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1 Risa/Asir 000

1.1 engine

engine U, Risas 0O DOO0ODOOO,0000D00O000DO0ODOO0O. ODOobUOobooo, D
gbooobobooobooooooob.oo,obo,bobooboboooboboon, o
00000o0o0o0o0o0oooO0O0oU0UOOO000. 00, 0000000000 (1000
O01l60000000)000000OO.

1.2 parser

gboboobobooobobooboboobobOon. D00 engine0 00000
000,00000000 cODDdooooooooooooooo.ooo,0ooo0og
gooobobooboobodo,bbobobooboboobobooboboobo
O.Asir00Q000,000

1. 00000000000 (parser)
2. 000000000000000000O000O0O0 (interpreter)

0200000000, parser J0000,00000000000000000 (token)
D000000000.00000000000000. 0 token 000000000, 00O
0 123+456 0 123, +,456 0 300 token 10000, 123,456 00,+ 000000000
0D000. parser 0 token 000000, 0000000000000000 treed000
00.00 tree J0000000000. 000000000000000000O00O0
oooo.

1.3 interpreter

parser UO OO0 treeJ, 00000000 0O0O0O0OO0OO0O0O0ODOOO. interpreter O
tree O UOOOOOOOODODO, 000000 enginedO0UOUOUOUOUOooog,dggogg
000DO0O0O0ODbOoOODbDOO. tree 00 node O

1. OO0
2. 0000
Uboogoodn. interpreter O, 000D 00000000000 O0O0O0OO0O0OOOO.

000000, 0b000dbO tree0000000O000OD interpreter DOOOOOODO
gboob,000000000000000. interpreter 00000000000,
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2 0000

O00000,000 object 00D, 00,0000000000. 000 object 0000
oo, cbobobooooobob. oo, b0b0bobOOooooboboboooo, oo
00o0o0O00ooooD. 0o00,00000000,0000000000,0000000
O0,00000000 9000000000 typedeft DO0ODODO.O0000DOODOOOO
dod,o00NLLOOOODOODOODOODOODOODO. O0O0O,o00000000,0£0
00 object OOO.

2.1 Risa object

struct oObj { object DO OOD
short id; oogo
short pad;

s

typedef struct oObj *0bj;

Risa object 00000 o0bj 00000000 object 00000 O. Risa object 0 Asir
00000000 object DODOODOOODOODODO. Risaobject O idO0ODOOOOOO.
00,00000000 Risaobject DODOODODOO.

00

0_N = 1 number; O

0_P =2 polynomial; D00 (0DOO0O)

O_R = 3 rational expression; J 00 (U O0O0OO0O)
0_LIST = 4 list

0_VECT = 5 vector

0_MAT = 6 matrix

0_STR = 7 character string; 0 [0 [J

0_COMP = 8 composite object

0_DP = 9 distributed polynomial; 0 0 0 00O
0_USINT = 10 32bit unsigned integer

0_ERR = 11 error object

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

0_F = 14 first order formula

0_GFMMAT = 15 matrix over GF(p)

0_VOID = -1 VOID object

2.2 0

struct oNum { O0ooo0ond
short id; o000 (= 0_N)
char nid; agooo



Chapter 2: 00O OO 3

char pad;
s

typedef struct oQ *Q;
O0d,000000000 object 00O OOO,0000000OOOOOOOOOOOOO
gooooooogobu. gob iddbgoooogoobog, 0o oNOOO.
Jo0odddnid00O0O. O00,000000000000.
NQ=00OOO
NR=10OOOOOOO
N A=20000
N_B = 3 PARI bigfloat
N.C=4000
NM=500000
N_IM=60O0000
N.GF2N=700 2000
N.GFPN=8000O0O0O0O0OO

2.2.1 00

gooooooboooboooobooboobo.obooboobooboboboob, o
goooboooboobgoob.oooobboboobooboobooboboo,bo
000000 PARI bigfloat 0O OOODO PARI bigfloat, 0000000 COOOOOO
goboooboog.

#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 *xb

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

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

-~

*rp = a " e

int compnum(Num a,Num b)
oo0oDo0O0O0O0. DDbO0000 a=p OO0 1, 2> 000 1, a<b OO0 -1.

23 000
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struct oN { Oo0o0d

int p; RN

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

typedef struct oN *N;

struct oQ { ooo

short id; Ooo00 (= 0_N)

char nid; 0000 (= N_Q)

char sgn; oo (=1 or -1)

N nm; 0o

N dn; 00 (oooog o
};

typedef struct oQ *Q;

00000000000 000000, 000000 Risa object DOOO. DOOOO,
‘include/base.W’0 000000 BASEOD OO BASE-OD DO OO, 00000 p, 00O, O
000000 wlo]l,bl1], ... 000. 00 BASEO 2°32000.0000,p[1000O0O
gooboooooooo, 0ot oobooooooooon. oggooon
O00,oN0000NDOOODOD)UODOUOLODODODODOOOUOOOOOODLD. DOODODOO
Oparser 00000 107800000 oNOOODOOO,00 bnton() OOODOO 27320
oooooOooon.

gboboobboooobooo,bbooob. ogobooooobooobb.obb ol
goboobooobobooood.

23.1 000000

#include "ca.h"

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

00000000 (D00 1000)0000000000000000,Base 0O 100
000000000 BaseUDOODOUOD. ODOOO ntobnO) OO0 BASELDODOODOODO
goo.

232 000000

#include "ca.h"

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

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

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

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,-1000.000000000000O0.
N ni1,n2,n3;

addn(nl,n2,&n3);

233 00b0oon

#include "ca.h"

NTOQ(n,s,q) (macro; N n; int s; Q q)
sgn =s, mm=n,dn=000000W@WO) qOO0ODDO.

NDTOQ(n,d,s,q) (macro; N n,d; int s; Q q)
sgn =s, nm=n, dn =d 00000 qO0OO0OO

STOQ(n,q) (macro; int n; Q q)
000 n 0O OOO (UO) OOOOO.

gobooboobboobooboboooboooboo.

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 *x b

divq(Q a,Q b,Q *qp)
*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 000O0O0O0OO

struct oReal { o0o0ooooa
short id; o000 (= 0.N)
char nid; OO0O00 (= N_R)
char pad;
double body; ggoooon

};

typedef struct oReal *Real;
24.1 00ODOO0O0O0OOOO, 00
#include "ca.h"

MKReal (a,b) (macro; double a; Real b)
body 0 a OO0OD0ODOODODOOO pO0OOODO.

double RatnToReal(Q a)
Ogo0 a0000O0O0O0OOCOOODOO.

gobogboooobooboooooon.

2.4.2 00O

ogooo,gooo,dogooodoooon. onoboooooooooon.
#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 *x b

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

purreal (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 { good
short id; OO0 (= 0_N)
char nid; OgOoQo00 (= N_Ap)
char pad;
struct oObj *body; ugooooboooobooooaa
s

typedef struct oAlg *Alg;

struct oV { root
char *name; oag
pointer attr; ooboo (doog #n )
pointer priv; 0000000 (¢#n) OOOOODO
s

typedef struct oV *V;

struct oVL { root OO0

V v; root

struct oVL *next; ooooood
};

typedef struct oVL *VL;

extern VL ALG; 0000 root ODOOO

gboodb,reot DDOOO0DOO0ODOO0ODO0ODOODOODOOODOOODOODDOD
Ubb0O.root 00, 000000000 root 000000000 OOD0ODOO 100000
gboobgboodb.reot 0, 00000000, 00000000000000000A03,
root 0000000000 ALGOOOOOO.root 00000 #n(n 0 000000 )0O0O
googoobooobo.oboob,0oboobobbobboobooboobooboobo
goboob,0b0bo0boobbooboobb,0Oreotd t#n D0 O0OD0OOOOO0O
000DbO00OO0bOO0o0O.0000000,0000 mkalgO) ODOODOODOODOODOO.

251 00o0ooon

#include "ca.h"

MKAlg(a,b) (macro; 0Obj a; Real b)
000o0o0o0o0o0oooOoObObOOo0O0o000ooooon

void mkalg(P p,Alg *r)
p 000000000 root OODODODO.
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void algtorat(Num n,0Obj *r)
O000 n 000 root OOOODOOODDOOODODOOODOOODODOODODODODO
o.

void rattoalg(Obj obj,Alg *n)
root JOOOOODOODO root OOOOOODOOOOOOOOO.
0000000oooooooooooooon.

2.5.2 00

goob,bobg,00o0boooooooob.gbobogooogoooog.

#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 *xb

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

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

*rp = a " e

int cmpalg(Num a,Num b)
root UOOOODOOOOOOOOOOOOO

cmpalg() OODO0O,00000,root 00000D00O0OOODOO0OO,root00OOODO
gooobooboobooobd. reot DOO0OO,00000000D0D0O0O0DOODOODO
gopboooog.

2.6 UUO0OOO
struct oMQ { Oooo0ooon
short id; o000 (=0.N)
char nid; 0000 (= N_M)
char pad;
int cont; ooooooo
};

typedef struct oMQ *MQ;

extern int current_mod;
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oo0 2290000000000 000O00DOODOODO. bOobOobOOobOOooOo0oboOoD
gobooboooobo0,bddl current_mod U0 DO O0OO0OOO0DOODO.

2.6.1 DOoooooooo, o

#include "ca.h"

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

ooo00o0oo0o0oo (cooooo) ooooo, 00 m 000000
ooooooooooo.

mptop(P p,P *pr)
0o0o0odoooonbO (DOboooboooo) bbboobooobooboooo
ogoooao.

2.6.2 00

oOobod0OOOoO0OOO0O0DOOO0.0DO00DOO0O0ODbDOObOOOoOonO, 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 JO00OO0OO0OOOOOOO

ggogg

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

struct oN *body; 0OUOUODOODO
s

typedef struct oLM *LM;
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ooboboobobooobooobooo.0obbo oNDODODOUOODODODLOOODOO
goo.0obobooboobooboobooboboob,0oboobooboobonbobo
goog.

271 0000000000, OO

#include "ca.h"
void setmod_lm(N p)
o00 pOb0O000O0OOOO0ODOOODO. pOOODbOODOODDOO.

void getmod_lm(N *p)
gooooooooooocooOoOoooooooo. bogogoooooo o
ooog.

void qtolm(Q q,LM *1)

bbb g Obhoobbooboboobboooboobog
Odoooooooooooood. ooooooo o000 error() OO
ogoooo.

void simplm(LM n,LM *r)
n body O, O0OO0OOO0O0DODODOCDOOOOOOODO vody OODCOOOO
oo.

272 00

gobO oboooobooboboobbodb. obbooboooobooobooooobooo
gooogo.

#include "ca.h"

addlm(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 xb

divim(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 OOODOOOOOOODO

28 00 2000000
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struct oGF2N { GF(2°n) OO
short id; Oo00d (= 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; ol b Ooogono
unsigned int b[1]; OOOO (dense OO)
} *UP2;

typedef struct oUP2 *UP2;

oo 2000000000O000O0O0. 00D UP2000D000DOOOOOODOO
gooo.booboobooboobooboboobo,boobuoobooboobbo
goooo.

28.1 00 2000000DO0O0, 00O

#include "ca.h"

void setmod_gf2n(P p)

Oooooono p0odoon GF(2) DOOOOO0OOO, GF(2) ODOOOO
Ooooooooooobo. 0000 6F(2) Dodoooooooooo.

void getmod_gf2n(UP2 *p)
ggooooooboboobbobbododoad vp2 0000,
void ptogf2n(0bj q,GF2N *1)

ooboooono p 00000 GF(2) DOODOOOODO, GF2yv DOODODOO
gooboobooooboobo, opbooboooo, goboooobobo

void gf2ntop(GF2N q,P *1)
ptogf2n() 0O DOOODODO.

void simpgf2n(GF2N n,GF2N *r)
body U, n U body UDUOODODOUOODOODOOODODOODOOODOOODO
gogd GF2N DODODODOOO.

2.8.2 00

000 F2rn)DOOOOOODO. 000000000 O0ODOOOODO GF(2n)0OOOOO
oogd.

#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)

-~

*rp = a " e

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

oo

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 (booooooo o

gbobooboobboobood

gooboo
RN
goooooo

oono
ooo (=o.pP)

goo
gbobooboobooooboo

goooooon

RN

oo (qboog )
gooboooo

12
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typedef struct oDCP *DCP;

extern VL CO; oooooooooo
0000,0000(000)000000C000OO0O0000O0OOODO. D0OODOOOOO
<O0O> x <O d0O><O00>

goooboooboo,0ogboobobbobooboobo0o.boobooboboobo
gooo. obobboooboboooobo,oobboo,oboooboobooobooo. bbooo
goboooboooboo,bbbdgooboobooobooboobooo,gooboo. oboboobog vo
goboogoobood.

291 000000

#include "ca.h"

MKP(v,dc,p) (macro; V v; DCP dc; P p)
0o0d v, 0000000 4ac OODOODO pOOOOO.
de 0000 0000 p=<dc 000> 000.

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

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

r 0000000000000, cO0O000OO000O, OOOOOOO0O0OO00
ood, cOooooooooooooooooo. rOo oooo,
ooodooooodoood, r 000 cO00o0Oooooooooon

NEXTDCOU, 000000000000 DOO00bOOo0ooooobbooooooD.

29.2 00

#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 *xb

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

compp (VL v1,P a,P b)
gopbooooobognd
gobooooobooooobooogoo. ggoboboooooooooon.

compp(vl,a,b) DO0OOOOOOOOOOD. O0OO,al000000OD 1,p0000
g-1000d.
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1. 0000, 0000o0oooooooo,ooon.
2. 00000000, compnum(a,b) OO ODOO.
. doooooobooo,0n0o0ooo viooog.
4, JO0O0oOoOoOoooo,o0o0oo0o00oa.
5. JUdddoobuoooo,oboooooboooa.
2.10 00O
struct oR { ooag
short id; OO0 (= 0_R)
short reduced; gooooono 1
P nm; oad
P dn; o
};

typedef struct oR *R;

gooo,boobog,boooboboobobobobobo.bobobob,0bob
ooooooOobD. 00000000, reductrO UOOODOOOOODOOODOODOO
U.00000000000,000 reducedl 1 0000000DO0O0O00OO0O. 0bj O
risald 00000000000 (0D0000OO)object 00000O0DOOODODO.

2.10.1 JO4QOQood

#include "ca.h"

PTOR(p,1) (macro; P p; R r)
oo pQd, OO p, OO0 1t ODO0OOO0OOOGOoO.

2.10.2 00O

O000000000000O0O,000,000 (id0 0_,RO0O) O 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 * 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 UO0OOOOO.

2.11 List

typedef struct oNODE { list 0OOO0OO0O node
pointer body; node O OO
struct oNODE *next; U000 pointer

} *NODE;

typedef struct oLIST { Risa list object
short id; 00O (=0_LIST)
short pad;
struct oNODE *body; list OO

} *LIST;

list 000 engine 00000000 0O0O. 00O Dep,VLUODOODOOOOOOODO
O000,0000 NODEODODOODO. LISTU Risaobject DOODO list 0OO. OOO
O,list 0000 node 0 body U Risaobject DODOUODODOODOODO.

2.11.1 00O0oQod

#include "ca.h"

MKNODE (n,b,nn) (macro; NODE n,nn; pointer b)
body = b, next = nn JO NODE n OO ODO.

MKLIST(a,b) (macro; NODE b; LIST a)
body=b OO LIST a UOOODO.

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

r 0 node O0O0O0O0O, c 0 node UOOOOOOO, DOOO0O node
o000, ce 0000 node DOOOOOOO. rO O0oQOOGO,

0 node OO0O0O0O, r OOO ¢ OO0 node OOO.

MKNODE U node U O OO ODOODODODOOOODODODO. OD0,node000O0OO
UobOod0bo0o0oO00 NEXINODE DO 0ODO.

NODE r, c;

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

}

if ( r ) c->next = 0;
00000,list 0 0000000000000 list00000000gon.

212 0000
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struct oVECT { o000
short id; 000 (= 0_VECT)
short pad;
pointer *body; gooooooono
} *VECT;

oooobo,dob0bdboboobobobobobboobobbOo,0buonod object OO
gooooobooooobooooboob. oboboo,bboobooooo,o,oo0oo0a4a,
gbooboobooobuoobooobooobo. bboboobooboo,guoboobooobo
goo,gbgooboobobogob,0oooooooooooooooooooo.

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=ax b (0000000000 OO, OOOO0OOOOOOOOOOOO0O0)

void divvect(VL v1,0bj a,0bj b,0bj *rp)
xrp=a /b (0O0OO OO0 1/p O)

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

gobodoboooobooboooood.
1. 0ooooooooboooon.
2. 000boobo,0oboobboobooo.

2.13 0O

struct oMAT { oo

short id; OO0 (= 0_MAT)

short pad;

pointer *x*body; ugooooboboooooogod
} *VECT;

000, 0bdbob0b0bobo0bobobobobbonD,b0obdn object DODOODO
gooooooooboobooob. oboooo,b0ooobooo,0,bo0boo,o00,000
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gboooooobooboooobobo.ooobobooooobobo,0bboooboobob
ooob,0boboobobobo,gboobogoobooooooooooooog.

2.13.1 00000

#include "ca.h"

MKMAT (m,row,col) (macro; MAT m; int row, col)
row 0 col DOO0O m OOOQOO.

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 = ax b (UO0OO0O, ODO-00000O0O, o0O-0000)

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

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)
gooooooooog.

goboobooooboobooon.

1. OoDoooboooboooon.

2. 000boobo,0oboobboobooo.

3. 0ggobooooobg,bboobooboboob,ooboooboog.

2.14 00O 0O
struct oSTRING { Ooono
short id; Oodd (= 0_STR)
short pad;
char *body; 000 cOO0O00O0O0OOOO
} *VECT;

COo0DOO0OD0OO0O0OO0 wrapper JO0O. OO0 (DOOOOO),000000D0OOOOODOO.

2,141 0JO00OO0O4OQ4d
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#include "ca.h"

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

000 cUO0O0O0O b O Risa OODO object m OOOODO.
2.14.2 000

#include "ca.h"

void addstr(VL v1,STRING a, STRING b, STRING *rp)
*rp = a->body U b->body OO DD OONO

int compstr(VL v1,STRING a,STRING b)
000DbO000o00 stremp() OODOOOODOODOO.

215 DO0ooooo

typedef struct oDL { OOOOODO

int td; gog
int d[1]; gooooggno
} «DL;

typedef struct oMP { O0O0O0O0O0O

struct oDL *dl; gooooooooooo

P c; oad

struct oMP #next; O0O0OO0OOOO0OOOO
} *MP;

typedef struct oDP { OOOOOOO

short id; 000 (=0_DP)

short nv; gooono

int sugar; sugar UU

struct oMP *body; UUUOOOUOUOUOUOOON
} *DP;

struct order_pair { Joooooooooooboog
int order; oooo
int length; goooooo

};

struct order_spec { 000000000
int id; ooooooooo
(0: primitive OO0 ; 1:0000000; 2:000000

ono)
Obj obj; Risa object U O OODOOODOOODO
int nv; ogoood
union { ooooon

int simple; primitive O OOOO
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struct { ooooooOoooo
int length; gboood
struct order_pair *order_pair; UO0U0O00O00O0OOOO0OOOODO
ooo
} block;
struct { oodoooooooon
int row; 0
int **matrix; gooao
} matrix;
} ord;
}s;

ooboobooobg,oooo,0obgoboobooboooobooboooob. oo
00,000000 (terem) 00000, DOOOODOOOOO. DODOODODOOOO,O00,
goboooobobooboboooboooob. ooboboooboobooa,pp00onooOOn
U0 wrapper, MP OO O UOO0O00OO00O0O0OO0O0OO0OOO0O0OODO. OO0 bLOOO0OoOOOO
go.

MPOOOCOOO0OO0O0O0OO000OO0O0O,00000000000000.000,00000
0D00000,000000000000000000000000000000. RisaO
0Doo0,0000000,

1. 0000,000000000000D0O00 (DB0Oo0O)

2. 000000000 O0OOODODO (booo)
gogdodo. 1. U0 UUUUUgg .. 2. 03bobpbobo

gooooo.

1. primitive QOO O
gobo,0bbooboobooobooboooo.
oooooooo,oooobooooooog.
gobodobo,ooboobbooobuoobboo,bobbooboobboob.
goooooo,0bodbobooobgobogob,obbooboobooooog.

ORD_REVGRADLEX = 0 gobooboogn
ORD_GRADLEX = 1 gopbooood
ORD_DLEX = 2 googo

2. 0000D000O0OO

gobD,0000000000000000Db,000000 primitive DD0O0OO0O0O
go,0o0bobooboobobooooboooooob.oooo,

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

ooboooboOoooOoOooOo.ocobo,NibDOoOooOoooooobooo,oibboboo
00000 primitive DO OOOODO.

3. 00g0ooo
000000 a,b000,0000000000 MOOO,M(a-b)0000 0000
oooooogobD aoboob,00b0b0ob00obb00obo. oboobo,MUODO
gopboobooooboooo

DPU sugar O ODOUODOODO. 00O0O,0000000D00D00DO.
0000000 ptod() DOOOODOOODOOOODOOOODOOODOOODOO.
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gboogbooboboobobbg,sugar 000000 sugar DO O0OOO0OO
ooobooooo.

gbobodgboobboooboo,bbd sugar DUO0OUOO0OooooOg.

gboboobooboboobboobooooboooboboobobo,o0oboobooboan
gbobodgboo,0buobbd suwgar U000 oooooooooog.

2.15.1 JO0O0OooobOooon

#include "ca.h"

MKDP(n,m,d) (macro; int n; MP m; DP d)
000000 n ODOOOOO0O000 m OO0O0O0O0ODOOOOOOO0O
sugar 0O00OO0OODOO, OO0 macro 0O0OD0OODOODOODOODOODOOOO.

NEWDL(d,n) (macro; int n; DL d)
00 nO00O0O0ODOOO 400000. a00O0DO00O o, 0000 oOO00OO
ooag.

NEWMP (m) (macro; MP m)
Jo0o0dooobDbD m OOOO0O.

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

r 00000O0O0O00000, cO0OO0ODOOODODO, O00000ooooo
oo, cOO0O0OOOOOOO0OO0O0O0OOO0OO0ODO. rO o0OoOoO,
ooooooooobooboo, r 000 cOO0O0oOoOoboboOooOoOoon.

void initd(struct order_spec *spec)
Joogdnd spec DODODDOOOOOOOOOOO.

void ptod(VL v1l, VL dvl, P p, DP *pr)
o000 vioooooooo@oooH)ooo p 0O, 0000 avl OOOO,
OO0o0Oo00DO0oOooO0o0DOoOoboOo0o0oDOoOobDbOOO0OD =sr oOo.

NEXTMPO DO0DOOO0OOO0ODOODOOOODOOODOOOOOOOD.

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. 0oboooobooobooooog,bboobooaboooon.
2. 000booboboobo,0bo0booobooboon.
3. 0ggoboooboobooobo,1,2.0000b0boo0obooboboob.

21
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3 Uoogon

gooooboobobo,0booboo,b0ooooobobobobooboo,oooooobob
goobobobobooboo.

3.1 0O

#include "ca.h"

divsrp(vl,a,b,qp,rp) *qp = a / b; *rp=a % b
VL v1;
P a,b,*qgp,*rp;

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

VL vl;

P a,b,*rp;
ooooOoboOo0o0oo0oU0oOo,0oboo0obo0ooo0oooooDog. divsrp() O, O,
oooooooooooooooobboOoobooOooboooOoooDobo.0boo,o0oboooo
gooooobooooooboooooboobo. oboboboboooobbooboooobbo
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 vl;

P a,b,*rp;

pcp(vl,a,pp,cp) *pp = pp(a); *cp = cont(cp);
VL vl;
P a,*pp,*cp;
pp(a) 0 a 000000, cont(a) 000O0O0D. ezgedp) OODDOOOOOD ged,

ezgedpz() 000000000 ged 00D0DD.

3.3 OO

#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,

diffpO 0000 al vOOOOOO. pderive) 0000 al vOOOOOO.

3.5 00O

#include "ca.h"

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

resultp() 0000 $ab$ 0, vOOOOOOOOOOOO.

3.6 U4

#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 aO00O0DOOOOODOOOODO,00000000000O0ODO
o.0oobooouonb [bo,0bolbooooboobooogoDu.bobobobobob
goboogo ocpbboobbo0. ogbbh,000 4a0000,000 cOO0DOO

gobO.odbo,00000n00 ab
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a=cxb (cOO0OO0O,pO000O0DOOODOO)

gooooo,s00000000O. 000O,0000000,[c,1]0O0D0OO,00 0O
goooo.
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4 JO0o0O,0000

4.1 macro

‘ca.h DUOD0OO0O0ODOODOODOODOOOODOODO.
4.1.1 O0O0O0O0O

MAX(a,b) ((a) > (b) ? (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) ((q)->nm)
DN(q) ((g)->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) allO0O0O0O 10000
MUNIQ(a) aO0ODO0O0O0O -10000
UNIN(a) al0O0000 10000

4.1.3 DOO0O0O0OO00O0
(char *) MALLOC(d)

dbytes OO ODOOOOO.

(char *) CALLOC(d,e)
dxebytes OO DOOOOOO,0000000. region to 0.

(N) NALLOC(d)
d0000000ooOooooon.

gobooboooboobooooooobooon.
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4.1.4 cell allocators

NEWQ(q) q0O \codeQD0OODOO0O0O00O0O.
NEWP(p) pO \codeP 00DOODOOO0OOO.
NEWR(r) r0O \codeROOOOOOOOODO.

NEWNODE (a)
al \codeNODEOOOOOOODOO.

NEWDC (dc)
dc O \codeDCP OO ODOOOODOODO.

NEWV (v) v \codeVOOOOODODOOOO.

NEWVL (v1)
viO \codeVL OOOOOOODOODO.

NEWP(), NEWQ(Q), NEWR() 0D OO0, 000 id0000000DOOO00O0OO0.

4.2 000000

VL CO; goooood.
Q ONE; oooo 1.
N ONEN; goog 1.

int prime[];
4000000 (O->0).

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

cob,dbobooobo,0oboboobobbooboboboboobobogb. 0O, ONER,
ONE, ONENO , OO0 0000 nglob_init() OO OOOO0OOOOOOO.
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5 Paser

5.1 Parser 0 [

parser 0 Asir 0000000000000 OODODOO0O. paser 0OO0OODOOOO
goo.

gooog

Asir 000000 yacc OODOOOOOODODOOODOOODOD. OO0OOODOD yacce
Udd parser UOOOOOOOODOO.

goog

yvacc UOUODOODO parser OO OD0OO,000000000000,00000000
O000000 yylexO DODOODUOD,D0000D00DODO0OO treeddn
O00.00000000000D0 yylex(OODOOOOOUODD lexdOOOO, Asir
oooooobooobcoOoooboooooooDo.

gooo

yylex() 0000000000000 ODODOOO, 0000000000 keyword (‘if’,
‘for’ J0)000,000,000000000000O0DOOOOO.O0OOOOOO
gobO,0bbooboobbd,parser J0nooooo,oboooooon.

5.2 OO0
typedef struct oFNODE { OUO0OUOOODO
fid id; OO0
pointer argli]; ogoo0 (ooog)

} oFNODE *FNODE;

typedef struct oSNODE { OO0O0OOO

sid id; agoo
int 1n; OO0
pointer argli]; ooo0 @ooo)

} oSNODE *SNODE;

interpreter 100000000000 00DOO0OO0O0O0OODO. O0DOOOOOOODO O
OO0 0O 0OD00. Asir 0000000000 O0,0000000 parse00, SNODE OO O
goboooboobo.0boobodob iegooboooboo. oboobooobooonboo
00,00000000000(00)0000. 000 s_O0D0O0OODOOOoOoOoOoOoO,o
ocooooooooooobooooooo.sro,obobooooooooooon.

S_SINGLE | expr
‘expr’d 000 0.

S_BREAK
00000000 (S_FOR, S_D0) 000D,

S_CONTINUE
goboooooobooooog.
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S_RETURN | expr
ooboooon, expr 000ono.

S_IFELSE | dummy | expr | statl | stat2
sampexpr D00 000000 ‘stat1’000,000 ‘stat2°000.

S_FOR | dummy | exprl | expr | stat | expr2
U0 ‘expr1’ 0000000, 'expr’ 000 00000, ‘stat’ U ‘expr2’ 0O
oooooo.

S_DO | dummy | stat | expr
‘stat’ O 0OOODODO ‘expr’ 0000, 0000 oO0O0DOO0OOOOO.

SNpEO O OOoOOobooobD im0O00. 00b0oboobooobobooog,boobooon
gogbobooobbooobobo. gobboobbooobboooboboooboboao
goooo.

gbobooobooooboobooooboo,ooboobooobobooooobooobob. oOoo
gbobdd,parser OUOOOOOO,FNODEODOUOOOOODODOOOOO. O0OOOOOO
0 id0000000. 0000000000000 OO,00000000000(0O0)O
goob.dodb 1_bo0obooboobboo,boobooboobboobo0oboo
o.ro,obooobooboooboooon.

I_STR | string
oon

I_FORMULA | object
00 Risaobject O0ODOODOODO \codeobject

I_ANS | index
‘index’ OOO0O0O0OO

I_GF2NGEN
oo 200000000

I_EV | node
‘node’ 00 O0D0O0O0ODOOO,00 1000000000O.

I_FUNC | function | argument list
oooooo

I_CAR | list
list U

I_CDR | list
list DO O00O0000O0O0000

I_PVAR | index
index OQOQOQOQOOOOOOOO

I_ASSPVAR | exprl | expr2
‘expr’ DODOUODOODOODOODODO ‘expr2’ 000

I_INDEX | expr | index
‘expr’ 000000000000, dndex’00000000OO0ODOO.



Chapter 5: Paser 29

I_POSTSELF | function | expr
‘expr’ DO O0OOOOOOO, “function’ DO UOODO ‘expr’ O 1 OO0,
‘function’ 0O D000 ‘expr’ 0 1 000O.

I_PRESELF | function | expr
‘function’ UO OO0 ‘expr’ 0 1 000, ‘function’ JODOODO ‘070 10
O0.000 ‘expr’ 00O O0OOO.

I_LIST | node
‘node’0 00 0O00O0OODODOO.

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

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

I_AND | exprl | expr2
‘exprl’, ‘expr2’ OO0 0O0OOOCO 1,00000 o.

I_CE | expr | exprl | expr2
‘expr’ J 000D DOO ‘expr1’ 00,0000 ‘expr2’ 00.

I_BOP | bop_id | exprl | expr2
‘bop_id’ 0 OOOOOOODODO (CODOOOO)0OOO, ‘exprt’, ‘expr2’ O
ooooooo.

I_COP | cop_id | exprl | expr2
‘cop_id’ DUODOOODOODODOOODOONO, ‘exprl’, ‘fexpr2’ JODO. ODODO O,
1, -1.

I_LOP | lop_id | exprl | expr2
‘lop_id’ OODOOOOODOODOODOODO, ‘exprt’, ‘fexpr2’ DO OOODOODOO
oono.

5.3 U4

goooooo,boo,bo,boobuoobobobooboobooboboboobobon
go.

e 0

b ooboooboob,bobbdb wooobo,pbg 20b0,x0000 16000
obo,00000 validdObDooooobgobobg,2~320000o0o00.

e 0D ODDO
gbobobobobooboobooobo,10b0bob 27320000000.
e JODODO

ooooOo,00b0o0ooo,00,Db000000bD0od, keyword JOOOODO
oobo,0b000b00o00bD cooobooooo’boboooooboboooo.

e IIDODO

ogoooo,gooobob,ob, oo ooob,‘boboboboooone
gboooooooood.
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e @

ecbOoOobbOoObOO0ODbbOOObLOODDbOO.

©e

gogodaoon

Opi

gooooooon

Qe

gooooooooobon

Qi

googd

Cp
goooooooobobooobo
Q@true, @false, @impl, @repl, Gequiv
goodn

gbobobo e 20000000D0ODODO.

‘n?

U0 wd0b0b0ob0obOobOob Risaobject HOODO.

[

oo «»ooooobbo0o0 Cooobbooooproobbo.boOo,0bb00oboo
gboboboboboobooboobooooooboooo.

e JOODODOO

obooooooooooobob. boboboooooooon, o,y a0,
yob,0o0o0o0oooooooooooooooo.

5.4 0000

Asir00000O,000,00,0000000000 3000000000O00O0ODOO
goog.

5.4.1 OO0

000000000 co (Current variable Order) 00 O0000. 00000000000
oooooooooooooooo,cob0bOO0O0O0OOODOOOOOOOODODOODOOO
000,000000000000000000O0O000O0O0ODOO00000OOO. 0000
oo0000oooo0o0oooooOo0o0oo0ooooO,000000000000O0O0O000, co
oooooooo.

5.4.2 10

typedef struct oFUNC { Asir OO
char *name; ooo
int argc; ogoogn

int type; PARI OO0
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aid id;
union {
void (*binf) ();
struct oUSRF x*usrf;
struct oPF x*xpuref;
} £
} *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 (*1libm) ();
int (*simplify) O;
} *PF;

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

};

O @uoobo, bgog, oog, O, PARID)

googooo
gboooooboogoo
ugod

oboooooo

god

god

googoobogobo, goobd
googooo
gboboooobooanboog
ugboogn

o000 @ooo)

oao

ood

ooooo
ubooboooooood
oood

gooodao
gbooboooooaod
PARI OO O0O0O0O
cooono

simplifier

ooo @ao)

un

extern NODE sysf,noargsysf; 0OUOO0OO0O0OOOOO

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

goboooogooo
PARI 00O OO0
gooooo

31

ooo00,000000,0000000,PARIOOOCOOOOOOO0O0.O0000 OO

b0 runcOooooooooboobobobob. oobooboobob,bobobob
O,sysf0,0000000 noargsysf UDODOODO.

gboobobobD,0000bobobobbob0,wsrf 0000, 00000000
gobgooboob FoNcODOODOODO,00b0O0O0DOO0DL. 00bO00bbOOobDbO
gbooobgoooobg,rFrinc0dnoobg iddd,doboboooboboobobo
gb.boboooboooboobooobo,bobboboobooobooboobonobo
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00000,000000000000000000. 0000000000000, 000
00000000000, 00,00dD0db00bD0oOooDnOooooDoon.

PARIOOO,000000 PARIOODOODOODOODODOOOODOO,0000000
00000.000,PARIOOODOO0N PARI biglloat 000000 O0OODO, double float
odo0oOodooopooooo,CcOllim 000000000 DODODOODOOODOOODODOd.

0000,00000,PARIOOCDO,00000000000O, Risaobject OODODOODO
00,000000000000000oo0ooo, 000D, b00oDOooDOoooOg,oon
00000o0ooooooOoOo0oo000O0o. Asic00OO0OOOooOo0.

[0] A=sin(x);

sin(x) ;

[1] type(A);

2 <-——- Q000gooo
[2] vtype(A);

2 <-—— Qgoooono
[3] args(A);

[x] <-———QOooog

[4] B=functor(d);

sin <-——— Q0ono

(5] type(B);

2 <-———Qgoooooo
[4] vtype(B);

3 <-——- 00O000g

O0000,sin(x) 000000 0ODO0ODOODOO, Risaobject HOODO, sin(x) OO
0000,00000000.000vVv0O00000000 (D00 attr) 000000, O
0o0o0doooboooooD, b0 privd000ODOD0DDOOOO0ODODODOODOOODO
O, args, functor 000 00O000O0. O00OOO, Risaobject 0O0D0O0O0O0O0OO0OOONO
go.0bddbbooboobobooobuooboboooobg.

5.4.3 U0ODOOOOO

typedef struct oVS { OO00O00O0OO0O0O
unsigned int n; ggooooooobon
unsigned int asize; U0 UOUOUUOUOUOOOOON
unsigned int at;
unsigned int level;
struct oFUNC *usrf;

struct oPV *va; oooo
NODE opt; ggd
} *Vs;

typedef struct oPV { [0O0O0OOOODO
char *name; goao
sort attr,type;
pointer priv;

} *PV;

extern VS GPVS; 0O0OO0OO0O
extern VS CPVS; 0OUOOOOOO
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extern VS EPVS; extern DO0OOOOOON
extern VS APVS; OOO0OOOOOOOO

AsirO0O0OOO,0C00CCCCOOCOCOCOCOOO,00000,00000000O0O000O0O
2000000000000 0L, 0bo0oboobDbOooboobOoobOoobLboOon
go.0o0bboooboobooobg,bbooboobboob.oobobooobooo
goboboooo,booobboooboboobboofg,usrRrOOO0O0DOO0O0 pvs O
goboodab.obuoobbodbooo,bboobboooboooboobboobb, o
gbobobobobobobobo,oboboboboboboboboobg.

gbboooboo,oooboboobbooobooobbooboboo. oobobooab
goo,00b00b0oboboobobooboobobbo0bobooDobo0n, extern OO0
googoboooboo,0oobooboobuooboobobboboobobbobD.bo
go,00b0oboo0oboobooooboobooobboo 1booboooobooboon.
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6 Interpreter

6.1 Interpreter [ [ [

interpreter 0, 0 000000000000 FNODE (0), SNODE (0) DODOOODOODOODO
goooood.

6.1.1 OO0 DOO

pointer eval(FNODE f)
0 £f00000

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

o0 £ 000
struct oAFUNC { ooooooon
void (*add) (); O
void (*xsub) (); O
void (*mul) (); 0
void (xdiv) (); O
void (*pwr) (); O
void (*chsgn)(); O0OODO
void (xcomp)(); OO
};
struct oAFUNC afunc[] = {
/* 7?77 x/ {0,0,0,0,0,0,0%},
/* O_N x/ {addnum, subnum,mulnum,divnum, pwrnum, chsgnnum, compnum},
/* O_P =/ {addp, subp,mulp,divr,pwrp, chsgnp, comppl,
/* O_R *x/ {addr, subr,mulr,divr,pwrr,chsgnr,compr},
/* 0_LIST */ {notdef,notdef,notdef,notdef,notdef,notdef,complist},
/* O0_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)
*xr = -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, 00000000 0O0OO0O0OO0O0OO0OO0O0OO0O0O. DOuooouooooon
000000000000 O000DO0,RRisaobject 00O DOOODOOODODO. OODOOO
O000000,evalf 00D 0OOD0ODO. O0DO0ODOODOODOOONO Risaobject 00O
ogoooo, 0000000000, ooobooooooboo,o0on
goooooobooo. oooooooooooo, goooooooo, ogooon
gbdoootd,odouoooouooo, oo oodoooooouooooo.

6.1.2 OO0 OO

pointer evalstat (SNODE f)
oooooo

D0b0bDoobboOo0,000b00 evalJOOOO. 0O0,000000000 evalstat
0000000000000, evalstat DOOOOODOODO, 9, “for’ OO OOODO
OO00D0O0O00.00,00D0000 debuggerOOOO0O,0000000000,0000
goboooobodoabo. bbg,0booobbadg,boooboobboobboobooo
oog.

6.1.2.1 0L

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

O000,f00000000000,evalO 00000OCO0OOO0O0OODOOODO.

6.1.2.2 [0 [

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;
0000, f 00000000000 NODEOOO. OO0, 0 NODEOOOOODOODO
000, evalstat() DO OO0O. DOO0ODOOO0ODO, break, return, continue OO OO
ooooo,00dd onDOO0OOO00oooooooo.
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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;

OodUobo0oob,0b00bb0b0b0n0 1000 evalnode() UOOUODO. evalnode()
obooboooooobooboobob,b0b0ob0ob0o0bD 2000 evalstatO) ODODO,
gbobog,b000 3b00o00buo0buoobogn. elselgog,0 3000 00
go.

6.1.2.4 For U

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

O0o0d00OOOdD0,0 1000000000000 DO00D0DO. 0D0000 evalnode()
oddooooo,0oooooobo. oo, 00000 bo0oo 2000000,00000
Jd0oo000oDoOo0,0d0b0od00D.0d0bOo,000bo00obO 4000 evalstat()
OO0000. 00000D000d, break, continue, return 000000, 00000000
D000 onOO00ODO.COODODOODOODOO0O, break, return0 0000000000
O0.000 break OOO0O0O,00000D000DO0O00O0O0O0ODODOODODOODOO,DOO0
Ooff UOO. continue 00000, 00 continue D OO0 off DO00O. OOODODOODODOO
Odo0o0oodoooooo 3o00ouo0oooooooooon.

6.2 DUUOOUon

pointer evalf (FUNC f, FNODE a, FNODE opt)
o0 £ 000 a, option opt O OO
evalf() DO00OOOO0,000000000000. evalf(O OD0OOOOOOODODO
coooooboo,00ooooooo,ooooooooobooboDD,bb0,0000000
oooooooooooooboooon.
/ 0000000000 =/
case A_USR:
/¥ 0000000000 List 000000000 =/
args = (LIST)eval(a);
/* 000000 template */
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pvs = f->f.usrf->pvs;
if ( PVSS ) {
/¥ 00000000, O00000000000o0oo0oooono =/
((VS)BDY(PVSS))->at = evalstatline;
level = ((VS)BDY(PVSS))->level+1;
} else
level = 1;
/¥ 00000000000, 000000, oo0oo0oooooo =/
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)));
}
/ 000000000000000000004 x/
if ( nextbp )
nextbplevel++;
/0000000000 *x/
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, ODO00O00000000000 *x/
f_return = f_break = f_continue = 0; poppvsQ);
break;

6.3 0DOOO

gbobooobooboboobboobbooob,0oobboobbooboobboon

gobO.oobobooboo,boobooobobooobooon.

gbobooboogobod
gooobgo
goooooo,on
googond
gobodgboooon
gbobobobob

6.3.1 UOOOOOOOO0On

gboobobooboobboobuoobboon.

e debug U ODOODOODOODO.
e JOUIDUODODUDLUDUDLUODUDL wUDbODUODO
o LIUDODOODOOODLODOODODO
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e JIDODOODOODOODO

o DD OODLOOODDOOOLOODDOODOOO
gbobooboobobooboboboooob,bobobobobOobOobOobOobo.

e 0OODODOO error() DOODOODOO

6.3.2 JOUOUOO4O4U

Ub0o00o0obo00o0boobDboonbOn stepd next OO, ODOOOD0ODOOOO
gooboodoboooooboo,booooaoooboon.

next pOoboooobooooooooboooob,bbo0uobobo,b0booboooboooo.

step gbobodboobooobuoobboob,ooboobobooboooobooon
gbobooooo.

gboooobooboob,ooboobbooboo.

nextbp
goodo oobbbob,0oobbobobbbobbooooooooogg, oo
ggoooooooboooooo.

nextbplevel
gogobobobtboooooobobbodoooo 1o, bbb ooboobooo
100.

OO evalstat) DOO0O0OOODOOOOOOODOOOOOO.

/* J0000000 nextbplevel OO %/
if ( nextbp && nextbplevel <= 0 && f->id != S_CPLX ) {

nextbp = 0;
/ 000000oogoo /
bp(£);
}

gbooobobooboobboobuoobboon.

next nextbp = 1, nextbplevel =0 U 0D UO0ODODOO0OO. DDODOOO0ODOODOO
O, nextbplevel O ODOUODOO, 000000000000 O0OO0O0O0OOO
U.0ddobboooobbtbdoduubibl, nextbp = 0, nextbplevel =0
gboboboboboboboobon.

step nextbp = 1, nextbplevel = -1 U U0OOOO0OOO. ODOOOOOOOOOO
U0, nextbplevel =0 00000OOOOOOOOO.

6.3.3 UOUOOOOOQoog

000000000000, 0000000o00,000000000 (DODO s_BPO
goooogoodob. oobgobobooboooobobooooobob,bobboooobob
gooboooboob. bbodbbooobooboboobobo,o0boob,booboo
00 (0000) 000 nextbp =1, nextbplevel =1 000, 00000000000. O
OO0D0O0O0O0D00O,evalstat() OOOO0ODOOOOOOODOOODOOOODO.
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634 DU UOOOOOOOOOOOOO

O000000000,0000000000000 (O FUNC) O tagetf 0O O OO0
gobooo.obooboboboboooboooboob,0boobobogoboooboobooogon cpvs
gopboooog.

gogobooboooboooooboobooooobooboooboooobobobobog,
node U0 PVSSOOOOOOOO. DO00OOLOOOOLOOOOOO ovsOUOO,0b00OBbO
ooboodbwsrfO0O0O.

gobog,0goboboooobbuooobobboooob,bbbooobbooon
goboooogoobooooog.
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(QEERERERERN

7.1 J0gooon

risa000000000O00, [Boehm,Weiser] 000000000 O0O0. OOO0OOODOO
0000o00,0000000000,000000000000O000 (GC)OD0OOOO
Oo00.0000000000DO0O000DOOO00DOO00D. boO00bODO,b000 Geo
gbooobobooboboobobooobobooboo,bobooooboooboboooobo
gboo,0booboooboodgbg. oboobobobobooboobuooboobonbobo
ooobooobooobooobooooooobo. GCoO,b00bOooDbOo,00oOo,0oog,
goooogoobooobooogoobo,bobobooobooboboooobobob.boobob
gbooobob,0boooobooboboobobo,boboobobooobooobg,
GCOODOOOoOOOoOoDooooooo.

O000ooooO,000 malloc) OOOOOODODODOOOOOOOOOOOOOOO
O000.000,mallocO) O0,0000 COOOOODOODOOODOOOODOOODOOO
gbotodooooooud. oo, ggoooo, oo ouonooooouooan
o0, 000obodooboooooooo. ooo,0oo0oboooooo,ooooon
goooooooooooooooooooobo. 0oooooooooooooooo.

void GC_init()
goooooo. oooooooo.

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

void *GC_malloc_atomic(int n)
00000000000 0000000 nbytes O0O0ODODOOODOO.

GC_free(void *p)

pUOO0O0O0O0DOO0O. Risa OO, DOOODOOODODOODOODDOO
oooooooobooooo, booooobooooooboooooo.

N I A A

OO0 GC_malloc() DO UOODOO, 00DO0O0ODO0ODO, DO0ODDOODDOODD
000000000000 GC_malloc_atomic() OOOOODODOO. GCOOOOO, GC_
malloc_atomic() OOOOOODOOODOOODOOOOOOODOOODOO,GCOODOO
goo.

7.2 RisaUOOODOOOOOO

Risa DODOODOOODOOODOODOODOOOODOUOD,00D000000D00ODO object U
O00,00000 object OO ODO0OUOOOODOOODODOODODO,000DOODOOO.

gooo,djgooooooboo. gbbo,0bgobobooobooboooobooon,
00 (000000)0000000000000000. 00,000000000000
gobooboooboob,oboobooobbobooboboboboboo,ooboooboo
gbobogboogboooboaoo.

#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 vli,v2;
P t;

if ( !p1l)
*pr = p2;
else if ( !p2 )
*pr = pil;
else if ( NUM(p1) )
if ( NUM(p2) )
addnum(vl,pl,p2,pr);
else
addpq(p2,pl,pr);
else if ( NUM(p2) )
addpq(p1,p2,pr);
else if ( (vl = VR(p1) ) == ( v2 = VR(p2) ) ) {
for ( dcl = DC(pl), dc2 = DC(p2), dcr0 = 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(dcl); 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 ( 'dcr0 )
if ( del )
dcr0 = 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(vl) )
vl = NEXT(vl);
if ( vl == VR(v1l) )
addptoc(vl,pl,p2,pr);
else
addptoc(vl,p2,pl,pr);
}
}

o000, Risa000000O0,0D00D00DODOO00ODOOOODO,00D0O0ODOD
gobooopoboobobooooooo,booboooob. oo, obbooboboooobooo
gbobooooo,obooboooobooooa,bogbbooboobooboboon.
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Appendix A 00O

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