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KommMan JImuTpuit

3amaua 4
LambdaNets
1. Kakyto 3ajaqy periaT aBTOpbI?!

IIpu npumenennn cioes self-attention K JAJIMHHBIM TOCTIEIOBATEBHOCTIM ABTOPBI CTAJKUBAJIUCH C
OOJIBINIMMU 3aTPATAMU OIEPATUBHON MAMSATH, YTO OrPAHUIUBAIO 3hdEKTUBHOE 0OydYeHne Moesei. As-
TOPBI IIpeJIaraloT MoandUKaIUo apxuTeKTyphl self-attention mox massamumem lambda layers, koropas
MTO3BOJIUT 00y4IaTh OOJbINME OATIN JJIUHHBIX MTOCIEI0BATEIHLHOCTEI.

2. KakoBa ocuoBHast naesd 1npeajiaraeMoro aBTopaMm pelnieHusd ITOCTaBJIEHHOM 33,&&‘{1/1?

ApxurekTypa JIMOIa CJI0EB CTPOUTCS HA TPUMEHEHUH K CyIIeCTBYomeMy cioro self-attention mpocroit
nJeu: MOCKOJIbKY MaTPUYHOEe YMHOXKEHHUE aCCOIMaTUBHO:

(AB)C = A(BC), A € R"** B € R™XY C' € RY*?,

TO y HAC €CTh BO3MOXKHOCTB BhIOMPATH OoJiee 3(b(HEKTUBHBIN MOPSIOK BBIYUCJIEHUN, IPUYEM B ITIEPBOM
cIydae BO3HUKAET IIPOMEXKYTOUYHAs MATPUIIA pa3Mepa w X Y, a BO BTOPOM - = X z. VIMeHHO B ciiydae ¢
cioeM self-attention BeIMMCICHUS BBIMISIAT TaK:

Y =0(QK)V

Q c benxk’ K € Rka7 Ve Rmxv

[Moyuaercs, 9T0 B TaKOM CJIydae BOZHHKAET IIPOMEKYTOUHas Marpuiia QK pasmepa b X n X m, u upn
paboTe ¢ JFIMHHBIMY TI0CJIEI0BATELHOCTAMI(N) 1 GOJIBIIUM KOHTEKCTOM (M), MBI OPDAHMYIEHBI B PA3Mepax
6arga(b). Ecin ke Kak-TO npeobpa3oBaTh BBIYHUCJIEHAS Tak, YTO CHauaja mepemHoxkatoorcs K u V., 1o
3aTpaThl MAMITHA OYIyT HE TaK IPAMaTUYHO 3aBUCETH OT pa3Mepa 0aTda.

Jabime BO3HUKAET niesd paKTOPU3AIIAT - TOX0Kast Ha, (PaKTOPHU3AIMIO CBepTKH B depthwise n pointwise
caou. 3xech dakropusyercss Marpuna (Q K, Koropast B KaxK/10ii sT9eiike OJJHOBPEMEHHO COJIEPKUT UHMOP-
MaI{I0 O PEJIEBAHTHOCTH KOHTEKCTa K I10/[aBAEMOMY 3allPOCy U 110 COJEPXKAHUIO, U 110 OTHOCHTEIbHBIM
MO3UNKSAM. XOUeTCsl PA3JIEe/IUTh €€ HAa MATPHILY, B KOTOPOil XPAHUTCs PEJIEBAHTHOCTH ITO3UIMI B IIOCJIe-
noBaTeIbHOCTH - AP € R™XFXV  opa Gyner oquHakoBast 1/ KarKI0il IOCIeI0BATEIBHOCTH B OaTde, U Ha
MAaTpPUILy PeJIeBAHTHOCTH cofepxKanus - A € RFX? ona me Gyner 3aBHCeTh OT pa3Mepa KOHTEKCTA.

TTocmoTpuM 1obJinzKe Ha pasHuily B BerancjeHusx self-attention u lambda cioes. Onu 06a mosryyaror
Ha BXO7 Garu mocaenosatenbrocteit X € RY*™Xd gonrexer C € R™*4 u umeror mapamerpsr Wy €
Rk Wy € R&>F Wy, € RV, Tlomumo storo lambda coit Tpebyer mpemocuuTanibie HeobydaeMble



nosurponmbie Moeaunrn E € R™™XF D10 106aBiIseT CIIOKHOCTH MOJE/H, HO HO3BOJISIET BHECTH B
MOJIEJTb AllPUOPHBIE 3HAHUS O CTPYKTYPE MOC/IeI0BaTeIbHOCTEN. Bee BHIUUC/ICHNS BBITJISIIAT TAK:

Q=XWqo,K=CW,V=CWy
Yattention = 0 (QK)V
Yiambda = AQ = (Ap + Ac)@ = (EV + Vo (K))Q
3. KakoBbl pe3y/bTarhl, MOJIyYeHHbIE aBTOPAMU?!

1. Cioxuocts BerMHCIeHNUiT caos self-attention: nmepsoe ymuoxkenue - ©(bnmk), Bropoe - ©(bnmv),
Bcero O(bnm(k + v)), sarparsl namaru - ©(bnm). Cuoxuocrs lambda cios: Boraucienue EVQ -

©(nmkv + bnkv) = O(nkv(m +1b)), Beraucienne Vo (K)Q — O(muk + bnkv), scero O(nkv(m +b)).

;o metv) o blktv) b
Barparsl namsaru - O(knm). CooTHoleHne CTapbixX 3aTPaT K HOBBIM: ot N R N R

110

BBIYHUCJIEHUSAM, % o mamsaTa. To ecTh B Cilydasix, KOTJa pasMep 0aTda IPEBBIMIAET Pa3MEPHOCTH
BHYTPEHHETO IIPEJICTaBJ/IeHUs JIEMEHTOB II0CJIeI0BATEIbHOCTH, IIOJIydaeM 3HaYMMOe YCKODeHHe U

YMeHbIIEeHUEe ITaMATH.

2. TlockombKy 3aTpaThl MAMSATH HE 3aBUCIT MYJIbLTUIINKATUBHO OT pa3dMepa 6aTda, MOKEM UCIIOIb30-
BaTb OOJIbIIME 6aTYN.

3. Ilpenmoxkena anajornanas multi-head attention Bapmamus multi-query lambda, koropast KoHkaTe-
HUPYET BBIXOJ HECKOJIbKUX YMEHBIIIEHHBIX CJIOEB, YTO MO3BOJISIET €Ille DOJIbIIIe YMEHBIIUTh 3aTPATHL.

4. Ha naracere ImageNet - B necsitku pa3 MeHbIllee moTpeb/ieHne maMsiTi, YeM attention, B mosropa
pasa yCKOpeHa TO3K3eMILIgpHoe o0y4enne, Ha 1% yBemmuaena top-1 accuracy.



