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MRS

« —4)3&E: Inkling JR4 LoRA X 3¥F: adapter-only GRPO & 45EK3TE

 WEMME: EEEIR, EARTZRIRITAER: 1) H4 LoRA tnfrges
Megatron-Bridge 89 PEFT &£/, BRI SHMRE + ERNFEFTARIEL A NEHME,; 2)
_pp_assemble_full_adapter 5 _repack_onto_fresh_storage fBRE % % H4T + CUDA
IPC IT#2 87 ; 3) SGLang Ml lora_target_modules=["all'] 5§ virtual-experts BIFEE,
BIE LR EP>TP B native shard B9NEISIE. non-colocate 51 % 89 LoRA [R5, X
& 42/66 BEZEEMN Cl BE,

THHES BAL

PR body 7 BH: Stacked on #1683 (Inkling &8 + 2% RL) , A PR EH L3 LoRA B
, 523 adapter-only GRPO, ERRE—EEHS HTHK. BOMMEINGERA: £5EAT
EHHMELFAARER B4 rollout 31% (49.4s) , i LoRA RERS /A adapter (2.5s)

, B HNEI 4L S5NA 85%; FREME Inkling B A X% 8 LoRAschema (r=32all-linear)

, fRIE adapter T EEA T serving (BIZME AL triton JE3E + virtual experts) o

SCIN AR
STIIE 5 NS BIAR:

T3¢ miles_plugins/models/inkling/lora.py (759 4T7) . InklingLoRAAdapter 2453 EE
, sharded_state_dict() REIZF 3, {# adapter X Megatron dist-checkpointing &A=
0 8/ adapter i2 %X load_meta (TP/EPrank. k#4/Z. local intermediate % 5 H o 4k3E)
» attention B MLA £&#93F wa/wk/wv/wr TE2E A/B, 3#3EZ| linear_gkv/linear_proj B
forward L& delta, RMSNorm BE:&3#t TELayerNormColumnParallelLinear, forward
BHA rmsnorm E& norm BB LoRA #i\; dense MLP B fc1/fc2 &—%H A/B, RIFEALIE
fused layer-norm 5 sequence-parallel gather/reduce; routed experts B wl/w3/w2 =4
Z8HH wi_A/wW3_A £EEBMARR, B E=%5% (num_local_experts, moe_intermediate,
rank), FA _grouped_linear (CUDA #£ F.grouped_mm, CPU EIRZREXR linear) %
tokens_per_expert f grouped GEMM, FHWrE expert_tensor_parallel_size == 1; shared
experts RAZEXELZT A, EEFIL B 1y shared-outer 5#, SHAE: B B,
A xavier, TP E4|&¥4% lora_grad_sum_group="tp", EP £ #&|Z%4r "ep" B
allreduce=False, model.py # LoRA + Inkling Bt
wrap_model_provider_with_inkling_lora % provider, initialize_model_and_optimizer &



* #F —-lora-adapter-path #2351 (load_inkling_lora_adapter
+optimizer.reload_model_params() Bl fp32 master, EHREH optimizer BENIE AN
adapter 18) »

lora_utils.py #73¢ reduce_marked_lora_grads: ¥ finalize_model grads Z &I, %
_lora_grad_sum_group Fr&3E "tp" 4H. "ep" AN & rank B partial grad # all_reduce
SUM (#% dtype RFL—K3E1E) , MEEAEEM DDP # DP reduce-scatter, SHF& X
id(model[0]) A key &7, eGP BEAITH, ZRIFIHE

model.py::finalize_model_grads_with_empty cache #F finalize_model_grads &8 HZ A,

update_weight_from_tensor.py M RES EFMEIXEE: pp_assemble_full_adapter f&R
exporter By bridge R gather TP/EP. & gather PP By|a]@, PP>1 Bt#% PP A
all_gather_object 7Tu#k#E + % dtype /-F broadcast BEREEHZE; skip_base_sync &4
¥ B colocate_base_persistent (colocate Bk offload_rollout Bt base #35|ZERNF, =Bk
1t base EfE) ; _repack_onto_fresh_storage f&3R torch_memory_saver.region() &
cuMem MemPool RBETIEZ legacy CUDA IPC S HEEE (offload_train B4R adapter 3k
EHR|LE caching-allocator R, % (dtype, device) &3V BRF buffer) ; BHF LR
JE 2N ipc_collect() + empty_cache() F5 IPC 5| FH E#fR, sglang_engine.py Ml
load_lora_adapter_from_tensors ¥ & serialized_tensors B & 4 (58 per-TP-rank B
serialized_named_tensors B F =3 —) , Inkling checkpoint B} lora_target_modules =
["all"'] &% SGLang B a1iRB|#E3RE, dummy base load BBk B 5D lora_paths K&
weight-sync,

scripts/run_inkling.py #3& train_mode: "full" | "lora", lora A& —lora-rank 32
--lora-alpha 32 --target-modules all-linear -——experts-shared-outer-loras
--sglang-lora-backend triton --sglang-lora-use-virtual-experts
—sglang-max-loras-per-batch 1 5%, #i&E --sglang-ep-size
rollout_num_gpus_per_engine; fully_async Br&{X&#F full, BRIA Ir #ERX 4 (lora
S5e-6, XAURIASLPRNGA 2e-4 FREILEMIBLE B RERE TN delta-W)
utils/lora.py #3¥€ lora_rollout_enabled = is_lora_enabled and not lora_train_only, %—I7
25| % M| enable_lora. per-request lora_path 5 adapter &XE[R#; actor.py
sleep/wake (torch_memory_saver tag) 5 E#H & is_lora #HKA'E. arguments.py #3%
—lora-train-only, 1% experts_shared_outer_loras 5
sglang_experts_shared_outer_loras —E M4 & 7 & M HR 2 B B9 AR 53,

F138 tests/e2e/megatron/model_scripts/test_inkling_small_4layer_lora_ci.py: 7
stage-c-4-gpu-h200 EH (4 30 4%h) 8 4 B Inkling-Small LoRA B, B
—-check-lora-weight-equal (engine fll sha256 #&5 adapter —3kM) , skip list &bFE
frozen towers 5 engine JR4&E buffer, FH3EM train/grad_norm. train/ppo_kl.
rollout/raw_reward % CI gate; AR *MN7E train modes 5§ Ir X,

R

« miles_plugins/models/inkling/lora.py (3 EEE; 5| source; FEAR data-contract;
&5 InklingLoRAAdapter, _rmsnorm, _new_param, _register_param) : ¥3% 759 {T4#%
WEME: E X InklingLoRAAdapter 5 attention/dense MLP/routed experts/shared
experts By LoRA Z¥CEM 5 forward monkey-patch, &2 LoRA H#Xd Megatron



dist-checkpoint 38 (sharded_state_dict 3RE%Z) , HEX _lora_grad_sum_group ¥
BEA,

miles/backends/megatron_utils/lora_utils.py (13t & T E; 255 source; LA
dependency-wiring; %5 sglang_lora_target_all_sentinel,
reduce_marked_lora_grads, save_lora_checkpoint, load_lora_adapter) : ¥73g
sglang_lora_target_all_sentinel (Inkling B4it SGLang BsiiNIERE) 5
reduce_marked_lora_grads (TP/EP &l &% EEN)IY) ; EBE native
checkpoint 3 M tp/pp €& XA global_rank &340 legacy fallback,

miles/backends/megatron_utils/update_weight/update_weight_from_tensor.py (3R X
BEFED; 2£5 source; M dependency-wiring; &5 _pp_assemble_full_adapter,
_repack_onto_fresh_storage, _send_to_colocated_engine, _send_lora_params) : &X&
RS #H3¥ _pp_assemble_full_adapter #h& PP 4.

_repack_onto_fresh_storage f&#& cuMem IPC .M. ¥ B skip_base_sync &A{4n
E#HEREHFEIK, 2 weight update 49.4s—2.5s5 %5,

miles/backends/sglang_utils/sglang_engine.py (iR 5|%3&8; 255 source; LR
dependency-wiring; %5 load_lora_adapter_from_tensors, _compute_server_args) :
1% M3EBL: load_lora_adapter_from_tensors X 3FE , serialized_tensors {£#;
Inkling checkpoint B lora_target_modules=['all'] &% SGLang B&1iR5]; dummy
load BtBkiE BB lora_paths 1R#i weight-sync,
miles/backends/megatron_utils/model.py (#ik #RIF2E; K7 source; EH
data-contract; 5 setup_model_and_optimizer,
finalize_model_grads_with_empty_cache, initialize_model_and_optimizer) : #RtyzES
MNRE9F: LoRA+Inkling BFH wrap_model_provider_with_inkling_lora ‘3 provider;
finalize_model_grads ®I$&A reduce_marked_lora_grads; --lora-adapter-path #2350/
R#r fp32 master,

scripts/run_inkling.py (3 Bahfi4s; 3| source; EA core-logic; &5
ScriptArgs, _train) : launcher #:%: #¥E —train-mode lora & LoRA XS,
lora #X{F A triton backend + virtual experts + ep-size; fully-async Br={X & # full,
XAERE AN Ir Ko
tests/e2e/megatron/model_scripts/test_inkling_small_4layer_lora_ci.py (#3k CI MR ;
27 test; £ A test-coverage; 5 _args, prepare, execute) : 4 & LoRA B CI:
ISIF checkpoint ##2. LoRA ll%k. --check-lora-weight-equal By sha256 &%, STt
grad_norm/ppo_kl & CI gate; EIheEMIEEENREK,

miles/utils/arguments.py ({3 S8HEHT; K5 source; FEHR core-logic; &5
add_lora_arguments, miles_validate_args) : #3& —lora-train-only [ 1#%; &£
experts_shared_outer_loras 5 sglang_experts_shared_outer_loras —3 M EE B
R B B9 A4 5%

miles/utils/lora.py (B3R FFXi1#8; £5B| source; ER core-logic; F5
lora_rollout_enabled) : #3& lora_rollout_enabled %&— 7%= rollout Il LoRA (
enable_lora. lora_path. adapter weight sync) , —lora-train-only T %4,



« miles/backends/megatron_utils/actor.py (#3k IZ4T; 25| source; KR
dependency-wiring; 5 init, sleep, wake_up) : %k actor B sleep/wake 5 ER#
X H lora_rollout_enabled, JRZE torch_memory_saver # tag 52 &£ adapter R,

KBS InklingLoRAAdapter, _rmsnorm, _new_param, _register_param, _dropout,
_grouped_linear, _apply_attention_lora, _apply_dense_mlp_lora, _apply_expert_lora,
_apply_shared_experts_lora, reduce_marked_lora_grads,
sglang_lora_target_all_sentinel, _pp_assemble_full_adapter,
_repack_onto_fresh_storage, lora_rollout_enabled,
wrap_model_provider_with_inkling_lora, load_inkling_lora_adapter

KR BR

miles_plugins/models/inkling/lora.py

¥ 759 fTRGES: X InklingLoRAAdapter 5 attention/dense MLP/routed
experts/shared experts By LoRA ZHUEM 5 forward monkey-patch, @& LoRA SHxt
Megatron dist-checkpoint %84 (sharded_state_dict 3RE%) , HEX
_lora_grad_sum_group #rEE4,

# miles_plugins/models/inkling/lora.py (33%)

# NS ETI . FrA Inkling LoRA S3k#EMX B 4l2E,

# RBEAE:

# - tensor_model_parallel=False / partition_dim=-1 it Megatron 1BX/NE3k L 1E
# 3 TP 1953 (X replicated 2HIEFEE) ,

# - expert=True B allreduce=False, EP FT&/ rank FAAKMERaE|KR, @

# reduce_marked_lora_grads £ DP reduce ZRIE XK ep AK Ao,

# - _lora_grad_sum_group W& EFARLA: WARCH S HL I3 A

# reduce_marked_lora_grads B1%it, &N EFIH LoRA SHREBEER—K.

*

def _new_param(ref_weight, shape, *, init, grad_sum_group=None, expert=False):
tensor = torch.empty(*shape, dtype=ref_weight.dtype, device=ref weight.device)
if init == "zero":
tensor.zero_() # B sEME RN, FRIEVIZAEA delta K 0
elif tensor.ndim ==
nn.init.xavier_uniform_(tensor) # A 4% xavier
else:
for expert_tensor in tensor: # 3D £%k: EE XK xavier
nn.init.xavier_uniform_(expert_tensor)
param = nn.Parameter(tensor)
param.tensor_model_parallel = False
param.partition_dim = -1
param.partition_stride = 1
if expert:
param.allreduce = False
if grad_sum_group is not None:
# ¥ reduce_marked_lora_grads &% : E#I89 adapter HEFZE A Kfn
param._lora_grad_sum_group = grad_sum_group
return param



def _grouped_linear(inputs, weights, tokens_per_expert):
"3t permuted J& B token EHHEEAME K matmul, —>KX grouped GEMM 5%, "
if inputs.is_cuda:
offsets = torch.as_tensor(list(tokens_per_expert), device=inputs.device, dtype=torch.int32).
cumsum(
0, dtype=torch.int32
)
return F.grouped_mm(inputs, weights.transpose(1, 2), offs=offsets)
# CPU [EI:R: & segment ¥ 3E linear HHfE
segments = torch.split(inputs, list(tokens_per_expert), dim=0)
return torch.cat([F.linear(segment, weights[idx]) for idx, segment in enumerate(segments)],
dim=0)

def _apply_expert_lora(moe, args, hf_prefix, *, scale, dropout, a_init):

# Inkling B9E X LoRA #E % schema ¥k w1l / w3 (gate+up) 5 w2 (down) ,
# B54MZ routed experts £F—1p A 4E[E,

config = moe.config

assert (getattr(config, "expert_tensor_parallel_size", 1) or 1) == 1, "Inkling LoRA assumes
ETP=1"

rank = int(args.lora_rank)

hidden_size = config.hidden_size

moe_intermediate = config.moe_ffn_hidden_size

experts = moe.experts

num_local_experts = experts.num_local_experts

is_ep = parallel_state.get_expert_model_parallel_world_size() > 1

ep_group = "ep" if is_ep else None

adapter = InklingLoRAAdapter("experts", hf_prefix + "mlp.experts.")

fc1_ref, fc2_ref = experts.linear_fc1.weight0, experts.linear_fc2.weight0
_register_param(adapter, "w1_A", fc1_ref, (rank, hidden_size), init=a_init, grad_sum_group=
ep_group, expert=is_ep)

_register_param(adapter, "w3_A", fc1_ref, (rank, hidden_size), init=a_init, grad_sum_group=
ep_group, expert=is_ep)

_register_param(adapter, "w1_B", fc1_ref, (num_local_experts, moe_intermediate, rank),
expert=is_ep)

_register_param(adapter, "w3_B", fc1_ref, (num_local_experts, moe_intermediate, rank),
expert=is_ep)

_register_param(adapter, "w2_A", fc2_ref, (num_local_experts, rank, moe_intermediate), init=
a_init, expert=is_ep)

_register_param(adapter, "w2_B", fc2_ref, (hidden_size, rank), grad_sum_group=ep_group,
expert=is_ep)

experts.lora_adapter = adapter

fc1 = experts.linear_fc1
original_fc1 = fc1.forward

def expert_fc1_forward(inputs, tokens_per_expert, *forward_args, **forward_kwargs):
output, bias = original_fc1(inputs, tokens_per_expert, *forward_args, **forward_kwargs)



dropped = _dropout(inputs, dropout, fc1.training)

# HEW A EMEBHEREREME, BH grouped GEMM EFRIZBEX

joint = F.linear(dropped, torch.cat([adapter.w1_A, adapter.w3_A], dim=0))

gate = _grouped_linear(joint[..., :rank].contiguous(), adapter.w1_B, tokens_per_expert)
up = _grouped_linear(joint[..., rank:].contiguous(), adapter.w3_B, tokens_per_expert)
delta = torch.cat([gate, up], dim=-1)

return torch.add(output, delta, alpha=scale), bias

fc1.forward = expert_fc1_forward
#fc2 FFE: w2_A REF grouped, w2_B BHiELM, B

miles/backends/megatron_utils/lora_utils.py

#138 sglang_lora_target_all_sentinel (Inkling Btik SGLang Btk g) 5
reduce_marked_lora_grads (TP/EP E#|5HHEENVIA) ; REHE native checkpoint 4
B M tp/pp €% KA global_rank é43Ehn legacy fallbacke

# miles/backends/megatron_utils/lora_utils.py (F73%)

# Inkling LoRA 5454 LoRA MR AREZR: tofEE{Z%E Megatron-Bridge B9 PEFT

# R BAEREITL, MEFEEEMN replicated 23k (TP £#l. EP £4!)

# R& Megatron B3l reduce, :XBIE finalize_model_grads Z RS M

# lora_grad_sum_group #&E N all_reduce SUM, Mijs £ DDP 89 DP reduce-scatter,

_marked_lora_grad_params_cache: dict[int, list] = {}

def reduce_marked_lora_grads(model) -> None:
from megatron.core import parallel_state as ps

key = id(model[0]) if model else 0
marked = _marked_lora_grad_params_cache.get(key)
if marked is None:

marked = []

for chunk in model:

for param in chunk.parameters():
group_name = getattr(param, "_lora_grad_sum_group", None)
if group_name is not None and param.requires_grad:
marked.append((param, group_name))

_marked_lora_grad_params_cachelkey] = marked
if not marked:

return
groups = {

"tp": (ps.get_tensor_model_parallel_group(), ps.get_tensor_model_parallel_world_size()),

"ep": (ps.get_expert_model_parallel_group(), ps.get_expert_model_parallel_world_size()),
}
for group_name in ("tp", "ep"):
group, size = groups[group_name]
if size <= 1:

continue # ¥ rank AL EFEE
grads = ]



for param, g_name in marked:
if g_name != group_name:
continue
grad = getattr(param, "main_grad", None) # Megatron b 2B B2 5L
if grad is None:
grad = param.grad
if grad is not None:
grads.append(grad)
# % dtype AR RFM, —K all_reduce KCIEEAME, R BIEKREK
for dt in {g.dtype for g in grads}:
gs = [g for g in grads if g.dtype == dt]
if len(gs) ==
dist.all_reduce(gs[0], op=dist.ReduceOp.SUM, group=group)
continue
flat = torch._utils._flatten_dense_tensors(gs)
dist.all_reduce(flat, op=dist.ReduceOp.SUM, group=group)
for g, red in zip(gs, torch._utils._unflatten_dense_tensors(flat, gs), strict=False):
g.copy_(red)

miles/backends/megatron_utils/update_weight/update_weight_from_tensor.
Py

RERFBZS: F  pp_assemble_full_adapter #v& PP 4.
_repack_onto_fresh_storage & cuMem IPC S kM. ¥ & skip_base_sync FFfufE
5B EEIKk, & weight update 49.4s—2.5s B)% 5,

# miles/backends/megatron_utils/update_weight/update_weight_from_tensor.py (%)

# LoRA adapter Z#E torch_memory_saver.region() (torch.cuda.use_mem_pool) Bz,
# 75X HE cuMem MemPool, cuMem S ETL %3 legacy CUDA IPC &H,

# EEXRY SCGlang I ESEE — KR EHR "CUDA error: invalid argument”,

# X B region ZNEFHHELLRE caching-allocator NfF, EIKEFE N T 5,

# 1t MultiprocessingSerializer RE£ 3| S H B IPC handle,

# % (dtype, device) &R —12F45 buffer, pickler & memoize storage,

# 51 Z Uk B892 —18 IPC handle T~ Z&A adapter IKE— handle,

def _repack_onto_fresh_storage(hamed_tensors):
groups: dict[tuple[torch.dtype, torch.device], list[tuple[str, torch.Tensor]]] = {}
for name, tensor in named_tensors:
if tensor.is_cuda:
groups.setdefault((tensor.dtype, tensor.device), []).append((name, tensor))

views: dict[str, torch.Tensor] = {}
for (dtype, device), items in groups.items():
flat = torch.empty(sum(t.numel() for _, t in items), dtype=dtype, device=device)
offset = 0
for name, tensor in items:
view = flat[offset : offset + tensor.numel()].view(tensor.shape)
view.copy_(tensor)
views[nhame] = view
offset += tensor.numel()



return {name: views.get(name, tensor) for name, tensor in named_tensors}

W6 B4

A PR TSR review ifi: {X yueming-yuan B9 APPROVED (®IEX) , Issue ¥ RA
gemini-code-assist BB T & E, BITARETENEERNDIRE, LHE
_repack_onto_fresh_storage *t torch_memory_saver MemPool 55 CUDA IPC % 81}t BR
, W& reduce_marked_lora_grads Xt & &5 %066 E VI AR AT,

- ELEIMETF AR

S
- Afe:

1. R e "AE . update_weight_from_tensor.py B skip_base_sync &5
_send_to_colocated_engine B9 LoRA ok 22 % LoRA £HAZ, & PR Kah¥™H
BEA LoRA & (W #2075 session Ml adapter Fz) , E&EM@=)3,

2. checkpoint # 3\ Z1t: native 49 F M adapter_megatron_tp{tp}_pp{pp}.pt KA
adapter_megatron_rank{rank}.pt, |B#¥&F legacy fallback ZER B BE4L only
valid when EP<=TP; #&RFE EP>TP £ 8 Z&H/T T HMB—RKETHIMNEIL.

3. BEVINEMME: reduce_marked_lora_grads K& replicated £k
_lora_grad_sum_group =&, JRITREEBRT AEIRBE; £5 XU id(model[0]) AH,
MAEZRE d EARS®PRIEEE.

4. BENF: CIMREE 4 BYVIRBEMETNREEM (GEKEE) , 42/66 RRSEE (TP4
SP PP8 EP4 %) =k CI; non-colocate (distributed engine) # LoRA R {32
NotImplementedError,

5. 8 B EFPEIH ipc_collect/empty_cache, X RERSHEHME LS wandb
HIBEFENE, - Fm: XA Inkling / Inkling-Small B "I#2E 4 LoRA schema
BRRAIN%, EERERRERTERESEFEN (weight update 49.45—2.5s, step 4
2% 85%) . WNA%L: KEEEAIEL. Megatron E3%. SGLang 31 %. BaiAS
Cl, LoRA HAHEEEH save/load 2 5RFZELXETN, HAth LoRA EimE =T,
STREIBA: BasL T 4453k plugin adapter + 25 TP/EP #E V34 + PP KL EAE +
CUDA IPC BEfE51 %] #R, THAERESHEANELE LoRA ERETER, - NEIRIT:
o E R RSPk , 3738 TP/EP BEVIAMIN , CLIXEE 4 BYW A | distributed
engine LoRA R%Z#F , IB#R checkpoint FRZEARH legacy fallback

KERBKL

« PR #1683 Inkling model + full-parameter RL: PR body &BH stacked on iZ PR, 24X
LoRA Z#FHEE; ©% GRPO #H T BEiR5 HATHK

« PR #2013 [tito] Add the Inkling TITO family (Inkling / Inkling-Small): [@— Inkling #&#&!
LMRIELE tokenizer XHF, 54 LoRA £iEIILATEA

« PR #2009 [docs] Add Inkling-Small model page: Inkling-Small X#4T1 i, 4~ PR E# &
#1 inkling-small.md # LoRA )|kt BH



« PR #1794 feat(multi-lora): enable and validate MoE expert adapters: MoE ¥ E%&
LoRA BYZEHI, &= (tp,pp.ep) A SRE, & PR BEX LoRA ZEHANR

« PR #2075 session: apply the trained LoRA adapter to session-server rollouts: LoRA Il
%5 rollout #5B&3L A lora_path/adapter R332, K PR &k E—8EEK & EIRE



