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* Pipeline Parallel

* Tensor Parallel
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Data Parallel

Data Parallel
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initialize_model_parallel() F{TEcE#IIR{E

egatron > core > parallel_state.py > Q@ initialize_model_parallel

_TENSOR_MODEL_PARALLEL_GROUP = None de *gﬁ%_?%\éﬁaue%ﬂgl_\'f’t #$EE2E.1:E9€EIJé}EJm_ =

GPUs of context parallelism on data parallel group for
_PIPELINE_MODEL_PARALLEL_GROUP = None weight gradient all-reduce.

MODEL PARALLEL GROUP = Non nccl_communicator_config_path (str, default = None):
Path to the yaml file of NCCL communicator configurations.
‘min_ctas’, “max_ctas', and "cga_cluster_size® can be set
for each communicator.

_EMBEDDING_GROUP = None

_POSITION_EMBEDDING_GROUP = None Let's say we have a total of 16 GPUs denoted by g0 ... g15 and we
use 2 GPUs to parallelize the model tensor, and 4 GPUs to parallelize
_DATA_PARALLEL_GROUP = the model pipeline. The present function will
create 8 tensor model-parallel groups, 4 pipeline model-parallel groups
and 8 data-parallel groups as:
8 data_parallel groups:
[g0, 921, [g1, 931, [g4, g6l1, [g5, g7]1, [g8, gleol, [g9, gll], [g12

_TENSOR_AND_DATA_PARALLEL_GROUP = None 8 tensor model-parallel groups:
[g0, 91l1, [g2, 931, [g4, g51, [g6, 971, [g8, g9]1, [gl@, gl1], [gl2

_TENSOR_AND_EXPERT_PARALLEL_GROUP = None 4 pipeline model-parallel groups:

DATA_MODULO_EXPERT_PARALLEL_GROUP = None [90,7g4, g8 "g121, "lgls a5, 109, "gi3li [02, g6, 9105 g14li 13, a7,

_DATA_MODULO_EXPERT PARALLEL_GROUP_GLOO = None Note that for efficiencv, the caller should ELE §ure adjacent ranks
are on the same DGX box. For example if we are using 2 DGX-1 boxes

with a total of 16 GPUs, rank @ to 7 belong to the first box and
ranks 8 to 15 belong to the second box.

None

_VIRTUAL_PIPELINE_MODEL_PARALLEL_RANK = None
_VIRTUAL_PIPELINE_MODEL_PARALLEL_WORLD_ SIZE = None
_PIPELINE_MODEL_PARALLEL_SPLIT_RANK = None

assert torch.distributed.is_initialized()
world_size: int = torch.distributed.get_world_size()

_MPU_TENSOR_MODEL_PARALLEL_WORLD_SIZE = None if (
_MPU_PIPELINE_MODEL_PARALLEL_WORLD_SIZE = None world_size
_MPU_EXPERT_MODEL_PARALLEL_WORLD_SIZE = None % (tensor_model_parallel_size * pipeline_model_parallel_size * context_para

Course https://chenzomil 2.github.io/
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initialize_model_parallel() F{TECE{IIR{E

egatron > core > parallel_state.py > Q initialize_model_parallel

CEREIHTOE, VR AR FRE

GPUs of context parallelism on data parallel group for
weight gradient all-reduce.

nccl_communicator_config_path (str, default = None):
Path to the yaml file of NCCL communicator configurations.

"min_ctas®, “max_ctas’, and “cga_cluster_size® can be set o e |
for each communicator. 1EXZEI6 NPU ] ﬁ/l\ nOde I rank O~ %_ ‘|j,lf—"_l\ I rank 8

Let's say we have a total of 16 GPUs denoted by g@ ... gl5 and we ~ | 5 ’%a:%_/l\-lj/r\l_\__l\
use 2 GPUs to parallelize the model tensor, and 4 GPUs to parallelize

the model pipeline. The present function will

create 8 tensor model-parallel groups, 4 pipeline model-parallel groups TP gﬁkd\ 2 , 6 /\ NPU %& \EE 8 QE [go’ gl], [gz’ g3]’ [g4’

and 8 data-parallel groups as:

8 data_parallel groups:
s o T e o0 el () o (e eRCh e ek g>] [g6, g7]. [g8, g9], [g10, gl 1], [gl2, gl3], [gl4, gl5]

8 tensor model-parallel groups:

[g0, 1, [g2, 1, [04, 1, [g6, 1, [g8, Iy [l ’ 1, [
4 pipS?inglmode?Zpa?zllelg:rogzs: o o o on i PP gﬂk/_]\ 4 ] |6 /\ NPU %& \EJZ 4 QH [80’ g4’ g8’ gIZ], [gl’
[ » 95, 99, [
g0, g4, 98 g121, [g91, g5, g9, 9131, [g2, @6, gl@ gl4], g5, g9, gl 3]’ [gz, gé, glo’ g|4], [g3, g7, gl I, gl 5]
are on the same DGX box. For example if we are using 2 DGX-1 boxes
Fanks 8 t0 18 belong to the second ponn DP 4HA/N 2, 16 4> NPU #43F% 8 48 : [0, g2], [g!. 3], [g4
g6], [g>, 871, [£8, g10], [g9, gl 1], [g12, gl4], [g]3, gl 3]

assert torch.distributed.is_initialized()
world_size: int = torch.distributed.get_world_size()

if (
world_size
% (tensor_model_parallel_size * pipeline_model_parallel_size * context_para

@& ZOMI 9  Course https://chenzomil 2.sithub.io/
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Hi7iE & FTRIENR

NclndeO ________________________________________________

|

|

|

| NPU 0 NPU | NPU 2 NPU 3

|

|

|

|

|

|

i NPU 4 NPU 5 NPU 6 NPU 7

|

|

- - - - . e,V
Noede!

|

|

| NPU 8 NPU 9 NPU 10 NPU I |

|

|

|

|

|

|

| NPU 12 NPU 13 NPU 14 NPU 15

|

|

|

Node | : NPUO ~7

Node 2 : NPU 8 ~ |5

world size = 16

tensor model parallel size = 2

pipeline model parallel size = 4

data parallel size = 2

10
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B HTo i E

world size = 16

tensor model parallel size = 2

pipeline model parallel size = 4

TREIFHT (TP+PP)

\ - TPEAX/N2, 16 D NPU #7535 8 48 :
0 \\" ‘T [£0, g!], [g2, 3], [e# g5], [g6. £7], [£8, &9,

/,' | \\\V //,
’h«\ ’00

JIN //). .\\\ " [g10,g11], [g12, g13], [g14, g15]

~/ ‘{a}b‘&.// .}} o PPEZHA/N4, 16 NPU #HOHK 4 48

[£0, g4, g8, g12], [gl, g5, g9, g13], [g2, g6, g
10, gl4], [g3, g7, gl I, gI5]

& 70MI 11 Course https://chenzomil 2.github.io/
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Hi7EcE & WHEHFE process groups

world_size = 16

tensor_model_parallel_size = 2

pipeline_model_parallel_size 4

data_parallel_size = world_size // (tensor_model_parallel_size f " N
pipeline_model_parallel_sizg )}‘A TP & , 77hk 8 T iHiE group

num_tensor_model_parallel_groups = world_size // tensor_model_parallel_size

num_pipeline_model_parallel_groups = world_size // pipeline_model parallel_size

num_data_parallel_groups = world_size // data_parallel_size | }\A PP E ' ﬁj\ﬁz 4 /I\ E%% group

print("Build DP Groups :") M DP B73hk 8 1™ 1IHFZ group
all_data_parallel_group_ranks = []

for i in range(pipeline_model_parallel_size): B0& 8 1\~ DDP , &1 DDP &% 2 /" rank
start_rank = i *x num_pipeline_model_parallel_groups
end_rank = (i + 1) * num_pipeline_model_parallel_groups
for j in range(tensor_model_parallel_size):
ranks = range(start_rank + j, end_rank,
tensor_model_parallel_size)
all_data_parallel_group_ranks.append(list(ranks))
print(all_data_parallel_group_ranks)

12 Course https://chenzomil 2.github.io/
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TP HiZZH 3 e

global _TENSOR_MODEL_PARALLEL_GROUP

assert (

_TENSOR_MODEL_PARALLEL_GROUP 1is None
), 'tensor model parallel group is already initialized'
for i in range(num_tensor_model_parallel_groups): H— tensor-model-parallel group

ranks = range(i * tensor_model_parallel_size, [ISNET Sammi=lizEis

(i + 1) * tensor_model_parallel_size)
group = torch.distributed.new_group(
ranks, pg_options=get_nccl_options('tp', nccl_comm_cfgs)

)

i1f rank in ranks:
_TENSOR_MODEL_PARALLEL GROUP = group pesi=IRGu Ntz ci=lEs)
e.g. , rank2 = group([g2, g3])

@& ZOMI 14 Course https://chenzomil 2.github.io/
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TP i#$£4H rank 3EC

NclldeO

| R S S \
(I 1
o :
. 1| NPUO NPU | |1
| : ]
Do i
| N oo omommmmmommmmmmemmmmmme oo oo oo
| - ————————————————————— \
| : |
] i
1| NPU4 NPUS5 |!
' ]
| | i
| N o o o = = = - - - - - - - - - - - - - - . )

|
Node I
o :
| 1 :
| | NPUS8 NPU9 |!
o i
| | )

|
| "' """"""""""""""" \
| 1 :
| [} ]
! 0
1| NPU I2 NPU 13 |!
o ;
| VNeccccccccccccccccccccccccccae-

|

| i
i NPU2 NPU3 |!
i E
S )
[ NPUG NPU7 ||
. :
i i
{[ NPU 10 NPU Il |1
| E
[ NPU 14 NPU I5 |t

-------------------------------

world size=16 , TP =2

group 16/2 =28
/\jjs/\
rank

[g0, gl] NAERE—ETIS A 24, £5!
#% rank g0, gl H1T

[g2, g3] NARBS—ETD 8210 , 25!
Y rank g2 , g3 H4T

group FIFHITIBSEERIE reduce(). gathe

r(). split()

FEZH group , HMNHEEEHED
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ef get_tensor_model parallel group(check_initialized=True):
""Get the tensor model parallel group the caller rank belongs to."""

if check_initialized: R[EIB S rank STMAY TP HFE4H group

assert (
_TENSOR_MODEL_PARALLEL_GROUP is not None
), 'tensor model parallel group is not initialized'
return _TENSOR_MODEL_PARALLEL_GROUP

def _reduce(input_):
""UAll-reduce the input tensor across model parallel group.'""

if get_tensor_model_parallel_world_size() == 1:
return input_ % TP }ilﬁl{?}'ﬁﬁ{l’ , *U}Eﬁ _TENSOR _MODEL PARALLEL_GR
HRFITESEF

torch.distributed.all_reduce(input_, group=get_tensor_model parallel group())

return input_

® ZOMI 16

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



https://chenzomi12.github.io/

3 Megatron-LM

PP 1RE 1T

@@@@@



https://chenzomi12.github.io/

_PIPELINE_MODEL_PARALLEL_GROUP 1is None
), 'pipeline model parallel group is already initialized'
global _EMBEDDING_GROUP
global _EMBEDDING_GLOBAL_RANKS
assert _EMBEDDING_GROUP is None, 'embedding group is already initialized’
global _POSITION_EMBEDDING_GROUP
global _POSITION_EMBEDDING_GLOBAL_RANKS

= S —EME ‘ ~ =0 = is already initialized'
for i in range(num_pipeline_model_parallel_groups):

ranks = range(i, world_size, num_pipeline_model_parallel_groups)| f¥a% ’.@Bg n // p/NEN—4]

group = torch.distributed.new_group(
ranks, pg_options=get_nccl_options( pp', nccl_comm_cfgs)

)

if rank in ranks:

_PIPELINE_MODEL_PARALLEL_GROUP = group ERIREMI@INI ol Rty =]

_PIPELINE_GLOBAL_RANKS = ranks Ny
: NN — 5 FEZHAY ranks
e.g.,rank2 = [g2, g6, g10, g14]

18  Course https://chenzomil 2.github.io/
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P HiE24H{=

v def _batched_p2p_ops(
*l
tensor_send_prev: Optional[torch.Tensor],
tensor_recv_prev: Optional[torch.Tensor],
tensor_send_next: Optional[torch.Tensor],
tensor_recv_next: Optional[torch.Tensor],
group: torch.distributed.ProcessGroup

U TP #HTIB=0T , (58 P2POp AT mNES A ,

ops = (I | MARESEES,

if tensor_send_prev is not None:
send_prev_op = torch.distributed.P2POp(
torch.distributed. isend,
tensor_send_prev,
get_pipeline_model_parallel_prev_rank(),

group,
)
ops.append(send_prev_op)
if tensor_recv_prev is not None:
recv_prev_op = torch.distributed.P2PO0p(
torch.distributed.irecv,

20  Course https://chenzomil2.github.io/
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et get_pipeline_model_parallel_group():
"""Get the pipeline model parallel group the caller rank belongs to."""

2B IR[AIE 5 rank XJNEY PP #HAE2H group

_PIPELINE_MODEL_PARALLEL_GROUF
), 'pipeline_model parallel group is not initialized'
return _PIPELINE_MODEL_PARALLEL_GROUP

S NOt

863 v def get_pipeline_model_parallel_next_rank():
""1UReturn the global rank that follows the caller in the pipeline"""
assert _PIPELINE_GLOBAL_RANKS is not None, "Pipeline parallel group is not initialized"

rank_in_pipeline = get_pipeline_model_parallel_rank()
world_size = get_pipeline_model_parallel_world_size()
return _PIPELINE_GLOBAL_RANKS[(rank_in_pipeline + 1) % world_size]

jEid PIPELINE GLOBAL RANKS 52 7HIZHMA ranks (S8
lef get_pipeline_model_parallel_last_rank():

"""Return the global rank of the last process in the pipeline for the

current tensor parallel group"""

assert _PIPELINE_GLOBAL_RANKS is not None, "Pipeline parallel group is not initialized"

last_rank_local = get_pipeline_model_parallel_world_size() - 1
return _PIPELINE_GLOBAL_RANKS [last_rank_local]

ZOMI 21 Course https://chenzomil2.github.io/
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DP ##2%H rank 53fc
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global _DATA_PARALLEL_GLOBAL_RANKS_WITH_CP
assert _DATA_PARALLEL_GROUP is None, 'data parallel group is already initialized'

all_data_parallel_group_ranks_with_cp = [] | i@}j—ﬁﬁzkéj%ﬁﬁg

for i in range(pipeline_model_parallel_size): N
start_rank = i % num_pipeline_model_parallel_groups 2. ?ﬂzéﬂ’éﬁ\ stage Eyﬁ start ran
end_rank = (i + 1) * num_pipeline_model_parallel_groups 3%2%”’-5_:4\ stage égﬂ: end ran
for j in range(context_parallel_size x tensor_model_parallel_size):
ranks = range(
start_rank + j, end_rank, context_parallel_size * tensor_model_parallel_size

) > VAN :
— 438 TP 55°¢H size
group = torch.distributed.new_group( — N
5.808 t NE—1E/IDP group®HI—1%

ranks, pg_options=get_nccl_options('dp', nccl_comm_cfgs)
)
group_gloo = torch.distributed.new_group(ranks, backend="gloo")
if rank in ranks:

_DATA_PARALLEL_GROUP = group  E=LIREULGS VISR eay iz

_DATA_PARALLEL_GROUP_GL0OO = group_gloo
_DATA_PARALLEL_GLOBAL_RANKS = ranks RE=m ==y 5 -
for j in range(tensor_model_parallel_size): éHU bl Jﬁ*E’HE,J TS SO
ranks_with_cp = range(start_rank + j, end_rank, tensor_model_parallel_size)
all_data parallel _group_ranks with_cp.append(list(ranks_with_cp))
group_with_cp = torch.distributed.new_group(
ranks_with_cp, pg_options=get_nccl_options('dp_cp', nccl_comm_cfgs)

24 Course https://chenzomil2.github.io/



https://chenzomi12.github.io/

DP ##2%H rank 53fc

= . o
T =S L 5
N A = =
I g ) E | 23}
o x firs —
< T o N m
- c C And
- G E <n N
< S IO ) i3} 41 _Mm
(0 0) () — : O i
oy Y e ¢ N = o
o 5 & o 2 DI
0o ~~ S m—m =Y [ B o
oN / 17,3 bl c -} ~ (@)
S S S~ £ 2 a 2
_
I O Y Z —_ QO N —
g & RN« & FHER =
s 32 &Y & = 2 % =
T 5 "= T &®mKOE
W o B c « = Fq R 5 4
W D o o o)
(] (]
||||||||||||||||||||| | jmememmmmmemmcceceeea--
F ity y ST oITEEEEe 3 " “ SoooTEEEmeY, N "
] [} ._ ] [ | |
i  d SRR I R e
' ™M [ ~ 1 ;o —_— 1 —_— |
Ll s AR S [ i iy “
B EIng- NNl gk
L - ..l.-.-.N.:-.“L_-:I.m----.N.: Heted-mZemttl
‘-1 H=4=q====== =3-p=qd--p=f====-- 1r-r-t--=--- nel
' [ "y ' 1 '
] (I} ) | | () ]
| 1 [ o [ |
] (I} | I | | () ]
' [ "y ' 1 '
| [ | U 1 |
i i o | <+ |
SRl Sl SR S
EAdER R R e =R
| I 4 1 0 S L L -0 0 N 0
[ B 1 T ) S
._:. uuuuuuuuu dedeccccata debodacdicdcccaaat 'y K R - v
{— V3 L PN R Ll S\
I I
{ooSssss=- A \ " B Pttt N .\l lllllll Y
' 1 [ I H '
| Ak R ik m |
i - Ak il b o | - i
> 2D |l 2 [ Ly 2 (UL o |
| 1 [ | ' o. !
Il Z [l Z lai il Z [ S
I S i —| S RIS SR LI L b
' 1 ' " B Ak .“
] " ] | | ]
[} (BN [ | ] ' |}
| 1 [ CY ". “
] (BN ._ ] -. H
i 1k R Ak i
S U T I T O BT Y O R
] ] | )
> 2 (P2 2R
Al Zz [iil Z 4 2l Z 1S
I I W W I L v
.. J\ .. J - oo s \ o v

25 Course https://chenzomil2.github.io/

¥ ZOMI


https://chenzomi12.github.io/

DP i#tf=4H{EF

def get_data_parallel _group(with_context_parallel=False):

ZOMI

J

"""Get the data parallel group the caller rank belongs to.
if with_context_parallel:
assert (
_DATA_PARALLEL_GROUP_WITH_CP is not None
), 'data parallel group with context parallel combined is not initialized'
return _DATA_PARALLEL_GROUP_WITH_CP

def average_losses_across_data_parallel_group(losses):

"""Reduce a tensor of losses across all GPUs.
averaged_losses = torch.cat(
[loss.clone().detach().view(1l) for loss in losses])
torch.distributed.all_reduce(averaged_losses,
group=mpu.get_data_parallel group())
averaged_losses = averaged_losses / \
torch.distributed.get_world_size(group=mpu.get_data_parallel_group())
return averaged_losses

26
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if wrap_with_ddp:
config = get_model_config(model[@])
model = [DDP(config,
model_chunk,

»=mpu.get_data_parallel_group (with_context_parallel=True),
expert_data_parallel_group=mpu.get_data_modulo_expert_parallel_group(),
accumulate_allreduce_grads_in_fp32=args.accumulate_allreduce_grads_in_fp32,
overlap_grad_reduce=args.overlap_grad_reduce,
use_distributed_optimizer=args.use_distributed_optimizer,

disable_bucketing=(model_chunk_idx > @),
check_for_nan_in_grad=args.check_for_nan_in_loss_and_grad)
for (model_chunk_idx, model_chunk) in enumerate(model)]

if torch.distributed.is_initialized() and \

mpu.get_data_parallel_world_size() > 1 and \
args.data_parallel_random_init:

rng_state_list =
[None for i in range(mpu.get_data_parallel_world_size())]

torch.distributed.all_gather_object(
rng_state_list,
rng_state,
group=mpu.get_data_parallel_group())
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global _MODEL_PARALLEL_GROUP
assert _MODEL_PARALLEL_GROUP is None, 'model parallel group is already initialized’
for i in range(data parallel size x context parallel size):
ranks = [
data_parallel_group_ranks_with_cp[i]
for data_parallel_group_ranks_with_cp in all_data_parallel_group_ranks_with_cp

]

group = torch.distributed.new_group (
ranks, pg_options=get_nccl_options('mp', nccl_comm_cfgs)

)

if rank in ranks: 152 24E1] rank XN AIREERY sroup
SUERE L CR SR I - - oroup | = [2, 3, 6, 7, 10, 11, 14, 15]
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PTD 717 demo

world_size = 16

tensor_model_parallel_size = 2

pipeline_model_parallel_size = 4

data_parallel_size = world_size // (tensor_model_parallel_size x
pipeline_model_parallel_size)

num_tensor_model_parallel_groups = world_size // tensor_model_parallel_size

num_pipeline_model_parallel_groups = world_size // pipeline_model_parallel_size

num_data_parallel_groups = world_size // data_parallel_size

print("Build DP Groups :")
all_data_parallel_group_ranks = []
for i in range(pipeline_model_parallel_size):
start_rank = i *x num_pipeline_model_parallel_groups
end_rank = (i + 1) % num_pipeline_model_parallel_groups
for j in range(tensor_model_parallel_size):
ranks = range(start_rank + j, end_rank,
tensor_model_parallel_size)
all_data_parallel_group_ranks.append(list(ranks))
print(all_data_parallel_group_ranks)
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print( —1ter__ sroup:")

for i in range(data_parallel_size):
ranks = [data_parallel_group_ranks[i]
for data_parallel_group_ranks in all_data_parallel_group_ranks]
print(list(ranks))

print("Build TP Groups:")
for i in range(num_tensor_model_parallel_groups):
ranks = range(i * tensor_model_parallel_size,
(i + 1) % tensor_model_parallel_size)
print(list(ranks))

print("Build PP Groups :")
for i in range(num_pipeline_model_parallel_groups):
ranks = range(i, world_size,
num_pipeline_model_parallel_groups)
print(list(ranks))

32
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® 1. chenzhongming@chenzomi-2: ~/Workplaces/DLSys_github/06Foundation/07Train/code (zsh)

python ptd_config.py & 21:29:29

Build DP Groups :

Ho=2 B3] [[4 61, [5 71 8 40], [9 1] [12 4] §Fis 451
Build MP Group:

[Osedsmdarn 850 el Crul:
2 36 e 0 e A
Build TP Groups:

[0, 1]

CJ0th

C1liniri

G2Har

[8, 9]

[10, 11]

[al2- - 13

[14, 15]

Build PP Groups :

[0, 4 & 124

159 34

2.6, 10 14

READDME ind |

R 21:29:31
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rank tRIE PTD £BFT 25T NPU
RBISIEIT offset 1RYE rank ZEREXTNZE
IREVSERYE rank NI NPU _ESARHITI)IZR
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1. rank {R#E PTD £ 5T =M53F NPU

—TENSOR—MODEL—PARALLEL—GRQUP = mpu.initialize_model_parallel() IZ& PTD ZHfEH , B rank XJROHFEER

_PIPELINE MODEL PARALLEL GROUP SREESE=EioES-=giptiE=t L E N N[O i

e.g. , rank 2 XYROHFREENE , MNIIRL 2B EIREN data_parallel group: [£0, g
i 2] , tensor model-parallel group: [g2, g3] , pipeline model-parallel group: [g2, g6, g!0,
_EMBEDDING_GROUP = None gl4].

_MODEL_PARALLEL_GROUP = None

_POSITION_EMBEDDING_GROUP = None

_DATA_PARALLEL_GROUP = None
_DATA_PARALLEL_GROUP_GL0OO = None

_TENSOR_AND_DATA_PARALLEL_GROUP = None

_TENSOR_AND_EXPERT_PARALLEL_GROUP = None
_DATA_MODULO_EXPERT_PARALLEL_GROUP = None
_DATA_MODULO_EXPERT_PARALLEL_GROUP_GLOO = None
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class ParallelTransformer(MegatronModule):
def __init__ (self, config,

offset = mpu.get_virtual_pipeline_model_parallel_rank() x (
config.num_layers // config.virtual_pipeline_model_parallel_size) + \
(mpu.get_pipeline_model_parallel_rank() * self.num_layers)
else:

if args.model_type == ModelType.encoder_and_decoder and \
mpu.get_pipeline_model_parallel_world_size() > 1
pipeline_rank = mpu.get_pipeline_model_parallel_rank ReiaRist =Rl & D El= VA e ]
if layer_type == LayerType.encoder:
offset = pipeline_rank * self.num_layers ﬂﬁﬁ)ﬁ%
else:
num_ranks_in_enc = args.pipeline_model_parallel_split_rank
offset = (pipeline_rank - num_ranks_in_enc) * self.num_layers
else:
offset = mpu.get_pipeline_model_parallel_rank() * self.num_layers
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2 128IbiEE offset 1RHE rank EREIIRNE

11T self layers SEAERXTAAYE

self.layers = torch.nn.ModuleList([ NoopTransformerLayer(1l) ])
else:
self.layers = torch.nn.ModuleList/(
[build_layer(i + 1 + offset) for i in range(self.num_layers)])
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TP sk&FH17#¢ BT intra-node transformer & :

TPREHTITEEEEREAETR | TRRABAEHRALUENET,

PP ;7K FH TEEHR T inter-node transformer /= :

PP IBIEHE AL , AR SRS iRt

DP 7£ PP 1 TP Eftlz EHHTINT | (HEIIEA LY ERIE AHIEFEIRANRE
RE DP A= & | (EARREER (A DP RllZrE KRR , a ) HBM ARRE |, b ) BUEFITY RIRH!
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|.  Megatron-LM:Training Multi-Billion Parameter Language Models Using Model Parallelism

2. Efficient Large-Scale Language Model Training on GPU Clusters Using Megatron-LM

3. Reducing Activation Recomputation in Large Transformer Models

1.7 24 2304 24 1 1 32 512 137 44% 4.4
3.6 32 3072 30 2 1 64 912 138 44% 8.8
7.5 32 4096 36 4 1 128 512 142 46% 18.2
18.4 48 6144 40 8 1 256 1024 135 43% 34.6
39.1 64 8192 48 8 2 512 1536 138 44% 70.8
76.1 80 10240 60 8 4 1024 1792 140 45% 143.8
145.6 96 12288 80 8 8 1536 2304 148 47% 2271
310.1 128 16384 96 8 16 1920 2160 155 50% 297.4
529.6 128 20480 105 8 35 2520 2520 163 52% 410.2
1008.0 160 25600 128 8 64 3072 3072 163 52% 502.0

® ZOMI

Table 1: Weak-scaling throughput for GPT models ranging from 1 billion to 1 trillion parameters.
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