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Ââåäåíèå

Öåëü

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðåàëèçàöèÿ ïîäõîäà Scrap Your Boilerplate äëÿ ÿçûêà

Ocaml.

Scrap Your Boilerplate

Scrap Your Boilerplate [1] - ýòî ïàòòåðí ïðîåêòèðîâàíèÿ, ïðåäíàçíà÷åííûé äëÿ

îáðàáîòêè ñëîæíûõ ñòðóêòóð äàííûõ. Îí èçáàâëÿåò ïðîãðàììèñòà îò íåîáõîäèìîñòè

ïèñàòü �boilerplate� êîä1, ïîçâîëÿÿ îäèí ðàç îïèñàòü ôóíêöèè îáõîäà äëÿ âñåõ òèïîâ

äàííûõ.

Ñóòü ïîäõîäà

Ñóòü ïîäõîäà ìîæíî ïîêàçàòü íà ïðèìåðå îðèãèíàëüíîé ðåàëèçàöèè íà ÿçûêå

Haskell. Â íåé èñïîëüçóþòñÿ íåêîòîðûå îñîáåííîñòè Haskell: êëàññû òèïîâ è áåçîïàñ-

íîå ïðèâåäåíèå.

Ïðåäñòàâèì, ÷òî ìû ñîçäàåì ïðîãðàììíîå îáåñïå÷åíèå, îáðàáàòûâàþùåå äàííûå

êîìïàíèé (ëèñò. 1):

data Company = C [ Dept ]

data Dept = D Name Manager [ Unit ]

data Unit = PU Employee | DU Dept

data Employee = E Person Sa lary

data Person = P Name Address

data Sa lary = S Float

type Manager = Employee

type Name = St r ing

type Address = St r ing

Ëèñòèíã 1: Ïðåäñòàâëåíèå êîìïàíèè

Ïðåäïîëîæèì, ÷òî íåîáõîäèìî óâåëè÷èòü çàðïëàòû âñåõ ñîòðóäíèêîâ íà 10%.

Íàïèøåì ôóíêöèþ increase(k, company), óìíîæàþùóþ êàæäîå çíà÷åíèå çàðïëàòû

â êîìïàíèè company íà (1 + k):

1boilerplate code � øàáëîííûé êîä, íå ðåøàþùèé íåïîñðåäñòâåííî çàäà÷è ïðîãðàììû
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i n c r e a s e : : Float −> Company −> Company

i n c r e a s e k (C ds ) = C (map ( incD k) ds )

incD k (D nm mgr un i t s ) = D nm ( incE k mgr) (map incU k un i t s )

incU k (PU person ) = PU ( incE k person )

incU k (DU dept ) = DU ( incD k dept )

incE k (E person s a l a r y ) = E person ( incS k s a l a r y )

incS k (S s a l a r y ) = S ( s ∗ (1 + k) )

Ëèñòèíã 2: Óâåëè÷åíèå çàðïëàòû

Òàêàÿ ðåàëèçàöèÿ ñîäåðæèò ÿðêèé ïðèìåð �boilerplate� êîäà (ñîäåðæàòåëüíîé â

íåé ÿâëÿåòñÿ òîëüêî ïîñëåäíÿÿ ñòðîêà), è åé õàðàêòåðåí ðÿä ñóùåñòâåííûõ íåäîñòàò-

êîâ:

• Äëÿ êàæäîé ïîäîáíîé ôóíêöèè íóæíî íàïèñàòü áîëüøîé ïî îáúåìó êîä, ÷òî

âûçûâàåò íåóäîáñòâî è îòâëåêàåò îò ñóòè çàäà÷è

• Ïîâûøàåòñÿ âåðîÿòíîñòü îøèáêè

• Ïðè èçìåíåíèè ñòðóêòóðû äàííûõ íåîáõîäèìî èçìåíÿòü âñå òàêèå ôóíêöèè, ò.ê.

îíè ñîäåðæàò àëãîðèòì îáõîäà

×àñòè÷íûì ðåøåíèåì ïðîáëåìû ÿâëÿåòñÿ ôóíêöèÿ fold_right 2 äëÿ ñòðóêòóðû

Company: å¼ èñïîëüçîâàíèå óìåíüøèëî áû îáúåì êîäà ïðè îáõîäå äàííûõ, íî âñå

ðàâíî ïðèøëîñü áû îïðåäåëÿòü ïîâåäåíèå äëÿ êàæäîãî óçëà (Company Dept, Unit,

Employee), õîòÿ èõ òðåáóåòñÿ ïðîñòî òîæäåñòâåííî îòîáðàçèòü.

Àâòîðû Scrap Your Boilerplate ïðåäëàãàþò ñëåäóþùåå ðåøåíèå (ëèñò. 3):

i n c r e a s e : : Float −> Company −> Company

i n c r e a s e k = everywhere (mkT ( incS k ) )

Ëèñòèíã 3: Ðåøåíèå ïðîáëåìû

Çäåñü èñïîëüçóþòñÿ ôóíêöèè:

incS

Ñîäåðæàòåëüíàÿ ÷àñòü àëãîðèòìà óâåëè÷åíèÿ çàðïëàòû (ëèñò. 2)

everywhere

Äëÿ êàæäîãî óçëà äåðåâà äàííûõ everywhere f ïðèìåíÿåò f êî âñåì åãî äî-

÷åðíèì óçëàì, çàòåì èç îòîáðàæåííûõ óçëîâ êîíñòðóèðóåòñÿ íîâûé óçåë òîãî

2fold_right äëÿ ïðîèçâîëüíûõ ñòðóêòóð äàííûõ íàçûâàþò òàêæå êàòàìîðôèçìîì [3]
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æå òèïà, ÷òî è èñõîäíûé, ê íåìó òîæå ïðèìåíÿåòñÿ f è ðåçóëüòàò ýòîãî ïðèìå-

íåíèÿ âîçâðàùàåòñÿ. Äëÿ ðåàëèçàöèè everywhere èñïîëüçóåòñÿ êëàññ òèïîâ, íà

êîòîðîì îïðåäåëÿåòñÿ ôóíêöèÿ gmapT f x, ïðèìåíÿþùàÿ f ê äåòÿì x

mkT

Äåëàåò èç ñâîåãî àðãóìåíòà ïîëèìîðôíóþ ôóíêöèþ: ïðîâåðÿåò ñ ïîìîùüþ êëàñ-

ñà Typeable, ìîæíî ëè ïðèìåíèòü ôóíêöèþ ê çíà÷åíèþ, è, åñëè ìîæíî, òî ïðè-

ìåíÿåò, èíà÷å � îòîáðàæàåò çíà÷åíèå òîæäåñòâåííî.

Èñïîëüçóÿ ýòè ôóíêöèè ìîæíî äåëàòü ïðåîáðàçîâàíèå äàííûõ. Îáîáùèì èõ, ÷òî-

áû ïîÿâèëàñü âîçìîæíîñòü ðåøàòü áîëåå øèðîêèé êðóã çàäà÷: çàïðîñû, ïîèñê è ò.ä.

Åñòåñòâåííûì âûãëÿäèò îáîáùåíèå gmapT äî ôóíêöèè gfoldl, òàêîé ÷òî gfoldl k z

óçëó Node child1 child2 áóäåò ñîïîñòàâëÿòü (z Node
′k′ child1)

′k′ child2. Òîãäà gmapT

âûðàæàåòñÿ ÷åðåç gfoldl ñëåäóþùèì îáðàçîì (ëèñò. 4):

gmapT f = g f o l d l k id

where

k c x = c ( f x )

Ëèñòèíã 4: Âûðàæåíèå gmapT ÷åðåç gfoldl

Ðåëèçàöèÿ äëÿ Ocaml

Ïîëíîöåííîé ðåàëèçàöèè äëÿ Ocaml íå ñóùåñòâóåò. Îäíîé èç ïðè÷èí ýòîãî ÿâ-

ëÿåòñÿ îòñóòñòâèå â Ocaml êëàññîâ òèïîâ. Íî åñòü ñðåäñòâà, êîòîðûå ÷àñòè÷íî ðåà-

ëèçóþò âîçìîæíîñòè ýòîãî ïîäõîäà ñ ïîìîùüþ ðàñøèðåíèÿ ñèíòàêñèñà. Î íèõ áóäåò

ðàññêàçàíî â ñëåäóþùåé ÷àñòè.

Òðåáîâàíèÿ

Òðåáîâàëîñü ñîçäàòü òàêóþ èíòåðïðåòàöèþ Scrap Your Boilerplate, êîòîðàÿ îáåñ-

ïå÷èâàëà áû îñíîâíûå âîçìîæíîñòè ýòîãî ïîäõîäà è íå èñïîëüçîâàëà áû ðàñøèðåíèå

ñèñòàêñèñà. Ïîñëåäíåå îãðàíè÷åíèå áûëî âûçâàíî æåëàíèåì èñïîëüçîâàòü ïîëó÷åí-

íîå ñðåäñòâî âíóòðè äðóãîãî ðàñøèðåíèÿ ñèíòàêñèñà (êîìïîçèöèÿ äâóõ ðàñøèðåíèé

íåâîçìîæíà).
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1 Îáçîð ñóùåñòâóþùèõ ñðåäñòâ

Deriving

Deriving - ýòî ðàñøèðåíèå ñèíòàêñèñà, ïîçâîëÿþùåå ïîëó÷èòü ôóíêöèþ ïî äå-

êëàðàöèè òèïà. Ðàáîòà ñ íèì ñòðîèòñÿ â ñòèëå êëàññîâ òèïîâ, õîòÿ îíî íå äîáàâ-

ëÿåò íîâîãî óðîâíÿ àáñòðàêöèè, à ÿâëÿåòñÿ ñèíòàêñè÷åñêèì ñàõàðîì. Äëÿ ñîçäàíèÿ

ôóíêöèè íåîáõîäèìî íàïèñàòü ãåíåðàòîðû äëÿ áàçîâûõ òèïîâ (íàïðèìåð, int, char,

string, âàðèàíòîâ, ñïèñêîâ, òèïîâ ñ ïàðàìåòðàìè è ò.ä.), òîãäà îíà áóäåò äåéñòâîâàòü

íàä êëàññîì, êîòîðûé ñòðîèòñÿ ñëåäóþùèì îáðàçîì:

1. Áàçîâûå òèïû ïðèíàäëåæàò êëàññó

2. Åñëè òèïû T1, T2, ..., Tn âõîäÿò â êëàññ C, òî åñëè ê äåêëàðàöèè òèïà, îáðàçîâàí-

íîãî êîìáèíàöèåé T1, T2, ..., Tn, ïðèìåíåíî ðàñøèðåíèå ñèíòàêñèñà (êàê â ëèñò.

5), òî îí òîæå âõîäèò â C.

Äàëåå ïðèâåäåí ïðèìåð èñïîëüçîâàíèÿ deriving äëÿ ñîçäàíèÿ ôóíêöèè show3, êî-

òîðàÿ îïðåäåëåíà íà ñòàíäàðòíîì êëàññå Show, äëÿ ïîëüçîâàòåëüñêîãî òèïà tree

(ëèñò. 5).

type ' a t r e e = Leaf o f ' a | Branch o f ' a t r e e ∗ ' a ∗ ' a t r e e

d e r i v i ng (Show)

Ëèñòèíã 5: Ñîçäàíèå ôóíêöèè show ñ ïîìîùüþ deriving

Äëÿ òîãî, ÷òîáû èñïîëüçîâàòü ýòó ôóíêöèþ, íóæíî âîñïîëüçîâàòüñÿ ñëåäóþùåé

ñèíòàêñè÷åñêîé êîíñòðóêöèåé (ëèñò. 6)

l e t some_tree = Branch ( Leaf 1 , 2 , Branch ( Leaf 3 , 4 , Leaf 5) )

l e t _ = pr in t_s t r ing (Show . show<in t t ree> some_tree )

Ëèñòèíã 6: Èñïîëüçîâàíèå ôóíêöèè show ñ ïîìîùüþ deriving

Íåäîñòàòêè

• deriving ïîëíîñòüþ îñíîâàí íà ðàñøèðåíèè ñèíòàêñèñà, ÷òî äåëàåò íåâîçìîæíûì

åãî èñïîëüçîâàíèå âíóòðè äðóãèõ ðàñøèðåíèé

3show äåéñòâóåò àíàëîãè÷íî toString

6



• Èç ñôîðìóëèðîâàííûõ â ââåäåíèè ïðîáëåì deriving ðåøàåò ëèøü íåêîòîðûå ÷à-

ñòè÷íî, ò.ê. íå îáåñïå÷èâàåò âîçìîæíîñòåé, ïðåäîñòàâëÿåìûõ êëàññàìè òèïîâ â

Haskell4

Camlp4

Camlp4 � ýòî ïðåïðîöåññîð äëÿ Oñaml. Îí òàêæå ïðåäîñòàâëÿåò ñðåäñòâà

Camlp4MapGenerator è Camlp4FoldGenerator, êîòîðûå ìîæíî èñïîëüçîâàòü äëÿ ñî-

çäàíèÿ ôóíêöèémap è fold. Äàëåå ïðèâåäåí ïðèìåð èñïîëüçîâàíèÿ Camlp4MapGenerator

(ëèñò. 7), â êîòîðîì ôóíêöèÿ suppress_id óïðîùàåò äåðåâî ïðîãðàììû, óäàëÿÿ ïðè-

ìåíåíèÿ òîæäåñòâåííîé ôóíêöèè.

type va r i ab l e = s t r i n g

and term =

| Var o f v a r i ab l e

| Lam of v a r i a b l e ∗ term

| App o f term ∗ term

| Const o f constant

and constant =

| CInt o f i n t

| CString o f s t r i n g

c l a s s map = Camlp4MapGenerator . generated ; ;

l e t suppress_id =

l e t f = func t i on

| App(Lam(v , Var (v ' ) ) , t ) when v = v ' −> t

| x −> x

in

ob j e c t

i n h e r i t map as super

method term t = f ( super#term t )

end

Ëèñòèíã 7: Èñïîëüçîâàíèå Camlp4MapGenerator

4ôîðìàëüíî ýòî íå äîêàçàíî
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Camlp4MapGenerator.generated â ïðèìåðå 7 çàìåíÿåòñÿ íà êëàññ, â êîòîðîì îïè-

ñàíû òîæäåñòâåííûå ôóíêöèè äëÿ òèïîâ variable, term è constant. Àíàëîãè÷íî ðà-

áîòàåò Camlp4FoldGenerator.

Íåäîñòàòêè

• Îòñóòñòâèå âîçìîæíîñòè ðàáîòàòü ñ ïîëèìîðôíûìè âàðèàíòàìè

• Ñëîæíîñòè ñ èñïîëüçîâàíèåì ïðåïðîöåññîðà camlp5, ò.ê. íóæíî èçáåãàòü êîí-

ôëèêòîâ ñ íèì

• Íåâîçìîæíîñòü èñïîëüçîâàíèÿ òèïîâ èç ñîáèðàåìûõ îòäåëüíî áèáëèîòåê

• Îãðàíè÷åíèÿ â ðàáîòå ñ ïàðàìåòðè÷åñêèì ïîëèìîðôèçìîì. Íàïðèìåð, äëÿ òè-

ïîâûõ ïåðåìåííûõ íåîáõîäèìî âðó÷íóþ îïèñûâàòü map è fold

Äðóãèå ñðåäñòâà

Ìîæíî óïîìÿíóòü ðàñøèðåíèå ñèíòàêñèñà tywith, êîòîðîå ïîçâîëÿåò ãåíåðèðî-

âàòü ôóíêöèè ïî äåêëàðàöèè òèïà. Â íàñòîÿùåå âðåìÿ ïðîåêò êàæåòñÿ çàáðîøåííûì,

è âîçìîæíîñòè ñðåäñòâà ñîñòàâëÿþò ïîäìíîæåñòâî âîçìîæíîñòåé deriving. Ïîýòîìó,

äåòàëüíî ýòîò èíñòðóìåíò ðàññìàòðèâàòüñÿ íå áóäåò.
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2 Ðåøåíèå

Âàðèàíòû

Ðàññìîòðèì 3 îñíîâíûõ íàïðàâëåíèÿ, êîòîðûå ìîãóò ïðèâåñòè ê ðåøåíèþ çàäà÷è

(ðèñ. 1):

Ðàñøèðåíèå ñèíòàêñèñà

Èäåÿ îñíîâûâàòüñÿ íà íåì îòáðàñûâàåòñÿ ñðàçó, ò.ê. òàêîå ðåøåíèå íå ñîîòâåò-

ñòâîâàëî áû òðåáîâàíèÿì. Ïðè ýòîì, êîíå÷íî, ïîëíîñòüþ íå èñêëþ÷àåòñÿ âîç-

ìîæíîñòü åãî èñïîëüçîâàíèÿ.

Èñïîëüçîâàíèå âîçìîæíîñòåé ÿçûêà

Â Ocaml íåò êëàññîâ òèïîâ, íî åñòü êëàññû îáúåêòíî-îðèåíòèðîâàííîãî ïðîãðàì-

ìèðîâàíèÿ, êîòîðûå ïðåäîñòàâëÿþò ñõîæèå âîçìîæíîñòè. Íàïðèìåð, â

Camlp4MapGenerator èñïîëüçóåòñÿ íàñëåäîâàíèå (subtyping) äëÿ ìîäèôèêàöèè

ñãåíåðèðîâàííîé ôóíêöèè map.

Ðåôëåêñèÿ

Ìàíèïóëÿöèÿ äàííûìè è òèïàìè âî âðåìÿ èñïîëíåíèÿ ïîçâîëÿåò ñîçäàòü àíàëî-

ãè ôóíêöèé everywhere è gmapT , íî â Ocaml ýòè âîçìîæíîñòè íå ðåàëèçîâàíû.

Ðèñ. 1: Ïîäõîäû ê ðåàëèçàöèè

Âûáîð

Èäåÿ ðåøåíèÿ ñîñòîèò â òîì, ÷òîáû ñ ïîìîùüþ ðåôëåêñèè ðåàëèçîâàòü àëãîðèòì

îáõîäà, êîòîðûé áû ïðèìåíÿë íåêîòîðóþ ôóíêöèþ, îïðåäåëÿåìóþ ïîëüçîâàòåëåì, ê
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óçëàì äåðåâà, ïðåäñòàâëÿþùåãî äàííûå. Ôóíêöèþ ìîæíî áûëî áû îïðåäåëèòü êàê

ðàñøèðåíèå áàçîâûõ (ïîëèìîðôíûõ) ôóíêöèé, ïåðåîïðåäåëÿÿ èõ ïîâåäåíèå äëÿ óç-

ëîâ, ñîîòâåòñòâóþùèõ çàäàííîìó ïîëüçîâàòåëåì øàáëîíó. Ýòî ñõîæå ñ òåì, ÷òî ïîçâî-

ëÿåò äåëàòü ñ ïîìîùüþ íàñëåäîâàíèÿ Camlp4FoldGenerator è Camlp4MapGenerator,

íî çàäàâàòü ïîâåäåíèå ìîæíî íå òîëüêî äëÿ óçëîâ îïðåäåëåííîãî òèïà, íî è äëÿ

ïðîèçâîëüíîé ïîäñòðóêòóðû, îðïåäåëÿåìîé ïàòòåðíîì. Òàêàÿ ðåàëèçàöèÿ ñôîêóñè-

ðîâàíà íà íóæäàõ ïîëüçîâàòåëÿ, âåäü äàæå â ïðîñòîì ïðèìåðå (ëèñò. 7) ïðèõîäèòñÿ

âûïîëíÿòü pattern-matching. Ðàíåå áûëî ñêàçàíî, ÷òî âîçìîæíîñòè ðåôëåêñèè íå

ðåàëèçîâàíû â Ocaml, íî ÷àñòè÷íî âîñïîëíèòü äàííûé ïðîïóñê ìîæíî èñïîëüçóÿ

èíòåðôåéñ ðàáîòû ñ ïðåäñòàâëåíèåì äàííûõ â ïàìÿòè.
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3 Äåòàëè ðåàëèçàöèè

Ðàáîòà ñ ïðåäñòàâëåíèåì äàííûõ

Â îñíîâå ïðîãðàììû ëåæèò ðàáîòà ñ ïðåäñòàâëåíèåì äàííûõ. Äëÿ ýòîãî èñïîëü-

çóþòñÿ íåäîêóìåíòèðîâàííûé ìîäóòü Obj è ýêñïîðòèðîâàííûå ôóíêöèè C, êîòîðûå

âûïîëíÿþò ðàçìåùåíèå äàííûõ â ïàìÿòè è íåêîòîðûå äðóãèå òåõíè÷åñêèå ôóíêöèè.

Ïðåãðàäà, êîòîðàÿ íå ïîçâîëÿåò ñäåëàòü ïîëíîöåííóþ ðåôëåêñèþ â Ocaml � ýòî

òî, ÷òî ïðåäñòàâëåíèå äàííûõ â ïàìÿòè íå äàåò äîñòàòî÷íîé èíôîðìàöèè î òèïå

ýòèõ äàííûõ. Ðèñóíîê 2 äåìîíñòðèðóåò ëîãè÷åñêèå ïðåäñòàâëåíèå òèïîâ: åñëè äâà

òèïà ïåðåñåêàþòñÿ, òî îäèí èç íèõ âõîäèò â äðóãîé (íàïðèìåð, int t ⊂ α t). Íî åñëè

ïîñìîòðåòü íà ïðåäñòàâëåíèå çíà÷åíèé â ïàìÿòè (ðèñ. 3), îêàçûâàåòñÿ, ÷òî ëîãè÷å-

ñêè íåñâÿçàííûå òèïû ìîãóò èìåòü ïåðåñå÷åíèÿ (íàïðèìåð, ïîëèìîðôíûå âàðèàíòû

ïðåäñòàâëÿþòñÿ òàê æå, êàê è êîðòåæ èç äâóõ ýëåìåíòîâ: ïåðâûé � ýòî õýø èìåíè

âàðèàíòà, à âòîðîé � àðãóìåíò). Ïîýòîìó, ÷òîáû ïîñòðîèòü îáðàòíîå îòîáðàæåíèå

èç ïàìÿòè â ëîãè÷åñêîå ïðåäñòàâëåíèå òðåáóåòñÿ äîïîëíèòåëüíàÿ èíôîðìàöèÿ.

Ðèñ. 2: Òèïû äàííûõ

Â êà÷åñòâå äîïîëíèòåëüíîé èíôîðìàöèè èñïîëüçóþòñÿ çíà÷åíèÿ, ïðåäñòàâëÿþ-

ùèå òèï. Íàïðèìåð, òèï int list ïðåäñòàâëÿåòñÿ êàê ‘List ‘Int. Ñ ïîìîùüþ àíàëèçà

ñòðóêòóðû çíà÷åíèÿ â ïàìÿòè è ñîïîñòàâëåíèå ñ ïðåäñòàâëåíèåì òèïà îïðåäåëÿåòñÿ

ìîæíî ëè èíòåðïðåòèðîâàòü åãî êàê ýëåìåíò äàííîãî òèïà. Òàêîé ìåòîä äîïóñêà-

åò îøèáêè, íàïðèìåð, ïóñòîé ñïèñîê ìîæåò áûòü ðàñïîçíàí êàê çíà÷åíèå òèïà unit.

Äëÿ ðåøåíèÿ ýòîé ïðîáëåìû ìîæíî èñïîëüçîâàòü ÿâíîå óêàçàíèå òèïà äëÿ ôóíêöèè,
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Ðèñ. 3: Ïðåäñòàâëåíèå â ïàìÿòè

ïðèìåíÿþùåé îïèñàííûé ìåòîä.

Ìîäóëü Catamorphism

Ìîäóëü Catamorphism ñîäåðæèò ôóíêöèþ foldr, êîòîðàÿ ÿâëÿåòñÿ àíàëîãîì everywhere

â ðåàëèçàöèè Scrap Your Biolerplate äëÿ Haskell.

Ïóñòü òðåáóåòñÿ îòîáðàçèòü äàííûå èç òèïà, ïðåäñòàâëÿåìîãî çíà÷åíèåì Ti, â òèï,

ïðåäñòÿâëÿåìûé To â ïîìîùüþ ôóíêöèè f . (foldr Ti To f) - ýòî ôóíêöèÿ, êîòîðàÿ:

1. Còðîèò òèïèçèðîâàííîå äåðåâî ñâîåãî àãðóìåíòà, èñïîëüçóÿ ðåôëåêñèþ è Ti

2. Ïðèìåíÿåò ê íåìó ôóíêöèþ f , èñïîëüçóÿ êîìáèíàòîð íåïîäâèæíîé òî÷êè

3. Ïðîâåðÿåò ñîîòâåòñòâèå ðåçóëüòàòà òèïó To è âîçâðàùàåò åãî.

Êîìáèíàòîð íåïîäâèæíîé òî÷êè èìååò ñëåäóþùåå îïðåäåëåíèå (ëèñò 8):

l e t r e c f i x f v = f ( f i x f ) v

Ëèñòèíã 8: Êîìáèíàòîð íåïîäâèæíîé òî÷êè

Îí èñïîëüçóåòñÿ äëÿ òîãî, ÷òîáû èìåòü âîçìîæíîñòü ïðîèçâåñòè ðåêóðñèâíûé

âûçîâ âíå òåëà ôóíêöèè.

Òàêèì îáðàçîì, f ïðèíèìàåò äâà àðãóìåíòà - ñàìó ñåáÿ è òèïèçèðîâàííèå äåðåâî

íåêîòîðîãî çíà÷åíèÿ. Ýòî äåðåâî ïðåäñòàâëÿåò èç ñåáÿ òðîéêó: çíà÷åíèå, òèï ýòîãî

çíà÷åíèÿ è ñïèñîê òèïèçèðîâàííûõ äåðåâüåâ äåòåé êîðíåâîãî óçëà ýòîãî çíà÷åíèÿ.
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Ìîäóëü Mapping

Â ìîäóëå Mapping îïðåäåëÿþòñÿ áàçîâûå ôóíêöèè äëÿ Catamorphism.foldr è

ìåõàíèçì èõ ðàñøèðåíèÿ.

Ôóíêöèÿ id f arg òîæäåñòâåííî îòîáðàæàåò êîðåíü arg, à ê åãî äåòÿì ïðèìåíÿåò

f :

A A

id : f -> / \ -> / \

B C f(B) f(C)

id ÿâëÿåòñÿ àíàëîãîì êëàññà, êîòîðûé ñîçäàåò Camlp4MapGenerator.

Ôóíêöèÿ foldl äåéñòâóåò êàê List.fold_left äëÿ ñïèñêà äåòåé êîðíåâîé âåðøèíû:

A

foldl: comp -> acc -> f -> / \ -> List.fold_left compose acc [f(B); f(C)]

B C

foldl ÿâëÿåòñÿ àíàëîãîì êëàññà, êîòîðûé ñîçäàåò Camlp4FoldGenerator.

Ôóíêöèÿ extend map (pattern, function) ïåðåîïðåäåëÿåò âîçäåéñòâèå map íà âñå

óçëû, óäîâëåòâîðÿþùèå ïàòòåðíó pattern, ôóíêöèåé function. pattern � ýòî çíà-

÷åíèå, êîòîðîå ïðåäñòàâëÿåò øàáëîí, ñõîæèé ñ èñïîëüçóåìûìè â ñîïîñòàâëåíèÿõ ñ

îáðàçöàìè Ocaml.

Ðàññìîòðèì pattern êàê äåðåâî. Åãî ëèñòüÿìè ÿâëÿþòñÿ ëèáî ñîïîñòàâëåíèÿ ñ

êîíêðåòíûìè çíà÷åíèÿìè (íàïðèìåð, ‘Match 123), ëèáî ‘Id è ‘Apply, êîòîðûå ñîïî-

ñòàâëÿþò ïðîèçâîëüíîå çíà÷åíèå. Ïðîíóìåðóåì äåðåâî, îáîéäåì åãî ñëåâà íàïðàâî

è âûïèøåì âñå ‘Id è ‘Apply â ïîðÿäêå èõ âñòðå÷àåìîñòè. Ïîëó÷èòñÿ ïîñëåäîâàòåëü-

íîñòü L1, L2, ..., Ln. Òîãäà åñëè ïîëó÷åííàÿ â ðåçóëüòàòå ðàñøèðåíèÿ ôóíêöèÿ âî

âðåìÿ îáõîäà äåðåâà âñòðåòèò óçåë, ñîïîñòàâëÿåìûé ñ îáðàçöîì pattern, îíà îòîáðà-

çèò åãî, ïðèìåíèâ function ê àãðóìåíòàì A1, A2, ..., An, ãäå Ai ðàâíî ñîïîñòàâëåííîìó

ñ Li çíà÷åíèþ, åñëè Li - ýòî ‘Id, è ñîïîñòàâëåííîìó ñ Li çíà÷åíèþ, îòîáðàæåííîìó

ðåêóðñèâíî, â ïðîòèâíîì ñëó÷àå.

Ðàñøèðåíèÿ id ÿâëÿþòñÿ ïðåîáðàçîâàíèÿìè, à foldl � çàïðîñàìè.

Ðàñøèðåíèå ñèíòàêñèñà

Äëÿ óïðîùåíèÿ íàïèñàíèÿ ïðåäñòàâëåíèé òèïîâ ñäåëàíî ðàñøèðåíèå ñèíòàêñèñà,

êîòîðîå ãåíåðèðóåò èõ àâòîìàòè÷åñêè ïî äåêëàðàöèè. Ðàáîòà ðàñøèðåíèÿ ïðîäåìîí-
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ñòðèðîâàíà íà ñëåäóþùåì ïðèìåðå (ëèñò. 9 è 10):

type ' foo = bar l i s t

and bar = s t r i n g ∗ baz

and baz = Quux o f sometype

Ëèñòèíã 9: Äî ïðåïðîöåññèðîâàíèÿ

type foo = bar l i s t

and bar = s t r i n g ∗ baz

and baz = Quux o f sometype

l e t foo = ` L i s t bar

and bar = ` Tuple [ ` Str ing , `Char ]

and baz = ` Variant [ "Quux" , Some sometype ]

Ëèñòèíã 10: Ïîñëå ïðåïðîöåññèðîâàíèÿ

Ïðèìåð èñïîëüçîâàíèÿ

Ïîêàæåì êàê ñ ïîìîùüþ äàííîé ðåàëèçàöèè ìîæíî ðåøèòü ïðîáëåìó ïîâûøåíèÿ

çàðïëàòû ñîòðóäíèêîâ â Ocaml. Ïóñòü êîìïàíèÿ ïðåäñòàâëÿåòñÿ ñëåäóþùåé ñòðóê-

òóðîé äàííûõ (ëèñò. 11):

type ' company = Company o f dept l i s t

and dept = Dept o f name ∗ manager ∗ subunit l i s t

and subunit = PUnit o f employee | DUnit o f dept

and employee = Employee o f person ∗ s a l a r y

and person = Person o f name ∗ address

and s a l a r y = Salary o f i n t

and manager = Manager o f employee

and name = s t r i n g

and address = s t r i n g

Ëèñòèíã 11: Êîìïàíèÿ

Çäåñü èñïîëüçóåòñÿ ðàñøèðåíèå ñèíòàêñèñà (ñ êëþ÷åâûì ñëîâîì type′), êîòîðîå ñî-

çäàåò çíà÷åíèå company, ïðåäñòàâëÿþùåå òèï company.

Â òàêîì ñëó÷àå ôóíêöèÿ äëÿ ïîâûøåíèÿ çàðïëàòû âñåì ñîòðóäíèêàì íà 10%

áóäåò âûãëÿäåòü ñëåäóþùèì îáðàçîì (ëèñò. 12):
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l e t incr_everyone : company −> company =

Catamorphism . f o l d r

company

company

(Mapping . extend

Mapping . id

( ` Variant ( " Sa lary " , Some ( ` Child ` Id ) ) , ( fun s −> Salary

( s + s /10) ) ) )

Ëèñòèíã 12: Ïîâûøåíèå çàðïëàòû

Â ýòîì ïðèìåðå òîæäåñòâåííàÿ ôóíêöèÿ íà ìíîæåñòâå êîìïàíèé ìîäèôèöèðó-

åòñÿ èçìåíåíèåì åå ïîâåäåíèÿ äëÿ óçëà, ñîîòâåòñâóþùåìó âàðèàíòó Salary, òàêèì

îáðàçîì, ÷òî ê çíà÷åíèþ çàðïëàòû ïðèáàâëÿåòñÿ åãî äåñÿòàÿ ÷àñòü. Ïàòòåðí ‘Child

‘Id ãîâîðèò î òîì, ÷òî ðàñøèðÿþùàÿ ôóíêöèÿ ïðèíèìàåò íåîòîáðàæåííîå çíà÷åíèå

çàðïëàòû â êà÷åñòâå àðãóìåíòà.

Ôóíêöèÿ find_salaries äåìîíñòðóðóåò ïðîñòîòó ñîçäàíèÿ çàïðîñîâ äëÿ ñëîæíûõ

ñòðóêòóð äàííûõ (ëèñò. 13). Îíà ïîëó÷àåòñÿ ðàñøèðåíèåì foldl, êîòîðàÿ äëÿ êàæäî-

ãî óçëà ñöåïëÿåò ñïèñêè, ïîëó÷àþùèåñÿ îòîáðàæåíèåì åãî äåòåé, ôóíêöèåé, îòîáðà-

æàþùåé óçåë ñ çàðïëàòîé â ñïèñîê ñ åäèíñòâåííûì ýëåìåíòîì: çíà÷åíèåì çàðïëàòû.

Â ðåçóëüòàòå find_salaries âîçâðàùàåò ñïèñîê çíà÷åíèé çàðïëàò êîìïàíèè.

l e t f i n d_s a l a r i e s : company −> in t l i s t =

Catamorphism . f o l d r

company

( ` L i s t ` Int )

(Mapping . extend

(Mapping . f o l d l (@) [ ] )

( ` Variant ( " Sa lary " , Some ( ` Child ` Id ) ) , fun x −> [ x ] ) )

Ëèñòèíã 13: Ïîèñê çàðïëàò
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Çàêëþ÷åíèå

Çàÿâëåííàÿ ôóíêöèîíàëüíîñòü áûëà ðåàëèçîâàíà.

• Âîçìîæíîñòü ïèñàòü ôóíêöèè òðàíñôîðìàöèè äàííûõ è çàïðîñû

• Âîçìîæíîñòü èñïîëüçîâàíèÿ âíóòðè ðàñøèðåíèÿ ñèíòàêñèñà

• Ñëàáàÿ çàâèñèìîñòü îò òèïîâ äàííûõ

• Îòñóòñòâèå íåîáõîäèìîñòè ïèñàòü �boilerplate� êîä

Ïðåèìóùåñòâà

• Ïî ñðàâíåíèþ ñ deriving: íå èñïîëüçóåòñÿ ðàñøèðåíèå ñèíòàêñèñà

• Ïî ñðàâíåíèþ Camlp4MapGenerator è Camlp4FoldGenerator: ðàáîòà ñ ïîëèìîðô-

íûìè âàðèàíòàìè

• Ïðî ñðàâíåíèþ ñ ðåàëèçàöèÿìè äëÿ Ocaml: ïðîçðà÷íàÿ ðàáîòà ñ òèïàìè, ïîçâî-

ëÿþùàÿ âçàèìîäåéñòâîâàòü ñ îòäåëüíî ñêîìïèëèðîâàííûìè áèáëèîòåêàìè

• Pattern-matching, ïîçâîëÿþùèé ðàáîòàòü ñ öåëûìè ïîäñòðóêòóðàìè, à íå òîëüêî

ñ óçëàìè êîíêðåòíûõ òèïîâ

Íåäîñòàòêè

• Ïðîèçâîäèòåëüíîñòü íèæå, ò.ê. òðåáóåòñÿ íåñêîëüêî ðàç îáõîäèòü äåðåâî äàííûõ

• Îòñóòñòâèå ñòàòè÷åñêîãî êîíòðîëÿ, íåïðàâèëüíîå îïðåäåëåíèå ôóíêöèè îáõîäà

ìîæåò âûçâàòü segmentation fault

• Êàê è â äðóãèõ ðåàëèçàöèÿõ äëÿ Ocaml: îãðàíè÷åíèÿ â ðàáîòå ñ ïàðàìåòðè÷å-

ñêèì ïîëèìîðôèçìîì

Âûâîäû è äàëüíåéøèå íàïðàâëåíèÿ äåÿòåëüíîñòè

Íèçêîóðîâíåâàÿ ðàáîòà ñ äàííûìè ïîçâîëèëà ñîçäàòü èíòåðïðåòàöèþ Scrap Your

Biolerplate, êîòîðàÿ äîñòàòî÷íî áëèçêî ïðèáëèçèëàñü ïî ñâîèì âîçìîæíîñòÿì ê îðè-

ãèíàëüíîé ðåàëèçàöèè.

Ñîçäàííîå ñðåäñòâî ñîäåðæèò ðÿä äîâîëüíî ñåðüåçíûõ íåäîñòàòêîâ. Ìîæíî ïðåä-

ïîëîæèòü ïóòè èõ ðàçðåøåíèÿ:

16



Ïðîèçâîäèòåëüíîñòü

Èñïîëüçóÿ âîçìîæíîñòè ÿçûêà ìîæíî ïîïûòàòüñÿ èçáàâèòüñÿ îò ÷àñòè îáõîäîâ

ñòðóêòóð, ñâåäÿ ê ìèíèìóìó ðàáîòó ñ ïàìÿòüþ è ïåðåëîæèâ ÷àñòü îáÿçàííîñòåé

íà êîìïèëÿòîð.

Ñòàòè÷åñêèé êîíòðîëü

Ïîâûñèòü áåçîïàñíîñòü ìîæíî óæå ñåé÷àñ, ðåàëèçîâàâ ðàñøèðåíèå ñèíòàêñèñà

äëÿ âûçîâà ôóíêöèè foldr. Îíî íå áûëî ñäåëàíî, ò.ê. ýòî ïðîòèâîðå÷èëî áû òðå-

áîâàíèÿì î âîçìîæíîñòè èñïîëüçîâàòü ýòó ôóíêöèþ âíóòðè äðóãèõ ðàñøèðåíèé,

íî òàêîé âàðèàíò âïîëíå ïðèìåíèì äëÿ îáû÷íîãî èñïîëüçîâàíèÿ.

Ïàðàìåòðè÷åñèêé ïîëèìîðôèçì

Âïîëíå âåðîÿòíî, â äàëüíåéøåì ìîæíî óñòðàíèòü ýòîò íåäîñòàòîê, èñïîëüçóÿ

âîçìîæíîñòè ÿçûêà, êîòîðûå ïîêà íå áûëè çàäåéñòâîâàíû. Â êà÷åñòâå íåèáîëåå

ïåðñïåêòèâíîãî íàïðàâëåíèÿ ìîæíî âûäåëèòü èñïîëüçîâàíèå êëàññîâ îáúåêòíî-

îðèåíòèðîâàííîãî ïðîãðàììèðîâàíèÿ.
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