PR #2135 RERL

THUDM/slime
feat(gemma4): add Gemma4 dense and MoE support
SFBtla: 2026-06-29 15:43

JRXEEHE: http://prhub.com.cn/THUDM/slime/pull/2135

PATHRE

« —A)1E: FE Gemmad BEERF MoE BRI EE L IF

< EESE: ZPRRHRES, ZUEE, NRAEEe@. EXRIEUATRITA: O
Gemma4Router # renormalise-then-scale BFRE (5 HF —3%) ; @
DualRotaryEmbedding #t#EmaIETAMKRITEE; @ _Gemma4logitSoftcap £
autograd Function S2EL#th softcapping; @ 3#3¥ hook imIEFHAEAERIAT A BIEHE,
X R SF B AR iR Es,

THRES B

7 Slime R RA X3 Google mIFTAMM Gemmas AFER (31B dense #n 26B-A4B
MoE) , EHEZLAF REBEEER Gemmasd HTHHEN %A RL A, A PR ERMAERA X
#1855 ByEAL E 3T T RIFrfnkE e, HXAIE T colocated weight bucket BB E (
#2134) DUBRIR &R

SCEL AR

1. Megatron Transformer B2, (slime_plugins/models/gemma4.py): &EX
Gemma4TransformerConfig /BB Gemma3 ELE, #3¥ global kv _channels.
attention_k_eq_v. enable_moe_blockFrF &, LIYNorm (T REFRMSNorm) .
Gemma4Router (& per-expert scale BIB EX BB HFE) . GemmadMoELayer (FEA
Megatron MoE 2E#) URFEMFEEAE (2BE head_dim=512, num_kv_heads=4; &
FE head_dim=256, num_kv_heads=16; @R E K=V £%) .

2. & Provider(slime_plugins/models/gemma4_provider.py): #f#t
DualRotaryEmbedding &34 /RFEEE RoPE AEANKE L% Megatron ST E HERIZ
fif, 3 install_hooks 3N embedding 4E#X. logit softcapping (EH B EX
_Gemma4logitSoftcap autograd Function SZELgtithigtE) Ao layer_scalar,

3. HF < Megatron ##&(slime_plugins/mbridge/gemma4.py): Gemma4Bridge k&
Gemma3Bridge, EXT attention. MLP. other ZERXE L RMATHIN, *X3F dense fo
MoE #=R; X MoE ¥ RREHITHSBEULE SGlang MEBHAEH 3D KEKR.

4. Megatron — HF ##(slime/backends/megatron_utils/megatron_to_hf/gemmas.py):
convert_gemma4 to hf RIBFELR (&7 /B3 MAE QKV RE, &I K=V FZBTEE
i V_proj; _buffer _expert_and maybe flush BEIMFFAEERRERE —RMLXTHEEKE,



5. #& Y (slime/utils/mask_utils.py): ##¥ Gemmad IPRAERE R B loss mask KA,
MR FIIE,

6. GSM8K BRIEBI A (scripts/run-gemma4-31B-gsm8k.sh.
scripts/run-gemma4-26B-A4B-gsm8k.sh): 1= BFEBATH slurm YIEBAR, HXBEA
FF W&B ZATIER, XA 3 A 7 BiEfa it fad 2,

7. MR (tests/gemmasd/ BFE ): test_gemmad_router.py BoIEER 81 75 F2 IERAME ;
test_gemma4_provider.py B1iE softcap hook; test gemma4_bridge.py IIEAFHEERRET;
test_ gemma4_gkv_roundtrip.py 3&IE QKV H#iE 8 —KME;
test_gemma4_cp_attention.py BiE LT XFHF/TEEN;
test_gemma4_layer_integration.py 38 B M3 0 IE (63 ;
tests/utils/test_loss_mask_type_gemma4.py iE loss mask; _standalone_imports.py
=4t Megatron a0 mbridge stub BT LEIREZ/TM R,

R

« slime_plugins/models/gemma4.py (#ik A E; K| source; EH core-logic; &F5
Gemma4TransformerConfig, VNorm, Gemma4Router, Gemma4MoELayer) : &R
EB: X Gemma4 8 Transformer B2E. VNorm. BMFE AN, B EXEHE
(Gemma4Router) & MoE B, EARZFHHNRFEXH,

« slime_plugins/models/gemma4_provider.py ({&3k =AM K5 source; ER
core-logic; 5 model_provider, DualRotaryEmbedding, _Gemma4LogitSoftcap,
_install_hooks) : #% Provider: #&ft GPTModel #J2. DualRotaryEmbedding. logit
softcapping A hook SEAMNA], EREFBILBAND,

« slime_plugins/mbridge/gemma4.py ({3 #iiEiee; 5| source; ER
dependency-wiring; %5 Gemma4Bridge, _weight_name_mapping_attention,
_weight_name_mapping_mlp, _weight_name_mapping_other) : ¥iiEfEH#e: S,
Gemma4 HF & 85 Megatron RE R A BAT, 4551 Z43IE dense 5§ MoE R TH
FRBLEMMERREHES,
slime/backends/megatron_utils/megatron_to_hf/gemmas4.py (1R R EiEH#e: 35|
source; £ dependency-wiring; &5 convert_gemma4_to_hf, _get config,
_buffer_expert_and_maybe_flush, reset_expert_buffers) : Megatron — HF X E i #t:
¥ Megatron A AR E A HF BN, LERAEEA QKV fEEF MoE TXR#ES,
. tests/gemmad/test_gemma4_router.py (R B BMR; 25| test; LR
test-coverage; 5 _make_router_config, test_router_outputs_have_correct_shapes,

test_router_weights_sum_to_one_before_per_expert_scale,
test_router_per_expert_scale_multiplies_output) : BESH MR : F Gemma4Router
NRBFRERME, BFEMIR. RXEF, per-expert scale LL& MoE route A REIIT %
i,

. tests/gemmad/test_gemma4_provider.py (#Edk $RALEMIR; K5 test; £
test-coverage; {45 test_install_hooks_softcap_wraps_tensor_output,
test_install_hooks_softcap_reuses_storage with_correct_gradient, _CaptureOQOutput,
test_install_hooks_softcap_wraps_tuple_output) : Provider Ji&k: Z&IE logit

softcapping hook BIIERAME (RiM. KRIEl. FAEEHR. tuple . XHEATAH) .



XEFE: Gemma4Router.init, Gemma4Router.forward, DualRotaryEmbedding.forward,
_Gemma4logitSoftcap.forward, _Gemma4lLogitSoftcap.backward, model_provider,
convert_gemma4_to_hf, Gemma4Bridge._weight_name_mapping_attention,
Gemma4Bridge._weight_to_mcore_format, reset_expert_buffers

R F B

slime_plugins/models/gemma4.py

ZOERE . X Gemma4 B9 Transformer BE2&E. VNorm. BHPEEA. BEXKRHE
(Gemma4Router) & MoE B, BARZHFWNHZIEM,

class Gemma4Router(nn.Module):
"""Gemma4 MoE E&H 2

BB H 2 (5 HuggingFace Gemma4TextTopkRouter —3k) :

h_norm = VNorm(h) # RMSNorm T3] 54k
h_scaled = h_norm * scale / sqrt(H) # T% 38 per-hidden 4&iX
logits = proj(h_scaled) # [T, E]

probs = softmax(logits, dim=-1)

top_w, top_i = topk(probs, k=top_k)

top_w = top_w / top_w.sum(dim=-1, keepdim=True) # EH)I—1t
top_w = top_w * per_expert_scale[top_i] # SNEREIK

EE: REF—LBEER FS HF —3%, #FSI0H per_expert_scale,
MR, test_router_matches_hf reference_equation f#3F AT A,

def __init__(self, config):
super().__init_ ()
self.hidden_size = config.hidden_size
self.num_experts = config.num_moe_experts
self.top_k = config.moe_router_topk
self.scalar_root_size = self.hidden_size ** -0.5
self.norm = VNorm(self.hidden_size, eps=config.layernorm_epsilon)
self.proj = nn.Linear(self.hidden_size, self.num_experts, bias=False)
self.scale = nn.Parameter(torch.ones(self.hidden_size))
# per_expert_scale M HF BEEMBNEETESH, REHE
self.register_buffer("per_expert_scale", torch.ones(self.num_experts))

def forward(self, hidden_states: torch.Tensor):
#HBIAIR [T, H =X [B, T, H]; &4 3D N|EFE—%
if hidden_states.dim() ==

batch, seq, _ = hidden_states.shape
hidden_states = hidden_states.reshape(-1, self.hidden_size)
else:

batch, seq = None, None
T = hidden_states.size(0)

# I 1-2: VNorm + 4K



h_normed = self.norm(hidden_states)
h_scaled = h_normed * self.scale * self.scalar_root_size

# P, 3. HFEER logits
logits = self.proj(h_scaled)

# &, 4: softmax BEFER
probs = F.softmax(logits, dim=-1, dtype=torch.float32)

# I 5: top-k ¥EE
top_weights, top_indices = torch.topk(probs, k=self.top_k, dim=-1)

# AR 6: BT GBEI—HBEK NFEER)
top_weights = top_weights / top_weights.sum(dim=-1, keepdim=True)

# HIE 7: per_expert_scale 4K
top_weights = top_weights * self.per_expert_scale[top_indices]

# WRIMAE 3D, EFIR

if batch is not None:
top_weights = top_weights.view(batch, seq, -1)
top_indices = top_indices.view(batch, seq, -1)

return top_weights, top_indices

slime_plugins/models/gemma4_provider.py

¥ Provider: &t GPTModel #92&. DualRotaryEmbedding. logit softcapping #7 hook
EANLE], BEBRIBHHAAND,

class DualRotaryEmbedding(torch.nn.Module):
""IX RoPE #A\: ¥2FFFIER RoPE HrEKR—MNKE,

#%4F “torch.cat™ MIETTLR, BEA Megatron B SelfAttention.forward
¥ 2 TTHARREA (self_attn_rope, cross_attn_rope), SERAE,
PHEE 2 REIRDERM, GemmadTransformerLayer &3 is_sliding ¥1 4 o

def __init_ (self, local_rope, global_rope, global_dim: int):
super().__init_ ()
self.local_rope = local_rope
self.global_rope = global_rope
self.global_dim = global_dim # ©/& RoPE 4&, AT¥A

def get_rotary_seq_len(self, *args, **kwargs):
# B4 local_rope, AACERFIKEEZE

return self.local_rope.get_rotary_seq_len(*args, **kwargs)

def forward(self, seq_len, **kwargs):
global_emb = self.global_rope(seq_len, **kwargs)



local_emb = self.local_rope(seq_len, **kwargs)
# BEE : [global_part, local_part]
return torch.cat([global_emb, local_emb], dim=-1)

class _Gemma4LogitSoftcap(torch.autograd.Function):
""Gemma4 T4 logit 2R, JRMIRIEE RIS ED.

forward: logits = tanh(logits / scale) * scale
backward: F5152H, tanh §%k, BERMES,

@staticmethod
def forward(ctx, logits: torch.Tensor, scale: float) -> torch.Tensor:
ctx.scale = scale
ctx.mark_dirty(logits)
logits.div_(scale)
logits.tanh_()
logits.mul_(scale)
ctx.save_for_backward(logits) # R EHEEWER THE

return logits

@staticmethod

def backward(ctx, grad_output: torch.Tensor) -> tuple[torch.Tensor, None]:
(softcapped,) = ctx.saved_tensors
scale = ctx.scale
# d(output)/d(input) = 1 - tanh(x/scale)?2
grad_logits = softcapped / scale
grad_logits.pow_(2)
grad_logits.neg_()
grad_logits.add_(1.0)
grad_logits.mul_(grad_output)
return grad_logits, None

slime_plugins/mbridge/gemma4.py

MR 23 Gemma4d HF E RS Megatron RRE IR EIBRET, 455|232 dense §
MoE B THARBEMERZNRERES,

@register_model(["gemma4", "gemma4_text", "gemma4_unified_text"])
class Gemma4Bridge(Gemma3Bridge):
""Gemma4 HiEE: ZIE XK dense 1 MoE A&,

Megatron MIf#4£ R4 language_model. BIZR (4iSCAAERL) |
HF M2 %A model.language_model. Bi%R,

# Attention X E Bt
_ATTENTION_MAPPING = {
"decoder.layers.{layer_number}.self_attention.linear_gkv.weight": [



"model.language_model.layers.{layer_number}.self_attn.q_proj.weight",
"model.language_model.layers.{layer_number}.self_attn.k_proj.weight",
"model.language_model.layers.{layer_number}.self_attn.v_proj.weight",
1,
"decoder.layers.{layer_number}.self_attention.linear_proj.weight": [

n

"model.language_model.layers.{layer_number}.self_attn.o_proj.weight",
1,
o # HA Q/K BYI—fhBRETE B
}

# MLP Bist: REIBREZ dense_mlp #2 mlp (MoE 3%&)
_MLP_MAPPING = {
"decoder.layers.{layer_number}.mlp.linear_fc1.weight": [
"model.language_model.layers.{layer_number}.mlp.gate_proj.weight",
"model.language_model.layers.{layer_number}.mlp.up_proj.weight",
1,
"decoder.layers.{layer_number}.dense_mlp.linear_fc2.weight": |
"model.language_model.layers.{layer_number}.mlp.down_proj.weight",
1,
"decoder.layers.{layer_number}.mlp.router.proj.weight": |
"model.language_model.layers.{layer_number}.router.proj.weight",

.
}
# ENFZAKXLE MoE £ RIRE

_RE_MOE_EXPERT = re.compile(
r'Adecoder\.layers\.(\d+)\.mIp\.experts\.linear_fc([12])\.weight(\d+)$"

)
BN

PR 3R1BT —RM#E (zhuzilin #28) . TEITWEL PR body FIRFS #2134 BRI %
AUKRBHAS X #1855 9Kk A, 1% PR ZI&E¥ colocated weight bucket Zfaf&E 4 = E|
#2134, K PR £ THEALZFAS,

« A8 colocated weight bucket (&£ 3| #2134 (design): BEZ A BERIT, & PR & TR
T, #2134 BERMBEHLUES MoE %K crash,

PNSESE-A

« MFE: 1) MoE EXRERBNBEMZBEIRI T buffer_expert_and_maybe_flush F £
FPRAS, iR bl e S ECRSHR, BIRM T reset_expert_buffers R TTEE,

2) Gemma4 MABEEREFEZSIEMAFE -loss_mask_type SEIEMELE, ZEAHE
R mask XRMRESFKINGKESTHR, 3) BEIRANZIVKBTERR RIINER/E
BENES, ZEAENMERRNSESER, WREXARETHNERS EH., 4) MHEEXKE

. R EAEEEN head_dim RE, "TEES I Megatron B g &L ERMNKIE,
5) IK# #2134 BEEMERRA, MoE B2 colocated RE R BT ¢ crash,



« ¥ : AP ELEEEE Slime F{EH —-model_type gemma4 hn#k HuggingFace 8
Gemmoa4 EAKRE S HIT Megatron 2% Rill&kfn SGLang I, AL 5200 1T
KA, EEHMHAE slime_plugins/models/. slime_plugins/mbridge/.
slime/backends/megatron_utils/ 2R B ¥, X/EmIAERE TR, B B TEEX
FHERA KK, BRNERE Gemmoad BIFMIERE AT MoE M LUGHITE B4,

« RRRARE: BOEBATE , KBREANEE , KIEFTREIIAN , BAEEHABARIE ,
MoE & XHEBRSER

PRINSZS

« PR #2134 fix: handle empty colocated weight buckets: 4~ PR MoE I AR b5 £
, PR body BAFE RSN #2134 R colocated RER P crash,

- PR #1855 B#i Gemma4 &% : A PR &2 #1855 BRIFAREERA, RETHRE B
BEFRAETERE, 287 LXEE,

« PR #2102 Support top_p mask: EA loss mask #%3haE, 4 PR #F3ET Gemmasd B E
8 loss mask £#&, 5 top_p mask £ mask_utils.py ZEAHiZHE,



