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1. Brenenue

Hunanekr a3sika LISP, Standard LISP [1] 6sin co3gan B npouecce nposeneHus
pabot Han cuctemoi aHanuTHyeckux sbiuucnennid REDUCE [2]. B ueM peanuso-
BaH MUHWUManbHbIK Habop yHKuUME, DocTaTOuHBIH A B¢EKTHBHOTO Nporpam-
MHPOBAHUSA CUMBOJILHBIX AATOPUTMOB.

Opnako MHoOrMe 3afauyu KOMILITEPHOIH anreOpsl NPUBOLAT K HEOGXOOIHMOCTH
OAHOBPEMEHHOIO MpPOBEAEHUS KAaK CHMBONBHBIX, TaK M YMCIIEHHBIX BLIYHCIIEHHIA.
B npunuune, MoXxHO nporpaMMHpoBaTth Ha f3bike LISP u yucneHHble anropuTMsl.
Tak kak LISP-untepniperatopsi 06b14HO HCHIONB3YIOT apU(PMETHKY HEOrpaHHUYEH-
HOH TOYHOCTH, TO 3TO, B CBOK O4epelb, NO3BONUT H3OEeXaTb MHOTHX MpoGneM,
CBS3aHHBIX C MEPENnoJIHEHUAMH U OolHOKaMH okpyrieHus. H 3to, noxanyi, onuH
u3 Hanbonee yoeauTenbHbiX JOBOXOB B Nonb3y s3bika LISP. Ognako gaxe ecnu He
NpHHUMaTh BO BHUMaHue TOT ¢akT, 4yto ¥ C-, n FORTRAN-nporpamMmsl Bce-Taku
AOJKHBI paboTaTh OLICTpEee aHANOrHYHBIX CKOMMUAMpPoBaHHbIX LISP-nporpamm,
UMEETCA HEe MeHee yOemuTenbHbIH N0BON APYroro COpTa—oOrpPOMHOE KOAHYECTBO
XOPOILO OTIAXEHHBIX TTPOrPaMM YHCIICHHBIX BBIYMCIICHHI, HAMMCAHHBIX Ha A3bIKaX
C u FORTRAN.

IlonbiTka caenate AOCTYNHBIM NO1B30BaTeN0 #3bika LISP nporpamMsl, nanu-
CaHHbIE Ha JPYrUX A3bIKaX, NPHBOAWT K KEOOXOAHMOCTH paclIHpeHHs MHTEpMpe-
TaTopa, Mo KpaiHelh Mepe, 1N PEelueHUs CEAYIOIHX BONPOCOB:

e 0/xHa ObiTh 06ecneyeHa BO3MOXHOCTb AN JMHAMHYECKOTO MOMKITIOYEHHS
00BEKTHOTO MOIYJISl NPOrpamMMbl K BBLIMONHIEMOMY MPOLECCY M, MO Mepe
BO3MOXHOCTH, oOpaTHast onepauus. IIpu 3ToM 0OBEKTHBIH MOAYNL MOXET
HaXOOMThCA KaK B 0Obr4HOI MM pa3gensemoit 6ubnnoreke, Tak U NPOCTO B
Buae obbekTHOro daiina;

® 4YTO KacaeTcs COormallleHHs O CBS34X, TO ROJMXHa ObiTh obOecneyeHa BO3IMOX-
HOCTh KaK [ BBI30BA [1pOrpaMMsbl U1 NPOBENEHHS YHCIICHHBIX BBIYHUCIIE-
HUH M3 KOMIHUIIMPOBAHHOW WM WHTEpnpeTupyeMoil LISP-¢yHkuuu, Tak u
obparnas onepauus—oo0paietne Kk LISP-yHkumaM (Kak KOMNHIHPOBaH-
HBIM, TaK H HHTEPNPETUPYEMBIM) H3 NIPOrPaMMBbl A1 MPOBEAEHHUA YHCIEHHBIX
BbIUHUCITIEHUH,



¢ B NpHHUMDNE, 10NXHA ObiTh 0becneyeHa BO3MOXHOCTD /Ul OTNALKH M aMa-
/132 BPEMCHHBIX XapakTEePHUCTHK (NPOUNHPOBAHMR) NHHAMHYECKH noM-
KJIIOYEHHBIX Nporpamm.

Kpome 3Toro, 31ech BOIMOXHSBI Npo6GIeMBl W YHCTO pOrpaMMHbI€e, HanpuUMep, pas-
JMYHBIA cnocob 06paboTku ocobbix citywaes npu ONEpauusX € BELIECTBEHHBIMH
uncnamu B LISP-untepnperarope u nporpamme ans NPOBEAEHHUA YHCIIEHHBIX BbI-
YHCIEHWH.

Tem e menee, nmets paciumpenne LISP-untepnperaropa ans ausamuyeckoro
NOAKTIONEHHA POrpaMM NMPOBEAEHUS YHCIEHHbIX BBIYHCACHHI BeCbMa 110Me3HO. B
GSL [5] ykasanHoe pacluvpenue peanusoBano HaHGOEE eCTECTBEHHMIM 0bpasom,
B HEM W LISP- u FORTRAN-ntporpamMmel nepen KoMnunsuueii npeobpasyiorcs
B 9KBUBANCHTHbIE MM C-1IpOrpammel, 0GbEKTHBIE MOIYIH KOTOpetx 0OpabathiBa-
fOTCA OMMHAKOBO KaK AMHAMHYECKHM 3arPy3u4MKOM, TaK W APYIMMH MpOrpaMMamu
00paboTku 06BeKTHBIX haiinos..

2. Hurepnperarop

Onnoii M3 raBHbIX Ueneii npoekTa GSL [51(GNU Standard LISP) 6110 co3na-
HUE HEKOMMEPYECKOTO, MOGHIIBHOTO, JIEFKO PACIIHPREMOTO LISP-unrepnperaropa,
peanusyiolero aManekT s3bvika Standard LISP.

Bropoii, He MeHee BaxHOI uenbio npoekrta, 6110 pelieHHe Bonpoca o co-
BMECTHOM MCHO/Ib30BaHHH B OAHOH M TOH Xe CECCHM KaK AMHAMHYECKH 3arpyxa-
CMbLIX TIPOrpaMM JUld BBITIOTHEHUS YHCIIEHHBIX BBIMHCIEGHHWH, TaK H NHHAMHYECKH
3arpyXaeMblX NporpamMm AJIsi BbIMOJIHEHHS CUMBOMbHBIX BBIMHCI/ICHMIL.

Hurepnperatop GSL Hanucan na s3bike C ¢ HCMONb30BaHHeM ocobeHHoCTEH
xomaHnatopa GNU CC [6]. Tlpu paspaGorke HHTEPIIPETATOPA MCNOMb30BATOCH
TO/IbKO cBoGOAHOE NporpammHoe obecneuenne dupmsi Free Software Foundation,
paspaborannoe B pamkax npoekra GNU.

Hnurepnperatop Moxer 6vITh cOOpaH cTaTHUECKH MM AHHAMHYECKH, T.€. C
MCMO/Ib30BAHHEM Dpa3AeNsEMbIX CHCTeMHbIX Oubnuorek. Bonmee Toro, m3 camoro
MHTEPIpETaTopa™  MOXHO CHOPMHUPOBATH CTATHYECKYIO HIH AUHaMKHyYecKy Ou-
Gavotexy. Kak yxe ynomunanocs, GSL umeer KOMITHWISATOP M AHHAMWYeCKHN
3arpy3uMK. [InHaMHuecKHidi 3arpy3unK AaeT BOIMOXHOCTH NOAKAIOMATS K BbINONHsi-
EMOMY Npoueccy 0GbEKTHLIE MOLY/IH, KOTOPbIE MOFYT HAXOXHTLCH KAK B OGBIYHBIX
WK pasaensiembix 6ubnnoTeKkax, Tak M IPOCTO B BUAE OGBEKTHBIX taiinos. Bmecte
¢ ¢yHkuMerr dump-gsl, koTopas no3Bosser cHPOCHTS o0pa3 namaTH uHTepnpe-
Taropa GSL B ucnonngemstit Gaiin v B patbHelitieM HaYHHATD paboty ¢ Hero, OH

*3a MCKNIIOYEHHEM MOy, COLEPXALLErD main-nporpammy.



4acTO HCMONBL3YETCR JUIA IEHEPALMK CrieUHaNH3HPoBatHbiX LISP-cHcTem, KOTOpbIE
TPEOYIOT AMHAMMYECKOI 3arPy3KH GONBILOTO KOMHYECTBA OGBEKTHBIX MORYJ/EN.

B nactoswee Bpems uuTepnperatop paGortaer Ha paznnuHbIX nnatcopmax
B BSD-nono®ubix onepannonuesix cuctemax UNIX, takux, kak NetBSD/(sparc,
1386), FreeBSD/i386, SunOS/(sparc, 1386), Linux/(sparc, 1386). Dro cBf3aHO ¢
TEM, YTO KaK NUHAMHYECKHH 3arpy3yHK, Tak H hbyHKUHSA dump-gsl noka moryr
paboTaTh TONLKO ¢ 06BEKTHBIMY (haitnamu B topmare a.out u elf.

3. Komnunsuus

Komnunsuns LISP-cynkumii, T.e. nepeson ux ONpeERENAIOIIHX BbIPaXKEHHI
B MAllIMHHBIE NOANPOIPaMMBI, 3HAYHTENIbHO YCKOPSET BLIYMCIIEHHE MX 3HAYEHMil,
Tak, cpaBHEHHE BpeMEH BBITTONHEHNS TECTOBBIX nporpamm cuctemsl REDUCE 3.5,
paboTawiueit noa ynpasnennem GSL, noka3sano, yto KOMIMAHPOBAHHBIH BapHaHT
cucremst pabotaet B 1012 pa3 Guictpee, ueM B pexume HHTEPNpPETALIHH.

iTpouecc xomnunaun LISP-nporpamm npoucxoaut B TpH 3Tana. Buauane ¢
fomousio Standard LISP-komnunartopa [3) ans xaxuoit yHKUMM MCXOTHOI npo-
FPaMMbI TIDOH3BOAHTCS TEHEPALMA MOC/IEN0BATENBHOCTH C-MaKpPOCOB (KOMaHa ab-
CTPAKTHOH MallMHbI), KOTOPbIE 3aTEM HCTIONB3YIOTCS LTS reHepaumu C-nporpammsl,
NOMHOCTLIO 3KBUBANCHTHOH KoMnunupyemoit LISP-niporpamme. TTonyuernsie Ta-
KM o6paszom C-riporpamMMbl SBJSIOTCS MAaLUHHO-HE3ABUCHMbBIMA, Hna renepauuu
0OBEKTHBIX Moay/ei ucnonbiyercs GNU CC [6])-komnunsrTop.

Tax xak auHamuveckuin 3arpys3umnx UTHOPHPYET OT/IaAO4HYI0 HHhopMaLHio,
MMELLYI0Cs B 0OBLEKTHOM MOAyNe, TO 10AE3HO BbI3BATD 3arpy3uHK U yaaneHus
M3 00beKTHBIX (hainoB OTHAROUHOH MH(POPMALIMH H TOKATLHBIX CHMBOJIOB, C oll-
HOH CTOPOHBI, 3TO T03BOMSET YMEHLIINTL PasMep 0OBEKTHOIO thaiina, a ¢ apyroii,
4TO 60see CYLIECTBEHHO, YMEHBLIAET KOMHYECTBO CHMBONOB B TA6IHLE CHMBOJIOR

AWHAMHYECKOTO 3arpy3uHKa.
B kauecTBe npuMepa paccMOTPUM KOMITHASLIHIO LISP-nporpammei, coctos-
weH 13 PyHKUMH BeiuKCTeHUs (haKTOPHANA MONOXHUTENLHOTO YHC/a:

(de factorial (n)
(cond ((onep n) 1)
(t (times2 n (factorial (subl n))))))

Dynkuun factorial cooTBeTCTBYET Clleaylowwas IOCAEAOBATENLHOCTD C-MaKpOCOB;

(!*entry factorial expr 1)
(t*alloc 1)

(!*store 1 Q)

(!*link onep expr 1)
(**jumpnil g000003)
(!*load 1 (quote 1))



(!*jump g000004)
(1*1bl g000003)
('*load 1 0)

('+link subl expr 1)
(!#+link factorial expr 1)
('*load 2 1)

(!*load 1 0)

(!+link times2 expr 2)
('*1bl g000004)
(1*dealloc 1)

(1*exit)

KOTOPbIE 3aTEM HCNOMB3YIOTCA AN reHepaunH C-nporpaMMBbl BbIYHCIEHHS thakTo-
pHana. TekcT creHepupoBaHHO# C-NporpaMMbl BLIMHC/IEHHS ¢akTopuana npencra-
BACH HUXE:

/* Module: factorial */
#include "GSLtoC.h"
extern Lisp_Object Fsubi ();

static Lisp_Object _Ffactorial ():
static Lisp_Object Qfactorial;

Lisp _Object *Stat_factorial[i];
struct mframe Objs_factorial;

DE ("factorial", _Ffactorial, Sfactorial, 1,
" Compiled function.")
(al1)
Lisp_Object al;

register Lisp_Object ri1, r2;
FRAME (1)

TRACE_ENTRY (Qfactorial, 1, &ail)
rl = at;

XSETFRM (0, ri1);

rl = Fonep (r1);

if (NILP (r1))

goto g000003;
rl = XUINT (1);



goto g000004;
g000003 ;

r1 = XFRM (0);

ri = Fsubl (r1);

r1 = _Ffactorial (r1);

r2 = ri;

rl = XFRM (0);

r1 = Ftimes2 (r1, r2);
g000004 :

UNFRAME (1)

TRACE_EXIT (Qfactorial, ri1);
}

void

Init_factorial ()

{
Objs_factorial.size = 0;
Objs_factorial.objs = Stat_factorial;
Objs_factorial.next = objslist;
objslist = &0bjs_factorial;

Stat_factorial [0] = &Qnil;

defentry (&0bjs_factorial, &Qfactorial, &Sfactorial, "Ffactorial");
}

/* End of File */

4. lnnamuueckas 3arpyska

OcnoBy nuHamuueckoro 3arpy3uuka GSL coctasrser GNU did [7,8]. s
TOro YtoObl caelaTh BO3MOXHBIM JOCTYN HE TOJBKO K OGBEKTHBIM MOLY/IAM CTATH-
4eCKHX OHOIHOTEK, HO M K MOIIyNsM pa3fensieMbix GUGIHOTEK, a TaKXKe pa3pelunTh
nepeornpenenciue LISP-dyHkunii®  npu 3arpyske 06bekTHIX (ailioB KOMIUIN-
poBaHHbIX LISP-niporpamm, B dld Obiii BHECEHBI HEKOTOPBIE H3MEHEHHS.

Ilpu 3arpyske obbektHOro ¢haiina Kakoi-Hubyas KoMnunuposanHoii LISP-
NPOrpaMMel, B I0MO/IHEHUE K OOBLIYHBIM OMEpPalNsM MO pa3pelIeHro Heonpese-
JICHHBIX CCBHINIOK, MPOH3BOAUTCA BBIYHCIICHHE BCEX S-BBIPAXEHHH, aHANOrMyHoe
TOMY, KOTOPOE MPOHUCXOAUT TIpK YTeHHH UCXOoaHoW LISP-nporpammul. Bro npo-
HCXOIMT NpH BbI30Be (PYyHKLIHM ¢ UMereMm Init_<module_name>. [Ing Toro 4tobsl

*OO0bl4HO B Cryyae IBORHOIO OMNpeleieHHs CHMBONA BBLIAETCH CooGLienHe 06 ommubKe.



AMHAMHUYECKHH 3arpy34HK CMOT OTIMYATh O0OBEKTHbIE ¢aine LISP-nporpamm or
OCTaNbHLIX, X HMEHA WMEIOT PaClUMpeHHe . g, a He .o, Kak obuenpuHaTo.
Huxe npencraenen npuMep ucnons3oBanug AHHaMHU4ECKOrO 3arpy3unka. Bua-
Hajie NpOM3BOAMTCA 3arpyska mMoayns factorial v BbiyMCAseTcS 3Hauenue 50!,
Hanee 3arpyxaercs MOAYab demo, couepXaluuii nporpamMmy ¢ HmeHeMm hello,
KOTOpas npH BbI30BE JI0/IXHA BbifaTh coobwenne Hello World, HCII0b3ys 06pa-
leHue K PyHkuMu printf, Haxonsieiica B CHCTEMHOI O6ubnuoreke libe:

/* Module: demo */

#include "GSLtoC.h"
#include "f2c¢.h"

static Lisp_Object Fferdr ():
static Lisp_Object Fhello ();

static Lisp_Object Qferdr;
static Lisp_Object Qhello;

Lisp_Object *Stat_demo[2];
struct mframe Objs_demo;

double dferdr_ (double *x, long *k);

DE ("ferdr", Fferdr, Sferdr, 2,
" FERDR(X:floating, K:integer):floating\n\
Type: EVAL, SPREAD\n\
Returns value of the Fermi-Dirac function\n\
for real argument X, and K = -1, 1, 3.")
(al, a2)
Lisp_Object al, a2;
{
doublereal x;
integer k;

1!

12c_double (al);
12¢_long (a2);.

x
k

return c2l_double(dferdr_ {(&x, &k));
}

DE ("hello", Fhello, Shello, O,
" Compiled function.")

0O
{



printf ("\n\n\t\tHello World\n");
return Qnil;

}

void

Init_demo ()

{
Objs_demo.size = 0;
Objs_demo.objs = Stat_demo;
Objs_demo.next = objslist;
objslist = &0bjs_demo;

defentry (&0bjs_demo, &Qferdr, &Sferdr, "Fferdr");
defentry (&0bjs_demo, &Qhello, &Shello, "Fhello");

/* End of File =/

[TepBoHauanbHo cumBon printf He onpegeneH, W ecnu npoussectu obpanie-
nue K (hywkunun hello, To 6ynet sbiaano coobuenune 06 ownbke. I[Nocne pasperue-
HHR 9TOH HEOMpPeNEeNEeHHON CChITTKK C UCNONb30BaHUEM pa3endeMonr OMOIHOTEKH
/usr/1lib/libc.so0.12.3 obpaiuenue K dhyHKUHMH hello BBIAACT 0XHIAEMOE CO-
obwenue. O6pawenne Kk LISP-pynkuun dld_unlink_by_symbol, koTopas asis-
eTcs HH 4eM HHbBIM KaKk GSL-060504k0oil ans (YyHKIIMKH C TeM Xe Ha3BaHHEM,
onpenenennon 8 nakere GNU did [7], aenaet cumpon printf cHosa ue onpe-
NENEHHBIM, YTO BUAHO K3 coobuwienns ob ownbke npu noBTopHOM 00palleHHH K
¢pysxuum hello:

> (load factorial)

t

> {factorial 50)
30414093201713378043612608166064768844377641568960512000000000000
> (load demo)

t

> (list-undefined)

There are a total of 5 undefined symbols:

~dferdr_

-12c_long

_c2]1_double

_12c_double

_printf
nil
> (dld_link "/usr/lib/libc.so.12.3")
t

> (list-undefined)



There are a total of 4 undefined symbols:
_dferdr_
-12¢c_long
_c21_double
-12c_double
nil
> (hello)

Hello World
nil
> (dld_unlink_by_symbol "printf" t)
t
> (hello)
***** undefined symbol
(hello)
> (list-undefined)
There are a total of 5 undefined symbols:
-dferdr_
-12c_long
-¢21_double
-12c_double
-printf
nil

5. YHCIeHHO-CHMBOJIBHDBIH HHTepdelic

[Tpo6aemsl, koTopbie MoryT BOSHHKHYTb MpH WCNo/Ib30BaHuH B GSL nporpamm
AN% NPOBEACHUS YHCICHHBIX BBIYHCIIEHHH, Yallle BCErO CBA3aHB C HETIPABH/IbHBIM
npeobpa3oBaHHEM apryMeHTOB W/Wiu BO3BPALLAEMOr0 3HAYEHHA NpH Nepexomax
Mexay LISP- u C- unu FORTRAN-nporpammaMu. D10 cBs3aHO ¢ TeM, 410 B GSL
HCNONB3YETCS: BHYTPEHHEE MPEACTAB/IEHHE LENBbIX YHCEN, OTIMYHOE OT CTaHaapr-
HOTO.

B 3aBUCHMOCTH OT 3HaueHMs LENOE YMCNO MOXET UMETE OAHO W3 CAEYIOIHX
NpeacTaBIeHUi:

® eC/i abcoMoTHad BETUYHHA YHCna MeHbine yem 23ddr_size—1 o o
NPEACTABNCHHSA HUCTIONB3YETCH CaM yKas3aTeNb: 3HaYeHHe YHCIa noMeluaercs
B none anpeca ykasarens. Llnpuna nons anpeca addr_size e thHkcHpo-
BaHa M MOXeT ObITh M3MEHeHa nepen KOMMWIsUHEii HHTepripeTaTopa. [Ins
MPEACTABNCHHUA 3HAYEHHS YMCIIA HCMONB3YETCs AOTIONHUTENbHBIN KOA;

® eciu abConTHas BenuuMHa yucna Gonbuie win papna 23ddr_size-1

MeHbLIE YeM 251zeof(1onglong)—-2’ TO JUIA €r0 MPeACTaBAEHHA MCIOSb-



3YIOTCA ABa CMEXHBIX MAlUMHHBIX C/IOBA. 3HayeHHe HYHCNa Takxe npencra-
BJICHO B JONONHHUTENLHOM KOQE, .

® VA NPEACTABNEHHS LEIOTO YHCA, AGCONIOTHAA BETMUHHA KOTOPOTO HE MEHbLIE
yem 25izeof(longlong)-2

b = 25izeof(long).

HCIIONb3YETCA pa3iOXEeHHEe Mo OCHOBaHHID

co+ bt + ...+ cpb™, ¢ < b

3HaueHHe GONBINOIO HENOTO MPEACTABIEHO B NpAMOM KOJ€ B BHIE MacCHBa
KOpHLUHEHTOB paznoxenns c;. Jna paGoThl ¢ GONBLINMH LELIMH B GSL
uenonssyerca naker GNU gmp [9], B koTopom peanusosana BbICOKO3(h ek -
THBHaA apH(METHKA MHOTOKPATHOIN TOYHOCTH.

HTo KacaeTca BelwlecTBEMHBIX uHCen, TO OHM COOTBETCTBYIOT THRY double
a3eika C # 00bIYHO MMEIOT npeacTaeneHme, cooreeTCTRYIOWee [EEE-opmary nna
ABOHHOW TOYHOCTH.

Cnenyer Takxe 0TMeTHTD, 4T0 B GSL Kak UE/IbIA, TAK W BEIECTBEHHD HY/IH

MPEACTABNCHBI ONHUM M TEM XK€ YUCTIOM—KOPOTKHM LIEMBIM CO 3HAYEHHEM HOJIE.
C apyroit ctopoHsl, nporpamma npeobpasosanna FORTRAN & C f2¢ [4] uc-
MO/I3YET COOTBETCTBHE MEXAY THNAMH, MOKa3aHHOE B Tabnuue. Ing TOro YTo6EI

FORTRAN C standard f2c.h

integer*=2 x shortint x; short int x;

integer x integer x; long int x;

logical x long int x; long int x;

real x real x; float x;

double precision x | doublereal x; double x;

character*s x char x{6]; char x[6];

complex x complex x; struct {float r, i;} x;
double complex x doublecomplex x; struct {double r, i;} x;

NpaBWILHO NPeoGpa3oBbIBaTh apryMEHTI NMPH COBMECTHOI paboTe nporpaMm s
NMPOBCACHHA KaK CHMBONBHBIX, TAaK M YMCIIEHHBIX BHIYMCIIEHMH, HEOBGXONUMO HC-
MONB30BATH (hYHKLMU, NPOTOTUIIE! KOTOPHIX MPEACTABAECHDI HUXE:

short int  12c_short (Lisp_Object num);
Lisp_Object c¢c21_short (short int n);

long int 12¢_long (Lisp_Object num);
Lisp_Object c21_long (long int n):

double 12c_double (Lisp_0bject num);
Lisp_Object c21_double (double n);



char * 12c_string (Lisp_Object str);
Lisp_Object c21_string build_string (char *str);

[IpuMep HCMONB30BAHHA HEKOTOPBIX M3 HUX MOXHO YBUOETh B nporpamme ferdr
MOIynA demo.

Tun complex B GSL He onpeaenex, U NOTOMY, Kak BbIOOp €ro BHYTpPEeHHEro
NpeCTaBieHNd, TaK U NPOTPAMMHPOBAHHE OCHOBHBIX apH(PMETHUECKHUX ONepauHii
Hal KOMIUIEKCHBIMH YMC/IaMH 3aBUCHT OT NONb30BATENA.

6. Or1a1Ka AHHAMHYECKH 3arpyXKaeMbiX IPorpamm

Tak kak cpenctBa TpaccuposkH LISP-untepnperaropa mMoryt 6bith ucnons-
30BaHbl TOALKO U1 OTAaAKH KaK KOMMWIMPOBAHHBIX, TAK U HHTEPRPETHPYEMbIX
LISP-nporpaMM, TO BO3HMKANn O4Y€Hb HENPOCTOM BOMPOC: Kak ObITb ¢ OTAAAKOMH
AMHAMHYECKH 3arPyXaeMblX MPOrpamMM Al NPOBEACHHS YMCIIEHHBIX BBIYHCIIEHHIT
K cuacteio, GNU gdb [10] no3ponser AHHaMMUYECKH NOATPYXaTh TabIHLIbI CHMBO-
0B OOBEKTHBIX (PAHI0B W MOTOMY BROMHE MOXET OBITE UCIIONB3OBAH 1A OTNALKH
AWHAMHUYECKH 3arpyxaeMbiX nporpamm. Huxe, Ha npumepe ucnonszoanus B GSL
FORTRAN-nporpammel ina BeiyuciieHns gynkuun Pepmu-JInpaka*

o0 tk/Z
Fi(x) = / LA
0

14+ et—=

ANS BELIECTBEHHOTO apryMeHTta x, W k = —1,1,3, npoBosuTcs AEMOHCTpauMs
ucnoss3oBaHua gdb i oTNagKy AHHAMHYECKH 3arpyXeHHOH nporpammsl demo.
Kak yxe ynoMHHanoch paHee, JIMHAMHYECKHH 3arpy34yHK UIHOPHMPYET OTIad04HYI0
uudopMaumio, HMeiyocs B 00bekTHOM Moayie. Tlosromy npu dopmupoBaHiu
.g-Ghaiina Ml BHI3BIBAEM 3arpy3uMK UlA ylalieHus M3 obbexTHoro daina otna-
AOYHOH HH(OPMALKUK U JIOK&IbHBIX cMMBON0B. Monyns GSLf2c conepxur ¢yHK-
uund npeobpaszopauus aprymeHtos mexny LISP- u C-nporpammamu. B monyne
d1d_tools onpeaenena LISP-gpyHkuus 1ist-modules, KOTOpas BeICBEUHBACT Ha
DKPAHE HMEHA [AMHAMHYECKH 3arpyXeHHbIX 0OBEKTHBIX MOAYNEH M HX HaYalbHbIE
anpeca B namsaTd. [locne onpenenenus HavanbHOro agpeca Moayns demo, ¢ NOMo-
e gdb-komanael add-symbol-file 3arpyxXaercs oTnagouHas HHpoOpMaLHS U3
. o-thaiina, Nociie Yero MOXHO 3aHUMAaThHCH €ro OTJIANKOH:

bash$ gcc -c -g -02 demo.c

bash$ 1d -r -x -S -o demo.g demo.o
bash$ gdb /home/GSL-1.0/GSLbin/gslad
(gdb) run

*HUcxouneie TekcThl 3T0H dyHKuun B3siThl U3 Bubnuotrexks CERNLIB

10



Starting program: /home/GSL-l.O/GSLbin/gsla4

v

(load demo GSLf2c dld_tools)

(dld_link "/home/GSL-l.O/GSLlib/libCERH.a")
(dld_link "/usr/gnu/1ib/1ibf2c.a")
(dld_link "/usr/lib/libc.so.12.3")

(dld_link "/usr/1lib/libm.a")

Vet Voo Vo v et v e+

(info ferdr)
FERDR(X: floating, K: integer): floatlng
Type: EVAL, SPREAD
Returns value of the Fermi-Dirac function
for real argument X, and K = -1, 1, 3.
nil
> (ferdr 1.5 ~1)
2.21436797536334
> (ferdr 1.5 -2)
****% CERN C323 FRERDR/DFERDR ERROR C323.1: INCORRECT K = -2

> (list-modules)
====== library name: /usr/lib/libm.a
start: 0x79900 name: w_exp.o

start: OxclbcO name: s_copysign.o
start: Ox0 name: /usr/lib/libc.so.12.3
====== library name: /usr/gnu/lib/libf2c.a

start: 0x79f00 name: s_cmp.o

start: Ox8d000 name: err.o
====== library name: /home/GSL-1.0/GSL1ib/1ibCERN.a
start: 0x7a000 name: ferfr64.o
start: Ox76600 name: mtlprt.o
start: O0x7b000 name: mtlset.o
start: Ox4ca00 name: gsl_abend.o
start: 0x79e00 name: lenocc.o
start: 0x78000 name: /home/GSL—l.O/GSLlib/dld_tools.g
start: O0x77000 name: /home/GSL-1.0/GSL1ib/GSLf2¢c.g
start: 0x76000 name: /home/ram/xmp/demo.g
start: 0x0 name: -*- dummy entry -*-
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start: 0x0 name: /home/GSL-1.0/GSLbin/gslad

nil

> °C

Program received signal SIGINT, Interrupt.
0x40a8ff0 in read ()

(gdb) add-symbol-file /home/ram/xmp/demo.o O0x76000
(gdb) 1 demo.c:27

Source file is more recent than executable.

22 (al, a2)

23 Lisp_Object al, a2;

24 {

25 doublereal x;

26 integer k;

27

28 x = 12c¢c_doudble (ai);

29 k = 12c_long (a2);

30

31 return c2l_double(dferdr_ (&x, &k));
(gdb) b 30

Breakpoint 1 at 0x760b4: file ./c/demo.c, line 30.
(gdb) ¢

Continuing.

(ferdr 1.5 -1)

Breakpoint 1, Fferdr (a1=201691152, a2=67108863) at ./c/demo.c:31
31 return c21_double(dferdr_ (&x, &k));

(gdb) p x

$1 = 1.5

(gdb) p k

$2 = -1

(gdb) q

The program is running. Quit anyway (and kill it}? (y or n) y
bash$

7. AHaIH3 BpeMEHHbIX XapakTepucTHK (npoduinpoBaHHe) NMHAMHYECKH
3arpyaemMbiX nporpamMm

Het HeoOxoaumMocTH roBoputh 0 3HaueHWH yrunuthl gprof [11, 12] ans ana-
JIU3a BPEMEHHBIX XAPAKTEPHCTHK PA3lIMYHBIX KOMMOHEHT ONTHMH3UpYeMOH npo-
rpamMMbl. CTaHOapTHBIA BapHaHT 3TOH YTHIIMTHI NPEINONaraeT, YTO HCCIIEnYEMbIN
a.out-bail COREpXHUT HHGOPMALIMIO O BCEX CHUMBOJIaX TNPOIPAMMbI H MOTOMY
HE NMOAXOAMT 1A paboTel ¢ AMHAMHYECKH 3arpyXxaembiMH nporpammamu. B GSL
ucnonblyetcd MoaupuuupoBaHHbiii BapuaHT gprof, B KoTopelii O6sina nobaenena
BO3MOXHOCTb AMHAMUYECKH MOATPYXKaTh TabnAULbl CUMBONOB OOBEKTHBIX (PansIOB.
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Huxe, Ha Npumepe HCNONB30BaHMS NPOTPAMMEI [UTA BbIYHCITEHMUS thakTopuana
MONOXHTENILHOIO YMCNa, TIPOBOAWTCH AEMOHCTPALMA MCTIONb3OBAHMS gprof s
NPOpHIUPOBAHHS IMHAMHYECKH 3aTPYXEHHON nporpammel factorial u dyukumii
MHTEppeTaTopa.

Ins Toro yto6st undopmauns 06 HCCNICAYEMOM MOdyne 3aHocuiach B Gaitn gmon. out,
OH JOJIKEH ObITh CKOMNWIHPOBaH ¢ dhnarom -pg:

bash$ gcc -c -pg -02 factorial.c
bash$ 1d -r -x -S -o factorial.g factorial.o

3aTem co3maeTCA UCTIONHAEMBIIA daiin, xoropwiii, kpome HCCNIEAYEMBIX, JOJIXKEH
COAepXaTh [1Ba BCIOMOraTensHbIX Moayna—dld_prof u dld_tools:

bash$ /home/GSL-1.0/GSLbin/gsla4_p
(load dld_prof dld_tools factorial)

>

t

> {(dld_link "/usr/1ib/libc.so.12.3")
t

>

(dump-gsl "gsif" "/home/GSL-1.0/GSLbin/gslad_p" nil)
nil
> (quit)
bash$

IMocne 3toro npoussoantca 3anyck nporpammet A c6opa npodwinpyoeii uu-
¢opmaumu, KoTopas Gyner cGpachiBaTbes B ¢paiin gmon. out. Ynpaenenue cbopom
HHopMaumMu npoussoantcs dyHkumMeit dld_moncontrol:

bash$ ./gslf

> (list-modules)

start: Ox0 name: /usr/lib/libc.so.12.3

start: 0x79e00 name: /home/ram/xmp/factorial.g
start: 0x7a000 name: /home/GSL-l.O/GSLlib/dld_tools.g
start: 0x78000 name: /home/GSL-1.0/GSLlib/dld_prof.g
start: Ox0 name: -*- dummy entry -#-

start: 0x0 name: /home/GSL-l.0/GSLbin/gsla4_p

nil

> (d1d_monstartup)

nil

> (dld_moncontrol t)

nil

> (factorial 1000)

> (dld_moncontrol nil)
nil

> (dld_moncleanup)
nil

13



> (quit)
bash$

Hanee, ana o6paborky uH(OpMaLWKu, HaKoNNeHHoW a daiie gmon. out, HCHObL-
3yeTcs MOAM(HUMPOBaHHa BepcHa nporpammel gprof—gsiprof:

bash$ gslprof -S gslf.gprof ./gslf >& gmon.out.gslf

Kaxnpas ctpoka ¢aitna gslf.gprof conepxut ums daiina ¢ tabnunuei cuMBoIoB
H aZpec Hayana COOTBETCTByliero mMoayns. B gaHHOM cnyyae OH COCTOMT w3
OHOH CTPOKM:

add-symbol-file /home/ram/xmp/factorial.o 0x79e00

[Iepsoe, uTo Opocaercs B rma3a npH NMpPOCMOTpe (PPArMEHTOB BbIIAuH MpPO-
rpammbr gprof—-6su10 22 cBopku Mycopa! B 3TOM Her Huuero ocobGeunoro. Heno
B ToM, 4TOo B GSL c6oplunk Mycopa BeI3BIBaeTCs BCSKHIl pa3, KOT1a Y CHCTEMBbI
ObIIO MOJIy4eHO OfpeeNeHHOe KOAWYECTBO naMsTH. HauanbHoe 3HaueHWe Mak-
CHM@IBHOTO KOJIMYECTBA NaMATH, NOY4aeMOro Mexay AByms cOopkamu Mycopa,
YCTAHAB/IMBAETCA MPY KOMNOWISLMH WHTEPNPETATOPAa M B JIaHHOM CJiydyae PaBHO
20480 Gair. Hooe 3HaueHHe MOXeT ObITH YCTAHOBIEHO NPH BbIZ0BE (PYHKLHH
gc-cons-threshold.

M3 1000 ymnoxeuuii 979 pa3 KOpoTKOE Lieloe YMHOXanock Ha Oonbwioe
Lesoe.

granularity: each sample hit covers 4 byte(s) for 1.72% of 0.58 seconds

% cumulative self self total
time  seconds seconds calls ms/call ms/call name
37.9 0.22 0.22 1 220.00 220.00 _mpz2str [9]
25.9 0.37 0.15 979 0.15 0.16 _times2_mpz_int [11]
15.5 0.46 0.09 _moncontrol (500)
5.2 0.49 0.03 18902 0.00 0.00 _mark_object [13]
3.4 0.51 0.02 22 0.91 3.18 _Freclaim {12]
3.4 0.53 0.02 1 20.00 250.00 __Ffactorial (5]

granularity: each sample hit covers 4 byte(s) for 2.04% of 0.49 seconds

called/total parents
index Y%time self descendents called+self name index
called/total children
999 __Ffactorial [5]
0.02 0.23 1/1 _Feval <cycle 2> ([3]
[5] 51.0 0.02 0.23 14999 __Ffactorial [5]
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0.00 0.23  999/999 _gcFtimes2 [6]

0.00 0.00  1000/1000 _Fonep [28]
0.00 0.00 999/999 -gcFsub1l [30]
999 --Ffactorial (5]
0.00 0.23 999/999 -_Ffactorial (5]
[6] 46.9 0.00 0.23 999 -gcFtimes2 [6)
0.00 0.16 999/999 _Ftimes2 [10]
0.02 0.05 22/22 _Freclaim [12]
0.00 0.16 999/999 _gcFtimes2 [6)
[10] 32.7 0.00 0.16 999 _Ftimes2 [10]
0.15 0.01 979/979 -times2_mpz_int [11]
0.00 0.00 10/10 _times2_fix_int ([25]
0.00 0.00 1/10 _make_fix [35)

8. 3aknouenue

Mpeactasnennsle B cTaThe CPEACTBA AIOT BO3MOXHOCTD NO/IL30BATENIO CH-
cteMel REDUCE (2] ¢ 0aHoit CTOPOHBI MCIIONb30BaTh B CUMBOBHEIX BbiyHCIIE-
HUAX GOJIBLIOTO KOIMYECTBA MPOrPaMM 1A NPOBEAEHUA YHCTIEHHBIX BbIYHCIEHHIA,
Hanucahubix Ha a3bikax C wan FORTRAN. A ¢ apyroii, 4To He menee BaXHO,
IPOHIBOIHTL OTNAAKY M aHAIH3 BPEMEHHBIX XAPAaKTEPUCTHK AHHAMMYECKM 3arpy-
KAeMBIX MOAYJIEH HE3aBUCHMMO OT TOTO NPEAHA3HAYEHbl I OHM 1S nposeaeHwus
CUMBOMIbHBIX MM YUCACHHBIX BhItuCiennid. PaGora BbinonneHa npu yacTHYHO

nopaepxke INTAS, rpant Ne INTAS-96-0842.
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HaHo onMcanme peann3auMM YHCAEHHO-CHMBOIBHOIO HHTepdelica HHTEppe-
TaTtopa sa3blka Standard LISP—GSL u cpencts otnaaky u ananuza BPCMEHHBIX Xa-
PAKTEPUCTUK HHAMUYECKM 3arpykacMbiX OOBEKTHBIX MOAylel nporpamm mis
MPOBCACHHA CHMBO/IBHBIX H YHC/ICHHBIX BRIYMCIIEHHH. DTO JaeT BO3MOXHOCTD He-
O/Ib30BaTh B CHMBOJIbHO-YHC/IEHHBIX BBIYHCACHHUAX OONMBIIOS KOJMUECTBO npo-
rpamMm, HanHCaHHbIX Ha A3bIKaXx C u FORTRAN.,
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Use of GSL in Symbolic and Numerical Computations

This paper describes a symbolic-numerical interface of the Standard LISP
interpreter—GSL together with debugging and profiling tools of the dynamically
loaded object modules for symbolic or numerical computations. This allows one to
use a reach number of numerical routines written in C and FORTRAN in Sym-
bolic-numerical computations.
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