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1 Risa/Asir 000

1.1 engine

engine U, Risa 0O DOO0O0OODO,0000O00OO0O0O0O0ODOD. ODOobOoboOoo, o
gboooboboooboboooboobooo. og,goo,boooobooobobooobo,d
000000000000 0O0000OO0O000. 00,000000000O (1000
O0160000000)000000OO.

1.2 parser

gboboooboboobobooboboboboobOob. D00 engine0googno
000,00000000 cOOOoO00oooOooooooooogoo.ooo,00ooo
gboobooobobobobooo,bgobobooboboobobooboboobo
O.Asir00000O,000

1. 00000000000 (parser)
2. 00000000000000000UO0O00O0O0 (interpreter)

0200000000. paser 00000,00000000000000000 (token)
0000000000.00000000000000. 0 token 000000000, 00O
O 123+456 0 123, +,456 0 300 token 10000, 123,456 00,+ 000000000
0D000. parser 0 token 000000, 0000000000000000 tred000
00.00 tree00000000000. 00000000000000000000O0O
oooo.

1.3 interpreter

parser O OO0 tree, 0000000 0O0O0O0O0OOOO0O0OODODOO. interpreter
tree DOOO0O0O0OODOOOO,000000 engineJDOOO0ODOOO0ODOO, 00000
000000000 00000. tree 00 node O

1. OO0o

2. 0000
UO0O000000. interpreter 0, 0000000000000 0OO0OOOODOOOODO.

000000, 00000000 tred0000000O00ODO interpreter 10000000
goog,b00bbo0b00bbOoOD. interpreter 0O OO0OOO0DOOO.
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2 0000

O0000,000 object 00D,00,0000000000. 000 object 0000
goo,cOoobobobogoboooo. oo, 00bobooDooDooooboobOo, oo
000000DO0oO00O.0D00,00000000,0000000000,0000000
O0,00000000 0000000000 typedet OOODO0O.O0000OODOOOO
go0O0,o00NLLOODOODOODOOOODOOOD. ODODO,0o00000000,00
00 object O OO.

2.1 Risa object

struct oObj { object DO OODO
short id; OO0
short pad;

s

typedef struct o0bj *0bj;

Risaobject 00 OO0 o0bj OOODOODOOO object 0O ODOONO. Risa object 0 Asir
O00ODOD00ODQO object DODOODOODOODOOODO. Risaobject 0 ia0O0DOOOODOO.
O0,00000000 Risaobject DODOODOODOO.

00

0_N = 1 number; [

0_P =2 polynomial; D00 (ODO0O0O)

0_R = 3 rational expression; 0 00 (DO OOOO)
O_LIST =4 list

0_VECT = 5 vector

0_MAT = 6 matrix

0_STR = 7 character string; 0 [0 O

0_COMP = 8 composite object

0_DP = 9 distributed polynomial; 0 0 0O OO
0_USINT = 10 32bit unsigned integer

0_ERR = 11 error object

0_GF2MAT = 12 matrix over GF(2)
O_MATHCAP = 13 MATHCAP object

0_F = 14 first order formula

O_GFMMAT = 15 matrix over GF(p)

0_VO0ID = -1 VOID object

2.2 0

struct oNum { ooo0ooa
short id; oo0 (= 0.N)
char nid; oogo
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char pad;
s

typedef struct oQ *Q;
O0,000000000 objectDOOOOO,0000000OOOOOOOOOOOO
goooogoboooooo. gob iddoooooooooo,0obdoo o xgoQ.
obodddaidddd. 00, 0b0bgogoooboaoag.
NQ=0o0O0OO
NR=100OOOOOO
N A=20000
N_B = 3 PARI bigfloat
N.C=4000
NM=500000
N_IM=600O0O0O0O
N.GF2N=700 2000
NGFPN=800000000OO

2.2.1 OO

goooboooboobooboobooboobo.oboobooboobooboo, g
goooboooboobooob.ooboobobbobbobooboboboobo,bd
000000 PARI bigfloat 0O OOCODO PARI bigfloat, 10000000 0OOCOOOOO
ubobooboad.

#include "ca.h"

addnum(Num a,Num b,Num *rp)
*rp = a +b

subnum(Num a,Num b,Num *rp)
*rp = a - b

mulnum(Num a,Num b,Num *rp)
*rp = a * b

divnum(Num a,Num b,Num *qgp,Num *rp)
xqgp = a / b

pwrnum(Num a,Num e,Num *rp)

~

*rp = a "~ e

int compnum(Num a,Num b)
ooD0DDOO0O000. DO00000 a=p OO0 1, a>b 000 1, a<b OOO -1.

23 000
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struct oN { Oo0o0O

int p; oo

int b[1]; BASE-O OO OOO
}s

typedef struct oN *N;

struct oQ { oo0d

short id; 000 (= 0_N)

char nid; ooo0d (= N_Q)

char sgn; oo (=1 or -1)

N nm; oo

N dn; oad (ooooog o
}s;

typedef struct oQ *Q;
000000000000 00D00O0, 000000 Risa object OOOO. OODOO,
‘include/base.’0 000000 BASEO OO BASE-DUODOOO, 00000 p, 000, O
000000 blo]l,bl1], ... 000. 00 BASEO 2°32000. 0000,p[J000O0O
goooooooooo, oo onoooooooooonbo. ogoooon
O00,oN0O000NOODODODODO)ODOODOOOOODOODODODODODOO. DODOOOO
Oparser 00000 107800000 oNOOOODOO, OO0 bnton() OOOO0O 27320
ooOoooooon.
oooooooooooooo,booon. booooooobooooo. ooo oo
goooooooooooon.

23.1 000000

#include "ca.h"

bnton(int Base,N a,N *rp)
Base-OUOUOOOO a 0O BASE-OOOOOOOO.

00000000 (D00 1000)000000000000000D0,Base OO 100
O00D0OD00ODO0O BaseUDODOOD. OOODO ntobn() DO 0O BASEDUODODOODOO
goo.

232 000000

#include "ca.h"

addn(N a,N b,N *rp)
*rp = a +b

int subn(N a,N b,N *rp)
*xrp = |a - bl return sgn(a-b)

muln(N a,N b,N *rp)
*rp = a * b
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divn(N a,N b,N *qp,N *rp)
*gp = a / b (0) *rp = amod b (OO)

pwrn(N a,int e,N *rp)

*rp = a " e

gcdn(N a,N b,N *rp)
*rp = gcd(a,b)

int cmpn(N a,N b)
sgn(a-b)

sgn(a) 0,al0,0, 00000 1,0,-1000.0000000D0ODOODAO.
N ni1,n2,n3;

addn(nl,n2,&n3);

233 0000oo

#include "ca.h"

NTOQ(n,s,q) (macro; N n; int s; Q q)
sgn =s, mm=n,dn=000000@O) qOOD0O0O

NDTOQ(n,d,s,q) (macro; N n,d; int s; Q q)
sgn = s, nm=n, dn =d 00000 qOOO0OO

ST0Q(n,q) (macro; int n; Q q)
000 n 0O OO0 (OO) ODOODOO.

gboboobooboooboobooboboooog.

234 000000

#include "ca.h"

addq(Q a,Q b,Q *rp)
*rp = a +b

subq(Q a,Q b,Q *rp)
*rp = a - b

mulq(Q a,Q b,Q *rp)
*rp = a * b

divq(Q a,Q b,Q *gp)
*gp =a /b
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invq(Q a,Q *rp)
*qgp = 1 / a

pwrq(Q a,Q e,Q *rp)

*rp = a "~ e

int cmpq(Q a,Q b)
sgn(a-b)

24 00O0O0OOOO

struct oReal { ooooooo
short id; ooo (= o0.N)
char nid; OO00O00O0 (= N_R)
char pad;
double body; goooooo

}s;

typedef struct oReal *Real;
241 000OOO0OOO0OO0, 04
#include "ca.h"

MKReal (a,b) (macro; double a; Real b)
body 0 2a 00DOD0O0O0OOOD »O0O0ODO0O.

double RatnToReal(Q a)
OO0 aO00O00O0OO0OO0O0OOOOOOO.

gbbooboobboobooboboon.

2.4.2 OO

ogooo,ggoo,gddgooogoooobn. gooooooooooooan.
#include "ca.h"

addreal (Num a,Num b,Real *rp)
*rp =a + b

subreal (Num a,Num b,Real *rp)
*rp = a - b

mulreal (Num a,Num b,Real *rp)
*rp = a * b

divreal(Num a,Num b,Real *rp)
*xrp =a / b

pwrreal (Num a,Num e,Real *rp)
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*rp = a " e

int cmpreal(Num a,Num b)

sgn(a-b)
25 0000
struct oAlg { o000
short id; oo0o0d (= 0.N)
char nid; o000 (= 0N_A)
char pad;
struct oObj *body; gboooboboobooboooboo
s

typedef struct oAlg *Alg;

struct oV { root
char *name; 0o
pointer attr; oooono (oood #n )
pointer priv; Oo0DoOoonogd (s#n) OOOODODO
};

typedef struct oV *V;

struct oVL { root OO0
V v; root
struct oVL *next; oooooon

+;
typedef struct oVL *VL;

extern VL ALG; OO000 root ODOOO

gobd0,reot 0000 OODODODODOODLOODOODOODLOODOODOO
Ub00.root 00, 000000000 recot U00O0O0OOO0O0OOO0O0O0O0 100000
ubooobobdgdb.reotO,00000000,0000000000000000O00A0,
root 0000000000 ALGOOOOOO.root 00000 #n(n 0 000O000O)0O0O
googbooboobo.bobobo,b0o0o0boobobooboobooboboobooooboobob
googoo,0bbo0bo0bboonoboob0,0Oreotd t#n 00000 OOODOO
oooooooooo.0oboooonD,obbd mkalg) DOODODOOODODODOO.

251 0000000

#include "ca.h"

MKAlg(a,b) (macro; Obj a; Real b)
ooo00o00o0O0o0o0oooooooooooooooono.

void mkalg(P p,Alg *r)
p 000000000 root OOODODO
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void algtorat(Num n,0bj *r)
0000 n0O0 reoot OO0OODODOOOODOODODOOOODOOOODOODODODODO
0.

void rattoalg(Obj obj,Alg *n)
root JOOO0O0ODODOQO root OOOOOOODOOCOOOOOO.
0000000oooooooooooooo.

2.5.2 00O

goob,bobg,0o0oboooooooob.gbobgbobgooboog.

#include "ca.h"

addalg(Num a,Num b,Alg *rp)
*rp = a +b

subalg(Num a,Num b,Alg *rp)
*rp =a - b

mulalg(Num a,Num b,Alg *rp)
*rp = a *b

divalg(Num a,Num b,Alg *rp)
*xrp = a / b

pwralg(Num a,Num e,Alg *rp)

*rp = a "~ e

int cmpalg(Num a,Num b)
root UOOODODOOOOOOOOOOOONO.

cmpalg) OOOO,00000,root OOOODOOODOOOOODO,root 00O0ODOO
gbooboooboboobd. reot DO0OO0O,00000D00000DODOOODODOO
goooobog.

2.6 U0O0OOO
struct oMQ { O00ooon
short id; oO0dOg (= 0.N)
char nid; oo0ogd (= N_M)
char pad;
int cont; ooooooo
};

typedef struct oMQ *MQ;

extern int current_mod;
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gbog 22900000000000O00DO0O0DO0O0O0OO0. DO00O0O00O0ObO0ODbODbOD
Uo0bo0oboobbOo0,bddd current_mod U0 O O0OD0OOOODOOO.

2.6.1 Oooooooooo, o

#include "ca.h"

ptomp(int m,P p,P *pr)

Oo0000000 (boooo0o) ooooo, 00 m 000000
oooooobooooo.

mptop(P p,P *pr)
goobobobob (bcooboooUoboUobL) bobUoboUooUooUooobooog
goooao.

2.6.2 00O

OO0 o00DOO0O0OOO0O0ODOOOO.0DOO0OOO00ODOObOOOODO, current_.mod
goboogboooon.

2.7

#include "ca.h"

addmi (MQ a,MQ b,MQ *rp)
*rp =a +b

submi(MQ a,MQ b,MQ *rp)
*rp =a - b

mulmi(MQ a,MQ b,MQ *rp)
*rp = a *xb

divmi (MQ a,MQ b,MQ *rp)
*xrp = a / b

pwrmi(MQ a,Q e,MQ *rp)

*xrp = a "~ e

int cmpmi(MQ a,MQ b)
cont O00000O0OOOOO

ggogg

struct oLM { ooooooao
short id; oo0 (= 0.N)
char nid; oo0od (= N_LM)
char pad;

struct oN *body; 0OOODOODO
s

typedef struct oLM *LM;
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ooobooooooboooooo.0obbo oNDOODOUOODODOOOOUUODOO
goo.obooboobooboobuooboboob,0obooboobobobobobo
gooog.

271 000000O0OooOO, 00

#include "ca.h"
void setmod_lm(N p)
b0 pO0dbobobO0bObODbODbDO. pOObObODODbODOD.

void getmod_lm(N *p)
goooooooooooooOoOoOoUoooooo. cooooooooo o
ooo.

void qtolm(Q q,LM *1)

bbb g bhooboobbooboobbooboo
00o00oooooooooooo. ooooooo o000 error() OO
googao.

void simplm(LM n,LM *r)
nl bvody O, OOOOO0O0OODOOOOOOOOOOODO vody OODODOOOO
oo.

2.7.2 00O

ugbobO oboooboooboboobbodb. obbooboboobbooobobooobooo
gboooon.

#include "ca.h"

add1lm(LM a,LM b,LM *rp)
*rp = a +b

sublm(LM a,LM b,LM *rp)
*rp = a - b

mullm(LM a,LM b,LM *rp)
*rp = a * b

divilm(LM a,LM b,LM *rp)
*xrp = a / b

pwrlm(LM a,Q e,LM *rp)
*rp = a "~ e

int cmplm(LM a,LM b)
body OOOOOOOOODOO

28 00O 2000000
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struct oGF2N { GF(2°n) OO
short id; oOodgd (= 0.N)
char nid; OO000 (= N_GF2N)
char pad;

struct oUP2 *body; GF(2°n) OO
s

typedef struct oGF2N *GF2N;

typedef struct oUP2 { GF(2) OO 1 00000

int w; o0 bpOooo
unsigned int b[1]; OOOO (dense OO)
} *xUP2;

typedef struct oUP2 *UP2;

ob20000000000000D.0D0O UP20000000D0O0DODODODO
gooo.bobooooobogoboboooobooogobo,bobobooooobobob
goooo.

281 00 2000000000, 00

#include "ca.h"

void setmod_gf2n(P p)

OobooooD p 00000 GF(2) DOODOOOODO, GF(2) DDODOOO
Ooooo0ooooDooOO0O. 0000 6r(2) ODOOOOO0OOOOODOD.
void getmod_gf2n(UP2 *p)

Oooo0oOoooopooooooOoOoo ve2 00000,

void ptogf2n(0bj q,GF2N *1)

oboobob0o pDb0OD0OD GF(2) DDOUODUODODO, gR2yv DODODO.
goobooobooboobo, oboooboooob, oboooboboo.

void gf2ntop(GF2N q,P *1)
ptogfon() OO OODOODO.

void simpgf2n(GF2N n,GF2N *r)

body U, n U body UU00OODO0O0O0OO00OOD0O0OO0D0O0O0O0OD0OO0D0OODOO
ob0Q0 Ger2y DOOODOODOO.

2.8.2 00O

000 F2rn)OOOOOOOOD. 00000000 O0OODODOODOO GF(2n)OOOOO
ooo.

#include "ca.h"

addgf2n (GF2N a,GF2N b,GF2N *rp)
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2.9

*rp =a +b

subgf2n (GF2N a,GF2N b,GF2N *rp)

*rp =a - b

mulgf2n(GF2N a,GF2N b,GF2N *rp)

*rp = a *xb

divgf2n(GF2N a,GF2N b,GF2N *rp)

*xrp = a / b

pwrgf2n(GF2N a,Q e,GF2N *rp)

~

*xrp = a "~ e

int cmpgf2n(GF2N a,GF2N b)
body OO0 GF(2) DOOOOOOOODO

god

struct oV {
char *name;
pointer attr;
pointer priv;

s
typedef struct oV *V;

struct oVL {
V v;
struct oVL *next;

s
typedef struct oVL *VL;

struct oP {

short id;

short pad;

V v;

struct oDCP *dc;
};

typedef struct oP *P;

struct oDCP {
Q d;
P c;
struct oDCP *next;

};

oo @oo)
oo
OO0 (coopoooo o

gboboobooobooobood

googno
oo
ogbooooodg

oono
oo0 (=o.pP)

goo
gboobooooobooon

gbooboood

uo

oo (qbobg )
googoood

12
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typedef struct oDCP *DCP;

extern VL CO; oo0oooooooao
0000,0000(000)000000C00O0O0O0000O0OOOO.ODOODODOOOO
<O00> x <O00><O0>

goooboooboo,ggboobobobooobobooboo.boobooboobo
gooo. gbobooboboooooboo,goboobooo,gboboobobooooo. oboodg
gogboooooboo,bbboooobobooooboobooa,gooooobo. obbog vo
goobooboo.

29.1 000000

#include "ca.h"

MKP(v,dc,p) (macro; V v; DCP dc; P p)
000 v, 00O000OD00O dc ODODOODO pOQOoQOO.
de 0000 0000 p=<dc O00O0O>000O.

MKV (v,p) (macro; V v; P p) 00 vooooooooo.

NEXTDC(r,c) (macro; MP r,c)

r 0000000000000, c00D0OOODOO, OO000O00O0OO0DODOO
oodd, c00O0O0O0O0O000OOOOODODODOO. rO oQdog,
0o0o0Ooo0bOo0o0oooo0, r 000 cOO0O0OD0O0OOO0DOOODOOO.

NEXTDCOLU, 000000000000 uobobooboobooboooobooog.

2.9.2 00O

#include "ca.h"

addp (VL v1,P a,P b,P *rp)
*rp = a +b

subp(VL v1,P a,P b,P *rp)
*rp = a - b

mulp(VL v1,P a,P b,P *rp)
*rp = a * b

pwrp(VL v1,P a,Q e,P *rp)
*rp = a " e

compp (VL v1,P a,P b)
gooooooono.

gbboobodoboobbooboobb.ouboobboobooboon.

compp(vl,a,b) 0O OOO0ODOOOOODOCO.OO0O0,a00000000 1,p000O
u-1o0d4ao.
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1. 0000, 0000o0ooooooobo,ooon.
2. 00000000, compnum(a,b) OO OOO.
. Dooooooooo,o0nobooooo vioooo.
4. JO0O0O0OoOoOooOo,0o0o00000a.
5. J0Ud0UdO0OobOUooooo,Doooobooooao.
2.10 0O OO
struct oR { oood
short id; Ooo0O0 (= 0_R)
short reduced; gooooono 1
P nm; oo
P dn; oo
};

typedef struct oR *R;

gooob,boog,bo0bobobobobobobobo.boooooo,0boon
OoboO0ooob. o0bo0bo0boD, reductr) DO0OOO0O0OODOOODOOOODOO
U. 00000000000, 000 reduced 1 0000000 DOOO0O0OOO. 0bj O
risaJ 00000000000 (D000O0ODO)object 000O0OODOOOOO.

2.10.1 JOQgoog

#include "ca.h"

PTOR(p,1) (macro; P p; R r)
god p 0O, OO p, U0 1 OD00OOOODODODO.

2.10.2 00O

O000000000000O0O,000,000 (id0 0_,ROO) 0O object DODODO.

#include "ca.h"

addr(VL v1,0bj a,0bj b,0bj *rp)
*rp =a +b

subr(VL v1,0bj a,0bj b,0bj *rp)
*rp =a - b

mulr (VL v1,0bj a,0bj b,0bj *rp)
*rp = a *x b

divr(VL v1,0bj a,0bj b,0bj *rp)
*rp = a *x b

pwrr (VL v1,0bj a,Q e,0bj *rp)

*rp = a " e
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reductr(VL v1,0bj a,0bj *rp)
*xrp = a JO0OOO0OO.

2.11 List

typedef struct oNODE { list 0O0OOO0O0O node
pointer body; node O OO
struct oNODE *next; U000 pointer

} *NODE;

typedef struct oLIST { Risa list object
short id; 000 (=0_LIST)
short pad;
struct oNODE *body; list OO

} *LIST;

list 000 engine 000000000 O0OO. 00O DCP,VLOODOOOODOOODOOOO
U0O0O0,0000 NODEDODOODODO. LISTO Risaobject DODOO list DOO. OO0
O,list 000 node U body U Risaobject DUDOODOODOODOODO.

211.1 000404Qd

#include "ca.h"

MKNODE(n,b,nn) (macro; NODE n,nn; pointer b)
body = b, next = nn U0 NODE n O OODO.

MKLIST(a,b) (macro; NODE b; LIST a)
body=b OO0 LIST a UDODOOO

NEXTNODE(r,c) (macro; NODE r,c)

r 0 node O0O0O0OO, ¢ node UOOOOOOO, OOOODO node
0000, ¢c 0000 node DOOOOOOO. rO oQ0OonQ,

0 node JOUOO0OO, r OO0 ¢ OO0 node OOO

MKNODE U node D0 O0OODOODODOOOOODODOOD. OD0,node 00000
Uobodbbodl NEXINODE DO ODO.

NODE r, c;

for (r=0; ...; ... ) {
NEXTNODE(r,c) ;
c->body = ...;

}

if ( r ) c->next = 0;
00000,list 00 000000000000 std0D0000oooaono.

212 0000
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struct oVECT { oood
short id; 000 (= 0_VECT)
short pad;
pointer *body; goboobogoo
} *VECT;

gooobo, bbb bobooboboboobuobobo,0bUubd object OO
gooooooboobooboooboboob.oboboo,boooboooo,o,o0b0ob004a4a,
gboobooobooooooboobo. bboboobooobooo,oobooboobo
gbobo,0bboobobodgbo,obuooboobobooboaobboobad.

2.12.1 0000000

#include "ca.h"

MKVECT(m,1) (macro; VECT m; int 1)
00 1 00000 mOOOOO.

2.12.2 00

#include "ca.h"

void addvect(VL v1,VECT a,VECT b,VECT *rp)
*rp =a +b

void subvect(VL v1,VECT a,VECT b,VECT *rp)
*rp = a - b

void mulvect(VL v1,0bj a,0bj b,0bj *rp)
xrp = a x b (000000000000, 0000000000000 O0O0O00O00)

void divvect(VL v1,0bj a,0bj b,0bj *rp)
xrp=a /b (UOOO OO0 1/p O)

int compvect(VL v1,P a,q e)
ooooooooooo.

ubbooboobbooboobog.
1. oooooooboobooaa.
2. 000b00o0oboo,0b0o0oboobboob.

2.13 U0
struct oMAT { oo
short id; 000 (= 0_MAT)
short pad;
pointer **¥body; dooooooobobooboooo
} *VECT;

obog,0b00b0b0bo0b0obcbo0obuobobooboon0,oobo0n object OO ODOO
gboboooboobooobooboooobo. oboooo,b0oooboo,b,bo0boo,o0,0o00
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gboooogooobobooooobo.obooboboooooobo,obbooooboob
oboob,bobobobobo,gboboboboobooboobooooouoobooDg.

2.13.1 00000

#include "ca.h"

MKMAT (m,row,col) (macro; MAT m; int row, col)
row 0 col OOO0O m OOOOO.

2.13.2 00O

#include "ca.h"

void addmat(VL v1,MAT a,MAT b,MAT *rp)
*rp =a +b

void submat (VL v1,MAT a,MAT b,MAT *rp)
*rp =a - b

void mulmat (VL v1,0bj a,0bj b,0bj *rp)
xrp = a x b (UUO0OO0O, ODO-000O0O0O, ODO-0000)

void divmat(VL v1,0bj a,0bj b,0bj *rp)
srp=a /b (0000 bOODOO)

void pwrmat(VL v1,MAT a,0bj e,0bj *rp)
xrp = a”e (0000 a O e O)

int compmat (VL v1,MAT a,MAT e)
goooooooooo.

ubobooboooboooobooon.

1. Jgboooobooboo.

2. 000bO00bo,0b0o0boobboob.

. 0o0ooboooboo,0obooooobooboooo,ooboboooo.

2.14 00O
struct oSTRING { ooo
short id; 000 (= 0_STR)
short pad;
char *body; O 00 cOOooOooooOono
} *VECT;

COoUODOOO wrapper 0O0O. 00 (DO0OOOO),000000000OOOODO.

2,141 0004044
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#include "ca.h"

MKSTR(m,b) (macro; STRING m; char *b)

000 cUOdblld b O Risa OO0 object m UODOODN
2.14.2 00O

#include "ca.h"

void addstr(VL v1,STRING a, STRING b, STRING *rp)
*rp = a->body 0 b->body DO DO ODOO

int compstr (VL v1,STRING a,STRING b)
000000000 stremp() OODOODOODODOO.

215 DO0o0oggo

typedef struct oL { OOOOODO

int td; gog
int d[1]; goopoogogo
} #DL;

typedef struct oMP { O0000O0O

struct oDL *dl; gooooooooooo

P c; oad

struct oMP #*next; UOO0OOO0OOOOOO
} *MP;

typedef struct oDP { O OOOOODO

short id; 000 (=0_DP)

short nv; goooo

int sugar; sugar UU

struct oMP *body; UUUODOOODOOOOONO
} =DP;

struct order_pair { goboobogooboooo
int order; ooon
int length; ogbooooodg

};

struct order_spec { O0O0O0OO0OODOO
int id; ooooooogoo
(0: primitive OO0 ; 1:0000000; 2:000000

ood
0bj obj; Risa object U O ODODOOODOOODO
int nv; ooooao
union { oooooad

int simple; primitive OO ODODOO
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struct { ooooooOoooo
int length; gboooo
struct order_pair *order_pair; UO0U0O0000O0OO0OOO0OODODO
ooao
} block;
struct { oooooooooon
int row; 0
int **matrix; gooao
} matrix;
} ord;
}s;

gbooobooobg,gbooo,0obgobooboobooboooboobooboob. oo
00,000000 (term) JO0O0O0O. ODO0OOODOOOODO. ODOOODODOOOO,O00,
ooooooboobooobboobobooob. ooobobooobobgog,pp0O00ooOO
U0 wrapper, MP OO O OO00O00O0O00OOO0OOO0OOO. OO bLOOOOO0OOOO
uo.

vPOOOOOooOOoDOoOOobOOooobOo,obo0bo0oboboobo.boo,obooon
gbooobgobo,00ob0oboboooboobobooboboboboo0obo0obUobDgn. Risad
gboog,boooobooa,

1. 0000,000000000000000 (DO0O0O)

2. 000000000O0OODODOO (booo)
yogodd. 1. iU UUUgg .. 2. 03LubpLLbO

gooooo.

1. primitive DO OO
oo, 0bddbboobobuoobuoobooboooobg.
oooooboo,booboogobooooo.
goooob,0bboobuogboobboob,00oboobbooboobo.
goooobg, bbb ooboogob,ooboobooooooog.

ORD_REVGRADLEX = 0 goboobodan
ORD_GRADLEX = 1 gooooobon
ORD_DLEX = 2 gooon

2. 00000000

goo,0bboo0obo0bbooboobb,obbugn primitive D OOO0DOO
gbo,00bogbooboobobooboobboobo.oobobag,

[[N1,01],[N2,02]....]

oooOo0ooOOoO0oOoOOobOo. ooOo,NiODODOooDboobooDbo,oi0boboOoDO
O0000 primitive D00 ODOODO.

3. 0ogoog
000000 a,b000,0000000000 MOO0O,M(a-b)000noooon
gboooobd agbooobo,ob00o0bobgobobb. obooboo,MOOO
gbobobobobobob

DPU sugar HOUODOUODOODO. 00O0O,000000000D00DO.
oooooonb ptedO) DODOODOODOODOODODLOOODOODODODODOOO.
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gboogboobooboobobbod,sugar 0000000 sugar D00 O0OOO0OO
goobooooo.

gbbogboobboooog,bbd sugar OO0 OOO0Ooonoog.

gobooboboobooboobooooboobbooboooobo,0oobobooobobon
uboboobo,0boobbd suwgar OO0 OO0O0O0OOO0OOOooOO.

2.15.1 OO0O0O00gooooga

#include "ca.h"

MKDP(n,m,d) (macro; int n; MP m; DP d)
000000 n 000000000 mO0O0D0D0OOOOOOOOO0O.
sugar 0O00O0O0OODOO, OO0 macro JO0O0O0OOCO0ODOOODOOOOOO

NEWDL(d,n) (macro; int n; DL d)
00 nOO0DODODOODO 400000. 400000 o, 0000 oOODODO
ooag.

NEWMP (m) (macro; MP m)
000d0do0oDo00 m 00000

NEXTMP(r,c) (macro; MP r,c)

r 000000000000, cO0OOOO0OOOO, ODOOOOOOOOO
ooo, cO0O0O0O0O00OO0OOOOOOOOO. rOo o0OOoO,
0o0o0o0o00o0oooboo, r 000 c 000000000000

void initd(struct order_spec *spec)
U00o0do0b spec UODODOOODOODOODOD.

void ptod(VL vl1l, VL dvl, P p, DP *pr)
oooo vigooooooo@ooo)oodo pO, 0000 av1 OOOO,
OO000OO000OOC000O00DOoO0bOO0O0DoOOoDbDOoOOD =sr oOoo

NEXTMP() DO0DOOODOOOO0OOOO0ODOOOOOOO0ODOOOOOOD.

2.15.2 00O

#include "ca.h"

void addd(VL v1,DP a,DP b,DP *rp)
*rp =a +b

void subd(VL v1,DP a,DP b,DP *rp)
*rp = a - b

void muld(VL v1,DP a,DP b,DP *rp)
*rp = a *xb

compd (VL v1,DP a,DP b)
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gbooboobooo
compd(vl,a,b) OOODOOOOOOODOO.
1. 0oooooboooboooboog,booobooboooon.
2. 0g0booboboobo,0boobooboboob.
3. 0oooooooooon, 1,2 0000000000000000.

21
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3 U0ogon

gboodgboobooa,bogboob,obboobbobooboob,obbobbob
gbobobobobobooboo.

3.1 0O

#include "ca.h"

divsrp(vl,a,b,qp,rp) *qp =a / b; *rp =a % b
VL vl;
P a,b,*qp,*rp;

premp(vl,a,b,rp) *rp = lc(b) " (deg(a)-deg(b)+1)*a % b

VL v1;

P a,b,*rp;
oOoooOobOOo00oOo0o0oOOo,00oboobbooboboOobooOoooOog. aivsep() O, 0O,
ocooooooobooooobooobboOoobooooboooooDOb0. g, o0ooooo
oobooooboooooboooboooboobo. oobooobooboobobooboOobLbOoDbo
oooog.

3.2 GCD

#include "ca.h"

ezgcdp(vl,a,b,rp) *rp = gcd(pp(a),pp(b))
VL vl;

P a,b,*rp;

ezgcdpz(vl,a,b,rp) *rp = gcd(a,b)
VL vl1;

P a,b,*rp;

pcp(vl,a,pp,cp) *pp = pp(a); *cp = cont(cp);

VL vl;

P a,*pp,*cp;
pp(2) 0 a 000000, cont(a) 00O OODO. ezgedp) ODTDODDOOOODO ged,
ezgedpz() D00ODO0DOO0DO ged DOOOD.

3.3 U0

#include "ca.h"

substp(vl,a,v,b,rp)
VL vl;

P a,b,*rp;

V v;
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substr(vl,a,v,b,rp)
VL vl;

R a,b,*rp;

V v;

3.4 00O

#include "ca.h"

diffp(vl,a,v,rp)
VL vl;

P a,*rp;

V v;

pderivr(vl,a,v,rp)
VL vl;

R a,*rp;

V v,

diffpOO 0000 al vOOOOOO. pderive() D000 a0 vOOOODOO.

3.5 000

#include "ca.h"

resultp(vl,v,a,b,rp)
VL v;
P a,b,*rp;

resultp() D000 $a,b$ 0, vOODOOOOOODOOOO.

3.6 OO0

#include "ca.h"

fctrp(vl,a,dcp)
VL vl;

P a;

DCP *dcp;

sqfrp(vl,a,dcp)
VL vl;

P a;

DCP *dcp;

23

fctrp(), sqfrpOQ D000 aO000D0O0OO0O0DOOOOO,0000000D00000OO
o.g0ogogobogoob [bo,00b0lobo0b0bobobUobUo.0boobooooboUooboog
gbobodoobo ocpO00OOOO0DOOOO0. O0D0DO,000 40000,000 cO0OO0OO

gboo.oob,0boo0bog ad
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a=cxb (cOO0O0O0O,pO000O0DOOOOO)

ooobooO,p00000000.000,0000000,([c,1]O0000ODO,00 b0
goooo.
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4 JO00O,0000

4.1 macro

‘ca.k’ 0000000 OOOOODOODOODOODO.
4.1.1 00000

MAX(a,b) ((a) > (®) ? (a) : (b))
MIN(a,b) ((a) > () 7 (b) : (a) )
ABS(a) ((@)>07(a):-(a))
ID(p) ((p)->id)

BDY (p) ((p)->body)

NEXT (p) ((p)->next)

VR(p) ((p)->v)
NM(q) ((g@)->nm)
DN (q) ((@)->dn)
SGN(q) ((q)->sgn)
PL(n) ((m)->p)
BD(n) ((n)->b)
4.1.2 00O

NUM(a) ID(a)==0_Q

INT(a) (!'DN(a))

UNIQ(a) alO0O0O0O 10000
MUNIQ(a) aO0OD00O0O -10000
UNIN(a) alO0O0O0O 10000

4.1.3 DO0OO0O0O00O0
(char *) MALLOC(d)

dbytesOOODOOOODOO.

(char *) CALLOC(d,e)
dxebytes 0O0OOOODODOO,000000A0. region to 0.

(N) NALLOC(d)
d00000O0O0ooooooon.

ubooboobooboobooboobooobooaon.
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4.1.4 cell allocators

NEWQ(q) q0O \codeQD0OODODOO0O0O0OO.
NEWP(p) pO \codeP 0O00ODOODO0OOOO.
NEWR(r) r0O \codeROOODOOOOOODO.

NEWNODE (a)
al \codeNODE OOOODOOOOOO.

NEWDC (dc)
dc O \codeDCP OO OOOOODODODO.

NEWV(v) v 0O \codeVOUOOODOODOODOO.

NEWVL (v1)
vliO \codeVL OOODOODOODODO.

NEWP(), NEWQ(O), NEWRO) ODUODUODO, 000 0000000 bOoboobon.

4.2 JOOO0OO

VL CO; goobooood.
Q ONE; goog 1.
N ONEN; goog 1.

int prime[];

4000000 (0->0).

int lprimel[];
000000 10000 (O->0).

col,0000000,0ddd0dodooooobboooo0ooOoooon. OO, ONER,
ONE, ONENO , 000000 nglob_init() OOOOOODOOOODOOO.
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5 Parser

5.1 Parser 0O

parser 0 Asir 00000000000 ODOOCOO0OOCO. parser 000000000
ooo.

goog

Asir 000000 yaccOODOOOOOOOOOODODOOODOD. OO0OOODODO yacce
Udd parser UOOOOOOODODOO.

goog

yvacc UOODODO parser OO O0OO,000000000000,00000000
UD000000 yylexO DODODODODOO, 000000000000 treed OO
O00. 000000000000 yylex(O UODOOODOUODOD lexOODDO, Asir
oooooobooobccboboOoooooobobooooo.

goog

yylex() 0000000000000 OOODO, 0000000000 keyword (‘if’,
‘for’ J0)000,000,000000000000O0O0O0O0OO.DO0OOOOOO
oo, 0boobboobdd,parser 0000 oo,0booooaoon.

5.2 OO0
typedef struct oFNODE { OUODOODOODO
fid id; oon
pointer argl[1]; oooo @cooo)

} oFNODE *FNODE;

typedef struct oSNODE { O00OO0OOO

sid id; oogd
int 1n; ood
pointer argl[1]; gooogo @oooo)

} oSNODE *SNODE;

interpreter 0 000000000 DOOO0ODODOOOODOO. bOoOoOoOOOoOoODO O
OO0 0 000.Asir000000000DO,0000000 parse 00O, SNODE OO O
gboogbooobooo. bbobboiob iagboboobg. obooboobobobobo
00,00000000000 (0DD0)0000. 000 s_O0OO0OO0OO0o0OoO0OoooboOoD,Oo
goboooooboooooboooooooboo.sro,ooboooobooobooobo.

S_SINGLE | expr
‘expr’d 000 0.

S_BREAK
00000000 (S_FOR, S_D0) 0000,

S_CONTINUE
gobogboooboogood.
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S_RETURN | expr
OoDoOooo, ‘expr’ donoog.

S_IFELSE | dummy | expr | statl | stat2
sampexpr D00 000000 ‘stat 000,000 ‘stat22000.

S_FOR | dummy | exprl | expr | stat | expr2
OO0 ‘expr1’ 0000000, 'expr’ U000 00000, ‘stat’ U ‘expr2’ 00
oooooo.

S_DO | dummy | stat | expr
‘stat’ DODOOOODO ‘expr’ 0000, 0000 0o000000DO.

sSNepE O O OOoOoboodbO inO00.0000000000000O0000,00000
ugbooboooobbooobboo. gobboobbooobbooobooboooboboo
gbogaag.

uobooooboobooobobooobooo,ooboboobbooooboobob. ooon
Uboodb,parser DOOOOOOO,FNODEODUOOOOODOOOOOO. O0OOOOOO
0 id0000000. 0000000000000 00,0000000000O0 (BO)O
gob.dodb 1_boobooboobboo,boobooboobboobooboo
o.ro,oboooboobooooooon.

I_STR | string
oon

I_FORMULA | object
00 Risaobject O0ODOODOODO \codeobject

I_ANS | index
‘index’ O0O0O0OO0OO

I_GF2NGEN
oo 200000000

I_EV | node
‘node’ 00 00000O0O0OO,001000000000.

I_FUNC | function | argument list
oooooo

I_CAR | 1list
list 00000

I_CDR | 1ist
list 0000000 0OO00ooo

I_PVAR | index
indexJOOOO0OO0OOOOODOO

I_ASSPVAR | exprl | expr2
‘fexpr’ OO0 D0OO0O0OO0ODODOO0O ‘expr2’ 00O

I_INDEX | expr | index
‘expr’ 0 0OOO0DOOO0ODOOO, index’d00000D0OOOOCOODO.
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I_POSTSELF | function | expr
‘expr’ 0O ODOO0OO0OOOOO, “function’ JOOOO ‘expr’ O 1 OO0,
‘function’ OO OODO ‘expr’ 0 1 00DO.

I_PRESELF | function | expr
‘function’ JO OO0 ‘expr’ 0 1 000, ‘function’ U O0ODO ‘0’0 10
O0.000 ‘expr’ 0000000,

I_LIST | node
‘node’00000OOOODODO.

I_NOP | expr
‘expr’ 0 0O00OOOO 0,000 1.

I_OR | exprl | expr2
‘exprl’, ‘expr2’ J OO0 00O 0,00000 1.

I_AND | exprl | expr2
‘exprl’, ‘expr2’ 0000 0OODOOCO 1,00000 o.

I_CE | expr | exprl | expr2
‘expr’ J 000000 ‘expr1’ 00,0000 ‘expr2’ 00.

I_BOP | bop_id | exprl | expr2
‘bop_id’ 0 OO0OOOOODODO (DOOOOO)O00O0OO, ‘exprl’, ‘expr2’ O
ooooooo.

I_COP | cop_id | exprl | expr2
‘cop_id’ OO ODOOOOOOOODOOOO, ‘exprt’, ‘fexpr2’ OO O. OOO 0,
1, -1.

I_LOP | lop_id | exprl | expr2
‘lop_id’ DOOODDOOOO0ODOOOODOO, ‘exprl’, ‘expr2’ OO OODDOOODONO
aoo.

5.3 OO0

gboboooboo,bog,bo,boobboboobboobbobbobobobobooboo
oo.

e (

gbooboooboob,bobo0odb o0b,bpbob00200,x0000 16000
O0,00000 validOOODOOOOOOODOOO,2°3200000000.

e OOOODOO
gboobobooboobooooboobg,10b00boo0 27320000000.
o JODODO

ooooo,00obooo,0n, ob0ubooobobd, keyword HOOOODOO
gob0,0bobob0ob00 bobobobob’bobobobUobOoD.

e IODODO

goooo,ooooooo,ob,cbooboooooooboo,ooobpoooboooo?
gboobobobobo.
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e @

ec0obO0ObDbOODbOODObOOODbDOODLObOOn.

el

gogodoon

Opi

goboooboogon

Qe

goooooooooboo

Qi

goood

Cp
gooooooooooooo
Q@true, @false, @impl, @repl, Gequiv
gooon

gbobob0o eb0b0 20000000D0ODODO.

‘n?

U0 wO0bOobobOobOobOn Risaobject HDOODO.

[

oo «opoo0obboo0 Coooboooop’oobo.boo,bbooooDo
gboboobooboooooooooooooooooon.

e JOODODOO

oboobobooooooooo. bobobobooboogoog, o), a0,
‘yoo,0bo0obfbooooooobobogoooooo.

54 OO OO

Asr 0O00OO0O0O0,000,00,00000000D003000000000DDO0ODO

goog.

5.4.1 OO0

000000000 co (Current variable Order) D0 O0O00O0. 00000000000
oo0ooooooooooooooOo,co0bODOO0OOO0O0O0O0OODOODOOOOOOODO
O000,0000000000000000000000O0C0O0O000O0COOO0. 0000
O0000o0o0o00000oo000000000,0000000O000O0BOODOO0O, co
O00000oo.

5.4.2 00

typedef struct oFUNC { Asir OO
char *name; oo
int argc; gooon

int type; PARI O OO
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aid id;
union {
void (*binf) ();
struct oUSRF x*usrf;
struct oPF x*puref;
} £
} *FUNC;

typedef struct oUSRF {
char *fname;
short vol;
int startl,endl;
NODE args;
VS pvs;
char *desc;
struct oSNODE *body;
} *USRF;

typedef struct oPF {
char *name;
int argc;
Obj body;
V *args;
Obj *deriv;
NODE ins;
int (*pari) );
double (*libm) ();
int (*simplify) O;
} *PF;

struct oV {
char *name;
pointer attr;
pointer priv;

};

O @oo, obooo, ogo, O, PARD

googoo
ogbooobooboood
uodg

goooooo

oon

god

googoboobo, goobg
gooooo
gboooobooaoboog
googn
ooo0Oo@ooo)

oon

god

googn
gboooobogonboo
goog

goooaoo
gbooooboabod
PARI 0O UOQOOO
cooboono

simplifier

ooo @ao)

un

extern NODE sysf,noargsysf; UOUOOOOOOOO

extern NODE usrf;
extern NODE parif;
extern NODE pflist;

goobooboogoo
PARI 00O O0OOO
gooooo

31

oooOo,000000,0000000,PARIOOOOOOOOOOD. 0000 CO

b0 runcOooooooooooboboboob. oobobobob,bobobob
U,sysf0,0000000 noargsysf UOOOOO.

gbobogooo,b0boboboboobob0,wsrf 0000, 0000000D0
gboooooogb roNCcODOODOODODO,D0D0000000.OD0DO0ODODODbOOO
gooobgoboobg,rFriNncdbgonbog iad0,0bo0boooobooobooo
ub.oobooboooboobobooboo,oobooooobooobooboobonboo
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gooobo,oooooobobobobobobo.0oobobobobobo,boob
gooboboboboo.ob,0bobobobobobobobon.

PARIOOO,000000 PARIODOOODOODOODOODOOOODOO,000D0O00O
00000.000,PARIODOOOODO PARI biglloat 00000000 OO, double float
do0ooooOooooooDb,COl1lim000000DOO0O0ODOO0ODODOOODOOODODOOd.

000O0,00000,PARIOOD,0D0D0O0OD0DOODDOODO, Risaobject 000000
O0,0000000000000D00o00oOooO,000o0,000Dooooog,og
00000o0oboOoOObOo0O00000OoO. Asic00O00040aQ.

[0] A=sin(x);

sin(x);

[1] type(A);

2 <-——- 0000000
[2] vtype(A);

2 <-———Qgooooo
[3] args(A);

[x] <-——Qgooono

[4] B=functor(4);

sin <-—— Qoo

[5] type(B);

2 <--—-Qgoooood
[4] vtype(B);

3 <-——— 000000

00000,sin(x) DO0O0OD0OOO0OODOODOODOO, Risaobject 000, sin(x) OO
0000,00000000.000Vv00000000D0 (O00 attr)0000O0O0O. O
0o0oobooooboooDb, 00 privd00000OO0DDOOOO0ODODOODDOOOOODOO
O, args, functor 00O O0O0O0O0O. OOOOODO, Risaobject OODOOODOODOOODOO
gb.00o0obooboooboobuoobobooboo.

5.4.3 U0ODOOOOO

typedef struct oVS { OO0O0O0OO0OO0OO
unsigned int n; ggoooooooobon
unsigned int asize; UO0OOOOOOOOOOO
unsigned int at;
unsigned int level;
struct oFUNC *usrf;

struct oPV xva; oooao
NODE opt; ggd
} *VS;

typedef struct oPV { OO0OOOODO
char *name; oood
sort attr,type;
pointer priv;

} *PV;

extern VS GPVS; OO QOQOnd
extern VS CPVS; OQOQOOOOO
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extern VS EPVS; extern JOOOOOOOO
extern VS APVS; O0O0O0OO0OOO0OOOOO

AsirO0O0OODO,000CCCOCOCOCOCOCOCOO,00000,00000000O0O0O0O0O
20000000b000b0O0.0bbL,0b0o0bO0o0oboboOobDbooObOoobOo0oboOon
gbo.0bo0boboooboobooobg,0booboooboob.boobooobo
uooooobobo,booobbooboboooobboodg,usrRrO00O0O0O0O0 pvsO U
uboobgodb.bboobbooboo,0boobboobooobooooboobon, o
gbooboooooooooooooo,obobobobobobobobobo.

uoboogoboo,boobbuooobobooobboobobooboo. ooboboaon
goo,00b000000b00000b0b000b0ob0boobDUD, extern g
googbooboo,ogbooboobuooboobooboboobuooboo. bo
ugb,00bogbboobuoobbooboobbo0o 1booboboooboon.
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6 Interpreter

6.1 Interpreter [ [ [

interpreter 0, 0 00000000000 FNODE (0), SNODE (0 ) DOO0OOOOOOODO
goooood.

6.1.1 DO0O0ODOO

pointer eval(FNODE f)
O f00000

pointer evalf (FUNC f,FNODE a, FNODE opt)

o0 £ 000
struct oAFUNC { ooooooon
void (*add) (); O
void (*xsub) (); O
void (*mul) (); 0
void (*div) (); O
void (*pwr) (); O
void (xchsgn)(); O0OODO
void (*comp) ); OO
};
struct oAFUNC afunc[] = {
/* 7?7 x/ {0,0,0,0,0,0,0},
/* O_N x/ {addnum, subnum,mulnum,divnum, pwrnum, chsgnnum, compnum},
/*x O_P =/ {addp, subp,mulp,divr,pwrp,chsgnp, compp},
/* O_R *x/ {addr, subr,mulr,divr,pwrr,chsgnr,compr},
/* 0_LIST */ {notdef,notdef,notdef,notdef,notdef,notdef,complist},
/* O_VECT */ {addvect,subvect,mulvect,divvect,notdef,chsgnvect,compvect},
/* O_MAT */ {addmat,submat,mulmat,divmat,pwrmat,chsgnmat,compmat},
/* 0_STR */ {addstr,notdef,notdef,notdef,notdef,notdef,compstr},
/* 0_COMP */ {addcomp,subcomp,mulcomp,divcomp,pwrcomp,chsgncomp,compcomp},
/* 0_DP x/ {addd, subd,muld,divsdc,notdef,chsgnd, compd},
};
void arf_add(VL v1,0bj a,0bj b,0bj *r)
*r = atb
void arf_sub(VL v1,0bj a,0bj b,0bj *r)
*r = a-b
void arf_mul(VL v1,0bj a,0bj b,0bj *r)
*r = axb
void arf_div(VL v1,0bj a,0bj b,0bj *r)
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*r = a/b

void arf_remain(VL v1,0bj a,0bj b,0bj *r)
*r = ajb

void arf_pwr (VL v1,0bj a,0bj b,0bj *r)
*r = a’b

void arf_chsgn(Obj a,0bj *r)
*r = -a

int arf_comp(VL v1,0bj a,0bj b)
return 1 if a>b; -1 if a<b; 0 if a=b;
eval U, 0000000 00O0O0O0OOO0OO0O0O0OOOO0O0O. 00o0Ooo0boooooo
000000000 000D00OO00O0,RRisaobject 0O0OOOO0ODOOOOOO.OODOOO
O0D00000,evalf 00O 0OD0ODO. O0DO0ODOODOODOOONO Risaobject 00O
goooo, 0000000000, oo ooooooo,oon
goodooooooo. ooooooooouooo, gogoooooo, ogooon
gooooog, bbb o, bbb ooooboooooon.

6.1.2 DODOOOO

pointer evalstat(SNODE f)
ooooood

U0bo00bDoob,00b00 eval UDOOOO. OD0O,000000000 evalstat
O000000D0ODbObDOD. evalstat UOOOOQOOOO, 4, “for JOODOODOO
O000000.00,000000 debugger0OOOO,00000000D00,0000
gobooooobuoab. obo,obbooboo,bboobboobooobooanoobg
oogd.

6.1.2.1 OO

case S_SINGLE:
val = eval ((FNODE)FAO(f)); break;

O000,f00000000000,evalO 00000C0O0OOO0O0O0O0OOO0O.

6.1.2.2 L[

case S_CPLX:
for ( tn = (NODE)FAO(f); tn; tn = NEXT(tn) ) {
if ( BDY(tn) )
val = evalstat((SNODE)BDY(tn));
if ( f_break || f_return || f_continue )
break;
}
break;
000D, f00000000000 NODEOOO. OOO,0 NODEODODOOOOO
O00O,evalstat) OOO0O0O. OO0O0O0OOO0O0O, break, return, continue 00O OO
0o00o00O,0000 onOO0OOO0ODOOODOOODODOOO.
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6.1.2.3 If O

case S_IFELSE:
if ( evalnode((NODE)FA1(£f)) )
val = evalstat((SNODE)FA2(£));
else if ( FA3(f) )
val = evalstat((SNODE)FA3(f));
break;

gooDOoO0O0O0,0Db0O000000D 1000 evalnode() JOOODO. evalnode()
ooobooooooooouooob,bobbobbob0bo0nb 2000 evalstat() DODO,
ubobog,b000 3000 o000b000bo0obboon. elsedgnog, 0 3000 00
go.

6.1.2.4 For O

case S_FOR:
evalnode ((NODE)FA1(f));
while (1) {
if ( !evalnode((NODE)FA2(f)) )
break;
val = evalstat((SNODE)FA4(£f));
if ( f_break || f_return )
break;
f_continue = 0;
evalnode ((NODE)FA3(f));
}
f_break = 0; break;

Oo00o0oOoob0O,0 1000000 ooooooo. ob0o0D00O evalnode()
ooo0ooodbo,0dbooodoo. 00, 0b000bogono 2000000,00000
000000000, 0000000.00000,000000000 4000 evalstat()
00000. 0000OoOggad, break, continue, return 0000000, 00000000
D000 onOO00OD0O.COODODOODOODOO0O, break, return0 0000000000
O0.000 break OOOOO,0000000000O0O0O0DOO0O00O0O0OOOO, OO0
Ooff 000, continune DO OOO, 00 continue OO0 of OO. OOODOOOOO
Oo00o0ooooooooo 3ouooooooooooooon.

6.2 DUOUOUOUon

pointer evalf (FUNC f, FNODE a, FNODE opt)
U0 £ 000 a, option opt O OO
evalf() 0000000, 000000000000. evalf() OO0OO0O0OOOODO
o0oooo0o0,000o0o00oo,0000ooo0ooooo,00, 0000000
O00000oooooooooog.
/¥ 0000000000 =/
case A_USR:
/* 0000000000 LIsTOO0OO0000000 =/
args = (LIST)eval(a);
/* 000000 template */
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pvs = £f->f.usrf->pvs;
if ( PVSS ) {
/ 00000000, 000000000 00000000oo0O =/
((VS)BDY(PVSS))->at = evalstatline;
level = ((VS)BDY(PVSS))->level+1;
} else
level = 1;
/ 00000000000, ODobOoODbO0O, ooooooooono =/
MKNODE(tn,pvs,PVSS); PVSS = tn;
CPVS = (VS)ALLOCA(sizeof (struct oVS)); BDY(PVSS) = (pointer)CPVS;
CPVS->usrf = f; CPVS->n = CPVS->asize = pvs—>n;
CPVS->level = level; CPVS->opt = opts;
if ( CPVS->n ) {
CPVS->va = (struct oPV *)ALLOCA(CPVS->n*sizeof (struct oPV));
bcopy ((char *)pvs->va, (char *)CPVS->va,
(int) (pvs—->n*sizeof (struct oPV)));
}
/ 0000000000000 0000004d =/
if ( nextbp )
nextbplevel++;
/« 0000000000 =/
for ( tn = f->f.usrf->args, sn = BDY(args);
sn; tn = NEXT(tn), sn = NEXT(sn) )
ASSPV((int)FAO((FNODE)BDY(tn)),BDY(sn));
/x 0000000 %/
val = evalstat((SNODE)BDY(f->f.usrf));
/* 000, O0000O0O0ooooooo =/
f_return = f_break = f_continue = 0; poppvs();
break;

6.3 DO OO

goboopobooboboooboooboob,booboooboobbooboon

gbobh.oobooobboo,bobboobooboobooon.

gbobooboobood
gooogo
gooooog, oo
ugbooon
gboobobooobonb
goboobogoo

6.3.1 UDODOOUOOO0O4Qg

gobodgboobbogbooobooboon.

e debug U DO ODODOODO.
e JO0O0OODOODLODLDOLOOLOOULODLD WwODLODLODLO
o JUDOOODODOODLOOODODO
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e JOODODOODODODOD

e JOUODOOOOLOLODLODLOLOODODODOODO
gboboboboboobooooooooo,bobobobobobobooboooo.

e 0OODOOO error() DOODOOODO

6.3.2 UOUOUOO4U4U

Ub0oo0obo00o0bo0bDboOonDbOd stepd next OO0, ODOOOO0ODOOOO
gooodboooooboo,booooaoooon.

next pobOOoOooOoOooooooooob,bbo0obo,00oobobooboobooo.

step gbobodgboobobooboabb,obobuogboooboobooobdg
gbobooooo.

gbooobobooboobo,ooboobboobon.

nextbp
gobogo ooobooo,oboooboobobooooboooboo,ooo
uoobooobooooooooog.

nextbplevel
gbooboooboooboooooobooob 100, 0b000b0o00bo0ooo
100.

OO0 evalstat() DODOODOOOOOOOOLOOOOOOOOO.

/* O0D00O00OD00O nextbplevel OO =/
if ( nextbp && nextbplevel <= 0 && f->id != S_CPLX ) {

nextbp = 0;
/0000000000 =/
bp(£);

}
gbobobobobobobobobobobo.

next nextbp = 1, nextbplevel =0 U U D DOO0OO0OOO0O. OOOODODOODODOO
O, nextbplevel U0 O0OO0OO, 000000000000 0O0O0O0O0O0OO
U.0gdubbodobbbdudduuibbd, nextbp = 0, nextbplevel =0
gbooooooooooooooog.

step nextbp = 1, nextbplevel = -1 0 UU0OO0OOO0O0O. ODODOOOODOOOOO
OO, nextbplevel =0 0000 O0OOOOODOOO.

6.3.3 UODODOOOO0O0OO00O0

000000oooo0oO0,0000000C00O,000000000 (DODOO s_BPO
oooboboooo0. oot bbbooooub,0oo0oobobooo
oo bb. oo obbobooboobo,b0boo00g,0dggoga
00 (0000)000 nextbp =1, nextbplevel =1 000, 00000000000, O
OO0000O000O,evalstat() DOOO0ODOOOOOOODOOODOOOODOO.
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6.3.4 U00DOOOOOO0ODDODOOOOO

O000000000,0000000000000 (O FUNC) O tagetf O OO OODO
gobooo.oooboooboooobooobooob,0booboobooboogon cpvs
gopboooog.

ggobooboooboobooobooboobooboboooboobobooooobogn,
node U0 PVSSOOUOOO0OOO. D0OOOULOOOOOOOODO ovsOUOO,0b0ODbO
ooboobwsrf0O0O0O.

ggooo,bo0oobboooboboooobbooob,0obbbooobobboOon
goboobooooooobg.
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T oo

7.1 00gooon

risa0000000000, [Boehm,Weiser] 00000000000 . OO0OOOOO
000000,0000000000,00000000000000O0(GC)ODOOOO
000.0000000D000D0000DOODOO00DOO0O00DO.0O00000,000 GCO
gboooboboobobooboooobooboboo,0obobooboobobooobo
gboo,b0o0booobooobg. bboooobbooboooboooboobooboobo
ocoooooboooooooooobogoobo. GCoh,b00obDoooDooOo,obboOo,0oboo,
ooooboooboboooogob,boboboooobobobooooobobobo.boboo
goooboob,0bobooboboobooboobo,b0oboobooboobobon,
GCOUOOOOOoDoooooooDbog.

O00o0ooonOo,0n0ond malloc) OOOOOOOODODOOOOOOOOOOODODOO
O000.000,mallocO) O0,0000 COOOODODODOODOOODODOOODOOODODOO
godooouoooooo. oo, oo, oot ouooooooooa
o0, 0d0oboooobooooboooo. oo, 0boooboooooo,o0oooon
goooooooooooooooobooooobo. 0ooooooooooooooooo.

void GC_init()
goooooo. ooouooooo.

void *GC_malloc(int n)
n bytes DODOODOODOODO. OO0 oUODbODbODOO.

void *GC_malloc_atomic(int n)
00000000000 0000000 nbytes OO0ODODOODOO.

GC_free(void *p)

pOO00O00O00O0O0OO. Risa U0, OOOOOOOODOOODOODDOO
ooooooooooooo, boooobooooooooooooo.
0o0o0oooooboooooooooooooooooooo.

0O00 GC_malloc() DODOUODO, DODODODOCOO,DO0D0000000DO00DOO
000000000000 GC_malloc_atomic() OOOOODODOO. GCOOOOO, GC_
malloc_atomic() OOOOOODOOOOOOOOOODOODOOOOOO,GCOODOOO
goo.

7.2 RisaUUOODODODOOOOO

RisaOUODOOODOOOOOOODOODOOOOOD, 0000000000 object U
Ub00,00000 object HODODOODUODODUODODUODOODODODOD,DO000OD0ODOO.

gogoo,booobobooobbo. ggbb,booobboobobbooobbooon,
00 (000000)0000000000000000. 00,000000000000
uboboobooboob,oboobooobooboboobobobobooo,oooooobooo
ubbooboobooobobooood.

#include "ca.h"
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void addp(vl,pl,p2,pr)
VL vl;
P pl,p2,*pr;

DCP dc1,dc2,dcrO,dcr;
V vi,v2;
P t;

if ( 'p1l)
*pr = p2;
else if ( !'p2 )
*pr = pl;
else if ( NUM(pl) )
if ( NUM(p2) )
addnum(vl,pl,p2,pr);
else
addpq(p2,pl,pr);
else if ( NUM(p2) )
addpq(pl,p2,pr);
else if ( (vl = VR(p1) ) == ( v2 = VR(p2) ) ) {
for ( dcl = DC(pl), dc2 = DC(p2), dcr0O = 0; dcl && dc2; )
switch ( cmpq(DEG(dc1),DEG(dc2)) ) {

case O:
addp (v1,COEF(dcl) ,COEF (dc2),&t);
if (t) {
NEXTDC(dcrO,dcr); DEG(dcr) = DEG(dcl); COEF(dcr)
}
dcl = NEXT(dcl1); dc2 = NEXT(dc2); break;
case 1:

NEXTDC(dcrO,dcr); DEG(dcr)

dcl = NEXT(dcl); break;
case -1:

NEXTDC(dcrO,dcr); DEG(dcr)

dc2 = NEXT(dc2); break;

DEG(dc1); COEF(dcr)

DEG(dc2); COEF(dcr)

}
if ( !'decr0 )
if ( del )
dcrO = dci;
else if ( dc2 )
dcr0 = dc2;
else {
*pr = 0;
return;
}
else
if ( del )
NEXT(dcr) = dci;
else if ( dc2 )

41

COEF (dc1);

COEF (dc2) ;
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NEXT(dcr) = dc2;
else
NEXT(dcr) = O;
MKP(v1,dcr0,*pr) ;
} else {

while ( vl !'= VR(vl) && v2 != VR(vl1l) )
vl = NEXT(vl);
if ( vl == VR(v1l) )
addptoc(vl,pl,p2,pr);
else
addptoc(vl,p2,pl,pr);
}
}

o000, Risa00000O0D0O,0D00D00DODOO00OD0OOOODO,00DO0ODOD
goboooboobboobooo,boobboob. bb,o0boooboooobo
ugboboooboo,0boobooobbooooa,booboooobooboooobooboon.
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Appendix A 0O

[Boehm,Weiser]
"Garbage Collection in an Uncooperative Environment", Software Practice &
Experience, September 1988, pp. 807-820.
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