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Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Last time: Localization and Detection
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Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Neural Network structure

Standard Neural Networks are DAGs (Directed Acyclic

Graphs). That means they have a topological ordering.

« The topological ordering is used for activation propagation,
and for gradient back-propagation.

« They process one input instance at a time.



Recurrent Neural Networks (RNNS)

Recurrent networks introduce cycles and a notion of time.

One-step delay

« They are designed to process sequences of data x4, ..., x,
and can produce sequences of outputs y;, ..., Y,



Unrolling RNNSs

RNNs can be unrolled across multiple time steps.
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Unrolling RNNSs
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RNN structure

Often layers are stacked vertically (deep RNNS):

Same parameters
at this level

H
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RNN structure

Backprop still works:

_ Activations
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RNN structure

Backprop still works:

Abstraction Gradients

- Higher
level
features



Recurrent Networks offer a lot of flexibility:

one to one one to many many to one many to many many to many
T Pt T Pttt Pt
T T bt Pt bt

\ Vanilla Neural Networks

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Recurrent Networks offer a lot of flexibility:

one to one one to many many to one many to many many to many

\ e.g. Image Captioning
image -> sequence of words

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Recurrent Networks offer a lot of flexibility:

one to one one to many many to one many to many many to many

\ e.g. Sentiment Classification
sequence of words -> sentiment

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Recurrent Networks offer a lot of flexibility:

one to one one to many many to one many to many many to many

R e.g. Machine Translation
seq of words -> seq of words

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Recurrent Networks offer a lot of flexibility:

one to one one to many many to one many to many many to many

;

e.g. Video classification on frame level

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Sequential Processing of fixed inputs

Multiple Object Recognition with
Visual Attention, Ba et al.

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Sequential Processing of fixed inputs

DRAW: A Recurrent
Neural Network For
Image Generation,
Gregor et al.

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson



Recurrent Neural Network

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Recurrent Neural Network

usually want to
predict a vector at
some time steps

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Recurrent Neural Network

We can process a sequence of vectors x by
applying a recurrence formula at every time step:

hy|=\fw (-ht-—la $t)

new state old state input vector at
some time step

some function
with parameters W

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Recurrent Neural Network

We can process a sequence of vectors x by
applying a recurrence formula at every time step:

hy = fW(ht—la 93t)

Notice: the same function and the same set
of parameters are used at every time step.

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




(Vanilla) Recurrent Neural Network

The state consists of a single “hidden” vector h:

y hy = fW(ht—la xt)

l

hy = tanh(Wyyhy 1 + Wypzy)

X Yt = Whyht

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Character-level language model example

Vocabulary:
[h,e,l,0]

Example training y
sequence:
“hello”

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Character-level language model example

Vocabulary:
[h,e,l,0]

Example training
sequence:
“hello”

1 0 0 0

: 0 1 0 0
input layer 0 0 1 1
0 0 0 0

input chars:  “h” e 1 I

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Character-level anguage model example

Vocabulary:
[h,e,l,0]

ht = tanh(Winht-1 + Wanzt)

Example training

sequence.
“hello”
0.3 1.0 0.1 (W hnl -0-3
hidden layer | -0.1 > 0.3 » 05— 09
0.9 0.1 -0.3 0.7
L Jwe
1 0 0 0
: 0 1 0 0
input layer 0 0 1 1
0 0 0 0
input chars:  “h” “@” il 17

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Character-level language model example

Vocabulary. target chars: ‘e’ i I ‘Q”
[h,e,l,0] 10 05 0.1 0.2
22 0.3 0.5 15
o outputlayer RS 1.0 1.9 0.1
Example training 4.1 12 ] 22
sequence: T T T TW_hy
“hello”
0.3 1.0 0.1 W hh -0.3
hidden layer | -0.1 > 0.3 > 05— 09
0.9 0.1 0.3 0.7
I
1 0 0 0
: 0 1 0 0
input layer 0 0 1 1
0 0 0 0
input Chars- nhu uen uln ulu

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




min-char-rnn.py qgist: 112 lines of Python

def sample(h, seed_ix, n):
Minimal character-level vanilla RNN model. Written by Andrej Karpathy (@karpathy) sanple a sequence Of integers From the model
85D License . . .
h is memory state, seed_ix is seed letter for first time step
QL TR 3 1 x = np.zeros((vocab_size, 1))
. 150 ¥[seed_ix] = 1
data pen( 'input.txt', 'r').read() # should be simple plain text file Dees = ]
chars = list(set(data)) for t in xrange(n):
data_size, vocab_size = len(data), len(chars) h = np. tanh{np.dot(Wxh, x) + np.dot(whh, h) + bh)
print 'data has %d characters, %d unigue.' % (data_size, vocab_size) y = np.dot(Why, h) + by
char_to_ix = { ch:i for i,ch in enumerate(chars) } p = np.exp(y) / np.sum(np.exp(y))
ix_to_char = { i:ch for i,ch in enumerate(chars) } ix = np.random.choice(range(vocab_size), p=p.ravel())
x = np.zeros((vocab_size, 1))
# hype ters x[ix] =1
hidden_size = 180 # size of hidden layer of neurons ixes.append(ix)
seq_length = 25 # number of steps to unroll the RN for return ixes
learning_rate = le-1
nop=6 8

# model parameters

Wxh = np.random.randn(hidden_size, vocab_size)*8.81 # input to hidden
whh = np.random.randn(hidden_size, hidden_size)*s.e1 # hidden to
why = np.random.randn{vocab_size, hidden_size)*s.e1 # hidden to o
bh = np.zeros((hidden_size, 1)) # hidden bias

by = np.zeros((vocab_size, 1)) # output bias

mwxh, mWhh, mwhy = np.zeros_like(wxh), np.zeros_like(whh), np.zeros_like(why)
mbh, mby = np.zeros_like(bh), np.zeros_like(by)
smooth_loss = -np.log(1.6/vocab_size)*seq length
while True:

memory vi

riables for Adagrad
s at iteration @

# prepare inputs (we're sweeping from left to right in steps seg_length long)
if p+seq_length+1 >= len(data) or n == @:
hprev = np.zeros((hidden_size,1)) # reset RAN memory

def lossFun(inputs, targets, hprev):

p=0#go from start of data
e inputs = [char_to_ix[ch] for ch in data[p:p+seq_length]]
1Inputs, targets are both list of integers. targets = [char_to_ix[ch] for ch in data[p+1:p+seq_length+1]]
hprev is Hx1 array of initial hidden state
returns the loss, gradients on model parameters, and last hidden state # sanple fron the model now and then
" if n % 108 8
s, bs,ys, ps = {3 (L L O sample_ix = sample(hprev, inputs[e], 2e8)
hs[-1] = np.copy(hprev)

loss =

txt = ''.join{ix_to_char[ix] for ix in sample_ix)
print '----\n %s \n----' % (txt, )
# d pass
fw;S'l'[;”_x;anig:?iﬂ::;s:z; ) ode in 1-0f-K re ariar # forward seg_length characters through the net and fetch gradient
= np. # enc -of-k representation
xs[t][mp:ts[t]] - 0 ’ loss, dwxh, dwhh, dwhy, dbh, dby, hprev = lossFun{inputs, targets, hprev)
hs[t] = np.tanh(np.dot(wxh, xs[t]) + np.dot(whh, hs[t-1]) + bh) # hidden state smooth_loss = snooth_loss * 9.999 + loss * 0.661

yS[t] = np.dot(why, hs[t]) + by # unnormalized log probabilities for next chars if n % 100 == 0: print 'iter %d, loss: %f' % (n, smooth loss) # print progress
ps[t] = np.exp(ys[t]) / np.sum{np.exp(ys[t])) # probabilities for next chars
loss += -np.log(ps[t][targets[t],@]) # softmax (cross-entropy # perforn paraneter update with Adagrad

% backward p pute gradients going backwards for param, dparam, mem in zip([Wxh, whh, why, bh, by],

deixh, dwhh, dihy = np.zeros_like(Wxh), np.zeros_like(whh), np.zeros_like(why) [dwxh, dwhh, dwhy, dbh, dbyl,

dbh, dby = np.zeros like(bh), np.zeros like(by) [mixh, mihh, mhy, mbh, mby]):

dhnext = np.zeros_like(hs[8])
for t in reversed(xrange(len(inputs))):
dy = np.copy(ps[t])
dy[targets[t]] -= 1 # backprop into y
dwhy += np.dot(dy, hs[t].T)
dby += dy
dh = np.dot(why.T, dy) + dhnext # backprop
dhraw = (1 - hs[t] * hs[t]) * dh ¢
dbh += dhraw - N N
(https://qgist.github.com/karpath
dwhh += np.dot(dhraw, hs[t-1].T)

dhnext = np.dot(whh.T, dhraw)

R e e S y/d4dee566867{8291f086)

return loss, dwxh, dwhh, dwhy, dbh, dby, hs[len{inputs)-1]

mem += dparam * dparam
param += -learning_rate * dparam / np.sqre(mem + le-8) :

agrad update

p += seq_length # move data pointer
n 4= 1 # iteration counter

to h

ackprop through tanh nonlinearity

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson
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- wininal charscter-level van:lla RN model. Written by Andrej Karpathy (@karpatny)
BSD License

anport. numpy as np.

# data 1/0

data = open(*input.txt', 'r').read() # s10uld be simple plain text file
chars = List(set(data))

data_size, voceb_size = lenidata), len(chars)

print 'data nas % characters, % unique.’ % (deta_size, vocab_size)
char_to_ix = { chii for 1,ch in enurerats(chars) }

x_to_char = { 1ich for 1,ch in enumeratz(chars) }

¢ hiddensize = 100 # size of hidden layer of neurons
7 sea_length = 25 # nuaber of steps to wnrall the RN for
© learning rate = 121

©  # motel paraneters

21 W = mp.randon. rancn(hidden_size, vocab_size)*€.1 # input ©o hidden

Wb = np.randon.rancn(hidden_size, hidden_siz2)'0.01 # hidden to hidden
Why = np. randon. rancn(vocab_size, hidden_size)"€.o1 # hidden to output

24 Bh = np.zeros((hidden_size, 1) + hidden bias

= by = np.zeros((vocat_size, 1)) # output siss

LossFun(inputs, targets, hprev):

nputs, targets are both List of integers
hprev is Hel arcay o initial hidden state
returns the loss, gradients on mode’ parameters, ard last hidden state

xs, hs, ys, ps = {1 O O
hst-1] = ma.copy(rprev)
loss = o
# foruard sass
for € in xrange(len(inputs)):
x5[t] = p.z70s((vocab_size,1)) + encode ir 1.0k representation

hS[£] = np.tanh(np.dot (uxh, 3S[t]] + np.dot(unh, hs[t-1]) + bh) ¢ nidser state
.do:

dbh, by = np.zercs_Like(sh), p.zeros_Like(by)
dhext = . zeros_Like(hs(e])
for © in reverssd(xrange(len(inputs1));

[£1] = 1 # backprop into y
= mp.dot(cy, hs[t].T)
a

y
dot(Wny.T, dy) - dhnext # baskpros nco b
- hsIt] * hs[E]) * dh # backprop through tanh nonlinearity

doz(chraw, xs[t].T)
doz (chraw, hs[-1].T)

for dparam in [dwsh, dwhh, ddny, dbh, 3by]
p.clip(dperan, -5, 5, out=dparam) # clip tc mitigate exploding gradiznts
o1 return loss, duch, dunh, duhy, doh, dby, hs(len(inputs)-1]

et sanpla(h, seed_ix. 1)

ple a sequence of integers Tron the nodel
s memry state, seed_ix 1 seed letter for First tine stsp

x = np.zeros( (vocab_size, 1]
aseed 1] = 1
Des= 11
for ¢ in wrarge(n)
= 2. tanh(np.doz(wiy, ) - np.doc(uth, b} + bn)
¥ = m.doc(uy, h) + by
B =m0y / wsu(rp.exply))
i = np.rancon. choise(rerge (vocab_size], pep.ravel(}]
x = m.zercs((vocas_size, £}
i =1
Sxes. aopens(ix]
return ixes

= np.zeros_Like{we), np.zeros_Like(vth], no.zercs_L:ke(Nay)
zeros_Lica(bh), np.zeros_Like(by) # nercry varisbles for Adayrad
Zog{L.o/vcceb_size)*sec_lengh ¢ los at

s (we're sveeping From left o right dn seds seq_leng:h Long)
en(ceta) - n = ¢

anputs = [char_to_ix[=h] for ch i1 data(p:p-seq lencth]]
tergers = [cher_to_ix[eh] for ch in date(p-1:pseq_lengthe1]]

& sanple fron the mdsL ncw and tren
iasme=o

anple(nprev, inputs[e], z6o)
(x_so_char [ix] “or ix in sample_ix)
s et s (n, )

53 foruard seq_leng:h characters carough the net and fetch gradiert
159 loss, duh, cWth, By, dh, dby, prev = lossEun(irputs, cargets, hpres)
Saooth_Loss = snooch_Loss * 6,999 + loss * 0,31

S 0% 13 = 6 print ‘iter %, Loss: 3f' % (1, sacoth_loss) # princ progress

4 per<orn pareneter date with Afagrac

for paran, dperan, nen in zipi(Mer, W, Vhy, o, by],
[oen, i, @y, dby,
Cawen, mubh, iy, nby]):

nen += dparen * dparan
paran += -learning_rate * dparan / nE.sqri{esn + le.8) < akared wpdars

L p 4= seqlength ¢ move date pointer
> res 1 terstion comter

R I S I

O 00 -1 oy W

10
11
12
13

Minimal character-level Vanilla RNN model. Written by Andrej Karpathy (@karpathy)

BSD License

import numpy as np

# data I/0

data = open('input.txt', 'r').read() # should be simple plain text file

chars = list(set(data))

data_size, vocab_size = len(data), len(chars)

print 'data has %d characters, %d unique.' % (data_size, vocab_size)
char_to_ix = { ch:i for i,ch in enumerate(chars) }

ix_to_char = { i:ch for i,ch in enumerate(chars) }


https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086

> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)

3 BSD License
imgort. numpy as np

# ata 10

& data = cpen('input.txt', 'r').read() # should be sinple plein text file
o chers = list(set(data))

o data_size, vocab_size = len(data), len{chars)
1 print 'data has % characters, %d urique. s (data_size, vecad_size)
2 cher_to_ix = { ch:d for i,ch ir ewrerate(chars) } j_

;| e e 5 # hyperparameters
e ot o it e o s 16  hidden_size = 100 # size of hidden layer of neurons

sec_length = 25 # nunber of steps to unroll the RuN for
Legrning rate = le-1

i 17 seq_length = 25 # number of steps to unroll the RNN for

randon. randn(hidden size, vocab_size)'0.01 # input 1 fidden

2 dom, rand(hidden_size, hidden_size) 0.1 # hidcen tc hidden .
22 Why = np.rando. randn(vacab_size, hidden size)* €1 # idden Lo ourput 18 lea rn ln rat e — le _ 1
24 bh = ap.zeros((hidden_size, 1)) # hidden bias — -

by = np.zevos( (vocab_size, 1)) # dutpu: bias

27 def Lossun(inputs, targets, hprev): 19

npats, targets are both 1ist of integers.
Fprav is Kl array of initial hidcen state

e s s s, 20  # model parameters

3
3

E as, hs, ys,ps = 0 (L (L {F
22 bs[-1] = np.copy(hprev)

s 21 Wxh = np.random.randn(hidden_size, vocab_size)*0.01 # input to hidden

& forvard pass
for t in xrange(Len(inputs)):

o 22 Whh = np.random.randn(hidden_size, hidden_size)*0.01 # hidden to hidden
i e i) 23 Why = np.random.randn(vocab_size, hidden_size)*0.01 # hidden to output

np.zeros((hidden_size, 1)) # hidden bias
np.zeros((vocab_size, 1)) # output bias

4 % backward pass: conpute gracieats going backwards
a1, i, by = . zeros_Like(wxh), np.zeros_Like(uhh), 1p.2eros_Like(uhy)
cbn, dby = np.zeras_Like(b), na.zeros_Like(by] b h
chnext = np.zeros_Like(hs(2]) 2 4
for ¢ in reversed(srange(Lan(inuts)))
a7 = m.copy(ps (1)

dy[targets[t]] -= 1 # backprod into y 2 I— b
iy += m.doc(dy, s[t].T) -

day = dy
@ = mp.dot(uhy.T, dy] + drnext # backprop 1nto h

54 diraw = (1 - hs[t] * hs[t]) * dh # backprop through tarh nonlinearity
doh += dhrav

dish += . do(dhrau, xs[t].T) & £ [
dihh += ro.dot(dhra, hs[t-11.T) ta t h . ” sln sln (%]
e = m donen. T, ) rgetchars. € 0
for dparan in [dxh, dubh, dihy, dbh, doy]:
m.clip(dparan, -5, 5, ostzdparan) # clip to mitigate exploving gradients

return loss, dwsh, duih, chhy, dbh, dby, hs[Len(inputs)-1] 1'0 0.5 0.1 0.2
5 | ckr sapiethy, e,
 cape s semeres o egers #ron e el output Iayer 22 0.3 0.5 15
s 3.0 -1.0 1.9 0.1

115 mewry state, sest_ix 15 seed letter for First tine step
slseed 5] = 1 4 1 1 2 _1 1 2 2
ves =11 = i 5 b

for t in wrange(n):

= motan(rp. doz(n, 3] - mp.dox(uth, ) + bn)
¥ = .oty ) + by vv

T p=menly) / wsm(p.eniy) h
53 = .rancen chotze(renge (vova.size], p=.ravel(} ) -

x = m.zeras((vosa size, <))
il =1
xes. aopend(ix)

rewn baes

- Il 03 10 01 03
o S, S recaill. hidden layer | -0.1 0.3 > 05 W-hrl

1. Z00{L BAvCeeb_siz2)*seq_lengh ¢ loss at Lteraticn o

e 09 04 03 07

len(eeta) v n = e
nidder_size,1)) # reset Rid mercry

A

ple(prey, inpuzs[e], 290]
jcin{:x_so_char[ix] “or ix in sanpl_ix)
ta o, )

& forward seq_lengeh

loss, dich, cubh, iy, ceh, dby, hprey = losseun(irputs, targets, hpred) 5 t |
S A input layer

14 % perorn pareneter update with Afagrac
for pacan, deeran, nen in zipi(Ver, Wb, Vhy, o, by],
[owen, aut, dny, b, dby,
Coweh, i, iy, B, nby]):

o s+ i input chars:  “h” ‘e T iy

B 4= seq_lengeh # mov date poincer
0= 1 ¢ dteration counter

OO = |—»
OO ~O|—

D
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> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)

3 BSD License

imgort. numpy as np

# ata 10
data = open(input. txt', 'r').read() # should be simple plein text file
chers = List(set(data))

data_size, vocab_size = len{data), len{chars)

print 'data has % charscters, % unique.' % (data_size, vecay_size)

12 cher_to_ix = { chii for i,ch ir ewnerare(chars) }

ix_to_char = { i:ch for i,ch ir ewrerste(chars) }

# byperparaneters
hicden_size = 108 # size of ricden layer of neurons
seq_length = 25 # nunber of steps tc unroll the RN for

15 learning rate = le-1

# nogel paraneters
Wit = ng.random. rand(hidden size, vocab_size)"0.01 # input 1o fhidden
NNF = ng. random. rand(hidden size, hidden size)®.0L # hidcen tc hidden

22 Why = ng.randon randn(vacab_size, hidden_size)'@ 01 # hidden Lo output

= p.zeros((hidden_size, 1)) # hidden bias
by = 1p.ze70s( (vocab_size, 1)) # sutpu: bias

27 def LossFun(inputs, targets, herev):

51

inpits, targets are both 1ist of inteers.
Fprav 15 Wt array of initial hidden state
returns the loss, gratients e notel paraneters, and last hidden state

as, s, s, ps = 0 O O O
bs[-4] = np copy(hprev)
loss =
hmm pass
for t in xrange(Len(inputs)):
x[t] = rp.zeros((vacab_size, 1)) # encode in 1-0f-k representation
[t [inputs[e]] = 1
hs[t] = rp. tanh(np.dot(wch, xs[t]) + np.dot(uhh, hs[t-1]) = bh) = hidden state
ys[t] = rp.dot(why, hs[t]) + oy # unnormalized log protabilicies for next chars
ps[t] = rp.explys[t]) / 1p.sun(rp.explys[e])] # probbiliries for next chars
loss += -np Log(ps[c][cargets[t],6]) # softmex (cross-entropy loss)
& backward pass: conpute gracients going backwards
aix0, duhih, dihy = np.zeros_like(wxh), np.zeros_like(wih), 1p.zeros_Like(uhy)
cbh, dby = np.zeros_Like(b), ma.zeros Like(by)
chnext = np.zeros_Like(hs[2])
for t in reversed(xrange(1an(inuts))):
dy = np.copy(ps[t])
dy[targets[t]] -= 1 # bakeroa into y
ainy += p.doc(dy, ns[c].T)
@y 4=ty
1 = np.dot{uny.T, dy) + dinext # backprop into h
draw = (1 - BS[t] * BS[E]) * dh # backprop through tarh nonlinearity
dh += dhray
dixh += rp.dot(dhra, xs[t].T)
dihh += ro.dot(dhra, hs[t-11.T)
dnext = np.dot (Vih. T, diraw)
for dparan in [dxh, dubh, dihy, dbh, doy]:
m.clip(dparan, -5, 5, ostzdparan) # clip to mitigate exploving gradients
return loss, dxh, dWih, duhy, dbh, dby, hs[len(inputs)-1]

52 def sanpla(h, seed_ix, n)
Lo

semple a sequence of inteers ron the nodel
F 15 memry stete, se=d_ix is seed letter for First tine stzp

Al
Des= 01
for t in wrange(n):
= o tanh(np. doz(iwiy ) - np.doc(uth, b} + b)
¥ = m.dot(uby, h) + by
b= m.ew(y) / m.su(rp.exn(y)
£ = 1p.rancon. choice(rerge (vorah size], pep.ravel(}]
x = m.zeras((vosa size, <))
il =1
xes. aopend(ix)
rewn baes

g From left <o rig
en(eata) o n = &
size,1)) # reset RIV mercry

tata
h] for o i datalp:psed lengeh]]
o ixfch] for ch in date[p-L:p+seq length1]]

feteh gradiert
puts, targets, hpres)

% (1, stcoth_loss) # print progress
date with Adagrac

in zip( (W, WhE, Why, oh, by],

[aeh, QW @y, dby],
[aweh, muth, mihy, b, nby]):

_Length # move date pointer
# iteretion counter

88
89
90

n,p=@a @
mwxh, mwhh, mwWhy = np.zeros_like(Wxh), np.zeros_like(Whh), np.zeros_like(Why)
mbh, mby = np.zeros_like(bh), np.zeros_like(by) # memory variables for Adagrad
smooth_loss = -np.log(1l.0/vocab size)*seq_length # loss at iteration 0
while True:
# prepare inputs (we're sweeping from left to right in steps seq_length long)
if p+seq_length+1 >= len(data) or n ==
hprev = np.zeros((hidden_size, 1)) # reset RNN memory
p = @ # go from start of data
inputs = [char_to_ix[ch] for ch in data[p:p+seq_length]]
targets = [char_to_ix[ch] for ch in data[p+1:p+seq_length+1]]

# sample from the model now and then

if n % 100 == 0:
sample_ix = sample(hprev, inputs[@], 200)
txt = ''.join(ix_to_char[ix] for ix in sample_ix)
print '----\n %s \n----' % (txt, )

# forward seq_length characters through the net and fetch gradient

loss, dwxh, dwhh, dwhy, dbh, dby, hprev = lossFun(inputs, targets, hprev)
smooth_loss = smooth_loss * ©.999 + loss * 0.0081

1f n % 100 == 0: print 'iter %d, loss: %f' % (n, smooth_loss) # print progress

# perform parameter update with Adagrad
for param, dparam, mem in zip([Wxh, Whh, Why, bh, by],
[dwxh, dwhh, dwhy, dbh, dby],
[mwxh, mwhh, mWhy, mbh, mby]):
mem += dparam * dparam
param += -learning_rate * dparam / np.sgrt(mem + 1e-8) # adagrad update

p += seq_length # move data pointer
n += 1 # iteration counter
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> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)

3 BSD License
5 ingort numpy as np

# ata 10
& data = open("input.txt', 'r').read() # should be simple plein text file
o chers = list(set(data))

Lo data_size, vocab_size = Len(data), len]chars)

11 print 'data has % characters, %d unique.' % (data_size, vocas_size)

12 cher_to_ix = { chii for i,ch ir ewnerare(chars) }

ix_to_char = { i:ch for i,ch ir ewrerste(chars) }

# byperparaneters
16 hicdensize = 100 # size of nicder layer of neurons

17 sec_lengeh = 25 # nunber of steps to unrall the R for
15 learning rate = le-1

20 # nodel paraneters

21 Wb = ng.randon randn(hidden_size, vocab_size)'e @1 # input ta hidien

22 Wb = ng.randon randn(hidden_size, hidden size)0.el ¢ hidcen to hidden

22 Why = ng.randon randn(vacab_size, hidden_size)'@ 01 # hidden Lo output
= p.zeros((hidden_size, 1)) # hidden bias

by = 1p.ze70s( (vocab_size, 1)) # sutpu: bias

27 def LossFun(inputs, targets, herev):

inpits, targets are both 1ist of inteers.
Fprav 15 Wt array of initial hidden state
returns the loss, gratients e notel paraneters, and last hidden state

as, s, s, ps = 0 O O O
s bs[a]= np copy(hprev)
loss =
hmard pass
for t in xrange(Len(inputs)):
x[t] = rp.zeros((vacab_size, 1)) # encode in 1-0f-k representation
[t [inputs[e]] = 1
hs[t] = rp.tanh(np. dot(wch, xs[t]) + np.dot(uhh, hs[t-1]) + bh) # hidden stae
ys[t] = rp.dot(why, hs[t]) + oy # unnormalized log protabilicies for next chars
ps[t] = rp.explys[t]) / 1p.sun(rp.explys[e])] # probbiliries for next chars
loss += -np Log(ps[c][cargets[t],6]) # softmex (cross-entropy loss)
& backward pass: conpute gracients going backwards
aix0, duhih, dihy = np.zeros_like(wxh), np.zeros_like(wih), 1p.zeros_Like(uhy)
cbh, dby = np.zeros_Like(b), ma.zeros Like(by)
chnext = np.zeros_Like(hs[2])
for t in reversed(xrange(1an(inuts))):
dy = np.copy(ps[t])
dy[targets[t]] -= 1 # bakeroa into y

ainy += p.doc(dy, ns[c].T)
@y 4=ty
1 = np.dot{uny.T, dy) + dinext # backprop into h
drae = (1 - hs[t] * hs[t]) * dh # backorop through tarh norlinearizy
dh += dhray
dixh += rp.dot(dhra, xs[t].T)
dihh += ro.dot(dhra, hs[t-11.T)
dnext = np.dot (Vih. T, diraw)
for dparan in [dxh, dubh, dihy, dbh, doy]:
m.clip(dparan, -5, 5, ostzdparan) # clip to mitigate exploving gradients
return loss, dxh, dWih, duhy, dbh, dby, hs[len(inputs)-1]
def sanpla(n seed_ix, )

semple a sequence of inteers ron the nodel
F 15 memry stete, se=d_ix is seed letter for First tine stzp

Al
Des= 01
for t in wrange(n):

= o tanh(np. doz(iwiy ) - np.doc(uth, b} + b)

¥ = m.dot(uby, h) + by

b= m.ew(y) / m.su(rp.exn(y)

£ = 1p.rancon. choice(rerge (vorah size], pep.ravel(}]

x = m.zeras((vosa size, <))
il =1
xes. aopend(ix)

rewn baes

v
s at Lteraticn 0

g 295 seq_lengch long)
en(eata) o n = &
size,1)) # reset RIV mercry

tata
h] for ch 1 data[p:prseq length]]
o ixfch] for ch in date[p-L:p+seq length1]]

feteh gradiert
puts, targets, hpres)

% (0, stcoth_Loss) # print progress

dag

o, Wt Wy, oh, by,

n, W, iy, ik, dby,
n, W, i, ntk, mby])

n,p=260, 0
mwxh, mwhh, mwWhy = np.zeros_like(Wxh), np.zeros_like(Whh), np.zeros_like(Why)
mbh, mby = np.zeros_like(bh), np.zeros_like(by) # memory variables for Adagrad
smooth_loss = -np.log(1.0/vocab_size)*seq_length # loss at iteration @
while True:
# prepare inputs (we're sweeping from left to right in steps seq_length long)
if p+seq_length+1 >= len(data) or n ==
hprev = np.zeros((hidden_size,1)) # reset RNN memory
p =0 # go from start of data
inputs = [char_to_ix[ch] for ch in data[p:p+seq_length]]
targets = [char_to_ix[ch] for ch in data[p+1:p+seq_length+1]]

# sample from the model now and then

if n % 188 == 0:
sample_ix = sample(hprev, inputs[@], 200)
txt = ''.join(ix_to_char[ix] for ix in sample_ix)
print '----\n %s \n----' % (txt, )

# forward seq_length characters through the net and fetch gradient

loss, dwxh, dwhh, dwhy, dbh, dby, hprev = lossFun(inputs, targets, hprev)
smooth_loss = smooth_loss * ©.999 + loss * 0.0081

if n % 100 == @: print 'iter %d, loss: %f' % (n, smooth_loss) # print progress

# perform parameter update with Adagrad
for param, dparam, mem in zip([Wxh, Whh, Why, bh, by],
[dwxh, dwhh, dwhy, dbh, dby],
[mwxh, mwhh, mWhy, mbh, mby]):
mem += dparam * dparam
param += -learning_rate * dparam / np.sgrt(mem + le-8) # adagrad update

p += seq_length # move data pointer
n += 1 # iteration counter
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> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)

3 BSD License
5 ingort numpy as np

# ata 10
& data = open("input.txt', 'r').read() # should be simple plein text file
o chers = list(set(data))

Lo data_size, vocab_size = Len(data), len]chars)

11 print 'data has % characters, %d unique.' % (data_size, vocas_size)

12 cher_to_ix = { chii for i,ch ir ewnerare(chars) }

ix_to_char = { i:ch for i,ch ir ewrerste(chars) }

15 ¢ byperparameters
16 hicdensize = 100 # size of nicder layer of neurons

17 sec_lengeh = 25 # nunber of steps to unrall the R for
15 learning rate = le-1

20 # nodel paraneters

21 Wb = ng.randon randn(hidden_size, vocab_size)'e @1 # input ta hidien

22 Wb = ng.randon randn(hidden_size, hidden size)0.el ¢ hidcen to hidden

22 Why = ng.randon randn(vacab_size, hidden_size)'@ 01 # hidden Lo output
= p.zeros((hidden_size, 1)) # hidden bias

by = 1p.ze70s( (vocab_size, 1)) # sutpu: bias

27 def LossFun(inputs, targets, herev):

inpits, targets are both 1ist of inteers.
Fprav 15 Wt array of initial hidden state
returns the loss, gratients e notel paraneters, and last hidden state

as, s, s, ps = 0 O O O
4 ts[-a] = np.copy(hprev)
loss = 0
& forvard pass
for t in xrange(Len(inputs)):
x[t] = rp.zeros((vacab_size, 1)) # encode in 1-0f-k representation
[t [inputs[e]] = 1
hs[t] = rp.tanh(np. dot(wch, xs[t]) + np.dot(uhh, hs[t-1]) + bh) # hidden stae
ys[t] = rp.dot(why, hs[t]) + oy # unnormalized log protabilicies for next chars
ps[t] = rp.explys[t]) / 1p.sun(rp.explys[e])] # probbiliries for next chars
loss += -np Log(ps[c][cargets[t],6]) # softmex (cross-entropy loss)
& backward pass: conpute gracients going backwards
aix0, duhih, dihy = np.zeros_like(wxh), np.zeros_like(wih), 1p.zeros_Like(uhy)
cbh, dby = np.zeros_Like(b), ma.zeros Like(by)
chnext = np.zeros_Like(hs[2])
for t in reversed(xrange(1an(inuts))):
dy = np.copy(ps[t])
dy[targets[t]] -= 1 # bakeroa into y

ainy += p.doc(dy, ns[c].T)
@y 4=ty
1 = np.dot{uny.T, dy) + dinext # backprop into h
drae = (1 - hs[t] * hs[t]) * dh # backorop through tarh norlinearizy
dh += dhray
dixh += rp.dot(dhra, xs[t].T)
dihh += ro.dot(dhra, hs[t-11.T)
dnext = np.dot (Vih. T, diraw)
for dparan in [dxh, dubh, dihy, dbh, doy]:
m.clip(dparan, -5, 5, ostzdparan) # clip to mitigate exploving gradients
return loss, dxh, dWih, duhy, dbh, dby, hs[len(inputs)-1]

def sanpla(h, seed_ix, )

semple a sequence of inteers ron the nodel
F 15 memry stete, se=d_ix is seed letter for First tine stzp

Al
Des= 01
for t in wrange(n):

= o tanh(np. doz(iwiy ) - np.doc(uth, b} + b)

¥ = m.dot(uby, h) + by

b= m.ew(y) / m.su(rp.exn(y)

£ = 1p.rancon. choice(rerge (vorah size], pep.ravel(}]

x = m.zeras((vosa size, <))
il =1
xes. aopend(ix)

rewn baes

v
s at Lteraticn 0

g 295 seq_lengch long)
en(eata) o n = &
size,1)) # reset RIV mercry

tata
h] for ch 1 data[p:prseq length]]
o ixfch] for ch in date[p-L:p+seq length1]]

feteh gradiert
puts, targets, hpres)

% (0, stcoth_Loss) # print progress
dagrac

o, Wt Wy, oh, by,

o, Qi i, b, dby],
ch, T, WY, ALF, Aby])

(== =]
-l

88
g9
g0

n, p=6,20
mwxh, mwhh, mwWhy = np.zeros_like(Wxh), np.zeros_like(Whh), np.zeros_like(Why)
mbh, mby = np.zeros_like(bh), np.zeros_like(by) # memory variables for Adagrad
smooth_loss = -np.log(1l.8/vocab_size)*seq_length # loss at iteration @
while True:
# prepare inputs (we're sweeping from left to right in steps seq_length long)
if p+seq_length+1 >= len(data) or n ==
hprev = np.zeros((hidden_size,1)) # reset RNN memory
p = @ # go from start of data
inputs = [char_to_ix[ch] for ch in data[p:p+seq_length]]
targets = [char_to_ix[ch] for ch in data[p+1:p+seq_length+1]]

# sample from the model now and then

if n % 100 == 0:
sample_ix = sample(hprev, inputs[@], 208)
txt = ''.join(ix_to_char[ix] for ix in sample_ix)
print '----\n %s \n----' % (txt, )

# forward seq_length characters through the net and fetch gradient

loss, dwxh, dwhh, dwhy, dbh, dby, hprev = lossFun(inputs, targets, hprev)
smooth_loss = smooth_loss * ©.999 + loss * 0.0801

if n % 100 == @: print 'iter %d, loss: %f' % (n, smooth_loss) # print progress

# perform parameter update with Adagrad
for param, dparam, mem in zip([Wxh, Whh, Why, bh, by],
[dwxh, dwhh, dwhy, dbh, dby],
[mwxh, mwhh, mwWhy, mbh, mby]):
mem += dparam * dparam
param += -learning_rate * dparam / np.sqrt(mem + 1e-8) # adagrad update

p += seqg_length # move data pointer
n+= 1 # iteration counter
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> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)

3 BSD License
5 ingort numpy as np

# ata 10
& data = open("input.txt', 'r').read() # should be simple plein text file
o chers = list(set(data))

Lo data_size, vocab_size = Len(data), len]chars)

11 print 'data has % characters, %d unique.' % (data_size, vocas_size)

12 cher_to_ix = { chii for i,ch ir ewnerare(chars) }

ix_to_char = { i:ch for i,ch ir ewrerste(chars) }

15 ¢ byperparameters
16 hicdensize = 100 # size of nicder layer of neurons

17 sec_lengeh = 25 # nunber of steps to unrall the R for
15 learning rate = le-1

20 # nodel paraneters

21 Wb = ng.randon randn(hidden_size, vocab_size)'e @1 # input ta hidien

22 Wb = ng.randon randn(hidden_size, hidden size)0.el ¢ hidcen to hidden

22 Why = ng.randon randn(vacab_size, hidden_size)'@ 01 # hidden Lo output
= p.zeros((hidden_size, 1)) # hidden bias

by = 1p.ze70s( (vocab_size, 1)) # sutpu: bias

27 def LossFun(inputs, targets, herev):

inpits, targets are both 1ist of inteers.
Fprav 15 Wt array of initial hidden state
returns the loss, gratients e notel paraneters, and last hidden state

as, s, s, ps = 0 O O O
4 ts[-a] = np.copy(hprev)
loss = 0
& forvard pass
for t in xrange(Len(inputs)):
x[t] = rp.zeros((vacab_size, 1)) # encode in 1-0f-k representation
[t [inputs[e]] = 1
hs[t] = rp.tanh(np. dot(wch, xs[t]) + np.dot(uhh, hs[t-1]) + bh) # hidden stae
ys[t] = rp.dot(why, hs[t]) + oy # unnormalized log protabilicies for next chars
ps[t] = rp.explys[t]) / 1p.sun(rp.explys[e])] # probbiliries for next chars
loss += -np Log(ps[c][cargets[t],6]) # softmex (cross-entropy loss)
& backward pass: conpute gracients going backwards
aix0, duhih, dihy = np.zeros_like(wxh), np.zeros_like(wih), 1p.zeros_Like(uhy)
cbh, dby = np.zeros_Like(b), ma.zeros Like(by)
chnext = np.zeros_Like(hs[2])
for t in reversed(xrange(1an(inuts))):
dy = np.copy(ps[t])
dy[targets[t]] -= 1 # bakeroa into y

ainy += p.doc(dy, ns[c].T)
@y 4=ty
1 = np.dot{uny.T, dy) + dinext # backprop into h
drae = (1 - hs[t] * hs[t]) * dh # backorop through tarh norlinearizy
dh += dhray
dixh += rp.dot(dhra, xs[t].T)
dihh += ro.dot(dhra, hs[t-11.T)
dnext = np.dot (Vih. T, diraw)
for dparan in [dxh, dubh, dihy, dbh, doy]:
m.clip(dparan, -5, 5, ostzdparan) # clip to mitigate exploving gradients
return loss, dxh, dWih, duhy, dbh, dby, hs[len(inputs)-1]

def sanpla(h, seed_ix, )

semple a sequence of inteers ron the nodel
F 15 memry stete, se=d_ix is seed letter for First tine stzp

Al
Des= 01
for t in wrange(n):

= o tanh(np. doz(iwiy ) - np.doc(uth, b} + b)

¥ = m.dot(uby, h) + by

b= m.ew(y) / m.su(rp.exn(y)

£ = 1p.rancon. choice(rerge (vorah size], pep.ravel(}]

x = m.zeras((vosa size, <))
il =1
xes. aopend(ix)

rewn baes

v
s at Lteraticn 0

g 295 seq_lengch long)
en(eata) o n = &
size,1)) # reset RIV mercry

tata
h] for ch 1 data[p:prseq length]]
o ixfch] for ch in date[p-L:p+seq length1]]

feteh gradiert
puts, targets, hpres)

% (0, stcoth_Loss) # print progress
dagrac

o, Wt Wy, oh, by,

o, Qi i, b, dby],
ch, T, WY, ALF, Aby])

n, p=6,0
mwxh, mwhh, mwWhy = np.zeros_like(Wxh), np.zeros_like(Whh), np.zeros_like(Why)
mbh, mby = np.zeros_like(bh), np.zeros_like(by) # memory variables for Adagrad
smooth_loss = -np.log(l.8/vocab_size)*seq_length # loss at iteration @
while True:
# prepare inputs (we're sweeping from left to right in steps seq_length long)
if p+seq_length+1 >= len(data) or n ==
hprev = np.zeros((hidden_size,1)) # reset RNN memory
p = @ # go from start of data
inputs = [char_to_ix[ch] for ch in data[p:p+seq_length]]
targets = [char_to_ix[ch] for ch in data[p+1:p+seq_length+1]]

# sample from the model now and then

if n % 100 == 0:
sample_ix = sample(hprev, inputs[@], 208)
txt = ''.join(ix_to_char[ix] for ix in sample_ix)
print '----\n %s \n----' % (txt, )

# forward seq_length characters through the net and fetch gradient

loss, dwxh, dwhh, dwhy, dbh, dby, hprev = lossFun(inputs, targets, hprev)
smooth_loss = smooth_loss * ©.999 + loss * 0.0081

if n % 100 == @: print 'iter %d, loss: %f' % (n, smooth_loss) # print progress

# perform parameter update with Adagrad
for param, dparam, mem in zip([Wxh, Whh, Why, bh, by],
[dwxh, dwhh, dwhy, dbh, dby],
[mwxh, mWhh, mWhy, mbh, mby]):
mem += dparam * dparam
param += -learning_rate * dparam / np.sqrt(mem + 1e-8) # adagrad update

p += seq_length # move data pointer
n += 1 # iteration counter
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> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)

3 BSD License
5 ingort numpy as np

# ata 10
& data = open("input.txt', 'r').read() # should be simple plein text file
o chers = list(set(data))

Lo data_size, vocab_size = Len(data), len]chars)

11 print 'data has % characters, %d unique.' % (data_size, vocas_size)

12 cher_to_ix = { chii for i,ch ir ewnerare(chars) }

ix_to_char = { i:ch for i,ch ir ewrerste(chars) }

# byperparaneters
16 hicdensize = 100 # size of nicder layer of neurons

17 sec_lengeh = 25 # nunber of steps to unrall the R for
15 learning rate = le-1

20 # nodel paraneters

21 Wb = ng.randon randn(hidden_size, vocab_size)'e @1 # input ta hidien

22 Wb = ng.randon randn(hidden_size, hidden size)0.el ¢ hidcen to hidden

22 Why = ng.randon randn(vacab_size, hidden_size)'@ 01 # hidden Lo output
= p.zeros((hidden_size, 1)) # hidden bias

by = 1p.ze70s( (vocab_size, 1)) # sutpu: bias

27 def LossFun(inputs, targets, herev):

inpits, targets are both 1ist of inteers.
Fprav 15 Wt array of initial hidden state
returns the loss, gratients e notel paraneters, and last hidden state

as, s, s, ps = 0 O O O
s bs[a]= np copy(hprev)
loss =
hmard pass
for t in xrange(Len(inputs)):
x[t] = rp.zeros((vacab_size, 1)) # encode in 1-0f-k representation
[t [inputs[e]] = 1
hs[t] = rp.tanh(np. dot(wch, xs[t]) + np.dot(uhh, hs[t-1]) + bh) # hidden stae
ys[t] = rp.dot(why, hs[t]) + oy # unnormalized log protabilicies for next chars
ps[t] = rp.explys[t]) / 1p.sun(rp.explys[e])] # probbiliries for next chars
loss += -np Log(ps[c][cargets[t],6]) # softmex (cross-entropy loss)
& backward pass: conpute gracients going backwards
aix0, duhih, dihy = np.zeros_like(wxh), np.zeros_like(wih), 1p.zeros_Like(uhy)
cbh, dby = np.zeros_Like(b), ma.zeros Like(by)
chnext = np.zeros_Like(hs[2])
for t in reversed(xrange(1an(inuts))):
dy = np.copy(ps[t])
dy[targets[t]] -= 1 # bakeroa into y

ainy += p.doc(dy, ns[c].T)
@y 4=ty
1 = np.dot{uny.T, dy) + dinext # backprop into h
drae = (1 - hs[t] * hs[t]) * dh # backorop through tarh norlinearizy
dh += dhray
dixh += rp.dot(dhra, xs[t].T)
dihh += ro.dot(dhra, hs[t-11.T)
dnext = np.dot (Vih. T, diraw)
for dparan in [dxh, dubh, dihy, dbh, doy]:
m.clip(dparan, -5, 5, ostzdparan) # clip to mitigate exploving gradients
return loss, dxh, dWih, duhy, dbh, dby, hs[len(inputs)-1]
def sanpla(n seed_ix, )

semple a sequence of inteers ron the nodel
F 15 memry stete, se=d_ix is seed letter for First tine stzp

Al
Des= 01
for t in wrange(n):

= o tanh(np. doz(iwiy ) - np.doc(uth, b} + b)

¥ = m.dot(uby, h) + by

b= m.ew(y) / m.su(rp.exn(y)

£ = 1p.rancon. choice(rerge (vorah size], pep.ravel(}]

x = m.zeras((vosa size, <))
il =1
xes. aopend(ix)

rewn baes

v
s at Lteraticn 0

g 295 seq_lengch long)
en(eata) o n = &
size,1)) # reset RIV mercry

tata
h] for ch 1 data[p:prseq length]]
o ixfch] for ch in date[p-L:p+seq length1]]

feteh gradiert
puts, targets, hpres)

% (0, stcoth_Loss) # print progress

dag

o, Wt Wy, oh, by,

n, W, iy, ik, dby,
n, W, i, ntk, mby])

=3

88
89
g0

n,p=@a @
mwxh, mwhh, mwWhy = np.zeros_like(Wxh), np.zeros_like(Whh), np.zeros_like(Why)
mbh, mby = np.zeros_like(bh), np.zeros_like(by) # memory variables for Adagrad
smooth_loss = -np.log(1l.0/vocab size)*seq_length # loss at iteration @
while True:
# prepare inputs (we're sweeping from left to right in steps seq_length long)
if p+seg_length+1 >= len(data) or n == 0:
hprev = np.zeros((hidden_size, 1)) # reset RNN memory
p = @ # go from start of data
inputs = [char_to_ix[ch] for ch in data[p:p+seq_length]]
targets = [char_to_ix[ch] for ch in data[p+1:p+seq_length+1]]

# sample from the model now and then

if n % 100 == 0:
sample_ix = sample(hprev, inputs[@], 208)
txt = ''.join(ix_to_char[ix] for ix in sample_ix)
print '----\n %s \n----' % (txt, )

# forward seq_length characters through the net and fetch gradient

loss, dwxh, dwhh, dwhy, dbh, dby, hprev = lossFun(inputs, targets, hprev)
smooth_loss = smooth_loss * ©.999 + loss * 0.0081

if n % 100 == @: print 'iter %d, loss: %f' % (n, smooth_loss) # print progress

# perform parameter update with Adagrad
for param, dparam, mem in zip([Wxh, Whh, Why, bh, by],
[dwxh, dWwhh, dwhy, dbh, dby],
[mwxh, mwhh, mWhy, mbh, mby]):
mem += dparam * dparam
param += -learning_rate * dparam / np.sqrt(mem + 1e-8) # adagrad update

p += seq_length # move data pointer
n += 1 # iteration counter
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> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)

o 8D License
imgort. numpy as np

# ata 10

¢ data = cpen('input.txt’, 'r').read() # should be sisple plein text File
chers = List(set(data))

o data_size, vocab_size = len(data), len{chars)

1 print 'data has % characters, %d urique. s (data_size, vecad_size)

2 cher_to_ix = { ch:d for i,ch ir ewrerate(chars) }

2 ixtochar = { ixch for i,ch ir ewnerate(chars) }

# byperparaneters.
hicden_size = 100 # size of hicden layer of neurons
sec_length = 25 # nunber of steps tc unroll the RuN for
Leerning rate = le-1

aramessrs 27 def lossFun(inputs, targets, hprev):
random. randn(hidden_size, vocab_size)*@ el # input o hidden

2 dom randn(hidden size, hidden size)*0.el # hidcen to hidden 28 wnn

23 Why = ng.random randn(vocab_size, hidden_size)e el # nidden Lo ourput -

24 bh = np.zeros( (hidden_size, 1)) # hidden bias

2y = .zers((vocan sze, 1)+ s i 29 inputs, targets are both list of integers.

e s, e poreo: 30 hprev is Hx1 array of initial hidden state

A BT 31 returns the loss, gradients on model parameters, and last hidden state
returns the loss, gradients cn model parameters, and last hidden state

o 32 min

as, hs, ys, ps = {0 (1 (L {F
Fs[-1] = np.copy(hprev)
loss = 0

o s, hspyseps = {3 {3 (3 {3
s e a4 hs[-1] = np.copy(hprev)

x8[t] = m.zeros((vacab_size, 1)) # encode in 1-of-k representation
sl linputs[e]] = 1 _
hs[t] = rp. tanh(np.dot(wch, xs[t]) + np.dot(uhh, hs[c-1]) + bh) # hidden state 35 loss = 0
ys[t] = mp.dot(uhy, hs[c]) + oy # unnoraalized log protebilities for next chars
rp.exp(ys[t]) / np.sun(mp.exp(ys[t])] ilities for next chars 36 # forward pass

ropy loss)

. ikt 1.2 Loy ) 37 for t in xrange(len(inputs)):
chno = m.zeres Sikz1s(2) 38 xs[t] = np.zeros((vocab_size,1)) # encode in 1-of-k representation

for t 1n reversed(zrange(Lan(inouts)))
o = np.copy(ss[11) . _
dyltargets[tl] -= 1 # basksroy into y 39 XS [t] [1nput5 [t] ] = il
ainy += m.dor(dy, 1s[cL.T)

oy =y 40 hs[t] = np.tanh(np.dot(Wxh, xs[t]) + np.dot(whh, hs[t-1]) + bh) # hidden state

@ = np.dot(why.T, dy] + drnext # backprop into h

By D SR MR S 41 ys[t] = np.dot(Why, hs[t]) + by # unnormalized log probabilities for next chars

aixh += rp. dot(dhraw, xs[t].T)

i = m.doc(aras, sle-11.7) 42 ps(t] = np.exp(ys[t]) / np.sum(np.exp(ys[t])) # probabilities for next chars

dnext = np.dot (Wih. T, dirzw)

RSt —— 43 loss += -np.log(ps[t][targets[t],0]) # softmax (cross-entropy loss)
e S Bt Sl 44 # backward pass: compute gradients going backwards

e ssmase s e e wiel 45 dwxh, dwhh, dwhy = np.zeros_like(Wxh), np.zeros_like(Whh), np.zeros_like(Why)
R 46 dbh, dby = np.zeros_like(bh), np.zeros_like(by)

sseed 1] = 1
Des= 01

o 47 dhnext = np.zeros_like(hs[0])
48 for t in reversed(xrange(len(inputs))):
1x = np.rancon. choice(range(vocab_size], p=p.ravel(])
e 9 dy = np.copy(ps[t])

reurn s 50 dy[targets[t]] -= 1 # backprop into y

| s o s B & e e 51 duhy += np.dot(dy, hs[t].T)
-rp.log[1.8/vceab_sizz)*sec_length # loss at iteraticn 0 52 dhy +: dy
e T 53 dh = np.dot(why.T, dy) + dhnext # backprop into h

::';;Ef;[m;rm‘[;};E?E;;:;;:g;;*;j;_;“;g:q{m,” 54 dhraw = (1 - hs[t] * hs[t]) * dh # backprop through tanh nonlinearity
55 dbh += dhraw
fw,Ziiil‘;”:iLi?"f:i[ii',f“i‘w.w) 56 dwxh += np.dot(dhraw, xs[t].T)

ta o, )

+ fonard s Jeg rractes vt the ek fich graes 57 dwhh += np.dot(dhraw, hs[t-1].T)

luss, dch, cuhh, dvy, deh, dby, hprev = losszun(irputs, targets, hprev)

e U 58 dhnext = np.dot(Whh.T, dhraw)
e e 59 for dparam in [dwxh, dwhh, dwhy, dbh, dby]:

for paran, dperan, nen in zipi(Wer, Wb, Uhy, oh, by],
e, oWt iy, G, dby],

gy S0 ) 60 np.clip(dparam, -5, 5, out=dparam) # clip to mitigate exploding gradients
61 return loss, dwxh, dwhh, dwhy, dbh, dby, hs[len(inputs)-1]

B 4= seq lengeh # movz date poincar
0= 1 ¢ dteration counter
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> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)
o 8D License

imgort. numpy as np

# ata 10
¢ data = cpen('input.txt’, 'r').read() # should be sisple plein text File
o chers = list(set(data))

o data_size, vocab_size = len(data), len{chars)

= | = s o a1 i mammany 27 def lossFun(inputs, targets, hprev):
3 ix_tochar = { i:ch for i,ch ir ewnerate(chars) }

14
15 # hyperparaneters 2 8 mmnn
- [

hicden_size = 100 # size of hicden layer of neurons
sec_length = 25 # nunber of steps tc unroll the RuN for

o 29 inputs, targets are both list of integers.

# nogel paraneters
Wit = ng.random. rand(hidden size, vocab_size)"0.01 # input 1o fhidden

o e s 30 hprev is Hx1 array of initial hidden state
31 returns the loss, gradients on model parameters, and last hidden state

by = p.zevos((vocab_size, 1)) # dutput bias

27 def lossrun(inputs, targets, hprev):
-

25 inputs, targets are both List of integers. ~ nmnn
6 torev is W array of dnitial hidcen state 3 2

21 returns the loss, gradients cn nocel paraeters, and last hidden state

o B 33 xs, hs, ys, ps={}, {3, {3, {J

@ lss=o

| i i) 34 hs[-1] = np.copy(hprev)

s xs[t] = m.zeros((vacab_size, 1)) # encofe in 1-oF-k representation

2 ltlinpurs[e]] = 1

19 hs[t] = rp.tanh(np.dot(weh, xs[t]) + np.dot(uhh, hs[t-1]) + bh) # hidden state c l -

a ys[t] = rp.dot(why, hs[t]) + oy # unnornalized log probabilitiss for next chars 3.:) os S - 0
psle] = rp.explys[t]) / np.sus(rp.exp(ys[t])} # probabilities for next chars

Lt ot s 36  # forward pass

cux1, dath, duhy = np. zeros like(wxh), np.zeros like(uhh), np.zeros like(uhy)
ch, dby = np.zeros_Like(n), m.zeros_like(by]

i o) 37 for t in xrange(len(inputs)):
e 38 xs[t] = np.zeros((vocab_size,1)) # encode in 1-of-k representation
o 39 xs[t][inputs[t]] = 1

o e e i a0 40 hs[t] = np.tanh(np.dot(Wxh, xs[t]) + np.dot(Whh, hs[t-1]) + bh) # hidden state

m.clip(dparan, -5, 5, ostzdpara) # clip to mitigate exploting gradients
return loss, dxh, dwh, dwhy, dbh, dby, hs[len(inputs)-1]

R 11 ys[t] = np.dot(Why, hs[t]) + by # unnormalized log probabilities for next chars

semple a sequence of inteers ron the nodel

e 42 ps[t] = np.exp(ys[t]) / np.sum(np.exp(ys[t])) # probabilities for next chars

3i¥§$%@nmmwmm, 43 loss += -np.log(ps[t][targets[t],0]) # softmax (cross-entropy loss)

© pEmenly) / w.sn(rpeny)
£ = 1p.rancon. choice(rerge (vorah size], pep.ravel(}]
x = m.zeras((vosa size, <))
il =1

7 ixes. aopend(ix]

rewn baes

nopzo s
whish, nihn, iy = np.zeros like{Nc), n.zeros Like(Uth], no.zercs Loke(My)
np.zeros_Lica(oh), np.2eros Like(by) ¢ rec Adagrad

o« = -1 Z00{ L B/vCeeb._sizz)"sec_lengch ¢ on 0
# prepa E seq_lengch Long) S—
3f p-seq lengehes >= len(eeta) o7 n = e —
). size.1)) # reset s ecry s :I:

tata
anputs = [char_to_ix[zh] for o 11 datalp:p-sed length]]
tergets = [oher_to_ix[ch] for ch in date(p-1:psseq lengthe1]]

+ sanpls fron the el now and 11
s o
sanple_ox = sanpla(nprev, iopuss[s], z00) —
<o_char[ix] “or i in samls_ix) t h
55 et % (0, ) - y t

aracters Trough the net and fetch gradiert
prev = loss=un(irputs, targets, hpres)

Saooth_Loss loss * 0,990 + lose * 0,891
3 0% 139 = 6 prine iter 5, Loss: Af' % (1, Sicoth_1oss) # print progress

o . 2 i, 3 ), S Oft m aX C I aS S ifi e r

[aen, QW @y, dby],
[aweh, mubh, mhy, b, nby]):

nen += daren * dparan
paran += -leerning_rate * dparan / np.sqrelnen + 1e-8) < adhgred pdacs

B 4= seq lengeh # movz date poincar
0= 1 ¢ dteration counter


https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086
https://gist.github.com/karpathy/d4dee566867f8291f086

> Wiriml character-level vanillz RW model. Written by Andrej <arpathy (skarpathy)

830 License

imgort. numpy as np

4 cata 10

& data = cpen('input.txt', 'r').read() # should be sinple plein text file

chers = List(set(data))
data_size, vocab_size = len{data), len{chars)

print 'data has % charscters, % unique.' % (data_size, vecay_size)
cher_to_ix = { ch:d for i,ch ir ewrerste(chars) }

ix_to_char = { i:ch for i,ch ir ewrerste(chars) }

# byperparaneters
hicden_size = 108 # size of ricden layer of neurons
seq_length = 25 # nunber of steps tc unroll the RN for

& learning rate = 1e-1

nodel paraneters
W = np. random. randn(hidden size, vocab_size)?0 o1 # input 1 hidden
NNF = ng. random. rand(hidden size, hidden size)®.0L # hidcen tc hidden
Nny = ng. random. randn(vacab_size, hidden size)'0.01 # hidden o ourpuL
B = np.zeros( (hidden_size, 1)) # hidden bias

by = 1p.ze70s( (vocab_size, 1)) # sutpu: bias

def LossFun(inputs, targets, herev):

inpits, targets are both 1ist of inteers.
tprav is Wt array of initial hidden state
returns the 1oss, gratients en notel paraneters, and last hidden state
as, s, s, ps = 00 O O
ts[-1] = np.copy(hprev)
loss = 0
& forvard pass
for t in xrange(Len{inputs)):
X6[t] = m.zeros{(vacab_size, 1)) # encode in 1-of-k representation
xs[t] [inputs[e]] = 1
hs[e] = rp.tanh(np. dot(wch, xs[t]) + np.dot(uhh, hs[t-1]) + bh) # hidden state

ys[t] = rp.dot(why, hs[t]) + oy # unnormalized log probabilities for next chars

ps[t] = rp.explys[t]) / np.sun(rp.explys[t])] # probbilities for next chars
loss += -np Log(ps[c][cargets[t],6]) # softmex (cross-entropy loss)
& backward pass: conpute gracients going backwards
T, G, Gwny = np. Zer0s_TTke(wAn), 1. zer0s Like(Wn], np.zeros LIke(wny)
cbh, doy = np.zeros_Like(b), ma.zeros Like(by)
chnext = np.zeros_Like(hs[2])
for © in reversed(xrange(1an(inuts))):
dy = np.copy(ps[t])
dy[targets[t]] -= 1 # backgrod into y.
ainy += p.doc(dy, ns[c].T)
@y 4=ty
= np.dot(uhy.T, dy) + dinext # backprop into h
drad = (1 - hs[t] * hs[t]) * dh # backprop through tarh norlinearizy
dh += dhray
dixh += 1o dot(dhra, xs[t].T)
dihh += ro.dot(dhraw, hs[t-11.T)
dnext = np.dot (Vih. T, diraw)
for dparan in [duxh, dubh, dihy, dbh, doy]:
m.clip(dparan, -5, 5, ost=dparam) # clip to mitigate exploting gradients
return loss, dxh, dwih, dvhy, dbh, dby, hs[len(inputs)-1]

“

def sanpla(h, seed_ix, 1)

semple a sequence of inteers ron the nodel
F 15 memry stete, se=d_ix is seed letter for First tine stzp

= p.zeros({ (vocab.size, 1))
sseed 1] = 1
Des= 01
for t in wrange(n):
= o tanh(np. doz(iwiy ) - np.doc(uth, b} + b)
¥ = m.dot(uby, h) + by
= m.ea(y] / m.sun(rp.eiy))
£ = 1p.rancon. choice(rerge (vorah size], pep.ravel(}]
x = m.zeras((vosa size, <))
il =1
xes. aopend(ix)
rewn baes

nopzo s
wish, rh, iy = np. zros_Tike(Wen), np.zeros_Like(Wbhi, no.zercs_Loke(My)
BEF, by = np.2eros_Lice(bh), np.zeros_like(by)  nercr.
stcoth_Loss = -rp.Zog{La/vcceb_sirz)*sec_length ¢ losc
wiile
& prepars dmputs (we're sweeping From left co right dn scess seq_lengch long)
3f p-seq lengehes >= len(eeta) o7 n = e
size,1)) # reset RIV mercry
tata
[en 2h] for eh 1 datalpipeseq_length]]
tergers = [cher_to_ix[ch] for ch in date[p-1:pseq lengthe1]]

& sanple fron the mdsL ncw and tien
ifasm=c

anple(nprey, inpuzs[o], z60)
txt = " join{x_o_char [ix] “or ix in sanpla_ix)
DrIA e\ % Weees! B (1, )

& forward seq_lengeh sharecters Tough the net and fetch gradiert
luss, dch, cuhh, dvy, deh, dby, hprev = losszun(irputs, targets, hprev)
Saooth_Loss = snooch_Loss * 0,909 + loss * 0,931

3 0% 139 = 61 princ "iter 5, Loss: f' % (1, sacoth_loss) # princ progrese

# per<orn paraneter udate with Adagrac
for paran, dperan, nen in zipi(Wer, Wb, Uhy, oh, by],
[aen, QW @y, dby],
[aweh, mubh, mhy, b, nby]):
nen += daren * dparan
paran += -learning_rae * dparan / ng.sq

o1 + 3e.8) # athgred updacz

B 4= seq_lengeh # mov date poincer
0= 1 ¢ dteration counter

(3, IS IS NS IS S NS RS TS, T O O N N
0~ OB W N ® W ~NO O

(=2 = B 4 |
= @ @w

# backward pass: compute gradients going backwards

dwxh, dwhh, dwhy = np.zeros_like(wxh), np.zeros_like(Whh), np.zeros_like(Wwhy)

dbh, dby = np.zeros_like(bh), np.zeros_like(by)
dhnext = np.zeros_like(hs[0])
for t in reversed(xrange(len(inputs))):

dy = np.copy(ps[t])

dy[targets[t]] -= 1 # backprop into vy

dwhy += np.dot(dy, hs[t].T)

dby += dy

dh = np.dot(Why.T, dy) + dhnext # backprop into h

dhraw = (1 - hs[t] * hs[t]) * dh # backprop through tanh nonlinearity

dbh += dhraw
dwxh += np.dot(dhraw, xs[t].T)
dwhh += np.dot(dhraw, hs[t-1].T)
dhnext = np.dot(whh.T, dhraw)
for dparam in [dwxh, dwhh, dwhy, dbh, dby]:

np.clip(dparam, -5, 5, out=dparam) # clip to mitigate exploding gradients

return loss, dWxh, dwhh, dwhy, dbh, dby, hs[len(inputs)-1]

target chars:

output layer

recall:

hidden layer

input layer

input chars:

[

1.0
22
-3.0
4.1

|

0.3
-0.1
0.9

— 03

"

L

0.1
0.5
1.9
=11

0.1
-0.5
-0.3

0

-1.5

— 0.9
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Wirinal charzcter-level vanills R model. Written by Andrej <arpathy (gkarpathy)

830 License

imgort. numpy as np

# ata 10
data = open(input. txt', 'r').read() # should be simple plein text file
chers = List(set(data))

data_size, vocab_size = len{data), len{chars)
print 'data has % charscters, % unique.' % (data_size, vecay_size)

et b 62 def sample(h, seed_ix, n):

ix_to_char = { i:ch for i,ch ir ewrerste(chars) }

# byperparaneters nnn
hicden_size = 108 # size of ricden layer of neurons 64
seq_length = 25 # nunber of steps tc unroll the RN for

Leerning rate = le-1

o 65 sample a sequence of integers from the model

p.randon. randn(hidden size, hidden size)*0.01 # hidcen tc hidden
p.randon. randn(vacab_size, hidden_size)'0 01 # nidden Lo ouzput

B e T 66 h is memory state, seed_ix is seed letter for first time step

- 6 ? nmn
1npts, targets are both 1ist of integers.

Fprav 15 Wt array of initial hidden state
returns the loss, gratients e notel paraneters, and last hidden state

S e 000 68 X = np.zeros((vocab_size, 1))

np.copy(hprev)
°

& forward pass 1 -
s 69 X[seed 1x] = 1

xs[t] = rp.zeros{(vacab_size, 1)) # encode in 1-of-k representation -

st linputs[e]] = 1

hs[t] = rp.tanh(np.dot(weh, xs[t]) + np.dot(vhh, hs[t-1]) + bh) # hidden state . —_

L 1) < ) ) 70 ixes =

pslt] = m.explys[c]) / mp.sun(rp.explys[]}] # probabilities for next chars

loss += -np Jog(ps[c] [targets[t], 6]) # softmex (cross-entropy loss)

o e, e 71 for t in xrange(n):

P 72 h = np.tanh(np.dot(Wxh, x) + np.dot(whh, h) + bh)
np.dot(Why, h) + by
np.exp(y) / np.sum(np.exp(y))

day = dy
@ = mp.dot(uhy.T, dy] + drnext # backprop 1nto h T 3 y
diraw = (1 - hs[t] * hs[t]) * dh # backprop through tarh nonlinearity
doh += dhrav
dixh += rp. dot(dhraw, xs[t].T)
ainh += rp.dot(dhra, hs[t-1].T) 74
p.dot (VA.T, drz]

dnexi

o s ) 75 ix = np.random.choice(range(vocab_size), p=p.ravel())

iy += m.doc(dy, s[t].T)
Gt sampLa(h, seed_ix, )

L . e 8 o i 76 X = np.zeros((vocab_size, 1))

x = np.zeros{ (vocab.size, 1))
aseed 1] = 1

e 11 .
{or ¢ 1 e 77 =1
L X|1X

¥ = ma.dot(uby, h) + by
D= m.2@(y) / m.sm(rp.exnly))

s 78 ixes.append(ix)
frp

retn bes

79 return ixes

whsh, nhn, mihy = np. zeros Like(Nc), n.zeros_Like(Vthi, no.zercs_Loke(May)
BEF, by = 1p.26r0s_Lice(bh), np.zeros._Like(by) * nercry variables for Adagrad
‘stcoth_Loss = -rp.Zog{L.a/veeeb_sirz)*sec_lengh ¢ loss at iteraticn o

wile T

inputs (we're sweeping Fram left co right in sceas seq_lengch Long)
3f p-seq lengthsz 5= len(eata] 0" n = 6

horey = rp.26r0s! nider_size, 1)) # reset f mencry
fron start of data
anguts = [chr_to_i[on] for ch 11 datlpip+sea lengeh)]
tergezs = [oher_to_Le{ch] for ch in date[p-L:psseq lengthia]]

& sanple fron the mdsL ncw and tien

nputs[e], 290]
char [ix] For ix i sampls_ix)
)

& forward seq_lengeh sharecters Tough the net and fetch gradiert
luss, dch, cuhh, dvy, deh, dby, hprev = losszun(irputs, targets, hprev)
Saooth_Loss = snooch_Loss * 0,909 + loss * 0,931

3 0% 139 = 61 princ "iter 5, Loss: f' % (1, sacoth_loss) # princ progrese

# per<orn paraneter udate with Adagrac
for paran, dperan, nen in zipi(Wer, Wb, Uhy, oh, by],
[aen, QW @y, dby],
[aweh, mubh, mhy, b, nby]):
nen += daren * dparan
paran += -leerning_rate * dparan / np.sqrelnen + 1e-8) < adhgred pdacs

eq_length + 107z date o
iteration counter
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Sonnet 116 - Let me not ...

by William Shakespeare

Let me not to the marriage of true minds
Admit impediments. Love is not love
Which alters when it alteration finds,
Or bends with the remover to remove:
0 no! it is an ever-fixed mark
That looks on tempests and is never shaken;
It is the star to every wandering bark,
Whose worth's unknown, although his height be taken.
Love's not Time's fool, though rosy lips and cheeks
Within his bending sickle's compass come:
Love alters not with his brief hours and weeks,
But bears it out even to the edge of doom.
If this be error and upon me proved,
| never writ, nor no man ever loved.
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i train more

Aftair fall unsuch that the hall for Prince Velzonski's that me of
her hearly, and behs to so arwage fiving were to it beloge, pavu say falling misfort
how, and Gogition is so overelical and ofter.

i train more

"Why do what that day," replied Natasha, and wishing to himself the fact the
princess, Princess Mary was easier, fed in had oftened him.
Pierre aking his soul came to the packs and drove up his father-in-law women.
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PANDARUS:

Alas, I think he shall be come approached and the day
When little srain would be attain'd into being never fed,
And who is but a chain and subjects of his death,

I should not sleep.

Second Senator:

They are away this miseries, produced upon my soul,
Breaking and strongly should be buried, when I perish
The earth and thoughts of many states.

DUEE VINCENTIO:
Well, your wit is in the care of side and that.

Second Lord:

They would be ruled after this chamber, and

my fair nues begun out of the fact, to be conveyed,
Whose noble souls I'll have the heart of the wars.

Clown:
Come, sir, I will make did behold your worship.

VIOLA:
I'11 drink it.

VIOLA:
Why, Salisbury must find his flesh and thought

That which I am not aps, not a man and in fire,

To show the reining of the raven and the wars

To grace my hand reproach within, and not a fair are hand,
That Caesar and my goodly father's world;

When I was heaven of presence and our fleets,

We spare with hours, but cut thy council I am great,
Murdered and by thy master's ready there

My power to give thee but so much as hell:

Some service in the noble bondman here,

Would show him to her wine.

KING LEAR:

0, if you were a feeble sight, the courtesy of your law,
Your sight and several breath, will wear the gods

With his heads, and my hands are wonder'd at the deeds,
So drop upon your lordship's head, and your opinion
Shall be against your honour.
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For @ul"_"m where £,,, = 0, hence we can find a closed subset H in H and
any sets F on X, U is a closed immersion of S, then U — T is a separated algebraic
space.

Proof. Proof of (1). It also start we get
S=SpeC(R)=UXxU)<xU

and the comparicoly in the fibre product covering we have to prove the lemma
generated by [[Z xy U — V. Consider the maps M along the set of points
Schypps and U — U is the fibre category of S in U in Section, 7?7 and the fact that
any U affine, see Morphisms, Lemma ??. Hence we obtain a scheme S and any
open subset W C U in Sh(G) such that Spec(R') = S is smooth or an

U= UU, Xs; U;
which has a nonzero morphism we may assume that f; is of finite presentation over
S. We claim that O, is a scheme where z,2', s" € §' such that Ox . — O, . is
separated. By Algebra, Lemma ?? we can define a map of complexes GLg/(z'/S")
and we win. a

To prove study we see that F|y is a covering of &”, and 7; is an object of Fy/g for
i > 0 and F,, exists and let F; be a presheaf of Ox-modules on C as a F-module.
In particular F = U/F we have to show that

M°® = I* ®gpecit) 05,0 — i3 F)
is a unique morphism of algebraic stacks. Note that
Arrows = (Sch/S) 7 ;. (Sch/S) fpps

and

V =T(S.0) — (U, Spec(A))
is an open subset of X. Thus U is affine. This is a continuous map of X is the
inverse, the groupoid scheme S.

Proof. See discussion of sheaves of sets. O

The result for prove any open covering follows from the less of Example ??. It may
replace S by Xpaces.étate Which gives an open subspace of X and T' equal to Sz,
see Descent, Lemma ??. Namely, by Lemma ?? we see that R is geometrically
regular over S.

Lemma 0.1. Assume (3) and (3) by the construction in the description.
Suppose X = lim|X| (by the formal open covering X and a single map Proj, (A) =
Spec(B) over U compatible with the complex

Set(A) =T(X,0x,0,)-

When in this case of to show that Q — Cz/x is stable under the following result
in the second conditions of (1), and (3). This finishes the proof. By Definition ??
(without element is when the closed subschemes are catenary. If T is surjective we
may assume that T' is connected with residue fields of S. Moreover there exists a
closed subspace Z C X of X where U in X' is proper (some defining as a closed
subset of the uniqueness it suffices to check the fact that the following theorem

(1) f is locally of finite type. Since S = Spec(R) and Y = Spec(R).

Proof. This is form all sheaves of sheaves on X. But given a scheme U and a
surjective étale morphism U — X. Let UNU =[],_, Ui be the scheme X over
S at the schemes X; = X and U = lim; X;. 0

The following lemma surjective restrocomposes of this implies that F,, = F,, =

Lemma 0.2. Let X be a locally Noetherian scheme over S, E = Fxg. Set T =
Ji CI). Since I® C I" are nonzero over ig < p is a subset of T, 00 Ay works.

Lemma 0.3. In Situation ??. Hence we may assume q' = 0.

Proof. We will use the property we see that p is the mext functor (??). On the
other hand, by Lemma ?? we see that

D(Ox') = 0x(D)

where K is an F-algebra where 4, is a scheme over S. [}
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Proof. Omitted. a

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

0o, = 0x(L)

Proof. This is an algebraic space with the composition of sheaves F on X4, we
have
Ox(F) = {morphy oy (G,F)}

where G defines an isomorphism F — F of O-modules. 0

Lemma 0.2. This is an integer Z is injective.
Proof. See Spaces, Lemma ?7?. 0

Lemma 0.3. Let S be a scheme. Let X be a scheme and X is an affine open
covering. Let U 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: XYY Y Y xx ¥ 2 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. 0

This since F € F and z € G the diagram

S— s

|

§ —— 0y

NN

gory

SpCC(Kw) Morsets d(C)Xx/lx ’ g)

is a limit. Then @ 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,
o Oy is a sheaf of rings.
O

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. 2|

Proof. This is clear that G is a finite presentation, see Lemmas 77,
A reduced above we conclude that U is an open covering of C. The functor F is a
“field

Ox:—F U0x,n) — 0}:0‘\';(03{',,)
is an isomorphism of covering of Qy;,. 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. 8]

If F is a finite direct sum Oy, is a closed immersion, see Lemma ??. This is a
sequence of F is a similar morphism.
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static void do_command(struct seq _file *m, void *v)

{
int column = 32 << (and(2] & 0x80); Generated
if (state)
cmd = (int)(int_state * (in_B(&ch->ch_flags) & Cmd) 2 2 : 1); C COde
else
Beq = 1;

for (1 = 0; 1 < 16; i++) {
if (k & (1 << 1))
pipe = (in_use & UMXTHREAD UNCCA) +
{(count & 0x00000000££££f££f8) & 0x000000£f) << 8;
if (count == 0)
sub(pid, ppc md.kexec handle, 0x20000000);
pipe set bytes(i, 0);
}
/* Free our user pages pointer to place camera if all dash */
subsystem info = &of changes[PAGE SIZE];
rek_controls(offset, idx, &soffset);
/* Now we want to deliberately put it to device */
control check polarity(&context, val, 0);
for (i = 0; i < COUNTER; i++)
seq puts(s, "policy "};
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/*
* (Copyright (c) 2006-2010, Intel Mobile Communications. All rights reserved.

* This program is free software; you can redistribute it and/or modify it
* under the terms of the GNU General Public License version 2 as published by

* the Free Software Foundation.

* This program is distributed in the hope that it will be useful,
* but WITHOUT ANY WARRANTY; without even the implied warranty of

. MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. BSee the

* GNU General Public License for more details.

" You should have received a copy of the GNU General Public License

* along with this program; if not, write to the Free Software Foundation,
* Inc., 675 Mass Ave, Cambridge, MA 02139, USA.
*/

finclude <linux/kexec.h>

finclude <linux/errno.h>

finclude <linux/io.h>

f§include <linux/platform device.h>
finclude <linux/multi.h>

finclude <linux/ckevent.h>

finclude <asm/io.h>

finclude <asm/prom.h>
finclude <asm/e820.h>
finclude <asm/system_info.h>
finclude <asm/setew.h>
finclude <asm/pgproto.h>

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




#include <asm/io.h>

#include <asm/prom.h>
#include <asm/eB820.h>
finclude <asm/system info.h>
#include <asm/setew.h>

#include <asm/pgproto.h>

$dafina REG_PG vesa_slot_addr_pack
#dafine PFM_KROCOMP AFSR({0, load)
#define STACK DDR(typa) (fune)

#define SWAP_ALLOCATE(nr) (@)

#define emulate_sigs() arch_get_unaligned child()

f#define access rw(TST) asm volatile("movd %%esp, %0, %3" : : "r" (0)); \
if {( type & DO READ)

static void stat PC S5EC _ read mostly offsetof(struct seg argsqueue, %
pC>[1]):

statiec void
os_prefix(unsigned long sys)
{
$ifdef CONFIG PREEMPT
PUT_PARAM RAID(Z2, sel) = get_state state();
set_pid sum((unsigned long)state, current_state str(),
{unsigned leng)-1->1lr full; low;
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Searching for interpretable cells

Cer [fille | 0 SMSIt ring FEpTe ' Brom Wser-space
d *Ebufp, slze_t HFENELn, slize_: Tew)

n))
| fields,  PINTHINAX

[Visualizing and Understanding Recurrent Networks, Andrej Karpathy*, Justin
Johnson*, Li Fei-Fei]
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Searching for interpretable cells

guote detection cell
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Searching for interpretable cells

Cell sensitive to position in line:

,fdglm‘}a‘por,tanu of the crossing of the Berezina lies in the fact
h it p -ly and 1ndnb1tlbly proved the fallacy of all the plans for

ff’lﬁl enemy's retreat and the soundness of the only possible
ih@ﬂ--thc one Kutuzov and the general mass of the army
demand *-nlloly, simply to follow the enemy up. The French crowd fled
t a continually increasing speed and all its energy was directed to
",lu goal, It fled like a wounded animal and it was impossible
to '~ﬁ4$‘iﬁﬁ path. This was shown not so much by the arrangements it
nade for crouino as by what took place at the bridges. when the bridge
Vii?y‘gﬁ fbﬁﬂifltd soldiers, people from Moscow and women with chlldren
W ‘ﬂ th the French transport, all--carried on by vis inertiae-
',“AgifOfNﬂrd into boats and into the ice-covered water and did”htﬂ#

.
¥ 3/

line length tracking cell
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Searching for interpretable cells

‘pending, mask);

If statement cell
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Searching for interpretable cells

guote/comment cell

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Searching for interpretable cells

#ifdef CONFIG_AUDITSYSCALL
static inline int audit_match_class_bits(int class, u32 *mask)

code depth cell

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Image Captioning

“straw” “hat” END

START “straw” “hat”

« Explain Images with Multimodal Recurrent Neural Networks, Mao et al.

« Deep Visual-Semantic Alignments for Generating Image Descriptions, Karpathy
and Fei-Fei

« Show and Tell: A Neural Image Caption Generator, Vinyals et al.

« Long-term Recurrent Convolutional Networks for Visual Recognition and
Description, Donahue et al.

« Learning a Recurrent Visual Representation for Image Caption Generation, Chen
and Zitnick

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




“straw” “hat” END

START “straw” “hat”

Convolutional Neural Network
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- conv-512 l

conv-512
= ,

conv-512

conv-512
maxpool
~ FC-4096

FC-4096
FC-1000

- softmax




conv-512

conv-512
maxpool
FC-4096
FC-4096
- FC-1000
: SONax




conv-512

conv-512
maxpool
FC-4096
——————— x0
FC-4096 —

<START>



hO

T

X0
<STA
RT>

<START>

before:
h = tanh(Wxh * x + Whh * h)

NOW.
h = tanh(Wxh * x + Whh * h + Wih * v)



~conv-512
~conv-512

sample!
hO

<START>



conv-256

:

conv-256

~conv-512

y0 yl
ho »{ h1

T

T

X0
<STA
RT>

Straw

<START>




hO ¥ hl

<START>

sample!



conv-256

:

conv-256

~conv-512

hO P

hl

h2

X0
<STA
RT>

Straw

hat

<START>




\ sample
<END> token

hO P

hl

h2

=> finish.

<START>



Image Sentence Datasets

a man riding a bike on a dirt path through a forest.
bicyclist raises his fist as he rides on desert dirt trail.

thi it bike rider i smilng and raising is st n fumph, Microsoft COCO

a man riding a bicycle while pumping his fist in the air.

a mountain biker pumps his istin celebration. [TS ung ~Yi Lin et al. 20 14]
j MScoco.0rg

currently:
~120K images
~5 sentences each



http://mscoco.org
http://mscoco.org

“man in black shirt is playing “construction worker in orange “two young girls are playing with "boy is doing backflip on
guitar.” safety vest is working on road.” lego toy." wakeboard.”



DO coing Dd DO
dkeboal
¥ o
4 L |
3 &~
—
- andaing - adle




Preview of fancier architectures

RNN attends spatially to different parts of images while generating
each word of the sentence:

A
'bird
flying
over

a
body
of
water
L. Input 2. Convolutional 3, RNN with attention 4. Word by

Image Feature Extraction over the image word
generationJ

14x14 Feature Map

Show Attend and Tell, Xu et al., 2015



LSTM: Long Short-Term Memory

Vanilla RNN:

LSTM:
W [4n x 2n]

7 sigm
f1 | sigm W h,i'l
o| | sigm i,
g tanh

¢ =fOc 1+i0g

hi = 0 ® tanh(c})
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Long Short Term Memory (LSTM)

[Hochreiter et al., 1997]

vector from

below (x)
X

>
h

W
vector from
before (h)
4n X 2n

sigmoi
d

sigmoi
d

sigmoi
d

tanh

1 sigm
/ _ S?gm W' (
0 sigm
q tanh

[-1
Ay
ht—l

|

4=10¢_1+i0g
Bl = 0 ® tanh(c})
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Long Short Term Memory (LSTM)

[Hochreiter et al., 1997]

>
cell >
state >
C >
® »
1 sigm

f_ [sigm| (hi‘l)

I z
0 sigm hi_y

f i tanh

¢ =|fOcltiog
Bl = 0 ® tanh(c})
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Long Short Term Memory (LSTM)

[Hochreiter et al., 1997]

cell
state
C

vVvyvyyvyy

)

)
%
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Long Short Term Memory (LSTM)

[Hochreiter et al., 1997]

>
cell >
state >
C >
(%) (+) .
g J C
i sigm
f_ [sigm| (hi‘l
0 sigm hl
f i| |g||o q tanh
h  |4=/0d,+i0g
L, ||kl =00 tanh(c)

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson




Long Short Term Memory (LSTM)

[Hochreiter et al., 1997] higher layer, or prediction
>
cell >
state o
C >
(x) (+) .
g J C
i sigm
£| _ [sign] (h)
0 sigm hi_y
f i| |g||o q tanh
h | |d=f0d+i0g
L1, ||hl =00 tanh(c})
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cell
state
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-
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LSTM . . .
(ignoring \_/ "/ N\

forget gates)

vVvyyvyyy
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Recall: “PlainNets” vs. ResNets

34-layer plain

image

\ 4
7x7 conv, 64,/2 |

v

pool, /2

3x3 conv, 64

\4
3x3 conv, 64

Y

3x3 conv, 64
\ 4

3x3 conv, 64
\ 4

|

|

|

|

33 cony, 64 |
\ /

|

|

|

|

|

I
I
I
I
I
| 3x3cony, 64
I
I
I
I

Y
3x3 conv, 128, /2

\ 4
3x3 cony, 128

\ 4
3x3 conv, 128

Y

3x3 conv, 128
v

34-layer residual

image

Y

7x7 conv, 64, /2 |

pool, /2

3x3 conv, 64

3x3 conv, 64

\4

3x3 conv, 64

3x3 conv, 64

\4

3x3 conv, 64

.........
..

33cony,128,/2 | T,

¥ ¥

3x3 conv, 128

3x3 conv, 128

3x3 conv, 128

ResNet is to PlainNet what LSTM is to RNN, kind of.

* Plaint net

*

weight layer
any two
stacked layers v relu
weight layer
l relu
H(x)

* Residual net

X

Y

weight layer

F(x)

relu
y

weight layer

H(x)=F(x) +x

identity
X
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Understanding gradient flow dynamics

Cute backprop signal video: hitp://imgur.com/gallery/vaNahKE

5  # dimensionality of hidden state
50 # number of time steps
= np.random. randn(H,H)

# forward pass of an RNN (ignoring inputs x)
hs = {}
ss = {}
hs[-1] = np.random.randn(H)
for t in xrange(T):
ss[t] = np.dot(Whh, hs[t-1])
hs[t] = np.maximum(@, ss[t])

# backward pass of the RNN
dhs = {}
dss = {}
dhs[T-1] = np.random.randn(H) # start off the chain with random gradient
for t in reversed(xrange(T)):
dss[t] = (hs[t] > @) * dhs[t] # backprop through the nonlinearity
dhs[t-1] = np.dot(Whh.T, dss[t]) # backprop into previous hidden state

Based on cs231n by Fei-Fei Li & Andrej Karpathy & Justin Johnson



http://imgur.com/gallery/vaNahKE
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Understanding gradient flow dynamics

H=5 # dimensionality of hidden state

T =150 # number of time steps ) ) : . :

Whh = np. random. randn (H, H) if the largest eigenvalue is > 1, gradient will
— " S explode

- oy e RO IGO0 LIULS %7 if the largest eigenvalue is < 1, gradient will vanis

ss = {}

hs[-1] = np.random.randn(H)

for t in xrange(T):
ss[t] = np.dot(Whh, hs[t-1])
hs[t] = np.maximum(@, ss[t])

# backward pass of the RNN
dhs = {}
dss = {}
dhs[T-1] = np.random.randn(H) # start off/the chain with random gradient
for t in reversed(xrange(T)):
dss[t] = (hs[t] > 0) * dhs[t] # bgtkprop through the nonlinearity
dhs[t-1] = np.dot(Whh.T, dss[t]) # backprop into previous hidden state

[On the difficulty of training Recurrent Neural Networks, Pascanu et al., 2013]
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Understanding gradient flow dynamics

H=5 # dimensionality of hidden state

T =150 # number of time steps ) ) : . :

Whh = np. random. randn (H, H) if the largest eigenvalue is > 1, gradient will
— " S explode

- oy e RO O JNBiES 54 if the largest eigenvalue is < 1, gradient will vanis

ss = {}

hs[-1] = np.random.randn(H)

for t in xrange(T):
ss[t] = np.dot(Whh, hs[t-1])
hs[t] = np.maximum(@, ss[t])

can control exploding with gradient clipping
can control vanishing with LSTM

# backward pass of the RNN

dhs = {}

dss = {}

dhs[T-1] = np.random.randn(H) # start off/the chain with random gradient

for t in reversed(xrange(T)):
dss[t] = (hs[t] > 0) * dhs[t] # bgtkprop through the nonlinearity
dhs[t-1] = np.dot(Whh.T, dss[t]) # backprop into previous hidden state

[On the difficulty of training Recurrent Neural Networks, Pascanu et al., 2013]
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LSTM variants and friends

[An Empirical Exploration of Recurrent Network Architectures, Jozefowicz et al., 2015]

[LSTM: A Search Space Odyssey,
Greff et al., 2015]

GRU [Learning phrase
representations using rnn
encoder-decoder for
statistical machine
translation, Cho et al. 2014]

i =

&
Il

&
I

sigm (W, s + Wychy—1 + by)
sigm(Wy 2 + Wighi—1 +0,)
tanh(Wypxy + Win(ry © he—1) + by)
20 hi—1+(1-2)0h

MUTI:

his1

Tt

+

sigm(Wezy + by)

sigm(Wxy + Wi hy + b;)

tanh(Wyp(r © hy) + tanh(z,) + by) © 2
hy®(1-2)

sigm(Wezy + Wighy +5;)

sigm(zx; + Wichy + by)

tanh(Win(r © he) + Wenze + bn) © 2
he® (1-2)

sigm(Wzy + Wy, tanh(hy) + b,)
sigm(Weezs + Wichy + b;)
tanh(Win(r © he) + Wanze +bn) © 2
hy@(1-2)
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- RNNs allow a lot of flexibility in architecture design
- Vanilla RNNs are simple but don’t work very well

-  Common to use LSTM or GRU: their additive interactions
Improve gradient flow

- Backward flow of gradients in RNN can explode or vanish.
Exploding is controlled with gradient clipping. Vanishing is
controlled with additive interactions (LSTM)

- Better/simpler architectures are a hot topic of current research
- Better understanding (both theoretical and empirical) is needed.
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