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1.1 B=NE

1.1.1 thETEEE

Pp [R5 i SR — RO A AN TR HERR B05, BT 0 ™ D SeAT 98 A2 4 A B 7 1) B
D), I FHEI P AT e 4 7 S BEAT HERE . R R B

o ARAEARAT SL R 5245 N\ 25 R dfErE
o AREARE NI d 25 VRS AR LA
o ARYEARE I fin 25 VR AR i

DR ] DAAS 5 F AR W Rl D AR 2y i, 6T P i B [R5 R 5595 (user-based collaboratlve fil-
tering), LAMIETY)imBIP AL 85 (item-based collaborative filtering) o
CAH o A g SR, HBAR P IR

Lo S A R AR BLE

2. MRIEH O E] 5 IR A B K AN

3. FEXLEAL R E R, AR S5 R RO B B L0 A — 1 i P A A
4. ARIEACLEE IR it

1.1.2 Recommenderlab g

recommenderlab & — M THIEER R 4, 124t 7 ZRHERERIE, ©4F UBCF(User Based Collab-
orative Filtering), IBCF(Item Based Collaborative Filtering), Popular, Random, SVD, PCA, AR %.
recommenderlab %G ER L5 & RatingMatrix (PEAAEFE) , ALK T user XJ item HIVF45. LA
RatingMatrix J¥iN, FHI_EIRGEZAG TR MR PP item HIPEZ, TR IR REAT HERS

1.2 [a)REH

BAR recommenderlab /& —AN T ATRAERIEL, (HEA recommenderlab 23R 5 HEFE H VL I %, 17
1E— L] 5,

1. F recommenderlab B iz 1T EIR 1S

2. R BT RHAH AR IARDN, recommenderlab ELE R WAAEEH K, AREAHRE R MEIESE, 4
HE BRSO KRS, 23l A A7 TR A -

FATTH e RIS AE AR o L[] 238 0 Sl SR $4 R HE A7 R 5t



2 PlAMGRTE 4

2 [OJRfERAR
2.1 B{TATE

recommenderlab WHHIRZIEIFMES], KRHHEE Ti@/7HEE . HTE R DR @RS
B[] 2 Lb B4R ) S I IR 2 N, it DAIRAT A BRI PG ) eSO o R Y e ki /D ot 22 1R 70
o AT SGH T, RFEERIA THLUERE: RO SRR g — R R 2& Pearson A
FERFEATHED

TR X = (21,29, ., ), Y = (Y1, Y2, - Yn) B Pearson FHLLEE A X N:

nzl VT — D 133122 1 Yi
Vi wl = (T w2/l v — (s vi)?

R P YEa R, BRSSP VE VR N m A, FRATE R R BRI 2R i N Te R
AR 1 NSRS 5 N1 Pearson AHALE, 1EHRE A = (X1, Xo, ..., Xp), A € M™F Hi X, N
Yeplig, i =1,2,..,0, FELHEME B = (Y1,Ys,..,Y1),Be M™ Hd v, o 45AE, j=1,2, .10

MAERFRE Cov(A, B) R A W5 1 ZIMKEFE B M5 j 51K Pearson AHLRE, NPT sRk4s R
Cov(A, B) € M** i

Similarity(X,Y) =

(CO’U(A,B)) = Similarity(X;,Y;)

recommender FRHEIRE RIS Cov(A, B) A TR MU, FrolsfEgAg, m3d e LT
TR IR A~ AR E R — MR Cou(A, B):
ATB
VI(A2)T(B&G)]  /[(A&G)T By]
B Ay BB A KB ITCR VAR, B, KHEE B BN TR- VA RIER.G =
(1,1, )7(1,1,...,1) e 1R, & 2@EER, ALGH A EEE 1, BELE 0, * KA
XFRLTCAHTE GERARRRENeIE) | FIHAA 2l SL L 1 AR R M i R R 18 575 7

Cov(A, B) =

2.2 AELHA

CAFE Tt B P R L R 500 M), A it RO o, U000 it ORI 06 RO Ak ) B8 DU 2 m® Ao BT
LA S BB AR ORI s S NARMDUSE R B e FU0 R R P PAY A 25 S i L

PATFE R W o T5 I T D G DU SERE (BRI S, ERATENL T Cov(A, B) RIFERHZSTT
R Ja s BATHOAT ULy ST AR LSRR PR AN B 28 (R FAE B . Bildn, U A Sy gtk R v 46RE, BB
N A BIHETPIA], IRBEATHAT L A G B > n« 2 FEFE C = Cov(A, B), "EAFLT 5 1 M5 2 LA
ANEAb A P 2 T8 BARARE , BATHEECF 2 FE R AT AT N IERE D, A D 22— 2 n BIFERE, A
2 DC AT T W 2 LAy Ao, e
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FEFIX TR, AR SRR R S At ] A — IR R S N AU R PR — 35843, AT A S B ER A rec-
ommenderlab £ A7 H H 1

3 {XAZsCIR

3.1 UHRE

fE L et 2 oh, AT S B ER T HERE R S, LB RE h GE 1T A R
X B AT B A A e

3.1.1 cal_cor

# W H R

#' Calculates pearson correlations between columns of two sparse matrixs.
#

#' Qparam X sparse matrix

#' Q@param Y sparse matrix

#' Qreturns correlation

#' Onote Requeres {recommenderlab} package for normalization.

cal_cor <- function(X, Y){

X _not_zero <- X !'=0
Y _not_zero <- Y !=0
# IE N

X <- as(normalize(as(X, "realRatingMatrix"),
method = "center", row = FALSE), "dgCMatrix")
Y <- as(normalize(as(Y, "realRatingMatrix"),
method = "center", row = FALSE), "dgCMatrix")
R <- Martix::crossprod(X,Y)
N <- Martix::crossprod(X~2, Y_not_zero)
M <- Martix::crossprod(X_not_zero, Y"2)
correlation <- R
correlation@x <- correlation@x/((Nex~0.5) * (M@x~0.5))
correlation

}

# WHAZAENE
#' Calculates cosine correlations between columns of two sparse matrixs.
# !

#' Q@param X sparse matrix
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#' Q@param Y sparse matrix

#' Qreturns cosine correlations

cal_cos <- function(X, Y){

ones <- rep(1l,nrow(X))

means <- drop(Martix::crossprod(X~2, ones)) ~ 0.5
diagonal <- Diagonal( x = means”™-1 )

X <= X %*}, diagonal

ones <- rep(1l,nrow(Y))

means <- drop(Martix::crossprod(Y~2, ones)) ~ 0.5
diagonal <- Diagonal( x = means”™-1 )

Y <= Y %%}, diagonal

crossprod(X, Y)

+

3.1.2 find_ similarities

# T 5 AR DU M

#' calculate the similarity between some columns and the whole matrix

#' Oparam matrix

#' Q@param columns_to_consider

#' Qparam similarity_metric which kind of similarity to use

#' Oparam make_positive_similarities whether only accept positive similarities (logical)
#' Oparam k obtain 1~k largest similarities

#' Oreturns similarity matrix (dgCMatrix)

find_similarities <- function(matrix, columns_to_consider, similarity_metric,

make_positive_similarities, k){

selected_columns <- matrix[, columns_to_consider, drop = FALSE]
# AELE KB R T E

similarities <- similarity_metric(matrix, selected_columns)

similarities@x[similarities@x == 0] <- 0.000001
ind <- cbind(columns_to_consider, 1:length(columns_to_consider))
similarities[ind] <- O

similarities <- dropO(similarities)

# ALK K IE
if (make_positive_similarities) {

if (min(similarities@x) < 0) similarities@x
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<- similarities@x + abs(min(similarities®@x))

}
if (lis.null(k) && k < nrow(similarities) - 1) {

# i ifslam::simple_triplet_matrix, data.tableiX i # HY

# FTHE, BELT

dims_old <- similarities@Dim

dimnames_old <- similarities@Dimnames

similarities <- as.simple_triplet_matrix(similarities)

datatable <- data.table(similarities$i, similarities$j, similarities$v)

names (datatable) <- c("row", "column", "rating")

# 8 EHEKkAMN

kthMax <- function(vector, k){

if (length(vector) <= k) min(vector)

else{

sort(vector, partial = length(vector) - (k - 1)) [length(vector) - (k - 1)]
}

}

kthMaxes <- datatable[, kthMax(rating, k), by = column]

names (kthMaxes) <- c("column", "kthMax")

datatable <- merge(datatable, kthMaxes, by = "column")
datatable <- datatable[datatable$rating >= datatable$kthMax, ]

similarities <- as(sparseMatrix(i = datatable$row, j = datatable$column,
x = datatable$rating, dims = dims_old, dimnames = dimnames_old), "dgCMatrix")

}

similarities

}
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3.2 WEEEBREMERMEL
3.2.1 add_ predictions_ to_ prediction__matrix

#' add part of the predictions to the prediction matrix

# '

#' Qparam predictions_matrix

#' Qparam part_predictions part of the predictions

#' Qparam predictions_matrix_indices indices to place part of the predictions

#' Qreturns prediction matrix with new part of the predictions

add_predictions_to_prediction_matrix <-

function(predictions_matrix, part_predictions, predictions_matrix_indices){

row_names <- as.integer(unlist(part_predictions@Dimnames[1]))
columns_names <- as.integer(unlist(part_predictions@Dimnames[2]))
row_info <- cbind(row_name = row_names, row_index = 1:length(row_names))
column_info <- cbind(column_name = columns_names,

column_index = 1:length(columns_names))

all_indices <- predictions_matrix_indices
colnames(all_indices) <- c("row_name", "column_name")
all_indices <- merge(all_indices, row_info)

all_indices <- merge(all_indices, column_info)

predictions_matrix_indices <- all_indices[, c("row_name", "column_name")]

part_matrix_indices <- all_indices[, c("row_index", "column_index")]

if (nrow(predictions_matrix_indices) > 0) {
predictions_matrix[as.matrix(predictions_matrix_indices)] <-
part_predictions[as.matrix(part_matrix_indices)]

}

predictions_matrix

}

3.2.2 predict_ cf

# 3 B T

# BEARF AR

#' This function implements the whole algorithm by part with protecting big memory
#l
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#' Q@param ratings_matrix

#' Q@param predictions_indices the part which need predictions in rating matrix
#' Oparam alg_method (string) "ubcf" or "ibcf"

#' @param normalization (logical) whether normalize the rating matrix
#' Q@param similarity_metric which kind of similarity to use

#' Q@param k obtain 1~k largest similarities

#' Oparam make_positive_similarities (logical)

whether only accept positive similarities

#' Oparam rowchunk_size (integer)

the number of rows of rating matrix considered in one iteration

#' Oparam columnchunk_size (integer)

the number of columns of similarity_matrix considered in one iteration

#' Qreturns Predictions matrix.

predict_cf <- function(ratings_matrix, predictions_indices, algorithm_method,
normalization, similarity_metric, k, make_positive_similarities,

rowchunk _size, columnchunk _size){

if (normalization) {

# BT EREN

if (algorithm_method == "ubcf") ratings_matrix <-
normalize(as(ratings_matrix, "realRatingMatrix"), method = "center", row = FALSE)
if (algorithm_method == "ibcf") ratings_matrix <-
normalize(as(ratings_matrix, "realRatingMatrix"), method = "center", row = TRUE)

ratings_matrix@data@x[ratings_matrix@data@x == 0] <- 0.000001
# Prevent droping zeros obtained after applying normalization.
normalization_info <- ratings_matrix@normalize

ratings_matrix <- as(ratings_matrix, "dgCMatrix")

}

predictions_matrix <- as(sparseMatrix(i = c¢(), j = c¢(), dims = ratings_matrix@Dim,

dimnames = ratings_matrix@Dimnames), "dgCMatrix")

num_row_splits <- ceiling(nrow(ratings_matrix)/rowchunk_size)

num_column_splits <- ceiling(ncol(ratings_matrix)/columnchunk_size)

for (i in 1:num_column_splits) {
start_column <- columnchunk size * (i - 1) + 1 # &£ 7|
end_column <- columnchunk_size * i # % 7|

if (ncol(ratings_matrix) < end_column) {
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end_column <- ncol(ratings_matrix)

¥

columns_to_consider <- intersect(start_column:end_column, predictions_indices[, 2])

if (length(columns_to_consider) == 0) next
ratings_matrix@imnames[[1]] <- as.character(l:nrow(ratings_matrix))
ratings_matrix@Dimnames[[2]] <- as.character(l:ncol(ratings_matrix))
similarities <- find_similarities(ratings_matrix,
columns_to_consider, similarity_metric, make_positive_similarities, k)
for (j in 1:num_row_splits) {
start_row <- rowchunk_size * (j - 1) + 1 # FF#4T
end_row <- rowchunk_size * j # £ F1T
if (nrow(ratings_matrix) < end_row) {
end_row <- nrow(ratings_matrix)
+
rows_to_consider <- intersect(start_row:end_row, predictions_indices[, 1])
if (length(rows_to_consider) == 0) next
part_predictions <- calculate_predictions(ratings_matrix[rows_to_consider, ,
drop = FALSE], similarities)
predictions_indices_to_consider <-
subset (predictions_indices,
predictions_indices[, 1] %in’, rows_to_consider &
predictions_indices[, 2] %in¥% columns_to_consider)
predictions_matrix <- add_predictions_to_prediction_matrix(predictions_matrix,
part_predictions, predictions_indices_to_consider)

}

if (normalization) {

temp <- as(predictions_matrix, "realRatingMatrix")
temp@normalize <- normalization_info

predictions_matrix <- denormalize (temp)
predictions_matrix <- as(predictions_matrix, "dgCMatrix")

¥

predictions_matrix

}

3.2.3 calculate_ predictions

#' This function calculate the predictions

10
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# !
#' Oparam rating matrix matrix of rating (dgCMatrix)
#' Oparam similarity_matrix similarity matrix(dgCMatrix)

#' Qreturns prediction matrix

calculate_predictions <- function(ratings_matrix, similarity_matrix){

predictions <- ratings_matrix %x% similarity_matrix
# WHA—HT

# TR 4 BT A

ratings_matrix@x <- rep(l, length(ratings_matrix@x))
similarity_matrix@x <- abs(similarity_matrix@x)

sum_abs_similarities <- ratings_matrix %*% similarity_matrix

predictions@x <- predictions@x / sum_abs_similarities@x

predictions
}

4 SPIMHA
4.1 HARALIE

4.1.1 HIEENR

AR T 342 Jisc T EFE BN H P AE— B[] Y B B2 A AT SOCE G B o B RUE — txt SR,
HA—ATE N800, %8RS THP id, XEARR, CFid UEARS ZER. FAIHHET
AR R AT R RS
4.1.2 HIEMAE

AN B AT AL

1. B txt CAFEE A S Rstudio, & H Pt ARG H R, SRR

2. WEIRAENEIAE, [ERHEL N id, CEAFR, XEid PLUEARS AR

3. KHCUT BIVPorAn dER 8 P VP HRE: 5 F P D SR T B2 A B ST E B s BUPE S P 6z A AR

SRS, RS AR S, W AT,
code

lines <- readLines("test.txt", encoding = "UTF-8")
lines <- lines[-1] #x&R % —1TH#H Z 4 HE
user.ids <- c()

official.account.names <- c()
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for (i in 1:length(lines)) {
words <- strsplit(lines[i], split = "\001") [[1]]
user.ids <- c(user.ids, words[1])

official.account.names <- c(official.account.names, words[5])

}
lines.df <- data.frame(cbind(user.ids, official.account.names)) ##dataframe
names (lines.df) <- c("user_id", "official_name")

user <- unique(lines.df$user_id)
user.idx <- match(lines.df$user_id, user) #X F FidZE & 7|

official <- unique(lines.df$official_name)

official.idx <- match(lines.df$official name, official) #HX AN 5 &7
temp <- cbind(user.idx, official.idx)
M <- matrix(0, length(official), length(user))
for (k in 1:nrow(temp)) {
M[temp[k,2],temp[k,1]] <- M[temp[k,2],templ[k,1]] + 1
}
ratings_matrix <- as(M, "sparseMatrix") #X5fb h F 18 & 89 BT F HIAE X
4.2 IBITIERF
FHIRATTI BB HSCR 25 F P HEFE A A, BITH (P EL I N A7 8go

code

# our data using "ubcf"

start <- Sys.time()

#4 flevaluate_cf B 25X R iTfF, BE R A H4.3.1

res <- evaluate_cf(ratings_matrix, number_of_folds = 10,

alg_method = "ubcf", normalization = TRUE,

similarity_metric = cal_cor, k = 300, make_positive_similarities = FALSE,
rowchunk_size = 1000, columnchunk_size = 2000)

end <- Sys.time()

print(end - start)

print(paste("RMSE: ", res[[2]1))
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# our data using "ibcf"

# nearly the same with "ubcf" except for we transpose the rating matrix
ratings_matrix <- t(as(M, "sparseMatrix"))

start <- Sys.time()

res <- evaluate_cf(ratings_matrix, number_of_folds = 10,

alg_method = "ubcf", normalization = TRUE,

similarity_metric = cal_cor, k = 300, make_positive_similarities = FALSE,
rowchunk_size = 1000, columnchunk_size = 2000)

end <- Sys.time()

print(end - start)

print (paste("RMSE: ", res[[2]]))
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4.3 THE
4.3.1 HEHE

TAMER 10 F71 cross-validation KA EE R . BAR NS HITHEL recommenderlab FEATT A st 77 7%
iz ATHf ) J. RMSE (BR#EIRZE ). #ARIES EFE L— 5845, FR| T evaluate cf BEAIRIS IR

evaluate_cf <- fun (ratings_matrix, number_of_folds, ...} {

rmse_function <- function(predicted_values, actual_values){
differences <- predicted_values - actual_values
sqrt ( (1/1engt

positions_non_zero_values <- as

names (positions_non_zero_values)

size <- nrow(positions_non_zero_values)

fold_train_indices <- createFolds(y size, k = number_of_folds, list = , returnTrain =

all_predictions <- as(sparseMatrix(i = c(), j (), dims = ratings_matr im, dimnames =
ratings_matrix@imnames), "dgcMatrix")

n_index)
(positions_non_zero_values[train_index
test_subset <- as.matr ositions_non_zero_values[test_index,

train_matrix <- ratings_matrix
train_matrix[test_subset] <- 0
train_matrix <- dropO(train_matrix)

predictions_matrix <- predict_cf(train_matrix, test_subset, ...)
all_predictions[as.matrix(test_subset)] <- predictions_matrix[as.matrix(test_subset)]

all_predictions@x[all_predictions
all_predictions@x[all_predictions

prediction_indices <- as.matrix(which(all_predictions '= 0, arr.ind =
actual_values <- ratings_matrix[prediction_indices]

predicted_values <- all_predictions[prediction_indices]

rmse <- rmse_function(predicted_values, actual_values)

list(all_predictions, rmse)
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4.3.2 THHEGER

RTEIELE:  fEAF MR £ A 25 1 IBCF Al UBCF i84TH A nZ 1 f 2 fiw.

] LA B FRATH A 1AE R 18] - EE B recommenderlab 177 358541 T 2] =N EE 2

F—J7H, A IR SR =R 25 I AR, recommenderlab [IEATIEE O R 212
T, TEALEE 100 JTEE E Z BRI E LT, recommenderlab 245 A Afv 0 ERATTH G T IEAT SR BELE
JUt2r%h 2 8 AN B, XU B ERATT 3 B4 T 1 BRI R I BB 1 T AR B O B P A

.

ik recommenderlab | S 5TV

B
5 Jigk 15.0595 0.0523
10 Ji%k 45.6724 0.0691
25 Ji%k >180 1.2981
100 Ji%k A7 H 14.9879
342 Ji%k A7 v 33.7796

%% 1: IBCF N MR ) 8] /mins

Jii:

recommenderlab | BUH 2 J5 17

&
5 Ji%k 17.9386 0.0689
10 Jizk 47.3827 0.0444
25 Jizk >180 1.5625
100 Ji%k A7 di 11.2056
342 Ji% P AE di 19.0865

# 2: UBCF T PiF 77 i 1] /mins
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FREIRELLE:  FIFER, frfERZEWR 3 FISR 4 fior.

- ik recommenderlab | Mt 5 HI TV
==
5 Ji%k 14.3716 12.6765
10 Ji%k 11.2491 12.2847
25 Ji%k B 2.3618
100 Ji%k P A7 i 5.8931
342 Ji%k A7 HH 13.4584
% 3: IBCF FWFI 775K RMSE
- 7k recommenderlab | M2 G HI T
==
5 Ji%k 15.6765 13.0231
10 Ji%k 13.9157 12.6478
25 Ji%k B 2.5275
100 Ji%k P A7 i 6.3875
342 Ji%k A7 HH 15.0356

% 4: UBCF TWF LR RMSE

FATRIPRAER 72 AR IEH VB Z A, i BIHERE I ROR IR IR REE 15 B ORALE -

16
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5 T8
WATARESIN T AR LR T B SCRS, R8N 100 B 4T R Rpackage, %44 rCF.

5.1 Description

Package: racf

Type: Package

Version: 0.1.0

Date: 2019-11-30

Title: An improved method for Developing and Testing CF Recommender Algorithms

Author: YL Zheng, SJ Gong, M Cen.

Maintainer: YL Zheng <1194789973@qq.com>

Description: Improves the UBCF, IBCF algorithm for developing recommender system provided by packa,
License: GPL-2

Depends: R (>= 3.2.0), Matrix, slam, data.table, recommenderlab, lattice, arules, caret
Imports: ggplot2

BugReports: 1194789973@qq.com

Encoding: UTF-8

RoxygenNote: 7.0.2
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5.2 BAS5FEH
5.2.1 install

MBERE install TELFH] ract £

* installing *source*® package 'racf’
#% psing staged installation
Lo g R
#% phyte-compile and prepare package for lazy loading
L2 he'lp
=== installing help indices
converting help for package 'racf’
finding HTML Tinks ... 37
add_predictions_to_prediction_matrix html
cal_cor html
cal_cos html
calculate_predictions html
evaluate_cf html
find_similarities html
predict_cf html
=% phuilding package indices
=% testing if installed package can be loaded from temporary location
#% testing if installed package can be loaded from final location
##% testing if installed package keeps a record of temporary installation path
* pONE (racf)
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5.2.2 library

H library # A, [FIRALEE dependencies 52 TH] L ##5 [F] B 2N o

19
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5.2.3 test

{§ ] recommenderlab 1] data KAEN test, 5B~ E TR

S
Hata(MovieLense)
ratings_matrix

start <- Sys.time(
res <- evaluate cf(ratings_matrix, number_of_folds = 10, algorithm_method = "ibcf", normalization =
.
similarity_metric = cal_cor, k make_positive_similarities =
rowchunk_size = , columnchun
<~ Sys.tim

", res[[2]]

1]

1]

[1] "iteration
[1] "iteration
1]

Bk

[1] "iteration
[1] "iteration 9"

[1] "iteration 10"

Time difference of 13.21566 secs

[1] "RMSE: 1.00876338288272"

1664 x 943 sparse Matrix of class "dgmatrix"

745322 3.854714 . . 3.768664 3.801280
116655 . i 3.110519 .

104493 .

568343 .

888080 .

142976 . i 5 .

770582 . o o . B08025
879922 . ik Z . 089212
943005 . Al 5 . 022482
807809 3.978005 . . -

937037 . +3.95023. . -

451775 . i 5 . 279760
593764 3.525629 . . : .535189

Toy Story (1995)
Goldeneye (1995)

Four Rooms (1995)

Get shorty (1995)

Copycat (1995)

shanghai Triad (Yao a yao yao dao waipo qiao) (1995)
Twelve Monkeys (1995)

Babe (1995)

pead Man walking (1995)
richard III (1995)

seven (Se7en) (1995)

usual Ssuspects, The (1995)
Mmighty Aphrodite (1995)

[PTR  VVR TV R SV VU VE R TV P UV R SV oY)

Toy Story (1995) . . . 3.895327 .
Goldeneye (1995) A A

Four Rooms (1995) . L < 5 =
Get shorty (1995) .423520 . - 3.500213 .
Copycat (1995) ; . - = .
shanghai Triad (Yao a yao yao dao waipo qiao) (1995) . . 3.360028 . 5
Twelve Monkeys (1995) .6 3.782004 3.723771 3.687019 .
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FIH roxygen2 NEEABREUN T H B SO, T EUZ2EEL predict cf B

predict_cf {racf}

R Documentation

This function implements the whole algorithm by part
with protecting big memory

Description

This function implements the whole algorithm by part with protecting big memory

Arguments

predictions indices
normalization

similarity metric

k

make positive similarities

rowchunk size
columnchunk size
algrithm method

Value

Predictions matrix.

the part which need predictions in rating matrix
(logical) whether normalize the rating matrix
which kind of similarity to use

obtain 1~k largest similarities

(logical) whether only accept positive similarities

(integer) the number of rows considered in one iteration
(rating matrix)

(integer) the number of columns considered in one
iteration(similarity matrix)

(string) "ubcf” or "ibcf”

21



