BARE Ef{kremainder*2<ppkibubble

LIS =

£ Min_Memory_Any1F1B iHEH, ¥ micro_batches (mb) RNEEW pp_size (pp) ZBERAY, SFFER
#EBS (rem=mb % pp), ZHrem*2<ppht, FIFIBMEEATF L ETEIETFHERKE, 2FBRKLE
FARERE, FEKRKETI bubble,

140 pp=6, vpp=3, mb=14:

e base_group=2,rem=2

FrAEGRHE: group_batches =16, 6, 2]

¥ ’fa: forward [6,6,6,6,6,6,2,2,2] backward[6,6,6,6,2,2,2,6,6]

o MEZ(size=6)TERE =20 (size=2)BY, FMKLEFIAZRM100%EF-EEI33%

Stage 0 . Stage 1 Stage 2 Forward

EHEA THEAN 17 1 ELE N HMIEA L 2dl]

W EEFRASRKHITE, XBEFERrank0EEFrankSBIF12itBENER, MLt &EH
micro_batchZkZfififorward 7, FRLAGLE=4E 7 bubble,

g NEYbubblefdiglfa: (pp//2-remain)*(vpp-1) 4 T(forward+backward)

2.BRINFEDH



vpp=2,pp=4,num_macro_batch=9

GPU_4: 1 2 3 4 1 B1 2 B2 3 B3 4 B4 5 Bl 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 1 2 Bl 3 B2 4 B3 5 B4 6 Bl 7 B2 8 B3 5 B4 6 B5 7 B6 8 B7Y 9 B8 935‘ Bo B6 B7 B8 B9

GPU 2: 12 3 4 1 2 3 Bl 4 B2 5 B3 6 B4 7 Bl 8 B2 5 B3 6 B4 7 B5 8 B6 9 B7 9 B8 B5 B9 B6 B7 B8 Bg

GPU_1: 1 2 3 4 1 2 3 4 Bl 5 B2 6 B3 7 B4 8 B1 5 B2 6 B3 7 B4 8 B5 9 B6 S B7 F B8 B5 B9 B B7 B8 B9
Chunk 1 Chunk 2

vpp=2,pp=4,num_macro_batch=9

(F5| \Frbubble)

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 Bl 3 B2 4 B3 5 B4 6 Bl 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 5 B3 6 B4 7 B5 9 B6 8 B7 9 BS B8 B9 B6 B7 B8 B9

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

BATA— N EREART B NG FR DI — T F4rIbubblefitt, AILUAIMX BiEFRbubbleny
FEFEETRREWforwardiZai—F 038, FAXH

, FLEE AR EIT EKchunkiforward R

B,
ERFFILLIRE—, BRAE TR —LEANEZRIremainder 2<ppfbubblel&ii:
1.pp=4, vpp=3, micro_batch=5

#ZFfEbubble:

BN
~ BN

EnesE - Stage 0 . Stage 1 Stage 2 Forward Backward

2.pp=6,vpp=3,micro_batch=8 (&Xpp)
Z1Ebubble:



EResE Stage 0 . Stage 1 Stage 2 Forward Backward

3.pp=6,vpp=4,micro_batch=8(1&Xvpp)
F7£bubble:

EneEEG: Stage 0 . Stage 1 Stage 2 Stage 3 Forward Backward

4.pp=4,vpp=3,micro_batch=9 (gAmicro_batch, EPi&hNgroup®k)
F7£bubble:

W0 EEPANMIFRR, BATBNRRGIFFG, ZHiENpp, vpp, MAmicro_batchespy%k
£, AUAW, @RI Eforward, FHAYRILHEI—FgRHERB D bubble, f#%bubblefyN4k
5195Min_Memory_Any1flb(Elmicro_batches%pp_size==0)z{ T /EAny1F1BEEbubbleNi—

®, BIFR#igbubble, MMt &/ NbubbleZ,
A F AR pp. vpp. micro_batchesfy4H 5,

, EIEEAIRABELRAE



5, REBRXAN R,

FENROBENAEELR, TEREERRIEBDvpp_stageBforwardiJigagi—F =l
vpp_stage-14M8 (RZ1ERIEIvpp_stage_1) , BERRERRHNART G —HNEINIE, Ka)
—AEEAforwarditfg, BIRISCEIARFiEbubble, AMBATBE —LFHAVIE R :

LIASGHENESPERBNE

BEHNE:

pp_size=4,vpp_size=2,micro_batches=5

HEE: stage 0 [l Stage1

il E5EA TAEAN HERAT 3 EMEN ANIEN ER5Y - 100% + Backward $4 2i& BOHIER EEH ~ =B B - =2 B

BAHE LR EEPiRAI REEAR forward R IB F EMRIBSHENZE, ELLIHSRT, bubble=24,
BlErank 6 bubble, iR EMvppimHEiIbubble, micro_batch_4Mforwardigai, fErankialff
BEY, (FEEAYE)NItF#B0(stagel), F3(stagel), Bl (stagel) FRE=, F=#ifbubble,

pp_size=8,vpp_size=2,micro_batches=9

Backward

5 TFHA ERTT 1 EMIEAN BN - 10 + Jackward § m# Wi & W

AUEEXEMbubble@144, BElE - rank & 181 bubble, AT IEEEMBIvppLRtE,
bubble32*(pp-1), BP14-bubble (XEIZH({TRi&forwardfbackwardiyit&EBjEl—%)

XEBZHTAMbubble, HLAJLUAMRRETETF, HpplgKE, ERErankOMItETAIE
forward##EEIZ W rank pp-1 FEIEETEIER T, BMEIERT T REAENforwardVRIE, FEEHR
EZHImicro_batchRiEF1F1B, FHISEH T ELIF1BEILHIT T bubble,

ABAFA A URB R B — R BRI E




., X#Eround—ERIFpp_size//2 vpp_stage-1 B forwardi® & B IE, MIEIF1BMER, FLAEIETS
pp_sizeNEAfiIRY{E], MR, remainderfdforward?Erank0ZIrank pp-1H9(&&d 2 —EE RS
Hforward#1TiEZE, KEE{Ebubble,

RERBNE

HATH LR EMNRERBNE, WEFR, 31, bubbleZN112, F&E&Erankl4
““bubble,

2.warmup_stepfy 53t

BATAIUEI, PEBENEZSAUEHRFIECHEM FHRFRIFIBIM R = Mbackward &8
forward LECHYIE R, MMMBREEZE R FHIbubble, AMBMNEBRBE—NnlE, Biforwardhy
WA RE I EWarmupbiEt, BINFEDHITIC, UEXRFRRHEEY, BEwarm_upBstepA1F1B
Hstep. XEHIZALAKD A, IS NRARRIER:

1. base_group_size==1Hvpp_size>2:

NEFRR, EIIEST, forwardigRifEwarmupfiE:, Eitbtwarmup_stepfIitBEAA:

warmup_step = (vpp_size — 1) x pp_size + pp_size — rank — 1 + (vpp_size — 2) *
remainder

2. HEBR

ESET, FAforwardiZ2ai7E1F1BMER(Fvpp_size=2), At A= FMmEIwarmupp Ex#step
#, warmup_stepfIitE AN

warmup_step = (vpp_size — 1) x pp_size + pp_size — rank — 1

base_group_size==1,vpp_size=2:



AR, EBERLT, warmup_stepeBE—LEIEK, UEKE BEFERESFEEIEK, B
AL YBTAANYIFIBMEEFEE/)\, RAYBIANYIFIBERIER FMwarmup_step, 2IBBESE1ARF
B (vpp_size-2)*remainder &i#A (vpp_size-1)*remainder , B pp_size-rank-1
HEREF2, MARL

e, o R
FENELA B B aXE AL Kremainder*2<ppiJbubble, 18T BW&ENE M REBNE ,

HIeIURM, BWEEmNE, F=5IAwarmup_stepfIIgin, MARKNMAUEHE—ERHGT, FH
WWEHNE, MIFPERBNE,

FLEEANTAT LT BEE R — M2 (EFr=reminder, pp=pp_size):
(r—1)*24+7r+x24+1>=pp—1

ENMARPEA: () RTRBAFIRESFIRIENX Morward, FIRRE, rRTEBArNREDN
forward/a, SEMNArMorwardiE/FH1T, 22FENEIF1IBIER, +1NIE a1 BRI

forwardiEE&E—1backward, Gifi: pp-l&RRHaiforward&Zdpp-1F FEIAIZFWHITETF—1
chunkpyforward,

Hitb, BNEEFEE:

pp//4 <=1 <pp//2

TLESRT, BRITATUARSENE, MTEMERNER, TEHBSE T —LFFXitt:
a. pp=4, vpp=4, micro_batch=5
R{EHENE(rank3: warm_up_step=14):



https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-R9LUdtp9sozOacxZRU0c97xsnbh
https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-R9LUdtp9sozOacxZRU0c97xsnbh

BEdENE (rank3: warm_up_step=12):

b. pp=8, vpp=4, micro_batch=10
FR{EHEN % (rank3: warm_up_step=28):

3. FEFNESASGHRNERIERIEE

EEFNBTIETTE pp//4<=r<pp//2 BSEEIRBATAILUERLSENE, KERER, KRFX
EEMARER, SM=FEbubble, AATAIRAFFENIE—T, PEBNEFNERM:

EE—T, PEBNE, SHR—MAl@E: FERBgroupIRF—" group, Bpp//21
forward#3ERITT , HMNFEFE— NI,
, Tforwardd9iER &R E backward M FF AR ITHIRS ZIMREER T, BBA
£ (BProunds=micro_batches//pp_size), ItBY, HBRE—PIERE
group, R groupRERY, BLITE):

rank0Afil (B rank#B=ABREFERIER)

Forward: chunk_O0. chunk_1. chunka2. ....

& [pp_size] [pp_size/2, reminder, pp_size/2] [ pp_size/2, reminder, pp_size/2]
Backward: chunk_n-1. chunk_n-2. chunkn-3. ....

T [pp_size] [ pp_size.] [ pp_size. ]



Elforwardflbackward& BRI, mASHforwradiA{EiEiH, BILLREE R LM #HAIbackward
T, SHIF1BIIERTFF:

weEie: BEARNB A remainder*2<ppibubble

#hFEIEA:

1. i3 BBvpp=23imicro_batches//pp=18¢, ERAFPEIENEF=HIZbubble
a. micro_batches//pp=1
Bpp_size=8,vpp_size=5,micro_batches=9%1(BP 11 52 group+1REkgroup):

Stage 0 . Stage 1 Stage 2 Stage 3 Stage 4 Forward Backward

HUEBRAN T :

HNE B BAXE AL Mremainder 2<ppibubble AT, Hvpp>=2MIBJ{&, REA
forwardiggitEwarmupBiEL, {URTERI—AERRE— 1 pp_stagetiIMTE1F1BMER, ILBT
remainder<pp/2, Maipp/28forwardB425EK T £&chunkiiforward, EtRIUFIAHRZ
pp/24-backwardflg#forward4Bp%1F1B, X[Eremainder<pp/2, FRiLl—EARSBUTFH
1F1B, HtFA=1Eibubble,


https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-T5nQdD8XmoMvbrxMD87cmT07nYd
https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-T5nQdD8XmoMvbrxMD87cmT07nYd
https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-XCSMdmPuwoTypux9qwBc5OKSnYe
https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-XCSMdmPuwoTypux9qwBc5OKSnYe

b. vpp=2
Plpp_size=8,vpp_size=2,micro_batches=25%1(BI3 52 group+1FK#group):
BN16~235&E—1 524" micro_batchesffiZiE

e Em: Stage 0 . Stage 1 Forward Backward

HUERRYNF -

RAFENKE, R¥groupR&E—1TENgroupRE, BFHHEETEgroupdy
chunkl~chunknzgl, chunkORAZ#MmH, Hik, Hvpp=28t, BIRERE—1 chunkff3ZH,
BT & groupkvaipp/2i-forward—E BLE 5 T £88YforwardH Fiafbackward, FEit&zZ
Al App/21i-bakcward 5 R #tforward4ARE1F1B, MR/ N\Fpp/2, FIU—EFRSEIAN
1F1B, HLtA=EMbubble,

2. FEp P EBNENRHE
pp_size=8,vpp_size=3,micro_batches=17

AT

BILAEE], MARTLAS I bubblefifbiz, #ZOBEEFILZRIchunkiVETpp//28E8 51T, ALt
NTE—F BREANBEEZNEAER, FLUNXIER T —REKEEZHITRN. BEAXEENNL
remainder*2<pp#Jbubble

3. HETRERENESIANBbubblel®ii:

BAPREBENE, IL1IF1BEFF, BE5INFBbubble, BE2&HITEEER, Epp, vpp, MEEH
BT, bubblef=fEEmicro_batchesHYIEAMIE K, R&%Epp, micro_batchestHEIWIER T,
FEEvppigin, ERIGEMEbubbleEXH A%, XERBR—MEXNK—89FF:

pp_size=128,vpp_size=4,micro_batches=258, LB Z(HIABELLIFIEIONERA,


https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-Ety9dDPxgoIRIZxAs8TcNU2QnXe
https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-Ety9dDPxgoIRIZxAs8TcNU2QnXe
https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-Ety9dDPxgoIRIZxAs8TcNU2QnXe

4 ZREXFR(PERBNEYT EhR)

BARNAIUENER R MENEN AT T (R groupAr_group&RT, mE—15TE¥group
Fb_group®&T ), & vpp>2 H micro_batches//pp >1 r_group5Sb_group=TE1F1BERE,
B, AFERIEANT rir_groupfiforward, FEtEEEANforward HLIRERTMETY , S5
—Igstage, [FLRIFRA stageMforwardsi =& MR step, RATHforwardfbackwardE#E
EFTEXTTT

BAFRKNTMEBEE R EZEIFIBMERZM@iLforwardflbackwardBENERT5F, &M ILRHERY
forward#BEEE R Nbackawrd 5 2 & —X1FB, A TMRERTHILIFIB, A UAMERERT =
pp_size J—ATWFHIB, MMARFBIELFIBMEMNRZAS, FILHENMTUEE—M5E, &
r_groupfEb_groupiyforwardiENBY, [REIEpp_sizeMREALIE—R, #FH, XFb_groupsyEA
BIEipp//2, #FHNHHistagefforward, ERFENforward, RitFIEEAIE, XHEMEERIE,
b_group&-i~stagedVaipp//28forward—EARRIER, MMARE DS Epp//21-backwarda] i
Eo

REXFERITI

it 1F1B FiER, Tpp_size"FHIBHITEZAS, HEI—Mpp_sizeh—A%HIforwardd B xR,




N EEPFrR, B 1F1IBEXR—F—1 BX&E, =Zib_groupMr_groupXX EEY, LtEHEFERY
backward, Jb_groupai—H5cEgroupiibackward, M&E{ stageiTERpp_sizebackward,
F KB ESpp_sizeMorward5 2 XN, MMTEEREXT, RrF=fbubble, (F#groupHr_group
RE, BRE—17%¥groupAb_groupET, AremEBTRE)

BiER: &RE—"b_group B, &4 chunk LFEE pp + rem 4 forward ( pp 4 ZHal
stagefJforward + rem MR¥Bforward) . BEHMSEIIA/NS pp + rem B block, tbRIE
B pp 1 backward ZH rem 4, &% rem 4 bubble,

REXEIIZIC B

IR b iRforward 56 {R 1F1B ER iR AYforwardgEbackwardifi @ =

EEARHERE— T EEXRNA pp B9FEF. 81 chunkE pp + rem A forward B, 5
FOREE pp P ALEEIREFRTH forward ZEREITFT—1 chunk B35 F 2018,

BRskin, chunk c FIFEFEE=RRMA:

\\\X insert

h alf SEHATE T HaichunkiSforwrad fl I I
i 1. last forward pp-half-insert
X 2. remain forward L FichunkiSforward%h3%

HaiTchunki9aI—FA9forward

1. first = half = pp//2 : el =Hi chunk cBY&ET pp//2 4 forward
2. dnsert = last + remain : ARFHFEHENHFIchunkiy forward

o last : E—1 chunk Z7F T8 base forward

o remain : HFlchunk EEHEAN rem PRE forward

3. fill : &EAHEAI chunk IR —% forward IBFFEFHEINEET pp

ERSMBforwrad: insertFOfill B FHRIEIR AYforwrad BE M B4z b 38



MIREREforwardES: firstIBOHRT, b_groupZE/ L HEpp/28forward 28 B #AEIRMIERY,
Ettbackward /] LUGNEAHTIT, MMBEEF IO IERIE, FRgedTbackwardEB53,

REXF ARG

pp=8, vpp=5, mb=17 (rem=1)

half=4, &1 chunk & 17 9> forward &1,

c=08y: HEMS, T BEHLE— I chunkEELIE, GEHSRKforward EE4ME,

c=1 FEF (BARIF 8 1Y) !

EA R
first cl ET¥
last c0 FERAM R base
remain cl FEIEHRE
fill cl #p5F

2it

8-4-0-1=3

clE2HT 4+3=7"1 baseforward, Fl&: 8-7=1" base F1F— 45 c2,

c=2 M+
&L XR
first X ETES
last cl IERAMIERY base



remain 2 EERIBEHNFRE 1

fill 2 #3F 8-4-1-1=2
it 8

C2HAT4+2=6"1, FIR: 8-6=2 1 base — %5 c3,

c=3 K% F:
4 KR e
first c3 BET# 4
last c2 FERAMER) base 2
remain c3 FERIBENREK 1
fill c3 #5F 8-4-2-1=1
2it 8

BRET4+1=51, T 8-5=3 1> base ->%ic4

c=4 NFEF:
s FiR He
first c4 BRI+ 4
last 3 JERZM IR base 3
remain c4 FEVIENRE 1
fill c4 #h35 8-4-3-1=0

it 8



BHETA4+0=41, FI&R 8-4=4 1 base

HA1EE—T, WMBLGEMchunk, Bvpp_size ITINGENIN, 185 T HABMET B
fEforward, MISEFREA1RAEMIBAIRSE, Bltvpp_sizeTABEINT. FIMBENIEINE— T RE AR
& FISEE,

REXEENEREE

FEANTNERE: i F—1 chunk, last M rem (EAED chunk#B rem PNREEA
T) o FRLL dnsert & chunkiZ&:

HAGER

1 c=1: insert = rem - fill = half - rem

2 c=2: insert = 2*xrem - fill = half - 2xrem

3 =3: dinsert = 3*rem - fill = half - 3*rem

4

5 c=vpp-1l: insert = (vpp-1l)*rem - fill = half - (vpp-1)*rem

fill FEenth (FEMNEFEZERA, EBRGIER, fill<0RT, half+insertz#8Epp_size,
LRI ERIEIF1IBEREHET) , FILL:

(AN RS

1 half - (vpp-1l)*rem >= 0
2 (vpp-1)*rem <= half = pp//2

—BER, RE—1 chunk WEFEEENFRABE pp 1, WTMAATEET. Hit, REEE
ENREZHERN: (vpp-1)*rem <= pp//2

X ERAMREMHRT IFIBNERZEHY, —BITRMNIF1IBBEMF, FNELFREGT
RejgethEiemiRBforwardy I8, MXBH—PiutATY , ERAER=MAZ (LSEN, PEHE
A, RER) BSERERN, —EXEHREI—MAEHIEFbubbleRIEMN,



5.451¢

. Hr>=pp//28Y, TREABEAXE L,

2. ¥ pp//4<=r<pp//2 B, FHEBSENE (BppAEIR4, WHMEr*4>=pp)
3. Y r<pp//4 B, H micro_batches//p=1 5% vpp=2 B, EAFLIENE
4

=

. Y r<pp//4 B, B micro_batches//pp >1 && vpp>2 && (vpp-1)*r <= pp/2) ,
ERREKEE

N DARRARINA, BTN THAATAR O R

3.RARTVEANEZRE

ZXBLUREFBNZAN, BEENESZEFHVNETENIEFRR, RBREEEXCERRLLRE

E

—. BRIAFH
HENEEHEEUTREN, BRRAREE:

1. rem>0 (FETEREY

2. rem*2<pp (REEB/), ATLE"EN"[EF)

3. rounds>0 (ELDBE—15EEH round)

ol

4. vpp>1 (TE7E % virtual pipeline chunk)

—. Forward RHE&E %

Z B8 S im s g HE forward, AIGIESE forward FENE!

Exfa— round B9% stage H8], ERKEREHE. (ERAARN, ATUEERREEAremainder
M E—# SremainderX A iZ4RHEforward, RERERISASHEHforward, MIEchunkFFia
MIMERGHE )

k

TEEN:

fuui]


https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-HObJdRIxfolDhQxWPzycCzwBnZd
https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-HObJdRIxfolDhQxWPzycCzwBnZd
https://bytedance.larkoffice.com/wiki/VbeVwJMDaisxOIkPEMEcga5nn7d#share-HObJdRIxfolDhQxWPzycCzwBnZd

base=(mb // pp) * pp

rem =mb - base

rounds = base // pp
half=pp// 2

$18 1 — 8 rounds-1 4 round frAERHE:
forrd in [0, rounds-2]:
forcin [0, vpp-1]:
fwdGroups.append(chunk=c, size=pp)

HB 2 — &E— round B9 stage_0 =Hk:

fwdGroups.append(chunk=0, size=pp)

418 3 — stages 1..vpp-1: 7£ pp//2 &HEN stage c-1 BIREK:
forcin[1, vpp-1l:
fwdGroups.append(chunk=c, size=half) <« Zigi stage BIFI¥
fwdGroups.append(chunk=c-1, size=srem) <« E£—* stage FIR%X
fwdGroups.append(chunk=c, size=pp-half) <« 7] stage BI/5%

B X F1 stage B9 pp 4 forward # B ETHFFEF,
EHhEiEN E— stage BY rem PNR#K forward,
REEHEN vpp-1 7R (stages 1..vpp-1)o

FR 4 — EEb: &IfF—1 stage FIRE

fwdGroups.append(chunk=vpp-1, size=rem)

BX: &fg— stage BB MR forward IEHFRE-

5 (pp=4, vpp=4, mb=5):

—FaEEBRGRHE: (4, 4, 4, 4]
N remainder J5:



stage_0: [4] —FOF1F2F3
stage_1:[2, 1, 2] —>FOF1|F4_sO|F2F3
stage_2:[2, 1, 2] —>FOF1|F4_s1|F2F3
stage_3:[2, 1, 2] —>FOF1|F4_s2|F2F3
tail: [1] —>F4_s3

&G sizes: [4,2,1,2,2,1,2,2,1,2, 1]

5l (pp=6, vpp=3, mb=14):
EHA round: [6, 6, 6] — mb 0~5
stage_0: [6] — mb 6~11
stage_1: [3,2,3] — mb 6~8 | mb 12~13_s0 | mb 9~11
stage_2: [3,2, 3] — mb 6~8 | mb 12~13_s1 | mb 9~11
tail:  [2] —mb 12~13_s2
BFH/G sizes: [6,6,6, 6, 3,2,3, 3,2,3, 2]

=. Backward FHE %

Backward FIZR¥IIARIRER "B®A chunk {it4t, [E chunk A mb M/NEIK" HEFI:

for cin [vpp-1, vpp-2, ..., 0]:
formb_idin [0, 1, ..., mb-1]:
bwdList.append(B(mb_id, c))

[RIE:
e = chunk (X stage) B9 backward fLACEE, RilE{EstagedbackwardiFz

e [&] chunk N#& micro-batch ID M/NEIK, EEBZ5SForwardBdmicro-batch IDAMERIREITR, &7
FERMactivation.

TEIRINFERY, backwardFIRBIHITIRFSEHSIEE.



@, Warmup i+&
BAIERT, warmup BEEXHHIHER:

Casel —rounds==1H vpp>2:
RE forward ENTE warmup B EL:
warmup = (vpp-1) *pp + (pp - rank - 1) + (vpp - 2) * rem

Case 2 — HMER:
vpp=1Zk K%K forward #&ENTE 1F1B FER:
warmup = (vpp-1) * pp + (pp - rank - 1)

h. RIOEE

¥R interleaved 1F1B JAEE:
1. Warmup FE&: 21T forward
2. 1IF1B MY ER: 1F1B B ER™ME— forward —1> backward 32 &

3. Cooldown FE&: 21t backward

K E:

e F(mb, ck) #ki#i F(mb, ck-1) 526% (81— chunk B9 forward) _

e B(mb, ck) f&#i F(mb, ck_max-1) 5% (1% micro-batch Fi& chunk 52X forward) -
e B(mb, ck) #&#i B(mb, ck+1) 5EB% (JF—1 chunk B9 backward) -

1. &backwardbtFESIE M

HETFEE B(mb, ck) B ck<vpp-1 B, RIgHEITESELE, KLEFKXIE (t- pp_size, t) TRES
7Z7E B(mb, ck+1), FEX[@R1MorwardgilNbackwardtgE15, FETH SN Ebubblett 15,



ET1F1E, WBA backward #E 8 K@ B IEHIFIE] rank (F3ESEM, AT Z op, MAIEEE MBI
B backward, & B(mb, ck+1) iRHiZEOEBIEE B(mb, ck).

—

1. IANBERIRIE, {E18forwardRIABEF(mb, ck) f&#i F(mb, ck-1)
HafRB(mb, ck) f&#i B(mb, ck+1) 528, E—14srankEybwd_done_listBIE]
HafRB(mb, ck) #&#i F(mb, ck_max-1) 52k, EIZ—Zrankfyfwd_done_listBIE]

backwardBU4FHIEREENRK, WAIURBEANITEHREEO N (t- pp_size, t), tAHHE]
backwardFrE(I &,

. @b Soard backuardBFE . (BB o Bbackvard) . Alter i

PrankRKiER, FEforwardflbackwardm@ NREHITINE, MFABREHRITHINA, HEFFRE
EidiEME, (warmup. 1F1BBE&AIstep®k)

4.bubbleffL L3R

1. bubbleATX 24
I T &nliMforward+1backawrd®BS (], xpp FRitEFTBrank#bubble,
1. ftikai89bubblerzt:

> W

pp .
(pp—1+ (7 — remain) * (vpp — 1)) * T *pp

2. ik Esbubble AT :
(pp— 1) * T *pp
Fr LA e fEEL e anE D A bubbleZ /9 .

(8 — remain) * (vpp — 1)

pp — 1+ (B — remain) x (vpp — 1)
T ———

2. IR

T RRi%FAIBRIEYE)ER /91 bubble, BAT=2.
1. wf51: pp=4, vpp=3, mb=5

fLiem:



Rank 0 F1

Rank 1 Fo F

fank - =
fanks --

A=

Rank 0

Rank 1

Rank 2

Rank 3

Bubble: 40->24 [£1E 40 %
2. wf512: pp=4, vpp=3, mb=5
RAba:

Rank 0 [F2
Rank1 [F1

Rank 2 [FO

.

Rank 0 [F@

Rank 1 IF4

Rank 2 [FO

Rank 3 |F&

Bubble: 52->24 B&1& 54 %
3. =ffI3: pp=6, vpp=3, mb=7
fLiern:

A=



Bubble: 108->60 &1 44 %

5.1IIZR%4 R

1.pp_size=4,vpp_size=2,micro_batch=5(a%#EN\)

loss¥§35: FERIAAny1flb FEebitwiseXd5F, FEFHA, EAMEEITEmicro_batchhY, i+HEINE
A, BERRRE, FRHEEMNER. https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_79af170f

training/loss LA S A A= training/loss w.r.t. ntokens
12 12
1 1
10 10
9 9
8 8
6 6
~ T T T T T 3 T T T T T 1
0 100 200 300 400 499 0 100 200 300 400 499
Step Step
4 .

IBEREFEMRK: FEIAANY1If1bAELL, pp_O~pp_3MIEEEFIIEMRE, FTETHEE, Hhpp OREE&
%491.81G, https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_6e382304

memory/max_memory_allocated_p... & & X% 2 memory/max_memory_allocated_pp_rank_1 (GB) memory/max_memory_allocated_pp_rank_2 (GB) memory/max_memory_allocated_pp_rank_3 (GB)

#ak: (AHYIF1IF1BMoverlap) EFbase_anylflb,£90.001,


https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_79af170f
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_79af170f
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_6e382304
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_6e382304

https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_a4d5a5e9

mfu S MW % £ O
0.2

0.19
0.18
LET
0.16
0.15

0.14

0.13 I | | |
50 100 200 300 400

Step

2.pp_size=4,vpp_size=2,micro_batch=9(i1%iHEN)

lossx#37F: #MEXIAAny1flb FgebitwiseXd7F, FFaFIlA, FEARHEEITEmIicro_batchBY, i+EIR~F
A, BERRRE, FRMEEMNER. https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_ffbb0e96


https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_a4d5a5e9
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_a4d5a5e9
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_ffbb0e96
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_ffbb0e96

training/loss HAS R i S = training/loss w.r.t. ntokens

12 12
L 1
10 10
] 9
8 8
7 7
5] 6
5 T T T T T 5 T T T T T 1
0 100 200 300 400 @ 0 100 200 300 400 499
Step Step
4 4

IBEREMRK: FMEIAANY1If1bAELL, pp_O~pp_3MIEEEFIIEMRE, FTETHEE, Hhpp ORREEH
%493.51G, https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_40e4e08f

memory/max_memory_allacated_p... & B % & memary/max_memory_allocated_pp_rank_1 (GE) memory/max_memory_allocated_pp_rank_2 (GB) memory/max_memory_allocated_pp_rank_3 (GB)

%8  (WHEYIFLIF1BMoverlap) : {€Fbase_anylflb,£90.003,

https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_e9303c37


https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_40e4e08f
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_40e4e08f
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_e9303c37
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_e9303c37

mfu S W % 2
0.2

0.19
0.18
0.17
0.16
0.15

D-‘|4 1 | | |

|
50 100 200 300 400

Step

3.pp_size=8,vpp_size=3,micro_batch=18(iA%iEN)

loss¥§3F: FERIAAny1flb FEebitwiseXd5F, FaFHA, EAMEEITEmicro_batchhY, +HEIME
R, BERRE, FRBEERNER. https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_5d757c05


https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_5d757c05
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_5d757c05

training/loss e W K% £ 0 training/loss w.r.t. ntokens

12 12
gl 1n
10 i 10
9 9
8 8
7 7
6 1 : . i i 6 1 i i i ; .
0 100 200 300 400 499 0 100 200 300 400 499
Step Step
- | . |

IBERFERML: FEIAANY1f1bIELL, pp_O~pp_3HIREERFEMRIK, &, Hrpp 0RE{EHE
%£92.81°G, https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_5d757c05

memory/max_mem... L S memory/max_memory_allocated_pp_rank_1 ... memory/max_memory_allocated_pp_rank_2... memeory/max_memeory_allocated_pp_rank_3...
25
285 24.5 :
36 r T T T T 24 T T T T 1 237 r T
50 100 200 300 m 50 100 200 30 400 450 50 100 200 400 450 20
Step Step Step Step
memory/max_memory_allocated_pp_rank_4... memory/max_memory_allocated_pp_rank_5... memory/max_memory_allocated_pp_rank_6... memory/max_memory_allocated_pp_rank_7...
244 238 231
23 €
23
228
23 227

226 ¢

%8  (WHEYIFLIF1BMoverlap) : {€Fbase_anylflb,£90.002,

https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_505efc70


https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_5d757c05
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_5d757c05
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_505efc70
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_505efc70

mfu S MW % £ O
0.085

0.08
0.075
0.07
0.065
0.06

0.055 I | |

|
50 100 200 300 400

Step

4.pp_size=8,vpp_size=2,micro_batch=18(H{EEN)

lossx#75: #MEIAAny1flb FgebitwiseXd7F, FFEFIHA, FEAREEITEmIicro_batchBY, i+HEIRF
TR, BERRRE, FaBEEMNER. https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_88023061


https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_88023061
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_88023061

training/loss & } i, =i training/loss w.r.t. ntokens
12 12
11 11
10 10
9 9
8 8
7 7
6 I I 1 1 6 I 1 1 I 1 1
0 100 200 300 400 499 0 100 200 300 400 499
Step Step
- | - |

IEESFARML: MEIAAnY1f1bAELE, pp_0~pp 3WMIREERFIIERM, FFETH, HPpp_0FR&

%£92.61Go

https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_ecdOb4ca

memory/max_memory_allocated_p... & B % £ O

memory/max_memory_allocated_pp_rank_4 (GB)

memory/max_memory_allocated_pp_rank_1 (GB)

memory/max_memory_allocated_pp_rank_5 (GB)

memary/max_memory_allocated_pp_rank_2 (GB) memaory/max_memory_allocated_pp_rank_3 (GB}

memory/max_memary_allocated_pp_rank_6 (GB) memory/max_memory_allocated_pp_rank_7 (GB)

%5E: (FAHEIYIF1F1BBoverlap) : {EFbase_anylflb,£90.0005,
https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_9571

2385


https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_ecd0b4ca
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_ecd0b4ca
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_95712385
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_95712385
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_95712385

mfu oW KOS
0.08

0.075
0.07
0.065
0.06
0.055

0.05

0.045 I | l

|
50 100 200 300 400

Step

5.pp_size=8,vpp_size=3,micro_batch=10(F{EEN\)

loss3#3F: FEXIAAny1flb RiebitwiseXd5F, FEFHA, FARETITEmicro_batchEt, IHEIRF
E, HBERRE, FRBFEWNER.
https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_18eb0dcc


https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_18eb0dcc
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_18eb0dcc

training/loss & W % £ 0 training/loss w.r.t. ntokens

12 12
1 1
10 10
9 9
8 8
7 7
6 T i . . . 6 I i I i |
0 100 200 300 400 499 0 100 200 300 400 499
Step Step
N | -1

IBERFMRK: FERIAAny1f1bAELL, pp_O~pp 3WVIEEEFIBREME, FEFHE, HEpp K=
%2921G, https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_e834f0b3

memory/max_memory_allo... & 8 X £ memary/max_memory_allocated_pp_rank_1 (GB) memory/max_memory_allocated_pp_rank_2 (GB) memory/max_memory_allocated_pp_rank_3 (GB)
Step Step Step Step

memory/max_memory_allocated_pp_rank_4 (GB) memory/max_memory_allocated_pp_rank_5 (GB) memory/max_memery_allocated_pp_rank_6 (GB) memory/max_memory_allocated_pp_rank_7 (GB)
Step Step Step Step

t45E: (FEIYRFAF1F1BMoverlap) : {fFbase_anylflb,£90.00002,

https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_16e8a5cd


https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_e834f0b3
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_e834f0b3
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_16e8a5cd
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_16e8a5cd

mfu

0.1

0.08

0.06

0.04

0.02

100 200 300 400 450
Step

6.pp_size=8,vpp_size=3,micro_batch=17(&BLHEN)

loss3#3F: FEXIAAny1flb RiEbitwiseXd7F, FHEFHA, FAMEETITEmicro_batchBt, HEIRF
AE, BMERRR, FREBEFEEMNES.
https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_19193820

training/loss & W K% £ training/loss w.r.t. ntokens
12 12
1 1
10 10
9 9
8 8
7 7
6 6
0 100 200 300 400 499 BN 100 200 300 400 490
Step Step
-4 .|
IEEREFEMRL: FEIAAnY1f1biEEL, pp_O~pp 3HMIEERFIERME, FEMH, HEApp 0FE&

%£92.71°Go


https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_19193820
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_19193820

https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_2946b553

memory/max_memory_allo... & & ¥ 2 U memory/max_memory_allocated_pp_rank_1 (GB) memory,/max_memary_allocated_pp_rank_2 (GB) memory,/max_memery_allocated_pp_rank_3 (GB)
249
246
24.3
Step Step Step Step
memory/max_memory_allocated_pp_rank_4 (GB) memaory/max_memory_allocated_pp_rank_5 (GB) memory/max_memory_allocated_pp_rank_6 (GB) memory/max_memory_allocated_pp_rank_7 (GB)
Bis . a5 2508
5.0
24.9
245
Step Step Step Step

tH5E: (FAEHEIYIF1F1BBoverlap) : {fFbase_anylflb,£90.001,

https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_d0a9849f

mfu e MW % £
0.085

0.08
0.075
0.07
0.065

006 1 1 1 1 1
50 100 200 300 400 450

Step


https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_2946b553
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_2946b553
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_d0a9849f
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_d0a9849f

7.pp_size=8,vpp_size=4,micro_batch=17(KEX{HEN)

lossx337F: MEXIAAny1flb RgebitwiseXdFF, AT, EAREEITEmIicro_batchBY, i+&EIRF
E, BERREN, FREGEERNES.
https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_64d42744

training/loss S WM % <0 training/loss w.r.t. ntokens
12 12
1 1
10 10
9 c
8 8
7] 7
6 6
5 T T T T T 5 T T T T T 1
0 100 200 300 400 499 0 100 200 300 400 499
Step Step
. | -l

IRERFMRML: FMEIAAnYIf1bAELE, pp_O0~pp_3WIEEEFIIERMK, FTFEFH, Hipp_0RF&
%£93.01°G,

https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260414_e5046ce9

memory/max_memory_alle... & = % 2 U memaory/max_memaory_allocated_pp_rank_1 (GB) memory,/max_memory_allocated_pp_rank_2 (GB) memaory/max_memary_allocated_pp_rank_3 (GB)
450
ter Step ti i
memory/max_memory_allocated_pp_rank_4 (GB) memaory/max_memory_allocated_pp_rank_5 (GB) memory/max_memory_allocated_pp_rank_6 (GB) memery/max_memaery_allocated_pp_rank_7 (GB)
Step Step Step Step

45E: (AEIYRF1IF1BMoverlap) : kB ERS R, {fFbase_anylflb,£90.017,


https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_64d42744
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_64d42744
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_e5046ce9
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260414_e5046ce9

https://seed.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_9e3b2908

mfu e W K% L0 mfu e W K
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Step

8.pp4dp2ep2dsp2oe2Mixt: pp_size=4,vpp_size=3,micro_batch=5

loss343F: FERIAANY1flb FEEbitwiseXd57, FHaFHA, EAMEEITEmicro_batchhY, +HEIMF
B, MERRE, FRBEFEERNER, https://ml.bytedance.net/experiment/tracking/detail?
Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_d5ac8d47

training/loss & MW %K% o training/loss w.r.t. ntokens
12 12
1 1
10 i 10
9 9
8 8
7 7
6 6
5 1 . . . . 5 . . . . .
0 100 200 300 400 499 0 100 200 300 400 499
Step Step
- | - |

IEEEFRWE: FMEFINAnY1f1bIELL, pp_0~pp_3WIEEESFHHREMR, FFEFHE, Efpp 0 &
%£91.01MG, https://ml.bytedance.net/experiment/tracking/detail?
|d=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewld=view_20260415_eal597fe


https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_9e3b2908
https://seed.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_9e3b2908
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_d5ac8d47
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_d5ac8d47
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_ea1597fe
https://ml.bytedance.net/experiment/tracking/detail?Id=project_20250731_ee2582db&selectedTrial=&tab=CHART&viewId=view_20260415_ea1597fe

memory/max_memaory_; allocated p... & & % £ O memory/max_memory_allocated_pp_rank_1 (GB) memory/max_memo ry_allocated_pp_rank_2 (GB) memory/max_memory_allocated_pp_rank_3 (GB)
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