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INPOEKTYBAHHSA BA3U JAHUX

keywords

id

name

keywords_movies
keyword_id (FK)

mavie_id (FK)

genres
id

name

movies_genres

genre_id (FK} |

movie_id (FK)

keywords

s

ratings Heers
movie_id (FK) id
user_id (FK) @ role_id (FK) roles
rating zgqsas;rmrd_hash |
.date_added Lemame name
blocked
watchlist
. mavie_id (FK)
maovies user_id (FK)
id
title
overview
poster_url movies_actors actors
director movie_id (FK) id
release_year ¥ actor_id (FK)
imdb_url — name

poster_features

id: INTEGER NOT NULL

name: CHARACTER VARYING(255) NOT NULL

ratings

users

movie_ic: INTEGER NOT NULL
—.

user_id: INTEGER NOT NULL (FK)

(FK) id: INTEGER NOT NULL

rating: REALNOT NULL
date_added: DATE NOT NULL

keywords_movies

keyword_id: INTEGER NOT NULL (FK)
movie_id: INTEGER NOT MULL (FK)

genres

id: INTEGER NOT NULL

movies

name: CHARACTER VARYING(255) NOT NULL

|

watchlist

role_id: INTEGER NOT NULL (FK)

password_hash: CHARACTER VARYING(255) NOT NULL
email: CHARACTER VARYING(255) NOT NULL

uername: CHARACTER VARYING(255) NOT NULL
blocked: BOOLEAN NOT NULL

— |

user_id: INTEGER NOT NULL {

movie_id: INTEGER NOT NULL (FK)

roles

1

FK)

date_added: DATENOT NULL

id: INTEGER NOT NULL

id: INTEGER NOT NULL

maovies_genres

genre_id: INTEGER NOT NULL (FK)
movie_id: INTEGER NOT NULL (FK)

title: CHARACTER VARYING(255) NOT NULL
overview: TEXT NOT NULL

poster_url: CHARACTER VARYING(600) NOT NULL
director: CHARACTER VARYING(100) NOT NULL
release_year INTEGER NOT NULL

imdb_url: CHARACTER VARYING(200) NOT NULL
poster_features: TEXT NULL

I

name: CHARACTER VARYING(255) NULL

movies_actors

actors
id: INTEGER NOT NULL
name: VARCHAR2(20) NULL

movie_id: INTEGER NOT NULL (FK)
actor_id: INTEGER NOT NULL (FK)
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}

user_ratings =
get_ratings(user_id)

A 4

ratings = popular.predict(k)

len(user_ratings) > 0

A 4

visual_features =
get_features(user_ratings.item_id)

Hi

v

text_ratings = cosine_sim_text(user_ratings)

!

visual_ratings = cosine_sim_visual(user_ratings)

!

ratings = (text_ratings * text_weight + visual_ratings *
visual_weight)/(text_weight + visual_weight)

L

len(user_ratings) > g

TaKk

v

cml_ratings = cml_model.predict(user_id)

!

vbpr_ratings = vbpr_model.predict(user_id)

ratings = (cml_ratings * cml_weight +
vbpr_ratings * vbpr_weight)/(cmIl_weight +
vbpr_weight)
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class CML (object) :
def  init (self, sess, num user, num item, features=None,
learning rate=0.1, reg rate=0.1, epoch=500,
batch size=500, verbose=True, t=5,
display step=100, feature 12 reg=0.1,
feature projection scaling factor=0.5,
hidden layer dim=128):
self.sess = sess
self.num user = num user
self.num item = num item
self.learning rate = learning rate
self.reg rate = reg rate
self.hidden layer dim = hidden layer dim
self.epochs = epoch
self.batch size = batch size
self.verbose = verbose
self.T =t
self.display step = display step
self.feature 12 reg = feature 12 reg
self.feature projection scaling factor =
feature projection scaling factor

self.user id = None
self.item id = None
self.neg item id = None
self.keep rate = None
self.pred distance = None
self.pred distance neg = None
self.embedding loss = None
self.feature loss = None
self.loss = None
self.optimizer = None
self. P = None

self. QO = None

self.clip P = None
self.clip Q = None

self.user = None
self.item = None
self.num training = None
self.test data = None
self.total batch = None
self.neg items = None
self.test users = None

self.features = tf.constant (features, dtype=tf.float32)
self.feature projection = None

print ("You are running CML.")

def build network(self, num factor=100, margin=0.5,
norm clip value=l):




92

#tf.train.Saver () .restore(self.sess, 'cml.ckpt')

self.user id = tf.placeholder (dtype=tf.int32, shape=[None],
name="'user 1id")

self.item id = tf.placeholder (dtype=tf.int32, shape=[None],
name="'item id")

self.neg item id = tf.placeholder (dtype=tf.int32,
shape=[None], name='neg item id')

self.keep rate = tf.placeholder (tf.float32)

self. P = tf.Variable
tf.random normal ([self.num user, num factor], stddev=l /
(num_ factor ** 0.5)), dtype=tf.float32)
self. Q = tf.Variable(
tf.random normal ([self.num item, num factor], stddev=l /
(num_ factor ** 0.5)), dtype=tf.float32)

user embedding tf.nn.embedding lookup (self. P,

self.user id)

item embedding = tf.nn.embedding lookup (self. Q,
self.item id)

neg item embedding = tf.nn.embedding lookup (self. Q,

self.neg item id)

self.pred distance = tf.reduce sum(
tf.nn.dropout (tf.squared difference (user embedding,
item embedding), self.keep rate), 1)
self.pred distance neg = tf.reduce sum(
tf.nn.dropout (tf.squared difference (user embedding,
neg item embedding), self.keep rate), 1)

mlp layer 1 = tf.layers.dense (inputs=self.features,
units=self.hidden layer dim, activation=tf.nn.relu)

mlp layer 2 =
tf.layers.dense (inputs=tf.layers.dropout (inputs=mlp layer 1,
rate=self.keep rate),
units=num factor)

self.feature projection = tf.clip by norm(mlp layer 2 *
self.feature projection scaling factor,
norm clip value,
axes=[11])
self.embedding loss = tf.reduce sum(tf.maximum(self.pred distance -
self.pred distance neg + margin, 0))
self.feature loss =
tf.reduce sum(tf.reduce sum(tf.squared difference (
self. Q, self.feature projection), 1)) *
self.feature 12 reg

self.loss = self.embedding loss + self.feature loss
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self.clip P = tf.assign(self. P, tf.clip by norm(self. P,
norm clip value, axes=[1]))

self.clip QO = tf.assign(self. Q, tf.clip by norm(self. Q,
norm clip value, axes=[1]))

gds =
[tf.train.AdagradOptimizer (self.learning rate) .minimize (self.loss,
var list=[self. P, self. QJ]),

tf.train.AdagradOptimizer (self.learning rate) .minimize (self.feature
loss / self.num item) ]
self.optimizer = gds + [self.clip P, self.clip Q]

return self

def prepare data(self, train data, test data):
t = train data.tocoo()
self.user = t.row.reshape(-1)
self.item = t.col.reshape(-1)

self.num training = len(self.item)

self.test data = test data

self.total batch = int(self.num training / self.batch size)
self.neg items = self. get neg items(train data.tocsr())
self.test users = set([u for u in self.test data.keys() if

len(self.test datalu]) > 0])
print ("model: CML; data preparation finished.™")

def train(self):
self.sess.run(tf.assign(self. Q, self.feature projection))
idxs = np.random.permutation(self.num training) # shuffled
ordering
user random = list(self.user[idxs])
item random = list(self.item[idxs])
item random neg = []
for u in user random:
neg 1 = self.neg items/[u]
s = np.random.randint (len(neg 1i))
item random neg.append(neg i[s])

for 1 in range(self.total batch):

start time = time.time ()

batch user = user random[i * self.batch size: (i + 1) *
self.batch size]

batch item
self.batch size]

batch item neg = item random neg[i * self.batch size: (1
+ 1) * self.batch size]

item random[i * self.batch size: (i + 1) *

_, loss, , = self.sess.run((self.optimizer,
self.loss, self.clip P, self.clip Q),
feed dict={self.user id:
batch user,
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self.item id:
batch item,

self.neg item id: batch item neg,

self.keep rate:
0.98})
if 1 % self.display step ==
if self.verbose:

print ("model: CML; Index: %04d; cost= %.9f" % (i +
1, loss))

print ("model: CML; one iteration: %s seconds.”" %
(time.time() - start time))

def test (self):
return evaluate (self)

def execute(self, train data, test data):
self.prepare data(train data, test data)

init = tf.global variables initializer()
self.sess.run(init)

for epoch in range(self.epochs):
self.train ()
if epoch % self.T ==
print ("Epoch: %04d; " % epoch, end='")
self.test ()

self.save ('/checkpoints/cml.ckpt')

def save(self, path):
saver = tf.train.Saver ()
saver.save (self.sess, path)

def predict(self, user id, item id):
return -self.sess.run([self.pred distance],
feed dict={self.user id: user id,
self.item id: item id, self.keep rate: 1}) [0]

def get neg items(self, data):
all items = set(np.arange(self.num item))
neg items = {}
for u in range(self.num user):
neg items[u] = list(all items -
set (data.getrow (u) .nonzero () [1]))

return neg items
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class VBPR (object):
def init (self, sess, num user, num item,
learning rate=0.001, epoch=150,

features,

batch size=500, verbose=True, num factor=30,

num feature factor=4096, t=5, display step=1000,

self.
self.
self.
self.
self.
self.
self.
self.
self.
self.
self.

self.
self.
self.
.item content =
self.
.user rating embed =
self.
self.
self.
self.
self.
self.
self.
self.
self.
self.

self

self

self.
self.
self.
self.
self.

self.
self.
self.
self.
self.
self.

self.
self.

le=0, lu=2.5e-3
sess = sess
num_user = num_user
num item = num item
num_ factor = num fa
num feature factor
learning rate = lea
epochs = epoch
batch size = batch
verbose = verbose
T =t
display step = disp
user id = None
item id = None
neg item id = None
None
neg item content =

user content embed
item rating embed =
item rating bias =
item content bias =
content embed matri
pred y = None
pred y neg =
pred y all =
loss = None
optimizer =

None
None

None

le =
lu = 1lu
11 = 1i
1i neg = 1i neg
1b = 1b

le

test data = None
user = None
item = None
neg items = None
test users = None

features = features

None
None

num training =
total batch =

, 1li=2.5e-3, 1li neg=2.5e-4,

ctor
= num feature factor
rning rate

size

lay step

None
None

= None
None
None
None

x = None

print ("You are running VBPR.")

1b=0) :




def build network(self):

self.user id
name='user id")

self.item id
name="'item id")

self.neg item id = tf.placeholder (dtype=tf.int32,
shape=[None], name='neg item id'")

self.item content = tf.placeholder (dtype=tf.float32,
shape=[None, self.num feature factor],

tf.placeholder (dtype=tf.int32, shape=[None],

tf.placeholder (dtype=tf.int32, shape=[None],

name="'1item content')
self.neg item content = tf.placeholder (dtype=tf.float32,
shape=[None, self.num feature factor],

name='neg item content')

self.user rating embed =
tf.Variable (tf.random normal ([self.num user, self.num factor],
stddev=0.01))

self.user content embed =
tf.Variable(tf.random normal ([self.num user, self.num factor],
stddev=0.01))

self.item rating embed =
tf.Variable (tf.random normal ([self.num item, self.num factor],
stddev=0.01))

self.item rating bias = tf.Variable(tf.constant (0.0,
shape=[self.num item, 1], dtype=tf.float32))
self.item content bias = tf.Variable(tf.constant (0.0,

shape=[self.num feature factor, 1], dtype=tf.float32))
self.content embed matrix = tf.constant(l /
(self.num feature factor * self.num factor),

shape=[self.num feature factor, self.num factor], dtype=tf.float32)

user rating embedding =

tf.nn.embedding lookup(self.user rating embed, self.user id)
user content embedding =

tf.nn.embedding lookup (self.user content embed, self.user id)
item rating embedding =

tf.nn.embedding lookup(self.item rating embed, self.item id)
neg item rating embedding =

tf.nn.embedding lookup(self.item rating embed, self.neg item id)
item rating bias f =

tf.nn.embedding lookup(self.item rating bias, self.item id)
neg item rating bias f =

tf.nn.embedding lookup(self.item rating bias, self.neg item id)
item content embedding = tf.matmul (self.item content,

self.content embed matrix)
neg item content embedding =

tf.matmul (self.neg item content, self.content embed matrix)
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self.pred y =
tf.reduce sum(tf.multiply(user rating embedding,
item rating embedding) +

tf.multiply(user content embedding, item content embedding), 1)
self.pred y neg =

tf.reduce sum(tf.multiply(user rating embedding,

neg item rating embedding) +

tf.multiply (user content embedding, neg item content embedding), 1)

self.pred y all = item rating bias f -
neg item rating bias f + self.pred y - self.pred y neg + \
tf.matmul (self.item content -
self.neg item content, self.item content bias)

self.loss = tf.reduce sum(tf.log(l + tf.exp (-
self.pred y all))) + \
0.5 * tf.reduce sum(self.content embed matrix **
2) * self.le + \
0.5 * tf.reduce sum(user rating embedding ** 2 +
(user content embedding ** 2) * self.lu
+ item rating embedding ** 2
* self.li
+ neg item rating embedding
**% 2 * self.li neg) + \
0.5 * (tf.reduce sum(item rating bias f ** 2 +
neg item rating bias f ** 2)
+ tf.reduce sum(self.item content bias **
2)) * self.lb

self.optimizer =
tf.train.RMSPropOptimizer (learning rate=self.learning rate) .minimize
(self.loss)

def prepare data(self, train data, test data):
t = train data.tocoo()
self.user = t.row.reshape(-1)
self.item = t.col.reshape(-1)

self.num training = len(self.item)

self.test data = test data

self.total batch = int(self.num training / self.batch size)
self.neg items = self. get neg items(train data.tocsr())
self.test users = set([u for u in self.test data.keys() 1if

len(self.test datalul]) > 0])
print ("model: VBPR; data preparation finished.")

def train(self):
idxs = np.random.permutation(self.num training) # shuffled
ordering
user random = list(self.user[idxs])
item random = list(self.item[idxs])
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item random neg = []

for u in user random:
neg i = self.neg items([u]
s = np.random.randint (len(neg 1))
item random neg.append(neg i[s])

for 1 in range(self.total batch):
start time = time.time ()
batch user user random[i * self.batch size: (i + 1) *
self.batch size]
batch item = item random[i * self.batch size: (i1 + 1) *
self.batch size]

batch item neg = item random neg[i * self.batch size: (i
+ 1) * self.batch size]
batch item content = self.get feature (batch item)

batch item content neg =
self.get feature(batch item negq)

_, loss = self.sess.run((self.optimizer, self.loss),
feed dict={self.user id: batch user,

self.item id: batch item,
self.neg item id: batch item neg,
self.item content: batch item content,
self.neg item content: batch item content neg})
if 1 % self.display step ==
if self.verbose:

print ("model: VBPR; Index: %04d; cost= %.9f" %
(i + 1, loss))

print ("model: VBPR; one iteration: %$s seconds."

% (time.time () - start time))

def get feature(self, batch item):

df = pd.DataFrame ({'item id': [x + 1 for x in batch item]})
feature =
df['item id'].map(self.features.set index('id'") ['feature'])

return feature.str.split (pat=",",
expand=True) .to numpy (dtype=np.float)

def test (self):
evaluate (self)

def execute(self, train data, test data):
self.prepare data(train data, test data)

init = tf.global variables initializer()
self.sess.run(init)
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for epoch in range(self.epochs):
self.train ()

if epoch % self.T == 0:
print ("Epoch: %04d; " % epoch, end='")
self.test ()

def save(self, path):
saver = tf.train.Saver ()
saver.save (self.sess, path)

def predict(self, user id, item id, item content):
return self.sess.run([self.pred y], feed dict={self.user id:
user 1id,
self.item id:
item id,

self.item content: item content}) [0]

def get neg items(self, data):
all items = set(np.arange(self.num item))
neg items = {}
for u in range(self.num user):
neg items[u] = list(all items -
set (data.getrow(u) .nonzero () [1]))

return neg items

class Hybrid(object) :
def init (self, sess, cml weight=0.5, vbpr weight=0.5,
epochs=100, t=5, batch size=1024):
self.sess = sess
self.cml model = None
self.vbpr model = None
self.cosine similarity = None
self.popular = None

self.cml weight = cml weight / (cml weight + vbpr weight)
self.vbpr weight = vbpr weight / (cml weight + vbpr weight)

self.n user = None
self.n item = None
self.train data = None
self.test data = None

self.T = t
self.epochs = epochs
self.batch size = batch size

self.scores = None
self.pred ratings 5 = None
self.pred ratings 10 = None
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self.user = None
self.item = None
self.num training = None

self.test data = None
self.total batch = None
self.neg items = None
self.test users = None

self.items info = load item info()
self.ratings df load ratings df ()
self.features =

load features df (path="../../data/ml100k/features.csv")

print ("You are running hybrid recommender.")

def execute(self):
self.train data, self.test data, self.n user, self.n item =
load data neg(
path="../../data/ml1100k/movielens 100k.dat",
test size=0.2, sep="\t")

self.cml model = CML(self.sess, self.n user, self.n item,
features=load data features(path="../../data/ml100k/features.csv"))

self.vbpr model = VBPR(self.sess, self.n user, self.n item,
self.features)

self.cml model = tf.train.Saver() .restore(self.sess,
'cml.ckpt')

self.vbpr model = tf.train.Saver () .restore (self.sess,
'vopr.ckpt')

self.popular = Popular(self.sess)

self.cosine similarity = CosineSimilarity(self.items info,
self.features)

self.cml model.build network()
self.vbpr model.build network ()
self.cosine similarity.prepare cosine ()

self.prepare data(self.train data, self.test data)

init = tf.global variables initializer()
self.sess.run(init)

for epoch in range(self.epochs):
self.cml model.train()
self.vbpr model.train()
if epoch % self.T == 0:
print ("Epoch: %04d; " % epoch, end='")
self.test ()
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def prepare data(self, train data, test data):

t = train data.tocoo()

self.user = t.row.reshape(-1)

self.item = t.col.reshape(-1)

self.num training = len(self.item)

self.test data = test data

self.total batch = int(self.num training / self.batch size)
self.neg items = self. get neg items(train data.tocsr())
self.test users = set([u for u in self.test data.keys() if

len(self.test datalu]) > 0])

for model in [self.cml model, self.vbpr model]:

model .user = self.user
model.item = self.item
model.num training = self.num training

model.test data = self.test data
model.total batch = self.total batch
model.neg items = self.neg items
model.test users = self.test users

def test (self):
return evaluate (self)

def predict(self, user id):
user ratings = self.ratings df[self.ratings df == user id]
num ratings = len(user ratings.item id.unique())
if num ratings ==
self.popular.predict ()
elif num ratings < 5:
self.predict cosine(user ratings)
else:
self.predict cf (user id)

print ('Recommendation list (5 items)')
for idx, item in enumerate (self.pred ratings 5):

item info = self.items info[self.items info.id ==
item[0]]
print ("%01d. item = %s (rating = %.5f)" % (idx,

item info.title, item[1]))

print ('Recommendation list (10 items) ')
for idx, item in enumerate (self.pred ratings 10):

item info = self.items info[self.items info.id ==
item[0]]
print ("%02d. item = %s (rating = %.5f)" % (idx,

item info.title, item[1l]))
return self.scores

def predict popular(self, ratings df):
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self.popular.predict (ratings df)
self.pred ratings 5 = self.popular.pred ratings 5
self.pred ratings 10 = self.popular.pred ratings 10

def predict cosine(self, user ratings):
return self.cosine similarity.predict (user ratings)

def predict cf(self, user id):

all items = set(np.arange(self.n item))

neg items = list(all items -
set (self.train data.tocsr () .getrow(user id) .nonzero() [1]))

item ids = [neg item for neg item in neg items]

user ids = [user id] * len(neg items)

item contents = self.vbpr model.get feature(item ids)

cml scores = self.cml model.predict (user ids, item ids)

vbpr scores = self.vbpr model.predict (user ids, item ids,
item contents)

self.scores = cml scores * self.cml weight + vbpr scores *
self.vbpr weight

neg item index = list(zip(item ids, self.scores))

ranked list = sorted(neg item index, key=lambda tup: tupl[l],
reverse=True)

pred ratings = [r[0] for r in ranked list]

self.pred ratings 5 = pred ratings/[:5]

self.pred ratings 10 = pred ratings[:10]

def predict(self, user id, item id, item content):

user ratings = self.ratings df[self.ratings df.user id ==
user id[0]+1]
num ratings = len(user ratings.item id.unique ())

self.predict cosine(user ratings)
if num ratings ==
self.popular.predict ()
elif num ratings < 5:
return self.predict cosine (user ratings)
else:
cml scores = self.cml model.predict (user id, item id)
vbpr scores = self.vbpr model.predict (user id, item id,
item content)

cml scores = [(score[0], score[l] * self.cml weight) for
score in cml scores]
vbpr scores = [(score[0], score[l] * self.vbpr weight)

for score in vbpr scores]

self.scores = cml scores * self.cml weight + vbpr scores
* self.vbpr weight
return self.scores

def get neg items(self, data):
all items = set(np.arange(self.n item))
neg items {}
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for u in range(self.n user):
neg items[u] = list(all items -
set (data.getrow (u) .nonzero () [1]))

return neg items

if name == ' main ':
config = tf.ConfigProto(device count={'GPU': 0})

sess = tf.Session(config=confiqg)
recommender = Hybrid(sess)

recommender .execute ()
recommender.predict (12)

class CosineSimilarity(object) :

def init (self, items info, features, feature weight=0.4,
text weight=0.6):
self.feature weight = feature weight / (feature weight +

text weight)
self.text weight = text weight / (feature weight +
text weight)

self.items info = items info
self.features = features
self.cosine sim features = None

self.cosine sim text = None
print ("You are running cosine similarity.")

def prepare cosine (self):
self.prepare cosine text ()

self.prepare cosine features()

def predict(self, item id):

cosine sim text = self.cosine sim text
cosine sim features = self.cosine sim features
sim scores text = list (enumerate (cosine sim text[item id]))

sim scores img =
list (enumerate (cosine sim features[item id]))

sim scores text = [(score[0], score[l] * self.text weight)
for score in sim scores text]
sim scores img = [ (score[0], score[l] * self.feature weight)

for score in sim scores img]

sim scores = sim scores text + sim scores img

sim scores = [ (k, sum(map(itemgetter(l), g)))
for k, g in groupby(sorted(sim scores,
key=itemgetter (0)), key=itemgetter (0)) ]
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return sorted(sim scores, key=lambda x: x[1], reverse=True)

def prepare cosine text(self):
items data = self.items info
columns genres = items data[["unknown", "action",
"adventure", "animation", "children\'s", "comedy",
"crime", "documentary",
"drama", "film-noir", "horror", "musical", "mystery",
"romance", "sci-fi",
"thriller", "war", "western"]]

items data['genres'] =
columns genres.gt (0) .dot (columns genres.columns +
', '").str.rstrip(', ") .str.split (', ")

text features = ['director', 'keywords', 'actors', 'genres']

for feature in text features:
items data[feature] =
items data[feature].apply(clean data)

items data['soup'] = items data.apply(create soup, axis=1)

count = CountVectorizer (stop words='english')

count matrix text = count.fit transform(items datal['soup'])

cosine sim text = cosine similarity(count matrix text,
count matrix text)

pd.DataFrame (cosine sim text).to csv('../../data/ml100k/cosine text.
csv', sep=',', index=False, header=False)
self.cosine sim text = cosine sim text

return self.cosine sim text

def prepare cosine features (self):
img features =

np.array(list(self.features|['feature'].str.split(",")), np.float32)
cosine sim features = cosine similarity(img features)
pd.DataFrame (cosine sim features).to csv('../../data/ml100k/cosine f

eatures.csv', sep=',', index=False,
header=False)
self.cosine sim features = cosine sim features
return self.cosine sim features

def create soup (item info):

return ' '.join(item info['director']) + ' ' + !
'.join(item info['keywords']) + ' ' \
+ item info['actors'] + ' ' + !

'.join(item info['genres'])
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def clean data(column) :
if isinstance (column, list):

return [str.lower (i.replace(" ", "")) for i in column]
else:
if isinstance (column, str):
return str.lower (column.replace(™ ", "™))
else:

return ''
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