VPP(Anylflb, E1FIEL1CAR)

1.5t%t HalAny1f1bEY 53
LG EDHh

XE L pp=4, num_macro_batch=93%#r (AnylflbfSCILa] LIAFEIIEXES: EPipelinesz
FHEEnum_microbatch) .

AT RS

AZIR

1  num_group = num_microbatches // pp_size

2 batch_remain = num_microbatches % num_group

3 num_group_batches = num_microbatches // num_group

4  group_batches = [num_group_batches + (i < batch_remain) for i 1in

range (num_group) ]

B FtiREpp_sizeXtnum_microbatchi#1734H, HEERE, BRRRENARINFFZEZRN
micron 48 Mgroup, BRSO, FRUARILUAIL, S—groupfimicrobatch—EZB&RZH,

WEI LB 2 EcEgroupMI R/, BERIEMHS:
1.group_batchesFEyE N groupiisizeFFE K Fpp#
2. giEIgrouphsize#BE R FEFF EEBIgroup
SRR B X RN E Ko

2.EFDHh

RABAVEEESvppIEERERN (vpp-1)*pp+2*(pp-rank-1) + 1, FEXBHE
global_step>=warm_up_stepfI5& 4, BUHMEEEF Fglobal_step ™ RFH L, BIERKEH
FthenB gFi&EREwarmupiIF#, +121f1bfiiER—"Morward,


https://bytedance.larkoffice.com/wiki/Ohlew6cMBibxBdksWMqcIXaXnve
https://bytedance.larkoffice.com/wiki/Ohlew6cMBibxBdksWMqcIXaXnve
https://bytedance.larkoffice.com/wiki/Ohlew6cMBibxBdksWMqcIXaXnve

AAMEWarm_upHI N AR BRpp 1, Me=%TFppt, Blgroup_size EEMNE&KIE,
BlEEA: (m// (m//p)+1), BRFePRApA FEREE, BRISAE, ARAmMBRUSHEL, M LB
IE, BPfEEIgroup_batchesEBEMIERKSsize, \REARIANAI: (m// (m//p) +1) * (v-1) + 2*(p-
rank)-1, Zm=2p-18, 5EI&K, BIQ2pv-v)NBUERNL, BERMAL/p/v, XBELRIAERpp
B, — M IEREM—RERNRENEREEEF. IURERERISABEEFN: 2L-
L/po (FREABRIAEIR, p#K, #iZiE2L, TEAMIFIIGE, B7FERIGER I ZHA1Any1f1baY
—M R

2.Min_memory_Any1fl1bZgHEi&it

LEE—TERFEHLER, EREFEEIIREAL

LA R HBSIR IR — MR — S RiF TR, MMmEE%s5| Ncase by caseBEIIMNTHE, IRHARHERIE
. FRULAFZERTT 2*remainder>=ppBt, MEEFEFRIVIER(num_macro_batches % pp == 0)R~
25| NFRbubbleftial, kzZME5INFEIbubledtial, Fri&iMAIbubbledtialAg: (pp//2-remain)*
(vpp-1) 4 T(forward+backward), FEiXEB2*remain<pp B, FREMR LTS5 Abubble, {8
HAXEE—EANEHAR (HEPARGEX BRI IEHmicro_batch®#l, siEi=FI{ERR
GPUHBRFBRZXTXHR, HILFERNXR, LRXREEZZHRE) -

B2, vpp=2, pp=4 FEIZMgHIRA:

vpp=2,pp=4,num_macro_batch=10

GPU_4: 1 2 3 4 1 B1 2 B2 3 B3 4 B4 5 B1 6 B2 7 B3 8 B4 5 B5 6 B6 7 B7 8 B8 9 B5 10 B6 9 B9 10 B10 B7 B8 B9 B10

GPU_3: 1 2 3 4 1 2 B1 3 B2 4 B3 5 B4 6 B1 7 B2 8 B8 5 B4 6 B5 7 B6 8 B7 9 B8 10 B5 9 B6 10 B9 B10 B7 B8 B9 B10
GPU_2: 112 8 4|1 2 N 3 Bl 4 B2 5 B3 6 B4 7 Bl 8 B2 5 B3 6 B4 7 B5 8 B6 9 B7 10 B8 9 B5 10 B6 ] B9 B10 B7 B8 B9 B10|
GPU_1: 12 3 4 1 2 3 4 Bl 5 B2 6 B3 7 B4 8 Bl 56 B2 6 B3 7 B4 8 B5 9 B6 10 B7 9 B8 10 B5 B6 B9 B10 B7 B8 B9 B10

vpp=2,pp=4,num_macro_batch=9

GPU_4: 1 2 3 4 1 Bl 2 B2 3 B3 4 B4 5 B1 6 B2 7 B3 8 B4 5 B5 6 B6 7 B7 8 B8 9 B5 9 B9 B6 B7 B8 B9

GPU_3: 1 2 3 4 A+ 2 Bt 3 B2 4 B3 5 B4 6 Bl 7 B2 8 B8 5 B4 6 B5 7 B6 8 B7 9 B8 9 B5 B9 B6 B7 B8 B9
GPU_2: 112 3 4 /1|2 B 3 Bl 4 B2 5 B3 6 B4 7 B1 8 B2 5 B3 6 B4 7 B5 8 B6 9 B7 9 B8 7B5 B9 B6 B7 B8 B9
GPU_1: 1 2 3 4 1 2 3 4 Bt 5 B2 6 B3 7 B4 8 Bl 5 B2 6 B3 7 B4 8 B5 9 B6 9 B7 B8 B5 B9 B6 B7 B8 B9

Chunk 1 Chunk 2



vpp=2,pp=4,num_macro_batch=8

GPU_4: 1
GPU_3: 12
GPU_2: 12 3

GPU_1: 1 2 3 4

4

B1 2 B2 3 B3 4 B4 5 B1
2 Bl 3 B2 4 B3 5 B4 6 Bi

3 Bl 4 B2 5 B3 6 B4 7 B1

Chunk 1 Chunk 2

6 B2 7 B3 8 B4 5 B5 6 B6 7 B7 8 B8 B5 B6 B7 B8
7 B2 8 B3 5 B4 6 B5 7 B6 8 B7

8 B2 5 B3 6 B4 7 B5 8 B6

4 Bl 56 B2 6 B3 7 B4 8 Bl 5 B2 6 B3 7 B4 8 B5

B8 B5 B6 B7 B8

B7 B8 B5 B6 B7 B8

B6 B7 B8 B5 B6 B7 B8

vpp=2,pp=4,num_macro_batch=7

GPU_4: 1 4 1 Bl 2 B2 3 B3 4 B4 5 B1 6 B2 7 B3 5 B5 6 B6 7 B7 B4 B5 B6 B7
GPU_3: i 2 1 2 Bt 3 B2 4 B3 5 B4 6 B1 7 B2 5 B3 6 B5 7 B6 B7 B4 B5 B6 B7
GPU_2: i 2 3 2 3 B1 4 B2 5 B3 6 B4 7 B1 5 B2 6 B3 7 B5 B7 B4 B5 B6 B7
GPU _1: i 2 3 4 3 ‘ 4 Bl 5 B2 6 B3 7 B4 5 B1 6 B2 7 B3 B7 B4 B5 B6 B7
Chunk 1 Chunk 2
vpp=2,pp=4,num_macro_batch=6
GPU_4: 2 3 4 1 B1 2 B2 3 B3 4 B4 5 Bl 6 B2 5 B5 6 B6 B3 B4 B5 B6
GPU_3: 3 4 1 2 B1 3 B2 4 B3 5 B4 6 Bl 5 B2 6 BSLBB B3 B4 B5 B6
GPU 2: 1 4 1 2 3 Bl 4 B2 5 B3 6 B4 5 B1 6 B2 B5 JBG B3 B4 B5 B6
GPU 1: 12 1 2 3 4 B1 5 B2 6 B3 5 B4 6 Bi B2 BSJBS B3 B4 B5 B6
Chunk 1 Chunk 2
vpp=2,pp=4,num_macro_batch=5
GPU_4: 2 3 4 1 Bf 2 B2 3 B3 4 B4 5 Bi 5 B5 B2 B3 B4 B5
GPU_3: 3 4 1 2 B1 3 B2 4 B3 5 B4 5 B1 B5 B2 B3 B4 B5
GPU_2: 1 4 1 2 3 Bl 4 B2 5 B3 5 B4 B1i B5 B2 B3 B4 B5
GPU_1: 1.2 1 2 3 ‘ 4 B1 5 B2 5 B3 B4 Bi B5 B2 B3 B4 B5
Chunk 1 Chunk 2

WG RS



1. BEREBREE S remain, ITE num_micro_batches % pp = remain.

2. HEfwd_groups, base_group = num_micro_batches // pp, BMSRIEREIDIDAL, SED
AcBImicro_batchBYEREH pp 1, MEE—EHBRUEPEM, Bremainmicro_batch, FrlA
fwd_groupstZEa0TF:

(AN RS

1 fwd_groups = [p] * base_group + ([remain] if remain > 0 else [])

3. ¥Efwd_groups_vpp, 1ERZEHIEY, forwardFEERBAHAENMMNIER—"rank EYEEIFRE
Bchunk. FEAEEVpp, AEt&EAmicro_batchZFEELIvppmodel chunk, Hlit
fwd_groups&imicro_batch#EZEHHAvpp/X, Hitfwd_groups_vpptaZEiiT:

(SRS

1  fwd_groups_vpp = each element repeated v times

4. ¥Ebwd_groups_vpp, ETREHEY, backawardBEEIZR M AENFNER—rank LR E|R
BEchunk, XEBATiLFEIAIIF1BEEBSELILAS, FITFEXIfwd_groups_vpp#H{THesF1R1E,
BlmAEhes%(v-1)%, Eittbwd_groups_vppfEilT: (FEFEMNZE, XNFErankms, fwd
Mchunk_0Fsa4mHE, mibwdM Mchunk_v-1 FFia4RHE, viavppEk)

(SRS

1 bwd_groups_vpp = fwd_groups_vpp rotated left by (v-1)

5. #9#warm_up. 1F1B(steady). cooldown="FE&4mHEEIforward, backward#%, XEEfEIE
overlapf1F1BAI(, WF:

AAZIR

1 global_step = Vv *xn

2 warm_up_step = min((v-1)*p + (p - rank_id - 1), global_step)
g steady_step = global_step - warm_up_step

4 cool_down_step = warm_up_step

6. iR¥EstepAfwd_groups_vpp/bwd_groups_vpp #1T4HE,

Demo



XEBignum_macro_batches=n,pp=p,vpp=v, XBLGH T —"num_macro_batches=7, pp=4,
vpp=2094mHER I, I BEZEITEIS N ranki%mEE, S— 1 stepMmHERTA: f-n_i-stage_j, &
s num_macro-batchtE58j M vpp_stage_Eftforwards

ARGIR

1 mon

2 Interleaved Pipeline Parallel (VPP) Schedule Generator

3

4 Given: n (num_macro_batches), p (pp_degree), v (vpp), rank_id

5 Generates the full schedule for a given rank, 1including warmup, steady (1F1B),
and cooldown phases.

6

7 Key formulas:

8 remain = n % p

9 base_group = n // p

10 fwd_groups = [p] * base_group + ([remain] if remain > 0 else [])

11 fwd_groups_vpp = each element repeated v times # e.g. [4,3] —> [4,4,3,3]
for v=2

12 bwd_groups_vpp = fwd_groups_vpp rotated left by (v-1) # e.g. [4,3,3,4] for
v=2

13

14 global_step =V % n

15 warm_up_step = min((v-1)*p + (p - rank_id - 1), global_step)

16 steady_step = global_step - warm_up_step

17 cool_down_step = warm_up_step

18 o

19

20 def generate_pipeline_schedule(n: 1int, p: int, v: int, rank_id: int):
21 nmmnn

22 Args:

23 n: num_macro_batches

24 p: pp_degree (pipeline parallel size)

25 VE vpp (virtual pipeline parallel degree, chunks per device)
26 rank_id: current rank (0-indexed)

27

28 Returns:

29 schedule: list of tuples (phase, op, micro_batch_id, vpp_stage_-id)
30 info: dict with group lists and phase sizes

31 frien

32 assert 0 <= rank_id < p, f"rank_id must be in [0, {p-1}]"

33 assert n >> 1 and p >= 1 and v >= 1

34

35 remain = n % p

36 base_group = n // p

37

38 fwd_groups = [p] * base_group



39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

if remain > 0:
fwd_groups.append(remain)

# Expand by v: each element repeated v times to cover all virtual stages

fwd_groups_vpp = [g for g in fwd_groups for _ in range(v)]

# Backward groups: rotate left by (v-1) positions
shift = v - 1
bwd_groups_vpp = fwd_groups_vpp[shift:] + fwd_groups_vpp[:shift]

# ———— Build forward schedule: [(micro_batch_1id, vpp_stage_id),
# Each group in fwd_groups_vpp maps to a stage cycling 0, 1,
fwd_schedule = []
fwd_mb = [0] *x v
for i, g in enumerate(fwd_groups_vpp):
s =1%v
for _ 1in range(g):
fwd_schedule.append ((fwd_mb[s], s))
fwd_mb[s] += 1

# ———-— Build backward schedule -——-
# Each group in bwd_groups_vpp maps to a stage cycling v-1, v-2,
bwd_schedule = []
bwd_mb = [0] * v
for i, g in enumerate(bwd_groups_vpp):
s=(v-1) - (i % v)
for _ in range(g):
bwd_schedule.append((bwd_mb[s], s))
bwd_mb[s] += 1

# —---— Phase sizes —-——-
global_step = v * n
warmup_steps = min((v - 1) x p + (p - rank_id - 1), global_step)

steady_steps = global_step - warmup_steps

cooldown_steps = warmup_steps

# ———- Assemble final schedule ———-
schedule = []
fi, bi = 0, 0

for _ in range(warmup_steps):
mb, s = fwd_schedule[fi]; fi += 1
schedule.append (("warmup", "f'", mb, s))

for _ in range(steady_steps):
mb, s = fwd_schedule[fi]; fi += 1
schedule.append(("steady", "f'", mb, s))



86

87

88

89

90

91

S22

93

94

95

96

97

98

g9
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

def

def

mb, s = bwd_schedule[bi]; bi += 1
schedule.append(("steady", "b", mb, s))

for _ 1in range(cooldown_steps):
mb, s = bwd_schedule[bi]; bi += 1
schedule.append(("cooldown", "b", mb, s))

assert fi == global_step, f"Forward index mismatch: {fi} != {global_step}"

assert bi == global_step, f'"Backward index mismatch:

info = {
"fwd_groups": fwd_groups,
"fwd_groups_vpp": fwd_groups_vpp,
"bwd_groups_vpp": bwd_groups_vpp,
"warmup_steps'": warmup_steps,
"steady_steps'": steady_steps,
"cooldown_steps": cooldown_steps,
"global_step": global_step,

}

return schedule, info

format_op(op, mb, stage):
return f"{op}-n_{mb}-stage_{stage}"

print_schedule(n, p, v, rank_id):

{bi} != {global_step}"

schedule, info = generate_pipeline_schedule(n, p, v, rank_id)

print("=" x 70)

print(f" Pipeline Schedule: n={n}, p={p}, v={v}, rank={rank_id}")

print("=" * 70)

print(f" remain {n} % {p} = {n % p}")
print(f" base_group = {n} // {p} = {n // p}")
{info['fwd_groups']}")

print(f" fwd_groups

print(f" fwd_groups_vpp

print(f" bwd_groups_vpp

print(f" global_step = {info['global_step']}")

{info[' fwd_groups_vpp']1}")
{info['bwd_groups_vpp']}")

print(f" warmup_steps = {info['warmup_steps']} (forward only)")
print(f" steady_steps = {info['steady_steps']} (1F1B)")

print(f" cooldown_steps = {info['cooldown_steps']}
print("-" x 70)

current_phase = None
step_idx = 0
for phase, op, mb, stage 7n schedule:
if phase != current_phase:
current_phase = phase
phase_label = {

(backward only)")



133
134
135
136
137
138
1LEC)
140
141
142
143
144
145

146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

"warmup": "WARMUP (forward only)",
"steady": "STEADY (1F1B)",
"cooldown'": "COOLDOWN (backward only)",

}[phase]
print(f"\n [{phase_label}]")

tag = format_op(op, mb, stage)
print(f" step {step_idx:>3d}: {tag}")
step_idx += 1

pr-int(ll\nll + = 5 70)

# Validation: each (micro_batch, stage) pair appears exactly once for F

and B
fwd_pairs = [(mb, s) for (ph, op, mb, s) 7n schedule 7if op == "f'"]
bwd_pairs = [(mb, s) for (ph, op, mb, s) 7n schedule 7f op == "b'"]
expected = {(m, s) for m in range(n) for s in range(v)}
assert set(fwd_pairs) == expected, "Forward coverage mismatch!"
assert set(bwd_pairs) == expected, "Backward coverage mismatch!"
assert len(fwd_pairs) == len(expected), "Duplicate forwards!"
assert len(bwd_pairs) == len(expected), "Duplicate backwards!"

print(" [PASS] All (micro_batch, stage) pairs covered exactly once.\n")

def print_all_ranks(n, p, v):

if

print(f"\n{'#' x 70}")
print(f"# ALl ranks for n={n}, p={p}, v={v}")
print(f"{'#' * 70}\n")
for rank in range(p):

print_schedule(n, p, v, rank)

__hame__ =="_main__":

import sys

if len(sys.argv) == 5:

n = int(sys.argv[1])
p = int(sys.argv[2])
v = int(sys.argv[3])

rank_id = int(sys.argv[4])

print_schedule(n, p, v, rank_id)
elif len(sys.argv) == 4:

n = int(sys.argv[1])

p

v

int(sys.argv[2])

int(sys.argv[3])
print_all_ranks(n, p, V)
else:

print("Usage:")



178 print(" python pipeline_schedule.py <n> <p> <v> <rank_id> # single

rank'")

179 print(" python pipeline_schedule.py <n> <p> <v> # all
ranks")

180 print()

181 print("Examples:")

182 print(" python pipeline_schedule.py 7 4 2 0")

183 print(" python pipeline_schedule.py 9 4 2")

184 print()

185

186 print("=" % 70)

187 print(" Demo: n=7, p=4, v=2")

188 print("=" * 70),

189 print_all_ranks(7, 4, 2)

190

2. 51332 *remain<pp B4R HEL 1K

vpp=2,pp=4,num_macro_batch=>5

(F<5| AFibubble)

GPU_4: 1 2 3 4 1 Bl 2 B2 3 B3 5 Bl 4 B4 5 B5 B2 B3 B4 B5

GPU_3: 1 2 3 4 1 B 2 Bl 3 B2 5 B3 4 Bl 5 B4____BS B2 B3 B4 B5
GPU_2: 1 2 3 4 1 2 ] 3 Bl 5 B2 4 B3 5 Bf B4 B5 B2 B3 B4 B5
GPU_1: T 2 3 4 1 2 3 5 Bt 4 B2 5 B3 B1 B4 B5 B2 B3 34;

Chunk 1 Chunk 2



vpp=2,pp=4,num_macro_batch=9
(F5| A\¥fibubble)

GPU_4: 1 2 3 4 1 Bl 2 B2 3 B3 4 B4 5 Bl 6 B2 7 B3 8 B4 5 B5 6 B6 7 B7 9 B5 8 B8 9 B9 B6 B7 B8 B9

GPU_3: 1 2 3 4 1 2 Bt 3 B2 4 B3 5 B4 6 B1 7 B2 8 B3 5 B4 6 B5 7 B6 9 B7 8 B5 9 B8 B9 B6 B7 B8 B9

GPU_2: 1 2 3 4 1 2 3 Bl 4 B2 5 B3 6 B4 7 Bl 8 B2 56 B3 6 B4 7 B5 9 B6 8 B7 9 B5 B8 B9 B6 B7 B8 B9

GPU_1: 1 2 3 4 1 2 3 4 Bt 5 B2 6 B3 7 B4 8 Bl 56 B2 6 B3 7 B4 9 B5 8 B6 9 B7 B5 B8 B9 B6 B7 B8 B9
Chunk 1 Chunk 2

B LEER ERMIRHEA T, HRHE2 remain<ppIRHIEEFZ I ARSI NFibubblefyé4mHE, HI&
BEFNAREL FHEELEREFEEHRHGEMEN,

W BVPP(Anylflb, EFIZEMRILIR)

3.BFMILIERE D

BAFVERRvpp_size, pFR™pp_size, m#Rmicro_batches:

LEjAny1flb:
BEEFEAR: ((m//(m//p)+1)* (v-1) + 2*(p-0-1)+1) * L/p/v
RABEE®E: 2L-L/p (m=2p-14&XK)

Min_Memory_Any1flb:
BEEEFEA: ((v-1)*p+p-1+1)*L/p/v=L
RAEEERE: L

HpIEE AN, RXIEERFNRLRIA2L, HALBFAL, FFET50%.

3.BERHF R
1.[F38Any 1f1bRVEE 4D

1.warmupBfE&

pp0: FEELLZHmIin(group_batches[0],pp_size)™None, FAXFETR, X/l Morward, R
FEErecviiE, REESIVGKIENN, MESHforward, RELMvpp_rankRERE—,
M5B8, vpp_rank+18rank—EZEffirecv, FrARREfwd_recv_chunk_idsHBITEZEH, H B


https://bytedance.larkoffice.com/wiki/Nf7AwlVACiIYbnkEuSdcwGBNnAw#share-CehPdNBXcoSG2mxSSCTch7Fmnic
https://bytedance.larkoffice.com/wiki/Nf7AwlVACiIYbnkEuSdcwGBNnAw#share-CehPdNBXcoSG2mxSSCTch7Fmnic

model_chunk_id+1, F&Rvpp_rank+1frankEEMrecv, Ewarmuph ek, BHiZiR#Eforward_k
ERo

XY ppORYAFIARLIE

HEBWMRHE T overlap, Efipp_stage#B=M— M1z, TER A TITEIBNNZ, B&F
i+1, MppOMAEE, EANEHfwd_recv_chunk_idsB &M T 1ok bIE,

Hftippp: BHIZAfwd_recv_chunk_ids&Ex, BRF0Fforward, Krecv0M 1, MELNA
recv (k+1)

2.7£1F1BPBfiE&

ppOFIEfthppEB—#¥, FEkFforwardiEEk+1FHrecv, XBHWEHESE
fwd_recv_chunk_ids[k+1]094EREIA], (BEEIE, ppOMIREM T HER)

1F1BRER, XEBEE@idprefetch_one_tensorR¥kr 2 EEZHHAF— N recv, REpp0E
E, Mnum_warmup_microbatches@¥ Xtpp=1894F%ia R 8B, HEIFE, &E—forward
T BRI EE.

3.cooldownFf E&

FMwarmupM 2337, pp_last_stageffiFsabi®, mEtpp, B
bwd_prefetch_one_tensorfiifii#

ABEERNE

vpp=2,pp=4,num_macro_batch=9

IHBI.HB?IFIBS.HE4IF{BSI N N N N RB6RB7RBERBI ]

comm-
stream_4

GPU_4: 1 2 3 4 5 1 Bl 2 B2 3 B3 4 B4 5 B5 6 Bl 7 B2 8 B3 9 B4 6 B6 7 B7 8 B8 9 B9 B5 B6 B7 B8 B9

comm- Rl cn Bt RE R1 A2 R

stream_3 H

GPU_3: 1 2 3 4 5 1 2 3 Bl 4 B2 5 B3 6 B4 7 B5S 8 Bl 9 B2 6 B3 7 B4 8 B6 9 B7 B8 B9 B5 B6 B7 B8 B9
comm- F" R3 R4 R5 R1 R2 R3 R4 R5 Rr6 "B /R7 RB3 R8 RB4 R9 RBS R6 RB1 R7 RB2 R8 RB3 R9 RB4

stream_2 RB2

GPU_2: 1 2 3 4 5 1 2 3 4 5 Bl 6 B2 7 B3 8 B4 9 B5 6 Bi 7 B2 8 B3 9 B4 B6 B7 B8 B9 B5 Bé B7 B8 B9
bkt R RE'RNN R1 R2 R3 R4 RS NN D HsIFr.-'lRaIHs

stream_1

GPU1: |1 2 3 4 5 1 2 3 4 5 6 7 Bl 8 B2 9 B3 6 B4 7 B5 8 Bl 9 B2 B3 B4 B6 B7 B8 B9 Bs B6 B7 B8 B9

Chunk 1_fwd Chunk 2_fwd

ﬂ Chunk 1_recv_fwd H Chunk 2_recv_fwd H Chunk 1_recv_bwd H Chunk 2_recv_bwd

XB1Elast_pp_stage £ RiE T backward,Efirst_pp_stage R & 7 forward, ARjalfpp_stageld
BYiE T forawrdfbackward, LLIREM, mIUEE, Eifoverlapfef(z, BEIE, —B Hairankizk
BIRFR R EMAB Mrankit &5k, FMILENEAMrecviZaiiBEIERBuOE R, B FR, EFaEEMIT
8, KmEsE—EmE, BB T—NMtEZHE, Ti@E, MmEIMitEMiEErRoverlap,



ARXEBENRELESErecy opMIEZI, EFMEHMXANEE, F—LX5, LLINEHGPU2
1R FR1XE%, BIR1f5E, SR LA ZIM1AforwarditE, Frllkiirecv op , AL recvill
computeffkFix R B XM,

2.Min_memory_Anyl1flbBi@E4HED th
1.HeBENRIE ST

1.fwdFflbwdBrecvigai

recv_fwd_3 se‘r:dpg_dz Pp_4 AUM_Nacro_ batch=10

GPU_4: 1 2 3 4 1 B1ff2fB2 3 B3 4 B4 5 Bl 6 B2 7 B3 8 B4 5 BS 6 B6 7 B7 8 B8 9 B5 10 B6 9 B9 10 B10 B7 B8 B9 B10
GPU_3: i1_'2341 2'B1'3 B2 4 B3 5 B4 6 Bl 7 B2 8 B3 5 B4 6 B5S 7 B6 8 B7 9 B8 10 B5S 9 B6 10 B  B10 B7 B8 B9 B10
GPU_2: 12341271351432533634731EBZSBSEBJTBSBBGQBTWBBQBSWBB B9 B10 B7 B8 B9 B10
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