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ParropmpeHKO A.M. Pl 1-99-230 
HcrroJih30Bam1e GSL B CHMBOJihHhlX H •mcneHHhIX Bhl'IHCJieHHj!X 

JJ:aHO OIIHCaHHe peanHJaUHH 'IHCJieHHO-CHMBOJlhHOro HHTepcpeiica HHTeprrpe
rnrnpa }13hIKa Standard LISP-GSL H cpencTB OTJI~KH H attanma BpeMeHHhIX xa
paKTepHCTHK nHHaMH'leCKH 3arpy)KaeMhIX 061,eKTHhIX Monyneii rrporpaMM nJljl 
rrpoBeneHHjl CHMBOJihHhIX H 'IHCJieHHhIX Bhl'IHCJieHHH. 3To naeT B03MO)KHOCTh HC
IIOJih30BaTh B CHMBOJihHO-'IHCJieHHhlX Bhl'IHCJieHHj!X 60JihIJ.IOe KOJIH'leCTBO npo
IpaMM, HaIIHCaHHhIX Ha jI3hIKax C H FORTRAN. 

Pa6orn BhIIIOJIHeHa B na6opaTOpHH Bhl'IHCJIHTeJihHOH TeXHHKH H aBTOMaTH3a
UHH 0115111. 

Coo6111e1111e O6-1,e111meHHOro IIIICTHTyra i111epHLIX HCCJle}lOBaHHii. lly6Ha, 1999 

Raportirenko A.M. Pl 1-99-230 
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. 

The investigation has been performed at the Laboratory of Computing Tech
niques and Automation, JINR. 
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1. Bee.11:eune 

.UttaneKT .113b1Ka LISP, Standard LISP [l] 6bln co3.11:att B npouecce npoue.11:ettH.11 

pa6oT HaJl cHcTeMoH attanHTH'leCKHX Bbl'IHcneHHH REDUCE [2]. B tteM peanmo

uatt MHHHMaJlbHblH Ha6op cl>YHKUHH, JlOCTaTO'IHblH ,llfl.11 3cl>cl>eKTHBHOTO nporpaM

MHpoBaHH.11 CHMBOnbHblX anropHTMOB. 

O.nHaKO MHome 3aJla'IH KOMnblOTepHOH anre6pbl npHBOJl:.IIT K tteo6XOJlHMOCTH 

O)lHOBpeMeHflOTO npoue.neHH.11 KaK CHMBOnbHblX, TaK H 'IHcneHHblX Bbl'IHCneHHH. 

B npmmttne, MO)KHO nporpaMMttpoBaTb Ha .11Jb1Ke LISP H 'IHcneHHble anropttTMbl. 

TaK KaK LISP-HHTepnpernrnpb1 o6bl'IHO Hcnonb3YIOT apttcl>MeTHKy ueorpatttt'leH

HOH TO'IHOCTH, TO 3TO, B CBOIO O'lepe.nb, n03BOnHT H36e)KaTb MHOrHX npo6neM, 

CB.113aHHblX C nepenonHeHH.IIMH H oum6KaMH OKpyrneHH.11. H 3TO, nO)KaJIYH, 0,!lHH 

H3 HaH6onee y6e.nHTenbHblX .uouo.uou B nonb3Y .113b1Ka LISP. OitHaKo ,!la)Ke ecnH He 

npHHHMaTb uo BHHMaHtte TOT ct>aKT, '-iTO H C-, H FORTRAN-nporpaMMbl uce-TaKH 

.non)KHbl pa60TaTb 6blCTpee aHanOrH'IHblX CKOMnHnttpoBaHHblX LISP-nporpaMM, 

HMeeTC.11 He MeHee y6e)lHTenbHblH JlOBO.U .upyroro coprn-orp0MHOe KOntt'leCTBO 

xoporno OTna)KeHHblX nporpaMM 'JHCneHHblX Bbl'IHCneHHH, HanHCaHHblX Ha .113b1Kax 

CH FORTRAN. 

TTonblTKa c.uenaTb .uocTynHblM nonbJ0BaTen10 .113b1Ka LISP nporpaMMbl, ttantt

caHttble Ha .npymx .113b1Kax, npttBO)lHT K Heo6xo.UHMOCTH pacrnttpeHH.11 HHTepnpe

TaTOpa, no Kpaittteit Mepe, ,llfl.11 perneuu.11 cne.uy10mux uonpocou: 

• .uon)KHa 6b1Tb o6ecne'leHa B03MO)KHOCTb ,llfl.11 .UHHaMH'leCKOTO nO)lKnlO'leHH.11 

061,eKTHOTO Mo.nyn.11 nporpaMMbl K BbmOnH.lleMOMY npoueccy H, no Mepe 

B03MO)KH0CTH, o6paTHa.11 onepauH.11. TTptt 3TOM 061,eKTHblH Mo.uynb MO)KeT 

HaXO.UHTbC.11 KaK B o6bl'IHOH HnH pa3.uen.11eMOH 6tt6nHOTeKe, TaK H np0CTO B 

BH,!le 061,eKTHOTO ct>aitna; 

• 'IT0 KacaeTC.11 cornarneHtt.11 o CB.113.IIX, To .uom1rna 6b1Tb o6ecne'leHa B03MO)K

H0CTb KaK ,llfl.11 Bbl30Ba nporpaMMbl ,llfl.11 npoue.neHH.11 'IHCneHHblX Bbl'IHCne

HHH H3 KoMnHnttpouaHHOH ttntt HHTepnpernpyeMOH LISP-cl>yHKUHH, ·rnK H 

06paTHa.11 onepauu.11-06pameHi1e K LISP-cl>yHKUH.IIM (KaK KoMnttnttpouaH

HblM, TaK H HHTepnpeTttpyeMblM) H3 nporpaMMbl ,llfl.11 npoue.ueHH.11 'IHCneHttblX 

Bbl'IHCneHHH; 



• B npHHUHne, Jl0m1rna 6b1Tb o6ecne'-!eHa B03M0)KH0CTb JIJl.11 0TnaJlKH H aHa
nHJa BpeMeHHblX xapaKTepHCTHK (npoqmnHpOBaHH.11) JlHHaMH'-leCKH TI0Jl
KnJO'-leHHblX nporpaMM. 

KpoMe 3T0ro, 3)leCb B03M0)KHbl npo6neMbl H '-IHCT0 nporpaMMHble, HanpHMep, pa3-
nH'-IHblH cnoco6 o6pa6oTKH oco6b1x cn}"-laeB npH onepauH.six c eemecrneHHbIMH 
'-IHcnaMH B LISP-HHTepnpernTope H nporpaMMe JIJl.11 npoee)leHH.11 '-!HcneHHbIX Bbl
'-IHcneHHH. 

TeM He MeHee, HMeTb pacurnpeHHe LISP-HHTepnpernrnpa JIJl.11 .llHHaMH'-leCKoro 
TI0.llKnJO'-leHH.11 nporpaMM npoee.11eHH.II '-IHCneHHblX Bbl'-IHCneHHH BeCbMa none3110. 8 
GSL [5] )'KaJaHHoe pacurnpeHHe peanHJ0BaHo HaH6onee ecTecrneHHbIM o6pa3oM, 
B HeM H LISP- H , FORTRAN-nporpaMMbl nepe.11 KOMnHn.stuHeii npeo6pa3y10Tc.11 
B 3KBHBaneHTHble HM C-nporpaMMbl, ofueKTHble MO.riynH K0T0pblX 06pa6aTb1Ba
JOTC.II 0.llHHaK0B0 KaK .llHHaMH'-leCKHM 3arpY3'-IHK0M, TaK H .11pyrnMH nporpaMMaMH 
o6pa60TKH o6oeKTHblX cpaiinoB. 

2. HnTepnperaTOp 

O.11Hoii HJ rnaBHbIX ueneii npoeKTa GSL [5](GNU Standard LISP) 6bino co3.11a
HHe HeK0MMep'-leCKoro, M06HnbHOro, neri<O pacmHp.steMoro LISP-HHTepnpeTaTOpa, 
peanHJyromero .11HaneKT .st3bIKa Standard LISP. 

, Biopoii, He MeHee Ba)KH0H uenbJO npoeKTa, 6bino peme11He eonpoca o co
BMeCTH0M HCnonbJ0BaHHH B 0.IIHOH H TOH )Ke ceCCHH KaK .llHHaMH'-leCKH 3arp~a
eMblX nporpaMM J1Jll1 . BblTI0nHeHH.11 1mcneHHblX Bbl'-IHCneHHH, TaK H .llHHaMH'-leCKH 
3arp~aeMblX nporpaMM JIJl.11 BbmonHeHH.11 CHMB0nbHblX Bbl'-IHCneHHH. 

l1HTepnpernTop GSL HanHcaH Ha .st3bIKe C c HcnonbJoeaHHeM oco6eHHOCTeH 
K0MnHJI.stTopa GNU CC [6]. TTpH pa3pa6oTKe HHTepnpernrnpa HcnonbJoeanocb 
TOnhK0 ceo60.11Hoe nporpaMMHoe o6ecne'-leHHe qmpMbl Free Software Foundation, 
pa3pa60TaHHoe B paMKax npoeKTa GNU. 

l1HTepnpernrnp MO)KeT' 6b1Tb co6paH CTaTH'-leCKH HnH .llHHaMH'-leCKH, T.e. C 
HCTI0nb30BaHHeM pa3.11en.11eMblX CHCTeMHblX 6H6nHoTeK. Eonee Toro, H3 caMoro 
HHTepnpeTaTOpa* M0)KH0 ccpopMHpoeaTb CTaTH'-leCKYJO HnH .llHHaMH'-leCKYJO 6H-
6nHOTeKy. KaK ~e ynoMHHanocb, GSL HMeeT KoMnHn.stTop H .llHHaMH'-lecKHH 
3arpy3'-IHK. Jl.HHaMH'-leCKHH 3arpy3'-IHK .11aeT B03M0)KH0CTb TI0.llKnJO'-laTb K BblTI0nH.11-
eMoMy npoueccy o6'beKTHble Mo.11ynH, K0T0pble M0ryr HaX0.llHTbC.11 KaK B 06bl'-IHblX 
HnH paJ.11en.11eMblX.6H6nHOTeKax, TaK H npoCTC) B BH.lle o6oeKTHblX cpaiinoB. BMeCTe 
C cpyHKUHeH dump-gsl, K0TOpa.st TI03B0n.steT c6pocHTb o6pa3 naM.IITH HHTepnpe
TaTOpa GSL B HcnonH.sieMbIH cpaiin H B .11anbHeiimeM Ha'-IHHaTb pa6oTy c uero, OH 

• 3a HCKJJ10'leH1ieM MOllym1, COlleplKamero main-nporpaMMy. 
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'-laCT0 HcnonbJyeTC.11 JIJl.11 re11epaum1 cneu11anmHp0BaHHblX LISP-CHCTeM, K0TOpble 
Tpe6yioT .llHl!al.1H'-leCKOH 3arpy3KII 6onbworo K0nH'-leCTBa o6oeKTHblX MO.llyneH. 

B HaCT0.lllUee BpeM.11 HHTepnpernrnp pa6orneT Ha paJnH'-IHblX nnaTq>OpMax 
B BSD-no.1106HblX onepauHoHHblX CHCTeMax UNIX, TaKHX, KaK NetBSD/(sparc, 
i386), FreeBSD/i386, SunOS/(sparc, i386), Linux/(sparc, i386). 3m CB.stJaHo c 
TeM, '-!TO KaK .llHHai.m'-leCKHii 3arpY3'-IHK, TaK H cpyHKUH.11 dump-gsl noKa Moryr 
pa60TaTb TOnbK0 C o6'beKTHblMH cpaiinaMH B cpopMaTe a. out H elf. 

3. KOMTIHJUIUH.11 

KoMnHn.stUH.11 LISP-cpy11Ku11ii, T.e. nepeeo.11 11x onpe.11en.11iom11x Bb1pa)Kem1H 
B MaWHIHlble no.11nporpaMMbl, 3Ha'-ll!Tenbll0 ycKop.steT Bbl'-IIICnem1e IIX 3Ha'-leHHH. 
TaK, cpaeHeHHe epeMeH Bbmom1ett11.11 TeCT0BblX nporpaMM c11cTeMb1 REDUCE 3.5, 
pa6orniomeii 110.11 ynpaBJ1e1meM GSL, noKaJano, '-!TO KOM11Hm1poea1111b1H eap11aHT 
CHCTeMbl pa6orneT e I 0-12 pip 6blCTpee, '-leM e pe)Kl!Me HHTepnpernmm. 

TTpouecc K0MnHn.stuH LISP-nporpaMM npoHCX0.llHT B Tp11 3Tana. Btta'-lane c 
noM0lllblO Standard LISP-KoMnHn.sirnpa [3] JIJl.11 Ka)K.IIOH cpyHKUHII 11cxo.1111oii npo
rpaMMbl npoH3B0.llHTC.II reHepaUH.11 nocne.110BaTenbH0CTH C-MaKpOCOB (Koi.iau.11 a6-
CTpaKTHOH MaWIIHbl), K0T0pble JaTeM HCIJ0nbJYIOTC.11 JIJl.11 re11epau11H C-nporpaMMbl, 
non11ocTb10 3KBHBaneHTHOH KOMnttnttpyeMoH LISP-nporpaMMe. non}"-leH11b1e rn
KHM o6pa30M C-nporpaMMbl .IIBJI.IIIOTC.11 MaWHHO-·He3aBHCHMblMII. JI,.n.11 reHepauHH 
o6oeKTllblX Mo.11yneii 11cnonbJyeTc.11 GNU CC [6]-K0Mn11n.11rnp. 

TaK KaK .llHHaMH'-leCKHH 3arpy3'-IHK HrH0pHpyeT. 0Tna)l0'-IIIYIO Hllq>OpMam110, 
HMeiomyioc.11 B 061,eKTIIOM M0.llyne, TO none3110 Bbl3BaTb 3arpy3'-IIIK JIJl.11 y.11ane1111.11 
H3 o6'beKTHblX cpattn0B OTna)l0'-III0H Hllq>OpMaUHII II noKanbHblX CIIMB0n0B. C 0.11-
HOH CTOp0Hbl, 3T0 TI03B0n.steT yi.teHblllHTb pa3Mep o6'beKTHOro cpaiina, a C .11pyrott, 
'-11'0 6onee cymecTBeHH0, yMeHblllaeT K0nH'-leCTB0 CIIMB0n0B B Ta6n11ue CHMB0n0B 
.1111HaMH'-leCK0ro,3arpY3'-IHKa. 

8 Ka'-!eCTBe npHMepa paCCM0TpHM K0Mlllln.llUIIIO LISP-nporpaMMbl, C0CT0.11-
meH H3 cpyHKUIIII Bbl'-IHCneHH.11 cpaKTOp11ana non0)KIITeJJbH0ro '-IIICna: 

(de factorial (n) 
(cond ((onep n) 1) 

(t (times2 n (factorial (subl n)))))) 

cI>yHKUHII factorial C00TBeTcTByeT cne.11yioma.si IJ0CJle.ll0BaTeJlbH0CTb C-MaKpocoe: 

(!•entry factorial expr 1) 
( !•alloc 1) 

(!•store 1 0) 
(!•link onep expr 1) 
(!•jumpnil g000003) 
(!•load 1 (quote 1)) 
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(!•jump g000004) 
'( !•lbl g000003) . 
(!•load 1 0) 
(!•link subl expr 1) 
(!•link factorial expr·1)· 
(!•load 2 1) 

(!•load 1 0) 
(!•link times2 expr 2) 
(!•lbl g000004) 
( ! •dealloc 1) 

(!•exit) 

KOTOpble JaTeM HCnOJJb3YIOTCSI .IVISI reHepaUHH C-nporpaMMbl BblYHCJJeHHSI cpaKTO

pHana. TeKCT creitepHpoaaHHOH C-nporpaMMbl BblYHCJJeHHSI cpaKrnpmina npe.UCTa
BJJeH. HH)Ke: 

/• Module: factorial·•/ 

#include ''.GSLtoC.h" 

extern Lisp_0bject Fsubl (); 

static Lisp_0bject _Ffactorial O; 
static Lisp_0bject Qfactorial; 

Lisp_0bject •Stat_factorial[l]; 
struct mframe 0bjs_factorial; 

DE ("factorial", _Ffactorial, Sfactorial, 1, 
Compiled function.") 

{ 

(al) 

Lisp_0bject al; 

register Lisp_0bject rl, r2; 

FRAME (1) 

TRACE_ENTRY (Qfactorial, 1, &al) 

rl = al; 

XSETFRM (0, rl); 
rl = Fonep (rl); 
if (NILP (rl)) 

goto g000003; 
rl = XUINT (1); 
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" 

goto g000004; 
g000003: 

rl = XFRM (0); 
rl = Fsubl (rl); 
rl = _Ffactorial (rl); 
r2 = rl; 
r1 = XFRM (0); 
rl = Ftimes2 (rl, r2); 

g000004: 
UNFRAME (1) 

TRACE_EXIT (Qfactorial, rl); 
} 

void 
Init_factorial () 
{ 

0bjs_factorial.size =·0; 
0bjs_factorial.objs = Stat_factorial; 
0bjs_factorial.next = objslist; 
objslist = &0bjs_factorial; 

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

} 

/• End of File•/ 

4. )].uuaMn11ecKaJ1 Jarpy:iKa 

OcHosy .UHHaMHYecKoro 3arpy3YHKa GSL cocrnsnsieT GNU did [7, 8]. )].nsi 

Toro YT06b1 c.uenaTb B03MO)KHblM ,!lOCTyn He TOJJbKO K o6'heKTHblM MO.!lYJJSIM CTaTH

qecKHX 6H6JJHOTeK, HO H K MO.UYJJSIM paJ.uensieMblX 6tt6JJHOTeK, a TaK)Ke pa3pellIHTb 

nepeonpe.ueneHHe LISP-cpyHKUHii* nptt 3arpy3Ke o6neKTHbIX cpaiinos KOMnHJJH

posaHHbIX LISP-nporpaMM, B did 6brnH sHeceHbl neKOTOpb1e HJMene1rnsi. 

TTpH 3arpy3Ke o6'heKTHoro cpaiina KaKoii-ntt6y.!lh KOMnttnttpoBaHHOH LISP

nporpaMMbl, B .uon0JJHeHHe K o6hlYHhlM onepaUHSIM no pa3pellleHHIO Heonpe.ue

JJeHHblX CChlJJ0K, npoH3B0,!lHTC51 BhlYHCJJeHHe BCex S-Bhlpa)KeHHH, aHaJJ0rHYH0e 

T0MY, Kornpoe npottcxo,!lHT nptt YTeHHH HCXO.!lHOH LISP-nporpaMMbl. 3rn npo

HCX0.!lHT npH Bbl30Be cpyHKUHH C HMeHeM Ini t_ <module_name>. )].nsi Toro YT06b1 

• 06bl'IHO B CJJ}"lae llBOHHOrD onpe11eJ1eHHll CIIMBOJJa BLIJlaeTCll coo6meHHe 06 0111116Ke .. 
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.mrnaMw1ecKHH JarpyJ'IHK cMor 0TnH'laTh 061>eKrnh1e cJ>aiim,1 LISP-nporpaMM OT 
0CTaJJbHhlX, HX HMeHa HMelOT pacumpeHHe • g, a He • o, KaK 06menpmu1T~. ' 

HmKe npeJJ.CTaBJJeH npHMep HCnonhJ0BaHml JJ.HHaMH'leCKoro 3arpy3'1HKa. BHa
'laJJe np0H3B0JJ.HTCjf 3arpy3Ka M0JJ.ym1 factorial H Bhl'IHCngeTC51 3,Ha'leHHe 50!. 
J:{anee JarpyxaeTcg M0JJ.ynh demo, coJJ.ep)KalllHH nporpaMMy c HMeHeM hello, 
K0Topag npH BhlJoee JJ.0n)KHa BhJJJ.aTh coo6meHHe Hello World, ttcnonhJY51 o6pa
meHHe K cf>YHKUHH printf, HaX0JJ.51llleHC51 B CHCTeMHOH 6tt6nHOTeKe libc: 

/• Module: demo •I 

#include "GSLtoC.h" 
#include "f2c.h" 

static Lisp_0bject Fferdr (); 
static Lisp_0bject Fhello (); 

static Lisp_0bject Qferdr; 
static Lisp_0bject Qhello; 

Lisp_0bject •Stat_demo[2]; 
struct mframe 0bjs_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. 11

) 

(al, a2) 
Lisp_0bject al, a2; 

doublereal x; 
integer k; 

x = 12c_double (al); 
k = 12c_long (a2); 

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

DE ("hello", Fhello, Shella, 0, 

Compiled function.") 
() 

{ 

6 

1< 

printf ( 11 \n\n\t\tHello World\n"); 
return Qnil; 

} 

void 
Ini t_demo 0 
{ 

0bjs_demo.size = O; 
0bjs_demo.objs = Stat_demo; 
0bjs_demo.next = objslist; 
objslist = &0bjs_demo; 

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

} 

/• End of File•/ 

CTepeoHa'laJJhH0 CHMBon printf He onpeJJ.ene11, H ecnH npoHJeecTH 06pawe-
1me K cf>YHKUHH hello, TO 6yJJ.eT BhlJJ,aH0 coo6meHHe 06 OWH6Ke. nocne pa3pewe
HH51 3TOH HeonpeneneHHOH CChtnKH C HcnonbJ0BaHHeM paJnen51eMOH 6tt6nHOTeKH 
/usr/lib/libc. so.12.3 o6pameutte K cf>YHKUIIH hello eblnacT mimnaeMoe co-
06me11tte. O6pame1me K LISP-cf>yHKUHH dld_unlink_by _symbol, K0Topag 51Bn51-

eTC51 "" 'leM HHblM KaK GSL-o6ono'IKOH M51 cJ>y11Ku1111 c TeM )Ke 11aJea1meM, 
onpeneneHHOH e naKeTe GNU did [7], nenaeT CIIMBon printf CHoea He onpe
nenem1hIM, '-!TO BHnH0 113 coo6weHH51 06 OWH6Ke npH n0BT0pH0M o6pameHIIH K 

cf>yHKUHH hello: 

> (load factorial) 
t 
> (factorial 50) 
30414093201713378043612608166064768844377641568960512000000000000 
> (load demo) 
t 
> (list-undefined) 
There are a total of 5 undefined symbols: 

_dferdr _ 
_ l2c_long 
_c2l_double 
_12c_double 
_printf 

nil 
> (dld_link "/usr/lib/libc.so.12.3") 
t 
> (list-undefined) 
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There are a total of 4 undefined symbols: 
_dferdr_ 
_l2c_long 
_c2l_double 
_l2c_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 _ 
_ l2c;_long 
_c21Aouble 
_l2c_double 
_printf 

nil 

5. qHCJJeHHO~CHMBOJILHLIH HHTep4>euc 

TTpo6neMbl, KOT0pb1e Moryr BOJHHKHYTb npH HcnonbJOBaHHH B GSL nporpaMM 

,llnll npoBe,neHHll lJHCneHHblX BbllJHCneHHH, 'lame Bcero CBll3aHbl C HenpaBHnbHblM 

npeo6pa3oBaHHeM apryMeHTOB HIHnH B03BpamaeMoro JHatJeHHll npH nepexo.nax 

Me)K,lly LISP- H C- HnH FORTRAN-nporpaMMaMH. 3m CBl!JaHo c TeM, tJTO B GSL 

HCnonbJyeTCll BHYTpeHHee npe.ncTaBneHHe uenblX lJHCen, OTnHlJHOe OT CTaH.napT

HOfO. 

8 JaBHCHMOCTH OT 3HatJeHHll uenoe lJHCno MO)KeT HMeTb 0,llHO HJ CJie,nylOIUHX 

npe.ncrnBneHHii: 

• ecnH a6con10THa.H BenHtJHHa tJHcna MeHbllle tJeM 2addr_size- 1, TO Ml! ero 

npe.ucTaBneHHll HCnOnbJyeTCll caM YKaJaTenb: 3HatJeHHe lJHCJia noMemaeTCll 

B none a,npeca yKaJaTenll. lliHpHHa nonll a.npeca addr_size He Q)HKCHpo

BaHa H MO)KeT 6b1Tb HJMeHeHa nepe.n KOMnHnl!UHeii HHTepnpeTaTOpa. lliill 

npe,ncTaBneHHll 3HatJeHHll lJHCna HCnOnbJyeTCll .nononHHTenbHblH Ko.n; 

• ecnH a6con10THa.H BenH'IHHa tJHcna 6onbllle HnH paBHa 2addr _size-I H 

MeHbllle tJeM 2s izeof (longlong)-2, TO ,nnll ero npe.ncrnBneHHl! Hcnonb-
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JYIOTCll ,llBa CMe)l(HblX MalllHHHblX CJIOBa. 3HatJeHHe lJHCna TaK)Ke npe,ncTa

BneHO B .nononHHTenbHOM KO,ne; 

• ,llnll npe,llCTaBneHml uenoro lJHCna, a6cOnlOTHa.H BenHlJHHa KOTOpOro He MeHbllle 

tJeM 2sizeof (longlong)-2• HCnOnbJyeTCll paJnO)KeHHe no OCHOBaHHIO 

b = 2sizeof (long): 

bl ·bn . b 
CQ + C1 . + .. · + Cn , Ci < 

3HalfeHHe 6onblll0f0 uenoro npe,ncTaBneHO B npl!MOM KO.Ile B BH,lle MaCCHBa 

K03Q)qJHUHeHTOB paJnO)KeHHll C;. lliill pa60Tbl C 60JJblllHMH uenblMH B GSL 

HCnOJJbJyeTCll naKeT GNU gmp [9], B KOTOpOM peanmcrnatta BblCOK03qJqJeK

THBHa.H apHqJMeTHKa MHOroKpaTHOH TOlJHOCTH. 

l.JTO KacaeTCll . BemecTBeHHblX lJHCen, TO OHH COOTBeTCTBYIOT THny double 

l!JblKa C H o6bltJHo HMelOT npe~crnBneHHe, cooTBeTCTBYIOIUee IEEE-¢opMaTy ,nnll 

,llBOHHOH TOlJHOCTH. 

Cne.nyeT TaK)Ke OTMeTHTb, tJTo s GSL KaK uenb1ii; TaK H BemecTBeHHbJH HynH 

npe.ncTaBneHbl O,llllHM H TeM )Ke lJHCnOM-KOpOTKHM uenblM co 3HatJeHHeM HOnb. 

C .npyroii crnpoHbl, nporpaMMa npeo6pa3oBaHHll FORTRAN B C f2c [4] Hc

nonbJyeT COOTBeTCTBHe Me)K,lly THnaMH, noKaJaHHOe B Ta6nHue. lliill Toro lJT06bJ 

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•6 x char x[6); char x[6]; 
complex x complex x; struct {float r, i;} x; 
double complex x doublecomplex x; struct {doubler, i;} x; 

npaBHnbHO npeo6pa30Bbl8aTb apryMeHTbl npH COBMeCTHOH pa6oTe nporpaMM ,llnll 

npoBe,neHHll KaK CHMBOnbHblX, TaK " lJHCneHHblX BbllJHCnemiii, Heo6xo,nHMO HC

nonhJOBaTb QJYHKUHH, npOTOTHnbl KOTOpblX npe,ncTaBneHbl HH)Ke: 

short int 12c_short (Lisp_Object num); 
Lisp_Object c2l_short (short int n); 

long int 12c_long (Lisp_Object num); 
Lisp_Object c2l_long (long int n); 

double 12c_double (Lisp_Object num); 
Lisp_Object c2l_double (double n); 
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char* 12c_string (Lisp_Object str); 
Lisp_Object c2l_string build_string (char •str); 

IlpHMep HCnOilb30Bamu1 HeKOTOpblX H3 HHX MO)KH() YBH)leTb B nporpaMMe ferdr 

MOJlym1 demo. 
Tttn complex B GSL He onpe)leneH, H noTOMY, KaK Bb16op ero BHYTpe1rnero 

npe)lCTaBneHml, TaK H nporpaMMHpOBaHHe OCHOBHblX apH¢MeTH'-leCKHX onepaUHH 

Ha,u KOMnneKCHblMH '-!HcnaMH 3aBHCHT OT nonb30BaTem1. 

6. Orna)lK3 JlHH3MHqeCKH 3arpy.>K:aeMblX nporpaMM 

TaK KaK cpe,!lcTBa TpacCHpOBKH LISP-HHTepnpeTaTOpa Moryr 6h1Tb Hcnonh-

30BaHhl TOilbKO Jlflll OTila,!lKH KaK KOMnHnHpOBaHHblX, TaK H HHTepnpeTHpyeMblX 

LISP-nporpaMM, TO B03HHKan o'-leHh HenpocToH sonpoc: KaK 6b1Tb c orna,uKoii 

JlHHaMH'-leCKH 3arp~aeMblX nporpaMM Jlf)» npoBe)leHH» '-IHCneHHblX Bbl'-IHCneHHH? 

K c'-!aCTblO, GNU gdb [IO] n03son»eT JlHHaMH'-leCKH noJlrp~aTb rn6nHUbl CHMBO

nos o6'beKTHblX ¢ai1noB H nOTOMY snonHe MO)KeT 6h1Tb HCn0ilb30BaH Jlfl» 0Tila)lKH 

JlHHaMH'-leCKH 3arp~aeMhIX nporpaMM. Htt)Ke, Ha npttMepe ttcnonh30Batm» B GSL 

FORTRAN-nporpaMMbJ Jlfl» BbJ'-!HcneHH» ¢YHKUHH cJ>epMH-Jl,HpaKa* 

1
00 tk/2 

Fk(x) = t dt 
o 1 + e -x 

Jlfl» semecrnemmro apryMeHTa x, H k = - l, 1, 3, npoB0JlHTC» )leM0HCTpauH» 
HCn0ilb30BaHH51 gdb Jlf)» 0Tna)lKH JlHHaMH'-leCKH 3arp~eHHOH nporpaMMbl demo. 
KaK ~e ynoMHHan0Cb paHee, ,!lHHaMH'-leCKHH 3arpy3'-IHK HrHOpHpyeT OTna)lO'-IHYlO 
HH¢opMaUHlO, HMeIOmylOc» B o6'beKTHOM MO,!lyne. Ilo3TOMY npH ¢opMHpOBaHHH 
. g-¢ai1na Mbl Bbl3blBaeM 3arpY3'-IHK Jlfl» y,!laneHH» H3 o6'beKTHOfO cpaiina orna

,!lO'-IHOH HH¢0pMaUHH H noKanbHblX CHMB0il0B. MO.!lYilb GSLf2c C0,!lep)KHT ¢yHK
UHH npeo6pa3oBaim» apryMeHTOB Me)KJly LISP- H C-nporpaMMaMH. B MO.!lyne 
dld_tools onpe,!leneHa LISP-¢yHKUH» list-modules, K0T0pa» BbJCBe'-IHBaeT ua 
3Kpaue HMeHa ,!lHHaMH'-leCKH 3arp~eHHblX o6'beKTHblX MO,!lyneii H HX Ha'-!anbHbJe 
aApeca B naM»TH. Ilocne onpe,!leneHH» ua'-lanbHoro aApeca MO.!lyn» demo, c noMo
mhlO gdb-KoMaHJlbJ add-symbol-file 3arp~aeTc» orna)lO'-IHa» HH¢opMaUH» H3 
. o-¢ai1na, nocne '-!ero MO)KH0 3aHHMaThC» ero OTila)lKoii: 

bash$ gee -c -g -02 demo.c 
bash$ ld -r -x -S -o demo.g demo.o 
bash$ gdb /home/GSL-1.0/GSLbin/gsla4 
(gdb) run 

*Hcxo11u1,1e TeKCTM 3TOH cp)'IIKUHH BJllTM HJ 6H6JJHOTeKH CERNLIB 
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Starting program: /home/GSL-f.O/GSLbin/gsla4 

> (load demo GSLf2c dld_tools) 
t 
> (dld_link "/home/GSL-1.0/GSLlib/libCERN.a") 
t 
> (dld_link "/usr/gnu/lib/libf2c.a") 
t 
> (dld_link "/usr/lib/libc.so.12.3") 
t 

> (dld_link 11 /usr/lib/libm.a") 
t 
> (info ferdr) 

nil 

FERDR(X:floating, K:integer):floating 
Type: EVAL, SPREAD 
Returns value of the Fermi-Dirac function· 
for real argument X, and K = -1, 1, 3. 

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

***** CERN C323 FRERDR/DFERDR ERROR C323.1: INCORRECT K = 
0 

> (list-modules) 
====== 

start: 

====== 

library name: /usr/lib/libm.a 
start: Ox79900 name: v_exp.o 

start: Oxc1bc0 name: s_copysign.o 
OxO name: /usr/lib/libc.so.12.3 
library name: /usr/gnu/lib/libf2c.a 
start: Ox79f00 name: s_cmp.o 

start: Ox8d000 name: err.o 
library name: /home/GSL-1.0/GSLlib/libCERN.a 
start: Ox7a000 name: ferfr64.o 
start: Ox76600 name: mtlprt.o 
start: Ox7b000 name: mtlset.o 
start: Ox4ca00 name: gsl_abend.o 
start: Ox79e00 name: lenocc.o 

start: Ox78000 name: /home/GSL-1.0/GSLlib/dld_tools.g 
start: Ox77000 name: /home/GSL-1.0/GSLlib/GSLf2c.g 
start: Ox76000 name: /home/ram/xmp/demo.g 
start: OxO name:-•- dummy entry-•-

II 
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start: OxO name: /home/GSL-1.0/GSLbin/gsla4 
nil 
> -c 
Program received signal SIGINT, Interrupt. 
Ox40a8ff0 in read() 
(gdb) add-symbol-file /home/ram/xmp/demo.o Ox76000 
(gdb) 1 demo.c:27 
Source file is more recent than executable. 
22 (al, a2) 
23 
24 
25 
26 
27 
28 
29 
30 

{ 

Lisp_Object al, a2; 

doublereal x; 
integer k; 

x = 12c_double (al); 
k = 12c~long (a2); 

31 return c2l_double(dferdr_ (&x, &k)); 
(gdb) b 30 
Breakpoint 1 at Ox760b4: file ./c/demo.c, line 30. 
(gdb) c 
Continuing. 
(ferdr 1. 5 -1) 

Breakpoint 1, Fferdr (a1=201691152, a2=67108863) at ./c/demo.c:31 
31 return c2l_double(dferdr_ (&x, &k)); 
(gdb) p x 
$1 = 1.5 
(gdb) pk 
$2 = -1 
(gdb) q 
The program is running. Quit anyway (and kill it)? (y or n) y 
bash$ 

7. AH3J1U3 epeMeHHblX xapaKTepuCTUK (npoitnmupoeauue) )lUHaMUIJCCKU 
3arp)')KaCMblX nporpaMM 

HeT He06XO,llHMOCTH rosopHTb 0 3HalJeHHH ynrnHTbl gprof [ 11, 12] ,llJUI aHa

JJH3a BpeMeHHblX xapaKTepHCTHK pa3JJHlJHblX K0Mn0HeHT onTHMH3HpyeMOH npo

rpaMMbl. CTaHUapTHblH BapttaHT 3TOH yYHJJHTbl npe,llnonaraeT, lJT0 HCCJJe,llyeMbIH 

a. out-cpaHJJ couep)KHT HH<pOpMaumo 0 Bcex CHMB0JJax nporpaMMbl H n0T0MY 

11e nouxouttT ii.mi pa6oTbI c llHHaMHlJeCKH 3arp~aeMbIMH nporpaMMaMH. B GSL 
HCl10Jlb3yeTOI MOllH(pHUHpOBaHHblH BapHaHT gprof, B KOTOpblH 6bIJJa uo6aBJJeHa 

B03M0)1(110CTb ,llHHaMHlJeCKH nourp~aTb Ta6JJHUbl CHMB0JJ0B o6beKTHblX cpaHJJOB. 

12 

HH)Ke, Ha npm,1epe HCn0JJb30BaHml nporpaMMbl ,llJJll BbllJHCJJeHUll cpaKTOpuana 

noJJ0)KUTeJJbH0r0 lJUCJJa, np0B0,llHTCll ,lleM0HCTpaunll ucn0JJb30BaHHll gprof ,llJJll 

npocpunupoBaHUll ,llHHaMUlJeCKH 3arp~eHH0H nporpaMMbl factorial H cpyHKUHH 
HHTepnpernrnpa. 

JlJill Toro lJT06bl m1cpopMaUHll 06 HCCJJeii,yeM0M M0.llyJJe 3aH0CHJJaCb B <paHJJ gmon. out, 
OH ,ll0JJ)KeH 6bITb CK0MnHJJupoBaH c cpnaroM -pg: 

bash$ gee -c -pg -02 facto.rial. c 
bash$ ld -r -x -S -6 factorial.g factorial.o 

3aTeM C03ii,aeTCll HCn0JJHlleMblH <paHJJ, KOT0pblH, Kp0Me HCCJJe.l{yeMbIX, )l0JJ)KeH 
C0.llep)KaTb ){Ba scnoMoraTeJJbHbIX M0JlYJJll-dld_prof H dld_ tools: 

bash$ /home/GSL-1.0/GSLbin/gsla4_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$ 

TTocne 3T0ro np0U3B0.llHTCll 3anycK nporpaMMbl ,llJJll c6opa npo<pHJJHpyromeH HH

cpopMauuu, K0T0pall 6y.lleT c6pacb1BaTbCll B cpaiin gmon. out. YnpaBJieHHe c6opoM 
HH<pOpMaUHH np0H3B0,llHTCll cpyHKUHeH dld_moncontrol: 

bash$ ./gslf 
> (list-modules) 
start: OxO name: /usr/lib/libc.so.12.3 .. 
start: Ox79e00 name; /home/ram/xmp/factorial.g 
start: Ox7a000 name: /home/GSL-1.0/GSLlib/dld_tools.g 
start: Ox78000 name: /home/GSL-1.0/GSLlib/dld~prof.g 
start: OxO name: -•- dummy entry-•-
start: OxO name: /home/GSL-1.0/GSLbin/gsla4_p 
nil 
> (dld_monstartup) 
nil 
> (dld_moncontrol t) 
nil 
> (factorial 1000) 

> (dld_moncontrol nil) 
nil 
> (dld_moncleanup) 
nil 
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> (quit) 
bash$ 

Aanee, JlJHI o6pa6oTKH umpopMau11u, HaKonneHHOH a cpattne gmon. out, 11cnonh-

3yeTCH MO.llH(pHUllpOBaHHM Bepctt}I nporpaMMbl gprof-gslprof: 

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

Ka)K,llM CTpoKa cpattna gslf. gprof COJJ.ep:lKHT IIMH cpattna C rn6n11uei1 CIIMBOnOB 
H anpec Hat.Jana cooTBeTCTBYIOlUero MOJJ.yni B )laHHOM cnYt.Jae OH COCTOIIT 113 

OJlHOH CTpOKH: 

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

TTepBoe, '!TO 6pocaeTCH B rnaJa npu . npOCMOTpe cpparMeHTOB Bbt)lat.JII npo

rpaMMbl gprof-6hmo 22 c6opK11 Mycopa! B 3TOM HeT H11t.Jero oco6eHHOro. Aeno 
B TOM, '!TO B GSL c6oplU11K Mycopa BblJbtBaeTCH BCHKIIH pa3, Kor.na y CIICTeMbl 

6bmO nonYt.JeHO onpeJJ.eneHHOe KOnllt.JeCTBO naMHTII. Hat.JaJibHOe JHat.Jem1e MaK

CIIMaJibHOrO KOn11t.Jecrna naMHTII, nonYt.JaeMoro Me)K,lly JlBYMH c6opKaMH Mycopa, 

ycrnHaBnHBaeTCH np11 KOMnHnHUIIII IIHTepnpernTopa II B )laHHOM cnYt.Jae paBHO 

20480 6aHT. HoBoe JHat.JeH11e MO:lKeT 6btTb ycTaHOBneHO np11 BblJOBe cpyHKUIIII 

gc-cons-threshold. 
1-b 1000 yMHO:lKeHIIH 979 pa3 KOpOTKOe uenoe YMHO)KaJIOCb Ha 6onbrnOe 

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 

index %time 

called/total 
self descendents called+self 

called/total 

-----------------------------------------
999 

0.02 0.23 1/1 

[5] 51.0 0.02 0.23 1+999 
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parents 
name index 

children 

__ Ffactorial [5] 
_Feval <cycle 2> [3) 

__ Ffactorial [5] 

[6] 

0.00 0.23 999/999 
0.00 0.00 1000/1000 
0.00 0.00 999/999 

0.00 
46.9 0.00 

0.00 
0.02 

0.00 

0.23 
0.23 
0.16 
0.05 

0.16 

999 

999/999 
999 
999/999 

22/22 

999/999 

_gcFtimes2 [6] 
.:.Fonep [28) 
_gcFsubl [30) 

. __ Ffactorial [5] . 

__ Ffactorial ·[5] 
_gcFtimes2 [6]' 

_Ftimes2 [10) 
_Freclaim [12) 

_gcFtimes2 [6] 
[10) 32.7 0.00 0.16 999 _Ftimes2 [10] 

_times2_mpz_int [11) 
_times2_fix_int [25] 
_make_fix [35] 

0.15 0.01 979/979 
0.00 0.00 10/10 
0.00 0.00 1/10 

8. 3aKmoqeuue 

TTpeJJ.CTaBneHHble B CTaTbe cpeJJ.CTBa ,llalOT BOJMO)KHOCTb nonbJOBaTenro CII

CTeMbl REDUCE [2] c O.llHOH crnpoHbt 11cnonhJOBaTb B CIIMBOnhHhtX Bhtt.J11cne

H11Hx 6onhrnoro KOnll'leCTBa nporpaMM MH npoBe,lleHIIH 'IIICneHHblX Bbl'IIICneHIIH, 

Han11caHHhIx Ha HJbtKax C 11n11 FORTRAN. A c .npyrott, '!TO He MeHee Ba:lKHO, 

npOIIJBO,llllTb ornanKy II aHaJIIIJ BpeMeHHblX xapaKTepllCTHK .llllHaMll'leCKII Jarpy

:lKaeMblX Mo.nynett HeJaBIICIIMO OT Toro npeJJ.HaJHa'!eHbl n11 OHII MH npoBe,lleHIIH 

CIIMBOnbllblX Hnll 'IIICnemlblX Bbl'IIICneHIIH. Pa6oTa BblnOnHeHa np11 'laCTH'IHOH 

noMep:lKKe INT AS, rpaHT N~ INT AS-96-0842. 
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