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o EARZER! (Primitive Type)

Fr=2EA! (Scalar Types) : bool, char. int. float
E4%A (Compound Type) : #H. JTiA
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python’
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o FSRBRG: WmIFFNOERBIP—HE
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//python t#5
def foo(x):
if x ==

//foo HIEZEM A ?
print(foo(10))
print(foo(1))

return "bingo!"
return X

print(foo(10) + foo(1))

#: python factorial.py
10

bingo!
Traceback (most recent call last):
File "factorial.py", line 11, in <module>
print(foo(10) + foo(1))
TypeError: unsupported operand type(s) for +: 'int' and 'str’




B AA vs §5AH
o mRBIRG: —RARIFIN LRI
o S5XRBRA. HEfaNE#®, REEZLE

//python{#3
1 + True; 2 = 1 + true; 2
1+ '2%; RRIEHIR = '1" + true; g
10+ True; |[EESESEERES =1+ "2°; 51
=1+ "2%; 4202501
//Javascript ft#5 //Javascript (45
1 + true; 2 = 42;
1+ '2'; 12" "42";
'1' + true; "1true’ [42];
5 false
true
true

Javascript Equality Game: https://eqeq.js.org/
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o BETHSIEEN X RRFFATIERBOIR A F LB S th
o FEIRFFRRTT: AEMERE, ZEiZFRSI
o ERFIRTT: MERS|, HESSHNERE
let g:i32 WRFF | 1ERE (1) ] RE
fn fib(x:132) -> int { & global 0x0000 132
if (x <= 1) { fib global 0x0100 (i32) » i32
) return x; main global 0x0101 (void) - void
let a = fib(x - 1); X fib 0x1100 132
let b = fib(x - 2); a fib ox1101 i32
let r=a+b; b fib 0x1102 i32
return r;
} r fib 0x1103 i32
r main Ox82d0 i32

fn main() {

let r = fib(10) + g;

}
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ERE Tt (ARE)
let g:132 = 10;
fn fib(x:132) -> int { //scope fib: available {g, x}

if (x <= 1) {
return Xx;

}
let a = fib(x - 1); //{ scope 1: available {g, x, a}
let b = fib(x - 2); //{ scope 2: available {g, x, a, b}
let r = a + b; //{ scope 3: available {g, x, a, b, r}

return r;
// end scope 3 }
// end scope 2 }
// end scope 1 }

¥

fn main() { //scope main
let r = fib(10) + g;
}

{EREBZ B RFXFR: fib>1>2>3
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s ERIESFRARER
s REMFEREHAEENMEEF
o ASTIE R IFasIMELE T ITEER, SHIFEHRIE

el




il TealB S MIFRTE AKHYIEAN

(varDeclStmt | fnDef [ fnDef

let [ varDef | ; fnSign] { [(varDeclStmt| }

‘typedScalarDecl] = id let varDef 5
main
[ lgd ) tiy3p2e ) (scalarDecl] = [ rValue |

[

10
let g:i32 = 10;
fn fib(x:132) -> i32 {
if (x <= 1) {
return x;
} - .
let a = fib(x - 1); [ id | ( [argList | )
let b = fib(x - 2); fib

let r a + b;
return r;

}

fn main() {
let r = fib(10) + g;

}



EERLTE => ERHR

varDef

id [type][num] [fnSign] [fnSign][ Body |

g i32 10

@ param | (type] [ if | |varDef| [ret] varDef

fib i32 main
r\
X 132
fib

LN (num | 2l (num] num

x 1 X 2 10
@ =259
1'. T=3|H
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varDef

id [type][num] [FnSign] l Body l [fnSign][ Body |
g i32 10
d [ param ][type]
fib i32 main
X 132
FRiR {ERE &5l £ 3ie
g global 0x0000 i32
fib global 0x0100 (i32) » 132
main global 0x0101 (void) - void
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fERE: fib

FRIRTF {EmE =5l AKE
X fib 0x1100 132
d
b
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g:132

P
xX:132
0x1100

a

X X
_9x1100 0x1160

X b
0x1100

{ERE: fib

X r
0x1100

N
P

a b

J

FRIRTF {EmE =5l AKE
X fib 0x1100 132
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g:132
X:132
0x1100
d X X
Ox1101 0x1100 0x1100
X a b
0x1100 0x1100 L ox1101
R {ERE &5l KB

X fib 0x1100 i32
a fib:scopel ox1101
b
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FRRAGESIME: b

g:132
\ \
(O \ \
X:132
0x1100
a X b X r r r
0x1101 0x1100 0x1102 Ox1100
X X a b g
0x1100 0x1100 ___oxl1e1 0x1182
FRIRFF {ER &3l E: il O —ptsm
X fib 0x1100 132 @ uE=6
a fib:scopel ox1101 @ =831/
7=
b fib:scope2 0x1102 FEASIH
r
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(/3

a

0x1103

Ox1101 ©x1102

g:132
)
@ o
X:132
0x1100
a X b X r
Ox1101 0x1100 0x1102 0x1100 0x1
X
0x1100 ©x1100
R {ERE &5l KE
X fib 0x1100 i32
a fib:scopel 0x1101
b fib:scope2 0x1102
r fib:scope3 0x1103
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23 /// Represents a compiled module containing all global variables and functions.
24 /// This is the top-level container for the generated IR output.

25 Vv pub struct Module {

26 /// A map of global variable names to their definitions.

27 pub global_list: IndexMap<String, GlobalVariable>,

28 /// A map of function names to their compiled function representations.

29 pub function_list: IndexMap<String, Function>,

30 ¥

https://github.com/tea-compiler/teac/blob/main/src/ir/module.rs
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MNIBRE: BheRT=E
41 v fn generate(&mut self) —> Result<(), Error> {
42 let input = self.input;
43
A // Pass 1: handle ‘use statements so imported symbols are available.
45 for use_stmt in input.use_stmts.iter() {
46 self.handle_use_stmt(use_stmt)?;
47 }
48
49 // Pass 2: register all declarations and definitions (signatures only).
50 for elem in input.elements.iter() {
51 use ast::ProgramElementInner: :x;
52 match &elem.inner {
53 VarDeclStmt(stmt) => self.handle_global_var_decl(stmt)?,
54 FnDeclStmt(fn_decl) => self.handle_fn_decl(fn_decl)?,
55 FnDef(fn_def) => self.handle_fn_def(fn_def)?,
56 StructDef(struct_def) => self.handle_struct_def(struct_def)?,
57 }
58 }
59
60 // Pass 3: generate IR bodies for every function definition.

https://github.com/tea-compiler/teac/blob/main/src/ir/gen/module_gen.rs a



SNNMTEHAE: FERTEMAFSER

317 v fn handle_global_var_decl(&mut self, stmt: &ast::VarDeclStmt) —> Result<(), Error> {
318 let identifier = match stmt.identifier() {
319 Some(id) => id,

320 None => return Err(Error::SymbolMissing),
321 ¥

322

323 let dtype = Dtype::try_from(stmt)?;

324 let initializers = if let ast::VarDeclStmtInner::Def(d) = &stmt.inner {
345 self.module

346 .global_list

347 .insert(

348 identifier.clone(),

349 GlobalVariable {

350 dtype,

351 identifier,

352 initializers,

353 +

354 )

355 .map_or(0k(()), |v]|

356 Err(Error::VariableRedefinition {

357 symbol: v.identifier,

358 1)

359 1)

360 )

https://eithub.com/tea-compiler/teac/blob/main/src/ir/gsen/module gen.rs e
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83 Vv pub struct FunctionGenerator<'ir> {

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

}

/17
/117
pub
i
pub
/117
i
i
pub
/17
/17
/17
/17

Shared type registry containing struct and function type definitions for

the whole module.

registry: &'ir Registry,

Reference to the module's global variable map, used during variable lookup.
global_variables: &'ir IndexMap<String, GlobalVariable>,

Map of currently visible local variables, keyed by their sourck—level name.
Variables are inserted when declared and removed when their enclosing scope
exits.

local_variables: IndexMap<String, LocalVariable>,

A stack of scopes. Each entry is the list of local variable names introduced
in that scope, enabling bulk removal when the scope exits via [exit_scope’].

["exit_scope ]: FunctionGenerator::exit_scope

scope_locals: Vec<Vec<String>>,

/17
pub
/17
pub
i
/117
i
i
pub
/17
/17
pub

The flat list of IR statements being accumulated for the current function.
irs: Vec<Stmt>,

The function's formal parameters as local variables.

arguments: Vec<LocalVariable>,

Counter for allocating unique virtual register indices; incremented by

["alloc_vreg'].

[*alloc_vreg ]: FunctionGenerator::alloc_vreg

next_vreg: usize,

Counter for allocating unique basic block label indices; starts at "1°
because index '@° is reserved for the implicit function-entry block.
next_basic_block: usize,

[ P Y Y LN P Py £ Il [P £ Ry A P R P A Y S LR ¥ o T I
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176
177
178
179
18e
181
182
183

' 184

185
186
187
188
189
19e
191
192
193
194
195
196
197

/17
/17
/17
/17
/17
/17
/17
pub

/17
/17
/17
/17
pub

KBS : FRRFHER

e

Pushes a new empty lexical scope onto the scope stack.

Call this before entering any block (e.g., "{°

that variables declared inside can be tracked
[exit_scope’].

["exit_scope’]: FunctionGenerator::exit_scope
fn enter_scope(&mut self) {
self.scope_locals.push(Vec::new());

Pops the innermost lexical scope from the scope stack and removes all local

in the source language) so

and later removed by

variables that were introduced in that scope from [ local_variables'].

["local_variables ]: FunctionGenerator::local_variables

fn exit_scope(&mut self) {
if let Some(locals) = self.scope_locals.pop()
for id in locals {

{

self.local_variables.shift_remove(&id);

[ P Y Y LN P Py £ Il [P £ Ry A P R P A Y S LR ¥ o T I
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462 v pub fn handle_while_stmt(&mut self, stmt: &ast::WhileStmt) -> Result<(), Error> {
463 let test_label = self.alloc_basic_block();

L64 let true_label = self.alloc_basic_block();

465 let false_label = self.alloc_basic_block();

466

L67 // Jump unconditionally into the loop test from the predecessor block.

468 self.emit_jump(test_label.clone());

469

470 // Emit the loop condition test.

471 self.emit_label(test_label.clone());

472 self.handle_bool_unit(&stmt.bool_unit, true_label.clone(), false_label.clone())?;
473

474 // Loop body; ‘continue’ » test_label, “break™ » false_label.

475 self.emit_label(true_label);

476 self.enter_scope();

477 for s in stmt.stmts.iter() {

478 self.handle_block(s, Some(test_label.clone()), Some(false_label.clone()))?;
479 }

480 self.exit_scope();

481 // Back-edge: jump back to the loop condition.

482 self.emit_jump(test_label);

483

484 self.emit_label(false_label);

485 ok(())

486 }

httne://cithiith com /tea-caomniler/teac/bloh/main/crec/ir/fiinction re



(ERESFE KRB ERZE D)

fn foo(n:1i32) -> 132 {
while (n>0) {

Bix: T=xKERA

SAEREENEFSRF

fn foo(n:i32) -> 132 {
while (n»0) {

let x:132; AR Ex, BERER/)

tHix: TEXKREH




(ERESFHRRE wE ()R]

fn foo(n:1i32) -> 132 {
let x:132; =i kg
if (n>0) {
let x:i32; iR, EEA

ST ERCEAERBEERT

X

il

fn foo(n:i32) -> 132 {
if (n>0) {
let x:132; FH#. F=BATS

¥

else {
let x:132; F#fy: FEBRTS




TealB S PHIERTEFRHEX

fn foo(n:i32) -> i32 {

=R + n; 2 B BA AN oK B BV U Te o<

return Xx;

}
let x:i32

let a:i32 ;
let x:i32 ; o BRI Hr, BHEIREIASHF

let x:132 = 0O;
fn foo(n:132) -> 132 { EREEMEMTEAILIESR

let = X + n;

return Xx;
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164 Vv pub fn lookup_variable(&self, id: &str) -> Result<Operand, Error> {
165 if let Some(local) = self.local variables.get(id) {

166 Ok (Operand: :from(local))

167 } else if let Some(global) = self.global variables.get(id) {
168 Ok (Operand: :Global(global.clone()))

169 } else {

170 Err(Error::VariableNotDefined {

171 symbol: id.to_string(),

172 1)

173 }

174 }

httne://cithiith com /tea-caomniler/teac/bloh/main/cre/ir/fiinctiaon re
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TealB S PHYRERG)RE: T ALIFE

fn foo(x: 132);

fn foo() -> i32; TealB = BT St T E S,

X¥FREA: AERMFSRPIERNEET

FRRFF {ERE &3l RE
foo global Oxadc2 (i32) - void

foo global Oxbc70 (void) » 1i32




TR IE RS : R HUE AR

375 Vv fn handle fn decl(&mut self, decl: &ast::FnDecl) -> Result<(), Error> {
376 let identifier = decl.identifier.clone();

398 if let Some(ftype) = self

399 .registry

400 .function_types

401 .insert(identifier.clone(), function_type.clone())

402 {

403 if ftype != function_type {

404 return Err(Error::ConflictedFunction { symbol: identifier });
405 }

406 }

httne://cithiith com /tea-caomniler/teac/bloh/main/cre/ir/fiinctiaon re a
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o EAifisRHY
FREAA: 132, bool
EaAE: ¥
e HENXZER: {FHMHstructiE X
o AN (FRSRBRY)
o KBNS : AREFHEMRRFTFMRIENFHE L
o REKWE: PN SHREERHTECHEHTRHERENK
o KBVEHE: IFRITNKBIGEIR?




K3

fn foo(SR) -> i32;

Y (o) g =S 151

fn main() {

foo (I§88l) ; SHRAEIR
}

fn main() {
let a;
let b;
: b = a; To LR E afnbly AR
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R ERNL KBEER 23R

a: i32 X: Ty IX] = Ty

0 N IN] = i32

a = b; X =Y IX] = [V]

a + b; X bop Y IX] = [V] = [X+Y]
c=a+b; Z = X bop Y IX] = [V] = [X+Y] = [Z]




1 -

varDef

2 R1g B

program

‘ [type][num]

[fnSign]

g 132 10

fnDef

fnDef

[fnSign][ Body]

d [param ][type] [ if ] (varDef| [ret] varDef
fib i32 main
fnCall +
rVal ][ 1d ] param
fib
[g] = 132 ' ]
[e] = [16@]
[10] = 132 id id
10
IR | (R %3 SR .
: @ =55
g global 0x0000 i32 ‘ B2 H
fib global 0x0100 (i32) -» i32
main global 0x0101

(void) - void °




1 -

varDef

2 R1g B

[fnSign]
g 132 10
d [param][type] [ if ]
fib i32
[a] = [b]
[a+b] = [r]
FRIRFT {ERE 5| it
X fib 0x1100 i32
a fib:scopel 0x1101
b fib:scope2 0x1102
r fib:scope3 0x1103

[fnSign][ Body]




&% R AN

KGR KBEEN )R

a>b X cmp Y IX] = [Y], [X cmp Y] = bool
a 8& b X lop Y IX] = [Y] = [X lop Y] = bool
if(a){...} if(X) IX] = bool

while(a){...} while(X) IX] = bool




il Z)RIEEY

varDef

Cprogran

[fnSign][ Body]

(varDef| [ret] varDef
main
fnCall +
r
i rVal ][ 1d ] param
fib 3
[x] =
[1] =
[x<=1] = F o
10
KRR e R %3] 4
X fib 0x1100 i32
ﬁkééﬂd=ﬁ
a fib:scopel ox1101 ‘ L=
7R B
b fib:scope2 0x1102 ’ Z=5/H
r fib:scope3 0x1103 e
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KRG R=Hl REBE 2R

foo(a, b); F(X, Y) [F1 = (IXI, OYD) -> [F(X, Y)I

return a; F(X) -> Ty { F1 = ([X])->Ty, [Y] = Ty
;ééurn Y;




il Z)RIEEY

varDef

[fnSign] Body [fnSign][ Body |
g 132 10
‘D ( param |(type] [ if ] vafDef varDef (varDef| |ret] varDef
fib i32 main
varDecl <= ret | fnCall fnCall +
a b / r r
id id JE) ic ‘M  rval ][ id ] param
x 132 x 1 x| fib fib a b
[x] = [1] = [x-1] - L
[1] = i32 o
o o a nu 1 num
[fib] = ([x-1])->[fib(x-1)] X x o
[a] = [fib(x-1)]
AR | (A %3l 23 @ =7
g global 0x0000 32 @ 2317
fib global 0x0100 (i32) » i32
main global ox0101 (void) -» void




il Z)RIEEY

varDef

[fnSign][ Body]

g 132 10
d [param][type] [ if ]
fib i
fnCall
! . i i r‘Val ][ 1d ] param
fib a b
[fib] = (i32) -» i32
[r] = i32 1“ i i
FRIRTF {ER ] RKE
g global 0x0000 i32
fib global 0x0100 (i32) » i32
main global ox0101 (void) -» void




2RI HILE R

EREE:
[g]l = 132

[g] = [16]
[10] = i32

maineR 3 :

[main] = (void)->void

[fib] = ([10])->[fib(10)]
[fib(10)] = [8] = [ruainl

let g:i32 = 10;

fn fib(x:132) -> i32 {

if (x <= 1) {
return Xx;

}

let a = fib(x -

let b = fib(x -

let r = a + b;

return r;

}

fn main() {
let r = fib(10) + g;
}

fibeR % :

[fib] = ([x])->1i32

[rep] = 132

[x] = 132

[x] = [1]

[1] = 132

[x<=1] = bool

[x] = 132

[x] = [1] = [x-1]

[1] = 132

[fib] = ([[x-1])->[fib(x-1)]
[a]l = [fib(x-1)]

[x] = [2] = [x-2]

[2] = i32

[fib] = ([[x-2])->[fib(x-2)]
[b] = [fib(x-2)]

[a] = [b] = [a+b] = [resl
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* Find(x):
KEeEE®

e Union(x, y):

S, XFFEHFELE TR

BEIEETERES

XMy NES

while(getPair()!=NULL){
[p,q] = readPair(p,q);
pset = find(p);
gset = find(q);
if(pset gset)
continue;
else union(p,q);




NRAAEEREXE

[g] = 132 s1:{i32, [10], [gl}

[gl = [10]

[10] = i32

[fib] = ([x])->132 s1:{i32, [10], [gl, [xI, [rsl}

[rep] = 132 ) )

[x] = i32 S2:{[fib], ([x])->132}

[[X]] = [[1]] Sl:{i32: [[1@]]: [[1]]: [[g]]: [[X]]: [[Pfib]]}

[1] = i32

[x<=1] = bool S3:{bool, [x<=1]}

[x] = 132

[[X]] = [[1]] = [[X_l]] 51:{132) [[1@]]: [[1]].' [[g]]: [[X]]: [[Pfib]]J [[X'l]]}
[1] = i32

[fib] = ([x-1])->[fib(x-1)]| S2:{[fib], ([x])->i32, ([x-1])->[fib(x-1)]}
[a]l = [fib(x-1)] sa:{[a], [fib(x-1)]}




NEAAESE

[x]
[2]

i32

[fib] = ([[x-2])->[fib(x-2)]

[b] = [fib(x-2)]

[2] = [x-2]

F3 5K %

s1:{1i32, [1e], [1], [2], [gl, [xI, [r¢ls
[x-1], [x-2]}

s2:{[fib], ([x])->i32, ([x-1])->[fib(x-1)],
([x-2])->[fib(x-2)] }

S4:{[a], [bl, [fib(x-1)], [fib(x-2)]}

[a] = [b] = [a+b] = [respl

$1=S1US4:

{132: [[1@]]1 [[1]]1 [[2]]1 [[g]]) |IX]]) Hrfib]]J [[X'l]]:
[x-2], [a], [b], [fib(x-1)], [fib(x-2)]}

[main] = (void)->void

S5:{(void)->void, [main]}

[fib] = ([10])->[fib(10)]
[['Flb(l@)]] = [[g]] = [[Pmain]]

S1:{i32, [1e], [1], [20, [el, [xI, [rel,
[Prainlls [x-11, [x-2], [a], [b], [fib(1@)],
[fib(x-1)], [fib(x-2)]}

s2:{[fib], ([x])->i32, ([x-1])->[fib(x-1)],
([x-2])->[fib(x-2)], ([1€])->[fib(10)] }



B 28 fift

51:{132, [[1@]], [[1]], [[2]], [[g]], [[X]], [[Pfib]]J [[Pmain]]J [[X'l]]: [[X-Z]], [[a]]:
[b], [fib(10@)], [fib(x-1)], [fib(x-2)]}

S2:{[fib], ([x])->1i32, ([x-1])->[fib(x-1)], ([[x-2])->[fib(x-2)],
([10])->[fib(10)] }

S3:{bool, [x<=1]}

S5:{(void)->void, [main]}

[g] = 132
[a] = 132
[b] = 132

> [rel = 132
[Fpazell = 132
[x<=1] = bool
[fib] = (i32) -» i32
[main] = (void)->void
[fib(T3)] = i32




S RAN|: #2R

RERNL] KIBERERN )R

{0, 1} {M, N} [{M, N}] = &i32

{0; 1} {M; N} [{M; N}] = &i32

let a[1@0]: i32 | X[I]: Ty [X] = &Ty

b = a[i]; Y = X[Z] [z] = 132, [V] = [*X], [X] = &[*X]

a[i] = b; X[Z] = Y [z] = i32, [X] = &[Y]




SED RPN FEFR

WRERN: KBEERN 2R

struct Foo { struct ST { [ST] = [A, B] = (Tyl, Ty2)
a: i32, A: Tyl,
b: i32, B: Ty2,

} }

foo.a = d; X.A =Y [X.A]l = [Y], [X.A, _] = [X]
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struct Position { struct Location {
X:132, X:132,

y:132 y:132
} }

0
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// TeaiZ51tHg
fn fac(n:i32) -> i32 { [fac] = (i32)->1i32
if (n == 0) {
return 1;
} else {

let r = n * fac(n-1);
return r;

// TeaiZ=1t#3 // Crte5
struct List { struct List {
v:132, 132 data;

next List, struct List* next;

}) 4
4

[List] = ¢ = (i32, ¢) [List] = ¢ = (i32, &9})
= (132, usize)




R /D 1R[] 15 ]

fn foo(n:132) ESNESEN{
if (n <= 1) {
return n;

}
let x:i32 = foo(n-1);

AR 55i32/voidBt B Eh7 N
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fn f(n) {
if (n == 09) {
return 1;
} else {

fn f(f, n) {
if (n == 0) {
return 1;
} else {
let r = n * f(n-1);
return r;

let r = n * f(f, n-1);
return r;
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