LSTM Back Propagation with code alongside
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By Mohit Kumar



LSTM(Long Short Term Memory):Internals:Back Prop

#reverse

dh next = np.zeros Like(h) #dh from the next character
dC next = np.zeros like(c)

dx=np.zeros Like(z).T

dy=yhat. copy()
dy=dy-np. reshape (symbols out onehot,[-1,1])

dy=np. dot (dy,h.T)
dBy=dy
dht=np.dot (dy.T,self.WOUT.T).T
for t in reversed(range(seq)):
2= it[t].T
dnt=dht+dh next
dot=np.multiply(dht,self.tanh array(ct[t])*self.dsignoid(ot[t]))
det=np.nultiply(dnt,ot[t]*self.dtanh(ct[t]))+dC next
dcproj=np.multiply(dct,it[t]*(1-cprojt[t]*cprojt[t]))
dft=np.multiply(dct, coldt[t]*self.dsigmoid(ft[t]))
dit=np.multiply(dct,cprojt[t]*self.dsigmoid(it[t]))

iE, 0E, 0
1By, 0y, Opred
dEy
'ﬁ%:%—%

A=

Ey = crossEntropyLoss(ys, ;)

Ui = softmax(pred;)

predy = (he. W) +b,

he = o tanh(c)

¢ = (fix o) + (i x )

o =0 (Wy.[hi_1, 2] + bo)

¢ = tanh (W [hy_1, 1] + b.)
iy =0 (Wi b1, 2] + bi)
fo=0 (Wylher, 2] + by)
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#reverse

dh next = np.zeros 1ike(h) #dn fron the next character
dC next = np.zeros Like(c)

de=np.zeros Like(z).T

0y=yhat. copy()
dy=dy-np. reshape(symbols out onehot,[-1,1])
dhy=np. dot(dy,h.T)

0By=dy
dnt=np.dot(dy.T,self . WOUT.T).T
for t in reversed(range(seq)):
= it[t)]
dht=dht+dh next

dE;
dWy;

dE;
AWy,

~ O0E; Oy Opred;

0y, Opred,” Wy

= (yt - yt)-ht

dwmmmMm&umummmwmmmmmmm

det=np.multiply(dht, ot [t]*self dtanh(ct[t]))+dC next
dcproj=np.muttiply(dct, it t]*(1-cprojt(t]*cprojt t]))

dft=np.multiply(dct, coldt[t]*self.dsigmoid(ft[t]) )
dit=np.multiply(dct, cprojt[t]*self.dsignoid(it[t]))

Ey = crossEntropyLoss(ij;, y;)

i = softmaz(pred;)

predy = (he.W,) +b,

hy = o % tanh(c;)

= (fixcimr) + (i x )

0y =0 (Wylhi_1, ] + b,)

& = tanh (W,.[hu_y, 2 + be)
iy =0 (Wi hi_1, ] + by)
fe=0 (W lhiy, 2] + by)
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freverse

dh next = np.zeros Like(h) #dn fron the next character C_Et B
AC next = np. zeros Like(c) 1,
dr=np.zros Like().T th
dyyhat. opy dEy
dy=dy-np. reshape(symools out enehat, -1, 1]) —
dyei. ot 1. dhy
dBy=dy
dht=p. dot (dy.T sel WW
for T 1n reversed( rang
(Al w
dht=ht+h next
dot=np. uTEEpTy dht, self.tanh_array(ct[t])*self.dsigmoid(otlt]))
dct=np.nultiply(dht, ot [t]*self dtanh(ct[t] ) )+aC next
deproj=np.nuttiply(det, it £]*(1-cprojt [t] *eprojt [t]))
dft=np. multl ply(dct, coldt[t]*self dsiqnoid(ft[t]))
dit=np.muttiply(dct, cprojt[t]*self.dsiqnoid(it[t])

oF; 0Oy Opred,
(9y'} ‘Cr)pTBdt. 5ht

= (9 — . W,) +1dhnext

E, = crossEntropyLoss (i, ;)
j = softmaz(pred;)
predt = (htwy) t by

hy = o, % tanh(c;)

s Woul 5 ()

o =(frxe1) + (1 x )
Oy =0 (WO'[ht—la :Et] T bo)

%M%Lm/' el ¢ = tanh (W, [y, 2] + be)

[ht 1,3315] ‘i‘b)

b hegim ot =0 W
ijj jAﬂ) “%U(Wf-[ht—lpxt]_l'bf)
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freverse
next =
next =

d
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d
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dht=np. dot(dy. T, self
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np.zeros Like(h) #h from the next characts

AL

0L Ohy

np.zeros Like|c|

resha euym ols out onehat, [-1,1])

dOt
dE;

B 5ht .3015

oL,

dOtL

" o,

tanh(c;).dsigmoid(o;)

WUT.T).T

rtlnrweme(rmmﬂse))
= 2t

t+w|mn

1my(dt,el tanh array(ct{t])*self.dsignoidot(t]))
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NUTESptyERE, o Tl atanhcETET o next

d

f
t

§
0

ct, 1t [t]¥( cpm]ﬂ Pcrmtl
coldt [t]self dsignoid(ft t]))
(

h
h
tiply
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tiply(de

)

IE npmu tiply(det, cprojt[t]*self.dsignoid(it[t]))

def dsigmoid(self,f):
return f*(1-f)

Ey = crossEntropyLoss (i, )
i = softmax(pred;)
pred; = (h.W,) 0,

hy = o0 * tanh(c;)

6= (frxam1) + (i xa)

=0 (Wo-[ht—la wt] T bo)

Et = tanh (Wc-[ht—la J?t] + bc)
iy =0 (Wil 2] + bi)

fe=0 (Wp.lhi1, 2] + by)
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hi—1, 2

aEt dEt
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dwo+=np.dot (dot, z)
dbo+=dot
dxo=np.dot(dot.T,self.WLSTM[self.hidden size*3:self.hidden size*d,1:])
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Froverse

et = 208 Like(h) & ron the next car dE;  0E; Ohy Ey = crossEntropyLoss(y, y:)

next = np.zeros Like(c) dct - aht'act ?jt — Softma:v(pfredt)
=D, 18705 ll fe[2).]

zy cogs”e(symols out onehat, [-1, 1] dfy _ Ok, dt h( )+d ! pmdt:(ht'WUHby

= —.0.dtanh(c C_Nex _
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deproj=npmutiplydct, it [t]*(Lc rojt[t]*cprn]tl ) tanhf=np. tanh ) fi=a (Welht, 2] +0f)
dftenp. nultiply (dct, colat[t]*self dsiqnodd ft(t])) return | - tanhf * tanhf
dit=np.nultiply(dct,corojt[t]*self dsignoid(1t[t]))
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dE;

aEt (%t

) aCt 06}

i 97 % Iy dtanh(c;)

Areverse

dh next = np.zeros. 1e( ) 401 fron the next character

0C next = p.zeros Like(¢|

D2 5 11 fel2).T

et oy

d)=dy-np. resha e(symolsoutone ot,[-1,1])

dhy=np. dot oy, h.T)

dBy=dy

dhtnpd( T selfMOT.T).T

for t 1 reversed range(seq)
= aft]]
dht=ht+dh next
Gotenp iyt el tanh
Gct=np.nuttipty(dat, ot (£1268L dtanh(ct[£])}+dC next
dcproj=np.multiply(dct, 1t {t)*{1-cprojt(t *cprojt[t])
aft=np.mtiply(dct, coldt [£]*sel dsagmaddFt[t]))
dit=np.multiply(det, cprojt{t] el dsiqnoid(it[t] )

f(ct[t] el dsigunid ot 1])) (JLZUYLU/ ()%M

a pr).

E, = crossEntropyLoss(ij, )
) = softmaz(pred;

pred; = (h.W,) +b,

hy = o,  tanh(c)

¢ = (fixcion) + (i + )

=0 (Wo'[ht—la mt] T bo)

a = tanh (Wo[ht—la LL}] + bc)

ir = 0 (Wi et 2] + B
=0 (Wf.[ht_l,xt] + bf)
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