIET UX BBISIBIeHUE B UCXOIHOM KOJE.

With such disparity between a program’s run-time and compile-time structures, it’s clear

that code won’t reveal everything about how a system will work. The system’s run-time
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structure must be imposed more by the designer than the language. The relationships between
objects and their types must be designed with great care, because they determine how good
or bad the run-time structure is.

YuuTbIBasi Takoe HECOOTBETCTBHE MeXKIYy NMPOrPAMMHBIMH CTPYKTYyPaMH BpeMeHH KOMITHJIS-
MM ¥ BpPeMeHHU BBITIOJNHEHHS], SICHO YTO KO He paccKa)keT BCEro O TOM Kak OyneT pa6oTaTthb
cucrema. CTPYKTypa CHCTeMbl BO BPeMs BBINOJHEHHUS JO/KHA GOJIbIIE ONpPeNessiThCs MPOeKTH-
POBILIKKOM, UeM 513bIKoM. OTHOIIEHUsT MeXAy 0ObeKTaMH ¥ UX THIIAaMU J0JKHBI pa3padaThiBaTh-
csl 0YeHb OCTOPOXKHO, NOTOMY YTO OHH OINpeNeJsIOT HACKOJbKO XOpOIla HJM IJI0Xa CTPYKTYpa
BPEMEHH BbITIOJHEHHS.

Many design patterns (in particular those that have object scope) capture the distinction
between compile-time and run-time structures explicitly. Composite (163) and Decorator (175)
are especially useful for building complex run-time structures. Observer (293) involves run-
time structures that are often hard to understand unless you know the pattern. Chain of
Responsibility (223) also results in communication patterns that inheritance doesn’t reveal. In
general, the run-time structures aren’t clear from the code until you understand the patterns.

MHorwue 1ma6J0Hb TPOEKTHUPOBAHHUS (B 0COOEHHOCTH MPUMeHsieMble K 00beKTaM) sBHO (PUK-
CHPYIOT pasjidude MeXIy CTPYKTypaMu BpeMeHHU BBIIIOJHEHHs] U BpeMeHH KOMMUJIsiuuu. Kommo-
3ut (163) u lekopatop (175) 0ocobGeHHO MoJe3Hbl AJisT TOCTPOEHHUST CJAOKHBIX CTPYKTYP BPEMEHH
BbiMoJiHeHUs1. HabGmonarens (293) BKJOYaeT CTPYKTYpbl BPEMEHH BBINOJHEHHs, KOTOpHIE 3a-
YacTyl TPYHHO TOHSITh, €CJU Bbl He 3HaeTe wabsoHa. Llenb oTBeTcTBeHHOCTH (223) Takxke
TMPUBOIMT K B3aUMOIEHCTBYIOIIUM 1Ia0JI0HAM, KOTOPble He BHISIBJSIOTCS HacJenoBaHueM. B 06-

€M CTPYKTYPbI BpEMEHHU BLITIOJIHEHHA HEINOHATHBI M3 KOA4, IMOKa Bbl HE normeTe A0JOHEI.

1.6.7 Designing for Change Pa3pa6oTka ajs u3aMeHeHus

The key to maximizing reuse lies in anticipating new requirements and changes to existing
requirements, and in designing your systems so that they can evolve accordingly.

K104 K MaKCUMH3alUK MOBTOPHOTO UCIOJb30BAHHS JIEXKUT B MPEABUIAEHUN HOBBIX TpeOoBa-
HUH 1 U3MEHEHHH K CYLIeCTBYIOLIUM TpeOOBaHHUSM, U B pa3paboTKe BAILKX CUCTEM TakK, YTOObI
OHH MOTJIM Pa3BUBATbCS COOTBETCTBEHHO H3MEHEHHSIM.

To design the system so that it’s robust to such changes, you must consider how the
system might need to change over its lifetime. A design that doesn’t take change into
account risks major redesign in the future. Those changes might involve class redefinition
and reimplementation, client modification, and retesting. Redesign affects many parts of the

software system, and unanticipated changes are invariably expensive.
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Jlnsi pa3paGoTKH CHUCTEMbl YCTOHUHMBOH K TMONOOHBIM H3MEHEHHSIM Bbl HOJIKHBI MPENIOJo-
JKHTb, KAK CUCTEMA MOXKET W3MEHHTHCSl B TEUEHHH CBOETO CyllecTBOBaHHS. [IpoekT He mpuHU-
MaloIIUH B pacyeT U3MeHeHHs PUCKYyeT Tio6asnbHO TepepabaThiBaThCcsi B OymaylieM. DTH H3Me-
HEHHs] MOTYT BKJ/IOYaTb Mepeorpesie/ieHHe KJIACCOB U WX peasM3aluil, U3MeHeHHe KJIHEHTOB U
HOBOe TecTHpoBaHHUe. [lepepaGoTKa BJUsIeT HA MHOTHE YACTH MPOTPAMMHON CHCTEMBI H Helpes-
BU/IEHHBbIE U3MeHEeHHs] HeU3MeHHO JOPOTH.

Design patterns help you avoid this by ensuring that a system can change in specific
ways. Each design pattern lets some aspect of system structure vary independently of other
aspects, thereby making a system more robust to a particular kind of change.

[TpoexkTHBIe 1Ma6JOHBI TOMOTrAlOT BaM H30eXKaTb ITOrO, ApPaHTUPYs, YTO CHUCTEMA MOXKET
M3MEHSITbCSl B ONpelesIeHHbIX HanpaBJ/eHusX. KaXKablii MpoeKTHBIN 1IabJI0H T03BOJSIET KAKOMY
JUO0 acreKTy CTPYKTYPbl CHCTEMBl H3MEHSATbCS HE3aBUCHMO OT JPYTHX aCleKTOB, T€M CaMbIM
neJasi cucteMy 0oJjiee YCTOHUMBOH K ONpefiesIeHHbIM BUAM W3MEHEHHUH.

Here are some common causes of redesign along with the design pattern(s) that address
them:

31ech MpUBelNeHbl HeKOTOpble HauboJiee oOIIMe MPUUHHBI TE€PENPOEKTHPOBAHUS BMeCTe C

[NPOEKTHBIMHU mabJoHaMHU IJisd TaKHUX CJAYy4daeB:

1. Creating an object by specifying a class explicitly. Specifying a class name when you
create an object commits you to a particular implementation instead of a particular
interface. This commitment can complicate future changes. To avoid it, create objects

indirectly.

fsnoe ykasanue kaacca npu co3daruu obvekma. YKazaHue UMeHH KJjacca MpU cosfia-
HUM 0O0beKTa MPUBSI3bIBAET BAC K ONpefiesieHHOH peasin3allyi BMeCTO ONpee/eHHOTO0 MH-
Tepdeiica. Jta NpuBsi3Ka MOXKET YCJAOXKHUTb Oynylive nudMeHeHus. Bo usbexkaHue 3Toro

co3naBaiiTe 0ObEKTHl KOCBEHHO.
Design patterns: Abstract Factory (87), Factory Method (107), Prototype (117).
[TpoekTHble mwabmoHbl: A6cTpakTHas Pabpuka (87), 3aBoackoit Merton (107), [Iporotun

(117).

2. Dependence on specific operations. When you specify a particular operation, you
commit to one way of satisfying a request. By avoiding hard-coded requests, you make it

easier to change the way a request gets satisfied both at compile-time and at run-time.

3asucumocms om onpedeserHolx onepayuti. Korna Bel yKa3biBaeTe KOHKPETHYIO OIle-

paluio, Bbl MpPHUBSI3bIBa€TECH K ONHOMY crocoby BBIMOJHEHUs 3anpoca. Vsberasi »kecTko
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3aJlaHHbIX 3allpoOCOB, BbI obJieryaete M3MeHeHHe croco0a BBLINIOJHEHHS 3arpoca KakK B BO

BpEMSI KOMITUJISILMH, TaK U BO BPEMSI BHIIIOJTHEHHS.
Design patterns: Chain of Responsibility (223), Command (233).

[TpoektHble maboubl: Llenb orBeTcTBeHHOoCTH (223), Komanaa (233).

3. Dependence on hardware and software platform. External operating system interfaces
and application programming interfaces (APIs) are different on different hardware and
software platforms. Software that depends on a particular platform will be harder to port
to other platiorms. It may even be difficult to keep it up to date on its native platiorm.

[t’s important therefore to design your system to limit its platiorm dependencies.

3asucumocms om npoepamMmHoOl uru annapamrot niamgopmoei.. BHeliHre UHTepdeH-
Cbl OTEepalMOHHON CUCTeMbl WJIH HHTep(delch MmporpammupoBaHus npuioxeHui (APls)
pas/M4yHBl Ha Pa3HbIX MPOrpaMMHBIX U annapaTtHeix naatdopmax. [1O 3aBucsilee oT KOH-
KpeTHOH nJaTgopMbl OyeT TpyAHee MEPeHOCHUTb Ha Apyrue naatgopmbl. Bo3amokHO ero
OyneT ca0KHO OOHOBJSATH Ha ero pogHou miaatdopme. [loaTomy BaxKHO Tak MPOEKTUPOBATH

BaIlly CHCTEMY, YTOOBI OTPAHUYUTD €€ 3aBUCHMOCTH OT KOHKPETHOH TMJIaT(OPMBI.
Design patterns: Abstract Factory (87), Bridge (151).

[TpoektHble mabaonb: AbctpaktHas Padpuka (87), Moct (151).

4. Dependence on object representations or implementations. Clients that know how an
object is represented, stored, located, or implemented might need to be changed when

the object changes. Hiding this information from clients keeps changes from cascading.

3asucumocms om npedcmasienutl u peaiusayull obvekma. KnneHTbl, KOTOpble 3HAIOT
KaK OOBeKT IMpeACTaBJseTCs, IJie XPAaHUTCH U HAXOAUTCS MM KaK peanudyercss MOTYT
noTpe6oBaTh U3MeHeHHUs! MPU U3MeHeHUH 00bekTa. COKpbITHE 3TOH MH(OPMALMU OT KJHU-

eHTOB yJep>KMBaeT U3MEHEHHsI OT KaCKaJHOTO yBeJUYEHHS.
Design patterns: Abstract Factory (87), Bridge (151), Memento (283), Proxy (207).

[TpoekTHble mabaoHbl: AGcTpakTHas Pabpuka (87), Moct (151), [Mamars (283), [TosHo-
mouus (207).

5. Algorithmic dependencies. Algorithms are often extended, optimized, and replaced
during development and reuse. Objects that depend on an algorithm will have to change
when the algorithm changes. Therefore algorithms that are likely to change should be

isolated.
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Ancopummuneckue 3asucumocmu. ANTOPUTMBI 4acTO PACLIMPSIIOTCS, ONTHMU3HPYIOTCS
M 3aMeHSII0TCS BO BpeMsi pa3paboTKU M HCMosb30BaHUs. OObeKTHl, 3aBUCSIIHE OT aJjro-
pUTMa JOJKHBI OYAYT U3MEHUTbCS NMpPU ero u3MeHeHHH. [loaTomy anroputmel Haunbosee

[NOABEP2KEHHbIC NSMEHEHHUIO NOJI2KHBI OBITb H30JIMPOBAHLI.

Design patterns: Builder (97), Iterator (257), Strategy (315), Template Method (325),
Visitor (331).

[TpoektHble mwabmaoHbl: Ctpoutenb (97), Urepatop (257), Crparerus (315), [labmoHHBIN
meton (325), [Tocetutennb (331).

. Tight coupling. Classes that are tightly coupled are hard to reuse in isolation, since
they depend on each other. Tight coupling leads to monolithic systems, where you can’t
change or remove a class without understanding and changing many other classes. The
system becomes a dense mass that’s hard to learn, port, and maintain. Loose coupling
increases the probability that a class can be reused by itself and that a system can
be learned, ported, modified, and extended more easily. Design patterns use techniques

such as abstract coupling and layering to promote loosely coupled systems.

Tecroe cuenaenue. TecHo clienyieHHble KJIACChl TPYAHO UCMONb30BATh U30JUPOBAHHO, T10-
CKOJIbKY OHM 3aBHUCSIT APYT OT Apyra. TecHoe clienieHHe BeeT K MOHOJHUTHBIM CUCTEMAM,
B KOTOPBIX Bbl He MOXeTe HW3MeHUTb WU ybpaTh KJjacc 0e3 MOHUMaHHUS U HU3MeHEeHHs
MHOTHX APYTHX KjaccoB. CHCTeMa CTAHOBHUTCS TSI?KeJOH MacCOd, KOTOPYI TPYAHO H3Y-
yaTb, NMEePeHOCUTh U noAaepxkuBaThb. OcjabjeHue CUeNJeHHUs YBeJIUYHUBAET BEPOSTHOCTb
TOTO, UTO KJIacC MOKeT ObITb MHOTOKPATHO HCIIOJb30BAH CaMOCTOSITEJbHO, U UTO CHUCTe-
Ma CMOXeT ObITb M3yueHa, repeHeceHa W MoauduuMpoBaHa ropasno npoie. [IpoekTHbie
11a0JIOHbl UCMOJIBb3YIOT TaKMe TeXHUKHM KakK aOCTpaKTHOe ClielJieHWe W HacJoeHHe [J5

[NoJIyueHHue c1ab0 CLENJeHHBIX CUCTEM.

Design patterns: Abstract Factory (87), Bridge (151), Chain of Responsibility (223),
Command (233), Facade (185), Mediator (273), Observer (293).

[TpoekTHble mwabmoHbl: A6cTpakTHas dadpuka (87), Moct (151), Llenb 0TBETCTBEHHOCTH
(223), Komanpna (233), Pacan (185), ITocpennuk (273), Habaonareas (293).

. Extending functionality by subclassing. Customizing an object by subclassing often isn’t
easy. Every new class has a fixed implementation overhead (initialization, finalization,
etc.). Defining a subclass also requires an in-depth understanding of the parent class.
For example, overriding one operation might require overriding another. An overridden

operation might be required to call an inherited operation. And subclassing can lead to
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an explosion of classes, because you might have to introduce many new subclasses for

even a simple extension.

Pacwupernue ¢ynkuyuonaronocmu cabkaraccuneom. Hactpoiika o6bekTa cabK/IacCHHIOM
yacTo HerpocTa. Kaxkplii HOBBIH KJacc UMeeT (PMKCHpPOBaHHbIE U3[EePKKH B peasn3aluu
(vHHULManU3aLus, 3aBeplleHue, U T.4.). OnpeneseHue moakJaacca Takxke Tpedyer ri1y6oko-
ro MOHUMAaHHS €ero poAUTEeNbCKOro Kiaacca. Hanpumep nepeonpenesenye oqHoi onepanuu
MOXKeT noTpeboBaTh nepeomnpeneneHus apyroi. [lepeonpenesnennas onepauns BO3MOXKHO
no/mkHa OyleT BbI3BaTb YHACJeOBAHHYIO omnepauuio. Takxke caOKJ/JIaCCHHT MOXKeT IpHU-
BECTH K B3pPbIBHOMY YyBEJHUYEHHIO UMCJa KJACCOB, MOCKOJbKY BaM MpUIETCS N00aBJSTh

MHOTO HOBBLIX MMOAKJIACCOB HaxKe HJd MPOCTOro paCllvpeHHs.

Object composition in general and delegation in particular provide flexible alternatives
to inheritance for combining behavior. New functionality can be added to an application
by composing existing objects in new ways rather than by defining new subclasses of
existing classes. On the other hand, heavy use of object composition can make designs
harder to understand. Many design patterns produce designs in which you can introduce
customized functionality just by defining one subclass and composing its instances with

existing ones.

Komnosunusi 06beKToB BOOOLe M [e/erMPOBaHHE B YACTHOCTH NPENOCTAaBJSIOT THOKHe
aJbTepPHATHBLl HaCJ/eJOBaHUIO A/ KOMOMHHUPOBaHHS mNoBeldeHUs. HoBas pyHKUMOHAMB-
HOCTb MOXKeT ObITb n00aBJjieHa B NpHUJOXKEHHe COeIUHEHHEM CYIIeCTBYIOLIUX 00bEKTOB
HOBBIMH CIIOCOOAMM BMECTO OIpefeseHHs] HOBBIX MOAKJACCOB CYLIECTBYIOLIHUX KJaCCOB.
C npyro#l cTopoHbl 60JblIOE HCIOJAb30BaHHE KOMIO3ULUH OOBEKTOB MOXKET YCJOXKHHUTb
NIOHUMaHHe NpoeKToB. MHorve 1mabJ/0Hbl NPOEKTUPOBAHUS MPOU3BOAAT MPOEKTHl B KOTO-
PBIX Bbl MOXeTe 100aBUTb (DYHKLHOHAJIBHOCTb MPOCTO ONpelesieHueM OJHOrO MOAKJacca

U COCJMHEHHEM ero 3K3eMIJIAPOB C yXK€ CYUIeCTBYIOIIUMU KJlaCcCaMH.

Design patterns: Bridge (151), Chain of Responsibility (223), Composite (163), Decorator
(175), Observer (293), Strategy (315).

[TpoektHbie madaonb: Moct (151), Llenb otBetcTBenHocTH (223), Kommosut(163), deko-
parop (175), Ha6monateas (293), Crparerus (315).

. Inability to alter classes conveniently. Sometimes you have to modify a class that
can’t be modified conveniently. Perhaps you need the source code and don’t have it (as
may be the case with a commercial class library). Or maybe any change would require
modifying lots of existing subclasses. Design patterns offer ways to modify classes in

such circumstances.
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Hesoamosxcnocmo npocmozo usmernernus kiaccos. lHorna BaMm Hy»KHO M3MEHHUTb KJjacc,
KOTOpPbI He MOKeT ObITb MOAM(DULUPOBAH NPOCTO. BO3MOXKHO BaM HYKEH HCXONHBIH
KO, a y Bac ero HeT (Kak HamphMmep B c/aydyae KOMMep4YeCKOH OHOJHOTEKH KJacCCOB).
Wnn nob6oe usmeHenue norpebyeT MHOXKECTBA MOAW(PUKALMK CYLIECTBYIOLIUX MOAKJAC-

coB. [IpoekTHBIe 1IABJOHBI MpeaIaraioT crnocodbl H3MEHeHHsl KJIacCOB B TaKHX YCJIOBHSIX.
Design patterns: Adapter (139), Decorator (175), Visitor (331).

[TpoektHble mwabaounb: Anantep (139), Hekopatop (175), IToceturens (331).

These examples reflect the flexibility that design patterns can help you build into your
software. How crucial such flexibility is depends on the kind of software you’re building. Let’s
look at the role design patterns play in the development of three broad classes of software:
application programs, toolkits, and frameworks.

DTU TIPUMEPBI MOKA3BIBAIOT THOKOCTb, KOTOPYIO MPOEKTHBIE 1Ia0JI0HBI TOMOTAIT BCTPOUTH B
Bamie [10. Hacko/sbko KpUTHYHA Takasi THOKOCTb 3aBUCHT oT Tuma [10 koTopoe BBl co3naeTe.
JlaBaiiTe TOCMOTPUM Ha POJIb IPOEKTHBIX 1a0JOHOB B pa3paboTKe TpeX WIHMPOKUX Kiaccos [10:

NPUKJAIHBIX IPOrpaMM, MaKeToB pa3paboTuMKa U cpel pa3paboTKH.

Application Programs IlpuknagHbie mporpamMmmbl

I you're building an application program such as a document editor or spreadsheet, then
internal reuse, maintainability, and extension are high priorities. Internal reuse ensures that
you don’t design and implement any more than you have to. Design patterns that reduce
dependencies can increase internal reuse. Looser coupling boosts the likelihood that one class
of object can cooperate with several others. For example, when you eliminate dependencies on
specific operations by isolating and encapsulating each operation, you make it easier to reuse
an operation in different contexts. The same thing can happen when you remove algorithmic
and representational dependencies too.

Ecau BBl co3pnaerte MpUK/IAIHYIO MPOrpaMMy, TaKylo KaK pelakTop NOKYMEHTOB HJU 3JeK-
TPOHHYIO TabJMIy, TO BHyTPEHHEe MHOIOKPAaTHOE HCI0Jb30BaHHE, COMPOBOXKIAEMOCTh, H pac-
IIMPSIEMOCTb UMEIOT BBICOKHH MpuopuTeT. BHyTpeHHee MHOTOKpaTHOE HCMOJb30BaHKE TApaHTHU-
pyeT, uTO Bbl He MPOEKTHPYeTe W He peasiu30BbiBaeTe 0OJIbIlle UeM Bbl JOJKHbI. [IpoeKTHbIe
11a6JI0Hbl, KOTOpPBlE YMEHbLIAIOT 3aBUCHMOCTH, MOTYT YBEJHYHTb BHYTpPEHHEe MHOT'OKPAaTHOE
ucnosib3oBaHue. OcsabseHre CLeNeHnsl YBeJHUYNBaeT BePOSITHOCTb TOTO, YTO OIHMH KJAcC WU
00BEKT CMOXKET COTPYAHHYATb C HECKOJbKUMH NpyruMu. Hampumep, Korma BBl yCTpaHHTE 3a-

BUCUMOCTH OIIpEeaeJeHHbIX onepaunﬁ U30JIMPOBaB U MHKAIICYJHWPOBAB KaXKAYyI0 Ollepaluio, BbI,
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TeM CaMbIM, YIIPOCTHTEe MHOI'OKPAaTHOE HMCIOJIb30BaHHE ONepally B PAa3HBIX KOHTeKCTaxX. 1o ke
camoe MOXKeT CJYYHUTHCS eC/M Bbl TaKKe yda/juTe 3aBUCHMOCTH aJTOPUTMOB U NpeACTaBJeHHUH.

Design patterns also make an application more maintainable when they’re used to limit
platiorm dependencies and to layer a system. They enhance extensibility by showing you
how to extend class hierarchies and how to exploit object composition. Reduced coupling also
enhances extensibility. Extending a class in isolation is easier if the class doesn’t depend on
lots of other classes.

[IpoekTHBIE 11a6JOHBI TaKXKe NesaloT MpUJIoKeHHe Gosiee COMTPOBOXKAAEMbIM, KOTa OHU HC-
MOJIb3YIOTCS 1J1s1 OTPAaHUUEHHs 3aBHCHMOCTEH OT MJaThOpMbl M paccoeHusi cucteMbl. OHHU
yaAy4lIaloT pacIIHUpPsSieMOCTb, MOKAa3biBasi KaK PaCIIUPUTb HEPapXHH KJAacCOB M KaK HCIOJb30-
BaTb OOBEKTHYIO KOMIO3HMLHIO. YMEHbIIEHHOe CLEMNJNeHHe TaKxKe YJAydlllaeT PacIIHpPsSeMOCTb.
Pacuiupenve kjacca M30JMPOBAHHO TPOLILE, €CJAH KJacC He 3aBUCHT OT MHOTHX JIPYTHX KJac-

COB.

Toolkits IIakeTbr pa3paboTunka

Often an application will incorporate classes from one or more libraries of predefined classes
called toolkits. A toolkit is a set of related and reusable classes designed to provide useful,
general-purpose functionality. An example of a toolkit is a set of collection classes for lists,
associative tables, stacks, and the like. The C++ [/O stream library is another example.
Toolkits don’t impose a particular design on your application; they just provide functionality
that can help your application do its job. They let you as an implementer avoid recoding
common functionality. Toolkits emphasize code reuse. They are the object-oriented equivalent
of subroutine libraries.

YacTo npuJ/oKeHHe BKJOYaeT KJACChl U3 OAHOU WM OoJiee OUOJHMOTEK KJACCOB, Ha3blBa-
eMbIX NakeTaMH padpadoruyuka. [laker paspaboTurka 3TO HabOp B3aMMOCBSI3aHHBIX KJacCOB,
pa3paboTaHHBIX C LIEJbI0 TPEeNOCTaBAEHUS TI0NE3HOH, LeqeBOH (pyHKIHOHaNAbHOCTH. [IprumMmepom
nakeTta pa3paboTuhKa MOXKeT ObITb HaOOp KJaCcCOB AJ51 CIIHCKOB, aCCOLMATUBHBIX TalJUL, CTe-
KOB M TOoMYy mnomo6Horo. Jpyro# mpumep — TmoTOKOBasi GubjauoTeka BBoaa/BeiBoja B C++.
[lakeTbl He HaBSI3BIBAIOT OIPE/eJIEHHYI CTPYKTYPY MPOEKTa BALIero MpUJIOKEHHs; OHU MPOCTO
MPEeNOCTABMASAIOT (PYHKIUH, KOTOPble MOTYT MOMOYb BallleMy TMPHJOKEHHIO eaTh CBOKW padoTy.
OHM MO03BOJIAIOT BaM, KaK MPOTPAMMHUCTY H30exKaTb MOBTOPHOrO KOAMPOBaHHs 0OlIeHd (PyHK-
uvoHa bHOCTH. [lakeThl paspaboTurka HenalT yHapeHHe Ha MHOSOKPAMHMOM UCNOAb308AHUU
koda. Onu siBastores OO 3xkBUBaNeHTOM OMOJIMOTEK TOAMPOrPaAMM.

Toolkit design is arguably harder than application design, because toolkits have to work

in many applications to be useful. Moreover, the toolkit writer isn’t in a position to know
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what those applications will be or their special needs. That makes it all the more important
to avoid assumptions and dependencies that can limit the toolkit’s flexibility and consequently
its applicability and effectiveness.

Paspa6oTka naketoB pa3paboTurka 6eccriopHO TpyAHee, ueM pa3padoTKa MPUKJIALHBIX TPO-
rpaMM, TIOCKOJIbKY AJ51 TOTO, YTOObl ObITh MOJE3HBIMU, TAKEThl pa3paboTuuKa AO/KHBI paboTaThb
BO MHOTHX TNpUJIOKeHHUsIX. BoJsiee Toro, paspaGoTuuk naketa He 3HaeT UTO 3TO OYAYT 3a MpH-
JIOXKEHHUsI, ¥ KaKOBbl OyAyT UX creluduueckre TpeboBaHus. DTO AesaeT HauboJiee BayKHBIM
u3bexaHue MpearosoKeHUH U 3aBUCUMOCTEH, KOTOpble MOI'YyT OrPaHHYUTh M'MOKOCTb MaKeTa H,

CJIe[I0BATEJIbHO, €r0 NMPUMEHUMOCTb U 3 (PEKTUBHOCTD.

Frameworks Cpenbl pa3paGoTku

A framework is a set of cooperating classes that make up a reusable design for a specific class
of software [Deu89, JF88]. For example, a framework can be geared toward building graphical
editors for different domains like artistic drawing, music composition, and mechanical CAD
[VLI0, Joh92]. Another framework can help you build compilers for different programming
languages and target machines [JML92]. Yet another might help you build financial modeling
applications [BE93]. You customize a framework to a particular application by creating
application-specific subclasses of abstract classes from the framework.

Cpena pa3paboTku 3TO Habop B3aUMOAEHCTBYIOLUIMX KJACCOB, KOTOPbIE COCTABJSIOT MHOTO-
KPaTHO HCIIOJb3yeMBbIH MPOEKT AJIsl ClelU(pHUUECKOT0 THIA NporpaMMHoro obecnedeHus [Deu89,
JF88]. Hampumep, cpena paspaboTKu MOKeT OBITb cleslaHa IJIsi TIOCTPOEHHUsI rpapUuecKUX pe-
IaKTOPOB /151 PAa3JIMUHBIX 00JacTel MpUMeHeHHs TaKUX, KaK XyI0XKeCTBEHHOe PHUCOBAHHE, CO-
uynHeHue My3blKH U MexaHuueckue CAIIP [VL90, Joh92]. pyras cpena pa3paGoTKu MOXKeT
MIOMOYb BaM CO3/1aBaTh KOMIUJISITOPHI 1151 PA3HBIX SI3bIKOB IPOTPaMMHUPOBAHUS U LI€JIeBbIX TJIAT-
¢dopm [JMLI92]|. Eule onHa nmoMoraet B CO3MaHUU TPUIOKEHHUS AJs1 (PHHAHCOBOTO MOJEJTHPOBA-
uusi [BE93]. Bel HacTpanBaeTte cpeny paspaboTKH JJIsi ONPeNeJeHHOrO MPUIOKEHHS CO3AaHUEM
crienr(UUeCKUX MJisi HEro TMOAKJIaCCOB CYLIECTBYIOMMUX abCTPAKTHBIX KJIACCOB.

The framework dictates the architecture of your application. It will define the overall
structure, its partitioning into classes and objects, the key responsibilities thereof, how the
classes and objects collaborate, and the thread of control. A framework predefines these
design parameters so that you, the application designer/implementer, can concentrate on the
specifics of your application. The framework captures the design decisions that are common
to its application domain. Frameworks thus emphasize design reuse over code reuse, though

a framework will usually include concrete subclasses you can put to work immediately.
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Cpena pa3paboTKH OUKTYeT apXUTEKTypy Ballero npujoxkeHus. OHa ompenesuT OOLIYIO
CTPYKTYPY, €e pasiesieHHe Ha KJacChl U 0OBEKTHI U, CJIeI0BaTEbHO, KJII0UeBble OTBETCTBEHHO-
CTH, B3aUMOJeHCTBHE KJ1acCOB U 06bEKTOB, MOTOK yrpaBJeHus. Cpena pa3paboTKH Mpeponpene-
JIieT 3T MPOEKTHble MapaMeTphl, TaK YTOOBI Bbl, TPOEKTHPOBLIUK/TIPOrPAMMHCT MPUJIOKEHHUS,
MOTJIH CKOHLIEHTPUPOBATbCS Ha CrelU(UKe Ballero npunoxeHus. Cpena paspaboTKu (HHUKCH-
pyeT ofllive MpPOeKTHble pellleHusl AJs CBoel mpeaMeTHOH oOjacTu. Takum o6pas3oM, Cpeibl
pa3paboTKH TOAUEPKHUBAIOT Npeob/afaHle MHO2OKPAMHO20 UCNOAb308AHUSL NPOEKMHbLX pe-
Wwienuil Hall MHOTOKPATHBIM HCIIOJb30BaHHEM KOZa, XOTSI Cpefia pa3paboTKH OObIYHO BKJOYAeT
KOHKPETHBIe KJIacChl, KOTOPble BBl CPa3y ke MOXKeTe HCIO0Jb30BaTh.

Reuse on this level leads to an inversion of control between the application and the software
on which it’s based. When you use a toolkit (or a conventional subroutine library for that
matter), you write the main body of the application and call the code you want to reuse. When
you use a framework, you reuse the main body and write the code it calls. You’ll have to
write operations with particular names and calling conventions, but that reduces the design
decisions you have to make.

MHorokpaTHoe HCIOb30BaHHE HA STOM YPOBHE BeJleT K MHBEPCHH YIIPABJIEHUS MEXAY MPH-
JIO)KEHHEM U TIPOrpaMMHBIM ofecriedeHHeM Ha KOTOPOM OHO ocHoBaHO. Korma BBl HcoJib3yeTe
nakeT pa3paboTuyvka (MJU CTAHAAPTHYI OHOJMOTEKY MOANPOrpPaMM), Bbl THIIUTE OCHOBHOE
TEeJIO TIPUJIOKEHUS] U BBbI3bIBAeTe KO, KOTOPBIH XOTHTE MCIOJIb30BaTh. Korma Bbl HCMOJb3yeTe
cpeny pa3pabOoTKH, BBl MHOTOKPATHO HCIIOJb3yeTe OCHOBHOE TeJO U IMHILUTE KO, KOTOPBIH OHO
BbI3bIBaeT. BaMm mpupeTcs mucaTh onepanyu ¢ onpeieseHHbIMU UMEeHaMH U YCJOBHSIMH BbI30Ba,
HO 3TO yMeHbIIaeT KOJHUYECTBO MPOEKTHBIX PellleHUH, KOTOpble BaM HYXKHO MPHHSTb.

Not only can you build applications faster as a result, but the applications have similar
structures. They are easier to maintain, and they seem more consistent to their users. On the
other hand, you lose some creative freedom, since many design decisions have been made for
you.

B pesysbrarte BBl He TOJIBKO MOXKETe CTPOUTh TMPHJOKEHHSI ObICTpee, HO TaKyKe 3TH TPHJIO-
XKEeHHsl UMeIOT MOXO0XKYI0 CTPYKTYpy. VX mpoliie conpoBokaaTh U OHH GoJsiee eTHHOOOPa3HBI 1Jis
nosib3oBatesiedl. C Ipyrod CTOPOHEBI, BB TepsieTe HEKOTOPYH CBOOOAY TBOPYECTBA, T.K. MHOTHE
MPOEKTHbIE pelleHust OBbLIN CHoesaHbl 3a Bac.

If applications are hard to design, and toolkits are harder, then frameworks are hardest
of all. A framework designer gambles that one architecture will work for all applications
in the domain. Any substantive change to the framework’s design would reduce its benefits

considerably, since the framework’s main contribution to an application is the architecture it
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defines. Therefore it’s imperative to design the framework to be as flexible and extensible as
possible.

Ecnu mpunoxkeHus pa3pabaTbiBaTh TPYAHO, a MakeThl pa3paboTyMKa TpydHee, TO CPelbl
paspaboTku TpyaHee Bcero. IIpoekTHUpOBIUMK cpenbl pa3pabOTKHU CTaBUT Ha TO, YTO ONHA ap-
XUTEKTypa MOJOHIEeT I/l BCeX MNPUJIOXKEHUH B NpeaMeTHOH objacTu. Jlio6oe cylecTBeHHOe
M3MeHeHHe B TPOeKTe Cpelbl pa3paboTKHW 3HAYUTENbHO YMEHBILHUT €ro MPeHMYLIeCTBa, T.K.
OCHOBHOH BKJIaJl cpefibl pa3pabOTKH B MPUJIOKEHHE — 3ITO apXUTEKTypa, KOTOPYIO OHa Orpe-
nensier. CjienoBaTesbHO, HEOOXOMUMO MTPOEKTHPOBATb Cpely pa3paboTKH Tak, uToObl OHa OblIa
TMOKOM U paclIMpsieMOH HACKOJIBKO BO3MOXKHO.

Furthermore, because applications are so dependent on the framework for their design,
they are particularly sensitive to changes in framework interfaces. As a framework evolves,
applications have to evolve with it. That makes loose coupling all the more important;
otherwise even a minor change to the framework will have major repercussions.

Kpome Toro, mockoJsibKy TPHIOKEHHUS] TaK 3aBUCSAT OT CPeibl pa3pabOTKH, B MPOEKTe, OHU
0co0EHHO YYBCTBHUTEJNbHBl K H3MeHEHHsM B ee HHTepdeicax. B xome pas3Butus cpemsl pas-
paboOTKH TIPUJIOKEHHS] BBIHYKIEHbl Pa3BHBATbCSl BMeCTe C Hell. DTO yBeJMYHMBAaeT BayKHOCThb
cjaboro clenyeHus; B MPOTUBHOM cCJjydae naxkKe HeOOJbllloe U3MeHeHHe B cpefle pa3paboTKu
OyoeT UMeTb Cepbe3Hble TOCEACTBHUS.

The design issues just discussed are most critical to framework design. A framework
that addresses them using design patterns is far more likely to achieve high levels of design
and code reuse than one that doesn’t. Mature frameworks usually incorporate several design
patterns. The patterns help make the framework’s architecture suitable to many different
applications without redesign.

O6Cy>KIeHHBIe BbILIE BOMPOCH MPOEKTHPOBaHUS HauboJee KPUTUUYHBI 15 TPOEKTHUPOBAHUS
cpensl pazpadotku. Cpena pa3paboTKH, KOTOpast peliaeT UX, UCMOJb3Ysl [abJ0Hbl MPOEKTHPOBA-
HUS, ¢ 6OJbLIENd BEPOSTHOCTBIO JOCTUTHET BBICOKOT'O YPOBHS MPOEKTHPOBAHUS U MHOTOKPATHOTO
MCIOJIb30BAHUS KOZA, UeM Ta, KOTOpas He HCIOoJb3yeT IabJOoHbl. 3pesible Cpelsl paspadoTKH
0ObIYHO BKJIOUAIOT HECKOJIBKO TMPOEKTHBIX I1ab/oHoB. [11a6/0HEl MOMOramT cienaTh apXHUTeK-
TYpy cpelbl pa3paboTKH MOAXOMSIIIeN AJisi MHOTHX TPUJIOKEHHH 0e3 TepernpoeKTHPOBaHHUS.

An added benefit comes when the framework is documented with the design patterns it
uses [BJ94]. People who know the patterns gain insight into the framework faster. Even people
who don’t know the patterns can benefit from the structure they lend to the framework’s
documentation. Enhancing documentation is important for all types of software, but it’s
particularly important for frameworks. Frameworks often pose a steep learning curve that

must be overcome before they're useful. While design patterns might not flatten the learning
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curve entirely, they can make it less steep by making key elements of the framework’s design
more explicit.

JlononHuTeNnpHAs BHIrOAA MOJydaeTcsl, KOTAa cpela pa3paboTKH NOKyMEHTHpOBaHa C T10-
MOLIbIO HCMOJIb3yeMbIX el MpoeKTHhIX wwabjaoHoB [BJ94]. Jlrogu 3Hatmue wab/aoHbl ObICTpee
OCBaWBAIOT Cpefbl pa3paboTKH. [laxe JIOAU, KOTOpble He 3HAIOT LIAGJOHOB, MOTYT BBIUIPATh
OT CTPYKTYPBI KOTOPYIO MIa0J0OHbBI TPUBHOCAT B JOKYMEHTALMIO CPelibl Pa3paboTKU. YydlleHne
NOKYMeHTaluH BaxKHO AJs Bcex BUAOB [10, HO ocobeHHO BaxKHO AJis cpen paspaborku. Cpe-
Ibl pa3paboTKH 4YacCTO UMEIT KPyTYI0 KpHBYIO 00ydeHHsl, KOTopasi HOJ2KHa ObITb NpeojoJeHa
Mpexzie 4YeM OHM CTaHYT MoJsie3Hbl. XOTS MPOeKTHble AGJOHbl He MOT'YT MOJHOCTBIO CIJIadUTh
KpUBYIO 00yUeHHsI, OHU MOTYT CHeJaTh ee MeHee KPyTOH 3a cueT 0oJiee SBHOTO MPEACTABIEHUS
KJIFOYEBBIX 3J1€EMEHTOB Cpefibl Pa3paboTKH.

Because patterns and frameworks have some similarities, people oiten wonder how or even
if they differ. They are different in three major ways:

[TockosbKy maGnoOHBl ¥ cpelnbl pa3pabOTKH HMEIT HEeKOTOpble OOILIHe YepTHl, JIOIH YacCTO
MHTEPECYIOTCS YeM OHM OTJHYAIOTCS, W OTIHYatTcs Ju Boobule. OHU pasnnyalTcs B Tpex

OCHOBHBIX BOIIpOCax:

1. Design patterns are more abstract than frameworks. Frameworks can be embodied in
code, but only examples of patterns can be embodied in code. A strength of frameworks
is that they can be written down in programming languages and not only studied but
executed and reused directly. In contrast, the design patterns in this book have to be
implemented each time they’re used. Design patterns also explain the intent, trade-offs,

and consequences of a design.

Lllabaorbl npoekmuposarnus 6oree abcmpakmuol, wem cpedol padpabomku. Cpensl pas-
paGoTKH MOTYT OBITh BOMJIOLIEHBl B KOJE, TOrJa KaK TOJNBKO npumepsl MabJ0HOB MOTYT
ObITh BOMJIONIEHBl B Kofe. Cua cpel pa3pabGoTKH B TOM, UTO OHH MOTYT ObITb HAMMCaHbI
Ha sI3bIKaxX MPOrPaMMHPOBAHHS, W He TOJbKO H3yueHbl, HO W HAMPSIMyI0 BBITOJHEHBI H
MHOT'OKDATHO HCIOJIb30BaHbl. B MPOTHBOMOJMIOXKHOCTb 3TOMY I[Ia0JOHBI MPOEKTHPOBAHHUS
M3 9TOH KHUTH JOJ/DKHBI KaXKIbld pa3 peasn30BbIBAThCS, KOra HEOOXOIUMO MX HUCIO0Jb30-
BaTb. [11a6JyioHbl MPOEKTHPOBAHHUST TaKKe OOBSICHSIIOT HaMePeHHs], BBITOAbI U MOCJEICTBHUS

MPOeKTa.

2. Design patterns are smaller architectural elements than frameworks. A typical

framework contains several design patterns, but the reverse is never true.
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LlabaoHbl npoeKMUPOBAHUSL ABAAIOMC MEHLULUML APXUMEKMYPHOIMU ILEeMEHMaAMU
yem cpedol paspabomku. TunndHas cpena pa3paboTKH CONEPKUT HECKOJIBKO MPOEKTHBIX

I.UEI6.HOHOB, O6paTH06 2Ke HUKOrja He BEpPHO.

3. Design patterns are less specialized than frameworks. Frameworks always have a
particular application domain. A graphical editor framework might be used in a factory
simulation, but it won’t be mistaken for a simulation framework. In contrast, the
design patterns in this catalog can be used in nearly any kind of application. While
more specialized design patterns than ours are certainly possible (say, design patterns
for distributed systems or concurrent programming), even these wouldn’t dictate an

application architecture like a framework would.

[IpoexmHole wabroHel meHee cneyuaruduposarol wem cpedol padpabomru. Cpenbl pas-
paboTKM BCerja UMeIOT olpeneseHHyo objacTb npuMeHeHus. Cpena paspaboTku rpadu-
YeCKOTO peNaKToOpa MOXKET OBIThb HCIO0Jb30BaHA B MOMEJHPOBAHUH (DabpUKH, HO ee He
CTyTaelllb CO Cpedoi pa3paboTKH AJs MomeaupoBaHusi. Hao60poT, mpoeKkTHble 1IABJOHBI
B 9TOM Karajiore MOryT ObITh MCIIOJb30BaHbl NMOYTH B JI0OBIX BUIAX NPHUJIOKeHHH. B TO
JKe BpeMsi BIIOJIHE BO3MOXKHBI 11a0JIOHBI 60Jiee CTelHaln3UPOBaHHbIE UeM Halld (CKaxeM
abJIOHBl TIPOEKTUPOBAHUS JIs paclpeleieHHbIX CHCTEM WJIM MapaJjiebHOr0 Mporpam-
MUPOBaHHS), Naxke OHW He OyOYyT OMKTOBATb apXHUTEKTYPYy INPUJIOKEHUS TaK Kak cpela

pa3paboTKH.

Frameworks are becoming increasingly common and important. They are the way that
object-oriented systems achieve the most reuse. Larger object-oriented applications will end
up consisting of layers of frameworks that cooperate with each other. Most of the design and
code in the application will come from or be influenced by the frameworks it uses.

Cpenbl pa3paboTKH CTaHOBSITCS Bce GoJiee BaXKHbl M MIHPOKOynoTpeOuMbl. OHU SIBJASIOTCS
crnioco6oMm ¢ nomolibio Kotoporo OO cHCTeMBl HOCTHUraloT HauboJblied CTeleHH MHOrokKpar-
Horo ucnoJsb3oBanus. bOmbmne OO npuoKeHHs 3aKaHUMBAIOT Kak Habop CJ0eB B3aWMO-
IeUCTBYIOIINX Cpell pa3paboTkH. DBosblias yacTb MpoekTa W Koda B MPUJIOXKEHHH NPUHLET U3

UCIIO/Ib3yeMbIX Cpefl pa3paboTKH, /M MOJBEPTHETCS UX BJAHUSHUIO.
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1.7 How to Select a Design Pattern.

Kak BbIOpaTh MPOEKTHBIN MA0JIOH.

With more than 20 design patterns in the catalog to choose from, it might be hard to find the
one that addresses a particular design problem, especially if the catalog is new and unfamiliar
to you. Here are several different approaches to finding the design pattern that’s right for
your problem:

[Tpu nHanuuyuu Gosee 20 mabnoOHOB B KartaJore, MOWCK TOr0, KOTOPHIH MpefHA3HAYeH [JIsi
KOHKPETHOH MPOEKTHOW 3ala4yu MOXKeT ObITh 3aTPyIHEH, 0COOEHHO eCJIM KaTaJlor He3HAKOM BaM.
[lanee mpuBeneHbl HECKOJBKO Pa3HBIX TMOAXOI0B K TOMCKY MPOEKTHOro IMabioHa MOAXOASIIErO

K Ballley 3ajgaye:

1. Consider how design patterns solve design problems. Section discusses how design
patterns help you find appropriate objects, determine object granularity, specify object
interfaces, and several other ways in which design patterns solve design problems.

Referring to these discussions can help guide your search for the right pattern.

[Tocmompume kaxk npoekmroie wabronsl peularom npoekmroie 3adauu. B pasnene
o0cyKIaeTcsl KaK MPOeKTHbIe 11a06/0Hbl IOMOTAOT BaM B MOHUCKE MOAXOSLIHUX 00BEKTOB,
onpenesIiioT pa3Mep 00bEKTOB, ONpelensioT UHTep(elchl 00BEKTOB U HECKOJIbKO APYTHX
MyTed B KOTOPBIX 11a0JI0OHbI TIPOEKTUPOBAHHUS PEIIAlOT MPOoeKTHbIe 3a1aun. CChIIKH Ha 3TH

O6Cy>K,U,eHI/IH MOTr'YT HallpaBUTb Ball MOUCK IOAXOAALIETO mabJoHa.

2. Scan Intent sections. Section [[L4] (page [18) lists the Intent sections from all the patterns
in the catalog. Read through each pattern’s intent to find one or more that sound relevant
to your problem. You can use the classification scheme presented in Table [L1] (page

to narrow your search.

Ipocmompume napaepage. Hamepernue. B pasnene [[4] (ctp. [I8) nepeuncasiorcs napa-
rpadbl Hamepenue Bcex mabsoHoB B Katasore. [IpoutrTe HaMepeHHs Ka)KIoro mabJoHa
IJIs1 TOrO YTOOBl HAUTH OJHO WJM HECKOJIbKO HaMepeHHH 3ByualluX MONXOAsIle K Ballel
3agaue. Bel MoxKeTe MCMOJb30BaTh CXeMy KJacCU(HKALUU NpelcTaBjaeHHY0 B Tabsulle

(cTpanuia LIS Cy>KEeHHsI 00JIaCTH TIOMCKA.

3. Study how patterns interrelate. Figure[[1l (page 27) shows relationships between design
patterns graphically. Studying these relationships can help direct you to the right pattern

or group of patterns.

64



Hsyuume kax wabronsr coomuocames. Pucynok [L1] (ctpanuna 27) rpaduyecku nokaswi-
BaeT B3aMMOCBSI3M MexXAy IabsoHaMmu. V3yueHue 3THX B3aUMOCBSI3€d MOXKET HANPaBHUTh

BAC Ha HYXXHBIH 1A0/M0H UJIU TPYNNY LIAOJ0HOB.

. Study patterns of like purpose. The catalog (page 79) has three chapters, one for
creational patterns, another for structural patterns, and a third for behavioral patterns.
Each chapter starts off with introductory comments on the patterns and concludes with
a section that compares and contrasts them. These sections give you insight into the

similarities and differences between patterns of like purpose.

Hayuume wabronol cxomuceeo HasHauerus. Kartamnor (ctpanuua 79) comep:Kut 3 riaBbl,
OlHA JJISl CO3JAI0IIMX 1a0JOHOB, Apyras AJs CTPYKTYPHBIX 1a0JOHOB U TPeTbsl IJIs I0-
BefleHUeCKUX 11a0/10H0B. Kaxaasi riaBa HaYMHAETCs CO BCTYNUTENbHBIX KOMMEHTapHeB O
wabJjoHax U 3aBepliaeTrcsl naparpagom, KOTOPbIH CpaBHHUBAeT WU MPOTHBOIOCTABJ/SET UX.
Atu naparpadsl HAOT BaM MOHMMAaHHE CXOACTB M Pas3iuiuil Mexay LabJoHaMHU HMelo-

UMK CXO02KHe LeJIH.

. Examine a cause of redesign. Look at the causes of redesign starting on page B3| to see
if your problem involves one or more of them. Then look at the patterns that help you

avoid the causes of redesign.

[Iposepvme npuuuny nepenpoexmuposarus. [IpocMOTpUTE MPUUKHBI MTEPENPOEKTHPOBA-
HUs Ha ctpanuue [53] Bo3sMOXHO Ballla 3aja4a BKJIOYAIOT ONHY HJH HECKOJbKO M3 HHX.

3areM MOCMOTpUTE 11a6JOHBI IOMOralliie u3beratb NPUUKUH NepenpoeKTUPOBAHHUS.

. Consider what should be variable in your design. This approach is the opposite of
focusing on the causes of redesign. Instead of considering what might force a change to
a design, consider what you want to be able to change without redesign. The focus here
is on encapsulating the concept that varies, a theme of many design patterns. Table
lists the design aspect(s) that design patterns let you vary independently, thereby

letting you change them without redesign.

Onpedearume umo 8 sauiem npoexme 0OAHCHO OblMb MEHAOULUMCSA. DTOT TIOAXOM MPOTHU-
BOMOJIOXKeH (DOKYCHPOBKE Ha MPUYHHAX MepenpoeKTHPOoBaHUs. BMecTo paccMoTpeHHs TOTO
4TO MOXKET nompebosame U3MEHEHUH B MPOEKTE, PACCMOTPUTE UTO OBl Bbl XOTEJH BUIETh
M3MEHSIIOLIMMCsT Oe3 MepenpoeKTUPOBaHHUsI. 3eCh YIIOp NeJaeTcs Ha UHKANCYAUPOBAHUU
MeHSAIoULelics KOHYenyuu, 3T0 TeMa MHOTMX MpPOeKTHbIX IiabiaonoB. Tabmuua [L4] mepe-
YHCJISIeT aCTeKThl MPOeKTa KOTOPble H3MEHSIIOTCS ¢ MMOMOIIbIO 1I1a6JOHOB MTPOEKTHPOBAHHUS,

TeM CaMbIM I03BOJIsSISI U3MEHSITh UX 6e3 MepernpoeKTUpPOBaHU.
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Purpose Design Pattern Aspect(s) That Can Vary
Creational | Abstract Factory (87) families of product objects
Builder (97) how a composite object gets created
Factory Method (107) subclass of object that is instantiated
Prototype (117) class of object that is instantiated
Singleton (127) the sole instance of a class
Structural | Adapter (139) interface to an object
Bridge (151) implementation of an object
Composite (163) structure and composition of an object
Decorator (175) responsibilities of an object without
subclassing
Facade (185) interface to a subsystem
Flyweight (195) storage costs of objects
Proxy (207) how an object is accessed; its location
Behavioral | Chain of Responsibility (223) | object that can fulfill a request

Command (233)
Interpreter (243)
Iterator (257)

Mediator (273)
Memento (283)
Observer (293)
State (305)

Strategy (315)

Template Method (325)
Visitor (331)

when and how a request is fulfilled
grammar and interpretation of a language
how an aggregate’s elements are accessed,
traversed

how and which objects interact with each
other

what private information is stored outside an
object, and when

number of objects that depend on another
object; how the dependent objects stay up
to date

states of an object

an algorithm

steps of an algorithm

operations that can be applied to object(s)

without changing their class(es)

Ta6muua 1.3: Design aspects that design patterns let you vary
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HasnaueHue IIpoekTHBIA WaGJIOH AcniekT(bI), KOTOpbIE MOTYT H3Me-
HATbCS
Co3znparomue Ab6cTpakTHas dabpuka (87) | ceMeHCTBa Pe3yJbTHPYIOLIMX 00BHEKTOB
Crpourenb (97) KaK COCTaBHbIe 0OBEKTHI CO3MAITCS
3aBoackoit meton (107) MOAKJIACC CO3J]aBaeMoro 06bekTa
[TpotoTtun (117) KJlacC CO37aBaeMoro o0beKTa
Onunouxka (127) eIMHCTBEHHBIH 3K3eMILJISp KJjacca
Crpykrypubie | Apantep (139) UHTepdeiic 06beKTa
Mocr (151) peasuzanus oObeKkTa
Kommnosut (163) CTPYKTypa U KOMMO3UIHS 00beKTa
Ilexopatop (175) OTBETCTBEHHOCTH o00beKkTa 0e3 cab-
KJIACCHHTa
dacan (185) UHTepdeic MoACHCTEMbI
Jlerkosec (195) U3JIEePXKKH XPaHEeHHsT 00BbEKTOB
[Tornomouust (207) OCYyILeCTBJISIEHHEe AOCTYyNa K 0ObeKTy;
ero TMoJIoXKeHHe
IToBenenueckue | Llenb oTBeTcTBeHHOCTH (223) | 0OBEKT, KOTOPBIH MOXKET BBIMIOJHUTD

Komanpa (233)
Wurepnperatop (243)
Hrepatop (257)
[Tocpennux (273)

[Tamste (283)

Ha6ronatens (293)

Coctosinne (305)
Crparerus (315)
[IIa6ouubI# MeTon (325)
[Toceturens (331)

3amnpoc

KOTJla U Kak 3ampoc OblJl BBIIOJHEH
rpaMMaTHKa ¥ MUHTeprpeTauus si3blka
IOCTYT K 3JIeMeHTaM arperata

KaK U Kakhe 0OBbeKThl B3aUMOJIEHCTBY-
IOT IPYT C APYrOM

KaKasi 3akpbiTasi UHQOpPMaLUs XPaHUT-
csl BHe 00beKTa U KOrua

4YUCJ0 00BbEKTOB 3aBUCSIIUX OT IPYTro-
ro o0beKTa; Kak 3aBUCHMble OOBEKTHI
MONIEPKUBAIOTCS B aKTyaJbHOM COCTO-
STHUH

COCTOSIHUSI 00BbEeKTa

aJTOPUTM

Iard aJroputMa

ornepaluu, KOTOpble MOTYT ObIThb MPO-
U3BelleHbl Hal 00beKTOM (00beKTaMH)

6e3 M3MeHeHHs ero KJjacca (KJaccoB)

Ta6JII/ILIa 1.4: AcnekThl [IPOEKTa, KOTOPbI€ NPOCKTHLIE abJIOHbI [TO3BOJSIIOT BaM H3MEHSTh
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1.8 How to Use a Design Pattern

Kak ucrmoJab3oBarthb HpOBKTHbIﬁ 1ma0JI0H

Once you’ve picked a design pattern, how do you use it? Here’s a step-by-step approach to
applying a design pattern effectively:
Kak To/1bKO BbI BEIOpaJ/iM MPOEKTHBIN 11a0JI0H, KaK BaM €ro UCrosb30BaTh? Huxke npuBeneHa

rnolaroBasi HHCTPYKUHUS N0 3((HeKTUBHOMY NPUMEHEHHIO NIPOEKTHOrO M1a6J/oHa:

1. Read the pattern once through [or an overview. Pay particular attention to the

Applicability and Consequences sections to ensure the pattern is right for your problem.

[Ipoumume 0630p wabaona. Ocoboe BHUMaHUe yaenute naparpadam [IpuMeHuMOCTb U

HOCJIEILCTBI/IH, YTOOHI YAOCTOBEPUTHLCSH, YTO 1mabJoH MOAXOAHUT JJis1 Ballled 3afaui.

2. Go back and study the Structure, Participants, and Collaborations sections. Make
sure you understand the classes and objects in the pattern and how they relate to one

another.

Beprumeco u usyuume napaepago. Cmpysmypa, ¥uacmuuxu u Baaumodeticmsus. Yno-

CTOBEPbTECh, UTO Bbl MIOHHMMaeTe KJiaCChbl U 00beKThl B 11a0JOHe U KaK OHH COOTHOCSITCS.

3. Look at the Sample Code section to see a concrete example of the pattern in code.

Studying the code helps you learn how to implement the pattern.

T[locmompume napaepag Ilpumep Koda 0irs KoHkpemHo2o npumepa KOOUPOBAHUS UlQ-

b6.a0HAQ. I/IsyquHe 9TOT'0 KOJAA MOMOraeT BaM IIOHATb KaK peaJqn30BaTb 1m1a6bJI0H.

4. Choose names [or pattern participants that are meaningful in the application context.
The names for participants in design patterns are usually too abstract to appear directly
in an application. Nevertheless, it's useful to incorporate the participant name into the
name that appears in the application. That helps make the pattern more explicit in the
implementation. For example, if you use the Strategy pattern for a text compositing

algorithm, then you might have classes SimpleLayoutStrategy or TeXLayoutStrategy.

Boibepume umena 018 yuacmHukos wabAOHA, 3HAYUMbLE 8 KOHMEKCMe NPULOHEeHUS.
MMeHa yyacTHHKOB B MpPOEKTHBIX 11a0J0HAX OOBIUHO CJMIIKOM abCTPaKTHBI JJIsi HEIo-
CPelICTBEHHOr0 NIPUMEHeHHs B NPUJIOKEHUHU. TeM He MeHee I0JIE3HO BCTaBUTb HM$ yyacT-
HHMKa B TO MM, KOTOPOE TMOSIBUTCS B MPUJIOKEHUH. DTO TIOMOXKET CHeNaTh abjaoH Gosee
SIBHBIM B peasnu3auuu. Hanpumep ecsu Bbl ucnosbayete madaoH CTpaTerus AJs aiaropur-
Ma KOMIIOHOBKH TeKCTa, TO Bbl MOxkeTe UMeTb Kaacchl [IpoctasiCrparerusiPacnosoxenus

TeXCrparerusiPacnosoxeHus.
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5. Define the classes. Declare their interfaces, establish their inheritance relationships, and
define the instance variables that represent data and object references. Identify existing

classes in your application that the pattern will affect, and modify them accordingly.

Onpedeaume xaaccor. Onpenennre UX UHTep(deChl, yCTAaHOBUTE OTHOLLUEHHUS HacJel0Ba-
HUS U ONpefie/IuTe NepeMeHHble 9K3eMIIsIpbl, KOTOpble MPEeACTABISIOT CChIIKU Ha JaHHBIE
1 00BbeKThl. BrifennTe cyllecTBYIOLIMe KJACChl, HA KOTOpble MOBJHUSET LIA0GJ0H U H3Me-

HHUTEe UX COOTBETCTBEHHO.

6. Define application-specific names for operations in the pattern. Here again, the names
generally depend on the application. Use the responsibilities and collaborations associated
with each operation as a guide. Also, be consistent in your naming conventions. For

example, you might use the “Create-” prefix consistently to denote a factory method.

Onpedeaume cneuyuuueckue Oai npurOHceHUs umeHra onepayuti 8 uiabaoue. 31ech
CHOBa MMe€Ha B OCHOBHOM 3aBHCSAT OT MNPHUJOXKeHHs. Mcrmosb3y#iTe OTBETCTBEHHOCTb H
B3aUMOJEHCTBUS KaxK/IOH OlNepally B KaueCTBe PYKOBOACTBA. Takke OyAbTe MOC/eI0Ba-
TeJIbHBI B TIPaBHJIaX UMeHOBaHHUsl. Hamprumep BBl MOXeTe MOC/e0BaTEbHO HCIOJIb30BATh

npeduxc “Cosnatb-" NJisi yKa3aHUsl HA 3aBOJICKOH METO[.

7. Implement the operations to carry out the responsibilities and collaborations in the
pattern. The Implementation section offers hints to guide you in the implementation.

The examples in the Sample Code section can help as well.

Peaausyiime onepayuu Oas BvlnoAHeHUss 0b6s3aHHOCMel U 83aumolelicmeull 8 ula-
6a0one. [laparpad Peanusauus npepsaraet noackaskd Ajs 3Toro. Tak»ke MOTYT MOMOYb

npumepsl U3 naparpada Ilpumep Kopa.

These are just guidelines to get you started. Over time you’ll develop your own way of
working with design patterns.

ITO TOJBKO OCHOBHBIE MPUHIMIMBI [/ TOr0 4TOOBl BBl MOIJKM HauaTb. CO BpeMeHeM BBl
paspaboTaeTe CBOH COOCTBEHHBIH MeTOJ PabOThl C MPOEKTHBIMHU IIA0JIOHAMH.

No discussion of how to use design patterns would be complete without a few words
on how not to use them. Design patterns should not be applied indiscriminately. Often they
achieve flexibility and variability by introducing additional levels of indirection, and that can
complicate a design and/or cost you some performance. A design pattern should only be
applied when the flexibility it affords is actually needed. The Consequences sections are most

helpful when evaluating a pattern’s benefits and liabilities.
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Hukakoe o6cykieHHe TOro Kak HCMOJb30BaTh LIA0JOHBI He MOXKET ObITh 3aBeplleHO 6e3
HEeCKOJIbKMX CJIOB O TOM KaK HX He HCMoJb30BaTb. [IpoekTHble 11ab/0OHBI He NOJKHBI MpHUMe-
HATbCS Hepa3bopuuBo. HacTo ruOKOCTb U BapbUPyeMOCTb NOCTHUTAIOTCS N00aBJEHHEM IOMOJI-
HUTEJIbHBIX YPOBHEH KOCBEHHOCTH, M 3TO MOXKET YCJOXKHUTb MPOEKT U/UIH YMEHbIIUTb MIPOU3-
BOAUTEJNBHOCTD. [IpoeKTHBIN ab/M0H N0KEeH IPUMEHSIThCS TOJNBKO TOTJA, KOTAa Mpefsaraemas
UM TMOKOCTb AeHcTBUTeNbHO HyxkKHa. [laparpad IlocsenctBus Hanbosee moJe3eH NMpPHU OLlEHKe

JIOCTOMHCTB U HEJOCTATKOB IabJoHa.
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