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Table 1: Maximum model size of AmoebaNet supported by GPipe under different scenarios. Naive-1
refers to the sequential version without GPipe. Pipeline-k means k partitions with GPipe on &
accelerators. AmoebaNet-D (L, D): AmoebaNet model with L normal cell layers and filter size D .
Transformer-L: Transformer model with L layers, 2048 model and 8192 hidden dimensions. Each
model parameter needs 12 bytes since we applied RMSProp during training.

NVIDIA GPUs (8GB each) Naive-1  Pipeline-1 Pipeline-2  Pipeline-4 Pipeline-8
AmoebaNet-D (L, D) (18,208) (18,416) (18, 544) (36, 544) (72, 512)
# of Model Parameters 82M 318M 542M 1.05B 1.8B
Total Model Parameter Memory  1.05GB 3.8GB 6.45GB 12.53GB 24.62GB
Peak Activation Memory 6.26GB 3.46GB 8.11GB 15.21GB 26.24GB
Cloud TPUv3 (16GB each) Naive-1  Pipeline-1  Pipeline-8  Pipeline-32  Pipeline-128
Transformer-L 3 13 103 415 1663

# of Model Parameters 282.2M 785.8M 5.3B 21.0B 83.9B
Total Model Parameter Memory 11.7G 8.8G 59.5G 235.1G 937.9G

Peak Activation Memory 3.15G 6.4G 50.9G 199.9G 796.1G
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Paddle / python / paddle / base / executor.py

I Code | Blame Executable File - 3349 lines (2937 loc) - 126 KB Raw |‘_|;|
: Lorser . USE_TELLI_VETTTUR, |

1825 )

1826

1027 new_program = program.clone()

1828 i |

1829 new_program._pipeline_opt

1230 and "standalone opt” in new_program. pipeline opt

1831 b

1832 from paddle.distributed.passes.pipeline scheduler pass import (

1833 apply_pass,

1834 b

1835

1836 standalone_opt = new program. pipeline opt["standalone opt"™]

1837 pass_name = standalone_opt["schedule_mode"]

1838 plan = apply pass(

1839 new_program, new_program, pass_name, standalone_opt

1040 )
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Paddle / python / paddle / distributed / passes / pipeline_scheduler_pass / _init__.py T Top
| Code | Blame @ 52 lines (45 loc) - 1.95 KB Raw Lg L2~ B

25 )
26
27 _all =]
28
29

**+ 30 v def apply_pass(main_program, startup program, pass_name, pass_attr={}):
31 assert pass_name in [
32 "FThenB",
33 "1F1B",
34 "EagerlF1B",
35 "VPP",
36 "ZBH1",
37 "ZBVPP",
38 1, f"pipeline scheduler only support FThenB, 1F1B, EagerlF1B, VPP and ZBH1, but receive {pass name}"
39
49 if pass_name == "1F1B":
a1 # TODO(Ruibiao): Move FLAGS 1flb backward_forward_overlap and
42 # FLAGS_mp_async_allreduce_in_backward to auto parallel Strategy
43 # after these two optimizations are available.
a4 pass_attr["enable_backward_forward_overlap"] = int(
45 os.environ.get("FLAGS_1f1b_backward_forward_overlap”, @)
46 b
47
48 pipeline pass = new_pass(“pipeline_scheduler_" + pass_name, pass_attr)
49 pass_context = PassContext() .
5@ pipeline_pass.apply([main_program], [startup_program], pass_context)
51 plan = pass_context.get_a:tr'("pl_a?";‘
52 return plan

PassBase - PipelinePassBase - PipelineFThenBPass
- PipelinelF1BPass
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Paddle / python / paddle / distributed / passes

_partial_programs

Paddle / python / paddle / distributed / passes / pipeline_scheduler_pass / pipeline_fthenb.py

35
49

58
51
52
53
54
55
56
57

Code | Blame

o

75 lines (61 loc) - 2.51 KB Raw (00 o

class PipelineFThenBPass(PipelinePassBase):

v def

for i in range(num_micro_batches):
backward_job = core.Job(BACKWARD)
backward job.set_micro_batch_id(i)

job_list.append(backward_job)

opt_job = core.Job(OPT)
opt_job.set micro_batch_id(®@)
job_list.append{opt_job)

return job_list

_partial_programs(self, program):
# NOTE: The flag "enable_send recv_overlap™ may increase the reserved memory of GPUs.
enable_send_recv_overlap = self.get attr{"enable_send_recv_overlap")
types = [FORWARD, BACKWARD, OPT]
sub_program list = _program_for_fthenb_and_1f1b(
program, enable RO TECy  OUET P —
)

return types, sub_program_list

Paddlepythonpaddle 3 #T0EE

/ pass_utils.py

2289 lines (1983 loc) - 88.3 KB

| Code 781 | Blame £ 2209 T (1983 loc) .88.3 KB

634
635
636

@ oo
wn
0]

@
;oo
=~ oo

659
668
661
662
663
664
665
666
667
668
669
678

AT1

i

g Y g -

'Fi.b"( program, enable_send_recv_overlap=False):

o

This implementation is for fthenb and 1flb programs and is called in partial_programs function.
if enable_send_recv_overlap:

_overlap_send_recv{program}
else:

_inmsert_sync_for_fthenb 1flb(program)

fwd_prog = Program()
bwd_prog = Program{)
opt_prog = Program()

# split the program based on the op_role
def _split_ops(block):

fwd_ops = []
bwd_ops = []
opt_ops = []

fetch_ops = []
for op in block.ops:
if _is fetch op(op):
fetch_ops.append({op)
elif is_ forward_op{op):
fwd_ops.append(op)
elif is_backward_op{op):
bwd_ops.append(op)
elif is optimize op{op):
opt_ops.append(op)
else:
raise ValueError(
"The op role: ™
+ str{op.attr('op_role'})

+ " isn't one of Forward, Backward or Optimizer.”

)
return fwd_ops, bwd_ops, opt_ops, fetch_ops
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for idx, src_block in enumerate(program.blocks):

fwd_ops, bwd ops, opt ops, fetch_ops = _split ops{src_block) for fetch_op in fetch_ops:

if ddw == & = k
Fud BIock = FdlBre  h1ock(B) in_name = fetch_op.input_arg_names[@]
_add_ops_into_block{src_block, fwd_block, fwd ops) dst_block = Mone

for block in [fwd _block, bwd block, opt_block]:
if block. find war_recursive(in_name):
dst_block = block
opt_block = opt_prog.block{@e) break

bwd_block = bwd_prog.block(@)
_add_ops_into_block{src_block, bwd block, bwd _ops)

_add_ops_into_block({src_block, opt block, opt_ops) T3 e

else:

if len(fud_ops): _create_program{src_block, dst_block, fetch_op)

fwd_block = fwd_prog._create block(
parent_idx=src_block.parent_idx il e "_h "‘I:} v def _create program(src_block, dst_block, src_op, force_create=False):
_prog._sync_with_cpp dst_op_desc = dst_block.desc.append op()
}
- it - dst d 2 k3 .d

fwd_block._ set_forward_block idw{src_block.forward block_idx) iJ‘!.Id_pr‘Dg._55“11._I..1..h_\_|:lﬂ{} st_op_desc. copy_from(src_op.desc)

. % for input_varname in src_op.input_arg_names:

_add_ops_into block(src_block, fwd_block, fwd_ops) opt_prog._sync_with_cpp() B i o, B ! rmemoerd s |

force_create and src_block. find _var recursive(input_varname)

if len({bwd_ops): ) }:
fwd _prog. roll to global block()

bwd_block = bwd prog. create_block( _create_var(src_block, dst_block, input_varname, force_create)

parent_idx=src_block.parent_idx bwd_prog._roll to_global block() for oulput_varnage Inisre op.output arg names:
, ) if src_block.has_var(output_varname) or
ﬂpt_pr“ng '_r':'—'l_t':'_gl':'t'al_bl':{k{ } force_create and src_block. find var recursive(output_varname)

bwd_block._set forward_block_idw(src_block.forward block_idx)
_add_ops_into_block(src_block, bwd_block, bwd_ops) _create_var(src_block, dst_bleck, output_varname, force_create)

# It MUST return in thiz order
if len(opt_ops): return [fwd prog, bwd prog, opt prog]
opt_block = opt_prog._create block(
parent_idx=src_block.parent_idx
}
opt_block._set forward_block_idx{src_block.forward block_ idx)

_add_ops_into block(src_block, opt_block, opt_ops)
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def _create_job_list(self):

num_micro_batches = self.get_attr{"num_micro_batches")
job _Tist = []

for i in range{num_micro_batches):
forward_job = core.Job{FORWARD)
forward_job.set_micro_batch_id{i)

job_list.append(forward_job)

for 1 in range{num_micro_batches):
backward_job = core.Job({BACKWARD)
backward_job.set_micro_batch_id(i)

job_list.append(backward_job)

opt_job = core.Job{0OPT)
opt_job.set_micro_batch_id(a)
job_list.append(opt_joh)

return job_list
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def _create_job_list(self):

num_micro_batches = self.get_attr{"num_micro_batches™)

job_list = []

for i in range (num_micro_batches): bev? ENENEREN

forward_job = core.Job{FORWARD)

job_list.append(forward_joh)
oe Co e | o | e ] s

for 1 in renge(num_micro_batches):
backward_job = core.Job{BACKWARD)

backward_job.set_micro_batch_id(i) 5 *
me

B Forvard I Backward

job_list.append(backward_job)

opt_job = core.Job{OPT)
opt_job.set_micro_batch_id{a)
job_list.append(opt_job)

return job_list
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def _create_job_list(self):
num_micro_batches = self.get_attr("num_micro_batches™)
pp_stage = self.get_attr(“"pp_stage")
pp_degree = self.get_attr("pp_degree")

daiLisgs El self.jobs _in stable phase = [BACKWARD, FORWARD]

assert (
pp_degree <= num_micro_batches
), "Num of micro batches should larger than or equal to pp degree.” i GPU4

micro_batch_in_warmup = pp_degree - pp_stage f
micro_batch_in_1flb = num_micro_batches - micro_batch_in_warmup . GPU3 1

forward_micro _batch_id = @ GPUZ 1

for i in range(micro_batch_in_warmup):

forward_job = core.Job(FORWARD) ' GPU1 1 2 3

forward_job.set_micro_batch_id{forward_micro_batch_id)

B1T 2 B2 3 B3 4 B4
B1T 3 B2 4 B3 B4
B1 4 B2 B3 B4
B1 B2 B3 B4

W N =

job_list.append{forward_job)

forward_micro_batch_id += 1

backward_micro_batch_id = @
for i in range(micro_batch_in 1f1b):
for job_type in self.jobs_in_stable_phase:
job = core.Job(job_type)
micro_batch_id = (
forward_micro_batch_id

if job_type.startswith(FORWARD) GPU4 1 Bl 2 BZ 3 83 4 B4

else backward _micro batch_id
) . s : GPU3 1 2 Bl 3 B2 4 B3 B4
job.set_micro_batch_id(micro_batch_id)

job_list.append(job)

forward_micro_batch_id += 1 GPUZ 1 2 3 B1 4 BZ 83 84
GPU1 1 2 3 4 Bl B2 B3 B4

for i in range(micro_batch_in_warmup):
backward_job = core.Job{BACKWARD)
backward_job.set_micro_batch_id(backward _micro_batch_id)
job_list.append(backward_job)

backward_micro_batch_id += 1

opt_job = core.lob(OPT)
opt_job.set_micro_batch_id(8)
job_list.append{opt_job)

return job_list
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