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15. Ïðîöåäóðû

Âî ìíîãèõ ÿçûêàõ ïðîãðàììèðîâàíèÿ ñîçäàíèå ïðîãðàììû îáëåã÷àþò êîíñò-
ðóêöèè òèïà ïîäïðîãðàìì èëè ïðîöåäóð. Ïðîöåññ íàïèñàíèÿ ïðîãðàììû òîãäà
âûðàæàåòñÿ ñòðàòåãèåé "îò ïðîñòîãî - ê ñëîæíîìó", ò.å. ðåàëèçóåòñÿ ïðèíöèï "âîñ-
õîäÿùåãî ïðîãðàììèðîâàíèÿ". ßçûê Maple V òàêæå ïðåäîñòàâëÿåò âîçìîæíîñòü
íàïèñàíèÿ ïðîöåäóð, è, òàêèì îáðàçîì, ïðè íåîáõîäèìîñòè ìîæíî çàïðîãðàììè-
ðîâàòü äîñòàòî÷íî ñëîæíûå äåéñòâèÿ, îñíîâûâàÿñü íà óæå ñóùåñòâóþùèõ ïðîöå-
äóðàõ. Ïî ýòîìó ïðèíöèïó íàïèñàíû áèáëèîòåêè Maple, ò.å. Maple íàïèñàí íà
ñàìîì Maple. Èñêëþ÷åíèå ñîñòàâëÿåò ëèøü ÿäðî ñðåäû.

15.1 Îïðåäåëåíèå è âûçîâ ïðîöåäóð

Îïèñàòü ïðîöåäóðó äîñòàòî÷íî ïðîñòî. Êàê è áîëüøèíñòâî êîíñòðóêöèé ÿçû-
êà ñèíòàêñèñ îïèñàíèÿ âî ìíîãîì ñõîæ ñ ïðàâèëàìè ïîñòðîåíèÿ âûðàæåíèé ÿçû-
êîâ ïðîãðàììèðîâàíèÿ âûñîêîãî óðîâíÿ, òàêèõ êàê Ñ è Pascal.

Ñèíòàêñèñ îïðåäåëåíèÿ ïðîöåäóðû ñëåäóþùèé:
proc (<argseq>)
local <nseq>;  global <nseq>;  options <nseq>; description <string>;
  <statseq>
end;

Ïàðàìåòðû:
<argseq> � ñïèñîê ôîðìàëüíûõ ïàðàìåòðîâ. Ïàðàìåòðû â ñïèñêå ðàç-

äåëÿþòñÿ  çàïÿòîé. Â ñïèñêå ôîðìàëüíûõ ïàðàìåòðîâ ìîæíî
óêàçàòü ÷åðåç äâîåòî÷èå òèï ïàðàìåòðà. Ñïèñîê ìîæåò áûòü
ïóñòûì;

local, global, options � íåîáÿçàòåëüíûå ïàðàìåòðû, êîòîðûå îïðåäåëÿþò ãëîáàëü-
íûå è ëîêàëüíûå ïåðåìåííûå, à òàêæå ðåæèìû ðàáîòû;

description � êîììåíòàðèé, îïèñàíèå ïðîöåäóðû.

Ïðèìåð îïèñàíèÿ è âûçîâà ïðîöåäóðû :
> power:=proc(a:integer,b:integer)
> description `âîçâåäåíèå â ñòåïåíü`;
>                  a^b
> end;

 := power proc ( ) end,::a integer ::b integer description `âîçâåäåíèå â ñòåïåíü` ^a b
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> power(2,3); power(2.3,4);
8

Error, power expects its 1st argument, a, to be of type integer, but received 2.3

 Ïî óìîë÷àíèþ ïðîöåäóðà âîçâðàùàåò çíà÷åíèå ïîñëåäíåãî âûïîëíåííîãî îïåðà-
òîðà. Ýòî ïðàâèëî ìîæíî èçìåíèòü ïðè ïîìîùè îïåðàòîðà RETURN. Ïîÿñíèì ýòî
ñëåäóþùèì ïðèìåðîì:

> sample:=proc(x,y,z)
> local t,c:
> t:=x^2+y^2:
> c:=sqrt(z):
> RETURN(c):
> t*c:
> end:
> sample(2,5,1);

1
Ïîñëå îïèñàíèÿ ïðîöåäóðû åå ïàðàìåòðû ìîæíî ïðîñìîòðåòü ïðè ïîìîùè ôóíêöèè

op.
op(<num>,eval(<èìÿ ïðîöåäóðû>), ãäå num - ÷èñëî - ïàðàìåòð.
                 1 - âîçâðàùàåò ñïèñîê ôîðìàëüíûõ ïàðàìåòðîâ
                 2 - âîçâðàùàåò ñïèñîê ëîêàëüíûõ ïåðåìåííûõ
                 3 - âîçâðàùàåò ñïèñîê êëþ÷åé èç ðàçäåëà options
                 4 - âîçâðàùàåò òàáëèöó ïàìÿòè ïðîöåäóðû
                 5 - âîçâðàùàåò ñòðîêó îïèñàíèÿ description
                 6 - âîçâðàùàåò ñïèñîê ãëîáàëüíûõ ïåðåìåííûõ
      Ëþáîé âîçâðàùàåìûé ñïèñîê ìîæåò áûòü ïóñòûì.

15.2 Ëîêàëüíûå ïåðåìåííûå

Êàê è â ïðîöåäóðàõ Pascal, â Maple ñóùåñòâóþò ëîêàëüíûå è ãëîáàëüíûå ïå-
ðåìåííûå. Îíè îïðåäåëÿþòñÿ ïðè îïèñàíèè ïðîöåäóðû ïîñëå êëþ÷åâûõ ñëîâ global
è local. Ëîêàëüíûå ïåðåìåííûå âèäèìû òîëüêî â ïðåäåëàõ ïðîöåäóðû, ãëîáàëü-
íûå ïåðåìåííûå âèäèìû â ëþáîì ìåñòå ðàáî÷åãî ëèñòà.

Ðåêîìåíäóåòñÿ âñå ïåðåìåííûå, èñïîëüçóåìûå ïðîöåäóðîé, îïèñûâàòü â ñåêöèÿõ
local è global. Åñëè òèï ïåðåìåííûõ ÿâíî  íå îïðåäåëåí, òî ñóùåñòâóåò ïðàâèëî îïðåäå-
ëåíèÿ òèïà ïåðåìåííîé:

� åñëè ïåðåìåííîé âíóòðè ïðîöåäóðû ïðèñâîåíî êàêîå-ëèáî çíà÷åíèå, òî ýòà ïåðå-
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ìåííàÿ ñ÷èòàåòñÿ ëîêàëüíîé;
� ïåðåìåííûå, èñïîëüçóåìûå â öèêëàõ for è seq, òàêæå ñ÷èòàþòñÿ ëîêàëüíûìè.
� îñòàëüíûå ïåðåìåííûå ñ÷èòàþòñÿ ãëîáàëüíûìè.

> s:=proc(x)
>     y:=2^x;
>     RETURN(y)
> end:

Warning, �y� is implicitly declared local
> a:=proc(x)
> global z;
>     x+z
> end:

> z:=0: a(5);
5

> z:=6: a(5);
11

15.3 Ïàðàìåòðû îïèñàíèÿ ïðîöåäóð

Ïàðàìåòðû îïèñàíèÿ ïðîöåäóð çàïèñûâàþòñÿ â ñåêöèè options. Ïàðàìåòðû ïðè-
âåäåíû â òàáëèöå.

Îïöèè îïèñàíèÿ ïðîöåäóð

ÏÀÐÀÌÅÒÐÛ ÎÏÈÑÀÍÈÅ

remember îïðåäåëÿåò òàáëèöó ïàìÿòè äëÿ ïðîöåäóðû

builtin îïðåäåëÿåò ïðîöåäóðó êàê �âñòðîåííóþ�

system îïðåäåëÿåò �ñèñòåìíóþ�  ïðîöåäóðó

operator îáúÿâëÿåò ïðîöåäóðó − ôóíêöèîíàëüíûé îïåðàòîð

arrow óòî÷íåíèå îïöèè operator (ñòðåëî÷íàÿ íîòàöèÿ)

trace îòëàæèâàåìàÿ ïðîöåäóðà

package îïðåäåëÿåò ïàêåòíóþ ïðîöåäóðó

Copyright çàùèòà  îò ïðîñìîòðà  òåêñòà  ïðîöåäóðû

Ðàññìîòðèì ïîäðîáíî íàèáîëåå âàæíûå ïàðàìåòðû îïèñàíèÿ ïðîöåäóð.
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Ïàðàìåòð remember

Îïðåäåëÿåò, ÷òî âñå ðåçóëüòàòû îáðàùåíèé ê ïðîöåäóðå áóäóò çàíîñèòüñÿ â
òàáëèöó ïàìÿòè ïðîöåäóðû.

Ðàññìîòðèì ïðèìåð ïðîöåäóðû, âû÷èñëÿþùåé ÷èñëà Ôèáîíà÷÷è:

> f1 := proc(n)
>   if n<2 then n else f1(n � 1)+f1(n � 2) fi
> end:

Ïðè òàêîì îïèñàíèè ïðîöåäóðû çàòðàòû âðåìåíè íà âû÷èñëåíèÿ âîçðàñòàþò ïî
ýêñïîíåíöèàëüíîé çàâèñèìîñòè.

> f2 := proc(n) option remember;
>   if n<2 then n else f2(n � 1)+f2(n � 2) fi
> end:

Â ïîñëåäíåì ñëó÷àå çàòðàòû âðåìåíè âîçðàñòàþò ïî ëèíåéíîé çàâèñèìîñòè, òàê êàê
ïðåäûäóùèå çíà÷åíèÿ çàïîìèíàþòñÿ â òàáëèöå ïàìÿòè.

×òîáû ïðîâåðèòü ñêîðîñòü âûïîëíåíèÿ âû÷èñëåíèé âîñïîëüçóåìñÿ ôóíêöèåé
showtime.
> readlib(showtime):
> showtime();
 01:= f1(25);

75025
time = 35.19, bytes = 6024626

 02:= f2(25);
75025

time = 0.02, bytes = 72422
> showtime:=off;

Ñ òàáëèöåé ïàìÿòè ìîæíî ðàáîòàòü êàê ñ îáû÷íîé òàáëèöåé. Äîïóñòèìû ïðèñâàè-
âàíèÿ ñëåäóþùåãî òèïà:
> f2(0):=0;

 := ( )f2 0 0

Ïàðàìåòðû operator è arrow

Îïðåäåëÿþò, ÷òî ñ ïðîöåäóðîé ìîæíî ðàáîòàòü êàê ñ îïåðàòîðîì.
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Êëþ÷ arrow äîïîëíèòåëüíî ïîêàçûâàåò, ÷òî îïåðàòîð çàïèñûâàåòñÿ â ñòðåëî÷-
íîé íîòàöèè. Êëþ÷ arrow èçìåíÿåò ïðàâèëî îïðåäåëåíèÿ ãëîáàëüíûõ è ëîêàëü-
íûõ ïåðåìåííûõ: âñå íåëîêàëüíûå ïåðåìåííûå íå áóäóò äîáàâëåíû â ñïèñîê ïàðà-
ìåòðîâ. arrow èñïîëüçóåòñÿ âìåñòå ñ operator.

> oper1:=proc(x,y)
> options operator,arrow;
>    x^2 � y
> end;

 := oper1  → ( ),x y  − x
2

y

> oper1(4,1);
15

Oper1 ýêâèâàëåíòíî çàïèñè:
> oper1:=(x,y) � >x^2 � y;

 := oper1  → ( ),x y  − x
2

y

Êëþ÷ trace

Îïðåäåëÿåò, ÷òî ïðè âûïîëíåíèè ïðîöåäóðû áóäåò âûâîäèòüñÿ îòëàäî÷íàÿ èíôîð-
ìàöèÿ.

Íå ïîäëåæàò òðàññèðîâêå ïðîöåäóðû, ñîäåðæàùèå ôóíêöèè: assigned, eval,
evalhf, evalf, evaln, traperror, seq, userinfo.

> pro:=proc(x,y,z)
> local t,k,i;
> options  trace;
>    t:=x*y;
>    k:=y+z;
>    i:=x*z;
>    t+k+i;
> end:

> pro(1,2,3);
{--> enter pro, args = 1, 2, 3

 := t 2

 := k 5
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 := i 3

10

<-- exit pro (now at top level) = 10}

10
Àíàëîãè÷íûå ðåçóëüòàòû äàåò ôóíêöèÿ trace(<èìåíà ïðîöåäóð>), ïðè ýòîì âûéòè

èç ðåæèìà îòëàäêè ìîæíî ñ ïîìîùüþ untrace.

Êëþ÷ package

Ñîçäàåò áèáëèîòå÷íóþ ïðîöåäóðó.
Ïðèìå÷àíèå: áèáëèîòå÷íûå ïðîöåäóðû çàãðóæàþòñÿ îïåðàòîðîì with.

> # A package defined by a procedure
>  linalg2 := proc() local s,t; option package;
>       t := linalg2(_PackageTable):
>      eval(t[eval(op(procname),1)](args));
>  end:

>  linalg2(_PackageTable) := eval(linalg):
>  with(linalg2,addrow);

[ ]addrow

15.4 Ïðèñâàèâàíèå çíà÷åíèé ïàðàìåòðàì

Ïðè îïèñàíèè ïðîöåäóðû óêàçûâàåòñÿ ñïèñîê åå ôîðìàëüíûõ ïàðàìåòðîâ. Ïðè
îáðàùåíèè ê ïðîöåäóðå óêàçûâàåòñÿ ñïèñîê äåéñòâèòåëüíûõ ïàðàìåòðîâ. Â ñëåäóþ-
ùåì ïðèìåðå â ïðîöåäóðå f ôîðìàëüíûé ïàðàìåòð - à, äåéñòâèòåëüíûé ïàðàìåòð - 2.
Ïðè âûçîâå ïðîöåäóðû äåéñòâèòåëüíûå ïàðàìåòðû ïðèñâàèâàþòñÿ ôîðìàëüíûì.

> f:=proc(a)
>   a^3
> end:
> f(2);

8
Ïðè ïåðåäà÷å äåéñòâèòåëüíûõ ïàðàìåòðîâ â ïðîöåäóðó ïðîâåðÿåòñÿ ñîâìåñòèìîñòü

òèïîâ ôîðìàëüíûõ è äåéñòâèòåëüíûõ ïàðàìåòðîâ. Â ñëó÷àå èõ íåñîâïàäåíèÿ ãåíåðè-
ðóåòñÿ îøèáêà.

Äåéñòâèòåëüíûå ïàðàìåòðû ïåðåä ïåðåäà÷åé â ïðîöåäóðó ïðåäâàðèòåëüíî âû÷èñ-
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ëÿþòñÿ.
Êîëè÷åñòâî ïåðåäàâàåìûõ â ïðîöåäóðó äåéñòâèòåëüíûõ ïàðàìåòðîâ ìîæåò áûòü íå

ðàâíûì êîëè÷åñòâó ôîðìàëüíûõ ïàðàìåòðîâ (íî íå ìåíüøå êîëè÷åñòâà ôîðìàëüíûõ
ïàðàìåòðîâ).

> f(2,34,56,7);
8

Â ñëó÷àå, êîãäà íàäî âåðíóòü íåñêîëüêî çíà÷åíèé, ìîæíî èñïîëüçîâàòü ïðèåì, ïðè-
âåäåííûé â ñëåäóþùåì ïðèìåðå:
> dd:=proc(a:integer,x:name)
> if a>5 then x:=true: else x:=false: fi:
> RETURN(a*2):
> end:

> zz:='zz':dd(34,zz);
68

> zz;

true
Äëÿ ðàáîòû ñ ïàðàìåòðàìè, ïåðåäàííûìè â ïðîöåäóðó, ìîæíî èñïîëüçîâàòü

ôóíêöèè args è nargs. Ôóíêöèÿ args âîçâðàùàåò ïîñëåäîâàòåëüíîñòü ôàêòè÷åñ-
êèõ ïàðàìåòðîâ, à ôóíêöèÿ nargs âûäàåò êîëè÷åñòâî ïåðåäàííûõ ïàðàìåòðîâ. Ñ
ïîìîùüþ ýòèõ ôóíêöèé ìîæíî îïèñàòü ïðîöåäóðó â êîòîðóþ ìîæíî ïåðåäàâàòü
ëþáîå êîëè÷åñòâî çíà÷åíèé.
> minimum:= proc ()
> local r, i;
>  r := args[1];
>  for i from 2 to nargs do if args[i] < r then r :=
args[i] fi od;
>  RETURN(r)
> end:
> minimum(2,3,-5,0,7,-875,6);

-875

15.5 Ñîîáùåíèÿ îá îøèáêàõ

Âûïîëíåíèå ïðîöåäóðû ìîæíî ïðåðâàòü îïåðàòîðîì ERROR. Â ýòîì ñëó÷àå
áóäåò âûäàíî ñîîáùåíèå �Error, <in èìÿ ïðîöåäóðû> < ñïèñîê ïàðàìåòðîâ >�.

Ñèíòàêñèñ: ERROR(ñïèñîê ïàðàìåòðîâ).
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> f := proc (x) if x<0 then ERROR(`íåâåðíîå çíà÷åíèå x`,
x) else x^(1/2) fi end:

> f(2);

2

> f( � 2);
Error, (in f) íåâåðíîå çíà÷åíèå x, -2

Åñëè âûçîâ ïðîöåäóðû ïðîèçîøåë â ðåæèìå traperror(..), òî ñïèñîê ïàðàìåòðîâ
ERROR ïðèñâàèâàåòñÿ ïåðåìåííîé lasterror.

>  traperror(f( � 2)):
>   if " = lasterror then `ïðîèçîøëà îøèáêà` else
`îøèáêà íå ïðîèñõîäèëà` fi;

ïðîèçîøëà îøèáêà

Êëþ÷åâîå ñëîâî FAIL ïðåäíàçíà÷åíî äëÿ ïðåðûâàíèÿ ïðîöåäóðû. FAIL èñïîëüçó-
åòñÿ äëÿ ñîîáùåíèÿ î òîì, ÷òî âûðàæåíèå íåëüçÿ âû÷èñëèòü.

> h:=proc(t)
>    FAIL
> end:
> h(5);

FAIL

15.6 Ñîõðàíåíèå ïðîöåäóð â ôàéëàõ íà äèñêå

Çàïèñàòü ïðîöåäóðû â ôàéë ìîæíî ïðè ïîìîùè êîìàíäû save:
save <ñïèñîê èìåí>,<èìÿ ôàéëà>

×òåíèå ïðîöåäóð èç ôàéëà ìîæíî îñóùåñòâèòü ñ ïîìîùüþ êîìàíäû read:
read <èìÿ ôàéëà>

> f1:=proc(x,y)
>   x^2+y^2
> end:
> f2:=proc(x,y)
>   x^3+y^3
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> end:
> save f1,f2,profile;
> read profile;

 := f1 proc ( ) end,x y  + ^x 2 ^y 2

 := f2 proc ( ) end,x y  + ^x 3 ^y 3
Ïðîöåäóðû ìîæíî çàïèñàòü â ôàéë âî âíóòðåííåì ôîðìàòå Maple. Äëÿ ýòîãî ïðî-

ñòî íàäî äîáàâèòü ê èìåíè ôàéëà ðàñøèðåíèå �.m� (â ïðîòèâíîì ñëó÷àå ïðîöåäóðû
áóäóò çàïèñàíû â òåêñòîâîì ôîðìàòå).

Maple ïîçâîëÿåò îïðåäåëèòü ïðîöåäóðû, îáúåäèíåííûå â áèáëèîòåêó.

> mylib[pr2]:=proc(x) x^2 end: mylib[pr3]:=proc(x) x^3
end:
> with(mylib);

[ ],pr2 pr3
Çàïèñàòü áèáëèîòåêó ìîæíî ïðè ïîìîùè êîìàíäû save `mylib`. Ïåðåä èñïîëüçîâà-

íèåì áèáëèîòåêè åå íàäî ñ÷èòàòü êîìàíäîé read è ïîäêëþ÷èòü äëÿ èñïîëüçîâàíèÿ îïå-
ðàòîðîì with.

15.7 Îòëàäêà ïðîöåäóð

Ïðè íàïèñàíèè ñëîæíûõ ïðîöåäóð âîçíèêàåò íåîáõîäèìîñòü â ïðîâåðêå ïðà-
âèëüíîñòè ðàáîòû ïðîöåäóðû è âûÿâëåíèè îøèáîê. Äëÿ ýòîé öåëè â Maple V release
4 ââåäåí îòëàä÷èê (debugger) -  ñðåäñòâî äëÿ îòëàäêè ïðîöåäóð.

Â êà÷åñòâå íàèáîëåå ïðîñòîãî ñðåäñòâà îòëàäêè ìîæíî ïðèìåíèòü êîìàíäó tracelast.
Ýòà êîìàíäà âûâîäèò ñòåê ñèñòåìû ïîñëå âîçíèêíîâåíèÿ îøèáêè. Àíàëîãè÷íûé ðå-
çóëüòàò ìîæíî ïîëó÷èòü ïðè óñòàíîâêå çíà÷åíèÿ ïåðåìåííîé printlevel îò òðåõ è âûøå.
> tt:=proc(x) 1/x^2 end:
> tt(0);

Error, (in tt) division by zero
> tracelast;

Error, (in tt) division by zero
 executing statement: 1/x^2
 tt called with arguments: 0

Áîëåå ïîëíóþ èíôîðìàöèþ î âûïîëíÿåìûõ îïåðàöèÿõ âíóòðè ïðîöåäóðû ìîæíî
ïîëó÷èòü ïðè èñïîëüçîâàíèè îòëàä÷èêà. Îòëàä÷èê - ýòî îñîáûé ðåæèì ðàáîòû ñèñòå-
ìû, êîòîðûé èñïîëüçóåò ñâîé ñîáñòâåííûé ÿçûê.

Â ïðèâåäåííîì íèæå ïðèìåðå óñòàíàâëèâàåòñÿ òî÷êà îñòàíîâà (breakpoint) â ïðî-
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öåäóðå rr , ïðè îáðàùåíèè ê ýòîé ïðîöåäóðå âêëþ÷àåòñÿ ðåæèì îòëàäêè è îñóùåñòâëÿ-
åòñÿ ðàáîòà ïðîöåäóðû â ïîøàãîâîì ðåæèìå.
> rr:=proc(x) local z,s: z:=1/x: s:=10/z: s^2: end:
> stopat(rr);

[ ]rr

> rr(1);
rr:
   1*   z := 1/x;

DBG> step;
1
rr:
   2    s := 10/z;

DBG> step
10
rr:
   3    s^2
DBG> step

100

Óçíàòü ïðî êàæäóþ êîìàíäó îòëàä÷èêà è ïðîñìîòðåòü ïðèìåðû èñïîëüçîâàíèÿ ìîæíî
â ñïðàâî÷íîé ñèñòåìå Maple V release 4.


