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* h: hidden size T )
pr— B ——————— N MLP
* n: number of attention heads | ! Dropout
i 2% +
* p: number of model parallel partitions :\ | | e
N N _ _ 4 GelU
* np: n/p (attention heads / mp) —— rhem
to
: :
* hp: h/p (hidden size / mp) W i
. . . f——>%§ Layer Norm
* hn: h/n (hidden size / attention heads) I
b: batch si e :
° . atC SIzZze O M Attention
|
: S g | Dropout
* s: sequence length | [selfatiention| = & T
e ’ Self Attention
* L: number of layers i ;
\ Layer Norm

Transformer i\ Shape [s, b, h] , HiH Shape [s, b, h]
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outpuTt Layer Eﬂﬁﬂ%

"

Transformer Layer x L if _name__ ==*_main_":

. . ~z K=< L P2

pretrain_gpt.py mainERZ4SL{5] GPTModel 28
train_valid_test_datasets_provider.is_distributed = NS NS -
g Add GPTModel Z4#7% LanguageModule ZXHFFIAHa%E GPT 1REY
+ pretrain(train_valid_test datasets_provider,
model_provider,
MLP Mode llype.encoder_or_decoaqer,

forward_step,

DFOPOUt args_defaults={'tokenizer_type': 'GPT2BPETokenizer'}
Y CUDA_DEVICE_MAX_CONNECTIONS=1
MLP (4h to h) Tﬁgik}izvigir’ig;:frocess: , post_process= ) => Union[GPTModel, megatron.legacy.mo

CHECKPOINT_PATH=<Specify path>

4 Returns:

GeLU - Union[GPTModel, me y.model.GPTModel]: The returned model VOCAB_FI LE=<S pec l-fy pa-th -t 0 -f l 'Le>/g pt 2_Vo ca b . J son
A mf&m@MQ : : : MERGE_FILE=<Specify path to file>/gpt2-merges.txt
MLP (h to 4h) VoS izecargs padaes_vocob_size, DATA_PATH=<Specify path and file prefix>_text_document

max_sequence_length=args.max_position_embeddings,
pre_process=pre_process,
post_process=post_process,
fpl6_lm_cross_entropy=args. fpl6_lm_cross_entropy,
parallel_output=
La)’e r N orm share_embeddings_and_output_weights=not args.untie_embeddings_and_output_weights,
position_embedding_type=args.position_embedding_type,

rotary_percent=args.rotary_percent,
_H )

GPT_ARGS="

return model
—>| Add |
* GPTMode 1 (LanguageModule) :
Attention
_dinit_ (
self,
Dropout config: TransformerConfig,
transformer_layer_spec: ModuleSpec,
* vocab_size: int,
) max_sequence_length: int,
Self Attention pre_process: bool = ;
post_process: bool = -
fpl6_lm_cross_entropy: bool = 0
* parallel_output: bool = 5
share_embeddings_and_output_weights: bool = ’
position_embedding_type: Literall'learned_absolute', 'rope'] = 'learned_:
| Layer Norm | rotary_percent: float = 1.0,

rotary_base: int = 10000,
seq_len_interpolation_factor: Optional[float] =

) =

oo YNV JE Y VR P

Embedding megatron > core > models > gpt > gpt_model.py > ...
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GPTModel(LanguageModule) :
F__init_ (

self.max_position_embeddings = max_sequence_length
self.rotary_percent = rotary_percent

if self.pre process:
self.embedding = LanguageModelEmbedding(
config=self.config,
vocab_size=self.vocab_size,
max_sequence_length=self.max_sequence_length,
position_embedding_type=position_embedding_type,

lass LanguageModelEmbedding(MegatronModule):
def __init_ (

self.config: TransformerConfig = config

self.vocab_size: int = vocab_size

self.max_sequence_length: int = max_sequence_length
self.add_position_embedding: bool = position_embedding_type == '
self.num_tokentypes = num_tokentypes

self.word_embeddings = tensor_parallel.VocabParallelEmbedding(
num_embeddings=self.vocab_size,
embedding_dim=self.config.hidden_size,
init_method=self.config.init_method,
config=self.config,

lass LanguageModelEmbedding(MegatronModule):

forward(self, input_ids: Tensor, position_ids: Tensor, tokentype_ids: i
"""Forward pass of the embedding module.

Args:
input_ids (Tensor): The input tokens
position_ids (Tensor): The position id's used to calculate position
tokentype_ids (int): The token type ids. Used when args.bert_binary

Returns:
Tensor: The output embeddings

word_embeddings = self.word_embeddings (input_ids)

if self.add_position_embedding:
position_embeddings = self.position_embeddings(position_ids)
embeddings = word_embeddings + position_embeddings

else:
embeddings = word_embeddings

GPTModel ZE5LA{, LanguageModelEmbedding ERZEY
TransformerLanguageModel Z85G#4%# Embedding /=

CUDA_DEVICE_MAX_CONNECTIONS=1

CHECKPOINT_PATH=<Specify path>

VOCAB_FILE=<Specify path to file>/gpt2-vocab.json
MERGE_FILE=<Specify path to file>/gpt2-merges.txt
DATA_PATH=<Specify path and file prefix>_text_document

GPT_ARGS="
——tensor—-model-parallel-size 2| \
——pipeline-model-parallel-size 1 \
——num-layers 24 \

——hidden-size 1024 \
——num-attention—-heads 16 \
——seqg-length 1024 \
——max—position-embeddings 1024 \
——VvoC 50000 \
——micro-batch-size 4 \
——global-batch-size 8 \
—1r 0.00015 \
——train-iters 500000 \
——1lr—-decay-iters 320000 \
——Llr-decav-stvle cosine

9  Course https://chenzomil 2.github.io/
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megatron > core > tensor_parallel

self,

num_embeddings: int,
embedding_dim: int,

*,

init_method: 1llable,

config: Mode lelConfig,

super(VocabParallelEmbedding, self).__init_ ()

self.num_embeddings = num_embeddings
self.embedding_dim = embedding_dim
self.tensor_model_parallel_size = get_tensor_model_parallel_world_siz

(

self.vocab_start_index,

self.vocab_end_index,

) = .vocab_range_from_global_vocab_size(
self.num_embeddings, get_tensor_model_parallel_rank(),

)

self.num_embeddings_per_partition = self.vocab_end_index - self.vocab

layers.py > %3 VocabParallelEmbedding

Embedding XJ%8I\ token sequence 11T Embedding 717

49999

t

p_size : 2

vocal_size : 50000

embeddiing_dim : 1024

SCHR 50000+ /™ Tokens dict , M tokenBRETE! 1024[mZHIE
mbedding

TokenlD

Embedding

0 .-+ 1023

NPUO 135 0-25000 tokenID BRETZ! 1024 vector

Embedding

0 --- 1023

NPUI fi35 25001-50000 tokenID BREYZR! 1024 vector

10  Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

Output Layer

i

> Add

Transformer Layer x L

A

MLP

Dropout

)
MLP (4h to h)

1
GelU

1
MLP (h to 4h)

> Add

f

Layer Norm

—

A

Attention

Dropout

}

Self Attention

)

Layer Norm

Embedding

ZOMI

Embedding #17

megatron

core > tensor_parallel layers.py > % VocabParallelEmbedding

VocabParallelEmbedding(torch.nn.Module):

"""Embedding parallelized in the vocabulary dimension.

_init_ (

self,

num_embeddings: int,
embedding_dim: int,

*,

init_method: Callable,
config: ModelParallelConfig,

super(VocabParallelEmbedding, self).__init_ ()

self.num_embeddings = num_embeddings
self.embedding_dim = embedding_dim
self.tensor_model_parallel_size = get_tensor_model_parallel_world_siz

(
self.vocab_start_index,
self.vocab_end_index,
.vocab_range_from_global_vocab_size(
self.num_embeddings, get_tensor_model_parallel_rank(), self.tenso
)

self.num_embeddings_per_partition = self.vocab_end_index - self.vocab,

bParallelEmbedding(torch.nn.Module):

forward(self, input_):
if self.tensor_model_parallel_size > 1:

input_mask = (input_ < self.vocab_start_index) | (input_ >= self.vocab,

masked_input = input_.clone() - self.vocab_start_index
masked_input [input_mask] = @

masked_input = input_

output_parallel = self.weight[masked_input]

if self.tensor_model_parallel_size > 1:
output_parallel[input_mask, :]1 = 0.0

output = reduce_from_tensor_model_parallel_region(output_parallel)
return output

271 NPU Embedding F{TRIAFUTITE

yo

yo

wise

zomi

here

NPUO 135 0-25000 tokenID BRETZ 1024 vector

Embedding

yo

yo

0

25001

25002

NPUI fast

Embedding

25001-50000 tokenlD AEZI 1024 vector

yo

yo

0

all reduce

NPUO #1 NPU | XJoutput
_parallel $117 all reduce

4 A e EERYinput embeddi

ng shape[s, b, h]
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ass GPTModel(LanguageModule):
ef __init_ (
if self.pre_process:
self.embedding = LanguageModelEmbedding(

)

config=self.config,

vocab_size=self.vocab_size,
max_sequence_length=self.max_sequence_length,
position_embedding_type=position_embedding_type,

if self.position_embedding_type == 'rope':
self.rotary_pos_emb = RotaryEmbedding|(

kv_channels=self.config.kv_channels,
rotary_percent=rotary_percent,
rotary_interleaved=self.config.rotary_interleaved,
seq_len_interpolation_factor=seq_len_interpolatio
rotary_base=rotary_base,

self.decoder = TransformerBlock(
config=self.config,
spec=transformer_layer_spec,
pre_process=self.pre_process,
post_process=self.post_process,

TransformerBlock(MegatronModule):

"""Transformer class.

_dinit_ (

self,

config: TransformerConfig,

spec: Union[TransformerBlockSubmodules, ModuleSpecl],
post_layer_norm: bool = True,

pre_process: bool = 5

post_process: bool = e,

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

GPTModel L4, TransformerBlock , ¥ Ashape [s, b, h]
% & Layer-Norm FUS/&fETF post or pre

CUDA_DEVICE_MAX_CONNECTIONS=1

CHECKPOINT_PATH=<Specify path>

VOCAB_FILE=<Specify path to file>/gpt2-vocab.json
MERGE_FILE=<Specify path to file>/gpt2-merges.txt
DATA_PATH=<Specify path and file prefix>_text_document

GPT_ARGS="
——tensor-model-parallel

ne—-mode L—p:

——max—-position-embeddings 1024 \
——vocC 50000 \

——micro-batch-size 4 \
——global-batch-size 8 \

—1r 0.00015 \

——train-iters 500000 \
——1lr—-decay-iters 320000 \
——Llr—-decav-stvle cosine

13 Course https://chenzomil 2.sithub.io/
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ran erBlock(MegatronModule): La)'el‘ Norm E;QEJ:FE SP E’\JHY]-'{I%Z:I_?%%#{[?

_build_layers(self):

SERRiERS TE BY Nrom EFHTINR

f self.post_process self.post_layer_norm:

self.final_layernorm = (
config=self.config,
hidden_size=self.config.hidden_size,
eps=self.config. layernorm_epsilon,

Transformer layer

-+

_get_layer(self, layer_number: int):
et self.layers[layer_number]

Es, config: TransformerConfig, hidden_size: float Next layer infomtion

config.normalization ==

instance = ytorch.LayerNorm( Transformer Eng]ne
hidden_size=| o
eps=eps,
sequence_parallel=config.sequenc
zero_centered_ config. layerno
*x_get_extra_te_kwargs(config),

) e Target format
if config.normalization == "RMSNorm": Analysis

rt hasattr( c
i —— - Scaling factors
o rmer-Engir 0. required to use this fe .

instance = te.pytorch.RMSNorm(

hidden_size=hidden_size,

eps=eps, Statistics

sequence_parallel=config.sequence_parallel,

zero_centered_gamma=config. layernorm_zero_centered_gamma,

*k_get_extra_te_kwargs(config),

Adaptive
Format
Conversion

Hopper Tensor Core

instance

14 Course https://chenzomil 2.github.io/
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= S . |
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e e e LS LEEE——

V= [Vl,Vz] //’

(b) Self-Attention.

Y1B,

Y;B,

e T

I e e e

Z = Dropout(YB)

T
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megatron > core > models > gpt > gpt_layer_specs.py > @ get_gpt_layer_local_spec

v get_gpt_layer_local_spec(

num_experts: int = , moe_grouped_gemm: bool =

) —> ModuleSpec:
mlp = _get_mlp_module_spec(

use_te= , num_experts=num_experts, moe_grouped_gemm=moe_g

)
eSpec(
module=Transf e
submodules= !
input_layernorm=Fu
self_attention=
module=Sel
params={
submodules=
linear_gkv=
core_attention=D
linear_proj=
q_layernorm=Ft
k_layernorm=Ft

),

’
self_attn_bda=get_bias_dropout_add,

pre_mlp_layernorm=F lorm,
mlp=mlp,
mlp_bda=get_bias_dropout_add,

SelfAttention(Attention):
"""Self-attention layer class

_dnit_ (

self,

config: TransformerConfig,
submodules: fAttentionSubmodu 5
layer_number: 1int,
attn_mask_type=AttnMaskType.padding,

Attention(MegatronModule, ABC):

DR N#TS, ention layer abstract class.

_dinit_ (

self,

config: TransformerConfig,
submodules:

layer_number: int,
attn_mask_type: AttnMaskType,
attention_type: str,

’
gk_layernorm
gk_layernorm

, gk_laye

Attention FHTEEIKFMRELIS L]
BT get_gpt layers_local_spec ;FAMERIZEN
SelfAttetnionSubmodules ZESCH) SelfAttention

= CUDA_DEVICE_MAX_CONNECTIONS=1

CHECKPOINT_PATH=<Specify path>

VOCAB_FILE=<Specify path to file>/gpt2-vocab.json
MERGE_FILE=<Specify path to file>/gpt2-merges.txt
DATA_PATH=<Specify path and file prefix>_text_document

GPT_ARGS="
——tensor-model-parallel-size 2|\
——pipeline-model-parallel-size 1 \

\

——max—positior

——VvoC 50000 \
——micro-batch-size 4 \
——global-batch-size 8 \
—1r 0.00015 \
——train-iters 500000 \
——1lr—-decay-iters 320000 \
——Llr-decav-stvle cosine

17  Course https://chenzomil 2.sithub.io/



https://chenzomi12.github.io/

Output Layer

i

Transformer Layer x L

> Add

A

MLP

Dropout

)\
MLP (4h to h)

1
GelLU

X
MLP (h to 4h)

f

Layer Norm

=

—> Add

A

Attention

Dropout

3

Self Attention

Embedding

@ ZOMI

LayerNorm 17

megatron > core > models > gpt gpt_layer_specs.py > get_gpt_layer_local_spec
v get_gpt_layer_local_spec(
num_experts: int = , moe_grouped_gemm: bool = , gk_laye
) —> ModuleSpec:
mlp = _get_mlp_module_spec(
use_te=| , num_experts=num_experts, moe_grouped_gemm=moe_:

)
return ModuleSpec(
module=TransformerLayer,
submodules=TransformerLayerSubmodules (
input_layernorm=FusedLayerNorm,
self_attention=ModuleSpec|
module=SelfAttention,
params:{"af‘rn mask_type": AttnMaskType.causall},
submodules=! (
linear_gkv= b
core_attention=l o
linear_proj= 0
q_layernorm= gk_layernorm
k_layernorm= gk_layernorm
),

’
self_attn_bda=get_bias_dropout_add,
pre_mlp_layernorm=FusedLayerNorm,
mlp=mlp,
mlp_bda=get_bias_dropout_add,

SelfAttention(Attention):
"""Self-attention layer class

__init_ (

self,

config: TransformerConfig,
submodules: )
layer_number: int,
attn_mask_type=AttnMaskType.padding,

Attention(MegatronModule, ABC):
AN, ention layer abstract class.

_dnit_ (

self,

config: TransformerConfig,
submodules:

layer_number: int,
attn_mask_type: AttnMaskType,
attention_type: str,

ColumnParallelLinear 3\ [s, b, h] = [s, b, 3h]
Bt &7 Q/KIV 3NMEREFHAT Self Attetion 118

g = all-gather(Y1,Y2)

2 > NPU 1945
YIF0Y2 [s, b, 3h/2]

2 N NPU i E
AIFDA2Z ]S Th, 3h/2]

SR

f=identity(X)
2 N NPU E—#FRY X

B4 NPU _E—HFAIHIN X [s, b, h]
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I Soithgpi i ot e X$iZ NPU ERTER Head §FH4T Q/K/V Attention 1H8&
(query, key, value) = SplitAlongDim(mixed_qkv, 3, split_arg_list, ‘) . =)
MLP O R S & Attention & Head 1JJ93 ( 16 Head ]2 21> NPU )
(query, key, value) = .split(mixed_gkv, split_arg_list, dim=3, . -\ hS -\
Dropout He e RS S S ColumnParallelLinear 2 > NPU Hit [s, b, 3h/2] {EJ9taIAN
A query = query.reshape(query.size(@), query.size , =1, self.hidden_size_per_attent]
MLP (4h to h uery = self.q_layernorm(quer
( I °h ey 2 sert ok toyernoratioyy NPU 0 CoreAttetion NPU | CoreAttetion
GelLU ttention (M Module, ABC): Attention Head | Attention Head 9
forward( .. ..
‘ . .
MLP (h to 4h) ®4 Attention @ Attention
Head 8 Head 16
“ query, key, value = self.get_query_key_value_tensors(hidden_states, key_value_stat DrOPOUt Dropout
A . A ]
Layer Norm Softmax Softmax
— F F
}

Ql Kl Vi Q9 K9 V9
Attention

% 7%
Dropout

Q8 K8 V8 Qlé||KI6||VI6
? 3 x [s, b, np, hn] T 3 x [s, b, np, hn]
m | Tensor view & split(-1dim) | Tensor view & split(-1dim) |

[s, b, 3h/2] ? [s, b, 3h/2]
| Q/K/V ColumnParallelLinear |
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megatron > core > transformer dot_product_attention.py > % DotProductAttention forward

forward(

output_size = (
query.size(1),
query.size(2),
query.size(Q),
key.size(0),

query = query.reshape(output_size[2], output_size[@] * output_siZ

key = key.view(output_size[3], output_size[®] * output_sizel[1],

matmul_input_buffer = .get_global_memory_buffer().d
output_size[@] * output_size[1l], output_size[2], output_siz{

)

matmul_result = torch.baddbmm(
matmul_input_buffer,
query.transpose(0, 1),

AIFH DotProuctAttention £ NPU FRFTBHRY Head §FF Q&K [s,

b, np, hn ] BEEYT [s, b*np, hn]

THE Q*K 1BZIE™ NPU LAY Attention Scores [b*np, s, sk] BRET

| [b, np, s, sk]

NPU 0 CoreAttetion

Attention Head |

@ Attention
Head 8

Dropout
‘ —

Softmax

,é‘[sq, sk]

Ql Kl Vi

A%

Qs K8 V8

NPU | CoreAttetion
Attention Head 9 .
® Attention
A Head 16
Dropout

‘ ——

Softmax

)éisq, sk]

Q9 K9 V9

7%

Qlé||KI6|]|VIé

? 3 x [s, b, np, hn] f 3 x [s, b, np, hn]
| Tensor view & split(- 1 dim) | Tensor view & split(-1dim) |
[s, b, 3h/2] [s, b, 3h/2]
Q/K/V ColumnParallelLinear |
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e Attention F+{F

Transformer Layer x L
megatron > core > transformer > dot_product_attention.py > € DotProductAttention forward P — . ,—
., . .- &/~ NPU _EAY Attention Score [b, np, s, sk] 11T scale_mask_sof
Do Le): / .
I forward( tmax F[] dropout L attention_probs [b, np, s, sk]
. /N
MLP attention_scores = matmul_result.view(xoutput_size) V H%%g [n’ np, S’ hn] EEE attentlon_probs [b*np’ s’ Sk] ?;l’{j-'l:l—% a
i *
Dropout ttention_probs*V
A
MLP (4:1 to h) attention_probs: Tensor = self.scale_mask_softmax(attention_scores, 4 NPU 0 CoreAttetion NPU | CoreAttetion
GelU Attention Head | Attention Head 9
4 self.config.sequence_parallel: N -
MLP (h to 4h) ) .get_cuda_rng_.tracker( ).fork(): . Attention ‘g) < Attention
. attention_probs = self.attention_dropout(attention_probs) Head 8 4 Head |6
A iittentioniprobs = self.attention_dropout(attention_probs) Dropout DI'OPOUt
A ] A ]
Layer Norm Softmax Softmax
_—T [sq, sk] [sq, sk]
> Add
A Ql Kl Vi Q9 K9 V9
Attention
"% P
Dropout Qs || ks || vs Qie||kie||vie
Self Attention
? 3 x [s, b, np, hn] ? 3 x [s, b, np, hn]
m | Tensor view & split(- 1 dim) | Tensor view & split(-1dim) |
[s, b, 3h/2] f [s, b, 3n/2]

Embedding | Q/K/V ColumnParallelLinear |
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Output Layer

Attention F17

A
Transformer Layer x L
~ f— . .
| — THEHED NPU _E£RY attention_probs * V , Af5Z5#4 Shape [s,
) L / V—1 .
- oraarat b, np, hn] > [s, b, np, hn] > FRZEZE NPU LAY Core Atteti
)
MLP on Z58 [s, b, hp]
value = value.view(value.size , output_size * output_siz
Dropout : e
‘ attention_probs = attention_probs.view(output_size * outpu T [S, b, hp] T [S, b, hP]
MLP (4h to h) NPU 0 CoreAttetion NPU | CoreAttetion
‘ c context = .bmm(attention_probs, value.transpose(@, 1)) Attention Head | Attention Head 9
GelU
A context = context.view(xoutput_size) . .
P oo ) Dy ||t ) v
context = context.permute(2, 0, 1 ) .contiguous()
T Dropout Dropout
new_context_shape = context.size()[:-2] + (self.hidden_size_p 4 [ ] 4 ]
Layer Norm context = context.view(*new_context_shape) Softmax Softmax
_H context [Sq, Sk] [SCI, Sk]
—> Add
L) Q|| ki || v Q9 || K9 || vo
Attention
Pan i
Dropout Q8 K8 V8 Qlé6||KI6|]|VIeé
Self Attention
T 3 x [s, b, np, hn] T 3 x [s, b, np, hn]
m I Tensor view & split(-1dim) I Tensor view & split(-1dim) I
[s, b, 3h/2] T [s, b, 3h/2]
Q/KIV ColumnParallelLinear |

Embedding |
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Output Layer
A

Transformer Layer x L

Dropout

1
MLP (4h to h)

1
GelU

1
MLP (h to 4h)

i

Layer Norm

— 1

> Add

A

Attention

Dropout

Self Attention

Embedding

@ ZOMI

Attention 717

megatron > core > inference > gpt > model_specs.py > get_gpt_layer_ammo_spec

get_gpt_layer_ammo_spec() —> ModuleSpec:
"""Mix the native spec with TENorm.

This is essentially the native local spec except for the layernorm
is using TENorm from Transformer-Engine. This TENorm supports both

prevents the apex dependency.

return ModuleSpec(
module=TransformerLayer,
submodules=TransformerLayerSubmodules|(
input_layernorm=TENorm,
self_attention=ModuleSpec
module=SelfAttention,
params={"attn_mask_type": AttnMaskType.causal},
submodules=SelfAttentionSubmodules (
linear_gkv=ColumnParallellLinear,
core_attention=|
linear_proj= 0
)

’
self_attn_bda=get_bias_dropout_add,
pre_mlp_layernorm=TENorm,
mlp=ModuleSpec
module=MLP,
submodules=MLPSubmodules (
linear_fcl=ColumnParallelLinear, linear_fc2=RowPar]

Self Attetion B RowParallelLinear Input [s, b, hp] = Output [s, b,

h]

NPU 0 H NPU | H
Y, Y,

{} {
XA, XA,

{t {t

Xy X,

g = all-reduce(Y1,Y2)=Y1+Y2
output Shape [s, b, h]

2 /N NPU B98I Y 1F0Y2 [s, b, h]

2/NNPURLEE A 1245119
AI&A?2 Shape [h/2, h]

f=split(X), XBIANILFIT 5

? [s, b, hp]

Y o

Core Attention |

T 3 x [s, b, np, hn]

| Tensor view & split(-1dim) |

[s, b, 3h/2]

? 3 x [s, b, np, hn]

Tensor view & split(-1dim) |

[s, b, 3h/2]

Q/KIV ColumnParallelLinear |
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Attention 17 :

® ZOMI

1Tn 555

ColumnParallelLinear SLIY Y Attention BUBIEER D EVE E S T XN MBI FEHVE)
RowParallelLinear LI Y Attention NFFEP D EEE IS T XN MBI FEHVE)

- e

Y = Self-Attention(X)

ad

[ Xewyjos
!

[ 1nodouq
!
03¢
g

)
)

Xewljos
g
1nodouiqg
3
03¢
4

Split attention heads — { K = [K;,K;]

Q = [Q1,Q2]
V= [V11V2] /
(b) Self-Attention.

-
__________________________________________

——————————————————————————————

Y1B,

Y;B,

R e e LR~
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=

Output Layer

f

Transformer Layer x L

Add

A

MLP

Dropout

2

MLP (4h to h)

1

GelU

1

MLP (h to 4h)

1

Layer Norm

——

Add

A

Attention

Self Attention

o]

Embedding

ZOMI

Attention 717

get_gpt_layer_ammo_spec() —> ModuleSpec:
"""Mix the native spec with TENorm.

This is essentially the native local spec except for the layernor
is using TENorm from Transformer-Engine. This TENorm supports both|
prevents the apex dependency.
return ModuleSpec(
module=TransformerLayer,
submodules=TransformerLayerSubmodules(
input_layernorm=TENorm,
self_attention=ModuleSpec
module=SelfAttention,
params={"attn_mask_type": AttnMaskType.causal},
submodules=SelfAttentionSubmodules (
linear_gkv=ColumnParallelLinear,
core_attention=
linear_proj=RowParallellLinear,
),
’
self_attn_bda=get_bias_dropout_add,
pre_mlp_layernorm=TENorm,
mlp=ModuleSpec
module=MLP,
submodules=MLPSubmodules (
linear_fcl=ColumnParallelLinear, linear_fc2=RowPa

get_bias_dropout_add(training, fused):
if fused:

if training:

return bias_dropout_add_fused_train
else:

return bias_dropout_add_fused_inference

bias_dropout_add_unfused(training)

Self Attention it [s, b, h] {EJ9 Dropout Fi
Dropout fitH[s, b, h] {E/9 Attention AYZEE{AE1H
SEFRRSsEFE bias_dropout_add_fused RS EF

Attention '

| Dropout i

i

]

2 (W]

5t S I X

’ i i

: Self Attention x n [s,b,h] ARy
|

E | Row ParallelLinear | i ! i i

1 1

i f [s.b, hp] f [s. b, hp] H
]

E | Core Attention | i E i i

] ! H [N}

i T.‘a‘x[s,b,np,hn] 3 x [s, b, np, hn] Eiii

] "

E | Tensor view & split(-1dim) | Tensor view & split(-1dim) | i i E i

1

E [s, b, 3h/2] f [s, b, 3h/2] i i

] H [N}

i | Q/K/V ColumnParallelLinear | i I-" i

1 [ S|

b o o e e o e ol = - - ] ]
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Add & Layer Norm

Transformer Layer x L

megatron > core > fusions > fused_bias_dropout.py _bias_dropout_add_func }ﬂ?i’ﬁ%% residual J‘E}%{’Eﬂg Layer Norm Eg;’ﬁéﬂ)\ [S, b, h]

> Add _bias_dropout_add_func(x_with_bias, residual, prob, training):
MLP X, bias = x_with_bias
Dropout
A
MLP (4h to h) [s, b, h] f [s, b, h]
4 residual = residual if residual.dtype == x.dtype else residual.to(x. .l Add |
GelU e P !
y ! Attention ferbihi '
] |
] D fic
MLP (h to 4h) : : | ropod | |
bias ] | [}
X = x + bias : » » : === ==—m e eeeee e eeeemeeeeeeeeeeeeeeeemeeee—————————- |:
out .nn. functional.dropout(x, p=prob, training=training) e T T e e 1!
? out = residual + out : r'“ --------------------------------------------------------------------------- 1 : ::
Layer Norm out E E Self Attention X n [s,b,h] E { E E
‘d.nq.functional.dropout(x, p=prob, training=training) E i | ROW Para”e”_inear | i E ii
residual + out 1 R
A A 1!
»ﬁ out i [s, b, hp] [s, b, hp] R
H > 5 7 1
1 1
1 | Core Attention | H i t
Att ti h A [} H [N ]
ention i i 3 x [s, b, np, hn] A 3 x [s, b, np, hn] i i i i
] 1t
Dropout i Tensor view & split(-1dim Tensor view & split(-1dim HH
P 1 P P 1
i A A 1
H [s, b, 3h/2] [s, b, 3n/2] i i H
Self Attention !
i E | Q/K/V ColumnParallelLinear | i Ll i
U 7 N

Embedding

Jl
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MLPFH1T

e e e e e e e e e

\

o
————

T
i

—=|X

D
[

S —

pr

e I __
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Outpuc Layer Add & Layer Norm

Transformer Layer x L

get_gpt_layer_ammo_spec() —> ModuleSpec:

E 11T MLPSubmodules Z5FAZ! get _gpt layer ammo_spec()

Add self_attn_bda=get_bias_dropout_add, /= /\/_ /,— /\ I
pre_mlp_layernorm=TENorm, 1;’] $ # -l— Eg HEP— # — 5]#
) LI T %2 NPU F47115EHRY PraralleMLP , & MTHIT—
module=MLP, Y A
MLP submodules=| ‘rj-
linear_fcl= , Llinear_
)y
Dropout ;
4 mlp_bda=get_bias_dropout_add,
sharded_state_dict_keys_nap=
MLP (4h to h) 'input_layernort elf_attention. linear_gkv.layer_norm_"',
4 ‘pre_mlp_layernorm.': 'mlp.linear_fcl.layer_norm_',

GelU

X
MLP (h to 4h)

transformer mip.py > 43 MLPS

MLP(MegatronModule):

MLP will take the input with h hidden state, project it to 4xh
hidden dimension, perform nonlinear transformation, and project the
state back into h hidden dimension.

Layer Norm

Returns an output and a bias to be added to the output.
If config.add_bias_linear is False, the bias returned is None.

We use the following notation:
h: hidden size
Attention : number of tensor model parallel partitions
: batch size
sequence length

Dropout

_dinit_ (

selif)

config: TransformerConfig,
submodules: ,
is_expert: bool 0
input_size: int 0

Self Attention

super().__init__ (config=config)

Ll

Embedding
s ZOMI 30 Course https://chenzomil 2.sithub.io/
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Output Layer
A

Transformer Layer x L

52 GPU H1711ERY Parallel MLP , ColumnParallelLinear :

ffn_hidden_size %= 2

> Add A A
self.linear_fcl = build_module( *@E MLP EBIJ)\ [S, b’ h] 9 EBIJH:II [S, b’ 4h]
* submodules. linear_fcl,
self.input_size,
MLP ffn_hidden_size,
config=self.config,
init_method=self.config.init_method,
DrOPOUt gather_output=| 5
bias=self.config.add_bias_linear,
A skip_bias_add=True,
is_expert=is_expert,
MLP (4h to h) tp_comm_buffer_name='fcl',
)
1
GeLU self.activation_func = self.config.activation_func Y
self.linear_fc2 = build_module(
m forward(self, hidden_states): ﬁ

intermediate_parallel, bias_parallel = self.linear_fcl(hidden_states)

Layer Norm

NPU 0 |_| NPU I || 2 > NPU HY%giH
e i v, v, YIFOY2 [s, b, 4h/2]
self.input_size = input_size ﬁ ﬁ
z:i;:::zﬁ:trji:ui T;Zﬁéiﬁrput 2 /I\ NPU J:j:yi
world_size = get_tensor_model_parallel_world_size() XAl XAZ ) Z\
self.output_size_per_partition = divide(output_size, world_size) ﬁ ﬁ Al *DAZ}REU-DJD [h: 4h/2]

expert_parallel = config.expert_model_parallel_size > 1 Xl Xz
embedding_activation_buffer = embedding_activation_buffer

Attention

Se|fAttention gradfou#_:putf?ui:fer = grad_output_buffer
config = config U L f=identity(X)
e i B
X B NPU _E—HRJHIA X [s, b, h]
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Output Layer
A

Transformer Layer x L

> Add

A

MLP

Dropout

1
MLP (4h to h)

T
T

Layer Norm

Attention

Self Attention

Embedding

® ZOMI

forare, i stes: © 8 NPU XIZBERIEIA [s, b, 2h] HUTITE | $il [s, b, 2h]

self.config.bias_activation_fusion:
self ivation_func .gelu:
self.config.gated_linear_unit:
1lel = bias_geglu_impl(intermediate_parallel, bia

.config.add_bias_linear
parall bias_gelu_impl(in iate_parallel, bias
self.activation_func .silu self.config.gated_linear_unit:
intermediate_parallel = bias_swiglu_impl(intermediate_parallel, bias_p:

( )
bias_parallel
intermediate_parallel = intermediate_parallel + bias_parallel
self.config.gated_linear_unit:
glu(x)
= . chunk(x , dim=-1)

self.config.activation_func(x[0]) * x[1]

intermediate_parallel = glu(intermediate_parallel)

intermediate_parallel self.activation_func(intermediate_parallel)

? [s, b, 2h] T [s, b, 2h]
| GelU | GelU |

T [s, b, 2h] T [s, b, 2h]
| MLP (h to 4h) ColumnParallelLinear |

32  Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

Output Layer

A

Transformer Layer x L

Add

A

MLP

Dropout

it

Layer Norm

Attention

Dropout

Self Attention

Jl

Embedding

® ZOMI

get_gpt_layer_ammo_spec() —> :
self_attn_bda=get_bias_dropout_add,
pre_mlp_layernorm=TEl
mlp=]
module=MLP,
submodules=|
linear_fcl= , linear_fc2=|

s

1 I H
forward(self, hidden_states):

output, output_bias = self.linear_fc2(intermediate_parallel)

output, output_bias

( DH
_init_(

self.linear_fc2 = build_module(
submodules. linear_fc2,
self.config.ffn_hidden_size,
self.config.hidden_size,
config=self.config,

init_method=self.config.output_layer_init_method,

bias=self.config.add_bias_linear,
input_is_parallel=

skip_bias_add=
is_expert=is_expert,
tp_comm_buffer_name=

[ )

MLP 4h-> h RowParallelLinear i\ [s,b, 4h] it [s, b, h]

NPU 0 |_| NPU | |_|
Y, Y,

i {
XA, XA,

) {}

Xy X,

g = all-reduce(Y1,Y2)=Y1+Y2
output Shape [s, b, h]

2 N NPU B8 Y 1F0Y2 [, b, h]

2NNPUREE A 147105
AI&A?2 Shape [2h, h]

f=split(X), XENILFII 7>
X18&X2 Shape [s, b, 2h]

? [s, b, 2h]

GelU

T [s, b, 2h]

T [s, b, 2h]
| GelU |

T [s, b, 2h]

MLP (h to 4h) ColumnParallelLinear

!
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MLPH1T : 17153555

ColumnParallelLinear SCI Y MLP BIBIHER D ELE E S 71X N EIRZ ERRRYIE .
RowParallelLinear LI Y MLP NE¥EP R EEE S 7 XN EIEEMIZ AN,

e e e e e e NN e

y Y = GeLU(XA) ‘\\ Z = Dropout(YB) \
l ) N ) ‘l
i @ | :
! =X =| X41 > ::»I-I::» Y1B; :»l:» !
| < & S |
| A H = B
i =X = XA, ::»‘,Rwl-li!- Y,B, wl=:> I
| = 2 |
| e 1 Byl E
‘\\ A= [Al,Az] B B = Bll /
\\\ & / \\\ __________________ g ___________ ///
(a) MLP
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Output Layer
A

Transformer Layer x L

> Add T T «  MLP 4h->h RowParallelLinear it [s, b, h]

* self_attn_bda=get_bias_dropout_add,
pre_mlp_layernorm=TENorm,

e Rt sy *  Dropout BiNHiHshape [s, b, h] , 18F! MLP E{KiH [s, b, h]

submodules=MLPSubmo (
linear_fcl=ColumnPar ear, linear_fc2=RowParalle

Dropout )
’
mlp_bda=get_bias_dropout_add,

sharded_state_dict_keys_map=

yernorm.': 'self_attention.linear_gkv.layer_norm

pet_bias_dropout_add(training, fused): A
fused:
[s, b, h]

Layer Norm e A
: _ ' MLP |
bias_dropout_add_fused_train : :
bias_dropout_add_fused_inference i | Dr‘opout | i

bias_dropout_add_unfused(training) : :
Attention i [s, b, h] :
] [}
_ b MLP (4h to h) RowParallelLinear | i
Dropout ] }
! T [s, b, 2h] T [s, b, 2h] ;
] [}
Self Attention i | GelU | GelU | i
] ]
] [}
i T [s, b, 2h] T [s, b, 2h] i
] [}
E | MLP (h to 4h) ColumnParallelLinear | i
[}
Ly Y ]
T [s, b, h]
Embedding
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Output Layer Ad d g:nhw

Transformer Layer x L

1

- Add 5 Z1ESE Residual + MLP 51 [s, b, h]

Add

if mlp_bias 5

= 4 — AN
mlp_output = mlp_output + mlp_bias ¢ Eigg'f%:ﬁtl_]mg Transformer Layer Eﬁl_]tlj [S, b, h]
out = torch.nn.functional.dropout(mlp_output,
MLP p=self.hidden_dropout, —1 E N
training=self.training) ¢ Xja: L };Trans.former Layer E& I /A

Dropout output = residual + self.drop_path(out)

Al =E . Q SNk
- BEE : IERMA 2R all-reduce
if self.layer_type == LayerType.retro_decoder_with_retriever:

return output, retriever_output

return output

[s, b, h] T [s, b, h]
—>| Add
s,b, h
Layer Norm e cmeeee )f _L ________________________ L ____]_ _______________________________ .
MLP
| Dropout |

T [s,b, h]

Attention
| MLP (4h to h) RowParallelLinear |
Dropout
? [s, b, 2h] T [s, b, 2h]
Self Attention | GelU | GelU |
f [s, b, 2h] T [s, b, 2h]

| MLP (h to 4h) ColumnParallelLinear |

Jl

Embedding
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REHTEEOH

* introduces two additional communication operations f and f.

PPV

uonuaNYy JI9s
uonRuINYy

c
=
e
c
s
b
<
o
=

3uippaqui3
WLIOp] Ja4eT

7 X J9Ae Jowojsued]

I | !
5 & | 5 I
| | o < =
4 o ) [ | -
> |= #?ﬁ 2>8 (= > |= (R (= Sl B [P =
) |2 | 2 S c ! 2
(=4 =3 | -
3 'l o ' 3 |
=] I |
I I |
[ I |
: Tensor : Tensor |
\  Parallel ) N Parallel /’

Figure 4: Transformer layer with tensor parallelism. f and f are conjugate. f is no operation in the
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as
Activations memory per layer = sbh (34 +5 7)

24 as
Activations memory per layer = sbh (10 + - +5 E)
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REHITE

d

[s,b,h] T [s, b, h]
Output Layer | yon
A
Transformer Layer x L Transformer Layer x L [s,b,h]
MLP
| Dropout |
A
[s, b, h]
| MLP (4h to h) RowParallelLinear |
| GelU | GelU |

MLP (4h to h) 4 o Y o
| MLP (h to 4h) ColumnParallelLinear |

[5.b.1]
MLP (h to 4h) | Layer Norm |
5.b.1] } Bbn
—> Add |
} som

Dropout |
A

Layer Norm |

Self Attention x n [s, b, h]

| Row ParallelLinear |

T [s, b, hp] T [s, b, hp]

T 3 x [s, b, np, hn] T 3 x [s, b, np, hn]
. Tensor view & split(-1dim Tensor view & split(-1dim
Self Attention | plit(-Idim) | plit(-1dim) |
T [s,b, 3h12] T [s, b, 3h12]
| Q/K/V ColumnParallelLinear | -
[ o

| Layer Norm |

Embedding | Embedding |
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