OCHOBbI NPaKTUYeCcKoro
MCMNO/1Ib30BAaHNA HEUPOHHbIX CETEN.

Nekuna 9. PekyppeHTHble HEUPOHHbIE CETMH.



Pelmaemsblie 3a0a4

O6paboTKa AaHHbIX, COCTAaBNEHHbIX B NOC/N€40BaTe/IbHOCTMU.
LPacnosHaBaHue peun (peyb-B-TEKCT)

UleHepayma peun (TeKcT-B-peub)

UMNepeBop c ogHOro A3biKa Ha ApYyrou

UMNpeackasaHue 6UpxKeBbIX MHAEKCOB

U CocraBneHune onucaHuii nsobparkeHnit (M3obpaxkeHne-B-TeKcT)

A young boy is playing
basketball.

Two dogs play in the
grass.

A dog swims in the
water.

A little girl in a pink shirt
is swinging.
Eds \

A group of people
walking down a street.
FRA - e

A group of women
dressed in formal attire.

Two children play in the
wate|

A dog jumps over a
hurdle.

https://github.com/danieljl/keras-image-captioning




CTPYKTYpa peKYPPEHTHOrO HEUPOHA

U BeeaeHue obpaTHoOM cBA3M ANA nepesaydm MHGopMaLum 0 NpeaLecTBYOLLLNX
BXOo4axX (COCTOAHME HEeMpPOHa).

0 CooTBeTcTBYET MHOrOC/IOMHOMY NEPCENTPOHY, KaxKAabl Cnoli umeet
cobCcTBEHHbIM BXOA, pa3aensaemble Beca.

U BbluncneHme npn3HaKoBOro NpeacTaB/ieHNs BXOAHOM NOC/1eA0BaTebHOCTY
(pekyppeHTHble cion) = Knaccudpukauma (nepcenTpoH)

L ObyueHune — back-propagation through time.

01 02 03 04 05 Asking for the time

l l I l l I
-y |
What time I ] ? 05

https://towardsdatascience.com/illustrated-guide-to-recurrent-neural-networks-79e5eb8049c9



Back-propagation through time

0 [JaHo: nocheaoBaTeNibHOCTU BXOA0B U 3a1aHHbIX BbIXOA0B CETW.

O War anroputma BPTT:
= «Pa3BepHyTb» CETb U BbIYUCANTb NOCNEA0BATENbHOCTb BbIXOA40B
" BbluMcanTb GYyHKUUIO OWMOKY AnA BCEX BbIXOA0B
= O6HOBUTL BeCa, BbINOJHNB 06paTHbLINM NPOXOA.

U BbluMCAUTENBHO CNOXKHbBIN A8 AIMHHbBIX NOC/1eA0BaTE/IbHOCTEMN.

O LWar anropmutma Truncated BPTT, BxogHasa nocieaoBatebHOCTb AUHbI K1:
= «Pa3BepHYTbL» CETb U BbIYNCANTL NOCNEA0BATE/ILHOCTb BbIX040B ANA K2
BXOA4,0B
= Bbl4nCAnTb GYHKLMIO OWKMOKY ANnA BCEX BbIXOA0B
= O6HOBUTbL BeCa, BbINOAHNB 0O6paTHbIN NPOXOA.,

U Nopbop 3HaueHnt K1 n K2.



[Mpobnema ncyesaroLlero rpagneHTa

U YMmeHbLleHWe 3HaYeHMA rpagmMeHTa oT C/108 K CNOolO.

U Mpobnema ana MHOroCNOMHbIX cETEN —> ANA PEKYPPEHTHDIX TOXKE.

U PaHHMe cnou oTBeYvatoT 3a 06paboTKy HavyaibHbIX 31EMEHTOB
nocnenoBaTe/IbHOCTU —> Masible 3HaYeHMA rpagneHTa, Hebobluas KoppeKumsa
BECOB.

0 «3abbiBaHME» AONTOCPOUYHbIX 3aBUCMMOCTEN.

"BnvAHME nepBbIX C/I0B B NOC/IEA0BaTE/IbHOCTU Ha
BbIXOA, NOCNeAHEro HempoHa cTpemmuTcs K 0

https://towardsdatascience.com/illustrated-guide-to-recurrent-neural-networks-79e5eb8049c9



LSTM HenpoH

O LSTM — Long Short Term Memory.
U PaspaboTtaH 414 3aNOMUHAHNA A0TOCPOYHbIX 3aBUCUMOCTEN.

® ® ® ®

2 ®
T “M T — LT\=
A TS A T A | bedeTl | A

| l
© ® © © ® ©

0 —/ > <

cnoit HC nosfemeHTHana nepejaya
onepaumsa AaHHbIX

KOHKaTeHauuAa KonuposaHue

https://colah.github.io/posts/2015-08-Understanding-LSTMs/



CocTtosiHue n BeHTUAU (gates)

L BekTop cocTosiHNA cOXpaHAET KOHTEKCT (BpemeHHble 3aBUCMMOCTH).

1 Gate (BeHTU/b) KOHTPOAUpPYET AobaBneHUe U yaaneHme nHbopmaumnm ns
BEKTOpPA COCTOAHMA.

U Bbixoa, BeHTUNA dOPMUPYETCA CUTMOUAO0N.

O Tunbl BeHTUNEN: aobaBneHne nHpopmauum (input gate), 3abbiBaHne
nHdopmaumm (forget gate), popmmnposaHume Bbixoga LSTM HelpoHa (output
gate).

I'r'll' 1

https://colah.github.io/posts/2015-08-Understanding-LSTMs/



Forget gate

U Forget gate — BeHTUAb AN KOHTPONA «3abblBaHUA» MHPOPMaLMKN B BEKTOpE
COCTOAHUMN.

fe =0 (Wg-[he—1,24] + by)

https://colah.github.io/posts/2015-08-Understanding-LSTMs/



Input gate

U Input gate — BeHTMAb AN onpeaeneHns, B KaKOM BUAe BXOAHaA
MHopMaLMA B TEKYLLUN MOMEHT BPEMEHU BOMAET B BEKTOP COCTOSAHMUA.

iy = (Wi-lhi—1, x| + b;)

C, = tanh(We-[hi—1, 2] + be)

https://colah.github.io/posts/2015-08-Understanding-LSTMs/



Ob6HOBNEHME BEKTOPA COCTOAHUA

] BeKTOp COCTOAHUI B TEKYLIMIA MOMEHT BPpeMeEHU — IMHeHaa KombuHauma

ero npeabiAywero BapuaHTa M HOBOro KaHAWAaTa, NOJIy4EHHOro NO BXOA4HOM
nHbopmaumnm.

JI'T “-’rt% C:Z.fr*(e-*r—l-Fir*ét

https://colah.github.io/posts/2015-08-Understanding-LSTMs/



BbixoaHOe 3Ha4yeHue

U BbixogHoe 3HayeHMe onpeaenseTcsa BbIXO40M TPagULUOHHOro
MOJIHOCBA3aHHOIO CN0SA, YMHOXEHHOIo Ha Npeobpa3oBaHHbIN BEKTOP
COCTOAHUMN.

Mo i
GanhD> 0y = (T{"F,; [hf |:.'J‘.'r- + tr)”}
0 9 )
- L3 § hy = o; = tanh (C})

—r >

https://colah.github.io/posts/2015-08-Understanding-LSTMs/



Gate Recurrent Unit

U Gate Recurrent Unit (GRU) — ynpouieHHbI BapnaHT LSTM HelMpoHa.
J YMeHbLLEeHO Yncno BeHTUNEN.
(J CoBmelleHmne BeKTOpa COCTOAHMI M BbIXOAa HEMPOHa.

hy
he 1 = \L ‘=0 {H: ' [h"'_l"mf])

C% % re =0 (W [he—1, 24])
(2] [o \ﬁmﬁ h; = tanh (W [re = hye1, 24])
|

o ) h-,{ = (] — 3;‘.) * h.-; 1T 2 % E‘-f

@

https://colah.github.io/posts/2015-08-Understanding-LSTMs/ 12



CpaBHEHUEe peKyppPEHTHbIX HEMPOHOB

1 CpaBHeHUe pa3nnyHbIX KOHPUrypauuim LSTM HelMpoHa: OTKIoYeHMe BEHTUNEN,
NCK/IIOYEHNE HENNMHENHbIX GYHKLUN aKTUBALU MM, OTKA3 OT NO3/1EMEHTHOIO YMHOMEHMUS.

OpgHa n3 KoHdurypauum peanmnsyet GRU (CIFG).

U 3 TectoBble 3aaaun: pacnosHaBaHue peun (TIMIT), pacno3HaBaHUE PYKOMUCHbIX
npeanoxkenu (IAM online), npeackasaHune menogum (JSB Chorales, bax).

1 Hu ogHa 13 KoHPpUrypauuii He asnsaeTca abcontoTHO nydwien. Paa BapnaHTos
BbI‘-IMCﬂMTeﬂbHHQH bonee 3cbc|>eKTM BHblE,
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[Ipmep NoCTpOoeHuA

U 3agava: nocumBoIbHAA reHepauus CNoB.

AndasuT: 4 6yksbl (h, e, |, 0). target chars.” - i ' i
O ApxurekTypa: sputiger | 22| 03] 05| |7
Bxoa, — 4-mepHbIN BUHAPHbIA BEKTOP 210 115 115: 221
(1-M3-k). T T T TW -
BHYTpPEHHUIN cnomt — 3 peKypPpPEHTHbIX -
HeMpoHa ridden tayer | 0.1 || 0.3 || 0.5 | =" 0
Bbixoa — 4-mepHbI BEKTOP (YBEPEHHOCTb 0.9 0.1 0.3 0.7
noasneHunaA BykBbl). T T T T
1 O6yyeHune: reHepauua cnosa “hello” : - : OW‘Xh
input layer 8 (1) (1) (1)
0 0 0 0
input chars:  “h” “e” I 1

http://karpathy.github.io/2015/05/21/rnn-effectiveness/ 14



[lpmepbl reHepPaTopPOB TEKCTA

U 3apayva: reHepauma TeKkcTa
O Apxutekrtypa:
Bxopa — TeKyuiee cnoBo: buHapHbIn BekTOop (1-13-k).
BHyTpeHHUM cnon— 3 cnoa no 512 LSTM HenpoHoB
Bbixoa, — BEKTOP CTENEHU YBEPEHHOCTb NOSAB/IEHMSA C/I0BA U3 CNOBApPA.
L ObyueHue: Habop TeKCTOB.
O Mpumepsbl reHepaTopoB.:
- npounsseaeHuna Lekcnmpa
- y4ebHMK No anrebpanyeckon reomeTpumn
- NCXOAHbIN Kopg, JInHyKca

http://karpathy.github.io/2015/05/21/rnn-effectiveness/



[eHepaTop «npomnsseaeHnn» LLlekcnupa

L Obyuatowlan BbiIbopKa — Bce npousseaeHua Lekcnupa (4.4M6)

PANDARUS : VIOLA:

Alas, I think he shall be come approachaed and the day Why, Salisbury must find his flesh and thought
3

When little srain would be attain’d into being never fed, . . ]
That which I am not aps, not a man and in fire,

And who is but a chain and subjects of his death,
I should not sleep. To show the reining of the rawven and the wars
To grace my hand reproach within, and not a fair are hand,

Second Senator: That Caesar and my goodly father's world;

They are away this miseries, produced upon my soul, When I was heaven of presence and our fleets
¥

Breaking and strongly should be buried, when I perish

The earth and thoughts of many states. We spare with hours, but cut thy council I am great,

Murdered and by thy master's ready there
DUKE VINCENTIO: My power to give thee but so much as hell:
Well, your wit is in the care of side and that. Some service in the noble bondman here,

Would show him to her wine.
Second Lord:
They would be ruled after this chamber, and
my fair nues begun cut of the fact, to be conveyed, KING LEAR:
Whose noble souls I'11 have the heart of the wars. 0, if you were a feeble sight, the courtesy of your law,
Your sight and several breath, will wear the gods
C10w”:l _ . . With his heads, and my hands are wonder'd at the deeds,
Come, sir, I will make did behold your worship. So drop upon your lordship's head, and your opinion

VIOLA: Shall be against your honour.

I'11 drink it. http://karpathy.github.io/2015/05/21/rnn-effectiveness/



[eHepaTop «anrebpanyeckas
reoMmeTpua»

L Obyuatoulan BbiIbOpKa — y4ebHUK No anrebpanyeckon reometTpum B Latex.

Proof. Omitted. )

Lemma 0.1. Let C be a set of the construction.
Let C be a gerber covering. Let F be a quasi-coherent sheaves of O-modules. We
have to show that

Ooy = O0x(L)

Proof. This is an algebraic space with the composition of sheaves F on Xy, we
have

Ox(F) = {morphy xo, (G.F)}
where G defines an isomorphism F — F of O-modules. a
Lemma 0.2. This is an integer Z is injective.
Proof. See Spaces, Lemma ?7?. )
Lemma 0.3. Let S be a scheme. Let X be a scheme and X is an affine open

covering. LetU C X be a canonical and locally of finite type. Let X be a scheme.
Let X be a scheme which is equal to the formal complex.

The following to the construction of the lemma follows.
Let X be a scheme. Let X be a scheme covering. Let
b: X=2Y' 2Y Y SY xxY = X.

be a morphism of algebraic spaces over S and Y.
Proof. Let X be a nonzero scheme of X. Let X be an algebraic space. Let F be a
quasi-coherent sheaf of Ox-modules. The following are equivalent

(1) F is an algebraic space over S.

(2) If X is an affine open covering.

Consider a common structure on X and X the functor Ox(U) which is locally of
finite type. m]

This since F € F and z € G the diagram

S§—

Oy

gor,

Spec(Ky) Morsets d((’l\'_\wk .G)

is a limit. Then G is a finite type and assume S is a flat and F and G is a finite
type f.. This is of finite type diagrams, and

e the composition of G is a regular sequence,

e Oy is a sheaf of rings.

]

Proof. We have see that X = Spec(R) and F is a finite type representable by
algebraic space. The property F is a finite morphism of algebraic stacks. Then the
cohomology of X is an open neighbourhood of U. =]

Proof. This is clear that G is a finite presentation, see Lemmas 272,
A reduced above we conclude that U is an open covering of C. The functor F is a
“field

Oxe—Fz UOxup,) — 0},10.\"(0?\',,)
is an isomorphism of covering of Oy, . If F is the unique element of F such that X
is an isomorphism.
The property F is a disjoint union of Proposition ?? and we can filtered set of
presentations of a scheme O x-algebra with F are opens of finite type over S.
If F is a scheme theoretic image points. m]

If F is a finite direct sum Oy, is a closed immersion, see Lemma ??. This is a
sequence of F is a similar morphism.

http://karpathy.github.io/2015/05/21/rnn-effectiveness/
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[eHepaTop «C Koa»

1 Obyuatow,as BbibOpKa - UcxoaHbIn C
KO.EI nMHcha (474M6). :E.tatic int indicate_policy(void)

static void num_serial settings(struct tty_struct *tty) -
; - - - int erraor;

if (tty == tty) if (fd == MARN_EPT) {
disable single st_p(dev);
pci_disable_spool(port);

return @;
¥ .
if (ss-»>segmant < mem_total)
static void do_command(struct seg_file *m, void *v) unblock_graph_and_set_blocked();
{ else
int column = 32 << (cmd[2] & @x88); ret = 1;
if (state) to bail:
cmd = (int)(int_state ~ (in_8(&h->ch flags) & Cmd) ? 2 : 1); goto ball;
else }
seq = 1; segaddr = in_SB(in.addr);

for (1 =8; 1< 16; i++) {
if (k& (1 << 1))
pipe = (in_use & UMXTHREAD UNCCA) +

selactor = seg / 16;
setup_works = true;

((count & exeeeseeeafffffffs) & exeeeesef) << 8; for (1 - @; 1 < blocks; i++) {
if (count == @) seq = buf[i++];
sub(pid, ppc_md.kexec_handle, @x28288208); bpf = bd->bd.next + i * search;
}plpe_set_bytes(l, e); if (fd) {
current = blocked;
subsystem_info = &of_changes[PAGE_SIZE]; H
rek_controls({offset, idx, &soffset); }
rw->name = "Getjbbregs”;

control_check_polarity(&context, val, @); . .
for (i - 0; i ¢ COUNTER; i++) bprm_self clearl(&iv->version);

seq_puts(s, "policy "); regs-»new = blocks[(BPF_STATS << info->historidac)] | PFMR_CLOBATHINC SECONDS << 12;

return segtable;
http://karpathy.github. io/2015/65/21§mn-effectiveness/



CocTaB/sieHUe onucaHus nsobpaxeHua

U 3apayva: reHepauma cnoBecHoro onncaHusa nsobpaskeHus (Image captioning).
U Bxopa: nsobpaxkeHue
[ Bbixoz: BEKTOp «BepOATHOCTEM» NOABNEHUA KaXKA0ro C10Ba U3 coBaps

CaptionBot: LSTM-XE/LSTM-RL
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Q. Huang, et al., Turbo Learning for CaptionBot and DrawingBot, 2018



Bonpochl

L OgHa 13 0OCHOBHbIX MPUYNH HU3KON 3GDEKTUBHOCTM OBbIYHBIX PEKYPPEHTHbIX
ceten?
1 OcHoBHble 3nemeHTbl LSTM HelpoHa?

O Otnanume GRU HelpoHa ot LSTM HelipoHa?



