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MPOLUAbIA Pa3 Mbl OCTAHOBMAUCH HA BO3MOXHOCTSIX MPOrpaMMUpo-

BaHWs, NPeJjHa3Ha4eHHbIX ANS HANNCaHUS COBCTBEHHbIX (DYHKLMIA

1 modynen K Maxima — v Tenepb Ans UX MOSHOLEHHOr0 UCMoSib-
30BaHNA PaCCMOTPUM HECKOJbKO MHCTPYMEHTOB paboThl C (haitnamu, nos-
BONAOLLINX COXPAHATb U 3arpyxatb 3Tu d)yHKLl,VII/I W Moaynn Ha auckK un ¢
aucka. [lanee peyb NOMAET O HANOXEHWUN OMPEefeNeHHbIX YCI0BNIA HA HEU3-
BECTHbIE 1 3HA4eHUS PYHKLMIA. Hanocneaok no3HakoMUMEst ¢ oyHKLMAMN
no pa6oTe... C OyHKUMAMU: 3TO OfWNH M3 0Y4EHb MOLLHbIX WHCTPYMEHTOB,
M03aMMCTBOBaHHbIX 3 (PYHKLMOHANBHOTO MPOrpamMMUpOBaHms; a TaKxe
pasbepem HecKonbKo 6051ee KPYMHbIX Y4e6HbIX MPUMEPOB, MCMONbL3YIOLIMX
MHOroe n3 N3y4eHHOro HaMmun BO BCEX CTAThAX LMKNa.

Y4yumcs yutatb U nucatb

Cpemu cpeacts ans onepauwii ¢ channamm yHKLMM ¢ Hanbonee 04eBua-
HbIMM UMEHamm — save u load — UMetoT, BONpPeku NpuBbIvHON Ansa Maxima
JIOTMYHOCTM BCEX HA3BaHWIA, Pa3NNYHbIA KOHTEKCT. MepBas npeaHasHa4yeHa
Ans BbIrpY3ku Maxima-BbIpXXeHnin B BUAE UCXOAHbIX KOLOB Ha Lisp, Tak
4TO €CN Bbl He 3HATOK Lisp (ma 1 peanu3auum BHYTPEHHUX MEXaHW3MOB
Maxima), 10 3Ta (OyHKUMS NPELCTaBASET NUWb HYUCTO aKafemuvecKui
nHTepec. Mocemy nogpobHee Mbl 3aiMemMcs APYrUMU PYHKUMAMN — Ans
06paboTKN Tak Ha3blBaeMbIx NakeTHbIX (batch) dhainnos, xpaHAwwmx Bbipa-

XKEHUS Y)Ke B CUHTaKcuce camoit Maxima. A NoCKONbKY B BUAE TakuX haii-
0B NMOCTABNSAETCA HEMa0e KONMYecTBO (hyHKLMOHana Maxima, T0 Ha4Hem
C 3arpy3ku. /1 BOT 0 BTOPOI N3 04€BUAHO-UMEHYEMBIX (DYHKLUIA 3[ECh YKe
OyneT pacckasaHo.

OYHKUMW 4TeHus hainioB ¢ BblpaxeHusmn Maxima cyulecTByeT Tpu:
demo(ums-caina), batch(uma-caina) n batchload(umsa-aiina). Mepsas
NpefiHa3Ha4eHa Ans 3arpy3ku Tak Has3biBaeMblx AeMO-(haiinoBs, 3agymMaH-
HbIX, KaK 1 SBCTBYET U3 Ha3BaHWA, AN AEMOHCTPALMOHHbBIX NPUMEPOB.
OHa sarpyxaet Aemo-haitn 1 BbINOMHSET €ro B MOLIArOBOM PexXuMe,
0Xugas Haxartus Enter mocne BbINONMHEHUS KAXLOW CTPOkW. B cocTase
Maxima nocTaBnseTcs 3Ha4MTeNbHOE KOMMYecTBO AeMO-(Daiinos; ynomu-
HaHUS 0 HUX MOXKHO HaATW B JOKYMEHTauuu, a camn chainbl HECOXKHO
06HapYXXNTb Cpean COLepXUMOro naketa maxima-share (nu6o, B cny4vae
OTCYTCTBMSI TAKOBOTO B Bawem AUCTpMOYTWUBE, NPOCTO maxima) no ux
pacwupeHuto — .dem.

OyHkuuns batch() sarpyxaet Maxima-aiin ¢ pacluMpeHnem .mac um

.mc (OT nepBOHa4asibHOro Ha3BaHUA Nporpammbl — Macsyma) W BbINONHAET

COZEepXKaLLNecs B HEM BbIPOKEHNS TaK, Kak ecnv 6bl OHN BBOAWAMCH NPAMO
B TeKyLLe Ceccumn, T0 eCTb C OTOOPXKEHNEM pe3ynbraTa Kaxaoro Bbipa-
XXeHns 1 HasHadeHnem meTok %iN, %oN. ®yHkums batchload(), HanpoTus,
NOATPYXKAET NAKETHbIN hana «Mon4a»: BCE Ha3HAYEHHbIE B HEM (DYHKLMM
1 NEPEMEHHble CTAHOBSATCS LOCTYMHbI, HO Pe3ynbTaTbl He BUAHbI, U BECb
XPaHUMblii BBOA-BbIBOJ, BK/KOYAs 3HA4YEHUS CUMBOSIOB % W _ 11 pe3ynbTarhl,
BO3BpaLlaemble yHKunen %th(), ocTaetca Tem Xe, 4T0 U [0 BbI3OBA.

@yHkunn batch() n batchload() ncnonb3ytoT npu noucke annos ans
3arpy3ku nyTb (TOYHEE CKasaTb, LWAGMOH, NOTOMY KaK B HEM COAepXarcs
He TONMbKO MMEHa KaTanoroB, HO M JONYCTUMbIE PacLUNpeHus hainos),
KOTOPbIA XpaHuTcs B nepemeHHoi file_search_maxima. Mo ymonyanuto ata
nepemMeHHas COLEPXWT BCE KaTtanoru, B KOTOPbIe YCTaHABNMBAKOTCA .mac-
thainnbl 13 nakeToB Maxima, a Takxe ~/.maxima, npefjHa3Ha4yeHHbIA ans
M0b30BaTENbCKNX (haitnoB. [na Apyrux (OYHKUWA 3arpyskn CyLLecTBy-
10T 0TAeNbHble nepemeHHble: file_search_lisp u file_search_demo, cmbicn
KOTOPbIX MOHATEH M3 UX HA3BaHM.

Hy n nop KoHew, 34€Cb HY)XHO BCMOMHWTb O BbILLEHA3BAHHON (DYHK-
umnm load. OHa, thakTuyeckn, SBnseTcs 06epTKOIA Had ABYMS (DYHKLUAMM:
yXKe onucaHHon Bbliwe batchload() u loadfile(), BTOpasi, COBEpLUEHHO aHa-
NOTMYHO NepBOIA, 3arpy)xaeT ain, HO YXKe He C BbipaxeHuamu Maxima,
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Mecsu Hasag Mbl Hayymnmcb CTPOMTL rpadouky u nucaTb NPOrpamMmbi.



Maxima

M QAKTAMMU

2 C UCXOLHbIM KOZOM Lisp, TO ecTb ABNAETCA NapHoi K hyHKuUm save().
®yHKUMto l0ad() MOXHO, B MPUHLMNE, MCNONb30BaTh BMECTO batchload():
nyTb file_search_maxima 3agaH B Heil paHbLue, 4em file_search_lisp, Tak
YTO B CNly4ae HEOAHO3HA4YHOCTW OHa ByaeT 3arpyxatb (ainbl Maxima; a
Kpome TOro, TaK Kopoue.

HekoTopbli oyHKUMOHAN Maxima COfepXuTCA B HEnoArpy>xaembix
ABTOMATUYECKN BHELUHMX (haiinax, KOTOpble, COOTBETCTBEHHO, HYXXHO Mpu-
HYLUTENbHO 3arpy3nTb Nepes NCNoNb30BaHUEM:

(%i1) A:matrix([a11, a13, a13], [az1, aga, azs])

ay; Gz 13
a1 G2 G23

matrix_size(A)

matrix'size( (

load(linearalgebra)

(%o1)

(hi2)

aplp apz a3
Gz21 Qg2 Q23

(%o2)

)

/usr/share/maxima,/5.10.0/share/linearalgebra,linearalgebra.mac
"Poi2
2,3

(%i3)
(%o3)
(%id)
(hod)

MoMUMO pY4HON 3arpy3Ki HYXKHOrO (haiinia, MOXHO TaKXe HacTpOUTb
Maxima Ha aBTOMaTU4eCKyto NOArPY3Ky B CNyvae BbI30BA 3aaHHON (DyHK-
umu. [enaetcq 310 Tak: setup_autoload(ums-cpainna, vMeHa-(yHKLUNA);
HYXHble (DYHKLUNW 30eCb MepeyucnsioTcs Yepes 3anaTyld Npsmo nocne
MMeHN panna. YoobHee, KOHe4HO, OyaeT He BbI3blBaTb (DYHKUMIO setup_
autoload() Bpy4Hyl0 (TaK B Heii 1 TONKY HEMHOr0), a HacTpouts Maxima
Ha aBTOMATWYECKMIA ee 3anyck npu cTapTe nporpammbl. daiin, KOTOPbIN,
NpY €ro HaM4Ni, BbI3bIBAETCA NPU KAXLOM 3anycke Maxima, HasblBaeTcs
maxima-initmac n camoe noru4Hoe 4ns Hero MecTononoXeHne — Bce TOT
Xe Katanor ~/.maxima. KoHe4HO, OH MOXET COflepXaTb He TONbKO BbI30BbI
yHKunn setup_autoload(), a nobble BbipaxeHns Maxima, KOTOpbIe Bbl
XOTUTE BbINOMHATL MPU KOXAOM ee 3anycke. /lcnonb3oBaHne 3Toit yHk-
UMM MOXET cfenatb Bawy paboty ¢ Maxima HamHoro 6onee ygo6HON B
TOM Cfny4ae, eciiv Bbl 4aCTO UCMONb3YeTe HEKOTOPbIE U3 BHELUHUX (OYHKLNI
Maxima wnn yHKLWN, BaMU XKe U HanWCaHHbIe.

[ns NOMHOLEHHOrO YTeHUs (halinoB BCErO CKA3aHHOTO YXe BMONHE
[0CTaTO4HO, Tenepb nepeiaem K 3anncu B HMX. TyT HAC B MepBYIO 04epedb
MHTEpecyeT yHKuKMs stringout(), KoTopas NO3BONSAET BbIrPYXaTh B (hais
no6ble BbIPOKEHUS U yHKLNN Maxima B TOYHO TakOM BUJE, B KAKOM UX
3arpyxatot dyHkuuu demo(), batch() u batchload(). C ee nomMoLLbO MOXHO
nUcaTb BbIPAKEHNS, KOTOPbIE Bbl XOTUTE UMETb BO BHELLUHEM MOLYIe, Hax0-
[SCb HEeNoCpeACTBEHHO B MHTepdeiice Maxima, ¢ nocnefyoLlen 3anucoto
B 3TOT Cambli MOAYNb. [ns BbIFPY3KU (DYHKUMIA B OAUH U3 CTAHAAPTHBIX
Karanoros Maxima (cCambIM JIOTM4HbBIM BapUAHTOM OYAET, NoXanyi, ynoms-
HYTbIN BbllLE ~/.maxima) ums haina Bo BCEX BapMaHTax BbI30Ba (DYHKLNN
stringout() Hy)XXHO 3afaBaTb C MOMHbIM NyTeM; B CAy4ae 3afaHns UMeHU

6e3 nyTu (hainn 6yaeT Co3AaH B TEKYLLEM KaTanore, T0 €CTb B TOM, 0TKyAa
nponasoauncs 3anyck Maxima.
3[1eCb, 4TO6bI ObINO MHTEPECHEE M He MPUXOAWNOCH NUCaTh B (haii-

bl BCSKYHO epyHAY, HEMHOrO MpepBeMcs W CO3AaZUM napy HeGoMbLIMX
PyHKLMA.
(%i1) primes(n):=

if integerp(n) then

if n <2then [ else

append(primes(prev_ prime(n)), [prev_ prime(n)])$

Jdta Ct)yHKLI,VIFI BO3BpaLlaeT CrNnCcoK BCEX MPOCTbIX YNCEN, MEHbLLKX YEM
3aflaHHOoe Lenoe 4mucno. CHayana mbl nposepsdem, sABAAETCA NN aprymeHt
LIeNIbIM YUCIOM 1 [Ienaem 3T0 MPOCTEALIMM 06PA30M: B CNy4ae HeBbINON-
HeHUs yCcnoBKs oneparop if, HaNOMHIO, BePHET false. [eHepupyeTcs CNCoK
TOXE CambIM NMPOCTbIM U KOPOTKUM B peanusaunu €noco6om — peKprMeﬁ.
(npuMeYaHue Ans Moaen, fanekux oT NpPOrpaMMUPOBAHNS: PEKYPCUBHAS
(DYHKLUMA — 3TO (DyHKLWS, Bbi3biBaloLlaA camy ces; 4ailie BCero Takue
(OYHKUMM CTPOSTCS MO MPUHLMMY WHAYKUNKM). 3[ECh UCMONb3YeTCs (yHK-
umns Maxima no umenm prev_prime(), KOTopas BO3BPALLAET NPOCTOE YNCNO,
NpeaLLecTBYIoLLee 3afaHHOMY LieSIoMYy.

Y pekypcuu, npu Beeil ee NPOCTOTE Peani3aun, 6CTb HEOCNOPUMbIN
MWHYC — TONbKO OAWH, HO BeCbMa CyLI.leCTBeHHbII7IZ HpeQBbHaVIHaﬂ Tpeﬁo—
BaTe/IbHOCTb K oébemy namarTu. ﬂOSTOMy, onsa 06€ecneyeHns BOSMOXHOCTH
nony4artb nocneaoBaTesibHOCTU U3 60nbLINX NPOCTbLIX Yuncen, ﬂOGaBVIM B
Haw y4e6HbIN NpuMep eLle 0AHY YHKUMIO:

(%i2) primesbetween(n,m):=
if integerp(n) and integerp(m) then
if m < 2orprev_prime(m) < nthen || else
append(primesbetween(n,prev_ prime(m)),
[prev_prime(m)])$

CmbIcn, Lymaio, MOHATEH MO aHANOrnN ¢ NpefblayLLUeit: Tenepb Mbl eLle
11 OTPaHNYMAN BO3BPALLAEMbIN CMIMCOK CHU3Y.

Tenepsb, Korga y Hac yxe ectb primesbetween(), nepsyo PyHKLNIO MOX-
HO HanucaTb N0 «MPUHLMNY YaiHUKa» — CBEAS 3afady K NpefblayLLeil:

(%13) primesl(n):=primesbetween(1,n)8$

Tenepb BepHemcs K stringout(). 3ta (yHKUMS, KaK U MHOTWE [pyrue,
MOXET MPUHUMATL HECKONIbKO PasfiyHbIX BapUaHTOB aprymeHToB, mnep-
BbIM W3 KOTOPbIX BCErAa BbICTYNaeT uMs chaina Ans 3anucu, a ocTab-
Hble OTBEYAlOT 32 TO, 4YTO XXe UMeHHO OyfeT TyAa 3anucado. B BapuaTe
stringout(uma-chaiina, [Ha4ano, KoHel]) 3anucaHbl 6yayT A4enKn BBOAA C
HOMepamu 0T «Hadyana» fl0 «KOHLA» BKNIOYNTENbHO:
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(%i4) stringout(".maxima/primes.mac",[1,2])

(%04) /home/t/.maxima/primes.mac

§$ cat .maxima/primes.mac
primes(n):=if integerp(n) then (if n <= 2 then [] else append(primes(prev_
prime(n)),[prev_prime(n)]));
primesbetween(n,m):=if integerp(n) and integerp(m) then (if m <=2 or
prev_prime(m) <= n then [] else append(primesbetween(n,prev_
prime(m)),[prev_prime(m)]));

Kak BupuTe, N0 YMON4YaHMIO BbIBOA MOMY4AETCH HE CMWLLIKOM Kpacu-
BbIM, NO3TOMY Cpa3y PacCMOTPUM OJMH KNH0Y, BNNSIOLLMIA HA ero dopmar.
[lonro pacckasbiBaTb 0 HEM CMbIC/A HET, Ny4LUe N0KasaTb HA NpUMepe:

(%15) grind: true$ stringout(".maxima/primes.mac", [1, 2])
(%06) /home/t/ maxima/primes.mac

$ cat .maxima/primes.mac

primes(x):=if integerp(x)
then (if x <= 2 then []
else append(primes(prev_prime(x)),[prev_prime(x)]));
primesbetween(n,m):=if integerp(n) and integerp(m)
then (if m <= 2 or prev_prime(m) <= n then []
else append(primesbetween(n,prev_prime(m)),
[prev_prime(m)]));

lMpefcraBneHns 0 npasuniax OTCTYNOB Y CO3faTtenieil 3T0M onuuu
HECKOMbKO CMeuntuyHble, HO TEM He MeHee, pe3ynbTaT cTan HamHo-
ro yutabenbHee. Tak 4TO, €CNN Bbl MNAHUPYETE COXPAHATH BbIPaXEHUS
Maxima He TONbKO Ans TOro, 4T06bl NOTOM 3arpyXatb X 06paTHO, a Xena-
eTe pejakTMpoBaTh CO3[aHHble ailnbl, I PEKOMEHAY BaM NponucaTb
grind:true rno6aneHo B haiine ~/.maxima/maxima-init.mac.

Nnem panblue. C NOMOLLBIO KNOYEBOTO CIOBA iNput MOXHO BbIFPY3UThb
B (haiin BCe A4eilkn BBOAA PasoMm:

(%i7) (N:[random(100000)],
forithru9do
N:append(N, [N[i] + random(100000)]),
N)

(%o7) [19900,61971, 153219, 244360, 200427, 347723, 396481, 465378,
522906, 568462]
(%is) (P:],

forithru 10do

P: append (P, primesbetween(N[i] — 50, N'[i])),

P)
(%08) [49853, 49871, 49877, 49891, 61927, 61933, 61949, 61961, 61967,
153191, 244313, 244333, 244339, 244351, 244357, 290383, 290393,
290399, 200419, 347707, 347717, 396437, 306443, 396449, 396479,
465331, 465337, 465373, 522857, 522871, 522881, 522883, 522887,
568433, 568439, 568441, 568453]
(%19) stringout("primes-sample.mac", input)

(%09) /home/t/primes-sample. mac

$ cat primes-sample.mac

primes(n):=if integerp(n)
then (if n <= 2 then []
else append(primes(prev_prime(n)),[prev_prime(n)]));
primesbetween(n,m):=if integerp(n) and integerp(m)
then (if m <= 2 or prev_prime(m) <= n then []
else append(primesbetween(n,prev_prime(m)),
[prev_prime(m)]));
primes1(n):=primesbetween(1,n);
stringout(“.maxima/primes.mac”,[1,2]);
grind:true;
stringout(“.maxima/primes.mac”,[1,2]);
(N:[random(100000)],for i thru 9 do N:append(N,[N[i]+random(100000)]
JN);
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(P:[]for i thru 10 do P:append(P,primesbetween(N[i]-50,N[i])),P);

Kpome input, ecTb ewe ABa Kno4esbix cnosa: functions u values.
[epBoe NO3BOASAET 3anucatb ONpeaeneHns Bcex PYHKUMIA, BTOPOE — Npu-
CBOEHNE BCEM CUMBOJIAM BbIPAKEHNIA NX TEKYLLNX 3HAYEHNIA:

(%i10) stringout(".maxima/primes.mac", functions)
(%010) /home/t/ maxima/primes.mac
(%i11) stringout("primes-sample.mac", functions, values)

(%011) /home/t/primes-sample.mac

$ cat .maxima/primes.mac

primes(n):=if integerp(n)
then (if n <= 2 then []
else append(primes(prev_prime(n)),[prev_prime(n)]));
primesbetween(n,m):=if integerp(n) and integerp(m)
then (if m <= 2 or prev_prime(m) <= n then []
else append(primesbetween(n,prev_prime(m)),
[prev_prime(m)]));

primes1(n):=primesbetween(1,n);

$ cat primes-sample.mac

primes(n):=if integerp(n)
then (if n <= 2 then []
else append(primes(prev_prime(n)),[prev_prime(n)]));
primesbetween(n,m):=if integerp(n) and integerp(m)
then (if m <= 2 or prev_prime(m) <= n then []
else append(primesbetween(n,prev_prime(m)),
[prev_prime(m)]));

primes1(n):=primesbetween(1,n);
N:[49900,61971,153219,244360,290427,347723,396481,465378,522906
,568462];
P:[49853,49871,49877,49891,61927,61933,61949,61961,61967,153191,
244313,244333,

244339,244351,244357,290383,290393,290399,290419,347707,34771
7,396437,

396443,396449,396479,465331,465337,465373,522857,522871,52288
1,522883,

522887,568433,568439,568441,568453];

1 kpome BCero 3Toro, PyHKUMto stringout() MOXHO BbI3BaTb C HEMo-
CPeACTBEHHbIM MEPEYNCNIEHNEM B apryMeHTax KOHKPETHbIX BbIPXEHWIA.
B aTom cny4ae, Hafo 3aMeTuTb, BYAYT COXPAHATHCA He AYeikn, cogepxa-
LiMe 32fjaHHbIE BbIPAXKEHNUS, @ UMEHHO Cami BbIpXEHUs. To ecTb, ecnu
nepeyncnnTb CUMBOJ, A48 KOTOPOro 3afaHO 3HayeHue, TO B haiin byget
3anncaHo TONbKO 3T0 3Ha4eHne. C umeHamu (hyHKUMIA, 3ajaHHbIMU Hemno-
CPeACTBEHHO, [1eN0 06CTOMT He NyyLue: yHKUMIO TakuM 06pa3om 3afatb,
Mo CyTW, BOOBLLUE HEMb3A: eCY NPOCTO HANWUCaTb e UMS, TO BMECTO (DYHK-
UM By[eT NoAcTasfieH OAHOVMEHHbIA CUMBON (AU €ro 3Ha4YeHue, ecnu
0HO 3afjaHo). Ho u3 06enx cuTyaumin ectb BbIXod. [ns dyHKUMIA — wTaT-
Hblii: hyHKUms fundef, koTopas npuHUMAeT UMs Nt060 NONb30BATENbCKON
(DYHKLMW 11 BO3BPALLAET €€ ONpefenieHne B TOHYHOCTU B TAKOM Xe BUAE, B
KakoM OHO OblI0 BBEJEHO (UK MOTTIO0 6bl ObITb BBEAEHO) B «KOMAHAHOM
cTpoke» Maxima, ¢ TO4HOCTbIO A0 NPO6EsoB:

(%i12) stringout(".maxima/primesbetween.mac",
fundef(primesbetween))

(%012) /home/t/.maxima/primesbetween.mac

(%113) stringout(".maxima/primesl.mac",
fundef(primes), fundef(primesl))

(%013) /home/t/.maxima/primesl.mac



$ cat .maxima/primesbhetween.mac

primesbetween(n,m):=if integerp(n) and integerp(m)
then (if m <= 2 or prev_prime(m) <= n then []
else append(primesbetween(n,prev_prime(m)),
[prev_prime(m)]));

$ cat .maxima/primes1.mac

primes(n):=if integerp(n)
then (if n <= 2 then []
else append(primes(prev_prime(n)),[prev_prime(n)]));
primes1(n):=primesbetween(1,n);

A N5 CUMBOMIOB MOXHO MCMOJb30BaTb HEOONbLUYID XMTPOCTb: 6NOKN-
poBaThb Bbl4KCNEHNE NepeaHHOro BbIpaXXeHns, a B HeM HanncaTb CHadana
cam CMMBOJI, @ NOTOM 4Yepe3 ABOETO4ME — ero e, NpeABapyuB 3HAKOM npu-
HYAUTENBHOTO BbIYMCNEHMA (ABa anocTpoda):

(%114) stringout("random-primes.mac",’(P:"P))
(%014) /home/t/random-primes.mac

t:~$ cat random-primes.mac

P:[49853,49871,49877,49891,61927,61933,61949,61961,61967,153191,
244313,244333,
244339,244351,244357,290383,290393,290399,290419,347707,34771
7,396437,
396443,396449,396479,465331,465337,465373,522857,522871,52288
1,522883,
522887,568433,568439,568441,568453];

B noseplueHne Tembl paboTbl ¢ hainamu CTOUT 06paTUTb BHUMaHUE
eLe Ha OAMH MOMEHT: Npw 3arpy3ske aiinibl B TEKYLLEM KaTanore He ULLyT-
CH — M Kak pa3 s Hero Hago 3afasatb NyTb, NPUYEM MOMHbIN, A He Yepes
/mms-thaiina:

(%i1) load("primes-sample")

Could not find ‘primes-sample’ using paths in
file_search_maxima,file_search_lisp (combined values:
[/home/t/ . maxima/##+#.mac,me,
/usr/share/maxima/5.10.0/share/##+#.mac,mc,
/usr/share/maxima/5.10.0/share/affine algebra,algebra/charset:
/home/t/ . maxima/##%#.0,lisp,Isp,
/usr/share/maxima/5.10.0 /share/### .0 lisp,lsp,
/usr/share/maxima/5.10.0/share/affine algebra,algebra/charsets
/usr/share/maxima,/5.10.0/src/##+#.0,lisp,lsp] )

-- an error. Quitting. To debug this try

debugmode (true) ;

(%i2) load(primes)

(%02) /home/t/.maxima/primes.mac
(%i3) load("/home/t/primes-sample")
(%03) /home/t/primes-sample.mac
(%i4) load("./primes-sample")

Could not find ‘./primes-sample’ using paths in
file_search maxima,file_search_lisp (combined values:

«[pocnywaitte 06bABNEHKUE>

Tenepb NoroBopum 0 COYHKUMSX, NO3BOASIOWIMX HanaraTb ONpedeneHHble
YCNOBUS HA BbIPaXEHWs, KOTOpbIMW onepupyeT Maxima. Takux (yHK-
UNiA CyulecTBYeT [iBe, M JOCTaTOYHO Pa3HOMMAHOBLIX; HO OMpejeneHHas
CBAA3b MeXAY HUMU ECTb, TaK KaK BCE YCNOBUS, 3a[jaHHbIE UMM HA [AaHHbINA
MOMEHT, XpaHATCs B 06LLen «6a3e». [TepBas n3 aTuX DYHKUMUIA Ha3bIBAETCA
declare (06bsBNATL). C ee NOMOLLbIO MOXHO 06bLABAATL BECbMA Pa3HO06-
pasHble (PakTbl 0 MPOU3BOSbHBIX CUMBOMAX UAN BbIPAXKEHNSX; CUHTAKCUC

Maxima

ee Becbma npoct: declare(ums, cakt) unu declare(umsl, daktl, nmaz2,
(hakT2, ...); (hakTbl 3a[AKOTCA C MOMOLLbIO KM04eBbIX CNOB. Camu hakTbl
A 6bl pasgenun Ha TpU rPynnbl: «TexHU4eckne» GakTbl Maxima, no3so-
NSOLWNe UCNONb30BATb HAMENEHHbI UMY CUMBOM HEKOTOPbIM Cheunans-
HbIM 00pa30M MpK BBOAE BbIPAXEHWIA; (haKTbl O CUMBONAX (aTOMApHbIX
BbIPOXKEHUSAX); U (PaKTbl O 3HAYEHUAX (PYHKUMA. K nepBbIM OTHOCATCSA, K
npumepy, cBorncTga evflag u evfun, 0 KOTOpbIX LW peyb B ONUCaHUN (OYHK-
LN ev; HEKOTOPbIE LUTATHbIE (OYHKLMM 06M1[aI0T UMW MO YMON4aHUIo, a ¢
noMoLLbio PyHKUMKM declare Mbl MOXXeM NPUCBOUTL 3T CBOMCTBA NIHOOLIM
Apyrum, B TOM 4YuCrie W NOMb30BATENbCKUM, (yHKUMAM. BTopas rpynna
(haKkTOB HECET MH(POPMALMIO O HEU3BECTHDBIX; HANPUMEP, Mbl MOXEM YKa-
3aTb, YTO HEKOTOPAA HEU3BECTHAs ABNAETCA KOHCTAHTOM, UMK 4TO e 3Have-
Hue — uenoe. /l TpeTbs rpynna — NpMMepHO TO Xe Camoe, HO 0 (hyHKLUAX;
npumepsbl: 4eTHas qyHKumna (f(—x)=f(x)), anantmenas (f(x+y)=f(x)+f(y)) nm
LienoyucnerHas. [ns Kpatkoctu NpocTo nepeqncnnm Haubomnee MHTEpec-
Hble N3 BO3MOXHbIX (DAKTOB, CrPYNNMPOBaB COOTBETCTBEHHO TPEM ynoms-
HYTbIM rpynnam.

TexHuyeckue (hakTbl

evfun

Mo3BonAeT NPUMEHATL (YHKLMIO MW NMEPeMEeHHYI0 Kak OMnuuio, TO ecTb
«BbIPAXEHUE, UMA-(YHKLUMU» BMECTO «UMSA-(DYHKLUMMU(BbIPOKEHNE)» UMK
«BbIp@XEHWE, NMS-NEPEMEHHO>» BMECTO «/Ms-NepemMeHHON:true; Bbipaxe-
Hue». MoapobHee cM. B 1LidFE2.

hindtest

3anpeLLaeT 1cnonb3osarb CUMMBOSI B BbIPOKEHWAX [0 MPUCBOEHUA emy
3Havenns. Mpu Takom ucnonb3osaHuu Maxima Bblgact owmno6ky. Mpumep
CM. B JOKyMEHTaLuu.

feature
[enaer 3afaHHoe uMs MMeHeM CBOICTBA ((haKTa), 4YTO [AeT BO3MOXHOCTb
1CN0Mb30BATh €10 TOYHO TaK Xe, Kak BCe MepeyncreHHble 34ech NMeHa.

®dakTbl 0 cMMBONAxX
constant
Nms TPaKTYeTCA KaK KOHCTaHTa.

scalar

VIMs TpakTyeTcs Kak ckanspHas BenuyuHa. Ha 370 Takke BanseT donar
assumescalar: ecnu OH paBeH true, T0 Bce HeOnpeaeneHHble CUMBOSbI BOC-
NPUHUMAIOTCS Kak ckanspbl. TyT eCTb HEGONbLLUAS KONNU3US: NN BEPUTh
[JOKYMEHTaLMU, TO M0 yMONYaHMIO assumescalar paBeH false, peanbHo xe B
Maxima 5.10.0 oH paBeH frue.

(%i1)
(%1i3)
(%03)
(%i4)

v: [v1, v2, v3]$ assumescalar: false$
Nuv

N [vl, v2,v3]
declare(N, scalar); Nv

(%04) done
(%05) [Nv1,Nv2,Nvi|
nonscalar

Nms TpakTyeTcs Kak He-CKanspHas BeNWYMHa, TO €CTb MaTpuua unm
BEKTOP.

integer, noninteger
Llenoe n Heuenoe 4ucno.

even, odd
YeTHOE U HeYyeTHOe Lienioe 4ucno.

[leka6pb 2006 Linux Format | 93



Maxima

(%i1) declare(n,even)$
(%12) askinteger(n)

(%02) yes

®aKTbl 0 (PyHKUMAX
rassociative
06bABNAET (YHKLMIO KaK «aCCOLMaTUBHYHO>» MO NPaBOMY apryMeHTy.

lassociative
AHanorn4yHo — no NeBOMY aprymeHTy.

(%i1)
(hi2)

(ho2)
(%03)

(%i4)
(%15)

(%05)
(%o86)

(%17
(%oT)

declare( f ,rassociative)$
fa;b,e,d); f(f(a,b), f(ec,d))
f(a, f(b, f(c,d)))

f(a, f(b, f(c,d)))

declare( f ,1associative)$
f(a,b,c,d); f(f(a,b), f(c,d))
f(f(f(a, b),c),d)
f(f(f(a, b),c),d)
f(a, f(b, f(c, d)))
f(E(f(a, b}, c).d)

nary

06bABNAET «N-apHYKD» YHKUMIO. 3TO U [Ba NPeAblOyLLNX HA3BAHUA HE
COBCEM TOYHbI: N-apHOIi NPaBMIbHO Ha3bIBaTh (PYHKLMIO OT N apryMeHTOB,
a N1eBO- 1 NpaBO- acCOLNATUBHOI — (PYHKLN UMEHHO C OFHOCTOPOHHEN
accoLnaTuBHOCTLIO, TO eCTb, ANA «neso-» f(f(a,b),c)=f(a,b,c)=f(a,f(b,c)). A
B Maxima Bce Tpu hakta 06bABAAIOT HA CaMOM fefie MOAHO-acCOLMaThB-
HYI0 (DYHKLMIO OT NPOM3BOSIBHOMO Y1C/A apryMEHTOB, a Pa3nn4yaloTcs ToMb-
KO TeMm, Kak 6yayT paccTasieHbl CKOGKM N0 YMOHaHNI0.

(%i8) kill( f)$ declare( f, nary)$
(%110) "%i7
(%010) f(a,b,c,d)

symmetric/commutative
06a KnoYeBblX C€noBa 06bLABAAIT (YHKUMIO KaK CUMMETPUYHYIO
(KOMMYTaTUBHYIO).

(%i1) declare( f,symmetric)$
(%12) f(a,b)+ f(b,a)

(%02) 2f(a,b)

antisymmetric
06bABAAET DYHKLMIO KaK aHTUCUMMETPUYHYIO.
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(%i1) declare(f,antisymmetric)$
(%i2) f(a,b)+ f(b,a)
(%02) 0

outative
KoHcTaHTa BLIHOCUTCS 3a 3HaK (i)yHKLWIM.

(%11) declare( f,outative, N, constant)$
(%12) f(Nzx)

(%02) Nf(x)

MHorne 13 (pakToB, KOTOpPble MOXHO YCTaHaBNNBATb C MOMOLLbIO
yHKunMK declare, coxpaHaoTc B «6a3e AaHHbIX» (DAKTOB. Y3HaTb Teky-
LLiee COCTOsIHME 3TOK 6a3bl MOXHO C MOMOLLbIO (hyHKUMK facts(). Ee Mox-
HO BbI3bIBaTb, NM60 NepesaB B Ka4ecTBE EANHCTBEHHOrO aprymeHTa nms,
CMUCOK (aKTOB MO KOTOPOMY Mbl XOTUM MONY4MTb, NGO BOOGLLE 6€3
aprymMeHTOoB — TOrfa 6yayT BblfaHbl BCE M3BECTHblE (PaKTbl 060 BCEX NOMb-
30BaTeNIbCKUX MMeHax. YaanuTb CBOWCTBA MO3BONAET (PYHKLMs remove().
OHa, KaK 1 MHOTVe Apyrie, NMeeT HeCKONbKO BapuaHTOB BbI30Ba. byayuu
BbI3BAHA KaK remove(ums, CBOMCTBO) Ui remove(umal, cBoincTsol, nma2,
CBOIICTBOZ2, ...), OHA JINLIAET KaX[0e NnepefaHHOe MMs OfLHOr0 COOTBET-
CTBYIOLLEro emy CBOICTBA. MOXHO Takxe nepefaBartb el CIMCKM UMEH U
cBOIACTB: remove([umal, uma2, ...], [cBOICTBOT, CBOWCTBO2, ...]); TOTAA
KaX[oe UMs U3 crmcka 6yneT NULLEHO BCeX NepevncneHHbIX CBONCTB. Map
CMNUCKOB TOXE MOXET ObiTb 60ree OAHOW: remove(cnucok-umenl, cnu-
COK-CBOMCTB1, CMMCOK-UMEH2, CMWUCOK-CBOWCTB2, ...) — 3TOT BbI3OB aHa-
NOrMYeH nocnesoBaTeNibHbIM remove(Cnmcok-nmer1, cnucok-ceoncTal);
remove(CnucoK-MMeH2, CNUCOK-CBOMCTB2); ... I nocneaHuin nHTepecyro-
LM Hac BapuaHT — remove(all, CBOICTBO) yaansieT «CBOWCTBO» CO BCEX
VIMEH, Y KOTOPbIX OHO eCTb.

Bropas «ycnosHasi» (OyHKUMA — 3TO (PyHKUMA assume() (Bonyckartb,
npUHUMATh). 3[eCb BCE MpOLUE: B Ka4ecTBE apryMEHTOB eii MOXHO nepe-
[laBaTb B I060M KONM4YECTBE Camble 0ObIKHOBEHHbIE PABEHCTBA W Hepa-
BEHCTBA. HamOMHIO TOMbKO, YTO 33[1aBaTh UX HYXKHO HE B CUHTAKCU4YECKOM,
a B JI0rM4ecKoii hopme, TO eCTb He «a=b», «a#b», a «equal(a,b)», «not
equal(a,b)». 3 normyeckux onepatopoB LONYCKAETCS TaKKe MCMOb30Ba-
Hue and (no cytn assume(x>0 and x<1) 370 T0 Xe camoe, 410 1 assume(x>0,
x<1)), HO He or — 6a3a (DaKTOB He MOALEPXKMBAET MH(OPMAUMIO BuULa
«UAN>»; N PeYb HE O CUHTAKCUCE, @ UMEHHO O KOHCTPYKLWSAX, TO €CTb BbIpa-
XeHns Tmna not(a>b and a<c) Toxe HegonycTUMbl. PakTbl, A06ABNEHHbIE
assume(), Takxe BUAHbI PyHKLMK facts():

(%i1) declare(n,integer)$ assume(n >10)$
(%13) facts(n)

(%03) [kind(n,integer),n > 10]

Kntoyesoe €noso kind mcnonb3yetcs TONbKO AN 0TOOPaXEHUs Tex
(hakToB 13 6a3bl, KOTOPbIE J06aBMEHbI C NOMOLLbIO declare().

Ecnn hakTbl, 3amaHHble DyHkumei declare(), yaanatoTcs BbI30BOM
remove(), To ang assume() ectb cBOf «obpaTHas» (yHkums — forget(),
KOTOpas TakKe NPUHUMAET Nt060e KONNYECTBO YCOBUA (TOYHO TaKUX Xe
Kak 1 assume()), nn60 B Ka4ecTBe OTAENbHbIX apryMEHTOB, IGO0 CMIUCKOM.

06wias 6a3a hakToOB MCMONb3YETCA ATUMU ABYMS HE 04EHb MNOX0XUMU
(hyHKUMAMN HECTIPOCTa: BCE, KOMY 3Ti (haKTbl MOTYT NPUrOAUTLCS, UCMONb-
3yl0T 06€ MX Pa3HOBMAHOCTW, MPUYEM OAHOBPEMEHHO. Hanmpumep, yxe
U3BECTHbIN HaM NpeauKar is:



(%i1) declare( f,increasing)$
(%i2) assume(z > y)$

(%13) is(f(x)> f(y))

(%03) true

Eule oauH npumep ncnonb3osanus assume()/declare() — BO3MOXHOCTb
136exarb HeonpeaeneHHOCTed. Bbl, BO3MOXHO, MOMHUTE, KaK B OfHOM
13 MPUMEPOB 13CF84 B OTBET HA MOMbITKY MOCYMTATh HEKMA WHTErpan
Maxima 3agana Ham BONpOC O 3HaKe BXOAALLEro B Hero cumsona. Bot B
TaKNX CUTYaLUsIX TOXE MOXET NPUroANTLCA assume, Aabbl NPeaBOCXUTUTL
paccnpocsil:

(%i1) integrate(z?+va®—z%,z,0,a)

Is a positive, negative, or zero?p

. wal
(%ho1l) T

(%1i2) assume(a < 0)$
(%13) "oil

ral

(ho3) — 16

(%i1) limit(z>°)
Is |x| — 1 positive, negative, or zero?n
Is x positive, negative, or zero’n

(%01) 0

(%i2) assume(z>0,z<1)$
(%13) limit(z>°)
(%03) 0

BOT Mbl 1 NOLOLNN K KOHLY «TEOPETUYECKO» YacTu. Hajetch, PyHK-
LINOHANa, PacCMOTPEHHOr0 Ha MPOTSHXKEHNN LLIECTN cTaTel, ByneT 40CTaToy-
HO NS PeLIeHUs MHOTWX 33fad, a TakkKe ANnA TOoro, YT06bl Yepnatb Aanb-
Helilune CBeAeHNs N3 JOKYMEHTaLUuu — BeAb Mbl YXKe U3Y4UNu Takue BeLLM,
6narogaps KotopbiM Maxima CTaHOBWTCS He NPOCTO «BbIYUCASNKON» OTAe-
NbHbIX HE60MbLUMX NPUMEPOB, @ HACTOALLEN «CPEAOI NPOrpPaMMUPOBaHUS C
MaTeMaTU4ecKnM YKIIOHOM», MO3BOSIAKOLLEN CO3LaBaTh CBOWN COBCTBEHHbIE
MaTeMaTnyeckme «TuMbl JaHHbIX» — YUCOBbIE CUCTEMbI, (DYHKLMOHAMbI 1
npoyas 1 NpoYas — 1 NOSHOLEHHbIE MPOrpaMMHble MOAYNM, KOTOPbIE MOTYT
1CMO/b30BATb BECb BCTPOEHHbIN (UM TaK)Ke COOCTBEHHOPYYHO JOCTPOEH-
HbI) pyHKUMOHaN Maxima. PaccMoTpuUM, Hanocnenok, 60nee CepbesHblii
y4eOHbIi Npumep, B KOTOPOM 3TV BOSMOXHOCTI MOXHO 6YAeT Ny4Lue npo-
4yBCTBOBATh. OfHA 32f1B/IEHHAA TeMa Y HAC Noka 0CTanacb HepackpbITOM —
OYHKLMN ans paboTbl ¢ PYHKLMAMM 1 «T1y6OKOA» 06pabOTKI BbIPAXKEHMIA.
Ho 370 HacTONbKO Cepbe3Hblii MHCTPYMEHT, YTO Ha ManeHbKuX npumepax
ero paccmarpusarb 661710 6bl 66CCMbIC/IEHHO, @ MOTOMY Mbl MOrOBOPUM 0O
HEM B NPUNOXKEHNN-NpakTukyme. Yaaun! EQ

Maxima

I[IpakTkyM Maxima

CHa4ana f XoTen pacCMOTPeTb HECKOMb-
KO OTAENbHbIX MPaKTU4YECKNX MPUMEPOB:
M ManeHbkux, M 4yTb no6onble. Ho
NoTOM MHe NOAyManock, Y4T0 OAWH, HO
6onee cepbe3Hblit npumep 6yaeT 3Ha4u-
TENIbHO Jy4LIe: C OAHOW CTOPOHbI, ero
MOXHO CTPOUTb NOHEMHOrY, 0TpabaTbl-
Bas OTAEMbHbIE MPUEMbI TOYHO TaK Xe,
KaK 370 6bI10 Obl CAENAHO W C MEHbLUN-
MU NpuMepamu, a ¢ ApYroii — B pesynbrare BCe 3TU NpUembl nepenseTyTcs
Mexay co60ii BO 4TO-TO 06bEMHOE, 11 Ha TUX NEPENeTeHNsAX BOSHUKHET
60nee LienbHOe OLLYLLeHNe BOSMOXXHOCTEN NPOrpaMMbl, YEM Ha HECBSA3AH-
HbIX ManeHbKWX Kycodykax. K TOMy >Xe no Xxogy fena Mbl COOpyAuM
HECKONbKO He60MbLIMX BCMOMOraTeNibHbIX (DYHKUMA, a 3a0[HO, Ans
NONONHATENbHON NPaKTUKK, W 60Nee PACLIMPEHHYID BEPCUIO OfHOI U3
HWUX, KOTOPasi, BNOHE BO3MOXHO, NPUrOANTCS BaM U B aNnbHEMLLIEM.

A nucatb Mbl 6ygem HacTosLylo (YHKUMO AnchdepeHuMpoBaHus.
[MpakTn4yeckn Takyto e, kak BCTpoeHHas diff(), Tonbko 6e3 Bbl4UCIEHUS
nonHoro auddpepeHumana — 4To6bl He CANLWKOM CNOXHO 6blN0 «0XBa-
TUTb» MOHWMaHWeM cpasy Becb mpumep. Hy a ecnu 6yaeT MHTEpec, TO
[0Mn1caTb BbI4UCIIEHNE NOMHOM0 AncdepeHynana K aTon xe yHKLAN Bbl
MOXeTe Nonpo60BaTh CaMOCTOATENbHO — NOCE OCBOEHUS BO3MOXHOCTE,
KOTOpbIe ceiyac 6ymyT NPOAEMOHCTPUPOBAHbI, 3TO OYAET YXKe HECMOXHO.
[prmepoB NpUMEHEHMs N0 X0[y CO3AaHNA (PYHKUMM A AaBaTb He Gyay.
Ecnu Bbl XOTUTE CMOTPETb HA NPAKTUYECKWe pe3ynbTaThl, N0 Mepe f06aB-
JIEHUS KOIA MOXXHO COXPaHATL ero B dhaiine, ckaxxem, ~/.maxima/deriv.mac
1 BbINONHATL B Maxima cTpoky load(deriv)$ deriv(kakoe-Hn6ynb-Bbipaxe-
Hue);.

1 6yay nucatb KOA MOCTENEHHO 1 MO XOAY HanMCaHus JaBaTb KOMMEH-
Tapun K NOCNeAHEMY HanMCaHHOMY y4acTky. KommeHTuposarb 6yay, npoc-
TO BCTaBAAS KYCKU Koja B TekcT. K cnosy: Maxima nopnepXuBaer Kom-
MeHTapun B Koae «B cTunie Cuu», To CTb KOMMEHTAPUI Ha4NHAETCA CUMBO-
namn /*, a 3akanumsaetcs */. lMpuyem, B otnmdme o1 Cu, Aomyckaotes
B/IOXEHHbIE KOMMEeHTapuu: /* BoT /* takue */ */.

Y106b! HE NOBTOPATb KAXAbIA pa3 BECb KOA OT Camoro Havana, s byay
COKpaLLaTh €ro C NOMOLLbI0 MHOrOTO4Ms. Ecnu Bbl GyfeTe NpOBEPATh KOA
no Mepe YTeHus, He 3abblBaiiTe 0 Pa3AenstoLLMX 3angTbiX Nocne nocnea-
HUX CTPOK NpeAblAyLLnX Y4aCcTKOB.

[MonHbI TeKCT npakTukyma Bbl Haigere Ha LXFDVD B pasgene
«KypHan».

Maxima, a computer algebra system

Screenshots

Kmaxima running on Linux

Xmaxima running on Windows

— ]
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. ‘ Ha DVD

» Kog NPpUMEPoB crarpy

cBon diff()

bOHYC B atom npunoxeHun-npaktukyme TxoH TapHABCKWIA NOKAXET, Kak
ncnonb3oBatb Maxima ans peLleHns «HacToALLMX>» 3aaay.

Hayana s XoTeNl pacCMOTPETb HECKONbKO OTAENbHbIX MPaKTU4ec-
KMX MPUMEPOB: 1 ManeHbKuX, U 4yTb nobonblue. Ho notom mHe
NOLYManock, YTO OAKH, HO 60Mee Cepbe3Hblii npumep ByaeT 3Ha-

YNTENbHO NyYLUE: C OAHOM CTOPOHbI, €r0 MOXHO CTPOUTb MOHEMHOTY, 0Tpa-

6aTbiBas OTAENbHbIE NPUEMBI TOYHO TaK Xe, KaK 3T0 6bI0 6bl CAENAHO U C

MEHbLUIMMI NpUMepamu, a ¢ Apyroil — B pe3ynbTaTe BCe 3TV NpUeMbl nepe-

MAeTyTCA MeXAy CO60M BO Y4TO-TO 06BLEMHOE, M Ha 3TUX MepenieTeHnsx

BO3HUKHET 6071ee LieNIbHOE OLLyLLEHNEe BO3MOXXHOCTE NPOrpaMmbl, 4eM Ha

HECBA3AHHbIX ManeHbKMX Kycodkax. K ToMy Xe no Xofy fena mbl coopy-

UM HECKONbKO HebOMbLUIMX BCMOMOraTeNibHbIX (OYHKLWIA, @ 3a04HO, Ans

[OMOSTHUTENbHON NPAKTUKK, U 60/ee PaCLUMPEHHYIO BEPCUIO OAHOI U3 HUX,

KOTOpas, BMOJHE BO3MOXHO, MPUrOANTCS BaM 1 B AanbHERLLEM.

A nucatb Mbl 6ygeM HacTOALYK QYHKUMIO AuddepeHumMpoBanns.
[TpakTn4eckn Takyto e, Kak BcTpoeHHas diff(), ToNbko 6e3 BblYMCNEHNA
NOJTHOr0 AncbhepeHLmana — 4To6bl He CIINWKOM CII0XKHO ObINI0 «0XBATUTb»
NOHMMaHWeM cpasy Becb npumep. Hy a ecnu 6yaeT WHTepec, To gonucarb
BbIYUCNIEHNE NOMHOr0 AuddepeHumana K aTom Xxe (PYHKLUN Bbl MOXETE
nonpo60oBaTb CaMOCTOATENLHO — MOCIE OCBOEHMSt BOSMOXXHOCTEIA, KOTOpbIE
ceityac 6ymyT NpOAEMOHCTPUPOBaAHbI, 3TO BYAET YXKe HECTOXHO. puMepos
NPUMEHEHNS N0 XOAY CO3AaHMs PyHKLMM g AaBaTtb He 6yamy. Ecnu Bbl X0TU-
Te CMOTPeTb Ha MPAKTMYeCKWe pesynbratbl, N0 Mepe [06aBneHus KoAa
MOXHO COXpaHsaTb ero B (haiine, Ckaxem, ~/.maxima/deriv.mac n Bbinon-
HATb B Maxima ctpoky load(deriv)$ deriv(kakoe-Hn6yb-BbIpOXEHNE);.

1 6yay nucatb KOA NOCTENEHHO W MO XO4Y HANMCaHWs AaBaTb KOMMEH-
Tapumn K NocnefHeMy HanncaHHoMy y4acTky. KommeHTupoBsatb 6yay, npoc-
TO BCTaBNAA KyCKN KoAa B TeKcT. K cnosy: Maxima noAfepXnBaeT KOMMeH-
Tapuu B Koge «B cTine Cu», To 6CTb KOMMEHTAPMIA HA4MHAETCSA CUMBONIAMN
/*, a 3akaH4uBaetcs */. Mpuyem, B oTan4me ot Cn, AONYCKAIOTCSA BNOXEH-
Hble KOMMeHTapuu: /* BoT /* Takue */ */.

Y106bI He NOBTOPATL KXAbli pa3 BECb KO OT Camoro Hadana, s byay
COKpaLLaTh ero ¢ MOMOLLbI0 MHOroTo4us. Ecnu Bl 6yaeTe npoBepsiTh KOA
no Mepe YTeHns, He 3abblBaiiTe O pPa3fenaAlLLMX 3angTbiX Nocne nocnef-
HWX CTPOK NpeablayLUMX y4acTKOB.

Ha4Hem ¢ «nofAroTOBMTENbHbIX PABOT»: NPOBEPKN ONPEAENEHHbIX YCN0-
BWIA M COXPAHEHNS HYXXHBIX 3HAYEHWIA B NIOKANTbHbIX NEPEMEHHbIX.
deriv([I]):=block([f,len,x],

len:length(l),

if len=0 then

error(“deriv can’t be used without arguments”),
fil[1],

x:listofvars(f)
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)$

Tak, no nopsagky. CumBon B KBapaTHbIX CKOOKAX 03HA4YaeT, 4To emy
6yaeT NpMCBOEH CMUCOK 13 BCEX apryMEHTOB, C KOTOPbIMM Bbi3BaHa (PYHK-
UK. 3Ta KOHCTPYKUMA NpefHa3Ha4YeHa ans co34aHuns yHKLUNA C nepemMeH-
HbIM Y1CNIOM apPryMeHTOB.

@yHkuns block() — 3T0 paclUMpeHHbI aHanor COCTaBHOr0 0Oneparto-
pa. OTnuyaeTca OHa [AByms Bewjamu. Bo-nepebiX, NOAAEPXNBAETCS BO3-
BpaT 3Ha4eHWi Yyepe3 return(), TOYHO TaK Xe Kak U3 uuKfa, TO eCTb Mo
return(sbipaxxeHne) 6yaeT OCYLLECTBNIEH BbIXOS U3 6/10Ka U Pe3ynsTaTom
BbIYUCNEHNS BNOKA CTAHET «BblpaXeHWe». A BO-BTOPbIX, B 610K MOXHO
11CNOMb30BATh JIOKANbHbIE MEPEMEHHbIE — TO eCTb Takue, KOTOpble He NoB-
NUSIOT Ha 3HA4YeHUs CUMBONOB BHe 650K, Aaxe ecnu 6yayT UMeTb COB-
najatoLine ¢ HUMKU UMeHa. Takue NoKanbHble CUMBOSIbI MEPEYUCNSIoTCs B
BWJE CMMCKA B CAMOM Ha4ane 6110Ka.

[lanee Mbl COXpaHsieM B OAHOM U3 TaKMX NOKabHbIX NEPEMEHHbIX AN~
Hy CMKCKa aprymeHToB (pyHKums length) u B cnyyae, ecnm oOHa pasHa Hyso
(TO eCTb apryMeHTOB HET), reHepupyem OLUMOKY OYHKLMER error, KoTopast
MOXET NPUHUMATL NPOU3BOSbLHOE YUCO aPryMEHTOB, KOTOPbIE OHA BbIYNC-
NSET 1 BbIBOAUT NPEX[e Yem c034aTb OLUMOKY.

OyHKum listofvars Bo3BpaLLaeT CNUCOK NepemMeHHbIX NepefjaHHoro e
BbIP@KEHNS. 3TOT CNNCOK NOHAA06MTCS HAaM ANt He6OMbLIOTO PacLINPEHMs
BO3MOXXHOCTEN: TaK Kak Mbl He Oy[eM BblYUCAATb MOMHbIA AUdepeHLm-
an, T0 BbI30B C O4HUM apryMeHTOM Y Hac 0CBOBOX[AETCs, U Mbl 6y[eM ero
1CNOMb30BATb aHANOMMYHO (DYHKLMM Solve: ecnv nepefiaHHOe BblpaxXeHue
BKJTI04AET B CE0S TONbKO OJHY HEW3BeCTHYt0, 6yaem auddepeHumnposatb
ero no Hei. Mpogomkaem:
deriv([I]):=block([f,len,x],

x:listofvars(f),
if len=1 then (
if length(x)=0 then
return(0),
if length(x)>1 then
error(“Expression has more than one unknowns and none was
specified.”,”Unknowns given:”, x),
xX[1])
else
x:[2]
)$

Ecnu napameTtp anddepeHumnpoBaHns B CNMCKe apryMeHTOB He 3ajaH,

TO npoBepsemM ANNHY Cnincka Hen3BeCTHbIX. Ecnu oHa PaBHa HyN — 70 3TO



D

* deriv([1]):=block([,len.x]

s
T —— AT

else
x:1[2]
if len>=3 then
error(“More than 2 argum'eﬁts not implemented yet.”)

ﬂ"ﬁ‘%"‘%‘ N -, -
0Ka OTpaHN4MMCsi MPOU3BOAHON MEPBOr0 NOpsiAKa Mo 0AHOW Nepe-
~ MeHHoW. Korga aToT atan 6yAerT nNpoiifeH, 0CTanbHoe 6yaeT yXKe HETPYAHO
Hamncatb Ha 0CHOBE MMerOLLEerocs koaa. Tenepb, KOraa NpoBEpKU 3aKOHYe-
~ Hbl, MPUCTYMaeM HEMOCPEACTBEHHO K peanu3auun. CTponTb 3Ty (YHKLMKO
£ “Mbl 6yaeM noaTanHo. [lns Havana Hay4um ee A epeHLMpoBaTh NpocTo
' .“:fIGDEMeHHyIO 1 KOHCTaHTY: '
- deriv([I]):=block([f,len,x],

- —

error(“More than 2 arguments not implemerited yet.”) -
~ if atom(f) or subvarp(f) then : )
. iff=xthen
-
return(1)
else
return(0),
else
return ‘diff(f,x)
)$
Mpeaukar atom() npoBepseT, SBNSETCA NN €ro apryMeHT aToMapHbIM
BbIP@KEHNEM, TO €CTb KOHCTAHTOM (Lienor NGO C NNaBaKOLLE TOHKOM) nnn
OAVHOYHBIM CUMBOMOM. BTopoi npegukar — subvarp() &
etes kak subscripted variable (predicate), rae nepsble 48a cnosa 03Ha4aiT
«HLEKCUPOBaHHas nep&MﬁHHan», T0 ecTb 4T0-TO BMAa a[1]. [lo6asnex atot
- MpefuKat B 3Ty e NPOBEPKY B CBA3W C TeM, 4To Maxima Takue Bblpaxe-
HUA aTOMaPHBIMIA HE CHUTAET, A C TOUKY 3PEHNS ANCHtHEPEHLMPOBAHIA OHIA
'KaK pa3 sBnAtoTCA atomamu. [anblie B 3TOM BapuaHTe BCE, MPOCTO: ecnu
aTOMapHoe BbIpaXeHue SBNAETCH napameTpom AncdepeHLnpoBaHms, To
- pesynbTar OY/eT PaBeH eauHNLE, MHA4e — HYM0: B MOSHOM COOTBETCTBUN C
~ npaBunami A epeHLMPOBaHHS.
B camom KoHUe (hyHKUMKU [06aBasieM CTPOKY, KOTOpas B HELUTaTHOM
- Cry4ae (TakoM, KOTOPbIVi Mbl €LUE He NOCYNTanu) NpocTo BepHeT Hﬂ?:;ep—
ﬁuuylo thopmy NpOM3BOAHOI OT OCTABLLEr0CH BbIPOXEHMUS. dTa CTPOKa Yy
Hac BMOTh [10 CamMOIi NOSTHOW peanusaunn 6yneTt 0cTaBatbCa NocneHen, a
- BCe 0CTanbHOe Mbl 6yieM BNUCbIBATh [0 Hee, COKpaLLas TeM CambIM 3TOMY
- HEKPacUBOMY yMO/IHaTeNIbHOMY C/y4ato LAHChI Ha BbDKNBaHNE. A [BUraTb-
. Mbl OYAEM [OCTAaTO4HO WHTEPECHBIM CMOCOGOM, C MOMOLLbIO
YTO B CTaThe pekypcuu. Mbl Gyaem NocTeneHHo 06y4arh Hatly
1 1 HOBBIM TPIOKaM (TO4Hee, npaBunam AndepeHun-
HEN3BECTHbIE BbIPAXEHWUS HEKOTOPbIMI cnoco6amu
ke 06paboTaHHbIe BapuaHThl; TO €CTb AECTBYS C

.

r

- 4
, Ha NepBbIVi B3TNAA, X

BE

Bbl4UTaHME.
bHbIE BEJIUYMHb
\MFiat'e #
YLLECTBYET, a no6oe B

T0 ectb coau!

setup_auloload(stringprocsual)$

— paclundpoBbIBa-

deriv([l]):=block([f,len,x,o],’__ B

— —

else :
return(0),

o:0p(f),
return ( :
if sequal(o,”") then
-deriv(-f,x)
else
‘diff(f,x)

—— -
"  a —

T -

) .

)$ -

TyT Mbl YXXe Ha4MHaeMm MCMomnb30BaTh Te Camble (PYHKLUN MO «r1y60-
Koii» 06paboTke BbIpaXeHnin. DyHKLMS op() BO3BpALLAET OCHOBHON Onepa-
TOP 32[jaHHOr0 BbIpaXXeHUs. OCHOBHbIM CYMTAETCS CaMblii BHELLHWIA; HANpu-
mep op(a+b/c) 6yaet paseH “+”, op((a+h)*2) — “*”, aop(sin(x"2+y”2)) - sin.
[lanblue BKMIOYAETCA «MPUHLMN YallHUKa»: AN OTPULATENbHOTO BbIpaXe-
HIS Mbl TPOCTO BbIHOCUM MMHYC 32 CKOGKM, @ NS OCTaNbHOT0, TeNepb YXKe
MOJIOXKMTESTbHOTO, BbI3bIBaeM camy e (PyHKLMIO deriv.

30ecb AnA CBEPKM 3HAYEHMS OmepaTopa C MUHYCOM MCMOMb3yeTcs He
equal(), a ee CTPOKOBBIV aHanor — sequal(), NPoBEPSAIOLLNA HA PABEHCTBO
ABe CTpoku. CBA3aHO 3T0 C TeM, YTO pa3Hble onepatopbl Maxima xpaHuT B
pasHOM BUAE, U NP CBEPKE, CKKEM, TOF0 Xe MUHYC, KOTOPbIiA XPaHUTCS
KaK TEKCTOBbIA 3HaK C CMHYCOM, XPaHALLMMCA Kak CUMBON (MAeHTUUKA-
Top) Maxima, 06bl4HbIi equal() NPoCTO BbIGACT OLUNOKY.

OyHKUMa sequal() — BHELLHAA, OHA XpaHuTca B dpaiine stringproc (ot
(hpasbl «string processing» — 06paboTka CTPOK), KOTOPbIA 1 HYXHO NOA-
rPY3nTb 0 MCNONb30BAHUA 3TOI (DyHKUMU. A Ans TOro 4T06bI, (hainn He
NPUXOANIOCH 3arpyxaTb BPY4HY0, HO NP 3TOM OH U He 3’py>Kanca 6bl
npyu KaXZ4OM BbI30Be (PYHKUMK (Kak Obl0 Obl B Cryyae Bbizosa load()
BHYTPW OyHKLMK deriv()), eCTb, C OAHOV CTOPOHbI, TPAGNLMOHHBIA CNOCO6:
OMpefenuTb BHYTPU (haiina HeKyK KOHCTAHTY UK CBOWCTBO, a Mepef ero

-

3arpysKoii NPOBEPATL UX HANNU4Me: eCN HETY — TOrAa U noarpyxarb. Mbl
XKe UCMonb3yeM He 0OLLENpUHATHLIA, HO B 4eM-TO 6onee NPoCTOi MeTOA:
paccMOTPEeHHYI0 B cTaTbe (hyHKUMO setup_autoload. bnarogaps en, Ham ¢
O[IHOW CTOPOHbI, He HaA0 Ne3Tb B UCXOAHUKM 6UGNMOTEK (KOTOPbIE, KCTa-
TV TOBOPSA, 4acTo 6blBAIOT He Ha A3blke Maxima, a Ha Lisp) u uckatb Tam
thnaru; a ¢ gpyroit — Mbl BCE XKe yBEpeHbl, 4TO (hainn 6yaet 3arpy>K'§Tb-
cq He 6ONblUe OJHOr0 pasa: MMEHHO 3TO W rapaHTUpyeTcs (YHKUWei
setup-autoload. "

1 nocneaHuii MOMEHT B 3TOM KyCO4Ke: 06paTuTe BHUMaHWE Ha onepa-
TOp if, CMeCTUBLUNIACA BHYTPb (OyHKLMY return(). HanomHio, 4to if B Maxima
SBNAETCS MONHOLEHHbIM 0NepaTopoM, TO eCTb BCEraa BO3BpaLLaeT nocnea-
Hee BbIYMCMEHHOE 3Ha4YeHue. A pa3 TaK, HET HUKAKOr0 CMbICNA BbI3bIBATb
return() mHoro pas. Mo 6onbLUOMY CHeTy, 34eCb U OAMH BbI30B return() He
HYXXeH: pesynbratom block(), Kak 1 NPUMUTUBHOIO COCTABHOIO ONepaTopa,
6yneT nocneafee BLIMUCIEHHOE BbIPAXEHME. Tak YTO AN elle 6oMbLei
Kpf‘FﬁCTVI Hanviem faxe Tak:

if sequarl(o,"-”) then
~ -deriv(-f,x)
else

—_
‘

diff(f,x)

T .

e

- -




subst(o,”[*,map(f, subst( [“,0,expr),makelist(x,i,1, Iength(expr))

if sequal(o,”-") then : ‘1)$ D
-derlv( fx) _ : “E maﬂ d)WKuvm <¢ny6wHM?p )
0_=TOAHO

else if sequal(o ”*”) then B '~subst Ha CnOCoGHa 3amMeHsTs B BbIPKEHNN...

: derlv(flrst() X)* rmiréf(f)*deriv(rest(f),x) n noqm Ha 470 YrofgHo. Bbi3biBaetca Tak: subst(  BbIpaXe-
else if sequal((;_#'ﬂ”nh_m . "’ Hme 3aMeHsiA B «BbIDAKEHUN> BCE, HTO «Gbino», a ; [ ?ENL‘
(derlv(flrst(f) x) Iast(f) first(f) *deriv(last(f),x))/last(f) 2 B Ka4ecTse MOABbIPAXEHNA MOTYT MCMOfb aT o
else SUSH(**” "+” X+y+Z) —> X*y*Z. Mbl UCTIO
- diff(f,x) Hbl OCHOBHOIO 0MepaTopa BblPaXKeHMUs
Hayaetcs Kak “[“, To ecTb [a,b,c] — i
3/ecb Mbl CTanKkMBaemMcs C 0AHUM 04YeHb HTEPECHBIM 11 BECbMA NMONE3-  PYeM CMUCOK TaKOii Xe, KaK BbIPOXEHUE, AAnHbI, 3aMONHEHHbIV

HbIM CBOWCTBOM: MHOrUe U3 (DYHKUWA paboTbl CO CMMCKaMM, KOTOPbIX B MEPEMEHHOW, — 1 MPUMEHSIEM K ABYM MOJIy4EeHHbIM CluUCKaM (OyHK

Maxima Hemano, BOCMPUHUMAIOT Kak CMUCKW Takxe M Nio6ble Bbipaxe- map(), a 3aTeM BO3BpallaeM Hasaj BMECTO CrucKa nepéwb ‘))'
Hns. Tak, «cnnckoas» yHkuma first(), Bo3spallatoLLas nepebiii aneMeHT  6a30Bblil onepatop. To ecTb Tenepb, kK npumepy, mapist(f, a+b4=t‘>‘c)‘6yueT
3a[aHHOr0 CMNCKa, Bbl3BaHHas Kak first(a*b*c), BepHeT a; a y yHKuMM  paBHO Kak pas f(c,x)+f(b,x)+f(a,x). Et voila, Kak r'oaopm dp "ySbl o )
rest() («ocTaTok»), 0TAAKOLLEN (B BAPUAHTE BbI30BA C OJHUM apryMeHTOM), — Tenepb BHYTPW deriv() MOXXHO NPUMEHUTb K CIIOXKEHMIO umeuum p{‘}d
Hao60pOT, BECb CMNCOK KPOME NEPBOr0 3MIEMEHTA, Ha TOM )Xe BbIPDKEHNN  (hyHKLMIO. 3a01HO NPUMEHUM €€ U K CMUCKY — (derle[f g].x) 6yp,

peaynsTatom 6yzeT b*c. 3TuM Mbl 1t BOCNONB30BANNCH, Bbi3biBas npu aToM  [deriv(f,x),deriv(g,x)]) u, 4ero y 1am Meno4nTses, |/| K MHO)KeCTBy_.,'

CHOBA ANA KaX, chnar; ) camy cpyHkumto deriv(). Ecnu comHoxuTe-

nen 6yaet 6osibLUe Ye TO BbI30B deriv(rest(f),x) nponaer no atoi xe o:0p(f),

BETKE 11 OTCEHET eLle O,U,VIH if sequal(o,”+”) or sequal(o,”[*) or sequal(o,set) then

Tak e Mbl nocTynaem u ¢ feneHnem. 34ech, Tak Kak aprymeHTa Bcer- map1st(deriv,f,x)
[ 1Ba, BMeCTO rest() ucnonbayetcs yHKuUmUA last() — nocnegHuin anemeHT else if sequal(o,”-”) then \ ‘))'

cnucka (rest() B aToM e cryvae BepHyna 6bl CMMCOK U3 OHOI0 ANEMEHTA, -deriv(-f,x)
a notomy last() 6onee yno6Ha). Tﬁano OOHO «HO»: JiefleHne MoYemy-To ...
0603Ha4aeTCs BO BHYTPEHHEM NpeAcTasneHun Maxima He OLWHOYHON, a MHoXecTBa, K cnosy, B Maxima peann3oBaHbl B C dwrdfo HN Ha eérp“t‘d
[BOVHOW KOCOI YepTOil. MaTeMaT4ecKoM CMbICIE: MHOXECTBO MOXET BKIHO B q.eﬁﬂ KaXmpld
TO4HO Takum Xe 06pa3om MOXHO 06paboTaTb MOCNEAHWA GUHAPHBI  3NEMEHT TOMbKO OAWH Pas; W 3T0 Y4UTbIBAETCA U BCTpOBHHbIM onepa
0nepatop (KPOMe OCTaBAEHHOTO Ha 3aKYCKy CNOXeHWs) — BO3BeAeHWe B LuaAmMU no paboTe ¢ MHomecrsaﬁ nepeceveHnem, 06beanHeHnEM
cTeneHb. 3[eCb TOXE HET HUKAKIX CNOXHOCTEN, 1 JaXe Hevero AoMoNnHu-  ECTb elie HeKoTopble OLUMOKM, HO OHW AOKYMEHTUPOBAHbI W MOTO!
TeNbHO 06BLACHSATH MO CPABHEHMIO C AENEHNEM: HEOXNJAHHBI.
. [lBwxemcs aanblie. Y Hac yxe peanu3oBaHa npomsao OT BCeX
else if sequal(o,”"”) then - 61HApHbIX ONepaTopoB, a Aanblue Mbl HApUCYeM «TabnuLy NPOU3BOAHbIX» \E
Vo first(f)*ast(f) “log(first(f)) *deriv(last(f),x)+ 1 6yaem paboTatb C Heto: },
first(f)”(last(f)-1) “last(f) *deriv(first(f),x) deriv([l]):=block([f,len,0,x,func,fdrv],
else B .
‘diff(f,x) ) o:0p(f), ' y
)$ func:[sqrt, sin, cos, abs, exp, log, tan, cht, Sec, Csc, asiﬁ,uz;;bs, atan,
Tenepb BepHEMCA K CnoXeHuto. TyT Ham ye NpUroaaTcs ynomsHy-  acot, asec, acsc, sinh, cosh, tanh, coth, asinh, acosh, atanh, acoth,
Tble B CTaTbe (DYHKLMM N0 paboTe ¢ DYHKLUMAMY, a KOHKPETHO — (DyHKUmMA  asech, acsch],
map(). OHa NpPMHUMAET B Ka4YecTBe MEepBOF0 aprymeHTa UmMs OyHKUAU 1 fdrv:[1/2/arg, cos(arg), -sin(arg), arg/abs(arg), exp, 1/arg, sec(arg)’\2
Kak Obl BKIajblBaeT 3Ty (PYHKLMIO BHYTPb BbIpaXEHU — nocnepylowmx — -csc(arg)”2, tan(arg)*sec(arg), -cot(arg) *csc(arg), 1/sqrt(1-arg"2), -1/
aprymeHToB. [lpowe Bcero 6yaer nosichute Ha npumepe: map(f,[a,b,c])  sqrt(1-arg2), 1/(1+arg”2), -1/(1+arg"2), 1/arg"2/sqrt(1-1/arg"2), -1/ h
pact peaynerar [f(a),f(b),f(c)]. U1, 4o camoe 3amevaTenbHoe, OHa, To4HO  arg”2/sqri(1-1/arg*2), cosh(arg), sinh(arg), sech(arg), -csch(arg), 1/
TaK Xe, Kak 1 «CrmckoBble» (YHKLMN, paboTaeT He TONbKO co cnuckamu,  sqri(arg”2+1), 1/sqrt(arg”2-1), 1/(1-arg”2), 1/(1-arg"2), -1/arg”2/sqrt(1/
HO 1 C Nto6bIMN BbIpaxXeHuamu; Hanpumep, map(f,a+b+c) —> f(a)+f(b)+f(c).  arg”2-1), -1/arg"2/sqrt(1/arg”2+1)],
- Kak x0opoLuo nmoaxoauT Ans Hawen 3ajaiu, He npasga nu? IMeHHo Tak if sequal(o,”+”) or sequal(o,”[*) or sequal(o set) then
“n [OSDKHA [ielicTBOBaTh Ha CymMy (DyHKUMA AuchthepeHumpoBaH 5. Bee
0: ' [ns ynpomeva paboThbl C «TabNNLER» HaNULWEM eLe fBe He

~ HUAl, TONbKO OAMH aprymeHT. G ABymMS Bbl ;lomprﬁwnbﬂuxg]yﬂkuwm 0ZHa GYAeT NPOBEPST, BXOAUT /N 33
n

v
paboTaTh, HO TOJIbKO EC/M Y HUX 0NHAKOB paTop; T0 ecTb eMEHT HbIA CMNCOK, a BT
= (f, a+b+c X+Y+Z) —;;-'rByrow,

Ma 3ne0b B TOM, mfgmp apryme
OMKHbI MONACTS B%w" b 0 opuHa- smember(expr ||st)-
+geﬁnaxb.ﬂeaosmo);<ﬂo 0 =] sequal(true -
, KaK 13BeCTHO 10607 Ge3BbIX 8 - fori ﬂllst do
/ ~ if sequal(expr,i) then
return(true) )
it then true$
map1st(f,expr,x):=block([o], sindex(expr,list):=block([num],
0:0p(expr), :




num:for i:1 thru length(list) do
~if sequal(expr,list[i]) then

: return(i), -
if [ﬁ@i{?(_"rijum) then _n_ﬁT

e ik

o cars

T A —

— A —

Heb0sIbLION Npobne-
1 BO3BPALLIEHNS 3Ha4YeHs
3yeTCA OfHA U Ta Xe (DyHKuMs
{TO BbITY U3 6/10Ka, HAXOAACH BHYTPU LMK~
- PUXOAUTCS BbIZYMbIBATb HEKOTOPbIE HECTOXHbIE
ICNO/b30BAHNEM ABYX HOBbIX (DYHKLMIA 3aMeHsSEM
m‘ O/11LbI» X MPON3BOAHBIMU; C OMOLLbBIO YK€ 3HAaKOMOW Ham
4 , KOTOpast MOACTABUT HYXXHOE BbIPOKEHNE BHYTPb TABNN4YHON (DYHK-
if LM BMECTO KJIt04EBOr0 CNoBa arg.
else if smember(o,func) then
deriv(first(f),x) *subst(first(f),arg,fdrv[sindex(o,func)])
else
‘diff(f,x)

- —

)$

BoT Tak, Ha4MHas ¢ camblX MPOCTbIX 37EMEHTOB, gﬁ‘a'TeM, nofo6Ho
g ¥ _Mj_ogxrayaeﬂy, BbITACKWBAA CaMuX Ce6s! CaHTUMETP 32 CaHTUMETPOM, Mbl
- W NOAY4MNV NONHOLEHHYIO (hyHKLMIO AMdbchepeHLMpoBanus. Mpasja, noka
-~ TONbKO NepBOT0 NMOPSAKA U TONLKO 110 0AHOMY aprymeHTy. Ho nmest T0, 4TO
-wm_geiﬁ,‘ [BUraThbCA Aanblue, credys U3BECTHOMY MpUHLuMMY, 'y"iir(e--coacem
HE'CNOXHO: NPOCTO 3aMeHUM CTPoKy «if len>=3 then error...» cneaytoLwmum

~ kycKom:

if len=3 then (
integerp(I[3]) or
return(‘diff(x,1[3])),
if I[3]=0 then
return(f),
if 1[3]<0 then
error(“Improper count to deriv:”,1[3]),
if I[3]>1 then
return(deriv(deriv(f,x,I[3]-1),x))
),
if len>3 then (
if(evenp(len)) then
l:endcons(1,1),
: return(deriv(apply(deriv,rest(l,-2)),I[len],I[len+1]))
-

TpoifemMcs N0 HECKONbKNM HEOCBELLEHHbIM MOMeHTaM. B cuny cnoco-

60B BbIYUCNEHUS B Maxima (KOTOpbIe GPO/HbI TaKOBbIM BO MHOIUX A3blKax

- mpo DaMMUPOBaHUS) KOHCTPYKLMA BUAA «YCIIOBUE OF BbIPaXEHUe» PaBHO-
' cnoBue then BbIDXEHNE» — 1 UCNONb30BAHA 34ECh MCKIIHO-

3, Kak 910 fenaet 1 wrartHas dyHkuma diff
0 MOPsIAiKa OT J1060/ (YHKLMN — 3T_9 cama
1KOB He , 0 4em

0 Vv ﬁenbﬂf»(néa ]
e.’ﬂdf_épﬂnKb
ne mﬁﬁmuwm
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cJ ons() AeT
3anaHHbIiI Aneme 3¢ \ 0 cnucka. Ee ums Hocut VIC'-T ‘hr'-,
4eckuii xapakTep: napHas K Heﬁ_'_(b s cons(), A0GABASIOLLAR SNEMEHT _
B Ha4ano chncKa, MM M03aMMCTBOBANA U3 Lisp, a cnoso end 3aecb
[06aBJIEHO <TI0 CMbl @' (] if

[lariee Mbl, CHOBA CaMOBbI30BOM, YKOPaiBaeM CHMCOK.II:I_apa po
anddepeHumpoBanns. lMpu 3aToM MUCnonb3yeTcs elwe 0AHa
pabotatowias ¢ yHkumusmn, — apply() (npumeHsTb). OHa nNpuH
aprymeHTa, NepBblil U3 KOTOPbIX — UMS PYHKLMK, & BTopoﬁ -
NPUMEHSIET 3aaHHYH0 PYHKLIMIO K CMIACKY KaK K CMIUCKY apryMeHTOB. Ta
3[1eCb 1CMONb30BaH 6osiee LUMPOKMIA BapuaHT Bbi30Ba rest(): OH MOXeET
NPUHUMATb BTOPOIA apryMeHT — Liefloe YNCNo, He paBHOe Hymw. Ecan yuc-
N0 NONOXMTENbHO, TO TaKOE KONMYECTBO 3NIEMEHTOB BblGPACHIBAETCH U3
Ha4ana cnucka, a ecn OTPULATENBHO — TO C KOHLA; B AAHHOM Cry4ae Mbl
TepsieM NocnefHMe [Ba dneMeHTa.

Bot 1 Bce. Mbl y)Ke uMeem NONHY0 (YHKLMIO AuddepeHumnpoBanns,
6epyLLyio NPOM3BOAHbIE C MPOW3BOMbHLIM KONMWYECTBOM MapameTpoB 1
Nt06bIX NOPAAKOB. [MOMHbIA TEKCT BCEX CO3[aHHbIX (DYHKUWUIA Bbl MOXETE
HaiTh B (haine deriv.mac Ha npunaraemMmom K XypHany Aucke.

[lonoNHNTENbHO X04ETC OCTAHOBUTHCA HA OAHON HE3aMbICNIOBATON
(hyHKLMK, KOTOPAs, TEM He MEHEee, MOXET Hennoxo NoMoYb B OTNAfKe CO6-
CTBEHHbIX Moayneit. 310 cpyHkuus display(), KOTOpass NPUHNMAET MMEHa 1
0TO6PaXaeT X 3HAYEHUS B BUAE «UMs=3Ha4eHue». B KayecTBe akcmepu-
MeHTa MoXeTe 406aBuUTb ee rae-Hubyab BHYTpU qoyHKuMK deriv() 1 oTCne-
JVMTb NPOLIECC CamMOBbI30BA (B (haine Ha Ancke BbI30B display() AocTaTo4HO
PacKOMMEHTUPOBATD).

11 B Ka4ecTBe PUHANLHOTO aKKopAa CAeNaem eLLe u 601ee yH1Bepcab-
HYI0 BEPCUIO BCrOMaraTenbHou gyHkumum mapist() — BosMO)}‘O, TOrAa oHa
BaM MpUroAMTCS 1 eLle rae-Hu6ydb.
mapany(f,[Ist]):=block([o,I],I:Ist,

if length(setify(map(length,l)))>1 then

error(“Arguments to mapany are not of the same length”),

o:0p(I[1]),

for i:1 thru length(l) do

I[i]:subst(“[*,op(I[i]),[i]),
subst(o,”[*,apply(map,cons(f,l)))
)$

30ecb 91 y)Ke BO3LEPXKYCb OT CTONb NOAPOOHbLIX KOMMEHTAPUEB, TaK Kak

- MPaKTMYECKM BCE, 4TO MCMOMb3YETCA B ITON (OYHKLMM, Y)Ke 6bIN0 B TOW UAN

WHOW CTereHn pasbsiCHEHO B npouecce onucaxus deriv(). OcTaHoBMIOCH
TONbKO Ha OJJHOM CTPOYKE:
if length(setify(map(length,l)))>1 then
30ecb 1CNOMb3yeTCs He COBCEM MPOCTOM MpuUem Ans NpOBEPKN AfWH
CMUCKOB HA OJNHAKOBOCTb. Tak Kak | — 3T0 CAMCOK 13 CMMCKOB, TO CHaYana
noNy4aem CUCOK JIMH «BKPY4UBAHUEM» BHYTPb BHELUHEro CMucKa (hyHK-
uuu length(). )janbLue — uHTepecHee. ®yHkuma setify (B0CNOBHO — 4T0-T0
BPOJIE «<MHOXEC 1LMPOBATL>) NPEBPALLAET CMIUCOK B MHOXECTBO. TaK Kak
‘:))KeCT_BO H )KET COAepxarthb HECKOMbKO PaBHbIX MEXAY c0o00M ane-

e aNIeMeHTbLAPY 3TOM <<CKJ'IeKII_BaIO"FGFI>>Z U3 HUX OCTaeTCs
Kum 06pa3om «[7INH@» (KOJIUYECTBO 371EMEHTOB
MblUe eAVHNLbI, TO-KaK MMHM neMeHTa B
AVHULY M o '/6’5 ¥ _
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