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1. Bae.z.eHHe 

JlHaJIeKT .5I3b1Ka LISP. Standard LISP [1] 6b1JI C03)laH B npouecce npOBe)leHH.5I 

pa60T Ha,Il CHCTeMOH aHaJIHTHlJeCKHX BbllJHCJIeHHH REDUCE [2]. B HeM peaJIH30

BaH MHHHMaJIbHblH Ha60p CPYHKllHH, )lOCTaTOlJHbIH )lJI.5I 3cpcpeKTHBHoro nporpaM

MHpOBaHH.5I CHMBOJIbHblX aJIroPHTMOB. 

O)lHaKO MHOfHe 3a,1lalJH KOMnblOTepHOH aJIre6pbl npHBO)l.5lT K He06xo)lHMOCTH 

O)lHOBpeMeHHOfO npOBe)leHH.5I KaK CHMBOJIbHblX, TaK H lJHCJIeHHblX BbllJHCJIeHHH. 

B npHHu"ne, MO)l(HO nporpaMMHpOBaTb Ha .5I3blKe LISP H lJHCJIeHHble anropHTMbl. 

TaK KaK LISP-HHTepnpeTaTopbl 06bllJHO HCnOJIb3YlOT apHcpMeTHKY HeorpaHHlJeH

HOH TOlJHOCTH, TO 3TO, B CBOIO OlJepe)lb, n03BOJIHT H36e)l(aTb MHOfHX np06JIeM, 

CB.5I3aHHbIX C nepenOJIHeHH.5IMH H oWH6KaMH oKpyrneHH.5I. H 3TO, nO)l(aJIYH, O)lHH 

H3 HaH60JIee y6e)lHTeJIbHb1X )lOBO)lOB B nOJIb3Y .5I3blKa LISP. O)lHaKO )la)l(e eCJIH He 

npHHHMaTb BO BHHMaHHe TOT cpaKT, lJTO H C-, H FORTRAN-nporpaMMbI Bce-TaKH 

)lOJI)l(HbI pa60TaTb 6blcTpee aHaJIOfHlJHblX CKOMnHJIHpOBaHHblx LISP-nporpaMM, 

HMeeTC.5I He MeHee y6e)lHTeJIbHbIH )lOBO)l )lpyroro copTa-orpOMHoe KOJIHlJeCTBO 

XopOWO OTJIa)l(eHHblX nporpaMM lJHCJIeHHblX BbllJHCJIeHHH. HanHcaHHblX Ha .5I3blKaX 

C H FORTRAN. 

nonblTKa C)leJIaTb )lOcTynHblM nOJIb30BaTeJIIO .5I3b1Ka LISP nporpaMMbI. HanH

caHHble Ha )lPYfHX .5I3b1KaX, npHBO)lHT K He06xo)lHMOCTH pacWHpeHH.5I HHTepnpe

TaTopa, no KpaHHeH Mepe, )lJl.51 peWeHH.5I CJIe)lYlOlllHx BonpocoB: 

• 	 )lOJI)l(Ha 6blTb 06eCnelJeHa B03MO)l(HOCTb )lJl.51 )lHHaMHlJeCKoro nO)lKJIlOlJeHH.5I 

06"beKTHoro MO)lYJIjJ nporpaMMbl K BbInOJIHjJeMOMY npoueccy H, no Mepe 

B03MO)l(HOCTH, 06paTHa.5I onepallH.5I. npH 3TOM 06"beKTHbIH MO)lYJIb MO)l(eT 

HaXO)lHTbCjJ KaK B 06bllJHOH HJIH pa3)leJI.sJeMoH 6H6JIHOTeKe, TaK H npocTo B 

BH)le o6"beKTHofo cpaHna; 

• 	 lJTO KaCaeTC.5I cornaWeHH.5I 0 CB.5I3.51X, TO )loml(Ha 6blTb 06eCnelJeHa B03MO)l(

HOCTb KaK )lJl.51 Bbl30Ba nporpaMMbl )lJl.51 npOBe)leHH.sJ lJHCJIeHHblX BbllJHCJIe

HHH H3 KOMnHJIHpOBaHHoH "JIH "HTepnpeTHpyeMoH LISP-CPYHKll"H, TaK H 

06paTHa.5I onepallH.5I-06pallleHHe K LISP-CPYHKllH.5IM (KaK KOMnHJIHpOBaH

HbIM, TaK " HHTepnpeTHpyeMblM) H3 nporpaMMbl )lJl.sJ npOBe)leHH.5I lJHCJIeHHblX 

BbJlJHCJIeHHH; 
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• 	 B npHHUHne, ,llOml<Ha 6blTb 06eCne1:feHa B03MOJKHOCTb Jl1lSl OTJlaLlKH H aHa

JlH3a BpeMeHHblX XapaKTepHCTHK (npm1>HJlHpOBaHHSI) ,llHHaMH1:feCKH nO,ll 

KJlI01:feHHbIX npOrpaMM. 

KpOMe ::noro, 3,lleCb B03MOJKHbi np06J1eMbl H 1:fHCTO npOrpaMMHble, HanpHMep, pa3

JlH1:fHbIH cnoc06 06pa60TKH OC06blX cJlyqaeB npH onepaumlx C BeweCTBeHHblMH 

1:fHCJlaMH B LISP-HHTepnpeTaTope H npOrpaMMe ,llnSi npOBe,lleHH.SI 1:fHCJleHHbJX Bbl-

1:fHCJleHHH. 

TeM He MeHee, HMeTb paCWHpeHHe LISP-HHTepnpeTaTopa JlJI.SI ,llHHaMH1:feCKoro 

nO,llKJII01:feHH.SI nporpaMM npOBe,lleHH.SI 1:fHCJleHHblX Bbl1:fHCJleHHH BeCbMa nOJle3HO. B 

GSL [5] )'Ka3aHHoe pacwHpeHHe peaJIH30BaHo HaH60Jlee eCTeCTBeHHblM 06pa30M, 

B HeM H LISP- H FORTRAN-nporpaMMbl nepe,ll KOMnHJI.SlUHeH npe06pa3YIOTC.SI 

B 3KBHBaJleHTHbie HM C-nporpaMMbI, 06"beKTHbie MO,llYJlH KOTOPbJX 06pa6aTblBa

IOTC.SI O,llHHaKOBO KaK ,llHHaMH1:feCKHM 3arpY31:fHKOM, l'aK H ,llpyrnMH nporpaMMaMH 

06pa60TKH 06"beKTHbIX <paHJlOB. 

2. HHTepnpeT8TOp 

O,llHOH H3 rnaBHblX UeJleH npoeKTa GSL [5](GNU Standard LISP) 6bIJIO C03,lla

HHe HeKOMMep1:feCKoro, M06HJlbHOro, Jlenw paCWHp.SleMoro LISP-HHTepnpeTaTopa, 

peaJIH3YlOwero ,llHaJleKT .SI3blKa Standard LISP. 

BTOPOH, He MeHee BaJKHOH ueJlblO npoeKTa, 6bIJIO peweHHe Bonpoca 0 CO

BMeCTHOM HCnOJlb30BaHHH B O,llHOH H TOH )Ke ceCCHH KaK ,llHHaMH1:feCKH 3arpY:>Ka

eMbiX nporpaMM JlJI.H BblnOJlHeHH.H 1:fHCJleHHbIX Bbl1:fHCJleHHH, TaK H ,llHHaMH1:feCKH 

3arpY:>KaeMblX nporpaMM JlJI.H BblnOJlHeHH.SI CHMBOJlbHblX Bbl1:fHCJleHHH. 

HHTepnpeTaTOp GSL HanHcaH Ha .H3blKe C C HCnOJlb30BaHHeM oc06eHHOCTeH 

KOMnHJI.HTOpa GNU CC [6]. npH pa3pa60TKe HHTepnpeTaTopa HCnOJlb30BaJlOCb 

TOJlbKO cBo60)lHOe nporpaMMHoe o6eCne1:feHHe tf>HpMbl Free Software Foundation, 

pa3pa60TaHHoe B paMKax npoeKTa GNU. 

HHTepnpeTaTOp MO)KeT 6blTb c06paH CTaTH1:feCKH HJlH ,llHHaMH1:feCKH, T.e. C 

HCnOJlb30BaHHeM pa3,lleJl.SleMbiX CHCTeMHblX 6H6J1HOTeK. DOJlee TOro, H3 caMoro 

HHTepnpeTaTopa* MO)KHO C<pOpMHpOBaTb CTaTH1:feCKYIO HJlH ,llHHaMH1:feCKYIO 6H

6J1HOTeKY. KaK Y:>Ke ynoMHHaJlOCb, GSL HMeeT KOMnHJI.HTOp H ,llHHaMH1:feCKHH 

3arpY31:fHK. JlHHaMH1:feCKHH 3arpY31:fHK ,llaeT B03MO)KHOCTb nO,llKJII01:faTb K BblnOJlH.H

eMOMY npoueccy 06"beKTHble MO,llYJlH, KOTopble MOryr HaXO,llHTbC.SI KaK B 06b11:fHblX 

HJlH pa3,lleJl.HeMbIX 6H6J1HOTeKax, TaK H npOCTO B BH,lle 06"beKl'HbiX <paHJlOB. BMeCTe 

C <pYHKUHeH dump-gsl, KOTOPa.H n03BOJl.HeT C6pOCHTb 06pa3 naM.HTH HHTepnpe

TaTopa GSL B HCnOJlH.SIeMblH <paHJI H B ,llaJIbHeHWeM Ha1:fHHaTb pa60ry C tlero, OH 

... 3a HCKJJIO'IeHHeM MOUYJUI, COJlepxaJ.Qero main~nporpaMMY. 
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4aCTO HCnOJlb3yeTcSI lUISi reHepaUHH CneUHaJJH3HpOBaHHbiX LISP-cHcTeM, KOTOpble 

Tpe6yIOT llHHaMH4eCKOH 3arpY3KH 60JlbWOro KOJlH4eCTBa 06'beKTHbIX MOllYJleH. 

B HaCTOSIwee BpeMSI HHTepnpeTaTOp pa60TaeT Ha pa3JIH4Hb1X nJlaTcpOpMaX 

B BSD-nOll06HbIX OnepaUHOHHblX CHCTeMax UNIX, TaKHX, KaK NetBSD/(sparc, 

i386), FreeBSD/i386, SunOS/(sparc, i386), Linux/(sparc, i386). 31-0 CBSl3aHO C 

TeM, 4TO KaK llHHaMH4eCKHH 3arpY34HK, TaK H CPYHKUHSI dump-gsl nOKa MOryr 

pa60TaTb TOJlbKO C 06'beKTHbIMH cpaHJlaMH B cpopMaTe a. out H elf. 

3. KOMnHJIJlUHJI 

KOMnHJlSlUHSI LISP-CPYHKuHH, T.e. nepeBOll HX OnpelleJlSlIOWHX Bblpa)KeHHH 

B MaWHHHble nOllnporpaMMbl, 3Ha4HTeJlbHO YCKopSieT Bbl4HCJleHHe HX 3Ha4eHHH. 

TaK, cpaBHeHHe BpeMeH BblflOJltleHHSI TeCTOBblX nporpaMM CHCTeMbl REDUCE 3.5, 

pa60TalOweH nOll ynpaBJletmeM GSL, nOKa3aJJO, 4TO KOMnHJlHpOBaHHblH BapHaHT 

CHCTeMbl pa60TaeT B 10-12 pa3 6blcTpee, 4eM B pe)KHMe HHTepnpeTaUHH. 

npouecc KOMnHJlSlUH LISP-nporpaMM npOHCXOllHT B TpH 3Tana. BHa4aJJe C 

nOMOWblO Standard LISP-KoMnHJlSlTopa [3] lUISi Ka)KllOH CPYHKUHH HCXOllHOH npo

rpaMMbl npoH3BollHTCSI reHepauHSI nOCJlellOBaTeJlbHOCTH c-MaKpocoB (KoMaHll a6

cTpaKTHoH MawHHbl), KOTopble 3aTeM HcnOJlb3YlOTCSllUISi reHepaUHH C-nporpaMMbl, 

nOJlHOCTblO 3KBHBaJJeHTHOH KOMnHJlHpyeMoH LISP-nporpaMMe. nOJlY4eHHbie Ta

KHM 06pa30M C-nporpaMMbl SlBJlSlIOTCSI Mau.mHO-He3aBHCHMbIMH• .il..nSl reHepauHH 

06'beKTHblx MOllYJleH HcnoJlb3yeTcSI GNU CC [6]-KoMnHJlSlTop. 

TaK KaK llHHaMH4ecKHH 3arpY34HK HrHopHpyeT OTJlall04HYlO HHcpopMauHIO, 

HMelOWYIOCSI B o6-LeKnloM MOllYJle, TO nOJle3HO Bbl3BaTb 3arpY34HK lUISi YllaJJeHHSI 

H3 06'beKTHbIX cpaHJIOB OTJlall04HOH HHcpopMaUHH H JlOKaJJbHblX CHMBOJlOB. C 011

HOH CTOPOHbl, 3TO n03BOJlSleT YMeHbWHTb pa3Mep 06'beKTHoro cpaHJla, a C llpyroH, 

4TO 60Jlee cywecTBeHHO, YMeHbwaeT KOJlH4eCTBO CHMBOJlOB B Ta6mlUe CHMBOJlOB 

llHHaMH4eCKoro 3arpY34HKa. 

B Ka4eCTBe npHMepa paCCMOTpHM KOMnHJlSlUHIO LISP-nporpaMMbl, COCTOSl

weH H3 CPYHKUHH Bbl4HCJleHHSI cpaKTopHaJJa nOJlO)KHTeJlbHoro 4HCJla: 

(de factorial (n) 

(cond «onep n) 1) 


(t (times2 n (factorial (sub1 n»»» 


<l>ytlKUHH factorial cooTBeTcTByeT cJlellYlOwaSI nOCJlellOBaTeJlbHOCTb c-MaKpocoB: 

('*entry factorial expr 1) 

O*alloc 1) 


(! *store 1 0) 

(!*link onep expr 1) 

(!*jumpnil g000003) 

(!*load 1 (quote 1» 
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(!.jump gO00004) 

(!.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 3aTeM Hcnollb3YlOTCH )l11H reHepaUHH C-nporpaMMbJ BbllJHClIeHHH cpaKTO

pHana. TeKCT creHepHpOBaHHOH C-nporpaMMbl BbllJHClIemlH cpaKTopHana npe.llCTa

BJleH HH)Ke: 

/. Module: factorial.' 

'include "GSLtoC.h" 

extern Lisp_Object Fsubl (); 

static Lisp_Object _Ffactorial (); 

static Lisp_Object Qfactorial; 


Lisp_Object *Stat_factorial[l]; 

struct mframe Objs_factorial; 


DE ("factorial", _Ffactorial, Sfactorial, 1, 

Compiled function.") 


(al) 

Lisp_Object a1; 


{ 


register Lisp_Object rl, r2; 


FRAME (1) 

TRACE_ENTRY (Qfactorial, 1, tal) 

rl =al; 

XSETFRM (0, r1); 

rl = Fonep (r1); 

if (NILP (rl» 


goto g000003; 

rl = XUINT (1); 
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goto g000004; 
g000003: 

r1 = XFRM (0); 
r1 =Fsub1 (r1); 
r1 _Ffactorial (r1); 
r2 = r1; 
r1 = XFRM (0); 
r1 =Ftimes2 (r1, r2); 

gO00004: 
UNFRAME (1) 

TRACE_EXIT (Qfactorial, r1); 
} 

void 

{ 
Init_factorial () 

Objs_factorial.size 
Objs_factorial.objs 
Objs_factorial.next 

0; 
Stat_factorial; 
objslist; 

objslist = lObjs_factorial; 

Stat_factorial [0] = lQnil; 
defentry (lObjs_factorial, lQfactorial, lSfactorial, ItFfactorial"); 

} 

/* End of File */ 

4 • .llHH8MH'IeCK8J1 38rpYlK8 

OCHOBY .llHHaMHlJeCKoro 3arpY3lJHKa GSL COCTaBJUleT GNU dId [7,8]. ,UJUI 

Toro lJT06b1 C.llenaTb B03MO)l(HbiM .llOcTyn He TonbKO K o60eKTHbIM MO.llYJUIM CTaTH

lJeCKHX 6H6nHoTeK, HO H K MO.llynSiM pa3.llenSieMbiX 6H6nHoTeK, a TaK)I(e pa3peWHTb 

nepeonpe.lleneHHe LISP-q,YHKuHH* npH 3arpY3Ke 06'beKTHbIX q,aHnoB KOMnHnH

pOBaHHblX LISP-nporpaMM, B dId 6b1nH BHeceHbI HeKoTopble H3MeHeHHSI. 

OPH 3arpY3Ke 06'beKTHOro q,aHna KaKoH-HH6Y.llb KOMnHnHpoBaHHoH LISP

nporpaMMbl, B .llOnOnHeHHe K 06bllJHbiM onepaUHSlM no pa3peweHHIO HeOnpe.lle

neHHblX CCblnOK, npOH3BO.llHTCSI BbllJHCneHHe Bcex S-Bblpa)l(eHHH, aHanOrHlJHOe 

TOMY, KOTopoe npOHCxO.llHT npH lJTeHHH HCXO.llHOH LISP-nporpaMMbl. 3TO npo

HCXO.llHT npH Bbl30Be q,YHKUHH C HMeHeM Init_<module_name> . .llnSi Toro lJT06bl 

*06bllJHO B cnyqae IlBOHHOro onpeIleJ1eHHSI CHMBOJIa BblIlaeTCSI co06meHHe 06 oWH6Ke. 
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JlHHaMH4eCKHH 3arpY34HK CMOr OTJ1H4aTb 06'beKTHble q,aHJ1bl LISP-nporpaMM OT 

OCTanbHblX, HX HMeHa HMelOT paCIDHpeHHe • g, a He .0, KaK 06111enpHHSlTO. 

HmKe npeJlCTaBJleH npHMep HCn0J1b30BaHHSI JlHHaMH4ecKoro 3arpY34HKa. BHa

4ane npOH3BOJlHTCSI 3arpY3Ka MOJlYJ1S1 factorial H BbI4HCJ1S1eTCSI 3Ha4eHHe 50!. 
.llanee 3arpyxaeTcSI MOJlYJ1b demo, cO.llepJKalllHH nporpaMMY C HMeHeM hello, 
KOTOPaSl npH Bb130Be .llOJ1JKHa Bbl.llaTb coo6111eHHe Hello World, HCn0J1b3YSI o6pa

llleHHe K q,YHKllHH printf, HaXO.llSlllleHCSI B cHcTeMHoH 6H6J1HOTeKe libc: 

/* Module: demo */ 

#include tlGSLtoC.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]j 

struct mframe Objs_demo; 


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

DE (lfferdr", 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, a2j 


{ 


doublereal x; 

integer kj 


x 12c_double (al); 

k 12c_long (a2); 


return c21_double(dferdr_ (tx, tk»; 

} 


DE ("hello tt 
, Fhello, Shello, 0, 


Compiled function.") 

o 

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

} 

void 
Init_demo 0 
{ 

Objs_demo.size 0; 
Objs_demo.objs Stat_demo; 
Objs_demo.next objslist; 
objslist = tObjs_demo; 

defentry (tObjs_demo. tQferdr. tSferdr, "Fferdr"); 
defentry (tObjs_demo, tQhello, tShello, "Fhello"); 

} 

1* End of File *1 

nepBOHaLJaJIbHO CHMBon printf He onpe,neneH, H ecnH npOH3BeCTH 06pawe

HHe K CPYHKUHH hello, TO 6y,neT BbI,naHO co06wemte 06 oWH6Ke. nocne pa3pewe

HH1I :nOH Heonpe,neneHHoH CCbmKH C HCnOJlb30BaHHeM pa3,nen1leMOH 6H6nHoTeKH 

lusr/lib/libc. so .12.3 06paweHHe K CPYHKUHH hello BbI,naCT O:lKH,naeMoe co

06weHHe. 06paweHHe K LISP-CPYHKUHH dld_unlink_by_symbol, KOTOPasi 1IBn1l

eTC1I HH 4eM HHblM KaK GSL-060n04KoH .llJ111 CPYHKUHH C TeM :lKe Ha3BaHHeM, 

onpe,neneHHoH B naKeTe GNU did [7], ,nenaeT CHMBon printf CHOBa He onpe

,neneHHbIM, 4TO BH,nHO H3 C006LU,eHH1I 06 oWH6Ke npH nOBTopHOM 06paweHHH K 

CPYHKUHH 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 
_l2c_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_ 
_12c_long 
_c2l_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 
_c2l...double 
_12c_doub.1e 
_printf 

nil 

5. 1.JHCJ1eHHO-CHMBOJILHhlii HHTepcI-eiic 

npo6neMbl, KOTopble MOryr B03HHKHyrb npH HcnOIlb30BaHUU B GSL nporpaMM 

.lJJl}{ npOBe)leHH}{ lJHCneHHblX BbllJHCneHHH, lJallle Bcero CB}{3aHbl C HenpaBHnbHblM 

npeo6pa30BaHHeM apI)'MeHTOB U'HnH B03BpaillaeMoro 3HalJeHH}{ npu nepeXO)lax 

Me)l()lY LISP- H C- HnH FORTRAN-nporpaMMaMH. 3To CB}{3aHO C TeM, lJTO B GSL 
Hcnonb3yeTC}{ BHyrpeHHee npe)lCTaBneHHe uenblX lJUCen, OTnUlJHOe OT CTaH)laPT

HOro. 

B 3aBUCUMOCTH OT 3HalJeHU}{ uenoe lJHCnO MO)l{eT HMeTb O)lHO H3 Cne)lYlOlllHX 

npe)lCTaBneHH" : 

• 	 eCnH a6conlOTHa}{ BenUlJUHa lJUcna MeHblUe lJeM 2addr_Size-I, TO .lJJl}{ ero 

npe)lCTaBneHH}{ Hcnonb3yeTC}{ caM YKa3aTenb: 3HalJeHHe lJHCna nOMelllaeTC}{ 

B nOIle a)lpeca YKa3aTen}{. lliupUHa non}{ a)lpeca addr_size He <pHKCHPO

BaHa H MO)l{eT 6blTb H3MeHeHa nepe)l KOMnUn}{UHeH HHTepnpeTaTopa. lln}{ 
npe)lCTaBJ1eHU}{ 3HalJeHU}{ lJHCna Hcnonb3yeTC}{ )lOnOnHHTenbHbI" KO)l; 

• 	 ecnu a6conlOTHa}{ BenUlJHHa lJUcna 60nblUe HnH paBHa 2addr_size-l U 

MeHblUe lJeM 2sizeof (longlong)-2, TO .lJJl){ ero npe,uCTaBneHU}{ ucnonb
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3YlOTCSI .lIBa CMe)l(HblX MalllHHHblX CnOBa. 3Ha4eHHe 4HCna TaK)I(e npe.llCTa

sneHo B .lIOnOnHHTenbHOM KO.lle; 

• 	 JV1S1 npe.llCTasneHHSlllenoro 4Hcna, a6conIOTHrui BenH4HHa KOToporo He MeHbllle 

4eM 2sizeof (longlong)-2, Hcnonb3YeTCSI pa3J10)l(eHHe no OCHOBaHHIO 

b = 2sizeof(long): 

3Ha4eHHe 60nbllloro llenoro npe.llCTasneHo B npSlMoM KO.lle B BH,lle MaCCHBa 

K03cpqJHllHeHTOB pa3nO)l(eHHSI Ci. ,UnSi pa60Tbi C 60nblllHMH llenblMH B GSL 
Hcnonb3yeTcSI naKeT GNU gmp [9]. B KOTOPOM peanH30BaHa BblcoK03cpcpeK

THBHruI apHcpMeTHKa MHoroKpaTHoH T04HOCTH. 

liTO KacaeTCSI BeweCTBeHtlblX 4Hcen, TO OHH COOTBeTCTBYIOT THny double 

Sl3blKa C H 06bl4HO HMelOT npe.lIcTasneHHe, COOTBeTCTBYlOwee IEEE-cpopMary JV1S1 

.lIBOHHOH T04HOCTH. 

Cne.llyeT TaK)I(e OTMeTHTb, 4TO B GSL KaK llenblH, TaK H BewecTBeHHblH HynH 

npe.llCTasneHbl O.llHHM H TeM )l(e 4HcnoM-KopOTKHM llenblM co 3Ha4eHHeM Honb. 

C .llpyroH CTOPOHbl, nporpaMMa npe06paJoBaHHSI FORTRAN B C f2c [4] HC

nonb3yeT COOTBeTCTBHe Me)l(JlY THnaMH, nOKaJaHHoe B Ta6nHlle. ,UnSi TOro 4T06bl 

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[S]; char x[S]; 
complex x complex x; struct {float r, ij} x; 
double complex x doublecomplex x; struct {double r, it} x; 

npaBHnbHO npe06pa30BblBaTb apryMeHTbl npH COBMeCTHOH pa60Te npOrpaMM JV1S1 

npOBe.lleHHSI KaK CHMBOnbHblX, TaK H 4HCneHHblX BbI4HCneHHH, He06xo.llHMO HC

nOnb30BaTb CPYHKllHH, npOTOTHnbl KOTOPblX npe.llCTasneHbl HH)I(e: 

short int l2c_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 * l2c_string (Lisp_Object str); 

Lisp_Object c2l_string build_string (char *str); 


npHMep Hcnonb30BaHH.SI HeKOTopblX H3 HHX MO)KHO YBHlleTb B nporpaMMe f erdr 

MO)lyn.Sl demo. 

THn complex B GSL He onpe)leneH, H nOTOMY, KaK Bbl60p ero BHYTpeHHero 

npe)lCTaBneHH.SI, TaK H nporpaMMHpOBaHHe OCHOBHblX apmpMeTH4eCKHX onepaUHH 

Ha,ll KOMnneKCHblMH 4HcnaMH 3aBHCHT OT nonb30BaTen.Sl. 

6. OrJlanK8 )lHH8MHllecKH 38rpYlK8eMhiX nporp8MM 

TaK KaK Cpe)lCTBa TpaccHpoBKH LISP-HHTepnpeTaTopa MOryT 6blTb Hcnonb

30BaHbi TonbKO )lR.SI OTna,llKH KaK KOMnHnHpoBaHHblx, TaK H HHTepnpeTHpyeMbJX 

LISP-nporpaMM, TO B03HHKan 04eHb HenpOCTOH Bonpoc: KaK 6b1Tb C OTna,llKOH 

)lHHaMH4eCKH 3arp~aeMblX nporpaMM )lR.SI npOBeneHH.SI 4HCneHHbJX Bbl4HcneHHH? 

K C4aCTblO. GNU gdb [10] n03BOn.SleT )lHHaMH4eCKH nO)lrp~aTb Ta6nHUbJ CHMBO

nOB 06'beKTHblX q,aiinoB H nOTOMY BnonHe MO)KeT 6blTb Hcnonb30BaH )lR.SI OTna,llKH 

)lHHaMH4eCKH 3arp~aeMblX nporpaMM. HH)Ke, Ha npHMepe Hcnonb30BaHH.SI B GSL 

FORTRAN-nporpaMMbl )lR.SI BbI4HCneHH.SI q,YHKUHH <l>epMH-JlHpaKa* 

1.
00 tk/2 

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

)lR.SI BeIUeCTBeHHoro apf)'MeHTa x. H k = -1, 1, 3, npoBOnHTC.SI neMoHCTpaUH.SI 

Hcnonb30BaHH.SI gdb )lR.SI OTna,llKH nHHaMH4eCKH 3arp~eHHoH nporpaMMbl demo. 

KaK ~e ynoMHHanocb paHee, nHHaMH4ecKHH 3arpY34HK HfHopHpyeT OTna,l104HYIO 

HHq,0pMauHIO, HMeIOIUYlOc.SI B 06'beKTHOM Monyne. n03TOMY npH q,OpMHpoBaHHH 

• g-q,aHJla MbJ Bbl3blBaeM 3arpY34HK )lR.SI ynaneHH.SI H3 06'beKTHOfo q,aHna OTna
n04HOH HHq,0pMaUHH H JlOKanbHblX CHMBonOB. Mo.nynb GSLf2c CO.neP)KHT q,YHK

UHH npeo6pa30BaHH.SI apf)'MeHToB Me)KJlY LISP- H C-nporpaMMaMH. B Monyne 

dId_tools onpe.neneHa LISP-q,YHKUH.SI list-modules, KOTOPaJI BblCBe4HBaeT Ha 
3KpaHe HMeHa .nHHaMH4eCKH 3arp~eHHblx 06'beKTHbiX Mo.nyneH H HX HaqanbHbJe 

anpeca B naM.SITH. nocne onpeneneHH.SI Ha4anbHOfO anpeca Mo.nyn.Sl demo, c nOMO

IUblO gdb-KOMaH,llbl add-symbol-file 3arp~aeTC.SI OTJla,l104HaJI HHq,0pMaUH.SI H3 

.o-q,aHna. nocne 4ero MO)KHO 3aHHMaTbC.SI ero OTna,llKoH: 

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

bash$ Id -r -x -8 -0 demo.g demo.o 

bash$ gdb /home/G8L-l.0/G8Lbin/gsla4 

(gdb) run 


... Hcxo).(Hhie TeKCThi 3TOH tPYHKUHH 83SThi H3 6HMHOTeKH CERNLIB 
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Starting program: /home/GSL-1.0/GSLbin/gsla4 


> (load demo GSLf2c dld_tools) 

t 

> (dld_link It /home/GSL-1. O/GSLli b/libCERN . a") 

t 

> (dld_link "/usr/gnu/lib/libf2c.a") 

t 

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

t 

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

t 

> (info ferdr) 


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. 


nil 

> (ferdr 1.5 -1) 

2.21436191536334 

> (ferdr 1.5 -2) 


••••• CERN C323 FRERDR/DFERDR ERROR C323.1: INCORRECT K -2 
o 
> (list-modules) 
====== library name: /usr/lib/libm.a 

start: Ox19900 name: v_exp.o 

start: Oxc1bcO name: s_copysign.o 
start: OxO name: /usr/lib/libc.so.12.3 

library name: /usr/gnu/lib/libf2c.a 
start: Ox19fOO name: s_cmp.o 

start: Ox8dOOO name: err.o 
=====s library name: /home/GSL-1.0/GSLlib/libCERN.a 

start: Ox7aOOO name: ferfr64.o 
start: Ox16600 name: mtlprt.o 
start: Ox1bOOO name: mtlset.o 
start: Ox4caOO name: gsl_abend.o 
start: Ox1geOO name: lenocc.o 

start: Ox18000 name: /home/GSL-1.0/GSLlib/dld_tools.g 
start: Ox11000 name: /home/GSL-1.0/GSLlib/GSLf2c.g 
start: Ox76000 name: /home/ram/xmp/demo.g 
start: OxO name: -.- dummy entry -. 
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start: OxO name: /home/GSL-l.0/GSLbin/gsla4 

nil 

> -C 

Program received signal SIGINT, Interrupt. 

Ox40a8ffO 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 Lisp_Object al, a2; 

24 { 


25 doublereal Xi 

26 integer k; 

27 

28 x = l2c_double (al); 

29 k = l2c~long (a2); 

30 

31 return c2l_double(dferdr_ (lx, lk»; 

(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_ (lx, lk»i 

(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. AHaJlH3 BpeMeHHblX xapaKTepHCTQK (npo4)HJlHpOBaHHe) JlHHaMHQeCKH 

3arpYIKaeMblX nporpaMM 

HeT Heo6xoJlHMOCTH roBOPHTb 0 3HalJeHHH yrH11HTbl gprof [11, 12] )ln~ aHa

11H3a BpeMeHHblX xapaKTepHcTHK paWHlJHblX KOMnOHeHT onTHMH3HpyeMoH npo

rpaMMbl. CTaHJlapTHblH BapHaHT :nOH yrH11HTbl npeJln011araeT, lJTO HCC11e)lyeMbIH 

a.out-ct>aH11 CO)lep)f(HT HHct>opMaUHIO 0 Bcex CHMB011ax nporpaMMbl H nOTOMY 

He 110JlXO)lHT )ln~ pa60Tbl C JlHHaMHlJeCKH 3arp)'IKaeMblMH nporpaMMaMH. B GSL 
Hcno11b3yeTc~ MOJlHct>HUHpOBaHHbIH BapHaHT gprof, B KOTOPblH 6bl11a Jl06asneHa 

B03MO)f(HOCTb JlHHaMHlJeCKH nO)lrp)'IKaTb Ta6mfUbi CHMB0J10B 061>eKTHblX ct>aHJ10B. 
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HH)I(e, Ha npHMepe HCn0J1b30BaHHJI npOrpaMMbl.lUlJl Bbl\fHCJ1eHHJI <paKTOpHana 
n0J10)l(HTeJ1bHOro \fHCJ1a, npOBOnHTCJI neMOHCTpaUHJI HCn0J1b30BaHHJI gprof .lUIJi 

npO<pHJ1HpOBaHHJI nHHaMH\feCKH 3arpy:>KeHHOH nporpaMMbl factorial H <PYHKUHH 
HHTepnpeTaTopa . 
.llnJl Toro \fT06bl HH<p0pMaUHJI 06 HCCJ1enyeMoM MonYJ1e 3aHOCHJ1aCb B <paM gmon. out, 
OH nOJ1)1(eH 6bITb cKoMnMHpoBaH C <pJ1aroM -pg: 

bash$ gcc -c -pg -02 factorial.c 

bash$ ld -r -x -S -0 factorial.g factorial.o 


3aTeM C03naeTCJI HCnOJ1HJleMblH <paM, KOTOPbIH, KpoMe HCCJ1enyeMblx, nOJ1)1(eH 
COnep)l(aTb nBa BcnOMOraTeJ1bHbIX MonYJ1J1-dld_prof H dId_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$ 


nOcJ1e 3TOro npoH3BonHTCJI 3anycK nporpaMMbl .lUIJi c60pa npo<PMHpYIOlueH HH
<popMaUHH, KOTOPaJI 6yneT c6paCblBaTbCJI B <paM gmon. out. Ynpa8J1eHHe C60pOM 
HH<p0pMauHH npoH3BOnHTCJI <pYHKUHeH dld_moncontrol: 

bash$ ./gslf 

> (list-modules) 

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

start: Ox7geOO name: /home/ram/xmp/factorial.g 

start: Ox7aOOO 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-l.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$ 

naJIee. ,IlJUI 06pa60TKH HHct>opMaUHH. HaKonneHHOH a ct>aHlle gmon. out, HcnOllb

3yeTCjI MOJlHct>HUHpOBaHH~ BepcHjI nporpaMMbl gprof-gsIprof: 

bash$ gslprof -5 gslf.gprof ./gslf >t gmon.out.gslf 

Ka)K)l~ cTpOKa ct>aHlla gslf .gprof COJlep)l{HT HMjI ct>aHlla C Ta6llHueH CHMBOllOB 
H allpec Ha"laJIa cooTBeTCTBYlOlllero MOJlYlljl. B JlaHHOM cllyqae OH COCTOHT H3 
OJlHOH CTPOKH: 

add-symbol-file /home/ram/xmp/factorial.o Ox7geOO 

nepBoe, "ITO 6pocaeTCSI B ma3a npH npocMoTpe ct>parMeHTOB BbIJla"lH npo

rpaMMbl gprof-6b1llo 22 C60PKH Mycopa! B 3TOM HeT HH"Iero oc06eHHoro. nellO 

B TOM, "ITO B GSL C60PlllHK Mycopa Bbl3blBaeTCjI BCSlKHH pa3. KorJla y CHCTeMbl 

6b1ll0 nOllyqeHo OnpeJlelleHHOe KOllH"IeCTBO naMjlTH. Ha"laJIbHoe 3Ha"leHHe MaK

CHMaJlbHOrO KOllH"IeCTBa naMjlTH, nOllyqaeMoro Me)K)lY JlB)'MSI c60pKaMH Mycopa, 

YCTaHaBllHBaeTcSI npH KOMnHllSlUHH HHTepnpeTaTopa H B JlaHHOM cllyqae paBHo 

20480 6aHT. HOBoe 3Ha"leHHe MO)l{eT 6blTb YCTaHOBJ1eHO npH Bb130Be ct>YHKUHH 

gc-cons-threshold. 
1-13 1000 )'MHO)l(eHHH 979 pa3 KopoTKoe uelloe )'MHO)l(aJlOCb Ha 60llbwoe 

uelloe. 

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 __Ffactor1al [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 _Ft1mes2 [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. 3aKJIIO'leHHe 

npeUCTa8J1eHHble B CTaTbe cpeucTBa ualOT B03MO)KHOCTb n0J1b30BaTeJ11O C"

CTeMbl REDUCE [2] C OUHOH CTOPOHbl "Cn0J1b30BaTb B C"MBOJ1bHbIX BbllJ"CJ1e

H"5IX 60J1bllJOro KOJ1"lJeCTBa nporpaMM JlJ151 npOBeueH"5I lJ"CJ1eHHbIX BbllJ"CJ1eH"H, 

Han"CaHHbIX Ha 5I3b1KaX C "J1" FORTRAN. A C upyroH, lJTO He MeHee Ba)KHO, 

npO"3BOU"Tb OTJ1aJJKY " aHaJJ"3 BpeMeHHblX xapaKTep"CT"K U"HaM"lJeCK" 3arpy
)KaeMblX MOUYJ1eH He3aB"C"MO OT TOro npeUHa3HalJeHbi J1" OH" JlJ151 npOBeueH"5I 

C"MBOJ1bHblX "J1" lJ"CJ1eHHbIX BbllJ"CJ1eH"H. Pa60Ta BbJnOJ1HeHa np" lJaCT"lJHOH 
nOJlJlep)KKe INTAS, rpaHT N~ INTAS-96-0842. 
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nOJIb30BaTb B CHMBOJIbHO-qHCJIeHHbIX BblqHCJIeHH~X 60JIbillOe KOJIHqeCTBO npo
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