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| ODoooooo'o? Jon Qoo
0oo0° — 0000 f Fags]  [pooa] #

031: (fz) 000000

3.3 Uoogooond

0000000 G=(N,T,P,S)00000000000O0

e N:UOODODODOO
o I': OO DOO

e P:0O0DOO0OOO
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e S:0O00ODO
0000000 (POOO)0DDOOOODOOOOO
XU—>X1X2...Xn

000 X;eNE=0vVl<i<n), X, €eTOODUOOX;0 POODOOOOOOOO
0000 (p=p+—X1=X{ (p=Xo—=> X1 Xo..X,,,p =X > X{X}.. X €
P)0000000000O0O0OOD X, 0000000000000 OOOO0O0
000000000000000000000 XoeN,X;€TUNO<i<n)O
gooooboobbbtbobtooooooooooobbbbbuoooa

3.4 U0O

gogoobbbobbodogooooobobboooooooobobobbood
gbugbobobbobbobbobobobboboobuooboobuodgbod
gogoobbbbbuoooooobbbbbuouoooooobbobobbbood
gogbbuooobbduod —gbobuoodgbbooobobood —obbobd
gogbboboogbbbob

gbuodgbbudbooobboboobbobbobbobooobboobbo
0000000000000000000000O00000000 (DD)o0o0
gogoobbbbbbuouooooobobbboooooobbobbbogod
gooobbbbbbtbouooooobbbbbbuoduooooobobobobod
gogodgboobbbobbbbobbtboooooooogbbbobood ey
O00D0OO0D0Oo00Oon labelOOODOOODOOOOOODODODODOOO
00 000Nabel 000000000 D0OO0O0O0OOOOOO Mo 0O0O!abel
O000Db00b0o0boobOb evalDODOOOOODOOOODOOOODO
ggoooodggo

0000 : eval:=\o.oc 000 .label
0000000000000 oooooooooogg
0000 : eval:= \o.(O0'eval 0)(0%eval o)

0000 : eval:= Ao.\v.(0%eval o]0 00" label < v])
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eval = \o.((Ao.o 7 f7) 0)((Ao.o "27) o)

eval = Ao.o 7 f7 |DDDD| |DDDD| eval = Ao.o 72"
ooot ooot
label =7 7 |DDDD| |DDDD| label =727

032 (fz)00O0OOO0O0OOOO

g3lipugogbboogooboooooobobobos20bobooan

gogoobobobbbdodgoooobobobbuodooooooboobobbood
gogobbbobobbuodooooobbobbouooooobboboobobod
gogobbbobbouodooooboboboobbooooooobooboobbood
gogobbbobbouodooooboboboobbooooooobooboobbood
ggobooooggn

3.5 Ui

00G=(N,T,P,S§)000000000000000 700 (A, B,R,N,T,P,5S)

0000000000000000000000ADO0O0OOOOOBO0OO0O0
O000O0ROOOOOOOOOOOOOOO N,7T,PS0GOOO00O0O00
D000 (ROOD)000000000000000000000000

X1 : AO = f(Al,,Am)

oo X3 0 pOOOODOO p000D0O0O0D0O0O0p=Xy)— X1X,...X,, O
000000 A4:= f(44,...,A,) 0 :=000000000000A4; 0000
000000000000000000000000 (ADO0O0)00000O (B
000)00000 «000 bO0O0O0O0OOOOOOO
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)(g
‘ AO = f(Alv"'a‘4m)

‘Yl

AN

4"{2

g 33 0000040

a: XoOOO eOOOO

b: XoOUDODOODOOMODOODO

e X;o: 000 0<:<nO0O00X,; 000 «000DODO

ba: XoODOOOOOOODDO «ODOO

X;:o0oo o< <nO0O00X;0000OO0D0OO0ODOOODODODOD
ggbbooggobbodgo

gooooboobobooboooboobboobobg Xpooboooob o
00 Xo. 00D0O0DO0OD00O0O00 X; (0<i<n)00000D0D0O0OOOO X,0O
gobboboogbbbooooboo

oogfboo0o0obboobooboooboboooooooboboooooonpooobo
gbooboobobgobooboboboboobubobobooboobobogd
gboouboboboboooabobobobobobooboob33bobboubunbo
gboouboobubobooboboubobouobobboobobboobo
000000000000ANDO0DD0DO00000000000Oeval := (Moo l)(
O0OMNabel) 0O0OO0D0O0O0OO0 0000000 eval := Ao.o 00O 1!label
gogboog

gbodboobobobobbobuoobuobuooboobobobobbo
ggbbboooobbbooobobbbuooobbboooobobboodon
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3.6 UOUO0OOO

000000000000000000000000000000000000
000000000000000AMO 600 (A4, AB,AR,AN,AT,AP)0 0O
000000000000000000000000000000AA, AB, AR,
AN, AT, APO00000O000O000000000000000000000
000000000000000000000

0000000000000 AM;0AM, 0000 AM, +AM,00OD0O0O0O
000000000

AM, + AM, = (AA; UAAy, AB UAB,y, AR, UAR,,
AN; UANy, AT, U ATy, AP, UAPR,)

where AM; = (AA;, AB;, AR, AN,, AT;, AP}) A

AM, = (AAy, ABy, ARy, AN, ATy, AP)

goggoboobbobougoobbbbbououooooobobooboboogad
gobbobooobboboooobboboon

ObOo0o0o0ooooboobobO AMODOODOO SOboobOobobOoobooo
(AM,S)DODO0DO0ooooooooood

(AM,S) = (AA,AB,AR,AN,AT,AP,S)
where AM = (AA, AB, AR, AN, AT, AP)

3.7 0UUO00ooooooonm

gogooboobbbdooooooobobboboooooobboooood
gooobbbbbbuouooooobbbbbbuooooobbbbobood
gooobbbbbuouooooobbbbbbuooooooobbobbood
gogoobbbbboooooobbbbbbuooooooobobobbbood
goggoobobbbbbuuoooooobboboobobbbbbbooogd
ggbboboogn
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0000000000000 000000000O00ODO (D000 O0)oooo
gogbbobbboooooobbobbuoooobboboboooog 3pbogd
ERERE

lL.ggbobboooobbooooobobog
22000b0b0bboooobobbooogooooa
. 00000boobougooobooo

gogooboobobbodooogoobobboduooooooboobobobood
gogbobboooobobooobobobugobbboooboo ,2000000
gogooooboboboboboboobbbbododoogog3ooooooouad
ggbbbooobbboooobbboodobbbouoon

1obbbobbbbbbuobouduuoooooobbbbbbbbagug
goooobobooobobbbbbuoudoooooooobbobbbood
gogbbbuoooobbbooobobbbuooobbboooobobbooon

00020000000 2000000000 (OO0O0)0DO0DOOOOOOO
gooobbbbooooooobbbbbbouooogobbobobbbood
goggoobbbbbuouoooooobbbbbuoooooobbobbbood
ggbboboogn

uuoooobobobbbbbbbboboouoooooooobbbobobbn
gogobobbbouoooooooobbbbbboooooobbboogod
gogooobbbbbooobbobobogooooobbbbbbooogd
00000000000000000000000000O0000O0O0O00 (OO
20000000)000000

gogoobobbdodl, 2ggooobobobobooooooobboobood
gogoobbbobbuodgooobobbobobbooooooobooboobbood
gogbogbboo20dbbbboogobobooodbbouoooboboogo
gogd3bbbbbbuddoooooooooooooobbobbboougad
gogoogobobbbbuodouooooooboooooobboboobbod
gboboggboggbbuoobbuooobougbuogobooobbooono
gooobbbbooggoobboobbbooodoogooboboobbogad
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goon

gddooooooobobobobobbbiboooooooooooboboboaod
gogbobboobobbouoggooobbboboougouooobobooobobood
goboooogod
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1 40

oot botgduood

oo s3sgooooboobobobbbbodgoooooobboobbboogd
googbo4100b0o0obooboobooboo42000b LROOODDOO
gogbbboodgob430bbboggobobooonbon

4.1 0O0OO0O0O0OOO0O

goooxobooboobobooboobbooboboobboooboobg
gogoobbbbbuougoooobbobbouoooooobbooobbood
ggbbobuoooobbboooogoobooo

4.1.1 0O00O00O0OOOOOO

o0bobooOobooooboooOobo0booE, SO0b0obooogo
ggbboboogn

E° — Var St
| App E' E?
| Abs S' E?
0000000 AO0OD030000((@00O0000000oo0oooo)oooo
oo
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0000 E'—-Var S'0000000000000000O0S'O000000
gogoboobooogdon

0000 E°— App F' E200000000000000000E'DODOO
D0000000O000E20000000000000000O

0000 E°—Abs S'E?0000000000000000OS'00000O0
O00000000FE?000000000000000

4.1.2 0OJO0O0O0OOOOOO

00000000000 00000
00000000000000000
oo0oo00000000oooooon Ooogodn
00000000000000000
00000000000000000

0D0000000000000000
00000000000000000
00000000000000000
Doooooboooobdeval000 Q4.1 000000000000000
0000000000 00D000D0000000000 label000O0D0DOOO
0000000000000 000000 LOO00OO0D0000000 vooo
O0Olabel: LOeval: (L—V)—V OOOO

0410000 40000000 AMgage,AMyar, AMppp, AMap, 000000
0000000000000 00000000000000000000000
00000000 AM, 00000000 M, 00000000000

A]\4L = A]\4Base + A]\4\/3.1“ + A]\4App + A]\4Abs
My = (AMy,E)

O0O0DfFO0OO00D0OCO0DOOCO0D00AMgODOO0DOOOOO

00000000 AMpase OO0O0OO0OOODO (OODDO SOOO evalOODO
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O000)0Oooooooooo

A]\/[Base = ({eval, label}a ¢a {TSym}a {S}a {Sym}a {pSym})
PSym = S0 Sym

Tsym = oym :label := Sym.label

O0Do0ogbod SymO label DOOOOODOOOOOOOODOOODO 4.2
gbooboobooboooobobooooobuoooob0obDonbogn Sym
OO0 label DDOOOOO00OODOODOODODOOOO Sym O label OO
gbbuogbbuoobobooobooobbda b 320000000000
oooooooobobo symO0oooooooboboboooogonDg

SO

label := Sym.label

Sym

042: 00000000 AMpagse

O0000o0oDbO0obD AMy, OO00OD0OODOODODOOOOODOO

A]\/[Var = (¢7 (]57 {rVar}a ¢a {Var}a {pVar})

Pvar = E°— Var S*

Tvar = Var:eval:= \o.o S'.label

4300000000000 0000O00DO0O0DOO0ODOO0O0

O0D0000000 AMapp, DOOODOOOOOOOODOODOOO

A]\4App = (¢7 ¢7 {TAPP}? ¢7 {App}a {pApp})
papp = E°— App E' E?
Tapp = App:eval := \o.(E'.eval 0)(E*.eval o)
44 000000000b0bO00O00bODbDbbOOoOoUobDbDObO
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EO

eval := Ao.o Sl.label

043: 000000000 AMyy

EO

eval := \o.(El.eval 0)(E2eval 0)

App

eval eV al

E! E?

044: 000000000 AMypp

O00000D0OO AMaps OOODOODOOODODODODOOOO

A]\/[Abs = (¢7 ¢7 {TAbS}a ¢7 {AbS}, {pAbs})
PAbs = EO — Abs Sl E2

Taps = Abs:eval := \o.\v.(E%.eval 0[St label < v])

45 0000000000000000O00000O0000
EO

eval := \o.\v.(E2.eval o[St.label + v]

S! E?
O 45: 000000000 AMapg
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4.1.3 UOO0OO0OO0OOOO

00000000000 00000000000000000000000000
0 (AMav,) 00000000000 (AMp,) 0000000000000 (AMpe)
000 3000000000000000000000000 04600000
000000000000 000000000000000000000000
O00000000AMp, O AMavaOAMe, 0 AMy,, 00000000000
00000000000 0000000000000 4140 00000

oogoo

U 46: 0000000 oooooooboogo

ggooood

gogogoobbbbbbddooououooooobbboobbbooooad
gogoobbboobbuodgoooboboboobobboooooooboobbood
gobbobooobboboogoboo

A]\/[A\/'ar - ((]57 (]57 {TAVar}a ¢7 {AV&I‘}, {pAVar})
pavar = FE°— AVar E!

Tavar = AVar:eval := \o.o (E'.eval o)

gogoobbbbbdouoooobbbbbooooooobobbobbbod
gbuodboobobbobobobuogboobobbobooboobuagbo
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gboboboboooobobobooboo abobobobobobobobbo
ggboboodgooo

gogbboboooobbbuoodno b47000onobbuoooobobobod
JobobobobOobobooboboboboo labelDOOOOoooooon
gogboboogboobobod

EO

eval := \o.o (El.eval o)

AVar

eval
El
047 00000000000 AMavar

gogbooogod

gbodbooobuogbgobobobuooboobobbooboobooobd
gbodgbooobuogbogbogbuogbuooboobuoobobbooobbo
gobboboggobobod

AMyp, = ({tv}, ¢, {TFv, "Fvvar, TFvApps TFvabs }> @5 {EV}, {prv})
prv = E° = Fv E!
rey = Fv:eval := \o.El.fv
Teyvar = Var:fyv := {S'.label}
Tevapp = App:fv:= E'fv U E? fv
Teyaps = Abs:fv:= E%fy — {Slabel}
4000000000 reevar Fevap Tevabs 10 0000000000000,
goooooooodooooooooooooooboddooodooon

D0000000000000 (Var, App, Abs) 00000000 (reevars Fvapps TFvaAbs)
D00000000000000000000000000000000000
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0 (00000000000000000)00000000000000000
00000000 FvOOOOOOOO0OOO0O0000000000000000
0000000000000000 FvOOOOO0O0000000000000
0o0oooo [16)0

0000000000000000 048000000

EO EO
eval := \o.El.fv fv:= El.fv U E%.fv
Fy App )
fv v fv
E! E! E?
(a) Fv OO (b)) 000000
EO EO
fv := {Sl.label} fv := E2fv — {S'.label}
Var Abs
label label fv
St St E?
(c)0OoOoooo (d)ooooon

048 0000000000000 AMgy

Let

000000 bO0o00o0ob0o0o0obDbUo0o0Dn Let ODDOOO0ODODOUO Let
gogoobbbbbuodgoooobbbobbbuooooooboobbood

30



gooobobob LeedQOOODOO

A]\/[Let — (¢7 {L}a {rLeta QLet}a ¢7 {Let}a {pLet})
Pt = E°— Let S' E? E3
rLet — Let :eval := L.eval

ques = Let: L := App (Abs S* E?) E?

U000000OLet 0000000 LOUOODq, 0000 LO Let OO OO
gooobobooobooobooboboboobuoobobtre oo L OO
0ol Lee 000000 OOOOODO0ODOODOODOODOODOO
gogogobbbbbbbbooooooooobboooobobobobooogd
Let OOODODODODOO

gogbbooooobbuooodno o49000nonbon

eval := L.El.eval

049000000000 AMpe

4.1.4 0OJ00O0OOOOOOOOOO

gogboboboboooguob 3gggoobobbuoooooboboogod
ggobobuooogooo

ggoobbbbobbooooobbbbbouoooobbbbbbood
U000 4100000000eval 0000000 0ODOOOOODOODOOOOO
oot OO00OO0bO0oooobooooboboboboooooboobDOoDbOobDO
000000000 00DO00DbO00DbO0O0DD AvarOOLet OOFv O
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0000 fvOOOODOOOFvOD FLO0OOODO0O0OO0OOO0O0OOOOOOOO
gogbobobuooogooo
O0000b0o00bo0o0bO0o0b0o0oboobooooDoomooooOon fv
gogooobbbbbbuoddoooooooobobooobbobbobobbooogd
gogoobbbbbbodgoooooboobuooooobboobobboad
JbO0o0oooob0ob0ob0obo0obo0bULetd FvOOUOooooboooooO
gogbboboogobbbooobooboooobobobooooobooo

Let : fv := L.fv

OO0 Avae 0 FvOOOOOOOODOOOOODOOODOOODOOODOOO
Avar OO0 D00O0ODODOOOO0OO0O0O0O0O0OOCOOODODODOOOO0O0O0O0ODOOAVar
o000 +vODOOOODDOO FvOO Avar 00000 0OOO0ODOOODDOOO
gogbbbuoogobbboooobobobboooobooog

U 41: 000gogoooogoobobogo

eval fv

Var | AMy., | AMp,
App | AMyy, | AMp,
Abs | AMpys | AMp,
Fv AMrp,
Let AMi et
AVar | AMavar

4.2 LR UOOOOO

gbood LROODOOoooobooboobooboooboooobooobg
gboogbogbuogbuogbuogugbboboobbobboobobonobo
00000000 (000000)00000000000O0O0000 BNFOO
goggobbbobbuodgoooobobboboooooobobooobbood
gboooggbudboboodboobboobboobooboooboobobobda
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gogbobbbobobbuodgoooobbobbouooooooboobboad
gbobogobobodbboobuobobodobb 0o410bo0obboobbod
gogbobobboooobbobuoooon

_ E = E+E ,
lexical tokens | ExE semantic value
| v
——
ooooad

0 4.10: LROOOOODOOOOOO

gbdLROODOOO0O0o0oobobOobobOobobobobobobonbg
gooobbbbououooooobbbbbbuouooooobobbbood
ggbbbooobobboooobbboooobobobog

LROODOOOODOO0ODOO0bOO0400000000

1.000000 item 00000000 (AMpem)

2.item O000O0OOLRODOOOOOOOOONO (AMy)
3.LROUDDO0O0O0O0O0O0O0N0N0O0OO0000000O (AMges)

4. LIRO0O0O0O0O0O0O00O00O0000000000000Y (AMparse)

000 40000000000000000000000000000000
AMpy 0000LROODO0000000000000 AM;g 00000000
My 00DO0OOO0DOOO

A]\4LR = A]\4BNF + AMItem + A]\4At + AA]\fl:{es + A]\4Pa.rse

Mirp = (AMLRa g)

O00D0g0O AMgneOOOODDOOOOOODOOO
00000000000000000000000 item 0000 (DODOOO

LROODOO0OO0ODO0OOO0OO0OO0OO0O0DO0O0O0O0
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_ E=.E+E
E=E+E — _ _ _ lookahead
I EXE E=E.+E E=.E+E| E [E=E.+E + E=FE+.E E E=E+E.| reduce
| E=E+E E=.E*E E=E.*E E=.E+E| ,|E=E.+E +: reduce
V - .
E=E*E E=E.*E * - ghift
E=E+E.
Syntax
E=E*E E=v *
E=E*E +
E=E* E E=E*.E E=E*E.| reduce + : reduce
E=E*E. N E=F+E| " |F=E-E * - reduce
—v E=.E*E| E |E=E.*E
E=v E=.v
[tem Set LR automaton Resolve Conflicts

O 4.11: LROOOOO0ODOOO

O000000000000)LROOOOOO0OOO0ODO 04110000000
E = FE+F
| ExE

| v

4.2.1 000OO0OOOO

gboog 410 J0obo AO0bO0OO0ObObOoO0bOoobOooboobbooboo
gogbbbooobboboooobbboon

gbobogobbogobbuogobbougbbuoobbdte, 0o oOt
gogooon

ooo0oo00d (e,...,e,) 0OOO0DO0 n0000000O0O00OO
On0O0000000 #¢00000¢t00 n0O0OO0O0OO
010000000 fisstt 00000 ¢t00 1000000

020000000 secondt 00000 ¢t0O0 2000000

gbbogbuoobbooboobobbooboobbuuoobbedbDbd
oooo/boboboog
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0000 [[0000ooooooooo

000000 e/ 00D00DO0ODO0O0ODO e, 000000 D0OOOODODO
000000 ||00000(00ooood

O00000obDOobD head/ DODOODO [ODOO0O0OODOODODO

googboobobbobboobo0 tedl/O0D0O0(O0DOOODDOO
gobooogoood

00 £0000000 headk I EOODOODOIO0DOO AFOODOOODOOOO
gaod

O00 (000000 0D0O0O0O0O0O0OD0O0 tallk 7 kODOOCOI0OOODO K
gogbbobouooogboboogn

4.2.2 0O000O0O0OOOOOOO

gbobOo BNFOOOOOoOooooooooooooooooooooood
0000 AMey 0000000000000 0O0O0O0O(BNFODOODODO)O
00000000000 (BNFOOOOOOOOOOO)ooOooooooooo
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gogbbobuoogobobbbooooboboboooobboooobbobooon

AMgyxe = (6,9, ¢, ANpnr, ATsxr, APpxr)
ANgxe = {g,ps,p,ss,s,n,t,a}
ATgng = {Gram, NonT, Term, Prod0, Prods, Prod, Sym0, Syms}
APgxgp = {g —Gram ps,
ps—Prod0,
ps—Prods p ps,
p —Prod n ss a,
$s—Sym0,
$§s—Syms s s8,
s —NonT n,

s —Term t}

0000¢g00000000000ps0000000p0(000ODOOOODODNO)
UbO0OssOUD0DUO0O0OO0O0sObDDUO0ODnO00DbUO0LD:0DDOUO0D0OeO U
O0o00ooobobOn0 +0D00OD0OO0O0OOO labelDODOOOOOOO
ERERE

4.2.3 item JOOO0OOO

item 00O00O0OCOCOODOOODOOOOOOOOO0OOODOOOOO()WOOO

gogoobbooobbboobbbbddoooouoobobooobbood
OO0 BNFOOOOOOODOOODODODUODOOOOOOO0OO AMype, OO0
ggooood

AMern, = ({items, lhs, left, right}, ¢, R, ¢, ¢, ¢)
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0 412: tem JOOOOOO

O00000 items O item DO OOO0OOLhs, left, right 00000000000
goorOb0O0OO0OOOOODOODOODO

Gram : items := ps.items

Prods : items := p.items U ps.items
Prod0 : items:=¢

Prod : items := ss.items

Prod : ss.lhs:= n.label

Prod : ss.left =]

Syms : ss.lhs:= lhs

Syms : ss.left := left 4[s.label]
Syms : right := [s.label] 4 ss.right
Syms : items := ss.items U {lhs = left.right}
Sym0O : right := ]

Sym0 : items := {lhs = left.}

000 [..|O0000+4+ 0000000000 0OOOO
gbobobobobobbo4120b0b0b0b0obobOobbn item U
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O00000Db0b0ob00 GamOOOOOOOOOODOO

424 LR UOOOOOOODOOO

LROODODODOO00O00 wtem OO0 O0DOODOOODOOODOOOOOOODO
gogoobbbbbbuouogoobbbboouooooooobboboobbbood
gogoobbbbbbtuoduooooobbbbouooooobbbbbbod
O0000D00O0 subset-construction U O 0O OOOOOO0OOOO0O item OO0
000000000000000000000000000 (BNFOOOOOO
0)OODODODOODO0O0000000002000000000000000 4.13
gbbuodgbboggboooboboobbobboobboobbooboboo

AZ\4At = (d)a ABAtaRa ANAtad)a A-F)A‘c)
O00 ROOODODOODOOO3™

Gram: A:= (tems 000 000000000O)

O 4.13: LROODOOO0OOOOO

0000000000000000000D00000000000000000000000

gboooobobooooobooooooon
‘000000000000000000000000D0D0D0000000000 OO0 A5, A4

gbooogo
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OO0 ANp, AP, OO00O00O0OO0ODO0ODODOOOODOODOODODODO
gogbogoobbooooooo

ABy, = {A}

ANy, = {st,bs, b}

APy, = {st—State bs,
bs—BranchO,
bs—Branches b bs,
b —Shift s st,

b —Reduce p}

O000st0000bs0000000b000000000O0 Shift O Reduce OO
00000000000 Shift 0 Reduce 00 O0DOO0OOODOODOO Shift-Reduce
OO0OReduce J 20000000000 Reduce—Reduce 00O ODOODOOOO
000000000000 bO0o0ooDo00o0oDbO0o0obOo0oooDbOOooboOooDOon
0000000000DO0000D000bO000bOobOOobDO0oooOobOobOOoDOon

4.2.5 0OO00OOoO0O0O

gbd LRogbodgbooooboobuoobuoobuooboobooonbo
goboboboogbbbod
000000000000000000000 6l0000

e Shift-Reduce OO OOO Shift DO OO
e ReduceReduce OO0 O0O00OOO0OOOOOOOOOOOOOOOOO

gogoobbbobobbbbtbdudoooooboooooobobooboad
gogobbboobbbuodgooooobbbobbuoooooobbboobooogd
ggoobbbobbuoooooobbobbuoogoooooboobbood
gogbbobuoogobbboodobbbuoogboboboooon
goobodoodsbbOO0O0O0ODOO0O00O00OU00OCO0O0OODUOOOUUUOO
applicable 000000000 0ODOOO0O0OODO0ODOOOODOOOLOOOOOOOO
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0 414: LROOD0ODOODOOODOOODOOO0

applicable U0 OO0 O0O0O0OOO0OO0O0OODOOOOOOODOOOOOOOOOOO
OO000O0o00DOOo0bObO0oU0DDbDO AMgsDOODDOOODOOODODOOO

A]\JRes - ({apphcable}a ¢7 R7 ¢7 ¢7 ¢)
O00 ROOOOOOOOOOOOOOOOO

Shift : applicable := Aw.Ac.(first (head w)) = s.label
NonT : label := n.label

Term : label := t.label

0000000000000 000 LR(O) 000000000 Reduce 0O OO
gogoobbbbbboooooobbbbbouooooobbbboood
ggbbbuoooobbbuoooobbboooobbboooon

AMirorea = (¢, ¢, {Reduce : applicable := Aw.\c.true}, ¢, ¢, ¢)

000 LR(k) OO Reduce 00 000000000 DOOOOODODODOODOO
00000 Reduece DOODOOODOODOOOOODOODO lookaheads OO O OO
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gboboggbogogbbuobbogbboogbuoooboooobbuooboboo

AMirkrea = ({lookaheads}, @, {rirkred}, @, @, @)

rLrRkRed = Reduce : applicable := Aw.Ac.l € lookaheads

where [ = map first (headk w k)

000000000000 0000000000000000000000 (Se-
mantic Value) 00 0000000000000 0000O0OOOOO

goggoobbbbbbodogooobobbotboooooobobobooad
gogdgooooobbboobbbbouooooobbbbobobboooagd
gooboooogod

4.2.6 U0O0O0OOOOO

LROODODODOOOOOODOODbOObOO0ODOO0b00obo041500000000
gbogbogoboobbrLrROODDObDOO0ODO0ODOODOOODOOOO0O0OO
gooobbbbbuouooooobbbbbouooooobbbbbood
gbbodgbougbobuooobbuoobobooobboobobooobboo
gooobbobbbuouoooooobbbbbboouooobobbbogod

semantic value

lexical tokens

0 4.15: 00000000

41



gogoobbbobbbodgoooobbobbobbougoooobobooad
ggboboogooo

A]wParse = ({parse}, ¢a Ra ¢a ¢a ¢)

gboooROOODOOOODOODO

Gram : parse := \w.st.parse (w 4[$]) []
State : parse := \w.bs.parse w

Branch0 : parse:= Aw.(000)
b.parse w ¢  b.applicable w ¢

Branches : parse := Aw.\c.
bs.parse w ¢ otherwise

Shift : parse := Aw.\c.s.parse (tail w) ((s.parse,second (head w)) : ¢)
Reduce : parse := dw.Ac.(first (head ') ((p.lhs,v) : w) ¢
where
¢’ = tailk ¢ |p.rhs|
v = p.a (map second (headk ¢ |p.rhs|))
Prod : lhs:=n.label

Prod : rhs:= ss.right

4.3 U0OUO0OOOUOOLROOOOOOOO0

00000000000000(0000000000000)0000000
000000000000000000000000000000000000
000000000000 000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
ooooo0

0000000000000000000 AM, OLROODOOOOOOOO
O00000AMzk 0000000000 0000AM, O AM 000000

42



Oo00oo0ooooooooooooouoooooonoooogn
AMiir = AMy, + AMir

Ooo00d AMp g D0OODOO0OOODODOOOODOOOM, 0 Mg OOODDOOO
0000000000000000000000 FOODODOOOOO (AMyig,E)
000000000 ML, ODOOOOOOgOOOODOOOO (AMyr,9) OO0
gooobd Mg OOoooono

ooobobo0obOoboouoobo AMpr ODOODODOODODODODODO
googbooobooooboobooboobooboobD LROoOOODOO
gobboboogboboobod

A]\4P - (¢a ¢a {rParse}a ¢7 {Parse}, {pParse})

PParse = EY — Parse g1

rpase = Parse:eval := \o.o ¢'.parse

o000 LROODOOOOOOO0O0oooOobobooooobooboboog
ggobobuooggooo
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1 50

Scheme [1 000000

0000 Scheme]9] 000 300400000000000000000000O

00 510 000000000000 (Scheme 00O0000)00000O0O0O
gbboguobobbbodgbbogboo3gbboobbuoobbooboda
gboobobob s20 0000bob0b0o40 UbobobooboOobooOooO LR
goboboggobobos3b U s40 ODODOOO

O00000O0obo0ooO0ob0oooO0oboooOoboooDoboob ADOD
goboboboogbobobod

5.1 0O0O0OO

R5RS[O) 0000000000000 00O0000O0O0O0O0O000O00O000
gogobooboooodgn

5.1.1 UOOUOOOOOO0OO

gobbbbbboboduoooobbobbbooooooobbbbboog
U0 equal? UUOOOODODODOOOO0OO0ODLOODOOOOOOODODODOOOOO
OO00DO0o00D0 AeDOOODODO

o (set-empty? set) U set DO DODODOOO #£UOO0ODODODODODOO #f O
gogd
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o (set-has? set elt) U setJ et O UODUODOUOOOOO #t0D0OO0OOO
g #0000

e (set-contain? setl set2) O setl 0 set2 0000000000 #tOO0O
OO0O0o0oO0O0 #0000

o (set-size set) O st DO OOOOOO

e (set elt.. )0 elt.. UDOODOODODODOOODODOODO (set) OO
gogooon

e (list->set lList) U st OO DO0ODO0ODOODOOOOODO

o (set-add set elt...) O set elt... DOOODOODODOOO

o (set-del set elt...) 0 set00 elt... 00 ODOODODOODODOOO
e (set-union set...) O set... OO ODOOOO

o (set-subtract set set'...) 0 set00 set'... OO0 O0OO0DODOOOOOO
gooooog

e (set-intersect set set’'...) O setset’... OO OOOOO0O
o (set-first set) O st OO0 0OOO0O0OOOOOOOOOOOOOOO

o (set-rest set) O set 00 (set-first set) OO0 O OOOOOOOOODO
oooooo

5.1.2 00O ogooogd
O0000O0bO0b0obO0oobooboDoboD0obobo AsOoooooo

e (assoc-cps obj alist succ-cont fail-cont) O (assoc obj alist) DO OO0
0000000 oooDoODoDDOO0O00o0eb O car DODOOOO alist 000
0o000o0oooooooboddd succ-cont OO O0OO00OO0O0O0O0O
000000ooooOoOo0o000ooggag fal-cont OOOOOOOOO
aoogo
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e (rassoc obj alist) O (assoc obj alist) DO DO OODOOOOOOoy OO0
00000000 cr D000 edr DDOODO

o (filter proc list) 0 st DO O DOODO0ODOOOOODOODOOOOODOODO
UprecU0ODOUOOODODDODOO# UOUODDODOOOOODLDDODOOOOO

e (filter-cps proc list cont) O (filter proc List) 00000000000
oddoodudifilter-cps U procU #£ U0 OOOOOOODOONO
00000 precO #f 00 00O0OOOOOOOOO20000000 cont
gogoooooooogn

e (append! ist...) DODODOODODOODOOOOOODOOODOODOODOO
gbobogbgbobobboobobbuoooboooooobbooooo
0000000000000 000O0 (booo0ooO)Doooooooo
ERERE

5.1.3 UU0O0OOOUOOooObOooOboon

go00O0OOoOo0o0oooooooooooDoDbDbObObObOO0OD AOOOoOoogo

e (str-split string char) O string 0 char 00000000 DOO0O0O0OO
O0oO0oDOoDooooooooono

e (str-join list char) OO0 OUODOOODOOONO lLstO cher DODOOOOO
ooopooOo0ooooboooobo

e (sym-split symbol char) O symbol OO D OODODOOONO str-split U
0000000000000 0000(000DoooO0)ooooooooo
oood

e (sym-append symbol...) O symbol... OO0 ODO0ODOODOOOOOOOO
oooooooo
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5.2 U0OUOOUOOOUODLOOODOO

gbbo 30 0bugubbuooobobuooobbooobbooobbon
gogoobbbbbuoooooobbbbbouoooobbobbbood
gogoobobbbbbuoduobbuoudoooooobbobbobobbbood
0000000000000000000000000 (0000000000
000)00000000000000000000000000OO0000OOoOO
gooobbbbbuouoooooobbbbbbooooobbbbbood
gooobbbbbbougooobbbbbbuouooooobobobbood
gogobbbbbbouooooooobbbbbooooooobobboogod
gobboboogbbbog

gogobbbbbbduooooobbbbboooooobobbbbbood
O0ooooooooboboboon ettrpeth DOOD0OO0OODOODOOOOO
OOD0ettrpath OO D000 0O00D0O0O0O0OO0OOOOOO0OOO0OODOOODOO
gogbobboogobbbdoogoboboooobboodn . 0ogobbod
U0 ettrpath DO O ODOO0O0OD0OO0OOO0OOOODOODODOOOOOOOOOO

e U0 altrpath 00000000000 0OODOOO 200000DO(MDOOODO
0000000000000 0000000O0O000OO)

e U0 attrpath DODOUODODOODOOOODOODODO name, DODOODOODO
O000O000 attrpeth’ 00002 00 neme00OD0OOO0OOOOOO
0000 aettrpath’ 00 0000000000000 O0O0O02z00000
ooo0oooo)

gboooobobiod Xo— X1X,... X, 0000000000000D00 X,y
oopoooo30 0000 a,b, X;bbe, X, DOODDOODOOODO O510000
goboog

000000000000000000' 0000000000000 0O000
gbbuoggbobbuoogbbogbbuoobboobooobboobboo
gbogbouoobuogbogboobooboboobobboobooboobobod

lDooo0o0oO0O00ooOo0oo0o0O0on
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O 5.1: 00000 attrpath OO0 OO

Ooood | attrpath | OO

a (a) XoOOO a

b (b) XoOODOoooob

X;.b (X; o) | X;000 a

b.a (b a) XoOODOOODO OO0 aU
X; (X)) X, goooooooo

gbbggobooobuoobogboobobboboboobuoobuogbobd
gogbbbuooobbboooobobooobobboooon

(define-tag (tagname attrpath, ... attrpath,) C(attrpath proc)...) O tagname
000000 (00)000000tagname D n 0000000 0:0000
O00Do0ooDoOon ettrpeth, 00 0D0O000O0O0O00O0OO0ODOO

Cattrpath proc)... 00 DOO00DOO0OD0DOO0ODOO0ODOOODOOOOOODODOO
Cattrpath proc) OO O OOOOOOO tagnamed O OO O OO (define-attr
tagname attrpath proc) 00O 000 0O0O0O0O0OOOOOOOOOOONO

000000 tagname-lazy 000000 (000)0000 00O Otagname-lazy
U tegneme D0 0000 0O0O0O0O0O0O0OOOO0O0O0O0OOOOO0O0O0ODO
goooooooo

(define-attr tagname attrpath proc) O tagneme 00O O000O00OOO0ONO
aottrpath 000000000000 DOOODOODOOODOODOODODODOO
0000000000000 (Xo)DOOOOOO0OO0OOO0OOOD0OAO attrpath
0000000000000 0Opree 000D0DODOOODODOODO
0000000000000 DO00O00bO00DOO0O0DO0bOOoOoDOOoDbODO
0000000000000 00DO0bO0O0DO0oooDOoooDOobODOoDDO
00000000000 0000000proc 0 (lambda (node) (lambda
O ...»)ooboobobooood
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OO00OprecO0 000000 OO0OO0OO0O0OOOOOOOOOOOOOOOON
000 node-evaluate O 00O 0O OO (node-evaluate node attrpath)
JdddooooooooooooooooobobonbO ood $node: attr: ...
O00ooooooooboooddattr:... O ettrpeth OO0 00000 : O
goooooooooooon

gbgbobobobobuobooobuobooobobobobobobon s.21
U 0 s220 DDOOO0OOoOoOObs230 Dbhouooooobooogoon

5.2.1 OO

gbodgbouogbugbuoobobobuodbuooboobooobooonbo
gooobbbbbbuoduooooobbbbooooooobbbobobbod
ggbbbooobbboooobbboodobbbouoon

1.00b0booogd
2200000Db0000bbbuoooonon
. 0000b0b0bouogbobogd
4.00000000000000b00D0O04d

gogbboogobbbuoooobobboogn

e (cell-alloc) DOOOOOOOOOO

o (cell-set-thunk! cell thunk) O cellO thunkOOOOOOOOOOOOO
000 thenk ODOOO0OOOOOOQOOOOOOOOOOOOOOOOOO
ooo

e (cell-ref cel) DODDOOOODODOODODOOOOOODODODOOODOO

gbodb40000000000000000 uninitialized DO OOOOO
UooobibOdl unevaluated UUUOOOOUOOODODN evaluating U UOO
UbO000 evaluated DO O U
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000000 unevaluated, evaluated 000 0OO0O0O0OOO0OOOOOOO0O
00000000 boo0oboboobDboo0b0b00ddbNcedrO0O0OOcar O
oo0ob0boooobobbooooobboooobobbooooobobbooon

(define cell-state-uninitialized ’uninitialized)
(define cell-state-unevaluated ’unevaluated)
(define cell-state-evaluating ’evaluating)
(define cell-state-evaluated ’())

(define (cell-uninitialized? cell)
(eq? (cdr cell) cell-state-uninitialized))

(define (cell-unevaluated? cell)
(eq? (cdr cell) cell-state-unevaluated))

(define (cell-evaluating? cell)
(eq? (cdr cell) cell-state-evaluating))

(define (cell-evaluated? cell)
(eq? (cdr cell) cell-state-evaluated))

guoobobbooooobbboooooobobboobbbbouoooag 30
gobooboobooboobuoobboobbobbou 1boobobbobo
00020

cell-alloc U cell-set-thunk! O OO0O0O0O0OOOON

(define (cell-alloc)
(cons #f cell-state-uninitialized)); car OO #f OO OOO0O

(define (cell-set-thunk! cell thunk)
(if (cell-uninitialized? cell); ODOOOOOO0OOOOO
(begin
(set-car! cell thunk)
(set-cdr! cell cell-state-unevaluated))
(error '"cell is not uninitialized" cell)))

cell-alloc J cell-state-uninitialized UL U OO OO UL Ucell-set-thunk!
000000 uvninitialized DU OUODOO0OOOOO0OOO0OOOON unevaluated
goobobooon

000 (cell-ref cel) DOODOODOODODOODO

000000000 edr 0000000 Oevaluated 00000000000000DO0DOOO
oooooooooooo weh DOOOOOOOOOOO
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(define (cell-ref cell)
(cond
((cell-uninitialized? cell)
(error "uninitialized cell referenced" cell))
((cell-unevaluated? cell)
(let ((thunk (car cell)))
(set-cdr! cell cell-state-evaluating)
(set-car! cell (thunk))
(set-cdr! cell cell-state-evaluated)
(car cell)))
((cell-evaluating? cell)
(error "evaluating cell referenced" cell))
((cell-evaluated? cell)
(car cell))
(else
(error "unknown cell status" cell))))

cell-ref U UUDODODODUOOOODODOOOOOODODOOOO

e uninitialized U DO UUDUOODOOODDODOO0OLOODLOOODOODLDOOO
ggboboobouogogooo

e unevaluated U U0 OUOOOOUO0OOO0OOOOOOOODOOOODOOO
googobbbobodoooubibbid evaluating UUOOOOOOO
U0bodbogbibd evaluated UUODUOOODO0OOOOOOOOOO

e evaluating UU U UUDOUODOUUOUODODODOOOOOODDOODODDODOOO
gbbuogbbugobobuoobobooobooobooobobobobobo
gobuobbodgbboobbuoogbobogbbodbbuoobooooo
gobogbobogoboogboogbooobboobboobboooboo
gboogobodgbbooboooboboogbboooobobooooo
ggbboobougoobboooooboobboogooo

e evaluated UL U UUDOODUOOOOOODDOOUOOOO

5.2.2 [

gbodbogoboobooboobuoobooobuoobuogbooobad
gbobogbobogobboobobogbbuooboobbooobbooooboo
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e (node-alloc tag) U teg O DO O0DO0ODOOODOODODOOO

e (node->tag node) U node DO DO ODOOO

e (node->attrs node) 0 node 00O ODOODOOODOODODO

e (node-attr-cell node attr) O node 000 attr DO0DOODOOODOOO
e (node-evaluate node attrpath) O node DO O0O00O00O0O0OOOODO0O

e (make-node tag args...) 0 tag0 00000000 (node-alloc O)O 0
OOt OO0 O0ODO0O0OO0O0OO args... DOOOOOO

gboodboobooboobuodboobobobuooboobuooboobo
Uo0bo0oobboobboubbuoUbUUlUnode-attr-cell DO OOO
gogoobbbobbotdooooobbbbbbuooooooobnbbbboo
Uodddid cell-state-uninitialized UUUOOUOODOOODODOOOON
gogobboooooboboogoo

goboboooobobbuoooobooo

(define (node-alloc tag)
(cons tag ’()))

(define node->tag car)
(define node->attrs cdr)

(define (node-attr-cell node attr)
(let ((p (assq attr (node->attrs node))))
(if p
(cdr p)
(let ((p (cons attr (cell-alloc))))
(append! node (list p))
(cdr p)))))

(define (node-attr+-cell node path)
(let loop ((node node) (attr (car path)) (path (cdr path)))
(let ((cell (node-attr-cell node attr)))
(if (null? path)
cell
(loop (cell-ref cell) (car path) (cdr path))))))

(define (node-evaluate node path)
(if (null? path)
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node
(cell-ref (node-attr+-cell node path))))

(define (tag-attr-defs tagname . args)
(let ((p (assq tagname taginfo)))
(append

(apply
(cadr p)
(map (lambda (val) (lambda (node) (lambda () val))) args))

(cddr p))))

(define (make-node-internal tag-attr-defs tag . args)
(let ((node (node-alloc tag)))
(let loop ((attr-defs (apply tag-attr-defs tag args)))
(if (null? attr-defs)
node
(let ((attr-def (car attr-defs)))
(cell-set-thunk!
(node-attr+-cell node (car attr-def))
((cdr attr-def) node))
(Loop (cdr attr-defs)))))))

(define (make-node tag . args)

(apply make-node-internal tag-attr-defs tag args))

node-alloc, node->tag, node->attrs U (00000000 0OOO)00O0O
oooooopooboboon

node-attr-cell U O OUOOO0OOOOOODOOODOOOOOOOOODOOO
O00000Db0b00d0b0dObDOappend! D000 0OO00OOOOOOOODOODOO
O00bO0DOo0D0obo0o0ob0obOobDoboOoboobboOnOg cell-allocO OO
UO0000UOuninitialized U O OO OU

node-attr+-cell U] node U path U U OODOOUOOOOOOOOOONO
O0000000000000OOnede DO0ODOO0OOOOOO node 00000
O0bo0ob0o0oobOo0b0booobobOdbpath OO0 10000000ODOO
O000oboo0oooooboobobD0oob0ob0b00DOU cell-ref OO0
OU000Oevaluated 0000000 0O0OO0OOD0O0OODOO0ODOOO cell-ref
o0o00ooOobbOoo0oooooOooboooo

node-evaluate Ul node U0 path U UUOUOUOOODDODOO0OODODOOOO
000000000000 0D0D00 node-attr+-cell JOOOODOOOOODODO
Ocell-ref 00 O00DO0O00O0O0OD0O0ODO0OODOODO0O0ODOOOpath 00O0ODO0O

53



U000000O0Onode-attr+-cell JOUOOUODOOOO0OO node DODOOODO
ooog
make-node [J J 0 J U0 make-node-internal, tag-attr-defs [] node-alloc

gbooboboooboobobobobuoboboobobobooobooboooon
UO00000DOtag-attr-defs U make-node U U UDOUOODOOOOOOOOU
U0000000000000 taginfoUOUOODOOOODOOOOODOOODOO
U define-tag U define-attr U0 U0 O0OO00O0O0OOOOOOOOOOODOO
ooooogo

5.2.3 UU0UOOOOO

define-tag, define-attr U U DUUODODUOODDOOLODODD U make-node U
gboooboooobooobobobobubuobdddefine-tagd oo
bbbl OUtagname DO OO OO define-attr UL OO OOO

(define taginfo ’())

(define (define-tag-func form env)
(let* ((tagname (caadr form))
(tagname-lazy-func (sym-append tagname ’-lazy-func))
(tagname-lazy (sym-append tagname ’-lazy))
(attrpaths (cdadr form))
(attrdefs (cddr form))
(attrpathsyms (map (lambda (syms) (sym-join syms #\:)) attrpaths)))
‘ (begin
(define (,tagname ,Qattrpathsyms)
(make-node ’,tagname ,Qattrpathsyms))
(define (,tagname-lazy-func form env)
(cons ’make-node-lazy (cons ’’,tagname (cdr form))))
(define ,tagname-lazy
(procedure->memoizing-macro ,tagname-lazy-func))
(define taginfo

(cons
(list ’,tagname (lambda vals (map cons ’,attrpaths vals)))
taginfo))

,@(map (lambda (attrdef) ¢(define-attr ,tagname . ,attrdef)) attrdefs)
)))

(define define-tag (procedure->memoizing-macro define-tag-func))

(define (define-attr-func form env)
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(let ((tagname (cadr form))
(attrpath (caddr form))
(proc (cadddr form)))
‘(let ((p (assq ’,tagname taginfo)))
(append! p (list (cons ’,attrpath ,proc))))))

(define define-attr (procedure->memoizing-macro define-attr-func))

OO0 taginfo U DOUODOUOOOOOOOUOOOONOtaginfo U define-tag
gboogbgobobooboobuobubbOD0define-attr DO OO OO
gbobogbooboobobbobboob

define-tag U DO OO0ODOOUOO0ODODOOOODDOOOOOLDOOOO
UO0O0DOdefine-attr DU O UOOU taginfo 0O OODOOO0OODOOOOOOMO
make-node 0 000 (tag-attr-defs 0000 )00000000000O0OOO
gooobooboobobooobooobooonbo

5.3 UUonooonUnd

410 bDoOoooobooboboooboobooobuooobooobuooobobon
gooobbbbbuouooooobbbbbouooooobbbbbood
googobodoobdoo410 boooboobbuoooboooboon
ERERE

5.3.1 UUOOOOOoOg

gobboboboogoboobobbbouodibblenv-ref JOOOODOOOO
ggbobobuobobuoogoboboooooobbouoogon

(define-tag (lambda-var (1bl))
((eval)
(lambda (node)
(lambda ()
(let ((1bl $node:1bl))
(lambda (env)
(env-ref env 1bl)))))))

o000l lambda-var DU U DUOO0OOOOOOOOOOOOOO eval DOU
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goboboogus2b bo0goboD20b0000 ((eval) ...) O define-attr
gboboogbobogobbodbotbodid define—attr U O UOOOOOO
ggooood

(define-tag (lambda-var (1bl)))

(define-attr lambda-var (eval)

(lambda (node)

(lambda ()
(let ((1bl $node:1bl))
(lambda (env)
(env-ref env 1bl))))))

O00000000 define-tag 0000 lambda-var OO0 0000 OOOODO
Of00o00oodooo0 10000000000 oooogo
00000000011l 00000000000000@bl) 00000 attrpath
00000000 (00 1000)000 atrpaeth 00000000000 0O0OO
1000000000000 1ambda-var O 00000000000 OOOOOO
ooogd

O0O0O0O0O define-attr 0000 lambda-var DO OO OO0 OOO (eval)
O0fgfdoodgoooooogooogooooggggooooogoo-
0000000000000 O0O0000000obCOOoOO0O0Og (et ((1v1
$node:1bl)) (lambda (env) (env-ref env 1bl))) ODOOOOOOOOOOO
00 $node:1bl DODOODODOODO (VarOO 11 00000)00000O0O0

0000000000 ((@MU0000000000000)000000000 env

ggbbobuoooobbbuoogoon

5.3.2 UUOOOOOOO

gobboogobbbuoogoobooo

(define-tag (lambda-app (fun) (arg))
((eval)
(lambda (node)
(lambda ()
(let ((fun-eval $node:fun:eval)
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(arg-eval $node:arg:eval))
(lambda (env)
((fun-eval env)

(arg-eval env))))))))

O00000OO11ambda-app OO0 20000000000000C0O0O0O0O
OoO0o0oooo0ooooooO0oooooOooooooooooooooonDd
U funJ arg U0 DODDUOOO000ODODlambda-app U eval U O DODOOOO
O eval O U0 $node:fun:eval [0 $node:arg:eval DO OO OOOOOOOOO
OoooO0oooooooooooOoOooooooOoooooOoboOooooDooood
oo0oooooooo

5.3.3 UUOOUOOODOOO

gbboobbodbuoobobodbtbbddlenv-extend UUOUODOOUO
gogooobbbbobbbbbbbudoooooobbobbbbooogd
gogon

(define-tag (lambda-abs (var) (body))
((eval)
(lambda (node)
(lambda ()
(let ((var $node:var)
(body-eval $node:body:eval))
(lambda (env)
(lambda (wval)
(body-eval (env-extend env var val)))))))))
00000000000 O1ambda-abs OO0 2000 00000000000
0000000000000 o0oogng var
Obody DO0OD0D00000O0O0OOeval JOOUOOOOOODODO $node:var U
$node:body:eval 000000000 DOODOODOODOOODODODOOODOO
000000000 o0oooooooo0ooooooooogoogoooo
0000000000 oooooooogoooooooooooooooo-

gogbbobooobbbbooooboobbbbuooooboboo
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5.3.4 UUOOOOO

gobboogobbbuoogoobooo

(define-tag (lambda-con (val))
((eval)
(lambda (node)
(lambda ()
(let ((val $node:val))
(lambda (env)
val))))))

000000000000000000@UO00000000O)0oooOo
ggbbboooobbbooobobbbuooobbboooobbboogn

5.3.5 UUUOOLOUOOOOOOO

gogbbooggbbbuoooobboboogn

(define-tag (lambda-anyvar (1lbl-exp))

((eval)

(lambda (node)
(lambda ()
(let ((1bl-exp-eval $node:1lbl-exp:eval))
(lambda (env)
(env-ref env (1lbl-exp-eval env))))))))

O00000 lambda-anyvar OO0 10000000000 0OO0O0O0OODO
goboooboobobooboobooooboobooboobooboooboooobooobo
eval 0000000 DOOO0OODOODNO $node:1lbl-exp:eval DO ODOOO

ggbbbooobobbboooobboboooobbboooboboo

5.3.6 Let UUOOOO

Let OOODOOOOOOOOODOO

(define-tag (lambda-let (var) (exp) (body))
((expanded)
(lambda (node)
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(lambda ()
(let ((var $node:var)
(exp $node:exp)
(body $node:body))
(lambda-app (lambda-abs var body) exp)))))
((eval)
(lambda (node)
(lambda ()
$node:expanded:eval))))

00000 lambda-let OO0 300000000000 OO0O0DOOODOO
gobooboooboooboobobooobuooboboobobooboobon
000000000 var,exp, body UOOODOOODOOOOO

UUODOO0O0OO expanded U eval U UL 2000000 OOMOO U Uexpanded [
410 0000000 DO0O LOO00bDbO00dbDbOUd0 lambda-app U lambda-abs
gbooboobobobobodbobooboboboobobdbUeval O
expanded [J eval JUOOUOOUOOUOOOOODOODOONO

5.3.7 UUOUOOLOOOOO

gogbboogobbbuoooobbobooobbo

(define-tag (lambda-fv (exp))
((fv)
(lambda (node)
(lambda ()
(set))))
((eval)
(lambda (node)
(lambda ()
(let ((fv $node:exp:fv))
(lambda (env) fv))))))

(define—attr lambda-con (fv)
(lambda (node)
(lambda ()
(set))))

(define—attr lambda-var (fv)
(lambda (node)
(lambda ()
(set $node:1bl))))
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(define-attr lambda-app (fv)
(lambda (node)
(lambda () (set-union $node:fun:fv $node:arg:fv))))

(define-attr lambda-abs (fv)
(lambda (node)
(lambda () (set-del $node:body:fv $node:var))))

000000000 1lambda-fv 000 10000000000 0OOOOOO0O
go0o0odbboobooooboU fvOODOOoobObOoobooobooooo
O0000eval DO O0O0O0OODOODOOOOODODODDOO f&vODODDODOOO
oooooooooboooo

00000d 400 define-attr U OO Ofv OO lambda-con, lambda-var,
lambda-app, lambda-abs U U U U UOUOOOOOOOOOOOOOOOOOONO
goobboooobobobboooobobbboooubbbbooooo

5.3.8 000N

4140 J00OO0OOOOO0DODODODOOODODD LetObOOobDOOnO
gogoooobbbobbboboooouooooobooboobbboobobbooogd
ggbboboogobooooooobooo

(define-attr lambda-let (fv)
(lambda (node)
(lambda () $node:expanded:fv)))

U000 lambda-let U fv U UUODOUOOOUOOOOOOOODOO expanded
b fvOooooooooooooboooboon

54 LR OUOUOOO

gboog 4200000 LROOODOOODOODOODOODO

5.4.1 UOU0OO0OOOUOOOOOOOOODOOO
gooooobboboogod
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(define-tag (gram (start) (ps)))
(define-tag (prods (p) (ps)))
(define-tag (prod0))

(define-tag (prod (n) (ss) (a)))
(define-tag (syms (s) (ss)))
(define-tag (sym0))

(define-tag (nont (label)))
(define-tag (term (label)))

0000000 4220 OD0O0O0 AMgyy DOODOOODOOOOD

U0 Obranches U branch0 U U U UDOUOODOUOOODUOOOOOOOOOOO
ggbbbuoooobbbuodibbi branch-1list UOOOODOOO

(define (branch-list . args)
(if (null? args)
(branch0)
(branches (car args) (apply branch-list (cdr args)))))

Ubd00listJ0O0boobobobooboboooobobodbdlcons

U000 vpranches DU DO 2000000000 OUOO0O0O0OOOOOOO0O
branch0 U UOOOO0OOOOOO0OOOOOOOOOO

5.4.2 item DO O00O0O000O0O0OOO0O

tem JOODOOO0OO0OODDODOOOOOODOOOO

(define-attr gram (items)
(lambda (node)
(lambda () $node:ps:items)))

(define-attr prods (items)
(lambda (node)
(lambda () (set-union $node:p:items $node:ps:items))))

(define-attr prod0 (items)
(lambda (node)
(lambda () (set))))

(define-attr prod (items)

(lambda (node)
(lambda () $node:ss:items)))
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(define-attr prod (ss lhs)
(lambda (node)
(lambda () $node:n)))

(define-attr prod (ss left)
(lambda (node)
(lambda () > ())))

(define-attr syms (ss lhs)
(lambda (node)
(lambda () $node:1lhs)))

(define-attr syms (ss left)
(lambda (node)
(lambda () (append $node:left (list $node:s:label)))))

(define-attr syms (right)
(lambda (node)
(lambda () (append (list $node:s:label) $node:ss:right))))

(define-attr syms (items)
(lambda (node)
(lambda ()
(set-add
$node:ss:items
(item $node:1hs $node:left $node:right)))))

(define-attr sym0 (right)
(lambda (node)
(lambda () >())))

(define-attr symO (items)
(lambda (node)

(lambda () (set (item $node:lhs $node:left ’())))))
0000000 4230 0000 AMg.,, 000O0O0ODOOCOOOO
U000utem UOOO0O0OO0OO0O0OO0O0O syms DO sym0 O items OO 00U

0000000000000 00O0000O000000DODO00DOOOO0 item
0000000000000 000000000item 0000 item OO0 (1hs)
000000 .000 (left, right) 00000000000 tem DOOOODO
00 . 00000030 0000000. 000 1hs 000 left 000000
O00000.000 right 0O000O0DODOO0ODOOOOOO

30000 .000000000000000000000 .000000000000000
gbobo.00b0o00o00obobooobobo symo0O04QOnO
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54.3 LR UOUOOOOODODOOOODODODOO

LROODOODOOUODOO0ODOODOOO0OD0OO00D0O0D OO make-automaton U [
0000 item DOOOO0OLROOOOOOODOOOOOOOOOYOOOOOO
gooobo LRObOOObOOoooobooobooboobon

(define-tag (state (bs)))
(define-tag (branches (b) (bs)))
(define-tag (branchO))
(define-tag (shift (s) (st)))
(define-tag (reduce (a)))
(define-tag (accept))

(define-attr gram (automaton)
(lambda (node)
(lambda ()

(let* ((ret (make-automaton $node:start $node:items))
(items-state-alist (car ret))
(transitions (cadr ret))
(reduce-1list (caddr ret))
(start-state (cadddr ret))
(end-item (car (cddddr ret)))

(size (length transitions))
(state-vec (make-vector size))
(states (lambda (i) (vector-ref state-vec 1))))
(do ((1 0 (+ 1 1))
((= 1 size))
(vector-set! state-vec i
(state-lazy
(apply
branch-list
(append
(map
(lambda (trans)
(shift
(car trans)
(vector-ref state-vec (cdr trans))))
(cdr (assoc i transitions)))
(map
(lambda (item)
(if (equal? item end-item)
(accept)
(reduce item)))
(cdr (assoc 1 reduce-list)))
)
))))

00000 As50000
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(states start-state)))))

0000000 4240 0D0O0O0 AMy,O00OCOO0ODOOODO

gogoobobbbbbbobouooooooooobbobbbobbbooogg
goggoobbbbuouoooobbbobuoooooobobbobboogod
gogobbbbbbuougooobbbbbobouoooooobbboogd
0000000000000000000000000M00000o00o0On
0000000000000000000(00000O0)000000oooo
gobbbuoogobbboodobibibdd automaton J U OO DOOOO

544 UOUOOOOOOOOOOO

gobboogobbbuoogoobooo

(define-attr shift (applicable)
(lambda (node)
(lambda ()
(lambda (w)
(lambda (c)
(eq? (caar w) $node:s:label))))))

(define-attr reduce (applicable)

(lambda (node)

(lambda ()
(lambda (w)
(lambda (c)
(set-has? $node:lookaheads (map car (headk w k))))))))

0000000 4250 0000 AMges, AMirrea 10000000000
shift U U0 reduce U applicable UUUOUOODOODOOUOODOOOOOOOON
00000000b00000o0o0ooO0obO0ooo0oboooooobOOobDOoon
go0oooboobooobobooooooboobooooboobooobon
000000000b0b0ooos4500000000000000O00 branches
O brancho 00000000 O0O0ODO0OOO0OOOOO0O0OOODOO0ODOOOOO

ggbbbuoooobbbuoooobbboooobbboooon

‘000000000000 Lt 00000DAGOOODOOOOODOOOODODO
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5.4.5 UUOOOLOOOOOOOOO

gobboogobbbuoogoobooo

(define-attr gram (parse)
(lambda (node)
(lambda ()
(lambda (w)
(($node:st:parse (append w ’end)) ’())))))

(define-attr state (parse)
(lambda (node)
(lambda ()
(lambda (w)
($node:bs:parse w)))))

(define-attr branchO (parse)
(lambda (node)
(lambda ()
(lambda (w)
(error "parse error" w)))))

(define-attr branches (parse)
(lambda (node)
(lambda ()
(lambda (w)
(lambda (c)
(if (($node:b:applicable w) c)
(($node:b:parse w) c)
(($node:bs:parse w) ¢)))))))

(define-attr shift (parse)
(lambda (node)
(lambda ()
(lambda (w)
(lambda (c)
(($node:s:parse
(cdr w))
(cons (cons $node:s:parse $node:t:value) c)))))))

(define-attr reduce (parse)
(lambda (node)
(lambda ()
(lambda (w)
(lambda (c)
(let ((c (list-tail c (length $node:p:rhs))))
(((caar c) (cons $node:p:1lhs w)) (cdr c))))))))

(define-attr prod (lhs)
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(lambda (node)
(lambda ()
$node:n:label)))

(define-attr prod (rhs)

(lambda (node)

(lambda ()
$node:ss:right)))

0000000 4260 D000 AMpyee 00000000000

00000 LROODDODODOODOO0ODOODO00DO0ODOODOODO0OLROOODO
0000000 (000)000000000000000O000000000O0O
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0000000000000 0000D00D00 parse 00000D0O0O00ODOODOO
0000000000000 00000000000 parse 000000000
0000000000000 O00DO0DO0bO0DOO0DOooDOooooDooooon
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Appendix A
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;3 cell operations:

(cell-alloc-evaluated): cell

(cell-set-thunk! cell thunk): unspecified
; (cell-ref cell): value

(cell-set-value! cell): unspecified

H
; (cell-alloc): cell
H
H

cell-state-uninitialized ’uninitialized)
cell-state-unevaluated ’unevaluated)
cell-state-evaluating ’evaluating)
cell-state-evaluated ’())

(define
(define
(define
(define

(define
(cons

(cell-alloc)
#f cell-state-uninitialized))

(define (cell-alloc-unevaluated thunk)
(cons thunk cell-state-unevaluated))

(define (cell-alloc-evaluated val)
(cons val cell-state-evaluated))

(define (cell-uninitialized? cell)
(eq? (cdr cell) cell-state-uninitialized))

(define (cell-unevaluated? cell)
(eq? (cdr cell) cell-state-unevaluated))

(define (cell-evaluating? cell)
(eq? (cdr cell) cell-state-evaluating))

(define (cell-evaluated? cell)
(eq? (cdr cell) cell-state-evaluated))

(define (cell-set-thunk! cell thunk)
(if (cell-uninitialized? cell

(begin
(set-car! cell thunk)
(set-cdr! cell cell-state-unevaluated))

(error "cell is not uninitialized" cell)))

(define (cell-set-value! cell val)
(set-car! cell val)
(set-cdr! cell cell-state-evaluated))

(define (cell-ref cell)
(cond
((cell-uninitialized? cell)
(error "uninitialized cell referenced"
((cell-unevaluated? cell)
(let ((thunk (car cell)))
(set-cdr! cell cell-state-evaluating)
(set-ca: cell (thunk))
(set-cdr! cell cell-state-evaluated)
(car cell)))
((cell-evaluating? cell)
g
(error "evaluating cell referenced" cell))
((cell-evaluated? cell)
(car cell))
(else (error "unknown cell status" cell))))

cell))
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;;; attribute graph
(define proxy-list (vector 1))

(define (proxy-alloc! val)
(if (= (vector-length proxy-list) (vector-ref proxy-list 0))
(set! proxy-list
(apply vector
(append
(vector->list proxy-list)
(vector->list
(make-vector (vector-length proxy-1list)))))))
(let ((id (vector-ref proxy-list 0)))
(vector-set! proxy-list id val)
(vector-set! proxy-list 0 (+ id 1))
id))

(define (val->proxy val)
(let loop ((i (- (vector-ref proxy-list 0) 1)))
(if (zero? i)
(proxy-alloc! val)
(if (eq? val (vector-ref proxy-list i))

i
(loop (- i 1))))))

(define (proxy->val id)
(vector-ref proxy-list id))

;55 node manipulation (tag independent)

(define
(list

(node-alloc tag)
tag #£))

(define node->tag car)
(define node->grafted cadr)
(define node->attrs cddr)

(define
(set-car!

(node-grafted! node)
(cdr node) #t))

(define (node? node)
and
(pair? node)
(assq (car node) taginfo)))

5 XXX

(define (node-attr-cell node attr)
(let ((p (assq attr (node->attrs node))))
(if p
(cdr p)
(let ((p (cons attr (cell-alloc))))
(append! node (list p))
(cdr p)))))

(node-proxy-alloc n) (cons ’proxy (val->proxy n)))
(node-proxy-ref p) (proxy->val (cdr p)))
(node-proxy? o) (and (pair? o) (eq? ’proxy (car o0))))

(define
(define
(define



(define (node-cell-ref cell)
(if (cell-unevaluated? cell)
(let ((v (cell-ref cell)))
(cond
((node-proxy? v) (node-proxy-ref v))
((node? v)
(if (node->grafted v)
(cell-set-value! cell (node-proxy-alloc v))
(node-grafted! v))
v)

(else

v)))
(let ((v (cell-ref cell)))
(if (node-proxy? v)
(node-proxy-ref v)

v))))

(define (node-attr+-cell node path)
(let loop ((node node) (attr (car path)) (path (cdr path)))
(let ((cell (node-attr-cell node attr)))
(if (null? path)
cell
(loop (node-cell-ref cell) (car path) (cdr path))))))

(define (node-evaluate node path)
(if (null? path)
node
(node-cell-ref (node-attr+-cell node path))))

;33 node manipulation (tag dependent)

(define (make-node-internal tag-attr-defs tag
(let ((node (node-alloc tag)))
(let loop ((attr-defs (apply tag-attr-defs tag args)))
(if (null? attr-defs)
node
(let ((attr-def (car attr-defs)))
(cell-set-thunk!
(node-attr+-cell node (car attr-def))
((cdr attr-def) node))
(loop (cdr attr-defs)))))))

args)

(define (make-node tag . args)
(apply make-node-internal tag-attr-defs tag args))

(define (make-thunk form) ¢(lambda () ,form))

; (make-node-lazy tagname args)
(define (make-node-lazy-func form env)
(let ((tagname-exp (cadr form))
(arg-exps (cddr form)))
¢ (make-node-lazy-internal
,tagname-exp
,@(map make-thunk arg-exps))))
(define make-node-lazy
(procedure->memoizing-macro make-node-lazy-func))

(define (make-node-lazy-internal tag . args)
(apply make-node-internal tag-attr-defs-lazy tag args))

533 tag manipulation
(define taginfo ’())

; (define-tag (tagname attrpath...) attrdef...)
(define (define-tag-func form env)
(let* ((tagname (caadr form))
(tagname-lazy-func (sym-append tagname ’-lazy-func))
(tagname-lazy (sym-append tagname ’-lazy))
(attrpaths (cdadr form))
(attrdefs (cddr form))
(attrpathsyms
(map (lambda (syms) (sym-join syms #\:)) attrpaths)))
¢ (begin
(define (,tagname ,Qattrpathsyms)
(make-node ’,tagname ,Qattrpathsyms))
(define (,tagname-lazy-func form env)
(cons ’make-node-lazy (cons ’’,tagname (cdr form))))
(define ,tagname-lazy
(procedure->memoizing-macro ,tagname-lazy-func))
(define taginfo
(cons
(list ’,tagname (lambda vals (map cons ’,attrpaths vals)))
taginfo))
,@(map
(lambda (attrdef)
attrdefs)

‘(define-attr ,tagname ,attrdef))

(define define-tag (procedure->memoizing-macro define-tag-func))

; (define-attr tagname attrpath proc)
(define (define-attr-func form env)
(let ((tagname (cadr form))
(attrpath (caddr form))
(proc (cadddr form)))
“(let ((p (assq ’,tagname taginfo)))
(append! p (list (cons ’,attrpath ,(unsugar proc)))))))
(define define-attr (procedure->memoizing-macro define-attr-func))

(define (tag-attr-defs tagname . args)
(let ((p (assq tagname taginfo)))
(append
(apply
(cadr p)
(map (lambda (val) (lambda (node) (lambda () val))) args))
(cddr p))))
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(define (tag-attr-defs-lazy tagname . thunks)
(let ((p (assq tagname taginfo)))
(append
(apply
(cadr p)
(map (lambda (thunk) (lambda (node) thunk)) thunks))
(eddr p))))

(define (unsugar o)
(cond
((symbol? o)
(let ((s (symbol->string o)))
(if (char=? (string-ref s 0) #\$)
(let ((1 (str-split (substring s 1 (string-length s))
#\:)))
‘(node-evaluate
, (string->symbol (car 1))
’, (map string->symbol (cdr 1))))

0)))
((pair? o)
(case (car o)
((quote) o)
(else (map unsugar o))))
(else o)
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;33 example (lambda calclus)

;; constant module
(define-tag (lambda-con (val))
((eval)
(lambda (node)
(lambda ()
(let ((val $node:val))
(lambda (env)

val))))))

;3 variable module
(define-tag (lambda-var (1bl))
((eval)
(lambda (node)
(lambda ()
(let ((1bl $node:1bl))
(lambda (env
(env-ref env 1b1)))))))

;3 application module
(define-tag (lambda-app (fun) (arg))
((eval)
(lambda (node)
(lambda ()
(let ((fun-eval $node:fun:eval)
(arg-eval $node:arg:eval))
(lambda (env)
((fun-eval env)

(arg-eval env))))))))

;; abstraction module
(define-tag (lambda-abs (var) (body))
((eval)
(lambda (node)
(lambda ()
(let ((var $node:var)
(body-eval $node:body:eval))
(lambda (env)
(lambda (val)
(body-eval (env-extend env var val)))))))))

;; dynamic variable module
(define-tag (lambda-anyvar (1bl-exp))
((eval)
(lambda (node)
(lambda ()
(let ((1bl-exp-eval $node:1lbl-exp:eval))
(lambda (env)
(env-ref env (lbl-exp-eval env))))))))

;3 let module
(define-tag (lambda-let (var) (exp) (body))
((expanded)
(lambda (node)
(lambda ()
(let ((var $node:var)
(exp $node:exp)
(body $node:body))



(lambda-app (lambda-abs var body) exp))))) (define-attr prod0 (items)

((eval) (lambda (node)
(lambda (node) (lambda () (set))))
(lambda ()
(let ((expanded-eval $node:expanded:eval)) (define-attr prod (items)
expanded-eval))))) (lambda (node)

(lambda () $node:ss:items)))
;3 free variable module

(define-tag (lambda-fv (exp)) (define-attr prod (ss lhs)
((fv) (lambda (node)
(lambda (node) (lambda () $node:n)))
(lambda ()
(set)))) (define-attr prod (ss left)
((eval) (lambda (node)
(lambda (node) (lambda () *())))
(lambda ()
(let ((fv $node:exp:fv)) (define-attr syms (ss lhs)
(lambda (env) £v)))))) (lambda (no

de)
(lambda () $node:1hs)))
(define-attr lambda-con (fv)

(lambda (node) (define-attr syms (ss left)
(lambda () (lambda (node)
(set)))) (lambda () (append $node:left (list $node:s:label)))))

(define-attr lambda-var (fv)

(lambda (node) (define-attr syms (right)

(lambda (node)

(1?::€a$node:1b1)))) (lambda () (append (list $node:s:label) $node:ss:right))))
(define-attr lambda-app (fv) (define-attr syms (items)
(lambda (node) (lambda (node)
(lambda () (set-union $node:fun:fv $node:arg:fv)))) (lambda ()

(set-add $node:ss:items (item $node:1hs $node:left $node:right)))))

(de{;;llg;:tt(ioé:mbda—abs S (define-attr symO (right)

(lambda () (set-del $node:body:fv $node:var)))) (lambda (node)

(lambda () *())))
(define-attr lambda-let (fv) . X
(lambda (node) (define-attr symO (items)
(lambda () $node:expanded:fv))) (lambda (node)
(lambda () (set (item $node:lhs $node:left ’())))))

(define-attr gram (automaton)
(lambda (node)
(lambda ()
(let* ((ret (make-automaton $node:start $node:items))

(items-state-alist (car ret))

(transitions (cadr ret))

(reduce-list (caddr ret))
.4 I:] I:] I:] I:] (start-state (cadddr ret))

(end-item (car (cddddr ret)))

(size (length transitions))

(state-vec (make-vector size))

(states (lambda (i) (vector-ref state-vec i))))

Joogn o gL ey

(vector-set! state-vec i
(state-lazy

000oo0ooooooooo 42000 PP h-list
00 LROOOOOOOOODOOOO0d (“*;g:’;“
(lambda (trans)
(define (define-list-func form env) (S}(l::g:‘ trans)
(let ((name (cadr form)) (vector-ref state-vec (cdr trans))))
Eialr Eca::i f;rm);)) (cdr (assoc i transitions)))
erm (cadddr form map
‘(define ,name (lambda (item)
(leéi;gdi(ﬁrgs (if (equal? item end-item)
. (accept)
(if (xtlgllri? args) (reduce item))) .
E,pair (car args) (apply £ (cdr args))))))) (cdr (assoc i reduce-list)))
£))))
(define define-list (procedure->memoizing-macro define-list-func)) (states St;ﬁzstate)))))
HH \begin{schemecode}

(define-attr shift (applicable)

533 example LR parser generator (lambda (node)

ine— (lambda ()
etrene (e G (o0 e
Egzi;ﬁz:t:g Eiiggoii) (ss) (a))) (eq? (car w) $node:s:label))))))
(define-tag (syms (s) (ss))) (define-attr reduce (applicable)
(define-tag (symo0)) (lambda (node)
(define-tag (nont (label))) (1?1;1:;1111:(1;) )
(define-tag (term (label))) (lambda (<)

(define-list prod-list prods (prodo)) (set-has? $node:lookaheads (headk w 1)))))))

(define-list sym-list syms (symO)) (define-attr gram (parse)
(define-tag (state (bs))) (I?T:igd;mzz)ie)
(define-tag (branches (b) (bs))) (lambda (w)
Edefine—tag Ebranchfz))) 6) (($node:st:parse (append w ’end)) ’())))))
define-tag (shift (s st .
(define-tag (reduce (a))) (define-attr state (parse)
(define-tag (accept)) (la(?gi{a)d;n?()h)
(define-1ist branch-list branches (branch0)) u??hﬂie :(sizparse D)
i (define-attr branchO (parse)
(define-attr gram (items) (lambda (node)
(lambda (node) (lambda ()
(lambda () $node:ps:items))) (lambda (w)

(error "parse error" w)))))
(define-attr prods (items)

(lambda (node) (define-attr branches (parse)
(lambda () (set-union $node:p:items $node:ps:items)))) (lambda (node)
(lambda ()
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(lambda (w)
(lambda (c)
(if (($node:b:applicable w) c)
(($node:b:parse w) c)
(($node:bs:parse w) c)))))))

(define-attr shift (parse)
(lambda (node)
(lambda ()
(lambda (w)
(lambda (c)
(($node:s:parse
(cdr w))
(cons (cons $node:s:parse $node:t:value) c)))))))

(define-attr reduce (parse)
(lambda (node)
(lambda ()
(lambda (w)
(lambda (c)
(let ((c (list-tail c (length $node:p:rhs))))
(((caar c) (cons $node:p:lhs w)) (cdr c))))))))

(define-attr prod (lhs)
(lambda (node)
(lambda ()
$node:n:label)))

(define-attr prod (rhs)
(lambda (node)
(lambda ()
$node:ss:right)))

(define (item lhs left right) (list lhs ’= left right))
(define (item->1lhs i) (car i))

(define (item->left i) (caddr i))

(define (item->right i) (cadddr i))

(define (first-item? i) (null? (item->left i)))

(define (last-item? i) (null? (item->right i)))

(define (next-symbol i) (car (item->right i)))

(define (next-item i)

(let ((r (item->right i)))
(item
(item->1hs i)
(append (item->left i) (list (car r)))
(cdr 1))))
(define (make-firstsym-alist prods)
(let loop ((prods prods) (al ’()))
(if (null? prods)
(let ((completed (null? al)))
(let loop ((al al))

(if completed
al
(begin
(set! completed #t)
(Loop
(map
(lambda (p)
(let* ((old-len (set-size (cdr p)))
(new-set
(apply
set-union
(cdr p)
(map
(lambda (s)

(let ((p (assq s al)))
(if p (cdr p) (set))))
(cdr p))))
(new-len (set-size new-set)))
(if (not (= old-len new-len))
(set! completed #f))

(cons
(car p)
new-set)))

al
(let* ((prod (car prods))
(1hs (item—>1lhs prod)))
(filter-cps
(lambda (p) (eq? lhs (item->lhs p)))
prods
(lambda (prods rest)
(loop
rest
(cons
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(lambda (p)
(if (last-item? p)
(list (next-symbol p))))
prods))))
al))))))))

(define (make-firstitems-alist item-set)
(if (set-empty? item-set)
)
(let* ((i (set-first item-set))
(l1hs (item->lhs i)))
(filter-cps
(lambda (i) (eq? (item->lhs i) 1hs))
(set-rest item-set)
(lambda (items rest)
(cons
(cons 1lhs (cons i items))
(make-firstitems-alist rest)))))))

(define (automaton-state-closure
firstsym-alist firstitems-alist items)

(apply
set-union
items
(map
(lambda (s)
(let ((is (assq s firstitems-alist)))
(if is
(cdr is)
(set))))
(apply
set-union
(map
(lambda (i)
(if (last-item? i)
(set)
(let ((ss (assq (next-symbol i) firstsym-alist)))
(if ss
(cdr ss)
(set)))))
items)))))

(define (automaton-start-items
firstsym-alist firstitems-alist beg-item)
(automaton-state-closure
firstsym-alist
firstitems-alist
(set beg-item)))

(define (automaton-next-items
firstsym-alist firstitems-alist items sym)
(automaton-state-closure
firstsym-alist
firstitems-alist
(map
next-item
(filter
(lambda (i)
(and
(not (last-item? i))
(eq? (next-symbol i) sym)))
items))))

(define (automaton-next-symbols item-set)
(let loop ((item-set item-set) (s (set)))
(if (set-empty? item-set)

s
(let ((i (set-first item-set)))
(Loop
(set-rest item-set)
(if (last-item? i)

?set—add s (next-symbol i))))))))
(define (alloc-state-gen)
(let ((last-state -1))
(lambda ()

(set! last-state (+ 1 last-state))
last-state)))

(define (make-automaton start-symbol item-set)
(let* ((top-symbol ’top)

(beg-item (item top-symbol ’() (list start-symbol)))
(end-item (item top-symbol (list start-symbol) ’()))
(item-set (set-add item-set beg-item end-item))
(firstitem-set (filter first-item? item-set))
(firstsym-alist (make-firstsym-alist firstitem-set))
(firstitems-alist (make-firstitems-alist firstitem-set))
(alloc-state (alloc-state-gen)
(start-state (alloc-state))
(start-items (automaton-start-items

firstsym-alist firstitems-alist beg-item))

)
(let state-loop ((state-alist
(list (cons start-items start-state)))
(fresh-states (set start-state))
(transitions ’()
(if (set-empty? fresh-states)
(list
state-alist
transitions



(map
(lambda (p) (cons (cdr p) (filter last-item? (car p))))
state-alist)
start-state
end-item)
(let* ((state (set-first fresh-states))
(items (car (rassoc state state-alist))))
(let symbol-loop ((state-alist state-alist)
(fresh-states (set-rest fresh-states))
(symbols (automaton-next-symbols items))
(trans ’())

(1t)

(define (string-cmp a b 1t eq gt)
(if (string<? a b)

(if (string>? a b)
(gt)
(eq))))

(define (record-cmp a b 1t eq gt)
(string-cmp (record-name a) (record-name b)

(lambda () (list-cmp (record-fields-ref a)

(if (set-empty? symbols)
(state-loop
state-alist
fresh-states
(cons (cons state trans) transitions))
(let* ((sym (set-first symbols))
(next-items
(automaton-next-items

gt))

(define
(cond

(record-fields-ref b)
1t eq gt))

(define (elt-cmp a b 1t eq gt)

(type-string obj)

firstsym-alist ((nu1l? obj) 0)
firstitems-alist ((boolean? obj) 1)
items ((number? obj) 2)
sym)) ((symbol? obj) 3)
(p (assoc next-items state-alist)) ((char? obj) 4)
) . ((pair? obj) 5)
(let ((next-state (if p (cdr p) (alloc-state)))) ((string? obj) 6)
(S%T?Ol—loop ((vector? obj) 7)

i - s
state-alist ((record? obj) 8)

cons
(cons next-items next-state)

state-alist) (eq)
(if p
fresh-states
(set-add fresh-states next-state))

(set-rest symbols)

(cons (cons sym next-state) trans)))

NN
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(else (error "elt-cmp:unknown type" obj))))
(if (eq? a b)

(number-cmp (type-string a) (type-string b)
1t

(lambda ()
(cond

((boolean? a) (boolean-cmp a b 1t eq gt))

((symbol? a) (symbol-cmp a b 1t eq gt))

((char? a) (char-cmp a b 1t eq gt))

((vector? a) (vector-cmp a b 1t eq gt))

((pair? a) (pair-cmp a b 1t eq gt))

((number? a) (number-cmp a b 1t eq gt))

((string? a) (string-cmp a b 1t eq gt))

((null? a) (eq))

((record? a) (record-cmp a b 1t eq gt))

(else (error "elt-cmp:type-string:unknown type" a))))

gt)))

(define (elt-eq a b)
(elt-cmp a b (lambda () #f) (lambda () #t) (lambda () #f)))

Joogn

(define (set

;; set api

. elts)

(list->set elts))

gboboboobogn
goobooboooboogn

00 item OO
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(define (list->set elts)
(if (null? elts)
)

O
(let ((med (car elts)))

;; set package

(set-empty? SET)
(set-has? SET ELT)
(set-contain? SET1 SET2)
(set-size SET

(set ELT...)
(list->set LIST)
(set-add SET ELT...
(set-del SET ELT...

N2

(set-union SET...)
(set-subtract SET SET...)
(set-intersect SET SET...)

(set-first SET)
(set-rest SET)

(define (set-add s
(set-union s (list->set elts)))

(define (set-del s

(let loop ((smaller ’()) (bigger ’()) (rest (cdr elts)))
(if (null? rest)

(append!
(list->set smaller)
(list med)
(list->set bigger))
(elt-cmp (car rest) med

(lambda ()

(loop (cons (car rest) smaller) bigger (cdr rest)))
(lambda ()

(loop smaller bigger (cdr rest)))
(lambda ()

(loop smaller (cons (car rest) bigger) (cdr rest)))))))))

. elts)

. elts)

(set-subtract s (list->set elts)))

;3 comparing system

(define (set-union .

(define (boolean-cmp a b 1t eq gt)
(if a
(if b (eq) (gt))
(if b (1t) (eq))))

(define
(con

sets)
(union s1 s2

d
((null? s1) s2)
((null? s2) si1)

(else

(define (symbol-cmp a b 1t eq gt)
(if (eq? a b)
(eq)
(string-cmp (symbol->string a) (symbol->string b) 1t eq gt)))

(define (char-cmp a b 1t eq gt)
(number-cmp (char->integer a) (char->integer b) 1t eq gt))

(define (vector-cmp a b 1t eq gt)
(list-cmp (vector->list a) (vector->list b) 1t eq gt)) (define

(define (pair-cmp a b 1t eq gt) (cond

(elt-cmp (car a) (car b)

1t
(lambda () (elt-cmp (cdr a) (cdr b) 1t eq gt))
gt))
(define (number-cmp a b 1t eq gt)
(if (< a b)

1t

(if (> a b)
(gt)
(eq))))
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(let loop ((s ’()) (sets
(if (null? sets)

(define (set-subtract s .

((null? si)
((null? s2) si)
(else

(elt-cmp (car s1) (car s2)

(elt-cmp (car s1) (car s2)

(car s1) (union (cdr si1) s2)))

(car s1) (union (cdr s1) (cdr s2))))
(car s2) (union si (cdr s2))))))))
sets))

(cons
(cons
(cons

(lambda ()
(lambda ()
(lambda ()

?loop (union s (car sets)) (cdr sets)))))

sets)
(subtract s1 s2)

()

(lambda () (cons (car s1) (subtract (cdr s1) s2)))
(lambda () (subtract (cdr s1) (cdr s2)))
(lambda () (subtract si (cdr s2)))))))

(let loop ((s s) (sets sets))
(if (null? sets)

?1oop (subtract s (car sets)) (cdr sets)))))



(define (set-intersect s . sets)
(define (intersect si s2)
(cond
((null? s1) s2)
((null? s2) si)
(else
(elt-cmp (car s1) (car s2)
(lambda () (intersect (cdr s1) s2))
(lambda () (cons (car s1) (intersect (cdr s1) (cdr s2))))
(lambda () (intersect si (cdr s2)))))))
(let loop ((s s) (sets sets))

(if (null? sets)
s
(loop (intersect s (car sets)) (cdr sets)))))
(define set-empty? null?)

(define (set-has? s e)
(if (null? s)
#f

(elt-cmp (car s) e
(lambda () (set-has? (cdr s) e))
(lambda () #t)
(lambda () #£))))

(define (set-contain? s1 s2)
(cond

((null? s2) #t)

((null? s1) #f)

(else

(elt-cmp (car s1) (car s2)

(lambda () (set-contain? (cdr s1) s2))
(lambda () (set-contain? (cdr s1) (cdr s2)))
(lambda () #£)))))

(define set-size length)

(define (set-first s) (car s))
(define (set-rest s) (cdr s))
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;3 environment

(define (env-empty)

(lambda (var) (error "undefined variable." var)))
(define (env-extend env var val)

(lambda (v) (if (eq? v var) val (env v))))
(define (env-ref env var) (env var))
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(define (assoc-cps e 1 succ fail)
(let ((p (assoc e 1)))
(if p
(succ p)

(fail))))

(define (filter f 1)
(if (null? 1)
)

(if (f (car 1))
(cons (car 1) (filter f (cdr 1)))
(filter f (cdr 1)))))

(define (filter-cps f 1 k)
(if (null? 1)
(x>0 *0)
(if (f (car 1))
(filter-cps f (cdr 1)
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(lambda (t1 f1) (k (cons (car 1) tl) f1)))
(filter-cps f (cdr 1)
(lambda (t1 £1) (k t1 (cons (car 1) £1)))))))

(define (last 1)
(if (null? 1)
>

(let loop ((1 1))
(if (null? (cdr 1))

1
(Loop (cdr 1))))))

(define (rassoc a 1)
(if (null? 1)

#f

(if (equal? a (cdar 1))
(car 1)
(rassoc a (cdr 1)))))

(define (append! . args)
(if (null? args)
>
(if (null? (cdr args))
(car args)
(let ((anchor (list ’dummy)))
(let loop ((lastcell anchor) (args args))
(set-cdr! lastcell (car args))
(if (null? (cdr args))
(cdr anchor)
(loop (last lastcell) (cdr args))))))))
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(define (str-split str ch)
(let end ((i (string-length str)) (1 ’()))
(let beg ((j 1))
(cond
((= j 0) (cons (substring str j i) 1))
((char=? (string-ref str (- j 1)) ch)
(end (- j 1) (cons (substring str j i) 1)))
(else

(beg (- j 1)))))))

(define (str-join 1st ch)
(define (f ch 1)
(if (null? 1) ’() (cons ch (cons (car 1) (f ch (cdr 1))))))
(apply string-append
(car 1st)
(f (string ch) (cdr 1st))))

(define (sym-split sym ch)

(map string->symbol (str-split (symbol->string sym) ch)))
(define (sym-join 1st ch)

(string->symbol (str-join (map symbol->string 1st) ch)))

(define (sym-append . syms)
(string->symbol (apply string-append (map symbol->string syms))))
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