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1. Brenenne

Iunanekt s3sika LISP, Standard LISP [1] 6b1 co3nan B npoluecce npoBeacHus
pabot Haa cuctemoii ananuthnyeckux setuucneHuit REDUCE [2]. B nem peanuso-
BaH MMHMManbHbiit HaGop dyHKuMil, KocTaTo4Hbli JUIs 3¢eKTHBHOrO nporpam-
MHPOBAHHS CHMBOJIbHBIX AITOPUTMOB.

OnHako MHOTHE 33/1a4¥ KOMIIBIOTEPHOH anreOpbl NPUBOJAT K HEOGXOAMMOCTH
ONHOBPEMEHHOrO NPOBEJCHUA KaK CUMBOJbHBIX, TAK M YHCIEHHBIX BLIYMCIECHHH.
B npuxuune, MOXHO nporpaMmupoBath Ha si3bike LISP u uncnenHbie anroput™sl.
Tak kak LISP-untepnperatopst 06s14HO HCROABL3YIOT apU(PMETHKY HEOTPaHUYEH-
HOM TOYHOCTH, TO 3TO, B CBOIO Ovepelb, NMO3BOAHT M3OexaTb MHOTHX npobneMm,
CBA3aHHBIX C MEpenoHEHUAMH W owmbKamu okpyrienusa. M ato, noxanyii, ooun
u3 Haubonee yGenutensHeix Z0BOJOB B nonb3y A3bika LISP. OnHako paxe ecnu He
NPUHUMATh BO BHUMaHHe ToT ¢akT, 4to u C-, u FORTRAN-nporpamMmsl Bece-Taku
RonxHbl paboraTh ObicTpee aHaNOrMYHBIX CKOMMWIMpoBaHHbIX LISP-nporpamm,
MMeeTca He MeHee YOeaMTenbHbIH MOBOX APYroro COpTa—oOrPOMHOE KOMHYECTBO
XOPOLIO OTNAXEHHbIX NPOTrPaMM YHUCNEHHBIX BbIYHC/IEHHH, HAHCAHHBIX Ha A3bIKax
C u FORTRAN.

IonsiTka cpenats JOCTYNHBIM nonb3oBaTento a3sika LISP nporpammel, Hanu-
caHHble Ha PYrHX #3bIKax, MPUBOAHT K HEOGXOAUMOCTH pacLUIMPEHHs WHTEpnpe-
TaTopa, O Kpa#Heil Mepe, 14 PeLeHHUs CIIENYIOLUHMX BONIPOCOB:

e JoxHa GbiTh 06ecneyena BOMOXHOCTb U1l AMHAMHYECKOTO MOAKTIOYEHHS
OOBEKTHOIrO MOAYNS NMPOrpaMMbl K BBIMIO/THAEMOMY MpPOUECCY W, MO Mepe
BO3MOXHOCTH, oOpaTHas onepauus. [lpu 3TOM OOGBEKTHLIH MORYIL MOXET
HaxoaMThcsa Kak B oOblYHON MNIH pa3aenseMoi 6ubnuoTeke, Tak ¥ NpPocTo B
BHAe oObeKTHOro (aiina;

® YTO KacaeTcs COMMAlLEHUs O CBA3AX, TO AOMXHA ObiTh ofecneyeHa BO3IMOX-
HOCTh KaK [UIS BbI30Ba NpOrpaMMbl [UIS NMPOBEAEHUS YHMCIIEHHBIX BblYHCe-
HUH M3 KOMNUIMPOBAHHON WM uHTepnpetHpyemoit LISP-dynkuuu, tak u
obparHad onepaums—obpautenue k LISP-gpynkumusm (kak KOMIUIHPOBaH-
HbIM, TaK ¥ HHTEPNPETHPYEMBIM) M3 NPOrpaMMBl IJIs NPOBEAEHUS YHCIIEHHBIX
BbIYHCIEHHM;
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e B NpUHHUMINIE, KO/KHA GbITh ofecneyeHa BOIMOXHOCTb Ul OT/IadKH M aHa-
nK3a BPEMEHHBIX XapaKTEPUCTHK (MpodunupoBaHusA) AHHAMMYECKH MOJ-
K/HOUEHHBIX TIPOTPaMM.

Kpome 3T0r0, 30€ech BO3MOXHB NpoGaeMbl ¥ YUCTO NIPOrpaMMHBIE, HanpuMep, pas-
nuuHbI cnoco6 o6pabGoTky 0cobbiIX clyyaeB NMpH ONEpauuAX ¢ BELIECTBEHHBIMH
uyucnamMy B LISP-uHTEepnperaTope u nporpamme [Uis NpoBEAEHHS YUCIEHHBIX BbI-
YHCNEHHUH.

Tem He MeHee, umeTs paciuuperne LISP-unTepnpertaTtopa s AMHaMHYECKOTO
NOAKNIOUEHHSA MPOTPaMM MPOBENEHHNS YUCIEHHBIX BLIYUCIEHHI BecbMa nosie3Ho. B
GSL [5] yka3aHHOe paciuMpeHHe peain3oBaHo Hanbonee ectecTBeHHBIM 06pasoMm,
B HeM u LISP- u FORTRAN-nporpammsl nepen koMnwisuued npeoGpasyiorcs
B 9KBUBaNeHTHbie UM C-nporpaMmsbi, 06BEKTHBIE MOIYNH KOTOpbIX oOpabarbiBa-
I0TCS OJMHAKOBO KaK AWHAMMYECKHM 3arpy34HMKOM, TaK W APYrMMH FporpaMMamy
06paboTkn 06bekTHBIX (aiinoB.

2. Hurepniperarop

OnHo#t 13 raeHbix uenei npoekta GSL [S](GNU Standard LISP) 6bino co3na-
HHE HEKOMMepYecKoro, MoGunbHoro, nerko pacluupsemoro LISP-unrtepnperaropa,
peanu3yiolero adanekr a3bika Standard LISP.

BTopo#i, He MeHee BaXHOH UENLIO NPOEKTa, ObIO pelueHHe BOMpoca O CO-
BMECTHOM HCHONb30BaHMM B OIHOH M TO# Xe CeCCHMM KaK AMHAMUYECKH 3arpyxa-
€MBbIX TPOrpaMM O BbINMOJHEHHS YHCNICHHBIX BBIYMCNIEHHi, TaK ¥ AMHAMHYECKH
3arpy>aeMbiX MpOrpamMM AJis BHINONIHEHHS CUMBOJILHBIX BBIYHUCTEHMH.

Hurepnperarop GSL Hanucan Ha s3bike C ¢ ucnonbs3oBaHueM ocobeHHOCTEH
komnunstopa GNU CC [6]. Tlpu paspaboTke uHTepnperaTopa HCMONbL30BAIOCH
ToNnbKo cBoGonHoe nporpaMMHoe obecneuenre ¢upmer Free Software Foundation,
paspaforanHoe B pamkax npoekta GNU.

Hurepnperatop Moxer ObiThb coOpaH CTaTHYECKH WM JUHAMMYECKM, T.€. C
UCTIONIb30BaHHEM pa3fensieMbiX cHUcTeMHbix 6ubnuotek. Bonee Toro, u3 camoro
MHTEepnperaTopa® MOXHO chOPMUPOBATH CTATHYECKYIO WIH AMHAMHYecKylo 6u-
6nnorexky. Kak yxe ynomunanocs, GSL uMeeT KOMNUIATOp W AMHAMHYECKHi
3arpy3uuk. JluHamMuyeckuil 3arpy3yK AaeT BO3MOXHOCTb NMOAKAI0YATH K BbIONHA-
eMoMY Tipoueccy 0ObEKTHbIE MOIY/TH, KOTOPbIE MOTYT HaXOAHTHCS KaK B OOBLIYHBIX
WK pasgenseMbix OMbHOTEKax, Tak M NPOCTO B BUae o6bexTHBIX (haiios. BmecTe
¢ ¢yHkude# dump-gsl, KoTopas nossoaser c6pocuts ob6pa3 NamsTH UHTEpMpe-
tatopa GSL B ucnonusemslii ¢aiii U B JaibHeilleM HauuHaTh paGoTy C Hero, oH

*3a HCKIIOYEHHEM MOJY/IA, COUCPXKALLETO Main-nporpammy.
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HacTO MCMONB3YETC IS FEHEPALMH crieunanu3uposanHbix LISP-cuctem, kotopsie
TPeGYIOT AMHAMHYECKOH 3arPy3KH GOMBLIOFO KONMYECTBA OGBLEKTHBIX MOLY/EH.

B Hacrosillee Bpems HHTepniperaTop paGoTaeT Ha pasiMuHBIX nnathopMax
8 BSD-nono6usix onepaunonnbix cucremax UNIX, takux, xak NetBSD/(sparc,
i386), FreeBSD/i386, SunOS/(sparc, i386), Linux/(sparc, i386). D10 cBs3aHo ¢
TEM, YTO KaK JAMHAMHUYECKHH 3arpy3uuk, Tak W ¢yHKuus dump-gsl noka moryt
paboTaTb TONBLKO ¢ 06BEKTHBIMM (aiinamu B opMmaTe a.out u elf.

3. Komnuasuus

Komnunauus LISP-cyHkumit, T.e. nepeson Mx onpeaensioliix BbipaxXeHHit
B MAlUMHHBIE NOANPOTPAMMBI, 3HAYMTENBHO YCKOPSET BbIMHC/IEHHE WX 3HAUYEHHIA.
Tak, cpaBHEHHE BPEMEH BbIMOJIHEHHS TECTOBLIX nporpamMm cucteMbt REDUCE 3.5,
paboratoweii noa ynpasnenuem GSL, noka3zano, 4To KOMIMAHPOBAHHLIH BApHAHT
cucreMsl paboraer B 10—12 pa3s GeicTpee, deM B peXHMe HHTEDPIPETALIMM.

[Tpouecc komnunsun LISP-nporpamm npoucxoout B Tpu artana. Buauane ¢
nomousto Standard LISP-komnunstopa [3] ans kaxnoi ¢yHkumn ucxonHoi npo-
rpaMMbl NIPOM3BOIMTCH TEHEPAaUMs MOCNEIOBATEABHOCTH C-MaKpocoB (KoMaHx ab-
CTPaKTHOH MaLIHHBI), KOTOPbIE 3aTE€M HCTIOABL3YIOTCH AN reHepauku C-nporpaMmel,
MOMHOCTBIO IKBUBANEHTHOH Komnunupyemoit LISP-nporpamme. [Monyuennsie Ta-
kM o6pazoM C-nporpamMmel SBASIOTCS MaliMHO-HEe3aBUCHMbIMH. IS renepaumH
o6bekTHBIX Monyneit ucnonsdyercs GNU CC [6]-komnunsTop.

Tak Kak IMHAMHYECKWii 3arpy3udK MrHOPHPYET OTIalo4Hylo MHopmauuto,
uMetoLylocs B 0ObEKTHOM MOZY/NE, TO MOJE3HO BbI3BAThH 3arPy3uMK JUIH YOAICHUS
13 o6vekTHBIX (haitiioB oTnanouHoi HHGOPMaLMH W JIOKaNbHbIX cuMBonios. C oa-
HOH CTOPOHBI, 3TO MO3BONAET YMEHbIINTh pa3Mep 006beKTHOTO haiina, a ¢ Apyroi,
yTo Gonee CyLIECTBEHHO, YMEHbLIAET KOMHYECTBO CHMBONOB B Tabnuue CUMBOSIOB
JIMHAMUYECKOrO 3arpy3uMka.

B kauectBe npumepa paccmoTpuM Komnunsumio LISP-nporpammel, coctos-
wiei u3 QYHKUMH BBIYMC/IEHNS (haKTOpHANla NOTOXKHTENBHOTO YHCha:

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

®ynkunn factorial cooTBETCTBYET CrieytoLLas N10CIEA0BATENLHOCTD C-MAKPOCOB:

(t*entry factorial expr 1)
(1xalloc 1)

(1*store 1 0)

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




(1*jump g000004)
(1#1b1 g000003)
(1*load 1 0)

(1*link subl expr 1)
(t*link factorial expr 1)
(1*load 2 1)

(1*load 1 0)

(1*link times2 expr 2)
(1*1bl g000004)
(1*dealloc 1)

(!*exit)

KOTOpbIE 3aTeM HCTONb3YIOTCA AnA renepauu C-nporpammbl BoYMCAEHHS aKTo-
puana. Texct crenepupoBaHHo# C-nporpamMbl BeiuMcneHus hakTOpHaia npeacTa-
BJIEH HHXE!

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

static Lisp_Object _Ffactorial ();
static Lisp_Object Qfactorial;

Lisp_Object #*Stat_factorialf1];
struct mframe Objs_factorial;

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

register Lisp Object r1, r2;
FRAME (1)

TRACE_ENTRY (Qfactorial, 1, &al)
rl = al;

XSETFRM (0, ri1);

rl = Fonep (r1);

if (NILP (r1))

goto g000003;
r1 = XUINT (1);



goto g000004;
g000003 :

ri = XFRM (0);

rl = Fsubl (r1);

rl = _Ffactorial (rt);

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;

L}

Stat_factorial [0] = &Qnil;
defentry (&0Objs_factorial, &Qfactorial, &Sfactorial, "Ffactorial");

/* End of File */

4, InHaMu4ecKan 3arpy3ka

OcHoBy anHamuueckoro 3arpy3unka GSL cocrasnser GNU did [7,8]. IOns
TOrO 4TOOH! CAENaTh BOIMOXHBIM JOCTYI HE TOMbKO K OOBEKTHBIM MOAY/ISM CTaTH-
4yeCKHX GUONHMOTEK, HO M K MOAYJISIM pa3fienseMbix OUGIHOTEK, a TAKXe paspeluTh
nepeonpeaenenne LISP-dynkunit*  npu sarpyske o6beKkTHbIX (paiinos xoMnunu-
posatHbix LISP-nporpamm, B dld Gbinu BHECEHBI HEKOTOPBIE U3IMEHEHHS.

[pn 3arpyske obvekTHOro thaina xkakoi-uubyap kKomnunupoBaHHoi LISP-
NporpaMMsl, B JOMONHEHHE K OOBIUHBLIM OMNEpaLMiaM NO paspelieHHIo Heomnpeae-
JIEHHBIX CCBHUTOK, MPOM3BOAMTCA BBIYHMCIIEHHE BCEX S-BbIPaXKEHWI, aHATOTHYHOE
TOMY, KOTOPOE APOMCXOAMT NMPHU uTeHUH ucxoaHoi LISP-nporpammsr. Dro npo-
MCXOIMT MAPH Bbi3oBe (PYHKLMHU ¢ uMeHeM Init_<module_name>. g Toro 4robu

*QOO6bIYHO B Ciyyae JBOHHOrO ONMpPEHENCHUA CHMBOJIA BhiaeTca cooliieHne 06 omubke,




JAHHAMUYECKHI 3arpy34uK cMor oTnudate obsekTHeie thaiinel LISP-nporpamMm ot
OCTa/IbHbIX, HX HMEHA UMEIOT PaCIUMPEHUe . g, a He .0, KaK OOLIeNpHHATO.
HuxXe nipeacTasneH NpUMep HCTIOIb30BaHHUA JMHAMHYECKOro 3arpy34nka. Bua-
yajie NPOM3BOANTCS 3arpy3ka Mofyns factorial W BeldUcaseTcs 3Havenne 501,
Hanee 3arpyxaercs Mopyns demo, cofepXauiii nporpaMmy ¢ umeneMm hello,
KOTOpasd NMpH BI30BE JOMXHA BhaaTh coobumienne Hello World, ucnons3ys obGpa-
nieHne K ¢yHkuHu printf, Haxopsueiica B cucteMHoi GuGnnotexe libce:

/* 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;

x
k

12c_double (al);
12¢c_long (a2);

#

return c21_double(dferdr_ (&x, &k));
}

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

O
{



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 */

[MepBonayansio cumeon printf we onpeneneH, u ecau npoussectu obpauie-
Hue K yHkunu hello, To 6yaer BoinaHo coobumenue o6 omnbke. [Mocne paspeiue-
HHS 3TOI HEonpeNeneHHOH CCHUIKM C MCTNONb30BaHUEM pa3sfenseMoii ubanorekn
/usr/1ib/libc.so.12.3 obpawenue Kk pyHkuuu hello BbiAacT 0XHAAEMOE CO-
obwenne. Obpawenne Kk LISP-dynkumnn d1d_unlink_by_symbol, kotopas sBis-
erca HU veM uHbiM KaKk GSL-060n0ukoii uis (yHKUMHM C TEM Xe Ha3BaHUEM,
onpenenentoil B nakere GNU dlId [7], nenaer cumson printf cHosa He onpe-
AENeHHBIM, YTO BUAHO M3 coobuwenns o6 ownbke npH nosropHoM obpalieHuu K
cynkuun hello:

> (load factorial)

t

> (factorial 50)
30414093201713378043612608166064768844377641568960512000000000000
> (load demo)

t

> (list-undefined)

There are a total of 5 undefined symbols:

_dferdr_

~12c_long

_c21_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_
~12c_long
_c21_double
_12c_double
nil
> (hello)

Hello World
nil
> (dld_unlink_by_symbol "printf" t)
t
> (hello)
*+*x*x undefined symbol
(hello) ‘
> (list-undefined)
There are a total of 5 undefined symbols:
~dferdr_
_12c_long
-c21_double
_12¢_double
-printf
nil

5. UncsieHHO-CHMBOJIBHDIA HBTepdeiic

[Tpo6aeMsl, KOTOpBIE MOTYT BO3HMKHYTB NpH kcnons3osanuu B GSL nporpamm
U1 NIPOBEAEHUA YWCIICHHBIX BBIYHUCIICHH, yallle BCEro CBA3aHbl C HENPaBWIbHBIM
npeobpa3oBaHHeM apryMEHTOB M/WJIM BO3BpAalLacMOro 3Ha4YeHHs MpH Tepexosax
mexay LISP- u C- unu FORTRAN-nporpaMmaMu. D10 cBA3aHO ¢ TeM, yto B GSL
UCNOIL3YETC BHYTPEHHEE NPEACTABICHHE LENbIX YHCE)T, OTIHYHOE OT CTaHOapT-
HOro.

B 3aBUCHMMOCTH OT 3HaYEHHA LEJIOE YHCIIO MOXET MMETh OHO W3 CJEAYIOLIHX
NpeacTaBACHHHA:

e eciii abcoioTHad BeMYMHa Yncia Metbine uem 234dT-S1Ze-1 .o o o
NPENCTABNEHHS HCTIONb3YETCA CaM yKasaTellb: 3HAYEHHE YMCIla MoMeliaeTcs
B none aapeca ykasatens. LLIupuHa nons anpeca addr_size He ¢hukcHpo-
BaHa M MOXeT ObITh M3MEHEHa Mepea KoMmnunsuueil uHtepnperatopa. s
NpPeACTaB/IEHUS 3HAYEHHS YUCTA MCTIONB3YETCS NOMOIHUTENBHDIN KO,

e ecnu abconioTHas BenMuMHa uMcra Gonbwe wiu pasha 23ddr_size-1

menbie uem 2512€0f (longlong)-2 1, 1.q ero npeacrasnenmus ucnosnb-


http:12c_doub.1e

3YIOTCA ABa CMCXHbIX MAalLIMHHBIX CJ/IOBaA. 3HauyeHHe YMCcNa TakKxe npeacra-
BJICHO B AONOJIHUTENBHOM KOIC,

& JUIA NPEACTABNAECHHA LIENOro Yucna, abcomioTHas BEJIHYHHA KOTOPOTO HE MEHbLLE
yeM 251zeof(longlong)-2,

MCNOMb3yeTCs PadioXeHHe MO OCHOBAHHIO
b — 9sizeof (long). :

co+ et + ...+ cpb i < b

3nauenue GONBLIOro LENOro NpeAcTaBleHo B NPAMOM Kofie B BUIE MaccHBa
Ko3thuuMeHTOB paznoxeHua ¢;. JIna pabotel ¢ Gonbuimmu nensiMu B GSL
ucnons3yerca naker GNU gmp [9], B koTopoM peannsosaHa Beicokoaddex-
THBHas apu(IMETHKA MHOTOKPATHOH TOYHOCTH.

Yro kacaeTcs BEIUSCTBEHHBIX YMCEN, TO OHH COOTBETCTBYIOT THny double
a3bika C M 06bIYHO MMEIOT NpeicTaBiehue, cootsercTayiowee IEEE-dopMary ans
ABOMHO# TOYHOCTH. ' ‘

Cnenyet Takxe oTMETHTb, 4TO B GSL Kkak Lesiblii, Tak ¥ BelUECTBEHHBIH HYH
NpeacTaBieHbl OAHHM H Te€M Xe YHCIIOM—KOPOTKHM LIENBIM CO 3HAYEHHEM HOJb.

C npyroii croponbl, nporpamma npeobpasosanus FORTRAN B C f2c [4] uc-
NOJb3yeT COOTBETCTBHE MEXIY THNaMH, MoKasaHHoe B Tabnuue. Ing Toro yto6si

FORTRAN [} standard £2¢c.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*6 x char x[6]; char x[6];

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

NpaBuNbHO Npeo6pa3oBLIBATE APIYMEHTHI NPH COBMECTHOH paGoTe nporpamMM s
NpOBENCHHS KaK CHMMBOMNBHBIX, TAK W YHC/ICHHBIX BBIYHC/IEHHH, HeoOxoauMo uc-
nosns308aTh (PYHKUHH, NPOTOTHHBI KOTOPBIX NPEACTARICHbI HUXeE:

short int  12c_short (Lisp_Object num);
Lisp_Object c¢21_short (short int n);

long int 12c_long (Lisp_Object num);
Lisp_Object c21_long (long int n);

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




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

[Mpumep McnoNb30BaHNs HEKOTOPBIX M3 HUX MOXHO YBMAETH B nporpamme ferdr
Monyns demo.

Tun complex B GSL He onpeaeneH, 1 NoToMy, Kaxk BbiGOp €ro BHYTpPEHHEro
NpeACTaBleHus!, TAK U NPOrpaMMHUPOBAHHE OCHOBHBIX apH(IMETHUECKHX Onepaluii
HaJl KOMIUIEKCHBIMM YMC/IaMH 3aBHCHT OT NONL30BaTENs.

6. Omagka JHHAMHYECKH 3arpyXaembiX MporpaMM

Tak kak cpeactBa TpaccupoBkn LISP-unTepnperatopa MoryT ObiTs MCHONb-
30BaHbl TOMABLKO [A71S OT/NaAKH KaK KOMITMIMPOBAHHbBIX, TaK M HHTEPNPETHPYEMbIX
LISP-nporpamMM, TO BO3HHMKan O4YEHb HEMPOCTOH BOMpOC: Kak ObITh ¢ OTIAAKO#H
JMHAMMYECKH 3arpyXaeMbiX NporpaMMm i NpoBEAEeHHS YHCIIEHHBIX BbIYMCIAEHHIH?
K cuacteio, GNU gdb [10] no3sonseT AMHaMHYECKH NOArpYXath TabGaHibl CHMBO-
noB o6BEKTHBIX (ailIoB U NOTOMY BNIONHE MOXET ObITh HCIIONB30BaH W1 OTIANKH
JHMHaAMWYECKH 3arpyxaeMsix nporpamM. Huxe, Ha npumepe ucnons3osanns B GSL
FORTRAN-nporpamms! st Bbluucnenns pyHkuun ®epmu-upaka™

o0 tk,/z
Fiu(z) = / LS
1]

1+et®

A8 BEelIeCTBEHHOro aprymeHta =, v k = —1,1,3, NpoBOAMTCS QEMOHCTpALMs
vcnosb3oBaHus gdb 1A OTIAIKH AHHAMMYECKH 3arpyXeHHoH nporpammsl demo.
Kak yxe ynomuHanoch paHee, IMHAMHYECKHI 3arpy34HK HTHOPHPYET OTNaJl04HYIO
uHhopMaUMIo, UMeLLyIocs B 00bekTHOM Moayne. Tlosromy npu dopmupoBanum
.g-thaityia Mbl BbI3bIBAEM 3aIpPy3yMK JUIA yaaneHus W3 obbekTHoro daiina omna-
IoYHOH MH(OpMaLUMH U JIOKATBHbIX CUMBOIOB. Moayns GSLE2c copepXHT (yHK-
uuu npeobpazoBanus aprymentoB Mexay LISP- u C-nporpammamu. B moayne
dld_tools onpenenena LISP-pynkuus 1ist-modules, KoTopas BoICBEYMBAET Ha
9KpaHe UMEHAa AMHAMMUYECKH 3arpyXeHHbIX OOBEKTHBIX MOAYJEH W MX HaYIbHbIE
agpeca B namatu. [locne onpegenenys HauyalbHOTO agpeca Moayis demo, ¢ NOMO-
weio gdb-komanael add-symbol-file 3arpyxaercs orTiagouHas vHgopmauuns u3
. o-thaiina, nocne Yero MOXHO 3aHMMaThCa €ro OTNANKOi:

bash$ gcc -c¢ -g -02 demo.c

bash$ 1d -r -x -S -o demo.g demo.o
bash$ gdb /home/GSL-1.0/GSLbin/gsla4
(gdb) run

*Hcxounsie TeKCTbl 3T0H (yHKUMH B3STh H3 GuGnnorexu CERNLIB
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Starting program: /home/GSL-1.0/GSLbin/gsla4d

> (load demo GSLf2c¢ dld_tools)

t

v

V et V ot V ot V ot

nil

(info ferdr)
FERDR(X:floating, K:integer):floating

Type: EVAL, SPREAD

Returns value of the Fermi-Dirac function

(dld_link "/home/GSL-1.0/GSL1ib/1ibCERN.a")
(dld_link "/usr/gnu/1ib/1ibf2c.a")
(dld_link "/usr/lib/libc.so.12.3")

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

for real argument X, and K = -1,

> (ferdr 1.5 ~1)
2.21436797536334
> (ferdr 1.5 -2)

v ©

[}
#
13

start:

mmmmma

start:
start:
start:
start:

#=#xx#% CERN C323 FRERDR/DFERDR ERROR C323.1:

(list-modules)
== library name: /usr/lib/libm.a

start: 0x79900 name: w_exp.o

start: OxclbcO name: s_copysign.o

0x0 name: /usr/lib/libc.so.12.3

library name: /usr/gnu/lib/libf2c.a
start: 0x79f00 name:

start: 0x8d000 name:
library name: /home/GSL-1.0/GSL1ib/1ibCERN.a
name:
name:
name:
name:
name:

start: 0x7a000
start: 0x76600
start: 0x7b000
start: 0x4ca00
start: 0x79e00

s_cmp.o

err.o

ferfré4.o
mtlprt.o
mtlset.o
gsl_abend.o
lenocc.o

INCORRECT K = -2

0x78000 name: /home/GSL-1.0/GSL1ib/dld._tools.g

0x77000 name: /home/GSL-1.0/GSL1ib/GSLf2c.g
0x76000 name: /home/ram/xmp/demo.g

0x0 name: -*- dummy entry —-*-

H



start: 0xO name: /home/GSL-1.0/GSLbin/gsla4

nil

> °C

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

(gdb) add-symbol-file /home/ram/xmp/demo.o 0x76000
(gdb) 1 demo.c:27

Source file is more recent than executable.

22 (a1, a2)

23 Lisp_Object al, a2;
24 {

25 doublereal x;

26 integer k;

27

28 x = 12c_double (al);

29 k
30

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

Breakpoint 1 at Ox760b4: file ./c/demo.c, line 30.
(gdb) ¢

Continuing.

(ferdr 1.5 -1)

12c_long (a2);

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. AHanu3 BpeMeHHbBIX XapaKTepHCTHK (MpodHInpOBaHHE) NHHAMHYECKH
3arpyxKaeMbIx NnporpamMm

Her HeoGxoauMocTH roBopuTh O 3HaueHMH yrunutol gprof [11,12] ana ana-
NM3a BPEMEHHBIX XapaKTEPHCTHK Pa3iHYHbIX KOMIIOHEHT ONTHMM3MPYEMOIi npo-
rpammsel. CTaHpapTHblii BApHaHT 3TOH YTWUIIMTHI NPEMNOIAraeT, YTO HUCCIIEAyeMbii
a.out-taiin conepxutT HHGOPMALMIO O BCEX CHMBOJAX TMPOrPaMMbli H NOTOMY
HE NoaxoauT ans paboThl ¢ AMHAaMHYECKH 3arpyxaeMeiMH nporpammamu. B GSL
ucnons3yercs MoancduuupoBaHHblii BapuaHT gprof, B KoTopsiil Ob1a gobGasneHa
BO3MOXHOCTb JMHAMHYECKH MOArPYXaTb TabNuLbl CUMBOJIOB 0OBEKTHBIX (haitnos.
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Huxe, Ha npuMepe HCMONB30BAHUA NPOTPaMMBI JUIA BbIYHCIEHHS (aKTopHana
NOMIOXHUTENLHOFO YHCA, NPOBOAMTCA HNEMOHCTPalMs Hcnonb3oBaHusa gprof nns
npodunHpoBaHHs JHHAMHYECKH 3arpyXKeHHOoH nporpammbl factorial u yHkumii
HHTepnpeTaTopa.

HAns Toro yto6s! HHbopMaums 06 HecnexyeMOM MOLyNe 3aHOCHNAch B (haiin gmon. out,
OH fonXeH ObiTh CKOMIHANPOBaH ¢ GaroM -pg:

bash$ gcc -c -pg -02 factorial.c
bash$ 1d -r -x -5 -o factorial.g factorial.o

3aTtem co3naetcs HCnonHAeMblit dailn, KOTOPHIA, KpOME HCCEAyeMBIX, DOMXEH
colepxaTh ABa BCnomorarenbHbix Moayas—dld_prof u dld_tools:

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

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

(dump-gsl "gslf" "/home/GSL-1.0/GSLbin/gsla4_p" nil)
nil
> (quit)
bash$

[Mocne 3toro npoussoguTcs 3anyck nporpammsl ans cGopa npodunupyloiei nH-
¢opmauun, Kotopas Gyaer cOGpacbiBathes B (haiin gmon. out. Ynpaenenue c6opom
uHdopMauuu npounssoaurcs ¢pyHkumeid dld_moncontrol:

bash$ ./gslf

> (list-modules)

start: Ox0 name: /usr/lib/libc.so0.12.3

start: 0x79e00 name: /home/ram/xmp/factorial.g
start: 0x7a000 name: /home/GSL-1.0/GSL1lib/dld_tools.g
start: 0x78000 name: /home/GSL-1.0/GSL1lib/dld_prof.g
start: 0x0 name: -*- dummy entry -*-

start: Ox0 name: /home/GSL-1.0/GSLbin/gslad_p

nil

> (dld_monstartup)

nil

> (dld_moncontrol t)

nil

> (factorial 1000)

> (dld_moncontrol nil)
nil

> (dld_moncleanup)
nil
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> (quit)
bash$

Hanee, nns 06paboTkyn nndopmaumn, HakonneHHoH a daiine gmon.out, HCNONL-
3yercs MoaudHUMPOBaHHaA BepcHs nporpammbl gprof-gsiprof:

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

Kaxnas crpoka aiina gs1f .gprof conepxur ums daitna ¢ Tabnuuei ciuMBonos
M agpec Havana COOTBETCTBYIOWIEro moiyns. B maHHOM cnyyae OH COCTOMT M3
ONHOW CTPOKH:

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

Mepsoe, yto 6pocaeTcs B rma3a npu npocMoTpe ()ParMEHTOB BbiIaud Ipo-
rpammel gprof-6smo 22 c6opkn Mycopa! B 3ToM HeT Huuero ocobenHoro. Hdeno
B ToM, 4T0 B GSL cOopuink Mycopa BbI3bIBaeTCH# BCSKMil pa3, KOTaa Y CHCTEMBI
6bI10 NMONy4YEHO OMpefesieHHOe KONMMYecTBO namaTtH. HayanbHoe 3HaueHue Mak-
CUMAIBHOTO KOJIMYECTBA NMaMATH, MOJYYaeMOTro MeXAy ABymsa cOOpkaMmu Mycopa,
YCTaHAB/IMBAETCA NMPH KOMIMAALMK MHTEPNPETaTopa M B HAHHOM Cllyyae PaBHO
20480 6Gaiit. HoBoe 3HaueHHEe MOXeT GbiTb YCTAHOBNEHO NPHU Bbi30Be (PYHKLHH
gc-cons-threshold.

H3 1000 ymHoxennit 979 pa3 KOpOTKOE LENOE YMHOXanock Ha Gonbuioe
uenoe.

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 %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 1+999 _-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 -gcFsubl [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. 3akniouenne

[pencraBneHHble B CTaThe CPEACTBA AAIOT BO3MOXHOCTH MOJIB3OBATENO CHU-
crembl REDUCE [2] ¢ ogHOH CTOpOHBI MCMO/b30BaTh B CHMBOJIbHBIX BbIMHCIIE-
HHiX 60/1bIIOTO KOJIMYECTBA MPOTPaMM IS NMPOBEAEHUS YHCIIEHHBIX BHIYHC/ICHHIA,
HanucanHbix Ha a3bikax C unn FORTRAN. A ¢ apyroil, 4To He MeHee BaXHO,
NPOM3BOAKTL OTAAIKY M aHAIHW3 BPEMEHHBIX XapaKTEPHCTHK AWHAMUYECKH 3arpy-
XaeMblX MOAy/leHd He3aBUCHMO OT TOTO NpeaHa3HAauY€Hbl JIW OHW Ui NPOBENCHHA
CHMBOJIBHBIX W/IH UMCIEHHBIX BbIYMCNEHHi. PaboTa BblMosiHEHA NPH 4acTHUYHOMH
noprepxke INTAS, rpant Ne  INTAS-96-0842.
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JlaHO onucaHMe peanu3aliuy YHCIEHHO-CHMBOILHOIO MHTepdelica HHTepIpe-
TaTopa s3bika Standard LISP—GSL u cpencTs oTaaxyu ¥ aHanM3a BpEMEHHBIX Xa-
PAaKTEPHCTHK NHHAMHMYECKH 3arpyXaeMblX OOBEKTHBIX MOnyneH NporpamMm s
NIPOBEIEHNHS CHMBOJIBHBIX M YHUCJIEHHBIX BBIYMCIECHHA. DTO A2€T BOIMOXHOCTDb HC-
HOJIb30BaTh B CHMBOJIbHO-YHCIICHHBIX BBIYMCICHUAX OOMbLIOE KOJHYECTBO MpO-
rpamM, HandcaHHbIX Ha f3pikax C 1 FORTRAN.

Pa6orta BrimonHena B JlabopaTopuu BLIYHCIUTEIbHOR TEXHUKH M aBTOMATH3a-
uun OUSIM.
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This paper describes a symbolic-numerical interface of the Standard LISP
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use a reach number of numerical routines written in C and FORTRAN in sym-
bolic-numerical computations.
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