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Knacnpukauma ¢ HEBPOHHA MpPEXKa

(x®,y®), (x@,y@), .., (x™, )y

L — 6pon choeBe B mperkaTa

s; — 6poii Bbpxose (6e3 bias) B cioin /

Layer 1 Layer 2 Layer 3 Layer 4 K — 6poi1 BbpxoBe B U3XOA4HUA CON

ABounuHa Knacudpukauyma Knacupukauma B mHoXKecTBo Knacose (K knaca)

y=0unnn 1 1 0 0 0
1 BpbX B U3XOAHUA COMN K 0 1 0 0
yER,Hanp.O, ol 111" 1o

0 0 0 1

newexoaew, Kosa MOTOpP KaAMUOH
K Bbpxa B U3XO04HUA C0M



dyHKLUMA Ha ueHaTa (Cost function)

* JloraputmmnyHa perpecus
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[ToAacHeHWsa No PYHKLUMATA HA LLEHATa

* BbB dYyHKLUMATA Ha LieHaTa ca J0b6aBeHN CyMUpPaHUA 38 MHOXKECTBOTO U3XOAHM
BbpX0OBe B U3XOAHMUSA C/I0I. B mbpBaTa YacT Ha ypaBHeHMeTOo (Npean KBagpaTHUTE
CKOOM) MMame AOMbHUTE/IHA CYMaA, KOATO UTEPUPa BCEKU U3XOAEH BPBX

* B perynapusauunaTa (chen KBagpaTtHUTE CKOOM) MMame MHOXKeCTBO MaTpULIM 33
theta. bposaTt Ha KonoHuTe B theta maTtpuuarta 3a nopegHUs BpbxX e paBeH Ha bpos
Ha BbPXOBETe B TEKYLLMA CIOM (BK/IIOYBAMKMN OTKNOHEHMETO - bias). bpoaT Ha
penoseTe B theta maTpuuaTa 3a nopeaHMA BPbX € paBeH Ha 6posa Ha BbpxoBeTe B
cneasawma cnom (M3KknouBamku bias)

* benexxku

¢ ,ﬂ,BOl‘/JIHaTa CyMa C'b6|/1pa LUeHaTa, U34NCaeHa vpe3 10rapnuTtMmmnyHa perpecmd, 3a BCEKM BPbxX B
n3XoaHunAa caoun

* TpoliHaTa cyma cbbumpa BCUYKM OTAEeNHW B B UsinaTa Mpexa
 TepmbT i B TpeTaTa cyma He ce oTHacA 3a 0byuynTeneH npumep, a 3a Bpbx B /10 /



Anropmntbm Backpropagation

Backpropagation e anroputbm 3a MMHUMM3MPaHE Ha QYHKUMATA Ha LieHaTa B HEBPOHHA
MpeXKa (KaKTo e rpaiMeHTHOTO CNYCKaHe Npu IMHEeHa 1 NorapuTMmUYHa perpecusn)

e PYyHKUMA Ha LeHaTa

m K Lts o
J(&) = - %; ;[yf)log((he (xD)) + (1 — )) log(1 — (he (x<l>) Z Z ;‘ - (62

* Llen - pa ce Hamepyn MUHUMYM Ha GYHKLMATA Ha LeHaTa mingJ(0)

G
papueHT - —=J(6)
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Anropmntbm Backpropagation

e [laneHo e MHOXeCTBO ¢ 0byumnTenHu npumepwu (training set) -
(x(l), y(l)), (x(Z),y(Z))’ . (x(m),y(m))

AD._ .
Al.,j := (0 3a BCUYKHU [, |, [

* 3a BCEKU obyumteneH npmmep t=1..m
1. a(l) o— x(t)

2. W3nbnHssame forward propagation 3a usumcnssare Ha all) 3a
[=2,3,...,L



Gradient computation

Given one training example [z, ¥y ):

Forward propagation:

all) =z

—

(2) — @(1)4(1)

=T

= a'?) = g(2?)) (add uf}j

= 2(3) = 9(2)4(2)

—»a® = g(z®) (add n.f]:ﬂ}

= 21 = 9(3)4((3)

> a¥) = hg(z) = g(z¥)

N34ymcnasaHe Ha rpaaneHTa



N34ymcnasaHe Ha rpaaneHTa

* MI3yncnABame rpelikarta 3a nocaeaHus caom
SL = @) — y(t)
L - obw, 6pon cnoese
aL) - BeKTOp CbC CTOMHOCTUTE Ha BLPXOBETE B NOCNEAHUS O
y(t) - U3XoAHa (KOpeKTHa) CTOMHOCT (T.e. eTUKeT) 3a obyunteneH npumep t

* M3uncnaBame rpellkuTe B NpeaxofHUTe C/I0eBe OTAACHO HaNABO

sL-1) §@=2) 5@ yppeto

§W = (N TEWH DY 5 g 5 (1 — a®)

* CTOMHOCTWTE Ha rPELLKATa B C/I0¥ | ce Mo/y4aBaT Ypes yMHOKEHME Ha rpeLuKnTe

OT c/ieABalma com ¢ matpuuara 8 ot cion L. MonyveHnTe cTOMHOCTYH ce
YMHOXaBaT NOe/IEMEHTHO CbC CTOMHOCTUTE Ha GYHKUUA g’

g'(z®W) = a®.x (1 — aV) - npoussoaHa Ha dyHkumaTa g(z\WV)



N34ymcnasaHe Ha rpaaneHTa

* N3uncnasame A(])

AD:= aY 4 5+

* C BeKTOpM3auua
AD:= AW 4 §U+1) (q(UNT
* [lonyyaBame rpagmeHTa B matpuuata D
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[ToacHeHMA no Backpropagation

Forward Propagation =

3 ) 8““'}
RS

L= ®,

| - 1 { .y T
6}) = “error” of cost for HE} (unit 7 in layer [).

(1 . i _
Formally, lﬂ ) = :éD cost(i)  (for j = 0), where

cost(i) =y log(he(2™)) + (1 - y?) log(1 - (he ("))
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