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« EHE: Z PR 2 Transformers EigayREE3tb, BoR T WA RImME L RER R T A
F Transformers & E X, 5REIVZE XK.

. fx_utils.py BYEIEERFn AST TH®RIT

* base.py BIRR& RIELE D E X

. ZBERARE match 1 update_forward SZH, AHE AST #HIEFTT
- BOEMNIRGE R T RS,

THHES BAL

Transformers 22 E3mZ AIEAA A vLLM BRREEF MoE thit, MaEERE TRESH. &
PR BEEEMREZRE, RBMEAEFRA, FATHAFPER Transformers A E X AR ZESZ vLLM
BT A, PR AR EHEXREA: 'Make the Transformers modeling backend as fast as
native vLLM',

SN IR AE

SEIMA AL

1. BREEINAMN: 7 fx_utils.py FIRAEL trace REFTHEIREY forward #4T torch.fx &
Efﬁ‘?, BRI DEIREM, _AllLeafTracer FFERMAHFH &, RIFRAALEM,

2. BhARAEL: T fusers/base.py X BaseFuser #o StackedFuser #%3, #38 match.
validate, fuse &#:0,
3. BARE e S
« QKVFuser (gkv.py) : IEE g(x), k(x), v(x) =, #EF AST EF forward HHE—
QKVParallelLinear A+ split.

« GLUFuser (glu.py) : IEE act(gate(x)) * up(x) #=, BE&A
MergedColumnParallelLinear #& B EREK A ActivationAndMul AR,
« MoEBlockFuser (moe.py) : iRBIITIEMEMEZT LR, Bt FusedMoE, #F|H
VLLM 892 e Ao 535 PUAT

« RMSNormFuser (rms_norm.py) : ##9iR%] RMSNorm &3, &#4 vLLM # fused
RMSNorm 8, GemmaRMSNorm, # X#FKEH/TTFHEL gather,



4. ERFERME: & transformers/base.py F3EIT recursive_replace ¥R A FrA LE
HEEEE, FieRHEE,

5. MRE XK : ABNRERRE T E MR (tests/models/transformers/fusers/) , ik
A CEf IR, FH T XX,

R

« vlim/model_executor/models/transformers/fx_utils.py ({23 BT H; 25| source; E#&
core-logic; &5 _infer_len, _rank, _SizedProxy, len) : Rhi& 8B4 GEM R, 12t
torch.fx 3888, AST EETLE (compile_forward, recover_forward, replace_expr %)

« vllm/model_executor/models/transformers/fusers/base.py ({3t Eh& 2 ; K5 source;
KA core-logic; &5 BaseFuser, info, match, validate) : & X BaseFuser o
StackedFuser #h& E¥E, MEmMEFFED

« vllm/model_executor/models/transformers/fusers/gkv.py (i Eh&28; 2K5%| source;
KA core-logic; &% QKVFuser, shards, _get_gkv_nodes, match) : QKV B& 2R, ¥
a, k, v ENEMEESIH K QKVParallelLinear, 3 &5 forward

« vlilm/model_executor/models/transformers/fusers/moe.py ({3 &2 ; 25| source;
KA core-logic; &5 named_state, _own_returns, _returns_tuple, yields_tuple) :
MoE RRE 8, ¥ HF MoE 3hE#A vLLM B FusedMoE, XFRFHEEELRFF|HAT

« vllm/model_executor/models/transformers/fusers/rms_norm.py ({3 gh& 8 25
source; £ core-logic; &5 _is_squared, _variance_eps, _is_one_plus,
_has_trailing_compute) : RMSNorm Bi& 28, SZMENFHE#A vLLM B fused
RMSNorm, XZ#FiKEHAT

« vllm/model_executor/models/transformers/fusers/glu.py (13t gh& 2 ; 2£%| source;

KR core-logic; &5 GLUFuser, shards, _is_act_of gate, _get_glu_nodes) : GLU @
68, ¥ act(gate(x)) * up(x) Bh& N E/ MergedColumnParallelLinear

« vlilm/model_executor/models/transformers/fuser.py ({3t gt&2; £5| source; &
core-logic; &5 get_fuser, Fusers, init, getitem) : BERIMEHRAL, T1UkEFT
A ARG R RBELER N

« vlim/model_executor/models/transformers/base.py ({3 #A S35 FE 5| source; EA
core-logic; %5 vlim_flash_attention_forward, _get decoder_cls, register_fusion) :
Transformers ZAEEIHAEAND, BRUXFFRE B siN i )T 2%

. tests/models/transformers/fusers/test_linear.py (#&3k JiK; K5 test; £KR
test-coverage; &5 SiluAndMulStub, forward, NoDownGLU, init) : QKV #2 GLU &
BHNR, BEZMER (GQA. REFKHSF)

. tests/models/transformers/fusers/test_moe.py (#3kR Mis; K7 test; KA
test-coverage; &5 TopKRouter, init, forward, CorrectionRouter) : MoE & 28 B30
R, BEEZMEEEMEREE

. tests/models/transformers/fusers/test_rms_norm.py (#3 Mis; 27| test; KA
test-coverage; &5 RMSNorm, init, _rms, forward) : RMSNorm Et-& R a0NR, B
L 3% RMSNorm. Gemma R#&. 3 RMSNorm %



XS QKVFuser._get _gkv_nodes, QKVFuser.match, QKVFuser.update_forward,
GLUFuser._get glu_nodes, GLUFuser.match, GLUFuser.update_forward,
MoEBlockFuser.match, MoEBlockFuser.fuse, RMSNormFuser.match,
RMSNormFuser.fuse, trace, recover_forward, compile_forward, replace_expr,
recursive_replace, get_fuser

RPERRD B

vlim/model_executor/models/transformers/fx_utils.py

A B ERIRAE, $RAE torch.fx 3BEE. AST ZE5 T E (compile_forward,
recover_forward, replace_expr %)

# vllm/model_executor/models/transformers/fx_utils.py

import ast

import inspect

import textwrap

from collections.abc import Callable
from torch import fx, nn

class _SizedProxy(fx.Proxy):
"""Proxy whose len is inferred from the graph.""
def __len_ (self) -> int:
length = _infer_len(self.node)
if length is None:
en__()

return super()
return length

class _AllLeafTracer(fx.Tracer):
"“""Tracer that treats every submodule as a leaf."""
def is_leaf_module(self, m: nn.Module, module_qualified_name: str) -> bool:
return True
def proxy(self, node: fx.Node) -> fx.Proxy:
return _SizedProxy(node, self)

def trace(module: nn.Module) -> fx.Graph | None:

"""Trace module.forward, returning the partial graph on failure."""
try:

return _AllLeafTracer().trace(module)
except Exception:

return None

def recover_forward(cls: type[nn.Module]) -> tuple[ast.FunctionDef, str]:
"""Return the AST function def and original source of cls.forward."""
source = textwrap.dedent(inspect.getsource(inspect.unwrap(cls.forward)))
return ast.parse(source).body[0], source

def compile_forward(funcdef: ast.FunctionDef) -> Callable:



"""Compile funcdef into a callable function.
code = compile(ast.fix_missing_locations(funcdef), '<fuser>', 'exec')
ns = {}

exec(code, ns)

return ns[funcdef.name]

def replace_expr(tree: ast.AST, old: ast.AST, new: ast.AST) -> bool:
"""Replace old sub-expression with new in tree, return True if replaced.""
for node in ast.walk(tree):
for field, value in ast.iter_fields(node):
if isinstance(value, list):
for i, item in enumerate(value):
if item is old:
valueli] = new
return True
elif value is old:
setattr(node, field, new)
return True
return False

# ... EZ T EREAW is_linear, find_node, peel, single_self call &

vlim/model_executor/models/transformers/fusers/base.py
£ X BaseFuser #1 StackedFuser % &£, MEmMEEED

# vlim/model_executor/models/transformers/fusers/base.py

from abc import ABC, abstractmethod

from dataclasses import dataclass

from typing import TYPE_CHECKING, ClassVar
from torch import fx, nn

@dataclass
class BaseFuser(ABC):
source_cls: str # HF #3kiEL, ATHE

@abstractmethod
def info(self, name: str) -> str:
IR ElRE A B RRIER, W0 'Fused: g + k + v (MyAttention) -> gkv_proj (QKVParallelLinear)

@classmethod
@abstractmethod
def match(cls, graph: fx.Graph, module: nn.Module) -> 'BaseFuser | None':

wEERRAPRRER, KELEROREBSHIR None, ™

@abstractmethod
def validate(self, module: nn.Module, model_config: '"ModelConfig') -> bool:

"RBERIOIRTHERMSES (MMANREEE. REF) o "



@abstractmethod
def fuse(self, module: nn.Module, prefix: str, model_config: 'ModelConfig',
quant_config: 'QuantizationConfig') -> nn.Module:
"ITIOEE N AR BTRE S, REE G AER, "

@dataclass

class StackedFuser(BaseFuser):
"EREEZNHINLMEER—MNEERNEME (0 QKV, GLU) ByEE, "™
merged_name: ClassVar[str] # Ri&EERNE S
merged_cls: ClassVar[str] # B#Ar vLLM 24
fused_forward: Callable = field(init=False, repr=False)

def fuse(self, module, prefix, model_config, quant_config):
#1. BEFA(AREK: A AST Z5 forward JR5S
self.update_forward(type(module))
# 2. BimEHKMERAEAN MergedColumnParallelLinear / QKVParallelLinear
# 3. YR E TS H forward B REIR S
# FENENTFES update_forward Fo update_attrs #3%

vliim/model_executor/models/transformers/fusers/gkv.py
QKV BE 2, ¥ q, k, v =NEMEEAEIH AN QKVParallellinear, #EE forward

# vllm/model_executor/models/transformers/fusers/qkv.py

@dataclass

class QKVFuser(StackedFuser):
g_name: str
k_name: str
v_name: str
o_name: str | None # T3 o_proj
merged_name: ClassVar[str] = "gkv_proj"
merged_cls: ClassVar[str] = "QKVParallelLinear"

@property
def shards(self) -> list[tuple[str, Shardld]]:
return [(self.q_name, "q"), (self.k_name, "k"), (self.v_name, "v")]

@classmethod
def _get_gkv_nodes(cls, graph: fx.Graph, module: nn.Module) -> tuple[fx.Node, fx.Node, fx.
Node] | None:
"ERE, RI=ZANHLZER— placeholder AL MIAR, BIA g, k, vo ""
by _input: dict[fx.Node, list[fx.Node]] = {}
for node in graph.nodes:
if (is_linear(node, module) and len(node.args) ==
and not node.kwargs and isinstance(node.args[0], fx.Node)
and node.args[0].op == "placeholder"):
by_input.setdefault(node.args[0], []).append(node)
triples = [nodes for nodes in by_input.values() if len(hodes) == 3]

if len(triples) = 1:



return None
g_node, k_node, v_node = triples[0]
# 438 GQA 1EW: g B9 out_features 5 EHAMFHNARE
outs = [module.get_submodule(n.target).out_features for n in (g_node, k_node, v_node)]
if len(set(outs)) ==
# RE|E—BFRNMER q
g_node = next(n for n, o in zip(triples[0], outs) if outs.count(o) == 1)
k_node, v_node = (n for n, o in zip(triples[0], outs) if outs.count(o) == 2)
if module.get_submodule(q_node.target).out_features != max(outs):
return None
elif len(set(outs)) 1= 1:
return None
return g_node, k_node, v_node

@classmethod
def match(cls, graph, module):
if (nodes := cls._get_gkv_nodes(graph, module)) is None:
return None
d, k, v = nodes
names = dict(q_name=qg.target, k_name=k.target, v_name=v.target)
# 23R8 5 o_proj
attn_width = module.get_submodule(q.target).out_features
candidates = [name for name, child in module.named_children()
if isinstance(child, nn.Linear)
and name not in names.values()
and child.in_features == attn_width]
names|['o_name'] = candidates[0] if len(candidates) == 1 else None
return cls(source_cls=type(module). _name__, **names)

def update_forward(self, module: nn.Module) -> None:
"3t AST EE forward: ¥ q(x), k(x), v(x) B#A gkv(x).split(sizes, -1), """
# 1. 3KER forward B AST
funcdef, fn = recover_forward(type(module))
# 2. BIF=AMNARNS KR
# 3. A innermost_block ¥X2|SANEH TR
# 4. EE—NRARAKERA gkv = self.gkv_proj(x); g, k, v = gkv.split(...)
# 5. HkRE RN A
# 6. WMFIFHED LA

TS R A

TEWICESRMEENT Bk, IsotrOpy 2k Deepseek MLA B gkv_a_proj #a
Qwen3.5 GDN # gkvz_proj B, {B1E#H hmellor A X LT EHZRAIE, B HER
JERAMR, WEBIERRIE, I, Reviewer ZIUEM R A LR
tests/models/transformers/ B3k F, ZEXBEHEEZMN (PR FMRCHKEAEZBEX) o

- ¥ RS E] Deepseek MLA #1 Qwen3.5 GDN (design): % &l PR ~<&4 MLA/GDN Rié&
, RRZEJE,



« MR B TLEMFo4EFS (testing): hmellor B4, PR HR B3R INA R,

R 5 B

« RS FEXFORIE:
- EILELIRIR: QKVFuser #1 GLUFuser BB N LEL 7 aESE R IBECIE BAnd M, SIBAT
iR, LA validate fo AST A BTN ERAE, E/ABRNK,
« AST ESA&EME: 3T forward JREDEY AST #BIERBT Python &AM BN EIKEN, RE
A Transformers BRAT BEBAAR R, FERES KK E KB IFRE,
- RMSNorm TP aware J"#: TPAwareNormMixin ZEFrA K EH 4T ranks LUKE REFA
BRSET—M, TREEMBRETHE, PRMABEREY RN,
« MoE BRE&3RAEME: MoEBlockFuser Ri% 7 A ERIBSBHAER, (40 topk + softmax) , JEAR
AkdE (WEERTF. wRE) TaERER,
s B BUSEE Z ERBUE R %EE

- MR BENRERERSE / BENERE A MoE A AR KEHBRE vLLM HaE, &
HERHFLZRET,

- AN AP THSER Transformers B E X, TEAN VLM HRE T 1HERNRED,
PRI, tp_plan #1 pp_plan ®[3%&E 4 T BRE.

c BIPRIE MEBMNIIALNT FIRERERERE, BKATRERD EEREZRFK
8 bug B E I,

c MIREE: I RELTNR, FARZOHEN LE R R,

« RFEARID: BOBRETE , EXEON , AST E5RH , TP BELH , EEER#HE

KRR EE

« PR #47329 [Refactor] Remove multiple dead code: [&l 4 Transformers A& 5 3# 48 %,
T TREDEE, ARMESEHTET #00EE



