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15. MNpoueaypsbl

Bo MHOrux s3bIKax mporpaMMHpPOBAHUS CO3JaHUE MPOTPaMMBI 00JEr4arT KOHCT-
PYKLHMHU THUNA NOANpPOTpaMM WM npoueayp. Ilpouecc HamucaHusi MpOrpamMMbl TOTJa
BBIpaXKaeTcsl cTpaTeruei "oT mpocToro - K CIOXKHOMY", T.e. peaju3yercs NPUHLMI "BOC-
xojsmiero nporpamMmmupoBanus’. I3k Maple V takxke mpemocTtaBiaseT BO3MOXHOCTH
HaIKUCaHUs MPOIEAYp, M, TAKUM 00pa3oM, NMpU HEOOXOJAMMOCTH MOXKHO 3alpOTpaMMH-
pOBaTh JIOCTATOYHO CJIOXKHBIE JI€MCTBUS, OCHOBBIBAsICh Ha y)K€ CYUIECTBYIOIIUX MpPOIE-
nypax. Ilo sTomy mpuHIUNY HanucaHel Oubnuotrexku Maple, T.e. Maple HamucaH Ha
camoMm Maple. VckiarodeHrne COCTABISCT UMb SIPO CPEHIBI.

15.1 OnpedeneHue u ebi30e npouedyp

Omnwucatb npoueaypy AOCTAaTOYHO HPOCTO. Kak u 00JbIIMHCTBO KOHCprKHI/Iﬁ SA3bI-
Ka CHMHTAKCHUC OIIMCaHHsA BO MHOI'OM CXOK C IpaBUJIaMH NOCTPOCHUSA BBIpa)KeHI/Iﬁ SA3bI-
KOB MpOrpaMMHUpOBaHHA BBICOKOI'O YPOBHS, TaAKUX KaK C u Pascal.

CHHTaKCUC OMpeNeNeHusl IPOLEAYPHI CIIeAYOLINiL:

proc (<argseq>)

local <nseq>; global <nseq>; options <nseq>; description <string>;
<statseq>

end;

Iapamempuwi:

<argseq> — cmucok (opmanbHbIX mapameTpoB. [lapaMeTpsl B crcke pas-
JETAI0TCA 3amsaTol. B crcke popManibHbIX TapaMeTpoB MOXKHO
yKa3aTh 4epe3 IBoeToure TUM Iapamerpa. CIHCOK MOXKeET ObITh
MyCTBIM;

local, global, options — HeoOs3aTeNbHBIE MApaMETPhl, KOTOPBIE ONPECISIOT TI00aib-
HbIC U JIOKaJIbHBIC TIEPEMEHHBIC, a TAKKE PEKUMBI PaOOTHI;

description — KOMMEHTapHii, onucaHue MpoLeIyphl.

HpI/IMep OIMMCaHUs U BbI3OBA MPOUCAYPHI :

power :=proc (a:integer,b:integer)

description ‘BoBBemeHMe B CTeENeHbL ;
a’“b

VVVYV

end;

power = proc(a::integer, b::integer) description ‘sozeedenue ¢ cmenens " a”b end
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> power (2,3); power(2.3,4);
8

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

Ilo ymonuaHuo mpoueaypa BO3BpallaeT 3HAYEHHUE MOCIEIHETO BBIIOIHEHHOIO OIepa-
Topa. DTO MpaBUIO MOXKHO M3MeHUTh npu nomoumu oneparopa RETURN. IMoscaum 310
CIEIYIOLUM IPUMEPOM:

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) ;

VVVVVVVYV

1
IMocne onucanust NPoOLEAYPHI €€ HapaMeTPhl MOXKHO IIPOCMOTPETh ITPU OMOIIH (hYHKIIUH
op.
op(<num>,eval(<umst mpoueaypsr>), IJie NUM - YUCIO - Mapamerp.
1 - BO3BpaIaer cnucok (popMaIbHBIX apaMeTpPoB
2 - BO3BpAILlaeT CIHCOK JOKAJIbHBIX IIEPEMEHHBIX
3 - BO3BpaIaeT CIMCOK KIIIOUeH U3 paszaena options
4 - Bo3BpaIIaeT TaOIUIy TaMATH IIPOLIEAYPBI
5 - BO3BpalllaeT CTpoKy onucanus description
6 - BO3BpAIIaeT CIIUCOK ITI00ATBHBIX MTEPEMEHHBIX
JIr060i1 BO3BpaIIaeMblil CIICOK MOXET OBITh ITyCTBIM.

15.2 JlokanbHble nepeMeHHbIe

Kax n B mpouenypax Pascal, B Maple cymecTByIOT 0KajgbHbIe U TJI00aNbHEIE Te-
pemeHHble. OHM ONIPENENSIOTCS NPH OIMMCAHUK MPOLEAYpPbI IOCie KI0YeBbIX ciioB global
n local. JlokanpHbIEe TepeMEHHBIE BUJIUMBI TOJBKO B IIpejenax IpOoIeayphl, Ti100anb-
HBIE TIEpEMEHHBIE BUIMMBI B JIIOOOM MecTe pabouero Jiucra.

PexomennyeTcst Bce mepeMeHHbIE, UCIONb3yEeMble MPOLEAYPOH, OMHUCHIBATh B CEKLUAX
local u global. Eciu Tun nepeMeHHBIX SIBHO HE OIpEJIelIeH, TO CYIIECTBYET IPaBHJIO OIpeie-
JICHUS TUIIA IEPEMEHHOI:

* €CJIM MEPEMEHHON BHYTPH MPOLEAYPH! IPUCBOEHO KAaKoe-InO0 3HaUYeHHE, TO 3Ta Iepe-
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VVVYyV

VVVYyV

MCHHAas CYHTACTCA HOKaHBHOﬁ;
* IEPEMEHHBIC, UCIIOJIB3YyEMBIC B IIUKJIAX for n S€(, TaKXX€ CUUTAIOTCS JIOKAJIbHBIMH.
¢ OCTaJIbHBIC NMIEPEMEHHBIC CUUTAIOTCS J100aIbHBIMH.

s :=proc (x)
y:=2°x%;
RETURN (y)
end:
Warning, ‘v * is implicitly declared local
a:=proc (x)

global z;
x+z
end:
z:=0: a(5);
5
z:=6: a(5);
11

15.3 Mapamempbi onucaHusi npoyedyp

[TapameTps! onucaHus IpoUEAYyp 3alKMChIBAIOTCA B cekuuu options. [lapamerpsl npu-

BCJICHBI B Ta6J'H/IHe.

O nyuu onucanusa npoueoyp

ITAPAMETPBI OIINCAHUE

remember OTpeaesseT TaOIHIly HaMITH JUIs HPOIeyPHI

builtin ompesenser npoueaypy Kak “BCTpOCHHYIO”

system ompezenseT “CUCTEMHYI0” NMPOoLenypy

operator 00BsBIACT MpoLenypy — QyHKIHOHAJIBHEII oepaTop
arrow yTOUYHEHHUE ONLHH Operato(CTpesoyHast HOTa LK)
trace OTIIaXkKHBaeMast Iporeaypa

package OTIpeAeIIeT NaKEeTHYIO NPOLEaypPY

Copyright 3a1IMTa OT IPOCMOTPA TEKCTA NPOUENYPbI

Paccmorpum nmoapoOHO Hambosee BaKHBIE MapaMeTphbl ONMUCAHUS MPOLEAYP.
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Ilapamemp remember
OmnpenensieT, 94TO BCEe Pe3yibTaThl 0OpamieHnWd K mpoueaype OyayT 3aHOCHUTHCS B
Tabauny mamsTH MPOLEypHI.

PaccmoTpum nmpumep npouenypsl, BeUHcisioned yncia OuboHaqyuu:

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

IIpu TakoMm omMCcaHWMU MPOLETYPHI 3aTPAaThl BPEMEHHM Ha BBIUMCIICHHUS BO3PACTAIOT IO
9KCTIIOHEHIINAIBHOI 3aBHCHMOCTH.

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

B nocnenneM ciaydae 3aTpaTbl BpeMEHH BO3pPACTalOT IO JIMHEMHON 3aBUCUMOCTH, TaK Kak
MpeAbIIYyIINEe 3HAaUEHNS 3alIOMUHAIOTCS B TaOJIMIE TaMSTH.
YT0o6BI MPOBEPUTH CKOPOCTH BBIMOJIHEHHS BBIUMCICHUN BOCHONB3yeMcs (pyHKIHEH
showtime.
> readlib (showtime) :
> showtime () ;
01:= £1(25);
75025
time = 35.19, bytes = 6024626
02:= £2(25);
75025
time = 0.02, bytes = 72422
> showtime:=off;

C tabnuueil naMsaTH MOXKHO paboTaTh Kak ¢ 0ObIMHOM Tabmuuel. JlomycTHMBI TIprcBau-
BaHUS CJIEAYIOUIET0 TUMA!
> £2(0) :=0;
2(0) =0

Ilapamemput operator u arrow
Ompenensior, 4To ¢ MPOoLEeIypOH MOXKHO padoTaTh Kak C ONEpaTOPOM.
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Knrod arrow JOMOJHUTENBHO MOKA3bIBAET, YTO ONEPATOP 3AMHCHIBAETCS B CTPEIOY-
Holl HoTanuu. Kirod arrow M3MeHsSIET NPaBHJIO ONPEACIECHUS TNI00ANbHBIX M JIOKAb-
HBIX TIEPEMEHHBIX: BCE HEJIOKAIbHbIE NIEPEMEHHbIC HE OyIoyT HOOaBIECHBI B CIIMCOK Iapa-
METpPOB. arrow HCIOJIb3yeTCs BMECTE C Ooperator.

> operl:=proc(x,y)

> options operator,arrow;
> X2 -y

> end;

2
operl = (x,y) - x =y

> operl(4,1);
15
Operl 3>KBHUBaJICHTHO 3alKCH:
> operl:=(x,y) - >x"2 - y;

operl = (x,y) - x2—y

Kniwou trace

Omnpezensier, 4TO MpU BHIIOJIHEHUH MIPOLEXyphl OyaeT BBIBOAUTHCS OTJIafo4Has HHOP-
Malus.

He noaniexxat TpaccupoBKe mpolenypsl, coaepxaiiue Gpynkuuu: 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:

VVVVVVVYV

> pro(1,2,3);

{--> enter pro, args =1, 2, 3
=2
k=135
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i=3
10

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

AHanoru4ysele pe3ysibTaThl JaeT QyHKIuA trace(<UMEeHa IPOLeayp>), IPH ITOM BBINTH
U3 pEeXHNMa OTJIAJAKH MOKHO C IIOMOIIBIO untrace.

Knrou package
Coznaer OMOTHMOTEYHYIO MIPOLERYPY.

IIpumeyanue: GNOIMOTEUHBIE POLEAYPHI 3arpyKarOTCs omepaTopoMm with.

> # A package defined by a procedure

> 1linalg2 := 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 [lpuceaueaHue 3Ha4eHuUlU napamempam

IIpu onmcanuy mpouemypsl yKa3blBaeTCs CIUCOK e¢ (opMalbHBIX mapameTpos. Ilpu
oOpalleHny K MpoIelype yKa3blBaeTCs CIUCOK ACHCTBUTENBHBIX IapaMeTpoB. B ciemyro-
meM npuMepe B nporenype f dopmanbHblil mapamerp - a, AEHCTBUTEIbHBINA HapaMeTp - 2.
[Ipu BEI30OBE HpoLEAYPHl AEHCTBUTENbHBIE TapaMeTPhl MPUCBAUBAIOTCS (HOPMaTILHBIM.

> f:=proc(a)
> a*3

> end:

> £(2);

8
[Tpu nepenaye JEHCTBUTENBHEIX TApaMETPOB B MPOLEAYPY NPOBEPSETCS COBMECTUMOCTD
TUNOB (POPMABHBIX U JEHCTBUTENBHBIX MapaMeTpoB. B ciydae nx HecoBIaneHWs IeHepu-
pyercs ommuoKa.
JelicTBUTEeNbHBIE TTapaMeTphl Iepes Nepefadeid B MpoLeaypy HpeIBapUTeIbHO BBIYHC-
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JSAIOTCA.

KomnnuecTBo nepenaBaeMbIX B IPOLENYPY ACHCTBUTENBHBIX IIAPaMETPOB MOXKET OBITH He
PaBHBIM KOJIMYECTBY (OpPMabHBIX ITapaMeTPoB (HO HE MEHBIIE KONMYecTBa (OpManbHBIX
mapaMeTpoB).

> £(2,34,56,7);
8

B ciyuae, xorna Hafo BEpHYTh HECKOJIbKO 3HAYEHUH, MOKHO UCIOJIb30BaTh IPUEM, IIPU-
BEJICHHBIN B CIIEIYIOIIEM IIPUMEDE:
> dd:=proc(a:integer,x:name)
> if a>5 then x:=true: else x:=false: fi:
> RETURN (a*2) :
> end:

v

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

true
Hns paboTsl ¢ mapaMeTpamu, MepelaHHBIMU B MPOLEAYPY, MOXKHO HCIIOIB30BaTh

¢byHkuuu args u nargs. OyHKIHs args BO3BpallaeT MOCIeJ0BATENbHOCTh (DaKTHYEC-
KHX TapaMeTpoB, a (yHKIHS Nargs BbIAAeT KOJIMYECTBO IepelaHHbIX napameTpos. C
MOMOIIBIO 3TUX (QYHKIUH MOXKHO ONHUCATh MPOLEAYPY B KOTOPYH MOXKHO HepelaBaTh
J1000€ KOJHUYECTBO 3HAYCHUM.
> minimum:= proc ()
> local r, i;
> r := args[l];
> 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 CoobuweHust 06 owubkax

BrimonHenmne mpoueaypsl MoxHO mpepBaTh onepatopom ERROR. B stom ciyuae
OyzaeT BbimaHo coobuenue “Error, <in uMs mpoieaypbr> < CHHCOK HapaMeTrpoB >.
Cunraxcuc: ERROR(cnucox mapameTpos).

© IIpoxopos I'B., Konbees B.B., XXemHos K.1., Jlenene M.A., 1998
«Maremarunueckuii nmaker Maple V Release 4».
ITpu nepemneyaTke cChUIKA Ha IEPBOMCTOYHUK 0053aTeNIbHA.




178 I'maBa 15

> £ := proc (x) if x<0 then ERROR( HeBepHOe 3BHaudYeHMe X ,
x) else x*(1/2) £fi end:

> £(2);

¥
> £( - 2);
Error, (in f) nesepnoe snauenue x, -2

Ecnn BBI30B mpoIrenypbl MPOU30LIEN B pexXuMe traperror(..), TO CIHCOK MapaMeTpoB
ERROR mpucBanBaetcst nepemenHoii lasterror.

> traperror(f( - 2)):
> if " = lasterror then ‘npomsomna oumBka else
‘ommbka He npomcxogmia fi;

npouzouina ouudKa

Kirouesoe cnoso FAIL npennaznadeHo juig mpepsiBanus npouenypsl. FAIL ucnons3y-
eTcsl JUIsl COOOIIEHHUS O TOM, YTO BBIPDAXKEHUE HEJIb3s BEIYMCIINTD.

> h:=proc(t)

> FAIL

> end:

> h(5);

FAIL

15.6 CoxpaHeHue npouedyp e ¢halisiax Ha OucKe

3anucarh npoueaypsl B Qai MOXKHO NMpH IMOMOIINM KOMaHIBI save:
save <CIHMCOK MMeH>,<uMs (aitna>

Urenne npoueayp u3 aiiia MOXKHO OCYIIECTBUTH C ITIOMOIIbI0O KOMaH b read:
read <ums c¢aitna>

> fl:=proc(x,y)

> x*24+y”2

> end:

> f2:=proc(x,y)

> x*3+y*3
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> end:
> save f1,f2,profile;
> read profile;

f1 = proc(x, y) x"2 + y*2 end

f2 = proc(x, y) x"3 + y*3 end
[Iponeypsr MOXHO 3amucats B (aiin Bo BHyTpeHHeM ¢opmare Maple. s storo mpo-
CTO HaJO N00aBUTh K UMEHH (ailia pacimpenue “.m” (B IPOTHBHOM Ciy4dae MPOLELyphI
OyZyT 3amucaHbl B TEKCTOBOM (opmare).
Maple mo3BosnsieT onpeneauTh NpoLeayphl, 00beANHEHHbIE B OHOIHOTEKY.

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

[pr2, pr3]
3anucath OMOIMOTEKY MOXHO TpH OMOIY KoMaH bl save mylib'. Tlepen ucnosnb3oBa-
HHeM OMOJIMOTEKH €€ HaJJ0 CYMTAaTh KOMaHI0H read U MOJKIIIOUUTE Ul HCIIOJIB30BaHUS Olle-
paropom with.

15.7 Omnadka npouyedyp

[Ipy HamMCaHWUU CIOXKHBIX MPOIEAYP BO3ZHHKAET HEOOXOAMMOCTh B MPOBEPKE Ipa-
BHJILHOCTH Pa0OThI MPOLEAYPbl U BbisBIeHUH omubok. J{ist aToit uenu B Maple V release
4 BBeneH oTmamuuk (debugger) - cpeAcTBO IS OTJIAAKH MPOIEAYD.

B xauectBe HanboIee MPOCTOro CPEACTBA OTIIAJAKYA MOKHO IPUMEHUTh KOMaHYy tracelast.
OTa KOMaH/ia BBIBOJUT CTEK CHCTEMbI IOCJIE BO3HUKHOBEHHUS OUIMOKH. AHAJIOTHYHBIN pe-
3yJIbTAT MOXKHO TIOJIyYHTh TIPH YCTAHOBKE 3HAUYEHHS NepeMeHHOi printlevel oT Tpex U BbliIe.
> 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

Bbonee momHyo MH(GOPMANNIO O BBIMIOIHAEMBIX ONEPAIMAX BHYTPH MPOIEIYPBI MOXKHO
MOJTY4UTh MPU UCTIOJIB30BAHUM OTiIaaunka. OTIaguuK - 3TO 0COOBIH pexXuM paboThI cucTe-
MBI, KOTOPBIH HCIIOJIB3YET CBOIl COOCTBEHHBIN SI3BIK.

B mpuBeseHHOM HMXKE NMpUMEpE yCTaHaBIMBaeTCs TO4Yka octaHoBa (breakpoint) B mpo-
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Heaype 1t , mpu oOpameHny K 3TOH MpoIeype BKII0YAeTCs PEeXXUM OTIAIKHA U OCYIIECTBIIS-
ercst paboTa MpoIEeaypHl B MOIIArOBOM PEKUME.

> rr:=proc(x) local z,s: z:=1/x: s:=10/z: s*2: end:

> stopat(rr);

[rr]

> rr(l);
rr:
1* z 1= 1/%x;
DBG> step;
1
rr:
2 s := 10/z;
DBG> step
10
rr:
3 s"2
DBG> step

100

Y3HaTh PO KAXKIYIO KOMaHIy OTJIA4UKa U IPOCMOTPETh IPUMEPHI HCIIOJIB30BAHMS MOJKHO
B CcripaBouHOit cucreme Maple V release 4.
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