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HI T MRS M B2 HAC AR, PRIHARXME N e s 4 Hh I o Lo (/0
— M IIRERITA MR 1Y, AR R IR oA AR, i A SR EA]
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b Jrlik BT (token ), GBS . WA LM IEIRA . Qe sRAE, LUK
frp At B R B 25 A AN P R R I T I SR AR 5

Monkey RIZIES IR ES
SRR R SR — R B 7 SO S — T 1S Sy 2t
VAT R AR B RS — 1 TR 5 U — AR o A

RN P BT AR (0 50 Monkey., 1L WA BIRGHIGHE, Holk—9e
BRSO A

Monkey EA7 LU T Fe:



B 5 vii

Q 2K Cifik

o g

Q S HAR A R A

0 FARFREA

Q WERE

O K5 pREURN = PR
o Mt

Q PR R EdRS

O BB AEL
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TE Monkey HH 6 (E AN 24 BRIV LT
let age = 1;

let name = "Monkey";
let result = 10 * (20 / 2);

B TR A RBURF A5 H, Monkey flRREge A AR B MG A 26, T T /R AN
AP — AR G 2 B — 24k L

let myArray = [1, 2, 3, 4, 5];

THGE AR, P RERBEET TR
let thorsten = {"name": "Thorsten", "age": 28};
T R G I FRIB DT EE AE A R P TR

myArray[0] //=>1
thorsten["name"] // => "Thorsten"

Let EA]IE A] LI HIREBE BRI AR, N TR B AH AN —> pR AL

let add = fn(a, b) { return a + b; };

Monkey AMUZHF return 4], W ZFFREGRIEE, XEWE 0T LA return:
let add = fn(a, b) { a + b; };

T ] BREAR TR 5

add(1, 2);

THEE—NE— S RE fibonacci, B2xiR PIZE IR AN IYES n I
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let fibonacci = fn(x) {
if (x == 0) {
0
} else {
if (x == 1) {
1
} else {
fibonacci(x - 1) + fibonacci(x - 2);
}
}
};

HERE, fibonacct PRI T A B,

Monkey I HF—2RHFIRATREL, BB eREL . XK AU HAL R BC 28,
TR
let twice = fn(f, x) {

return f(f(x));
}s

let addTwo = fn(x) {
return x + 2;

}

twice(addTwo, 2); // => 6

X HY twice 52 TINS5 PA%K addTwo FE&%L 2, X BECASIA T addTwo
Wi, SB—IKLL 2 BRI — IR IR B A S8 Bda— 1R el 455 6.,
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1.1 =@iEsth

N T ERIRAEITSCE , FAl 17 2O e O 5 Ui IR . fedfiae b, IR
WAR SR TIREE D) TAL B . (FURANRAE— ) it = R A X PRS2 7
— VR RETE FORARE, BB AT T .

N TR, 2O AR A S T AR A HAORUL, 7Rt
PSRAELZAT, 5 2 PR IS A IE L, anlEl 1-1 fs.

IR —W kR G IETER]

|

B — U FH IR T 4 B TR A L WO TREE BT, AN R IR 3 #T . 1l
iR A I RARIRE B T A AR ES (tokenizer ) B 333 =S (scanner ), A LETER X LR
EFRNEAT N A M ZEN R, (HefERThEE— R,

VR BRI/ . 5 TR B3R . B G AL iss. 15 IR
Hefforp TEEAT AR 2R BT A S B T

KRBT XA TEESTE A -

"let x =5 + 5;"

HA S R s

[

LET,
IDENTIFIER("x"),
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EQUAL_SIGN,
INTEGER(5),
PLUS_SIGN,
INTEGER(5),
SEMICOLON

]

ST X T PRGBS TR AR R IE S LET Bl A9 2 let; PLUS_SIGN
AR ISR+, DAEHE, Y IDENTIFIER 1 INTEGER Ly T HAAK(E . INTEGER
BT BB 5 (AR FAFHR"5" ); IDENTIFIER R B2 74T R "X o ARl s 4
ARSI A B TR BT T IX ) B, FESeia) ks A g A AT I B R S S
B B A 20 A5 ER 5 R O R, T B R R AL i TRIVE BT Y I A

XA — ST EE R, IR RS A A SR RIRE G, X
[, DHoATE Monkey 15 WY, 45 R BEXH OIS & SCBEA 2, U T 78 4 Hoftbin)
RITIIRAT . KRB T IS

let x = 5;
PR ACHS ) & 5 T AR TR -
let x = 5

1 Python ZEHAMEFH, 25 AR B S CI& L o X ERE HLAHAE 1T 4%
e B 2 U AR R T AT, 0K e oA L BROT . Z R TR T aR s Ab
PCSERk RO, A TRE & X, AR H AR AN G BRI B A

HA S RE M IRE T 258 vT LKA TS 315 A1 Sc -2 B #iel ks, X
ZABCR R T A S T AR A A B B A RS TE S . Bilan, AHEE T error:
expected semicolon token", T [HiX a5 B B 140 .

"error: expected semicolon token. line 42, column 23, program.monkey"

AR FRSTEX T AL G T1, AR I X (5 BARMRET, 12 K ik 2
A Wb e oy S | D7 Tty 1= 03 ) 1 =1/ S | B39
1.2 TENXIEZEETT

T CE AR S SO A B s B IRE BT, 1 U DRI T, 2
JEAEY FETRIE ST AT an B PR N BE 2 15 S

S —URES#EATHY Monkey 18 5 ICHS 81 R IR
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let five = 5;
let ten = 10;

let add = fn(x, y) {
X +y;

};
let result = add(five, ten);

KIEMBER, XTSRRI iR ot 1H5G, £ 5 A 10 XFEAYEL
T, X E; ZEE x. y. add Al result XFERAS RS, . F /5 Monkey i 5 Hid
A—serpign], AR T WA R RS, i let Ml fn, M58, BARZFHKT
fF, e ) 4 =0, e

ey I VR G R R T =108 LI v S R e L 142 0 S B d S R oV
R, BOARER 5 b2 10 AT R, HERNEE Rt 2
AR, #EE—HERRA . BRIt INEA —Se i, FERGIR AR
AR, LR R T, dUE Monkey 5 BY—HRr . R HIETRIE T B B et
B fn EEERYSCHE P, ERRRRALEE, PrLLENTARE SRR N —2K . Ba ik
IRTAFUL L s ok, o NRRR P AR A A RO A 255X, e Ui,
TS 2R ) 35 SO HEAR R

FEF XL T, IR E X Token B4ttt . B R ZMPLe 2B g 1EANNIRIAE 3
1), HERE—NIAEME, XFEnT LAX Sy R M AR5 XA IR
HIG, RIFEFE R TRFE T T, DMEFSUPREM, it
TFRREFEIREIG, XAFEHREICSR 5 3 10 XFEAE R

Hrit—A~ token £, PUfHEE L Token 2541 TokenType 27 .

// token/token.go

package token

type TokenType string

type Token struct {

Type TokenType

Literal string

}

TokenType ZEAIE U T FAF R, XAHEFRATER AT MEH A F TokenType fH, it
P TokenType EfE X AN FIZEAR G IRIE BIT, AT BRI WA T, Skl
Ay, MTCATFE V2R B pR g, RN FTED—ANFAr s RInT . M5k, 58
HI int 5% byte ZREUMI L, (i FHFAF R & FEERFAEMERE DAL . EXTFARBMm S,
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A R S8 AT [

MRIRIEGSTHRT LB, Monkey Hi & G IRE 2K R % . K REbRA 7T
LIS BTAT 1 TokenType #55E SCWHF Ik, BT LI RRAD oA LR ML T %

// token/token.go

const (
ILLEGAL = "ILLEGAL"
EOF = "EOF"

K e

/] MRS+ FEE
IDENT = "IDENT" // add, foobar, x, y, ...
INT = "INT" // 1343456

/] B
ASSIGN = "="
PLUS = "+

/1 rTasF
COMMA ,
SEMICOLON = ";"

LPAREN
RPAREN
LBRACE
RBRACE

A -~

EY T
FUNCTION = "FUNCTION"
LET = "LET"

)

WARIEL, RS A B BT ILLEGAL 1 EOF 33X PR FIAGaREET . X P Ffe sy
TEZ BT R BRI RA B E], R /DR, TLLEGAL 267518 3| R A A% BT
FLF, EOF MIFRSob45 2 (End Of File ), FH TG 20815 23 A B T o
E=HL,

FAG— VORI A 04 0 5 B ST
1.3 EixSh=R
FEFFIRRE RIS AT, S TIRACIH bR, 2EA T, JRIPHER S I SRS

TR IRACRS AN A, I B TR BT . 13k Ml 2l Dy s A B9 7
R, ARG A IR AL ST, XA FERECAUH B Z b X, I RAF R IE
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B8

BT, HosHF—A20 NextToken ()7 K i i —MMalik o,

WYL, R ra IR )5, S HrhE ] NextToken(), &
AR 7 PSR AR Rl A BT . X B PRI 2 R e, T LA 25
AL A FRRERIE, FEAE IR, O SCUE A TS MRk oo, LA
e ST G b B T 6 ) A IR A T R R AE T A T R DR . FERXFMELLS Rl
io.Reader fill_F3CHEZ R IRLIRIE 234 a% o (HPON IS es g iz 2 v, T LA L
MFRTEALE T, AP RN A, 2SR AT

Zo3L X BEOMT, IR TS AR S AR 28 1o TORBIE— IR S 3 F
e — AN AR IR, DRIBGATE S as AT TARRESE B X
IR ELALAE T, o B AR o A DR 5835 , NI Bz -

// lexer/lexer_test.go

package lexer

import (
"testing"

"monkey/token"
)

func TestNextToken(t *testing.T) {

input :="=+(){},;"

tests := []struct {
expectedType token.TokenType
expectedLiteral string

H
{token.ASSIGN, "="},
{token.PLUS, "+"},
{token.LPAREN, "("},
{token.RPAREN, ")"},
{token.LBRACE, "{"},
{token.RBRACE, "}"},
{token.COMMA, ","},
{token.SEMICOLON, ";"},
{token.EOF, ""},

}

1 := New(input)

for 1, tt := range tests {
tok := 1.NextToken()

if tok.Type != tt.expectedType {
t.Fatalf("tests[%d] - tokentype wrong. expected=%q, got=%q",
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i, tt.expectedType, tok.Type)
}

if tok.Literal != tt.expectedLiteral {
t.Fatalf("tests[%d] - literal wrong. expected=%q, got=%q",
i, tt.expectedLiteral, tok.Literal)

¥
BAE RIS E 2RI, TR R 2 S AR AT S P

$ go test ./lexer

# monkey/lexer

lexer/lexer_test.go:27: undefined: New
FAIL monkey/lexer [build failed]

G, X New()pR%L, HIPki[Hl*xLexer,

// lexer/lexer.go
package lexer

type Lexer struct {
input string
position  int // FHIAFH &P SaTLE (J5@ i F4)
readPosition int // FIAFH S PR L ATERIEE (AL T FHZEH—AFF)
ch byte // ST EEE A FH
}

func New(1input string) *Lexer {
1 := &Lexer{input: input}
return 1

¥

Lexer "R ZHFEBARZE 53, 1H position Fl readPosition & LrfEIEA
IR, PRI LUVER S IRVI] input HHAYSAF, 4N 1. input[1. readPosition],
X Z Fr LB “H8EE" RAR M T AR AT E, SR IR AR T A YR
THE, BT W TR, MERTAR T 745, readPosition
RZAR M T AFAF R T —A" F4F, position WHE I AT ch
FARBLI T

MBI 7152 readChar(), RN SE B LE B T

// lexer/lexer.go

func (1 *Lexer) readChar() {

if l.readPosition >= len(1l.input) {

l.ch =0
} else {
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1.ch = 1.input[l.readPosition]
}
l.position = l.readPosition
1.readPosition += 1

}

readChar 1 H AJZEEHL input AN —F4F, JFRTREHAE tnput HHIYAE , iX
AR — S B A BB T A FA tnput B WS, K 1.ch 28 H 0,
XJE NUL EAF ASCIL 4, HRFER “HMARIBEBUEMINZ" o “SCHE5R” . i
WAEE input IRE, WP 1. ch E N T —154F, B L. input[1. readPosition]
FE I A

ZJ5, ¥ L.position BH MMM 1. readPosition, #X/54#F 1. readPosition
i LoixXBE—%, 1. readPos ition BLIAZAR ] F — AR HUH 450 &, 17 1. position
URZHE ] NI RIE B B XA I 20k .

FEiR%] readChar B, {HASHEHAYIE, ZIAEMT AR ASCILFAF, ANfE
XHFIA R Unicode F4F. X AMULE R T iEFAERIFRE L, (EIRATRE L1 T
BB LRIT Sy . AR B S84 % FF Unicode Il UTE-8, K L. ch U255 byte X
M rune, [RIBHEZEBEEICN — MR BRI AT RE M 2705, BT
L. input[1l.readPosition PR JCIE TAE. BRibZ4h, dF B Hib—t /5 mai4
MIIT AR AL, X BURE/E Monkey W4T SCHF Unicode IR AT 51E %k~ B 451504
ReSEHL

1E New( ) REX A {# ] readChar, #J454k L.ch. 1.position A1 1.readPosition,
PMEFEVH ] NextToken( ) Z il *Lexer 5E4 4 :

// lexer/lexer.go

func New(input string) *Lexer {

1 := &lLexer{input: input}
1.readChar()

return 1

}

B TR S LB, VA New( input) G —WIIEH , (HIEIR G/ NextToken( )
Fridee R APGE SIS — ) NextToken () e ffPix A4~ [m] R .

// lexer/lexer.go
package lexer

import "monkey/token"
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func (1 *Lexer) NextToken() token.Token {
var tok token.Token

switch l1.ch {

case '=':

tok = newToken(token.ASSIGN, 1l.ch)
case ';':

tok = newToken(token.SEMICOLON, 1l.ch)
case '(':

tok = newToken(token.LPAREN, l.ch)
case ')':

tok = newToken(token.RPAREN, 1l.ch)
case ',':

tok = newToken(token.COMMA, 1l.ch)
case '+':

tok = newToken(token.PLUS, 1.ch)
case '{':

tok = newToken(token.LBRACE, l.ch)
case '}':

tok = newToken(token.RBRACE, 1l.ch)
case 0:

tok.Literal = ""
tok.Type = token.EOF
}

1.readChar()
return tok

I

func newToken(tokenType token.TokenType, ch byte) token.Token {
return token.Token{Type: tokenType, Literal: string(ch)}
}

e NextToken( ) ik FEARZEM . &l Jokd T 40T IEAEE B AT L.ch,
FRYE AR A A AR [B1 5 07 FR A1 BAE . A6 IR 1R AT 2Z /T, A T ATk A 7245 H
M85 SRR, T L2 )5 BRR VR NextToken( )BT, U.ch EBR O & E B 7. &5,
£ ° newToken FY/NE pRECRT IS By i Ak ik e inlik B

AT, ] LA B i

$ go test ./lexer
ok monkey/lexer 0.007s

RAr ! AR i, LEIFF IR 03 Monkey ALY :
// lexer/lexer_test.go
func TestNextToken(t *testing.T) {

input :="let five = 5;
let ten = 10;



let add

1.3 @EDH

= fn(x, y) {

X +Yy;

b

let result = add(five, ten);

tests := []struct {

H

/7 1...]

expectedType token.TokenType
expectedLiteral string

{token.LET, "let"},
{token.IDENT, "five"},
{token.ASSIGN, "="},
{token.INT, "5"},
{token.SEMICOLON, ";"},
{token.LET, "let"},
{token.IDENT, "ten"},
{token.ASSIGN, "="},
{token.INT, "10"},
{token.SEMICOLON, ";"},
{token.LET, "let"},
{token.IDENT, "add"},
{token.ASSIGN, "="},
{token.FUNCTION, "fn"},
{token.LPAREN, "("},
{token.IDENT, "x"},
{token.COMMA, ","},
{token.IDENT, "y"},
{token.RPAREN, ")"},
{token.LBRACE, "{"},
{token.IDENT, "x"},
{token.PLUS, "+"},
{token.IDENT, "y"},
{token.SEMICOLON, ";"},
{token.RBRACE, "}"},
{token.SEMICOLON, ";"},
{token.LET, "let"},
{token.IDENT, "result"},
{token.ASSIGN, "="},
{token.IDENT, "add"},
{token.LPAREN, "("},
{token.IDENT, "five"},
{token.COMMA, ","},
{token.IDENT, "ten"},
{token.RPAREN, ")"},
{token.SEMICOLON, ";"},
{token.EOF, ""},

og
=<
=1=]

| 9
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ER, BAEDSHGh T input KR T781E, FEREIE Monkey i 5 HT4E
EANMUELE A E RSN BITHIAT S, A —SEF N, WARRAT. %
BT XL A A2 IR

SEALIARRAF FOCHE T o X TX I, ko e s 2 FON Y I EA R o 70
WA, AT B bR IR A OB TR A oy, ELE DA R4 b o 132
AR EAF A 2 )5, T EHIWrE B AR AT IR R s 7, DAE e A )
token.TokenType, HHIE—L 2P R switch if4]:

// lexer/lexer.go
import "monkey/token"

func (1 *Lexer) NextToken() token.Token {
var tok token.Token

switch l.ch {
/7 ...
default:
if isLetter(l.ch) {
tok.Literal = l.readIdentifier()

return tok
} else {
tok = newToken(token.ILLEGAL, l.ch)
}
}
/7 [...]

}

func (1 *Lexer) readIdentifier() string {
position := l.position
for isLetter(l.ch) {
1.readChar()
}
return 1.1input[position:1l.position]

}

func isLetter(ch byte) bool {
return 'a' <= ch & ch <= 'z' || 'A' <= ch & ch <= 'Z' || ch == '_'

}

XH) switch AN T —4 default 2332, PRI HZE 1. ch AERTTHE ARSI
FRE, ST AR AERRIRAT T o X IR T HFAE AL token. ILLEGAL TRlYAFRITIY
b, AR B BEAL , R AN HE Al b BE A 745 75 B B R token. ILLEGAL
FA IR BTG
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i
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Il

isLetter Sl sREUTIRFIWT A E RIS BUE T N 7 RE . (ERRERRR, X eREUR
KB, (HESCER, HHUE TiRa et BpiE =E . s b a8
ch =='_", XEWE TRIZ P NTEE, ARVFEPMRFFFSCHE . R nT
LU BN foo_bar Z RS EEA, . HAt AR 5 5L 2 SR VF7EARIRAT Hh ) 5 F gk
WS o AR EEE WA A, AN LMEHX A isLetter AL,

readIdentifier( )REUIIA E L, LA —MRIRAF I AR 1 M g 14
i, B3R

1E switch iB5A)( default 2r 3, f#i1] readIdentifier( ) 1 YHiTialkHIT
B Literal FBt, {H Type b %A 4bH, BL7E let. fn ol foobar Z ZEMIFRINATE 28k
BEH, T BN E T B G RU  E PRIEAF X ARk, AR 28—~ R Bk S B
A iR AT R R P E AR Y TokenType. ¥R I R S 3G [ HL ) & 7E token
i,

// token/token.go

var keywords = map[string]TokenType{
"fn": FUNCTION,
"let": LET,

}

func LookupIdent(ident string) TokenType {
if tok, ok := keywords[ident]; ok {
return tok

}
return IDENT
}

LookupIdent if i A5y SCH T R FIWT 45 AP U B A 2 s . I, T
IR MIOCHEF ) TokenType o WRAJE, WER[E token. IDENT, X~ TokenType
7N YRR P E AR

A TIXEE, AR AT R SE PR AT R SCHE T B I T T
// lexer/lexer.go

func (1 *Lexer) NextToken() token.Token {
var tok token.Token

switch l.ch {
/7 ...
default:
if isLetter(l.ch) {
tok.Literal = l.readIdentifier()
tok.Type = token.LookupIdent(tok.Literal)
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return tok
} else {
tok = newToken(token.ILLEGAL, l.ch)
}
}
/7 ...

I

X HEFTEH return tok iAJHERTIR Y, FOMTEVEH readIdentifier( )& EE
W readChar(), Jf¥ readPosition Fl position BRI R Y BiARIFAF G —
NFERFZIG, LA AHE G220 switch i8] h A readChar( ).

BAEIZITI, PTUAE B let BEHIRG] T, (HZMHAR 00 .
$ go test ./lexer
--- FAIL: TestNextToken (0.00s)

lexer_test.go:70: tests[1l] - tokentype wrong. expected="IDENT", got="ILLEGAL"
FAIL

FAIL monkey/lexer 0.008s

(AR AR —MAEHATT b ST IDENT falik T, H Literal FEOPZ
five, TIXHAFEIA)ZE ILLEGAL (i Mo, MBLXFMEILEN N let Ml five ZIHA

ZEHTAF . AE Monkey 5, 28 A FAHUI A TR 0 BRAT, BT X,
PR ZE A RS BB 25 1

// lexer/lexer.go

func (1 *Lexer) NextToken() token.Token {
var tok token.Token

1.skipWhitespace()

switch l.ch {
/7 [...]
}

func (1 *Lexer) skipWhitespace() {
for L.ch == ' ' || l.ch == "\t'

[l L.ch == '"\n' || l.ch == '\r' {
1.readChar()

}
¥

ARZ I3 W e A XA PR B R L, EAIIFRCN eatWhitespace, A HIFKN

consumeWhiteSpace, A Z5EEARFIZAFR. XA PRECEEFREkT B4R P 2L

ST S AT . GIANTERSEE F RS D, SO AT R A E ST, iR

ENATERRE IR A ERACE, SUE AT iR, A BB A B A TR,
SN T AR T T BT IR
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Il

WINT skipwhitespace( )&, A ERIFENIAACIS T let five = 559 5
X, 2R, AT EHE AN BRI B A iR T, BRI I AN T RE

R Z AR IFRIRATARRE . BIAERT2AE switch H/AJAY default 73 Hhisinei £

// lexer/lexer.go

func (1 *Lexer) NextToken() token.Token {
var tok token.Token

1.skipWhitespace()

switch l.ch {
/7 ...
default:
if isLetter(l.ch) {
tok.Literal = l.readIdentifier()
tok.Type = token.LookupIdent(tok.Literal)
return tok
} else if isDigit(l.ch) {
tok.Type = token.INT
tok.Literal = 1.readNumber()

return tok
} else {
tok = newToken(token.ILLEGAL, 1l.ch)
}
}
/7 [...]

}

func (1 *Lexer) readNumber() string {
position := l.position
for isDigit(l.ch) {
1.readChar()
}
return 1.input[position:1l.position]

}

func isDigit(ch byte) bool {
return '0' <= ch & ch <= '9'
}

MR RT LU B, WIS i i AR L T i BObR TR A A OGS S ARG AR AR
readNumber 575 readIdentifier JLF-SEAHIA, B T HA# HKZ isDigit MiA
& isletter, 48K, WrJLIAJE—" characteridentifying pREL[AIA AL B F A G
e, AT RS S TEAR, X B2 AR
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isDigit FRELY isLetter —#EfjHL, FURRINIE AN ETG N Latin FA74EH
0 1 9 Z [l AL

amse s, MhSEheE 1

$ go test ./lexer
ok monkey/lexer 0.008s

PRIBETREES], readNumber "Hffjfk TIRZACH? & HEEIRBCGEEL, Z0E TIF M
B, o, \EGIEL, XA E RS Monkey i ::TEE PSR, AR, XA
R IR A T EeAH K, FTRIRRE T N & L

BAERTAPRAL T, FA ISR 51 ) — Bt Monkey 1575 UL 117
LT
A TEUNER], BREAR A ik A d, SRAfAT B 22 19 Monkey U .

1.4 ¥ RiEiEBETHiEiEs s

R T R UG S BRI e i T B E 2 B S E 2 Bk, TR R iRE T
v, LM 289 Monkey AUAS -4 tH 3 2 TR oT . IR TR BB I f==, !,
1=, -, /. *, <, >HIZEHF true, false. if. else fll return B33,

e SN R AN BT RS BT ] DL g DL A SRR RIE BT (1)
=), BFFHRERIT (fln==) FOCET R HIT (Bl return ), BEC 25041
T AR PR A AR A IIA BT, BT LA S PRl , 2 )5 PRI
TP AFIIE H

WXy - /0, <FI>H SRR, MR, HSZai—ME, H—FFEkE
lexer/lexer_test.go H BRI HH 1 B ARSI SLF4F . H3MNA BB tests &,
TEAEE RN B ARG T ] DLAR B RIS 1Y tests 260 0 T A b i EA 8 IR A 1
ARTEJG L NS tests £

// lexer/lexer_test.go

func TestNextToken(t *testing.T) {
input :="let five = 5;
let ten = 10;

let add = fn(x, y) {
X +y;

¥
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let result = add(five, ten);
!-/*5;
5 <10 > 5

/7 1.0

}

EE, RERXAMABRRRGIE—BEH Monkey JRU, [HIZSPR AL
WATIFBRA TS, Nt -/*5 XHERELE . AEER, AT ARt
U AE X . BEmisTT, s ABARIR, REHERREMBARES . ik
e AR A S o ik ST, I, Sk o B 4 5 Aok A s 491
i CTATRE T, I Hibsl5 ] ik oo B 22 —HR . SUPR B IIASGE
B BATRIRLBE . 2 B AT AR A XU AT A BRI AR A
L EIRER

BATZMRA S ENFZ undefined: 5%, PRAIIHAAL & XK E X TokenType Ky
I R T fRPGXSE[R] @, 7 2EAE token/token.go VR ITLL T8 2

// token/token.go

const (
/7 ...

/] EHF
ASSIGN
PLUS
MINUS
BANG
ASTERISK
SLASH

N rT oL

LT =
GT = "5

/7 1...]
)

SRR E RIS, INAIR R, R AT IR [R1H A T TokenType Y]
LI,

$ go test ./lexer
--- FAIL: TestNextToken (0.00s)
lexer_test.go:84: tests[36] - tokentype wrong. expected="!", got="ILLEGAL"
FAIL
FAIL monkey/lexer 0.007s
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T iEMGE R, AT EAEM Lexer H NextToken( ) HLIHIAY switch 4]
// lexer/lexer.go

func (1 *Lexer) NextToken() token.Token {
/7 [...]
switch l.ch {
case '=':
tok = newToken(token.ASSIGN, 1l.ch)
case '+':
tok = newToken(token.PLUS, 1l.ch)

case '-':
tok = newToken(token.MINUS, l.ch)
case '!':
tok = newToken(token.BANG, 1l.ch)
case '/':
tok = newToken(token.SLASH, 1.ch)
case '*':
tok = newToken(token.ASTERISK, 1l.ch)
case '<':
tok = newToken(token.LT, l.ch)
case '>':
tok = newToken(token.GT, 1l.ch)
case ';':
tok = newToken(token.SEMICOLON, 1l.ch)
case ',':
tok = newToken(token.COMMA, 1.ch)
/7 [...]
}

XTI T H R ATT, JEEXT switch A& T T HHHEE, L
5 token/token.go M1 H AN . A T XA/NVNFE S, TR T

$ go test ./lexer
ok monkey/lexer 0.007s

WG I A AR IR IR, RIS Y S true, false, if,
else fil return,

[IRE, SHE— ey RIS A, TSI SE B s -, 1 I J& TestNextToken
i input FAEERI S :

// lexer/lexer_test.go

func TestNextToken(t *testing.T) {
input :="let five = 5;
let ten = 10;

let add
X +Yy;

fn(x, y) {
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b

let result = add(five, ten);
!-/*5;
5 <10 > 5;

if (5 < 10) {
return true;
} else {
return false;

/7 1...]
}

P DU B RS SR PR B WS IO B s R S D, PRI ek i, N T
PR S XA (), 5 BEAS IR (A8 o T2 R 00, 75 SR SR S in 2]
LookupIdent ()i CEEFZRT .

// token/token.go

const (

/7 ...
/] XHEF
FUNCTION = "FUNCTION"
LET = "LET"
TRUE = "TRUE"
FALSE = "FALSE"
IF = "IF"
ELSE = "ELSE"
RETURN = "RETURN"

)

var keywords = map[string]TokenType{

"fn": FUNCTION,
"let": LET,
"true": TRUE,
"false": FALSE,
"ift IF,
"else": ELSE,

"return": RETURN,
}

GERIE, AMGEHBEE X R E LR RGN T gisR, Mhdmd 1

$ go test ./lexer
ok monkey/lexer 0.007s

I SR BUAE AT AUIET O SCHE T 1, P B, IRA S st REAR 25k
o MR LAS—T, RAMEASREF!
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(ERAEIEAS 2 BB T ae 2 00, B0 RaA ey, AR
B R A A R A IR BT . TR SRR A IR TR B e e AR TR R R R G == =
X

E—F, IRETRESH . AR switch IEAIHRIETAY case SEIAFEIX A H
FIWE? BT switch BRI HRBZIZE LTS Loeh, SEMILER case WFHZE
RAELE, IR RVHME R case "=="XFEMIE, HIERA 1.ch 5
=2 R TFAFRAEEA LS . AN RE B R INZEUAHT case 154] .

SRR AT LM A, 2RO I 0=01 3N 3 3. BRI, T AR s i —
AT N —DERF, JoE Bk W=, i E==Mk 50T, PR FE lexer/lexer_test.go
R input, BRFEAGACES AN .

// lexer/lexer_test.go

func TestNextToken(t *testing.T) {
input :="let five = 5;
let ten = 10;

let add = fn(x, y) {
X+y;

¥

let result = add(five, ten);
1-/*%5;
5 <10 > 54

if (5 < 10) {
return true;
} else {
return false;

}

10 == 10;
10 !'= 9;
/7 1.
}

TETFERIE T NextToken () FF Y switch B Z R, T E57E *Lexer FE X4 N
peekChar () BB 1%

// lexer/lexer.go

func (1 *Lexer) peekChar() byte {

if l.readPosition >= len(1l.input) {
return 0
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} else {
return 1.input[l.readPosition]
}
}
peekChar()5 readChar()dE# 5L, HIX A RECA LRI 1.position Al
L.readPosition, B HMHEBM—THATH T 17455, AaBafi THiAS
FIFRET IR, XAEEERITE F— VA readChar ()AF 2R B4, KREZHGEZE
B s FETE A o HATIXRERY B eR%k, B ME BLZ AR mIETE — 7450

TEXS AR A 2 R =5 HEATURE 20N, 308 3 PO ME s A 2B A e b i i i
G ZFB I TAREA RERE RS 7

BRI peekChar ()JF , WHA(CILIE JER: ik, B T3 T A5 XAy
ILIIUH R, T E YRS, X AR S
// token/token.go

const (
/7 ...

EQ
NOT_EQ

/7 1.1
)
BT iRl A 2% token . EQ FT token . NOT_EQ A5 | FHJG , BTl <s
EEIR SNIC ISR
$ go test ./lexer
--- FAIL: TestNextToken (0.00s)
lexer_test.go:118: tests[66] - tokentype wrong. expected="==", got="="

FAIL
FAIL monkey/lexer 0.007s

WAE, A brasfeim Al g ==mt, SAIEMA> token . ASSIGN ir]ikHLIT,
MAZ—1> token.EQ THlVEHLIG, fELIT I FHMY peekChar( )ik, f£ switch
WA= SN Ay 30, TR — DA . WR T — ik oo Z=, IBAmts3
fill# token.EQ i)k Hioto token.NOT_EQ i)k It

// lexer/lexer.go

func (1 *Lexer) NextToken() token.Token {
/7 1.1

switch l.ch {

case '=':
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if 1l.peekChar() == '=' {
ch := l.ch
1.readChar()
literal := string(ch) + string(l.ch)
tok = token.Token{Type: token.EQ, Literal: literal}

} else {
tok = newToken(token.ASSIGN, 1l.ch)

}

/7 ...
case '!':

if l.peekChar() == '=' {

ch := l.ch

1.readChar()

literal := string(ch) + string(l.ch)

tok = token.Token{Type: token.NOT_EQ, Literal: literal}
} else {

tok = newToken(token.BANG, 1l.ch)

/7T

}

HE, MR U readChar () Z I, 226 L. ch BAFERFF A . XA
SEFOUWTTFAY, WAL SRR IE e as, LUd NextToken()#Y 1.position #7
l.readPosition PRIEFIEMALIRE . XN BUFEAF B BE Ty AR AL, an SR 27
Monkey i 7 H SCREHE 2 AW EAFIRE BT, WIRNZ 8 H 24 24 makeTwoCharToken 977
FACAL B RS R o %y S e R B SR T OO R TR — A ST
Monkey Ki5t, HFI{H==F =X B BUFERFRE TG, FrLEORRRREE . BLEFRR
BT AR AT 2L

$ go test ./lexer
ok monkey/lexer 0.006s

DRRIEH 8L . AT S T IRE M oS | BUAE LA M 28 ol LA ™ A
TEHATT, B RBE S G TE s 1T o BAEMZ AT, PG TR
SRR T LA

1.5 %5 REPL

Monkey 1% 5 7% REPL, REPL J&3& Read-Eval-Print Loop ( S2H(—R{E—FTENTE
), 1325 ] R M LA TE = WX A U T f#, Python 45 REPL, Ruby A, 45> JavaScript
B TEHEAT, KRZ4L Lisp fF 2 HAhiE S 4 REPL, AR REPL #FR M5 15838
HA, AEESSEARR . REPL MU, H4H &% B Rt ToRAE, SR)E4T
ENfgRtan it , e EHTL, EE CEIRREFTE” XA
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A5 HRTIEBA ZHATAS Monkey PR {EL, RSB TR IRAGHR T AR,
AR Monkey IS FEIRAIAIL SAIT, BT EMAETEING, ATREA4T, 7
HNEBERI A 2 TR

NifE—4~ REPL, FI T Monkey I UFEHUSIRE FoCHR HATEN K .
J&, AT XA REPL, iRIEE S Hr HLRIEDIRE

// repl/repl.go
package repl

import (
"pbufio"
"fmt"
"io"
"monkey/lexer"
"monkey/token"
)

const PROMPT = ">> "

func Start(in io.Reader, out io.Writer) {
scanner := bufio.NewScanner(in)

for {
fmt.Fprintf(out, PROMPT)
scanned := scanner.Scan()
if !scanned {
return
}

line := scanner.Text()
1 := lexer.New(line)

for tok := 1.NextToken(); tok.Type != token.EOF; tok = l.NextToken() {
fmt.Fprintf(out, "%+v\n", tok)
}
}
ST AR, RO A RIS b B, RS — AU, K AR
AT A IR AT S0, SRS 1) oA 26 BRI B, 338 3 EOF .
BAER > main.go UM (ZHT—HIA ), LMELEH AT 3 REPL:

// main.go

package main
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import (
“fmt"
nogh
"os/user"
"monkey/repl"”
)

func main() {
user, err := user.Current()
if err != nil {
panic(err)
}
fmt.Printf("Hello %s! This is the Monkey programming language!\n",
user.Username)
fmt.Printf("Feel free to type in commands\n")
repl.Start(os.Stdin, os.Stdout)
}

A T3, WA LSS E A BRI R IT T

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands
>> let add = fn(x, y) { x +y; };
{Type:LET Literal:let}
{Type:IDENT Literal:add}
{Type:= Literal:=}
{Type:FUNCTION Literal:fn}
{Type:( Literal:(}
{Type:IDENT Literal:x}
{Type:, Literal:,}
{Type:IDENT Literal:y}
{Type:) Literal:)}

{Type:{ Literal:{}
{Type:IDENT Literal:x}
{Type:+ Literal:+}
{Type:IDENT Literal:y}
{Type:; Literal:;}

{Type:} Literal:}}

{Type:; Literal:;}

>>

SER | ISR TT Ifoxh ik Seinl s T A T IR I 00T 1
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5L

2.1 EEDhEs

AR 00 A T REAVT BT AMHT AR, DROACHS A BT AR BOReRY
HHHE, SRR B RIA BT AR A2 B4
HIA SRR RIS G, 15 P R R R —H,
SRR BRI AN L. AR A AR AT RS AR 4
PIRERE. BESERTATG VAR AR TN,

R AR B4, BSEMAT ARERIIESS, A58 X SeAE 557 Xk, 48
BREXAR:

EESMBR AR, A TR ANEIE (BFR R ) M
— BB, B R SRR R R AR R M, AL,
CHBMANG R ENERTHX AT, FERI B PALEEELEERH
EESA BB FET I EINBXIE, M ESN BB FH 57
B 18 E B,

XEFAERE R R AAUR 2 ROAR SRR, X BAMIPRRARE A 5 B 1,
HEL AR B 1R A A TR S !

TR AT R A N 2P oot L BRI 454 . X W SRAR T S, P AR —A>
Bl A . N —B JavaScript fUA5

> var input = '{"name": "Thorsten", "age": 28}';
> var output = JSON.parse(input);
> output

{ name: 'Thorsten', age: 28 }
> output.name
'Thorsten'



> output.age

28

X input FUE—AHSCARA B FATER . LTRG24 Fas(E JSON. parse
PR I B AT %, ARG 193] — output {H . X output BiiE S input X571
Bty , X BJE— JavaScript X[ %, HH & name fil age PAMFEB:, FEAIE
5 input FPIINEXTI . BIAEDTR]) name Fl age FBE, WEnT LARRAAHDAE FHI RS54

PRATRESAR “XANFf 17, Aid JSON fifbir e 5 it = IR L A as R A 2
— IRV BRER A A2 248, HSEBR i —4E, JFEX.

P 2 DTEIREE S FR AR . JSON fHT gt A 1 SCAR R - — S RER R
AN A BEEA o IX W IE SR g R TR T AR I EA ) . PR XA T
XF T JSON fiftfrae, ELHEMGI AR AT S ARER HH AR EE e . AR B i Bef Uhs -

if ((5+ 2 * 3) == 91) { return computeStuff(inputl, input2); }

FEARE HEF M Z I R Ss R FoR . HIk, ZAEIRF R, W i IX e T3
RIZRAIMEE o FRAVRTIR , 77 A oAb A RO 26 5 19 T B S PR R S A 5 A1
WL B LA R B S B = T . FRAESRSS JSON, HITERL MM 4+ AT JSON
PARKGE AT RIT AR Z 48, (B Rt = A ik ot 2R i . o4
R R, FATRABER Bl 5 AN EE R Iy, tRb 52252
H. Lisp B RERSN. 18 Lisp 1, R BRSREERES U Lisp HP B A%
YAt s MR UL, TR0 HT S Y Lisp AU n] LIARA 5 A o e P o Bl sl
IRZEH W H] Lisp B R UM RURRUE, Blat2 i,

A, KT E PR R 5 R e AORE S, 82X 5 LiE = (U1 JSON
YAML ., TOML, INI %) f@HTas fBGR BRI EDUME, e mR 2 T amieis & ik o
PR BB SEH

TERZE R g, TR NI RS BHR APy “THER” 5
“HMZRIETER” (Abstract Syntax Tree, AST ). “fH4” 245 AST A& 1 A AT
ULAFEEEAT . LS . BATAF . S R IS . RS A S S EEAS
HIFE AST o, BTSRRI ds e i3 AST., 44K, &Ml ik
By M BARAE W 1 NS AT BT X1

T EE R, A — B AST MR TRIE e i T . 41> AST
IS EARAE S ARML, BTN S EARNE, (ER Ay ERgA DO BARASEBURT By
FERT B SRR 5 o
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=/ IBF s REM RS A o RS LA IS «

if (3 *x5>10) {
return "hello";

} else {
return "goodbye";

}
33l 1 B2 JavaScript, FW7EA MagicLexer #l MagicParser X Wiz T H.. H
JavaScript Xt AST, AR AVER M A BT BE 22 B R TRNX AL N 25 -

var input = 'if (3 * 5 > 10) { return "hello"; } else { return "goodbye"; }';
var tokens = MagicLexer.parse(input);
MagicParser.parse(tokens);

~ VvV V V

type: "if-statement",
condition: {
type: "operator-expression",
operator: ">",
left: {
type: "operator-expression",
operator: "x",
left: { type: "integer-literal", value: 3 },
right: { type: "integer-literal", value: 5 }
s
right: { type: "integer-literal", value: 10 }
}!
consequence: {
type: "return-statement”,
returnValue: { type: "string-literal", value: "hello" }
1},
alternative: {
type: "return-statement”,
returnValue: { type: "string-literal", value: "goodbye" }
}
}

LIRS, WA ra I AST ARG, B . o MR . B

I, ERARART MRS T IRAS . BUAE [l Sk FR RS, ILHZAER 21 AST 45t
iU} Zu e

ROPE R IE T BVE o T I e M ety SOAS slA) i B e s R RS VR D i
A, P FORZIMRS R B A5 o (e SL AR ESHT , TRIE A s AT A
Rt I AT S RS . XA B O RIE 2T o

ARG A Monkey 15 45— MER N ERIEIAJES 1 852 LAYIREEHOT,
X TR B A IR T A A R . RIS, ARFERRE XGEH T Monkey
W E RS EY AST, JAERE S AT IR L B TR R X 1 AST HSEHI
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2.2 A AFRIEESTERERER

IR UL B AT e AR s, 10 yace., bison 2 ANTLR X AR T H, 15k
AT AR R R T REOh HEREE F I IE R, Tiae A s N B
Braso HARRUL, 1B M a5 AR A i — 2o 005, 2l gk sl RHa 175 RETS
FINETEA AT, A R CR s BE A 15 B TE A

WL AR AR 2, FIre sz 0%m ARG =R A it Hh il 5 A A AR TR,
FhR 8 E 32 e %355k (context-free grammar, CFG ) 1 #ii A, CFG j&—4
KO, R T A AR S — P BB E R I R] . CFG i AR 546 02
Backus-Naur JEZ{, ( BNF ) &}, Extended Backus-Naur J£3 ( EBNF ),

PrimaryExpression ::= "this"
| ObjectLiteral
| ( "(" Expression ")" )
| Identifier
| ArrayLiteral
| Literal
Literal ::= ( <DECIMAL_LITERAL>
| <HEX_INTEGER_LITERAL>
| <STRING_LITERAL>
| <BOOLEAN_LITERAL>
| <NULL_LITERAL>
| <REGULAR_EXPRESSION_LITERAL> )

Identifier ::= <IDENTIFIER_NAME>
ArrayLiteral ::= "[" ( ( Elision )? "]"

| ElementList Elision "]"

| ( ElementList )? "]1" )
ElementList ::= ( Elision )? AssignmentExpression

( Elision AssignmentExpression )*
Elision ::= ( "," )+
ObjectLiteral ::= "{" ( PropertyNameAndValueList )? "}"
PropertyNameAndValuelList ::= PropertyNameAndValue ( "," PropertyNameAndValue
[ )*

PropertyNameAndValue ::= PropertyName ":" AssignmentExpression
PropertyName ::= Identifier

| <STRING_LITERAL>
| <DECIMAL_LITERAL>
X2 BNF E XHYTEE EcmaScript IHIAR— 0. WL s A i 2ok ix B
PSS R T G R C AU
WVFRA L HABTOR, Hrp BN A & T e SRk bras, miniZ ik
i A i o ARLERERE R n ARk X —E 0, e TR IR fR
XA BOR R TE T AR 8 & H 8 A TR R AUR =TT o
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BTS2 —, VPR FAE T RER RIS LT, BEIR SRS CFG.
BNF ., EBNF. iHi5 7 Hras Az s LA IR s iR . BRARan, ShttaA+
AHIFHRT NI ST R IE 7

BRI A 45 A O BTEE T ae AR PR 2t a] . Seps b, AR R AN
EHRHEN . RASE T ACRifmEa sz 2alid 205, A eV Ak a4
AR PEER AL, AR LT REM IR BRI, XM, TERMS 1B — A5,
A STRIEM T IRE I A E A S . R Bl e B PETIULIR, A H IR
FUHIE S A A s 2 Anfe] B AR s e .

A NSRS ISR AT, VP2 N AITERE a4 s, X At
BOE R AT Z BT S i s . A T e B i i as i B pg e, DL
AR R TT SHA T TR, Z )5 A DO BAA 19 T RS X T AR 538
XAMUEIERRR, WA R — D REFFEA " R T SE EEIUTAE, IR AR P B IE R I
Mg rp 2 8 X AMEOL R SRR S F O R TES , R ETE LAFT
MR G W TFIE AT ARG OL T

BRI HUE N 15220, O T BERTEIL I e 00 AR oo T B — mi A e
THEMIEE IR, HEWSE — NRE . XTI RE TAE

2.3 73 Monkey iES&®mE1BEZ0es

X AT TA T, R PIRRSREMS : [_BT R AR AR I 2y
Mro BERISRISHRAIRZ AL BIAnBIN TR RET . Earley 704 UMY, JXSEHRIE
S ST VYD NS

TATERS BB e B 0T Bk trds . Bk, BEET A LT
HE FAF AR ITE BRI o UM R GEIRRL « HE474F ( Vaughan Pratt ),
T AT B e AR R R R B A

KA X IR TR AT, — RN ERAIR, —ZRAARNKA
PR, JCHEMERR T IXLESENE . A, X ISR RN A LR A s A E
TR T AR R DO ATE AR IE AST BT SOTG, SRS R R i LA
FRR BT AT RS o X TF5R ok U, R U A A TR 3 R R
B, ORI IR FRA TR AST BRI AST i =, FRAIM
AR SO IR X AT IR, A BEAES T2 A HIEMH, X
WRSEHE S, BARIE AR A 75— A



BAE, 18 A OS5 IIE T ar i — Lo s . FATHYHE A AN f
PRI, LB S HIEAR PR DRI i R A TR AR, S RIE L R I A 2
Tefal i o ARARANISE L A OCHE, B ATRAMEE IR MRt — TR AL
AL IX A 2258 B— % T Monkey B 5 58 4 AT RYTEIE S A as o XL T 28 5
TR, AT LAE— T R A . X T ROGER A EEE R UL, BRR AR T
AR

NSRRI TG, A let 1B return 384, SERUEMTIR ) HLEEEE
DA IEARELL S , AT TR AT T 8, B AR B PRRR T A .
ZIEY BB TS, (AT Monkey 185 I 24 . EX N FRT, FoA]
R AST JET B RYLERIIA

2.4 EEDHB|HE—L: B let 56

£ Monkey i 5 ', w40 L FEA a8 -

let x = 5;

let y = 10;

let foobar = add(5, 5);

let barfoo =5 * 5/ 10 + 18 - add(5, 5) + multiply(124);

let anotherName = barfoo;

XEEIERIFR N let i), FITRHEIERI S EAT L. let x = 5;8HE 5 45EH
PR xo ATTHINEZIERFNT let i54], X BYeBd A RAX let ifh], Rk
S E—AME, SRR let IERPHEEE R4 E 2R b A it a5,
FATHE Lk SR BT X 2ty A Tk 2 et 1541

IEMRENT let BRI ARE? XRIREE AT 2 A —1> AST, % AST
AT R let AP AL IOME S o IXUTEORIBATIES, (HRMAERAT AST,
ANHIE AST KA 28, L, X B EEAES 25T Monkey 9RACHSIT T g
25K, DIE U AST WA ZER 4. XA B P RN let iHA],

e Monkey 5 . SEAATRHITET «

let x = 10;
let y = 15;

let add = fn(a, b) {
return a + b;

s
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Monkey H TR IE— R IR o A A 7R Bl I F 3 25084, tatiE i let
ERISEBRY 3 A RNE . et IAAIEANTE

let <tFinff> = <kiEX>;

Monkey 1) let 1RGP FRSFMZEAR . 7 LEARGH, x, y M
add JEFRIRAT, 10, 15 FlpRECT e Rk,

TEARSEZ R, 7 B — NI MRIAAZ M X . koA, A
2o let x = 5 ANWEME, 115 &7 A E W AERIERUE 5). return 55 A&7 4
fH, {HZ add(5, 5)&" A fH. AR A AR, B, B2
0T

FKIFABIEM BSR4, WPLe™ 4l WSy, XGPS 5 e 7R
s, RECEIE (FI fa(x, y){return x + y;}) J2RIARX, WLHIEEAT
FVFHADZRA A T . 5 Ah— S mPE 5 b, pRECT I N BRI U2/
hRREE WA — 0 . A REEETE F A UF R, HrP AR R R
NI, PRI B X 58 A B i IR A e R, . WRAT L, Monkey H?
MRZEORFRIR, A5 RECE I .

%] AST, it [ A/ @] LIRS, AST 75 Z AN R 28 BU AT 5. k=0
B4 AST BIRIIRE SO :

// ast/ast.go

package ast

type Node interface {
TokenLiteral() string

}

type Statement interface {
Node
statementNode( )

}

type Expression interface {
Node
expressionNode( )

}

XHEA 3IAED, 89P0 Node, Statement Fl Expression, AST A&
MRS Node H2 11, AR Ul 2B (it TokenLiteral( ) ik, AR IS
KERATRE AT P . TokenLiteral( ) TS, B EM A AST &
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—RRB, A E IR A, AL S SCEL T Statement #2152y L SEE
T Expression #£1, XSO E HMNITE, /09~ statementNode FI
expressionNode, XEEHEMIFAZULTTR, (LR LSS Go Hikdy, kg fit—uit
H5Bh, HCAnER % H Expression [T ERA T Statement B4l 45 DR, s HAh
T

TR — Node SZHH :
// ast/ast.go

type Program struct {
Statements []Statement
}

func (p *Program) TokenLiteral() string {
if len(p.Statements) > 0 {
return p.Statements[0].TokenLiteral()
} else {
return ""
}
}

XA Program 15 S0 BCNTE IR AT AR A GRS RS AST MIRRTT . B
Monkey FEFHRZ— RSN T Program.Statements Hif¥Jifi4], Program.Statements
E— MR, HPA L Statement 219 AST 5 45,

TE0 AST it e ST IR e RAMER Z )5, [ISSRARRNIZN let x = 5;1 X4
AR T AT AR L, R P ROZ A W T B e E A — AP BUR R R A
FINETE D FEBAR S A MIRE . XA FBONRENUSE 10 T i (X 7R
Bl BRI R 5), BT E AR R MRk, PSR 5 T R LU AR f R
k3, i let x =5 * 55y = add(2, 2) * 5 / 10 #EAMNFRSIX., 25,
T R E R HOCHRAYTRIE 0T, IXAERAESE L TokenLiteral()J5ik. Mk
TR E 3IANTE: —MHTRRR, — DT let iR A HERIR, ©F
— TR,

// ast/ast.go

import "monkey/token"

/7 1.1

type LetStatement struct {
Token token.Token // token.LET 3k $ 7T
Name *Identifier
Value Expression
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}

func (1ls *LetStatement) statementNode() {}
func (1ls *LetStatement) TokenLiteral() string { return ls.Token.Literal }

type Identifier struct {
Token token.Token // token.IDENT 3% 35T,
Value string

¥

func (i1 *Identifier) expressionNode() {}
func (1 *Identifier) TokenLiteral() string { return i.Token.Literal }

LetStatement H15E L T FFfF M 7B, Name FHIARTESS & HIARRAT; Value Jyp=ik
{E17%k3, statementNode 1 TokenLiteral X752 SIS Statement
FEIH Node #2171,

R TRERSERIFRRAT, let x = 5;109 x /2 Identifier Z5H2EHY, %A
LT Expression $#£M0, {H2 let AP HIARRMIA LS 1, %BA%#VAEVE?@%%
SRECRAF e ? 22N TARHRAT B, Monkey Fi 5 Hft 7 (bR IRAF S A8, 1
1 let x = valueProducingIdentifier;. b T8/ AST 4RI~y %,
FEAS G0 P Identifier FnAFR, ZIEEFRFGAP BPRIRAF I, AT
VI A Identifier 975,

& X 5E Program, LetStatement Fil Identifier, FIiXEt Monkey JEARAL AT A
HI 1l 2-1 7R AST 387K :

let x = 5;

*ast.Program

Statements

'

*ast.LetStatement

Name

Value

*ast.Identifier *ast.expression

Ko 2-1
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BAEWIF T AST RZEAIEOL, $TORMES RIEIXFER) AST, HAHR, T
TR T AR R CA

// parser/parser.go
package parser

import (
"monkey/ast"
"monkey/lexer"
"monkey/token"
)

type Parser struct {
1 *lexer.Lexer

curToken token.Token
peekToken token.Token

}

func New(1l *lexer.Lexer) *Parser {
p := &Parser{l: 1}

// B FAIEEET, VAEE curToken #= peekToken
p.nextToken()
p.nextToken()

return p

}

func (p *Parser) nextToken() {
p.curToken = p.peekToken
p.peekToken = p.1l.NextToken()
}

func (p *Parser) ParseProgram() *ast.Program {
return nil

}

Parser A 3 7B 1. curToken Fil peekToken, 1 J&48 [ ia ¥k tr oS24
B ZEIZ S - 5 52 5 ] Next Token () BEAS B R EU A A 1R — M) 5G . cur Token
1 peekToken F4T A STRIE s AP “F8%1” position il readPosition 584
ARE, A EAT5 0 A A S BT ERT AT T — AR ERIT, AR A
o XMANTFEAMEES, &5F curToken ( YATIEERARYIRERIC ) B THRE T
— R E A, R curToken BA LB HIFE LR, BT EAMRHE peekToken Fefiiik
%o A —4A7 0 55, 3X i curToken J&—~ token. INT, if LI 75 B 45 peekToken
BFE T — LRI E A R0 T— AT R B B A AR Ak
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New EREUA T HHH . nextToken J5 i — 1~/ INEUAH B s %R, 1T L) [RIBTRTES curToken
H1 peekToken, ParseProgram i k4,

T S AT 5 ParseProgram J5ik iy, FRATIAES A — T iBIH A
SIHT RS IEAME S EEH . XA Bl TR A B ffE L s . T i i Oh RS A 25
T X E TR ) By AR L, FARES, 243 T f# parseProgram pRAY
A TAE -

function parseProgram() {
program = newProgramASTNode( )

advanceTokens( )

for (currentToken() != EOF_TOKEN) {
statement = null

if (currentToken() == LET_TOKEN) {
statement = parselLetStatement()

} else if (currentToken() == RETURN_TOKEN) {
statement = parseReturnStatement()

} else if (currentToken() == IF_TOKEN) {
statement = parseIfStatement()

}

if (statement != null) {
program.Statements.push(statement)

}

advanceTokens()

}

return program

}

function parseLetStatement() {
advanceTokens( )

identifier = parseldentifier()

advanceTokens( )

if currentToken() !'= EQUAL_TOKEN {
parseError("no equal sign!")
return null

}

advanceTokens( )

value = parseExpression()
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variableStatement = newVariableStatementASTNode( )
variableStatement.identifier = identifier
variableStatement.value = value

return variableStatement

}

function parseldentifier() {
identifier = newIdentifierASTNode( )
identifier.token = currentToken()
return identifier

}

function parseExpression() {
if (currentToken() == INTEGER_TOKEN) {
if (nextToken() == PLUS_TOKEN) {
return parseOperatorExpression()
} else if (nextToken() == SEMICOLON_TOKEN) {
return parselntegerLiteral()

}
} else if (currentToken() == LEFT_PAREN) {
return parseGroupedExpression()

/7 1.1
}

function parseOperatorExpression() {
operatorExpression = newOperatorExpression()

operatorExpression.left = parselntegerLiteral()
advanceTokens( )

operatorExpression.operator = currentToken()
advanceTokens( )

operatorExpression.right = parseExpression()

return operatorExpression

/7 [...]

i TR RS, Pt g TIRZ NS, (E2 s 7 I T R S
FATEAR . AT 52 parseProgram, HAWaiE | AST FUHR TS A5 ( newProgramASTNode( ) ).
FeaE A A sR ORI 75 il (& FPiER) ), AR BB AR I 1117 2 ook
SE A HIVIRE PR 18 AST 9 0o X 2L pRAHR AT LA AR H IR

R IM AT W7 T 38 5 5o 22 1840 fF parseExpression o A Z AT 4
B, ZHEAT 5+ 5 XARRIRIAK, HESSEAT 5 +, RS HKIAH] parseExpression()
AT AR Y, RO+E T AT BB 7 — s B AT RIA, W15 + 5 * 10, RIFHIE
A AFRIKARIIRDT, X ] BERTEE AT e P iR R 2R (B R R I RO 7, o R
A T EA AR AT
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HEFEEHBNN S, RATC L0 LA BB e 55, B iR inlik pocss ¢t
JERE A YRRV ATT, Do T — e . T — 4 E v BRI ) — AT eR L,
WA RE M AR . SRE, B eREUL IR A TS5, R T —A AST 15, 8
2 parseProgram( ) {1 () E MBI RIFL 1AL IO T UUE T — A

WEARARAFARB T RN EA RS, IR0k U, XEMIRE SIS, K46
MFEE . ParseProgram J7 A FNE R AT aR ERARFARL . T I 4RI
[F#f, 7ESEFE ParseProgram ZHT, SEdsmimiz, T mUE— M E], FHoRH
TRAIEDT let THAIREIS BN ERA RIS R :
// parser/parser_test.go
package parser
import (
"testing"
"monkey/ast"

"monkey/lexer"
)

func TestLetStatements(t *testing.T) {

input := "
let x = 5;
let y = 10;

let foobar = 838383;

1
p

lexer.New( input)
New( 1)

program := p.ParseProgram()
if program == nil {
t.Fatalf("ParseProgram() returned nil")
}
if len(program.Statements) != 3 {
t.Fatalf("program.Statements does not contain 3 statements. got=%d",
len(program.Statements))

}

tests := []struct {
expectedIdentifier string

H
{"x"},
Cy'),
{"foobar"},
}
for 1, tt := range tests {
stmt := program.Statements[1i]

if !testLetStatement(t, stmt, tt.expectedIdentifier) {
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return

S

func testLetStatement(t *testing.T, s ast.Statement, name string) bool {
if s.TokenLiteral() != "let" {
t.Errorf("s.TokenLiteral not 'let'. got=%q", s.TokenLiteral())
return false

}

letStmt, ok := s.(*ast.LetStatement)

if lok {
t.Errorf("s not *ast.LetStatement. got=%T", s)
return false

}

if letStmt.Name.Value != name {
t.Errorf("letStmt.Name.Value not '%s'. got=%s", name, letStmt.Name.Value)
return false

}

if letStmt.Name.TokenLiteral() !'= name {
t.Errorf("letStmt.Name.TokenLiteral() not '%s'. got=%s",
name, letStmt.Name.TokenLiteral())
return false

}

return true

}

1A 53408 ) B -5 )32 e M s s R AR ], A A Bl R 2 A
XA, BRI Monkey IAUHIVE A, SRIGXFTHRIE MM & AR AST BEE 182
AR T KA R AT BEZ A AST 19 iU BORBIIRIAT ZRALMT N A . FOA U, ik
I ERA Sy AR, TN 58, XA R R

XA G AR, MU E IR TiREadras, e B IR e /E
HEIA o XAESEIMATE BT et B M. 45K, AR B IR Ak A as
HAETERE R, B AT BB SRR TE 2 A = A AN A B T4 (ER TR X
BAR/IN, R RN R T LIRS E A AR, X AR (ER

I B PSS T . 55— 2288 T *ast. LetStatement [ Value B,
AT AR AR & 5 1 10 BEARIERMNT? X ELE M E R A, (X TR
AR et iER BN ZIERAY, FTLIEHT Z 8 Value,

IR R AL testLetStatement. (MY pRALITA ML T AL, A
i AR 2 FHBIX A B, RIS B, XA BB S 5 T et
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PR BERAR I A A BB A P e — 2 T

78h, mTRIEA R, XHEASIIAT R BT TEE A asilil. A 135E
A e S SN U A

AN M U AR T

$ go test ./parser

--- FAIL: TestLetStatements (0.00s)
parser_test.go:20: ParseProgram() returned nil

FAIL

FAIL monkey/parser 0.007s

SERHMEE TS Parser HPY) ParseProgram( ) 5 T .
// parser/parser.go

func (p *Parser) ParseProgram() *ast.Program {
program := &ast.Program{}
program.Statements = []ast.Statement{}

for p.curToken.Type != token.EOF {
stmt := p.parseStatement()
if stmt != nil {
program.Statements = append(program.Statements, stmt)
}
p.nextToken()
}

return program

}

XEEKXSZRIEDN parseProgram( VUSRS LFE—4E, FKIEWARIE!
LW S s T A AR R )

ParseProgram Z i —FF M rE AST AR &, takE*ast.Program, &
Je s 3 i AR BRI E BAOG, R L token . EOF Rk AT, X ad A IH H
nextToken £/, nextToken 2[RI AT p.curToken #1 p.peekToken, FKIE( A2
WH parseStatement, B RK T —451ER] . W15 parseStatement i& [ AR nil,
Mj&—1> ast.Statement, AFAX R FEHESHAINE] AST HL5 £i1 Statements 1
R BT AT E UG , iR Ml*ast. Program AR5 A5

parseStatement J7 VAU T iR :
// parser/parser.go

func (p *Parser) parseStatement() ast.Statement {



38 | 2B iEEOW

switch p.curToken.Type {
case token.LET:

return p.parselLetStatement()
default:

return nil

I

AHHL, ZFESHXA switch iEREINE £ 473, {0 H i e A 7E 3 3
token. LET il BAJCHY AR parseLetStatement, £ | parseLetStatement, Mz
WREE L T

// parser/parser.go

func (p *Parser) parseLetStatement() *ast.LetStatement {
stmt := &ast.LetStatement{Token: p.curToken}

if !p.expectPeek(token.IDENT) {
return nil

}
stmt.Name = &ast.Identifier{Token: p.curToken, Value: p.curToken.Literal}

if !p.expectPeek(token.ASSIGN) {
return nil

}

// TODO: #hitstkia X ey, AFBLHF

for !p.curTokenIs(token.SEMICOLON)
p.nextToken()

}

return stmt

}

func (p *Parser) curTokenIs(t token.TokenType) bool {
return p.curToken.Type ==

}

func (p *Parser) peekTokenIs(t token.TokenType) bool {
return p.peekToken.Type == t
}

func (p *Parser) expectPeek(t token.TokenType) bool {
if p.peekTokenIs(t) {
p.nextToken()
return true
} else {
return false

}
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RASIEH 21T, W 1
$ go test ./parser

ok monkey/parser 0.007s

BUAESERL TR et THAIRAEYT, KM T (RS A ME e

JekFE parseLetStatement, iX HLH A YAT 7L AR HIC (token. LET) #4idk
T—"*ast.LetStatement 55, RIS 1HH expectPeek HIWT T — A BRI
WRERTT, WRJE, WIRTRRNLRITHeEr . 55— AY 2 —1> token. IDENT )ik
Jt, HTFME—*rast.Identifler 175, RFIHE T — Mk RE S, 2k
i T SRR, EEDE WA o k. BRTARS Bk TR, A5
WAl AT 2R 2 0UE 23R [k B s HLAARAS

curTokenIs fl peekTokenIs JCAUK LR, XM ARG M, IS EETIEE Y
M oSt 2R WHEE], Y4 ParseProgram H for JEFRAISSE p.curToken. Type !=
token.EOF, FRFEE 4 M p.curTokenIs(token.EOF),

WITFH AR /N, SEEBEE expectPeek, JLT-FrAHE LM a A B S R,
expectPeek LRz —, WiF sREUW =2 H R E LKA R — Mk ROt
A PR ST IR . X HLAY expectPeek 26 peekToken AYZSHY
JHREAERALEFEO T, EA SV nextToken iR RE TG, WA, &
Bt as AR Z M T EE A T AR R Ab 3

{HANIRTE expectPeek il BA R HUHAZS FyialvLE T, B4 BT
HABIR [ nil, 1Mi7E ParseProgram & ZmX A~ nil, KLU B BUAR R A, 35
SRR O Bt 2w . FTLAREG, X iR IR RME . A KB
MERE IR, PR SRR AT A TR I R A B

(EAF PSR, TR MBI .
// parser/parser.go

import (
/7 [...]

-
)

type Parser struct {
/7 [...1]

errors []string
/7 [...1]
}
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func New(1l *lexer.Lexer) *Parser {
p := &Parser{
1: 1,
errors: [Istring{},

/7 1.1
¥

func (p *Parser) Errors() []string {
return p.errors

}

func (p *Parser) peekError(t token.TokenType) {
msg := fmt.Sprintf("expected next token to be %s, got %s instead",
t, p.peekToken.Type)
p.errors = append(p.errors, msg)

}

Parser TELTEA —1> errors FB, XE—NFEHFRUF . ZFBSTE New )
1h1k, 4 peekToken fUZRHY S HUHHASTRS, &2 4Bl k%L peekError [W] errors
RESINEERIE S . A 1 Errors Jriksinl IR iE R e 2 Al 3] 745 R

T M E R XA IRE, — S
// parser/parser_test.go

func TestLetStatements(t *testing.T) {
/7 [...]

program := p.ParseProgram()
checkParserErrors(t, p)

/7.1
}

func checkParserErrors(t *testing.T, p *Parser) {
errors := p.Errors()
if len(errors) == 0 {
return
}

t.Errorf("parser has %d errors", len(errors))
for _, msg := range errors {
t.Errorf("parser error: %q", msg)
}
t.FailNow( )
}

BT checkParserErrors 4 B A KA TE VL T a2 AT A5, WARAT iRt
FTERH R IFLZ A il R .
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{EJREE R P H RGBT iR . BB expectPeek, HEKXT F—NiA]
RHTT R R A T DL A ShEs gl iR .

// parser/parser.go

func (p *Parser) expectPeek(t token.TokenType) bool {
if p.peekTokenIs(t) {
p.nextToken( )
return true
} else {
p.peekError(t)
return false

}
}
USRS T X AP A -
input := "
let x = 5;
let y = 10;

let foobar = 838 383;

BB T BT ORI -

input := "
let x 5;
let = 10;
let 838 383;

IR 2381 TR RER BT AL o gt iR

$ go test ./parser
--- FAIL: TestLetStatements (0.00s)
parser_test.go:20: parser has 3 errors
parser_test.go:22: parser error: "expected next token to be =,\
got INT instead"
parser_test.go:22: parser error: "expected next token to be IDENT,\
got = instead"
parser_test.go:22: parser error: "expected next token to be IDENT,\
got INT instead"
FAIL
FAIL monkey/parser 0.007s

WAES], A eI RS T — DI i/ N, R 8 B Aol
AR . TEIE AT AR A S B — N ERAR Y, N st T — R RE AR T A
AR, AHERRE I T . X ARF AR D), Wb D ERR I AT
HF S —EEA Bl
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2.5 f#th returniEa

ZHTUIL, BHHAE FAA% %0 ParseProgram ik, BUAESERME T . X HUK
T return i84), B 5ZH0 let IBAAR], 2AE ast e LB ZER
HHRAE AST H13%7R return 54,

T J& Monkey A9 return iE4]

return 5;
return 10;
return add(15);

AT et ifAIRNAY, XA S ESHIRE 2 &30 .

return <kixX>;

return 58 H ET return FIFAA AL, FIL ast.ReturnStatement B E
SCARH R
// ast/ast.go
type ReturnStatement struct {
Token token.Token // 'return'#lk¥T

ReturnValue Expression

j

func (rs *ReturnStatement) statementNode() {}

func (rs *ReturnStatement) TokenLiteral() string { return rs.Token.Literal }

P SR A N Z TR IS, A — A TR0 4GRS T R T B — A
ReturnValue B¢, 17 Brfl & 2k M A A0 . PR FRR Bkt A Un g dr o5
REBR, TAEJR A4 . X ] statementNode il TokenLiteral J5i%52F Node 1
fl Statement 2 11, JH-HENTHERK S5 East. LetStatement & L7 kAR

BT RS B RS et i5AIAAE R A :
// parser/parser_test.go

func TestReturnStatements(t *testing.T) {
input :="

return 5;

return 10;

return 993 322;

lexer.New(input)
New(1)

—
non
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program := p.ParseProgram()
checkParserErrors(t, p)

if len(program.Statements) != 3 {
t.Fatalf("program.Statements does not contain 3 statements. got=%d",
len(program.Statements))

}
for _, stmt := range program.Statements {
returnStmt, ok := stmt.(*ast.ReturnStatement)
if tok {
t.Errorf("stmt not *ast.ReturnStatement. got=%T", stmt)
continue
}
if returnStmt.TokenLiteral() != "return" {
t.Errorf("returnStmt.TokenLiteral not 'return', got %q",
returnStmt.TokenLiteral())
}
}

}

IR, ZIRNGEHTRARN, B TSR By XA G XBOCR,
IREARE— AR o i BLAGIERR I T

$ go test ./parser
--- FAIL: TestReturnStatements (0.00s)
parser_test.go:77: program.Statements does not contain 3 statements. got=0
FAIL
FAIL monkey/parser 0.007s

XS N parseStatement 7772 Hiid A H:57 token . RETURN Tl FATT, B AT
B i AE L

// parser/parser.go

func (p *Parser) parseStatement() ast.Statement {
switch p.curToken.Type {
case token.LET:
return p.parselLetStatement()
case token.RETURN:
return p.parseReturnStatement()
default:
return nil

-

TES49 parseReturnStatement J7ik 2 iy, HAZFRTUIBHMEZNES, (HX Bt
T, AR FEIAK, EAEIRIRIE.



// parser/parser.go

func (p *Parser) parseReturnStatement() *ast.ReturnStatement {
stmt := &ast.ReturnStatement{Token: p.curToken}

p.nextToken()

// TODO: Beidstfia X2, AFBRNLSF

for !p.curTokenIs(token.SEMICOLON) {
p.nextToken()

}

return stmt

}

XANTTIEAR /N B ME—REMA 2R E—1> ast.ReturnStatement, K24
TR I HCE 2 Token F-Bt . SRIG A nextToken ( VRFiFE LT a8 A TR T4
HETFAEMIME, AT RMFAMES . e 2Ebdmmg. BRiikoR sk
FRNX AL, B WSS E . BEA g REm I T .

$ go test ./parser
ok monkey/parser  0.009s

A RIHUCORYL T B Monkey 5 BUFTAT I AJAR AT LUARAT 11 %5, Monkey

S RAWIRER] . let iBH)M return 58], HATEEEREER, WitEETX
BRI E .

2.6 FEFRIAT

TN NI, b2 IR 2R g B R s P oA R R 4y o IEAZ BT rE 20,
AT R PR . NEZAACPIRE RO, SRE R T —AMaik i, iR
—UIER, fJEEiR El—A~ AST 5 45,

(AT b 2R A HAB A PR . 18 BAFL e S — Bk, FH—A 07k
Vi AIE . B BT L T B ARRA

5% 5+ 10

XHFTE A AST, FR xRk,

((5*5) +10)

Wt YL, 76 ASTH, 5 * 5 f% “HR”, JFHEETINEEEHTRIE. N
THRGXFERY AST, LA o 20U B * AR Je s T+ e . X B BAT L

N

=
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Rt i RSB, AT IR 2 HAt R E AT IE . IRl T Rkt

5 % (5 + 10)

TEXH, 558 5 + 10 IARBXUGTE—E, T TR MAGHIE%, o
TEWIFAEARAR Z R e ik FIR A ToRAE . RSG5 e T 5AT
JRHEARIREFE R, FEFZWHOLT, gk 2 E 2.

TR — A E AR, fERiAsUh, MIRIZEBY R ik ST al AE BT E

ZAMEE. SR, let ik AICHAETE let IRRAITT LB, P2 &
let IR AR MR 5 o LR T aRIA

-5 - 10

FEXH, - FAT B E A Ik, MENRTSLaRAT, RIefEhEm e, 1
LR, T AR dA R O -

5 * (add(2, 3) + 10)

R 3 A R BE 5 MOZ SR AT, IRIBER X A AL S b — 7R il

[l XA, SN SRR ERENA, NEFRSRERRER. 3k, ik
BAITAE A R E R T B R SC, ATR B A o LA

2.6.1 Monkey FHyFRILR

1E Monkey iS5, BT let iEA)F return B4 ZAMYFTA NAEE AL,
X FRIR KA 225

Monkey A i T2 HAF R

-5
!true
!false

R, WA PSR (B —ouafay ) kit

[S NG, RN, RN, |
* N I+
(SR C, RN, RN, |

B T HEARWAARZRATZI, A P IX L BGa AT

foo == bar
foo != bar
foo < bar
foo > bar



MR, IEMNZETAE IR, $5 588X 2R AT 2 4 MR BT -

5% (5 +5)
((5+5) *x5) %5

IR AT PR PR Ik
add(2, 3)

add(add(2, 3), add(5, 10))
max(5, add(5, (5 * 5)))

PRI RIS

foo * bar / foobar
add(foo, bar)

Monkey I RREUE “SRAEARY, SR, RECFIEWERIEA . HH let i5h)
AT LA pRERE B — A2 PR Lo PRECETH B R E A g ERIA

let add = fn(x, y) { return x + vy };

T T R AR AT

fn(x, y) { return x + y }(5, 5)
(fn(x) { return x }(5) + 10 ) * 10

S 2GR F —FF, Monkey HiiAfy if ik

let result = if (10 > 5) { true } else { false };
result // => true

55 UL X Se AR R AR 2, ARIIE, FAT 7T 2R Al 3 4r p9 75k LA T PR |
AT A HGEAT IR AT o i 250 IR AR S ARl OO P E E A4,
{HERARAE D KNG 1, WA IEEAL . S HRH# ATk stk B T .

262 BEMTHEEFFMERT T (BREBREFEE

TEIE L “Top Down Operator Precedence” H, TR « HHiFrHE H T —Fhfifpr =ik
KX, MM A & BiEs:

------ EFHELE, HTEAREA, RARELERKAT, 2EEZFP

B ERG, R XEARGHZEL, TAHLRAPFREGEWYEGEE

Koven

ZIRCRRT 1973 4, HMNIRLUGRARZAER, ShrRrm st a8z
MG o AT LA, HAWRE Y LA B AR B 1R e S, SEat 7 H g Uas,
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AR T TR A TRk . RS (JavaScript 5 REE) 1 18] 44 1918
¥Fir - 5w refEfE ( Douglas Crockford ) 7EMBAYSCE “H Ll F B LR”
W, RN T VAP B AR e A JavaScript [0S, X SR e B v A A A AL 2
JSLint B r U =it . 5o ANRIRD3ERE QiR gn izl ) —BrES P are e ke
( Robert Nystrom ) 5 fi)—J# CE “Pratt Parsers: Expression Parsing Made Easy” . 7
S, 0 Java /s BACES A 41 78RR ik, LS TR, 5 R
Riti%h > o

X3 R SCEATHGARENT SRR A BN BE AT e g (R
Mrik ), BIEET T IR A Backus-Naur-Form 15 0 e B T s

PR TS A BT T O R i BB XONAE T, SRR A R AR AT R (TR
#—F parseLetStatement J7ik ) SiEZEMN (#£ BNF 3 EBNF HiE S ) FHOCHR,
TSR X S R (fhFR TE X ACHY, semantic code ) 5 EA/MAIEEBAIUIERIAECHS . X
AR R, BERRIRE BT RIE AT LA PS5 2 A BRI A BT pRER, AR
T IRE TN E, A S AT

YRATREIRTCIE e PR SE N 25 . H BITIR A Z3 2 )R B pRECS 18 T HE DU A
JEIK, DRI TR A FH Rl BT 2R R AR A I A AR s — R B sl B A R
MYASHE, B0, TEERTATTH, B 1A R A R R Se ARy
KU, RGN GRS, 2528 M SC RS, 5 Th SR R A A R,
WEAh vk A, BT —A o kAT R S bR AT S B A5, 5 — el e s i ARkt SE
A5, A AR, XFETTRRICESSIREZNE.

RAFRYE, XWF AR . AR, Skt bk
KA RS s B A R AT 0 S SR Z R Y e oess, L
fEREE AT Monkey H A A REAYF A

FETFISE T2 T, Skl — F AT

26.3 AKiE
AR E R0 T4 (operand ) BIEMIZHAT, Hilln:
--5
WAL RIS N - il ), BARECN BB R 5, BRA T RIS E .
RGN TSI NIZEAT. filn.

foobar++



AL BB g+ GBI ), BAEECNPRIRST foobar, BRI TIRMNE . A
TR Monkey fFREER AT G SIS TAT o XA N HORRE], U2 40rh 1R
ARATHTE

PREEFERILE, AT,

5 %8

*EFAFALT BRI 5 F 8 Z MY PR AL E T ALE AT B E Z ST ARk
A, BIA W ERAER R IA A

b, ATHE R EBE AR A RX DA, MG WSS X ARERAT
WNEBRINF . EFRAANFEIEEATREERE, BRI e, SR
B5 WU Z ArE SR BT -

5+ 5 * 10

ZAGRAMEE RS 55, AR 100, XK xR AFRIERER, HEFRE
B *BEMFUHERAEEE, HNILHE R ZARE AN IEEAIT
FAZEFFRNE: B FATRIE TR B Z DR

RISLETAT | JaBairT . hBUsBATHE BATI S EAARTE . ENRE
B, R ARCX SR B E S, R AT X AT

T HERIT 4R 9 S — LRSI |

2.6.4 JE#E AST

KT TFGAR, R E MR AST, WIRTHTA, Monkey FFRFEH—F
FIEMHR . LR let B4, HLE return iB4), ILETFEALE AST PEIN 3 fh
HAIER) . Tk UEa]

ZHRIAJEUL et #AJFT return iB4)JE Monkey H{UH P FfE ) ZEAING 7 BL7E
BANEGM—A7 XJ2 KRR THR AR HAE ], T2 i b2 iy i
B, AT RERE . HEEINREATER, 2R 7E Monkey H 45 1 LA T UL 5E
R

let x = 5;

X + 10;

Si—AaE let iA), S _ATRRAiEA) . HAbE = IRA X e Rikih ), H
RRZBINAESA . XAES hia] DA RS — D RaksUny A, S7efit
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RIS INE] AST
// ast/ast.go

type ExpressionStatement struct {
Token token.Token // ZAZRXFHE—AHXEAL
Expression Expression

¥

func (es *ExpressionStatement) statementNode( ) {}
func (es *ExpressionStatement) TokenLiteral() string { return es.Token.Literal }

ast.ExpressionStatement 288 LA I NFE:, /il 235 S ELA 1Y Token
FEMARAE F XM Expression F B . ast.ExpressionStatement SZFL T
ast.Statement 1, XEREFIAAXIEAATLIAINE] ast.Program ) Statements
PR, RN ast . ExpressionStatement fiJE A

FE X T ast.ExpressionStatement, FUFE ] LIARZEIFETE TS A TAE, Aidix B
Je M AST T IINT String( )ik, XANHIEREE T LGSR TR, %%k
A DAEEVERETTED AST 1544, WrTLARIEEbEsE AST W5 8 o XAEMI ks (!

XA String( )7 EKAE N ast.Node # 11 [1)—# 47
// ast/ast.go

type Node interface {
TokenLiteral() string
String() string

}

BAE ast A H RS 1T S R AR A SE BRI O vk o W UE, ZEFE T T X
MHBE, CA MR ICR R, mikes o RILZ AT AST 15 M5 58 & L ol
JG i Node #2110, R M*ast.Program JT44, %A String( )5

// ast/ast.go

import (

/7 ...
"bytes"

)

func (p *Program) String() string {
var out bytes.Buffer

for _, s := range p.Statements {
out.WriteString(s.String())
}
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}

return out.String()

XTI R 4, R mIX, I
HIR IBHES N ZZEmhIX, e h X AR R IE 2GR L, el o TAERIEA T
*ast.Program A9 Statements,

BB String(

(Vrik

PeAgiEi, 1_4\7?/£E’J+B‘RI1’E/\”'JEE ast.LetStatement.ast.ReturnStatement
F1 ast.ExpressionStatement X 3 #iEH]AY String( ) iESEK

// ast/ast.go

func (1s *LetStatement) String() string {

}

var out bytes.Buffer
out.WriteString(ls.TokenLiteral() + " ")
out.WriteString(ls.Name.String())
out.WriteString(" = ")

if 1s.Value != nil {
out.WriteString(ls.Value.String())

}

out.WriteString(";")

return out.String()

func (rs *ReturnStatement) String() string {

var out bytes.Buffer

out.WriteString(rs.TokenLiteral() + " ")

if rs.Returnvalue != nil {
out.WriteString(rs.ReturnValue.String())

}

out.WriteString(";")

return out.String()

+
func (es *ExpressionStatement) String() string {

if es.Expression != nil {

return es.Expression.String()

}

return ""
+
PiAE H3i 0 ast. Identifier MG —1 String( )7k



2.6 fRtiZRiAR | 51

// ast/ast.go

func (i1 *Identifier) String() string { return i.value }

B T iXE)rs, sl LifExast.Program FiE] String(), B MNEFENFAE
ERIR IRl X iEFRAIRERS (bR *ast . Program FI45H4) ., LR Y Monkey 54 CAS A 41 .

let myVar = anotherVar;

R LIS AST, S ARERT LMK R ITRERY String( ) BRI EIEF TIN5
// ast/ast_test.go

package ast

import (
"monkey/token"
"testing"

)

func TestString(t *testing.T) {
program := &Program{
Statements: []Statement{
&lLetStatementq{
Token: token.Token{Type: token.LET, Literal: "let"},
Name: &Identifier{
Token: token.Token{Type: token.IDENT, Literal: "myVar"},
Value: "myVar",
s
Value: &Identifier{
Token: token.Token{Type: token.IDENT, Literal: "anotherVar"},
Value: "anotherVar",

b
})
I8
}
if program.String() != "let myVar = anothervar;" {
t.Errorf("program.String() wrong. got=%q", program.String())
}

}

FERXAI T, FATFEE T AST, 498, AL aedi S MK, 3]
FEARZHE ML, TR 22X TR T 7 A2 1 AST JEATIT = Mt XA HUR oy 13
N, FVBEM ST AT a8 i — D S 2R A 5y, BRI IR R A
e kA S P RE SO AT AR LU . XTIk xRk AR D

BAEANIHE, IRHURIER TAESER T L N AT LA S 5 PRk A ds 1o



2.6.5 SEUEBRFHEETINR

TR AT A 0 2 B AR AT pR A (R RTASAR i S ) 5 ik o
TUAARHR o B3 2B BTN ISRy, AR HIAR IR B AT pREOR A AT X 107
IR, iR AR B AST 1Y i BRIk BT A R 2 n] LASCHR A AT R
XHUR T RRE TR B, A TR O B R P AR

B PR 23 AT e B S — PR R B B ORI, T e ST PR SE ALY
PRAR,  RIVATZR AT pRASCRT 287 T R KR -

// parser/parser.go

type (

prefixParseFn func() ast.Expression

infixParseFn func(ast.Expression) ast.Expression
)

DI Wi R EIR ] ast.Expression, SR BAENTAONE, H2EHA
infixParseFn #3255 —> ast.Expression {ENEE, %S BEE I AT ) T ZRis B 4T
EMEPNE . B¥fEe X, iga@AaEN 7S . BRI St S0 A seri, H
BEHEHICTR, FHSNMAEPR TR, e REMIE RS0 & 18 2] 80
)k FIGRRIRT 2 F prefixParseFn, 7£H 28 i 31 18] 7% o0 2R AU A 2 8 H
infixParseFn, HLATLLT

N TR AT R S Rl B R R TE R prefixParseFn B¢ infixParseFn,
A4 Parser Z5FIUIN T BB (map ):

// parser/parser.go

type Parser struct {

1 *lexer.Lexer

errors []string

curToken token.Token
peekToken token.Token

prefixParseFns map|[token.TokenType]prefixParseFn
infixParseFns map[token.TokenType]linfixParseFn

AT IR, T ARG A AR Y AR AT RN 2 5 BT 5 curToken. Type
AHSHR g AT eR

AN, ik Parser $2ME T PIANRTBI VA, FHR X SEmL S HR S N 2
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// parser/parser.go

func (p *Parser) registerPrefix(tokenType token.TokenType, fn prefixParseFn) {
p.prefixParseFns[tokenType] = fn
}

func (p *Parser) registerInfix(tokenType token.TokenType, fn infixParseFn) {
p.infixParseFns[tokenType] = fn

¥
BUAE ] LU ARHE AL 0% 0 T o

2.6.6 #RIRFET

BRUVKETAE /2 Monkey i 7 PR 04 K0 X BB TP A ekt
AR T R

foobar;

XA~ foobar EREEHAYA T, AR IEEIE RN RIRATER T, B2 reHAD
ERScrh, #E Rk

add( foobar, barfoo);

foobar + barfoo;

if (foobar) {

/7 1.1
¥

e AR, A AR AT AR I 28 A L2 4RI EAERLG
AT EEJE RN A B FA BT AT e bR SO T USRS IRAT, ROAAR AR
ORI, R 1+ 22—k HHARRX R, ARIRFFAL AT RS A, AR
PRRAT TR E I (E

kB M
// parser/parser_test.go

func TestIdentifierExpression(t *testing.T) {
input := "foobar;"

1 := lexer.New(1input)

p := New(1l)

program := p.ParseProgram()
checkParserErrors(t, p)

if len(program.Statements) != 1 {
t.Fatalf("program has not enough statements. got=%d",
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len(program.Statements))

}
stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
if lok {
t.Fatalf("program.Statements[0] is not ast.ExpressionStatement. got=%T",
program.Statements[0])
}
ident, ok := stmt.Expression.(*ast.Identifier)
if lok {
t.Fatalf("exp not *ast.Identifier. got=%T", stmt.Expression)
}
if ident.vValue != "foobar" {
t.Errorf("ident.Value not %s. got=%s", "foobar", ident.Value)
}
if ident.TokenLiteral() != "foobar" {
t.Errorf("ident.TokenLiteral not %s. got=%s", "foobar",
ident.TokenLiteral())
}

I

XEABRZAT, BT EZR RN IL, EE M T HA foobar;, Hif
BT ek A R A AR, 8 X xast.Program 15 S IE RS H TS, RS
¥i# program.Statements HilMfE—fYiEA) 275 A*ast.ExpressionStatement, 25k
fr*ast.ExpressionStatement.Expression J/&75 f*ast.Identifier, f/GkKAFRIH
e HAT IERI Y " foobar "fH ..

IR, RTINS

$ go test ./parser
--- FAIL: TestIdentifierExpression (0.00s)

parser_test.go:110: program has not enough statements. got=0
FAIL
FAIL monkey/parser  0.007s

RN A O A FE R UE B, I T 295 parseExpression ik,

FA S — Y RIEIE TR 1Y parseStatement () 7%, VIR R E
WA] . HF Monkey HSEFR FAA FIPIAE 2R RUE let 15AIF return 157, KL,
ERAXAE R IGOUT , AR E it 2ihih4) .

// parser/parser.go

func (p *Parser) parseStatement() ast.Statement {
switch p.curToken.Type {
case token.LET:
return p.parselLetStatement()
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case token.RETURN:

return p.parseReturnStatement()
default:

return p.parseExpressionStatement()

}
¥

parseExpressionStatement J7E: U K F/s :

// parser/parser.go

func (p *Parser) parseExpressionStatement() *ast.ExpressionStatement {
stmt := &ast.ExpressionStatement{Token: p.curToken}
stmt.Expression = p.parseExpression(LOWEST)

if p.peekTokenIs(token.SEMICOLON) {
p.nextToken()
}

return stmt

¥

R C ZMIEZEAMT . B AST 155, SR a8 A A b ek 5k
RIFEHAT T B, A TEXARBIT, WA — B XA . X LR B
LOWEST ( (MANFETE ) ME RIS HCR I parseExpression() ( MATERE); RIGH A
AR5, ks, S5 Rl ER . AR peekToken J& token.SEMICOLON, H"Jﬁﬁz
curToken F{AIX N5 o WRAERB LR, ﬂ’i/ﬁﬁ: BT R ISR E R
RFRATEA T EAEA T S W O AR, XA FHRIE#E REPL A 5+ 5

ZRINE,

WERPAEBATINR, il ey, Ay LOWEST MkE X, %K%, Rk
HesE X Monkey 15 B AE, HA A LOWEST:

// parser/parser.go

const (
_ int = iota
LOWEST
EQUALS // ==
LESSGREATER // > or <
SUM // +
PRODUCT /] *
PREFIX // =X or !X
CALL // myFunction(X)

)

ﬁiﬁiﬁﬁ lota NI E B B EIE. == APRRAT_h 0, E/% i
E2 18 7, WaMHMETFIOCEE, ERARINF A2 ARE R, Xy &
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FERRIX B RATICRA, 8RBT CRE T H==12 54T, AT8a AT
AL PUR AR L PR IR L e

1E parseExpressionStatement W, KA H L84, parseExpression,
T H AT RN N ES, RGAIek e e sk, (ARG B &HER. Tk

Im’5 parseExpression:

// parser/parser.go

func (p *Parser) parseExpression(precedence int) ast.Expression {
prefix := p.prefixParseFns[p.curToken.Type]
if prefix == nil {
return nil
}
leftExp := prefix()

return leftExp
}

X JE 5 — W parseExpression, ICHFE I p H 2R EMBRN EREA S
p.curToken.Type SCERAMEHTRREL ., WIERA, WIHHZMHTRE, BNERE nil, B
FIBEA FRBATA L AT o Hr e, PR B RTR EIRE nile F—25 2 BT
PRIEK -

// parser/parser.go

func New(1l *lexer.Lexer) *Parser {
/7 [...]

p.prefixParseFns = make(map[token.TokenTypelprefixParseFn)
p.registerPrefix(token.IDENT, p.parseldentifier)

/7 1.
}

func (p *Parser) parseldentifier() ast.Expression {
return &ast.Identifier{Token: p.curToken, Value: p.curToken.Literal}

+

X HEAEHCT New( ) PREL, £ Parser FAIURILT prefixParseFns M, [RA LS

— AT RREL, N S 3] token . IDENT 28R4 IR L BATE, fRHT sR B 28 Pl
*Parser & X f¥] parseldentifier J7 ik,

parseldentifier JrikiriryFARMI S, & FUE R Y inlik 5o o0 S H 7 1 5 43 5]
Pt xast. Identifier 1Y Token Fl Value FBt, RJFIR LT S, W&, XMk
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ANEHTEIRENTT, Wit AT nextToken, T A it BR%, 41 prefixParseFn
o infixParseFn #REEMEX /20 PRECAE T UM AT RIA0AT, 4TI curToken #4720
FE TR A IR BT R AR, IR BT ) R NS R, curToken J& YR #iA Al
W iR e — N RE HIG, VIR BT R4S KO o

Jeweanfer, MaGEL T

$ go test ./parser
ok monkey/parser 0.007s

A TRINT T HRRAF 3 R e B TR HUR I A S S B B2 i, Ry
—F, gksaRmEA Tk,
267 BHFES

SERRAELT R, BB RO AR S RT, IF R

5;

JEM, BT R RIAR, HT R R EAUR R ROR B [RIRE, BT
e m o] B B Ty, AT AR A A B A TR A

let x = 5;
add(5, 10);
5+ 5 + 5;

X A RS o T DA AR A ik, dEAn AT L RN i
Tk RECFIH RS, S I ASAR AR TR RIA AR il LU 1)
BRI R —

AR T I ] 5 R A A D T AR -

// parser/parser_test.go

func TestIntegerLiteralExpression(t *testing.T) {
input := "5;"

1 lexer.New( input)

p New(1)

program := p.ParseProgram()
checkParserErrors(t, p)

if len(program.Statements) != 1 {
t.Fatalf("program has not enough statements. got=%d",
len(program.Statements))
}

stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
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if lok {
t.Fatalf("program.Statements[0@] is not ast.ExpressionStatement. got=%T",
program.Statements[0])

}
literal, ok := stmt.Expression.(*ast.IntegerLiteral)
if lok {
t.Fatalf("exp not *ast.IntegerLiteral. got=%T", stmt.Expression)
}

if literal.value != 5 {
t.Errorf("literal.Value not %d. got=%d", 5, literal.Value)

}
if literal.TokenLiteral() != "5" {
t.Errorf("literal.TokenLiteral not %s. got=%s", "5",
literal.TokenLiteral())
}

}

SRR G4, X B EE TRt TR A, R SR AR
B IR BT 4R, IS i *ast . Program. Statements AP A= Al 1 IEAfEL
wEA], FEERIN—TWE , S —4cifh) /& *ast.ExpressionStatement., fix/a
FEHIWT 5 RIS 2 248 X IE Y *ast . IntegerLiteral,

H Frast.IntegerLiteral MAFEAE, PRI GIF. At SGX 25k
AR AT

// ast/ast.go

type IntegerLiteral struct {

Token token.Token
Value int64

}

func (il *IntegerLiteral) expressionNode() {}

func (il *IntegerLiteral) TokenLiteral() string { return i{l.Token.Literal }
func (1l *IntegerLiteral) String() string { return il.Token.Literal }

Yxast.Identifier #[A], *ast.IntegerLiteral SZ¥ T ast.Expression 0,
AR, *ast.IntegerLiteral Z5A{A&H 1 Value 2KAE int64 1 ANJE string,
B S R I R AR RS T R SEBR{E . 7EAf i xast. IntegerLiteral B, &)
Mifs*ast.IntegerLiteral.Token.Literal FHHYFAFER (M"5") #4ih int64,

IE S HOX Y 25 token. INT 2Bk AOf#AT %X parseIntegerLiteral;
// parser/parser.go

import (
/7 ...
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"strconv"

)

func (p *Parser) parselntegerLiteral() ast.Expression {
1it := &ast.IntegerLiteral{Token: p.curToken}

value, err := strconv.ParseInt(p.curToken.Literal, 0, 64)
if err != nil {
msg := fmt.Sprintf("could not parse %q as integer", p.curToken.Literal)

p.errors = append(p.errors, msg)
return nil

}
lit.Value = value

return 1it
}

XAJ 5 parseldentifier —FEMEL, ME—MIXHIZE T, LM T
strconv.ParseInt, X~RREEENS p.curToken.Literal FHFAF LA int64,
SRIGBXAS int6d 473 Value B, FmiR BT EE il *xast . IntegerLiteral #7 4,
W, WEEB T8 errors FECHH AR IN— S8 AR TS B .

AL ek

$ go test ./parser
--- FAIL: TestIntegerLiteralExpression (0.00s)

parser_test.go:162: exp not *ast.IntegerLiteral. got=<nil>
FAIL

FAIL monkey/parser 0.008s

HAE AST 53|02 nil MiAZ*ast.IntegerLiteral, JRAEXFF2EH N

token.INT [Jifik B0, parseExpression $8AFXf N [ prefixParseFn, Jy 1 ikl
i, T8 parseIntegerLiteral Jik:

// parser/parser.go

func New(1l *lexer.Lexer) *Parser {
/7 ...

p.prefixParseFns = make(map[token.TokenTypelprefixParseFn)
p.registerPrefix(token.IDENT, p.parseldentifier)
p.registerPrefix(token.INT, p.parselntegerLiteral)

// 1.1
}

M T parseIntegerLiteral J&, parseExpression giAEALHH token. INT jali i
JL T . BAEIHH parseIntegerLiteral §i<sik [Alxast.IntegerLiteral, i :
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$ go test ./parser
ok monkey/parser  0.007s

WATEAEIE, PRI RS I P SC B 7 mdkeennit, SRMpraT
Bin LT

2.6.8 HIBREHEFF
Monkey 15 & T A DETEGEBAT: V- BRI S8 EME 5 iy —+

_5’
!foobar;
5+ -10;

LS R
RiBHH><R ik K>,

JEf, ARMIFRIA IR LN AT0a AT R EAER. T I X L U A 20 «

'isGreaterThanZero(2);
5 + -add(5, 5);

XEWE , RN HAFRIAAN AST WM AURE R, DMELEE ik
HRRT LA N AR R

JeRAL P E YR N R AT S0E AT AT AR A TR I 1 -

// parser/parser_test.go

func TestParsingPrefixExpressions(t *testing.T) {
prefixTests := []struct {
input string
operator string
integerValue int64
H
{"!5;", "t", 5},
{"-15;", "-", 15},

for _, tt := range prefixTests {
1 := lexer.New(tt.input)
p := New(1l)
program := p.ParseProgram()
checkParserErrors(t, p)

if len(program.Statements) != 1 {
t.Fatalf("program.Statements does not contain %d statements. got=%d\n",
1, len(program.Statements))



2.6 fRtrZ=IAR | 6l

stmt, ok := program.Statements[0@].(*ast.ExpressionStatement)
if lok {
t.Fatalf("program.Statements[0] is not ast.ExpressionStatement. got=%T",
program.Statements[0])

}
exp, ok := stmt.Expression.(*ast.PrefixExpression)
if lok {
t.Fatalf("stmt is not ast.PrefixExpression. got=%T", stmt.Expression)
}
if exp.Operator != tt.operator {
t.Fatalf("exp.Operator is not '%s'. got=%s",
tt.operator, exp.Operator)
}
if !testIntegerLiteral(t, exp.Right, tt.integerValue) {
return
}

}

XA PR E A R AT . X FZA AR . B t.Errorf F3)
BERESE B S b F— s a], YR T R SRS A i o X A s Bl s
JARET A RIS Bk B R BASI G, H a5 LS A B A 58
BAIRAAD, IEASTHEEARZAS . T4 5 2 AR Y, RenT
DAL e I B Y R NI e A ) 5 F-15, XBIFE T s
FAFFEEUE AR, XRAE prefixTests HE L.

W R S 2 5 FH K i AT kA AST, SRJGARYE prefixTests 45t
WY R E X EXT AST W s . mMUES, RS H—-1 2N
testIntegerLiteral MBI BIER%L, Kifrxast.PrefixExpression [ Right {HJE75
S IE A AR T A . 7R DS AN l Bl ek T DAk 46 A O SR TR
*ast.PrefixExpression MHFE: I, J5 AR PO S U H B A R iR~
IV

// parser/parser_test.go

import (

/7 L.
“fmt"

)

func testIntegerLiteral(t *testing.T, il ast.Expression, value int64) bool {
integ, ok := il.(*ast.IntegerLiteral)
if lok {
t.Errorf("il not *ast.IntegerLiteral. got=%T", il)
return false
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{E]

if integ.Value != value {
t.Errorf("integ.Value not %d. got=%d", value, integ.Value)
return false

}

if integ.TokenLiteral() != fmt.Sprintf("%d", value) {
t.Errorf("integ.TokenLiteral not %d. got=%s", value,
integ.TokenLiteral())
return false

}

return true

}

BRI HNE, BSIERTIE A TestIntegerLiteralExpression FHil%
SR AT RN/ N B pR R LTI A ] e

ANHEIORE, DS 28 J0k 4 P

$ go test ./parser

# monkey/parser

parser/parser_test.go:210: undefined: ast.PrefixExpression
FAIL monkey/parser [build failed]

AT TFEE X ast.PrefixExpression T3 4
// ast/ast.go
type PrefixExpression struct {
Token token.Token // #4380k 27T, 4!
Operator string
Right Expression

¥

func (pe *PrefixExpression) expressionNode() {}

i

func (pe *PrefixExpression) TokenLiteral() string { return pe.Token.Literal }

func (pe *PrefixExpression) String() string {
var out bytes.Buffer

out.WriteString("(")
out.WriteString(pe.Operator)
out.WriteString(pe.Right.String())
out.WriteString(")")

return out.String()

}

X A A 2R 2 Ab At *ast . Pref ixExpression 15 54 >7 Bt Operator

I Right {H1531F & Operator 2L & "- "o "1 " F4FH ; Right FEEL &
ek,

RSl

o
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1E String()IriET, BB LHARMEL, Wt/ Right sPRYFAAFES
T 5, AT IR R a8 B4 T R AR AL

i€ X *ast.PrefixExpression ZJ5, MRS RMOF BR—&A BRI A .

$ go test ./parser
--- FAIL: TestParsingPrefixExpressions (0.00s)
parser_test.go:198: program.Statements does not contain 1 statements. got=2
FAIL
FAIL monkey/parser 0.007s

Jifl2 program.Statements Gl AcIER], A REATHI K —57 JHEHE
parseExpression A TLE AT E AT, HiRFE T nil, itk program.Statements
A IER], HAPWA nil,

MY T 7T 4%l parseExpression J7 ik BEAE A XA ), P18 33X Fi i
L, BRI AR R

// parser/parser.go

func (p *Parser) noPrefixParseFnError(t token.TokenType) {

msg := fmt.Sprintf("no prefix parse function for %s found", t)
p.errors = append(p.errors, msg)

}

func (p *Parser) parseExpression(precedence int) ast.Expression {
prefix := p.prefixParseFns[p.curToken.Type]
if prefix == nil {

p.noPrefixParseFnError(p.curToken.Type)
return nil

}

leftExp := prefix()

return leftExp
}

JNELE B )78 noPrefixParseFnError HJERiag Ak rOAS IR TH BB TE 00
R0y errors FEC, {HIX LIRS AN AS AR AR TE B

$ go test ./parser
--- FAIL: TestParsingPrefixExpressions (0.00s)
parser_test.go:227: parser has 1 errors
parser_test.go:229: parser error: "no prefix parse function for ! found"
FAIL
FAIL monkey/parser 0.010s

i AN T — ARG RE , IR A AT A U S — AT R BT LT 21
EopraET



64 | E2E EEHW

// parser/parser.go

func New(1l *lexer.Lexer) *Parser {

// 1.1
p.registerPrefix(token.BANG, p.parsePrefixExpression)
p.registerPrefix(token.MINUS, p.parsePrefixExpression)

/7 ...
}
func (p *Parser) parsePrefixExpression() ast.Expression {
expression := &ast.PrefixExpression{
Token: p.curToken,

Operator: p.curToken.Literal,

}
p.nextToken()
expression.Right = p.parseExpression(PREFIX)

return expression

}

% token.BANG # token.MINUS, WDV prefixParseFn FHLAH 7%
parsePrefixExpression. 52 BIMIENT KA —FE, Z T HE—1 AST W8, 78
XA B F & *ast . PrefixExpression., {H2Z J5H X B, 1% F 2% 58 H
p.nextToken( ) KA IETAHIC,

HATE p.curToken AYZEHIN token . BANG 1Y token.MINUS i, &3 /Mres A<=
parsePrefixExpression, HABEHIFAL:, (AR T IEMFNTR-5 XFERRTSER A,
DGR LA, RIIZ AR p. curToken ##t*xast.PrefixExpression
TR, SEE L RITIFHKIEH] parseExpression, XU 2 LIRTS0E A AT H)
PLAESNENSE, BRI XS4, 5 AR TN 8 HAR SR

24 parsePrefixExpression ¥/ parseExpression B, AL ICC AR T,
BER Rl B TR AT e AT R RN 2 . X TF-5 Kiji, JH parseExpression K,
p.curToken.Type & token.INT #RJ5 parseExpression 4 T3 T 25 i AT R R
233 parselntegerLiteral, J5&BHHE—"*ast.IntegerLiteral 77 S K Hik
[7], 7 parseExpression #1511 03X N5 55, parsePrefixExpression 23{fi fHi%
It *ast . Pref ixExpression Y Right B¢,

B, i 1

$ go test ./parser
ok monkey/parser  0.007s

TERL, MR sRBCEAE T I XA AR E
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T parsePrefixExpression H1, FFUR B IAIVL HATT p. curToken JERTZHEHAT,
IR B p.curToken JERTZEFRIAAMIERAERL, EIFRALARSE — DAk HIC, X
FELERRB T8 IS, TANEBOCHR ST, BRI AT, SCRWAES . X A I500 2 A AE
T, RV e 1755, X —UIRRE IS ) T4

298K, parseExpression 1A HF) precedence S04 AR, AT &/
T RTHAHEN - SEEEE . e e TR & B T s R LR S,
parseExpressionStatement ZULAMENTFRIAX LI, EXBEEFILIEH—
TCATH, AR T LOWEST {564k . Aad parsePrefixExpression 233 PREFIX {56
At %4 parseExpression, KX AN eREL G Db AT 2R Feak 0

Pk WEMIr P& RIEA, WP LIEFEFE parseExpression & Ul fii F

precedence 1Y,

26.9 HREEF
T AT 8 L5 B A

_

5;

XHAY 5 HRAVE R, SaisiaBrrRisi—r, hBsBAr A wa] ]
(ERIESINW

<REX> <P @B > <REX>

M TR RERB P A 2 A AR, NI AR Z A Z e RiA s, MRTSH#R
AP N —TFRIER . BR PR RAFR AT I AMEESRA, H—TR, X
5o S A TR T A D R R I o s A T R AL S 2
BARBCRAL KBS

// parser/parser_test.go

func TestParsingInfixExpressions(t *testing.T) {
infixTests := []struct {
input string
leftvValue 1int64
operator string
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rightValue int64

H
{"5 + 5;", 5, "+", 5},
{"5s - 5;", 5, "-", 5},
{"5 * 55", 5, "x", 5},
{'s / 5;", 5, "/", 5},
{"5 > 5;", 5, ">", 5},
{"5 < 5;", 5, "<", 5},
{"5 == 5;", 5, "==", 5},
{"5 !=5;", 5, "t=", 5},
}
for _, tt := range infixTests {
1 := lexer.New(tt.input)
p := New(1l)
program := p.ParseProgram()
checkParserErrors(t, p)
if len(program.Statements) != 1 {
t.Fatalf("program.Statements does not contain %d statements. got=%d\n",
1, len(program.Statements))
}
stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
if l!ok {
t.Fatalf("program.Statements[0] is not ast.ExpressionStatement. got=%T",
program.Statements[0])
}
exp, ok := stmt.Expression.(*ast.InfixExpression)
if l'ok {
t.Fatalf("exp is not ast.InfixExpression. got=%T", stmt.Expression)
}
if !testIntegerLiteral(t, exp.Left, tt.leftValue) {
return
}
if exp.Operator != tt.operator {
t.Fatalf("exp.Operator is not '%s'. got=%s",
tt.operator, exp.Operator)
}
if !testIntegerLiteral(t, exp.Right, tt.rightValue) {
return
}
}

}

XAMMERAE 24 T2 %] T TestParsingPrefixExpressions, HE7EArf3ng AST 17
MUSINT Right #0 Left FEMIWI T o X BLARMS IR R T ERIMLHE, X MLH
ARRETE J5 TN ISR AT I AR B H 0 |
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AT 2 TGk it mi R, PR A S *ast. InfixExpression MIE Lo N
THAREIERRIEN, TTHRE X ast. InfixExpression:

// ast/ast.go

type InfixExpression struct {
Token token.Token // EHAFEEA, 4o+

Left Expression
Operator string
Right Expression
}
func (ie *InfixExpression) expressionNode() {}

(
func (ie *InfixExpression) TokenLiteral() string { return ie.Token.Literal }
func (ie *InfixExpression) String() string {

var out bytes.Buffer

out.WriteString("(")
out.WriteString(ie.Left.String())
out.WriteString(" " + ie.Operator + " ")
out.WriteString(ie.Right.String())
out.WriteString(")")

return out.String()
+
5 ast.PrefixExpression —+f, H/EFHEE X expressionNode( ). TokenLiteral()
1 String( )77, SKil ast.InfixExpression SEF ast.Expression Fil ast.Node %
M. 5 ast.PrefixExpression fHLL, Me—IX A — 14K Left BIHIFEL, & B
Al AMRAFAE T ik

AT X AT LI A7l IR ] i ) 2 A — SR B I S R
HE:

$ go test ./parser
--- FAIL: TestParsingInfixExpressions (0.00s)
parser_test.go:246: parser has 1 errors
parser_test.go:248: parser error: "no prefix parse function for + found"
FAIL
FAIL monkey/parser  0.007s

HK SRR R AR T ERNARR AR XS+ RIS s, 0 1)
AET, JIML%Z:IEIJ:I%%%ET‘%%%*'E?RW@E%%lﬁi&(, T2 A BRI — > 2] i
Hr ek

PAESEEN TN “SERUSIATT” B “SERUHRER" MOCHEEEAS oM T oRE 58
parseExpression Jyik. M, FFEA —MEEHEM LRIk,
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// parser/parser.go

var precedences = map[token.TokenType]int{

token.EQ: EQUALS,
token.NOT_EQ:  EQUALS,
token.LT: LESSGREATER,
token.GT: LESSGREATER,
token.PLUS: SUM,
token.MINUS: SUM,
token.SLASH: PRODUCT,
token.ASTERISK: PRODUCT,

}

/7 [...]

func (p *Parser) peekPrecedence() int {
if p, ok := precedences[p.peekToken.Typel; ok {
return p

}

return LOWEST
}

func (p *Parser) curPrecedence() int {
if p, ok := precedences[p.curToken.Type]; ok {
return p

}

return LOWEST
}

precedences WL HFE, H TR B ITA S HAR SOk . e and
{EERTTE L E &, Bl —Habignyses, Mixsk®RnT A, + (token.PLUS) Fil-
( token.MINUS ) HA MRS, {HAKF* ( token.ASTERISK ) Fl1/ ( token.SLASH )
I

peekPrecedence J5 MR p.peekToken HfRialEBAICRTY , IR [B] fr CHR AU S
P WIRAE p.peekToken HIAFEAEXS I UL E, WIHH FHBIAME LOWEST, X2 ft
Fis B8] HE BA MR L S5 2% . curPrecedence J7vEZEML, Ak [ iy &
p.curToken IES% .

TR NI B R s BT A T 2 AT PR A
// parser/parser.go

func New(1l *lexer.Lexer) *Parser {

/7 [...]
p.infixParseFns = make(map[token.TokenType]infixParseFn)
p.registerInfix(token.PLUS, p.parseInfixExpression)
p.registerInfix(token.MINUS, p.parseInfixExpression)
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.registerInfix(token.SLASH, p.parseInfixExpression)
.registerInfix(token.ASTERISK, p.parseInfixExpression)
.registerInfix(token.EQ, p.parseInfixExpression)
.registerInfix(token.NOT_EQ, p.parseInfixExpression)
.registerInfix(token.LT, p.parseInfixExpression)
.registerInfix(token.GT, p.parseInfixExpression)

/7 ...

}

A SRR BRI A LAY registerInfix HEET . BRI B L4 516
—/N44°N parseInfixExpression [Rf#HT BRECFEOCEE, 40 F iR

// parser/parser.go

T T T T T T

func (p *Parser) parseInfixExpression(left ast.Expression) ast.Expression {

expression := &ast.InfixExpression{
Token: p.curToken,
Operator: p.curToken.Literal,
Left: left,

}

precedence := p.curPrecedence()

p.nextToken()
expression.Right = p.parseExpression(precedence)

return expression

}

XS, 15 parsePrefixExpression L, X MHEA 140 left 1Y
2, HAH Ny ast.Expression, %7 B FHIX A 24— ~*ast. InfixExpression
W, Hh 2 left ST Left FEB . SR EK YTk ponifi e s (g
FIRRIBEL ) MY JRERAs & precedence, ZJGHEM nextToken TS ik ea
JG, feJa PRI parseExpression RIHF T A1 Right 2B, IXIRAE ARJEE AT
JEIPE ST LY e 38

SR e PR B M 2 B9 .0 parseExpression FUFRA AT
// parser/parser.go

func (p *Parser) parseExpression(precedence int) ast.Expression {
prefix := p.prefixParseFns[p.curToken.Typel
if prefix == nil {
p.noPrefixParseFnError(p.curToken.Type)
return nil
}
leftExp := prefix()

for !p.peekTokenIs(token.SEMICOLON) && precedence < p.peekPrecedence() {
infix := p.infixParseFns[p.peekToken.Type]
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if infix == nil {
return leftExp
}

p.nextToken()

leftExp = infix(leftExp)
}

return leftExp
}

s, A A T

$ go test ./parser
ok monkey/parser  0.006s

ITERESE AT TP s AT RIAA T W2 BEXBRRAE T HA? ERMAS
HrEg?

SR parseExpression IUAEM T HE 2 . Z AT T iz eRECAN T S IF A
5 Ui BT CER A prefixParseFn, FIZRIaBAT . FRiR 4 Ao i i AR 2 ik A
AEPRAY

X B AH N ASENL T parseExpression FMEI . ZEIGFRAY TR, 120 240K
R — A oc Ak infixParseFns, QISR 3] T x4 ek%k, i prefixParseFn
RN FIR A E NS BOR XA R XAMEASEHEE AT, B WAL e Ik
A IRVE BT

XA IrRARESE . FHEPIREEH T2 ARRIEERNEEAF. 5, PP
AT AST A M /e it T 45380

// parser/parser_test.go

func TestOperatorPrecedenceParsing(t *testing.T) {

tests := []struct {
input string
expected string
H
{
"-a * b",
“((-a) * b)",
}s
{
"r-a",
“(r(-a)",
I



for

"a+b+c",
"((a+b) +c)",
},
{
"a+b-c",
“((a+b)-a)",
},
{
"a x b *xc",
“((a * b) *c)",
})
{
"axb/c",
"((a *b) /)",
})
{
"a+b/c",
"“(a+ (b /c)",
})
{
"a+b*c+d/e-f",
"(((a+ (b *c))+(d/e))-T)",
})
{
"3 + 4; -5 % 5",
"(3 + 4)((-5) x 5)",
}7
{
"5 >4 ==3<4",
"((5>4) == (3 <4))",
}7
{
"5<41!=3>4",
"((5<4) !'=(3>4))",
}7
{
"344*x5==3%14+4x*5"
"((3+ (4 *5)) ==((3*1)+(4*5)))",
}7
_, tt := range tests {
1 := lexer.New(tt.input)
p := New(1l)
program := p.ParseProgram()

checkParserErrors(t, p)

actual :=

program.String()

if actual != tt.expected {
t.Errorf("expected=%q, got=%q", tt.expected, actual)

¥
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AR T, R TR

T ZH7E AST 15450 String( ) ki 7355, AT ik 251 g
F| & *ast. InfixExpression HPIFHIHIEIE T o

I SR AR R GE BT A X LE SR AN AT AR A, AN FAE G, T TE R A 40 M 5T

parseExpression Jrik,

2.7 EBRASFFFRIEL

R - RIS S 48R T parseExpression 77 E:T 5 M9 1 M HLAd AT
PRECRIL R A o AN AR RSB 58 R4 BT IX 31 .

AR AR Parser 251K, WIRAMIHTE *Parser & X7
2, WA, MREEA T Go i s, MAYIE LI Go ZATMUR T 36 4F, Bk
Wz AN E 4 ERIX G, AR prefixParseFns XS CH AT “nuds” ( “null
denotations” ), infixParseFns ¥ CH Y “leds” ( “left denotations” ),

BRI PRSP 2D , {HX LAY parseExpression 7k S5 HA N
L Z i T AR, TLEEA s

A IR BETy, NMRR BRI AR TAE, (GBS — RBP4
AR TAERY, DL ir A 244 ( parseExpression. MM sRECRIPLES )
HAETE—, BT AT LT 2a0E4

1+ 2+ 3

X A R AP RAE T2 AST FP R B AMa AT R R, MR AT IE R
B AST T Rl TR REIMNI%E—A AST, J¥IUEN PR JA AR PR .

((1 +2) + 3)

%A AST T84 W P*ast. InfixExpression 5, (B EK*ast. Infix-
Expression [#) Right 7 SN2 CF s 3, H Left TN — 1 +ast.
InfixExpression, ZJ5 %55 —/>*ast.InfixExpression 52 il HEEE 1R & 1 Al
2 fEAH Left 7750 Right 75,5, a1l 2-2 fiw
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*ast.InfixExpression

N

*ast.InfixExpression

\

*ast.IntegerLiteral

*ast.IntegerLiteral *ast.IntegerLiteral
Bl 22

& 2-2 () AST IEZIBIR ATt 1 + 2 + 3 g R, JREBIE &M
WA B AR . BRAERATFA T K JH ] parseExpressionStatement B, 57k
SRR T AT B TAE o SO B2 I 2 By st [ e 1B b il H AR R A O

THESEITUAIE . R 1 + 2 + 33MF& BB LIRS,

parseExpressionStatement & parseExpression(LOWEST). ILAY p.curToken
1 p.peekToken 73548 LA 1 AR —A+, 40K 2-3 Fim .

1 + 2 + 3

T p.peekToken
p.curToken

K 2-3

%74 parseExpression S — 11 E & KA 2 B A — 5 41 p. curToken.
Type AHREEK prefixParseFn, XH [ p.curToken.Type J& token.INT, AreBiAY
prefixParseFn J& parseIntegerLiteral, KHMHLETAHIXA parselntegerLiteral,

JHiR Al ~*ast.IntegerLiteral, parseExpression 2B M4 leftExp,
SRIGF T parseExpression HHUHT for fEIN, MLIHMERR T Z&AFHH A true:

for !p.peekTokenIs(token.SEMICOLON) && precedence < p.peekPrecedence() {
/7 [...]

}

X A p.peekToken 442 token.SEMICOLON, H. peekPrecedence i& [A]ff)+
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IXANERE B TC I Se S E TAE 8 45 parseExpression %L LOWEST, X B
HTT 2 SRR IS

// parser/parser.go

const (
_ int = iota
LOWEST
EQUALS // ==
LESSGREATER // > or <
SUM // +
PRODUCT /] *
PREFIX // -X or !X
CALL // myFunction(X)

)

TR G true, L parseExpression 24T for JEHAYFA,
W s -

infix := p.infixParseFns[p.peekToken.Type]
if infix == nil {

return leftExp
}

p.nextToken()
leftExp = infix(leftExp)

F7EHR S T p.peekToken. Type X1 ff) infixParseFn, i /&7E*Parser |E X
) parseInfixExpression, & JCHiFSIALIATT, S5 PR XA REIEIE IR 7]
{HA LS, leftExp (XELR T leftExp 456 ), I H AT HLANE 2-4 Fi/R

1 + 2 + 3 H

T p.peekToken
p.curToken

K 2-4
TEX RN , I8 parseInfixExpression I O f#tr i *ast. IntegerLiteral

( ZHIFE for JEIRSMIELLS T leftExp ) f&ihid & 32 1K parseInfixExpression 1
RAENFWRAR, HREEXAN T

// parser/parser.go

func (p *Parser) parseInfixExpression(left ast.Expression) ast.Expression {

expression := &ast.InfixExpression{
Token: p.curToken,
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Operator: p.curToken.Literal,
Left: left,
}

precedence := p.curPrecedence()
p.nextToken()
expression.Right = p.parseExpression(precedence)

return expression

}
W, A left RO &M A*ast. IntegerLiteral, FRME 1,

parseInfixExpression 1 /CIR-AT p.curToken ML SES: (SH— A +REEHIT ), SR
JE TR RE BT IR FH parseExpression, {ERIREAERIESESE, I LAAE B4 —
I FH parseExpression, 1L FAICANE 2-5 7w

1 + 2 + 3 :

T p.peekToken
p.curToken

K 2-5

XK parseExpression EIsE—{ZESE, F4k p. curToken X1 A9 prefixParseFn,
5 RMKIR A parseIntegerLiteral, (HUZEEFE for IR &/FiEAE false, Il
precedence ({62 parseExpression IZS4) &1 + 2 + 3 TE—PNLBSBFHM
e, SR FRTHE A+ BAF, W2 p.peekToken BIPLSES, Frllix HAS
ST for TEIARY A, HIRBIFRIR 2 (*ast. IntegerLiteral,

FHFEIRI 3] parseInfixExpression A7, parseExpression iR [BI{ESMACA T HTH4
7Y *xast. InfixExpression i) Right FEt., FrLAELIERYHE L ANE 2-6 FrR

*ast.InfixExpression

LN

*ast.IntegerLiteral *ast.IntegerLiteral

Kl 2-6
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X ~*ast. InfixExpression HEIAHNERH parseInfixExpression i [H], i BLFE
T2 [ %] parseExpression [1) for fEFASME, BT precedence {3982 LOWEST, SRJ5
T B IRITR for PRI ITAEER 51

for !p.peekTokenIs(token.SEMICOLON) && precedence < p.peekPrecedence() {

/7 L]

+

XIRGE AR N true, KK precedence & LOWEST, Jf H. peekPrecedence FL7E
R T FGB N A+ e, IR . parseExpression 2 KT for
PEARR TR, ARIZAAET, IAE leftExp AEER 1 M*ast. IntegerLiteral, Ifij

= parseInfixExpression iz [0 f{*xast.InfixExpression, F#RMZE 1 + 2,

TEPEFRI) 4R, parseExpression #8 %) p.peekToken. Type (25 —+) XHIAY
infixParseFn, i Z parseInfixExpression; % HiFialvk B0 ; i o i leftExp
YERZEAH parseInfixExpression, [fifE parseInfixExpression H1, 2 FHKIFH
parseExpression, i&[Alfx/5— 1 *ast.IntegerLiteral, Wul &k A M 3,

SEMXEEZ 5, TEPEIR FIREARE, leftExp 0 2-7 fis

*ast.InfixExpression

N

*ast.InfixExpression *ast.IntegerLiteral
*ast.IntegerLiteral *ast.IntegerLiteral
Ko2-7

IR FATEZA L s AT B IEw | Rk AT anle 2-8 Bk .

1 + 2 + 3 ¢

T p.peekToken
p.curToken
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WAE for EIRHY SRR AT RN false:

for !p.peekTokenIs(token.SEMICOLON) && precedence < p.peekPrecedence() {

/7 [...]

}

X2} p.peekTokenIs(token.SEMICOLON)FRIESE RN true, FTLAASHATIERR
FAK,

X} p.peekTokenIs(token.SEMICOLON ) HIH ARG 1Y UISRARAE] p. peekToken.
Type P 5G4, I 4 peekPrecedence 77231 [nI BRIA{E LOWEST, 1fij token.SEMICOLON
TR BRI S LOWEST, AHZFRIA A XA 2 F o ii 35 B R X 25 o AT, 14T
T o8 ) PR

FRCHE, for JEHHUTSE T , 158 T leftExp MR [FI{E, ILZE T F] parseExpression-
Statement #, 53 IEMIAY*ast. InfixExpression, J¥HH{E*ast . Expression-
Statement HF1AYFEA,

PAESITE TR T A IERRAART 1 + 2 + 30, XARHW AR, AEm7 4
51|42 precedence #ll peekPrecedence ¥ .

{HXRE “EIEREE i, REATEX AR ElT, BB (+) #54 MR
L e, WA RBUREAL g is BAT & i A BRI . REAS RENS BRINE B N
LOWEST, Xt frAq iz 45 &R d Fl HIGHEST?

K RRE, NRNIRREE e A s iR 0 AST. L Seg 2 Tk EA B E Lk
£ QS B = IV =37 W AV A 3 e AL S =20 O VA WO 50 0 e S BN = WK S Vo W VAR Y S L R S (B
BINE . IXSEi# T parseExpression FAY precedence 458 A .

& parseExpression A, precedence [/{H /R~ 247if parseExpression ¥ H
1 “HLREES” . AZRRE IR, METRIA (BEFLLMENARIT) A rT L
“OURT BIREEAIT . IBEAT . BERUR S, Wl DIRARERS ST MNATEZ .

WS YR/ A L RAE Sk B RME, B2 AT RIZE S, BIArAc4s leftExp
HEARSIEIBS S T — a8 (BRI ) B infixParseFn, UL,
leftExp AN “&7 F 1A, FOMILE! for JEFRAYSZMAIERIA N true,

RATRESEEN T, SHAREIAMX, F —F “LZREET17 . (EMAMEFRRX
FhZe R BES17 BESR parseExpression H I SEF R AT A LR e
WA T — BB L RRE T Tk 7 AR R, K A X} peekPrecedence [
W AR B EAR R T — 2 8AT p. peekToken IZEZHAE T .
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2, —UIEE 3] for fE3RHY precedence < p.peekPrecedence( )51, X5
PR e, F— s BAF ek T A AR RE TR T 2 A A 2R RE S,
RS, YT NS R T — 2B AR G, IR T —

BB infixParseFn,

KB —MTF, BBEEAT IR BRI -1 + 2, 50 AST FoRMINIZIE (-1)+
2, MiAE-(1 + 2), 7F parseExpressionStatement £l parseExpression ZJi, f—
M token.MINUS JEBEAY prefixParseFn, Bl MINUS: parsePrefixExpression,
KT IS, XHHIH T 5841 parsePrefixExpression {45

// parser/parser.go

func (p *Parser) parsePrefixExpression() ast.Expression {
expression := &ast.PrefixExpression{
Token: p.curToken,
Operator: p.curToken.Literal,
}
p.nextToken()
expression.Right = p.parseExpression(PREFIX)
return expression

}

X HH PREFIX 1E ML c4iL 84, parseExpression, ¥ PREFIX ZBAL 1 X4
parseExpression MG ZIHRAE T RIsE L, PREFIX BIPLEHB R . K2
parseExpression(PREFIX) REfitr-1 1Y 1, ek H AL 8455 —1 infixParseFn,
TEXFHEDL T, precedence < p.peekPrecedence()—E # false, Bl infixParseFn
AeBs LAERFGRAR A, Tt 1R AT A Akl R, XA
i A —A 1, AT Rl T 2 i HA 382

[ )%} parseExpression BESNZIHT, BIEZ5EM, I X parsePrefixExpression
R, 12 T2 —1 leftExp:=prefix()ZJa, I precedence FIMEA#R e LOWEST,
ORERSNZVH T PE . A 2R e JIT598 & LOWEST, JITLL p.peekToken
BAEE-1 + 2 P+,

AT for TEIRMIZRIE, DIHIWHE RN PATIEIR Bk, 250K, +25
FFRILSE (B p.peekPrecedence( )R\l ) & T YHTAIALIHREE S . IBA TN
WA (ATEFRIAA-1) WAEFELRLS+HKN infixParseFn, bR, +lidZ
AWRREST “BET TZRTCMNTRINGS, FHHVEIEAEA AT AST 5 sy 222l

5456860 infixParseFn J& parseInfixExpression, ‘EfEEfH parseExpression

2R+ AP BEA 2R BE ST, A2 LOWEST, oI R8O — P+ HA
SRAVZELRBETIF e RIAKR LT, REESSECEM a + b + ¢ BIRA
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AFERIEHRIE (a + (b + ), MIAZMER((a + b) + ¢)o

AT BT R L HIRAE RS EAE T T o X R U R =X h s BT A H . 78
BRI R L MRE] 1 + 2 * 3, *LEAREI KT+ EZAWREE . FrLlfi
Wi, 2 2L sh S+in i ou B infixParseFn,

(HARE B, R e, BN AOCER BAA A R B 22 2R BE I AN 2
WHES . precedences & HATTH T — MEFRI FRME, ZERMBARRIET
T,

g —14~ L;%; ﬁxeﬁaéﬂﬂﬁfmzzdéﬁié L an+te it N %02 (a + (b + ¢))
MAE((a + b) , 2AEfENTB AR Al B, RN
Q’JEE““jJ ﬂn%ﬁf*ﬁﬂ,ﬁ\ﬁﬁmaEPE’J++%IJ——L%;?T, LA IO X s A AT LATE T4

Ja T E I, AR T LURITE AT A8 BAF A TR BE ST A 2R RE I ANRIAR A
JEHTO

T Monkey H iz BAFE SC R B i —AME, A il L ZELIHRAE Al
FHAREEST, F FUESGE B PR IR LA Ao (HUNSR AR+ 47 Gk,
AR 27T LAZEEH parseExpression BFREHAT e, W F AR

// parser/parser.go

func (p *Parser) parseInfixExpression(left ast.Expression) ast.Expression {

expression := &ast.InfixExpression{
Token: p.curToken,
Operator: p.curToken.Literal,
Left: left,

}

precedence := p.curPrecedence()

p.nextToken()

expression.Right = p.parseExpression(precedence)
/] N AT RARA AR, EIX KIS AT RO SRR
return expression

}
B EGXAN FERER — T SRR |
// parser/parser.go

func (p *Parser) parseInfixExpression(left ast.Expression) ast.Expression {

expression := &ast.InfixExpression{
Token: p.curToken,
Operator: p.curToken.Literal,
Left: left,
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precedence := p.curPrecedence()
p.nextToken()

if expression.Operator == "+" {
expression.Right = p.parseExpression(precedence - 1)
} else {

expression.Right = p.parseExpression(precedence)

}

return expression

}
B )E, MR+ KR

$ go test -run TestOperatorPrecedenceParsing ./parser
--- FAIL: TestOperatorPrecedenceParsing (0.00s)
parser_test.go:359: expected="((a + b) + ¢)", got="(a + (b + ¢))"
parser_test.go:359: expected="((a + b) - c)", got="(a + (b - c))"
parser_test.go:359: expected="(((a + (b *x c)) + (d / e)) - )"\
got="(a + ((b *x c) + ((d / e) - )))"
FAIL

FIXH, TRAZT parseExpression MAREEEELE R T o WIRARATIORA K, Toik
A TR, G, IR A A R AL T, oL Parser
P B BRI, B AT e A S R A A L FEAR TR code SUIFR
B, H—"% N ./parser/parser_tracing.go FSCHF, ARTTNEE AN AT % 3CHE L
T trace fil untrace FA~pREL, W] LATE B T B vk A as 00 AR R BE i FH 53 an
FHIR:

// parser/parser.go

func (p *Parser) parseExpressionStatement() *ast.ExpressionStatement {
defer untrace(trace("parseExpressionStatement"))

/7 [...]

}

func (p *Parser) parseExpression(precedence int) ast.Expression {
defer untrace(trace("parseExpression"))

/7 ...

}

func (p *Parser) parselntegerLiteral() ast.Expression {
defer untrace(trace("parseIntegerLiteral"))

/7 [...]

}

func (p *Parser) parsePrefixExpression() ast.Expression {
defer untrace(trace("parsePrefixExpression"))
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/7 ...
}

func (p *Parser) parseInfixExpression(left ast.Expression) ast.Expression {
defer untrace(trace("parseInfixExpression"))

/7 (... ]

}

IS LR ERIER], wn] DU i A a A B S — A E . TR &0
rhfi A kR -1 *x 2 + 3BTRS

$ go test -v -run TestOperatorPrecedenceParsing ./parser
=== RUN TestOperatorPrecedenceParsing
BEGIN parseExpressionStatement
BEGIN parseExpression
BEGIN parsePrefixExpression
BEGIN parseExpression
BEGIN parselntegerLiteral
END parseIntegerLiteral
END parseExpression
END parsePrefixExpression
BEGIN parseInfixExpression
BEGIN parseExpression
BEGIN parseIntegerLiteral
END parseIntegerLiteral
END parseExpression
END parseInfixExpression
BEGIN parseInfixExpression
BEGIN parseExpression
BEGIN parselntegerLiteral
END parseIntegerLiteral
END parseExpression
END parseInfixExpression
END parseExpression
END parseExpressionStatement
--- PASS: TestOperatorPrecedenceParsing (0.00s)
PASS
ok monkey/parser 0.008s

2.8 ¥ EEEDhER

TEARSEA HUNATY L TS A, B R B B B s . XL
Ao p e Hib MBI RS, (B2 —28 NIRRT R %L, LMELEE S
THE .

ZHEZHA T testIntegerLiteral WIXHIHIREL, XHEANHE 148N
testIdentifier HYRR%EL, B REMSHE BEANEAG IS
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// parser/parser_test.go

func testIdentifier(t *testing.T, exp ast.Expression, value string) bool {
ident, ok := exp.(*ast.Identifier)
if l'ok {
t.Errorf("exp not *ast.Identifier. got=%T", exp)
return false

}

if ident.value != value {
t.Errorf("ident.Value not %s. got=%s", value, ident.Value)
return false

}

if ident.TokenLiteral() !'= value {
t.Errorf("ident.TokenLiteral not %s. got=%s", value,
ident.TokenLiteral())
return false

return true

}
ABIIE, TEX P R EEAN [, REASEE ST 22 038 140 Bl Rk -
// parser/parser_test.go
func testlLiteralExpression(
t *testing.T,

exp ast.Expression,
expected interface{},

) bool {
switch v := expected.(type) {
case int:
return testIntegerLiteral(t, exp, int64(v))
case int64:

return testIntegerLiteral(t, exp, Vv)
case string:
return testIdentifier(t, exp, v)
}
t.Errorf("type of exp not handled. got=%T", exp)
return false

}

func testInfixExpression(t *testing.T, exp ast.Expression, left interface{},
operator string, right interface{}) bool {

opExp, ok := exp.(*ast.InfixExpression)

if l'ok {
t.Errorf("exp is not ast.InfixExpression. got=%T(%s)", exp, exp)
return false
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if !testLiteralExpression(t, opExp.Left, left) {
return false

}

if opExp.Operator != operator {
t.Errorf("exp.0Operator is not '%s'. got=%q", operator, opExp.Operator)
return false

}

if !testLiteralExpression(t, opExp.Right, right) {
return false

}

return true

}
AT kSR B R K, AEREZNS T TR A AR -

testInfixExpression(t, stmt.Expression, 5, "+", 10)
testInfixExpression(t, stmt.Expression, "alice", "x", "bob")

IXRERBE (IR T T e A g AST JEE T o FR A FH I 2638 (i B
PREHRERIME T A BB L Hr ek, 7E parser/parser test.go H, R LLIE B Zid
T BRANY R A B

28.1 H/RFEE

1E Monkey 155 W, 875 EAETETLE 48 A1 AST H s g Hifh— e g, Hop
faf PR A /R PR . 7E Monkey 1, BBk 2 A9 7 st B Al F A R P im i

il

true;
false;
let foobar = true;
let barfoo = false;

SRR AR R, AR F IR AST FR Lk i .
// ast/ast.go

type Boolean struct {
Token token.Token

Value bool
}
func (b *Boolean) expressionNode() {}
func (b *Boolean) TokenLiteral() string { return b.Token.Literal }
func (b *Boolean) String() string { return b.Token.Literal }

Value FE: FHRIEAE bool ZEFIMYME, B true 5% false, iX4& Go [ bool fH, A~
J& Monkey “Flfitt . & X T AST 49 s Ja st il LAGS Ik 1



84 | HL2EB BESIT

X~ TestBooleanExpression M pi %k 5B 1Y TestIdentifierExpression Fil
TestIntegerLiteralExpression dEHAHL, P BENFRZGA . M /R R R T
SR LI Y SEEA 2R S AT R TR 1)

$ go test ./parser

--- FAIL: TestBooleanExpression (0.00s)

parser_test.go:470: parser has 1 errors
parser_test.go:472: parser error: "no prefix parse function for TRUE found"

FAIL
FAIL monkey/parser  0.008s

MR, T35k token. TRUE F1 token. FALSE imEEBAICIEN—1 prefixParseFn,
// parser/parser.go

func New(1l *lexer.Lexer) *Parser {

/7 [...]
p.registerPrefix(token.TRUE, p.parseBoolean)

p.registerPrefix(token.FALSE, p.parseBoolean)
/7 [...]
}

Ifii%F T parseBoolean J5ik, MRIZHIEEAS T :
// parser/parser.go

func (p *Parser) parseBoolean() ast.Expression {
return &ast.Boolean{Token: p.curToken, Value: p.curTokenIs(token.TRUE)}

}

XANTTIENER T p.curTokenIs(token.TRUE) WM. BRI ARt A 2541 Rl
FT o XA AR E A, WATEDL, BT AS BAR R AT R T AR T XS
i b R AR R S 2 —, BHER BT R,

M T

$ go test ./parser
ok monkey/parser  0.006s

AR, BUAE T DAY 2 AN U 55 5 SE B A R i o 2R — D2
TestOperatorPrecedenceParsing, [ H:H I F4F 53 FAeHLH] -

// parser/parser_test.go

func TestOperatorPrecedenceParsing(t *testing.T) {
tests := []struct {
input string
expected string

H
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/7 ...
{
"true",
"true",
}7
{
"false",
"false",
})
{
"3 > 5 == false",
"((3 > 5) == false)",
}}
{
"3 < 5 == true",
"((3 < 5) == true)",
}}
/7 ...
}

ARV testLiteralExpression AfiBherdk, JHHEAEHMNY testBooleanLiteral
PR, XA AT LA BE 2 I b A K T T
// parser_test.go
func testLiteralExpression(
t *testing.T,

exp ast.Expression,
expected interface{},

) bool {
switch v := expected.(type) {
/7 [...1]
case bool:
return testBooleanLiteral(t, exp, v)
}
/7 [...1]
}
func testBooleanLiteral(t *testing.T, exp ast.Expression, value bool) bool {
bo, ok := exp.(*ast.Boolean)
if lok {

t.Errorf("exp not *ast.Boolean. got=%T", exp)
return false

}

if bo.Value != value {
t.Errorf("bo.Value not %t. got=%t", value, bo.Value)
return false

}

if bo.TokenLiteral() != fmt.Sprintf("st", value) {
t.Errorf("bo.TokenLiteral not %t. got=%s",
value, bo.TokenLiteral())
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return false

¥

return true

}
—UIRIH, JURAE switch IAIREIN T —4> case, i ENIN T —SB AOATI pR K

T X AE E Y e TestParsingInfixExpressions:

// parser/parser_test.go

func TestParsingInfixExpressions(t *testing.T) {
infixTests := []struct {
input string
leftValue interface{}
operator string
rightValue interface{}

H
/7 [...]
{"true == true", true, "==", true},
{"true != false", true, "!=", false},
{"false == false", false, "==", false},
}
for _, tt := range infixTests {
/7 [...]
if !testInfixExpression(t, stmt.Expression, tt.leftValue,
tt.operator, tt.rightValue) {
return
}
}

}
[FRE, HEREMRArh gk B, SRR ALY i€ TestParsingPrefixExpressions:
// parser/parser_test.go
func TestParsingPrefixExpressions(t *testing.T) {
prefixTests := []struct {
input string

operator string
value interface{}

{"!true;", "!", true},
{"!false;", "!", false},

/7.1
}

BAERRMER AT T T T A /RS i i, v T, 9ok

B, FHOMLURSHE TR T R HdS !
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2.8.2 THFTIEN

BTORKERRE KRR - BRI TP, b b, HARIE
FHERAS B 7 R AT 7 L 3B PR 4R, A 3N R e 2 nl LUK 28R, 7 Monkey
e, ATURIE S 4 2R MBS, T2 2 2 bR SRR AEL I
JPo ZHIC AR 1 MA 7R

(5 +5) * 2;

556 5 + 5 RIAAXABAE—E, WMPEMTERILLHR, WA AST HHEERY
(i E o XRERLAE 2 A A A E IERR AR AT .

BAEARATREAEAR . “SKIRBIBRMAR T ! A& BB T =7 WRARF IS
HEPRIATRILERE, I, JoR/R PHNE.

M T A RGA B FAEY) AST 35 5288, PIIAR AN 2 Hodn 5 Hooilix
TeAUEE AST BIVA] IERAf#AT /2RI FRATITZEARAYJ2Y J& TestOperatorPrece-
denceParsing MK pREL, VISIR$E S RENE XS IR T4, I 2 AST 9
A

// parser/parser_test.go

func TestOperatorPrecedenceParsing(t *testing.T) {

tests := []struct {

input string
expected string

H
/7 ...
{
"1+ (2 + 3) +4",
"((1+ (2+3)) +4),
}s
{
82"(5 + 5) * 2",
"((5 +5) *2)",
}7
{
"2/ (5+5)",
"(2 7/ (5+5))",
},
{
"-(5 + 5)",
"(-(5+5))",
})
{
"I(true == true)",

"(!(true == true))",
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}!

/7 1.
}

IEAFU AR, MR T

$ go test ./parser
--- FAIL: TestOperatorPrecedenceParsing (0.00s)
parser_test.go:531: parser has 3 errors
parser_test.go:533: parser error: "no prefix parse function for ( found"
parser_test.go:533: parser error: "no prefix parse function for ) found"
parser_test.go:533: parser error: "no prefix parse function for + found"
FAIL
FAIL monkey/parser  0.007s

TSRS IMELL B R . S T ikGE R, (R INELT A
// parser/parser.go

func New(l *lexer.Lexer) *Parser {

/7 1.1

p.registerPrefix(token.LPAREN, p.parseGroupedExpression)
/7 1.1
}

func (p *Parser) parseGroupedExpression() ast.Expression {
p.nextToken()

exp := p.parseExpression(LOWEST)
if !p.expectPeek(token.RPAREN) {
return nil

}

return exp

I

XSS T o MAiE T, R A S RISt e i . K
TRl BT s O SCTR AL S B SR . DL B iR Ay 7 RN N
7, XN Z TR I .

BRI RIETS, X7 BEARIXRE, IR AR, 4R,

2.8.3 if {iER
S5 A mTRE S T —FE, 7F Monkey AT LIfdH 1f Al else:
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if (x >y) {
return x;

} else {
return y;

}
else AL, AL .

if (x >y) {
return x;

}

PRXT IR BL R Z AR A . {H/ZTE Monkey H1, if-else ZxmlERIAA, XEK
EE*%%@%F%@,N?if%iﬁﬁg,Eﬁﬁ*ﬁ%ﬁ@?iﬁoI%Li
ANEE return 154]

let foobar = if (x >y) { x } else { y };

IR 1f-else ZRMFRIRISEH W] BETC/IRRE, (EO8 T IR AR, ik BLIE =251
AT

if (<&#>) <& R> else <THRHLE

AT SRR 4R A “alEARIERT TR RG] o BB A A KA
SOk, AREETYERN—RIER], YT Monkey HiZ i)

ﬁa%ﬁm AT RINBE L2 E X AST 5. diB it it g 5 i b AL g
M . RAOF R A E . X EARSRUNL .

Fifif& ast. IfExpression X1~ AST i 5 AU E X :
// ast/ast.go

type IfExpression struct {
Token token.Token // 'if'i#d&kET
Condition Expression
Consequence *BlockStatement
Alternative *BlockStatement

}

func (ie *IfExpression) expressionNode() {}
func (ie *IfExpression) TokenLiteral() string { return ie.Token.Literal }
func (ie *IfExpression) String() string {

var out bytes.Buffer

out.WriteString("if")
out.WriteString(ie.Condition.String())
out.WriteString(" ")
out.WriteString(ie.Consequence.String())
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if ie.Alternative != nil {
out.WriteString("else ")
out.WriteString(ie.Alternative.String())
}

return out.String()

+

—4JIEIH, ast.IfExpression ZZFL T ast.Expression #11, JfHA 3Ll
/N if-else KA FEL, Condition FEA 41, W LURIEMFKRAZ; Consequence
- Alternative AR 4 2% 14 4 548 Ml PR R 45 SR, ANk e AT H T B 2 Al
ast.BlockStatement. WIFTATIA, 1f-else &MFAIAY “455” (consequence ) Fil “nJ
BACHIEER” (alternative ) Z2—FRFMIEH], LI ast.BlockStatement /s

// ast/ast.go

type BlockStatement struct {
Token token.Token // '{'#F %
Statements []Statement

+

func (bs *BlockStatement) statementNode( ) {}
func (bs *BlockStatement) TokenLiteral() string { return bs.Token.Literal }
func (bs *BlockStatement) String() string {

var out bytes.Buffer

for _, s := range bs.Statements {
out.WriteString(s.String())
}

return out.String()

}

JEIIEREE T — 2D R A, B L, ARIGZANE S 24T, R AT
A&

// parser/parser_test.go

func TestIfExpression(t *testing.T) {
input := “if (x <y) {x }

1 := lexer.New(input)

p New( 1)

program := p.ParseProgram()
checkParserErrors(t, p)

if len(program.Statements) != 1 {
t.Fatalf("program.Statements does not contain %d statements. got=%d\n",
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1, len(program.Statements))

stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
if lok {
t.Fatalf("program.Statements[0] is not ast.ExpressionStatement. got=%T",
program.Statements[0])

exp, ok := stmt.Expression.(*ast.IfExpression)
if lok {
t.Fatalf("stmt.Expression is not ast.IfExpression. got=%T",
stmt.Expression)

if !testInfixExpression(t, exp.Condition, "x", "<", "y") {
return

}

if len(exp.Consequence.Statements) != 1 {
t.Errorf("consequence is not 1 statements. got=%d\n",
len(exp.Consequence.Statements))

consequence, ok := exp.Consequence.Statements[0].(*ast.ExpressionStatement)
if lok {
t.Fatalf("Statements[0] is not ast.ExpressionStatement. got=%T",
exp.Consequence.Statements[0])

if !testIdentifier(t, consequence.Expression, "x") {
return

}

if exp.Alternative != nil {
t.Errorf("exp.Alternative.Statements was not nil. got=%+v", exp.Alternative)
}
}

XHEBEIN T — TestIfElseExpression MR K%L, i FHLL T MRE A
if (x<y){x?}else{y]}

1r TestIfElseExpression #7, *ast.IfExpression HJ Alternative FEHH—
BRI S . X PR X 45 SR rhxast . IfExpression Y9 S A4S AT 5, JF
i FH T 4B PR testInfixExpression Fl testIdentifier AR UEH AP ACAS L T
WP SEAEA L, X ZMUA RE PR L AT R LR A IR A MBS R T

LE P NI R, s IR AR R . AN ik e AR AR A A B«
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$ go test ./parser

--- FAIL: TestIfExpression (0.00s)
parser_test.go:659: parser has 3 errors
parser_test.go:661: parser error: "no prefix
parser_test.go:661: parser error: "no prefix
parser_test.go:661: parser error: "no prefix

--- FAIL: TestIfElseExpression (0.00s)
parser_test.go:659: parser has 6 errors
parser_test.go:661: parser error: "no prefix
parser_test.go:661: parser error: "no prefix
parser_test.go:661: parser error: "no prefix
parser_test.go:661: parser error: "no prefix
parser_test.go:661: parser error: "no prefix
parser_test.go:661: parser error: "no prefix

FAIL

FAIL monkey/parser  0.007s

Sk BRI TestIfExpression, AR, X

FASGIEF—1 prefixParseFn,
// parser/parser.go

func New(1l *lexer.Lexer) *Parser {

parse
parse
parse

parse
parse
parse
parse
parse
parse

/7 [...]

p.registerPrefix(token.IF, p.parseIfExpression)
/7 1.1
}

func (p *Parser) parseIfExpression() ast.Expression {

function
function
function

function
function
function
function
function
function

expression := &ast.IfExpression{Token: p.curToken}

if !p.expectPeek(token.LPAREN) {
return nil

}

p.nextToken()

expression.Condition = p.parseExpression(LOWEST)

if !p.expectPeek(token.RPAREN) {
return nil

}

if !p.expectPeek(token.LBRACE) {
return nil

}

expression.Consequence = p.parseBlockStatement()

return expression

j

for
for
for

for
for
for
for
for
for

IF found"
{ found"
} found"

IF found"

{ found"

} found"
ELSE found"
{ found"

} found"

HTEE N token. IF jAlEE

XA T expectPeek, FEHALMNTRECTBAA X A, BEMARELH B4
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WEL, expectPeek FHIZEIX HLEEA R X, WH p.peekToken ANEFIAYZEAL, B4
expectPeek 2L HIER AN IES 1 ; A2 TUHIZEAL, W expectPeek i1t
P nextToken JroR AT RTE T, XIS ITFREN, WHRAE Uf 5122
— AT (, RGN ES . RS )X A, e BRI K
fE5{, FRXE—APUERIIF k.

XANTEEAE T eREERT AP, BIRTHES R 984k H iRk 80, i parseBlock-
Statement v T2 KIES{MINIE, MM p.curToken FUZE%I % token.LBRACE, Fifi
J& parseBlockStatement AY1CHL .

// parser/parser.go

func (p *Parser) parseBlockStatement() *ast.BlockStatement {
block := &ast.BlockStatement{Token: p.curToken}
block.Statements = []ast.Statement{}

p.nextToken()

for !p.curTokenIs(token.RBRACE) && !p.curTokenIs(token.EOF) {
stmt := p.parseStatement()
if stmt != nil {
block.Statements = append(block.Statements, stmt)

}
p.nextToken( )

}

return block

}

parseBlockStatement AW parseStatement, 3 WA K455 18X token. EOF,
I 3R 3] THUERIFR R, JE&FmEA BMTIRERIT T o SR FE AL,
W2 Toik T sy, ] LSRR, AP parseStatement.

XA K SWZER parseProgram J7ikAEH ML, 7z kb & H
parseStatement, L F|iULFKx “L5R” WL HIG, 7 ParseProgram Hik g
token.EOF 1Alik iyt MARXBRELT T —5S, (HEMA 2R, Kbyt
FET, LR e L

$ go test ./parser
--- FAIL: TestIfElseExpression (0.00s)
parser_test.go:659: parser has 3 errors
parser_test.go:661: parser error: "no prefix parse function for ELSE found"
parser_test.go:661: parser error: "no prefix parse function for { found"
parser_test.go:661: parser error: "no prefix parse function for } found"
FAIL
FAIL monkey/parser  0.007s



WIHAERRAREE, TestIfExpression ML T, {H TestIfElseExpression A,
R T SF if-else &) else #4r, T 2R A HOE ARAEAE , WUERAFAE N T EAH BT else
Jo TH A .

// parser/parser.go

func (p *Parser) parselfExpression() ast.Expression {
/7 ...
expression.Consequence = p.parseBlockStatement()

if p.peekTokenIs(token.ELSE) {
p.nextToken()

if !p.expectPeek(token.LBRACE) {
return nil

}

expression.Alternative = p.parseBlockStatement()

}

return expression

}

AR, XA E T R S A R R else, WA else B AZE
R Mo HR A . TE TR E T T consequence BB Z 5, St F—Mlik
BT 2 token ELSE {Ali%kHAIC, 1, 7E parseBlockStatement AU, JHHTiA
PBTTA T ARG S IX B, R85 token . ELSE, WP ATTRIM ML, 55—k
I nextToken, R NEAHIE p.peekToken & else, XJ5iRH expectPeek,
HF— AR ERIT AR SUE R A KEE S, AINFRERT A R

FEAT B R AR 25 5 B 25— 455, RIAR 25 %) T 10 A A% 1) 92 B o0 sl S 2 b o)
nextToken, I, A — "4 UMK ILE BT PRETAN (] 4 E TRk FROT SR A
o TAERNTIAE AR A X PP iR, HRT—UIIEH

$ go test ./parser
ok monkey/parser  0.007s

ARAUL, BATDURE T .

2.8.4 E¥FMHE

PRATREC 2 FERH], WIRIASINAY parseIfExpression J5 ik iUt L 2 FiTdi 5
i) prefixParseFns 5 infixParseFns B2, F 5 RLEX I kb iAb #F 2 7]
HIREFLIC IR IR AL, R A ZAL PR AT ERY else #4145 T OREMRHT I pREL

il
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I, XEMERE NP I iRk ORI AR S parseIfExpression FH{M .
TE Monkey H', PRI e E XHREIN =, Hh iSO EH .. )
BT s .

fn(x, y) {
return x + y;

}

PRI B LAIOCHES fn Pk, R D2SHGIE, BEmER— N ahm) . Sk
e R AR, R RO S PATER IR o RO THD B A R G5 R s -

fn <25 k> <hiEd)>

BT &40 T HuE ) KA =0 3 LA N A= 24, (BRI,
SRR RIS 7 B S S 4R AR AT 514 -

(<K¥ 1>, <K¥32>, <FZ%3>, ...)

RPN R LIRS

fn() {
return foobar + barfoo;

}

LR R T R 25 o X AT AR R AST 507 K2 RA 1 Refgfl
PGB 7 S RE ] pR BT & o AN T XA RECE T i, EAE let A
EESieW

let myFunction = fn(x, y) { return x + y; }

TR XA RECT T, B — D eRBCFT RY return 4] e 230k

fn() {
return fn(x, y) { return x > y; };

}
TEVE 3 — A eR RN, A T DL H ek 807 R A S5

myFunc(x, y, fn(x, y) { return x > y; });

XWTHERARE 24, (HSEPR 1 IFAHE, Monkey HHEAMTHS I — KAL AR, HEDK
PRECT i E N FIRI, IR AFA AR — b s, HABFR bR L T
WA AARFRNE |

WA BRECF T RATPI A S SRS BRI A PR 0 e
), PR S AST Jo A0, FUARAL RS P AT T -
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// ast/ast.go

import (
/7 1.1
"strings"

)

type FunctionLiteral struct {

Token token.Token // 'fn'dd&k %L
Parameters []*Identifier
Body *BlockStatement

+

func (fl *FunctionLiteral) expressionNode() {}

func (fl *FunctionLiteral) TokenLiteral() string { return fl.Token.Literal }
func (fl *FunctionLiteral) String() string {
var out bytes.Buffer

params := []string{}
for _, p := range fl.Parameters {
params = append(params, p.String())

out.WriteString(fl.TokenLiteral())
out.WriteString("(")
out.WriteString(strings.Join(params, ", "))
out.WriteString(") ")
out.WriteString(fl.Body.String())

return out.String()

}
Parameters FBjE—{*ast.Identifier ¥JH, XA, Body #iE*ast.
BlockStatement, ZHTELZILid, Wi,

TSR, Hrh ER i T B R testLiteralExpression F1 testInfix-
Expression:

// parser/parser_test.go

func TestFunctionLiteralParsing(t *testing.T) {
input := “fn(x, y) { x +y; }°

1 lexer.New( input)

p New( 1)

program := p.ParseProgram()
checkParserErrors(t, p)

if len(program.Statements) != 1 {
t.Fatalf("program.Statements does not contain %d statements. got=%d\n",
1, len(program.Statements))
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}
stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
if lok {
t.Fatalf("program.Statements[0] is not ast.ExpressionStatement. got=%T",
program.Statements[0])
}
function, ok := stmt.Expression.(*ast.FunctionLiteral)
if lok {
t.Fatalf("stmt.Expression is not ast.FunctionLiteral. got=%T",
stmt.Expression)
}
if len(function.Parameters) != 2 {
t.Fatalf("function literal parameters wrong. want 2, got=%d\n",
len(function.Parameters))
}

testLiteralExpression(t, function.Parameters[0@], "x")
testLiteralExpression(t, function.Parameters[1], "y")

if len(function.Body.Statements) != 1 {
t.Fatalf("function.Body.Statements has not 1 statements. got=%d\n",
len(function.Body.Statements))

bodyStmt, ok := function.Body.Statements[0].(*ast.ExpressionStatement)
if lok {
t.Fatalf("function body stmt is not ast.ExpressionStatement. got=%T",
function.Body.Statements[0])

testInfixExpression(t, bodyStmt.Expression, "x", "+", "y")

}

EAMRAL & 3 D FEISy: Kidixast.FunctionLiteral EAFELE; Mitr Sk
GIFREB LR ; AL RE AR & IERER] . e i AU, B Z R
i IfExpressions W E IR T X BEA) BT . (8 H 2 —SLaIKT 5t B ),
TN RS T T W HE AR AT R W, s R

T HE X T ast.FunctionLiteral, 1MiBA BUIEE M, IR 220 .

$ go test ./parser

--- FAIL: TestFunctionLiteralParsing (0.00s)
parser_test.go:755: parser has 6 errors
parser_test.go:757: parser error: "no prefix parse function for FUNCTION found"
parser_test.go:757: parser error: "expected next token to be ), got , instead"
parser_test.go:757: parser error: "no prefix parse function for , found"
parser_test.go:757: parser error: "no prefix parse function for ) found"
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parser_test.go:757: parser error: "no prefix parse function for { found"
parser_test.go:757: parser error: "no prefix parse function for } found"
FAIL
FAIL monkey/parser  0.007s

R, FF2ER token. FUNCTION inlyk Bc i M — -8 prefixParseFn,
// parser/parser.go

func New(1l *lexer.Lexer) *Parser {

/7 [...]

p.registerPrefix(token.FUNCTION, p.parseFunctionLiteral)
/7 [...]
}

func (p *Parser) parseFunctionLiteral() ast.Expression {
1it := &ast.FunctionLiteral{Token: p.curToken}

if !p.expectPeek(token.LPAREN) {
return nil

}
lit.Parameters = p.parseFunctionParameters()

if !p.expectPeek(token.LBRACE) {
return nil

}
1it.Body = p.parseBlockStatement()

return 1it

+
FHR AT oR BT 1T 25001 parseFunctionParameters J7 U0 R R
// parser/parser.go

func (p *Parser) parseFunctionParameters() []*ast.Identifier {
identifiers := []*ast.Identifier{}

if p.peekTokenIs(token.RPAREN) {
p.nextToken()
return identifiers

p.nextToken()

ident := &ast.Identifier{Token: p.curToken, Value: p.curToken.Literal}
identifiers = append(identifiers, ident)

for p.peekTokenIs(token.COMMA) {
p.nextToken()



}

}
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p.nextToken()
ident := &ast.Identifier{Token: p.curToken, Value: p.curToken.Literal}
identifiers = append(identifiers, ident)

if !p.expectPeek(token.RPAREN) {

}

return nil

return identifiers

XA MR 0 . parseFunctionParameters i i i [ LATE 543 b ) 2 5051
%, SR ICRWEARRAT, REE XA B S8 R, RS EEIE
FzE MIBEETIR o % PR RE 2 B R K BS503R

XEFRAEMNTTE, ARERN—HMEOR A A MRS, =2 H5%
HA -SRIV EGHZ SRR

// parser/parser_test.go

func TestFunctionParameterParsing(t *testing.T) {
tests := []struct {

¥

H

for

input string
expectedParams []string

{input: "fn() {};", expectedParams: []string{}},
{input: "fn(x) {};", expectedParams: []string{"x"}},
{input: "fn(x, y, z) {};", expectedParams: []string{"x", "y", "z"}},

_, tt := range tests {

1 := lexer.New(tt.input)

p := New(1l)

program := p.ParseProgram()
checkParserErrors(t, p)

stmt := program.Statements[0].(*ast.ExpressionStatement)
function := stmt.Expression.(*ast.FunctionLiteral)

if len(function.Parameters) != len(tt.expectedParams) {
t.Errorf("length parameters wrong. want %d, got=%d\n",
len(tt.expectedParams), len(function.Parameters))

}

for 1, ident := range tt.expectedParams {
testLiteralExpression(t, function.Parameters[i], ident)

}

XA R R i T
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$ go test ./parser
ok monkey/parser  0.007s

PRECT IR RIS TR0 Atk tras Za, R4 AST WRIEZ AT,
A R Jr— R

2.8.5 FHAFIEN

TR R T R S, TR E AT R B, BRI HIRIA . B
HIEEFI AN P -

<A A K> (<25 45 1B89 Ak X5 &>)

JRHY, BURCARIEL, o TR, XK R R, T
B LR AR A

add(2, 3)

AT — T, add 2—PRiRAF, MR RAFE A 2802 M1 3 WEkik
X, ENPERBFEmE, YT —MRrEHIE. S8 FE—1RAAT%.

add(2 + 2, 3 * 3 x 3)

XURAR . H—ANSEEREPHREKL2 + 2, FASHE3 3 %3, X
A Gy 3 . AR R — N UL ZER AR sRE . TEX AR, rREEEE bR
F add, FFUFEARRAT add 58 ORGSR XA AL, atiEid, AT RABk pRil
FFEIEH DA, BARCR UL add 204y pR 1T i -

fn(x, y) { x +y; 2, 3)

XA ARY . PR ik n] URVESHL

callsFunction(2, 3, fn(x, y) { x + vy; });

FRE — P IAHFRIA S5

<A A K> (<25 45 1g0 ik X5 &>)

FHRBAEE D RBELA D RBAIN R, RBATFEREG SFE] A5
B, MiZRABNFIEZ R B ZSE, AST 155U F s

// ast/ast.go

type CallExpression struct {

Token token.Token // '(‘'#k%ET

Function Expression // AFRRAR B FEE
Arguments []Expression
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func (ce *CallExpression) expressionNode() {}
func (ce *CallExpression) TokenLiteral() string { return ce.Token.Literal }
func (ce *CallExpression) String() string {

var out bytes.Buffer

args := []string{}
for _, a := range ce.Arguments {
args = append(args, a.String())

out.WriteString(ce.Function.String())
out.WriteString("(")
out.WriteString(strings.Join(args, ", "))
out.WriteString(")")

return out.String()

}

e 2R I8 2 A DU H 481 5 I 1 i A o — A, L B A X *ast . Call-
Expression G5/ AW 5 -

// parser/parser_test.go

func TestCallExpressionParsing(t *testing.T) {

input := "add(1l, 2 * 3, 4 + 5);"
1 := lexer.New(input)

p := New(1l)

program := p.ParseProgram()

checkParserErrors(t, p)

if len(program.Statements) != 1 {
t.Fatalf("program.Statements does not contain %d statements. got=%d\n",
1, len(program.Statements))

}
stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
if lok {
t.Fatalf("stmt is not ast.ExpressionStatement. got=%T",
program.Statements[0])
}
exp, ok := stmt.Expression.(*ast.CallExpression)
if lok {
t.Fatalf("stmt.Expression is not ast.CallExpression. got=%T",
stmt.Expression)
}

if !testIdentifier(t, exp.Function, "add") {
return
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}

if len(exp.Arguments) != 3 {
t.Fatalf("wrong length of arguments. got=%d", len(exp.Arguments))
}

testLiteralExpression(t, exp.Arguments[0], 1)
testInfixExpression(t, exp.Arguments[1], 2, "*", 3)
testInfixExpression(t, exp.Arguments[2], 4, "+", 5)

I

'? PR THT 5 ML S EUEAT—FF, A AL B ST TS sl i a2 — A4
B, TR NI 5545 R Y, BARX S TR IE R 21T, I,
FAEACHS I T — TestCallExpressionParameterParsing MR R%L, 1 IYEAS
T code SUFIE A XA R AL

DI EARRAGRINE, B Fat BT, RS T, WS AR
THEL:

$ go test ./parser

--- FAIL: TestCallExpressionParsing (0.00s)
parser_test.go:853: parser has 4 errors
parser_test.go:855: parser error: "expected next token to be ), got , instead"
parser_test.go:855: parser error: "no prefix parse function for , found"
parser_test.go:855: parser error: "no prefix parse function for , found"
parser_test.go:855: parser error: "no prefix parse function for ) found"

FAIL

FAIL monkey/parser  0.007s

XEENERGIENERINER, AR S LB 7R 2091 2k it

prefixParseFn We? &R AFER R IS BMAIRNE R T KB . IR T
W prefixParsefn, BEIEZMIEAAWE? KE T HX TS

add(2, 3);

add /& prefixParseFn T IAR ST, ZJ5 & —1 token.LPAREN, ILHTZEFES
NETPRESFMSEGNRZ A, Y TETRAE ., XEWRETTZN token. LPAREN {F
WE—1~ infixParseFn, XFEHLATLAUENT RECRIAX T (LI B RIRESTIE & RET
& ), RJFkAS token.LPAREN SKIE[Y infixParseFn, i HEfHTAGZRIAAE R
SRR E . WIGHEXA infixParseFn FfFENTS85)R ., 3£

// parser/parser.go

func New(1l *lexer.Lexer) *Parser {

/7 [...]
p.registerInfix(token.LPAREN, p.parseCallExpression)

/7 1.1



}
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func (p *Parser) parseCallExpression(function ast.Expression) ast.Expression {

exp := &ast.CallExpression{Token:

p.curToken, Function: function}

exp.Arguments = p.parseCallArguments()

return exp

}

func (p *Parser) parseCallArguments() []ast.Expression {
args := [last.Expression{}

if p.peekTokenIs(token.RPAREN) {

p.nextToken()
return args

p.nextToken()

args = append(args, p.parseExpression(LOWEST))

for p.peekTokenIs(token.COMMA) {

p.nextToken()
p.nextToken()

args = append(args, p.parseExpression(LOWEST))

}

if !p.expectPeek(token.RPAREN) {

return nil

}

return args

}

parseCallExpression 5% A I REUE IS8, I BRI E— 1 *ast.
CallExpression i, A TTiZEB13R, T2V parseCallArguments, iX~pR%L
FEikY parseFunctionParameters e AAHML, AFZALYET parseCallArguments

@A, 1 HIR [EI)JE ast.Expression,
X HL A N 2 2 A L

B17, MHRATIR I«

$ go test ./parser

MAE*ast.Identifier,

o FRATTITHUR S M T — 889 infixParseFn, FHK

--- FAIL: TestCallExpressionParsing (0.00s)
has 4 errors

parser_test.go:853:
parser_test.go:855:
parser_test.go:855:
parser_test.go:855:
parser_test.go:855:
FAIL
FAIL monkey/parser

parser
parser
parser
parser
parser

error:
error:
error:
error:

0.007s

"expected next token to be ), got , instead"
"no prefix parse function for , found"
"no prefix parse function for , found"
"no prefix parse function for ) found"
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MR Fr ARG, SRR add(1, 2)F A4S (BUERE T 8hs BT R 1E
ﬁﬁ HRXANEFESBEA K . EEAEN M “FhE”, ik parseExpression A
R AR N ZS . THRIA AN IZ B B s e g, BIRZE B ek

// parser/parser.go
var precedences = map[token.TokenTypelint{
/7 ...

token.LPAREN: CALL,
}

A TSRS A e, nTLIY I TestOperatorPrecedenceParsing
T3 PR AL -

// parser/parser_test.go

func TestOperatorPrecedenceParsing(t *testing.T) {

tests := []struct {
input string
expected string
H
/7 [...]
{
"a + add(b * c) + d",
"((a + add((b * c))) + d)",
1},
{
"add(a, b, 1, 2 * 3, 4 + 5, add(6, 7 * 8))",
"add(a, b, 1, (2 * 3), (4 + 5), add(6, (7 * 8)))",
}!
{
"add(a + b+ c*d / f + g)",
"add((((a + b) + ((c *d) / f)) + g))",
s
}
/7 0.1

}
AR RGN, A] A B Ay IR 1

$ go test ./parser
ok monkey/parser  0.008s

FICI, SRORATICOL SRl 1) BRI AN, A —NAHE,
IR TRIE A C 258 T T o FA TS T B ok 2 1ol Sk PRy TR L 734
i, A EUE iﬁ?ﬁﬁ*ﬁ%ﬁﬂ%%—f"% FAITEREE LT AST, WAl LUE
WisAT, EMHREIE AKX T .

HTEMCZ R, Sk MRS st B Y TODO, -4 ié REPL DAUE BUE L/ Hr e
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2.8.6 fHExk TODO

TEIRE fEMT let AR return EAJAOACASET, FefBkid T A0, 7
RIS EE T TODO:

// parser/parser.go

func (p *Parser) parseLetStatement() *ast.LetStatement {
stmt := &ast.LetStatement{Token: p.curToken}

if !p.expectPeek(token.IDENT) {
return nil

}
stmt.Name = &ast.Identifier{Token: p.curToken, Value: p.curToken.Literal}

if !p.expectPeek(token.ASSIGN) {
return nil

}

// TODO: $kidsdkik Xag4 2, HIBRHF

for !p.curTokenIs(token.SEMICOLON) {
p.nextToken()

}

return stmt

}

parseReturnStatement H1 i A #H[F Y TODO, J&MHEM XL TODO T . B4,
THEY A I, TR let BRI return I5R] &G XSG T FA R
T B A B sR BRI [R] () ek 2R, S B pREUCRE L FRAT T4 1 B 0 B v e A
G RMEGE D, SEEERAIE parseExpression B IEAAE A

PIF & TestLetStatements pR%N
// parser/parser_test.go

func TestLetStatements(t *testing.T) {
tests := []struct {

input string
expectedIdentifier string
expectedValue interface{}
H
{"let x = 5;", "x", 5},
{"let y = true;", "y", true},
{"let foobar = y;", "foobar", "y"},
}
for _, tt := range tests {

1 := lexer.New(tt.input)
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I

p := New(1l)
program := p.ParseProgram()
checkParserErrors(t, p)

if len(program.Statements) != 1 {
t.Fatalf("program.Statements does not contain 1 statements. got=%d",
len(program.Statements))

}

stmt := program.Statements[0]
if !testLetStatement(t, stmt, tt.expectedIdentifier) {
return

}

val := stmt.(*ast.LetStatement).Value
if !testLiteralExpression(t, val, tt.expectedvalue) {
return

}

TestReturnStatements R ZHATHHEHERNE . BRI ZHii .
AT EAR) 2, 7 parseReturnStatement fl parseLetStatement H1i% |- parse-
Expression, iAFFZACEIATBE) /5, IXAE parseExpressionStatement HEL /4
it EHZIG R parseReturnStatement Fl parseLetStatement 41F :

// parser/parser.go

func (p *Parser) parseReturnStatement() *ast.ReturnStatement {

}

:= &ast.ReturnStatement{Token: p.curToken}

p.nextToken()
stmt.ReturnValue = p.parseExpression(LOWEST)

if p.peekTokenIs(token.SEMICOLON) {

p.nextToken()

return stmt

func (p *Parser) parseLetStatement() *ast.LetStatement {

1= &ast.LetStatement{Token: p.curToken}

if !p.expectPeek(token.IDENT) {

return nil

stmt.Name = &ast.Identifier{Token: p.curToken, Value: p.curToken.Literal}
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if !p.expectPeek(token.ASSIGN) {
return nil

}
p.nextToken()
stmt.Value = p.parseExpression(LOWEST)

if p.peekTokenIs(token.SEMICOLON) {
p.nextToken()
}

return stmt

}
RFERA U R IMER T B A B TODO. TEFA TN S — T X ML de

2.9 RPPL

FHAT ML, FATH REPL H{4)& RLPL, H Read-Lex-Print Loop ( JEH(—i)i:43
Mr—ATEMEIR ). PRAER AN A A WA R AR, PIHGA TSR “fal 2087 (Lex )
Bk “SR{A” (Evaluate ), Aid HATELZANH TR, RILaT LR “Riksir”
(Lex ) By “IBEAT” (Parse ) HefyE— RPPL,

// repl/repl.go

import (
"bufio"
“fmt"
nig"
"monkey/lexer"
"monkey/parser"
)

func Start(in io.Reader, out io.Writer) {
scanner := bufio.NewScanner(in)

for {
fmt.Fprintf(out, PROMPT)
scanned := scanner.Scan()
if !scanned {
return

¥

line := scanner.Text()
1 := lexer.New(1line)
p := parser.New(l)
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| ®28 BEHW

program := p.ParseProgram()

if len(p.Errors()) != 0 {
printParserErrors(out, p.Errors())
continue

}

i0.WriteString(out, program.String())

i0.WriteString(out, "\n")

}
}

func printParserErrors(out io.Writer, errors []string) {
for _, msg := range errors {
i0.WriteString(out, "\t"+msg+"\n")
}
+

LY TARER, HRMEATAE REPL P ARICRS o SRS Tk M s A i i

*ast.Program £33l i I HH: String JrdsRATED, 207 KR IR IR FHAR Iy b i 1)
1) String Jrik. BUERT LIFEAT 24T B LA B s T il irds

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> let x =1*2 %3 % 4 x5

let x = ((((1 *x 2) * 3) * 4) x 5);

>> X *y / 2+ 3*%x8-123

((((x *y) /2)+ (3 *8)) - 123)

>> true == false
(true == false)
>>

PR BR TR String, MRS Al DU AR AT 831200 AST. tedn, nlLA

WIN—A> PrettyPrint 75k, FTEN AST ¥ S AOKBIF IER 4R E L7349 0, s i
ASCH B A0S B R AR B, dr] IFTEN ASCII %, IRA] LT B R IHERS T,

f58

B3~ RPPLATSAAIRARIIA A o iR 4B BN FHR I 2 7R T X R

[EPnY

$ go run main.go
Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands
>> let x 12 * 3;
expected next token to be =, got INT instead
>>

DR SR ALY . BORE St TR, (H S0 nl LU S R4

Monkey 15 7 (HARAEREANEK . T & — X H P S A &) printParserErrors pR%L,
IRV T RNl
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// repl/repl.go

const MONKEY_FACE = °

—_

/2 VA VA

[ 7 Yy N " 1
N N N0 |0/ / /|
\ o G\l oy
o A
N /|

func printParserErrors(out io.Writer, errors []lstring) {
i0.WriteString(out, MONKEY_FACE)
io.WriteString(out, "Woops! We ran into some monkey business here!\n")
i0.WriteString(out, " parser errors:\n")
for _, msg := range errors {
i0.WriteString(out, "\t"+msg+"\n")
}
}

A2 T o WAGBEUEMEL iR, maF R — kT, B

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> let x 12 * 3

_

/N e me NN
[ 7 Yy N " 1
N N N0 |0/ / /|
\ o G\l oy
oo A
[N /]

Woops! We ran into some monkey business here!
parser errors:
expected next token to be =, got INT instead
>>

M=RRE, RAHBAEMERINE T SRR AST HATRET .



3.1 AFSHFEX

ATF) TR (evaluation ) :X—4F, REPL H1AY E /R “SRIE”, MRS THYR
RGN ERE—2 . UG RIEE A SR A B S SRR RIE, P22
1 + 2 PRAREH G0 HE— 5 . — 4Rk ool — gt , IR8A & .
bR, 1+ 24295 3; 5 > 17155 true; 5 < 1733 false; M puts("Hello
World!™" ) gt th— 2% A JRl A [l fes i o

fp R AR R T — [ ISRt 5 AR T 30

let num = 5;

if (num) {
return a;

} else {
return b;

}

PRV, RS OREE R DE T BB 2R ) a it b, & dfEesy
Pkl 5 R e B, ERLEIEFh, el s RE, PTRAEERMH]; e HAbE S
H, WEAIS 1= 0 XRERF RO A U R

KA T YA -

let one = fn() {
printLine("one");
return 1;

}

let two = fn() {
printLine("two");
return 2;

}

add(one(), two());
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X HUATRES e one Hi4 Y two, WRTREAHS, BAABOR TR S, MiHs
R RE R I SC B (AR AP S EREY ) SR

ARFEPHVFZXERN/ MR, XEERERYOE T Monkey M TAE S, Dl dfiRds
X Monkey JEACHS HRAE 7=

ZHTFRULI 5 TR T AR AR, RV R R BE . AR, SRIEZEXS 2
Hrh AR . X2 Monkey i 7 19 LASEIA 7, PEARES7EIX BUS & S T .

3.2 KERE

TEA PR REAS LB, Toit SRR AT, SRIEAREZE iR i)y . AN
TESRIE AT LR AR Z A RS . ABIFLEARR TiX—x, HIHE N4 T AR
R REA A R A5 . M= RIBE, FeA133] T AST, AR A Gl AR 4T Ab BE R 5K
(ERAR L E T, DR b B LA MR

ATETHRZRT, e BRI — T, R A 198 e 22 ) ) S LA
MM B, MRS AN AT AT, S, iideanes . (HBSC IR L
FERAC R A = LB T B X AT T S

ST KLY, ARREIAAT AST AR d EWL . Sty T X BRI AST,
VIR RO IZT ST S, [AATEN A 8 | I Imm R . AT s
ERAE, XLEHGR I AT . DU AT ST AR MR IO il D i e ™, 2
MR R o A IERIEPIRZ AT, Reas 2t 2 ife, BFES AST
AN R A B A B 8 ) R HARf oy B 5 336 U1 P B SRR fELAY 75 — 1> (]
#m (IR ),

HABE AR Rt 2l 7 AST, (HAZMERE AST A5, ISk HiLih h
TSRS, AR AST W —Fihla)Fos, SR AST & &R
FATRIAR N AR RS (R TS RHE 42 ) S MR, X IR TR A B S LB
SEIBE EERE S o Gl ERERS S R ZEA g S Y BICAFE R AL, — 8ok,
REEFITGE AL E T push Al pop HATHRERAERHRAERS . (2 1A 2 A
PLEHRES, WAL GIE S . BEICEAERE I i LR E R g Al CPU iz
17, e R A UL R TR . 1, VMWare Fl VirtualBox KUY
(R LS T SEAILAN CPU, TR (4 READUH LS AL ) T AR A = 1 A A XY
TN, SEEMR AST ML, XF 7= RE R 4
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A — BN 7E AN [ AST . HMRBLE L T de AFIEE AST, TiiE EL%
ARG WSRJEE ARG, IR ABAETHE AR AR AR e At 87 A UT iR
(AT ) T AR — MU e Z AT 1, SRR 22 [ ) S BRAR AR
B ATSErE DT SRR, LBt ARih = A SC ST IR, FIEE AST I 3
Ao . AT AT, L2 BIRRR A A g i N LA, AR A
HEFBLA PAT 7 A48 RE 1A o SRR 1 JIT (Just in Time ) ffRE&/2 145 o

TIoh, HUERRBEAR AN S A RS, TR ik Py AST o FESRATHEANRERE 7352
ZHT, ARSI ES, RE RO AT el

A — RIS A R R R A X PR T 3, e R AR XS AST 1B IFR{E,
A1E AST WHFRE 7T L ZYCRIEZ S, ARFX A7 SO I HLE U .

TRAZFIE? SREDTEFZHE, HAA T

TEPE MRS 2 2R T XHERE A MRS AR PR A ZEOK | P B R A Zh Rt i 5 8L
AR ESE BN ARRIE o SBISR{EL AST (il D fif s n] e T I vk e i i) —
ft, (EICG TR, PIRMGLIN, I HREME 5 I siaefi i e .

W RS RENS A TR, I F R SR AR, IR AR SR Z . (HixX
AR EMER R, RSN TIT 4t iU a A A ThRE, TIRS 2 2 AL 2e
My, XFEARELHRRESTE ARM Fl x86 CPU _|i547

AT X 875 AR AT ARSI A ) i = kB . REBUSOUT, HfiE =i
VPRI 7 5 e B A: A ST A2 1K . Ruby fERERS & — MRIFROGI T~ 78 1.8 A ez
HIBIRSA T, g RS e — W DR, RI—30 i — 30T AST. {HJ2 1.9 It
AYUHGE] T B o BUE Ruby RS REAFATIRACAS | H3 AST FRHH 4 I3 7
T, AL PAT A, PR R ORI

WebKit 1) JavaScript 5% JavaScriptCore M H:44 & Squirrelfish 1B a% 2 Bifdi
Ft & ) AST H BT, ZJ57E 2008 4F- )4 2 U LA A B 2 o i i) 7
Ko BAEXAF IR NT Gt 4 BB, 433 T IR e A= e R IR A R B Be
TERR Y e L4 T RE R T 5 50

FH—AHIFE Lua. Lua ZifRifi 5 0 EESLBURVIEMRES, B ae 7
W HAE I T AR RN AT, FEIZE S ERAEMR 12 )5, mET
F—FPSCPL: LuallT, LualIT ORI Mike Pall 1) HAMEIRG, ABwtE 0@ b
Lua SE3, AR T, ol JIT B R8s 0 2 s s ide R R R R 254
HE BRI o 3XFE LualIT 720 A SEENA 3885 T )Rk 9 Lua SEEL, i
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WHLEUL, VF2 MRS MIBEA AR/, AARRRY I At , i tE A T2 A5
ARZ I A AR R B RRRS , (X B RS AR L 25 2 PR o 3 LAY F A3
> MBS — MRS, JFRETEILIERR [ 4RSiRTiE

3.3 tERERES

FA TR ZR s — A T AR o WAL, FANT ML A S £ A AST,
BB Y, AL P i D TR

XA REARR AR T AR ML Lisp i REdT o I A BOHEAR R 32 (HERAL
FEFF IR I AR ) (SICP) FRA SRR R AR IR A, Rl HX IR RfEHT . 1XA
UL FRAE AT AR E AR, M R[] — AR o A0 — U, ARAT L
MVFZ AR B BIX R o XA E SRR AT RO BE R AR ST 20 AT B8, 5 T
M H 2 J5 al LAY

AR E RTINS . — 2T sRER, —EEmFIES Go
78 Monkey HIfH . RIE#SIT EFE—MRE MR, AR EERE M40
eval MJpR%L, JLTAEEXT AST R, THZE— AR RRA, HTUHITEM R AT
e, “BREERIE” F0 R SRt s i

function eval(astNode) {

if (astNode is integerliteral) {
return astNode.integerValue

} else if (astNode is booleanLiteral) {
return astNode.booleanValue

} else if (astNode is infixExpression) {

leftEvaluated = eval(astNode.Left)
rightEvaluated = eval(astNode.Right)

if astNode.Operator == "+" {
return leftEvaluated + rightEvaluated
} else if ast.Operator == "-" {
return leftEvaluated - rightEvaluated
}
}
}

MHRTLIES], eval Zi#dM). 24 astNode is infixExpression NEf, eval
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SHUTAH A SR, DR Sk 7 A AR X PR AT AT BE 25 R
MBBIsRAE, A AR R BRI | AR TR BRI . AT
FEAEL AST B2 2, s BEAE R B rsiE, A et AST
RIE, MAEHE AST.

MBS B ANAES, AR XA sREBARE S Y o e — U ST 2
A A C Y Eval s, IFED MR B AR rP A B A 23 SE A RE

XBACS T AR I return i8], HIR B NEEAREADIGE . FHEMEITL
fhFE ] eval AR [MMEZEE S AR AR I

leftEvaluated = eval(astNode.Left)

rightEvaluated = eval(astNode.Right)

XA eval IREUTA7 3R BHEEMEFIAAL? XR84T “Monkey ffFEAFE
A 2N R R G

3.4 RFRUIR

“F—T, RARYE Monkey REEXRAEN!” J2i0, FBisd, 1M H Monkey
WA G PBLAAFAFEMNRRG? MERGWn LR “MHRE” 2 %t
RITRITE" X E AR, TEN eval BREUIR BN ST I—7E Lo Wi
Yo, FATHRE—DRG, HARFIR AST BIESZFRAENAF P XT AST SRIEMT LB

R EZEXT AT Monkey fC 5K (2 :

let a = 5;

/7 [...]

ATLVES], BEEHE 5 eS| T 4R a b, SR T T — S, BUERM A
FEAREEE, EEMIEX a + a FRACRIERT, TEUIMER] a p9E. WEtEi, N
TXFa+asRIE, FFEARBUEE 5, X7E AST Pl *ast. IntegerLiteral F/x, {HE
TEX) AST HAWFRIRAA AN, ARl ER IF 3R IX 1> 5 W7

TEFTRRERYIE &, AV AR T 2T DR E R N AR . TEC AT R TP
Feas Mdiarr s e rp, nTABR B2 R T BB AR A 25 B (EFR
JiaX, eI AR AERT AN RYFERR I, MRIEARREE T IO EOR, T .

AT Se g RE T A A H AR SR OB A /R(E5E ) RSP REE & vh
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AOMEL, AHIEATERS A Leifeit 5 R BN EE & A gl SR A il
PR AR MR B

N2 XEEAE 7 BRI E B F AR, FriRas 5 51T #2075 U
T SRR SR AT S I FOR AR . Lbin, ] Ruby 95 RUMERERS T, R
FRERI TS C 'S Mg R AN o

B 716 EiR S, PrREE S W R . A R T AE R 2R
BRI, BIAnER, PR (B — LRI = W 5 2281
T PR SRR L b2 S A AR S (LR T S A AR Y

Ko

B T 1E B METRRE T, W TEIOR T BTSSR RN A 3R
SRR AT EE M N AT FE . ASRAER S — DU RO RERR , S8 e 14
MRRGEEMMT. MHARERS A SR med:, W25 8T ie: £ 50
A (HASRASCOVERE, IR AT LU R e DR ] B0 EL 5 T, BRI H AR

Ko

XHPESAET, 750 FES P RRIRBE S AN TEARE . THXEAR
R IE R WAk (UERME— k) VIS S — S A TR IR A
BB Wren T H URACHS, o iRy 2O FOR(E, P LOE IR E
WREN_NAN_TAGGING 34 143 fufi FHWR— 7

B T AEfE B S NN EZ AL, b AT — R, AR T 1] e
PUATFIXSE(E R R o miifid, X8RN AR BT ARERY “2038 APT” 7

Biln, Java A SRAE T RIAEHESER! (int. byte. short. long. float,
double. boolean. char) FI5|HZEHA, #E Java SEEL, SRR ECHRE A 5 G Y
JRAERARVEYIMG, WA ZESE, Mg H2ERNH TR Java 7675 F18 5 e X
M A E L

1 Ruby 117, JHP AL RAARARAE RAEAERAR, DI g, BT
A AREREE] T IHFoR D . 76 Ruby 96, Plzza 500 byte MISLUIESI IR,
PUREPE R

o R 5 PR P A TR T A R . PRI s R T 3 0 AR
TR, MRG0, J54— DB . (AT AR, TG B B
T
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341 MRAGHIEM

B T HHX Monkey fiRBEas P REIFICA AR, R FRATTE RS 1 R BLAY 712,
WAL ZTZEXT Monkey IRACEERAERT, BN BE|F(EAZH Object 3R, X/~ Object
JE4 Monkey Wit HHE M, BACEYL, Fra MEARSE B — 55 Object #2001
gtk

IEFRATH 1 object £, 7EHHE X Object #2111 H1 ObjectType 257

// object/object.go

package object

type ObjectType string

type Object interface {

Type() ObjectType

Inspect() string
b

A AT, BRKARRZATTE token L 2E LY Token il TokenType 2874, [X 5l
TET Token 24514, 1M Object MYZEALZREN . B2 Ry MEHT ZEA R Iy N FR
FonIEA, O] ISR R S5 A AL, X LA — DS R N S Inr Z2 4 [H] 1
FEOE]E

H I, Monkey fipfedsh JAT 3 FhEi2e iy, J0l @ sl . AR (EFEEE. Je
SRR FORTIT IR, BAETI R RS

342 EH
object.Integer ZERIMRFHBA, — ANy,
// object/object.go
import "fmt"
type Integer struct {
Value int64
}

func (i1 *Integer) Inspect() string { return fmt.Sprintf("%d", i.Value) }

B Y AEVRARAD ol B T, ARRR BT HFE 0 ast. IntegerLiteral,
SRIGNHZ AST 5 ERAERT, Bk object. Integer, DAMENS R ({17 AR LS
FA AR AL 13 XA SSRGS |
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A Til object.Integer SZ¥K object.Object %11, T —4> Type( ) 7 EHiRk

ISR =N

[l %t Y ObjectType, 5 Z i token.TokenType —&f, £+ ObjectType # 2% & :
// object/object.go
import "fmt"
type ObjectType string

const (
INTEGER_OBJ = "INTEGER"
)

BT T, X5 ZHITE token H R AL, A TE, BMATLUK Type()
Ik NE]*object . Integer .
// object/object.go

func (i1 *Integer) Type() ObjectType { return INTEGER_OBJ }

AERSERL T Integer! FHIRACER S —FEdazsmy . f/R1E.

343 /R{E

WERTEARTHRZNE, IMRERET . fi/REXTNF object.Boolean
AR 5
// object/object.go

const (

/7 1...]
BOOLEAN_0BJ = "BOOLEAN"

)

type Boolean struct {
Value bool
}

func (b *Boolean) Type() ObjectType { return BOOLEAN_OBJ }
func (b *Boolean) Inspect() string { return fmt.Sprintf("st", b.value) }

AN HA— DB bool [HINETHAA,

XTR ARG IR B EARESE T T o 7E8Efl Eval pRECZAT, ATEMIIRE—F
FEFR—DAAERIHE.
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344 =T{H

1965 4F, FEJE - IR (Tony Hoare ) fE ALGOL W iE 5 oI A T2551 1, FkH:
Bl “MrEHCETERR” . AARLUG, TERARSH null 5IHIMHB . null &2—
ANFORBSERE . TS null (ZERBEEF H ol nil) A IREE,

KL RAIIXE Monkey HSEEE null, —J7 0, WR—TEF AR
nulUE nulL 51, IR AMEATER S E %4, By —J5i, X BARR | HZER T,
MR EAE SR, A, WRA T null, IBARUIERN A LUEH null 9375,
et =RMiAT. MBI AREA G, AR A TP B2 O
IRk R, IR et 5 DO T B ERE o FACHEIN null 2 {EAFA,
MRS NU VLSRR, DAS /N OAF At FE

// object/object.go

const (
/7 [...]

NULL_OBJ = "NULL"
)
type Null struct{}

func (n *Null) Type() ObjectType { return NULL_OBJ }
func (n *Null) Inspect() string { return "null" }

5 object.Boolean fil object.Integer #ifl, object .Null 12—k, A~
[f) Z A E FHAP AT AT E . B RR RS (H.

TSI object . NULLZJ5 , Monkey i3 52 R G A 1T AR AR AR SR 25 £,
A T XS 4 Eval T,

3.5 XREFREN

LA THAIF A4S Eval. 47 T AST AFTHIRTR ST, SEAEAEIAT Monkey I
PRI FLEREIB B, TR ABUAE RTINS ASTRAET .

L Eval 55— R 4

func Eval(node ast.Node) object.Object

Eval ¥ ast.Node /E M#i AFfiR [il—> object.Object, $2lii—F, ZHifE ast
f P SRR SRS T ast.Node #2210, FFLIHRATLIfLZ %45 Eval, AL Eval
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LRI, ATLAZEXS AST BTSRRI RIE R A B [, B4~ AST 19 i
SRAE T AR, R R R oRAE 7 A2 Eval, i, #f*ast.Program 7
MALY Eval, B4 Eval BOzdrg, AT RRE e NSEGE A A Bk
¥f4&A~*ast.Program.Statements >R{H. Z4MNZ Eval AR BIE SRR — IR E
FHEIR B

ISR SEEE A SRR R, WEUREAE Eval B E, BAARORUL, JEAbH
AR R P R i i, XS vl DL H SR, RIGE: Monkey W2 7 =R IERY
ZEf ., tbln, 7E REPL A 5, IBARRRIMINIZ IR 5; WEREA true, IPATEEH]
FLE true,

WrERARMTEANE ! T HORFE “MA 5, HASE] 57 XL L,

351 EBEHYTFHE
TEG S ZAT, SEEH A MERRERE A BT AL, H
L& — R R, AR, PR, A BRI A R B 5

PR mFEE S, XN : 48— >xast.IntegerLiteral, Eval PREUNIR [H]
—/>*object.Integer, H: Value FEifWfH5*ast. IntegerLiteral.Value A

AT LI EEH 1Y evaluator £2, IR E IR
// evaluator/evaluator_test.go
package evaluator

import (
"monkey/lexer"
"monkey/object"
"monkey/parser"
"testing"

)

func TestEvallntegerExpression(t *testing.T) {
tests := []struct {
input string
expected int64
H
{"5", 5},
{"10", 10},
}

for _, tt := range tests {
evaluated := testEval(tt.input)
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testIntegerObject(t, evaluated, tt.expected)

}
}
func testEval(input string) object.Object {
1 := lexer.New(input)
p := parser.New(1l)
program := p.ParseProgram()

return Eval(program)

}

func testIntegerObject(t *testing.T, obj object.Object, expected int64) bool {
result, ok := obj.(*object.Integer)
if lok {
t.Errorf("object is not Integer. got=%T (%+v)", obj, obj)
return false

}
if result.Value != expected {
t.Errorf("object has wrong value. got=%d, want=%d",
result.Value, expected)
return false
}

return true

+

X2 /NINATS 2 24 20057 SIEE AR —FF, ORIz i 5L
4kt . TestEvalIntegerExpression AT BT &, A TXAFHEREEH, ¥
K RSARTE, SR HEIX BLAY testEval Al testIntegerObject,

XANMER AL OS2 TE testEval FE M Eval, FoA10HT T A2 A, ¥
HAZB L TIE AT AS , PG B 18 i ds , SRJGIR ] AST. 2 T RAEHTIN
7, 19301 AST &1&i645 Eval, i Eval (R FHE R P 72 LR N 2 . 7624
ARG, BT AYIR [ — A HAA 1IEHG Value AY*object.Integer, fe/i]if
Uk, A 5R{E N 5.

PR SR, PR A E X Eval, (R FRATTE 4 H13E , Eval N1 L) ast.Node
YERZBOTR Al—1 object.Object, 454 F|*ast. IntegerLiteral i, Eval BN
IR [F1HP G TE#f Value f*object. Integer. AR AKX L/ #rik4 0L, 7E evaluator
fuHE SCHRY Eval, mILIAS3 .

// evaluator/evaluator.go
package evaluator

import (
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"monkey/ast"
"monkey/object"
)

func Eval(node ast.Node) object.Object {
switch node := node.(type) {
case *ast.IntegerLiteral:
return &object.Integer{Value: node.Value}

}

return nil

}

XBAISANE, FRAE BRI S 1, U2 HEMAAREE T, MA{9R
KW, PR Eval iR [EIfSE nil, TiA/Z*object.Integer,

$ go test ./evaluator

--- FAIL: TestEvalIntegerExpression (0.00s)
evaluator_test.go:36: object is not Integer. got=<nil> (<nil>)
evaluator_test.go:36: object is not Integer. got=<nil> (<nil>)

FAIL

FAIL monkey/evaluator 0.006s

TR Y A 2 Eval Hik A i 5| xast . IntegerLiteral, SEBr FRIA IV A i
Ji AST. KGR RRR AR 2 AR B TIER T4, #20—*ast.Program, #RJ5 1 [Ji Hor
MR A X EIEA X 2M, HUEfE%Rixast. IntegerLiteral, JrLAf#ER T
JEih iR I >R (i *ast . Program 945 251 ) «

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {
switch node := node.(type) {

/] &4
case *ast.Program:
return evalStatements(node.Statements)

case *ast.ExpressionStatement:
return Eval(node.Expression)

A TEN
case *ast.IntegerLiteral:
return &object.Integer{Value: node.Value}

}

return nil

}

func evalStatements(stmts []ast.Statement) object.Object {
var result object.Object
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for _, statement := range stmts {
result = Eval(statement)

}

return result

I

AT X B, wAEeR{E Monkey 2P i A A&IE A WRIKIE A& —1
*ast.ExpressionStatement, AR AN RIEHZRAA, WANFEmA1TH HEIA 5 #iais
FXAS AST 544 XA Y T RT R — Rk BRI return i5A) 5% let i54] ),
Hop g — M er &

$ go test ./evaluator
ok monkey/evaluator 0.006s

b7, D T FATH DR R A OR(E T IEMRAARTE, ®
SFRE—NHF. XUR IR BAETFIR S T WAL SRAE LAl i FsR e e
Eval AL RAFAE, J5 TR SRR L AN A X A T e

= HREFRR XA R P, (HJREZ AT, NOZRI— F e UCRE NI
IR AC . TR REPL H111% E,

3.5.2 5EAL REPL

HF|IAE, REPL AV IPH) B WU, FATIAAEA Y L2 RPPL, Rl Read-
Parse-Print Loop. MAEA | Eval, Al LIHH— > EIF% Read-Evaluate-Print Loop 1!

SeBIEE— replf, FAYELRIERS . SRR —FE R R .
// repl/repl.go

import (

/7 [...]
"monkey/evaluator"

)

/7 1.1

func Start(in io.Reader, out io.Writer) {
scanner := bufio.NewScanner(in)

for {
fmt.Fprintf(out, PROMPT)
scanned := scanner.Scan()
if !scanned {
return
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}

1ine := scanner.Text()
1 := lexer.New(1line)
p := parser.New(1l)

program := p.ParseProgram()

if len(p.Errors()) != 0 {
printParserErrors(out, p.Errors())
continue

¥

evaluated := evaluator.Eval(program)

if evaluated != nil {
i0.WriteString(out, evaluated.Inspect())
io.WriteString(out, "\n")

}

ZHIJE EAEITEN program (iEEMHT AR [E1HY AST), TMiiX B 20K program f£i%
25 Eval, WIR Eval ik [F—AE53{E, Bl object.Object, AFAmLFTENH: Inspect()
Jriknyt o X T robject. Integer, fTEPAYRILE £ 4 BB 745 R R IE A

RFERUR R T — A Y REPL:

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> 5

5

>> 10

10

>> 999

999

>>

TSI kAT TEEIT . OR(E, XLEDEERRA T, FATHUS TARKH
i&ﬂ;‘o

353 M/RFHE

SEBeEm AL, f/RFmE BRI ARIE, true SK{EH true, false R{H
Jy false, 7E Eval LBl /Ry iR (RS i & — A S, Mt &

// evaluator/evaluator_test.go

func TestEvalBooleanExpression(t *testing.T) {
tests := []struct {



124 | #3E K&

input string
expected bool
H
{"true", true},
{"false", false},
}

for _, tt := range tests {
evaluated := testEval(tt.input)
testBooleanObject(t, evaluated, tt.expected)

}

}

func testBooleanObject(t *testing.T, obj object.Object, expected bool) bool {
result, ok := obj.(*object.Boolean)
if lok {

t.Errorf("object is not Boolean. got=%T (%+v)", obj, obj)
return false

}
if result.Value != expected {
t.Errorf("object has wrong value. got=%t, want=%t",
result.Value, expected)
return false
}

return true

}

TERERS SCRFHE 2l = A A /R (A RIS, 2P R HLY tests YIF . BlfE, X
AT ZHHIRAERA true 5 false BFRESAFIERAAY T o MNXIETTR0K

$ go test ./evaluator

--- FAIL: TestEvalBooleanExpression (0.00s)
evaluator_test.go:42: object is not Boolean. got=<nil> (<nil>)
evaluator_test.go:42: object is not Boolean. got=<nil> (<nil>)

FAIL

FAIL monkey/evaluator 0.006s

i, HEE fil*xast. IntegerLiteral 1 case 4337, ¥ IntegerLiteral
i Boolean Rfim] .

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {
/7 [...]
case *ast.Boolean:
return &object.Boolean{Value: node.Value}
/7 [...]
b

XEERLSERL T 2Kz 7— F REPL:
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$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> true

true

>> false

false

>>

Bt ERA MR HUOBS] true 5 false BFERAIH— 17 object.Boolean,
TR SEB? AR true AURAHEE, false tjintt. A ARKIAEAR]
HB RS i /RMERA true Fl false BRI AT HEME, FFLART LA true A1 false
195 | RA O B AR B e S 49

// evaluator/evaluator.go

var (
TRUE = &object.Boolean{Value: true}
FALSE &object.Boolean{Value: false}

)

func Eval(node ast.Node) object.Object {

/7 [...]
case *ast.Boolean:
return nativeBoolToBooleanObject(node.Value)
/7 ...
}

func nativeBoolToBooleanObject(input bool) *object.Boolean {
if input {
return TRUE

}
return FALSE

}

A, A A TRUE il FALSE X1 object.Boolean SE44 . fiff FH A A i &
BTN, WARSHHN object.Boolean, =T INAH, X HLFH—
B TAESRAS T /Mg EEPERE IR T . TSR A BRZS (H

354 ZTE

H5HAIK) true f1 false —F, ZSEERNIZHRA -4 WEEw, 2SEHBA—F
WA, NEEENSHAME M E ., DR EARSEH, AR, TR
H—"FIR NULL 19 object.Null, ibiX A2 (EAEASKIES h#laews | H, ASHA
UABNEEHT



126 | 3% k&

// evaluator/evaluator.go

var (
NULL &object.Null{}
TRUE = &object.Boolean{Value: true}
FALSE = &object.Boolean{Value: false}
)

T IXEENE, BERA —r RASI B NULL T

A T HFCTH SR NULL . TRUE 1 FALSE X 3 PN FR(EMZEA, T LA
BREAFRIAACRET .

355 HIEFREN

AR AW —ICB BT RIA, B JE Monkey 2 H5 A0 7 HLAYIE BT R IA
KR, H—PBEFIN— VR N FETER R, 2185 S5 S E T
3RO, PR AT 2R R AT IR T o0, (R AEAT v, ATk
KRR BB — MR iz AT R0, Monkey 45 RT-3X PANFTSHE
BHEAF .

Xa BB TR AME, R RIS s AT A — R ER ek S s i fiy B
T P ZEL TR BR. XA EE T, FEATRITE SR Re &% 5 AT
TR o 104, A RS S RIS P S M B, Wi, ufﬁME
FEE L Monkey 5 W Lo s BAFRIB AR T4 B, s ST
ﬁ%ﬁﬂ%gﬁﬂZ%ﬂﬁiim%%f%%ﬁoﬁ%ﬁTU%*%@ﬁE%é%ﬁ
1, R EgR RS & I AE

BATMEE BB DU rT DIAER, 28 BT ReR HAaR s <
AR SRAEI R«

// evaluator/evaluator_test.go

func TestBangOperator(t *testing.T) {
tests := []struct {
input string
expected bool
H
"ltrue", false},
"1false", true},
"15", false},
"11true", true},
"11false", false},

{
{
{
{
{
{"115", true},
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for _, tt := range tests {
evaluated := testEval(tt.input)
testBooleanObject(t, evaluated, tt.expected)

¥

WRTTA, XSREES I TAET R, true il false Fiksl A H LS AR IF
W, HHARTE ST AR IA N 15 WiZR Al — SR B . A EAIGE, XA 5 FoR
A JE— A~ HAH

MR, AL , PImIEES Eval 3R [ E9 2 nil, TMiA4& TRUE 5§ FALSE, =K
(EGIE S e %mxﬂﬁwﬁé&ﬂa, IR JE XX A 2E R 518 B AT PR

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {
/7 [...1]
case *ast.PrefixExpression:
right := Eval(node.Right)
return evalPrefixExpression(node.Operator, right)
/7 [...1]
}

F—VKIJE Eval ZJ5, right AJREZ*object.Integer Bi*object.Boolean, WA
J& NULL, $EEWHXA right PRVESUE 45 evalPrefixExpression, HAH %K
AL B (2 A

// evaluator/evaluator.go

]
-

P&
He
ra=
He

func evalPrefixExpression(operator string, right object.Object) object.Object {
switch operator {
case "!":
return evalBangOperatorExpression(right)
default:
return NULL
}
}

WAFAZRBOR SR IS 55T, IR ] NULL, XA — R i r e, (Hat H
HIRUE, XX e @R aiEsE, oA HEE A LU TR R P

'i47 A H evalBangOperatorExpression FREIEE :

// evaluator/evaluator.go

func evalBangOperatorExpression(right object.Object) object.Object {

switch right {
case TRUE:
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return FALSE

case FALSE:
return TRUE
case NULL:
return TRUE
default:
return FALSE
}
}
Wi
$ go test ./evaluator
ok monkey/evaluator 0.007s

TN ATZ BT - R, 7% TestEvalIntegerExpression iMliz s il
PIT .

// evaluator/evaluator_test.go

func TestEvallntegerExpression(t *testing.T) {

tests := []struct {
input string
expected int64

H
{"5", 5},
{"10", 10},
{"-5", -5},
{"-10", -10},

}

/7 1.1

I

X H e R TestEvalIntegerExpression A& N T8 BT -4 5 )
ﬁuﬂ JREA A H5E, WSHaHAT - HAR RS EVE  H e s ok, %l
iR BN B 5 TR B B 5 1.*#%E—-4‘ﬂﬁ7iiﬁﬁﬁﬁ§Mﬁ%§ﬁ%ﬂﬂﬁ%ZRfHEﬁ%iEZ%r
FIATN
g T GLE L, S RS9 S 1) evalPrefixExpression pREL, HAK
VR H Y switch IS4 % :

// evaluator/evaluator.go

func evalPrefixExpression(operator string, right object.Object) object.Object {
switch operator {
case "!":
return evalBangOperatorExpression(right)
case "-":
return evalMinusPrefixOperatorExpression(right)
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default:
return NULL
}
}

evalMinusPrefixOperatorExpression FRZEUN T iR
// evaluator/evaluator.go

func evalMinusPrefixOperatorExpression(right object.Object) object.Object {
if right.Type() != object.INTEGER_OBJ {
return NULL
}

value := right.(*object.Integer).Value
return &object.Integer{Value: -value}

}

XA — R, AR ERUR T R, QiSRS IR [A] NULL, QnsfJE,
Wit Et*object. Integer WIME, SRJG AL — AN Gk B B2 A BUZ AR

RAIHAZ, (AFRSEER T TAE:

$ go test ./evaluator
ok monkey/evaluator 0.007s

AEH AR TR P EIEBAT AT, BAERT LIAE REPL Hik—I AT g ikt

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands
>> -5

-5

>> ltrue

false

>> 1-5

false

>> 11-5

true

>> 1111-5

true

>> -true

null

KT

3.5.6 HEFERIAR
H>)—F, & Monkey 251 8 N EZRI2HAT
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(SRR C, RN, BT, |
N o* L+

(SRR G, RN, RV, )

8 BT I AP . — s FATE A RA AR E; 7 —dHiz Bl
PR SRR — BT R SCRE, ffR+, - % /o XSS ERE R
VERL, 2 Jn PR B RO A R AR IE o

MR SRR ZS A O 22 , RATEAMM 29 )¢ TestEvalIntegerExpression Jiit
PR, X s AT i H 1] «

// evaluator/evaluator_test.go

func TestEvallntegerExpression(t *testing.T) {

tests
input string
expected int64

H

/7 L.

}

"5 +
"20 + 2 * -10", 0},

"50 / 2 *x 2 + 10", 60},

"2 x (5 + 10)", 30},

"3 x 3 %3+ 10", 37},

"3 % (3 % 3) + 10", 37},

"(5+ 10 x 2 + 15/ 3) * 2 + -10", 50},

:= [Istruct {

"5", 5},
"10", 10},
"-5", -5},
“10n

"5 +
" %

_10}7

+5+ 5 - 10", 10},
x 2 x 2 % 2", 32},
52+ 10", 20},
* 10", 25},

{

{

{

{ s
{ 5

{ 2

{"-50 + 100 + -50", 0},
{"5 % 2

{ 2

{
{
{
{
{
{

Ay 26 A ANTC R R T LA . (HIE 0, TLME$%Mﬁ%M i
IR E0E A . SCBLAY AR AN ] RERLIX A MR BRI S b, st AR,

T R LA i, B S — F AR Eval Y switch 4

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {
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/7 ...
case *ast.InfixExpression:
left := Eval(node.Left)
right := Eval(node.Right)
return evalInfixExpression(node.Operator, left, right)
/7 ...
}

Eixast.PrefixExpression —#f, HRESHRERCRE ., WGP IS, &
HE AST WA AL . ANTELHIE, XWANEAEET LU R B R a9 ik,
AFERECR | B R | s BT RIA A (X SE AN 2L, 23R T LS4, Eval
ﬁ}i@

FEXHAEBCRIE)S . 5 2R I EE A2 BT — 2 (%18 245 evallntegerInfix-
Expression, 1T FiR:

// evaluator/evaluator.go

func evalInfixExpression(
operator string,
left, right object.Object,
) object.Object {
switch {
case left.Type() == object.INTEGER_OBJ && right.Type() == object.INTEGER_0BJ:
return evallntegerInfixExpression(operator, left, right)
default:
return NULL
}
}

WREREBOR SN, B4R A NULL, 248K, XA RO G Stk T e,
A ELLE FEpaE s, HATRScBiE 4 e 0g . X LAY S JE evalIntegerInfix-
Expression, B X T Hi*object.Integer 355 (U Al EAT Rz B .

// evaluator/evaluator.go

func evalIntegerInfixExpression(
operator string,
left, right object.Object,
) object.Object {
leftval := left.(*object.Integer).Value
rightVal := right.(*object.Integer).Value

switch operator {
case "+":

return &object.Integer{Value: leftval + rightval}
case "-":

return &object.Integer{Value: leftval - rightVal}
case "*":
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return &object.Integer{Value: leftVal * rightVval}
case "/":

return &object.Integer{Value: leftval / rightval}
default:

return NULL

}
B, AEUREAE, WK aE T

$ go test ./evaluator
ok monkey/evaluator 0.007s

ARSI — LAY, XFERLRE SR P B AR (EIs AT T, @ffi==. 1=, <fil>,

AT X Seia FATAR = A A R A, R 4K 'é TestEvalBooleanExpression il
PRI, WISz ST (8 I 1) <

// evaluator/evaluator_test.go

func TestEvalBooleanExpression(t *testing.T) {
tests := []struct {
input string
expected bool
H
{"true", true},
"false", false},
"1l < 2", true},
1> 2", false},
1< 1", false},
1> 1", false},
1
1
1
1

{
{
{II
{Il
{II
{"1 == 1", true},
{"1 != 1", false},
{"1 == 2", false},
{ 1= 2", true},

/7.1
}

B e, R/ evallntegerInfixExpression HsMLATAAS
// evaluator/evaluator.go

func evallntegerInfixExpression(
operator string,
left, right object.Object,
) object.Object {
leftVal := left.(*object.Integer).Value
rightVal := right.(*object.Integer).Value

switch operator {
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/7 ...

case "<":

return nativeBoolToBooleanObject(leftVal < rightval)
case ">":

return nativeBoolToBooleanObject(leftVal > rightVal)
case "==":

return nativeBoolToBooleanObject(leftVal == rightVal)
case "!=":

return nativeBoolToBooleanObject(leftVal != rightval)
default:

return NULL
}
}
ZHif nativeBoolToBooleanObject RREALHIE A /RFHE ., AT E LKA
$ 255 () > 3% [1] TRUE B FALSE, JHGEs A LA 33 pREK

Z/DXFTREORUL, EHEERL T . BAE Monkey 458 23 FHX 8 AN 4HEH
PEAL A AT 2 DA N BB IR IE o AR 19T 00 WA AR ox A R A )
3o

Monkey {¥ GEXT A IR EEAERCIEA T A SRV Ho g, st Ui R (B S ==l 1 =12 AT,
ASZFEm, vk, . B, UABER<E>KEHLEL true A1 false RO R/, HIMk, THEHE
T B S R == N =X B BT LT

WRETHN, F— 3R i, FLART—4E, 3@ R O NS pR g e
Mo 1% HUBLE ] TestEvalBooleanExpression Jy==F1!=iz ARG it FH ) .

// evaluator/evaluator_test.go

func TestEvalBooleanExpression(t *testing.T) {
tests := []struct {
input string
expected bool

H
/7 [...1]
{"true == true", true},
{"false == false", true},
{"true == false", false},
{"true != false", true},
{"false != true", true},
{"(1 < 2) == true", true},
{"(1 < 2) == false", false},
{"(1 > 2) == true", false},
{"(1 > 2) == false", true},
}
/7 ...
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FEREARUL, A ECHT 5 ISR LL T o (RS NAS I A A 4 Al LU
A T A U AT R Z TR PR

FIRTR SR, BeA EAMIEER, AR T — 4 i

$ go test ./evaluator

--- FAIL: TestEvalBooleanExpression (0.00s)
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})
evaluator_test.go:121: object is not Boolean. got=*object.Null (&{})

FAIL

FAIL monkey/evaluator 0.007s

AR ARG e RE LRI A

// evaluator/evaluator.go

func evalInfixExpression(
operator string,
left, right object.0Object,
) object.Object {
switch {
/7 ...
case operator == "==":
return nattveBoolToBooleanOb]ect(left == right)
case operator == "!="
return nativeBoolToBooleanObject(left != right)
default:
return NULL
}
}

B, HJEME A evalInfixExpression T 4 774CAS, Mttt 1. X
A T3R5 e BOR KA AR IR (B Z BRI . X Z BT AR AT, JEB R — EAR

A FHES 0t 48 %E, AR /R(E R A TRUE 1 FALSE P4, I, @n2RHImny
{65 TRUE N AR T], ARA B true, X tiE FHF NULL,

(R AT 5 ANE T B RO S5 2 BRI AR L . X T xobject . Integer,
EJEAHIMHCH) object. Integer K, W/E IR EE . B REE T LA
ARSI Z AR R FIRAR S, B0 5 == 5 K4 false, XAZIRATHIER
e AERXAFEOCT, 2B RAME, TS R L EH X R
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AR A AZALE switch HR) FPHRATRL A I DU O RRAERL, SRR HELIC KT
AN case 7330, HESA A HAMEAELSER, AR5 FHG A X S n] LUE S 155
BB, AU R0AT LUER TR,

145, Monkey B T — [ THIZA BRI S , MAKEIA T XEHMESA
AT Monkey 155, I T 9SS B0 T IFEA AN, &7E Stack Overflow I
[m]: “HfhA Monkey H SR EL LS A /R LA 7 7 REGE A S %,
A Monkey HIXT G2 RGN SRV EBOF R TR 5T LUER, FE LW Z T A e i, Br
DA JR(EZ [ B B R . SR G TR B RIS H RS LI KA, BIFIGRK
R

XABPEAHTR . MBS, AL, AT T AR IO, 58
Sl LTI — T o BB BAEMRRE R al LU T4 .

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> 5 %5 + 10

35

> 3+ 4 *5==3%1+4%*5
true

>> 5 % 10 > 40 + 5

true

>> (10 + 2) * 30 == 300 + 20 * 3
true

>> (5 > 5 == true) != false
false

>> 500 / 2 != 250

false

WL, TATIAEA T —DIIRES T4 HAT LAY AR ERS  T R — P53,
IRERERERE WS .

3.6 FHEG

IS BB — AR 7 N R AEL . SRR AR IR AR B AT . MR AR TR SRIEN A . R
INIESANEE

if (x > 10) {
puts("everything okay!");
} else {
puts("x is too low!");
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shutdownSystem();
+

XX 1f-else FakACRMER, HE SR IEMA S SCRE, MR AA
S, MIARBEXS else 70 >RIE, HXF Uf 40 30R(E, WARAMEASSE, WX else 4
SRS

BaAgiE UL, WA x > 10 Aoz, IBA RXFZFAAN else 43 3R H, XA
WL BSR4 At 2 BHEA ROZ A T4 ) "everything okay! "X /M55 7
SRR B S RN true, SR BUEAE — 2R AR VS AT ( FhindEZs
) false) ?

BORARAFE A LEER N MRS Y, PO — TSR TH B R SR A
i, POAEREIRRA.

XFF Monkey 1M 5 , A4S RS BARR, staPITiZgs R, B BEEAR
Z(HWASE false BUE, BIA—EIEEE true,

let x = 10;
if (x) {
puts("everything okay!");
} else {
puts("x is too high!");
shutdownSystem( );
}

ARG "everything okay!". b x 5 T 10, FrLLR{ELSR M 10,
1M 10 BEAS RS {EHASE false. DL E#EE Monkey H 25 EAT A TAE K.

IATEXEE, ALK LA A R i il — A R 451«
// evaluator/evaluator_test.go

func TestIfElseExpressions(t *testing.T) {
tests := []struct {
input string
expected interface{}
H
"if (true) { 10 }", 10},
"if (false) { 10 }", nil},
"if (1) { 10 }", 10},

N e

"if (1 <2){ 10 }", 10},
"“if (1>2) {10 }", nil},
"if (1 >2)9{ 10 } else { 20 }", 20},
"if (1 <2) {10 } else { 20 }", 10},



for _, tt :=
evaluated

integer, ok

if ok {

range tests {
:= testEval(tt. input)
:= tt.expected.(int)

3.6 FMHEH

testIntegerObject(t, evaluated, int64(integer))

} else {

testNullObject(t, evaluated)

¥

}

func testNullObject(t *testing.T, obj object.Object) bool {

if obj != NULL {

t.Errorf("object is not NULL. got=%T (%+v)", obj, obj)

return false

}

return true

}

137

AR PR EGA T T — 28 22 RISA PHE AT A, AR N SR A B A A SR AE
gL, NN iZGR B NULL, 4D .

if (false) { 10 }

Hrih T ZIITH) else Ty, PIIZARFERINIZIR (9] NULL.

ARSI T — LE ST AL, AR T LATE expected TFBt Pl
F nil, [RIEHGRR ARG, MR RERSTE AE U T UM AOAT R o BRAE B Sk 25
I, POAARAL IR A IR [l *object . Integer B NULL :

$ go test ./evaluator
--- FAIL: TestIfElseExpressions

evaluator_test.
evaluator_test.
evaluator_test.
evaluator_test.
evaluator_test.
evaluator_test.
evaluator_test.
FAIL

FAIL monkey/evaluator

go:
go:
go:
go:
go:

go

go:

125:
153:
125:
125:
153:
:125:
125:

object
object
object
object
object
object
object

(0.
is
is
is
is
is
is
is

00s)
not
not
not
not
not
not
not

0.007s

Integer. got=<nil> (<nil>)
NULL. got=<nil> (<nil>)

Integer. got=<nil> (<nil>)
Integer. got=<nil> (<nil>)
NULL. got=<nil> (<nil>)

Integer. got=<nil> (<nil>)
Integer. got=<nil> (<nil>)

ZHTLE, SEBAR AR R AR LRI . ANME? T X LA R e i

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {

/7 L.

case *ast.BlockStatement:
return evalStatements(node.Statements)
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case *ast.IfExpression:
return evalIfExpression(node)
/7 [...]
}

func evalIfExpression(ie *ast.IfExpression) object.Object {
condition := Eval(ie.Condition)

if isTruthy(condition) {
return Eval(ie.Consequence)

} else if ie.Alternative != nil {
return Eval(ie.Alternative)
} else {

return NULL
}
}

func isTruthy(obj object.Object) bool {
switch obj {
case NULL:
return false
case TRUE:
return true
case FALSE:
return false
default:
return true
}
}

IEANZ R, HerbnfE—rE S TR SR N 2K, iX FH evalIfExpression
PuE, HP AR TS B isTruthy WARS ., 5T X R%, Eval 1
switch iEAJFARGIN T4 %i*ast .BlockStatement [ case 4337, K Jy*ast.IfExpression
f) Consequence Fll Alternative #BEHEH],

X AN AT I BT PR B 8 L 7 T Monkey 155 (038 X, Rl BUAE ] T 2 /i
A —ARE, WIN T XSRS . BRI T . Monkey f#ERERY
PUTESCF; if-else #iA T | Monkey NHE—ARIERY, MR—1MEES T,

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> if (5 %5+ 10 >34) { 99 } else { 100 }

99

>> {f ((1000 / 2) + 250 * 2 == 1000) { 9999 }

9999

>>
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3.7 returniEq

X B EN AR RARER R A A B IIRE: return 5], SFZHAWE T —FF,
Monkey t147 return i), BATATLUHAERECF AR, tnl LIFE Monkey F2)% HfE N
TZEAPRRAE ] . EMERAE return iEAJFAEZE, HTAE T XEZAFR: 71k
Xf—RITEA IR AE, IR rh Rk ORI A5 R

T TH & Monkey 27 PRI TIUZ return 141

5% 5 % 5;

return 10;

9 %9 %9;

SRAERT, %P NR ] 10, Q1SR SEiE /) e pRER A F 44, D01 % R KRS 20 0 (.
10, XEAESET, KEASKRE—1T9 * 9 * 9 KikzURIE,

SCEE return 1B T 280, EREE BT, AT goto iR . H
JETE Go i HAEHE rescue 1§ catch IR, [RIRFIGIL LRI 7 =20 ] goto.
K, AT 3ZHF return 4], SRIEETREALE— “RIPME" . 5455 return i,
BB RGR B EEEE— 0 S, DMEIREE . TR BB X4, Xl L)
TER A e B0 158 1SR AE

TR R R AP, Bl object.Returnvalue:

// object/object.go

const (
/7 ...

RETURN_VALUE_OBJ = "RETURN_VALUE"
)

type ReturnValue struct {
Value Object
}

func (rv *ReturnValue) Type() ObjectType { return RETURN_VALUE_OBJ }
func (rv *ReturnValue) Inspect() string { return rv.Value.Inspect() }

X RSP RIERE, B A5/ object.Returnvalue HYHSTET
HAE R A A 7 =X

DI —26i, % T 7% Monkey #2/¥H return iR EEAT Ny
// evaluator/evaluator_test.go

func TestReturnStatements(t *testing.T) {
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tests := []struct {
input string
expected int64

H
{"return 10;", 10},
{"return 10; 9;", 10},
{"return 2 * 5; 9;", 10},
{"9; return 2 * 5; 9;", 10},
}
for _, tt := range tests {
evaluated := testEval(tt.input)
testIntegerObject(t, evaluated, tt.expected)
}

}

R T g R B o, B E AP ) evalStatements PREL, S Eval ¥
— A Xfrast . ReturnStatement [ case 4337 :

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {

/7 [...]
case *ast.ReturnStatement:
val := Eval(node.ReturnValue)
return &object.ReturnValue{Value: val}
/7 [...]
}

func evalStatements(stmts []ast.Statement) object.Object {
var result object.Object

for _, statement := range stmts {
result = Eval(statement)

if returnvValue, ok := result.(*object.ReturnvValue); ok {
return returnValue.Value
}
}

return result

}

W —MEB L 5 X *ast .ReturnValue HSR(E, X B AN return i5A)H %
BB IR TR A . SRJEH Eval IR RIS SR B EAE 3T object .ReturnValue H1, LU
HEREE

1f evalProgramStatements il evalBlockStatements 1, 2 fifi i evalStatements
YHEARRAE, Hh S E R FeRIEZ 2T object.Returnvalue, W, N
1R SRAE TR R B, X — SR E L, XH AR object.ReturnValue, i
GRS E, a2 R R (E
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A —4~n, object.ReturnValue A AT AR ELARKATE], HICHEAES —
YOBFI AL, handaf b st S RIS AL, RFE T mFCHS

if (10 > 1) {
if (10 > 1) {
return 10;

¥

return 1;

}

DX BAUE IR ] 10, (HRAE S ATAYSEBL A, 2SI FBEA R ] 10, MHER T 1,
R AN B ] AR A — A

// evaluator/evaluator_test.go

func TestReturnStatements(t *testing.T) {
tests := []struct {
input string
expected int64
H
/7 [...1]
{

if (10 > 1) {
if (10 > 1) {
return 10;

}

return 1;
}
10,
})
}
/7 ...
}

RN BIRIS T, — i, SasAE R

$ go test ./evaluator
--- FAIL: TestReturnStatements (0.00s)
evaluator_test.go:159: object has wrong value. got=1, want=10
FAIL
FAIL monkey/evaluator 0.007s

BAMERE LB T YA i I BATZE . LT RS X A ) R 5 248 . i
FENYUESR] (XFE Monkey P27 HHJE5E 2 B0 ), Joik e — Rl Bt st
fi#f object.Returnvalue [E, KX G Zist—RES, DA 1k fc b it Bk
A
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e E R BT T LLAE SRR S s 17, (E R B i E AL IE 7 81T,
B E T B R A GEE T B H evalStatements PRECHHUBEALR(E . FE T EA
%M evalProgram, R M.

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {
/7 1.
case *ast.Program:
return evalProgram(node)
/7 [...]
}

func evalProgram(program *ast.Program) object.Object {
var result object.Object

for _, statement := range program.Statements {
result = Eval(statement)

if returnValue, ok := result.(*object.ReturnValue); ok {
return returnValue.Value
}
}

return result

}

AT Xf*ast.BlockStatement =K{H, XHGIAT—144 evalBlockStatement
BT PR .

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {
/7 [...]
case *ast.BlockStatement:
return evalBlockStatement(node)
/7 [...]
}

func evalBlockStatement(block *ast.BlockStatement) object.Object {
var result object.Object

for _, statement := range block.Statements {
result = Eval(statement)

if result != nil && result.Type() == object.RETURN_VALUE_OBJ {
return result
}
}

return result
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IR TANEELR PE, FORRA AR RN Type(). U152 object.
RETURN_VALUE_OBJ, | H75i&z[al*object.Returnvalue, JeAifitfut: value, AL
FAINRHER], ERtefEbdT, HEiZE evalProgram, fafEix AL, (25
FESCILRBO A SRAERT, S Beox A RJE —&B5. )

LIS

$ go test ./evaluator
ok monkey/evaluator 0.007s

return i5A)C S, BRI XU R —-RAE#S T, HH A evalProgram
F1 evalBlockStatement XJFRATRULIAZF N ES, T HLRZEMTE

3.8 iEiRAE

ZHIA SRS IR B NULL, YEFRUE TR, RIS R, BUERIRE T,
X HLEAE Monkey HPSZER—SE FOE FOASTRACBRIIRE, PR A9 35 75 2L R I B AR
ZOA M, X EEEERLR— S Ui s, RNidAhE . Z A R
BRAC AN B AR AL e, 30 TR R T S SRR = LU A DR A A R
1R% . MR S5 LI INAS DR AL BRI BE T, 5 W22 J5 XAl FH A Rt 2 2 AR PRI

B, BEM A “CHIERSEIRACEE” . FRRAC BN 2 A E SRR, T2
FRAEPRRE P NFRE IR AL B RS . T AL BB IR AV TAT . A SRR L A T4
[ P B A AR A P R R N O R

MBI LR , XA R AT AEI L A3 arte, DPUOMRT R IR SE BT 0
return IR EISEBIT XU LPAIR] . GEBARGI R, PUOMRHRAEFR return AR
1R — R IITE AR

B, W E RN
// object/object.go

const (
/7 (... ]

ERROR_OBJ = "ERROR"
)

type Error struct {
Message string

}
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func (e *Error) Type() ObjectType { return ERROR_OBJ }

func (e *Error) Inspect() string { return "ERROR: " + e.Message }

AT LIES], object.Error IEHfIE, Hih HERE 7 AIMERHRE S MFRTH . EH]
TH R D, BR T RRBHREE R, XL G MR ER R,
FEUS IR R A A AL E AT S5 NS LR oA g iRl oT i mA TS a5 A
e [HHIT Monkey 13 70 s AREBSINAT = HIF =, PRIMO R 0L, i BLAUE
—AASIRIEE . SRR EN object.Error REMSIRHE —SL IR LAY, B
WRIRBE 5 —E IITEH]

TR AE— Lo by BRI DA FIARRY . RS R R AT e, STEEE A
TE M IS IR DR A FRACHS . BEBRAE R, T TR X Ik pR A Y T AR A B
LIS OAE
// evaluator/evaluator_test.go
func TestErrorHandling(t *testing.T) {
tests := []struct {

input string
expectedMessage string

H
{
"5 + true;",
"type mismatch: INTEGER + BOOLEAN",
}!
{
"5 + true; 5;",
"type mismatch: INTEGER + BOOLEAN",
}s
{
"-true",
"unknown operator: -BOOLEAN",
})
{
"true + false;",
"unknown operator: BOOLEAN + BOOLEAN",
}
{
"5; true + false; 5",
"unknown operator: BOOLEAN + BOOLEAN",
}s
{
"if (10 > 1) { true + false; }",
"unknown operator: BOOLEAN + BOOLEAN",
})
{

if (10 > 1) {
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if (10 > 1) {
return true + false;
}
return 1;
}
"unknown operator: BOOLEAN + BOOLEAN",
})
}
for _, tt := range tests {
evaluated := testEval(tt.input)
errObj, ok := evaluated.(*object.Error)
if lok {
t.Errorf("no error object returned. got=S%T(%+v)",
evaluated, evaluated)
continue
}
if errObj.Message != tt.expectedMessage {
t.Errorf("wrong error message. expected=%q, got=%q",
tt.expectedMessage, errObj.Message)
}
}
}

a7 25 PR 3] NULL

$ go test ./evaluator
--- FAIL: TestErrorHandling (0.00s)
evaluator_test.go:193: no error object returned. got=*object.Null(&{})
evaluator_test.go:193: no error object returned.\
got=*object.Integer(&{Value:5})
evaluator_test.go:193: no error object returned. got=*object.Null(&{})
evaluator_test.go:193: no error object returned. got=*object.Null(&{})
evaluator_test.go:193: no error object returned.\
got=*object.Integer(&{Value:5})
evaluator_test.go:193: no error object returned. got=*object.Null(&{})
evaluator_test.go:193: no error object returned.\
got=*object.Integer(&{Value:10})
FAIL
FAIL monkey/evaluator 0.007s

AN, XHRIET] T xobject. Integer, XEEIR I HISLPR B AR PI{FS .
HAZ TR B E R A TR TE s BRI B s L R SRR . IR R
&7 T *xobject. Integer M FECIASIU, U8 BASRAE AR IERHEE 1L .

RIS RIN BIFTE Eval &R R Mo, HFRZ— AN B sR B0k 5 B A28 1Y
*xobject.Error, FE7EE Y AYRHER o] ] .
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// evaluator/evaluator.go

import (
/7 ...
I —
)
func newError(format string, a ...interface{}) *object.Error {

return &object.Error{Message: fmt.Sprintf(format, a...)}

I

T A AN FIIE IZ AT AR B H R (8] T NULL By, SRAE#R AT LA newError
PRIEN

// evaluator/evaluator.go

func evalPrefixExpression(operator string, right object.Object) object.Object {
switch operator {
/7 [...]
default:
return newError("unknown operator: %s%s", operator, right.Type())

func evalInfixExpression(
operator string,
left, right object.Object,
) object.Object {
switch {
/7 [...]
case left.Type() != right.Type():
return newError("type mismatch: %s %s %s",
left.Type(), operator, right.Type())
default:
return newError("unknown operator: %s %s %s",
left.Type(), operator, right.Type())

}

func evalMinusPrefixOperatorExpression(right object.Object) object.Object {
if right.Type() != object.INTEGER_OBJ {
return newError("unknown operator: -%s", right.Type())

/7.1
}

func evalIntegerInfixExpression(
operator string,
left, right object.0Object,

) object.Object {

/7 1.1
switch operator {
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/7 ...
default:
return newError("unknown operator: %s %s %s",
left.Type(), operator, right.Type())

ey e, SR 1 R e E A

$ go test ./evaluator
--- FAIL: TestErrorHandling (0.00s)
evaluator_test.go:193: no error object returned.\
got=*object.Integer(&{Value:5})
evaluator_test.go:193: no error object returned.\
got=*object.Integer(&{Value:5})
FAIL
FAIL monkey/evaluator 0.007s

ISR R REIERR B AT RN B T, (HARIRBAT IEFR S LR (B R]

147

ZE B A E WAL T, %4, Wi evalProgram fil evalBlockStatement, Tﬁ

FIH T XA RB SE AR , b SR i AR AL ) fE
// evaluator/evaluator.go

func evalProgram(program *ast.Program) object.Object {
var result object.Object

for _, statement := range program.Statements {
result = Eval(statement)

switch result := result.(type) {
case *object.ReturnValue:
return result.Value
case *object.Error:
return result
}
}
return result

}

func evalBlockStatement(block *ast.BlockStatement) object.Object {
var result object.Object

for _, statement := range block.Statements {
result = Eval(statement)

if result != nil {
rt := result.Type()
if rt == object.RETURN_VALUE_OBJ || rt == object.ERROR_OBJ {
return result

}
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}

return result

}

1E evalProgram s N A4E RAL T BE—BR 5L AE A HioK , 1M evalBlockStatement
MEHIBAZ G A Bk, HA e EE T result 87 KA

AT B, BRETEIER RO AL E (S R T o BRI -

$ go test ./evaluator
ok monkey/evaluator 0.010s

BRI — T ZAN, B2 7E Eval INERIAH] Eval I B A4 DRI R, L
RAFIRBIAAL S, TR R A AR DR (Y 5 4 iR

// evaluator/evaluator.go

func isError(obj object.Object) bool {
if obj != nil {
return obj.Type() == object.ERROR_0BJ]
}
return false

I

func Eval(node ast.Node) object.Object {
switch node := node.(type) {

/7 ...
case *ast.ReturnStatement:
val := Eval(node.ReturnValue)
if isError(val) {
return val
}

return &object.ReturnValue{Value: val}

/7 [...]
case *ast.PrefixExpression:
right := Eval(node.Right)
if isError(right) {
return right
}

return evalPrefixExpression(node.Operator, right)

case *ast.InfixExpression:
left := Eval(node.Left)
if isError(left) {
return left

}
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right := Eval(node.Right)
if isError(right) {
return right

}

return evalInfixExpression(node.Operator, left, right)
/7 ...
}

func evalIfExpression(ie *ast.IfExpression) object.Object {
condition := Eval(ie.Condition)
if isError(condition) {
return condition

}
/7 1]
}
HUXHE, FRRACBESERL T .

3.9 HESHIE

HET AKX et TRAIISCRE, AMEREARI ISR ThRE . BR T SCHF let i),
A SRR IRAR A . BB DL AR A -

let x = 5 * 5;

AL IR 1% S TE AT RR AR A, BT B e e T XA HAS)E , % x SRIERY
255k 25,

K, AT RSS2 let IR AR AT RIE. o TR let iBARIE, FF2EXt
Hor = HEAE A FRIA A R IR ER AR M, XMESHE R M ESTR T .
TXARRFERIE, TEREXNAHRERCEA —NIEME. RA, SARRAT
1R HZAE; WRBAT, WER R

W RS N o Sk S i R

// evaluator/evaluator_test.go

func TestLetStatements(t *testing.T) {

tests := []struct {

input string
expected int64

H
{"let a = 5; a;", 5},
{"let a =5 * 5; a;", 25},
{"let a = 5; let b = a; b;", 5},
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{"let a =5; letb=a; letc=a+b+5; c;", 15},
}

for _, tt := range tests {
testIntegerObject(t, testEval(tt.input), tt.expected)

¥

LA BN ZB ORISR T — X let A AR EANFRIAZORIE,
TIRX R E BN A PRI AT R A . 53 A ﬁt AT B RN R B AR RS SR AT 254t
B ORI, HEREHY FEINA K TestErrorHandling R

// evaluator/evaluator_test.go

func TestErrorHandling(t *testing.T) {
tests := []struct {
input string
expectedMessage string

"foobar",
"identifier not found: foobar",

B AR S B 7 B — R Eval III—/ 44 Frxast. Let-
Statement HJH case 4337, EXN L, TREXT let AL ACKRE, Tt
FrIAIE .

// evaluator/evaluator.go

func Eval(node ast.Node) object.Object {
/7 [...]
case *ast.LetStatement:
val := Eval(node.Value)
if isError(val) {
return val

}
/1 BT REMA A7
/7.1
}

FR IR PR A 7 R U E AN BRI B FRAT B
ﬁ—fﬁﬁﬁﬁﬁ%@ﬁmﬂ@%% node.Name.Value, HIfARFEIX P& SCEk K 7



39 4hESimE | 151

XL RE I BIPRGE 1 PR AT LOREEL S A FRAHSCHR , ICRERIE AT LIFEBRIE H I OCHR
MAPRRIRERE . “FAEE” BRI AFK, EFZ ARG, JUHORAE Lisp
frkear P ERA O o A XA A ARITEARARE A, AR EUF, FRER— 57
X RASCER R A o O T RATAYSEE, X IERAR 2R N A

TR object FLHERMIEIAY Environment Z5FA, S2bs b R R AR T —

A~ map:
// object/environment.go
package object

func NewEnvironment() *Environment {
s := make(map[string]Object)
return &Environment{store: s}

}

type Environment struct {
store map[string]Object

}

func (e *Environment) Get(name string) (Object, bool) {
obj, ok := e.store[name]
return obj, ok

}

func (e *Environment) Set(name string, val Object) Object {
e.store[name] = val
return val

¥

RHTRETEAR . A AT EIEER map, MEEMIE? i 3.10 W5, TRtk
AT o IERATLUR S~ AR

A[LIES], object.Environment FIHEAT HIH . (HU2 U7 Eval HFiH? %
EFREREEIAE Y R A Eval IS kA%

// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 ...
}

HTxes)s, RIGERTCEgREE, ARG A Eval 1SR
B MMUFEEBR Eval H 5 F %t Eval BT, 8752 & 2k evalProgram, evallf-
Expression ZEpRETXT Eval MH . X EAgmERTTFohiElE, X s
ARSI T .
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1E REPL HlLiEH T Eval, KLt REBe Il 5. 76 REPL H i FH#—fY
78

// repl/repl.go

import (
/7 [...1]
"monkey/object"

)

func Start(in io.Reader, out io.Writer) {
scanner := bufio.NewScanner(in)
env := object.NewEnvironment()

for {
/7 [...]
evaluated := evaluator.Eval(program, env)
if evaluated != nil {
io0.WriteString(out, evaluated.Inspect())
io.WriteString(out, "\n")

}

XA HIEE env RRIEAEAA Eval WHZIRHFAL . IRARERFALL, TE4
REPL FO0E A FRAVEM 2R MR be, BERHAERER IR, Z AT A m
AT Rk

BARTRBEEH AT AR AT, (H A R ESOR I X 451 AR
BIHATERFAM . K testEval BN IZAE — N EH A, XFERASHT
S TS T 2 RR A T P B AR . AR Eval #RASEI—A4
IR .

// evaluator/evaluator_test.go

func testEval(input string) object.Object {
1 := lexer.New(input)
p := parser.New(1l)
program := p.ParseProgram()
env := object.NewEnvironment()

return Eval(program, env)

}

B UE R Eval WA, WHEtREHE T # Pok2itmsd. A7
*object.Environment, XJfAME, 7Exast.LetStatement ) case 4332, HFkE
A 2R FE A AL SRS
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// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 [...]
case *ast.LetStatement:
val := Eval(node.Value, env)
if isError(val) {
return val

}

env.Set(node.Name.Value, val)
/7 (... ]
}

BUEARION Let IRARRIERS, R RAT S A CIRESMEBIRRE . Z AR
XIFRRFFRAE RIS, SR AUARION B AR A IX — A AR T

// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 ...
case *ast.Identifier:
return evalldentifier(node, env)
/7 [...1]
}

func evalldentifier(
node *ast.Identifier,
env *object.Environment,
) object.Object {

val, ok := env.Get(node.Value)
if lok {

return newError("identifier not found: " + node.Value)
}

return val

}

3.10 TP X B evalldentifier, FU7EIXSeRECH K A AE YT IR rh A
FRERAFRERA SHOCBAIE, WRA SR X AME, A s .

U= RGO

$ go test ./evaluator
ok monkey/evaluator 0.007s

XEE Monkey BUfE A /02 BA— THRWEIES T .

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> let a = 5;
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>> let b = a > 3;
>> let ¢ = a * 99;
>> if (b) { 10 } else { 1 };
10
>> let d = if (c >a) { 99 } else { 100 };
>> d
99
>>d * c * a;
245025

3.10

EREFNERELR A

Z T AR B, ARSI T OCHETY Ao ASORE A R SR X R BRI R KA
S RF o SEMA T RERAEIS , R T LAAE REPL kAT AT 4% -

>>
>>
10
>>
>>
6

>>
>>
10
>>
>>

120

let add = fn(a, b, c, d) { returna + b + c +d };
add(1, 2, 3, 4);

let addThree = fn(x) { return x + 3 };
addThree(3);

let max = fn(x, y) { if (x>y) { x }else{ vy} };
max(5, 10)

let factorial = fn(n) { if (n ==0) { 1 } else { n x factorial(n - 1) } };
factorial(5)

FLZBR T BT ENES, OIS SEIALIE R, =B s AR A T fE

>>
>>

>>

>>

>>
>>

let callTwoTimes = fn(x, func) { func(func(x)) };
callTwoTimes(3, addThree);

callTwoTimes(3, fn(x) { x + 1 });
let newAdder = fn(x) { fn(n) { x + n } };

let addTwo = newAdder(2);
addTwo(2);

B, AR AL

R T SERNGX e bR, TREMNE . —BAERNR ARG e RN R RN, —
SETE Eval FEsinst R0 FH nd 2 5.

B, XEEARGEH, 3.9 WA TARMEX IR EY T, XBSE MY RIFE
ZRIMNE . FEARTTH, URehligids S Le 2 B U A
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ZHTHYSRMEAR S — 20— DRRFLARAT , X AL —AF . 25— D R AL PR B N R

ZIFUTFREHNIIE AR R R kgL, 2 HTE Monkey HY,  pRECHILHAB (A T-55
1o pREC AT AR E IR . I TRAAS b | AR HAD pR A, o RE M HAD pR %L
HR AR, AR, SILMAE M, 7E Monkey FIXTR RS, PREILTT
BRAMIE AR, XA R . B AR [F R

{HRAZAATZE NFRFR — > sRe? XTG4 LEFRATT5EM ast. FunctionLiteral
XA LE T

// ast/ast.go

type FunctionLiteral struct {

Token token.Token // 'fn'dd&E %L
Parameters []*Identifier
Body *BlockStatement

}

PRE AT E Token F-BL, (Hif )2 3] Parameters fil Body 7B, R AEAH
PRI JCTE X PRECRAE, TASHIE S0 IC T s EUASKR(E . BRT Parameters fil
Body, AT EEAEHT A BRE S INGS 3 7B

// object/object.go

import (
"bytes"
"fmt"
"monkey/ast"
"strings"

)

const (
/7 (...

FUNCTION_OBJ = "FUNCTION"
)

type Function struct {
Parameters []*ast.Identifier
Body *ast.BlockStatement
Env *Environment

}

func (f *Function) Type() ObjectType { return FUNCTION_OBJ }
func (f *Function) Inspect() string {
var out bytes.Buffer

params := []string{}
for _, p := range f.Parameters {



156 | #3E% k&

params = append(params, p.String())

}

out.WriteString("fn")

out.WriteString("(")
out.WriteString(strings.Join(params, ", "))
out.WriteString(") {\n")
out.WriteString(f.Body.String())
out.WriteString("\n}")

return out.String()

X~ object.Function FJ5E X & A Parameters Hl Body B¢, [kitt Z #MAA Env
FB, HRFFAT5H object.Environment [U484%F, iXHE Monkey H I PREUHA A C
ML AFREE T o WA, @ﬁ?ﬂ%ﬂ%)‘(ﬂ@%ﬁ%iﬂjbﬂﬂé ZJEn] LIy, ik
Wk th B T, [ Env FEORREIMEX — A, FiE S ad

SERE 5, IAERT USRS — R B IE Monkey fifREa e A4 2l pREK -

// evaluator/evaluator_test.go

func TestFunctionObject(t *testing.T) {
input := "fn(x) { x + 2; };"

evaluated := testEval(input)

fn, ok := evaluated.(*object.Function)
if l'ok {
t.Fatalf("object is not Function. got=%T (%+v)", evaluated, evaluated)
}
if len(fn.Parameters) !=1 {
t.Fatalf("function has wrong parameters. Parameters=%+v",
fn.Parameters)
}
if fn.Parameters[0].String() != "x" {
t.Fatalf("parameter is not 'x'. got=%q", fn.Parameters[0])
}
expectedBody := "(x + 2)"

if fn.Body.String() != expectedBody {
t.Fatalf("body is not %q. got=%q", expectedBody, fn.Body.String())
}

XI5 PR SR R %o PR - T e R (B 23R R IE A ) *object . Function, Jfar A IE
B A S H50RN pREICUAR o 1T PRIESAR) PSR i P A A i B s 38 . B 234 Eval
I H—A587 case 2 SCE I LA TAR S RE L LI it 1k
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// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 [...]
case *ast.FunctionLiteral:
params := node.Parameters
body := node.Body
return &object.Function{Parameters: params, Env: env, Body: body}
/7 ...
}

ARfaTEanm e Ml . XHE HEBERHT AST 754501 Parameters #ll Body 7B,
HE, WERECTREN S T YRR,

X ARG MR ), SUAERE RN R BRI T BUERE
6] PR XA 0, X R T B R RS, DLREVR T ek, 10T RS0 Bt
AR, WEARSHS

// evaluator/evaluator_test.go

func TestFunctionApplication(t *testing.T) {
tests := []struct {
input string
expected int64

H
{"let identity = fn(x) { x; }; identity(5);", 5},
{"let identity = fn(x) { return x; }; identity(5);", 5},
{"let double = fn(x) { x * 2; }; double(5);", 10},
{"let add = fn(x, y) { x + y; }; add(5, 5);", 10},
{"let add = fn(x, y) { x + y; }; add(5 + 5, add(5, 5));", 20},
{"fn(x) { x; }5)", 5},
}
for _, tt := range tests {
testIntegerObject(t, testEval(tt.input), tt.expected)
}

}

X HE A I AN [RIRE R s . 8 SCeRE. SRR X2 A e T
W o (R SEI BSR4 G 2200, BTNt T 2 EEM A, iR
REME ., A return BEAERENE . ERBXPHEHASE. 2258, DIAESESETER
SRAE PR 8 45 PRE

X HRIMEL T *ast. CallExpression BRI AT GEE R : — R MREHE— T FriRAT,
HORMEZEHE REON S ;. IR REUR RN i . IR MR, Z AT 4
A28 3 AR AR R R PR T S oK A T
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// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 [...]
case *ast.CallExpression:
function := Eval(node.Function, env)
if isError(function) {
return function

/7.1
}

), HFFH Eval SRIRECE R KL, A8 & *ast.Identifler /&
*ast.FunctionLiteral, HRZE&AEF451%, Eval #<ik[El*object.Function,

(E AT 8 X~ *object . Function Wg 7 55— R EXHE A X S HOR M,
JE PRIAR 7 2L«

let add = fn(x, y) { x +y };
add(2 + 2, 5 + 5);

TEX L, UL add PREISELR 4 11 10, MAREARR 2 + 2 AR
5+ 5,

XZHCRIAM Y TR RIBATIFORE, R BREERE. Ad—HE PR,
IR RIS RS R . AR R s

// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 [...]
case *ast.CallExpression:
function := Eval(node.Function, env)
if isError(function) {
return function
}
args := evalExpressions(node.Arguments, env)
if len(args) == 1 & 1isError(args[0]) {
return args[0]

/7 1.1
}

func evalExpressions(
exps [last.Expression,
env *object.Environment,
) [lobject.Object {
var result [Jobject.Object
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for _, e := range exps {
evaluated := Eval(e, env)
if isError(evaluated) {
return [Jobject.Object{evaluated}
+
result = append(result, evaluated)

}

return result

}

XHEBA 28N, H2mP—1 ast.Expression 3155, 4RSI LR
SCHSRAA . AR R, A R HR AR, X BARASYLE T Monkey 154K
T MZEBIRUCRIER . A & B 7EHH Monkey 45 BB AR ZEAE S E0 R E
WY o ik, SRR T T2 DR ST R ZE A ) A B G S EO KRBT o

BUEA T sRERCRIE)G S 5B 3, ROz mEA R S8EEAAIEH
F R L2

2110 55 DL B2 SR NS PROBCAOR (R, pRBSUR FUR— AR BT 2804 T
AT PR RDRAE, BRIRIXAE, RN AR B Eval I AL 45 R B iR e ?
BORAFESH pREUA T BE AL &0 RSB T IHT, SRR pR B 7 22 i i
Ab BRI R FON BRBUACR(EL, 2 I BUERMARRIIS I, X o, FADFAEHER]
PO WAL, 75 AT R X R B AR EA TN

S AR A O BRECRAE I FOPREE , LA LE R A P 1 28805 | REAS 1E 1
AT XS R SEL . (EIRARE EHCR X SE SRS IR Y i B b, AT RSB w5 E
ARGE . XWAZIRNTEER . FATEIEIH AT hy2 T XA

let i = 5;

let printNum = fn(i) {

puts(i);
s

printNum(10);

puts(i);

puts PRECTIRITENNZS, I LLX BRI R IZA TENPIAT NS, 43502 10 Fi 5. fnsf
FEXT printNum i EAORIEZATEI S T YT, WSS — TR 24T EN 10,

I RIVERE pR B FH B S RS I B M BT EREE , 76 pREUAR T XA SRR IR 2
A AR, AA, HIERIRRITSIE R CAMSE, RINASIETRIZEE . XAl
BN Y RE AR
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VREA I B E T EAIE#—SHT Y object.Environment SE4], Ei124*4‘
R BRI AIR ST . XFERLRE SBUA MRS TR, T — ke

TEXT AR Get ikt , IABE NG A 5 EAN PR E, WSTHHE
FZEACKH 2R Gete XA THEMHFY R T . Wi, RAEY
HIPAEE R A S, 33[3/ MIAHEEACH 25, DI, R ERA 4
SR EP IR A IE, X AR DARE Z b4 & ERROR: unknown identifier: foobar,

// object/environment.go
package object

func NewEnclosedEnvironment(outer *Environment) *Environment {
env := NewEnvironment()
env.outer = outer
return env

}

func NewEnvironment() *Environment {
s := make(map[string]Object)
return &Environment{store: s, outer: nil}

I

type Environment struct {
store map[string]Object
outer *Environment

I

func (e *Environment) Get(name string) (Object, bool) {
obj, ok := e.store[name]
if !ok && e.outer != nil {
obj, ok = e.outer.Get(name)

}
return obj, ok

}

func (e *Environment) Set(name string, val Object) Object {
e.store[name] = val
return val

I

object.Environment BLEAH —1~44 N outer BT FEL, Hoh A1 &%t 55— object.
Environment A5 H, Wit 2sNZ M T RRPAEE. H NewEnclosedEnvironment
PR A IR AR T (. RIS, X HLAME T Get J5iki. IMAEXAPREA 2>
FEANZ A A P A R A AR

XA SO T AR R AR R AR A R SR AN . A 2R
VRS AR ZFR, ol Z RSN A . SR IR A A
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S, TR HISEAR 2 T4 R T AR

A THEER object.Environment, IFAEHERT UIERRIEREUA, ZHEE, &
KT R K e T SS90 BRI IE S 24 FRET, nTReSE ST OA
HIZFRGEE . IFERY O SR T 6 MAT s, M AR E B watRul, PIEEa)d
—ASHIREE, TR E TN B X AT R S S

(X RN 22K SR PR VLS %, T2 F*object. Function H B 7 Ay
IREG, WA E PR A .

THEGZHHER Eval, ERTLASEE . IEff AL IR R £
// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 (... ]
case *ast.CallExpression:
function := Eval(node.Function, env)
if isError(function) {
return function
}
args := evalExpressions(node.Arguments, env)
if len(args) == 1 && 1isError(args[0]) {
return args[0]

}
return applyFunction(function, args)
/7 [...]
}
func applyFunction(fn object.Object, args [lobject.Object) object.Object {
function, ok := fn.(*object.Function)
if lok {
return newError("not a function: %s", fn.Type())
}
extendedEnv := extendFunctionEnv(function, args)
evaluated := Eval(function.Body, extendedEnv)

return unwrapReturnValue(evaluated)

}

func extendFunctionEnv(
fn *object.Function,
args [Jobject.Object,
) *object.Environment {
env := object.NewEnclosedEnvironment(fn.Env)

for paramlIdx, param := range fn.Parameters {
env.Set(param.Value, args[paramIdx])
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}

return env

I

func unwrapReturnValue(obj object.Object) object.Object {
if returnvalue, ok := obj.(*object.ReturnValue); ok {
return returnValue.Value

}

return obj

}

B applyFunction PREUAUSHKEA TS E A —*object.Function, if4:
B fn SEEE ) —*object. Function 5, DUMEDIHIZ AR Env S2ECAT Body
FB, MIEAIH object.Object HIf R SGXPINFEL

extendFunctionEnv PRSI *object . Environment, %I T BR%L
IEENER . FERX RS, PREURA R MSE S 8] T RIS 24554 .

XA AL S BT AR R ) SR BUACSRAAE AT 7 B FA B BREE o AR R 5 SR (45
HiE*robject.Returnvalue, WIWAZTHEFTARAEL . IXARA AEL, B return iHA] & 10 1
B2 sREO TS LR XS T A 1K L pREICRAE . (FURSE R B FRATT R AR (kX J5 8 F Y R
BAACRAE, NILF E e e, LIfE evalBlockStatement 4k&iX) “HMH” pRELE
AIsRAE . HAN, ZHiH TestReturnStatements pRECH-WL TN T —2LMl 6], LAHH
PRIXA LI RL

BAETA TSN T, FEYS

$ go test ./evaluator

ok monkey/evaluator 0.007s

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> let addTwo = fn(x) { x + 2; };

>> addTwo(2)

4

>> let multiply = fn(x, y) { x * y };

>> multiply(50 / 2, 1 * 2)

50

>> fn(x) { x == 10 }(5)
false

>> fn(x) { x == 10 }(10)
true

AUXAE? EE ) AURIE R B AT ) BUEL T Al LUE SRR R T 1 XAt ARy,
JITAT AR A F TR Al b ARt . TR DROLZ T, AT W ZATF AR — T AU IR
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B2 [ 2EH., LA RSkt sRBUS RIS, DR HINIE BRI ASR A 4R, AUid
SERL T HAB T AR

PRATBERAERERR : N AT AR E R BN FREE, IAE R 7 ok
LTS

// evaluator/evaluator_test.go

func TestClosures(t *testing.T) {
input := "~
let newAdder = fn(x) {
fn(y) { x +y };
b

let addTwo = newAdder(2);
addTwo(2);"

testIntegerObject(t, testEval(input), 4)

}
AR R i T

$ go run main.go

Hello mrnugget! This is the Monkey programming language!

Feel free to type in commands

>> let newAdder = fn(x) { fn(y) { x +y } };

>> let addTwo = newAdder(2);

>> addTwo(3);

5

>> let addThree = newAdder(3);

>> addThree(10);

13

WHEBE, Monkey RERSMEHIAIEL 1, JEHIE? [HARATREIE A1 A AL F i )
B IIHCR o PR A SR B e SO SUROBREE, JF 2B I 451595 F e
A AT LA ) L e B A B3

R A P AR

let newAdder = fn(x) { fn(y) { x +y } };
let addTwo = newAdder(2);

newAdder J&— 1R B R EL . 5 B PRBCRE AR [0 HAth bR BB oA pR B E S50 R
¥, 1% HEAY newAdder £33 [[] 55— pREK

{HXASIE— 38 A R R, LA 2 VR MME—Z 50 ] newAdder B 7= A R P14 .
addTwo #4062 T X4 .

addTwo Z fIr LURHAIAL, PR 7E I I A s 0 vl AR AN R E
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WA addTwo Bf AU AT LAV RZ IR S50, Wtests: y, i 5ol Lhisal e
newAdder (2)BF 48 BOMH x, MR e LIt 7 A CEREL, NEET 400
Wi

>> let newAdder = fn(x) { fn(y) { x +y } };

>> let addTwo = newAdder(2);
>> X

ERROR: identifier not found: x

TEVURIEEH, x FFBAFPERIHAME. (A7E addTwo HSA AT LATIIR) X

>> addTwo(3);
5

Hmjigvd, Ml addTwo 58K AT LLiiTnl e U A S HTEAES, tlt/ext newAdder
PREUA I G — A T>RAERT AR , TG — AT RO i . 1048, FEXT BRECT i ok
B}, AT H— object. Function J7EFH: Env F B R B X ST EE A5 | .

MAEJE X addTwo BYEMAORIERS, ARG ORI, MHRAE R B
RAE . R Y RE SRR PRI AL 1845 Eval SCBLRY, TicA 4R
WL AR R R T LA i g0, TRl A T Al R — A I Y
Jife!

RESRIX ARV —Letiar i Thfe, IBAFREU—4], BUAE Monkey AMUSZHFMH:
b PRESGR 1] pRES, 1117 EL AT LK R EVE R R BRI TR i 28, 2/, pREUE Monkey H?
B SRR, ATDMEH A — AR

>> let add = fn(a, b) { a + b };

>> let sub = fn(a, b) { a - b };

>> let applyFunc = fn(a, b, func) { func(a, b) };

>> applyFunc(2, 2, add);

4

>> applyFunc(10, 2, sub);
8

XA add Fl sub pREVE S 801% 1445 applyFunc. 25 applyFunc £ H
XLLpRE, ANSHBUTT RS, func SEEARIT N REBON S, SRIG1ZPRET 5 A9
INSHOHA. e, e —YhsiriEw® .

WA VRIAE ] BEARBRIH A0 B — =L, LU R A VRIS T AR .

EZH XXX, R RBRBRIFEIE—REZETF—FKRE, iILAMZERB? BES
K. A Monkey RS LAEEIEITT, EXHEY,. SMEH. A8, BH, U
REREE. 2z, BEXRKFLT!
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ATV HATE T —ATHEEA MY Monkey f eSS, SCHRFeRECHREIHH . By
PRACRIPA AL . 5 PRALIE ! FAE I HLAFAR

3.1 Wfakbinik

TR, AASEETHER, AR =07 TR, MRMNEITHG A
S P — DI RESE RS . PR EIRATWRAE T, HBEREH A —1/)
I‘Eﬂﬂﬁo

KFAEMRERSTIEFT AT Monkey fUS 22 K AT 4

let counter = fn(x) {
if (x > 100) {
return true;
} else {
let foobar = 9999;
counter(x + 1);
}
}s

counter(0);

AR, XBARAEXT counter AL 101 YOCRIEG 2R 1] true, (HAEREIH Y
fJa—> counter IR IR}, A4 TIREZHE,

H— X 1f-else RIRAMAMRIE, HIXT x > 100 SRK{H, WA EA
FEAH, WX if-else FikX M else /3R, WKL 9999 FhiE 4 2K
foobar, HX MG HE . #ESX x + 1R, XA Eval HHARIESE
REABIBE 7 —A> counter . FJ5, —VIEBHUIT R, HE x > 100 AR {EZS
4 TRUE,

X HE AR, B counter BT EL TIRZ X4, M Eval pRELFIXISZ R
GESIRFABERE , BRIRXT counter EACRIEARS MHLAISLFIIRZ object . Integer,
TEIX FAE AR A 9999 BB H A x + 1 MIZEHE ., B counter TR #EF TR
BF, WA A 100 A1 23R8 object . Integer,

WL Eval TR EE&object . Integer{ MIEA 5240, 8i4s & s TiX—/h
BRI 2s/ Bii K2 400 /1 object . Integer,

A 4 R] G 7

Monkey HIXFRIFREENAE . NILEIRN R, Irf N2 . Bk
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S AR SR NAFALE , XA/ Bl BT REARN, B NAFASEA R TORRAY o

e kUL, BT counter I REARAERE A AAA R HIAAR N % 1T, HER
ZARERNAPIFBHRE RS /07 (HARALE AT LRI AN AE I O, 2=
KB B NAFFFAR— B, MRAESIAS I A2 X

AR A SR T EHH A% 0N A . Monkey T Go BRI I
i, BIAREACHS T .

T Go Mkl (GC), XEERINR NP A SFERNAARERH . Go
B GC 2B NAE, BRI counter BREL, WIN T 1R 2 ARl H BB UF I &
DB TIREZXN S, B UASFERNAE, Al GC &S object. Integer, DIEHHE
WRLEATS SR AT LIiTR], WIREERRE . 24 R AT RAS AT AT, Go ) GC s 2 Bzt
ZINAE

TR B TF AR counter JERLTGIEVT M BHEEON G e 1 Ml
100, LIKHEER] foobar [IJGRE A 9999, iXEEXF G4 counter iR [l HEIGIA i H]
To XF 10100, REAEREATTVIEE, KoK A E 22 FR. (HEMHZE
FEF foobar (1) 9999 WIGIkTGM], KN PREGR [BIRY foobar T4 IFVEREL T, Hik
et H IR B Go ) GC 2IRXT counter FHCRIERFEIREE, mMHPE&FH
foobar 4f%E .

XTI B AL, i i HINAE . It GC 2 e DR e
i P A

PO FRAPRUARF IFE, 198 TIRZ TR MR CifF 553 GC B4t
EE SRS, AT 2 A O GC R BRI BN AT

B —1 GC, EfZEeM AT PR UE, EFREIRER R E N G
M5, PR B GO EC B RS I AT, AN PR EER0RE X 42 by T AU
BRJE— USRI, D TR I, R BN AR R, RSN

A ZFIETT LSS EIR T AR5, b KOR R A R S, filansEA
“Fricibbr” Hk. T RIRR AR S, 2 A M AR GC,
A4 RS (stop-the-world ) A GC, it2I1Ak GC, ik AHAL AL NFERI
REBRNAERE R o BIERAE T, S — AR SE R T A AR 2 5% 7

rtiFsin): “2F08, FHAIFAEH Go B GC, {8 Monkey iEE RETRERE HIEA
HCHIGCHE? ”
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JAR, AT, PR Go 19 GC, 4k B —Fh oy ok 8 H A T4
VUESR A ) oA . R —TORE RS, PONIXEER A2 [ C 75t 7 BORTRE N
7, 10 Go i 5 7EBRIAH O T 98 48 IR IX AT

LR P E AR A “WHTHE Go I GC ZAMRS H I GC” X —T
7, MHEMH Go 89 GCo B BIA Bt fe — PN E Z R, i NI A GC
DB, X TAS S RIE R . HBRAIRA BRI A X GC B EhRE R HRERE
PRGNS — SRR T o 299K, WVFR IR SIUAIIE BRI FERA ) A s B R
T3 — TP B P g 23 %08 A

XHERIEAESE T 1| Monkey fERERRREIE R BT 1, T AYBLE I INE 2 1%L
PRI R BORY R HINRE, 1EER A



FA4E

i FRARIRRS

4.1 RSB

FIH Monkey ffR R R RE T LSS T A, oAy — S8 NBRILAYRRE, 403k 55 R AL
AL, AT Monkey BRI, BUAE AT ARS8 FOA BECRI ZR(E. 30 A
A, WHAbREE 5 SRR BV RZ . ARER O8I — I, [l R NI
BRI

AU R — Db R, FRATAT DB B3 — i B e . iR dak —
SN SR SVt I SV 3 | R O e e <810 N 7 T G 1 i T 1 3 v i et S 0 =1
[ SR A AR R R GEUSIHT B s 268

R, XL ELRIN IR AETE Go A R A FIE e, L E Y
FUZEHAE Monkey Hal ], W2 DEL, FRATATT LIRS X Se B2, X
TEH TADL T, DA IR E TR, mARERAUCH “7E Go sl
B

FRULZ A, AT IN—L R ECRY MRS . 4R, TE MR I,
FRATEIAE ] LA SCRREL, ARk S pRBVE AT B o AR TR0 B R I 2 P R, 31X
FhERECE SR A, AT LIFRAS Monkey 15 BYPIERIEVESS B o

BRI — AR R R EE R F45 58, LT RR g E & A A
Monkey AR % 51 7h

4.2 FiFEh

£ Monkey ', FAFH R —NFATI FATHR KA, nl LIE AR RAT,



FTTERR BRI TP VES 8L, IETT LI R EOR [T Monkey 45 H3 R HAB R R 7
AR —FE, A2 S | B R 4

BR T AT R BRI B 2 Ah, AR b AT R SR P BB AT+, DM RE T
TATHR A

e HbR 2R 5E LA 184

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> let firstName = "Thorsten";
>> let lastName = "Ball";
>> let fullName = fn(first, last) { first + " " + last };

>> fullName(firstName, lastName);
Thorsten Ball

421 HERESTSEPIFFTH

TR S — S R AR IR e P SC R AT R . AT S SR AR A R SR X
HERY

"<

AKME, XIE? w2 R 5545 3 51 Rl ik

TR0 BT 45 1% OR RS A Ep S T e AR RS R IR R T, R, X T Hello
World, BEMIZAERM 1 MEEHPIG, MAZE". Hello, World, "iX 4 Malikioc. H
PAANAE TR NPT R BB IRIRS LBk b A AL BEXEESE , BREWSTE
IR AR P — A/ N A AT B RTR AT

MR, HZMNAERICE R TR RWE L, X 0] TR 2 i T siE 2 4t
. HZ M E R IT KRR IR Rl E AR N S S () EER
token. IDENT Ry HIC, 10X F3X HURFHAY B MAE FOCR R FAF 8, kRS e
19 token. INT GIEEB A AT R IRVEFAIT, 7R Literal FECHFA FAT R T .

B T X, Rl MBSOk oo Rl rds 7o 2ot 1 2im,
T e f i 1/l T T, ANk LA RO AT A T,

B token AT STRING Jrl% FRITIEAL .

// token/token.go

const (
/7 ...
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STRING = "STRING"
/7 L.
)

BB WIN—N G, KB WL A R S IR T AR . PrE gy N2
P& TestNextToken MR PR AT ) input:

// lexer/lexer_test.go

func TestNextToken(t *testing.T) {
input := “let five = 5;
let ten = 10;

let add = fn(x, y) {
X+y;

s

let result = add(five, ten);
1-/*5;
5 <10 > 54

if (5 < 10) {
return true;
} else {
return false;

}

10 == 10;
10 !'= 9;
"foobar"
"foo bar"

tests := []struct {
expectedType token.TokenType
expectedLiteral string

/7 [...]
{token.STRING, "foobar"},
{token.STRING, "foo bar"},
{token.EOF, ""},

/7.1
}

BUERY input Z2 T JUTINE, XEEPN TR B AR e A7 Ep I i .
“foobar" &N T B PR AT B T = TR AT AR RE LEH TAE, 1" foo bar" &k T
PR R A SR RE IR B T AR,

MK, MR T, HOIE BB Lexer:



$ go test ./lexer
--- FAIL: TestNextToken (0.00s)
lexer_test.go:122: tests[73] - tokentype wrong. expected="STRING",\
got="ILLEGAL"
FAIL
FAIL monkey/lexer 0.006s

B IR AR A TR, RAIFE Lexer [ switch iE4A]H K" ¥in—14 case 43
L BRI —AS/ N B

// lexer/lexer.go

func (1 *Lexer) NextToken() token.Token {
/7 [...]

switch l.ch {
/7 1...1]
case '"':
tok.Type = token.STRING
tok.Literal = l.readString()

/7 ...
}
/7 1.1
}
func (1 *Lexer) readString() string {
position := l.position + 1
for {
1.readChar()
if Ll.ch == """ || l.ch == 0 {
break
}
}

return 1.1input[position:1l.position]

}

XEER B S 1, RN T — 181 case 433 Fl—A~44 "M readString F%
BheRE, BB A readChar E2HUCFAT, BRI FXGG |5 ol Bk 5 AKE (end of
the input ) WIJSEHEEE

WMRRIIHXKRFERT, IS LIz2iil readString 5, MAETERIEMA
KB FUE HHER BT A N . R AME T LA SR 4T, DAL "hello\
"world\"". "hello\n world"FI"hello\t\t\tworld" %174 7 .

IAED G L T

$ go test ./lexer
ok monkey/lexer 0.006s
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KB T BUAETRE AR REAL B P AP R P IR 1, N MRABGHIE 734 & A X 1
It

422 FREEEDWN

R T BRI TR token. STRING Feff 47 R F i i AST 9 4., 12
FESGXANT 5. 2B, S AEF T, AilKS ast.IntegerLiteral dE%
Zl, HREHAR value FEIMAETREZEME string MAE int64,

// ast/ast.go

type StringLiteral struct {
Token token.Token
Value string

}

func (sl *StringlLiteral) expressionNode() {}

func (sl *StringlLiteral) TokenLiteral() string { return sl.Token.Literal }
func (sl *StringlLiteral) String() string { return sl.Token.Literal }

R, AR T EORRGAI, AR ENTRSRIESTRE TR,

BT IEAE S, AT DR E — AN, DA ORE 5 s Be s 1Rl BT
token.STRING # i fli*ast.StringLiteral;

// parser/parser_test.go

func TestStringLiteralExpression(t *testing.T) {
input := ""hello world";"

1 := lexer.New(input)

p := New(l)

program := p.ParseProgram()
checkParserErrors(t, p)

stmt := program.Statements[0].(*ast.ExpressionStatement)
literal, ok := stmt.Expression.(*ast.StringLiteral)
if lok {
t.Fatalf("exp not *ast.StringLiteral. got=%T", stmt.Expression)

}

if literal.value !'= "hello world" {
t.Errorf("literal.Value not %q. got=%q", "hello world", literal.Value)
}
}

BT S R EOERE AR — B AR R -



$ go test ./parser
--- FAIL: TestStringLiteralExpression (0.00s)
parser_test.go:888: parser has 1 errors

parser_test.go:890: parser error: "no prefix parse function for STRING found"
FAIL

FAIL monkey/parser 0.007s

R 2B B ANREHR K T, FRNGZREMER . T TEMAETEY token . STRING

TAEPRICHM— S8 prefixParseFn. 2 JGiX MMM PREGEAEIR [l *ast . StringLiteral

IE

// parser/parser.go

func New(1l *lexer.Lexer) *Parser {

/7 ...

p.registerPrefix(token.STRING, p.parseStringLiteral)
/7 ...
}

func (p *Parser) parseStringLiteral() ast.Expression {
return &ast.StringLiteral{Token: p.curToken, Value: p.curToken.Literal}

¥
SOy 34740, MstaEd 1.

$ go test ./parser
ok monkey/parser 0.007s

BUE AT B4 5 AP AR T token . STRING K HUTE , T AT B4

HHAR L T *ast. StringLiteral 19, 4% FREBEBHUON R RGEHORIEA T o

423 FFEFHEKE

HFREEOMNE, MR RGP IR AT RRARG L, Z BT DR, 2P

BEHT Go Y string KHuERy N a Frse BURTE = Bn—Fh i i85 R AFER)
WA os UALINAE . HEAnTE CIE = A 4 8, IR A EMIR 2 B T A
173 B 5 2E L— R ZKAFA string RIAT .

// object/object.go

const (
/7 ...

STRING_OBJ = "STRING"
)

type String struct {
Value string

}
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func (s *String) Type() ObjectType { return STRING_OBJ }
func (s *String) Inspect() string { return s.value }

PG Ty R 2%, LMEf*ast. StringLiteral 4L object.String %42,
PRIEAEF T RIS £

// evaluator/evaluator_test.go

func TestStringLiteral(t *testing.T) {

input := “"Hello World!""
evaluated := testEval(input)
str, ok := evaluated.(*object.String)
if lok {
t.Fatalf("object is not String. got=%T (%+v)", evaluated, evaluated)
}
if str.value != "Hello World!" {
t.Errorf("String has wrong value. got=%q", str.Value)
}

+
{HIRAEH Eval A4k [lxobject.String, TME<sR[El nil:

$ go test ./evaluator
--- FAIL: TestStringLiteral (0.00s)
evaluator_test.go:317: object is not String. got=<nil> (<nil>)
FAIL
FAIL monkey/evaluator 0.007s

R 2 AUt e b, X iR E a0 B L /b .
// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 [...]

case *ast.StringlLiteral:
return &object.String{Value: node.Value}

/7.1
}

RREINARE L T, BUAERT DI REPL i 54780 1

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> "Hello world!"

Hello world!

>> let hello = "Hello there, fellow Monkey users and fans!"
>> hello

Hello there, fellow Monkey users and fans!

>> let giveMeHello = fn() { "Hello!" }



>> giveMeHello()
Hello!

BUfE Monkey fEREAR SE 2 SCRFFATH T, AR BRI 120X A1

>> "This is amazing!"
This is amazing!

424 FRHHRERER

AEE, BUER T FAF PRI, (HRR TR AR R IAOn T H AR, B2k
TR . AW RS ST AT R B UIRE . IR B B HE AT + ST
PR ERR

TR SRR T IRATIH RS

// evaluator/evaluator_test.go

func TestStringConcatenation(t *testing.T) {
input := “"Hello" + " " + "World!"™®

evaluated := testEval(input)
str, ok := evaluated.(*object.String)
if lok {
t.Fatalf("object is not String. got=%T (%+v)", evaluated, evaluated)

}
if str.vValue != "Hello World!" {

t.Errorf("String has wrong value. got=%q", str.Value)
}

}
[FIFAZEY  TestErrorHandling pREL, IR R +iz BT R4 ERERERL
// evaluator/evaluator_test.go
func TestErrorHandling(t *testing.T) {
tests := []struct {

input string
expectedMessage string

H
/7 [...1]
{
“"Hello" - "World"',
"unknown operator: STRING - STRING",
}s
/7 [...1]
}
/7 [...1]
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M BIC 22580, B EAGSE— MR A T, WA FOE kA T SeBiEm 5
o A FAT R ERAIRRI T

$ go test ./evaluator
--- FAIL: TestStringConcatenation (0.00s)
evaluator_test.go:336: object is not String. got=*object.Error\
(&{Message:unknown operator: STRING + STRING})
FAIL
FAIL monkey/evaluator 0.007s

LM 2 evalInfixExpression, X AT EAEIAN switch BT
I—ANH) case 7332, Fn2 2 MRAEBI R FAT AT, FE TR IE:

// evaluator/evaluator.go

func evalInfixExpression(
operator string,
left, right object.0Object,
) object.Object {
switch {
/7 [...]
case left.Type() == object.STRING_OBJ && right.Type() == object.STRING_0BJ:
return evalStringInfixExpression(operator, left, right)
/7 ...
}
}

X~ evalStringInfixExpression S O] RE & 18 4 1 ;
// evaluator/evaluator.go

func evalStringInfixExpression(
operator string,
left, right object.Object,
) object.Object {
if operator != "+" {
return newError("unknown operator: %s %s %s",
left.Type(), operator, right.Type())
}

leftval := left.(*object.String).Value
rightVal := right.(*object.String).Value
return &object.String{Value: leftval + rightVal}
¥
HAPH — R A S AR B IR . AR B SR+, B ATAF XS
AR TR B — D 2 MRV EEF I B AT R

WERAELE P AT R S 2B 54T, AT AR USRI OGN A . b, anditAtl
SCRFFAFER LR, IR 20T LATEX S ==F1 1=, (BRI FAT R AR EE, MR %
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P AT ER R (EL
X, G T

$ go test ./evaluator
ok monkey/evaluator 0.007s

AL ] LU 49 R i 1o ] LUKE AP R E 283k . dBE /AR,
PRASGR [T, 3 P DADFHETAF o

>> let makeGreeter = fn(greeting) { fn(name) { greeting + " " + name + "!" } };

>> let hello = makeGreeter("Hello");

>> hello("Thorsten");

Hello Thorsten!

>> let heythere = makeGreeter("Hey there");

>> heythere("Thorsten");
Hey there Thorsten!

TR AT H BUE REAE R REAR PR R a8 AT o [H3E ] AN — LE A AR PR 5 L
[F) T A

4.3 ARERHY

AT REAR SN B B, Z TR B, R X S s 5O 2 H i
BRI M P52 X0, S Monkey (RRSSHTS 10, T A& LLBEPYEL AL BE RIS o5
By pRAL

XL N E PREOH Go 155 X, 1F Monkey H 5 S Pl Al B HHE AL 2 6] 78 24 HF
ZRER . FinE R TN E RS, AP REEEA S IR RS

LU AN S — N R BCRR DY HTRS[R] . S 1 3R YTt E] , o] DOR R E RGN
¥ (8 —a1EAH0). RN EHS 2 rEafEE s R 2B R, H2R
PR WA N PR R ARG, WHZE TS (iR 2 Reas )
WAL RESE T A AR R e B S R G H

R, ZEOMA N E B IRAT (RERRAOSCINE ) & o fERERR I P al LA
FHX S B AT S R, ELARSEIRMRLE Py i pR B I A AR ER, ME— [ PRI
R B2 T £ object.0bject YEHZEIT-HE1R [[l—> object.Object,

// object/object.go

type BuiltinFunction func(args ...0Object) Object

R AT Go BREUZEAIE o8 T kX 88 BuiltinFunction X Al A,
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it LR HICE RIS R ARG, AR R T — R E
// object/object.go

const (
/7 [...]
BUILTIN_OBJ = "BUILTIN"

)

type Builtin struct {
Fn BuiltinFunction

}

func (b *Builtin) Type() ObjectType { return BUILTIN_OBJ }
func (b *Builtin) Inspect() string { return "builtin function" }

ATLIES], object.Builtin WAFAKHNM, HE—E%, HELS object.
BuiltinFunction, #tnl ASEEREE—INERELT .

len

RS B SIS — NN B RS len, HAES R M F/ 7% H .
XA BREIGEE H Monkey A P R S, RIILTRZER N E . len FUIEEAT AT Fis

>> len("Hello World!")

12

>> len("")

0

>> len("Hey Bob, how ya doin?")
21

MHRZAMEE ) Len 5 A SRR, PRk 2 55 0 AR 7 o
// evaluator/evaluator_test.go

func TestBuiltinFunctions(t *testing.T) {
tests := []struct {
input string
expected interface{}

H

{"len("")", 0},

{ len("four")", 4},

{ len("hello world")", 11},

{ len(1)", "argument to ‘len’ not supported, got INTEGER"},

{ len("one", "two")" , "wrong number of arguments. got=2, want=1"},
}

for _, tt := range tests {
evaluated := testEval(tt.input)
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switch expected := tt.expected.(type) {
case int:

testIntegerObject(t, evaluated, int64(expected))
case string:

errObj, ok := evaluated.(*object.Error)

if lok {

t.Errorf("object is not Error. got=%T (%+v)",
evaluated, evaluated)

continue
}
if errObj.Message != expected {
t.Errorf("wrong error message. expected=%q, got=%q",
expected, err0Obj.Message)
}

}

PUAE X LA — S A B nl i len RANETT, RS T4 8 | il FAF B A
TR TARR . PR P RSSO B, U IR — A R AN 25 R
R A A B2 i I EAF R B PO R 01 S A, o2 DRl A B e iR
BEMNSEOH len BP2R4L, FfIl—*object.Error,

dnRiztrini, AR SIRHT Len He 1T, (HASZIEH B b B R

$ go test ./evaluator
--- FAIL: TestBuiltinFunctions (0.00s)
evaluator_test.go:389: object is not Integer. got=*object.Error\
(&{Message:identifier not found: len})
evaluator_test.go:389: object is not Integer. got=*object.Error\
(&{Message:identifier not found: len})
evaluator_test.go:389: object is not Integer. got=*object.Error\
(&{Message:identifier not found: len})
evaluator_test.go:371: wrong error message.\
expected="argument to “len’ not supported, got INTEGER",\
got="1identifier not found: len"
FAIL
FAIL monkey/evaluator 0.007s

XEPAEAT] len, XAMERRR, FBHBTMARE X len,

Tk, B A A RN B R T . — RO R T
F|T5)Z object.Environment 1, SRIF£i6%5 Eval, (HJEIXTHE N & REE]E—A4
B A IR .

// evaluator/builtins.go

package evaluator



G
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import "monkey/object"

var builtins = map[string]*object.Builtin{
"len": &object.Builtin{
Fn: func(args ...object.Object) object.Object {
return NULL
}!
})
}

KT XA, BB evalldentifier pR%L, WISRTE %ﬁﬁ%fﬁqﬂﬁiﬂ%
AFRRFFEAT G E FE, B2 P B PR PR A PR PR R

// evaluator/evaluator.go

func evalldentifier(
node *ast.Identifier,
env *object.Environment,
) object.Object {
if val, ok := env.Get(node.Value); ok {
return val

}

if builtin, ok := builtins[node.Value]; ok {
return builtin

}

return newError("identifier not found: " + node.Value)

}
P, BUEAEHR len ARRAFTELAESRE] len T, (HIBJCETA I -

$ go run main.go
Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> len()
ERROR: not a function: BUILTIN
>>

BT A5 BRI R B fRDINESZLL applyFunction RES AL Fxobject.
Builtin Fl object.BuiltinFunction:

// evaluator/evaluator.go

func applyFunction(fn object.Object, args [Jobject.Object) object.Object {
switch fn := fn.(type) {

case *object.Function:
extendedEnv := extendFunctionEnv(fn, args)
evaluated := Eval(fn.Body, extendedEnv)
return unwrapReturnValue(evaluated)
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case *object.Builtin:
return fn.Fn(args...)
default:
return newError("not a function: %s", fn.Type())

}

MRTIBERE A2, XHEIATINT case *object.Builtin 733, 7Ei%Zsr %
I T object.BuiltinFunction, XARFHL, #GHH args VI 1E RS ECRIEH
@%&—#o

EARERNE, R NE KRBT, AR ZH unwrapReturnvalue, KNE
PREIM KA 23R [1l xobject .ReturnValue,

BAE, P Len XA B IERI R, B 23R o] NULL

$ go test ./evaluator

--- FAIL: TestBuiltinFunctions (0.00s)
evaluator_test.go:389: object is not Integer. got=*object.Null (&{})
evaluator_test.go:389: object is not Integer. got=*object.Null (&{})
evaluator_test.go:389: object is not Integer. got=*object.Null (&{})
evaluator_test.go:366: object is not Error. got=*object.Null (&{})
evaluator_test.go:366: object is not Error. got=*object.Null (&{})

FAIL

FAIL monkey/evaluator 0.007s

XEMEIZET LIEH len T HIETH SRR [T NULL . ASid Bff DX A4~ a] i
R, AR S —1 Go PREL—FE .

// evaluator/builtins.go

import (
"monkey/object"
)

var builtins = map[string]*object.Builtin{
"len": &object.Builtin{
Fn: func(args ...object.Object) object.Object {
if len(args) !=1 {
return newError("wrong number of arguments. got=%d, want=1",
len(args))
}

switch arg := args[0].(type) {
case *object.String:
return &object.Integer{Value: int64(len(arg.vValue))}
default:
return newError("argument to “len’ not supported, got %s",
args[0].Type())



XA PRBUR AR, BT Go 19 en, SRJ IR T —ASEi M HCHY object.
Integer. BRUILZAMZpREGLE SR ARR, RO ORI IS BSO8R IS HEE AN
VERE, BN T .

$ go test ./evaluator
ok monkey/evaluator 0.007s

XERE A DATE REPL i len T

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> len("1234")

4

>> len("Hello World!")

12

>> len("Woooooohooo!", "len works!!")

ERROR: wrong number of arguments. got=2, want=1

>> len(12345)

ERROR: argument to “len’ not supported, got INTEGER

SER BERNTGEM TH—DNERE P Igks:,

4.4 %48

AN Monkey fERERHR IR ALE R . 8 Monkey ', BELESHZA
TLRIAFPEIZR, HARYITR IS T AR . K2l B DT R AR T Lz i)
B IR E A, LSRR h iR, ISR

NI T AN, PR EIE S — AR, RJE VI TR R
IEE:

>> let myArray = ["Thorsten", "Ball", 28, fn(x) { x * x }1;
>> myArray[0]

Thorsten

>> myArray[2]

28

>> myArray[3](2);

4

AR, S2PR L Monkey $2H ] LU ALY AY LR o Monkey HFHAEAT{E
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AT LM B TP RICR . ZEIX AR, myArray G155 2 NTAFE 1 VBRECN 1
/I\I%lﬁo

Wt )a 317N, RS ViR H i s e el — A s B S s
ZIBRLTNEG AT array[index],

AN LRI Len BRECULAE ST RRHOAL, L PR I—2e JLARTT 1T 4]
14 PN PR -

>> let myArray = ["one", "two", "three"];

>> len(myArray)

3

>> first(myArray)

one

>> rest(myArray)

[two, threel]

>> last(myArray)

three

>> push(myArray, "four")

[one, two, three, four]

T£ Monkey fff Be#s 1 SE AL D FERIE 27 M [ Jobject . Object 1Y Go V1 h, 2
PR VLA LS I BdELER , B Go P A Bim] .

WHERARAFEI 2 H5E, Bk arEns A B — 2 i 1k Hot..

441 FERPES RSP T HA

N T EBRARAT R S R R G BT, W A AR B SR L, BN
SEHT YRI5 BT o 75 Monkey RIS AV AR , T BRI ARl T asE [ 1A,
R AT DA REREAL BIE 5, PR B A [T 3245

S JRTE token fLHE LU B YA B ICEAY .

// token/token.go

const (
/7 [...]

LBRACKET = "["
RBRACKET = "]"

/7 1...1]
)

PR R R IR . AR, ZRTE MR T
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// lexer/lexer_test.go

func TestNextToken(t *testing.T) {
input := “let five = 5;
let ten = 10;

let add = fn(x, y) {
X +y;

}

let result = add(five, ten);
1-/*5;
5 < 10 > 5;

if (5 < 10) {
return true;
} else {
return false;

}

10 == 10;
10 !'= 9;
"foobar"
"foo bar"
[1, 21;

tests := []struct {
expectedType token.TokenType
expectedLiteral string

{token.LBRACKET, "["},
{token.INT, "1"},
{token.COMMA, ","},
{token.INT, "2"},
{token.RBRACKET, "]"},
{token.SEMICOLON, ";"},
{token.EOF, ""},

/7.1
¥

FIFE, YR input, iEHAFEHNENE YT, EXHEELL, 2]. B, B
TG, DARRARIRE T #e ) NextToken J7iE#isZiR[El T token. LBRACKET I
token.RBRACKET,

PEEGE AR AT R, A ) NextToken( )i 4 47401 . J21%, HE 447

// lexer/lexer.go

func (1 *Lexer) NextToken() token.Token {
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/7 ...
case '[':
tok = newToken(token.LBRACKET, 1l.ch)
case ']':
tok = newToken(token.RBRACKET, 1l.ch)
/7 (... ]
}
HlF=wiibas
$ go test ./lexer
ok monkey/lexer 0.006s

TEiEEArees, PR LM token. LBRACKET 1 token.RBRACKET f&AT A4

442 BAFEEIEETH

UNATRriE, Monkey H IR 7 it FHIE S B s A3, XLERAAh
eI G R T A S FEE R T o

[1, 2, 3 + 3, fn(x) { x }, add(2, 2)]

e i PR i DURAE MR RIA, BT e . PR T
IR AT R I AT

W b 2UHRARE AR, ANiELG . B E 248 T WAl it FiE S ban 2k X
Y, W RBOH S, WA T AR CEC LR TR RN .
TR X A FE Al fR A PR - 1 o

OB R E L AST i WATE A 1T W A ISEAHERL, it
TR SCAR A A

// ast/ast.go

type ArrayLiteral struct {
Token token.Token // '['#%E3E7T
Elements []Expression

}

func (al *ArrayLiteral) expressionNode() {}
func (al *ArrayLiteral) TokenLiteral() string { return al.Token.Literal }
func (al *ArrayLiteral) String() string {

var out bytes.Buffer

elements := []string{}
for _, el := range al.Elements {
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elements = append(elements, el.String())

}

out.WriteString("[")
out.WriteString(strings.Join(elements, ", "))
out.WriteString("1")

return out.String()

}

T RN R A R O AT A A T R JR AR [Pl xast . ArrayLiteral, J4b, K
TSI T —M0 2 55l S i Ik pR R, AR R B AR b S I 0 T o fig
WigfT.

// parser/parser_test.go

func TestParsingArraylLiterals(t *testing.T) {
input := "[1, 2 * 2, 3 + 3]"

1 lexer.New(input)

p New(1)

program := p.ParseProgram()
checkParserErrors(t, p)

stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
array, ok := stmt.Expression.(*ast.ArrayLiteral)
if lok {
t.Fatalf("exp not ast.ArrayLiteral. got=%T", stmt.Expression)
}
if len(array.Elements) != 3 {
t.Fatalf("len(array.Elements) not 3. got=%d", len(array.Elements))
}

testIntegerLiteral(t, array.Elements[0], 1)
testInfixExpression(t, array.Elements[1l], 2, "*", 2)
testInfixExpression(t, array.Elements[2], 3, "+", 3)

+

R T PR IR TR S A R, R AR L& T A s BT R,
AN il BBl A IR T R T o BRI Z ARt A2l i 1, ik R e R
oA SR ] T A A IERREUE TG K Y *ast . ArrayLiteral,

R EEGE R, AR A A M — ) prefixParseFn, PRM%LH
TR IR A )T 1S token . LBRACKET v TRIZR{ & .

// parser/parser.go

func New(1l *lexer.Lexer) *Parser {
/7 [...]



44 A | 187

p.registerPrefix(token.LBRACKET, p.parseArraylLiteral)
/7 ...
}

func (p *Parser) parseArraylLiteral() ast.Expression {
array := &ast.ArrayLiteral{Token: p.curToken}

array.Elements = p.parseExpressionList(token.RBRACKET)

return array

}

ZRTBINIEARZ prefixParseFn, JTLLX HEATAHAT 0 . X BB AR 28T
J77%: parseExpressionList, %727 parseCallArguments fY3EAl &0l 5 )
FHRRAS , J5 #7152 /il parseCallExpression H ST LIIE B0 iR i 2500 3% .

// parser/parser.go

func (p *Parser) parseExpressionList(end token.TokenType) [last.Expression {
1ist := [last.Expression{}

if p.peekTokenIs(end) {
p.nextToken()
return list

}

p.nextToken()
list = append(list, p.parseExpression(LOWEST))

for p.peekTokenIs(token.COMMA) {

p.nextToken()

p.nextToken()

list = append(list, p.parseExpression(LOWEST))
}

if !p.expectPeek(end) {
return nil

¥

return list

h

[RIRE, XUffE 2 RiT7E parseCallArguments H#f Wit ME—F B0 A 234%
Z—~ end B8, HRAGIFEMANAZ ARSI EIZE . parseCallExpression
ik Z & parseCallArguments, BUTE RRALN T FR -

// parser/parser.go

func (p *Parser) parseCallExpression(function ast.Expression) ast.Expression {
exp := &ast.CallExpression{Token: p.curToken, Function: function}
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exp.Arguments = p.parseExpressionList(token.RPAREN)
return exp

}

Horpf— A BOR AT token. RPAREN ( /RS HBI R AR E ) 4] parseExpre-
ssionList, HEBUJLATIMAERH— BRI KB T bR 2l
T

$ go test ./parser
ok monkey/parser  0.007s

BUAERAT RO 7 I A TARSERL T .

443 RSIEBEMNRIANIBASH

N T SERSHE Monkey HAGRAL, AMUHEMHTAL T, HHE MRSz
FRFAGER WF “RSBERAET AT NREIAER, RTATI R R e
N GIE X SN I U

myArray[0];
myArray[1];
myArray[2];

XRHAILA, BAREZHMRIER . WEHEEREAREN T X LR Fi b S 45
FEARLEFY -

[1, 2, 3, 4][2];

let myArray = [1, 2, 3, 4];
myArray[2];

myArray[2 + 11;

returnsArray()[1];

SRR, TEARIERR! FEAREER RN

<k A X>[<RiEX>]

F ELARFIA, BEFHEE L—1% K ast.IndexExpression [ AST 14 4,
FHA IR I FhEEHE -

// ast/ast.go

type IndexExpression struct {
Token token.Token // '['idk87T
Left Expression
Index Expression



}
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func (ie *IndexExpression) expressionNode() {}
func (ie *IndexExpression) TokenLiteral() string { return ie.Token.Literal }
func (ie *IndexExpression) String() string {

}

var out bytes.Buffer

out.WriteString("(")
out.WriteString(ie.Left.String())
out.WriteString("[")
out.WriteString(ie.Index.String())
out.WriteString("])")

return out.String()

TH S ER, Left Ml Index #P 2Rk, Left JBIELEVIRIMIXT S, W] LIJEATAT
HAY EFEAREAT . Bl i . RO . Index AN, AT RUEBATA A
MIEE FE, Index AIDIJBATA 2RI ik, HAETE L b, kb= A —~

B

T Left Ml Index #UERIA, HIMTERESRMEI T, Kb LIEE A
parseExpression JriEXT EATHEATAENT . AL EE ARG LM, X BT EHE —
WG], BHELR NS AT RENS 1R [F *ast . IndexExpression:

// parser/parser_test.go

func TestParsingIndexExpressions(t *testing.T) {

input := "myArray[l + 1]"

1 lexer.New( input)

p := New(1l)

program := p.ParseProgram()
checkParserErrors(t, p)

stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
indexExp, ok := stmt.Expression.(*ast.IndexExpression)
if l'ok {

t.Fatalf("exp not *ast.IndexExpression. got=%T", stmt.Expression)

}

if !testIdentifier(t, indexExp.Left, "myArray") {
return

}

if !testInfixExpression(t, indexExp.Index, 1, "+", 1) {
return

}
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H AT AR H R AT E T AR 7 B 3 R 5 | Rk B Rk Xk A
REf N IEART) AST. 7340, 185 Hr as e & IE AL 32 5 s ST A e g [l A
P, RO BREME A BEAT O EA s e . SRR — i, R fHH
P I ) TestOperatorPrecedenceParsing iz K%L :

// parser/parser_test.go

func TestOperatorPrecedenceParsing(t *testing.T) {
tests := []struct {
input string
expected string

H
/7.1
{
"a * [1, 2, 3, 41[b x c] * d",
“((a * ([1, 2, 3, 4][(b * c)])) * d)",
}!
{
"add(a * b[2], b[1], 2 * [1, 2][1])",
"add((a * (b[2])), (b[1]), (2 * ([1, 2][1D)))",
},
¥
/7 1.1

I

*ast.IndexExpression H1 String( )77kl NS A (F), SO0 45 K
WA, HAEESREE R BRI, fEx i Eh, 3
TR EE, KelsBAFNIAE TRAREN MR, HEm gk
*aFAF RS

AR, P B A dl A REAL B R 51 ik

$ go test ./parser
--- FAIL: TestOperatorPrecedenceParsing (0.00s)
parser_test.go:393: expected="((a * ([1, 2, 3, 4][(b *x c)])) * d)",\
got="(a * [1, 2, 3, 4])([(b * c)] * d)"
parser_test.go:968: parser has 4 errors
parser_test.go:970: parser error: "expected next token to be ), got [ instead"
parser_test.go:970: parser error: "no prefix parse function for , found"
parser_test.go:970: parser error: "no prefix parse function for , found"
parser_test.go:970: parser error: "no prefix parse function for ) found"
--- FAIL: TestParsingIndexExpressions (0.00s)
parser_test.go:835: exp not *ast.IndexExpression. got=*ast.Identifier
FAIL
FAIL monkey/parser  0.007s

BRI R RIS 5D prefixParseFn, {HSZFR VI infixParseFn,
R, RIBEFFRIEX AN R ERC B LA BAE BT, (AR T
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Bror i, AR Z i Ak R A U M IRE , X LR YA i S Aok AL P Eﬁk
Kk, K myArray [01 58 [N R Z62 4T, K myArray PUOAZESRAERL, #5
WA AR EEL

RK5lis

RXAEA S ) SR REAR I 5 S R AL e T A 3265
// parser/parser.go

func New(1l *lexer.Lexer) *Parser {
/7 [...]

p.registerInfix(token.LBRACKET, p.parselndexExpression)

/7 1.
¥

func (p *Parser) parseIndexExpression(left ast.Expression) ast.Expression {
exp := &ast.IndexExpression{Token: p.curToken, Left: left}

p.nextToken()
exp.Index = p.parseExpression(LOWEST)

if !p.expectPeek(token.RBRACKET) {
return nil

}

return exp

}
A ARG R

$ go test ./parser
--- FAIL: TestOperatorPrecedenceParsing (0.00s)
parser_test.go:393: expected="((a * ([1, 2, 3, 4]1[(b * c)])) * d)",\
got="(a * [1, 2, 3, 4])([(b * c)] * d)"
parser_test.go:968: parser has 4 errors
parser_test.go:970: parser error: "expected next token to be ), got [ instead"
parser_test.go:970: parser error: "no prefix parse function for , found"
parser_test.go:970: parser error: "no prefix parse function for , found"
parser_test.go:970: parser error: "no prefix parse function for ) found"
--- FAIL: TestParsingIndexExpressions (0.00s)
parser_test.go:835: exp not *ast.IndexExpression. got=*ast.Identifier
FAIL
FAIL monkey/parser 0.008s

O AR TR L ST 4 1 5 B AR R T SE 2, NIA i 0 7 L
GRS &

// parser/parser.go
const (
_ int = iota



INDEX // array[1index]

var precedences = map[token.TokenType]int{
/7 1.0

token.LBRACKET: INDEX,
}

INDEX Y E LB AE const SRR SG—1T, XREZ, KA lota 21l INDEX 7£ fif
1 78 XS s w9 fom i e . precedences HHERTINAY INDEX T T
token. LBRACKET fiz i FUDLSESL . X REMNA iUt &7 e i 1

$ go test ./parser
ok monkey/parser  0.007s

SER T LT AR AITEIL A3 a1 TR AL PR (ELAR o

444 WAFEEXKE

SRAEBUEH ST = I AME, 4 Monkey BUEHBURE] Go VIR hEEE 248 TAE,
XFERA LS BURT VB EHE T o FATHTE L—HHY object.Array 271, {104
XA i R (EZS R . M2 3L object. Array AR, A4 Monkey HHHYEZLA
EtiR g, e R,

// object/object.go

const (
/7 ...

ARRAY_0BJ = "ARRAY"
)

type Array struct {
Elements []Object
}

func (ao *Array) Type() ObjectType { return ARRAY_OBJ }
func (ao *Array) Inspect() string {
var out bytes.Buffer

elements := []string{}
for _, e := range ao.Elements {
elements = append(elements, e.Inspect())

}

out.WriteString("[")
out.WriteString(strings.Join(elements, ", "))
out.WriteString("1")
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return out.String()

}

AXERH, XAE PR E M JE Inspect Jrik . Aidix MR E ) B
T TR E L T SRR

// evaluator/evaluator_test.go

func TestArraylLiterals(t *testing.T) {
input := "[1, 2 * 2, 3 + 3]"

evaluated := testEval(input)
result, ok := evaluated.(*object.Array)
if lok {
t.Fatalf("object is not Array. got=%T (%+v)", evaluated, evaluated)
}

if len(result.Elements) != 3 {
t.Fatalf("array has wrong num of elements. got=%d",
len(result.Elements))

}

testIntegerObject(t, result.Elements[0], 1)

testIntegerObject(t, result.Elements[1], 4)

testIntegerObject(t, result.Elements[2], 6)
}

5 ZRTHEIE I fe e, XAl DU — 2ok b . [FlkE, XA
HIE R E AT HRAARE ). PRI case 73 &Xxast. ArrayLiteral
SRAEIFAE AR -

// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {

/7 ...
case *ast.ArraylLiteral:
elements := evalExpressions(node.Elements, env)
if len(elements) == 1 && isError(elements[0]) {
return elements[0]
+
return &object.Array{Elements: elements}
}
/7 [...]
}

3

AR A R R — 7 A, AR &2
J’T‘[;/(O
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G

MaiE s 1, IAERT LATE REPL H (i A8 71 12 A e 1

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> [1, 2, 3, 4]

[1, 2, 3, 4]

>> let double = fn(x) { x * 2 };

>> [1, double(2), 3 * 3, 4 - 3]

[1, 4, 9, 1]

>>

RTAE, AR HEFEEICENRT BRI RITER .,

445 ZHI|IBEBEMFFRIENKE

UFHERE, SIPTIE, PR RFRIAACRERT R IS Z25EW T AT
Vi, WfE— N IR BURAE RO TR I R B “ 22— 48R AT Xk ARl
N2 A R A — 2 P

// evaluator/evaluator_test.go

func TestArrayIndexExpressions(t *testing.T) {
tests := []struct {
input string
expected interface{}

H

{
"[1, 2, 3][0]",
1}

+,

{
“[1, 2, 31[11",
2)

}!

{
"[1, 2, 31[2]",
37

}7

{
"let 1 = 0; [11[1];",
1}

+,

{
"[1, 2, 3]1[1 + 11;",
3)

}!

{

"let myArray = [1, 2, 3]; myArray[2];",
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}7
{
"let myArray = [1, 2, 3]; myArray[0@] + myArray[l] + myArray[2];",
67
},
{
"let myArray = [1, 2, 3]; let i = myArray[0]; myArray[i]",
2’
}}
{
“[1, 2, 31[3]",
nil,
}7
{
“[1, 2, 31[-1]",
nil,
},
}
for _, tt := range tests {
evaluated := testEval(tt.input)
integer, ok := tt.expected.(int)
if ok {
testIntegerObject(t, evaluated, int64(integer))
} else {
testNullObject(t, evaluated)
}
}
}
BN, FRARIA, ST BEAT s TR . X BV 2 N A LS O e A At

MR T o ANk Sl H ) e 5 SR AR A o, mT ARG, FRAEF AR

X

XL E IR, ,\EP@/‘*J“QH{I* ZARINES, CRNE T %

HIG YRS IPEHR [F] NULL, A Lo it 5 1E %*fad%1</\ﬂi?i,Wﬁja—éib%%ifﬁig*
23R [A] NULL, Monkey 3E453% [7] NULL

T RAREE , AR T, b kA TR

$ go test ./evaluator

--- FAIL: TestArrayIndexExpressions (0.00s)
evaluator_test.go:492: object is not Integer. got=<nil> (<nil>)
evaluator_test.go:492: object is not Integer. got=<nil> (<nil>)
evaluator_test.go:492: object is not Integer. got=<nil> (<nil>)
evaluator_test.go:492: object is not Integer. got=<nil> (<nil>)
evaluator_test.go:492: object is not Integer. got=<nil> (<nil>)
evaluator_test.go:492: object is not Integer. got=<nil> (<nil>)

panic:

runtime error: invalid memory address or nil pointer dereference

[signal SIGSEGV: segmentation violation code=0x1 addr=0x28 pc=0x70057]
[redacted: backtrace here]

FAIL

monkey/evaluator 0.011s
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AT AR AN R X R 5 1 R IAHOR(ENE? BIRIC AR R, RoBRA R/ ERAE
Bl LURAET IR, R IAR S n] LURE 2R XA 5 20 X314
HORME, SRIRARER K317 AT AR AT PR LRAETT IR RAT sl s %L
PHBITER, KRR,

T HJ&*ast.IndexExpression Y case 7337, FMHATHIFFAY Eval T .
// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 [...]

case *ast.IndexExpression:
left := Eval(node.Left, env)
if isError(left) {
return left
}
index := Eval(node.Index, env)
if isError(index) {
return index
}

return evallndexExpression(left, index)

/7 1.1
}

T H A % evalIndexExpression FR%R:
// evaluator/evaluator.go

func evallndexExpression(left, index object.Object) object.Object {
switch {
case left.Type() == object.ARRAY_OBJ && index.Type() == object.INTEGER_O0BJ:
return evalArrayIndexExpression(left, index)
default:
return newError("index operator not supported: %s", left.Type())
}
}

XEWATLMEH] 1f i54), A switch A2 R LU0 —4>

case 713, X PRELER THRALER CHIRIRASI T— 00K, Beafhafenlzat,
HIFHIERETE evalArrayIndexExpression FAiEfT:

// evaluator/evaluator.go

func evalArrayIndexExpression(array, index object.Object) object.Object {
arrayObject := array.(*object.Array)
idx := index.(*object.Integer).Value
max := int64(len(arrayObject.Elements) - 1)
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if idx < 0 || idx > max {
return NULL
}

return arrayObject.Elements[idx]

}

X B AR E SR AR RS I W PR RIE B IR o XA PRER T — 627
Kot Mk A, HABERIRf 2, B a A E R S YR, a2tk b
NULL, FNEREFFFERICE . BEMEGEE T .

$ go test ./evaluator
ok monkey/evaluator 0.007s

BRA—T, F—F FEfeHs .

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> let a=1[1, 2 *x2, 106 -5, 8/ 2];
>> al0]

1

>> a[1]

4

>> a[5 - 3]

5

>> a[99]

null

PRAENT IMEEH R oe R T, EAE 38 HAERRL,
WRS, AR

446 ABERMAERH

BT DL R i i b e 1, EL T DU RS IR RS T R
SUX P IRERAEECAARTA o 0 TR S, b7 B — L6 A R AL
AR A SEIX L P R

ARSI R ZIMERA IS A 51, DR A AT X0 9 pR B -5 45
INEE, BOies s AR . 78 TestBuiltinFunctions HH LA N E KA I
WHEZL” T, WA Hras 0 ARt s O A pOR R, RnT LATERE B Y code S
Jerp i E .

X HL A HRRZ A IET B P B R (HSEFR BN — A E A s R g, 1
EBERCH I RE, AR R len REMSALIREA , HRTIXpR%k HAEAL IS
Fre

\a=

SBLEAN T DIRERIERAR
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// evaluator/builtins.go

var builtins = map[string]*object.Builtin{
"len": &object.Builtin{
Fn: func(args ...object.Object) object.Object {
if len(args) !=1 {
return newError("wrong number of arguments. got=%d, want=1",
len(args))

¥

switch arg := args[0].(type) {
case *object.Array:

return &object.Integer{Value: int64(len(arg.Elements))}
case *object.String:

return &object.Integer{Value: int64(len(arg.Value))}
default:

return newError("argument to “len’ not supported, got %s",

args[0].Type())

}’

}’
}

HorpfE— B2 as gt Stxobject . Array ) case 7332, ZJEubnl LAGSINET ek

.

F— UM N EREUE first, XeRBHIRR P45 E AR — IR, 2

1, VM myArray [0 B EESE AR AL S, 1H first A, NS s,

// evaluator/builtins.go

var builtins = map[stringl*object.Builtin{
/7 ...

"first": &object.Builtin{
Fn: func(args ...object.Object) object.Object {
if len(args) !=1 {
return newError("wrong number of arguments. got=%d, want=1",
len(args))
}
if args[0].Type() != object.ARRAY_0BJ {
return newError("argument to “first® must be ARRAY, got %s",
args[0].Type())

arr := args[0].(*object.Array)
if len(arr.Elements) > 0 {
return arr.Elements[0]
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return NULL
1,
1,
}

AN, BARSER T first JRHDEME S EREE? BB, T IS R

J& last,

last HMESS R B ERMA N G — 1 onR ., HERSIEEFER, $iEiRkE
myArray[len(myArray)-1], ZHSZ0ERH, SEEE last JRPANECSEER first M, T2 H
AW T

// evaluator/builtins.go

var builtins = map[string]*object.Builtin{
/7 [...]

"last": &object.Builtin{
Fn: func(args ...object.Object) object.Object {
if len(args) != 1 {
return newError("wrong number of arguments. got=%d, want=1",
len(args))
}
if args[0].Type() != object.ARRAY_0BJ] {
return newError("argument to ‘last’ must be ARRAY, got %s",
args[0].Type())
}

arr := args[0].(*object.Array)
length := len(arr.Elements)
if length > 0 {

return arr.Elements[length-1]

}

return NULL
}7
})
}

AN N B R EUE Scheme FRFRH cdr, 78 HAL—S0TE SN tail,
I Monkey $HFRN rest, Ui rest £ —MEAENSEL, 4 rest £iRIl—
NHBA, HPa S ERABRE— N TTEZIMNITEICR ., B HATENT .

>> let a = [1, 2, 3, 4];
>> rest(a)

[2, 3, 4]

>> rest(rest(a))

[3, 4]

>> rest(rest(rest(a)))



[4]

>> rest(rest(rest(rest(a))))

[

>> rest(rest(rest(rest(rest(a)))))
null

rest FSCBUARMGIH, A BER, HRPIREHOERIEAE, rest AaBlfe
1B R 14 SR -

// evaluator/builtins.go

var builtins = map[stringl*object.Builtin{
/7 [...]

"rest": &object.Builtin{
Fn: func(args ...object.Object) object.Object {
if len(args) != 1 {
return newError("wrong number of arguments. got=%d, want=1",
len(args))
}
if args[0].Type() != object.ARRAY_OBJ {
return newError("argument to “rest’ must be ARRAY, got %s",
args[0].Type())
}

arr := args[0].(*object.Array)

length := len(arr.Elements)

if length > 0 {
newElements := make([]object.Object, length-1, length-1)
copy(newElements, arr.Elements[1l:length])
return &object.Array{Elements: newElements}

+

return NULL
}7
}’
}

B JE — MR RS Th N E B R push, HTREBIC R BSINEI B R
FEo (B RIZ R BN B MU A, RS e — A . BB B 5 g
HFEPTCER, USL—ABERRITER, HE, BUE Monkey HUZATIARHY, T i
push FIHATIENL :

>> let a = [1, 2, 3, 4];
>> let b = push(a, 5);
>> a

[1, 2, 3, 4]

>> b

[1, 2, 3, 4, 5]

N push BYSEIE,
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// evaluator/builtins.go

var builtins = map[string]*object.Builtin{
/7 [...]
"push": &object.Builtin{
Fn: func(args ...object.Object) object.Object {
if len(args) != 2 {
return newError("wrong number of arguments. got=%d, want=2",
len(args))
}
if args[0].Type() != object.ARRAY_0BJ] {
return newError("argument to ‘push’ must be ARRAY, got %s",
args[0].Type())

arr := args[0].(*object.Array)

length := len(arr.Elements)

newElements := make([]object.Object, length+l, length+1)
copy(newElements, arr.Elements)

newElements[length] = args[1]

return &object.Array{Elements: newElements}

},
b

4.4.7 AIRFHEE

A THAF R . Ry BHEFM—S N E R, BT LRI, 2
AHENA—T 7, KEEENIERRMER.

JH first. rest #ll push B] LIFJZEE— map PRZEX:

let map = fn(arr, f) {
let iter = fn(arr, accumulated) {

if (len(arr) == 0) {
accumulated
} else {
iter(rest(arr), push(accumulated, f(first(arr))))
}
s

iter(arr, [1);

}s
map FJ AT AR #4

>> let a = [1, 2, 3, 4];
>> let double = fn(x) { x * 2 };



202 | AT yIEMRERS

>> map(a, double);
[2, 4, 6, 8]

SEAEARFRRT 7 AN X 28 | [Rl R TIX L6 PN B pR %, 38 iT LUE L—> reduce pRAL:

let reduce = fn(arr, initial, f) {
let iter = fn(arr, result) {
if (len(arr) == 0) {
result
} else {
iter(rest(arr), f(result, first(arr)));
}
};

iter(arr, initial);

};
reduce 7] LLitE—20 R L sum pRAL:

let sum = fn(arr) {
reduce(arr, 0, fn(initial, el) { initial + el });

s

XA PRBAR S -

>> sum([1, 2, 3, 4, 5]);

15

FIFARRERASHIN, (B8GTHH B, Monkey RS KM 11 B HILEE map
H1 reduce #E T'!

RIEARFTARIIRE! TALLRER S 2 R BRIIRE, TEBURIRER— T HI%4l
Hn SRR ) PR EOE REMEE 2 o Aid FR AT R el ) — e fa] ) I A R R
LiR— T lSt, RGN . 25 BA T AREEENN o — TP R 2Rt

4.5 MEHE

T —AEII B AR R . Monkey UM A R bR RS = oA i
PROGWRSS | WA TRy i . WA 2 F A (R S WAL 8006 Dz ) e

N T4 Monkey H4IE IR 7y 2, T ZLAHING A5y If ik . FHAESS 5 4R A B~ Xt
G, IR AR T 0B o B AR B SR X e W77
T B FHRE AN T s

>> let myHash = {"name": "Jimmy", "age": 72, "band": "Led Zeppelin"};
>> myHash[ "name" ]
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Jimmy

>> myHash["age"]
72

>> myHash[ "band"]
Led Zeppelin

EXARFI, myHash G5 3 PMEE—(EXT . SEERE TR . MHATLAESR], wJLA
RSB RAFFRIBAMNIE A R RIUE, SUREEREEARE . HRAEX AR,
KIMERFAR, MEATRRTHERBERFATH . AU, AR ha ] DL
FHHEAbE RS AL

>> let myHash = {true: "yes, a boolean", 99: "correct, an integer"};

>> myHash[true]

yes, a boolean

>> myHash[99]

correct, an integer

AR T LR . SEBR ERR T AR L RO R o, HAE TR
KA UV ER T s B RIA X &

>> myHash[5 > 1]

yes, a boolean

>> myHash[100 - 1]

correct, an integer

BB RGR K WRIES RO FAT R | BB R, S0P LUHAERS A 3R A0
XH 5 > 1HERIEZEEN true; 1M 100 - 1 FERIEZEE N 99, X245 AR AR
B, BT LAYE myHash A ss B,

AHRAL, Monkey 174 95 BULKH T Go 1 map {4 SERIEHRSRH . (2
F Monkey HHIFI SHFFAF . SOMURASR LML, LA ZEEI map L I—
BN S AREMH IR H TAE, XEG Y B R RGN SN . U SRG 7 7 i
A iRE T,

451 WREFEERAESH

QA P i 7 TR S A A S TR BTG W 7 TR 43 M 45 i 2 R0 Ot WP A 3] i P
JC, VMR E I N ERS T RS A

{"name": "Jimmy", "age": 72, "band": "Led Zeppelin"}

bR 7R AR I, X A A DT {0 Y SR Z AT PR T
34N, TR RS EA 10 BN token. LBRACE ., token.RBRACE #il token.COMMA,
WAHEDL, AT EAA A e s T,
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R, EETEEAE token Al L AYTRITA AT .
// token/token.go

const (
/7 [...]
COLON = ":"
/7 ...
)

14 7 Lexer 1) NextToken J7 LIS II—ANHT I, LUBIZRAS—1> token. COLON:
// lexer/lexer_test.go

func TestNextToken(t *testing.T) {
input := “let five = 5;
let ten = 10;

let add = fn(x, y) {
X+y;

}

let result = add(five, ten);
1-/*5;
5 <10 > 5

if (5 < 10) {
return true;
} else {
return false;

}

10 == 10;

10 !'= 9;
"foobar"

"foo bar"

[1, 2];
{"fOO"I llbar.ll}

tests := []struct {
expectedType token.TokenType
expectedLiteral string

H

/7 ...

{token.LBRACE, "{"},
{token.STRING, "foo"},
{token.COLON, ":"},
{token.STRING, "bar"},
{token.RBRACE, "}"},
{token.EOF, ""},
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/7 1.1
}

A A AT LU —A s, B0 B — R e B s A e, AR T
A Je e 2 AN i e A5 3 5 4 1 A 15 Lo

W5 5440l token. COLON R4 fii 2 .
// lexer/lexer.go

func (1 *Lexer) NextToken() token.Token {
/7 (... ]
case ':':
tok = newToken(token.COLON, 1l.ch)
/7 1.0
}

Fogrhn T ity g, BETRE vl B Y token. COLON T .

$ go test ./lexer
ok monkey/lexer 0.006s

SEE PRI T AL RENS IR [F] token.LBRACE . token.RBRACE. token.COMMA
FIHTIY) token.COLON, I S& 2 ARATT I Ay 7 11 B U e BT A N 25

452 MEFEIEEDH

FEFFUA I FE D AT R B TR Z /T, Sk B — F W7 521 AR i
LR .

{<kEX> : <RiAX>, <R#EX> 1 <kixX>, ...}

BRI XS, WAL A A RA . AR R A,
ARAE R Z R E S0, AT i — XA SRRk

WA F TR AEHON AST T i I AR BB (E 0 . /8 2 BRER 7 YSR (] map,
{ESXA map FP A SR 4 279

ROTTUEIE, b Fo i O BR SR U E e | SBOR A R M . AN FE 184y
Wras A RERA (R — 1, R AUTE SR (B B UG M 7 B8, SRS AR R T
(iGN

MR PR T A A R T i, VP2 2k TT DUAE B ek
TR . AR AETE T T I B ) o s 2R R s 7 BT | R 2 AN BE T
T CRE R «
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let key = "name";
let hash = {key: "Monkey"};

key FSRIEZEF S "name", PRIULEME key &—PAniRAF, e HVEG At 52 4
WA, T HEX—5, 2R B, I 2k sUERN 12 0T LUFHVERS %
FIH P EAIE . Pt ast.HashLiteral (€ XA F fin

// ast/ast.go

type HashLiteral struct {
Token token.Token // '{'id% ¥t
Pairs map[Expression]Expression

}

func (hl *HashLiteral) expressionNode() {}
func (hl *HashLiteral) TokenLiteral() string { return hl.Token.Literal }
func (hl *HashLiteral) String() string {

var out bytes.Buffer

pairs := []lstring{}
for key, value := range hl.Pairs {

pairs = append(pairs, key.String()+":"+value.String())
}

out.WriteString("{")
out.WriteString(strings.Join(pairs, ", "))
out.WriteString("}")

return out.String()

+

IAEM AR RIS T, e L T ast.HashLiteral, FfTrTLIAE
B e dm 5t 1

// parser/parser_test.go

func TestParsingHashLiteralsStringKeys(t *testing.T) {
input := “{"one": 1, "two": 2, "three": 3}

1 lexer.New( input)

p New( 1)

program := p.ParseProgram()
checkParserErrors(t, p)

stmt := program.Statements[0].(*ast.ExpressionStatement)
hash, ok := stmt.Expression.(*ast.HashLiteral)
if lok {

t.Fatalf("exp is not ast.HashLiteral. got=%T", stmt.Expression)

}

if len(hash.Pairs) != 3 {
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t.Errorf("hash.Pairs has wrong length. got=%d", len(hash.Pairs))

}
expected := map[string]int64{
"one": 1,
"two": 2,
"three": 3,
}
for key, value := range hash.Pairs {
literal, ok := key.(*ast.StringLiteral)
if tok {
t.Errorf("key is not ast.StringLiteral. got=%T", key)
}
expectedValue := expected[literal.String()]
testIntegerLiteral(t, value, expectedValue)
}

}

IR, T RS B A T BB IE R AT, XS SR g h 2 L
TRZn) .

// parser/parser_test.go

func TestParsingEmptyHashLiteral(t *testing.T) {
input := "{}"

1 := lexer.New(input)

p := New(l)

program := p.ParseProgram()
checkParserErrors(t, p)

stmt := program.Statements[0].(*ast.ExpressionStatement)
hash, ok := stmt.Expression.(*ast.HashLiteral)
if lok {

t.Fatalf("exp is not ast.HashLiteral. got=%T", stmt.Expression)

¥

if len(hash.Pairs) != 0 {
t.Errorf("hash.Pairs has wrong length. got=%d", len(hash.Pairs))
}

}

HAGEINT SIS T TestHashLiteralStringKeys AL, At LA
RO KBV E e A b, AR T IEE T aR BRI RE B AT 100 il e iy xast . Integer-
Literal fli*ast.Boolean. ZJG &5 5 MM PREL, HF LRI A = if &2 AR ] LA
EAEfRA, HRREEMFREA, WHPIR:
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| s

BA4E RS

// parser/parser_test.go

func TestParsingHashLiteralsWithExpressions(t *testing.T) {

I

input := “{"one": 0 + 1, "two": 10 - 8, "three": 15 / 5}
1 := lexer.New(input)

p := New(l)

program := p.ParseProgram()

checkParserErrors(t, p)

stmt := program.Statements[0].(*ast.ExpressionStatement)
hash, ok := stmt.Expression.(*ast.HashLiteral)
if lok {

}

t.Fatalf("exp is not ast.HashLiteral. got=%T", stmt.Expression)

if len(hash.Pairs) != 3 {

t.Errorf("hash.Pairs has wrong length. got=%d", len(hash.Pairs))

}
tests := map[string]func(ast.Expression){
"one": func(e ast.Expression) {
testInfixExpression(t, e, 0, "+", 1)
})
"two": func(e ast.Expression) {
testInfixExpression(t, e, 10, "-", 8)
})
"three": func(e ast.Expression) {
testInfixExpression(t, e, 15, "/", 5)
})
}
for key, value := range hash.Pairs {
literal, ok := key.(*ast.StringLiteral)
if lok {
t.Errorf("key is not ast.StringLiteral. got=%T", key)
continue
}
testFunc, ok := tests[literal.String()]
if lok {
t.Errorf("No test function for key %q found", literal.String())
continue
}
testFunc(value)
}

XL PR A RE I D7 UL AN KRGS, 1817 R IB R TIRZ R B
LT AT AR IR
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$ go test ./parser
--- FAIL: TestParsingEmptyHashLiteral (0.00s)
parser_test.go:1173: parser has 2 errors
parser_test.go:1175: parser error: "no prefix parse function for { found"
parser_test.go:1175: parser error: "no prefix parse function for } found"
--- FAIL: TestParsingHashLiteralsStringKeys (0.00s)
parser_test.go:1173: parser has 7 errors
parser_test.go:1175: parser error: "no prefix parse function for { found"
[... more errors ...]
--- FAIL: TestParsingHashLiteralsBooleanKeys (0.00s)
parser_test.go:1173: parser has 5 errors
parser_test.go:1175: parser error: "no prefix parse function for { found"
[... more errors ...]
--- FAIL: TestParsingHashLiteralsIntegerKeys (0.00s)
parser_test.go:967: parser has 7 errors
parser_test.go:969: parser error: "no prefix parse function for { found"
[... more errors ...]
--- FAIL: TestParsingHashLiteralsWithExpressions (0.00s)
parser_test.go:1173: parser has 7 errors
parser_test.go:1175: parser error: "no prefix parse function for { found"
[... more errors ...]
FAIL
FAIL monkey/parser 0.008s

Wk ANHMELL B, (HB A GFEE : R — 1 rRECGERE LT A ik 2l i 1o
IR 22 prefixParseFn, M TG F I token. LBRACE TERTZRNE , HR4K
HFMEN token.LBRACKET —#f, KIATLIE X parseHashLiteral Jrik, 4fE
prefixParseFn Jffi [ .

// parser/parser.go

func New(1l *lexer.Lexer) *Parser {

/7 [...1]

p.registerPrefix(token.LBRACE, p.parseHashLiteral)
/7 1...1
}

func (p *Parser) parseHashLiteral() ast.Expression {
hash := &ast.HashLiteral{Token: p.curToken}
hash.Pairs = make(map[ast.Expression]ast.Expression)

for !p.peekTokenIs(token.RBRACE) {
p.nextToken( )
key := p.parseExpression(LOWEST)

if !p.expectPeek(token.COLON) {
return nil

}

p.nextToken()
value := p.parseExpression(LOWEST)



210 | 4T yEmERs

hash.Pairs[key] = value

if !p.peekTokenIs(token.RBRACE) && !p.expectPeek(token.COMMA) {
return nil
}
}

if !p.expectPeek(token.RBRACE) {
return nil

}

return hash

}

XHALK A BEA S 2, [0 parseHashLiteral H N A ZRIE W, ok
T U AETES (token.RBRACE ) ZEHMYEE—(EXT, SRJ5 PRI parseExpression
S AIENTRERME YRR, B a2 S it®] hash. Pairs W XL A B AT
A TE, Wilseedd 1.

$ go test ./parser
ok monkey/parser  0.006s

JIATERL AT AR S T AR, n] AR E TR L B s B
TEREMENTIG A P IR 1 o X RRAE S L2t AR e AR AR 7Y, ALRAERS 52
RGN IR A R (E

453 MBEIR

T ISHE BRI | 5 T A a2 FOE R AT o8, BT B % 52
RGN  Z R TR T A RN TR A R, (H SR e
RN BIRE A HA IERZETI Value FESOZ I, T 72N EEE LM T
Ve, T MR

ke LT X FE—1 39 object .Hash 27 .

type Hash struct {
Pairs map[Object]Object
}

FURYE Go 1Y map SEPL Hash B2y, o EDLAY 7 =X (HRAR SR X e L,
Qa3 AT Pairs? SEHETZAIE, Afa] N ARASE?
KB X Bt Monkey {5

let hash = {"name": "Monkey"};
hash["name"]
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s LTI object . Hash i U A TSR AL . XF 55 —A 7 A9 2 - 1T
ORI, RN~ map[Object]Object X~ map ', K Pairs A
HLUFHNZ, Bl—4 value & "name"f{j*object.String B&f %] Value Jy "Monkey"
*object.String,

FNIAE R IR TR, (EEAE S AT FZR 51 3355017 0] "Monkey " 44 HR B 23 1
"[ﬂ ElJﬁ:o

AT, RTIRA KB " name " FAF 5 1A 2 R AR UHT 73 B Y *0bject .
String. BM#iiX{~#r*object.String A Value FE AL "name", 5 Pairs 15
—A~*object.String MIfESEE—FF, BICIEFHirobject.String kA% "Monkey"

TR R R 3 AR AN R B AR B A8 £ . BAR B ATTIR Ml ARG O B N 25
HBIE "name", (HXIFEA T 2H . HEIBE BSR4 R R ANAHSER . PR bl B
Bl *xobject. String VEMEEAREFLF "Monkey" . X5t Go Hd5 4t M H 2 [a] iy LAk

XA R T AR object . Hash SEERAT2x 1 2] i ) R .

namel := &object.String{Value: "name"}
monkey := &object.String{Value: "Monkey"}

pairs := map[object.Object]object.Object{}
pairs[namel] = monkey

fmt.Printf("pairs[namel]=%+v\n", pairs[namel])
// => pairs[namel]=&{Value:Monkey}

name2 := &object.String{Value: "name"}

fmt.Printf("pairs[name2]=%+v\n", pairs[name2])
// => pairs[name2]=<nil>

fmt.Printf("(namel == name2)=%t\n", namel == name2)
// => (namel == name2)=false

T FRPEX AR, AT LA T Pairs FR AR EEIERG A S 75 *object . String,
N value 5K 5| Fek ) Value TG . SXAERT LAFR B VRS (A ,
{HEMG R A FR A TR N O(DFEH N O(n), X5EETTE T BRI,

H—FIT RN Pairs £ XA map[stringlObject, #RJGflifi*object.String
) Value fEM%dE . SCHEMMURRTATIY, (HEUANRE A ECRI /R (EVE e 1

X LR BRI R R A G AR B A, DT AT LA (i 3l e S0us S R FUHAE
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object.Hash H s vk . HAKRKIL, JERENS Irobject. String A= pli— AT FHFHE
MR A SR, ARSI —>*object.String HATMHIEINY Value, AR PIE 1 A (B 1ZAH
% ., *object.Integer Fl*object.Boolean L Nt {H /E*object.String (KA
—EAAESE THobject. Integer @ *object.Boolean FMA 7, AN [FIZEH HyME 75 bbb
AR

T R ES HAEXT S R G R A TR

// object/object_test.go

package object

import "testing"

func TestStringHashKey(t *testing.T) {

hellol := &String{Vvalue: "Hello World"}
hello2 := &String{Value: "Hello World"}
diffl := &String{Value: "My name is johnny"}
diff2 := &String{value: "My name is johnny"}

if hellol.HashKey() != hello2.HashKey() {
t.Errorf("strings with same content have different hash keys")

}

if diffl.HashKey() != diff2.HashKey() {
t.Errorf("strings with same content have different hash keys")

}

if hellol.HashKey() == diffl.HashKey() {
t.Errorf("strings with different content have same hash keys")

¥
I

XIE & FRATTXT HashKey( ) 7 & T B2 47~ . BR T *object.String, X} F
*object.Boolean filxobject.Integer L ZANitl, JFLARXSEAG A AR T [a]— NI bk
b

R T B IR N, R XTI 3 PRSI SCEB—~ HashKey () /77 :

// object/object.go

import (

/7 ...
"hash/fnv"

)

type HashKey struct {
Type ObjectType
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Value uint64
}

func (b *Boolean) HashKey() HashKey {
var value uint64

if b.value {
value =1
} else {
value = 0
}

return HashKey{Type: b.Type(), Value: value}
}

func (i1 *Integer) HashKey() HashKey {
return HashKey{Type: i1.Type(), Value: uint64(i.Value)}
}

func (s *String) HashKey() HashKey {
h := fnv.New64a( )
h.Write([]byte(s.Value))

return HashKey{Type: s.Type(), Value: h.Sum64()}
}

™ HashKey( ) J7E:#RIR [Bl—/~ HashKey, MACESAFRILIEF], HashKey JFANE
Ao Type FEALT—1 ObjectType, XE—FIFH, FI/RiXA Hashkey FILIH T
ﬂ}j[S/\Xq‘%;'éiﬂo Value FEBHH T IRAELPRM A, B— %50 1T Hashkey R

AFLFHRRN 1 AEEE, R nT DUl ==i2 B4 LA TR ) HashKey, XARJ7 (. [F]
H‘J‘ XAHLAE HashKey 7] LLHIAE Go Bii Ho e

BARTTREMEAR /N, (A AR value 747 AL e LA MM AE. X4
hash/fnv A3 R AS[R] A (E Az AR [R] Y 38 550 5t 2 4 Az s f Tﬁ/ﬁi, AR S AT VS A A Al
i, WRLX A EHER AL, 2 /J\%Tﬁ?*ﬁbﬁ’iﬁ%ﬁ =) SR AR BT JE T A, B3]
WAEEE I F 0k, BRI, AP AS ﬁ‘k: Tt P 7 G B
BRI A C 2R, KRR

B T e XK HashKey Fl HashKey () 5%, BTS2 A IR BEER DL T

namel := &object.String{Value: "name"}
monkey := &object.String{Value: "Monkey"}

pairs := map[object.HashKey]object.Object{}
pairs[namel.HashKey()] = monkey

fmt.Printf("pairs[namel.HashKey()]=%+v\n", pairs[namel.HashKey()])
// => pairs[namel.HashKey()]=&{Value:Monkey}
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name2 := &object.String{Value: "name"}

fmt.Printf("pairs[name2.HashKey()]=%+v\n", pairs[name2.HashKey()])
// => pairs[name2.HashKey( )]=&{Value:Monkey}

fmt.Printf("(namel == name2)=%t\n", namel == name2)
// => (namel == name2)=false

fmt.Printf("(namel.HashKey() == name2.HashKey())=%t\n",
namel.HashKey() == name2.HashKey())
// => (namel.HashKey() == name2.HashKey())=true

XIERFRAT RS R . X TZ i A A Hash SRR AHE ], & X
Y HashKey Z5F{AF1 HashKey ( ) 77 & SC B0 g e 7 [RIBsHl s o 1 .

$ go test ./object
ok monkey/object 0.008s

BLAE R UAE S object . Hash i X FUBT 1) HashKey 257 .
// object/object.go

const (

/7 1...1]
HASH_OBJ = "HASH"

)

type HashPair struct {
Key Object
Value Object

}

type Hash struct {
Pairs map[HashKey]HashPair

}

func (h *Hash) Type() ObjectType { return HASH_OBJ }

X HFERSINT Hash #ll HashPair %€ X .HashPair J& Hash.Pairs H{EAYZEHL
YRATRELT#5 AT A M8 H HashPatir, A ELHEK Pairs i XA map [HashKey]Object.

XA T} Hash 9 Inspect()J5ik. ZJA7E REPL H14TEN Monkey My 42T,
FATHEATENH AP YA, HATED Hashkey JHAfHA ] BT ZH HashPair
YA {EDR BREE A il HashKey AUXTSE, X 2L HashPair HRAT T G EE T 52 Fe LB i )
fixt 42 BEEERLAT LAV HTHEN S0 Tnspect ()71, 1EHHRfxobject . Hash 4 th i1
L, R Inspect () 7k
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// object/object.go

func (h *Hash) Inspect() string {
var out bytes.Buffer

pairs := []string{}
for _, pair := range h.Pairs {
pairs = append(pairs, fmt.Sprintf("%s: %s",
pair.Key.Inspect(), pair.Value.Inspect()))
}

out.WriteString("{")
out.WriteString(strings.Join(pairs, ", "))
out.WriteString("}")

return out.String()

}

B T Inspect(), BREEEN HashKey FORTGabA HifthFHi% . LU Monkey
WAy 2SI range pRER, AP AT ELE DA A R TP SEAINE ; B SO firstPair pREK,
FHOR A 2R [0 45 78 WA A O S— M AE . IRESIA A X e v a i, A
i HAf RA Inspect () i3 17X 2kE.

AXEE, XiE object.Hash FUEEANSEEL, {HZFE object frPifZIRN—Lk
P2

// object/object.go

type Hashable interface {
HashKey() HashKey
}

TEXT W 7 - T o B A R 7 | Bk SR AE RS, FESRAB AR H X A2 D BEUE KA 45 2
g A nl LA

Hi R *object.String. *object.Boolean Fl*object.Integer SEIL T X4~
.,

IR, TEARSLZ AT T LIRS —FeR , IRs /28 i Z2 47 HashKey ( ) 5 v 4 [T {E
KACACFAERE . X THEEMEREAYEE R, XR— A%

454 RHEFEEKRE
TES MR T IR, SRSCH, (EAR R RIIA T IR SRR

AR E 2, WX IR BCA G 7o Pitl, S52ikfene, BAEHat L, 9
ELAR I,



G

216 | $4E FREREE

// evaluator/evaluator_test.go

func TestHashLiterals(t *testing.T) {

input := “let two = "two";
{

"one": 10 - 9,

two: 1 + 1,

"thr" + "ee": 6 / 2,

4: 4,

true: 5,

false: 6
¥
evaluated := testEval(input)
result, ok := evaluated.(*object.Hash)
if lok {

t.Fatalf("Eval didn't return Hash. got=%T (%+v)", evaluated, evaluated)
}

expected := map[object.HashKey]int64{
(&object.String{Value: "one"}).HashKey(): 1
(&object.String{Value: "two"}).HashKey(): 2
(&object.String{Value: "three"}).HashKey(): 3
(&object.Integer{Value: 4}).HashKey(): 4,
TRUE.HashKey( ): 5
FALSE.HashKey( ): 6

}
if len(result.Pairs) != len(expected) {
t.Fatalf("Hash has wrong num of pairs. got=%d", len(result.Pairs))
}
for expectedKey, expectedValue := range expected {
pair, ok := result.Pairs[expectedKey]
if lok {
t.Errorf("no pair for given key in Pairs")
}
testIntegerObject(t, pair.Value, expectedValue)
}

}

MM R T DA i, il $]*ast.HashLiteral B, HAEEM Eval H1155|8Y
B *object .Hash, H Pairs J@PEH A IEHIEER Y HashPair W53 7 X i i1y
HashKey I,

WEANE R AT 75— K, IR AR L ARiRes . s Rrrkisl, ik
(EFIAR RO SR ] AR . L EEAE) ™ A2 5230 Hashable $% HAYXTER, ARATRIAHR AT
EL(E N
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WA BT DL AR 2A 2054 XS 10 - 9% F 1. 6 / 25T 3k
MR

— Ly, ML

$ go test ./evaluator
--- FAIL: TestHashLiterals (0.00s)

evaluator_test.go:522: Eval didn't return Hash. got=<nil> (<nil>)
FAIL

FAIL monkey/evaluator 0.008s

AT FATVEGE gL EE . HEAE Eval pRECP S IN— 4% Xf*ast . Hash-
Literal Y case 437 BIA] .

// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 ...

case *ast.HashLiteral:
return evalHashLiteral(node, env)

/7 1...]
}

~.

X LAY evalHashLiteral sRECE [ nlREA A2 24, (HAMETR, SChs B¥efrAany
A

// evaluator/evaluator.go

func evalHashLiteral(
node *ast.HashLiteral,
env *object.Environment,
) object.Object {
pairs := make(map[object.HashKey]object.HashPair)

for keyNode, valueNode := range node.Pairs {
key := Eval(keyNode, env)
if isError(key) {
return key
}

hashKey, ok := key.(object.Hashable)
if lok {

return newError("unusable as hash key: %s", key.Type())
}

value := Eval(valueNode, env)
if isError(value) {
return value

}
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hashed := hashKey.HashKey()
pairs[hashed] = object.HashPair{Key: key, Value: value}
}

return &object.Hash{Pairs: pairs}

}
£ node.Patrs FikfRAT, H5EXT keyNode iFfToRIE. ZJEkR TRAXS Eval R

BT HEEARAN, RIS T TR S . XS5 R ESCE object . Hashable

I,

TEMPRGEFEM A, X E AT ARTTAS N Hashable 5 .
$5 PR Eval %) valueNode HEA7RE . WA XK Eval W BA 7=

FER, AT LB A I BB XA N3 pairs BLStR . SHILEREAE hashKey X4 |
P HashKey ( )2k p—A> HashKey. (hashKey & maZIEwH T S, ) KRG
WItHAE—1H11 HashPatir, FERESBIREAEIR T L, &5¥X 1 HashPatir i
hn#) pairs H,

RS T o BRI T

$ go test ./evaluator
ok monkey/evaluator 0.007s

XA BT LAFE REPL P il VA 45 i 1

$ go run main.go

Hello mrnugget! This is the Monkey programming language!

Feel free to type in commands

>> {"name": "Monkey", "age": 0, "type": "Language", "status": "awesome"}
{age: 0, type: Language, status: awesome, name: Monkey}

el 7 R A REMIG A R PRBOTER , X ET-RE T E R HIAL -

>> let bob = {"name": "Bob", "age": 99};
>> bob["name"]
ERROR: index operator not supported: HASH

I THTIEA i DX A ) A

455 MHEZRSIFREAKRE

?’

WiCA3 Z FiER A g U N3] evalIndexExpression ) switch iE/ANg 7 [a]4H—
ML G A HIR IS —A> case 4337, SLEAEX I,

B2 Sef E i — I e g, AR o i 2 5 | ek =UnT LADT [l e A 6 vh

MR {EL:



// evaluator/evaluator_test.go

func TestHashIndexExpressions(t *testing.T) {
tests := []struct {
input string
expected interface{}

H
{
*{"foo": 5}["foo"]",
59
}!
{
“{"foo": 5}["bar"]",
nil,
1,
{
“let key = "foo"; {"foo": 5}[key]’,
57
}}
{
“{}"foo"]",
nil,
},
{
*{5: 5}[5]",
5’
}}
{
“{true: 5}[truel’,
5)
}}
{
“{false: 5}[false]’,
5,
})
}
for _, tt := range tests {
evaluated := testEval(tt.input)
integer, ok := tt.expected.(1int)
if ok {
testIntegerObject(t, evaluated, int64(integer))
} else {
testNullObject(t, evaluated)
}
}

¥
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5 TestArrayIndexExpressions —Ff, X LB R G 12 BT R A XS4 1E
e, HERXENEEGA R XESHAR GGG AR R R, B
AT | B R B E R, I B, i E T 5 A2, &R

PEIETISBARY HashKey J7 ik #RAH 5 T IEBRRA .



220 | AT TERERS

AN, EFRERSZI object .Hashable X4, SRR A Mt 2s s, Ik
Al LLIn] TestErrorHandling it e 5 - B8 in— 0L .

// evaluator/evaluator_test.go

func TestErrorHandling(t *testing.T) {
tests := []struct {
input string
expectedMessage string

“{"name": "Monkey"} fn(x) { x }1;°,
"unusable as hash key: FUNCTION",
}!
}

/7 1.1
¥

— Ty, BAEIZTT go test 2RI

$ go test ./evaluator
--- FAIL: TestErrorHandling (0.00s)
evaluator_test.go:237: wrong error message.\
expected="unusable as hash key: FUNCTION",\
got="1index operator not supported: HASH"
--- FAIL: TestHashIndexExpressions (0.00s)
evaluator_test.go:597: object is not Integer.\
got=*object.Error (&{Message:index operator not supported: HASH})
evaluator_test.go:625: object is not NULL.\
got=*object.Error (&{Message:index operator not supported: HASH})
evaluator_test.go:597: object is not Integer.\
got=*object.Error (&{Message:index operator not supported: HASH})
evaluator_test.go:625: object is not NULL.\
got=*object.Error (&{Message:index operator not supported: HASH})
evaluator_test.go:597: object is not Integer.\
got=*object.Error (&{Message:index operator not supported: HASH})
evaluator_test.go:597: object is not Integer.\
got=*object.Error (&{Message:index operator not supported: HASH})
evaluator_test.go:597: object is not Integer.\
got=*object.Error (&{Message:index operator not supported: HASH})
FAIL
FAIL monkey/evaluator 0.009s

XEMEFE N evallndexExpression HH) switch iEAIEINA —4 case 7337 :
// evaluator/evaluator.go

func evallndexExpression(left, index object.Object) object.Object {
switch {
case left.Type() == object.ARRAY_OBJ && index.Type() == object.INTEGER_OBJ:
return evalArrayIndexExpression(left, index)
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case left.Type() == object.HASH_0BJ:
return evalHashIndexExpression(left, index)
default:

return newError("index operator not supported: %s", left.Type())

$r case 4y LI T Fik%L evalHashIndexExpression, HH T ZBifER A

FORMERTE 2 MR T object.Hashable #: M HEE, HIIRNIZE S TH T

evalHashIndexExpression [ TAE R, X B EAH AR

// evaluator/evaluator.go

func evalHashIndexExpression(hash, index object.Object) object.Object {

}

hashObject := hash.(*object.Hash)

key, ok := index.(object.Hashable)
if lok {
return newError("unusable as hash key: %s", index.Type())

}

pair, ok := hashObject.Pairs[key.HashKey()]
if lok {

return NULL
}

return pair.Value

4 evalHashIndexExpression %% switch i/a] ke M T .

$ go test ./evaluator

ok

monkey/evaluator 0.007s

BUAE AT LAWTH 3t ARG 75 R R A 1 SRR B PRl

$ go run main.go
Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> let people = [{"name": "Alice", "age": 24}, {"name": "Anna", "age": 28}];
>> people[0]["name"];

Alice

>> people[1l]["age"];

28

>> people[1l]["age"] + people[0]["age"];

52

>> let getName = fn(person) { person["name"]; };

>>

getName(people[0]);

Alice

>>

getName(people[1]);

Anna
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4.6 KEF

Monkey fifREg BIAE R LUER ] 1o ESFAARRIAA ARIE . B
B 60FR) return IEAIEC RS HMEE, Bl B R ECRI L, il SRR R R
YRR, R AURME. TR E . BRI . RAOTEIZON A IS

fH)Z, Monkey fft g /)R AT 0 b BT A7 G Fe il 75 Il SR A i, BRI
El—2E N4, 2/, Monkey i BE#S Joik SN AL . A2 1% Bash XA HfR1E =
HREEME] . TRB R, Monkey MR AATL X DNIIRE, Wl Z2H MG — N E
PR puts,

puts B4 E SHEFTENE] STDOUT IH1T Lo puts EVE NS EUL AR5 LR
Inspect( )7, JEFTENXLEIE I AYIR [MM{E . Inspect( )5 & Object 20 B— 57,
R4 2R e H B RN SE B SR T . puts IIRCRUNTT i .

>> puts("Hello!")

Hello!

>> puts(1234)

1234

>> puts(fn(x) { x * x })
fn(x) {

(x * x)

I

puts Ji— AT B SHRAL. TR R SR, L B RATEN A
s

>> puts("hello", "world", "how", "are", "you")
hello

world

how

are

you

2%, puts HARRITENNE, MiAS=HE, HIHEFHEME puts BB [F] null:

>> let putsReturnValue = puts("foobar")
foobar

>> putsReturnValue

null

XA REPL R T 2ATED puts YT 241, B2TED null, QR s

>> puts("Hello!")
Hello!
null
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VI AR SRR R LS R G — T 45 o WEA I T g
N SEA T ER N, Wl R HAR puts S2H

// evaluator/builtins.go

import (
r—
"monkey/object"
)

var builtins = map[string]*object.Builtin{
/7 ...
"puts": &object.Builtin{
Fn: func(args ...object.Object) object.Object {
for _, arg := range args {
fmt.Println(arg.Inspect())
}

return NULL
}7
}
}

ZI, PR TARRRGER T o AT TARSE B FAR AR BURPL—F, WIFIRY
W20 T, BEERMRE PR T .

eSS 3 TP, Monkey 15 5 FRIGIXAN AL, TLIGETT, ME X iefg —RIBM,
Monkey i 5 8t LA SN E . BRAE, Monkey & F HIEMC A —I 1MFEE S

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> puts("Hello World!")

Hello World!

null

>>
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EXNEE: Monkey NARRSR

ARTEIEAE S A G AR5 A 2
[l AR 2 P 2 AT L — 25 1A 15 5 A R A e

51 R&R%

FRGIRARE FRA KRR IR TR, GRRRAE X, Uil SRAE, DIRCEAS
WA TAE . RIS : AL RRAIE R RS BB K, N1
R TR GRS R 251

SCARERHCR R GEnT I U R B o C PlAb B AR R X AP R G — 4
Bl T L C RS, DURh B %0 5 AR BRE ek C AU, AR 2
TE C & 1 i it B A A AR 2 i, S8 B g SR (B AR 75 0 T2 — 1 B0
IR

#define GREETING "Hello there"

int main(int argc, char *argv[])
{
#ifdef DEBUG

printf(GREETING " Debug-Mode!\n");
#else

printf(GREETING " Production-Mode!\n");
#endif

return 0;

}

AL FEER 48 A8 LIS 94T 2 147 L T — i GREETING, 7EJRARA%RY
HAERAY, X~ GREETING 2354 4 "Hello there", % H 2 RIBAM L, BT LI/ ™
M XA VR, (U 5 A7k A5 e T AL B g AR B DEBUG, XMAF
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HOTREH TR . MRS . gl s E R G 0 C e Lo RPN ra, 1R
i ox e 242 1%, Debug-Mode iE4]iA 42 Production-Mode 4],

XARGARMIR, SRR HA BREEH AT, IR ABCR SRR AR . Al X Fp
FHIIIREA R, RN BT AR AR A2 ma A7 AE T3 2 . SR, SiEeR
ARG, XFRERIERAR RS

R RGBSR SOR , TSI A EUIRE . WA a2/,
UERRAN I, Al RES A e — AR H AR AR . A TR ORI I AHERL . 2
FH AR — PR e IR

Sebr b, 7RSS 2 RS A AT g AR IR AR A SOAR S R AST ), FRAITE
E 2R SaxX — a5 T o FORTECHS R AST (A BT i, M REdngity . HE g
EE AL, MAA XSS . L) Monkey f#RERS M1, Monkey Ui i
WIETFATE, MRS S R Go 254k, X EEE5HIIRZIE 1 Monkey [ AST.
AR AT LLEHA RIS AR . T LIFE Go R Hhgish . &2 fA: i Monkey WA CHS

TERATRIE R R S, AMUTESNRE 25 P DM@ — 5, RS A
S aEE] . MREF X AHRERRGE, WA UMER XiEF A X 45 i
i X575 Go FPALEE Monkey JRACHSAHIR] . JXLLAPRELEE . ff 1 RakatLBsn—
ASRREG A RBOTRHORAE ;B et iR TP I AFR. A TXAHh8E,
LUARES EABREIR. Siftih SRz ameEd s &, Xuganc
WP ARSI A . AN ?

XAV RS2 Lisp R0, 7EEMVF 2T EIE S T Re R L2 15
¥, Hin Common Lisp. Clojure. Scheme. Racket, % Elixir Al Julia iIX#£A99E Lisp
HH WA RS, X% RGNS EAR R RS 5 I feir 22 il

RIS , B LR D — R R Gk B X R ]
Elixir, PUOMHIREES TRIBEREE . Ak SRS YRS T LA S o

TS5 T Elixir 19 quote pRAL. BT LUSE IEXHUIESRIE, AR5 w8k ALY
et 2l

iex(1)> quote do: 10 + 5

{:+, [context: Elixir, import: Kernell, [10, 5]}

X HLH 2 FRIAT 10 + 5 7E do AN HAA S EL B 4S quote, (H 55838 PRI %L
TP SEORR, XEALN 10 + 5 RK{EH, MiZik quote iR [l —PFRRXHRIL
X ABAREEH o X DEARE R — Do, AEEAERF -+, LA R SCEefE A,
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A EAERFNR10, 51, X2 Elixir 19 AST RILAEEF hFRR A 7=,
XA EHEATH ] UG TH — DT -

iex(2)> exp = quote do: 10 + 5

{:+, [context: Elixir, import: Kernel], [10, 5]}
iex(3)> elem(exp, 0)

o+

iex(4)> elem(exp, 2)

[10, 5]

AL, quote AT LAS IEXTACHS ASRAEIRA UM Bt . X LARFAE T, A
AT LA AR

B EH quote FEE—A> AST 550, HPRFR—DW I 3 A 8w s my h 2
Fka, HPp—MRFENZsh S HEAR] AST H. XAMETFHERN 4K my_number
e, BATHABAXANZHCET XA FHES — R, XHMH quote 217
ANIERY :

iex(6)> my_number = 99

99

iex(7)> quote do: 10 + 5 + my_number

{:+, [context: Elixir, import: Kernel],
[{:+, [context: Elixir, import: Kernell, [10, 5]}, {:my_number, [], Elixir}]}

BCYIRASHENER, Fh quote S5 IEXTSERAE, FTLL my_number f%i645
quote i} FE—MRIRAT, skl my_number B4 PATREERAE, ST ST
99, A T fRYLXAN R, FEY)— 140 unquote AYRR%L :

iex(8)> quote do: 10 + 5 + unquote(my_number)

{:+, [context: Elixir, import: Kernel],

[{:+, [context: Elixir, import: Kernel], [10, 5]}, 99]}

unquote Ak “Bkili” quote b FICIFXILAAACHLSRIE ., FEXH, Bkl
£F my_number >RAEAY 99,

quote A unquote XN PREUE Elixir $E4LA0 TH., FHFESICHS 1R AR HLA
KA, ISR . REEAEHT, XA T REE/EZ R e, 76
Elixir 1] LM OCHE S defmacro e S, Tl E— M snyms i, Hrbg X1 —
A% plus_to_minus A%, AT LKL FH+iz AT 0 o 28 9 iR Uk e R 1 FH - ) Fh 285k
ik

defmodule MacroExample do

defmacro plus_to_minus(expression) do
args = elem(expression, 2)
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quote do
unquote(Enum.at(args, 0)) - unquote(Enum.at(args, 1))
end
end
end

1£ Elixir IS HAFZ BAELRZ RGNES T, REEN—5E, Eh35dE
25 7 W FITAT N H0AH S T quote W, stfEil, ZHSECAIITRIE, nTLUMRIT
Al H A s — A5 a)

plus_to_minus AY5E—FTE0 RN . 2 AFRRKXMISEI e args |, K5
[ quote Fil unquote Hid HhZ8 Fe 1AM AST, 15, XA FARMEH T 5 -
MEE—DSH W A8

WERLL 10 + 5 VERSEORAX A%, 25— ARSI 15, T 10 - 5
FRAESS

iex(1)> MacroExample.plus_to_minus 10 + 5
5

S0, FRATRINI G Mo s — B ek TR VX [ C Wb FRER R KA 2, AN 27
PR REE, CAMREZSHEBITIGRE! st 28dE . T LU A & .
BAMBHEA S A CMF R A A O . HEARS RS S S5 U AR
fih, X2 Monkey AFREME]!

Plt, FRAERAIR Monkey ZA — N ERSE, AN IZEXAER . XHLE T
B Monkey FUTEEEZE RS0, BT LIHSIRTTIA] . B8R AE i Monkey Y54 CHS

RSB E !

5.2 Monkey NEZRS

W mm BN e 5 rh 2R Z R, Hean, ANz &858, SRR 2A
WSS 2R, ASINZS 22 BIMRLE P MR A o ARAEXS SR — NS T 1A, IR A3k
T2 A KL R AL . PRI AR Z T, AR —F, FRATEE T s HAE
BN A

Monkey )% 7 5e4 05 i Elixir (9B, 157 S8 TR H Lisp A1 Scheme [ fij 5
define-macro &%i.

ECEIRIN quote PREUHT unquote PREL, HHARMERGE T Monkey 10 IR AE A HL
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T Z7E Monkey H{#FH quote AL :

$ go run main.go

Hello mrnugget! This is the Monkey programming language!
Feel free to type in commands

>> quote(foobar);

QUOTE( foobar)

>> quote(1l0 + 5);

QUOTE((10 + 5))

>> quote(foobar + 10 + 5 + barfoo);

QUOTE((((foobar + 10) + 5) + barfoo))

nLIAES], quote 2 — NS EOFRHWI HARIE, KGRl —AXF 5ok FRG]
FHARZE) (quoted ) fRAS,

52 XY unquote PREUN K SE5T quote:

>> quote(8 + unquote(4 + 4));
QUOTE((8 + 8))

unquote HEETEMLIEZE quote MR, Al 45| MRS S Ak
FUHARE

>> let quotedInfixExpression = quote(4 + 4);

>> quotedInfixExpression;

QUOTE((4 + 4))

>> quote(unquote(4 + 4) + unquote(quotedInfixExpression));
QUOTE((8 + (4 + 4)))

UNRESERM IR R G, BT R T . Bl LUHRE SR

>> let reverse = macro(a, b) { quote(unquote(b) - unquote(a)); };
>> reverse(2 + 2, 10 - 5);
1

DR EOR R R B T i, HUR AN fn il macro, — EDREZE SR E R
AFR, AT LM RE A TR ] . R 2R FH SR 75 2O A . S5 7E Elixir H—#,
SRAAGR R I FIRZATA ST R, S5 G TTHEERIW %, unquote T 44k
quote LTS, FRATHIREA ELEHXTLSBORME, WHLEXH quote MIFUAKAE :

>> let evalSecondArg = macro(a, b) { quote(unquote(b)) };

>> evalSecondArg(puts("not printed"), puts("printed"));
printed

XL HGR [ T AL S A2 puts("printed" ) Fik=UAg RS, B RBH T T X
B SRR

WERARIRESE PRI LER 0], AHHHC) RS AEREREE . AT I E
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A TAETT RPN EENF TR X AR RS

IR, TR RGN RIREAOR IS . BRORAYIRIAELE , XNRREAGAEH
i = P RIRRECHE O REST 42, WAREHI TA™ 5. Ardix BAISRd—458
IR R . RNERGS TRGAY R, Z 5l LA A7 2O 2t A7
B At

T Go i 415 7T AL S 1RRS 01

5.3 quote

HCEIRMAE quote BR%L. quote RAEZE ], HHMRF S 8 HRAXT
ZHORME, MEIR MIFIRSHY AST Tk,

WA SEIRWE? SE MR EMEE T, X T Monkey PIEBSE Ry RECE B, HaR [HI{E 2
HIHER 4% object.Object, X HL[ quote WAL, HNILHHL Eval FE%L, Eval
PRBELR A 3 E S 19551 Monkey {H#[ 2 object.Object, % pREA Bt 25k [l —4>
object.Object,

J T ik quote fJFREIR Ml ast.Node, T ZEMEATHIFAMESSE, Wit RiLiE—
& ast.Node 1 object.Object, AN Frn:

// object/object.go

const (
/7 [...]

QUOTE_OBJ = "QUOTE"
)

type Quote struct {
Node ast.Node
}

func (g *Quote) Type() ObjectType { return QUOTE_OBJ }
func (g *Quote) Inspect() string {

return "QUOTE(" + g.Node.String() + ")"
}

XHASAZ, object.Quote HIEX} ast.Node HEfT T faj Bkl X AEsLfEDE
T F—2: X} quote My AISRAERT, AXTHIIHSECRIE, MR ERK %S 80k 5
7E—> object.Quote HIFFiR Bl XN IZANE AL AIEL, KM7E Eval pRE ¢4 mT
FEHERIER 2R
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T G A A B, SRR quote I AR SR TR T
// evaluator/quote_unquote_test.go
package evaluator

import (
"testing"

"monkey/object"
)

func TestQuote(t *testing.T) {
tests := []struct {
input string
expected string
H
{
“quote(5)”,
‘5,
b

for _, tt := range tests {
evaluated := testEval(tt.input)
quote, ok := evaluated.(*object.Quote)
if lok {
t.Fatalf("expected *object.Quote. got=S%T (%+v)",
evaluated, evaluated)

}

if quote.Node == nil {
t.Fatalf("quote.Node is nil")
}

if quote.Node.String() != tt.expected {
t.Errorf("not equal. got=%q, want=%q",
quote.Node.String(), tt.expected)

S

AR E— B L5 evaluator H R HAI—A4F . AR 20 R S 155
25 Eval JfHEE HGR IR R T4 . XA E R anit, B tt. input 154G
testEval Jf-W|Bik [f]*object.Quote, X HITEHG o

I Ja — KA E AR T S String( ) FIERIREE S tt.expected FEAFERIEATEL
¥, WiftiZ*object.Quote H1E1%E T IEHAIY ast.Node, XA i A R0 £
IITRIAT e, oAk T FH T P 25 A AR 1T i R T2 i ast . Node, 17Tk A5 &
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it LB — G Z R TI X MR, IO ast.Node Hfij
) String( )T IESE BREARE . AR R N0Z T X AT A R BRYE o

BRAEAR N2 HE XA R BOR AN TR T o R IS A —Lei i 1 s 4
VLW 17X quote AYTH IR B AN HSHORE A IE L -

// evaluator/quote_unquote_test.go

func TestQuote(t *testing.T) {
tests := []struct {
input string
expected string

H
/7 (... ]
{
‘quote(5 + 8)°,
(5 +8),
1,
{
‘quote(foobar)”,
*foobar”,
})
{
“quote(foobar + barfoo)",
*(foobar + barfoo)’,
}7
}
/7 ...
}

B T2 H AT 1EME—SE 30 A object.Quote MYE S, PRI -

$ go test ./evaluator

--- FAIL: TestQuote (0.00s)

quote_unquote_test.go:37: expected *object.Quote. got=*object.Error\
(&{Message:identifier not found: quote})

FAIL

FAIL monkey/evaluator 0.009s

AR 2 S BRI S5 N o 1835 BT s S quote () 4% Jrrast . Call-
Expression. #AJ5 Eval #2372 iX b3k X IfHE HAh*ast . CallExpression JBHEXT X 4L
FRA M TR, X EWE Eval 22AEFR RS, Wn*ast.CallExpression 1)
Function FEtfu*ast.Identifier, M| Eval 278 4HiHEE P A RIMAST, EXD
Bl R 102 quote, HE ARSI ENEMZEE, HIES5] T identifier not found:
quote H{IRIH A

— BRI ISR RE L— 40 quote YN E PR, SR Eval &7E RTFFET 4k
FNZRREOF I E o X EAHT, (ERRTE T R Eval A —2eBRi T .
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i Eval 7EXF BREACRIEZ B T4 ? TR EBOARSHORE! X IEZEH
F1EEE R quote AEEIR [FIRIE G HISEK .

P ZE N Eval FRAYIX—#Ro s, EER7E quote TR FHERBEUN X HEBHORTE :
// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {

/7 [...]
case *ast.CallExpression:
function := Eval(node.Function, env)

if isError(function) {
return function

}

args := evalExpressions(node.Arguments, env)
if len(args) == 1 && 1isError(args[0]) {
return args[0]

}

return applyFunction(function, args)
/7 [...]
+
X H ) evalExpressions(node.Arguments, env)ZFRIAR L EER A quote s
FGTNE . TSRS St iX —HB o AL

// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 L.
case *ast.CallExpression:
if node.Function.TokenLiteral() == "quote" {
return quote(node.Arguments[0])

}

/7 1.1
}

X H H Rl KA R R A JC Function “FBtHY TokenLiteral( )ik, SRAIWE
HXF quote #HAT TR WK, XARTEFRMIMFR TSR, (HIXFE T LSS T AR,

IR E A S22 quote T, IBARUKF1Z1845 quote IR SERL 4G
F—NFRES N quote HIRREL, TER, ATIHER) T quote HEEMIFH— 128, IR

// evaluator/quote_unquote.go

package evaluator
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import (
"monkey/ast"
"monkey/object"
)

func quote(node ast.Node) object.Object {
return &object.Quote{Node: node}
}

FXLE 3 IR T S RO HEPR A /LAY *object . Quote HJf-az (7]
AR Ty EE

$ go test ./evaluator
ok monkey/evaluator 0.009s

T, quote #FWIEIT T . ANEE! % FRELAT LI F— IEA B IIHE
e quote Fom FUBSEML T —2F, BTG BEAEZE RGN R Y unquote.

5.4 unquote

HYAAX L, Heln, A REEEA Y ; A Emacs 5 Vim; A quote A

unquote,

WA quote 55 MY EAMURAXTHSHCREIF HAL N ast.Node, JB4 unquote
5Z MR . quote &il Eval “BkidiXH A AIATRME”, 1M unquote AH4F “Xf
(£ quote Hf) ) IXEEPZRIE”

unquote AJ LIXT quote A H A FRIAACKE . S2hs 1, 7EJHH quote(8 + unquote
(4 + 4))0F, FRATHIEME IR FI{EA ast.Node FTE/RIAE 8 + unquote(4 + 4),
M2& 8 + 8, KA unquote IS EFT B TRAE,

SELF, AR AT AR A S et I 91

// evaluator/quote_unquote_test.go

func TestQuoteUnquote(t *testing.T) {
tests := []struct {
input string
expected string
H
{
‘quote(unquote(4))’,
g,
})
{
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I

a5

for

HOHE ERHRE: Monkey HIZRHRS

‘quote(unquote(4 + 4))°,

‘g,
}!
{
“quote(8 + unquote(4 + 4))°,
‘(8 +8)7,
}!
{
‘quote(unquote(4 + 4) + 8)°,
‘(8 + 8)7,
}7
_, tt := range tests {
evaluated := testEval(tt.input)
quote, ok := evaluated.(*object.Quote)
if lok {

t.Fatalf("expected *object.Quote. got=%T (%+v)",
evaluated, evaluated)

}

if quote.Node == nil {
t.Fatalf("quote.Node is nil")
}

if quote.Node.String() != tt.expected {
t.Errorf("not equal. got=%q, want=%q",
quote.Node.String(), tt.expected)

X B AHLH S Z B9 5 1Y TestQuote RECHIALHIAAIE . JoHF tt. input fZidss
testEval, 1835 HIRAN ast.Node, ZRFHHX ast.Node 1 String( )75 Bk
5 tt.expected MIHIHAT LA . AFRZANEIAE quote T I T unquote, IE
MIARAREE, X 2RI

$ go test ./evaluator
--- FAIL: TestQuoteUnquote (0.00s)

FAIL
FAIL

quote_unquote_test.go:88: not equal. got="unquote(4)", want="4"
quote_unquote_test.go:88: not equal. got="unquote((4 + 4))", want="8"
quote_unquote_test.go:88: not equal. got="(8 + unquote((4 + 4)))",\

want="(8 + 8)"

quote_unquote_test.go:88: not equal. got="(unquote((4 + 4)) + 8)",\

want="(8 + 8)"

monkey/evaluator 0.009s

TR A . AT 2040 T A Xf 25 A N oK 1A, AR5 unquote SRAE
Hes ZME? 7E Eval 1, *ast.CallExpression CL &4 case 4332, 10T AFRAM—



5.4 unquote | 235

AFRAEER], BUENINIA quote BT IAIIREE .
(EDMERIOMETE 1 L

XRANREVHEE Eval, POMILAEMIALEEG RS hi%AT HE] Eval, R, 7Els—4
quote JEFHIT, HZHEE/E— 1 *object.Quote T, EIRII, XMW EIFLIEER
% Eval. BT unquote I HJE7E quote IS B, NI Eval HEA A
FIXFFNE o FTLAASEEMHS Eval B3I FiEE 4% unquote I HORME, x4t
TAEIFBh7E

oagihid, ALENEGE R, BTG D12 quote FISEL, MHHREIXT unquote
PR, P51 Eval XF unquote IS HCRIE., IH B EX AMAKE, XL RiAE
Eval H#bfiGs, X H H TP —im . A 84281k, ARk e Dy b i E A& ok

541 BHK

BT IR EMRE—T . B AST, 3% unquote FYIE
FHIIE S 5UE 5 45 Eval, B IR RA BUUR TN E . RATERNSECREZ G
A FE, IR AEA XS Eval P8B4 83 5 unquote A EHY LA

*ast.CallExpression,

AT, XA E A *ast . CallExpression 15 niE ey Eval AR,
I Eval iR [Al )& object.Object, FrLIXAMUEATTI. M7 EE% unquote
MIZESEAREI AST 1955, HIIXASHTAIEER) AST 15584 (&) AR unquote
.

METR, BUIREEEE T .

R TAERA Eval BTEOL N T U AT X 26 T4, Jfik unquote IEW 1T, 7
TR E P R %L, FDRM T AST H4ZFAE MR ik ast.Node, X~ pREEE H
1, AMUALBRTF unquote, ZbE5E quote Fil unquote Z )5, FEALRZZATA S HE]XA™
PRI, XA PREL AR B T

IS G AN BRE A T E: ast £,
1.85—4%

RS T HA B A R A AT -
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// ast/modify_test.go
package ast
import (
"reflect"
"testing"

)

func TestModify(t *testing.T) {

one := func() Expression { return &IntegerLiteral{Value: 1} }
two := func() Expression { return &IntegerLiteral{Value: 2} }
turnOneIntoTwo := func(node Node) Node {

integer, ok := node.(*IntegerLiteral)

if lok {

return node

}

if integer.Value != 1 {
return node

}

integer.Value = 2
return integer

tests := []struct {
input Node
expected Node

H
{
one(),
two( ),
}!
{
&Program{
Statements: []Statement{
&ExpressionStatement{Expression: one()},
s
}7
&Program{
Statements: []Statement{
&ExpressionStatement{Expression: two()},
}7
1,
}!
}

for _, tt := range tests {
modified := Modify(tt.input, turnOneIntoTwo)
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equal := reflect.DeepEqual(modified, tt.expected)
if lequal {
t.Errorf("not equal. got=S#v, want=%#v",
modified, tt.expected)

}
IR B I

TEE MR Z R, FANTCEXT one Ml two PIHEEN RS, WIEERIR BT
*ast.IntegerLiteral, Zr%lE%e 7405 1 f1 2, A 1 one Fl two, SEAS AR H ]
HONIKT I O T T i T kAR TR A T s

BETFHRE X T—1% K~ turnOneIntoTwo MUPREL, XASPRENE DRA &R, ©4%
Z—" ast.Node Jf:i& [7]—/> ast.Node. iZ PRALL KA £ A1) ast.Node J& 752K 1
fi*ast.IntegerLiteral, UNARJE, WPKE 1ARR% 2, #m)ifil, &M T ast.Node,
XA TS PR, WAKARES T, RIS TR HF] ast.Modify pR%L
A P 46180 2 feft FH A T B R S B R B, TS 43 ast.Modify,

R — DDA G T, WMAMNERAEH one IRMI A, XNHEASE
turnOneIntoTwo —Af&iE4 Modify, FRATHEMGRE|FZE two. FERFEHR, RI—A
TR, RS R A Bk e R ]

TESE —ANEHIBH, ast.Modify REMCH Z =515 . B Cl 251 ast.Program
BB BT AL 4 turnOneIntoTwo, HA &k 2R il 5 one, B3] T 5K I
R two.

ZHTULELA R unquote MO HITIE R Rl AST 155, AT, KCSLFH
X HiZM R T,

Wk, MR T, HH ast.Modify B AFETE :

$ go test ./ast

# monkey/ast

ast/modify_test.go:49: undefined: Modify
FAIL monkey/ast [build failed]

255 TABIE, ARSI GITCAUR 20 Rg i .
// ast/modify.go
package ast

type ModifierFunc func(Node) Node
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func Modify(node Node, modifier ModifierFunc) Node {
switch node := node.(type) {

case *Program:

for 1, statement := range node.Statements {
node.Statements[1], _ = Modify(statement, modifier).(Statement)
}
case *ExpressionStatement:
node.Expression, _ = Modify(node.Expression, modifier).(Expression)
}
return modifier(node)
}
X 2L
$ go test ./ast
ok monkey/ast 0.007s
ast.Modify 8 1 PIFk Bilie i

B —J2ib I3 Iy 45 2 ast.Node ¥ 17 8 IXHE switch ifm]h ARSI, 2
HIFRATC LM Eval pRECT Tl XL . (HJ2 L ast.Node A AL AT
case /3%, fill*ast.IntegerLiteral, A AiXEedy B 5 m, LRI .
WSRFEAT A9, Biffxast.Program —4f, &1|]AXTt/\¥13 1FJFH ast.Modify,
SRIG RS 17 0T S 4k 228 H ast.Modify, MKILRHE, X2

X} ast.Modify 3B IH¥EHE— RIS, MERTEFHSETY S A 8 H FH R [F]
B L XS T ast.Modify e — 1,

1E ast.Modify s )o—4T, FITS3IAY Node 18 T modifier, #RJ5 iR [H T 4%
POSAREEL WAk L modifier(node )R 5447 return node, HB4 /\EﬂkﬁﬁTw
M, AR AST gy 5.

B Ja— 7R —AE R I, RS T R B, iR A T AR
i e BE

2. e B[A

%kE ast.Modify AUMEZERESEM T o PRAE R Sah FBCHI Sy, ARG AT LIk
Pi— A ot# fxast . Program, A a] LI & A 25MAY ast . Node,

IR, RN BRI BB ORIy, A A S T 2
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R RIS HIB, W R B

// ast/modify_test.go

func TestModify(t *testing.T) {
/7 [...]

tests := []struct {
input Node
expected Node

&InfixExpression{Left:
&InfixExpression{Left:

&InfixExpression{Left:
&InfixExpression{Left:

}

/7 1.1
}

one(), Operator:
two(), Operator:

two(), Operator:
two( ), Operator:

||+||’
||+||’

||+||’
||+||’

54

Right:
Right:

Right:
Right:

unquote | 239

two()},
two()},

one()},
two()},

X B A E SR R ast.Modify fEiE & xast. InfixExpression fY Left

I Right, HRETXIIREIL B -

$ go test ./ast
--- FAIL: TestModify (0.00s)

modify_test.go:62: not equal.

want=&ast.InfixExpression{[...]}

modify_test.go:62: not equal.

want=&ast.InfixExpression{[...]}

FAIL
FAIL monkey/ast 0.006s

got=&ast.InfixExpression{[...]},\

got=&ast.InfixExpression{[...]1},\

T RS R TR M AR i A, B [ L TRA RIS R . A
TRIARTR IS8 A W T ORI i A

IR R WO D By i one BHEHUN two, 5 AEARDLIX AR, 5 2]

ast.Modify AHI—HHY case 433

// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {

switch node := node.(type) {
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/7 [...]
case *InfixExpression:
node.Left, _ = Modify(node.Left, modifier).(Expression)
node.Right, _ = Modify(node.Right, modifier).(Expression)
}
/7 [...]
}

XAECHtE L 7, P mdksE.
o WHEKK

TR ZEFB A ] «
// ast/modify_test.go

func TestModify(t *testing.T) {
/7 [...]

tests := []struct {

input Node
expected Node

&PrefixExpression{Operator: "-", Right: one()},
&PrefixExpression{Operator: "-", Right: two()},
s

/7 L.

}

X et 1) case 7332,
// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {
switch node := node.(type) {

/7 [...]
case *PrefixExpression:
node.Right, _ = Modify(node.Right, modifier).(Expression)
}
/L.
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o FIRERX
ROIFRIBAAPIE T, B .

// ast/modify_test.go

func TestModify(t *testing.T) {
/7 [...]

tests := []struct {
input Node
expected Node

&IndexExpression{Left: one(), Index: one()},
&IndexExpression{Left: two(), Index: two()},
}7
}

/7 L.
}

7 Left Fl Index Y AR,
// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {
switch node := node.(type) {

/7 ...
case *IndexExpression:
node.Left, _ = Modify(node.Left, modifier).(Expression)
node.Index, _ = Modify(node.Index, modifier).(Expression)
}
/7 ...
}
o If AKX

| 241

I FaRA 24 AHMBEIaR oy, X SEER e 2 Do HLn] RERS 2B, Condition

// ast/modify_test.go

func TestModify(t *testing.T) {

A LIZATf] ast.Expression, #R/5iH Consequence fll Alternative 7B, XLbjE
*ast.BlockStatement, H: A ]IS T EHERN ast.Statement, w55 AN H ]
BRI A X B A AR I A bk Ty T
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/7 ...

tests := []struct {
input Node
expected Node

&IfExpression{
Condition: one(),
Consequence: &BlockStatement{
Statements: []Statement{

&ExpressionStatement{Expression:

}’

b

Alternative: &BlockStatement{
Statements: []Statement{

&ExpressionStatement{Expression:

})
b
}7
&IfExpression{
Condition: two(),
Consequence: &BlockStatement{
Statements: []Statement{

&ExpressionStatement{Expression:

+s

}’

Alternative: &BlockStatement{
Statements: []Statement{

&ExpressionStatement{Expression:

}7
}’
I
}!

/7 1.1
}

SEgFL R A e i s AU A 2
// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {
switch node := node.(type) {

/7 [...]
case *IfExpression:
node.Condition,

one()},

one()},

two()},

two()},

_ = Modify(node.Condition, modifier).(Expression)

node.Consequence, _ = Modify(node.Consequence, modifier).(*BlockStatement)

if node.Alternative != nil {
node.Alternative,

}

_ = Modify(node.Alternative, modifier).(*BlockStatement)
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case *BlockStatement:
for 1, _ := range node.Statements {
node.Statements[i], _ = Modify(node.Statements[i], modifier).(Statement)

}
}

/7 1...1]

}

e returni&4)

return igA) A — T4, B Returnvalue, XJ&—1 ast.Expression,

// ast/modify_test.go

func TestModify(t *testing.T) {
/7 ...

V7

tests := []struct {
input Node
expected Node
H
1
{
&ReturnStatement{ReturnValue: one()},
&ReturnStatement{ReturnvValue: two()},
})
}

/7 1...1]

}

BN A Z RG], ARG BARBERERX A ZR case 7732,

X
‘EREIEME T

// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {

/7.

switch node := node.(type) {

1
case *ReturnStatement:
node.ReturnValue, _ = Modify(node.ReturnValue, modifier).(Expression)

}

/7 1.1

}

AP, XTIFAN AT, AR OREICH 1o Ad RO, SRGERT
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o letizd)

let i) A — D AMEME S, IRSESE e B4 R Value,
// ast/modify_test.go

func TestModify(t *testing.T) {
/7 [...]

tests := []struct {
input Node
expected Node
H
/7 ...
{
&LetStatement{Value: one()},
&LetStatement{Value: two()},
1,

/7 1.1

+

*ast.LetStatement [ case 432X Value 1345 modifier pRER:
// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {

switch node := node.(type) {
/7 ...
case *LetStatement:
node.Value, _ = Modify(node.Value, modifier).(Expression)
}
/7 [...]
}
EAIEERSE T, TSR
o B FHF

PRI A —> Body, X &*ast.BlockStatement; i&#A —- Parameters,
X E—~*ast. Identifier YIF o A% KU, HA—E Bk )i 2% . ast .Mod if terFunc
ARG AP T AR, RO HAZ3Z (2 PRECE T &, A S S & A T 5
AR THRATRE R, PGX Bl —RIAIE T, AR 2SRRI i x4 .
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// ast/modify_test.go

func TestModify(t *testing.T) {
/7 [...]

tests := []struct {
input Node
expected Node
H
/7 ...
{
&FunctionLiteral{
Parameters: []*Identifier{},
Body: &BlockStatementq{
Statements: []Statement{
&ExpressionStatement{Expression: one()},
}!
}’
+s
&FunctionLiteral{
Parameters: []*Identifier{},
Body: &BlockStatement{
Statements: []Statement{
&ExpressionStatement{Expression: two()},
s
}’
}’
1,
}

/7.1
}

A4 Modify £ 24 — 4% *ast . BlockStatement (1 case 4332, FrLA/b A CHY
s T AT AN 3t ) 5

// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {
switch node := node.(type) {

/7 [...]
case *FunctionLiteral:
for i, _ := range node.Parameters {
node.Parameters[i], _ = Modify(node.Parameters[i], modifier).(*Identifier)
}
node.Body, _ = Modify(node.Body, modifier).(*BlockStatement)
}
/7 [...]
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o RUFEE

BT FIE 50 M IR . B TR ORI AT ik 7
WA IEWMEIRZS T ast . Modify:

// ast/modify_test.go

func TestModify(t *testing.T) {
/7 [...]

tests := []struct {
input Node
expected Node

&ArrayLiteral{Elements: []Expression{one(), one()}},
&ArrayLiteral{Elements: []Expression{two(), two()}},

},
¥

/7 1.1
¥

HFFE—MEERE AT ALl H e i
// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {
switch node := node.(type) {

/7 [...]
case *ArraylLiteral:
for i1, _ := range node.Elements {
node.Elements[i], _ = Modify(node.Elements[i], modifier).(Expression)
}
}
/7 1.1
}
o AAFEE

W i - 1T A — AN B iR Iy, BRI Pairs, X J&—> map[Expression]-
Expression, [ OAZH [Ty WL TG oo S A B AR, XA B AR T RE AL 3 75 B8 2
FRET=

XA B AR, R N A IEANE & BUA AIHEZR, R4 TestModify HY
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reflect.DeepEqual T ZAbBEASEMETRE ML (HABASTRATHE ). IILTRE
1E TestModify MR A*ast.HashLiteral FiikE— Al reflect.DeepEqual

AR -

// ast/modify_test.go

func TestModify(t *testing.T) {

/7 1...1]

hashLiteral

:= &HashLiteral{

Pairs: map[Expression]Expression{
one(): one(),
one(): one(),

},
}

Modify(hashLiteral, turnOneIntoTwo)

for key, val := range hashLiteral.Pairs {

key, _

}

val, _

}
¥

:= key.(*IntegerLiteral)
if key.value != 2 {
t.Errorf("value is not %d, got=%d", 2, key.Value)

:= val.(*IntegerLiteral)
if val.Value != 2 {
t.Errorf("value is not %d, got=%d", 2, val.Value)

JUE BN 2, (BB A HE, LA BB B T — A By *ast . HashLiteral,
H Pairs 11 HA one, ARG X ME AR SEHL ast. Modify, ZJ5Fahka a1

one R A WO AL T two,  H FTIXMIIAT E 2RI

$ go test ./ast
--- FAIL: TestModify (0.00s)

modify_test.go
modify_test.go
modify_test.go
modify_test.go
FAIL

FAIL monkey/ast 0.

Pairs:

:146: value
:150: value
:146: value
:150: value

// ast/modify.go

func Modify(node Node, modifier ModifierFunc) Node {

is
is
is
is

not 2,
not 2,
not 2,
not 2,

007s

FFRRIX A (] (LAY 7 72 A — BT Y map[Expression]Expression, Fefi iRy

switch node := node.(type) {

got=1
got=1
got=1
got=1
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/7 [...]
case *HashLiteral:
newPairs := make(map[Expression]Expression)
for key, val := range node.Pairs {
newKey, _ := Modify(key, modifier).(Expression)
newVal, _ := Modify(val, modifier).(Expression)
newPairs[newKey] = newVal
}
node.Pairs = newPairs
}
/7 [...]

}

XA L T

$ go test ./ast

ok monkey/ast 0.006s

B ast.Modify PRECELASEM T BUAERT IGRSERTE T, (HEEFFIGZ 0T, BF
gi}é—%$ll\jﬁzo

o TUERAFTATARM LM

FEIRALHRY fRTHORUL, FRATEEZME TH RN, RIA AN ast.Modify H
FOZRAINTH R EAR, EEEA TR0 T aeissiR. MR, XA RFAE LB
X, (HFRFRIRE, X BT IE 6 e o TAE . Ao R L2 5 R Z
T, AR SR TR A S RN A R ARG

FrLAFEPRHL ast.Modify S n] DIstT 2 /i, Bid% ast.Modify H A9 FRIZiL A
&I\IEO

TR, (BIRAVSEE T ast.Modify HIE RN T !

5.4.2 %% unquote AR

e ast.Modify JFid RIS, BUETT LR R D) 3% M R Swl 19455 L.
IEAHL? {15524} unquote IS HCRIE, HELEXT quote H i ASKEIY ast.Node
SRAE . WARAAREE, B4 HEX AR 2 Wil Re L AR AR kK -

$ go test ./evaluator

--- FAIL: TestQuoteUnquote (0.00s)

quote_unquote_test.go:88: not equal. got="unquote(4)", want="4"
quote_unquote_test.go:88: not equal. got="unquote((4 + 4))", want="8"
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quote_unquote_test.go:88: not equal. got="(8 + unquote((4 + 4)))",\
want="(8 + 8)"
quote_unquote_test.go:88: not equal. got="(unquote((4 + 4)) + 8)",\
want="(8 + 8)"
FAIL
FAIL monkey/evaluator 0.007s

Wifar 4 RE 1k TestQuoteUnquote @it WE? M ast.Modify ¥ 5 L AR 2 0 AV
. 5247F quote i F| ast.Node i}, FE b HAL# %5 ast.Modify, ast.Modify
BU%E —A~5%1 ast.ModifierFunc &% 1A %T unquote AYJEH .

IAEAL PR —A
// evaluator/quote_unquote.go

import (
"monkey/ast"
"monkey/object"
)

func quote(node ast.Node) object.Object {
node = evalUnquoteCalls(node)
return &object.Quote{Node: node}

}

func evalUnquoteCalls(quoted ast.Node) ast.Node {
return ast.Modify(quoted, func(node ast.Node) ast.Node {
if !isUnquoteCall(node) {
return node

}
call, ok := node.(*ast.CallExpression)
if l!ok {
return node
}

if len(call.Arguments) != 1 {
return node

}

return node
1)
}

func isUnquoteCall(node ast.Node) bool {
callExpression, ok := node.(*ast.CallExpression)
if lok {
return false

}

return callExpression.Function.TokenLiteral() == "unquote"
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FATIA K quote PREKSITR/N, HIZTE node % 5| RS Z AT, FrIAL#
Y5391 evalUnquoteCalls PRI,

2 J5 evalUnquoteCalls ffi [l ast.Modify i Jfj quoted =%y & %54
ast.Node, JfH ast.ModifierFunc Kt T4 45E ) ast.Node J& &2 oA HAS
0/ unquote A &4, EEREEI AT ICA MU SEPR TR, JUBKA TR
(4 5, RABEUTTAZS R, A 2 LIt o

$ go test ./evaluator

--- FAIL: TestQuoteUnquote (0.00s)

quote_unquote_test.go:88: not equal. got="unquote(4)", want="4"

quote_unquote_test.go:88: not equal. got="unquote((4 + 4))", want="8"

quote_unquote_test.go:88: not equal. got="(8 + unquote((4 + 4)))",\
want="(8 + 8)"

quote_unquote_test.go:88: not equal. got="(unquote((4 + 4)) + 8)",\
want="(8 + 8)"

FAIL
FAIL monkey/evaluator 0.007s

—H & ¥ unquote M, TEAMAT4A7 unquote /& quote FUXT LT, quote AN4x

FHSHCRME, IBAS5ZHZ, unquote BLE X HSHORE ., FRATE &8 Wnfay 53]
X— i, AREEI A Eval,

{2 R T Eval, 7% —/ *object.Environment, HAXTH A5 AR AE,
TEIHH quote Hﬂ‘?ﬂl]ﬁiﬁﬁ*/\% o T LA BB AL . I TR AR
2 Eval Hf¥) case 4337, %ﬁﬂ—f%@l%h%fﬁﬁ?ﬁﬂﬂﬁ quote IR H

// evaluator/evaluator.go

func Eval(node ast.Node, env *object.Environment) object.Object {
/7 [...]

case *ast.CallExpression:
if node.Function.TokenLiteral() == "quote" {
return quote(node.Arguments[0], env)

}

/7.1
}

PAE AT LU quote MYZE44 3144 env 143845 evalUnquoteCalls:
// evaluator/quote_unquote.go
func quote(node ast.Node, env *object.Environment) object.Object {

node = evalUnquoteCalls(node, env)
return &object.Quote{Node: node}
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7 evalUnquoteCalls HJRE £ pRELHT, 2T AT LU G AR env A Eval T :

// evaluator/quote_unquote.go

func evalUnquoteCalls(quoted ast.Node, env *object.Environment) ast.Node {
return ast.Modify(quoted, func(node ast.Node) ast.Node {

/7 1]
return Eval(call.Arguments[0], env)
) 1)
ek Hoiitie o GRS I Y IR MR 24557 3K SO

$ go test ./evaluator
# monkey/evaluator
evaluator/quote_unquote.go:28: cannot use Eval(call.Arguments[0], env)\
(type object.Object) as type ast.Node in return argument:
object.Object does not implement ast.Node (missing String method)
FAIL monkey/evaluator [build failed]

WA AN B LA T A AREE , NGy Eval 8 IR a5 /2 object.Object,
XANEEVE N ast.ModifierFunc FIRIEIME, A ast.ModifierFunc #AZ0HR [A]—A~
ast.Node, HaLEUL, FATIMLEA —1 object.Object, {HFEZAYE—1 ast.Node,

X J& quote/unquote HffE— R EMFRRAYIIE . JomR—4, fr— FIRATE
it

Go PRA quote iR [ixobject.Quote, H P ® —AOR{HAY ast.Node. 7EIXA>
KSRAERIAT SN, AT LIJEFH Monkey pR%Y unquote SEXTHIATRE ., HAR Xt
unquote TS HCRIE, HRIEZE RN unquote I FRIAFY ast.Node, X
ASRIESE RS2 H Eval 3& [F](1) object.Object.

XEHE, N T unquote TEHIFREEE SAf AR RIERY ast.Node H, WAZH
VOB A5 ast. Node,

// evaluator/quote_unquote.go

import (

/7 [...1
"fmt"
"monkey/token"

)

func evalUnquoteCalls(quoted ast.Node, env *object.Environment) ast.Node {
return ast.Modify(quoted, func(node ast.Node) ast.Node {
/7 [...1]
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unquoted := Eval(call.Arguments[0], env)
return convertObjectToASTNode(unquoted)
b
+

func convertObjectToASTNode(obj object.Object) ast.Node {
switch obj := obj.(type) {
case *object.Integer:
t := token.Token{
Type: token.INT,
Literal: fmt.Sprintf("%d", obj.Value),

}

return &ast.IntegerLiteral{Token: t, Value: obj.Value}
default:

return nil
}

}

i) convertObjectToASTNode PRELAIE T 551 obj XFi Y ast.Node, LL4h,
B T — XN token. Token, AWATCAiZTT, H2h ast.Node [1) String()
AR E OB X SR BT, BRI R — M, 1R R TS AT DU S A
P g, (HIX R i R R T A 2 — o BR TIRERRICZ AN, X IR 20 T AT RERY
B, FERIE nile XTI ARG, B HBARRT T .

M 1

$ go test ./evaluator
ok monkey/evaluator 0.009s

quote Fl unquote #BRETAE T BUAERT LI quote BEIEXTIRACASRAE, Tiin]
DU unquote RSN HH (R FE 2Ly R . ERE)

BT X8, A — N ERIhEE . IRTREC 40123, 7F evalUnquoteCalls Hinf LA
1Jjin) quote TEFHA S HIFREE env, SRIGHHAZ# 2, ast . ModifierFunc Hf Eval ##H.
XFEFE unquote A XS EARIE S HBIFECHI SR . T2 TestQuoteUnquote
H PRSI, s T XN IIRERIRICR «

// evaluator/quote_unquote_test.go

func TestQuoteUnquote(t *testing.T) {

tests := []struct {

input string
expected string

‘let foobar = 8;
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quote(foobar)",

“foobar’,
})
{
“let foobar = 8;
quote(unquote(foobar))",
‘g,
}7
}
/7 (... ]
}

F— MK HIA quote FHRIFRRAT AW EOR(E . DORMEEVER A

TESR AN, unquote HIRXGFRIAST foobar SKRIEIPHAINIARYT env f£1845 Eval,
X EENTARPAT IR AR E X R . ZIRIZX RPCEHHARY AST H9 5. IRAT
L7 F9 BA TIHSTREHCE 2 1.

ME— ), convertObjectToASTNode HAENWG BB 4[] AST 5, F ik
I ZMERITP E convertObjectToASTNode, ilJREREHL H AR 4R

1. ¥ H/REH¥K AST TR

SlogE Sl AST 35—, ¥f*object.Boolean ¥4 ast.Node tHARfH &, T
AR RS REAS AL B true 1l ANk S A IR (E LS S

// evaluator/quote_unquote_test.go

func TestQuoteUnquote(t *testing.T) {

tests := []struct {

input string
expected string

H
/7 [...]
{
“quote(unquote(true))”,
“true’,
}}
{
“quote(unquote(true == false))",
“false’,
})
}
/7 [...1]
}

M2, FHR convertObjectToASTNode i ASREAL PR AR /K 1E :
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$ go test ./evaluator

--- FAIL: TestQuoteUnquote (0.00s)
quote_unquote_test.go:101: quote.Node is nil

FAIL

FAIL monkey/evaluator 0.009s

FRATE Y2, 1F convertObjectToASTNode [ switch i E N % —1 case
3L

// evaluator/quote_unquote.go

func convertObjectToASTNode(obj object.Object) ast.Node {
switch obj := obj.(type) {
/7 [...]

case *object.Boolean:
var t token.Token
if obj.value {

t = token.Token{Type: token.TRUE, Literal: "true"}
} else {

t = token.Token{Type: token.FALSE, Literal: "false"}
}
return &ast.Boolean{Token: t, Value: obj.Value}
/7 [...]
}
}

Mot . WEATLLE ER5E, IEN convertObjectToASTNode shnHE 2
XTSRS A AT B8, 7 ANEAA —FRIR B B DI RERT A — T .

2. quote-unquote-quote R E

AR, HEEL convertObjectToASTNode HEAESCHL quote-unquote-
quote —JZERE, RAFEIE? 5K, “7EC 5 HAEMAS G AR 51 IR
7 BARRE SAEN— AKX T Iom BN B4, (AARRREIHRIATREE,

FAR T AR I — R, X AF ST -

// evaluator/quote_unquote_test.go

func TestQuoteUnquote(t *testing.T) {

tests := []struct {

input string
expected string

“quote(unquote(quote(4 + 4)))",
(4 0+ 4),
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}}

{
“let quotedInfixExpression = quote(4 + 4);
quote(unquote(4 + 4) + unquote(quotedInfixExpression))’,
(8 + (4 +4)),

})

}
/7 ...

}

XA GIR, Bl — bkt 4 + 4 BP9 RS, SREEHHAE
FZEM A unquote, TTXS unquote JEHMAR quote TRFHINZEL,

S AN RE R TR F Y A5 IR IR . 2R aExT
E 25 RIS AT R38R 2MERERE TE A A ast.Node SRALHEHT Y
ast.Node. FfJ5 Ft Ry st FHIX AL o

{H 5 e WiE 58 2 Wi, -~ unquote HETIAAfEALFE*object . Quote:

$ go test ./evaluator

--- FAIL: TestQuoteUnquote (0.00s)
quote_unquote_test.go:110: quote.Node is nil

FAIL

FAIL monkey/evaluator 0.007s

X B N A RE LI e i
// evaluator/quote_unquote.go

func convertObjectToASTNode(obj object.Object) ast.Node {
switch obj := obj.(type) {
/7 ...

case *object.Quote:
return obj.Node

/0.
}
}
ﬁﬂ%%ﬁﬁﬁfﬁﬂ HiX™ quote(unquote(quote()) )iz THLEI A =, AHHH
L, BXIEIEHR, XTHELZHE— N A REHR

ENBEY RZAT, i 15T Monkey Y quote/unquote ZR Gk 2% (7
LR
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3. el

PAERISEPLBEAE X AST T S HEH B, AN TARBIEE, HHf
ast.Modify HUZBHC T F97 &, AHHT AT S Token B 3X 2 S 3015 S5 String ()
TR AR S AR, BRI ARA R,

convertObjectToASTNode 23R B IR FR TG . H AT R o7 XA [, 5
SEUNSRRE ROTTR EAA A CILRIENE R, BlIsU 23075, IR AR FiiX
el R XTSI E R IR BT UL, AEX — S ] BEE R R

HIRBAFERAEE, HATSEBUORAZ S, WARAEEETE, miah TR
“WrRifr” APRES

SR SE AT EE A A, R T S5 PN AR RGN R — L TR
P,

55 BRIV E

Monkey J{CHS &8 i — RSV TRMBN . 1 70k AP 17 AT o LA
W HFL I AA BRIT s SRS I TETE T ke Rk T Bl AST; #Rei Eval #H
SRAE AST HEy5 i, B MbEREZaE R AFGAR . XA T4 3 M BRI EL
SRR . TR AT AR . WBARES B M EERE , X e 45 B 2k
BT, JAlVEBATTE] AST. AST 2k 3 B,

P AREMI AN — BB, e ZE Y B, BT BB =B
Bezla), Wateifiik i AR IEZ 8] o XA BrBOBERE AL T, RBEMEX L,
P A LA BESE AL R

ML EE, “RY e TR SO IR RS BT R B R AR, IR E IR
[ ER ORI o R A B A RS o A, AR5 FRR RS, domlie
VR ZIR 28] I pIA, PO ERIR IR Al A2 A il 2 i PR

i, B LA i ROk IR A . T A AR E ST A S B TR S
A AFBI ] P AST o XL A A2 AR T B BEZ SR S Iy e B[Rt
I EAOREN B ATASIEY T, ARFRIE T, OS2 FRIGRIE AR U 3
AESL

FRR MBS A F R TR A AT Bets P AT ep S o ik it 1Rk
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SR BORARE BT AR AST; R4 JRITBORI AST JFx s TiEek; SfaRiE
ERUE Y AST,

R TR B e B, B ABE ALY e —P—k, XATAE
L 38

SR AST HHRBITA 2 E Lo 2 L JE—5% let iHA), Hr i
AR R, BT DA B R AN AR BRI

let myMacro = macro(x, y) { quote(unquote(x) + unquote(y)); }

— HARF] TR ZE S, AR R IBGE R  SX R ZE AST HlERIX A4~
&, SRIEORAFR A )y, DMERS S U] B0 2 AN AST kR, & WIAERS S
R B o8 3 ) Rl

5 AR AR FIRX e R AVE R I HORE . X 51E Eval HabB s Bi HIHE R 2
ol PR EEIXHITET, RETHHREX A B, TEX 78 FAOREZ AT 23X 5
MBISHORE . ZIASEA R ERP LS LARRIAR ast.Node JEX ViR, Xl
G R A R 2 AL, RIS S AR AST $T5836 .

SKAETERUG , AR 2 R 45 R EFHd 0] AST, WURALEE unquote ASHE, HuE
PUAE AR5 3R BME 530k ast.Node, [ M7ZZEZHR [T AST 5 14,

IR 23R S FF AR E I

5.5.1 macro X=x

HoE, N T macro SCHET, WAL LRI S HTERBEAS AL T E . IX B LTS
I—ASEr Rl BT AR IRTE S i R bl [BLER 193] 50T, ek b PRk A
JLRA

// token/token.go

const (
/7 [...]

MACRO = "MACRO"
)

FA )R ST A A — NI, A DR T R IR A A T IR A0
// lexer/lexer_test.go

func TestNextToken(t *testing.T) {



258 | HB5E BLMEE: Monkey AERS

input := “let five = 5;
let ten = 10;

let add = fn(x, y) {
X +y;

¥

let result = add(five, ten);
1-/*%5;
5 <10 > 5;

if (5 < 10) {
return true;
} else {
return false;

}

10 == 10;

10 !'= 9;

"foobar"

"foo bar"

[1, 21;

{"foo": "bar"}

macro(x, y) { x +y; };

tests := []struct {
expectedType token.TokenType
expectedLiteral string

{token.MACRO, "macro"},
{token.LPAREN, "("},
{token.IDENT, "x"},
{token.COMMA, ","},
{token.IDENT, "y"},
{token.RPAREN, ")"},
{token.LBRACE, "{"},
{token.IDENT, "x"},
{token.PLUS, "+"},
{token.IDENT, "y"},
{token.SEMICOLON, ";"},
{token.RBRACE, "}"},
{token.SEMICOLON, ";"},
{token.EOF, ""},

/7.1
}

XS 2 I S Y BT input, HoA i TR0 macro SEEET .
BRI AT DL AT macro e, (HIRERAEMRHm AP AE LT, XF
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tests ANEPRAL, ME— AL FAITE A token . MACRO BRI MATE BT,
$ go test ./lexer
--- FAIL: TestNextToken (0.00s)
lexer_test.go:149: tests[86] - tokentype wrong. expected="MACRO", got="IDENT"

FAIL
FAIL monkey/lexer 0.007s

MR, Ak, B AT E A AT s RE LE i

// token/token.go

var keywords = map[string]TokenType{

/7 1.1

"macro": MACRO,

}

REH— AT e R FR R T

TR R e T, Wit . IEAE Monkey REALFRIEACASHEY macro
KT T, N HRALBEE 4%

552 RFEEEBEDH

IAETAE S s BE A2 I token . MACRO VA HATT, £ FORTEY EIHIE M e, X
FERLABRE AP AR ORAT PR, DRI SRR 7 Il

X g FR A S SRARAR A 1Y bR S T Sl -
// parser/parser_test.go

func TestMacroLiteralParsing(t *testing.T) {

input := “macro(x, y) { x +vy; }°
1 := lexer.New(input)
p := New(1l)

program := p.ParseProgram()
checkParserErrors(t, p)

if len(program.Statements) != 1 {
t.Fatalf("program.Statements does not contain %d statements. got=%d\n",
1, len(program.Statements))

}
stmt, ok := program.Statements[0].(*ast.ExpressionStatement)
if lok {

t.Fatalf("statement is not ast.ExpressionStatement. got=%T",
program.Statements[0])
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macro, ok := stmt.Expression.(*ast.MacroLiteral)
if lok {
t.Fatalf("stmt.Expression is not ast.MacroLiteral. got=%T",
stmt.Expression)

}
if len(macro.Parameters) != 2 {
t.Fatalf("macro literal parameters wrong. want 2, got=%d\n",
len(macro.Parameters))
}

testLiteralExpression(t, macro.Parameters[0],
testLiteralExpression(t, macro.Parameters[1],

< X

if len(macro.Body.Statements) != 1 {
t.Fatalf("macro.Body.Statements has not 1 statements. got=%d\n",
len(macro.Body.Statements))

bodyStmt, ok := macro.Body.Statements[0].(*ast.ExpressionStatement)
if lok {
t.Fatalf("macro body stmt is not ast.ExpressionStatement. got=%T",
macro.Body.Statements[0])

testInfixExpression(t, bodyStmt.Expression, "x", "+", "y")

}

MR T, ToikdmiF, KA ast.MacroLiteral BY5E X
$ go test ./parser

# monkey/parser

parser/parser_test.go:958: undefined: ast.MacroLiteral
FAIL monkey/parser [build failed]

A XIRE G ffoe, FNEE ast.FunctionLiteral 3Lal FidE— Ml LT .
// ast/ast.go

type MacroLiteral struct {

Token token.Token // 'macro'idik 5T
Parameters []*Identifier
Body *BlockStatement

}

func (ml *MacroLiteral) expressionNode() {}

func (ml *MacroLiteral) TokenLiteral() string { return ml.Token.Literal }
func (ml *MacrolLiteral) String() string {
var out bytes.Buffer

params := []string{}



55 EfE | 261

for _, p := range ml.Parameters {
params = append(params, p.String())

}

out.WriteString(ml.TokenLiteral())
out.WriteString("(")
out.WriteString(strings.Join(params, ", "))
out.WriteString(") ")
out.WriteString(ml.Body.String())

return out.String()

}

bR T 2RI PRI MacroLiteral Z4b, X HERWA N Hih—TI#EXT
ast.FunctionLiteral FKGHAE .

XEERALH AR MHRIAE IR MRS T, OB AT AN BE s 7 o 1 1 1)
BT B *ast .MacroLiteral:

$ go test ./parser
--- FAIL: TestMacroLiteralParsing (0.00s)
parser_test.go:1124: parser has 6 errors
parser_test.go:1126: parser error:\
"no prefix parse function for MACRO found"
parser_test.go:1126: parser error:\
"expected next token to be ), got , instead"
parser_test.go:1126: parser error:\
"no prefix parse function for , found"
parser_test.go:1126: parser error:\
"no prefix parse function for ) found"
parser_test.go:1126: parser error:\
"expected next token to be :, got ; instead"
parser_test.go:1126: parser error:\
"no prefix parse function for } found"

FAIL
FAIL monkey/parser  0.008s
4iRE Rt

R T iENGE N, R SR Z A AT PR =R, SRS BRHT 1 Bk
LSS AT

5 fn 3&%@%## DAL e AR, EZ2 T s AT B T LIk 2] macro
FHET, X EMRE WA token . MACRO I~ pref ixParseFn AT 2 -1 & :

// parser/parser.go

func New(1l *lexer.Lexer) *Parser {
/7 ...
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H

p.registerPrefix(token.MACRO, p.parseMacroLiteral)

/7 1.
}

func (p *Parser) parseMacroLiteral() ast.Expression {
1it := &ast.MacroLiteral{Token: p.curToken}

if !p.expectPeek(token.LPAREN) {
return nil

}

lit.Parameters = p.parseFunctionParameters()

if !p.expectPeek(token.LBRACE) {
return nil

}
1it.Body = p.parseBlockStatement()

return 1it

}

BUTE B T8 3] macro SCEETIT, SIS SR B — X & 2 F S8
BYFES () o BARBIEANHRAYE 2SR, (04X LAl n] A% FH parseFunctionParameters
k. WAMATTLIE ] parseBlockStatement SKAFNTZ A9 Body, PEIMIXAKIR HIgE—
MHuER), Hp EE LS ZA&E] .

M T

$ go test ./parser
ok monkey/parser  0.008s

BRAE AT LA BT 22 5 1 i 1)

553 EMNE

FAE TR AT 28 FIEE W 8 AEA 7 ast.MacroLiteral T, % Fakn] LLKE
BV ANTE AST rhHRBIX Sy fi, 104E, B RHBS— L2 AST Hhii
JITA 7 7 SO RAE . 3 20 RN LA TR AL

SAE—FE, SIS, DIIsIRATAT R T8

// evaluator/macro_expansion_test.go

package evaluator



import (

)

"monkey/ast"
"monkey/lexer"
"monkey/object"
"monkey/parser"
"testing"

func TestDefineMacros(t *testing.T) {

input := "

let number = 1;
let function = fn(x, y) { x +y };
let mymacro = macro(x, y) { x +y; };

env := object.NewEnvironment()
program := testParseProgram(input)
DefineMacros(program, env)

if len(program.Statements) != 2 {

t.Fatalf("Wrong number of statements. got=%d",
len(program.Statements))

}
_, ok := env.Get("number")
if ok {
t.Fatalf("number should not be defined")
}

_, ok = env.Get("function")
if ok {
t.Fatalf("function should not be defined")

obj, ok := env.Get("mymacro")
if lok {
t.Fatalf("macro not in environment.")
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}
macro, ok := obj.(*object.Macro)
if lok {
t.Fatalf("object is not Macro. got=%T (%+v)", obj, obj)
}
if len(macro.Parameters) != 2 {
t.Fatalf("Wrong number of macro parameters. got=%d",
len(macro.Parameters))
}
if macro.Parameters[0].String() != "x" {

t.Fatalf("parameter is not 'x'. got=%q", macro.Parameters[0])

}
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if macro.Parameters[1].String() != "y" {

t.Fatalf("parameter is not 'y'. got=%q", macro.Parameters[1])
}
expectedBody := "(x + y)"

if macro.Body.String() != expectedBody {
t.Fatalf("body is not %q. got=%q", expectedBody, macro.Body.String())

}

}

func testParseProgram(input string) *ast.Program {
1 := lexer.New(input)
p := parser.New(1l)

return p.ParseProgram()

}

TestDefineMacros UGB 5017, A A% Aidsgif PR ZE H RIS
A PAS AT . X LU H 1A AT %L DefineMacros (MRS ) REA Kb
53011 program fil*xobject . Environment fE S HL, L RES —— A HIAS N ZE 28 5L,
AN R B LAY Let 1A 20, IXCRERE T LIRS J5 Fx R (L

PRATREE 2 TR 2 2238 1 T i 2 B AR AT 4o J2 1, IR T, Toikgmik,
b T B DR R E] A DefineMacros pREL, iAH/Dxobject.Macro AYE X JokfFik

XA AL

5 ast.MacroLiteral #l ast.FunctionLiteral 25fBl, #f object.Macro JL°F
J& object.Function BB, HIEZFRANE, BESRX LT TAE, {Hik A3 e .

// object/object.go

const (
/7 [...]

MACRO_OBJ = "MACRO"
)

type Macro struct {
Parameters []*ast.Identifier
Body *ast.BlockStatement
Env *Environment

}

func (m *Macro) Type() ObjectType { return MACRO_OBJ }
func (m *Macro) Inspect() string {
var out bytes.Buffer

params := []string{}
for _, p := range m.Parameters {



}
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params = append(params, p.String())

out.WriteString("macro")
out.WriteString("(")
out.WriteString(strings.Join(params, ", "))
out.WriteString(") {\n")
out.WriteString(m.Body.String())
out.WriteString("\n}")

return out.String()

VLA B BT 4B S object . Function HEIXT I A SE Al ], HE2m
4 FKFN ObjectType AN,

A TAESL, WRLT----- LEnE, WA, RTCIEGE, (e IRA TR
TIERAA I :
$ go test ./evaluator

# monkey/evaluator
evaluator/macro_expansion_test.go:21: undefined: DefineMacros

FAIL

monkey/evaluator [build failed]

TR, ENILEE X DefineMacros BERE— &7, 1R EE A i

// evaluator/macro_expansion.go

package evaluator

import (

)

"monkey/ast"
"monkey/object"

func DefineMacros(program *ast.Program, env *object.Environment) {

definitions := []int{}

for i, statement := range program.Statements {
if isMacroDefinition(statement) {
addMacro(statement, env)
definitions = append(definitions, i)

}

}

for i1 := len(definitions) - 1; i >=0; 1 =1 -1 {
definitionIndex := definitions[i]

program.Statements = append(
program.Statements[:definitionIndex],
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program.Statements[definitionIndex+1:1]...,

-

I

DS PR T Wi . 7E AST 4k 7208 SO AST B . 3 75 2 [y
program 1) Statements, Jf-7E isMacroDefinition (¥ &G SciEM BB SH
FE S, NSRS, BUEREEZIE UAE Statements YA B, DI SR ELING

{EREERZ, Monkey RAVHETUZRE L, ANafEilill) Statements M 4kLEHG
AHAR T XL RERIABREIEA R . Monkey 23 B AR5 O BEAT X il [
AR S BRI AR, SCBARE IR E I SO R — ANV~ , AR5
3087

AN T 4B R %L isMacroDefinition A1 addMacro, ‘EAIISEELAITIREINHA,
FREFR. FIAiSZ isMacroDefinition LAY

// evaluator/macro_expansion.go

func isMacroDefinition(node ast.Statement) bool {
letStatement, ok := node.(*ast.LetStatement)
if l'ok {
return false

}

_, ok = letStatement.Value.(*ast.MacroLiteral)
if lok {
return false

}

return true

+

X PTG E T—F, i\ HRTE—*ast.LetStatement, HE¥ MacroLiteral
BEH—NFR. BIRNEARZL, (XD RBINGEREE K, BE X T HHARA %
E X KFE T,

let myMacro = macro(x) { x };
let anotherNameForMyMacro = myMacro;

isMacroDefinition AEEE 4% let IBRIRAINARMNEE L . S EABE
SCYARIEEARICH

4R isMacroDefinition ig[Fl true, ARAFEATLLEHXSS let iEH)£i%45 addMacro,
DISRE 722 5 SCES N2 R v
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// evaluator/macro_expansion.go

func addMacro(stmt ast.Statement, env *object.Environment) {

letStatement, _ := stmt.(*ast.LetStatement)
macroLiteral, _ := letStatement.Value.(*ast.MacroLiteral)
macro := &object.Macroq{
Parameters: macrolLiteral.Parameters,
Env: env,
Body: macroLiteral.Body,
}

env.Set(letStatement.Name.Value, macro)

}

454 isMacroDefinition, RIPHATHIZSAINT S WR L2400, DRI B Z0% T
BRI . IXFPAL B AELSE , (BATSRJE: H AT SUX P R B AT 5 ik o BRILZ 4,
addMacro T2 A Ay *object . Environment FRIIFT A ZE ¥ *object .Macro, Ff:
P HAEE | *ast . LetStatement 145 H 4 FK o

FESCT X 3ANREE, ME T

$ go test ./evaluator
ok monkey/evaluator 0.009s

DO IAE A ] LI 2 I 82 45 Monkey IEACHS A2 FR, X RERE T LIAE
AST PR B PRI RATE . IRAHIE!

N T SEINEY BB, T ZAA e e S PR T 25 B A

554 RAE
FEFHEMRRZ /T, JelliZ—TF : BAREWREX R IEFRE, IR R E
T AST rhogedf B b 1 P e ik 2

IR THA? 20, X5 unquote Y TAE AR #1235 HIRS:
FH ISR AR E AL, RAREAE unquote TE T HA Hrp i AN S8 S iR (8
T2V FH AT ZER 0 AR AE, RS HHE R Tl

IR T IRA TR R R B A T

// evaluator/macro_expansion_test.go

func TestExpandMacros(t *testing.T) {
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tests := []struct {
input string
expected string

H
{
let infixExpression = macro() { quote(l + 2); };
infixExpression();
(1+2)7,
}!
{
let reverse = macro(a, b) { quote(unquote(b) - unquote(a)); };
reverse(2 + 2, 10 - 5);
(10 - 5) - (2 +2)7,
1},
}
for _, tt := range tests {
expected := testParseProgram(tt.expected)
program := testParseProgram(tt.input)
env := object.NewEnvironment()
DefineMacros(program, env)
expanded := ExpandMacros(program, env)
if expanded.String() != expected.String() {
t.Errorf("not equal. want=%q, got=%q",
expected.String(), expanded.String())
}
}

}

X FH TS 5 B A AR . BRI input AR, SRR RIFEE RS
M expected IFACHSHRATIRAS ) AST AT AL . A TG — o5, X BEMHE T4
BEREL env, JRIH DefineMacros ¥4 input HHYZE LARAFTE env Y, FJa i
G B pR%L ExpandMacros S RETT 2R .

EAREERE, PGB 2 A quote iR IEIA T2 51 HIARASH) AST
. AR RS A, R T IE N S RS L HII . e SR 7 3 [
*object.Quote, N7 MIHIAZNIT object.Quote FE G| AST 5 &, Ml
SR R AR X . MR ZHTXT unquote TRHSRAART, 727 i fm (i H
convertObjectToASTNode FEATHEH, IXAEARFRET, FrLLxX BB T quote, 1MiiX
PRGN, B IAEZ 3% convertObjectToASTNode f6E 1 KRl .
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B — AN, BISE X infixExpression Z2 ARG, FHISRAAR 256 52
AR R TR, ] infixExpression & [ 45 RN Z 2R AR 1 + 2,
MASE 3.

5 ARG Y reverse T T 2 RGN EZIIRE. A PIANSEa fl b,
IR SR — N SEOF R 5 ) rh 283k, MR, X EMERNEHSHAS
PR, 2 + 2 KA 4, 10 — 5 WASARA 5. HIZ, reverse ffiJf] quote F4%:
T—H AST 1550 unquote 7ML, XFERLBER SEIASKIEMIE X
AB TR 3R AR BB VR BRAF N AT AT ZE A unquote, RFETHL, WA
unquote A3, reverse ZE4 R b - a,

BAERRSRE 1A T ST, IR Ai24T go test WX AtEAt
AWg?

$ go test ./evaluator

# monkey/evaluator

evaluator/macro_expansion_test.go:95: undefined: ExpandMacros
FAIL monkey/evaluator [build failed]

BRI, (HEESREAES, o IE H2E X ExpandMacros BLRET M 1 -
// evaluator/macro_expansion.go

func ExpandMacros(program ast.Node, env *object.Environment) ast.Node {
return ast.Modify(program, func(node ast.Node) ast.Node {
callExpression, ok := node.(*ast.CallExpression)
if lok {
return node

¥

macro, ok := isMacroCall(callExpression, env)
if lok {
return node

}

args := quoteArgs(callExpression)
evalEnv := extendMacroEnv(macro, args)

evaluated := Eval(macro.Body, evalEnv)
quote, ok := evaluated.(*object.Quote)
if !ok {
panic("we only support returning AST-nodes from macros")

}

return quote.Node
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func isMacroCall(
exp *ast.CallExpression,
env *object.Environment,
) (*object.Macro, bool) {

identifier, ok := exp.Function.(*ast.Identifier)
if lok {
return nil, false
}
obj, ok := env.Get(identifier.Value)
if lok {
return nil, false
}
macro, ok := obj.(*object.Macro)
if lok {
return nil, false
}

return macro, true

}

func quoteArgs(exp *ast.CallExpression) []*object.Quote {
args := []*object.Quote{}

for _, a := range exp.Arguments {
args = append(args, &object.Quote{Node: a})
}

return args

}

func extendMacroEnv(
macro *object.Macro,
args []*object.Quote,
) *object.Environment {
extended := object.NewEnclosedEnvironment(macro.Env)

for paramIdx, param := range macro.Parameters {
extended.Set(param.Value, args[paramIdx])

}

return extended

+
O RZ I . X 4R T 28 R B, N IRRATANE R -
ExpandMacros {fi Fl ] {Z il B k% ast . Mod ify LI I 77 =3 7 267 program

[ AST, ARZTH] o WA fUR— D R RIA, IBA T — 2 xt
XAV IR A
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i, ExpandMacros 4% T 250175 quoteArgs AUHE B B B T4 *object .
Quote. #RJF, TZ@JEH extendMacroEnv R EZAIEREE, JRIGE RS8N E 32 7
ST, X578 Eval FiE sk St i g TAEARTR]

MESHA T OGRS, WA Ty R, BEMENZERET . ik,
ExpandMacros i | Eval KXHME A RIS A0 2 FUORIE ., fla— M REE, %MK
BOR A5 B AST 5 s/ AR ESE R . FIHGIZ R B B O A, S HIR 4
B 7RV, WU BRI T .

HiF=wiibas

$ go test ./evaluator

ok monkey/evaluator 0.010s

), FYRMBC AT A1 ZL1E Monkey 157 SCHL T — ] A
RGBT, WA LLE “TTRRE T BRI T

IR IUE T LA s A LU DRAL , (EFRIRAL S , i Ao S — 144 unless HI7%

55.5 38AKH) unless &

unless 730 & &AM A Z TR B — D% X AUSERY unless &) TH
fRANSEEL, Eal IE/RZE RS TAE NI, 541, B iR B R - i B Js B
PRI R, LR P RE Al FH B RS N & Rk, HSCPR B R2 R A5tk
JRATEE S

ANHFESLIZAT, JOREE unless BRI A, UKENZTERA 2R TAE.
KE X BE Monkey 14615 ;

if (10 > 5) {

puts("yes, 10 is greater than 5")
} else {

puts("holy monkey, 10 is not greater than 5?!")
}

R IZITEI "yes, 10 is greater than 5",
W4 Monkey N T unless, WIATLOKE b1 A S Bl T IR «

unless (10 > 5) {

puts("holy monkey, 10 is not greater than 5?!")
} else {

puts("yes, 10 is greater than 5")
}

X AER RS, FRAREAEAERE . unless &2 —PUFARTY.
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FATTAGE ) Monkey A BN unless BIRE 4 BIUBIAYIAERICHE, &
AL AT, HTET BT PR B SRR T SR LB BT I 2R unless ikt
(9 AST 455, SRJE1) Eval sRERIN— 8T case 73 SORALBILEXANE 19 A, X 25]
ARZ TAE,

AR, BESR Monkey P 7%, ARAFEALY & Monkey AR &, st A
EREERTT TS . AST . 1B Hr4s Fll Eval, Tl LLK: unless fE—N5%
paown

unless(10 > 5, puts("nope, not greater"), puts("yep, greater"));
// #&: "yep, greater"

XIS H 2 FTE1"yep, greater",

FE, XF ARG — 3 0 RO o AT 2 A0 T T AR 50, #emgigie,
XBACH AR BEIZ T . WL, EACIE R unless — AN pRg, AR ARESICH:T%
W TAE, 7EXT unless I EMSREZTHT, puts RIS EPioRE, K 2HTED
"nope, not greater"fil"yep, greater". X /AEIRATHIEMLE

BVER—A %, unless M TAE U SATHIEE N 52—k o B e E L Ff1Es
TNE A ) ExpandMacros BRELT RIS — T 45

// evaluator/macro_expansion_test.go

func TestExpandMacros(t *testing.T) {
tests := []struct {
input string
expected string

H
/7 [...]
{
let unless = macro(condition, consequence, alternative) {
quote(if (!(unquote(condition))) {
unquote(consequence);
} else {
unquote(alternative);
1)
};
unless(10 > 5, puts("not greater"), puts("greater"));
“if (1(10 > 5)) { puts("not greater") } else { puts("greater") }°,
})
}
/7 [...1]
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MBI E XA unless 223 quote #i T 1f £c4A)HY AST, WASHN T 2R
TEM TS84, JHEH unquote ¥4 condition. consequence Fl alternative
X 3NSHUGHAE] AST o FEMNHBIAR R, FATR 17X AH0E SR % DA
B AST £5 5 FRATIEE S5 .

PRAEAY AR . AGE R TS XA Al EARENS @ g S FOR 40 5 AR AS Y
{45, 1458 Monkey '%7 f3ifH macro. quote il unquote ELHYRAIFTAG? JEAY, IXLLHR
AL

$ go test ./evaluator
ok monkey/evaluator 0.009s

JERE SRR —TF T,

5.6 #EREPL

REASAEM A IR ARG, BeZA NuidEw s, (B2, BRAEATRIAE REPL
T, IR A B SEbF REON A Z R LTS S RETE Monkey 9 REPL
SN R e

N HER A A D REE .
T JCE N REPL IR AI— U2 itk s 38 -

// repl/repl.go

func Start(in io.Reader, out io.Writer) {

/7 ...
env := object.NewEnvironment()
macroEnv := object.NewEnvironment()
/7 ...
}

Eval iM% AR —RE LA 1Y env, {HJE8 10 macroEnv 2145 4 DefineMacros
HI1 ExpandMacros.

i F REPL BB T TAER, BATANEHTAY ast.Program, FEILILIEE N HSERE
VBB, 7E REPL B EIEHH, BRSNSl —172 )5, ¥ ast.Program f&i# 25
Eval ZHj, Al LAMEAZY JRIE .

// repl/repl.go

func Start(in io.Reader, out io.Writer) {
/7 [...]
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for {
/7 1.0
program := p.ParseProgram()
/7 ...
evaluator.DefineMacros(program, macroEnv)
expanded := evaluator.ExpandMacros(program, macroEnv)
evaluated := evaluator.Eval(expanded, env)
/7 1.1

¥

SEFE BLXEENZE ! BLAE Monkey AHY THEH Ta2802, %4 T B A, BifE
Al LAFE REPL H i % 7!

BT REPL I TAEL 2, TEIE—1THHA unless MYE L, (HIUAKRK, Tk
SEA R, PG BAEA THNFOR AT . AR AMBRIA AT, # unless A X
AN —17

$ go run main.go

Hello mrnugget! This is the Monkey programming language!

Feel free to type in commands

>> let unless = macro(condition, consequence, alternative)\

{ quote(if (!(unquote(condition))) { unquote(consequence); }\
else { unquote(alternative); }); };

A s, BATIRT LUBCE M BT A, BRE 1A, F AT AR

>> unless(10 > 5, puts("not greater"), puts("greater"));
Greater

5.7 XTRERI—LiziE

RXANERGGBE R, RESI—LLAR R ar 3, Hean g S HIR AR R AR
W, B, eSS, X oRRR T FRAINOZES] A58, M
U 1R SR SE B A AR M i KW T o AR ARG ] DL INGE K SEL L DR
FP A, R A SO R AR

TEA RS SR, S— R AR TR, AR “DHRIARTE” . X —IiR
MECEN A AR, (B T A R R R R, RANEZ AR X — A, (HE
FHERXHHE . WRICBAT FRRSENESC TR BERY M, IR 23wl oA 3
K55 o TR RGEHZ X RS AR S, 3K
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WERRHB UL, AT 7E R G050 WA F R A BRI BE JT o VB0 Monkey #2711,
H AT AP AT IR e ), (HIR Rl B, tingws — Lo EEN A . XITl
3R IICESAFA K ZY TR AT SRS B 3 A H R JCAE BB S 19 AST 15 45
SR TRE T, BB il A% (macro hygiene ) X381, IR C
R S 2R,

WESR AR i — Mot H T IR 2 R GEAR WA Pk, AR AmtInliEsise, gt —
NATREMITHIE .

H i B et 3ak L3845 quote Fl unquote, XAEMM—NE SBIEANEETE quote
WA return B let EAVEASEL HEFrasss b 2, HoRFRE
AR BB B ast . Expression 257

{HANSHKE quote A1 unquote JJl il FH BN A4 S B 5 A2 I I © A9 AST 19, 3t
RELEXT R IR AP AR AST WRMEASE, §RIEE e . it il Dife
AZRIRAFIEA) T A0 B AST 19 5, IR AR A AT ARE— 24" AR T 147

SR AT DB HeE AL 45 quote/unquote TR, A4 AT ISR X AR A F1 »

quote() {
let one = 1;
let two = 2;
one + two;

}
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let plusToMinus = macro(infixExpression) {
quote(unquote(left(infixExpression)) - unquote(right(infixExpression)))

}
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