DeepSeek-V4 FERARFIFEID
T (DeepSeek-V4: Towards Highly Efficient Million-Token Context Intelligence) preview

BRARIRE, AZIERIGIRE S AE V3/V32282H, ELMEIR V4 FHILE (mHC, CSA. HCA,
Muon, OPD. Anticipatory Routing %),

0.TL;DR &%

BEEIIE

k] BB HES BH MRBEd EEN%n, MoOE LR (shared /routed | HGE) MTPRE
V4-Pro 1.6T 49B 61 7168 128 1/384/6 1
V4-Flash 284B 13B 43 4096 64 1/256/6 1

= REMRIFT—AIE
1. Hybrid Attention (CSA + HCA) : CSA /AR F4E M 1/m [E48/5 F 82 DeepSeek Sparse
Attention ; HCA EE#H 1/m’ (m' > m) BEESS ; MEREXEER,
2. Manifold-Constrained Hyper-Connections (mHC) : 38 HC M7k =T #4EE B R
Birkhoff ZmEk CREENIEFERF) L, R || Bl <1, \NMERBHETREESEE,

3. Muon {£1k88 (&R AdamW REAMKIES) : E£F Newton-Schulz xR EILEH, WK
BIRERR,

IM ETFXXHE (83 v3.2)

e V4-Pro : B token FLOPs 27%. KV cache 10%
e V4-Flash : B token FLOPs 10%. KV cache 7%

DB AL

» Knowledge : V4-Pro-Max 7 SimpleQA-Verified 57.9 $l5tAT B FHERERLY 20 N E D M,
Chinese-SimpleQA 84.4 ; & Gemini-3.1-Pro (A& =B B KIB4E/\

« Reasoning : Codeforces Rating 3206 (35t GPT-5.4 #93168). HMMT 2026 Feb 95.2,
Apex Shortlist 90.2. IMOAnswerBench 89.8 ; Lean 231t Putnam-2025120/120 %%

o Agent: 5K2.6, GLM-5.1%tx, Terminal Bench2.067.9, SWE-Verified 80.6.

« Long-Context : MRCR 8-needle 7£ 1M {A1& 0.59 MMR ; CorpusQA 1M £ ELi7 = i
Gemini-3.1-Pro,

« ProvsFlash : Flash 7£401I8_E RS #0)\ini=PA, (B reasoning Eck thinking budget 5 Pro 7]
Lt ; agent (X5 =S¥ E A%/ Pro.



1.%2%) (Architecture)

V4 {## Transformer 5 MTP /23R, H F5| A= x4k (mHC/Hybrid Attention / Muon),
MOE #E22;A F8 DeepSeekKMoE, MTP &5 V3 e —,

114878 V3 Bt R E#HIE

T V3/V3.2 V4

MoE EMEHE  Sigmoid(-) Softplus(-)

#1/LE FFN Dense 81 3 4> MoE 2 F Hash routing

T RER =] BV

RESE auxiliary-loss-free auxiliary-loss-free + 54k balance loss (fXZ 0.0001)
Bias SE#T#RE — 0.001

MTP [ V3 FV3 CRE1)

A& > 5 > BR © Sigmoid EIREERIT R THEIRM ; /Softplus EFE B, FEEAAIIK,
Hash routing 78/ XZ#2 & token-expert B5Y, % FHRBEImIM/AERI, BUERBET SBESIZEN
THEMBNENEPEEBZEE (B4 §211waveiAE),

1.2 Manifold-Constrained Hyper-Connections (mHC)

1.2.1 74 HC [=][55

HERRENR BRI R, B X = (2135 .5 21, ]" € R™X, $Rf HC B A=A Lk 1ERR
5t Al c Rlxnhc, Bl € [R"he XMhe Cl c Rnhcxl :

X111 = B X, + CF(AX) (1)

Heh A X; € REFEIFREAR F; (M1 MoE) KB, npe < d, FEHLIFERIE, *<E@* @ S
%R/ HC KM ERETIRTE, PSR,

1.2.2 Birkhoff ;249K
ROBIFTZEIE By £95R 2 MEEHLAEFEH AR Birkhoff ZHEfk M :

B e M:={M e R"" | M1, =1, 11M =12, M > 0} (2)

T REENIEPERNEEE || B2 < 1, AETHE*IEY 3K (non-expansive) **H, EMA/KAERE
WERTE ; M M WNEFETREHA, RIEPREETREMERER, A;, C; 81 Sigmoid AR HE




FUCHE, BR{ESEHE,

1.2.3 HhESH1E
SHHRA (38 GEAEE) + 85 BALR) ] s, 4 X; = RMSNorm(vec(X;)) €
R nhcd
A= o - (XWP™) + 87 (3)
By = of* - Mat(X, W) + Sj (4)
Cl — a?OSt (XlVleOSt)T + Slpost (5)

o WP WPt € Riwedme, Jyres ¢ Rmaed<mic ;G jy#a bias | qn AAESIML, AL
H/IME**,

1.2.4 FEINL9 R
3t A, C #E Sigmoid (C' &k x2) :

3 B, : 56 M©) = exp(B;) RE, BH Sinkhorn-Knopp %{£1%% 3| Birkhoff i :
M® =T (Tc ( M(t—l))) (8)

Hep T, T 2BIAT/ANA—1t s FTBREX tax = 20 KIE ; npe = 4o
b IESCRRAERTIT - A Birkhoff MBI R BRIERE 1, N AEERGIFEES ; UKk
Slnkhorn 20 Z B E AR E XA Padé A UER, FHAHESE Xie et al,, 2026 FIE ML H,
S EREER
1. || By < 12 mHCREHEMEARIR ; Sigmoid LH A, C 3 £ "IERBER" HIESEE.
2. &+ BBSHL  IBHILARET IR AR, 538 bias + /a1t a 1L BRI
identity %2,
3. nne = 4 EY RBFRKEED SR FHEIBIEYE F14 ; Sinkhorn 20 # LA R,



1.3;B&FEH : CSA+HCA

CSA 5 HCA EiBlZ a8k, BI/LER : V4-Flash 5] 2 EA4E SWA ; V4-ProH1 2 ZF HCA ; 2
53979 CSA/HCA I%‘a‘*o

1.3.1 Compressed Sparse Attention (CSA)
$£—% : # overlap f token RESE. AERNKS H € R, £EMEKV SHNE :

C*=H . WaKV, Cb —H. WbKV (9)

Z°=H -W*, 272°'=H -w" (10)

BmAKVEREALD, EAAYIMERE B B* € R™*:

|: gm :m(i+1)—1) an(i—l):mi—l} = Softmaxew ([Zgu':m(i—i—l)—l + Ba; an(i—l):mi—l + Bb}()‘l)

m(i+1)— mi—1
=) sa@ca+ Z Stec (12)
Jj=mi j=m(i—1)

% ¢ = 08 $ZAb_{m(i-1):mi-1}$ A3 —oo padding, $CAb_{m(i-1):mi-1}$ A 0 padding,

Overlap l#1 : B CC™ (1 2m AN KV B4, {8 C 5 CoTRBERRENSRS %8, FlEH
EEEPHR 1/m (H3E1/(2m)), REESERRLE T, SREFNSNIE SR

$#=% : LightningIndexer (DSA RUEHENER), SitBRAAERET K Comp ¢ R(v/m)xe
El@ﬂ”ﬂi{ﬁ%l_ﬁ% :

c? = h, - WPQ (13)

il | = a =W (14)

e c? € R LTMERBAE (d, B query E4EARE), WIVQEEHE cInl, %5155 :

[wt{l;...;wt{nd —w] = hy - WY (15)
I
np

=) w/, - ReLU (g, - K1°™) (16)

h=1



C,SpI‘SCOmp {CSCOmP ‘ It,s < TOp-k(It,:)} (17)

ReLU ¥4 + MK ANI& 14474 B V3.2 DSA,

#=% : Shared KVMQA, &ifEBR—c? :

(6,15 - -3 Qt) = @ = ¢ - WY (18)

— CoreAttn (query = g1, key = CPmComr  Galue = CSprscomp) (19)

IE Key 5 Value ER—mEZE (MQA Hthismft : MIkiEH=E, K =V),

£M% : Grouped Output Projection, B8 0, € R 2 E R F853 5, 44 g4, B4

of; € € Rew/9 %5)d, # (d, < cnp/g), BB [ofi; : otg] € R%9 2=k % %) RE15 64,

1.3.2 Heavily Compressed Attention (HCA)

5 CSAMKIDESR :
o EHBEm >m;
« Foverlap : AREBEWEY W2, %%5a/bWE;
o [E48/51E3#% dense attention (M top-K # ) .

C=H-wt, Z=H -W? (20, 21)
Sm’i:m’(i+1)—1 = SOftmaXrow (Zmli:ml(i—i-l)—l + B) (22)
7,+1
CyomP = Z S oye’ (23)
j= =m/i
BWEHREHIZS CSAHER
¢ = he- WP (24)
ge15- -5 Gtnn) = e = C - WYe (25)

ot; = CoreAttn (query = q;, key = Ccomp, value = Ccomp) (26)



At HCATEE sparse ? AAm' = 128 EREH K, EHEEHFINKEAS IR, dense s
BRILUES,

1.3.3 Hti X475 (CSA/HCA /)

e Q/KVRMSNorm : ZE#GEENET, W& query head f1 (ME—#9) E4E KV head B4
RMSNorm, #0#| attention logits /& ¥F,

« Partial ROPE : %t query. KV entry fVi/5 64 41 RoPE, HT KV A7 X Key &
Value, 4t {0y} RHEF KV WL B embedding, F23 o, BHEMLIE —i ) RoPE

(RfE 64 4), FRAHHEARE "query 5KV ZEIHEMER", XE—MEIHWHFMES

 Sliding Window 581933 : BB T [E48/F 50T E query JTiAGIR B CATEEGRIR N VAR EE
B, H&RTtoken ¥f query FEEH %, CSA/HCA £ BE—% SWA 9, ERRIT Nnyin DF
[E4ER KV, V4-Flash 5 V4-Pro ¥9H nyy, = 128,

 Attention Sink : 5| AR]%¥ 3] sink logits {2}, }, 7 softmax 5 A& exp(zy,) :

exp(2n,i ;)
> rexp(2n k) + exp(zy)

(27)

Sh7i’j -

SR D head WETENNERFT 1 (BEEIE0), BREFHIDELEICEEN.

1.3.4 HEW i
REFEEERE
o KVcacheB&#EE : RoPE (Y 64 45 BF16, HfhéEE A FP8 > 48tk 4l BF16 B3 KV cache
%Y 728
« Lightning Indexer RiEFRHIHER FP4, 11RKF7TESD,
o Attention top-K tt V3.2 #/\ (Flash=512, Pro=1024), HEFIIBEHLIZF,
o 1H¥ BF16 GQAS8 (head_dim=128) &£, V4 %75 1M LT3 F KV cache [EE£] 2%,

o X V32 (KEEEEWHEL) : V4-Pro B token FLOPs 27%. KV 10% ; V4-Flash E 2%
10% | 7% (FLOPs &% FP8 O%),

b

FREER

1. CSA "1 /m E48 + top-k HE" MKEIER IM £ TFXHIHESHE s HCAK "1 /m’ EESE +
dense" 72 KV cache E4MIEZE R,

Overlap M FILEAESBEEIRIL=Z 2m 1> token £ T, Z2E#2 [[E451E BEMT] 19X #,
JBEAHEE KV (BF16 RoPE + FP8 H1th + FP4 indexer) BE—RBHEE,

Partial ROPE MHIH MENIAIE —1, "B BE"SCEN"ENIER", E3FBMHERNIME,

SWA B9 + Attention Sink BEE48/HHRNA KNS = - BEMANELK 5 "o E=
pARS” 5=

CANE S



1.4 Muon {11t 2%

Algorithm 1 SEERE ¢
4 N
Require: “#>3I% n, ZhE p, BEFEH N, EHEL4EHET v
&It
AEABEMIACE W € RA{nxm}:
Gt = VL t(Ww {t-1}) # UFEBARE
Mt=pM{t-1} + G_t # ZREE
0' t = HybridNewtonSchulz(p-M_ t + G_t) # Nesterov + Newton-Schulz
0O t=0't " vmax(n,m) - vy # RMS H4HL
W t=w_{t-1}-(1 - n-2) - n-0_t # BUEIER + SR
. J

AdamW {REFHIER embedding prediction head. mHC KJ##7 bias S, EMERF o, FTE
RMSNorm #) weight, % (mHC &7 WPre/res/Post  CSA/HCA HIFiA R 5. MoE ERNE
%) —#z%E Muon,

Nesterov + weight decay + RMS E48H : Nesterov B) O; = NS(uM; + G;) ; RMS E4a# %
0.18 (1 §3.22) 2R 7 EMH AdamW HZIEEBE, #HELEH,

Hybrid Newton-Schulz (#10#%) : 3fiA% My = M /| M| g 3—1t, AEER

My, = aMy_y + b(My_1 M )My + c(My_ ML )*>M;,_, (28)
. #8% :(a,b,c) = (3.4445,—4.7750,2.0315), Estina SEHM 1,
e 2% :(a,b,c) = (2,—1.5,0.5), BMHILHZEEBIBELE L.

MERRIEINE [REWE] & [RinEEREE L

F QK-Clip FE[R : V4 7£ query / KV entry 2748 RMSNorm (§1.3.3), KA logits BIE ;
QK-Clip 7= Moonshot Muon 5 & 27, 1B V4 R T ITR,

SRRBES
1. Muon HFIEBEFTE M1 2 — embedding / head | bias / gate | RMSNorm {358 AdamW, iX
EBRENLASEHMNEREAR (Muon Ik [TEBEERE] #UE),

2. RMS E=48/%) 0.18 it Muon AJLUE# & A AdamW BJ LR, TR KIBREE,

3. FE& Newton-Schulz % #ZE Muon i€ X EREK AL ; BF16 T NSHRE (W §2.5.1 A9 1#
),




2. EiighE (General Infrastructures)

21 4K EP BE-HHREES

MOE Eiz#1EHf ik 4 N FEZEMEL : Dispatch G&{E) - Linear-1 (3+&) - Activation (SwiGLU +
FP8 Cast) - Linear-2 (3+%) - Combine G&{S).

IEXH R BAE © BJE MoE Tu@{Ehtia < itHEE, Rt RE/MEFK BEALMITETS
hide, HEF ZRAZMM, XBHERERFAIURBEENEEH MR Kin T imEeE.

=T EM L

AR BEENE B hnE
Naive ZEZ, =17 Dispatch - L1->L2-> Combine 1.0x
Comet (Zhangetal. 2025b)  Dispatch «» L1, L2« Combine 75I|EZ 1.42x
V4 (MegaMoE) LRI wave, & wave A Dispatch /L1/L2/Combine &7k  1.92x

Wave i : i expert )& T wave, —8 wave NFTH expert iBE5t4E, BLIZEIFFET— wave 1Y
EMAEHEM, R8T HE wave fUitE. T — wave 9 token &4, B 5Tk expert FIZER EIFH
R#1T, 7f expert BIFRANIE 7K, XX RLrollout /| &3 % agent BR$Z (iKZ/)\batch) £HAE
o

SCANE (FAxfseELIERIARIN)

o BMAMEEIFMAEF :1.50 ~ 1.73x%
o JERBUZIZ= (RLrollout, &3 agent R : && 1.96 X

FFE : CUDA EIRH) mega-kernel MegaMoE (DeepGEMM A1),
MEEHT R 4 REIN

1. C/Bit (Computation-Communication Ratio) : iQI#EHE ) C. BEEHE B. HEE Viomp
. BEE Viomm, BETEREENG C/B < Viomp/Veommo V4-Pro & token-expert 3%
6hd FLOPs (SwiGLU #J gate/up/down =#:f%) {8 R % 3h bytes (FP8 Dispatch + BF16
Combine) @15, fatA

C

= < 2d = 6144 FLOPs/Byte

Bl 1GB/s w3 Al hide 6.1 TFLOP/s 71, BEt-F#R/E, MERNEER. "I REEiEE
XA R T I R B

2. h#EFE : 1% kernel fusion ik compute/memory/network [EB#E, IhFER A X IR ; K
RBHEZENEFHEAFHTNEINZE headroom,



3. BfEFIE : XA pull-based (57 GPU E£ohizf2if), #tR4AIE push A notification
latency, #&FBEHFIZHFK cross-GPU signaling latency, push & B4,

4. BUEEE : 2IAX exp/division H{EFF$H element-wise BIEE K SWiGLU, 54 post-
GEMM [£77 ; [RBEf%3= gate projection, MHRIZSHFNE T intermediate 2£E d EK, H—F W
N

2.2 TileLang : RiE=3H) Kernel &

V4 T2 RIEEE Torch ATen 2= £ BB MIKEE T, V4 A TileLang (Wangetal,
2026) 179 DSL BEghé kernel, TEFF&ME 535175803 (8] BIS F147,

2.2.1Host Codegen

IR : ANERgsiikiisE, CPU-side REEFF$H (shape #36. S# marshaling %) A4/ kernel F97)
FAZHR3M ; Python host ABFFAI AJL+E/LBEWHM EE FIHE.

F X : 72 IR BEmEBAA %R device kernel 1 lightweight host launcher, 3B#3EZA) rank/shape £
&, stride/layout {Rig %5 T ##E M frontend B2ATHX A ; launcher T EIE T TVM-FFI /Y host R
1B, MAERESERYTE 5SS tensor A#1F,

ME : CPU-side RIGFFHMEAEHE ps BEF) < 1 ps/iAA.

2.2.2Z3 SMT RfE2RER
ial#’ : TileLang kernel 7& /5 & %% tensor index &R, #gi¥ pass (layout inference, memory
hazard #2;l, bound analysis) =& AEEANHTEES .

BE £ Z3 SMT kf#2s, 1B TileLang ##55A0811% %) QF_NIA (quantifier-free non-linear
integer arithmetic), £ ILP K25 7] TAEMBAREL M BEGRA, MEFELERHAIRETE
FZAR T B9 vectorization & =k Hk kL.

MR  EEERRRST, Z3BRmIFAENZHENLNA, EE1EF vectorization, barrier

insertion. code simplification % pass FJ{fL1t &

223 BERE S bitwise §I
AFEGE THREEBUNENMSEHREEE .

o BIAXF fast-math, FEEILULETER opt-in BliHE FIRE (T.__exp)(T.__log)
7).

o HEE™IZIEEE-754 BHREH E = rounding =AY intrinsic : (T.ieee_fsqrt),(T.ieee_fdiv),
(- foee_a9)

o 5 NVCC #7572t f& 1 lowering #IMI LU % bit-level % ; (T.annotate_layout) SOIFEAE
layout 48 x lowering &2k, ERNINF5F5 CUDA E4bit-identical,

2.3 Batch-Invariant S#E % kernel

%1t B4% : pre-train / post-train / inference = E% pipeline SKIR bitwise —2%, {£F debug. RBEM
M7, post-training 17—,



2.3.1 Batch Invariance
Batch invariance Z Kk [a]— token i tH 5 H 7 batch FIE L X, FTEPLE -

o Attention : J&F split-KV (=##F batch invariance), 1BX%5| A EH] wave-quantization
B, AZE2Z dual-kernel 58§ :
o Kernell : £ SMEEZERS, (RIE#HE wave S5 ;

« Kernel2 : JEZB partial wave k55, A% SM QB HEF5FFK latency, FF#)H thread-
block cluster distributed shared memory =& SM IREIE ;

o i Kernel #5035 RMEERRIE bitwise — 2,
£#% batch-invariant decoding FYFF 5" 7] 2B&",,
o Matrix Multiplication : /%7 cuBLAS (F/AfRiE batch invariance), £EERN

DeepGEMM, #k/)\ batch size {845 - 8 split-K 12 714 8E, 1B split-k 1~® batch invariance,
V4 K% #I7= 57 splitk, B —EHMMx TR O,

2.3.2Determinism
EHEMBERBRFIVENRNIRFEAE, EFEEXRMERE
. Attention Backward : %5t attention R {&E{E4 5 FINKV BE CZEMEF LS
&> IEMHE), V4 AT SM 29BN buffer, REMHM—X2BHHE 4K,

¢ MoE Backward : % SM ¥ rank 3 & E[6— buffer thEm BB S5 | AFEHTE, V4 7£8 rank
A token-order FILL 3, 5 rank ff buffer fE, Rl expert parallelism #9% x45 £
MOoE backward 2 0l &858 7E

o mHC Ff GEMM : mHC 77— output ££E{X 24 ¥ GEMM, &/ batch TS
split-k, V4 (UL 284 split i B E, BA— kernel {5#5E 14 reduction, FERIE
Re 5 WA TE 1%,

2.4 FP4 (MXFP4) E4L=ANiI% (QAT)
R FSEE :
1. MoEexpertiXE (GPU E&FSHAKRK) ;
2. CSAindexer B9 QK path : QK BUEZRF. MF. 1EFELE FP4, ILHERIFFH attention score

e
3. Indexscores I.. )\ FP32 £1L X BF16, top-KiE#ZF28IR15 2x I&E, RBHREF 99.7% KKV
entry BEIZE,

FP4 - FP8 THiKE1t : Xf MoE #X&, optimizer {#7F FP32 master weights, 21t%|FP4, BRE
{L[E FP8 #it5, Z AT © FP8 (E4M3) tt FP4 (E2M1) % 2 ME#NI, hSEEEA, RES

NFPS 21tk (128 x 128tile) WA FP4sub-block (1 x 32tile) HJscale AT tHEABITIHEE
{8, fine-grained scale {5 EFFIE2 R E FPS8 ¥ B CEF, IR Y BIANEH 2 L &1,



b EEA™ QAT pipeline FJIAE TN & FBEE FP8JII4RiESR, &A#% STE (Straight-Through
Estimator) ©E3& FP32master, W LEB SV EBINE,

#38 rollout fHER - BEEFERELFPAELNE CGERIPMEL), RIEXETAEX EHE 3, HE
IWESEH Rernel EFEMNEINEESEANEFTE,

2.5 jJIIZRHEZE

2.5.1 Muon KIS
Bk : Muon ZERBBEEMEMENY, 5 ZeRO (RITHEVHSE) RAHZE,
Dense Z## ZeRO bucket £t :
o BR#HI ZeRO H#1TE LFR, A knapsack EiXIBSHIFEMEDELLA % rank, 7 rank fAFAES
181,
. rank f9 bucket padding F# rank & X bucket size 2\ X #5524 reduce-scatter ; & rank
5% & 5 EMERY, padding overhead < 10% ATE,

o X dataparallelism fEEid ZeRO LEREY, %R DP 4 ETTKRITE Muon 37, BEHIRE
bucket 7%,

MOoE ¥ ML ML : 1 expert I I, SLIBFTE expert ATEER SwiGLU down projection
JBFALHHEE, Bt up projection 5 gate ; pad [F¥IAUEIATE rank, ARYNEAZIEIMILZERE, BT
expert #{£X, paddingoverhead 7] 2,

#EH 1T Newton-Schulz : & rank F[EFIKVELE S Boh merge, #LEMIT NS EERFAREGF A
K, LIOEI NS 7£ BF16 #8f5kR FHIAE, T2#— 2 I8E DPrank #J MoE #E £t %] BF16
(stochastic rounding), BEEE¥.

BF16 HERANBERERMY : 154 tree/ring reduce-scatter 7EEFEE T2 RFNRE, V4 SUH two-
phase approach :

1. All-to-all 32## local gradient ;
2. 75 rank 7£ FP32 A< #3K A,

2.5.2 mHC KYSEIR{RAE
mHC 1810 7 8UE 25 pipeline i Bl @E 2, V4 3 =KEINHIFFHE -
1. IR/ #EE ARA kernel ;

2. ERMEIE . EitE A% K/EiE hidden state #1F7A normalized layer input, B#%RE+E
HEZEEERE
3. JA%E DualPipe 1F1B E&ARLIAIEINA pipeline 1815, RIBY mHC A LIRIEFHF LT,

BRAME | mHC wall-time overhead 1X 6.7% of overlapped 1F1B stage.

2.5.3 _E T X Context Parallelism



£4: CPIRFHEE Y)Y, & rank BiE4: s tokens, X¥t CSA/HCA HIEZ N E]H M PPy
o EARRZFIpackiifk, BFFIMIIESE (BEETEmi token £F), % rank HELE KV
KERX—HEBE < s/m;
o EHEFEmELEKV, mJREEHiE4s CPrankiafR,

B EBIE -
1. Stagel: & ranki [ ranki 4+ 1 ZXERE m PNKRELE KV ; rank i 4 1 iBEREINES 54
s MRERKV —RESE, FEEEKE s/m + 1 HESE entries (& padding).

2. Stage?2 : 577 CPrank fif all-gather, FF fusedselect-and-pad E FEHANEKE
cp_size - s/m WTEEFE KV £4, padding BUE .

% HCA #1 CSA #9 indexer, &> query token R] ILHVESE KV SCEIRIRINIFIITE ; XF CSA B sparse
attention, top-KiE#EmEBIIEE FIMELE KV R4,

2.5.4 i E B 9 LI tensor £k activation checkpointing

i@ : %45 activation checkpointing #i & 2% module, trade-off T4 ; FEXZF

forward/backward R] LUE4RIEHI18 5 % autograd &7,

A =X . I tensor £ activation checkpointing with autograd support, %% R FE forward,
EZEEN tensor EHIERE, 1EZLA TorchFX EBERTEITEE, WHEEN tensor RAERIRRIR
WNEHEFE, HEENBEEITERIEAZFE,

EHNFH - EiHE BT EERBGER tensor B GPU AEHEREITH tensor K storage pointer
LI, 7€ memory copy, EiF graphtracing 2 24 1TH, storage pointer FI:EER, BEBEIEEH
= storage Y tensor (40 reshape £ input/output)

2.6 #HEFRIEZE

FTEZEREKVcache B8 (FITF),

2.6.1KV Cache &1 5 &R
Hybrid attention 5| A Z =24 KV entry :
+ Lightning indexer (I 4E (embedding size 5 attention <[ ;
« CSA/HCAH®1/m. 1/m' BEEEHNKERR ;
e SWA BEMIIH cache X/)\H hit / eviction FKE ;
o [E4ENXHEMA R m B token F4EF/R 44 hidden state 517 m MNEESE.

i# R PagedAttention fRRIZRIFEA X HEREES

1. EEFFREZE (W SWA RSEEEXN) ;
2. =fE attention kernel X795,



BRAE (WE6HR)
KV Cache 73 A&k % -
« Classical KV Cache : 77 CSA #J indexer KV 5% KV, HCA #JKV, #& cache block &
lem(m, m’) MR token, =4 k1 = lem(m, m')/m > CSA E4& token f kg =
lem(m, m') /m’ 4~ HCA [£4 token, # request %F2% > block,

o State Cache (RIXTERRZHEMEHLER) © 1 SWA 5ES 9D X WFRESE token MRS ZE E)iEEY
FPIRES, HAHFIMIEM —RE, T ECEE K/ state cache pool, Eh& D A48 5!, block
N SWA ER1F 8 nyin DKV, CSAJHCA EX 77 # RIEZEH B IR,

¥ attention kernel thRIIZIT (RXFITFHREL) © £4e= 1 6E kernel {Ri%% block ETE B tokens ;
V4 B9& 4 8E sparse attention Kernel fUiF &2 block A token £ 2 I M RI4EHRE, block [R1A
token ZAILLZ lem(m, m') EREAS4L, padding block LUFF5F cache line iR BE#— S 1R FHIEBE,

2.6.2 B KV Cache 7F{i&
Xf shared-prefix &>k, on-disk KV cache AIJEFRE & prefill,

CSA /HCAE48KV : =87, ¥ prefix FIREGWNESE KV BEIR/ETEES R | BBAFE—
PMEEROBBAPEBER (HAKRELEKV 72,

SWAKV &8 (CGkESE + BEEE > ENANEHEKV H8E), =HHREEIiREME/iTE trade-off %% :

0 7 iE e
ifg TR
Full SWA Caching ETL &2F. ERNRERE Ny, TEIA, SSD MipatEX LS, WEZELR

S
P S KEF,

Periodic o p N token F—XR (FEIAT Nyin > SWAKV), B INERT
Checkpointing checkpoint, EEFIRE token, p A,

ZeroSWA Caching & &K T&XF, FASWARtHKV REHET— BRI Nywin > SWAKV X—
I\ MR, LERAEBERRE nyy, - L 1 token BIAJ K & BR/E Nyin > SWA
KV,

S RBES
1. EP&(E <it& > AI5E£ hide : V4 iBEILHIERM Comet #Y 1.42x #E##%F] 1.92x, I RL
rollout 3:X 1.96 X,
2. TileLang = X% : host codegen (< 1usiAMRFTHE). Z3 HWBHIELMEEH NI, bitwise &
M
3. WEMIRITEEES : Attention/MoE/mHC HREHEHITELTR FINAE,
4. FP4 iR E1L FP8 1%l scale tb£9%R, SLIGIERA#E > Ssh 8 AIA FP8 pipeline,



Muon + ZeRO KIS : dense knapsack 734 + MoE &1t Y14 + BF16 #E R + two-
phase all-to-all + FP32local sum,

M KV cache £ SWA/E token HIKESZE[EIEL, SELRIRKV 2aEE ; MERRHE =M
SWA FEREE S RIS ET R

3. gk

3.1 HiEtiE

S & : Flash 32T tokens, Pro 33T tokens,

web ¥R : IS EBER  EIR1LAR, K model collapse X,

HEEREB - p2i%Z0, mid-training FERS] A agentic B2t coding &

ZiER  WEEARLIEMIER, 127 long-tail BESXULAIIR,

K32 0 V4 552 ARRIE . BARIRE F K30 curation,

Tokenizer : JoF V3, EAFM 128K, #igE T £ T XHWER special token ; {REE token-
splitting 5 FIM 5/,

FibBZER : MRELR pack X4 s/ EEAREMT (%2 Dingetal,,2024 E%) ; 5 V3T EZ
2= pre-train BBt {#F sample-level attention masking,

3.21BB %R E

3.2.1 DeepSeek-V4-Flash #22%



I5 |
Transformer [Z#X 43
REd 4096
B 23 4 SWA
== CSA |HCA X%8
CSA [E4&8Em 4

CSA attention top-k 512
Indexer sk#4 n? 64
Indexer k4 c! 128
HCA E4E m/ 128
K ny, 64
K 512
Query [£484& d,. 1024
WHRFAHK g 8
FAMHYE d, 1024
SWA B Nyin 128

MoE B A block (73 & Hash routing)
Shared expert 1

Routed expert 256

Expert F{a]4 2048

BUE expert 6

MTP 2 E 1

mHC ¥ & npe 4

Sinkhorn 3£ .5 20

B2 | HiE 284B/13B




3.2.2DeepSeek-V4-Pro 2%

I5 |
Transformer [Z#X 61
fafE d 7168
B2 HCA
== CSA |HCA X%8
CSA [E4&Em 4
CSA attention top-k 1024
Indexer sk#4 n? 64
Indexer k4 c! 128
HCA E4E m/ 128
K ny, 128
K 512
Query [£484& d,. 1536
WHRFAHK g 16
FAMHYE d, 1024
SWA B Nyin 128

MoE B A block (73 & Hash routing)
Shared expert 1

Routed expert 384

Expert a4 3072

BUE expert 6

MTP 2 E 1

mHC ¥ & Ny 4

Sinkhorn 3£ ¢ .5 20

B2 | JiE 1.6T/49B




3.23 LB EFIRIFE

Muon % (FIEEHR) !
e Momentum g = 0.95

o Weightdecay A = 0.1
o Update RMS rescale £/ 0.18 (£ F AdamW LR)

AdamW #8% (embedding / head / RMSNorm) :

e B1=0.9 By=0.95 €=102 weightdecay0.1

Batch size AE : \NHER DB K FHRFIEE,

o Flash I£{& batch : 75.5M tokens
e Pro l#{& batch : 94.4M tokens

FIRFE -
Peak LR End LR Warmup
V4-Flash 2.7 x 1074 2.7 x107° B 2000 % £ warmup
V4-Pro 2.0 x 1074 2.0 x 107 B 2000 % £ 14+ warmup

WWEEER cosine ZEE) end LR,
FIKEYRE : 4K>16K> 64K~> 1M (PUER#ii#H),
Dense - Sparse Attention JFE :

« “tF dense attention warmup 25 1T tokens (Pro #J dense FEX tt Flash 1K) ;
o TEFFIKEZ] 64K BY5| A sparse attention ;

o 5|l ABNE—1EMEXFT Lightning Indexer i#{T warmup ;

o PBEEKEBDIIZRERZE sparse,

191  bias EFTEE 0.001, balance loss £V & 0.0001 (5155 RIRE RE),

MTP loss & : K&E7ill879 0.3, FF14 LR decay B

3.3 BERINGAFIRE

V4 %1} loss spike F92251F : spike & MoE B/ outlier 3840 %X, routing &= H0&E outlier, &
4 rollback TERAAE R, V4 MDA RAF @ #THE routing 5| RREMEIF 11 EEZIHR2E.

3.3.1 Anticipatory Routing (% &H)



BB £S5 t BURISH 0, STt E, BRARSIABHLSHO0, A, itEHNA, BT
backbone 5 router HIE £ iR#E,

TEEWM : ABEMRNEEE S, ©Ft — AtIREITE 2 t F9%4UE, "anticipatorily" I+ & 348
7t ZANKERL, B0%EEpipeline 5 EPB{EE%, £ Anticipatory Routing &4} wall-clock
FFEEEEILY 20%.

hAER 5| ABThHEMHLEI, loss spike & 4 Bt & %2 rollback H Y] %] Anticipatory Routing ;
ST —EREYEE ERIARAENSR. RETMINGTHRT 2R,

2 IESCRFEANRTIT - AARRFBESEEETTHE [routing > outlier - spike | &IREIREAIVIIE ; At HY
EMEE ; BER5|I AEMEBHRGGE, BXAHAAIL underlying principles remain
insufficiently understood",

3.3.2 SwiGLU Clamping
i
o 498 clamp = [—10,10] ;
e gateHSEERcap 10 (ETRAR),

Flash 5 Pro 2122, KMBBCHER outlier, FIRIERE,
P IBSCREANETT ¢ A [-10,10] X—E&X(E] ; gate g T FRAVER ; ZAH] 5 RMSNorm
TED%IJ logits J&XEHI D T,
3.4 EEEFEN (Table1)

LR - World Knowledge (124> benchmark). Language & Reasoning (54). Code & Math
(61). Long Context (LongBench-V2),

=1ERINFLE -



Benchmark V3.2-Base (37B/671B) V4-Flash-Base (13B/284B) V4-Pro-Base (49B/1.6T)
MMLU-Pro 65.5 68.3 73.5
MMLU-Redux 87.5 89.4 90.8
AGIEval 80.1 82.6 83.1
C-Eval 90.4 921 93.1
MultiLoKo 38.7 42.2 51.1
Simple-QA verified 28.3 30.1 55.2
FACTS Parametric ~ 27.1 33.9 62.6
HumanEval 62.8 69.5 76.8
MATH 60.5 57.4 64.5
LongBench-V2 40.2 44.7 51.5
iDL -

1. V4-Flash-Base UUE/NS#i8id V3.2-Base : BEZ 13Bvs37B, £2Z 284Bvs671B, E4EXK
Z# benchmark Bfft, T E7 world knowledge f1¥& £ T35, IERRZEM + B + IIZRK
L eI R M E EBHSHME,
2. V4-Pro-Base JLF£Mm4M5 - £ SimpleQA Verified (55.2 vs V3.2 1] 28.3). FACTS
Parametric (62.6 vs 27.1) 40118 benchmark FEFE X ; MATH., HumanEval Z&H#IEA
BtE BEER,
3. BigCodeBench 2M—BRiRS I (V3.263.9 > Flash 56.8/Pro59.2), X kR,
4. LongBench-V2 I V4-Pro-Base 51.5 123} V3.2 #7 40.2 @ — R BAE %X,

S RBEER

1. FBYKEME A + dense - sparse FERR 2 V4 FIERA < A,
2. Muon RMS=0.18 1t AdamW LR AJ BEf: 8 A, &% il tamEzRBS,

3. Anticipatory Routing 5 SwiGLU Clamping =2 trillion-MoE #2EiJIIgkSE AR S, BNIER

—H W%,

4. V4-Flash-Base LU E/N\S# M V3.2-Base & V4 22878 504 =R IEE,

nt




EI4R

4.1 Pipeline : Specialist Training + On-Policy Distillation

FEIZREA A A V3.2 pipeline, {BIBR%EH mixed RL M EXE{&E 77 On-Policy Distillation
(OPD)O /)IL%I .

1. Specialist Training : A& 748 (math. code. agent. instruction following %) J#3zill
%— expert :
» SFT on domain-specific high-quality data 237 Zf ;
o GRPORL F domain reward model #— %L1t ;

2. OPD : i multi-teacher OPD 8% expert FIEE N & FE—4i— student (M §4.2),

4.1.1 Reasoning Effort =1%3{

=50 FHIE Rtk ey Response &=
Non- EFIW/EEMN  BHBE. EEK  (</think> summary)

think A RR 1B B e Rz, (EXPRE

Think  AEIRIEES gF#EAKM, M (<think> thinking tokens </think>
High i, EleEEE X HRXBERE summary

Think HEIB AR ) HE BUARBR RREEBHBEAR 1L RFRTIFKEANEHKRIES 5 2.(<think>
Max thinking tokens </think> summary)

FMEA I N AEH length penalty # context window, RLlIZRES% Bf1t.

Think Max ;E AR RFIRT :

Ve

Reasoning Effort: Absolute maximum with no shortcuts permitted.

You MUST be very thorough in your thinking and comprehensively decompose
the problem to resolve the root cause, rigorously stress-testing your
logic against all potential paths, edge cases, and adversarial scenarios.

Explicitly write out your entire deliberation process, documenting every
intermediate step, considered alternative, and rejected hypothesis to
ensure absolutely no assumption is left unchecked.

.

4.1.2 Generative Reward Model (GRM)
FFAELGRMMLISIERIESS, V4 MFE(EY scalar reward model, A rubric-guided GRM :

o actor XHEIGRM : [F—EARFEHETERSTEY] ;



o ¥ GRM EZFEMRL flik, 5 generative B HEXEIRF ;
o« FTENAIRFIRYD, BEAAB 5HIEREHITFM policy trajectory,

L% IR EWE, FTHDEERE ; B%EAR reward hacking,

4.1.3 ¥ Tool-Call Schema
5| \Fs%k token (|DSML|), XA XML &= (9T 238 :

‘ ™
## Tools
You have access to a set of tools to help answer the user's question.

You can invoke tools by writing a "<|DSML|tool _calls>" block like the following:

<|DSML|tool calls>
<|DSML|invoke name="$TOOL NAME">
<|DSML | parameter name="$PARAMETER_NAME" string="true|false">
$PARAMETER_VALUE
</|DSML | parameter>

</|DSML|invoke>

</|DSML|tool calls>

. J

String Z#& (string="true") ; Hh2% (number/bool/array/object) % JSON & 1EAE
[str1ng=“false“O

% 2 A thinking mode (EE%EZVT), WITEIRAR LB EEFEHEESE (<think>. ..
</think>) &,

BR XML E X EEREE XKKE tool-call F5iR, REFEEEMNEL-TEXHEN,

4.1.4 Interleaved Thinking $E#g&

V3.2 HUEEES @ B5 tool-result ¥ R{REBHEIE, (EFPHUEHRIRMNERMEME, 7£8 % agent TIER
FERARASHE"HE"TRRHERIRS,

VAFBIM LT E, Athmigs

« Tool-Calling#x (El7a) : 2BEREHAEHENS, IEBUAFERBR, REFKE agent
TSH R B,

» General Conversational & (Bl 7b) : {(RE V32REK, FTAFEEIREEFHHER (&
LTI EGHE TEHAMEBRISER).,

T : Terminus F@ I A H B REIN T E XX B ) agent framework T~ =ff & tool-calling #84%,
V4 BREEHETE FX 22455/ non-think =AY,

4.1.5 Quick Instruction



Zhill : chatbot R A REIEFTEFHITE THEMES (HIHTESAA web B3R, BEIRAF), £

Gifis H e/ MER > ik & A KV cache BITR prefill,

AR ERIAFTIEEN—H special token, H NN —MEENTS, EEERABITENKV

cache, HL(FEZaIHTHIT,

MR BERERPMTTFT, JHEREPENIMERN TIEHIE,

% ##89 Quick Instruction tokens :

Special Token & -
[< | action | >] YW P prompt 5% [ ..<|User | >{prompt}< | Assistant
Z web # Ri1E 2 Al B (0] | ><think>< | action | >j

iy
=

<|title | >

B R F MR /G & RS
X EAR R

[. ..< | Assistant | >{response}< |

end_of_sentence | >< | title | >)

<|query|> 9 prompt £ 5% query  (...<|User | >{prompt}< | query | >]
[< | authority | >J 23 prompt 3 RN EL ( ..<|User | >{prompt}< | authority
MRIER K IS

[< | domain | >]

IR5! prompt fI4T,

(...<IUser | >{prompt}< | domain | >)

(<l extracted_url | >]/E
| read url | >]

¥#7 prompt F%& URL 2
7555 fetch i=HY

(. ..<|User | >{prompt}< |

extracted_url | >{url}<|read_url |

)

4.2 On-Policy Distillation

B#5 : 8% domain expert FyBEh &

N

4 — student, A N MER{7g,,..., Ty}

Lorp(8) = Y wi - D (mg|ms,) (29)

1=1

o w; Nexpert NE (RENEEM) ;
o KM KL Dgy(mg||mg,) B9+ E KM student E## trajectory (&% on-policy) ;
o A KL/ mode-seeking 14 B {R student 34 H BIES&FEMF SIHEXNIER (math

{£55 1R math expert, code X558 code expert) ;

e 10+ {teacher, B=% M,

A A full-vocabulary logit distillation MJE per-token KL f#it :



i$1E TYEEIE full-vocab KL &1L 7 per-token KL {&3t, #A/5 £ FA RL1EZR, iE

e (log T (Yt | w,y<t))

Uy (yt ‘ L, y<t)

L {F per-token advantage, ARG, BHBEMKITAER. FNERE,

V4 3 A full-vocabulary logit distillation, {RE5TE logit 7 itE KA KL, HEMGITER. L
KFHIMFIR, TR EXFEREM (W §4.32) F AT,

4.3 RL / OPD £Hig1E

4.3.1FP4 E1L&ERK

Rollout #1774 inference-only forward (& teacher 5 reference model) E#EH native FP4 1
B, [ memory traffic 5XE###EiR, Training step @id i FP4>FP8 RE{t (§2.4) T4EEH
BXHE FP8 mixed-precision #E22, Al pipeline ZiEf,

4.3.2 Full-Vocab OPD ¥ Teacher iEE
T EHMEL LR teacher, BNAJEEAH{ZSH, *HEREAK -

o HEhXSHRFE + on-demand MF : 775 teacher A= offload FE+7F(E, forward BHZES
% ; ZeRO-like Z#M A H4%# 1/0 5 DRAM £/,

« H#E7F last-layer teacher hidden state, “F materialize 52% logits : 175 | V| > 100k B¢
materialize logits ~a]1T (B}{s2 spool EIH#R), IZRBINEFEXE hidden state, E3FL
prediction head on-the-fly &4 full logits, ZitEFHAIRE, STLE% logits ETEIRLE.

o Teacher % index HEF#¥A 4 % - #UE dispatching BYi% teacher index #EFF training sample,
fRIEE > mini-batch A" teacher head (XINFEH—R, EEBI% device RIFE — teacher
head,

o R INE/ENF - 54040 hidden state N/ EHIE /G & F L #1T, NFEZE critical path,

% F TileLang KL kernel : #5#51it & teacher-student logits #J KL 8, &t ERSBREIEh

SEFSE,

4330, A Rollout ARS3

ER  £8H cluster-wide 38 G E 2R, TRMTSMBIATREFIE G 5 KR GPU SEHRE A fE 4T
X
Token #i [ Write-Ahead Log (WAL) : &4 5—* token 17 £l append %/i% request # WAL, 45

BE{EHIES 2, RFARTER request B KV cache, 1k 2 BYARFAL WAL + fR7FH) KV cache 4x4:
decode ; HREHELER] A WAL 289 token E 1 prefill =2 KV cache,

XPRIEAEZE  TEEMLEEREKTHK request— X5 | AKERZ (GERRNE AJREE TR =E
7, EREBAFEHERTINMESRFEEEE), B inference stack 2 batch-invariant +
deterministic FJFi—% seed 8, 1/5%E decode E £ FF$H, A4l token £ WAL,



4.3.4 B token kT RL Framework
HIMFES :

« Rollout BjiE% : A §4.3.3 1 WAL R 53,

« Inference/Training fjE : rollout #iE 5 A NEETTHIE S5 EE per-token FE, #iE
dispatching R IN# TR £ shuffle A packing % /BT E ; per-token FELETHEATE
dataloader fNFHLUE K node ATT#:, mini-batch HiERTEIRR, XIBEME CPU M GPU 2

FEA.

« On-device mini-batch 8EzN&RE : RIE L 1FHAETE compute throughput 5 I/O overlap

i8) 544 trade-off,

4.3.5DSec : Agent S FEEAHIZHE

DeepSeek Elastic Compute (DSec) 24 =& P F &, H=" Rust ALFAEM :

e Apiserver : API gateway ;
« [Edge : per-host agent ;

¢ Watcher : cluster monitor,

3 B EX RPC MY AR, £T 3FS A RGKTET B, BEHITHTAHLIVFEILESL,

T EIL

. FEBGS AKX, BREMBSER ;
BRI BEERS CPUNEHAE ;

45
1. Agentic fAfi=sE R4, MiFE function call F
2
3
4

SEEER4 T A% pipeline ;

. Sandbox £ AHE S GPUINZGKIAE A (34 + checkpoint 1k 8),

MmAAITER (4%— Python SDK (1ibdsec)) :

EE e

SCI

Function Call TIRSIAM, HBSEDh i container it

Container Docker #%& EROFS on-demand &= R 5RELE
microVM VM &z, T2k, aBE Firecracker

fullvM XHHER guest OS QEMU

FTEUE A APL : o7, SXHERL. TTY 3R ;

P EHEEGERE

m \% = ﬁgﬁo



« Container : base image # filesystem commit /£ 3 3FS-backed R i EROFS /& B ## mount
%l overlay lowerdir ; XfFTEEAMAIA, datablock =% M 3FS fetch ;

o microVM : A overlaybd #5={, =15 base layer 7£ 3FS BBLfBIHE, BEAEARM COW B ;
snapshot 7] chain, XA SZEWRIKE .

= EEHE TR

1. EBREEIMLIFIE+HEE page cache 5 /A, A memory reclamation LI %4 overcommit ;
2.

£&#% container runtime fY spinlock &%, &K per-sandbox CPU FiH.
NEAEEREZLIKE | 51 sandbox HIFL/EFNEEE, FHALRREBRGAIRELER, =K
& -

1. Client fast-forwarding : I3t 5 BY sandbox FHRRE ; RENERERKGHNEELER,
IRIK & BRI S IE R IRMFE ST
2. Fine-grained provenance : F RS T EFRRAEM ;

3. Deterministic replay : ;752 =& P M trajectory FTEEEI,

4.4 ¥5EFEN (Table 6, 7)

4.4.1VFNEE
» Reasoning /Knowledge : temperature=1.0, context window 8K /128K /384K %$/Z Non-
think / High / Max,

o Math : %5 7E prompt 4R ; Pro-Max F "IERR + B Z&" MRIERE | H B RHEE,

« Formal Math : Lean v4.28.0-rcl agentic setting, i/ia) Lean compiler 5i& X tactic search,
£ % 500 tool calls ; % — compute-intensive pipeline 4t F3 self-verification % B 318 = (&3
f#, B formal agent £5H Lean iERA, M™% verifier Comparator [RB31%5 Mt setting F ¥

3,
o Agent(code) : NEFMIELR, =/NTEE (bash +file-edit), max500#%, A LT
512K,

« Agent (search) : B harness + websearch + Python tool, max 500 #, 512K kT3,
BrowseComp A V3.2 1Y discard-all context management,

e IMEKLETFI : MRCR + CorpusQA, #%— Claude Opus 4.6 1 Gemini 3.1 Pro F3FENEE ;
GPT-5.4 K API M2 A2 RIE,

4.42 09 ¥ (V4-Pro-Max vs TEWF)



Benchmark Opus-4.6- GPT-5.4- Gemini-3.1- K2.6- GLM- V4-Pro-
Max xHigh Pro-High Thinking 51 Max
MMLU-Pro 89.1 87.5 91.0 871 86.0 87.5
SimpleQA-Verified 46.2 45.3 75.6 36.9 38.1 57.9
Chinese- 76.4 76.8 85.9 759 75.0 84.4
SimpleQA
GPQA Diamond 91.3 93.0 94.3 90.5 86.2 90.1
HLE 40.0 39.8 44.4 36.4 34.7 37.7
LiveCodeBench 88.8 — 91.7 89.6 — 93.5
Codeforces — 3168 3052 — — 3206
Rating
HMMT 2026 Feb 96.2 97.7 94.7 92.7 89.4 95.2
IMOAnswerBench  75.3 91.4 81.0 86.0 83.8 89.8
Apex 34.5 54.1 60.9 24.0 11.5 38.3
Apex Shortlist 85.9 78.1 89.1 75.5 72.4 90.2
LongMRCR 1M 929 — 76.3 — — 83.5
CorpusQA 1M 71.7 — 53.8 — — 62.0
Terminal Bench 65.4 75.1 68.5 66.7 63.5 67.9
2.0
SWE Verified 80.8 — 80.6 80.2 — 80.6
SWE Pro 57.3 57.7 54.2 58.6 58.4 55.4
SWE Multilingual  77.5 — — 76.7 73.3 76.2
BrowseComp 83.7 82.7 85.9 83.2 79.3 83.4
HLE w/ tools 531 52.0 51.6 54.0 50.4 48.2
GDPval-AA (Elo) 1619 1674 1314 1482 1535 1554
MCPAtlas Public 73.8 67.2 69.2 66.6 71.8 73.6
Toolathlon 47.2 54.6 48.8 50.0 40.7 51.8




4.4.3 Bib&Eit

Knowledge :

V4-Pro-Max 7£ SimpleQA-Verified {l5tATE FHEREEL) 20 NMED R
Chinese-SimpleQA 84.4 EZBEATE FHENF ;

1B3%%& /5 Gemini-3.1-Pro (75.6/85.9), 7 MMLU-Pro/GPQA | HLE F{XE&#snE K2.6 5
GLM,

V4-Flash Z01IR3EMBB % f5 V4-Pro (SHEFMERTERD) .

Reasoning :

o V4-Pro-Max ZEFFRRE h £ EMAF, £ BUEIRILEFIR SOTA,

o Coding FE /3% : Codeforces Rating 3206 N E RFFEEEFFAR (Bd GPT-5.4 19
3168), 7EAZEMREE H rank 23rd,

e V4-Flash-Max 7£ code / math reasoning Bkt 5 & £ RE R K2.6-Thinking,

o Apex Shortlist 90.2 % — QX3 F,

« FormalMath (& 8) :

o Practical Regime (Putnam-200 Pass@8, minimal tools, bounded sampling) : V4-
Flash-Max 81.00, iZi#8 Seed-1.5-Prover /| Gemini-3-Pro #Y 26.50 5 Seed-2.0-Pro Y
35.50 ;

o Frontier Regime (Putnam-2025, ’E# formal-informal + X compute) : V4 120/120
proof-perfect, PLE{ Axiom. Bk Aristotle 100/120. Seed-1.5-Prover 110/120,

Agent : 5K2.6, GLM-5.1 3415, S AREHEFH)R frontier, V4-Pro 7 MCPAtlas 5 Toolathlon

(BEI I E/MCPRS) RILRL, HBAEERIENIENEBIESR L overfit, V4-Flash 7 agent (155
AR5 F V4-Pro (FSH Terminal Bench 2.0), Terminal-Bench 2.0 Verified 7£ £ V4-Pro 4y
72.0,

IMELETX (B9, MRCRS8-needle) :



Input Tokens V4-Pro-Max V4-Flash-Max

8K 0.90 0.91
16K 0.85 0.84
32K 0.94 0.87
64K 0.90 0.85
128K 0.92 0.87
256K 0.82 0.76
512K 0.66 0.60
1024K 0.59 0.49

o TE128K NJLFLRAL ;

o BT 128K EHIMAI TR, 18 1M T V4-Pro-Max {31 0.59 MMR, #2833 Gemini-3.1-Pro ({2
% /& Claude Opus 4.6) ;

o HEEEMELHEM CorpusQA1IM £, V4-Pro 62.0 i8id Gemini-3.1-Pro #9 53.8,

Reasoning Effort (Table?7) : Max &= (%1 context, ¥355 length penalty) ERMITHE FEE
ffiF High 5, Figure10 7% :

o HLE Ik V4-Pro 89 token efficiency =T V3.2 ;
o Terminal Bench 2.0 £ V4 %FEXF V3.2 EEERIBERF,

Flash vs Pro #J Non-Think / High / Max =& 3 E#



Non-Think High Max
V4-Flash — MMLU-Pro 83.0 86.4 86.2
V4-Flash —HLE 8.1 29.4 34.8
V4-Flash —HMMT 40.8 91.9 94.8
V4-Flash — Terminal Bench 49.1 56.6 56.9
V4-Pro — MMLU-Pro 829 87.1 87.5
V4-Pro— HLE 7.7 34.5 37.7
V4-Pro — HMMT 31.7 94.0 95.2
V4-Pro — Terminal Bench 59.1 63.3 67.9

Non-think =X EHFSE (HMMT. HLE) T&RIIRE, MEHBHESOLEM,

45 ELHRES
4510 XEE

hEeEBE{E (V4-Provs Gemini-3.1-Pro, Table123C&) :

o BHEX62.7%Vvs34.1% (tie3.25%) ;

o HBRIEHEM (Business65.16%. Media 57.96%. Everyday 69.49%. Oral 58.62%.

Official 54.78%. Academic 63.43%) ;

o ZRRIR : Gemini BRiLEERNBRIFEIAP EXNEK,

BIEEE (Table13) :

o IEHBEMX60.03% (vsGemini-3.1-Pro39.44%) ;
o EBE{rEMX(X77.48% (vs22.35%) —BFEIZFH ;

o 73 fiction/fan fiction / prose / poetry / lyrics 2 18 NF K,

=EE/ZREIEE(E (Table14, V4-ProvsClaude Opus4.5) :

o EZIESEIE : DS 46.9% vs Opus 53.1% ;
o ZWEE : DS 45.6% vs Opus 51.7% ;

o K : DS45.9% vs Opus 52.0% —— Opus 4.5 £ =X E/ ZBIF R S .

4.5.2 Search
RAG vs Agentic Search (Table9) :



MR 371 # Agent Win RAG Win Tie  Agent% RAG%  Tie%

Easy ESUIEIES 196 110 43 43 56.1 21.9 21.9
Easy FMRin)E 321 198 56 67 61.7 17.4 20.9
Hard ES U ES 168 102 33 33 60.7 19.6 19.6
Hard FEMRin)E 184 126 27 31 68.5 14.7 16.8
Total 869 536 159 174  61.7 18.3 20.0

Agentic Search AT RAG, BEX¥E#HSMHEHBA,
FXAfLk (Table10) :

=R Tool Calls Prefill tokens Output tokens
V4 Agentic Search 16.2 13649 1526
V4 RAG — 10453 1308

Agentic (XB&5T, K% ¥ tool call 717,

V4-Provs V3.2 RAG Q&A (Table1l) :
o EWMAZE :V427.3%/V3.28.7% | Tie 64.0% ;
e FXA)IE :V428.5%/V3.211.1% [ Tie 60.4% ;

o = KIZFTE Single-value Search #] Planning & Strategy ;
e 7£ Comparison, Recommendation %5 F# % MAHERINIZR V32 DHERNBERE T,

4.5.3 ASES

30 M EAENAES, BE13NMTI (B8, #HBE. . 8%, dEEEIT. XHEERK.
X R44REE, FEMEB agent harness (& bash +websearch) i,

V4-Pro-Max vs Opus-4.6-Max :



HE Win Rate V4-Pro-Max Opus-4.6-Max

Analysis V4 55% | Tie 8% | Opus 37% 98.32 96.68
Generation V4 52% [ Tie 10% | Opus 38% — —
Editing V4 47% | Tie 18% | Opus 35% — —
Overall R 63% — —
Task Completion — 98.32 96.68
Instruction Following — 87.76 88.88
Content Quality — 83.32 78.00
Formatting Aesthetics — 76.68 72.68
Overall Score — 86.52 84.06
EiE

o V4R EohMIEERE (*hFkinsights + BRWIELSE) . KIERER (vs Opus HaI (&
bullet list), F=#EEF T WHERE AIRELIRES) |

o V43I : BRZEEEMFIEHLE (Instruction Following B3 Opus) . HE K HE N5,
PPT I 58i& i+ S 22 8],

4.5.4 Code Agent

M 50+ AEBTF2IFUCE ~200 Nk ig{T53, 7% feature development [ bug fixing / refactoring /
diagnostics, ¥ PyTorch/CUDA /Rust/C++ %1% ; FIETHIEERE 30 £33,

R&D Coding Benchmark (Table8) :

=R Pass Rate
Haiku 4.5 13%
Sonnet 4.5 47%
V4-Pro-Max 67%
Opus 4.5 70%
Opus 4.5 Thinking 73%

Opus 4.6 Thinking 80%




FAHAH (N = 85, HBEH V4-Pro i agentic coding) : "V4-Pro E & AJ1ENBIAE S coding

=R
e 52%yes. 39% ffi@ yes. <9%no ;
s Rifimm : KEHESFHE S

o A BRELRIEIR. B prompt iR, {8/K over-thinking,

S RBER
1. Specialist Training + OPD &t mixed RL & V4 /Fill&rI A EIL% 0 - D EFE, B full-
vocab reverse KL 7£ student B ¥ trajectory LEiA, ##% T mixed RL FEE T,
2. =7 Reasoning Effort 245 7 HIBFNE vs TR Z 3 knob, Think Max B R Fite~
H— T BRURE I,
3. GRM =actor &5, It"#EFEENSIFHIREN "BRE T, NERFRERITL,
4. ¥ + XML tool-call schema (K3 X /A $81% ; Quick Instruction A3 KV cache £ A

AT TTFT,
5. Interleaved Thinking X4 tool vs ¥iE7= : tool I7x IM £ T X 2IZREHIE, EFIEG
agent {53,

6. OPD £Aiti%HE X9 : centralized teacher hidden state £575 + on-the-fly logits E#4 + per-
teacher-index #F 11% + T A TileLang KL kernel,

7. Token £k WAL BN HE /M Eit @R KEREN LA SR, TRTAKEER,

8. DSec PUf#1{T/EE (Function Call/ Container / microVM / fullVM) #%i— SDK, 7% agent
S MNR B EHTENIE,

5.418. RREERXAE

51 V4 WEELE
o Hybrid Attention (CSA + HCA) 7£ 1M £ 3 M 48X V3.2 8 token FLOPs [& % 27% | KV
cache [¥Z 10% (Flash#—#%%10% /7%), native X#H A token,

o V4-Pro-Max 7 RER h £ ERIET SOTA : FIR4HsC. #IEEA frontier AR, agent 5815
E5R,

e V4-Flash-Max &S0 LA AT R R K T RIHER M BE,
e Jtest-timescaling, 1 horizon agentic £33, online learning & T — BT T Z A,

5.2 BXR MR

1. BMERE  AREEMERE 7AD" BIRIEER RN, RS EIE, REHEER
gi. FRESANME, BERMEABIRARILT TEEMEERIR TEL,



2. Anticipatory Routing 5 SwiGLU Clamping B3R TS EE : MELIEE W, EBERRE
MAER, RFFEINGIRE MRV ERLE L& S, B(CAES metric 548, ERERBEMY, EA]
Fi e A3 E A RUEINILR,

3. ®MRIEFNBEE Gemini-3.1-Pro (41 SimpleQA-Verified 57.9vs 75.6) ; & E F X RIEE/E
5 2815254 Claude Opus 4.5 B &5 E X,

4. Agent #8h7E SWE Pro. HLE w/ tools &1 55 LA # iR frontier 21405,

5. Flash & Pro #ZEANIRESEZERE, N WIEELEAIRRE LMHZSHRE,

5.3kKAM
1. E#iGA embedding 3R (Chenget al.,, 2026, Conditional Memory via Scalable
Lookup), 7 MoE + #EhE B ) 2 A FFRERI B L
ZIESRENE M.
BEREMERARAR, LKL TXHESKXAEEWMN N,
KBY | £2% agentic FS %A,
BEIFRIEE curation 5ERKRE, EAHERE. BB, TE IR TSR,
M online learning ;&Ei# : 5/ token N AMETE T E4iti,

O

MR : KBS EHRFTEE

In V4-Flash V4-Pro

B2 [ BUE 284B/13B 1.6T/49B
=4/ d 43 /4096 61/7168
nn/clde. 64 /512/1024 128/512/1536
gldg 8/1024 16/1024

m | m’ [ attn top-k 4/128/512 4/128/1024
ni /! 64 /128 64 /128

Newin 128 128

Shared / Routed / Activated experts 1/256/6 1/384/6
Expert a4 2048 3072

Ny / Sinkhorn ¢, 4/20 4/20

MTP R E 1 1




In V4-Flash V4-Pro

Ik tokens 32T 33T

Peak / End LR 2.7 x1074/2.7 x 1075 2.0 x 1074/2.0 x 1075
Peak batch 75.5M 94.4M

Warmup % 2000 2000

Muon momentum / WD /| RMS 0.95/0.1/0.18 0.95/0.1/0.18
AdamW 1/ B2/ €/ WD 0.9/0.95/1072°/0.1 0.9/0.95/1072°/0.1
Bias B#7RE 0.001 0.001

Balance loss tX & 0.0001 0.0001

MTP loss X & 0.3->0. 0.3>0.1

Dense warmup tokens 1T (Flash) ; Pro 1< —

Sparse 5| AKE 64K 64K

FIKEY E 4K > 16K > 64K > 1M 4K > 16K > 64K > 1M

SwiGLU Clamping : linear € [—10, 10], gate -5 10, Anticipatory Routing : overhead
~20%, ZEfMABEAH,. Newton-Schulz10#% : §i8 % (3.4445,—-4.7750,2.0315), /52#
(2,—1.5,0.5), MegaMoE BEithN#&E : 1.92x (V4-FlashFET) ; M 1.50 ~ 1.73x @A /
1.96 x RLrollout, FP4/FP8 C/Btt : V4-Pro & GB/s %% A hide 6.1 TFLOP/s (2d = 6144
FLOPs/Byte), mHC overhead : 6.7% of overlapped 1F1B, CPU #I&F$4 (TileLang Host
Codegen) : < 1us/iEF., Indexscores FP32->BF16 : top-k i&##28 2x &, 99.7% recall,



