mF Al Agent fYi2=2% JavaScript
MATsIZERiIT T R

P

PARR: B4SEFEBL (T2026104239910027)
BIRARR: SFIE. S48, H3GH
IRE®&H: OxidelS
EAIRZ: Rust + BifFUEHmIEeR + Frastueil + 8 Kernel Z VM iz{7AS



—, RIS

| 1.1 aEys

16 AT Agent. FIZME T, IADERSIRIEIRAS, JavaScript [REMHITEIR 5155
IS A AR

o BTV SRBMIAE R ST A RSN, —BESRA BB ok — o TR

WHISRR: Agent WA REA RIMA I TIIR;

IRELESHITRAL . HRBVEVE RIS 77 42 HHOUSEbE

B R CRRE R ARG ER A, WK, TS RRRRRE;

PSRRI A5, MR Shape. WEDMR. GO DU RN

FiGARRS Runtime: {545 JS SIRmANESERIBSTRN, K3 GC. L FIismme:
B,

Ft, OxideJS MBEHEOARRIAEZINES: JavaScript 51%, mikESE “i. WA, Wk
By AT A HBS, BEEmRFRERI 55 JS runtime.

| 1.2 BisigitBiF

OxideJS S EHb R LB AT Rust R JS PUTHI%, RTINS
P RRISUDLIAE TR P DA RE B -

B HBAR



Hs
HRITHETE

EQ RS
¥ VM HA
fi£ GC Tk
test262 Jxa)

IS ]

| 1.3 8U%i= 1: 28 Kernel £ VM

B
PRUELE &4 - Al RE i B2 1T

A VM SN A8 DTS, I A7 R
WIRE

Kernel f#1774FH. Shape. HifeEfr. WEXN
QAR

BRI RAREHEA 218 arena, DRI HETHRY
ZJRmES)

{1l ECMAScript Test Suite &5 UEE S EH)
1

parser. compiler. types. kernel. vm.
cli. test262 runner %} crate ¢!

Oxide]S A ENBTINE 2 M Kernel £ VM.,



Process / Engine Instance

OxideKernel |

S AWE: KernelCore (immutable, iRk AdL=) |
KernelSession (per-session, il full_reset() 4 mE#i)

’— KernelCore (Arc<KernelCore>) |
o

| | PermInterner | | ShapeForge [ CodeForge | | PropForge]| |

| |

| | append-only key| | hidden classes | | bytecode cache | |shape>slot]| |

| | leaked &'static| | property layout| | LRU 4% | | IC B | ] |
| | 64-bit hash | | shape graph | | structural hash| | |

|

KernelConfig (pool / step / max_cached_modules / log levels)

’— KernelSession (per-session) |
B

viltinWorld | Global object | BuiltinSnapshot
| Object/Array/ | &SRR E5EM | G0 + SFEEDE [
I Function/ ... | &It | I| I|
e S e e
|
| Arc<KernelCore> + KernelSession
|

B B e +

| | [

v v v
e + B + T T +
I VM #1 I | VM #2 I I VM #N I
|eeecrecnnscacaaccaasss | |eeeeeecccecnccncsaasas [ R |
| registers[256] | | registers[256] | | registers[256] |
| pc I | pc [ | pc I
| bytecode | | bytecode | | bytecode |
| immutables_cache | | immutables_cache | . | immutables_cache |
| frames (SmallVec) | | frames (SmallVec) | | frames (SmallVec) |
| save_stack (JL¥) | | save_stack (JL%=) | | save_stack (JL%) |
| try / except state | | try / except state | | try / except state |
| Epoch Arena (£iF) | | Epoch Arena (£1%) | | Epoch Arena (£1F) |
| JsString GC + roots | | JsString GC + roots | | JsString GC + roots |
| object_prototype | | object_prototype | | object_prototype |
R et B e + Fommmm e oo R il + R et B +

| | [

v v v

Request Result Request Result Request Result
BiY:

o PermiInterner ¥R Y MWK stringForge : ‘BH intern key / identifier / method
name FRAFMOZIFH, H leaked &'static str + 64-bit hash &5, ¥ifi ref-count
thi%fi maybe_sweep H&S 2, B Biin. Fuh;

o jafil} JsString 16 (FIFUESH. "hello" + name j=HIIKIFFH) A1E Kernel, mij2i#%
VM Hi) JsString FidiEH GC M (commit fe2d492 ), Bt Epoch Arena J:Bij s
MR O(1) llg;



e KernelCore vs KernelSession [¥#§57il: test262 runner W EfEAEFi ¥R {# /| Shape
Kl / Property IC BUMgiHE R, ilijd full_reset() i BuiltinWorld %5 global
object, EHRMIAM ¢ 2R (commit d242d08 ),

AR TTIRE S R -

K&

ARSI

HRRAHIRE

FRAEA B

KernelCore

KernelSession

Vm

G

HEFESR. KA

Wik / =K. v
full_reset() HHE

(GRS N RO

ZN|

PermiInterner
(key/identifier).
ShapeForge.
CodeForge.
PropForge

BuiltinWorld.
global object.
BuiltinSnapshot

%ﬁ%ﬁ‘ PC\ iﬁm&\
5%, Epoch
Arena. JsString GC
E

IXRhor 20619 OxideJS REWB IR R PR R :

1. BEsE: A VM BT, RSSO R ;
2. e 24 VM 13 Kernel, EREENRZATH. Shape. WEXMNRMSGESE .

| 1.4 gUgfiss 2: EESEHEAES GC

AI Agent 355K TR0 G WL IFRZE G R URFIE : S RAE— RIS rh @I, fEPITSS
AR . Oxide]S HBLIF81 TIN5 2B A RS -



Long-lived / shared memory

|
KernelCore (Arc<KernelCore>, #fEZikAdt=E) |

PermInterner ShapeForge CodeForge PropForge |

append-only hidden classes bytecode LRU IC Mk |

key / ident shape graph structural hash shape->slot |

A BEETE, %45H append-only, KAV |

|
KernelSession (per-session, #mifiid full_reset() i) |
BuiltinWorld Global object BuiltinSnapshot |
Object/Array/ 4 JRt4 WER + dEPebE E |
Function/... |

M K session, WHAKIMELEL full_reset() se4 @i |

A
shared references

Per-VM / per-session memory

Vm

registers[256] / call frames (SmallVec) / try-catch / exception state

| Epoch Arena | bump allocation, 0(1) epoch [allf
R L [
| object allocations |
| arrays / temporary values |
| execution-local metadata |

| JsString GC | widiEs, EEETN JsString fH

| tracked allocations |
| roots from registers |
| roots from frames |
| 6C Mifti: 32 MB (commit ad7b844) |

Adrfi: BOVM /) BHITRTE, BUTERJE Epoch #TT, GC FriciEHMtERIK |

P75 GC BEiHfocHE s :

o JMNZMEAN VM At Epoch Arena: bump allocation, 4> epoch 85l O(1) My, A&
S 5B R,
e VM #ilifi B JsString GC: BT fFH ( "hello" + name %) HbnidiiH GC &L, 7f#
& / VAR / REXR [ Map/Set/Array 8RR root, GC Biffi 32 MB fili %z (commit
ad7b044 );



o KANEEHEEIREIR: KernelCore F#fi Perminterner / Shape / Code / Prop FKE
mi AR, KernelSession F¥fn[HEA) BuiltinWorld 5 global object;

o X / WEIEPES: @i KernelSession::full_reset() + BuiltinSnapshot JEK:Mn] BL7E
AEFEMERAANNIHE PR builtin 52RNR;

e Map / Set / Array / Object F8#2 Y5 GC B Pilk session MR BHTIREIN
(commit 9db28b2 {&id Map/Set GC BB R ME)

| 1.5 6U%isE 3: ERFPRESESR VM
Oxide]S AEILMRE AST, mixd/eh AST M EE L7, mhdFfAal VM 7.

AST
I

| compiler pass

bytecode: Vec<Instr>
constants: Vec<Constant>
n_registers

sub_modules for functions

e +

I

| run(module)

v
e i R +
I VM [
| -ommmmm e |

r0 rl r2 ... r255

pc

| [
| [
| frames |
| current bytecode |
| current constants |

FHFESNX VM R :

o FRAh s Rl LA HDMAESF £ 80D

o XRJETEVI MRS BB HE;

o HILH VM, /b K& push/pop 5%

o MTREMAIREIR B, inline cache AVRIRIRAL.



—. EEiA

| 2.1 =B TERE
OxideJS I—WHUTHIRMEIA IS TRRSSIIBIILE R, £ Bl Fifih:



One Evaluation Request

1. Source Input

JavaScript source string / file
v

oxide_parser

- create allocator

- parse source

- produce AST Program

AST
v

oxide_emit / oxide_ir / oxide_cfg / oxide_liveness / oxide_regalloc / oxide_dce

Emit: AST — IRFunction
(code / data / bindings / builtins / closures / meta / nested)

Passes:
- CF6 APy + R
- Liveness ub4 MEANH)LRIZFIRLTEE
- RegAlloc TWEHE + spill #is + HANE
- DCE JEARIYE M + compact E&E
- Lower oxide_ir::lower [£4y 32-bit bytecode

Hash: structural_hash (hash/ #iEEEE$F%)
- normalize AST structure
- generate cache key for CodeForge

CompiledModule
v

KernelCore.CodeForge
if cache hit:

reuse Arc<CompiledModule>
else:

insert newly compiled module

Arc<CompiledModule>
v

VmPool / VM Selection

- obtain an idle VM

- VM references the same Arc<OxideKernel>

- reset request-local state

- prepare registers, bytecode, constants, frames

v

VM Dispatch Loop

while pc < bytecode.len():
instr = bytecode[pc]
decode opcode / rd / a / b
dispatch opcode




examples:
LOAD_CONST — Tload constant to register
ADD / SUB — numeric or string operation
GET_PROP — property lookup through Shape / object model
CALL — push CallFrame and enter sub-module
CALL_NATIVE — call Rust builtin
THROW — build exception and unwind
RETURN — restore caller frame
HALT — finish execution
JsValue
v
6. Result Formatting / API Return

| 2.2 Parser B

Parser 2 3i1% JavaScript RIS AST. EAREIBITINIE X, it R compiler $#{ithnik
L5 -

i

o FRBIRN AT ;

o {ijHt AST allocator;

o i parser 43l Program;

o 1% parser error 555 H NIBHIR
R PR :

crates/oxide_parser/
src/lib.rs
src/error.rs

| 2.3 Compiler B

Compiler 22 AST Bl VM MBELEBEB. wiEHCHRIBMN" K G HNFE
(counter/emitter)"{# ik} % pass IR $iiFiELk: parser i) AST el oxide_emit ZEJK
SBAL G RPN R R IRFunction , WM& T / WS pass, BJGll oxide_ir::lower K
FMBEE 32-bit bytecode.

crates/oxide_compiler/src/

— compiler.rs # gmiEAM, 4mHE% IR pass
— compiler_log.rs # 4iixHEEHRE

— flatten.rs # WY L

— hash/ # structural hash GEZEEIRD)
class.rs

expression.rs

mod.rs

property.rs

statement.rs

target.rs

— 1ib.rs

10



2.3.1 IR RiFE

BnigmiEat oxide_emit ZEJRSMME IRFunction , PHRIRE:
o WiEMIRFE DCE (FEICESNER) ;

CFG #&tY liveness / live range 7¥i;

liveness 835 DCE;

CFG / liveness Hik;

KB 2517 oot s spill $557;
e oxide_ir::lower FKEEMBIE 32-bit bytecode.

IR ¥ code. data. bindings. builtins. closures. meta fil nested v % BEREE;
it (CFG. Livelnfo. AllocMap) {4 pass fiith, A5W IR 1851 . % pass $#5 i

crate ( oxide_ir / oxide_cfg / oxide_liveness /[ oxide_dce / oxide_regalloc /[

oxide_bytecode ) , VEW 3.2 1.

2.3.2 FHiaE
Oxide]S fEHIBEIE 32-bit $5%:

32-bit Instr

dmmmmmmea- dommmmmeea- dmmmmmmea- dmmmmmmee- +
| opcode | rd | a | b |
Foooccooooa Bococccooos Fooccsoooos Pococooooos +

8 bits 8 bits 8 bits 8 bits

o

e opcode FEHRERVERMY;
o rd AHWFORHRFIER;
o a [ b FARIHAER. SIS ek IR R

L RBRA I -

11



eS|
LAV N
Pria%
Leg2
Pl
S
Zh
FREY
P E
el

DAL T
g

| 24vm E

Al

ADD. SUB. MUL. DIV. MOD. EXP
BIT_AND. BIT OR. BIT XOR. SHL. SHR
EQ. STRICT_EQ. LT. GTE

JMP. JMP_IF_FALSE. SWITCH_TABLE
THROW. TRY_BEGIN. TRY_END
LOAD_VAR. STORE_VAR. LOAD_CONST
CALL. RETURN. CALL_NATIVE
NEW_OBJECT. GET_PROP. SET_PROP
NEW_ARRAY. SET_ELEM

MEMBER_INC.
COMPOUND_MEMBER_ADD %

HALT

VM 2T, 84 VM 22— ENiids BT

session_gc
kernel: Arc<Kernel>

VM KT IR KB R -

MET VM [ session GC JoHdRE |

FRHIE= Kernel

12

T T T +
| Vm |
T T T LT +
| registers[256] ] 52 PF AT AR S [
| pc T aE € |
| bytecode METHAT E Y |
| constants RS -oli [
| frames PR HCR AR [
| try_stack S AR [
| exception_value [T A [
| pending_error_kind HRTH IR |
| for_in_iters for-in HEACRZS [
| session_arena g A A R B 20 X |
|

|



loop:
instr = bytecode[pc]
pc += 1

match opcode(instr):

LOAD_CONST = regs[rd] = constants[idx]

ADD = regs[rd] = add(regs[al, regs[bl)
GET_PROP = object property lookup

SET_PROP = object property write

CALL = push frame and enter function
CALL_NATIVE = call Rust builtin function
RETURN = restore caller frame

THROW = unwind try stack

HALT = return regs[0]

| 2.5 Kernel B

Kernel & il L5817 L . EARBMEE—RIUT I RIOFF A MIRAR, mi2OiE v
WREMNMNE . Kernel WBE—S87 ARE (commit d242d08 ):
e KernelCore: kAL, #4589 append-only, kK AHE;

e KernelSession: Mlif / 2568k, vJiliid full_reset() AE{ BuiltinSnapshot MERSMISEEL
PP A

e e +

| OxideKernel |

e e +
— KernelCore (Arc<KernelCore>, BifERKAILE) |
KernelConfig |
PermInterner Append-only key / identifier 3% (leaked &'static str, 64-bit hash)|
ShapeForge 4:J% Shape / Hidden Class # |
CodeForge ks 22 (Mutex<LruCache>, max_cached_modules F[R) |

— KernelSession (per-session, ] full_reset() =H#) |
BuiltinWorld Object / Array / Function / String / Number Z&pE X% 45 [
Global object  &J/Rxt% M ILItnt)E |

|
|
|
|
|
| PropForge BV IC Btk / shape-sslot 47 |
|
|
|
|
| BuiltinSnapshot JERGIITRAR, 4%k ik |

13



2.5.1 B2 Kernel £ VM R91T{iEH

e
PUE G I

Key / identifier 3%

M4 Shape

MEaTR

JE LY R

T REA R

A o) o

2.5.2 £ VM 17561

¥5@4E VM M/ runtime

A VM REE

A VM % A1

A VM BE K

TR R EHi

A VM BkE)

W RO

A runtime Fy5%H A

Request A: "items.map(x = x.id)"
Request B: "users.map(u = u.name)"
Request C: "orders.map(o = o.price)"

14

| CodeForge | SRS A g B AT
| ShapeForge | X Z A HILEE Shape
| PermInterner | id / name / price %
t--mm - - - +--mmm - - - +
[
Fommm e R +
| [ |
v v v
VM #1 VM #2 VM #3
Request A Request B Request C

% VM FAf: %1E4% / Epoch Arena / JsString GC / RHIRA

OxideJS i Kernel £ VM

KernelSession " iigiE 5
=11

PermlInterner £J5 append-
only, JCHii%

ShapeForge ¥ VM 1£%¢

CodeForge #% structural
hash &1EHH

PropForge # VM 155 IC B
b

VM A% s . Epoch
Arena. JsString GC, KAk
i

KernelSession:: full_reset(
) ## builtin + global, 4%
5 3

key Bifd



| 2.6 SRS EiBHE
Mg Shape fidgMAi)m .

EMPTY_SHAPE
I
| add ||X||
%
Shape #2: property="x", offset=0
I

| add ||y||
v
Shape #3: property="y", offset=1

ML E SR
e Y5ij Shape ID;
WA
JEPEAERAIX 5
FAEL [ BHEN bR ;
native FEHIHH R FEURES] .
JaEPE Vi )i

GET_PROP obj, key

. EE % shape_id

. miyEPE key XN offset

. fo Shape / PropForge ZEf7FNIEE slot
o A U R R A

DAKWN B

|
I
|
|
|
v
iR mE M undefined

| 2.7 BN

MENZRIE Rust FAESH, BErh M crate oxide_builtins , P il ¥ Kernel /
BuiltinWorld #4373

15



crates/oxide_builtins/src/

— array.rs

— array_buffer.rs

— bigint.rs

— boolean.rs

— data_view.rs

— date.rs

— disposable_stack.rs # DisposableStack / AsyncDisposableStack
— error.rs # Error Zji% + SuppressedError

— eval.rs # eval &R

— function.rs

— global.rs # LRXNgE

— global/

— iterator.rs # Iterator #ifi%s + Iterator.prototype helpers
— json.rs

—— map.rs

— math.rs

— module.rs

— number.rs

— object.rs

— reflect.rs

— regexp.rs

— set.rs

— string.rs

— stubs.rs

— symbol.rs

— temporal.rs # Temporal.* (Instant / ZonedDateTime / PlainDate / PlainTime / Plail
— typed_array.rs

< [ 4

MWEMNLRIBIE oxide_runtime_api M vmHost trait BAVZM )5 AME ( fn xxx<H: VmHost>
(host: &mut H, args: &[u8]) — NativeResult ) , Vm SEIB  vVmHost , M i §7 Wk
oxide_builtins 5 oxide_vm ZWIRHRIER .

HeBZhiT:
crates/oxide_vm/src/bindings/ # bind_x*.rs ¥ ENEXREHFNERE [ B [ SRR
HINT2 1 Rust native FBHEEEIN M AER . DN LR ERXNR L.

2.7.1 EEFHIEAENIR

e Temporal ( temporal.rs ) : 5eB¥9IH Instant / ZonedDateTime / PlainDate /
PlainTime / PlainDateTime / Duration NAFM!, i constructor / from / with /
add / subtract / until / since / round / equals / compare / toString %, FF™RE%H
i (u-ca) SINX{WFEIE X, zonedDateTime it 27 A JETE getter;

e DisposableStack / AsyncDisposableStack ( disposable_stack.rs
async_disposable.rs ) : SEBBATIHEPE ( using MW, Symbol.dispose /
@@asyncDispose ) , 3¢¥f use / adopt / defer / dispose / move, disposeAsync ¥&BH{E
SR PETIFS IFHIAEE, AL SuppressedError AR (error.rs ) ;

16



o Iterator helpers ( iterator.rs ) : %Iterator.prototype% %% + Iterator i
7%, S map / filter / take / drop / flatMap / forEach / every / some / find /
reduce / toArray;

e eval (eval.rs ) : & eval , PAHBRSEIEHFNRABIR, var / function FHEA
M4, let / const WERE, JEAMFHBESBURHEN;

e BigInt ( bigint.rs ) : BigInté4Array / BigUinté4Array 4 DataView I Bigint f#
Ik E Bignt & 2.

| 2.8 test262 Runner

oxide_test262 HF Ha)ET7 ECMAScript Test Suite.

| discover tests

| parse YAML metadata

| Tload harness includes

| apply skip / feature policy

| run parser — compiler — VM

| catch panic / runtime error

| classify pass / fail / skip

| summarize totals and failure categories

runner B DUHF

o GEiFNiHAE;

o TR IR 2 1 L5

o RS P —BiBrH;

o Xfkt Quick]JS. Boa. JerryScript % baseline.

M Pa it 5 5+ RPINFEEIIH, runner JEWE 1 BLRRE) (REERBHRIH)

o WEAEIZ1T (supervise): ¥ERMHIVIZ HITEED, BSOS (heartbeat) B
EIAE . R S S COMPLETED i X (commit 76eddod ) ;

o RWUZBHIENAR: Hth FAIL {5 GEASIPERAE) , FSHERRE S RN (commit
a28f9bb |/ 0737ce3 ) ;

o M $262 WFEMNRYE (commit 2086cd2 ) , FHREIE I AP MR 4T ;

o skip HeWeR : (HERREIEAR I feature (Proxy / Intl / Atomics /
SharedArrayBuffer / cross-realm 5%) , HRHBSRI21T, HiafTAE pass/fail, ik
Hleihis R (commit 1203213 ) .

17



=, {REBikeR

| 3.1 REER

project-root/
Cargo.toml
Cargo.lock
crates/
tests/
docs/
README . md
W7 Z 30 . md

18



| 3.2 Crate BB

Crate
oxide_parser

oxide_emit

oxide_ir
oxide_cfg

oxide_liveness

oxide_dce

oxide_regalloc

oxide_bytecode

oxide_code_cache
oxide_types

oxide_kernel

oxide_runtime_api

oxide_builtins

oxide_vm

oxide_log

19

(3]
JavaScript parser # A2, fiili AST Program

AST — IR fRi%ER)2 (IRFunction: code /
data / bindings / builtins / closures / meta
/ nested)

IR H#53 Y bytecode B8l ( lower )

CFG 7r¥i pass (JEAYRISr + Peibiliir)
liveness 73#i pass (liveIn/liveOut A3y +
$23 R4 )

DCE ¥ pass (BEfCHSiHER + compact #i)

WA pass (PR + spill Bisr + 1L
uy)

LN PR S MR ABI
(CompiledModule / Constant / OpCode /
Instr)

CodeForge &g R%AF (LRU, SomiEanig
)

JS runtime JEREFRY, W JsValue. JsObject.
Shape. Error. Arena

i Kernel £ VM bt s2iaf szl

builtins 5 VM Z#i\i%#:10 (VmHost
trait) , FREREEIEE

WEXMNL5H (Array / Object / Temporal /
DisposableStack / Iterator helpers / eval
%)

FYRES. bindings #5522, VM pool.

session arena / GC

JET tracing Mg —HEXERMBEE (% VM / IC /
Kernel / Builtins 73k)



Crate (3i]

oxide_cli WMAITTH, %¥¥ eval / run / compile / REPL
oxide_test262 test262 HaMLMIXia 173

I 3.3 oxide_types
R

crates/oxide_types/src/
value.rs # JsValue, NaN-boxing fH#F/r

object.rs # JsObject, x4k, J@YEAfits. %/ Sdbmic
shape.rs # Shape, Shapeld, JE@M:AfiR{ER

mem.rs # P<T>, arena / persistent object MICIHERESEH
error.rs #ONIRERIR

private_key.rs # class private field / private name SZHF4iH4

% crate EFRBIEDRZ, SEARE 2B

I 3.4 oxide_kernel
RUESLIE:

crates/oxide_kernel/src/

— kernel.rs KernelCore + KernelSession + KernelConfig + global object
— string_forge.rs # PermInterner — append-only key / identifier 44

— shape_forge.rs  # ShapeForge — Shape / Hidden Class & 5%if

— code_forge.rs # CodeForge — CompiledModule LRU ZEf¥
#
#
#

HH*

— prop_forge.rs PropForge — JE@Mvjin IC HARZEAF
— builtin.rs BuiltinWorld + BuiltinSnapshot #E#ikmEz:
— kernel_log.rs Kernel E&ifbHEMEE

oxide_kernel Jg®¥i Kernel % VM [vp.b, Biliid KernelCore PRFRALERE, @i
KernelSession PRAFRJHEIZIRPINE, i VM SRARIDIITIRE .

I 3.5 oxide_compiler

P 94
crates/oxide_compiler/src/
compiler.rs # wmEAOE LTI, %A% IR pass
compiler_log.rs # ZiFH &%
flatten.rs # Rk
hash/ # structural hash (class / expression / property / statement / target #i!
lib.rs

4

20



Yirasilid oxide_emit — oxide_ir — ( oxide_cfg / oxide_liveness / oxide_dce /
oxide_regalloc ) — oxide_bytecode MJEZ™H CompiledModule , ZXH VM $#fT78KH A
CodeForge &1t .

I 3.6 oxide_vm

KIS Ht:

crates/oxide_vm/src/

— vm.rs VM E45 M 5HAT AN
— vm_runtime.rs BTN OARE IR E
— vm_support.rs VM flBhiE

— vm_state.rs VM RS
— vm_props.rs JE T R H B2
— vm_pool.rs VM pool, £ VM EH

— vm_dispatch_ctrl.rs / vm_dispatch_misc.rs # opcode 4% Sz

HoH o HH R

— session_arena.rs # <ifZt arena

— session_gc.rs # 2 GC / AmiciEHiE)

— ic_helper.rs # inline cache ZZ&ZEAEHI)

— native.rs # Native function ifH#L

— generator.rs # 4pi#s / async generator JRZASML

— async_func.rs / async_generator.rs / async_from_sync.rs / promise.rs / suspended.rs
— async_disposable.rs # AsyncDisposableStack RAHL SHWUIEST

— test262_host.rs # test262 f/h $262 1EFEYE

— dispatch/ # opcode 4RSI

— bindings/ # bind_x.rs Z%EE (343 BuiltinWorld / global object)

VM ERAEEANED, 1335

o ¥Vil% dispatch;

o BB S ERES/ 5P IR AL ;

o SiSALPE;

o MIEEEYEVIM S inline cache;

o WEMNZ native call (% oxide_runtime_api [ VmHost ) ;
e session arena 45 GC;

e VM pool.

PEMN R LI AT EM crate oxide_builtins (W 3.2) , oxide_vm HEEH WIS IT.
P 51T .

I 3.7 oxide_cli
RHEEYIRE:

21



cargo run --release -p oxide_cli -- eval "1 + 2"

cargo run --release -p oxide_cli -- run file.js
cargo run --release -p oxide_cli -- run file.js --repeat 1000 # HH#FENEH Kernel HFf N &
cargo run --release -p oxide_cli -- compile -e "1 + 2"

cargo run --release -p oxide_cli

4 G >
CLI F:=%H ¥

F 13817 JS WB;

FTENG SR Y0

AT SLHE;

e run --repeat N : HiFFEPNE Kernel #%: eval N {X (commit 05d0c25 ), JIF 263
ML,

17 smoke test.

I 3.8 oxide_test262
RS
| crates/oxide_test262/src/main.rs

i

o Ju)j test262 MiAH%;

o f#Hr metadata;

e {EA harness;

o 1l feature / flag AT BEIIT ;
o fiifk panic;

o Hitlh pass / fail / skip;

o SR,

22



| 3.9 KIBTIERSL

Developer / CLI / test262

|
v

oxide_parser
|
v

oxide_compiler ----- > KernelCore.CodeForge
| |
v [

CompiledModule <--------------- +
|
v

VmPool selects Vm

%
Vm executes bytecode ----- > KernelCore: PermInterner / ShapeForge / PropForge
----> KernelSession: BuiltinWorld / global object
|
%

JsValue / Error / TestResult

23



| 3.10 QUEFSBIRBHRESE:

U ETE

¥t Kernel £ VM

Key / identifier 3:%¥

1t Shape

ERA?

JEPEi TR A7

WS GC

NaN-boxing

wfiaal VM

IR ALk

PR R

Temporal / GJEFERE / ZE

/ eval

g h A

oxide_kernel::kernel ,
oxide_vm::vm_pool ,

oxide_vm::vm

string_forge.rs

( PermInterner )
shape_forge.rs , shape.rs

code_forge.rs , hash.rs

prop_forge.rs ,
VM_props.rs ,
ic_helper.rs ,

dispatch/property.rs

session_arena.rs )

session_gc.rs , vm.rs
value.rs

oxide_bytecode (OpCode),

vm.rs , dispatch/

oxide_emit , oxide_ir ,
oxide_cfg ,
oxide_liveness ,
oxide_regalloc ,

oxide_dce

oxide_builtins ,
oxide_runtime_api

( VmHost )

oxide_builtins::temporal /
disposable_stack / iterator
/ eval,
oxide_vm::async_disposabl

e

24
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Kernel 55, VM K%

¥ VM append-only 3E#, &
BifiR

¥ VM W44 s B2

structural hash ->
CompiledModule

Shape / offset Phigiz + IC
245 4 Wi

VM AHus ot R 5P

64-bit i 1R

WA A fA a A TRV

AST—IR—% pass 7 ¥Hi/ot5
—32-bit bytecode

% builtins—vm R

RBERT BT P B 3t



FEEANFRERB SR

e oxc — JavaScript JiBS#H; (parser/ast/allocator/span/diagnostics/syntax) , 4¥WiH
57 AW H g U

e bumpalo — Bump allocator, #J% Epoch arena M{£RGIFIKIZ AL

e dashmap — J§% HashMap, Al ¥ CodeForge . ShapeForge . PropForge ¥ VM &%
e

e tracing / tracing-subscriber — &i—HEXEREBEE ( oxide_log ) , ¥ VM / IC / Kernel
/ Builtins F&RHt7H

e ryu / fast-float — f64 5757 AR TERED I 12

4. Benchmark S5iFS8EH

| 4.1 ikEmgit
TEECHMR T, JS S1% “UPAUA” , JFAR MR IRESITIHERE, FUSTTEIE MBS b

EHEE. ik, BRI 7 —E2 44K benchmark $1576R, ¥% AT Agent 355t Rk
(Fpst &

ok AEN IR G L]
EwE test262 (ES billk 53,598 AHAM  50% ECMAScript
—3k) 5 Ji R
TERE JetStream 2.0 64 NMRFERIL 25% JUPEE R
L 1t Quick]S
baseline
kigh % /R 2h oxide eval 15% Agent ¥ F gL
"1 20 R HE
Pt He ) DA tests/stress/*  10% Kiatrai N
RSS .js H
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| 4.2 &&8iFH AT
Stota.l = 0.50 - Scorrectness +0.25 - Sperf +0.15- Ssta,rtup +0.10 - Smemory

4.2.1 IEff*E 57 (Correctness)

P, pass

P, pass + P fail

o P test262 il ik (of ran, Ait skip)

o Pri: test262 ZWimiA%k

o Hbs: > 60 (ES2020 D05 35)

o i (2026-08-17): pass % 83.34% (44 test262 I, pass / (pass + fail) HEE, &
# skip)

x 100

S, correctness —

4.2.2 146E8 9 (Performance)
ILF JetStream 2.0 JUPEYY, BL Quick]S R (80 477 = F¥°F):

n 1/n QIS

e (H t") » R= o Spar =80+ 20 logy(R)
=1 geo

e R > 1: OxideJS Hifh

e R=1:FF (80 %)

e R=0.5:18 2% (60 72)

4.2.3 BiEESS (Startup)

Sstartup = 100 — min (50, %) — min (30, WT)

® tooq: BXRIATIIE (ms), Hbf < 100ms
o twarm: Ja%k 19 RFEY) (ms), Hbs < 50ms
o ARhiahigl 10ms 1 1 4, Bidhig® 5ms 1 1 5

4.2.4 BELRBES (Memory)

Mieaic — 50
Snemory = Max (0, 100 — %)

® Mpear: HJ1MIAIEAH RSS (MB)
o Hbi: < 150MB #4457
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4.2.5 [U5|EH58FHFILL
PA Quick]S = 80 ki, #4154 LIRS BN 2S5 o L

51% Gt
QuickJS 80
BOA 69
Oxide]S (A%itH) 76
V8 (Node.js) 53

OxideJS 4iiij 76 57, C&8d BOA fil V8. pass LM 69.6% Hift 5 83.34%

| 4.3 Agent H2ESEMIN
e 250G / 5 session £817 :

Sagent =04 Scorrectness + 0.2- Sperf + 0.2- Ssession-reuse + 0.2- Smemory
Hrp session BB :

tsession-
Ssession-reuse = 100 - (]_ — M)

tsession—l

iyt OxideKernel ¥ VM % (DashMap + Arc) MRAAIGER -

| 4.4 Baseline 3Lt

4.4.1 FEVILLE

1% test262 pass% Mk JS PIGFERT B RISHRTE WEFIELR RSS
(ms) (ms) (MB)

Quick]S ~99% 0.95/3.18 1.03 1.60

Boa v0.21 ~85% 11.32/16.29 16.3 1.55

V8 (Node.js) ~100% 103.74 /34.95  103.5 1.60

OxideJS (%)  83.34% 3.42/3.73 0.96 2.28

Mo ]S F ¥ ke W K X : Intel 8259CL / W W 920 (ms), Wl H
benchmark/run_benchmark.py I 10 J&iEAgi1AE .
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4.4.2 Ba5% JS HhiTHERT (NESXILL)

10 JILRE ARG (AR / 2R /W% [ Bl [ BOAN [ JEEYil / #4F51 3¢ [ for / while / ¢
FrlPiE) A5 R EE:

T Fi%

S 920 (ARM64)

1B B, THRLHS)

Intel Xeon 8259CL (x86_64)

1583 R, TIRHLR)

REEEE:
e OxideJS fEFAF-EIFE: W ~ 3.73 ms, Intel ~ 3.42 ms (HFiMR LG BHILHE,
HifFE R Dy A 24k, {1 Intel {5NgHRT-BREMS) .
e Quick]S ¢ Intel I ~ 0.98 ms (Pt F Oxide]S), fH{E ARM64 L-RlitpfEmsh (1.5 - 3.5

ms).
e BOA W FEEY ~ 11.4-16.4 ms, 18T Oxide]S & 3-5x.
o V8 BiEf¥) ~ 35 ms (ERM§) / 104 ms (Intel).

4.4.3 EMiR (NFESXILL)
8 Wik 1A (array / call / code_forge / coercion / gc / ic_cache / property / string):

28



Th Fe %

LS 920 (ARM64)

U318 JS EERELS — SRS 920 (ARM64)

= Oidels mm QuicS = 50A mm Vainode)

Intel Xeon 8259CL (x86_64)

3 G, T

K

¢ code_forge / ic_cache / property: Oxide]JS $fii Kernel 1t bytecode cache + IC 4
1%, BFEPTF Quick]S / BOA (BME: code_forge Oxide]S 2.4 ms vs Quick]S 37.1 ms vs
BOA 127.6 ms).

e gc / array / string: OxideJS fH GC ¥5t MET Quick]S (Tracing GC # A ai Xt R i)
generational {Eft), iX% v1.1 FEAET 1.

e call: OxideJS ~ 3.4 ms, 4t F Quick]S (=~ 1.2 -2.0 ms) 5 BOA (=~ 12-20 ms) Zi.

| 4.6 WiHS
AT GBI AN A

# AT
bash benchmark/build.sh

# benchmark
python3 benchmark/run_benchmark.py
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h. R&IEERINREMERSZE

I Compiler counter / emitter iI§$iHEIER

S

OxideJS #ii¥H R PilEgii¥ (counter pass + emitter pass): H—# counter {UiE))i AST
RSB | W83 | try-catch S Fiil PC, NSRS ANVl S emitter AEMEHE
8% . IXRESHIASK T T —RYEB B BkEe 2. 0/ bt {HBR Pkt ) — B AST 5% ™ kit
FIE R .

TEDIREIT Z RS PRSI BE, FRATIFFM 23 test262 L PA BBk IBis:

e ‘language/expressions/class KiKREI, FIEFEY --supervise watchdog Kill.

o RHSEL/ 2> [ BEAWE / AL/ HHEE ( class { [computed] () {} } ) & #HF5k
% MBI R R L BRBEDaA .

o WUBHUT oxide_cli compile -e "..." & oxide_cli run B PC 152 2BI bR
VIHE R

HREl
WIX commit 6d52c46 , 242e94a , 6a77742 =Ab fix B diff FeE, JATRBIMBA 9 A HEE
558 L counter 5 emitter RZININHT S REA . Hl:

o IRZFEFHERS ( class B extends A { constructor() { ... } } ) FBHEANHE, counter

WWELY 1 4 LOAD_CONST ;
o 22 = HAWMH, counter BT XHIK 2 7%, H emitter EFEK 3 7%;
e for (var x of arr) W var-init JXHIGHHN, counter Bkid, emitter 52T 1 5%
LOAD_UNDEFINED .

ARG projected_pc HHEY: PC hiZE 1 - N #8652, ZWZEHS ABE#E HbG, BEEIES
R P —FRH WP Y, SR opcode — JEH PGP JMP_IF_FALSE BkMl, JE)KYEHR
.

BRI

1. f£ Vm.dispatch_loop }#ll debug-only projected_pc Wiw: % emit L NFKE
counter Y PC 595 AN PC R &8, A EH panic JFTE AST 1 sz,

2. f£ crates/oxide_compiler/tests/compiler_alignment_x_tests.rs ¥ 90+ Fbi5F M
ik A RS compile_and_diff_counts(src) Eﬁﬂtbﬁiﬁiﬁ‘utﬂﬂ%ﬁ%ﬁki Wi 1 AR
HAY TN PR TS
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3. BT 9 NMERALE (C1 - C5, D1, S2, E1 - E2): BE i85 — counter Jl 1 5
L, 3K emitter I 1 FRICRIRS, BUR TR EEEE ES BERERIE .

BEN, oxidejs M1 4000 - 6000 4™, ¥ H R RENIBE 2 —.

| IR £ pass RiFSEZEWSHERSE

M

BUNGIES N " PiiEiE (counter + emitter)": RS SFEN SRS, B EEABEERNERE
PN, FERBUAEZE LI, F5%6 a0 Bof AR S ahidk. try SREED. S BES%
R, T RBEERIGIEN / BRI T, dEbiA s LB S AN SEm B S iR

RS
WmES N AST — IR — £ pass 7Hi/¥5 — 76 BK:

e oxide_emit ZEBSr¥ IRFunction (code / data / bindings / builtins / closures /
meta / nested) ;

o oxide_cfg XIZHEAY, oxide_liveness MW u64 PiEMANCRIZR2IEE,
oxide_regalloc HFHEZA + spill XEPisr + Hi2%E, oxide_dce MPIATESHEAS
bR, oxide_ir::lower F&M 32-bit F1ikY;

o % pass ¥R HiME (CFG / Livelnfo / AllocMap) , A% IR :&58, PRIk
pass 8. WEHM;

o PEREMLILIIUERIE: =TS R SEIM— A i RS Vec L (commit
8bdch43 ) . liveness iG#E u64 hifE (commit 9bbeSae ) .

| 2iEH7E5 GC £&EH (UAF R3ES)

M

ESIAEZWEEM ( full_reset ) . upvalue cell. ZERBIRERTFILHG, session_gc
sweep MBI £ R B ERIGE (UAF): sweep )i upvalue cell B, FRSIRERYS VM JE5
WitAl. full_reset 1#7E session WZHEF global &l 2gisE, S504mMiREHLUHB

fERBIR

o upvalue cell YOV HES AL (commit 13e9ee3 ) ;

o ERMIRERHIEIN, Wbk sweep/promote LRI UAF (commit d97d39e ) ;
e full_reset f#fE session MARIfjEH|HE global (commit e718394 ) ;

o Vm 93 Drop BRI ET session YA, HHFRZEILPIMEE (commit 12d1a85 ) ;
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o HUTWIFAFER GC Mk AR NI native (R)EF T (commit 81f54f2 /
ee592bf ) , & 32MiB BI{AMEZPIYL (commit 2393099 ) .

XA AL RIGRIE ¥ 425 test262 F5E 5 Ji+ BTG T,

7. Al ERITERER

B 2T 57 IO (A benchmark BIA) %5 fIOGEMIAMEH AT PARE e, BT
Wi Alreview 5 2%, O IRERISI NN TR . sEsh, AT AR e, RZH T
commit message %i'5 5 CH%IE S .

. KKtk

L. ST PR RIIL: SHOES / Wi / ki FEEEIETETIRE, ik Oxide]S WiGH1E™

DA ﬁ\ .
2. FTBEWNAA o BCREE: TEAA S RS E. E/0, 2 JSON Parse 3% LERENIEE RSS i
4.

3. #&bi Tl test262 pass #: Ml 83.34%, Hbn 90% P L, Hixith5F Proxy / Reflect ifi X.
F4: Temporal . ES2023+ Anf 2858 )5 1 5BORT M .
4. g0k AT Agent SBEETIRIL: ik Oxide]S 7E Vibe Coding TEi T L At |58 % 75 (64rH .

License

AW HZXH MIT License JFEHMY . P2 Wi HRH S LICENSE (.
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