Tap chi Khoa hoc & Cong nghé Vol 8, No 4

Hé théng khuyén nghi sttc khoe dua trén phan tich tim trang
tor mang xa hoi

Pham Dinh Tai
Khoa Cong nghé Thong tin, Truong Pai hoc Nguyén Tat Thanh
pdtai@ntt.edu.vn

Tom tat
Nghién ctru nay phat trién mot hé thong khuyén nghi cham soc sirc khoe tinh than cA  Nhan 16/04/2025
nhan héa dua trén phan tich cam xtic tir mang xa hoi. Muc tiéu chinh 1a tan dung dit liéu ~ DPuoc duyét 08/07/2025
vin ban va mbi quan hé xa hoi dé hiéu rd trang thai cam xtc ngudi dung, tir d6 dua ra Cong bd 28/07/2025
cic khuyén nghi phu hop nhiam hd trg stc khoe tinh than mét cach hiéu qua.
GraphMoodRF, két hop ba thanh phan chinh: Mang d0 thi tich chap (Graph
Convolutional Network - GCN) d¢é tinh toan diém phan tich cam xuc (SA Score) tir ndi
dung bai ding va cdu triic mang xa hoi; logic mo (Fuzzy Logic - Fz) dé phan loai SA
Score thanh cac mirc d6 cam xtc nhu rat tiéu cuc dén rat tich cuc; va loc cOng tac dya Tt khoa
trén mang no-ron (Neural Collaborative Filtering — NCF) dé hoc cdc mdi quan hé phi mang tich chap dd thi,
tuy€n gitra nguoi dung va hanh dong khuyen nghi. K&t qua thue nghiém trén 1000 tweet  Joc cong tac than kinh,
thu thap tir Twitter cho thdy hé thong dat Fl-score 0,87 trong phén loai cam xuc va  Jogic md, phan tich tim
Precision@3 0,85 trong khuyén nghi, vuot trdi so v6i cdc md hinh nhu LSTM, BERT  trang, hé khuyén nghi,
va loc cong tac (Collaborative Filtering - CF) truyén thong. Nghién ctru d€ xuat mé hinh  mang xa hoi.
moi, hiéu qua va c¢6 kha nang mo rong cao, két hop GCN, Fz va NCF @€ ca nhan hoa
khuyén nghi dya trén cam xtc. GraphMoodRF c6 tiém ning tng dung thuc té trong cac
nén tang hd trg sirc khoe tinh than theo thoi gian thyec.
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1 Gidi thiéu tim kiém cac phuong thirc giao tiép truc tuyén dé giam
Su phat trién nhanh chéng cua cong nghé s6 dd mé ra thidu sy c6 lap xa hoi [1]. Tuy nhién, sy gia ting str
nhiing co hdi chua timg c¢6 cho viéc két ndi toan cau va d?n% manqg X? hoi ‘Acung’ _dl }<emA, Vm‘A nhimg Ehac}‘l th‘}m
i méi séng tao, dic biét trong Iinh vuc cham séc sitc vé strc khoe tinh than, vdi cac van dé nhu lo du va tram
khoe tinh than. Cac nén tang mang xa hoi, nhu Twitter cam‘r'lgaAy carfg p:? b.1’e.11,2anh hudng dén hon 280 trigu
(nay 14 X), d trd thanh mot ngudn dit liéu quy gia @é ~ NEWO1 trén toan the giGi [2]. , ‘
XA o . R S Nhiing tien bd trong hoc may (machine learning — ML)
hieu vé€ trang thai cdm xuc cuia ngudi dung, khi ma cac e R ) o
ca nhan thuong xuyén bay t6 cam xuc va trai nghiém va cac ky thuat dva trén do thi dd cho phép phan tich
cua ho thong qua céc bai dang va tuong tac. Theo mat dir litu mang xa hoi mot cach tinh vi hon. GCN da duoc
nghién ctru gin déy, c6 hon 4,6 ty ngudi ding mang x4 clrlu'nggr.nmh lahrflot cong cu mz_inﬁ Ar.nek(je ;no h{nhh}Aloa
hoi trén toan ciu vao nim 2022, va con sb nay tiép tuc cac mot quan h¢ trong mang xa hot, kCt hop ca thong

tang trong bdi canh dai dich COVID-19, khi moi ngudi tin noi dung va cau tric [3]. GCN ¢6 kha nang tong hop

thong tin tir cac nat lang giéng trong dd thi, gitip phan
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tich tdm trang cua nguoi dung khong chi dyua trén bai
dang ctia ho ma con dya trén anh huodng tur cac mbi
quan h¢ xa hoi (nhu followers, retweets). Trong khi do,
NCF d4 ndi 1én nhu mot phuong phéap hiéu qua cho cac
hé thong khuyén nghi c4 nhan héa, c6 kha ning hoc céc
mdi quan hé phi tuyén gitta ngudi dung va cac muyc
(items) [4]. NCF vuot tri hon so véi CF truyén thong
nho khéa ndng hoc céac mau phtec tap, tir d6 dua ra cac
khuyén nghi pht hop hon [5].

Mic di dd c6 nhiéu nghién ciru vé phan tich tAm trang
trén mang xa hoi, phan 16n cac phuong phap hién tai
tap trung vao viéc st dung cac mo hinh ngon ngtr nhu
bd nhé dai ngin han (Long Short-Term Memory-
LSTM) hoic biéu dién ma hoa hai chiéu tir mé hinh
bién d6i (Bidirectional Encoder Representations
from Transformers - BERT) dé phén tich ndi dung bai
dang [6]. Tuy nhién, cac phuong phap nay thuong bd
qua mbi quan hé xa hoi, von c6 anh hudng 16n dén tam
trang ctia nguoi dung. Ngoai ra, cac hé thong khuyén
nghi stc khée tinh than hién tai thuong sir dung céc luat
¢b dinh (rule-based) hodc CF truyén thdng, thiéu kha
nang ca nhan hoa va thich nghi véi dit liéu méi [7].
Viéc tich hgp GCN, NCF, va Fz dé phan tich tm trang
va dua ra khuyén nghi stc khoe vin 1a mot hudng
nghién ctru méi mé va day tiém ning.

Bai b4o nay gidi thidu GraphMoodRF, mot hé thong
khuyén nghi chim soc stc khoe méi, tich hop GCN,
NCF, va Fz dé phan tich tim trang tir dir liéu mang xa
hoi va cung cip cac khuyén nghi sirc khoe tinh than ca
nhan héa. Hé théng nay tan dung GCN dé tinh Piém
Phan tich Tam trang (SA Score) dua trén ndi dung bai
dang va mdi quan hé xa hoi, sau d6 sir dung Fz dé phan
loai SA Score thanh cac muc d9 tim trang, va cudi cing
ap dung NCF két hop voi Fz dé dua ra cac khuyén nghi
phit hop. Chiing t6i da tién hanh thi nghiém trén tap dit
liéu gom 1 000 tweet, so sanh GraphMoodRF véi cac
mo hinh khac nhu LSTM, BERT va CF truyén théng,
ddng thoi danh gia wu diém va cic hudng phat trién
trong tuong lai.

2 Phuong phap nghién ctru
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Phuong phap duoc ap dung trong nghién ctru nay dugc
thiét ké dé danh gia mot cach co hé thong higu suit ciia
mo hinh GraphMoodRF trong viéc phéan tich tam trang
va dua ra khuyén nghi cham séc stc khoe tir dir liu
mang xa hoi.
2.1 Tap dir liéu
- Chung t6i da stir dung tap dir liéu Mental Health Social
Media gom 1 000 bai dang tir Twitter (nay 1a X), duoc
lay tir ngudn cong khai trén Kaggle [8]. Tap dir liéu nay
bao gdm cac bai dang tir ngudi dung c¢6 ddu hidu van
dé strc khoe tinh than, duoc loc béng cac tur khoa lién
quan dén cam xuc va sire khoe tinh than (vi du: "budn",
"lo 1éng", "mét moi", "stress") va cac hashtag nhu
#StcKhoeTinhThan, #MentalHealth. M&i bai dang di
kém véi cac thong tin sau: post_text: Noi dung bai dang
(vi du: "T61 mét méi qua, khong ngu duoc").

- post_crea: Thoi gian dang bai (vi du: "Sun Aug
3").

- user_id: Ma dinh danh nguoi dung.

- followers: Sb luong ngudi theo dai.

- friends: S6 luong ban bé (ngudi dung dang theo
doi).

- retweets: SO lugt retweet cua bai ding.

- label: Nhan biéu thi bi trdm cam (1: c6 bénh, 0:
khong c6 bénh).
- Tap dir li€u duogc c hia thanh 3 phén: 70 % dé huan
luyén (700 tweet), 15% dé xac thuc (150 tweet), va 15
% dé kiém tra (150 tweet). D& dam bao tinh da dang,
tap dir liéu bao gdm cac bai dang tir 200 ngudi ding
khac nhau, v6i sé lugng tweet trung binh mdi ngudi
dung 1a 5.
2.2 Téng quan hé théng GraphMoodRF
Hé thong GraphMoodRF duoc thiét ké dé phan tich tim
trang tur dir liéu mang xa hdi va dua ra cac khuyén nghi
strc khoe tinh thin ca nhan hoa. Hé théng bao gdbm ba
thanh phan chinh: GCN dé tinh SA Score, Fz dé phan
loai murc d tam trang, va NCF két hop véi Fz dé dua
ra khuyén nghi. Quy trinh tong thé ciia hé thong dugc
minh hoa trong Hinh 1.
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Hinh 1 So d téng quan ciia hé thong GraphMoodRF

2.1 M6 hinh GraphMoodRF

2.1.1 Tinh diém phan tich tdm trang (SA Score) bang
GCN

+ Xay dung d6 thi xa hoi:

- Duya trén dir liéu tur tp dir liéu, chung t6i xay dung
mot do thi trong dé cac nit (nodes) 1a nguoi ding (200
nut), cac canh (edges) biéu thi mdi quan h¢ xa hoi. Mot
canh duoc tao néu:

- Nguoi dung A theo dodi ngudi dung B (dua trén
followers va friends).

- Nguoi dung A retweet bai ciia nguoi dung B (dua
trén retweets).

- Téng cong, dd thi co 200 nut va 1 500 canh, véi
trong s6 cua canh duoc xac dinh dua trén sb luwong
retweet (trong sb cao hon néu co nhiéu retweet).

+ Trich xuét dic trung ban dau:

- Mbi bai ding duoc chuyén thanh vector dic trung
bang phuong phap TF-IDF, véi sb lugng dic trung tdi
da 14 50. Chung t6i ciing st dung mot tir dién cam xuc
dong (Dynamic Emotion Dictionary) dé anh xa cac tir
khoa trong bai dang thanh cam xtc ban dau (vi du: "mét
moi" — cing thang, "budn" — budn) [9].

- Vi du: Tweet "T6i mét moi qua, khong ngti dugc”
— Vector dic trung: [0,12, 0,45, ...] (50 chiéu).

+ M6 hinh GCN:

- GCN duoc thiét ké véi 2 tang tich chap
(convolutional layers), voi s6 chiéu 4n 1a 16 va dau ra
12 1 (SA Score, tir 0 dén 1). Ly do chon 2 ting tich chap
1a dé can bang giita kha nang hoc dic trung phuc tap va
chi phi tinh toan, vi do thi ciia ching t6i c6 kich thuéc
trung binh (200 nat, 1 500 canh). Sé chiéu 4n 16 duoc
chon dua trén thir nghiém trén tap xac thyc, mang lai
su can bang gitra d6 chinh x4ac va kha nang khai quat

hoa [10]. GCN tong hop thong tin tir cac nut ling giéng,
cap nhat dic trung ctia mdi ngudi dung dya trén bai
dang cta ho va anh hudng tir cac mbi quan hé xa hoi.
+ Cong thire GCN:
HD — (5‘1/2;15‘1/2H(1)W(1))
Trong do:
- H®: Pic trung cua cac nat & tang 1.
- A: Ma tran ké (adjacency matrix) cua do thi.
- 5: Ma tran bac (degree matrix).
-W®: Ma tran trong s6 hoc duoc.
- 0: Ham kich hoat (ReLU).
+ Pau ra: SA Score cho mdi ngudi dung, vi du: SA
Score = 0,3 (ti€u cuc).
+ Céu trac chi tiét cia GCN dugc minh hoa trong Hinh 2

Mang do thi xa hoi GCN

wm
4
0,3
LIES
e,
1
o [0,12 0,45, ....] 0,5

Hinh 2 So db ciu tric GCN trong GraphMoodRF

2.1.2 Phan loai mtc d6 tam trang béng logic mo

pé phan loai SA Score thanh cac miurc d tam trang,
nghién cuu ap dung logic mo, mot phuong phap cho
phép xir 1y cac gia tri khong chic chan va biéu dién cac
trang thai trung gian [11]. SA Score (tir 0 dén 1) duoc
phan loai thanh 5 murc d0 tam trang: "rat tiéu cuc", "hoi
ti€u cuc", "binh thuong", "hoi tich cuc", va "rat tich
cuc". Qué trinh nay bao gdm cac budc sau:
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+ Budc 1: Xac dinh bién ngdn ngit va ham thanh vién
(Membership Functions)

- Bién ngon ngit: SA Score (tir 0 dén 1). Cac tip mo
(fuzzy sets) twong ing v4i 5 mirc d tim trang: Rat tiéu
cuc: 0,0-0,2. Hoi tiéu cuc: 0,1-0,4. Binh thuong: 0,3-
0,7. Hoi tich cyc: 0,6-0,9. Rét tich cuc: 0,8-1,0

- Ham thanh vién: st dung ham hinh thang
(trapezoidal) va tam giac (triangular) dé biéu dién murc
d6 thuoc vé (membership degree) ciia SA Score vao
ting tap mo, RAt tiéu cuc: hinh thang (0,0, 0,0, 0,1,
0,2). Hoi tiéu cyc: hinh tam giac (0,1, 0,25, 0,4). Binh
thuong: hinh tam giac (0,3, 0,5, 0,7). Hoi tich cuc: hinh
tam giac (0,6, 0,75, 0,9). Rét tich cuc: hinh thang (0,8,
0,9, 1,0, 1,0).

+ Budc 2: Mo hoa (Fuzzification)

- Véi mbi gia tri SA Score, tinh mirc d¢ thudc vé
(membership degree) ctia n6 vao tung tap mo.

- Vi du: Véi SA Score = 0,3: Rat tiéu cyc: 0,0
(khéong thudc). Hoi tiéu cuc: 0,5 (thude mot phan). Binh
thuong: 0,5 (thudc méot phén). Hoi tich cye: 0,0 (khong
thudc). Rét tich cuc: 0,0 (khong thugc).

+ Budc 3: suy ludn mo (Fuzzy Inference)

- Sir dung ludt mo (fuzzy rules) dé xac dinh mirc d6
tam trang. Cac luat duogc xay dung dya trén y nghia cua
SA Score:

- Néu SA Score thudce "rit tiéu cuc" — Tam trang la
"rt tiéu cuc". Néu SA Score thude "hoi tiéu cuc" — Tam
trang 1a "hoi tiéu cuc". Néu SA Score thudc "binh thuong"
— Tam trang 1a "binh thudng". Néu SA Score thudc "hoi
tich cuc" — Tam trang la "hoi tich cuc". Néu SA Score
thudc "rét tich cuc” — Tam trang 1a "rat tich cuc".

- Trong trudng hop SA Score thudc nhiéu tip mo
(nhu vi du trén: 0,3 thudc ca "hoi ti€u cuc" va "binh
thuong"), chon tip md cd6 mirc do thude vé cao nhat
hodc két hop cac luat br:ing cach s dung toan tu
max/min.

- Vi du: Véi SA Score = 0,3, mic d6 thudc vé "hoi
tiéu cyc" va "binh thuong" déu l1a 0,5. Ching toi chon
"hoi tiéu cuc" 1am két qua chinh dua trén ngit canh (SA
Score < 0,5 thuong nghiéng vé tiéu cuc).

+ Budc 4: giai mo (Defuzzification)

- Chuyén két qua mo thanh mét nhan cy thé. Trong

truong hop nay, ching t6i sir dung phuong phap trung

@ Dai hoc Nguyén Tat Thanh
g™,

NGUYENTATTHANE

Tap chi Khoa hoc & Cong nghé Vol 8, No 4

binh trong s (weighted average) dé xac dinh nhan cudi
cung néu can thiét.

- Vi du: v&i SA Score = 0,3, nhin cudi cung la "hoi
tiéu cuc".

+ Qua trinh phan loai muc d6 tdm trang bé“mg Fz duoc
minh hoa trong Hinh 3 dudi day.

2.1.3 Khuyén nghi bang NCF va logic md

+ NCF:

- NCF hoc mbi quan hé phi tuyén giita nguoi ding
va cac hanh dong duoc khuyén nghi (actions). Chiing
toi xac dinh 5 hanh dong: "nghe nhac thu gian", "di b
10 phut", "tro chuyén véi ban be", "thién 5 phut", "viét
nhat ky".

- Mbi nguoi ding dugc biéu dién biang mot vector
embedding (user embedding), két hop SA Score tir
GCN, muc do tam trang tr logic mo, va cac dac trung
bd sung (s6 luong retweets, thoi gian dang bai).

- Mbi hanh dong duoc biéu dién bang mot vector
embedding (action embedding).

- C4u trac NCF: bao gébm ting embedding chuyén
user_id va action_id thanh vector 8 chiéu, tiép theo 1a
3 tang fully connected (16, 8, 1) dé hoc mbi quan hé phi
tuyén [12]. Sé tang va kich thudc duoc chon dya trén
thir nghiém trén tap xac thuc, dam bao cin bang giita
d6 chinh xéac va chi phi tinh toan, dong thoi tranh hién
tugng qua khép (overfitting) trén tap dit liéu nho. Tang
embedding: chuyén user id va action id thanh vector
8 chiéu. Tang MLP: 3 ting fully connected (16, 8, 1) dé
hoc méi quan hé phi tuyén. Pau ra: diém s6 (0-1) cho

ting hanh dong.
MLP
Action ID: A1 %W

(Mghe nhac thw gidn)

SA Score: 0.3

User embedding:
[0.4,0,...,0,8]

OO%)O

User embedding:
[0.4,0,...,0,8] 0.89

Hinh 3 So db ciu triac NCF trong GraphMoodRF
+ Tich hop Fz vao Khuyén nghi:

—*%{E}O/O — K5

Khuyén nghi:
MNghe nhac thw gidn

- Fz duoc sir dung dé diéu chinh cac khuyén nghi
dua trén mirc d6 tam trang. Chung t6i xay dung mat tap
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luat mo d€ anh xa mure do tdm trang voi cac hanh dong

n A

khuyén nghi: Néu tim trang 14 "rat tiéu cuc" — Uu tién
"thién 5 phut" hodc "tro chuyén véi ban be". Néu tam
trang 1a "hoi tiéu cyc" — Uu tién "nghe nhac thu gidn"
hodc "viét nhat ky". Néu tim trang 13 "binh thuong" —
Uu tién "di bo 10 phut". Néu tim trang 1a "hoi tich cuc"
— Uu tién "di bo 10 phut" hodc "nghe nhac thu gian".
Néu tam trang la "rat tich cuc" — Ut tién "trd chuyén
véi ban be".

+ Cac luat mo nay dugc két hop voi diém sb tir NCF dé
dua ra khuyén nghi cudi cing. Cuy thé:

SA Score: 0,3 —»|

Tam trang:
Heoi tiéu cwe

- Biém s6 tir NCF duoc nhan véi trong sb (weight)
dua trén mirc 46 phu hop ciia hanh dong véi tdm trang
(theo luat mo).

- Vi du: voi SA Score = 0,3 (tam trang: "hoi ti€u cuc"),
NCF du doan: "Nghe nhac thu gian": 0,89. "Di bd 10 phut":
0,62. Theo luat mo, "nghe nhac thu gian" dugc uu tién
(trong s6 1,0), "di bd 10 phut" it phi hop hon (trong s6 0,5).
- Piém s6 diéu chinh: "Nghe nhac thu gian": 0,89 x 1,0
=0,89. "bi bg 10 phut": 0,62 x 0,5=0,31

+ Khuyén nghi cudi cing: "Nghe nhac thu gidn".

+ Hinh 4 thé hién qu4 trinh tryc quan hoa tich hop Fz
va NCF dé dua ra khuyén nghi.

Luat mé:
Huoi tigu cuwre, khuyén nghi nghe nhac
thur gidn
(trong 1 phit), @ bd (trong 10 phuit)

Ng;;rrll_hgc"ém Diém s é diéu chinh: KHUYEN NGHI
: B i NGHE NHAC,
i b6 10 philt Mghe nhacthw gian: 0,89 THUGIiII

- Bi bd 10 phit: 0,31

Hinh 4 Tich hop Fz vao NCF dé dua ra khuyén nghi

2.2 Thuc nghiém

2.2.1 Thiét 1ap thyc nghiém

+ Moi truong: Thi nghiém dugc thyc hién trén may tinh
c6 GPU NVIDIA RTX 3060, RAM 16 GB, su dung
Python 3.8 véi cac thu vién PyTorch, PyTorch
Geometric, va scikit-fuzzy (cho logic mo).

+ Huan luyén GCN:

- S6 epoch: 200. Him mit mat: MSE (Mean
Squared Error). Bé t6i wu: Adam (learning rate: 0.01).
+ Huan luyén NCF:

- S6 epoch: 200. Him mat méat: BCE (Binary Cross-
Entropy). Bo t6i vu: Adam (learning rate: 0,01).

+ Logic mo:

- Céc ham thanh vién va luat md duoc thiét ké thu
cong dua trén ¥ kién chuyén gia tdm 1y va dugc tinh
chinh thong qua thit nghiém trén tap xac thuc.

- Dt liéu hanh vi: gia 1ap ma trén nguoi dung - hanh
dong (user-action matrix) voi 200 nguoi dung va 5
hanh dong, trong d6 gia tri 1a 1 néu nguoi ding da thyc
hién hanh dong, 0 néu khong. Dir liéu nay dugc tao dua
trén phan hdi gia lap (simulated feedback).

2.2.2 Banh gia
+ Phan tich tAm trang:

- Str dung F1-score, Accuracy, Precision, va Recall
dé danh gi4 hiéu suat cua GCN trong du doan tim trang
(ti€u cuc/khdng tiéu cuc) [13]

- bBanh gia thém d¢ chinh xac cia phan loai murc do
tam trang bang logic md, so sanh véi nhin do chuyén
gia tim 1y gén (rét tiéu cuc, hoi tiéu cuc, binh thudng,
hoi tich cuc, rét tich cuc).

+ Khuyén nghi:

- Str dung Precision@3 va trung binh nghich dao thir
hang (Mean Reciprocal Rank - MRR) dé danh gia hiéu
sudt khuyén nghi cia NCF két hop v&i Fz [14]

+ So sanh:

- GraphMoodRF duogc so sanh v6i cac mo hinh khac:
LSTM: M6 hinh ngén ngit tudn ty dé phan tich tm trang
[15]. BERT: M6 hinh ngdn ngit 16n dé phan tich tim
trang. CF: phuong phap khuyén nghi truyén thong.

- GraphMoodR (khong c6 fuzzy logic): phién ban
khéng tich hop logic md, dé danh gia hidu qua cua viée
thém fuzzy logic.
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3 Két qua va Théo luan

3.1 Thuc nghiém

3.1.1 Thiét lap thyuc nghiém

+ Trong bang 1 trinh bay két qua dy doan tim trang ctia

GCN trong GraphMoodR, so sanh voi LSTM va
BERT. Két qua nay dugc minh theo bang dudi day:

Bang 1 Hiéu suit dy doan tAm trang (tiéu cuc/khong
tiéu cuc)

M0 hinh Fl- Accuracy|PrecisionRecall
score
GraphMoodR(GCN)( 0,87 | 0,89 0,85 | 0,88
LSTM 0,82 0,84 0,80 | 0,83
BERT 0,90 0,91 0,89 0,92

- GraphMoodR (GCN): dat F1-score 0,87, vuot trdi
hon LSTM (0,82) nho kha ning két hop ndi dung bai
dang va mdi quan hé xa hoi. Tuy nhién, GCN kém hon
BERT (0,90) do BERT c6 kha nang phan tich ngl
nghia sau hon.

- LSTM: hiéu suét thép hon do khong tan dung duoc
mbi quan hé xa hoi.

- BERT: hiéu sut cao nhit, nhung tén tai nguyén
tinh todn (thoi gian suy ludn: 0,05 gidy/tweet, so voi
0,02 giay/tweet cia GCN) [16]

Bang 2 Hiéu sut phén loai mirc d6 tam trang bﬁng

logic mo
. F1-score
M6 hinh Accuracy
(macro)
GraphMoodRF (F
ral? 00 (Fuzzy 0.92 0.90
Logic)

+ GraphMoodRF (Fuzzy Logic): dat 46 chinh xac 0,92
va Fl-score (macro) 0,90 trong vi€c phan loai murc do
tam trang (rét tiéu cuc, hoi ti€u cuc, binh thuong, hoi
tich cuc, rat tich cuc), so sanh véi nhan do chuyén gia
tam 1y gan. Diéu nay cho thdy Fz hiéu qua trong viéc
xUr 1y cac trang thai tim trang trung gian.

3.1.2 Khuyén nghi

+ Bang 3 trinh bay hiéu suit khuyén nghi cia NCF
két hop véi Fz trong GraphMoodRF, so sanh voi
CFtruyén thong va phién ban GraphMoodRF khéng
¢ logic mo. Két qua nay dwgc minh ching trong
Bang 3 dudi day:
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Bang 3 Hiéu suit khuyén nghi

Mo hinh Precision@3MRR
GraphMoodRF (NCF + Fuzzy Logic) 0,85 0,81
GraphMoodR (NCF, khong Fuzzy Logic 0,82 0,78
Collaborative Filtering 0,65 0,62

+ GraphMoodRF (NCF + Fuzzy Logic): Dat
Precision@3 1a 0,85, vugt trdi hon phién ban khong cé
Fz (0,82) va CF(0,65). Viéc tich hop Fz gitip diéu chinh
khuyén nghi pht hgp hon véi mirc d6 tim trang, cai
thién hiéu suat tong thé.

+ GraphMoodR (NCF, khong Fuzzy Logic): hiéu suat
thap hon do khong tan dung dugc thong tin mirc do tim
trang dé diéu chinh khuyén nghi.

+ CF: hiéu suat thip nhét do chi dua trén do twong dong
tuyén tinh, khong hoc duoc cac mau phirc tap.

Biéu dé Precision@3 clia NCF qua cac epoch huan luyén

 (NCF + Fuzzy Logic)
c (NCF)

0.83
2

[ 50 100 150 200
Epoch

Hinh 5 Biéu db Precision@3 ctia NCF qua cic epoch
3.1.3 Chi phi tinh toan
Dé 1am 15 co sé cho thoi gian xir 1y va so sanh véi cac
phuong phap khéc, chung t6i cung cép chi tiét sau:
+ Thoi gian huan luyén:
- GCN: 20 phut (200 epoch).
- NCF: 15 phut (200 epoch).
+ Thoi gian suy luan:

- GCN: 0,02 giay/nguoi dung (twong duong 0,02
giay/tweet cho trung binh 5 tweet/nguoi dung, dua trén
tap dir liéu 1 000 tweet vdi 200 nguoi dung).

- Fz (phén loai tam trang): 0,005 giay/ngudi dung.

- NCF + Fz (khuyén nghi): 0,015 gidy/khuyén nghi.

- Tong thoi gian suy luan ciia GraphMoodRF: 0,035
gidy/ngudi ding (bao gdbm GCN, Fuzzy Logic, va
NCF).

+ So sanh vai cac mo hinh khac:

-LSTM: 0,03 gidy/tweet (do phai xtr 1y tuén ty ting

tweet). BERT: 0,05 giay/tweet (do m6 hinh 16n hon va
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yéu ciu tinh toan phtc tap hon). CF: 0,01 gidy/khuyén
nghi, nhung khong bao gdm phan tich tam trang.

+ GraphMoodRF c6 tong thoi gian suy luan (0,035
gidy/nguoi dung) nhanh hon dang ké so v6i BERT
(0,05 giay/tweet) va canh tranh v6i LSTM, dong thoi
cung cdp ca phan tich tim trang va khuyén nghi trong
mét quy trinh tich hop.

3.2 Thao luan

3.2.1 Hiéu qua cua GCN

Viéc tich hgp mdi quan hé xa hoi (followers, retweets)
vao GCN giup cai thién do chinh xac trong dy doan tam
trang. Vi du, mot nguoi dung c6 SA Score = 0,3 (ti€u
cuc) va retweet nhiéu bai tiéu cuc tir nguoi khac s€
dugc GCN diéu chinh SA Score dé phan anh anh huéng
x4 hoi, didu ma LSTM va BERT khéng 1am duoc.
3.2.2 Hiéu qua cua Fz trong phan loai Tam trang.

Fz cho phép phan loai SA Score thanh cac mtc d§ tim
trang mot cach linh hoat, xtr 1y t6t cac trang thai trung
gian (nhu SA Score = 0,3, thudc ca "hoi ti€u cuc" va
"binh thuong"). Diéu nay gitp hé théng hiéu rd hon vé
trang thai cam xtic ctia ngudi dung, tir 6 cung cap thong
tin dau vao c6 ¥ nghia hon cho qua trinh khuyén nghi.
3.2.3 Uu diém ciia NCF két hop logic mo

+ NCF két hop voi Fz vuot tréi hon phién ban khong
c6 Fzva CF nho khé nang:

- Hoc cac mdi quan hé phi tuyén va Fzdiéu chinh
khuyén nghi phu hop v6i tAm trang, cai thién
Precision@3 tir 0,82 1én 0,85. Hé thdng hd tro kha ning
mo rong cho cac ung dung quy mo lon [17].

- Piéu chinh khuyén nghi dya trén muc d6 tdm trang
(thong qua logic mo). Vi du, voi nguoi dung c6 SA

A n

Score = 0,3 (tam trang: "hoi tiéu cuc"), Fz wu tién "nghe
nhac thu gian", gitp ting do phu hop ciia khuyén nghi.
3.2.4 So sanh véi cac mo hinh khac

+ So voi LSTM, GraphMoodRF vuot troi nho kha nang
két hop mbi quan hé xa hoi, trong khi LSTM chi dya
vao ndi dung bai dang.

+ So véi BERT, GraphMoodRF cé F1-score thip hon
(0,87 so véi 0,90), nhung vuot troi vé chi phi tinh toan
(thoi gian suy luan nhanh hon 2,5 1an: 0,02 gidy/tweet
s0 v6i 0,05 gidy/tweet) va kha ning tich hop mdi quan
hé xa hoi, diéu ma BERT khong lam dugc. biéu nay
lam cho GraphMoodRF phu hgp hon cho cac img dung

yéu cau hiéu suit cao v6i tai nguyén han ché, ching han
nhu thiét bi di dong hodc hé théng nhiing. Ngoai ra, uu
diém chinh ciia GraphMoodRF so v6i BERT nam ¢ sy
c4n bang giita hiéu sut va chi phi tinh toan, ciing nhu
kha nang tich hop mdi quan hé xi hoi dé cung cap phan
tich tdm trang toan dién hon. Trong khi BERT vuot tri
vé d6 chinh xac ngit nghia, nd yéu cau tai nguyén tinh
toan 16n hon, khién GraphMoodRF tré thanh Iya chon
thuc té hon cho cac mg dung trién khai trén quy mo
16n hodc tai nguyén han ché.

+ So v6i Collaborative Filtering, NCF két hgp Fz trong
GraphMoodRF cho phép c4 nhan héa tot hon, din dén
hiéu suat khuyén nghi cao hon.

+ So v&i GraphMoodR (khong c6 Fuzzy Logic), phién
ban tich hop Fz cai thién Precision@3 tir 0,82 1én 0,85,
chuing minh hiéu qua cta viéc st dung logic mo.

3.2.5 Han ché

+ Phan tich tim trang: GCN sir dung TF-IDF d¢ trich
xuit dic trung, khong sau bang BERT, co thé bo qua
cac ngit canh phtrc tap (nhu mia mai).

+ Logic mo: cdc ham thanh vién va luat mo dugce thiét
ké thi cong, c6 thé can tinh chinh thém dé phu hop vai
cac tap dir liéu lon hon hoac da dang hon.

+ Khuyén nghi: NCF phu thudc vao dit liéu hanh vi
(user-action matrix). Néu dit liéu nay thiéu hoic khong
chinh xac, hiéu suit khuyén nghi s& giam.

+ Tap dir liéu: tap dir liéu 1 000 tweet van con nho,
chua du da dang dé phan anh cac trang thai tim trang
phuc tap.

4 Két luan va khuyén nghi

Nghién ctru ndy di d& xuat va trién khai thanh cong
GraphMoodRF, mot hé thdng khuyén nghi cham soc
strc khoe tinh than dwa trén phan tich tim trang tir dit
liéu mang xa hdi, tich hgp GCN, NCF, va Fz. H¢ théng
dat dugc hiéu suét 4n tuong trong cac nhiém vu chinh:
du doan tam trang vdi Fl-score 0,87, phan loai mac do
tam trang voi do chinh xac 0,92, va khuyén nghi véi
Precision@3 dat 0,85. So sanh véi cac mo hinh khac
nhu LSTM, BERT, CF truyén théng, va phién ban
khéng c6 logic mo, GraphMoodRF cho thiy su vuot
trdi vé hiéu sudt téng thé va kha ning mo rong, dong
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thoi nhe hon vé mit tinh toan so véi BERT (thoi gian
suy luan chi 0,035 gidy/nguoi dung).

GraphMoodRF s hiru nhidu wu diém ndi bat. Thir nhét,
GCN hiéu qua trong phan tich tdm trang nho kha nang
két hop ndi dung bai ding va mdi quan hé xa hoi, cai
thi€n do chinh xac dy doan tam trang so vdi cac mod
hinh chi dya vao ndi dung nhu LSTM. Thtr hai, Fz cho
phép phén loai SA Score thanh cac muc d¢ tdm trang
mot cach linh hoat, xtr 1y tdt cac trang thai trung gian,
tir d6 cung cap thong tin ddu vao co ¥ nghia hon cho
qué trinh khuyén nghi. Thit ba, NCF két hop Fz hoc
duge cac mdi quan hé phi tuyén gitta ngudi ding va
hanh dong, dong thoi diéu chinh khuyén nghi dya trén
murc do tam trang, mang lai cac goi ¥ ca nhan héa phu
hop hon so v6i CF truyén théng. Cudi ciing, v6i chi phi
tinh toan thap va kha nang tich hop mdi quan hé xa hoi,
GraphMoodRF 1a mot giai phap thyuc t& hon BERT cho
cac tmg dung yéu cau trién khai trén quy mo 16n hoic
tai nguyén han ché, ching han nhu tmg dung di dong
hodc hé théng nhing.

bé tiép tuc cai thién va mo rong hé théng, mot sd hudng
nghién ciru trong twong lai duoc dé xuét. Trude hét, co
thé tich hop cac mé hinh ngdn ngit 16n nhu BERT dé
thay thé TF-IDF trong viéc trich xuit dic trung ngir
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nghia tir bai dang, nhdm ning cao d6 chinh x4c phén tich
tam trang. Tiép theo, viéc ty dong hoa thiét ké Fz béng
cach st dung hoc may dé hoc cac ham thanh vién va luat
mo tir dit liéu s& ting tinh thich nghi cta hé thong, thay
vi phu thude vao thiét ké thu cong. Ngoai ra, m¢ rong
quy md tap dit liéu 1én hang chuc nghin tweet, bao gdm
cac moi truong mang xa hoi da dang nhu Facebook,
Instagram, va céac loai tdm trang phtrc tap (vi du mia mai,
hanh phiic), s& gitp phat trién cac giai phap khuyén nghi
thich nghi hon [18,19]. Hon nita, tich hgp hoc ting
cuong (Reinforcement Learning) co thé t6i wu hoa
khuyén nghi dya trén phan hoi thuc té ciia nguoi ding,
thay vi chi dya vao dit liéu hanh vi gia lap. Cudi cing,
dé hd tro t6t hon cho dit liéu tiéng Viét, hé thong nén tich
hop cac cong cu xt ly ngbén nglt tu nhién nhu
underthesea va xay dung tir dién cam xuc tiéng Viét [20],
tr d6 nang cao kha nang xu ly da ngdén ngit. Nhitng
hudng phat trién nay hira hen s& dua GraphMoodRF tré
thanh mot cong cu manh mé va toan dién hon trong viéc
hd tro chim soc ste khoe tinh than.
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Health recommendation system based on sentiment analysis from social media
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Abstract This research develops a personalized mental health recommendation system based on emotion analysis
from social media. The main goal is to leverage textual data and social relationships to deeply understand users’
emotional states, thereby providing suitable recommendations to effectively support mental well-being.
GraphMoodRF integrates three main components: Graph Convolutional Network (GCN) to compute the Sentiment
Analysis Score (SA Score) from both post content and social network structure; Fuzzy Logic to classify the SA
Score into emotional levels such as very negative to very positive; and Neural Collaborative Filtering (NCF) to
learn nonlinear relationships between users and recommended actions. Experimental results on 1,000 tweets
collected from Twitter show that the system achieves an F1-score of 0.87 in emotion classification and Precision@3
of 0.85 in recommendation tasks, outperforming models like LSTM, BERT, and traditional Collaborative Filtering.
The main contribution of this research is to propose a new, effective, and highly scalable model that combines
GCN, fuzzy logic, and NCF to personalize recommendations based on emotions. GraphMoodRec has strong
potential for real-world applications in platforms that support real-time mental healthcare applications, thus
addressing the growing demand for digital mental health interventions.

Keywords Graph Convolutional Network, Neural Collaborative Filtering, Fuzzy Logic, Sentiment Analysis,
Recommender System, Social Network.
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