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352 auto result = new literal_s

- RIENX N8l |
syntax_tree.h ~/2018.2/4RiF[REM A (H)/myRun/ta/2018f/impl/zd R HLE X Br X
; — S — Go to Declaration “F12 ————
not indexed as array Peek Declaration AN 1z fralsynt.
135 virtual void accept(syntax_tree EXERA SR 38 o
visitor) override final; RIS X OF
136 }; o o
138 // Expression constructed by a lite gsm4 38\/
139 struct literal_syntax : expr_syntax
SHEE=SYIICS A Switch Header/Source X O
140 { Navigate... N
141 bool 1s_int; HEXEPNRS... R
142 int intConst; BRI THEXFNFS... O®R
143 double floatConst; SSTH... o%p
144 virtual void accept(syntax_tree_visrtor «

visitor) override final;



10

11
12
13
14
15
16
17
18

19

antlrcpp::A class cl_recognizer::ClParser::CompilationUnitContext

(ClParser::CompilationUnitContext xctx)

{

auto result = new assembly;
result—>1line = ctx—>getStart()->getLine();
result—->pos = ctx—>getStart()->getCharPositionInLine();

ctx—ﬁi o

for (@ accept std::__1l::vector<antlr4::tree::P
{ @ addChild arselTree x> antlr4::tree::ParseT
1 & children ree::children

) @ copyFrom
{ @ decl

File: ParseTree.h
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11
12
13
14
15
16
17
18

19
20

21
22

23

antlrcpp::Any syntax_tree_builder::visitCompilationUnit

(ClParser::CompilationUnitContext xctx)

{

auto result = new assembly;

result->1line = ctx—>getStart()->getLine();
result->pos = ctx—>getStart()->getCharPositionInLine();

ctx—%i

for ( @ depth
{ & EMPTY
i@ enterRule
) & exception
{ @ exitRule
@ funcdef
@ getAltNumber
@ getRuleContext
@ getRuleContexts
@ getRuleIndex
@ getSourceInterval
} @ getStart

size_t antlr4::RuleContext::getR
uleIndex() const

+1 overload
File: RuleContext.h
>();
. iZ
Edin
ybal_def_syntax>(def)



G+ syntax_tree_builder.cpp M CMakelLists.txt % ExternalAntlr4Cpp.cmake | @ M

1 cmake_minimum_required(VERSION 3.5)

2

3 add_definitions(-DFULL_IMPL)

4

5 set_property(DIRECTORY ${CMAKE_CURRENT_SOURCE_DIR}

6 PROPERTY EP_UPDATE_DISCONNECTED 1)

7

8 1ist (APPEND CMAKE_MODULE_PATH ${CMAKE_CURRENT_SOURCE_DIR}/cmake)

9

16 # compiler m .pref:*;-1ist <CMake Language Lists>' of directories sp
11 set(CMAKE_CX ecifying a search path

12 for CMake modules to be loaded by the " “include()'" or
13 # set variab *fjind package()'' commands before checking the defaul
14 set(ANTLRACP ¢ modules that come

file locatio with CMake. By default it is empty, it is intended to

15 be set by the project.
16 # add externac vurtu TuT anrtuLpp

17  include(ExternalAnt1r4Cpp)
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o« S3ATI0H 454
« 7> FFBfEvisitor pattern
o SERUAUHY

o [E/% ]




Labl-3 rthIi H 458 — CMakelists. txt




Labl-3 rthIi H 458 — CMakelists. txt

1. WE WA, 15250

éﬂ]: 8  1list(APPEND CMAKE_MODULE_PATH ${CMAKE_CURRENT_SOURCE_DIR}/cmake)

11  set(CMAKE_CXX_STANDARD 14)



G+ syntax_tree_builder.cpp M CMakelLists.txt % ExternalAntir4Cpp.cmake @@ M e
Lab 1 cmake_minimum_required(VERSION 3.5) XZ_
2 =
3 add_definitions(-DFULL_IMPL)
L]
5 set_property(DIRECTORY ${CMAKE_CURRENT_SOURCE_DIR}
iﬂ]l 6 PROPERTY EP_UPDATE_DISCONNECTED 1)
7
8 1ist (APPEND CMAKE_MODULE_PATH ${CMAKE_CURRENT_SOURCE_DIR}/cmake)
9
16 # compiler m .pref:*;-1ist <CMake Language Lists>' of directories sp
11 set(CMAKE_CX ecifying a search path
12 for CMake modules to be loaded by the " “include()'" or
13 # set variab **fjind package()'' commands before checking the defaul
14 set(ANTLRACP ¢ modules that come

file locatio with CMake. By default it is empty, it is intended to

15 be set by the project.
16 # add externac vurtu TuT anrtuLpp

17  include(ExternalAnt1r4Cpp)




Labl-3 rthIi H 458 — CMakelists. txt

1. WERA, BIEESH
2.build antlrdcpp:
. F|External Ant1r4Cpp. cmake, load and run.

16 # add external build for antlrcpp
17  include(ExternalAnt1r4Cpp)




Labl-3 o#h I H %58 — CMakelists. txt

1. W EhR 7

2.build a

3. fFHantlr

24
25
26
27

K, RS SH
ntlrdcpp
Acppib 1 exer flgrammarfs ) target B HK 4l

# Call macro to add lexer and grammar to your build dependencies.

antlr4cpp_process_grammar(cl_recognizer cl_recognizer
${CMAKE_CURRENT_SOURCE_DIR}/grammar/ClLexer.g4
${CMAKE_CURRENT_SOURCE_DIR}/grammar/ClParser.g4)



LLab:

1. WE
2. bui.

168
169
170
171
172
173
174
175
176
177
178
179

180
181
182
183
184
185
186
187

HHARHHBHHSHE Generate runtime HHHHHAHHHBHARHEREH
macro to add dependencies to target

Param 1 project name

Param 1 namespace (postfix for dependencies)
Param 2 Lexer file (full path)

Param 3 Parser File (full path)

output

antlr4cpp_src_files_{namespace} - src files for add_executable
antlr4cpp_include_dirs_{namespace} - include dir for generated
headers

# antlrd4cpp_generation_{namespace} - for add_dependencies tracking

HOH OH OH OH R H W W W W

macro(antlrd4cpp_process_grammar
antlr4cpp_project
antlr4cpp_project_namespace
antlr4cpp_grammar_lexer
antlrdcpp_grammar_parser)

X1



Lab1-3 43#7 30

1. B A, 12525

2.build antlrdcpp

ZEfn — (Makelists. txt

3. HantlrdcppibH lexer flgrammar{d #|target B HK i

4. Israpidjsonf) 5| H




Lab1-3 43#7 30

1. B A, 12525

2.build antlrdcpp

ot

b

¥ — CMakelists. txt

3. HantlrdcppibH lexer flgrammar{d #|target B HK i

4. ¥ Nrapidjsonft] 5|

5. P 1FA B grammar XA, ISIIACHR < R, BEHE



Lab1-3 43#7 30

1. BUERA, B HZ

2.build antlrdcpp

ZEfn — (Makelists. txt

3. HantlrdcppibH lexer flgrammar{d #|target B HK i

4. ¥ Nrapidjsonft] 5|

5. P 1FA B grammar XA, ISIIACHR < R, BEHE
6. Zm A B A P AT A Felr test




Lab1-3 43477

W BRI, IR E S
.build antlrdcpp
Jant1rdcppibF 1exer fllgrammarfs 2| target H 4
. s Iirapidjsonf] 5| H
I B grammar U, WS IR OS 8, B2

ORI R AT X el test
EkclrecognizerfJinstallation rules, LA fFLab2.

—7

N

zER] — CMakelists.

LXxt
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Labl-3 JpAr Tl H 458 - ZJBEIRIR

1. recognizer: EERHL

o IS ClLexer lexer (input) LA M CommonTokenStream tokens (&lexer) {5
#l| token ii:

e 1Y ClParser parser (&tokens) PLA parser. compilationUnit() 15
Zl| parse tree;

e JHJY ast = ast builder(tree) YW syntax tree builder, %
AST;

« FFIH AST {Enmain cop BEHtJy JSON Heafith




Labl-3 Zr#rIiH 458 - ypépdth

1. recognizer: EERHL
2.antlrdcpp: .g4 —> c+HJECHY
L. g42E R lexer fl parser HJ C++ fLhE




Labl-3 #rTiH 454 - ygipd ik

1. recognizer: EERHL
2.antlrdcpp: .g4 —> c+HJECHY
3. syntax tree builder: parse tree —> AST

?ﬁiﬁ\é‘?%_ T B A SR 4y, VT o] R 200 Jiparse tree, 4
;AST




Labl-3 #rTiH 454 - ygipd ik

1. recognizer: FEfEL
2.antlrdcpp: .g4 —> c+HJECHY
3. syntax tree builder: parse tree —> AST

4. syntax tree serializer: AST —> . json

¥+ Recognizer LA AST FHATHFI4L, i rapidjson 15
2 JSON #% =040
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Labl-3 visitor pattern

Lab2-2 104K F)



Labl-3 visitor pattern

e visitor pattern fif &R n] &L
e It should be possible to define a new operation for (some)
classes of an object structure without changing the classes.

o BERERFE— N FT I subclass AN R i
o« BAME?



Labl-3 Z5&Labl-3B##Visitor Pattern

[T

F visitExp() 1, ZRIEARXZ number B, A visit (humber)

// syntax_tree_builder.cpp
antlrcpp::Any syntax_tree_builder::visitExp(C1lParser: :ExpContext *xctx)

{

if (auto number = ctx->number())

return visit(number); // < X2



Labl-3 45&Labl-3BEf#Visitor Pattern

[T

£ visitExp () H1, H{RENX L number B, A visit (number)
syntax_tree builder 4fK HAbstractParseTreeVisitor

13 class|syntax_tree_builder : public ClParserBaseVisitor

17 class ClParserBaseVisitor : public ClParserVisitor {

17 class ClParserVisitor : public
antlr4::tree::AbstractParseTreeVisitor {

13 class ANTLR4CPP_PUBLIC AbstractParseTreeVisitor : public
ParseTreeVisitor {

14 public:

15 /// The default implementation calls <seealso

cref="ParseTree#accept"”/> on the

16 /// specified tree.

17 virtual antlrcpp::Any visit(ParseTree xtree) override {

18 return tree—>accept(this);

19_}



Labl-3 45&Labl-3BEf#Visitor Pattern

[T

£ visitExp () H1, H{RENX L number B, A visit (number)
syntax tree builder 4t HAbstractParseTreeVisitor
Bt DAk 220 4T number—>accept (syntax tree builder* )

13 class ANTLR4CPP_PUBLIC AbstractParseTreeVisitor : public
ParseTreeVisitor {

14 public:

15 /// The default implementation calls <seealso

cref="ParseTree#accept"”/> on the

16 /// specified tree.

17 virtual antlrcpp::Any visit(ParseTree xtree) override {

18 return tree—>accept(this);

19_}



Labl-3 %5i&Labl-3E

E visitExp() =

[T

frVisitor Pattern

0 MR A A number B, YA visit (number)

syntax tree builder 4t HAbstractParseTreeVisitor
Pt DA 4k 223 4 Tnumber—>accept (syntax tree builder* )
P2 Tsyntax tree builder—>visitNumber (number)

wie WF T W

1645 antlrcpp::Any ClParser: :NumberContext::accept
(tree::ParseTreeVisitor xvisitor) {

1646 if (auto parserVisitor = dynamic_cast<ClParserVisitorx>
(visitor))

1647 return parserVisitor—>visitNumber(this);

1648 else

1649 return visitor—->visitChildren(this);

1650 }



[T

Labl-3 45&Labl-3BEf#Visitor Pattern

£ visitExp () H1, H{RENX L number B, A visit (number)
syntax tree builder 4t HAbstractParseTreeVisitor

Pt DA 4k 223 4 Tnumber—>accept (syntax tree builder* )

P Tsyntax tree builder—>visitNumber (number)

U Ab?
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Labl-3 5& R fthg

e F18 | TerminalNode
e HEectx—> RightBracket ()
 // not exists —> nullptr
« F1E FNonTerminalNode

« Hffctx—> exp()
e // not exists —> nullptr



Labl-3 5% hY

o JI Wy BRI 2 AR 2 (al ternative) :
e I DA 1ZalternativefiH HterminalNodeik#& nonTerminalNode ¥

» terminalNode z54:
e LU ctx—> RightBracket ()
e // not exists —> nullptr —> bool : false
e // exists —> not nullptr —> bool : true

e nonTerminalNode Z54:
e Ltbin (decl | funcdef)+
o A]Actx—>childrenf§®lvector
o XHvectorJytER M AREFTHEL, 5 NIsZmFE P15 X.
o INEXTH AL, 1L dynamic cast<{ClParser: :DeclContext *> () H|Wf




Labl-3 5% hY

e 1. block syntax®H H’Gstmt syntax?decllg?

e 2. var def stmt syntaxZk& Hstmt syntax{F AstmtH]—7F,
{HZEBNF X V=R A H, VarDef FAEStmt B PNz —2

153 // Variable definition. Multiple of this would be both a
statement and a global definition; however, itself only

154 // represents a single variable definition.

155 struct var_def_stmt_syntax : stmt_syntax, global_def_syntax

156 {

e syntax tree. hE fjvar def stmt syntaxseHARSZI, FIEE1S
VEANFH —— Xt M.

o A MRS — XA SEH A R B I AL




—

Labl-3 5% hY

o« A ] i@
e std::bad castliEimTE T 4 ?antlrcepp: : Any X A& T WK 12

XNEERA BAM syntax_tree_builder.cpp BB EZIHEE.

// Returns antlrcpp::Any, which is constructable from any type.

// However, you should be sure you use the same type for packing and depacking the "Any  object.
// Or a std::bad_cast exception will rise.

// This function always returns an "Any’ object containing a “expr_syntax x .

antlrcpp::Any syntax_tree_builder::visitExp(C1lParser::ExpContext xctx){

}



—

Labl-3 5&Afthy

o« A [r)
e ptr_listMWiZ/EAMRIE?
o Hvectorl] /7¥Epush back (visit (somePointer). as<* syntax *>())#k
B UL A UL HC HY PR
o A ULECHIREE KON R ZEEERUA R
e BEDptr list® X

// Use unique postd::stringtype to reference stored objects
template <typename T>
using ptr = std::shared_ptr<T>;

// List of reference of type
template <typename T>
using ptr_list = std::vector<ptr<T>>;



11

Lab1-3 SERACHY
o Y n)
e ptr listWiZ/EAMR{E?

e HvectorH] J7vEpush back (visit (somePointer). as<k syntax *>())
E A UCHEL Y R A

« INERMEvector MR, Pl K somePointer 27,
e IN¥vectorEptr 1ist<T>
e WfE visit (somePointer).as<* syntax *>() #MHFHE—)

AR
o IMRA G R EETRE, At Edynanic_pointer cast () B

static pointer cast().

AR Wl TRED, Wi Eptr O

il
7




Labl-3 5&Afthy

* J;\/D;‘\g‘g/—%{‘){t%:
o WHMEHESHCER B E S I S50 8 — 3
o 5 PR BB ) iR R B0E Xt Ja re turn S8 T — £
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Labl-3 [AIZ @ — = pRZ

 enterRecursionRule :{FHMH & B IR BT TI/E
» unrollRecursionContexts AE R 2 OB A S R 5 17K & AN PRAT

TAE

e adaptivePredict WX T HidH adaptivePredict 1TFE.

* X

~ A

AR R AR 45, I B SOMEadE AT 7R, B

LL 43#rs S04 SLL 20 (NBEHBIR) .
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Ela) il — fEiRAbE




Labl-3 [B|Zf A @l — iR Ab3

HARSZH :
DefaultErrorStrategy
PASSEEL A S BE I Defaul tErrorStrategy. (cpp/h)

11  namespace antlr4 {

12

13 / %%

14 * This is the default implementation of {@link
ANTLRErrorStrategy} used for

15 * error reporting and recovery in ANTLR parsers.

16 %/

17 class ANTLR4CPP_PUBLIC DefaultErrorStrategy : public

ANTLRErrorStrategy {



Labl-3 [B|Zf A @l — iR Ab3

HARSZI -

Defaul tErrorStrategy.

AL S H R S ERE WDefaul tErrorStrategy. (cpp/h)
I

Defaul tErrorStrategy: :reportError ()

DefaultErrorStrategy: :recover ()

Defaul tErrorStrategy: :consumeUntil ()

aray
~F



Labl-3 [RIZF @ - =/*LL

e SLL:

The strong LL(k) grammars are a subset of the LL(k) grammars that can be
parsed without knowledge of the left-context of the parse. That is, each parsing
decision is based only on the next k tokens of the input for the current nonterminal
that is being expanded. A definition of the strong LL (k) grammars follows.

Definition: A grammar G = (N, T, P, S) is said to be strong LL(k) for some
fixed natural number k if for all nonterminals A, and for any two distinct A-
productions in the grammar

A-->a

A-->p

FIRST,(aFOLLOW(A)) N FIRST,(BFOLLOW,(A)) = @



Labl-3 [RIZF @ - =/*LL

e LL:

An LL parser is called an LL(k) parser if it uses k tokens of lookahead when
parsing a sentence. If such a parser exists for a certain grammar and it can parse
sentences of this grammar without backtracking then it is called an LL(k)
grammar.

Let G be a context-free grammar and k > 1. We say that G is LL(k), if and only if
for any two leftmost derivations:

1. = .= wiAa=> ..z wlha= ... = wr
2.8 = ... wAa= ...z wya= ... = Wy

Following conditions holds: Prefix of the string « of length k equals the prefix of the
y of length k implies 8 = 7y



Labl-3 [FIZ& @l - —*LL

o LLO) RARTEEWAN, SRS A 72 5 BB A
RS F— 7

o 1M1SLLCK) AT EEH B30, R EARYERE N R LR = R AT A B
fERBE— A2 A, SLL (B BLLL () B— AT, M SLL (k) 1,
AN T BB

« £ |
e SLL A1 LL AR B
« 1 H, SLL(k). LL(k)BIARVF = LW




Labl-3 [FIZ& @l - —*LL

o ALL (k) R FF (0077 B FEA N AR 2 (I e SR B A T4 b 28,
B AN BT S0 N — BT B

AT RO T 23 BT TG, 43T 5 S DT AL K
FROESH {5 B R, B R — AN DL I 0 F 54 5

o B P B SOPRE R AT  MEIG T AT 38, 407 38 2 i
FRAE P T 20 2 BN SR A S .

¢ AT, ALL G#) AT I, {ELR SV S0is— X

o TRIGHINEALL (¥)
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o L BF11vm—install/bin¥sinZ|PATH.
o EEH BRI
[t dlexport LD LIBRARY PATH=. /Libs for clr ref



LS B 11vm—install/bin¥s 02| PATH.
WEZclang —S —emit—11vm¥g H B 25 &

Tuﬁfﬁ'
FEAN B BON B — AN BT H RO R

o A label 5 FH—ANTHEUE.

o frfifireturnfl 5 H— 1 HIARE.

o  FEBBXT VA T SCHIN R B IS AR,

o TABBER T 5 —, #ELAbr&E .

axay
~F




R 1 1lvm—install/bin¥s N £]PATH.
W%iclang —S —emit—11vm¥ H ) 4h
BFEhttp://11vm. org/docs/LangRef. html

o Hf#alloca, align

o Hf#add, nsw, store, load, call
o HHEIT, br, ret

o R RECRAY, REUE X


http://llvm.org/docs/LangRef.html

HES ¥ 1 1vm—install/bin¥s i 3|PATH.

W %iclang —S —emit—11vm¥ H )4k 51
BFEhttp://11vm. org/docs/LangRef. html

%] 3zKaleidoscope HIH|F

(http://11vm. org/docs/tutorial /LangImpl03. html)

e [13£Code Generation Setup

e [%{:EFunction Code Generation
o HFEREUE XTI, ST T
o HMEBBRIE AL

BasicBlock: :Create
eSetInsertPoint
JGCreateBr



http://llvm.org/docs/LangRef.html
http://llvm.org/docs/tutorial/LangImpl03.html)de

W 1 1vin-install/bin¥s il £]PATH.
W%iclang —S —emit—11vm¥ H ) 4h
BFEhttp://11vm. org/docs/LangRef. html

%] 3zKaleidoscope HIH|F

S E Intellisense, 2% W %5

KL 7 APT


http://llvm.org/docs/LangRef.html

S

FHIX

Intellisense



Thanks
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102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

// for cond

UL R BT s R R

=t m P ttRer sl e smntdip, 4);
eer.om oall = S =" TN L 1 10));
il S e i, le _oepe, (SRS,

// for loop
bell b . Tac-rtPrint(far! ngr®’
autu x — Luseer i ma%on, mu_oaulxp, 4);

1 e T ] O T ) )
e s e s w i, (11 });

am ml = T Crm L O
il o=y sl .

// i++
a * e T il wllm om0 i
aute i3 0 e el T . De 1T.wel));

AL LesTeAl1gnedStore (13, ip, 4);
bulldr:  wrerm mdemeae);

// ret

SALH A e -,

e oL N R N L o L SRR L B D
il .0 e

theModule->print(outs(), nullptr);
delete theModule;
return 0;
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HIird 23a #8332 %n) |

s & el"ee 2T plfgr
el L
(L= N

.
d & i qi'2%_ r
br -

y = Labq .=.5

L

132+ . @apgm "
caimd AT, gl g, AL C

T %1, ", =1 A

ster= i, = ®m  *"ig= 4
br “ae” &IL
HELRIR1 o L
%F m I "q 0 =n3, 0
b 1 & ITdwl &) ", = i
HELIN- of [ gu
wcre fa" 1, I"2a= 3" »= a
B labe”™ &IL 1 jngp Ie r= 1m
;o= ERL>:9
1) = sl "% "32 ma1 1
Bl1 = ca"l T afi= B2 &%
I b o 32 %2, 2
w1, lild S PiEi32 ale
e = add " "32 W %
= e 132 &d. 132 E1, ol g
B .abel. LA

;y <labf .-l

%1" & B=me 132, 132% %1, ~lI=r- 4

refl T %16

define i32 @main() {

%1 for return va' -

%2 storm peram lr- &y

put n ta %l Jime 11 1.2 A2 . me
load %n T =d ird ==

%4 19 " == o

if %4. wm} 1 %5, ei_e I np 1 %6
reprefb o=l L. retuit ©

put ce== " =mi% *"rmrp W luefr pless
jump 1 il s L

repregioci s 1= E. o m id |

%7 1S " ==

if %7, m n &g, - ‘mp to ="
represpaal 1 = me Mol =

put co*== 1 *mto **m " il plrs

jump t sl bli L
represinii
%10 is =
%11 is ©I1(« °
%12 1= 2

%13 rE(n = =
%14 is =k (=

put %14
jump to

is
is
1 Jia(r -
wla goock
get mrr.sm.

returs

1= 1, MLT FRES = o

phar Ieoo = lae's place

CRTF T



