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LSTM Networks
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Task 1 — Character Language
Model (CharRNNLM)
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o H{F1
e TensorFlow RNNLM (LSTM)
e https://www.tensorflow.org/versions/r0.12/tutorials/recurrent/
index.html
e sherjilozair/char-rnn-tensorflow
e https://github.com/sherjilozair/char-rnn-tensorflow
o FTensorFlow4E il 7R AG 5K 1]
* Blog: http://leix.me/2016/11/28/tensorflow-lyrics-generation/
e Github: https://github.com/leido/char-rnn-cn
e TensorFlow#:>]7:  ELT-RNNAE R 51314
e http://blog.topspeedsnail.com/archives/10542



https://www.tensorflow.org/versions/r0.12/tutorials/recurrent/

Coding Comments-class HParam

class HEarami): +
e T
batch size =32+
#epoch
n.epoch = 100+
HEEH
learning rate =0.01+
BEN S EHREE R
gecay steps = 1000+
HEERLEH
decay rate =09+
grad _clip = 5+

state. size = 100+

HRNN B

num,_layers = 3+
HPERE

560, lengih = 20+

HLog WATFAILTE

log dir="./logs'+
metagala = ‘metadala.isy.

AL S




Coding Comments-class

DataGenerator
s D AL batch B

def _init_(self, datafiles, args):« gef next. batchisel):+
self.seq length = args.sen_length+ ¥_hatches = []+
self.batch. size = args.batch, size+ y_batches =[]+
ol training i /7 bx SR by
with open(datafiles, encoding="utf-8') as f:+ .. B
. o for Lin range(self.batch_size):+
) self.data = f.read| if self._pointer + self.seq_length + 1 == self.total_len:+
selftotal len = leniselfdata)  NERNNSNEREN - self._pointer = 0+
self words = list{set{self.data)) _# # seq length+

self.words.sort() -#

S b = self.data(self. pointer: self. pointer + self seq_length]+
W: MM] #UDCEbUIEFfSiIE*J M=M[W+?I
print{"Vocabulary Size: ', self.vocab _ size)+ 1: self._pointer + self.seq length + 1]+
HICFELID RIS self._pointer += self.seq_length  # update pointer position +
self.char2ig dict = {w: | for |, w in enumerate(self words)}+ o
selfid2char dict = {i: w for |, w in enumerate(self,words) _ .
HELE SRR (4 0 D) |
# pointer position to generate current batch+ bx = [self.char2id(c) for cin bx]+
self..pointer = 0« by = [self.char2id(c) for c in by]+
‘ — x_batches.apoend(ox) +
y.batches.append(by)+
self.save_metadatalargs. metadata)
#EHID “
def charZid(self, c):+ return x_batches, y_batches+
return self.charid_dict[c]+ i

D

gef idZchar(self, id):+



Coding Comments-class Model

self.cell = ron. cell. MultiBNNCell{[self.cell] * args.num, Jayers)+
B Memory cell FHHBE 0
self.initial state = self.cell.zero statel
class Modell: args.batch,_size, tf float32)
JICa
ini If, data, infer=False): +
;;lgqt_.@_g__lise args, data, infer=False) with _ t e
m output 25 sofmax ) s
ST B RN T —EE
: w = tf.get. variable(+
args.batch size = 1+ i -
length = 1 ‘softmax.w', [ares.state. size. data.vocab, size])+
with 1 finputs'):+ b =tf.get variablel'softmax b, [data.vecab_size]) +

binput 5 target YT L
# 416 embeding sze

' = o
self.input. data = tf.placeholder| hedding = tf ablel+

thint32, largs.batch_size, args.seq g
j 'embedding, [data.vecab, size, args.state. sizel)
Eaitanmt,cata = thalmahokinnl« inputs = tf.on.embedding._|ookup{embedding,
thint32, (args.batch_size args.seq ler "

.,J
with 1i.name. scope('model'): + _“

. outputs, last state = tf.an.dynamic_ron(+
= rnn.cell.BasicLaTMCell
self.cell {args.stat if.cell. inputs, initial i.initial o
4J
with ti.name_scope(loss'):+
T

gutput = tfreshapeloutputs, [-1, args.state size])+



Coding Comments-class Model

output = tireshapeloutputs, [-1, args.state size])+

HELiHE softmax FRE(E

seli.logits = tf.matmul{output, w) + b+

self.probs = th.on.softimax(self.| ogits)+

#E model FELEER

self.last state = last state ™

_g

targets = tf.reshape(self target_data, [-1])+

_g

logs = seq2seq.sequence_loss_by_example([zelflogits], +
[tar Wwith tf.name_sco pe(‘optimize'):+

e SRR

dtype=tf.float32)])+ self.Ir = tf. placeholder(tf float32, [])+
#5170 cost function tf.scalar_summany! learning. rate’, self.ir}+
self.cost = th.reduce._sumlloss) / args.batch size+ _‘*'
tf.scalar _summary'loss', self.cost)* aptimizer = tLirainAdamOptimizeriself.lr) «

tvars = if.trainable variables()+
grads = tf.gradients(self.cost, tvars)
for g in grads:=
tL.histogram, summaryig.name, g+
grads, _ = th.clip by global normigracs, args.erad. clipi+

sglf.train._op = eptimizer.aoply gradients(zipigrads, tvars)) =
self. merged op = tf.merge. all _summaries() +



Coding Comments-train function

gef train(data, model, args): +
with tf.aessionl) as sess:+
M
sgss.runl ' initializer())+
saver = th.train.saver()+
writer = t.trainsummaryWriterlargs.log. dir, sess.graphl+

o
# Add embedding tensorboard visualzation. Need & K.batch, v_batch - datanext_batch()
#>=0.12.0RC0 HETE xy batch FRAEENH
fig = projector. ProjectorConfigl) feed dict = imodelinput data: x batch, «
embed = config.embeddings.add]) « modeltarget data: y_batch, model.lr: learning rate]
embed.tensor _name = 'tnplm/embedding:0'+ _1|J
embed,metadata._path = args.metadata + train_lgss, summary, _, _ = sess.runilmodel.cost, model.merged. op,

projector.visualize embeddings(writer, copfig)+  DRdellast state, modeltrain_opl,

2P USERIAR K batch, size feed_dict)+
max iter = args.n. epach * \+ _*J

(datatotal len // args.sen length) // args.batcl 1% 10 ==0:« _
for iin range{max_iter):+ writer.add summaryisummary, global_step=ii+
pEE print('step:{}/{}, training. loss:{:4f} . format{i, +

learning. rate = args.|eaming. rate * \+
(args.decay.rate ** {i// args.decay,_steps] WRXILEr wain_loss)) «
HECHTAY batch #1531 2000 JCHRERSIR S IBERE I model SEHH
if 1% 2000 == 0 or (i + 1) == max_iter:+
saver.savelsess. os.path.oin( +
args.log dir, lyrics. model.ckot'), global step=ij+



Coding Comments-sample function

gef sample{data, model, args): +
saver = tf.Lrainsaver()+
with ti.5essionl) as sess: +
#training % 4] model S8
ckpt = thtrainJatest checkpaintiargs.log, dirl+
Rrintickot) +
saver.restore(sess, ckpt)+

# initial phrase to warm RNN o
prime = W AR E TR A ﬁ;g—:gz:”#
Hinitial memory cell parameters+ for Lin rengel -
ilim=mmntmgmgw %= pp.zerosi[1, 1) &
for word in prime[:-1]:+
%= np.2eres((1, 1))+
¥[0, 0] = data.charZid{word)+
feed = imodel.input_data: x, mo
state = sess.runimodel.last stats

¥[0, 0] = data.char2id(word) +
feed_dict = {model.input_data: x, medelinitial state: state}+
probs, state = sess.run(lmedelorobs, model.Jast _state], feed dict)+
R =probs|0)+
word = data.id2char(np.argmaxip)) +
printiwaord, end=")+
sys.stdout.flush() +
time.sleen(0.05) +
Iyrics +=word+
return yrics +



Training data set-ns‘7
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Result

Please switch to tf.summary.histogram. Note that tf.summary.histogram uses the n
ode name instead of the tag. This means that TensorFlow will automatically de-du
plicate summary names based on their scope.
WARNING:tensorflow:From gen_lyrics.py:145 in __init__.: merge_all_summaries (fro
m tensorflow.python.ops.logging ops) is deprecated and will be removed after 201
6-11-30.
Instructions for updating:
Please switch to tf.summary.merge_all.
WARNING: tensorflow:From /Jusr/local/lib/python2.7/dist-packages/tensorflow/python
/ops/logging ops.py:264 in merge_all _summaries.: merge_summary (from tensorflow.
python.ops.logging ops) is deprecated and will be removed after 2016-11-30.
Instructions for updating:
Please switch to tf.summary.merge.
./logs/lyrics_model. ckpt 43849
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Task2 - Grapheme-to-Phoneme (G2P)

 BEffFEE (FEXT) or FEF (FFEWmAL)
o TR 1 EEE—EFHEE
B3
« 6358
[a{m]
o Hifll
e TensorFlow Sequence-to-Sequence Models

e https://www.tensorflow.org/versions/r0.12/tutorials/seq2seq/index.html

e Sequence-to-Sequence G2P toolkit

e https://github.com/cmusphinx/g2p-seq2seq

o G2P(ER 1A EI = 2R )RS 5= > IR

e http://www.itdadao.com/articles/c15a94139p0.html

o T TensorFlow=C I HY PRI ES A

e https://github.com/ghduan/Seq2Seq_Chatbot_QA

e Reference:
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/rnnlts.pdf



http://www.itdadao.com/articles/c15a94139p0.html
http://www.itdadao.com/articles/c15a94139p0.html
http://www.itdadao.com/articles/c15a94139p0.html
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/

Seq2seq-Model
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Coding Comments-class G2PModel

class GZPModel(object):+

#We use a number of buckets and pad to the closest one for efficiency.
# See seq2seq_model.Sea2SeqModel for detals of how they work.
158 10 AU HIE] 10 BT R

_BUCKETS = [(5, 10, (10, 15), (40, 50)]+ -,,J

v print("Creating %d layers of %d units.” % (num_layers, size) )+
delClaic(selt model dic): #HSR : create —(A seq2seq U
_'IJ selfmodel] = seq2seq_model.5eq25eqModel(len(seller vocab).+
seilmadel dir = model dir+ len(self.ph vocab), self. BUCKETS.size, pum_layers, 0, +
+

batch _size, 0, 0, forward only=True]+

if not (model dir and+ selfmodel.saver = tftrainSaver(tfall variables(), max to keep=1)+
os.puthexists(ospathionisel oS ORORSAVeN OISR A esIoreHem
return+ print("Reading model parameters from %s" % selfmodel dir)+
« selfmodel saverrestore(selfsession ospathjoin(self model di+

AR S "madel"))
num layers, size = data_utils.load params(selt.model gir)+

batch size = 1 # We decode one word at a time.+

# SO S BAKE R data utils dlass JSRPRRERT

selfer vocab = data utilsload vocabularv(os.pathjoin(selfmodel dir,+



Coding Comments-train init function

def _train_init(self, params, train_path, valid path=None, lgs{_path=None):+

a1

# Preliminary actions before model creation.
# Load model parameters. o

print("Creating %d layers of %d units.” % (params.num layers,

if self.model dir; = params.size))

data_utils.save params(params.n selimodel = seqZseq_model. SeqdSegModel(len(self.gr vocab).+

RAraT Lﬁﬂ[i&lﬂﬂh.mh]
print("Preparing GZP data")+ paramslre decay factor,+
#2 data_utils CEERGELATEOR forward only=False)

Lrain gr jds, train ph ids. valid gr i sellmodel.saver = thtrainSaver(tEall variables(). max to keep=1)+
self. ph_vocab, selftest lines =\ + print("Created model with fresh parameters.”)+
data_utils.prepare_g2p_ data{m self sessionrun(thinitialize_all variables())+

(RIS T S ol L o [ . [ [ S




Coding Comments-bucket function

HIGYISFTHITSA bucket ¥AVIRE - HUBLIEA EFFHRANER bucket £ size
def _put into buckets(self, source, target):+

data_set = [[[[4]. [4]]] for _in self BUCKETS]+

for source_ids, target ids in zip(source, target):+
target ids.append(data utils.EQS 1D+
for bucket id, (source size, target size) in enumerate(gelf, BUCKETS):+
if len(source ids) < source size and len(targel ids) < targel size:+
data_set[bucket id].append([source ids target ids])«
breaks
return data_set+



Coding Comments-train function
WA Function

def train(self, params, train.path, valid_path, test_path]:+
"""Train a gr->ph translation model using G2P data."""+
HES I E AR R B ]
if hasattr[self, ' model’):+
print{"Model already exists in", self model dir)+
returns
HUBIRE
self.train init(params train path, valid path, test path)+
train bucket sizes = [len(selftrain set[b])«
for bin xrange(len(self, BUCKETS]]]+
train total size = float(sum(train bucket sizes))+
# A bucket scale is a list of increasing numbers from 0 to 1 that we'll use «
# to select a bucket. Length of [scaleli], scale|i+1]] is proportional to+
# the size if [-th training bucket, as used later.+
train buckets scale = [sum(train_bucket sizes[:i + 1]) / train total size
foriin yrange(len{train bucket sizes])|+



Coding Comments-train function

# ETIHHE.
step time, loss = 0.0, 0.0+
current step = 0+
previous losses = [+
while (params.max_steps == 0+
or sell.model.global step.eval(selfsession) <= params.max_steps):+
# Geta batch and make a step.
start time = time.time(]) +
step loss = self._cale step loss(train buckets scale)+
step time += (time.time() - start.time) / params.steps_per_checkpoint+
logs +=step loss / params.steps per checkpoint+
current step += 1+

if current step % params.steps per checkpoint == 0:+
# Print statistics for the previous epoch.+



Coding Comments-train function

slep time, perplexity]]+

if len(previous losses) > 2 and loss > max(previpus losses[-3:]):+

selbsessionrun(selfmodellearning rate decay op)+
if len(previous losses) > 34 and \+
previous losses[-35:-34] <= min(p if self model. dir: +

oreaks # Save checkpoint and zero timer and loss.
previous lassesappendlioss) selfmodelsaver.save(self session, os.pathioin(selfmodel dir, "model"),
step time, loss = 0.0, 0.0+ . | —False)«

print('Training done.")+
o
if seltmodel dit;+
with tf.Graph().as_default(): +
g2p _model_eval = GZPModel(selfmodel dir)+
g2p_model_eval.evaluate(selftest lines)+



Coding Comments-calculate loss
function

def _calc step loss(self, train_buckets scale):+

random number_ 01 = np.random.randem_sample() +
bucket id = min([ifor i in xrange(len(train buckets scale))
if train_buckets_scale[i] > random_number_01])+

# Get a batch and make a step.
encoder_inputs, decoder inputs, target weights = selfmodel.get batch(+
selftrain_set, bucket jd)+
_step loss, = selfmodel.step(selfsession, encoder inputs,«
decoder_inputs, targel_weights.
bucket id, False]+
return step loss+



Coding Comments-evaluate function

def _run_evals(self):+
for bucket id in yrange(len(selt, BUCKETS)): +
encoder_inputs, decoder_inputs, targel weights = sellmodel.get_batch(+

selbvalid set, buckef id)+
- gval loss, = sellmodel.step(sell.session encoder inputs,+
decoder inputs, target weights,«
hucket id, True)+

eval ppx = math.exp(eval loss) if gval loss < 300 else float("inf)+
print(" eval; bucket %d perplexity %.2f" % (bucket id, eval ppx])+



Coding Comments-ID to Word function

+

#id # word
def decode word(self, word): + token ids = [sellgr vocab.get(s, data_utils, UNK ID) for s in word] +
IO - 1.cice1 . = min([b for b in xrange(len(self, BUCKETS))«
grabsent = [gr for grin word if gr notin selfgr vo if self. BUCKETS[b][0] > len(token_ids)])+
if gr absent+
print{"Symbols '%s" are not in vocabulary” %  encoder inputs, decoder inputs target weights = self model.get batch(:
“join[gr_absent).encode( utf-8")) + {bucket id: [(token_ ids, [|)]} bucket id)+
return "+ +
. outpul logits = self.model.step(self.session, encoder_inputs,
der_inputs targel weights, bucket id, True)+

|

outputs = [int(np.argmax(logit, axis=1)) for logit in gutput logits] +

ra

if data utils.EQS_ID in outputs: +
outputs = outputs[:outputs.index(data utils EQS 1D)]+

ru

return ' "join([selfrev_ph_vocabloutput] for output in outputs] )+




Coding Comments-

Interactive&calculate error function
MR HEANE

def interactive(self):+

while True:+
by«
word = input(™= "]+
if not jssubclass{type(word), text_type):+
waord = text type(word, encoding="utf-8", errors="replace’) +
except EOFErmor:+
break+
if not word: «
break+
print(selldecode word (word])+

def cale_error[self, dictionary):+
P

grrors = 0+
for word, pronunciations in dictionary.items():+

hyp = self.decode word(word)«

if hyp not in pronunciations: +

errors += 1+

return errors+



Coding Comments-evaluate function

HIETTEREIN
def evaluatesell, test_lings):+

(ample.
if not hasattr(sell, "model"]): «
raise BuntimeError["Model not found in %s" % selfmodel dic)+

test dic = data_utils.collect pronunciations(test lines) +

if len(test dic) < 1.+
print["Test dictionary is empty”]
return+

print({'Beginning calculation word error rate (WER) on test sample."] «

errors = selfcale error(test dic) +

print{"Words: %d" % lenftest_dig))+

print("Errors: %d" % errors)+

print{"WER: %.3f" % (float[errors)/len(test_dig]])+
print("Accuracy: %30 % float(1-(errors flen(test_dig)]]) +



Model

* The model have 3 layer with 128 units.
* |t trained about 6 hours.



Result-evaluate

-

ubuntu@ubuntu-desktop: ~

Symbols '"E' are not in vocabulary
symbols 'Ef' are not in vocabulary
Symbols '"AE' are not in vocabulary
symbols 'J%' are not in vocabulary
symbols ";B' are not in vocabulary
Symbols 'Hi' are not in vocabulary
symbols '#f' are not in vocabulary
symbols '{fl' are not in vocabulary
symbols "' are not in vocabulary

7
symbols '#&' are not in vocabulary
Ssymbols '#i' are not in vocabulary

Symbols 'fE' are in vocabulary
Symbols '§&' are in vocabulary
symbols '#f' are in vocabulary
Ssymbols 'J{' are in vocabulary
Symbols '#E' are in vocabulary
are in vocabulary
are in vocabulary
are in vocabulary

: 79470

: 4621

Accuracy: 0.942
ubuntu@ubuntu-desktop:~$ I




Result-interactive

ubuntu@ubuntu-desktop: ~

ER: 0.058
Accuracy: 0.942
buntu@ubuntu-desktop:~$ g2p-seq2seq --interactive --model NTUTChineseG2P/
reating 3 layers of 128 units.
Reading model parameters from NTUTChineseG2P/
EEREZEA L
ai4 uu e4 1 1u2 uvu u3 t ai2 sh ang4
SRMEMIHRELMBEYK

ui4 1 an2 1L ei4 m ai4 d an3 d an3 b an3 d i1

#e e (%R B REXRFNOIE

u ui2 h ai4 i1 1u3 s angl h ai3 sh e5 h ui2 1 14 h ui2 p 14
FE L T

12 uvo3 d e5 sh ao3 n v3 sh ix2 d ai4
{RE R ENE (RIER (T NS

ao2 zh ongl d i3 z ang3 sh e5 m a3




Thank youl!



