Exercises on Speech Recognition with Deep Learning
Ion Androutsopoulos, 2023-24
There are no exercises to be handed in as assignments in this part of the course.

1. Modify the formulae of exercise 5 of Part 4 (machine translation with BiLSTM encoder
and LSTM encoder) for the case where the input to the encoder is a sequence of vectors
representing speech frames (each vector represents a speech frame, e.g., vectors produced by
wav2vec) instead of a sequence of word embeddings, and the decoder outputs at each time-
step a single letter (as in slides 18-20).

Amavinon:!
To dudypappa tng Goknong 5 g evotntog 4, mTOL APOPOVCE UNYOVIKY UETAQPaAcT, Oa
petatpomel OTMG PAIVETUL TAPAKAT®, Y10 OVAYVOPLOT OUALOG:

[ "Embed [~ '
! (wav2vec or [ J
HUBERT) :

______________________________ e
et -

‘Ecto A 10 0A@afnto g yA®ooag mpoc avayvopion (my. Ayyikd).? Kabe mopddsrypa
exmaidevong givar éva {egvyog amoterovpevo omd (i) (o akoAovdic SlVOGHATOV OV £)El
dnuovpyioet To wav2vee i ©o HUBERT (éva Siivoopa d™ Sactdcenv avd tpfpo fxov)
oMo KAMO10 oMo OMAMaG (1., o TV EKPAOVIO M0 TPOTACTC):

a®
e1,€3,€3,..,e, € R
kot (ii) o axorovBio one-hot dovuoudtov:

Y1,Y2, V3 s Ym € {O’ 1}|A|

1O 8ddokwv guyopiotel Tqv k. Togia Edevdepiov yio v mpocTolpocio ToV amovIiceny Tomv
acknoeov 1 kot 2.

2 T mpdén ypnowonotovpe kot dAlo 18ucd tokens, Ommg ivat To <s>, Ta, omoio opaleirovron 3.
3 Ty mpdén cuyvé vo-derypatoAnmrodpe Ty akolovdio Stovuoudtmy Tov £yt Snuiovpyrcet v
povtého cav o wav2vec 1| 1o HuBERT.



N omoia delyvel ™ ocwoT akoAovdia yapouKTHp®V TOL TWPEMEL Vo mopoyOel Yoo TO o
olAiag (kdBe ddvuoua deiyvel oe mowa Béom Tov ahpdfntov A Ppicketol 10 avtioTolyo
OWGTO YPAUQ).

‘Eoto E € REWXMI mivaxog pe Tig evbéoeig yapoktnpwv (character embeddings) tov
orpapitov A. Kébe évbeon yopaktipa sivor Stdvuopo d® Sractdoemy.

Ot TapaKATm TOTOL TEPLYPAPOVY OVOAVTIKA T1 AEITOLPYIO TOL HOVTEAOL Kol TOV VTOAOYIGUO
0V opdApatog (L) yo éva mopdderypa exmaidevons. O cvpporouds [...;...] mopiotdvet
ouvvévmon (concatenation). Ta f Kol g TOPLGTAVOLY GUVOPTHCELS EVEPYOTOINGTG.
Kodwomommig: (i € {1,2,3,...,n})

Ry = LSTM(Ri_y, ¢; ) € R™ hy € RA™
hy = LSTM(hyyy, ;) € RE® hpy, € REP
hi = [Hi;(h—i] € Rz.d(h)

Anoxkodwomomtig: (i € {1,2,3,...,n}, j € {1,2,3,...,m})

ti=Ey; € R4 (To embedding tov cwoTov Ypdppatog £660v 6N Béo j.)
_ . @ a®

Zj = LSTM(Z]'_]_, [tj—li C]]) ER Zy € R )

Tij=v" fWOh +UDz_ +b@)eR w@ g gaxza®

U(a) c Rd(z)xd(z)
b@ e R?, y e RA?

o e@yy)
Y Xwexp(@ )
¢ =W g(3;a,;h +b©) € R we e Rd®xza®
] g\l a;j i
p© e gzd™
5 =Wz + b € RM we e Rl4xd®
p© e RlAl
Ojk =3 AleXp(aj'k) (ITéco mBavo Bewpel to povTéro T0 k-6TO Ypaupa Tov aAapnToL

Zk’:l exp(aj,k’)
va glval To 0oTo Yo TN j-ot 0€0m g axolovbiog e£6d0v.)

r; = argmax; yj, (Zopeova pe to 1-hot y;, 10 60616 Ypappo oy j-ot 0éom g
££060v PBpioketar ot O€on 17 TOL KAPAPNTOL.)

L=-%log Ojr; (EAayiotonowwvtag 1o L, peylotonotobe v mhovotnta wov divel

TO LOVTEAO GTO COOTA YPAUUOTA, GE OAEG TG BEEIC TNG akoAovBiag
YOPUKTN POV TNG €£000V.)



2. Modify the formulae of exercise 4 of Part 5 (machine translation with CNN encoder and
LSTM decoder) for the case where the input to the encoder is a sequence of real (or integer)
numbers obtained by sampling an input speech signal (as in slide 12) instead of a sequence of
word embeddings, and the decoder outputs at each time-step a single letter. Hint: At the first
convolutional layer, the filters are now applied to a window [x;_g, ..., X;, ..., Xj1x] of 2k + 1
real numbers (or integers), where 2k + 1 is the size of the filters, instead of a window of
3 - d(® real numbers obtained by concatenating three (for 3-gram filters) word embeddings of
d® dimensions each.

Amavinon:
‘Ecto A 10 0A@afnto g yA®ooag mpoc avayvopion (my. Ayylhkd).! Kabe mopddsrypa
ekmaidevong etvan €va {evyog amoteAovpevo amo (i) £va SIVUGHO SOKPITOV TIHMV YOV, TO
omoio dnuovpynoe 1 SerypaToAnYio KATOOV ONUOTOC OMog (.Y, TNG EKOMVNONG HOG
TPOTUOTG):

X1,X2,X3, ..., Xn € R

kot (ii) o axorovBio one-hot dovuoudtov:

V1, V2, Var s ¥m € {0, 1}14l

N omoio delyvel ™ ocwotT axkoAovdia yapuKTHp®V TOL TPEMEL Vo mopoyOel Yoo To o
olAiag (kdBe dvuoua deiyvel oe mowa Béomn Tov ahedfntov A Ppicketol 10 avtioTor o
OWGOTO YPAUQ).

‘Eoto E € REWXMI mivaxog pe Tig evbéoeig yapoktypwv (character embeddings) tov
orpaprtov A. Kabe évbeon yapaktipa sivon Siivoopo d® Sractdoemy.

Ot TapaKATm TOTOL TEPLYPAPOVY OVOAVTIKA T1 AEITOLPYIO TOL HOVTEAOL Kol TOV DTOAOYIGUO
0V 6Qaipatog (L) ywo éva mapddetypa ekmaidevons. O cvuPorlopdg [...;...] mapiotdvel
ouvvévmon (concatenation). Ta f Kol g TUPIGTAVOLY GLVAPTIGEIS EVEPYOTOINOTG.

Encoder: (i € {1,2,3,...,n}, L € {2,3,4})

INa i’ <1 ko i’ >n, Oswpodue 61t x;, = 0 (padding). 'Ectw o611 ypnoionoiovpe d(h)
eidtpa peyéboug 2k + 1 og kGOe cuveliktiko eminedo. Tote:

th) = ReLU(W(l)[xi_k, ooy Xy ey Xigr] + b(l)) T € R
w® e raMx@k+1)

p® e R4

Y =ReLU (W [nE50, . A, L AEP]+60) +hfTY € REV
w® e Ra®Wx@k+1)
p e ra®
Decoder: (i € {1,2,3,..,n}, j€{1,2,3,..,m})

(@)

ti=Ey; € R% (To embedding tov cwoTov Ypdppatog £660v 6N Béo j.)

4 Ty mpaén ypnopomotodue kot GAla £181kd tokens, Onwg eivat To <s>, Ta onoio Tapaisimoviar £80.



2 = LSTM(z 1, [t-1:¢]) € RY 2, € RY

@ij=v" fW@Oh +UDz_ +b@)eR W@ g ga@xa®
U(a) c Rd(z)xd(z)

b@ e R?, y e RA?

— exp(a ;)
Y Nexp(@yrj)
¢ =W©g(Xa,;h® +b©) € REY b© e R
W(C) )= ]Rd(a)xd(h)
8 = W@z + p© e R4 w© e RlAIxa®
p© e R4l
Ojx = we}(p# (IT6c0 mBavo Bewpel T0 POVTELO TO k-0TO YpapLLA TOL oAPaPrTOV
’ Yr=1 €XP(0j k1)
va glval To 0moTo Yo TV j-oth 0Eon ¢ akolovbiog e£660v.)
r; = argmax; yj, (Zopeova pe to 1-hot y;, 10 60616 Ypapupo oy j-oT 0éom g
axohovBiag ££660v Bpicketar otn Bon 77 Tov algafiitov.)
L=-%log Ojr; (EAayiotonowwvtag to L, peylotonotobue v mihovotnta wov divel

TO LOVTEAO GTO COOTA YPAUUOTA, GE OAEG TG BEEIC TNG akoAovBiag
YOPOUKTN POV TNG €£000V.)



