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BinOp
N
BinOp num
A 2 = %1
id id %2
a b
SR IEER = bl ZR IR

a + b;
%l * 2;
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o LLVM IRZ3E https://llvm.org/docs/LangRef.html

o 3FAL: FIEANITEMNITIR

@g = global i32 10

define 132 @fib(i32 %0) {
%X = alloca i32
store i32 %0, ptr %X
%g0 = load i32, ptr @g
ret 132 %go

}

define 132 @main() {
%0 = call i32 @Fib(i32 1)
ret 132 %ro; #: 11i foo.1l
} #: echo $?
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e EETE/RHMAFR: @name

c BT E/IGEITTE: %x. %0 (FAIEE, WFRSHFES)
@g = global i32 10 —— LT Eg
define i32 @fib(i32 %0) { —— GIERKEfib
%X = alloca i32 —— S| BIITE %x
store 132 %0, ptr %X
%g0 = load 132, ptr @g —— GEIGRTTE %0

ret i32 %go
}

define 132 @main() {
%re = call i32 @fib(i32 1)
ret i32 %ro;
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o KA. void. 32, i32*, 8. i8*, il, ptr
o #Z B 5L alloca

o HIBFEN: load/store

@g = global 132 10 > EREE@gFNAERETHEL

define 132 @fib(i32 %0) {
%x = alloca i32 > HEETE%x P EC=T(8], HB Hptr/i32*
store 132 %@, ptr %x > 15 GRS B %0IR 1 2 %xIB EIAI A 75
#g0 = load 132, ptr @8 — M#%etkEPI%E HIEETEE & %g0

ret 132 %go
}

define i32 @main() {
%r0 = call i32 @fib(i32 1)
ret i32 %ro;




o EN : define
o 1A : call

° ﬂi,” : ret

@g = global i32 10

define i32 @fib(i32 %0) { —— E#fib: FLHIH(i32)->i32
%X = alloca 132
store 132 %0, ptr %x
%g0 = load 132, ptr @g

ret i32 %ge > 1R [E]%g0
}
define i32 @main() { > R #main: AN (void)->i32

%0 = call i32 @Fib(i32 1)—— VEH & Hfib
ret 132 %re;




{FEAIvm-link T EL§&313E

declare i32 @fib( 132 )

define 132 @main() {
%re = call 132 @fib(i32 1)
ret 132 %ro;

define 132 @fib(i32 %0) {
%X = alloca i32
store i32 %0, ptr %X
%g0 = load 132, ptr @g
ret 132 %go

FEa.|I3Z A = AR oK # fib

TEb. N A E X R #ifib

#: 1lvm-1link a.1l1 b.1l1 -0 c.1l1




HAA KA FEY

o SREUMBLL: getelementptr

%1 = alloca [2 x i32] > Ol —2E#4R
%2 = getelementptr [2 x 132],
ptr %1, \
i32 o, > LA E bk
i32 0 > B3| AT E

store 132 99, ptr %2
%3 = load i32, ptr %2

@a = global [2 x 132] [i32 1, 132 2] —— £/ EFFAMFEIL
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v

%mystruct = type { i32, i32 } E X mystructZ #E A48
define 132 @main() {
%1l = alloca %mystruct

%2 = getelementptr %Zmystruct,

S mystruct BBV HIT R

v

ptr %1,

i32 o,

i32 @ > 3R Blmystructsf — Nk R RYFE T
store i32 1, ptr %2
ret i32 ©




8 % KT GEP
o getelementptriB SHISEN AT AL,

 https://llvm.org/docs/GetElementPtr.html

let x = p[1].f1;

%t0 = getelementptr %struct.foo, ptr %p, 132 1, i32 ©

%pl = getelementptr %struct.foo, ptr %p, 1
%t0 = getelementptr %struct.foo, ptr %p0, i32 0, 132 ©
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o N\ N ﬁ\ f%: add/sub/mul/sdiv

N =— Sl

o JZFoMIEHE . fadd/fsub/fmul/fdiv

%3 = add i32 %2, 1
% = sub i32 %3, 2
%5 = mul 132 %3, 3
% = sdiv i32 %4, 4
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b N :
o —%35%: icmp

o IS sgt/sge/slt/sle/eq/ne

%3 = icmp sgt i32 %2, © s: signed
%4 = icmp sge 132 %2, © g: greater
%5 = icmp slt i32 %2, @ l: less

%6 = icmp sle i32 %2, © e: equal
%7 = icmp eq i32 %2, © n:not
%8 = icmp ne 132 %2, ©
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LEsEIC

L :}}_?ﬁ zext
o BYH: trunc

%a =
%b =
%10
%tl
%t2
stor
%t3
stor

alloca 132

alloca i8

= load 132, ptr %a

= icmp ne 132 %to, ©
= zext 11 %tl to 132
e 132 %»t2, ptr %a

= trunc 132 %t2 to i8
e 132 %»t2, ptr %b

v

v

HKRUEEHR . 1=>i32

HKRUEEHR . 32=>i8
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%r = xor il %a, true — %a
%»r = and 11 %a, %b —— %a && %b
%»r = or 11 %a, %b —— %a || %b




fEHRIE <
- EHEBEE: br+ BIR
o AP br+ £+ BFRL+ BFR2

%2 = alloca i32

store i32 0, ptr %2

%3 = load i32, ptr %2
%4 = icmp sgt 132 %3, ©

br i1 %4, label %bbl, label %bb2 > ZAEDLE
bbl:

store i32 1, ptr %2

br label %bb3 - BiE

bb2:
store i32 0, ptr %2
br label %bb3
bb3:
%re = phi i32 [0, %bbl], [%3, %bb2]
ret 132 %re

}
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HIEREL
o SAHRAE: phi

%2 = alloca i32
store i32 0, ptr %2
%3 = load i32, ptr %2
%4 = icmp sgt i32 %3, ©
br i1 %4, label %bbl, label %bb2
bbl:
store i32 1, ptr %2
br label %bb3
bb2:
store i32 0, ptr %2
br label %bb3
bb3:
%re = phi i32 [0, %bbl], [%3, %bb2]T—
ret i32 %ro

WETFADER A%bb1, M|%r0=0
AR IR I%bb2, M%r0=%3

}
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bbl:

br i1 %a, label %bb2, label %bb3 > %a && %b
bb2:

br label %bb3
bb3:

%10 = phi il [false, %bbl], [%b, %bb2]

bbl:

br i1 %a, label %bb3, label %bb2 > %a || %b
bb2:

br label %bb3
bb3:

%10 = phi il [true, %bbl], [%b, %bb2]
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B . qIgASTENE A& IR

FnDef
FnDecl ] [codeBlockStthist]

(id J [parambecl ] [‘type bmﬂmQEEET”””?%%%£%%%::;77 [returnstmt |
fac . i32

boolExpr rightval

deBlockStmtList

(varDeclScalar| (varDeclScalar] [CO eplockstmtlis ]

v :

e 00 mE e

n 1 r i32 (assignstmt | (assignstmt |

lexprUnit] [(exprUnit]
| ][le-FtVal] (rightval| [leftval] [rightval] n

[ id ] [ num l ‘ l
n 0 id arithExpr id

fn fac(n:132) -> 132 { g (arithBiOpExpr| * " (arithBiOpExpr]| -
tet r = | ] ) | ) )
. arithExpr||arithExpr arithExpr||arithExpr

while n > 0 { | | |

r = pr * n; [expr‘Unit] [exprUnit] [expr‘Unit] [exprUnit]

n = n-1; ()

r n n 1

}

return r;




AST=>LLVM IR

o EAREES:
1) WBHAST, BIEE/ERB/ZER
2) BARAST, QIERERES
3) EIFEETRBERNAS
o KiE:
o RKIGRERSFTIH (br)
TERSFSIA (def-use)




REER %S F5]

o MR RELRERN LterminatorgsE : br/ret

fn fac(n:1i32) -> 132 {
let r = 1;
while n > 0 {
r=r * n;
n=n-1;

}

return r;

define

bbo:

bbl:

bb2:

bb3:

i32 @fac(i32 %0) {

br label %bbl
; while cond (test)

br 11 %cond? label %bb2, label %bb3

; while body (true)

br label %bbl
; after while (false)

ret




EHIRERENSF: BATERS

fn collatz(n:i32) -> 132 { define 132 @collatz(i32 %0) {

while n =1 { bbo:
if n%k2 == 0 { e
n=n/ 2; ret i32 ...
} else { }
n=3%n+1;

}
h define i32 @collatz(i32 %@) {
return n; bbo:

br label %test
cond: ; while cond (test)

bbO br 11 %tl1, label %body, label %after
= body: ; while body (true)
» cond » after L.
! br %wcond
body after: ; after while (false)

ret i32 ... e
1



EMBIF: EBIFATERS

bb0
» cond » after
body
I
v v
ifture iffalse
I |
v
ifafter

define 132 @collatz(i32 %0) {
bbo:

br label %bbl
cond: ; while condition

br 11 %tl1, label %body, label %after
body: ; while body; if condition

br i1 %t2, label %ifture, label %iffalse

BEENREE ; ir true branch

br label %ifafter

BEREIEEE ; ir false branch

br label %ifafter

br label %cond
aftter:

ret %r




s25 b
IR E

: continue/break

bb0 bb0
» cond » after » cond » after [«
body body
I I
v v v v
ifture iffalse ifture iffalse
ifafter ifafter
break

continue




TeacfXfL: R EE—FIES W I =return

43
44
45
46

78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

/// Returns an error if the function is not registered in the type registry,
/// an argument name is redefined, or the return type is unsupported.
pub fn generate(&mut self, from: &ast::FnDef) -> Result<(), Error> {

let identifier = &from.fn_decl.identifier;

for stmt in &from.stmts {

self.handle_block(stmt, None, None)?;

// Append an implicit return if the last instruction is not already a
// return. ~FunctionType::try from  whitelists return types to
// Void/I32 at registration, so any other variant here would be a
// broken invariant in the front-end.
if let Some(stmt) = self.irs.last() {
if Imatches!(stmt.inner, StmtInner::Return()) {
match &return_dtype {
Dtype::I32 => self.emit_return(Some(Operand::from(Q))),
Dtype::Void => self.emit_return(None),
other => unreachable!(
"function {} has return type {other} which \
FunctionType::try_from should have rejected”,
identifier

)s

https://github.com/tea-compiler/teac/blob/main/src/ir/gen/function gen.rs
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112 v pub fn handle_block(

113 &mut self,

114 stmt: &ast::CodeBlockStmt,

115 con_label: Option<&BlockLabel>,

116 bre_label: Option<&BlockLabel>,

117 ) -> Result<(), Error> {

118 match &stmt.inner {

119 ast::CodeBlockStmtInner::Assignment(s) => self.handle_assignment_stmt(s),
120 ast::CodeBlockStmtInner::VarDecl(s) => match &s.inner {

121 ast::varDeclStmtInner::Decl(d) => self.handle_local_var_decl(d),

122 ast::VarDeclStmtInner::Def(d) => self.handle local var_def(d),

123 }s

124 ast::CodeBlockStmtInner::Call(s) => self.handle call stmt(s),

125 ast::CodeBlockStmtInner::If(s) => self.handle if stmt(s, con_label, bre_label),
126 ast::CodeBlockStmtInner::While(s) => self.handle while stmt(s),

127 ast::CodeBlockStmtInner::Return(s) => self.handle return_stmt(s),

128 ast::CodeBlockStmtInner::Continue(_) => self.handle_continue_stmt(con_label),
129 ast::CodeBlockStmtInner::Break(_) => self.handle break stmt(bre_label),
130 ast::CodeBlockStmtInner::Null(_) => Ok(()),

131 }

132 }

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



TeacfCHRZSCIN : Whilei2qG]

390 Vv pub fn handle while_ stmt(&mut self, stmt: &ast::WhileStmt) -> Result<(), Error> {
391 let test_label = self.alloc_basic_block();

392 let true_label = self.alloc_basic_block();

393 let false_label = self.alloc_basic_block();

394

395 // Jump unconditionally into the loop test from the predecessor block.
396 self.emit_jump(test_label.clone());

397

398 // Emit the loop condition test.

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

400 self.handle_bool unit(&stmt.bool_unit, true_label.clone(), false_label.clone())?;
401

402 // Loop body; “continue’ - test_label, "break - false_label.

403 self.emit_label(true_label);

404 self.enter_scope();

405 for s in &stmt.stmts {

406 self.handle_block(s, Some(&test_label), Some(&false_label))?;

407 }

408 self.exit_scope();

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

410 self.emit_jump(test_label);

411

412 self.emit_label(false_label);

https://github.com/tea-compiler/teac/blob/main/src/ir/gen/function gen.rs w
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341 Vv

342
343
344
345
346
347
348
349
358
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365

pub fn handle_if_stmt(

a&mut self,

stmt: &ast::IfStmt,

con_label: Option<&BlockLabel>,
bre_label: Option<&BlockLabel>,

) -> Result<(), Error> {

let true_label = self.alloc_basic_block();
let false_label = self.alloc_basic_block();
let after_label = self.alloc_basic_block();

// Evaluate the condition; jump to the appropriate branch.

self.handle_bool_unit(&stmt.bool unit, true_label.clone(), false_label.clone())?;

// Emit the then-branch; a new scope is opened so that any locals are cleaned up.
self.emit_label(true_label);
self.enter_scope();
for s in &stmt.if_stmts {
self.handle_block(s, con_label, bre_label)?;
}
self.exit_scope();
// Jump past the else-branch to the merge point.
self.emit_jump(after_label.clone());

// Emit the (possibly absent) else-branch in its own scope.

self.emit_label(false_label);

htthe://cithith com/tea-combpiler/teac/hlob/main/<rc/ir/cen/fiinction cen re



TeacfCHZSCIN : labelZm=

166 /// Allocates and returns a new unique [ BlocklLabel::BasicBlock ] label, then
167 /// advances the internal counter.

168 wv pub fn alloc_basic_block(&mut self) -> BlocklLabel {

169 let idx = self.next_basic_block;

170 self.next_basic_block += 1;

171 BlockLabel: :BasicBlock(idx)

172 }

https://github.com/tea-compiler/teac/blob/main/src/ir/function.rs e
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o JHIRBR S 2z 8BRS X R
o IAMKER: FAAT =R load, EHfGIFstore

fn fac(n:132) -> i32 { define 132 @fac(i32 %0) {
let r = 1; bbo:
while n > 0 { %n = alloca i32
r r * n; %r = alloca 132
n n-1; store 132 %0, ptr %n
} store i32 1, ptr %r
return r; br label %bbl
bbl:
%tl = load 132, ptr %n
%t2 = icmp sgt i32 %tl, ©
br i1 %t2, label %bb2, label %bb3
bb2:
%t3 = load 132, ptr %r
%»t4 = load i32, ptr %n
%t5 = mul i32 %t3, %t4
store i32 %t5, ptr %r




s BERMBGE

NESE
e BINTE (/HT) REENX—X

c MRFEAABFRS, LIANROFIEEES (RERMTEZHLZ)
o WSFIA:
o BIEIRFT A TIRFERE, WMELURIERS ELE, BRESHIR
o HIMIGF (i) EHZEF—MIBRMLEZ
o A[IEMER:
KR HbbmSHAHF
EERE = A %x B IRE fh 3 =
IERT & FH%r1sk i F




Teac{CHESLIN: HE RS

145
146
147
148
149
15@
151
152
153
154
155
156

162
163
164

117
11/
11/
11/
117
11/
/17
pub

Allocates the next unique [ Localld ] and advances the internal
counter. Use [ fresh_local’ ] instead when a typed handle is wanted;
this raw-id form exists for passes (e.g. mem2reg's phi insertion)
that build their own [ Local’ ] by combining an id with a

context-specific type.

[ fresh_local  ]: FunctionGenerator::fresh_local
fn fresh_local_id(&mut self) -> Localld {

let idx = self.next_vreg;

self.next_vreg += 1;

LocalId(idx)

pub fn fresh_local(&mut self, dtype: Dtype) -> Local {

Local::new(dtype, self.fresh_local _id())

https://github.com/tea-compiler/teac/blob/main/src/ir/function.rs
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480
481
482
483
484
485
486

544
545
546
547
548
549
55e
551
552
553
554
555
556
557
558
559
560
561

/// Lowers a single expression unit to an [ Operand’ ].

/17

/// After resolving the unit's inner form, performs an implicit load for

/// addressable scalar pointers and for global “i32" values, so the caller

/// always receives a value-typed operand rather than a pointer.

fn handle_expr_unit(&mut self, unit: &ast::ExprUnit) -> Result<Operand, Error> {

let operand = match &unit.inner {

Ok(match operand.dtype() {
// Auto-load: dereference addressable scalar pointers (but leave arrays/structs as-is).
Dtype: :Pointer { pointee }
if operand.is_addressable()

&% !matches!(pointee.as_ref(), Dtype::Array { .. } | Dtype::Struct { .. }) =>

{
let dst = Operand::from(self.fresh_local(pointee.as_ref().clone()));
self.emit_load(dst.clone(), operand);
dst

}

// Auto-load global i32 values which are stored behind a pointer.
Dtype::I32 if matches!(&operand, Operand::Global(_)) => {
let dst = Operand::from(self.fresh_local(Dtype::I32));
self.emit_load(dst.clone(), operand);
dst

_ => operand,

B

htthe://cithith com/tea-combpiler/teac/hlob/main/<rc/ir/cen/fiinction cen re
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134
135
136
137
138
139
140
141
142
143
144

688
689
690
691
692
693
694
695
696
697
698

/// Lowers an assighment statement (" left = right’).

/17

/// “handle_left_val yields a pointer to the destination's stack slot and
/// “handle_right_val" yields the value to store, so the assignment is a

/// single " store’ instruction.

pub fn handle_assignment_stmt(&mut self, stmt: &AssignmentStmt) -> Result<(), Error> {

let left = self.handle_left_val(&stmt.left_val)?;
let right = self.handle_right_val(&stmt.right_val)?;
self.emit_store(right, left);
ok(())

}

/// Resolves a left-hand-side value to an addressable [ Operand ] (a pointer).

11/
/// For a simple identifier, looks up the symbol; for array and member
/// expressions, delegates to the respective handlers.
fn handle_left_val(&mut self, val: &ast::LeftVal) -> Result<Operand, Error> {
match &val.inner {
ast::LeftValInner::Id(id) => self.lookup_variable(id),
ast::LeftValInner::ArrayExpr(expr) => self.handle_array_expr(expr),

ast::LeftValInner::MemberExpr(expr) => self.handle_member_expr(expr),

}

htthe://cithith com/tea-combpiler/teac/hlob/main/<rc/ir/cen/fiinction cen re



- 8 define 132 @fac(i32 %0) {
IREEZLG R bbo:
%n = alloca i32
%r = alloca i32
store 132 %0, ptr %n
store i32 1, ptr %r
fn fac(n:132) -> i32 { bb1°br label %bbl
iﬁ;lg "> o %t1 = load i32, ptr %n
h %o %t2 = icmp sgt 132 %t1, ©
’ br i1 %t2, label %bb2, label %bb3
n = n-1;
bb2:
ieturn . %t3 = load 132, ptr %r
’ %t4 = load i32, ptr %n
%t5 = mul i32 %t3, %t4
store i32 %t5, ptr %r
%t6 = load i32, ptr %n
%t7 = sub i32 %t6, 1
store 132 %t7, ptr %n
br label %bbl
bb3:
%t8 = load i32, ptr %r
ret i32 %t8
D -



fn collatz(n:i32) -> i32 {
while n I= 1 {
if n%2 == 0 {
n n/ 2;

} else {
n=3%n+1;

¥
}

return n;




Z>]: EEIR

let a[i32;10] = {1,3,5,7,9,2,4,6,8,10}; fn main() -> int {
fn binsearch(x:132) -> i32 { let r = binsearch(2);
let high:i32 = 9; ret r;
let low:i32 = 0;
let mid:i32 = (high+low)/2;
while a[mid]!=x && low < high {
mid = (high+low)/2;
if x<a[mid] {
high = mid-1;
} else {
low = mid +1;
}
}
if x == a[mid] {
return mid;
}
else {
return -1;

}
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o BEREPITIIR : ZMHIR

o FEE:
 REEFAD, 1RIBLMIRIES BRI X RIIT
BEERKOIERKN, ATENEETIE
s AERTEESELEIE




R BBIRIES

N 34T

o BEBENRATERI T —RIRIESHIIT
enum { static prog:[instType;n] = .}
loadInst, let pc:*instType = prog;
addInst, while(1) {
subInst, match (*pc++) {
mulInst, addInst => { ... }
divInst, subInst => { ... }
brInst,
callInst, }

} instType;




{# FThreaded Code

o while-matchBy[o)@l: FEEi/H )M ks

o BRALR 57 X AXAS
o IREIEIHFADO

o BREE—IR: ABFIHSWIT— TR B AR R

while(1) {
match (*pc++) {
addInst => { ... }
subInst => { ... }
}
}

—

static fn add() {

(*++pc.fnaddr)();




AR BRI SRIBITIIR?

define i32 @foo( i32 %0 ) {

bbe: EGFsn T=E - HiEs
%»n = alloca 132
%r = alloca 132 %t7 —| %n |— %tl, %t4, %t6
store 132 %0, ptr %n %t5 —| %r |— %t3, %t8
store 132 1, ptr %r
br label %bb1l %t2

bbl:

%tl = load i32, ptr %n
%t2 = icmp sgt 132 %tl, ©
br i1 %t2, label %bb2, label %bb3
bb2:
%t3 = load i32, ptr %r
%»t4 = load i32, ptr %n
%t5 = mul i32 %t3, %t4
store 132 %t5, ptr %r
%t6 = load i32, ptr %n
%t7 = sub i32 %t6, 1
store 132 %t7, ptr %n
br label %bbl
bb3:
%t8 = load i32, ptr %r
ret i32 %t8




R # 4% : Activation Record

o Fk: RN REAR R —RI/LAFSE
s R B HAEXRTIE A ERFERTHE (alloca)
o FRMi =S 8] 7 R HUR [B] 5[

fn foo() -> &i32(){
caller let i:132 = 100;
% ret &i;
‘ T }
1 [B] #B 3k -
18 Bug! ! !
callee K
73
=] B3 4372
T RRNF

EANEiEAy
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o LLVM IRA=M#BLIR, 5Java Bytecode/WebAssembly4~[g]

//Java Bytecode
Load a

Load b

Add

Store c

id = 0;
loadInst => {

r[id++] = *argl;

}
addInst => {

r[id++] = r[id-1]+r[id-2];
}

storeInst => {
*argl = r[id];

SEFESFELWISEEI A

stack s;
loadInst => {
s.push(*argl);

}

addInst => {
vl = s.pop();
v2 = s.pop();
v2 = vl + v2;
s.push(v2);

}

storeInst => {

vl = s.pop ();
*argl = vi;

FRERIFSEE AN




FE TUHL
o NFERENITIRM TIEFBITHR
c AFEIE (B, HE. BaREHO
o ELEE RBIRETUML -
e Java: HotSpot. Dalvik (Android)
e Javascript: Chrome v8. Chakra. SpiderMonkey

* WebAssembly: Wasmtime. Wasm3. Wasmer
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