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PP S N\Saith

Output Layer

A - '
Stage P CHECKPOINT_PATH—fSpec1fy path>‘ ‘ . S NYSTYE .
VOCAB_FILE=<Specify path to file>/gpt2-vocab.json [ ] Pre traln_gptpy 1‘H% get model #:I_“;_kﬁ .
MERGE_FILE=<Specify path to file>/gpt2-merges.txt - -
Transformer Layer xL/P DATA_PATH=<Specify path and file prefix>_text_document . . P /AELZ\ Y L7 =N \—y— N
— pipeline-parallel ¥ZPP N9 A2 Stage , B Stage IZ1T7E |1 NPU_L
GPT_ARGS="
Layer Norm —tens e 1) — 55— Stage pre_process=True Z7f A\ /9 Embedding
A = T1el . [ — S
MLP nintoyers 24\ — 287/ Stage post_process=True ZZ/"fiiH /9 Model Loss
--hidden-size 1024 \ ==
A ——num-attention-heads 16 \ - E% Stage Z:ﬁ‘ﬁg Pre_ProceSS or POSt_ProceSS
L N --seqg-length 1024 \
ayer Norm —-max-position-embeddings 1024 \
y ——-micro-batch-size 4 \ t d .L( del id £ del t =ModelT d d d .
A ——global-batch-size 8 \ get_model(model_provider_func, model_type=ModelType.encoder_or_decoder, wrap_wit
Attention L o-00en A
——train-iters 500000 \ . s 5 g
1 T cc b if mpu.get_pipeline_model_parallel_world_size() > 1
——1r-decay-style cosine \ args.virtual_pipeline_model_parallel_size s
--min-1r 1.0e-5 \ assert model_type != ModelType.encoder_and_decoder, \
——weight-decay 1le-2 \ " :
e - ) Interleaved schedule not supported for model with both encoder and decd
r-warmup-fraction .01 \
-—clip-grad 1.0 \ model = []
=id for i in range(args.virtual_pipeline_model_parallel_size):
tage A
mpu.set_virtual_pipeline_model_parallel_rank(i)
f =" in_ ":
Transformer Layer x L / P e T R
pre_process = mpu.is_pipeline_first_stage()

Layer Norm train_valid_test_datasets_provider.is_distributed = pOS‘t_pr‘OCESS = mpu. is_pipeline_last_stage()
A pretrain(train_valid_test_datasets_provider, thls_model = mOdel—prOV]'der—funC(
model_provider, pre_process=pre_process,
MLP ModelType.encoder_or_decoder, post_process=post_process
forward_step,
A args_defaults={'t r type': )

this_model.model_type = model_type

Layer Norm = , )
g lsetup_model_and_optlmlzer(model_prov1der_func, model. append ( thls_model)
A model_type, 1 .
. no_wd_decay_cond=| else:
Attention scale_lr_cond= pre_process = mpu.is_pipeline_first_stage()
A I R B post_process = mpu.is_pipeline_last_stage()
args = get_args() add_encoder =
timers = get_timers() add_decoder =
. 1f model_type == ModelType.encoder_and_decoder:
Embeddlng model = get_model(model_provider_func, model_type) . = . . VR - - q
if mpu.get_pipeline_model_parallel_world_size() > 1:

unwrapped_model = unwrap_model(model)

= ZOMI 6 Course https://chenzomil 2.github.io/
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PP 1RBILHIE

Output Layer

A
[
Stage P get_model(model_provider_func, model_type=ModelType.encoder_or_decoder, wraf] ° get model *@gii GPTMOdeI *‘\ 15”
model = [] -
Transforrner La er X L / P for i in range(args.virtual_pipeline_model_parallel_size): “—\ sl -
y mpu.set_virtual_pipeline_model_parallel_rank(i) [ ) ]% |j- get gpt_layer’_local_spec() @ﬁ%*@gﬁi GPT *Egg
Layer Norm pre_process = mpu.is_pipeline_first_stage()
post_process = mpu.is_pipeline_last_stage()
A this_model = model_provider_func(
pre_process=pre_process,

MLP post_process=post_process

)

A this_model.model_type = model_type
model.append(this_model)

get_gpt_layer_local_spec(
num_experts: int = , moe_grouped_gemm: bool = , gk_layernorm: bool =

Layer Norm -~
A GPTModel(LanguageModule) : ) —> Mod U.LESDEC:
- —init_( mlp = _get_mlp_module_spec(
Attention use_te= , hum_experts=num_experts, moe_grouped_gemm=moe_grouped_gemm
A self.decoder = (
config=self.config,
spec=transformer_layer_spec,
pre_process=self.pre_process, module=
post_process=self.post_process, submodules=
Stage 0 A 1nput_1ayerﬁorm=
self_attention=
Transformer Layer x L / P module=
params={
Layer Norm submodules=
A linear_gkv=
core_attention=
MLP . .
linear_proj= C
A g_layernorm= gk_layernorm
Layer Norm k_layernorm= gk_layernorm
i ),
Attention self_attn_bda=get_bias_dropout_add,
A pre_mlp_layernorm=FusedLayerNorm,
mlp=mlp,
mlp_bda=get_bias_dropout_add,
Embedding

2 ZOMI 7 Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

PP SRENEE=ITHIEEN

Output Layer

A
Stage P SE—————— « Transformer block ;Effi@IT get num_layers I+ E2F1] Stage © S
num_layers_per_pipeline_rank =
Transforrner Layer X L / P : config.num_layers // 1 t .get_pipeline_model_parallel_world_size )_L/I\ Transfor‘mer La_yer
\—/— [ — . S
Layer Norm megatron > core > transformer > transformer_block.py ‘ Z_ GPT 1:5 L‘[TT1§HEP§/I\ Stage bUIId_Iayer Eg/l\éijg number
A > > | Py > ..

TransformerBlockSubmodules: _Iyaer - L / PP_num

layer_specs: List[ModuleSpec] =

MLP

A _get_block_submodules(
config: TransformerConfig, spec: Union[TransformerBlockSubmodules, ModuleSp:
Layer Norm ) —> TransformerBlockSubmodules:
A if isinstance(spec, TransformerBlockSubmodules): i' """"""""""""""""""" : T T T T T T E T e e E e :
. return spec ] 1 ] 1
Attention ! NPU 0 | ! o ] |
7y | L utput Layer i
] ]
i Stage 0 bl T .
elif isinstance(spec, ModuleSpec): ] : ] :
if issubclass(spec.module, TransformerBlock): : ] : ]
return spec.submodules 1 : 1 :
elif issubclass(spec.module, BaseTransformerLayer): ' Transformer Layer H 1 Transformer Layer H
]
.. num_layers = get_num_layers_to_build(config) : : H ]
return TransformerBlockSubmodules(layer_specs=[spec] * num_layers) ] ] !
Stage 0 A cloe: l Layer Norm bl Layer Norm :
raise Exception(f"specialize for {spec.module.__name__}.") 1 : ] :
else: [} 1 ] 1
TranSforrner La)'er X L / P raise Exception(f"specialize for {type(spec).__name__}.") : A ] : A ]
] ]
! 1 ! 1
Laver Norm ' MLP P MLP i
y TransformerBlock(MegatronModule) : [} : ! :
A _build_layers(self): : A : : A :
! | ! |
]
MLP ' Layer Norm v Layer Norm '
! | ! |
! 1 ! 1
A | A o A i
]
i 2 ] . ] .
La er Norm bulld_layt.er(layer_spec, 1ayer_number).. . H Attentlon : H Attentlon :
)’ irn build_module(layer_spec, config=self.config, layer_number=1a| ] 1 : 1
]
7y | A P A i
] ]
. self.layers = torch.nn.ModuleList( : ] : ]
Attention : ! ' : '
build_layer(layer_spec, i + 1 ! ] ]
A for i, layer_spec in enumerate(self.submodules.layer_specs : E b dd : : NPU I :
1 mbedding H | )
| Voo Stage | |
! ' ! '
b e eeeeceeeeeeccccccc———mem 1 e 1

Embedding

s ZOMI 8  Course https://chenzomil2.sithub.io/
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Output Layer

PP Stage 117

Stage P « {RRi&Z NPUO 117 StageO :

Transformer Layer x L/ P > training > @ training.py >

train(forward_step_func, model, optimizer, opt_param_scheduler,

— GPT iEH pretrain = train > train_step $#1{7—" iteration

Layer Norm args.curr_iteration = iteration

A loss_dict, skipped_iter, grad_norm, num_zeros_in_grad = \
train_step(forward_step_func,

— train_step 1@IY get_forward backward_fun EREGH A schedulers.py t&5R

MLP g e el RIEZEIAY PP 42T IR[A] forward_backward_pipelining_with_interleaving
e BT TS 8

A

optimizer,

opt_param_scheduler,
Layer Norm teration e 1 Cehpg) train_step(forward_step_func, data_iterator,
A batch_size = mpu.get_data_parallel_world_size() * \ model, Opt imizer, opt_pa ram_scheduler,
A . args.micro_batch_size * \ ”""S . _L t . . t T
ttention get_num_microbatches() ingte raining step.
args.consumed_train_samples += batch_size =
A num_floating_point_operations_so_far += num_floating_point_operat a rgS gEt—a rgS ( )
timers = get_timers()
> core > pipeline_parallel > schedules.py >
orward_backward_func(): for model_chunk in model:
Sta’ge 0 A trieves the appropriate forward_backward function given the -
pipeline_model_parallel_size = parallel_state.get_pipeline_model_parallel_world_sizd model_chunk. zero g rad buffer( )
if pipeline_model_parallel_size > 1: . . - = -
TranSforrner La-yer X L / P if parallel_state.get_virtual_pipeline_model_parallel_world_size() Opt imlizer.ze r‘O_g rad( )
forward_backward_func = forward_backward_pipelining_with_interleaving
Layer Norm ;orward_backward_func = forward_backward_pipelining_without_interleaving
else:
f d_backward_func = f d_backward_no_pipeli
A I e forward_backward_func = get_forward_backward_func()
MLP losses_reduced = forward_backward_func(
A forward_step_func=forward_step_func,
Layer Norm data_iterator=data_iterator,
7y model=model,
. num_microbatches=get_num_microbatches(),
Attention
seq_length=args.seq_length,
o micro_batch_size=args.micro_batch_size,
decoder_seq_length=args.decoder_seq_length,
Embedding forward_only= )

@ ZOMI

10  Course https://chenzomil 2.sithub.io/
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Output Layer

A
Stage P

A

Transforn
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Layer
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Stage 0 y
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A

MLP

A

Layer
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A
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4

A

Embedding

@ ZOMI

NPU O #i17 Stage

get_forward_backward_func():

trieves the appropriate forward_backward function given the
pipeline_model_parallel_size = parallel_state.get_pipeline_model_parallel_world_s
if pipeline_model_parallel_size > 1:

if parallel_state.get_virtual_pipeline_model_parallel_world_size()

forward_backward_func = forward_backward_pipelining_with_interleaving
v
forward_backward_func = forward_backward_pipelining_without_interleaving
forward_backward_func = forward_backward_no_pipelining
return forward_backward_func

forward_backward_pipelining_without_interleaving(
*y

forward_step_func,

data_iterator: Union[Iterator, List[Iteratorl],
model: Union[torch.nn.Module, List[torch.nn.Modulel],
num_microbatches: 0

seq_Llength: int,

micro_batch_size: int,

decoder_seq_length: int =

forward_only: bool = 5
collect_non_loss_data: bool =

first_val_step: bool = o

"""Run non-interleaved 1F1B schedule, with communication between pipeline
stages.

Returns dictionary with losses if the last stage, empty dict otherwise.

forward_backward_pipelining_without_interleaving

disable_grad_sync()

num_warmup_microbatches = (
parallel_state.get_pipeline_model_parallel_world_size()

.get_pipeline_model_parallel_rank()

=1l
)
num_warmup_microbatches = min(num_warmup_microbatches, num_microbatches)
num_microbatches_remaining = num_microbatches - num_warmup_microbatches

NPUO #1117 StageO :

— 117 Forward I+ &N forward_backward_pipelining_without_interleaving
(Pipeline |FIB) e XAEEEHT , EFTEH microbatch(MB) 1475854
FEHBE

S "NPU num_warmup_microbatches/[g]

IgE -6
2 e E

NPUO

NPUI

NPU2

NPUP-1

NPUP-1 Lt num_warmup_microbatches=0, H1TITMFEFENIFIBIKZS

NPUO

NPUI

NPU2

NPUP-1

HR NPU Lt num_warmup_microbatches H11T

SEE, EAIFIBIRES

Course https://chenzomil 2.github.io/
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NPU O #11TF Stage O

Output Layer

A
Stage P . 1T
get_forward_backward_func(): NPUO {j- Stageo
""Retrieves the appropriate forward_backward function given the "
Transformer Layer x L/ P pipeline_model_parallel_size = parallel_state.get_pipeline_model_parallel_world_s — num microbatches : ,E{E(J micro batch /l\éﬁ = global batch size(6) / micro
if pipeline_model_parallel_size > 1: -
if parallel_state.get_virtual_pipeline_model_parallel_world_size()
La)’el" Norm forward_backward_func = forward_backward_pipelining_with_interleaving batCh(Z) 9 3

7y e : — num_warmup_microbatchew : 1R3E PP Z7LAK 2581 NPU rank 1EEEE

forward_backward_func = forward_backward_pipelining_without_interleaving

MLP .“u‘;’orward_backward_func = forward_backward_no_pipelining :Etl_] IFI B '{kIU\E’\J Wal"mUP mlcrOba‘tCh /I\ﬁﬁ 1 I_-I_T1§U NPUO = 2(PP) - rank(o) -
A return forward_backward_func I: I R NPUI = 2(PP) — rank( I) - I

seq_Llength: int,

NPUI

micro_batch_size: int,

La)’er Norm forward_backward_pipelining_without_interleaving( N . —
i . S "NPU num_warmup_microbatches[G]
forward_step_func,
. data_iterato Union[Iterator, List[Iteratorl]],
Attentlon model: Union h.nn.Module, List[torch.nn.Modulel], NPUO 2 I
num_microbatches:
A ‘ |2 E

decoder_seq_length: int =

forward_only: bool = 5 NPU?2 |
collect_non_loss_data: bool =
cee first_val_step: bool = 5
|
Stage 0 A ""Run non-interleaved 1F1B schedule, with communication between pipeline
stages.
NPUP-|

Transformer Layer x L / P

Returns dictionary with losses if the last stage, empty dict otherwise

NPUP-1 Lt num_warmup_microbatches=0, H1TITMFEHENIFIBIKZS

wo  [IEE - BR-

A forward_backward_pipelining_without_interleaving

MLP

disable_grad_sync()

A num_warmup_microbatches = (
parallel_state.get_pipeline_model_parallel_world_size() NPU I
La)ler Norm = .get_pipeline_model_parallel_rank()
=1l
i ; NPU2
num_warmup_microbatches = min(num_warmup_microbatches, num_microbatches)
Attent|on num_microbatches_remaining = num_microbatches - num_warmup_microbatches
NPUP- |

HR NPU L num_warmup_microbatches 1175858, #HAIFIB IS

Layer Norm }

Embedding

s ZOMI 12 Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

Output Layer

A
Stage P
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A
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A

Layer
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A
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A

Embedding

@ ZOMI

NPU O #i17 Stage

get_forward_backward_func():

trieves the appropriate forward_backward function given the
pipeline_model_parallel_size = parallel_state.get_pipeline_model_parallel_world_s
if pipeline_model_parallel_size > 1:

if parallel_state.get_virtual_pipeline_model_parallel_world_size()

forward_backward_func = forward_backward_pipelining_with_interleaving
v
forward_backward_func = forward_backward_pipelining_without_interleaving
forward_backward_func = forward_backward_no_pipelining
return forward_backward_func

forward_backward_pipelining_without_interleaving(
*y

forward_step_func,

data_iterator: Union[Iterator, List[Iteratorl],
model: Union[torch.nn.Module, List[torch.nn.Modulel],
num_microbatches: 0

seq_Llength: int,

micro_batch_size: int,

decoder_seq_length: int =

forward_only: bool = 5
collect_non_loss_data: bool =

first_val_step: bool = o

"""Run non-interleaved 1F1B schedule, with communication between pipeline
stages.

Returns dictionary with losses if the last stage, empty dict otherwise.

forward_backward_pipelining_without_interleaving

disable_grad_sync()

num_warmup_microbatches = (
parallel_state.get_pipeline_model_parallel_world_size()

.get_pipeline_model_parallel_rank()

=1l
)
num_warmup_microbatches = min(num_warmup_microbatches, num_microbatches)
num_microbatches_remaining = num_microbatches - num_warmup_microbatches

NPUO #1117 StageO :

— num_microbatches_remaining : #1758 warmup [5I8B/D#{ microbatch &
17 , B num_microbatches - num_warmup_microbatches , NPUO = 3

S "NPU num_warmup_microbatches[G]

HER- B

NPUO

NPUI

NPU2

NPUP-I

2, NPUI=3-0=3

NPUP-1 Lt num_warmup_microbatches=0, H1TITMFEHENIFIBIKZS

NPUO

NPUI

NPU2

NPUP-I

HR NPU L num_warmup_microbatches 1

T5EEE, BAIFIBIAE

Course https://chenzomil 2.github.io/
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Output Layer

NPU O 11T Stage O

Stage P X L/ P || _pipelining_without_interleaving ] NPUO };L?i— Stageo :

for i in range(num_warmup_microbatches):

Transformer Layer ¢ Decide to checkpoint a1l 1 . — NPUO recv_forward() 7£ Stage0 ;&5 EHAt Stage AYHIN
ch;ckpointfactiivationsfmicrobatch = (

Layer Norm 1 % max_outstanding_backprops — forward_step Y& forward_step_func EIFEREREMHIT

A >= config.num_microbatches_with_partial_activation_checkpoints
MLP checkpoint_activations_microbatch =
A input_tensor = recv_forward(recv_tensor_shapes, config)
output_tensor = forwafpd_step(
Layer Norm forward_step_func,
data_iterator,
A model,
. num_microbatches,
Attention input_tensor,
forward_data_store,
‘k config,

collect_non_loss_data,
checkpoint_activations_microbatch,
check_first_val_step(first_val_step, forward_only, i

)
send_forward (output_tensor, send_tensor_shapes, config)

Stage 0 xLIP )

forward_step(

set_input_tensor = get_attr_wrapped_model(model, "set_input_tensor")
set_input_tensor(input_tensor)

Transforrner Layer

if config.enable_autocast:
context_manager = torch.autocast dtype=config.autocast_dtype)
else:

context_manager = contextlib.nullcontext()

Layer Norm

with context_manager:
if checkpoint_activations_microbatch
output_tensor, loss_func = forward_step_func(data_iterator, model)

MLP

output_tensor, loss_func = forward_step_func(
data_iterator, model, checkpoint_activations_microbatch

Layer Norm ) I Forward iTE | 1 Micro Batch

N P2 /\ .
Attention Backward it& | 1 Micro Batch

NPUO n NPUO F2r% FI

Embedding NPUI

ZOMI 15 Course https://chenzomil 2.github.io/
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NPU O 11T Stage O

Output Layer
A

Stage P X L/ P forward_backward_pipelining_without_interleaving( ° NPUO ?;:L?i_ Stageo :

input_tensor = recv_forward(recv_tensor_shapes, config)
Transformer‘ Layer output_tensor = forward_step(

e ! — NPUO _E#itH Stage0 output_tensor f5 send_forward &IXZ5T—" Stage

data_iterator,

A . . RS Y s,
Layer Norm miel, — BT P2P_communication.send_forward /&IX output_tensor , @IT
A input_tensor, torch.distributed.P2POp & send output_tensor
MLP for\;@rd_data_store, -
config, = N . Y Al — 1 =
collect_non_loss_data, — E&/5EH torch.cuda.synchronize() H1{7[EE
A checkpoint_activations_microbatch,
check_first_val_step(first_val_step, forward_only, i == 0),
Layer Norm )
A send_forward(output_tensor, send_tensor_shapes, config)
Attention

send_forward(output_tensors, tensor_shapes, config):

A if isinstance(output_tensors, list):
output_tensors = [output_tensors]

for (output_tensor, tensor_shape) in zip(output_tensors, tensor
if tensor_shape

continue

.send_forward(output_tensor, config)

Stage 0 xL/P, Send i@fZ

_communicate(

Transforrner Layer

reqs = p2p_func(
tensor_send_prev=tensor_send_prev,
tensor_recv_prev=tensor_recv_prev,
tensor_send_next=tensor_send_next,
tensor_recv_next=tensor_recv_next,

Layer Norm

M LP group=get_pipeline_model_parallel_group(),
)
if wait_on_reqs len(reqgs) > 0:
Layer Norm for req in reqs: I Forward i‘l’%' /I\ Micro Batch
req.wait()
reqs = B S| A= N\ .
. ackward TTE | > Micro Batch
Attention
if config.batch_p2p_comm config.batch_p2p_sync:
NPUO n NPUO &% FI
.cuda.synchronize()
NPUI

Embedding

return tensor_recv_prev, tensor_recv_next, reqs

s ZOMI 16 Course https://chenzomil 2.github.io/
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Output Layer
A

Stage P xL/P

Transformer Layer

Layer Norm

A
MLP
A
Layer Norm
A
Attention
A

Stage 0 xL/P Send &1
Transforrner Layer

Layer Norm
MLP
Layer Norm

Attention

Embedding

® ZOMI

ju[[3

NPU O 11T Stage O

k in range(num_microbatches_remaining):

forward_k = k + num_warmup_microbatches

output_tensor_grad, bwd_wait_handles = \
.send_backward_recv_backward(
input_tensor_grad,
recv_next=recv_next,
tensor_shape=tensor_shape,
config=config,
overlap_p2p_comm=

_communicate(

else:
p2p_func = _p2p_ops

reqs = p2p_func(
tensor_send_prev=tensor_send_prev,
tensor_recv_prev=tensor_recv_prev,
tensor_send_next=tensor_send_next,
tensor_recv_next=tensor_recv_next,
group=get_pipeline_model_parallel_group(),

wait_on_reqs len(regs) > 0:
for req in reqs:
req.wait()
reqs =

config.batch_p2p_comm config.batch_p2p_sync:

.cuda.synchronize()

tensor_recv_prev, tensor_recv_next, reqs

- NPUO 14T StageO :

NPUO

NPUI

YRIFHIT forward_step H14T Stage0 AIRIMAITTESZEIZE /N output_tenso
r (IFI1B K75

147 sedn_forward_recv_backward %&iXoutput_tensor Z{F backward , i

NIFIBIRZES

181 send_backward_recv_backward JEREIR, Fi@id P2PPpF#E send outpu
t_tesnor , FFE R recv tensor_recv_next

E/E8AH synchronize() 15 recv backward , NPUO I NFFHIRE

I Forward 3T &| ™ Micro Batch

Backward IT& | > Micro Batch

n NPUO F2r% F2
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Output Layer
A

Stage P xL/P

Transformer Layer

Layer Norm

)
MLP
A

Layer Norm
A
Attention
A

Stage 0 xL/P Send B3

Transforrner Layer

Layer Norm

MLP

Embedding

@ ZOMI

NPU1 1T Stage]

input_tensor = recv_forward(recv_tensor_shapes, config)
output_tensor = forward_step(

- NPUI 147 Stagel :

forvard._step_func, — NPUI #NA forward_backward_pipeline_without_interleaving

data_iterator,

model, — NPUI num_warmup_microbatches=0 , N\ I FIBRZS

num_microbatches,

input_tensor,

il e — NPUI num_microbatches_remaining=3 , recv_forward &8 P2POp F*Erecy

config,

collect_non_loss_data, — NPUI %Eﬁﬁﬁsynchronize() ;ﬂ?ﬁﬁi%?% NPUO Stageo $@Hj

checkpoint_activations_microbatch,

)
send_forward(output_tensor, send_tensor_shapes, config)

recv_forward(tensor_shapes, config):
input_tensors = []
for tensor_shape in tensor_shapes:

if tensor_shape B

input_tensors.append )
(A
.append( .recv_forward(tensor_shape, config))

return input_tensors

reqs = p2p_func(
tensor_send_prev=tensor_send_prev,
tensor_recv_prev=tensor_recv_prev,
tensor_send_next=tensor_send_next,
tensor_recv_next=tensor_recv_next,
group=get_pipeline_model_parallel_group(),
)

if wait_on_reqs len(regs) > 0:
for req in reqs:
req.wait()
regqs =

if config.batch_p2p_comm config.batch_p2p_sync:

NPUO

.cuda.synchronize()
NPU I

return tensor_recv_prev, tensor_recv_next, reqs

check_first_val_step(first_val_step, forward_only, i == 0), — }\Aﬁﬁ{%iIENPUO to NPUl Eg;ﬂ?ﬁ—}%

I Forward 3T&1 > Micro Batch

Backward iT& | 1 Micro Batch
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Output Layer

NPU1 1T Stage]

Stage P X L / P forward_backward_pipelining_without_interleaving ° NPUI ?;L?i— Stagel :

input_tensor = recv_forward(recv_tensor_shapes, config)

Transformer Layer output_tensor = forward_step( — NPUI recv_forward %%% NPUO Stageo Eiz intput_tensor E

forward_step_func,

data_iterator,

Layer Norm mocel, — NPUI forward_step & iNPUt_tensor , SEHI NPUO&NPU | 3ZHai NI
A I H
MLP ontigy — NPUI 3N IFIB %K , forward_step_func 8 GPTModel H{TRIMAITE

A collect_non_loss_data,
checkpoint_activations_microbatch,

check_first_val_step(first_val_step, forward_only, i == 0),
Layer Norm )
A send_forward(output_tensor, send_tensor_shapes, config)
Attention
forward_step(
A SSEED)

set_input_tensor = get_attr_wrapped_model(model, "
set_input_tensor(input_tensor)

f config.enable_autocas

context_manager = 1.autocast("cuda", dtype=config.autocast_dtype)

cee else:
~ —_
Stage O X L / P Send ]%15 context_manager = contextlib.nullcontext()
with context_manager:
f checkpoint_activations_microbatch
output_tensor, loss_func = forward_step_func(data_iterator, model)

Transforrner Layer

output_tensor, loss_func = forward_step_func|(
data_iterator, model, checkpoint_activations_microbatch

)

Layer Norm

MLP
I Forward 3T & ™ Micro Batch
Backward iT& | > Micro Batch
NPUO ' NPUO 52A% FI 14T F2

NPUI l NPUI 117 FI

Embedding
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Output Layer

Stage P xL/P

Transforrner Layer

Layer Norm

Layer Norm

Attention

Recv

Stage 0 xL/P Send
Transforrner Layer

Layer Norm

MLP

Layer Norm

Attention

Embedding

® ZOMI

A

yGil

-

{
{

onf

ju[[3

NPU1 1T Stage]

TransformerBlock(MegatronModule):
"""Transforme '

__init_ (

self,

config: TransformerConfig,

spec: Union[TransformerBlockSubmodules, ModuleSpec],
post_layer_norm: bool = 5

pre_process: = 5
post_process: bool = 5

super().__init__(config=config)

self.submodules = _get_block_submodules(config, spec)
self.post_layer_norm = post_layer_norm
self.pre_process = pre_process

self.post_process = post_process

on > core > transformer > transformer_block.py > 43 TransformerBlock

TransformerBlock(MegatronModule) :

forward(

self,

hidden_states: Tensor,
attention_mask: Tensor,
context: Tensor = ’
context_mask: Tensor = ’
rotary_pos_emb: Tensor = 5

inference_params: InferenceParams =
packed_seq_params: PackedSegParams =

self.pre_process:

hidden_states = self.input_tensor

« NPUI H14T Stagel :

— NPUI _E TransformerBlock $11756—" Stage , Pre_process=False
—  BPASHE iNPUt_embeddings {E/9 Transformer BJEIA

NPUO 5258 FI #1117 F2

NPUO '

{88F3 NPUO Stage0 i A\BY iNPUt_tensor {EAIRIAFITISZE! output tensor

I Forward 3T & ™ Micro Batch

Backward iT& | > Micro Batch

NPUI l NPUI 117 FI
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Output Layer

Stage P xL/P

Transforrner Layer

Layer Norm
MLP
Layer Norm

Attention

Recv

Stage O xL/ P, Send

Transforrner Layer

Layer Norm

Layer Norm

Attention

Embedding

ZOMI

A

yGil

-

{
{

onf

ju[[3

NPU1 1T Stage]

> core > pipeline_parallel schedules.py > @ forward_step

forward_step(

.is_pipeline_last_stage():
collect_non_loss_data:
output_tensor = loss_func(output_tensor)
loss, loss_reduced = output_tensor
output_tensor = loss / num_microbatches
forward_data_store.append(loss_reduced)

else:
data = loss_func(output_tensor, non_loss_data=
forward_data_store.append(data)

TransformerBlock(MegatronModule) :
"""Transformer class."""

_init_ (

self,

config: TransformerConfig,

spec: Union[TransformerBlockSubmodules, ModuleSpec],
post_layer_norm: bool = 5

pre_process: bool = n

post_process: = 5

super().__init__(config=config)

TransformerBlock(MegatronModule):
forward(

if (
torch.is_grad_enabled(
self.config.cpu_offloading
self.group_prefetch_offload_commit_async

hidden_states = self.group_prefetch_offload_cdg

self.post_process self.post_layer_norm:
hidden_states = self.final_layernorm(hidden_states)

return hidden_states

« NPUI H14T Stagel :

NPUO

NPUI

NPUO 52, FI 525 F2

55 NPUI Stagel 2Ef5—/= Staege , EIY post_process=True
H47 is_pipeline_last_stage 118 GPT 1#&&YYoutput_tensor F[] loss

I Forward 3T &1 ™ Micro Batch

Backward 1T & | | Micro Batch

o
.

NPUI 5ER% FI
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e NPU1 117 Stage]

Stage P xL/P

core > pipeline_parallel schedules.py > @ forward_backward_pipelining_without_interleavin| ° NPUI ?;L?i— Stagel :

forward_backward_pipelining_without_interleaving(

Transforrner Layer e _ ,
4 —  HI175% forward_step [5H11T backward_step 18%! iNPUt_tensor_grad , 3

if num_warmup_microbatches == last_iteration: \#)\ I FI B \ﬁx
if config.grad_sync_func rank == 0: L_ 10N

enable_grad_sync()

Layer Norm

/L= . . S
input.tensor.arad = backuard.step( - W7 send_backward recc_forward - _communication 2> S RIE
i;put_te;sor, output_ten;or, output_tensor_grad, model_type, config |NPUt tensor—grad ge' NPUO #%?% NPUO ﬁg-lz_/l\ MB forward %%

last_iteration:
input_tensor =
send_backward(input_tensor_grad, recv_tensor_shapes, config)

MLP

)

input_tensor = send_backward_recv_forward(
input_tensor_grad, recv_tensor_shapes, config
)

send_backward_recv_forward(input_tensor_grads, tensor_shapes, config):
if isinstance(input_tensor_grads, list):
input_tensor_grads = [input_tensor_grads]
input_tensors = []
for (input_tensor_grad, tensor_shape) in zip(input_tensor_grads, tensor_shapes):
if tensor_shape 8
input_tensors.append )
nue
input_tensor = .send_backward_recv_forward(
input_tensor_grad, tensor_shape, config

Transforrner Layer

)
input_tensors.append(input_tensor)
return input_tensors

Layer Norm

lsend_backward_recv_forward(
input_tensor_grad: torch.Tensor, tensor_shape: Shape, config: ModelParallelConf]
) > t h.Tensor:

MLP

"""Batched send and r with previous rank in pipeline.

TGRS o7 ST GRS, I Forward iT&E | 1 Micro Batch

core.parallel_state.is_pipeline_first_stage(): N
input_tensor Backward iT8 | > Micro Batch

if config.timers
config.timers('backward nd-for , log_level=2).start()
input_tensor, _, _ _communicate( NPUO
tensor_send_nex ,
tensor_send_prev=input_tensor_grad,
reepesT NPUI Bl | NPUI #NIFIB IS
recv_next= ’ A
tensor_shape=tensor_shape,
config=config,

Embedding
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gt e NPUO #1173 StageO

Stage P xL/P

core > pipeline_parallel schedules.py D forward_backward_pipelining_without_interleavin| Y ?;l’/_ .
forward_backward_pipelining_without_interleaving( NPUO {j- Stageo °

Transforrner Layer . .
4 — NPUO Srage0 Z4F send_backward_recv_forward #ZI%EEfE3K1E NPUI

if num_warmup_microbatches == last_iteration:

Layer Norm

if config.grad_sync_func rank == 0: Staegel ﬁ%ﬁ"] Output_tenSOI"_gl‘ad

enable_grad_sync()

nput_tensor.arad - bacioard_sten —  NPUO Stage0 #1117 backward_step #itH intput_tensor_grad , NPUO it A\

input_tensor, output_tensor, output_tensor_grad, model_type, config I FI B ){ﬁ%ﬁ

MLP

)

last_iteration:
input_tensor =
send_backward(input_tensor_grad, recv_tensor_shapes, config)

input_tensor = send_backward_recv_forward(
input_tensor_grad, recv_tensor_shapes, config
)

send_backward_recv_forward(input_tensor_grads, tensor_shapes, config):
if isinstance(input_tensor_grads, list):
input_tensor_grads = [input_tensor_grads]
input_tensors = []
for (input_tensor_grad, tensor_shape) in zip(input_tensor_grads, tensor_shapes):
if tensor_shape 8
input_tensors.append )
nue
input_tensor = .send_backward_recv_forward(
input_tensor_grad, tensor_shape, config

Transforrner Layer

)
input_tensors.append(input_tensor)
return input_tensors

Layer Norm

lsend_backward_recv_forward(
input_tensor_grad: torch.Tensor, tensor_shape: Shape, config: ModelParallelCon
) > t h.Tensor:

MLP

"""Batched send and r with previous rank in pipeline.

communicate for argument details.

e.parallel_state.is_pipeline_first_stage():
input_tensor

I Forward 1T& | I Micro Batch

Backward 1T& | I Micro Batch

if config.timers
config.timers('backward nd-for , log_level=2).start()
input_tensor, _, _ _communicate( N N
\
tensor_send_nex , BI NPUO J&)\ I FI B /lk/juﬁ
tensor_send_prev=input_tensor_grad,
recv_prev= 0

recv_next= > VB2
tensorﬁshape:tel’wsorishape, NPU I ﬂ)\ I FI B /{k'u'\

config=config,

Embedding
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NPUO 11T StageO

A on > core > pipeline_parallel > schedules.py > @ forward_backward_pipelini

Stage P xL/P forward_backward_pipelining_without_interleaving( ° NPUO };L?i— Stageo :

Output Layer

for 1 in range(num_microbatches_remaining): _ e s /
Transforrner Layer last_iteration = i == (num_microbatches_remaining - 1) - NPUO num_WarmUP_mbS— I ’ num_mbs_remalnlng_z I l&)\ IF I B dﬁﬂ;
/= /= o
Layer Norm — 117 forward_step 117 Stargel BIAITESZ! output_tensor (Forward 3)
A if max_outstanding_backprops : = s Py
else: — 147 send_forward_recv_backward A&1X output_tensor Zfa backward
MLP checkpoint_activations_microbatch = - - - - -
N . — sy
I roruard stent — 5P recv tensor_recv_next , AR synnchronize() [EFZF backward ,
output_tensor = forward_step kS - /:':‘_\K -
NPUO HEANFRPAS
Layer Norm if forward_only:
A 1
elLse:
Attention output_tensor_grad = send_forward_recv_backward|

output_tensor, send_tensor_shapes, config

A

)

input_tensors.append(input_tensor)
output_tensors.append(output_tensor)
deallocate_output_tensor(output_tensor[0], config.dea

n > core > pipeline_parallel > p2p_communication.py > @ _communicate
_communicate(

recv_prev:
if config.pipeline_dtype
raise RuntimeError("pipeline_dtype must be provided
if tensor_shape
raise RuntimeError(
"tensor_shape must be specified if recv_prev is
"Common tensor_shape is (seq_length, micro_batch I Forward ﬁ'%| /|\ Micro Batch
)
tensor_recv_prev = torch.empty( Backward 'H'%' /I\ Micro Batch
recv_next:
if config.pipeline_dtype :
raise RuntimeError("dtype must be provided if recv_ndg Bl NPUO ﬂ)\”:lB )lk[juﬁ
if tensor_shape B
raise RuntimeError(
"tensor_shape must be specified if recv_next is NPUI ﬁ)\IFlB )Ui,juﬁ
"Common tensor_shape is (seq_length, micro_batch

Embedding

)
tensor_recv_next = torch.empty(
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Stage P xL/P

Stage O xL/P 5

Output Layer

Transforrner Layer

Layer Norm

MLP

Layer Norm

Attention

Recv

Send

Transforrner Layer

Layer Norm
MLP

Layer Norm

Attention

Embedding

ZOMI

»

-

{
{

ong

onf

NPU1 1T Stage]

on > core > pipeline_parallel > schedules.py P forward_backward_pipelini

forward_backward_pipelining_without_interleaving(

for i in range(num_microbatches_remaining):
last_iteration = i == (num_microbatches_remaining - 1)

if max_outstanding_backprops
else:
checkpoint_activations_microbatch =

output_tensor = forward_step(
if forward_only:

else:
output_tensor_grad = send_forward_recv_backwardK
output_tensor, send_tensor_shapes, config

)

input_tensors.append(input_tensor)
output_tensors.append(output_tensor)
deallocate_output_tensor(output_tensor[0], config.dea

n > core > pipeline_parallel > p2p_communication.py > _communicate

_communicate(

recv_prev:
if config.pipeline_dtype
raise RuntimeError("pipeline_dtype must be provided
if tensor_shape
raise RuntimeError(
"tensor_shape must be specified if recv_prev is
"Common tensor_shape is (seq_length, micro_batch
)
tensor_recv_prev = torch.empty(
recv_next:
if config.pipeline_dtype

raise RuntimeError("dtype must be provided if recv_ndg

if tensor_shape
raise RuntimeError(
"tensor_shape must be specified if recv_next is
"Common tensor_shape is (seq_length, micro_batch
)
tensor_recv_next = torch.empty(

« NPUI #47 Stagel :
NPUI Stagel 3147 send_backward_recv_forward [EZEZ5{FULE] NPUO

NPUO

NPUI

Stge0 A&1XiNPUt_tensor ( Forward 2 )

NPUI Stagel $5 iNPUt_tensor ( Forward 2 ) {EJ9 TransformerBlock 14T

forward_step 152 Houtput_tensor

NPUO # X\ IFIB IR

oga -

I Forward 3T&.| ™ Micro Batch

Backward itE | 1 Micro Batch

NPUI # N IFIB IRZS
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Stage P xL/P

Output Layer

Transforrner Layer

Layer Norm

MLP

Layer Norm

Attention

Recv

Stage 0 x L/P, Send

Transforrner Layer

Layer Norm

MLP

Layer Norm

Attention

Embedding

ZOMI

»

-

{
{
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NPU1 1T Stage]

> core > pipeline_parallel schedules.py > @ forward_backward_pipelining_withou
forward_backward_pipelining_without_ interleaving(

for i in range(num_microbatches_remaining):

last_iteration = i == (num_microbatches_remaining - 1)

if max_outstanding_backprops
else:
checkpoint_activations_microbatch =

output_tensor = forward_step(

if forward_only:
send_forward(output_tensor, send_tensor_shapes, config)

if last_iteration:
input_tensor = recv_forward(recv_tensor_shapes, config)

else:
output_tensor_grad = send_forward_recv_backward (
output_tensor, send_tensor_shapes, config
)

input_tensors.append(input_tensor)
output_tensors.append(output_tensor)

input_tensors.append(input_tensor)
output_tensors.append(output_tensor)
deallocate_output_tensor(output_tensor[0], config.deallocate_pip|

input_tensor = input_tensors.pop(@)
output_tensor = output_tensors.pop(@)

if num_warmup_microbatches == @ last_iteration:
if config.grad_sync_func rank == 0:
enable_grad_sync()

input_tensor_grad = backward_step(
input_tensor, output_tensor, output_tensor_grad, model_type,

)

if last_iteration:

input_tensor =

send_backward (input_tensor_grad, recv_tensor_shapes, config)
else:

input_tensor = send_backward_recv_forward(
input_tensor grad, recv_tensor shapes,

« NPUI #11T Stagel :
— NPUI num_warmup_mbs=0, num_mbs_remaining=3 , B/XiHN |FIB IR
— 117 forward_step 147 Stagel BIAITESZE! output_tensor (Forward2)
— 3147 backward_step 8% iNPUt_tensor_grad (Backward 2)
—  $147 send_backward_recv_forward §5&1% Bwckward 2 25 NPUO
-  FEFNPUO ZIET— mbs BforwarditEER

I Forward 3T &1 > Micro Batch

Backward iTE | 1 Micro Batch

NPUO n BI NPUO #H N IFIB RS
A

NPUI BI B2 | NPUI #NIFIB RS
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Output Layer

Stage P xL/P
Transforrner Layer

Layer Norm

MLP

Layer Norm

Attention

Recv

Stage 0 xL/P Send
Transforrner Layer

Layer Norm

MLP

Layer Norm

Attention

Embedding

® 70Ml

»

-

{
{
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n

NPUO 11T StageO

core > pipeline_parallel > schedules.py > &) forward_backward_pipelining_without_interleavin|

forward_backward_pipelining without_interleaving(
output_tensor_grad = send_forward_recv_backward(
output_tensor, send_tensor_shapes, config
)

input_tensors.append(input_tensor)
output_tensors.append(output_tensor)
deallocate_output_tensor(output_tensor[@], config.deallocate_pipeline_o

input_tensor = input_tensors.pop(0)
output_tensor = output_tensors.pop(0)

if num_warmup_microbatches == @ last_iteration:
if config.grad_sync_func rank == 0:
enable_grad_sync()

input_tensor_grad = backward_step(
input_tensor, output_tensor, output_tensor_grad, model_type, config

)

forward_backward_pipelining_without_interleaving(

if forward_only:
r i in range(num_warmup_microbatches):

if i == num_warmup_microbatches - 1:
if config.grad_sync_func
enable_grad_sync()

input_tensor = input_tensors.pop(0)
output_tensor = output_tensors.pop(0)

output_tensor_grad = recv_backward(send_tensor_shapes, config)

input_tensor_grad = backward_step(
input_tensor, output_tensor, output_tensor_grad, model_type, config

)

send_backward(input_tensor_grad, recv_tensor_shapes, config)

« NPUO #1417 Strage0 :
— NPUO %54F send_forward_recv_backward #1717 NPUI #iHoutput_grad(B2)
—  H147 backward_step #iH iNPUt_tensor_grad ( B2 )
— NPUO num_warmup_mbs=1, num_mbs_remaing=2,i=2 , 1R IFIB
— N cooldown backwrd pass enable_grad_sync ¥JFH&EEMEEEHT
— recv_backward Z1F NPUI &iEEfG— mbs Bbackward ( B3 )
—  NPUO /EEEFREAVEEFSE

I Forward 3T & > Micro Batch

Backward IT& | > Micro Batch

NPUO ' Bl B2 | NPUO # A\ cooldown by pass

NPUI ' BI H B2  NPUI #AIFIB RS
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NPU1 1T Stage]

> core > pplne prll > © seheties 1 © (WG Dk DRI VO « NPUI 117 Stagel :
o cantin ot pases, — NPUI Stagel #1417 send_backward_recv_forward [E:5%&4F iNPUt (F3)
— NPUI num_warmup_mbs=0 , num_mbs_remaining=3 , # A\ IFIB &%
— #8 NPUO Stage0 &% iNPUt (F3) {EJ9 TransformerBlock A iNPUt 1T ERIA]
e —  forward_step() HitHoutput (F3) 14T backward_step() 152! iNPUt_tensor_grad(B3)
T conThe-arad_syne_tunce — send_backward() 5 &31X iNPUt_tesnor_grad(B3) £5 NPUO

enable_grad_sync()

Output Layer

Stage P xL/P

Transforrner Layer
i forward_only:
i ange(num_warmup_microbatches):

Layer Norm

MLP

Layer Norm

input_tensor = input_tensors.pop(0)
output_tensor = output_tensors.pop(0)

Attention

output_tensor_grad = recv_backward(send_tensor_shapes, config)

input_tensor_grad = backward_step(
input_tensor, output_tensor, output_tensor_grad, model_type,

{
{

ong

=

Recv )

send_backward(input_tensor_grad, recv_tensor_shapes, config)

onf

-

Stage 0 x L/P, Send

Transforrner Layer

Layer Norm

Layer Norm I Forward 3T&1 ™ Micro Batch
N P2 /\ .
Attention Backward iT& | ‘I Micro Batch
NPUO Bl B2 NPUO # A\ cooldown by pass
! NPUI BI B2 B3  NPUI #AIFIBIRZ
Embedding
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Output Layer

Stage P xL/P
Transforrner Layer

Layer Norm

MLP

Layer Norm

Attention

Recv

Stage 0 xL/P Send
Transforrner Layer

Layer Norm

MLP

Layer Norm

Attention

Embedding

® ZOMI
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-

{
{
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NPUO 11T StageO

get_forward_backward_func():

i PF r f ] ion !
pipeline_model_parallel_size = parallel_state.get_pipeline_model_parallel_world_size()
pipeline_model_parallel_size > 1:

if parallel_state.get_virtual_pipeline_model_parallel_world_size()

forward_backward_func = forward_backward_pipelining_with_interleaving
forward_backward_func = forward_backward_pipelining_without_interleaving

forward_backward_func = forward_backward_no_pipelining
turn forward_backward_func

forward_backward_pipelining_without_interleaving(

output_tensor_grad = recv_backward(send_tensor_shapes, config)
input_tensor_grad = backward_step(

input_tensor, output_tensor, output_tensor_grad, model_type, cd
)
send_backward (input_tensor_grad, recv_tensor_shapes, config)
no_sync_context
enable_grad_sync()

config.grad_sync_func B

config.grad_sync_func(model.parameters())

config.timers B
config.timers("f r ).stop()

config.finalize_model_grads_func forward_only:

config.finalize_model_grads_func([model])

forward_data_store

« NPUO #1117 StageO :
NPUO %54F cooldown backward A9 recv_backward() 318 NPUI #itH (B3)

14T backward_step() #iH iNPUt_tensor_grad (B3)
forward_backward_func() iX[A] LOSS

enable_grad_sync() 2INEFMEEIEE
finalize_model_grads_func() EFMEEISE]

o 75— 55 iteration :
NPUO 3 )X send 3 /X recv P2P i&(S
NPUI 3 X send 3 /X recv P2P j&{S

NPUO

NPUI

Bubble Time Overhead = (PP-1)/mbs = /3

B3

I Forward 11| 1> Micro Batch

Backward 1T | 1 Micro Batch

Bl B2

B3

BEEMN
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