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PATHE

« —4A)iE: A AMX CPU #ngt& GDN EF5REEERAZ

 EEDE: BE/RBIRUES AMX EFEBRER (Python 48E + C++ JEM + FE&&M)
BEHFRIGIABTZE review BIKRAR, BIWELZFRIRBRIA 4 PRI EHITORBEFH
AN B TR,

ThRES EAL

T CPU L&RGE1T Qwen3.5 £XA GDN FEANFIMER, T2 A AMX FELSE IR
EE, BRORNFETTHE. AMX FEXNKERRARKER (0 conv REF SD ®R)
78 PR I HIEE 6| EF A AT RN SKBOE AR BEA2

SR

1. Python EF3#0 (vlim/_custom_ops.py) : #3% chunk_gated_delta_rule_cpu.
fused_sigmoid_gating_delta_rule_update_cpu. fused_gdn_gating_cpu =4~ GDN 8%
%k, WA causal_convld_weight_pack. causal_convld_fwd_cpu.
causal_convld_update_cpu =ZANRRERREK, 4—33EHN torch.ops._C AAKE C++
51538

2. C++ EFFM (csrc/cpul/torch_bindings.cpp) : BHAFLIERFEFH C++ &4, BRI
TORCH_LIBRARY_EXPAND ¥#t2| PyTorch BB E X EFE, 4FE/E3#H SGL M.

3. AMX £ GDN FE A% (vlim/model_executor/layers/mamba/ops/cpu/gdn_attentio
n.py) : ¥ cpu_gdn_attention_core_amx %k, FEAEME] AMX ZIFaTBkEE, %R EKME
A causal_convld_update_cpu fn fused_sigmoid_gating_delta_rule_update_cpu SZILER
&t decode § prefill B2, #EAKIE conv RSB ER,

4, REDLIER (viim/model_executor/layers/utils.py) : &
dispatch_cpu_unquantized_gemm #3gnxt3E 2D ARE (40 causal convld 3D RE) B
Hr, £ AMX F& LA causal_convid_weight pack #THITE.

5. FEEEAE (viim/platforms/cpu.py) : ¥ check_and_update_config #4230 AMX 3
FAERGSEAMEIRARN, BEAMNESEFMIRTER (H AMX GDN MA R X
M) FEHEBIFEEE VLLM_SSM_CONV_STATE_LAYOUT=SD BU(E &34 4]
conv K&

R



« vlim/_custom_ops.py (#3k HEF#HDO; £K7| source; KA core-logic; &FF
chunk_gated_delta_rule_cpu, fused_sigmoid_gating_delta_rule_update_cpu,
fused_gdn_gating_cpu, causal_convld_weight_pack) : #3% 6 NB EXHEF Python 4§
E, REFRAKNAD, NEMEANLNEMRKE,

. csrc/cpu/torch_bindings.cpp (13 E-F48E; K3 source; EA core-logic; &5
chunk_gated_delta_rule_cpu, fused_sigmoid_gating_delta_rule_update_cpu,
fused_gdn_gating_cpu, causal_convld_weight_pack) : C++ EFFMAD, FEAHFLE
FrE#EFHEIM, £ Python 5 C++ REEINE,

« vllm/model_executor/layers/mamba/ops/cpu/gdn_attention.py (#3k GDN & A1; 25|
infra; & infrastructure; &5 cpu_gdn_attention_core_amx) : AMX & GDN %
B AR ER cpu_gdn_attention_core_amx, = SZFrMRIZBIEFIE,

« vlim/model_executor/layers/utils.py (3R REEH % ; FKF source; ER
data-contract) : f8EK dispatch Z38, X33 2D REWITE (causal convid) , 2
A& Ee X

« viim/platforms/cpu.py (3% FEBE; 3| source; EH core-logic) : FEEERMN
AMX HERRFEFIFNE, ®m CPU #IBITA,

« csrc/cpu/sgl-kernels/conv.cpp (3R HFRAAL; K5 source; EA core-logic) : EER%
R C++ 52, 189K conv_state il E L FHEE vLLM KV cache 89 slot stride iR,

« vlim/model_executor/layers/linear.py ({1 &4 E; 7| source; A data-contract) :
MR 3 TRFD, FBRRIBASAERIBT, AFH dispatch BIR1EER,

« csrc/cpu/sgl-kernels/fla.cpp (AR SER AR, KB source; ER! core-logic) : /MBS

RUAE N B #HT 58 conv_state RS $kME3%,

XS chunk_gated_delta_rule_cpu, fused_sigmoid_gating_delta_rule_update_cpu,
fused_gdn_gating_cpu, causal_convld_weight_pack, causal_convld_fwd_cpu,
causal_convld_update_cpu, cpu_gdn_attention_core_amx,
dispatch_cpu_unquantized_gemm, check_and_update_config

RPERAD B

csrc/cpu/torch_bindings.cpp
C++ EFEAMAD, FRFREMEHE TN, & Python 5§ C++ AEEIME.

Il EXMLERBE A ETFH C++ D

// Adapted from sglang: GDN

std::tuple<at::Tensor, at::Tensor> chunk_gated_delta_rule_cpu(
const at::Tensor& query, const at::Tensor& key, const at::Tensor& value,
const at::Tensor& g, const at::Tensor& beta,
const at::Tensor& initial_state, bool output_final_state,
const at::Tensor& cu_seqglens, bool head_first, bool use_gk_|I2norm_in_kernel,
double eps = 1e-5);

at::Tensor fused_sigmoid_gating_delta_rule_update_cpu(
const at::Tensor& A_log, const at::Tensor& dt_bias, const at::Tensor& g,
const at::Tensor& k, const at::Tensor& v, const at::Tensor& a,



const at::Tensor& b, at::Tensor& initial_state_source,

const at::Tensor& initial_state_indices, const at::Tensor& cu_seglens,
bool use_gk_IZnorm_in_kernel, double softplus_beta = 1.0,

double softplus_threshold = 20.0);

std::tuple<at::Tensor, at::Tensor> fused_gdn_gating_cpu(
const at::Tensor& A_log, const at::Tensor& a, const at::Tensor& b,
const at::Tensor& dt_bias);

// Adapted from sglang: casual_convld kernels
at::Tensor causal_convld_weight_pack(const at::Tensor& weight);

at::Tensor causal_convld_fwd_cpu(
const at::Tensor& x, const at::Tensor& weight,
const std::optional<at::Tensor>& bias,
const std::optional<at::Tensor>& conv_states,
const std::optional<at::Tensor>& query_start_loc,
const std::optional<at::Tensor>& cache_indices,
const std::optional<at::Tensor>& has_initial_state, bool silu_activation,
inté4_t pad_slot_id, bool is_vnni);

at::Tensor causal_convld_update_cpu(
const at::Tensor& x, const at::Tensor& conv_states,
const at::Tensor& weight, const std::optional<at::Tensor>& bias,
bool silu_activation, const std::optional<at::Tensor>& cache_seqglens,
const std::optional<at::Tensor>& conv_state_indices, int64_t pad_slot_id,
bool is_vnni);

// = TORCH_LIBRARY_EXPAND 33
ops.def(

"chunk_gated_delta_rule_cpu(Tensor query, Tensor key, Tensor value,
“Tensor g, Tensor beta, Tensor initial_state, bool output_final_state, "
"Tensor cu_seqglens, bool head_first, bool use_gk_I2norm_in_kernel, "
"float eps=1e-5) -> (Tensor, Tensor)");

ops.impl("chunk_gated_delta_rule_cpu", torch::kCPU, &chunk_gated_delta_rule_cpu);

ops.def(

"fused_sigmoid_gating_delta_rule_update_cpu(Tensor A_log, Tensor dt_bias, "
“Tensor g, Tensor k, Tensor v, Tensor a, Tensor b, "
"Tensor(a!) initial_state_source, Tensor initial_state_indices, "

“Tensor cu_seqglens, bool use_gk_I2norm_in_kernel, "

"float softplus_beta=1.0, float softplus_threshold=20.0) -> Tensor");
ops.impl("fused_sigmoid_gating_delta_rule_update_cpu", torch::kCPU,

&fused_sigmoid_gating_delta_rule_update_cpu);

ops.def(

"fused_gdn_gating_cpu(Tensor A_log, Tensor a, Tensor b, "

"Tensor dt_bias) -> (Tensor, Tensor)");
ops.impl("fused_gdn_gating_cpu", torch::kCPU, &fused_gdn_gating_cpu);



ops.def(
"causal_conv1d_weight_pack(Tensor weight) -> Tensor");
ops.impl("causal_convld_weight_pack", torch::kCPU, &causal_convld_weight_pack);

/! (causal_convld_fwd_cpu #o causal_convld_update_cpu FELUEM )

vlim/model_executor/layers/mamba/ops/cpu/gdn_attention.py
AMX £ R GDN JEFE SR EL cpu_gdn_attention_core_amx, BSZPrinEZBIEFTE,

def cpu_gdn_attention_core_amx(
mixed_gkv: torch.Tensor,
b: torch.Tensor,
a: torch.Tensor,
core_attn_out: torch.Tensor,
attn_metadata_i: GDNAttentionMetadata,
layer: torch.nn.Module,

AMX 138y GDN EEAZS, MAMEEDSRRE—K, EAIREA
BEXEFLIE N ERER]E delta AN E H,

Z3R conv JRAHA [num_slots, conv_dim, kernel-1] & SD % &,

# RBRSRS BB E

state_indices_tensor = attn_metadata_i.non_spec_state_indices_tensor
query_start_loc = attn_metadata_i.non_spec_query_start_loc

assert state_indices_tensor is not None

assert query_start_loc is not None

# conv state: [num_allocated_slots, kernel-1, conv_dim] — ¥% &k SD i/
conv_state = layer.kv_cache[0]
if is_conv_state_dim_first():

raise RuntimeError("AMX GDN attention requires “SD"~ conv_state layout.")
# % XEBIK conv_state L E SD fifF, REHE—XK
conv_state_t = conv_state.transpose(1, 2) # [slots, conv_dim, kernel-1]

# ssm state: [slots, heads, v_dim, k_dim] = EHEA [slots, heads, k_dim, v_dim]
ssm_state = layer.kv_cache[1]
num_allocated_slots, head_num, v_dim, k_dim = ssm_state.size()
#11 BB BAMER .view() T3E .transpose() 4 E B R,
# O review Wig, EHMIEAN ssm_state.transpose(2,3) J& contiguous,
ssm_state = ssm_state.view(

num_allocated_slots, head_num, k_dim, v_dim)

# BIRIMAIES

mixed_gkv = mixed_gkv.contiguous()
a = a.contiguous()

b = b.contiguous()

num_decodes = attn_metadata_i.num_decodes



num_decode_tokens = attn_metadata_i.num_decode_tokens
# ... FEMRIE num_decodes > 0 25438 decode Fn prefill
if num_decodes > 0:
# decode B&12: AR EMEY, F fused_sigmoid_gating_delta_rule_update
decode_mixed_gkv = ops.causal_convld_update_cpu(
x=decode_mixed_gkv,
conv_states=conv_state_t,
weight=Ilayer.convld.weight,
bias=layer.conv1d.bias,
silu_activation=layer.activation == "silu",
conv_state_indices=decode_state_indices,
is_vnni=True,
)
query, key, value = layer.rearrange_mixed_gkv(decode_mixed_gkv)
attn_out = ops.fused_sigmoid_gating_delta_rule_update_cpu(
A_log=layer.A_log, dt_bias=layer.dt_bias,
d=query, k=key, v=value, a=decode_a, b=decode_b,
initial_state_source=ssm_state,
initial_state_indices=decode_state_indices,
cu_seglens=query_start_loc[:num_decodes+1],
use_gk_l2norm_in_kernel=True,
)
# ... MBE XN core_attn_out

vlim/model_executor/layers/utils.py

&2k dispatch Z%, X I¥FE 2D XEMITE (causal convld) , BEAINTIER KH,

def dispatch_cpu_unquantized_gemm(
layer: torch.nn.Module,
remove_weight: bool,

) -> None:

#.. RAEEE ..

# ¥ WmERELRE 2D (Fla0 causal convld B 3D RE)
if layer.weight.ndim 1= 2:
#RERTA AMX F& (IRY AMX XFRITE)
if torch.cpu._is_amx_tile_supported():
# YA E reshape A (out_dim, kernel_width) /&M weight_pack
#33E: BRUBREBIRA (dim, kernel_size, conv_dim) 33
# XBRIZ ndim=3, AN view &HREH%E
layer.weight.data = ops.causal_conv1d_weight_pack(
layer.weight.view(
layer.weight.size(0),
layer.weight.size(2), # BAENFE: & ndim=1 SHFE

)

return # Bk /E 4L linear 0%

# JBA linear REQLZBEAE



N, K = layer.weight.size()

#...
AT K

gemini-code-assist[bot] 7 review FFHH T 4 MESFITH R :
« BEEFEFHS A csrc/cpu/sgl-kernels/conv.cpp H conv_states->stride(0) k&
conv_states EEAE, HESEBEE IR,
« model_config Z# 5T X viim/platforms/cpu.py F A
model_config.get_num_layers_by block_type RiZ&#iIA model_config && None,
« IREFEBEHIR: vlim/model_executor/layers/mamba/ops/cpu/gdn_attention.py F4ER .
view() /& .transpose() RIAEE, SITELEIEAF
« RELE BRI viim/model_executor/layers/utils.py F ndim = 2 &4RF5AA, =T
BEIRALIESE linear B (20 norm B) 3| XA, WU LERBRESHRIFERAF RN
&1E, {B PR EHLESH, BIWELREFEE,
. conv_states Z3E5H#RS| A (correctness): KA FE & FH &K, (B PR B4,
« model_config (B EH % (correctness): RIEEK, PR &3, 2ZiNEFHEHE
model_config RA%,
. ssm_state JBIRIER view 1% (correctness): KM, PR &3, # v _dim != k_dim M|zh
RE IE AR M TSR AR
c REALERSE ndim 1= 2 3 TF5Z (design): K&k, PR &3F, NN EZHHE) ndim
== 3 K&,

R 5 B

o RS

1. =F45HRSI A conv.cpp F conv_states->stride(0) # conv_states A nullopt E3EAA
B, BTROBRETERR,

2. model_config k&4 cpu.py % model_config A None &5|% AttributeError, ¥
e SR MBI IH R

3. view % transpose: gdn_attention.py F ssm_state FERTHAER .view() fIE .
transpose(), & v_dim § k_dim REHKEHEE, RERZTEX W,

4. MELEMRIRK: utils.py F ndim |= 2 EKF, FiBF| 1D REE (W norm) Stk
TARER, dE AMX B2t FTREET,

5. MARE EERK: THFHEMRIE AMX ARNIERESRE, KBEAEBMR, X w
Bo. - WM FMSEEMRELE CPU Ein, LHWAE AMX HELEN Intel REH. BH
AMX ESBE1E R prefix caching 1 chunked prefill, = REFERERL 37T AT E Token
RERATESE, I AMX FELTAEN. BREXRE reviewer $5 H BB TERR
&, EEREEAMNRAME R, - NFOARID: BESIEFAES| A . model_config ZEKNE
Bk | view B transpose $HIFEHEIR , RELEFRZ TR I RAER , RONMRES , B
B2 prefix caching a8 chunked prefill



KERAK L

« PR #42311 [Model] [Perf] Use flatten for Qwen3.5's GDN output projection: & PR %
X &R awen3.5, 5 #42311 FJE Qwen3.5 #& GDN AL A%, £EF&MTEAMEE
FRo

« PR #42740 [CPU] Specify required KV cache layout for CPU attention backend: 2~
PR A% conv REMBFH ERIRZE VLLM_SSM_CONV_STATE_LAYOUT=SD, 5
#42740 xF CPU attention &3k KV cache i G #IFLSEAE X,



