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K 79 NPU & , #MEifit7KEL Bubble BJIB]9 O(K — 1/K)
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NPU HE#ZH , TEBLLHlER | |, (RBITERE ;

BEIITERSES overlap , ME(EHIAEHIL (FWD) F1BE (BWD) BY , i&F NPU HITIHE ;
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Gpipe, also named Fill-Drain

BUE : SeaimiaK , BxEGK, 1 Transformer 3&21]9 NPUI-4 , —4" batch size ¥J43 8 ™ micro-batch,
B : & micro-batch M NPU | j#i[A] NPU4 : .. ..

RMA : NPU4 IT5 batch| HEHBEFXINESEN , #EIER NPU3 ; ...

Pipeline flush
Device 1 ENPAEN NN AE: 112 |3|4]|5]6 9 910111213141516
Device 2 12345678 2 13 |4|5|6|7 9 10111213141516
Device 3 12345678 3 /4|5 |6 |78 9 10111213141516 E
Device 4 12345678 4 | 5|6 |7 |8 910111213141516nm
Time — Devices idle
B Forward Pass Backward Pass

& 7Z0MI 12 Course https://chenzomil 2.github.io/
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Gpipe also named Fill-Drain

For simplicity, we assume that the backward pass takes twice as long as the forward pass. The efficiency of the pip
eline schedule does not depend on this factor. The optimizer is stepped and weight parameters updated at the pip

eline flush to ensure strict optimizer semantics, leading to idle NPUs and a pipeline bubble.

— Pipeline flush
Device 1 R AEINAL: 112 |3|4|5]|6]|7 /|8 ERNRPARIIIEL
Device 2 12345678 2 3|45 |6|7]|8 910111213141516
Device 3 12345678 3 /4|5 /|6|7 910111213141516 E
Device 4 12345678 4 5|6 |78 910111213141516“@
Time —— cooldown Devices idle
B Forward Pass Backward Pass

& 7Z0MI 13 Course https://chenzomil 2.github.io/
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Gpipe Bubble i1&

ZiEE : t,, /I bubble ¥EAY , m /3 micro-batch , p J3 pipeline stages , t;; IIEERGEAT(E],
tr FBUEETIA) , ¢, FREAIE , pipeline bubble HIEHEH (p — 1) PMRIRMIRE , t,, = (

p— 1)(tf + tb) / EEZEE\HY”@ tig = m(tf + tb) .

tpb _ p — 1

tid B m

Bir : [FESEHR , EB m > p , but sISHFIEESHES. 81 micro-batch RAIFEFE
ITE , EPEZEFIEEGEE , m ) micro-batch BIAIZEERAT ( CoolDown ) |, 1IXZIRTFESHRIIEE.

bubble time fraction =

& 70MI 14 Course https://chenzomil 2.github.io/
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BEEX Gpipe ATF

- BRRFEES : Re-Materialization / Activation-Checkpointing , BUEEITER

160

120

baseline present work baseline present work baseline present work baseline present work

Memory (GB)
]
|

4

o

o

22B 175B 530B 17T
m parameters and optimizer state memory m activation memory

& 70MI 15 Course https://chenzomil 2.github.io/
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BEEX Gpipe ATF

Configuration

Activations Memory Per Transformer Layer

no parallelism

sbh (34 + 54%)

tensor parallel (baseline)

sbh (104 2t +5%2)

tensor + sequence parallel

sbh (3% 4 542)

tensor parallel +
selective activation recomputation

sbh (10 + 22)

tensor parallel + sequence parallel +
selective activation recomputation

sbh(32)

full activation recomputation

sbh(2)

Table 2: Activations memory, in bytes, per transformer layer for different techniques.

= =
[ ~ o N
=} a =] a
X x X X

% of baseline layer execution time
N
w1
xR

recompute  work

228

m foward %

o
°o
o
°o
%
0%

full present

full present full
recompute  work recompute

present full
work  recompute

present
work

1758 5308 T

M backward % M recompute %

Model Size Iteration Time (seconds) Throughput | Model FLOPs | Hardware FLOPs
Full Recompute | Present Work Increase Utilization Utilization
22B 1.42 1.10 29.0% 41.5% 43.7%
175B 18.13 13.75 31.8% 51.4% 52.8%
530B 49.05 37.83 29.7% 56.0% 57.0%
1T 94.42 71.49 32.1% 56.3% 57.0%

Table 5: End-to-end iteration time. Our approach results in throughput increase of around 30%.

® ZOMI

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



https://chenzomi12.github.io/

04 Megatron-LM
im/KH1T 1F1B

@@@@@



https://chenzomi12.github.io/

One Forward and One Backward(1F1B) also named PipeDream

Megatron SCIRAT{EIE warmup F cooldown EJHIFHHE , ZEF/S VPR IFIB ;

B NPU _ER/PDHREFEERF | {9 micro-batch BIEIEE , REZHEIRT p (DEIEE.
NPU 4 IZ{EzISAF (BIEE ) RE | 5
NPU | IFESHE (VEE ) ZRE 49 ;

warmup

Device 1
Device 2
Device 3

Device 4

Time FREMER cooldown

2 ZOMI 18  Course https://chenzomil 2.github.io/
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One Forward and One Backward(1F1B) also named PipeDream

AL E(EEIE LRI micro-batch #{& m ZZhk pipeline stage fiEZ p , ABA -
B LMKYE Bubble fraction 22T, m > p JEM , 10 micro-batch #{& , MTIFE( Bubble LY ;
FEAIENN micro-batch [BR T , 10 seq-length , 1EKIRBIEEAZIN FEEZZ Tokens,

warmup

Device 1
Device 2
Device 3

Device 4

Time FAEMER Steady cooldown

2 ZOMI 19  Course https://chenzomil 2.github.io/
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One Forward and One Backward(1F1B) also named PipeDream

AFSH :
G-pipe EJ PipeDream #{ , B NETLHIREITTE |, HRIFEEERBIR , BRRAENZERESH
RF.

Device 1
Device 2
Device 3
Device 4

2 ZOMI 20 Course https://chenzomil2.github.io/
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virtual pipeline [RIE

|FIB B LA RKFHATIEDN micro-batch £8& , MTIPE(IE Bubble 5tt., 1&imK&EXIHEM :
1Z10 micro-batch #{& , MARIEINEMmicro-batch BITEAREY , IEINEIRIEFERT ;

NPU 2{=ZEE , &1 NPU ERJLIHITZ A Transformer Layer , So like these :

GPU1 GPU2 GPU3 GPU4
m1 forward———p m2 ——forward——p m3 forward——p m4
= »
\
»>m5 forward——p m6 forward—— m7 forward——p m8

2 ZOMI 22 Course https://chenzomil2.github.io/
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Virtual pipeline also named Interleaved 1F1B

virtual pipeline stage=2 , BI&> NPU [EIRYAMT 4 SKifZK&e |, 2 RBIMAGKEG | 2 SKEMIRKE.
BZ(E bubble fraction , MITIHEF T IREFIFHZR

RIS NPUI 14T LLM Layer| Bi[E , jRIEE NPUI #1477 LLM Layer5 Bi[E ;

&EKE NPUI 4T LLM layer| 2@ , iRExE NPUI 14T LLM layer5 [ ;

Device 1 XL 23 7“ 547 4
Device 2 123 4fY) naa 52354 H 6

Device 3 1234[Y) SH =71sza 75

Device 4 1234{ X785 1 6 2 7 3 8 4 HEAGEE

8/ 6

i

Time ——

B Forward Pass Backward Pass

2 ZOMI 23 Course https://chenzomil2.github.io/
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Why named Interleaved |FIB or |FIB-interleaving ?
£ steady BB ERTE 1F1B BYFZt, , OUftf 1F1B-interleaving

Device 1 415 6 102536 4 |7ENs + NEIRARY 5 ¢ 7 s o)) MK 1 CJHRRIREEIM © B0
Device 2 11(2(3(4 10234 sEREN EN-RN 5|16 |7 | EORACKE || EF ! o Hol 1l EX B R
01 240lH1% olias] ° F10f 1 1

i 4 : 4 6 : : 11 o |1 : 1[0 1 A1
Device 3 12013 1 (4] 2 ] 3 [ 4 RN BN Y| 586 [| 7 |8 3 o HE o 71011 12 |IERRRTT KEY kP11
Device 4 111 2] 2 (3] 3 |4 4 BRI Ws| 506/ 6 (7|7 [s] 8 o/ 9 [110]T11 |12 HERHRE T13["1a
0 0|01 f2 / 311304

Ime TREMTER Steady
I Forward Pass [ ] Backward Pass

® oM

24 Course chenzomil2.github.io
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Interleaved 1F1B Bubble i1&

ZEE ¢ ]} 79 Interleaved bubble ¥EAT , m /9 micro-batch , p /9 pipeline stages , v /3 virtual pi
peline stage , t;; NIEERNAATE , BIRASEA t-/v, RABEA t,/v , pipeline bubble &
BEHEE (v - D) PRIAEFI/RE , t;’};t = (- D(r+tp)/v , BIERE t;g = m(tr + tp) :

int

. t —1
bubble time fraction™t =22 = P
tid mvo
ZSEERFR T IR micro batch Y , 5 v tBALEL ;
|a) S5 NPU [B] XY FUE{SIREL/T virtual pipeline stage {3,

@ 7O0MI 25  Course https://chenzomil2.github.io/
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|, NPU [ERXS RIB{SIRENT virtual pipeline stage (& , KIRRIBELLLEE , SIRAFHE
MFU/HFU FIJFIZRAY ? |
- ITES@EENRKEHITEE overlap , Rt RAVERFIEEER N AZRIAE ~ ~
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Efficient Large-Scale Language Model Training on GPU Clusters
Using Megairon-LM
aH B
SEEEFAEEM IFIB E| IFIB-interleaving {4, pipeline FHTEARRERE pipeline FRIKFELEZS | ove
rhead FEL/)N,

Device 1 kL1223 6 4 |7l

EZ 4

Device 2 123 4f¥) 52354 H 6

Device 3 1234 sanﬂsza 7586

Device 4 1234{ X785 1 6 2 7 3 8 4 HEAGEE

i

Time ——

B Forward Pass Backward Pass
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Efficient Large-Scale Language Model Training on GPU Clusters
Using Megairon-LM

KIRBIE Scaling law NEIIFEFARIRIR , AMYNZIEIN DP 15 , @I IEI0 PP EEEaE BN
PIRBIEIITE Al EeBF, IRTTEREFHIERAMERE | &L ( Throughput ) #1 HREIFFE=R ( MFU )

24 2304 24 1

3.6 32 3072 30 2 8.8

7.5 32 4096 36 4 18.2

18.4 48 6144 40 8 34.6

39.1 64 8192 48 8 70.8

76.1 80 10240 60 8 143.8
145.6 96 12288 80 8 2271
310.1 128 16384 96 8 297.4
529.6 128 20480 105 8 410.2
1008.0 160 25600 128 8 502.0

Table 1: Weak-scaling throughput for

2 ZOMI 28 Course https://chenzomil2.github.io/
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PipeDream-2BW

Before: W, w(®
After: W, w®

Worker 1
Worker 2
Worker 3
Worker 4
Time — Before: W, w® t=21
After: W, w®
I Forward Pass Backward Pass

& 7Z0MI 30  Course https://chenzomil2.github.io/
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2

%

ZB-V schedule

ZOMI

Device 1
Device 2
Device 3
Device 4

Time

Device 0
Device 1
Device 2
Device 3
Device 4
Device 5
Device 6
Device 7
Device 8
Device 9
Device 10
Device 11
Device 12
Device 13
Device 14
Device 15
Time

1234567 22 33 5566778 1234567
822 33 51657 8678 12345 6

722 833 5eli7se o 7123 45
622 4 E 6| 7] [s| Clellzkdel]  [lall2]a].

!

|

Optimizer Step
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Hanayo wave-like pipeline

® ZOMI

1] [1] 1 0 |
o J2] | 18] "2 o |
Lo [8] [ 1]

PO
P1
P2
P3

Zone A
A |0
AlO

o

OpfifiE ganza

| _[ofafilo [13[2lof[1}o]

1] foli[al2loff1 of2lffelofafoj2l af2loal o
2R2plglolol|f2l2afafool 12

e8P0

ol 0 1] [12]
i |0]
Beoflioarbel 0]
ojolt[1}2[2

ol o [1] 1 | ZoneB| 0 | C |1 ] C
1 0 1 B |0 1 Cc
1 B 0 1 0 1 Cc
ZoneB, O | O | 1 | 1
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PP 325

o]l AR RIKEFITIE S KT T -
Sync-PP [E25i77K : {3 GPipe , PipeDream-flush 55 ;

Async-PP Sk 3K PipeDream , PipeDream-2BW =

Per-worker buffers: Before: W, w®
Weight versions After: WO w®
e AR
Worker 1 [V N W,(”IWI(Z)IWI(S)I Wl“) ] Worker 1 |l
\ \ \
Worker 2 § % 2|3 \ | Worker 2
Worker 3
Worker 3 %% % 2 3 \
1 Worker 4
Worker 4 &&& n R O X
Time i Time :for?. ©
g Forward [ Backward NN 1dle ter: W Wa
Pass Pass - B rorward Pass [ ] Backward Pass
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BEREXBITER ?

Bl | EES|ANFTSHUKE Bubble , 2 (KERE)|Z4E0T
S - HIRERRIIZR Timeline Bubble , (B5| N ARRINERASKF RN E EFNHIT AR,

Before: Wl(o),Wl(o)
After: Wl(o), Wl(‘”

Worker 1
Worker 2
Worker 3
Worker 4

: Before: W, w(® t=21
Time —— © o
After: W, 7, W,

I Forward Pass [ ] Backward Pass

Per-worker buffers:
Weight versions

Worker 1 1‘2 3 4§§§
Workerz 2 [ER

Time

m Poverd o Backkard NN e @

Pass

® ZOMI
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(4

PP SEIEEER

SCI— S HENRKHF I T. B3 EE
FF LT RAHITEER receive ;
PITHBIT RATERIE exec ;

BERIGET— TR send ;
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B HRIUYIGHHESR PP 53

PyTorch : BRIAIRME Gpipe , {§FH F-then-B EEZRES ;

DeepSpeed : PipeDream-Flush , IFAZF5T\, |FIB EHERHES ;

Megatron-LM : T PipeDream-Flush H{7003 , IRAH—FP3258T IFIB ( VPP) EAERE ;
Colossal-Al : EF Megatron-LM Y PipeDream-Flush , 12t 73 5EF 3B RERES ;

Ascend MindSpeed : T Megatron-LM BY PipeDream-Flush , 12t T IS EEFNASEEEAE RS ;

& 70MI 37  Course https://chenzomil2.github.io/
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® ZOMI

EXERE HSERMZBER :
PipeDream-Flush + 1F1B A 24 H0F
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