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4. Y555 508 FE RIS
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® | hidden size

= 7168

® | num hidden layers = 93

® num attention_heads = 96
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® gate lower bound = -5

MLA g lora rank = 1536

MLA| kv lora rank = 512

® |attn res block size = 12

® | num experts = 896

® num experts per token = 16
® num shared experts = 2

® | routed expert hidden size = 3584

SITU 2%f beta 1 = 4. |beta 2 = 25

® max position embeddings = 1,048,576

kR : K343 1. ‘B J7 configjson,

2.2 —ZR|E M BRI

FRof5— 2 dense FEN Ah, 5 KAR AT LAFHfE A -

AttnRes embedding / block

RMSNorm
!
KDA Gated MLA
!
+
L
AttnRes /
i
RMSNorm
i
Stable LatentMoE
F— 2 shared experts
L 896 routed experts
!
/AttnRes

EBRNEZU TP ES

KDA -> KDA -> KDA -> Gated MLA

SIS 23 XA 4 B451, B 69 KDA + 23 MLA; ETREMM 1 4> Gated MLA, {RIERZ— 2B —E R4
J& attention, H A1 24 MLA, 93 2,
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Figure 2: The Kimi K3 architecture, organized around token, channel, and layer mixing, with a native vision pathway at the input
Each block contains three Kimi Delta Attention (KDA) layers followed by one Gated MLA layer, with each attention layer paired
with a Stable LatentMoE feed-forward network. Attention Residuals (AttnRes) use learned pseudo-queries (w) to derive attention
weights () over the embedding and preceding block outputs, enabling selective information flow across depth. Top left: the Stable
LatentMoE module with shared and routed experts. Bottom left: the KDA module. Bottom right: the native vision pathway.

JF#4 Figure 2 (PDF 45 3 Ti) . XiKEREFEMETFZRT: A5 H 3xKDA + 1xGated MLA [} block. Stable
LatentMoE 4 AttnRes; ZA{lJEJf KDA Fl MoE; JEXKZH MoonViT-v2 #jAMEZ. T SC&HHL# AT 8 215X 3% & E 0o
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ASCHBEAR R R IHPI2R -

o %% K3H4HEATA{A T introduced by .
LIR AL R LRI\ G4k K ;
Wek: K3 MU THIETAE. s PUBAESYAE IV ATIE . 04T PR SR LA A B

R

follows . |adopts |. |building on |43, R ZFRH

FEE, R R FRMREIE A", RRER Moonshot —%E 228 Ti%751% " B BERI BER B SCHkR
M, 4 AT A T XA ) A 24 SR I ER ST 8K o

Delta rule / Fast Weight
Programmers

Schlag et al., 2021

DeltaNet

Kimi Linear / KDA

K3 KDA

lower-bounded decay

full-rank output gate

Gated DeltaNet
ICLR 2025 2025 | ae==T
Gated Attention F
Mamba-2 / SSD 2025
Dao & Gu, 2024 Moo
S
~~~~
Sa
Kimi Linear Hybrid KDA- K3 Gated MLA
Transfc MHA MLA y. —> B ]
ransformer Kimi K2 / K2.5 MLA MLA full-rank channel gate
2017 DeepSeek-V2, 2024 NoPE MLA

ResNet residual
2015

Transformer PreNorm

residual

Attention Residuals

2026

Block AttnRes

K3: 12 layers/block
8 layer-blocks + embedding
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GShard / standard Top-k DeepSeekMoE LatentMoE

MoE fine-grained + shared experts 2026

DeepSeek-V3

aux-loss-free bias routing \

Quantile Balancing Stable LatentMoE
P4
Optimal assignment / BASE ’¢’
-
Layers / BIP =
Su 2026
SiTU-GLU
GLU, 2017 SwiGLU, 2020
K3
Kimi-VL MoonViT N Kimi K2.5 MoonViT-3D MoonViT-V2
2025 SigLIP init from scratch NTP
Muon Moonlight: scalable Muon Kimi K2 MuonClip K3 Per-Head Muon

ZA MR AR S ST

e Gated Attention -> K3 KDA / Gated MLA: K3 #g&#E Wik data-dependent output gate fi 3t B #R5] F T
Gated Attention [100], [HIHAFZEBIRAAG SRR (AR BEAT IR K3 ) full-rank channel gate J2 75 H13% 55 30
HEBUETTR . PH BT HER AR, B ELX BRI SE TAE

e Optimal assignment / BASE Layers / BIP -> Quantile Balancing: K3 g4 BA#5 | F 750 SIS S 40 BE 36
[112]; BASE Layers FiI BIP J&7 3 T3 B BE AR [F) R DA A B0 AM X IR . AR K3 it 5 B ELEEARSE
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4. PRI

4.1 Hybrid Attention [Jiifzhil

4 softmax attention R fEHRALR query #REEELLETA DI token, (HYIZE AEH O(T?), B KV cache [
ERSCAMER . ZifE attention/KDA B 5 4 9 [ € K /NRZS . EARBERN cache BEACKF, {HIA EMREATT L
AR B AR

K3 fygfr 2

o %43 )2 KDA: R, ALEHUK. recency-aware RIS FHRA

e 542 Gated MLA: 1R R R A ALK 2 ) token-token % 1 ;

o o BHiSN MLA: HifR logits Fijfii —IRIR & 4247 attention,

K3 45 A5 1 H MLA $# & “follows the hybrid design of Kimi Linear”, Kimi Linear B2 1F T KDA 5 MLA [
layerwise hybrid, FF#REHXT full MLA £ 9548 75% KV cache. FE 1M context decode FHEE 6 A, K3
FEAMRAMX SRR LD KT 2.8T, FHEP KDA decay. HiHi|J#H MLA 7],

e Kimi Linear: An Expressive, Efficient Attention Architecture

o DeepSeek-V2 fii] MLA

4.2 Kimi Delta Attention (KDA)

4.2.1 BT RS ARRLER

KDA AT LU T O ATFEOARBRER B . AT JLIIS H D S0 5t Kimi Linear — K3 KDA JUJJ2 K3 4% i B BRIA ) 4k
KA

1. Delta rule / Fast Weight Programmers: JHZk: attention FRRZSE — W TELL T F#HHY fast-weight matrix, #E
NHT B IEIHICICHE key J5 1) b T35 25 o
SEJR: Linear Transformers Are Secretly Fast Weight Programmers,

2. DeltaNet: {8 delta rule fif g 7] 3F17 B 2% Transformer recurrence,

3. Gated DeltaNet (GDN) : 8 Mamba-2 [#}] forget gating 5 delta rule 54, BEf

I fHORS BN S
Sk : Gated Delta Networks,,

Eﬁ
=
53
et
x
i
5
o
&l
5
=
o

BLACK / WHITE EDITION 11/59


https://arxiv.org/abs/2510.26692
https://arxiv.org/abs/2405.04434
https://proceedings.mlr.press/v139/schlag21a.html
https://openreview.net/forum?id=r8H7xhYPwz

Kimi K3 Technical Report - Architecture & Systems Analysis

4. Kimi Linear / KDA: I GDN Hyfrit/ SR B 23 J R key-channel-wise forget gate, ffifFfR recurrent state
(R FRBIAE A R EAL A A, FHRHTAE AP chunkwise 13k
ki : Kimi Linear,

5. K3KDA: 4581 LL Kimi Linear f] KDA 2R, $EINA T A decay 2HUFIERRE T T#E, Hrp lower-
bounded decay B #2455 T BF16 #{H 15 E 55 Tensor Core J{1%

4.2.2 PREFHAHLEH]
A head HIARZASH

S; € deXd", qt, ks € de, vt € Rd”.

K3 {fifil :

Se=(I- ﬂtktktT) Diag(a;)S;_1 + Bikv, 6: = S qu.

AT DR — 5 PR = A

1. Diag(at)S’t_lz
A key channel Fj F CLEIPR B R oy FIRIFRZS . BEAR %A~ head —A forget gate”, TiijE—4> head Y18
e JEE A A AN R LA 6 o

2. (I - Bikeky):
Hr T key ke 45 10 B 25 [HERR /S IEIH T, 3 5 18] 2020 S 20MIR) key HUICIZ BARTG B

3. +Bikwy :
IR EE B FE4 ] key-value SRERE NRZS.

e A query g MRS H L, B 6 = S, g0
X5 softmax attention ) [X | & :

* softmax attention fR77 [ 5 K/V, FFHE query SR HHF 5 A EA1:
o KDA fR—A> token AL S EAEHE Se. UG HBRBOXA & R PIRES

Bl KDA FHEFRZSABE token ARSI, Hi Wl b SORFELAZ token JRASTEAAFTE, &9 48 kA FRAR

N

A
BN o

4.2.3 q. kv v B TR JA A4

A~ head P FERIF SR
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v} = Swish (ShortConv(W/z,)), B = Sigmoid(Wé‘act).

| qth, k? = L2 Norm (Swish (ShortConv(th/k:ct))),

B THY logit i FRRASR -

z? = WgWiwt + bZ.

A R L

o [shortconv|: Ff4EINIRHAEBIEIEN recurrence RIVEASBBIMI: BT ACH kernel size % 4.,
swish|: HREEEHIELNE

o [zavorm(a, k) |: W a/k REF, #e3% delta update et IR

B: Pl token 5 L.

o PEIFARAS B £ b

4.2.4 chunkwise parallel: fi#it recurrence ANifi& GPU [[AJiE
7% token recurrence 5 ZH& EEF T4 E . KDA 3% chunk $f7:

o chunk ZJi]: & recurrent state, {f4RuE1H;
o chunk PJ#§: ¥ causal interactions A% jif, N = M4E[EIZE., —IRITFFTEE,

#% chunk size 3 C, M E i 5 j B R} channel decay Jy:

L
7 = 1Lty

i R
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O = (T ©Qu) Sy + Ay
———
chunk chunk

S TEREE chunk Fif ) 7 SURZS s 5 —IALEE chunk PATHY causal token-token { fif o X FEYIZRIN BE i F R FE I 5fe

%, MARB3) C R/ recurrence kernel ,

5244 UT transform fE S5 H Kimi Linear, K3 R&GHE T 4R

W

o

4.2.5 K3 Yz)—: lower-bounded decay

Kimi Linear {§i ffi 2%{2] GDN/Mamba-2 f] negative-Softplus:

g = —e” Softplus(z;) € (—o0,0), ap = e,

R AE chunkwise THHLFE Z# H R it decay HE%L. %7 g0 ATLAIJGFRSL, T ATRERLH . Kimi Linear JytboE 16-

token diagonal tile H1 {85 1% position-pair 4FFETTEREFE, A intra-chunk #RF .

K3 Mk :

g? = Gmin Singid(eAhZ?)a Jmin = —9,

al = ed e (e77,1).

X} 16-token tile, B3} log-decay BERRHITE (—80,0), FEHUIRKL e, 157E BF16 SN . X4 diagonal Fl off-

diagonal causal tiles #A] L) dense Tensor Core matmul, 2 B diagonal path,
X H RIS MR algorithm-system co-design:

o R IR — NG R
o SLFR H AR EE T Fl 2 PLAE R IE ;
o T IXMEIE, kernel A fESE— N~ Tensor Core J{1%,

FH 5% lower-bounded recurrence gate T/EALHE:

e HGRN2
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e Griffin

e RWKV-7

g Kimi Linear Kimi K3

s Kimi Linear: g e’ Softplus(z

Kimi K3 g = gumin Sigmoid(e?

lower-bounded

z D Position-pair Diagonal
[] Tensor Core

(a) Log-decay parameterization. (b) Diagonal-tile computation.

Figure 3: Lower-bounded decay and its effect on chunkwise KDA computation. (a) Kimi Linear uses an unbounded negative-Softplus
mapping, whereas Kimi K3 bounds the log-decay with a scaled sigmoid; the curves show A = 0 and g3, = —5. (b) Kimi Linear
evaluates each diagonal tile with an explicit position-pair computation, while the bounded range in Kimi K3 allows all causal tiles to
use dense Tensor Core matrix multiplications.

Ji#ft s Figure 3 (PDF 4§ 5 T1) . ZAZRESHIER, HERIAEZRG KL : A log-decay fii causal tile AFHFFZHMM
fi] position-pair diagonal }}4, fEf%4i—7E dense Tensor Core matmul, ‘B EETHE“ X AL ETE RS, A
H B A

4.2.6 K3 Yizh—: full-rank output gate

KDA recurrent outputfgfif head-wise RMSNorm, Ffi :

y¢ = W, [Sigmoid(Wyz;) © RMSNorm(o;)].

Kimi Linear f#ith I RARRR S8 K3 B N R 2Rk Woo IXTEBRE BN token RS P 352 H 45 SR A %
WIE, A BRI A R A

JEHR T B B R IR -

“Kimi K3 changes KDA’s output gate -+ to an input-dependent full-rank projection.”

B R IX —ERR N | data-dependent output gating |, Ff5|F] Gated Attention for Large Language
Models [100], X REAZ A TA P& A 7ESCHROCER . (HAREIR LN S K3 Y SCBl LR B %8 30 MG A S
derived from|B{ inspired by |, HL.I%A % H A LI o

MG B, E BRI, HIF A -
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e Gated Attention 53 {8 SDPA J5 i head-specific sigmoid gate;
o K3 KDA {fi & AAH5E. full-rank, channel-wise % H gate;

o HMEFEZILEIERE: &I T Y FiH A\ UGEH attention 52 BB I 1) K3 R4 [100] 7 RAH
&, T full-rank channel Z24{bJE T K3 1EASC H ) EAR 5230 o

RXPARLLIE AT BESR B 0647 TARRIZ %, o] B2 1 Xyt 3 e 3 A N A e 1 [ g g e 7 i s A
AT IATE I X 57

4.2.7 KDA [AJUESHURAT
i 35

o YIZRHN prefill W] DUECEI T LM 5 B AR EE
o decode fifi F i &€ /K /)N recurrent state, FNEIZLREAN KDA BIRFER T B A KV;
e NoPE [l RoPE scaling;

e recurrent state B T EE & AE #H prefix checkpoint,

Reffr:

o JiHh roken B 4 BEIHE A RRZS, FENE RS

o recurrence Xif GPU I3 A KYE, 5% FlashKDA F1 KCP;

e speculative decoding [RIVERIME, F A state LM% R Mk ;

o KDA state B PRf)FHIEK, (HEA state & dy, x dy, 2 “E cache”,

4.3 Gated MLA

4.3.1 MLA MMFESR

MLA (Multi-head Latent Attention) Hj DeepSeek-V2 $2H!; K3 IREWHHAM F T “introduced in DeepSeek-V2” ]
Fiko ORI EA token [ KV 5 B HEB{K4E latent:

cf{v = WDKV:ct,

FYE attention &N learned up-projection B4 head | content key/value, AR K AZLE A head 158
#K/V,

PRt :

o MHA £Z2¥74 head 528 K/V;
e MLA Ig%ﬁ/\%ﬂlj/ﬂ{:éﬁ ctKV
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* decode [ cache ZRFNBAFH 9 W& FE K.
WA
Transformer MHA

-> DeepSeek-V2 MLA
-> DeepSeek-V3 / Kimi K2 / Kimi K2.5

-> Kimi Linear KDA-MLA hybrid

-> K3 Gated MLA

e DeepSeek-V2
o Kimi K2
e Kimi K2.5

o Kimi Linear

4.3.2 MLA X NoPE Mzl

K2/K2.5 gt MLA fifi fj \2 3, positional encoding; K3 fRf# Kimi Linear, £ MLA Efifi f] NoPE:

e MLA HJ query/key ANJitiil RoPE i H Al . A7 B 4w 5 5
o (iBE(ERFEHIMLIH KDA jFid recurrence. decay il ShortConv a3k
o MLA LT AZAL B HIGL W 2 /N 2R DL

NoPE Jf AN RRE B ST 2 RMF 5 8 HAFH fE 2

MLA 53 AN E AR /AL B AR BB 3 a/k, {HA N\ MLA [ hidden state 2242485 A J7 [ H) causal
KDA I E T, B A3 U715 8 o

XFEMGA A —A TR AR - I 64K P @B IM B, AFFEE I RoPE base. fifffifEis YaRN,
o K3 212 %134

o Kimi Linear

o XHLFIAYK EFC RoPE HJ#: YaRN

4.3.3 Gated MLA MM G| JHEALE
38 MLA 13- 215K 144 H o, K3 #8n:
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yr = W, [Sigmoid(Wyz;) © 64].

Bl Gated MLA T B Hiid

DeepSeek-V2 MLA
+ Kimi Linear NoPE hybrid

K3 [100] data-dependent output gating

K3 full-rank channel-wise gate

K3 Gated MLA

IR & AR RE B RS T 5 token” s Jj H token FALELAT) H MLA attention Yig. [ J#EK AL attention K4
ZJa . YE AR 2R attention P IAEIE, % DR IRLEMLE”

X HL AR 95 B RO T

o MLA — K3 MLA: R HAHEIEEE MLA B DeepSeek-V2 21, Ff#% Kimi K2/K2.5 3% ;
e Kimi Linear hybrid - K3 NoPE MLA: #45HH#’5 T follows the hybrid design of Kimi Linear |;

* Gated Attention [100] <> K3 output gate: R4 5| R AFITIREARMINE, (ABEA A REIEIRE, BT LA
[100] 5 i, K3 gate fib I — sl ff < o Lo

JEHR X Gated MLA f)—4 1 5 S -

“Kimi K3 augments MLA with an input-dependent, channel-wise full-rank output gate.”

4.3.4 FP32 attention output

i 5 ARG BE FlashAttention JRZERF ST, I\ ARG BESR H Bt & N IR ZE VT RE R BURG R IIGATRE, Bk
2R B8 FP32 attention output,

X2xil output tile f 5 E 5 FHEIE, T8 K3 kernel AHiEE S query tile 4t shared memory, T 2B H2HEN S
KV staging buffers B8, LIE{REHIRIE) KV pipeline,

o Why Low-Precision Transformer Training Fails: An Analysis on Flash Attention
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4.4 KDA 5 Gated MLA [/} T

HE KDA Gated MLA

VIEEZ [ XE K/ recurrent state 4§ token latent KV

FFEIE KB bl i3 425 attention , T 5 K
(AR recurrence, decay. ShortConv a4 q/k 75 NoPE

KIEE R Wi EAA A R ZS AT LAEHEV 7 3 token

FEER B AGAA sequence mixing TR B A B R
EERG A recurrence Jf{T. state K E T30 KV fil4:J7 attention i

ZH— AR B2 — KR attention” , [H o KDA JEAEJEE 1, B RERSRBEAN TS BRI
PR

KDA DUERGFICICR SR B AT T 3 . MLA (5 UR BRI G I IR A 48 Y 425 13 U iE o

Y re<d

4.5 Attention Residuals: {5IRFEfi attention

4.5.1 [AJBE L

58 PreNorm residual 7] DL :

-1
h;=hy + Zfz(hz)
i=1

BT g B 2 T DA A R 1 BN — > residual stream, [l PR BEHE NN :
e hidden magnitude T fEHEK: ;

o AP AN residual [ ELIAE N ;

o RUFRIRTCIERG B A TR E R

o UREETT MGIE TR B 4R #E—> RNN state,

AttnRes %02 =2
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Transformer attention recurrence

AttnRes attention residual accumulation

P 30 5 SR -
e Deep Residual Learning / ResNet 5 Attention Is All You Need: i residual stream {7 ¥ & 5

o Attention Residuals: K3 Hi#f=% ) AttnRes J5ik,

4.5.2 Full AttnRes

81 BEAH— % 2] pseudo-query:

q = w E}Rd.

key/value & embedding Fl 45 I /i 247 Y :

R 7 i=0
T Ai(h), 1<i<i-—1.

Wy
exp(q, RMSNorm(k;))
Qi) = )
! Zé;lo exp(q, RMSNorm(k;))
-1
hy = Z Q10
=0
JUAS B YA :

o pscudo-query w; FEAFEZESIMBH, AH4H token B
o A key B token LEIREFIIFR, FF LU 4 input/token-dependent;
o RMSNotm [ 13— 2 (US4 HH BB L B AR 2B M sofemax:
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o depth L <100, FHM O(L>d) BA 2 £ ZjH i ;
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o HIFEFHRMYE A B TR O(Ld) activation memory, DL} pipeline stage [A]38 15 o

4.5.3 Block AttnRes

K3 Y4 BB ] Full AtenRes, i 240 93 24245 12 24 block:

e block1: 2 1-12

e block2: 2 13-24

°

e block7: )2 73-84

o block 8: 2 8593, FrJg— | 4& partial block

o embedding fE M4Hi4] source
H & 8 4™ layer blocks, il embedding J53E4 9 4~ depth sources,

block A ANRAF&E—ZAF A5 block A7, value, iR it

bo =Y fi(h).

JEBn

i block f55— )2 H attend:

[bO: bl’ sy bn—l]a

W 2 F AN 24 i block B AR partial sum:

[bo, bl, ey bn,l,bifl].

e

o [ block: Fi attention 5 e FEHIEL 5 ;

e block P : {5RFH &R 2005

o memory/1B{FM O(Ld) [&F] O(Nd);

e online softmax AU block F17 45 124 Fij block partial sum &3

BLACK / WHITE EDITION
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4.5.4 5 mHC/Hyper-Connections [J%H
AttnRes Fl] DeepSeek [f] mHC # e 3% residual stream, {H AR EHIEMIR K R

e mHC/Hyper-Connections {ii[i] T 43524 residual streams, Ffi3d 5% 2 ML E stream 2 GRS ;

* AttnRes {7705 50 R B block 7R, I softmax YETRBELEBE N A R K -

IS AR B AT 0l residual ST A PATHELR” . T AZ AttnRes I mHC jEALTIR

4.6 Stable LatentMoE

4.6.1 &R

Top-k MoE / GShard

-> DeepSeekMoE routed experts + shared experts

-> LatentMoE shared path routed experts latent width

-> K3 Stable LatentMoE
+ routed aggregate RMSNorm
+ SiTU-GLU

+ Quantile Balancing

e :
e GShard

e DeepSeekMoE

o LatentMoE

4.6.2 ¥Rk
Xtz € R7168:

1. i~ shared experts B 324N full-width o, 2%2>] 38 F AN,

2. routed path JG[% %] latent:

z =Wz c R¥,

3. router fF 896 /4~ experts H11k 16 4, expert £ latent space HF1 AN z,

4 %16 4 expert i HAGRA:
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u= Z p Eroved (W ).

5. B4 J5 RMSNorm, FF|[H] 7168:

2
y= Z Eghared(z) + W, RMSNorm(u).
=1

“16/896, sparsity 56”7 routed expert pool Hi4 token HIE 1/56, {HASRE faj FRd B LG4 1/567, Ak
attention, shared experts, down/up projections. router FIHfhIE expert ZE{54R % token HFT o

4.6.3 Latent F /Xl expert pool ¥ EHIWER]

3l MoE £#iE—> expert, #E:

o JH5E#k 7168 4k token dispatch %] expert rank;
o HY full-width expert Y ;

o JESEEE expert HiyHifE Al

LatentMoE il routed path ¥£ 3584 4 T /k:

® J#fF payload Zy;
e 43/ routed expert fR% N4 H A ;

o YEMHIE active compute | R] LIS expert pool FiI top-k,

PR LRUGZNE.

R W, F1 W, routed path K% B g GEMM, BB 2 RIS R EMEREH . X IEA: K3 #5fl Stable

=FERER .

4.6.4 fawEfk—: routed aggregate 5 RMSNorm

Ji LatentMoE {1 :

u = Z piE;i(2)

HEGEN Wio A token f expert ZHEH] router EAR , u BREHRREN. K3 7E EBGEHEf RMSNorm:

BLACK / WHITE EDITION
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Wiuw —  W;RMSNorm(u).

YEH :

o [ expert mixture i REAELL
o ik ERGEAREIRK outlier;
o il routed branch 5 shared branch &35 2 E .

45 B RRIX — 2 norm [B] I i3 validation loss 1 FijF benchmark, {H¥A /AT I (EFE .
4.6.5 fasEfb—: SiTU-GLU

M GLU %] SwiGLU

GLU:

Sigmoid(Wyz) © Wx.

SwiGLU:

(Wyz - Sigmoid(W,yz)) © Wa.

SwiGLU § ARk Bl - AT RETC S s 24 I ) Ik BR R ARBRINY . SRAR Sy P2 activation outlier, fIUHE BEIIIZRITH
fEk o

e GLU / Language Modeling with Gated Convolutional Networks

e GLU Variants Improve Transformer / SwiGLU

K3 [ SiTU-GLU

K3 %} gate BZ& 1% I FF up branch 43 #fi§ smooth cap:

BLACK / WHITE EDITION 24/59


https://proceedings.mlr.press/v70/dauphin17a.html
https://arxiv.org/abs/2002.05202

Kimi K3 Technical Report - Architecture & Systems Analysis

SiTU - GLU(z)

[ﬁl tanh (

Wz

1

W,z
B2

)}

) ® Sigmoid(ng)] ® [,82 tanh <

¥

R :

o JFEMHE Btanh(z/B) = 2z + O(2°/6%), —MrfT A$EIE SwiGLU;

o RIEfELRS PIAZ b B 701 f A
o A ALPRIE L :

| SiTU- GLU(2) |00 < B182 = 100;

* itk hard clamp, tanh YE I AR A B o

SITU-GLU J& K3 4 #42 H 2. ity RN 5128 7 PowLU SR s TAE . (HBAT A W] SITU )\ PowLU JRA: ;

AR SR HAN g [ S DR B 46

Gate branch Up branch Curve
fil=) | fix)| = 51 8a III 1
GLU [26] o(x) o S o PR
|I SiTU-GLL - 6L
| -
| al
SwiGLU [108] x-o(x) T | /- /
|
SiTU-GLU el tanll(,'ﬁi) ~o(x) B tanh(._ii) ol i — i
H1 =2 —10 o 50 100

Figure 4: Gate and up branches of GLU, SwiGLU, and SiTU-GLU, together with their scalar responses, where & denotes the
sigmoid function. Both branches receive the scalar input z, and all curves share the domain = € [—10, 100]; the inset magnifies the
near-origin region. SiTU-GLU, shown in red with 5; = 4 and 32 = 25, closely follows SwiGLU near the origin and approaches the
bound | f ()| < 182 = 100 for large positive inputs, whereas SwiGLU remains unbounded.

/Y 100 IERE Bifa =4 x 25 HIZAARR L5

Jifiif Figure 4 (PDF % 7 W) . SiTU-GLU FEFGMIUTORE SwiGLU MRHMIR., HITERIANAHIRS STHCFE BRI (E: L2408
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4.6.6 faF/L=: guantile Balancing (QB)

$B—F: 4K auxiliary-loss-free routing

DeepSeck-V3 f] auxiliary-loss-free J5¥E454F /> expert —A™ bias b;, FHHF Top-k HEfF:

s; = Sigmoid(W,z;),

Siyj

T; = argtopk(s; + b), pij = E—S
reT; Ot,r

R :

o b Y expert RTHLL:

e HIF mixture weight {15 s;;, A& b;;

o [H It balancing bias A~ B 321 LM loss 78 N AMEE

Sk : DeepSeek-V3 Technical Report,

JR T 4% expert 33 B4/ 33 ¥ (MU /E K sign update, 4K RN, KRR AR IR ; 896 experts BfiXA™
Ji] 75 B P
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{a) Imbalanced routing (b) Quantile Balancing (c) Balanced routing
£ Ea Esg Ey
t1 ik i i
ta Lo ' ' L&
ty ' ' + L5
ty * ' ' ty
_ ; : _

: - ‘
. I | .
tr I E* s

ta (O g ' * iy

Figure 5: Illustration of Quantile Balancing with m = 8 tokens, n = 4 routed experts, and & = 1 selected expert per token. (a)
Token-wise Top-k routing (tokens on the left, experts on the right) produces loads (4, 3, 1, 0); darker circles indicate overheated
experts, whereas faded and dashed circles indicate underutilized and dying experts, respectively. (b) Each gray bar is the margin of
(L) (t)
i %

the currently biased score, s; ; + b . so the row-wise maxima reproduce the routing in (a). The dashed red line in each

column is the bias adjustment bgl:' — Bi' ), placed at the (g+1)-th largest margin so that exactly ¢ = 2 margins exceed it. The
marker % denotes the row-wise Top-k choice after subtracting the column adjustments, i.e., the routing in (¢). (c) The retained
choices yield the balanced load (2, 2, 2, 2); red edges denote assignments changed by QB.

Jidkty Figure 5 (PDF %8 8 TI) . ZM&5E Top-k A 4/3/1/0 K, HHAEA expert W) margin e
B bias, GAER 2/2/2/2. EHEMERT 0B FAEBEM—NNZ loss, MABH F—F il expert-specific
threshold,

B 2p: 0B EAEOR” HAREXS M AL

#—" global batch #5 m tokens. n experts. 4% token & k /4, M4E4~ expert PBLAEFER N -

X4 token SEHY biased score s; + b®) i} Top-(k + 1), 4 k+ 1 ZH45%L agt) S expert BHHE Top-k (W4 AE T 1)
cutoff,

%} expert j, #ZLJFA token ) margin:

Sigj — Q.

WHEX A~ margin ) 1 — k/n BRI, BAELLIGLFZ) g A token i cutoff:
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7 (t+1 .
b§t+ )= _ quantile; g, (8:)]- — a(t)>-

SRIGEAFPTA expert LATHI I (A 75 -

pl+l) _ pl+1) mean(l;(tﬂ))l.

#7 bias T — training step A 4R, #EG Y] batch Al H C4e it R BRER . (RIEFRRME. HEFN BHR S5 R
bias, i quantile,

=20 tHA sign update HIfRALKFE

[t 37 3 385 B B—~ — 43 & balanced assignment:

max E TijSij,

2 e{0,1} 7~

subject to:

k
zj:$ij:k, zl:x”:mT

H LP relaxation A bipartite b-matching polytope FJ integral property M{fIr 8 5 S i . XHE b B4y 51 %} token
threshold a; I expert threshold j; fif coordinate minimization, FHANF- Al H P AR & 1 — k/n quantile,

PRIt -

e sign update JUfi I “SABURZZH T 17)”;
o QB H#EPkF Y4 Hi coordinate R Ff); threshold;
o RREEIHAM 7.

W& 5| -5 AR IR -
o JREIFK: MoE BRJFL 6, ety Bifetyf: K3 #iRhrE QB Bk BIwhTI Al :
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e BASE Layers 5 Binary-Integer-Programming Based Algorithm for Expert Load Balancing: 7~ T % B &4
FCHLAR . KO RS R ENEIN QB M EHORIE

o K3 C X QB 43 Hi554 LP dual ffE 5.

B0 43X 4)R quantile MY
KR EE T m x n margins AILSL, K3 B2, 4 expert i3 histogram:

o £/ rank FEZSHI E 1t bin counts;

o — K integer all-reduce &34 )5 histogram ;
e M\ cumulative counts 1 FRF| H Fx quantile;
o fF expert {ii ffj £) 1000 bins,

e 2 AR I -

o quantile £ ZE AN bin width;

o EfFR token Hm JoRK, LT experts R bins £

o EfEHAMETZ micro-batch ZZH raw margins fJ 1%

o [ counts A, 4HEEIE pooled global batch quantile, i AR RZAM % rank quantile 4,

4.7 Native Vision: MoonViT-V2

4.7.1 FIRIRZ

Kimi-vL MoonViT

-> Kimi K2.5 MoonViT-3D
/

spatial/temporal factorized attention

SigLIP
-> K3 MoonViT-V2
/

next-token prediction

e Kimi-VL Technical Report

e Kimi K25

4.7.2 B4y

e 27 ]2 Vision Transformer;
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27 401M 25

hidden size 1024 ;

12 attention heads;

e patch size 14;

e RMSNorm;

linear F] attention projections ¥JF5[4 bias;

BRI 58 & LT encoder 24

e spatial attention F] temporal attention 43 AT ;

e temporal pooling [E4EHLAF s ] 4 token ;

e projector Fijffi i 2x2 pixel shuffle/downsampling, 4 token Zr4E/N 4 4% ;
SCHHR 2 3584 x 3584 HIEIERA N ;

%25 MLP projector UM FE 7= Mg 2] 7168 4 LLM embedding space,

4.7.3 \FI%E sigLIP HIHafbriE
K2.5 fi{] MoonViT-3D K #fi contrastive pre-trained SigLIP #Ji5fk. K3 B4Rz ) :

o  SigLIP WG IR ASTERE Sl 25} vision-tower gradient norm B 5 H i 221
o MEYIZRH MoonViT-V2 5 B B P43 ;
o LN SigLIP B baseline 4124,

YE# W R L, next-token objective ¥ EL4ZIEMSEFFAE S 18 A I THE S 4. OCR. 53 A 40kL BE L S 28 &
M7~ , 1 contrastive objective B {f [A] 4> J&)iE X o

XTHIEHE R TR K3 IR R & I 2R B T J0 R SigLIP F13Afk”, (HASRESME AL /NI VLM #5435 240 56
BIZ o

4.7.4 “JFAESHES HIHERGE X

K3 AR 5E kaieas LLM, FHhfi vision-language alignment, Jij g :

o MG IF1Em I F 4k vision encoder. projector F LLM ;
o K token IR token 3 N [F]—> next-token prediction HFp;
o BB M. EGLR. RS LA observation W] PIALTF R — b F 3,

EAIRA A ILSE encoder F1 projector,  Jif LLJRAE" AN T IR K BLHEPENIE 5 Transformer”, T2 YL 3L %
TN Z— T aA iR B i EARER — 37 o
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4.8 Per-Head Muon

4.8.1 Muon %%
Muon 46 [EZ % momentum ff Newton-Schulz orthogonalization, {ii 58 3 B8 422340 4 2% 8] H 1R IE A8 4L 77 11

B

Muon

Moonlight Muon LLM weight decay / update RMS scaling

Kimi K2 MuonClip QK-Clip attention logits
K3 Per-Head Muon Q/K/V momentum head

e Muon JF15H1E B
e Muon is Scalable for LLM Training / Moonlight

e Kimi K2 / MuonClip

4.8.2 Per-head ZHfLRYIITZHAL
FIE#EA Q/K/V projection matrix X4 fli—AN F4A 4 IE 24k -

e gradient/momentum B K [f] heads £ AT H 71 ;
o /NRJF head B AT 74 1H—1k;
o nJu] heads {2 S BIAS AN LB HIFR A o

K3 ¥ head 4E4)]43 momentum matrix, 454> head block J#i 3744 Newton-Schulz:

* % head FEHT R EE T M ;
o REANIGETRE:
e tall per-head block F2 X bt 52 % AR R I A5 “EL o

A ¥ A 25t Per-Head Muon f{Ji 37, loss/benchmark JEERAC(E , I HWAR H & € VERIR .

4.9 MTP 5 EAGLE-3 draft

P2k s B K3 fifl—F MTP (Multi-Token Prediction) , MTP B4k 7E DeepSeek-V3 thl B T4 55 i 1)1 2 H
PR J5%E MiMo-V2-Flash JE7 T3 MTP E %3 i speculative decoding draft )&%k .

K3 J5 4% — 2k g i EAGLE-3 4% draft:

e target model {4 %% ;

o HiI|%: draft layer Ff1 feature-fusion projection;
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o U 1. 5 4 FlEcf5—A AtenRes block FAIK/ Hr /&5 R HHIE ;

o PRI W %) hidden size;

* Wps #1461 A (0,0, 1], FFAGIFEEM T 2 MTP J5 R 3R 0 & JEHFAE ;

o IZI} unroll 7 47, {kJE4E draft step i H] B CLASGHTHT . WS HERLER R AR 5
o f#if] LK loss B35 Ak lossless speculative sampling acceptance rate :

Lk = —log ) min(p(z),q(z)).

zeV

e DeepSeek-V3 ff] MTP
e EAGLE-3
e [K Losses

e MiMo-V2-Flash ] MTP draft / MOPD

ARG LICTK T8 MTP, i 24 §ij 23 JF target checkpoint ] | config.json | NMI{Es%
num_nextn_predict_layers = 0|, PEXN LMY B — P REAREAR : MTP ERZRAR ST drafe £f
., %A target backbone [H T ASFER 7 next-n layer, 23 FFAARE AN 2 DU IEX — il FE, A4S LUK target
config 7 %€ FI 2RI BLfE F MTP,
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// CHAPTER

5. TIZE

5.1 Hdia

SR
e Web Text

e Code

e Mathematics

e Knowledge

NG o
e caption
e interleaved image-text documents
e OCR
® perception
e video

e visual coding

SVG. 3D asset. FIG{ i, CAD R0 + JE Jugh K44

AL T
e rule-based filtering;
e classifier quality scoring;

e deduplication;;

o ARIE/AMETY L E % domain sampling rate;
o X} knowledge/math {ifi ff] K2 )] rephtrasing pipeline: % X#% prompt. chunkwise autoregressive generation. 5
A4 fidelity verification;

o ARbRIE R I 6E A 2 ARBRA [0, 1] 13— fbARKR.

Pk ]
e B A TF

o K3 il %5 tokens;

BLACK / WHITE EDITION 33/59



Kimi K3 Technical Report - Architecture & Systems Analysis

o £ domain token Hff;
o BIRHIE L

e vision token B & ;

o HHE cutoff;

% epochs,

LI R AR K2 f915.5T tokens RRERT 3 K3 MIUIZ R K3 SEMUME A RS TAIRR EHA ., fSIkEs
BOFESE
5.2 Scaling law

K3 B % :

batch size

e peak learning rate
e tokens-per-parametet ratio
e model shape

e learning-rate schedule

VEZ ¥E held-out OOD validation data 34 K2/K3 scaling curve, FFR K3 ¥E4H[R] validation loss R Y5448 4) 2.5 (3%
FLOPs,
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Validation Loss

- == Kimi K2
- == Fimi K3

-
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1921

Jiits Figure 7 (PDF 45 11 T0) o MY 2.5x FikEmIEMARLA validation loss i FLOPs Lhffil: BEAR
wall-clock JIiE, WAREDMREIFEA ML 1

fA 3B AT g cosine I WSD 2 & H 54l batch size 5 peak LR, %I cosine F2& loss B {k, K K3 Hh$%:

e cosine decay;
e 1% linear warmup;

o weight decay = 0.1,

BACBITER G B, FOAARIFE schedule 315 7] —2H 8 2 2o ff 1) 1R 4F D B 4L S 1 —T7 o

HEPEA A

K7 BAATEy B EAR loss B (B A 24 BEXBSAAMER. R DHEZHEI8R:

B K3 architecture + data + recipe ¥E R & OOD loss scaling & AH %t K2 45 %] 2.5 &% compute

efficiency,

ANAT AHEH -

o KDA Bk 2.5 f%;
o K3 jI|4: wall-clock e 2.5 % ;
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o K3 4 token #EFH AL K2 4K 2.5 1% ;
o 2.78T K3 HFE K2 [ 40% M 4%E 4.

5.3 K E N R

PUpy Bt curriculum:

8K
-> 64K

-> 256K cooldown

-> 1M cooldown

S TR /INER 35 P B0 B AR R I P 41 o
K BT SR AL R

e exact/fuzzy dedup;

o i frame perceptual hash;

* ER binary blobs. #Wi A FTeRblas HE. HEWH:

o BRSO FIK AL upsample;

* & permutation/concatenation {£:45, HURMIEHE AT £ 58 1M context, {F{E:45ANRE S JRHTE D k.

NoPE iy 8 ANFEEM RoPE, EIEf# IM Y| Z vl 170 RG240 442 KDA Context Parallelism,
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// CHAPTER

6. Jaill%

6.1 =FrBiifs

SFT 9 4~ RL experts Multi-Teacher On-Policy #i— Kimi K3
37 agent/tool-use ¥ R 5l 3 domains x 3 effort Distillation low / high / max

6.1.1 SFT

o fif l§ Kimi Z %1 b {f domain-specialized models & i agent trajectories;
o LB verification;

e human-in-the-loop annotation;

o Z—JFH{k A XTML chat template ;
o I\ SFT [y B 1R it MXFP4/MXFP8 QAT,

RAE A N TP SFT #4450, token %, steps. batch size. learning rate BYAEfFIIAR o

6.1.2 RL
=2K domain:

1. General: 18 HZAY . e #EPE. faithfulness, search, knowledge work,
2. General agents: I} assistant, deep research, paragraph-level writing,

3. Coding agents: SWE. coding experience, kernel, web development,

F2Ri)|%: low/high/max =Fift effort, FLJ 4> teacher/expert policies,

Partial rollout

FHXS N A prompts £ R K 4> completions, 3t NK trajectories, ARAFFRFRIREEW, METE ANK FKEHMNE
% rollout:
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o SR %Z: policy optimization ;
o RIEBHIIRAFRASFN sandbox R
o |— iteration {5EIKE .

YA Kimi K1.5/K2.5 ] partial rollout JEARE , DL/ TS5 straggler tail, K trajectory 5 iteration 2324
stale/off-policy data, K3 fifi ij per-token regularization BR ] policy update i JEER25 (b o

o KimiKL5

e KimiK2.5

Effort control
M BB 1T cold-start budget by(z). i trajectory token 2 T'(y) #8iL 7bo(z), reward HAZRH -1:

e general reasoning: T'(y) £ thinking tokens;

e agentic task: T'(y) f§F reasoning, tool-call arguments 28 B[4 H .

SEHEER 7 %k max, B AR E] high Fl low, B3R DETIE LR FRIUTS", AR A AR A
Wr Ji]—~ policy,

Agentic GRM

JE A B HEAT- 45 ] tournament/group comparison :

1. B ERLE Bk deliverable;
2. B J§ rubric;

3. $% rubric {43 ;

4. BRI E 5 N scorepad.,

[5] IS F 2R fB) effort budget f BEAE T Ik RY @ 1 T KA i reward hacking,
6.1.3 MOPD

I LB R Ee XA ensemble serving, i F Multi-Teacher On-Policy Distillation & 3fpE—AM 7Y,

%} domain d. efforte, student | LA i token y;, FHM teacher 5% token dense reward:

d,
7T1(;eaec)her(yt | m’y<i)

7r0(yt | €, T, y<t)

Tgpd(yt) = Clip <Sg IOg » —Rumax, Rmax) .
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BRI
e on-policy: JRZSHKH student F 2L£1)7 [A] %G ;
o dense supervision: £/ token F{A teacher {55, A HA trajectory K reward ;

e multi-teacher: 3 domain FI effort ¥ teacher,

MR A 77 5 HA TR 5

e On-Policy Distillation;;

e MiMo-V2-Flash [ MOPD;

o K3EHEMTZ4ER= effort fgE—HiA,

A FReikid top-k logits distillation, {HI A WIEE 2 B B SR LML RE L

6.2 RL IASEHHESS G

Unified white-box environment

{2 agent harness {5 iy A 4 S4Bk -

e tools

® system prompt

e context management
e skills

® memorties

e subagents

® interaction protocol

Bt B H A Kimi Code. Claude Code. Codex. OpenClaw, Hermes £ harness, [RGB — T H
schema [R5 o

Knowledge-graph-guided synthesis

o JHIKLEE seed nodes FF45;

* agent % web I 9y & DAG;

o MMt GEAEEMERCATA;

o AIFREERAE— A B A RS

o RERAFMEE;

e Fi#Z coding. knowledge. vision ZE{T-4525F & i H .
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RS
o LB RIEFA LA TIE:

e Python-in-the-loop 48 HEFH ;
e CUDA/Triton/CuTe/Gluon/ThunderKittens/TileLang kernel {f{k ;

e Gmail/Notion/Slack/Canvas mock apps;

o BELZMMIH. 4T tool calls. #(H Ji Bif context tokens H}] personal assistant;
e Autonomous Execution Tasks: H#ZHER. . T.EHFN verifier, 5B EH0
o web development: Wik JiEK. 3D/WebGL. ##Em{i{k. SVG. full-stack,

KBTI 5 reason -> act -> observe > verify -> adapt” RIHIFR, A HIZ—UcHE %«

6.3 ERFRAVEIZR

MXFP4 QAT

routed MoE expert weights: MXFP4;

e routed expert input activations: MXFPS§;

e attention projections. latent projections. shared experts, router Z5 {4 B R ;
e SFT ] RL £ QAT;

o rollout FIYI|Z:{i FAH A &4k scheme, #Eff train-inference mismatch,

MX 43X Bl block shared scale i bit T3, 1EHEARIZAE 2 7.
HeiR:
e Microscaling Data Formats for Deep Learning

e Quantization and Training of Neural Networks

B &0 config i ;v MXFP4 weight group size A7 32, FFHAHfZ M attention., shared experts. LM head. vision
tower, projector Z&fEHL

BLACK / WHITE EDITION 40/59


https://arxiv.org/abs/2310.10537
https://arxiv.org/abs/1712.05877

Kimi K3 Technical Report - Architecture & Systems Analysis

// CHAPTER

7. Falistit

7.1 RDA [JHIE- RS

FlashKDA

KDA # chunk p§Ff47H0 chunk [d] state fEgE A& kA, FhELIL1E GPU FE state propagation [y B2 A o
FlashKDA :

o HF CUTLASS:

e 4 token-parallel stage 5 head-parallel recurrence 43 FiJF B ;
e ovetlap chunk PN3&F1EE chunk state propagation ;

o [A|If RS training F prefill;

e {E& FLA | chunk_kda  HYJH 3l backend,

o FlashKDA B G
e FlashKDA v1 deep dive

e Flash Linear Attention

BEN cp

ali TP H4{J] heads, L4544 recurrence; % rank H /& heads [}, & prefill £/ IH47R . K3 ¥EE GPU 1)
SM Z [H]## sequence segment Y43, 7K B transition, FRAFHHE IF& B state. M REA A 15 ¥ il
{_‘ﬁ‘o

51X %% KDA Context Parallelism (KCP)

£/ linear attention ] state update Z2HIEH), & rank PAFEH local state J5XFRTZRRFEI T . KDA 7, H M-

Sy =M;Si1+b, M, =1I-Bikk; Diag(o).

—B% token X}# N state [RIVE F A2 B84l if—A local state, Jij4& affine transform:
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Sout = Msegment Sin + Ssegment-

KCP il &/ rank Z 44
e cumulative transition Megment ;

o M S =0 FIEESH local write gsegmento

XL pair A PL&5 A composition, j@id prefix scan PR E & rank [ IEFf incoming state, {E A5 —IK fixed-
size all-gather, T A58 #7541 K BE K H KV blocks,
#H 3% sequence-parallel TAES K3 fX H:

e Ring Attention: full attention [{j4:JF 41 CP;
e LASP 5 LASP-2: linear attention sequence parallelism

e DeltaNet context parallelism ;

o K3/KCP: fEfinfh prefix sum ) %] affine transition pair,

KL TAEH TN KCP Fr Ak inldi=s i By BAshS 1 B 40 ASONEE ATm i KCP g s SE 3R I -

N
7.2 3T Fiil|%:

IHATeE

e DPipeline Parallelism (PP) + virtual stages;
e Expert Parallelism (EP) ;

e 7ZeRO-1 Data Parallelism;

o Pipeline ZeRO-2 gradient sharding;

e Context Parallelism,

WERANTF& 430178 GPU 5%, GPU #l5:. MFU. tokens/s B, step time,

MoonEP: perfectly balanced EP

WiE EP A [a] 8 :

4 rank token load [E], FI rank PJL5E step time;

e per-expert shape 43 )2, G545k
o 7S shape §3( memory fragmentation ;

o host F[G]} device A H1iE SLFR expert GEMM shape,

MoonEP fifi f§ dynamic redundant experts:
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1. ¥R Y B micro-batch. Y472 router iy HUEELRIN K TT 4% expert;
2. forward expert compute Fij Pl B HAN E ;

3. backward T4 expert #f B reduce [u] home rank;
4. fRUESE rank [5IHFEAKC S x K tokens,

WHENI4S rank BB £4 B/R 4 redundant expert slots BT {fAEAE R router it F#A W14, T HLi% upper
bound F£7s tight,

Ay perfect balance 73R RGN ES

o JFf rank HHEEHE ;

e shape ¥4%, LFESAE host sync;

o fused permute/unpermute HEHE token B N\ jmifi &k expert-grouped {if & ;

e communication buffer FHE R S x K, MAREIMENL T S x K x R;

e shared expert % F stream 5 routed path overlap,
K
o MoonEP B Ji &

o XfEbFLZR DeepEP
o RS Y ET UltraEP

%i— activation manager
F~ backward-saved tensor FEA] HE:

e recomputation;
e blockwise FP8 quantization;
e CPU offload;

e remote GPU offload;

o LU tensor HLEEAL A

JiA GPU memory B compute stream 1] Bi— pool £l , activation #%# layer prefetch, Ff51}44 overlap,

MoE memory

e H'H router probability gradient, {ifi backward SR #i 5E#% forward output;

o forward H{%-7FE dispatch #j N ;
e backward FEF dispatch PI{KE group GEMM % A\ ;

e recompute communication & group-GEMM backward overlap,
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AttnRes memory

e block representation ¥E A H A fli— K
o JRZEHE

o AttnRes N EB5E%#% checkpoint;

e pipeline stage Z Ja] A& %8 block;

e micro-batch 52 il BIREHN -

& PP rank remote activation offload

interleaved 1F1B R, Fij#B PP rank % {54 8 £ activation, K3 fifi Fj Mooncake Transfer Engine }f activation remote-

offload B[4 2 K[ PP ranks, SZHLEFIYHT .

SEUR: Mooncake,

Pipeline ZeRO-2 || Muon

e gradients ¥E DP ranks Ji] sharding;

e sharded gradients offload %] CPU;

o GPU H{#% double grad buffer;

o Muon YESF rank all-gather 4245, 28 rank @1 P2P HELE 215

o chunk Z§#E{=Fl Newton-Schulz 18375 KA -

W

B shards;

% encoder

o KB/ KB patch $# CP ranks §J55;

e gather-KV 52 gl 4% attention ;
Jo b

e CP group Fi{4) subgroups, il4 5K KEIAT H AT
o ViT B KR4y forward/backward #%3E 3t interleaved 1F1B f] pipeline bubbles;

o  ELHHIARZE 58 il ViT micro-batches [&] 47 #1, H4x3E N\ bubbles,
7.3 1M agentic RL JEAHAt
ISRk B 1M-context K3 RL experiment FI7E JUFI 3Kk GPUS”, {HIAT 4R B RE

Co-located RL

NZkAN rollout ILH] GPU £E5E, i/ liar rollout fleet A B JHIR 2, {H4& 42 GPU memory HIN 73 FE 5+

External KV cache pool

e active decode blocks ¥ 7E GPU;
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e GPU eviction [} AU A& fi] idle prefix 5 [5] CPU DRAM, FJi write-back;

o kAt A Hj prefetch [|B] GPU;

o KDA states 5%} MLA KV blocks —#2iT#% ;

o rollout i) 5 external cache i CPU DRAM, iJl|%: weights/optimizer states %I} offload ] NVMe;
o rollout Z5HTREIK pool, FRENLIRZS.

Auto-throttling

MR :

® qctive request count;
e ueued request count;

o KV utilization;

shAEHHE N inference engine ff] request %f . L context 48R E I 4, JFHI KV EHF B BRI 4 -

Gradient-buffer reuse

RL d reference model H forward, {HAXE K KIEHEHLE GPU, K3 policy model 2 it A F i) FP32 gradient buffer
L E reference weight staging slots:

o —/slot PATHYH] chunk;
o —/~slot prefetch R —~ chunk;

o HIF 7 MG R IX £ buffer Fgk policy gradients 3%,

AgentENV
AgentENV £:F* Firecracker microVM, | A5 A #5318 container :

e incremental checkpoint: #AK 133 ms;

o resume: FAlk 49 ms;

e pause J5 A5 CPU/memory;

o fork AT IS5 4 HIFIFFHI4 reward judging:
o snapshot i THRICHS

e  OpverlayBD + custom ublk + P2P transport;
e copy-on-write fll page cache {4k ;

o 5[k workload memory overcommit F¢ 5 6.5 {%,

RAERR K3 YNZFNE R T -

e 51,219,741 /~ sandboxes;

e 1,505,678 4~ images,
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o AgentENV ‘B 4%
e Firecracker NSDI 2020

7.4 HEBRIEZARSS

{E& KDA-MLA cache
PiZ% cache:

o MLAKYV: [ifi token £ K., #% token/page 45T ;
o KDA state: 4%F request [&E K/, {H checkpoint i)k H R FEAE/DE: prefix boundaries {f:4F o

K3 Ju W #5348 — paged block pool, & H allocation, reference counting, eviction F] transfer,

HkiE prefix hit
38 physical block, hash block ] KDA checkpoint boundary Zf¥E—#2, KDA state XA, <iBfif block 353 1024-
6144 tokens, 4HiFRIEMEMTFo

K3 i

e physical cache block T 3k 6144 tokens;

prefix hash block A] 74 512 tokens;;
o KDA checkpoints R FE#R4) 512-token hash endpoints 7%, JEHEAREE conversation-turn boundaries;
lookup 4k MLA FKUCHL, FER T4 KDA cache groups £ [5]— boundary #§45 checkpoint;

firH J§ KDA state copy %] request FAFF running state, cached snapshot 7k A~ JE HIAEG I

physical cache block (6144 tokens) = 12 prefix-hash blocks

hash block (512 tokens)
KDA ckpt . &
hit boundary B = 2560

\

restore the KDA checkpoint at B; copy-on-write the partial MLA block:
resume prefill from token B with zero recompute of [0, B)

MLA KV

JR#i4 Figure 12 (PDF 45 23 W) . ¥FT{HLL 6144-token HFIEE4MHC, (HHEH N EBRI4 A 512-token hash blocks; i
i B=2560 )5, [FINYKE KDA checkpoint, JFXIAIHH MLA page fif copy-on-write, MIMEFEA [0,B).
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speculative decoding [ KDA state replay
|55 : draft tokens B HF R, KDA state B8 R HdfE 3, B RREET A draft position (47— K state,
K3 NE1FA; S state, ETFE/ N projected inputs:

o IOIE)5 H B accepted prefix;
e Y on-chip recurrence F1H f state;
o HHn verified il bonus token H]Fx % state;

e short conv, norm. gating, KDA recurrence. output norm Flijf—> kernel,

K3 R 4548 ReplaySSM %1 K G #AAH < TAE. Wi E¥ ] replay G {R1ERE draft position f{J52%% recurrent state
H TP A A 7 W B HRAE R AR o

Block AttnRes kernel

o prefill: 3@ TP all-reduce Ff ik, reduce-scatter + all-gather, FEH1 A%} sequence-sharded hidden state fff intra-block
kernel, #EHp%E TP rank & i block representations;

e decode: inter-block pass Ji{ side stream;

e intra-block merge. partial-sum update, RMSNorm gt Fij—~ TP all-reduce,

Stable LatentMoE kernel

latent down-projection 5 router Bli& gf—4 GEMM;

o latent weights 5 rank shard;

e output all-gather it \. GEMM epilogue ;

e 5 shared expert compute overlap;

o /] batch decode 3% F WarpDecode X(#% token-centric kernel;
e 4 warp 713§ output neuron, P lanes 43 A expert teams;

o WEPNELEHE, /b runtime dequantization,

Fleet scheduler

e cache-aware affinity: session {:5GE& H 2l &4 prefix cache ff] cluster;

o consistent hashing 4545 session $5 % primary + secondary;

o secondary I AE Hi] cache, FEPER}E Pt prefill, {H failover TAE#IHA) 438
e budget-based admission: KGIFRFN 1M 3R A F 57 PP, wERIKIE R R A HEIE 47 TTFT,

EREL S VEY i
o vLLM

e SGlang

o TokenSpeed
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UL K3 HARH NG AEERE” M, EE 54 A T 21 cache. kernel ff fleet scheduling J7
£,
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8. PRMILER

8.1 FRIEAITEER

iy K3 LR -

e reasoning effort = max;

e temperature = 1.0;

e il reasoning/knowledge: top-p = 0.95;

e coding/agentic: top-p = 1.0,

Reasoning

Research reasoning

Long reasoning

HLE

Coding

Coding

Coding

Coding

Coding

Agentic search

General agents

Knowledge work

Computer use

Vision/OCR

Vision

Vision

Benchmark

GPQA Diamond

CritPt

AA-LCR

ETR/ATHR

DeepSWE

ProgramBench

Terminal-Bench 2.1

FrontietSWE

SWE-Marathon

BrowseComp

AutomationBench

GDPval-AA v2

OSWorld-Verified

OmniDocBench

Math-Vision J5/4 Python

ZeroBench pass@5 Jt/ 4 Python

93.5

23.4

74.7

43.5 / 56.0

67.5

91.2

30.8

1686 Elo

84.8

91.1

94.3/97.8

23.0/41.0

e b E

%3 GPT-5.6 Sol 94.1

HH L7 5 B R AR
FHIRE

¥% )5 Claude Fable 5

¥% )5 Fable 5. GPT-5.6 Sol

K

I}

$:3F GPT-5.6 Sol 88.8

-

Fpa

F P

Lop R

#% J5 Fable 5 il GPT-5.6 Sol

5 Fable 5 85.0 $1:1/7

WICH TR AW -
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BA 28R T A b i) GLM-5.2, GPT-5.5, Claude Opus 4.8;
5531 proprietary frontier JE 5 HEIT
EARABY% J5 Claude Fable 5 F1 GPT-5.6 Sol;

3B £ ¥E coding. agentic search, tool use. visual-agentic tasks;

WF5EZ 4l reasoning 52 B B4R -

2 =R

R 2026-07-23, HEH U -

8.

Artificial Analysis Intelligence Index v4.1: 57.1, %5 4/580;
Vals Index: 74.7, %5 2/39;

WebDev Arena: 1678 Elo, % 1/99;

Text Arena: 1486 Elo, £ 8/200;

Agent Arena: 9.1, &8 4/37,

GERA AT IR WISMRAEE : 11T Elo SBEHHIBCRFR S0, 28 rb HEAR QUSRI o5 i X B2 FAT i i 48 1 o

3 PRA] e E R S

WALV SRR TR AR B 2 T LA FR 1 -

1. harness AG—: A[EEAI A fEff | Kimi Code. Claude Code 8{ Codex, 43 FEAEEZZ A harness i 45 1

2. fallback/cyberguard: Claude Fable 5 A] §E fallback, GPT-5.6 Sol HJ fgfili & cyberguard, 2&/Ka% 2R AR5
67\ o

3. PIEF benchmark 5il|Z:pA¥f: Kimi Code Bench. Coding Experience. KAET &4 2238 SN FREIREER, 7
¥ benchmark-informed optimization,

4 W =T BONEIN . AP baseline # AV 7E 58 2AR R BR5 T B

5. RE A ZT R AR5 bR il IM: BrowseComp FE£ER¥E 300K fiili 4 context compaction; FE4{#F] 1M H
Al context management f4343 2k 90.4, T compaction g4 A 91.2,

6. temperature = 1.0: Z5RALE- RN SN M 2= 1R, ZeroBench BiF ¢k, {HHAM benchmark {8 & k%L
HIE&TERE

8.4 JHAKLE

45 7E Kimi Code Bench 2.0, BrowseComp. GDPval-AA v2 Fl AA-Briefcase | }FL# score / cost:

Kimi Code Bench 2.0: [, Fable 5 4% 4 43, {HAZ) 38% ;
BrowseComp: 91.2, #£)2.03 E5L/8, Z)k GPT-5.6 Sol —R KA ;
GDPval-AA v2: 5 GPT-5.6 Sol #HZAF] 50 Elo, REAKZ) 13%, A#HX} Fable 5 fEFHZ) 2.6 £%;
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o AA-Briefcase: 34355 =, A Z)M Fable 5 —2f,

XL HAR B AN R A -

o K3 ARSI
o Claude/GPT HH#RIMHAR ) H 2 TFE
e GDPval/Briefcase {fi | Artificial Analysis | API price,

H BB K3 {5 X 28/F45 1) cost-performance frontier [ff 5, {H A ™S8 —MF{E_F 1) serving efficiency

benchmark,

51/59
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// CHAPTER

9. ik ESEIHTIES

9.1 RfyEim
R IR PR3 07 S

o KDA lower-bounded sigmoid decay;

o KDA full-rank channel-wise output gate;

o MILA full-rank channel-wise output gate;

o Stable LatentMoE ZH4&;

e routed aggregate 5 RMSNorm

e SiTU-GLU:

o K3 #HTH Quantile Balancing + histogram estimator ;
e Per-Head Muon;

o MoonViT-V2 P\ ZEHEE )%k recipe,

WS IHER . SELE B LA B

e KDA 5 3:1 KDA-MLA hybrid: R4 L) Kimi Linear J3Eat3fIRFEHE hybrid design;
o MLA: IREAFMVIIH B DeepSeek-V2 #H, Ff i Kimi K2/K2.5 fiE4E ;

o shared/routed expert Z141: 2 BRI B follows DeepSeckMoE ;

o LatentMoE: 45 DL LatentMoE i Fb#si %) 52 345 H! Stable LatentMoE H% 3l ;

e auxiliary-loss-free bias routing: R%HAHAE HH adopts, 35| | DeepSeek-V3;

o AttnRes: K3 g Kimi Team B4 2 H ) Block AttnRes;

o MoonViT I 2 Ml ar 2k« a2 B B MoonViT-V2 follows Kimi K2.5 8k ;

e MTP. EAGLE-3-style draft, MOPD, partial rollout: $g4& 435 f 443X L8 77 e ak Se 17 5290

ICREBRIN MR, NEE R EHIRAR R R

o Gated Attention [100] 5 K3 ffj KDA/MLA output gate: 3275 T334 BAALE] B [100], {HIEA 7B full-rank
channel gate i EFEERCRE |

e BASE Layers/BIP 5 QB: W] DI B g 073 BCAR A . B K3 SR A B34 QB M EHR 5 ;

e mHC/Hyper-Connections 5 AttnRes, ReplaySSM 5 KDA state replay: J& TA4L 5] 8T fh 47 8% 5] BH K 25
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9.2 RGiRIE

B R DR -

o KDA affine-transition Context Parallelism;

e MoonEP petfect-balance ¥, online planner, zero-copy/static-shape execution ;
e hybrid KDA/MLA unified prefix cache;

e physical block 5 hash block 4 ;

e speculative KDA projected-input replay;

e 3T multimodal pipeline H1 activation, vision Fl Muon FJEEE NIFEHE ;

o AgentENV ¥E K3 agentic RL 1) FCHLAL I FH ;

o KAHR P fleet admission,

9.3 JEillZFEm

TG 2 s, (BRI A R TR -

e =K domain x = effort }j L4 RL experts;

e partial rollout + persistent KV + resumable sandbox;
e MOPD £I%&%K;

o L% Bt MXFP4/MXFP8 QAT

o 1M context JE W TAE A TAR. Mo FK I assistant FR45,
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10. MEHELFSRIR

10.1 JIIZMBPEA 2
WATATF

o  TFhiiJ|Z: token JME:;

GPU #(. GPU Ml &

o EGRE
e GPU-hours;

o S|4k FLOPs;

e MFU;

o At

e SFT/RL FEA%k. steps il compute;
o %A RL expert I ZRPI5H

45 1M-context RL experiment 7E“JLEH % GPUs”Py, MUK AE M.

10.2 2.5 {% scaling efficiency Joi%IHA

B 7 DU R FE2RRE I
e architecture;

e data;

® optimizer;

e schedule;

model shape;

TPP,

A N 5E% ablation factorial, R 2.5 f% 2 EHE T %% K3 family”,

10.3 ZEpiEHEA RIS Z 0

B

BLACK / WHITE EDITION
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o KDA lower bound 45 J& M ¥ BF16 327G B kernel path {81iF ;
e QB f5 LP dual # FF14347 2, histogram SZI ;

o AttnRes N7 scaling experiments;

e MoonEP 7 | FHIEHIFITF IR EL ;

e model config, weights, JEft kernels 22 FF o

LEEE

e Per-Head Muon A3 IHRIELT 5

e routed aggregate RMSNorm [z 25 H B TER IR ;

o SiTU-GLU ¥ 1EARRAE2 5 SwiGLU f) 5E #4444 7 benchmark ;

o 31 ratio fi] K3 SRR T 5

* MoonViT-V2 F 845 gradient norm FEIFN“PEIAE 2"/ 45, WA B8R
o JLREBEMIBR/DIHF MFU, step time, tokens/s Xkt

10.4 FPct: S aEa R

K3 kA5 52 % weights IS, M EAR T HEJ Kimi K3 License %} K Model-as-a-Service B8 F FI#E K
L= AN I B AR A -

open-weight frontier model, T AN TE M InS5 {41 OSI-style open-source model,

Sk : Kimi K3 License,

10.5 ZZ&THN
K3 S A BRI AR EN LA, AT

e subquadratic attention;

o depth-wise retrieval ;

o T expert {f] latent MoE ;
o JRAEZHEI,

o RKSEERRE

e 1M agentic RL;

e cache. sandbox. fleet scheduling;

MBS T — AR ELL R R A
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HAB SRR R ISR X R — B LM 5 R G i) 3T-class open-weight 71", {HAR LLSC R ™K IEHIE
AFAERMSET AR RITR”, WA UG e B ZRA .
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// CHAPTER

11. HIRERIEER

FH R R HIEE 2 B X5 RS P aRiR

5% 9=3

Delta rule memory update
Gated delta recurrence
KDA

MLA

Output-gated attention
Hybrid linear/global
attention

NoPE MLA

Residual connection
AttnRes

Shared experts
LatentMoE
Auxiliary-loss-free routing

Quantile Balancing

GLU / SwiGLU

SiITU-GLU

MoonViT

Muon &£k

MTP / EAGLE-3 draft
LK loss
Partial rollout

MOPD

BLACK / WHITE EDITION

R 0“7 ST T A 4 SR o

RRSIER

B 3L Fast Weight Programmers
i 3Eal: Gated DeltaNet
WG E T Kimi Linear

e B BFRH [ DeepSeek-V2 4

47 KDA/MLA gate 45| B Gated Attention; R7EHHH
R4

45 B follows Kimi Linear

45 BT follows Kimi Linear hybrid design
P ResNet 5 Transformer residual

45 BH A% B Attention Residuals

B2 B follows DeepSeekMoE [ shared /routed 4141
145 D) LatentMoE 3L B

45 B adopts DeepSeek-V3

551 Ef 5 i/ QB; BASE Layers 5 BIP A7 sC oM%Y
LS

45 F GLU Fil SwiGLU {4 & 5 Fh A FE 4R
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12. BIGUEEsH s

o KDA: Ko Rk E MR, JFREiEER . 4 key T HEE

e Lower-bounded decay: FiA{(E 7 F {3 55 — Tensor Core kernel 7%,

* Gated MLA: fli/Rif—K 42 token 3HL, Pk token P RLLAG HE E AR R

e NoPE: MLA q/k NRATEFHALE, W7 H KDA fIE A hidden state $24iE,

o AttnRes: JU“VEN 5 token”HES B “BE 5 2/ i s block”,

o LatentMoE: JERE4ET % routed experts, DUAIGEE R SHBUSAY K expert 20525 1]

e RMSNorm + SiTU: 7% [E 5 mixture iR, 5% 2470 FEN QUMMHEOR B LA
* QB: P28 expert bias, & H M HFRAH B score quantile BT bias,

o MoonViT-V2: Ffkifi SigLIP #J4aMk, MTIIZE— Rt A next-token objective 22305 77
e Per-Head Muon: % attention head J4137 [F %24k momentum, 6ok EE head S ALH A heads,
e MOPD: student ;& [ B, £4%K teacher %44 token 4 dense signal,

* MoonEP: G il/>EH] experts, FEAFA™ rank H token Hom i U8 78 2AH A o
o KDA-aware prefix cache: MLA KV 5 KDA state /40 {E [f]— prefix boundary —#2 a1,
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