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옢 씢
Quality of Service (QoS)씡 긡밡픡 옡 섡븡숡 촡찡육 쀡옢윢윣 갡윤혡 촡찡윥 윦픢 줡옣픣눡. 옡 섡븡숡 촡찡윥 윦픡

Collaborative Filtering씢괡갢혢밢픣갣윧렡씣줢갤율눡. 괢뜡픤측밣렡섢긡밡혣씤픥턡뤡육젡팡됡윧오젢밤뤢혢옢픣씥
쀡옢윢옥섡븡숡젢밤뤢씤댡윧툡픦숢율윩먡,옡섡븡숡윣 QoS뜢퀡씡젣옢됡쀡렢갢씦눡. 밥씢괡윣먢퐡눢괢뜡픤괡젤
윣갤찢씢갥섣윥혢옢픣눢갦윧 QoS촡찡섣눣픧쀢씡혤갧젣윤줢혥윤픣눢갦윧눡. 윧뤢윦픢 QoS댡윧턡뤢쀡옢윢-섡븡숡
괢뜡픤렣괡섣픣씥괢뜡픤측밣렡섢긡밡혣려픥턡뤡윥윧옢픡눡. 숣픨갥갧 QoS댡윧턡설씡섡괢뜡픤측밣렡섢긡밡혣려
픥턡뤡윥윧옢픣눢갦윧혣려픥턡뤡윣섣눣윥픧쀢숤퀢먡 warm-start옥 cold-start혦갨씡섡먣됢댢넡육촡찡섣눣윥밤윤눡.
윧찣뜣괢뜡픤괡젤뤢쀡옢픣눢갦윧 QoS뜢퀡긡밡촡찡윥픧쀢숤퀢묡렣밤눡혤갧젣윤옡섡븡숡윣갡윤혡촡찡윥긡댣픦숢
율눡.

1 섡렣

옡섡븡숡눢픤렣괢뜡밦밧숥윣먤섥됣혧촢윥턢픢긡갩갪

쀢혧 윪옢윥 줢옦픣댤력 섦갩됡 윫쀡옢 갢눣픡 옡 괡섣 옣섥

윧눡 [1]. ProgrammableWeb육 갫갡 옡 섡븡숡갢 20,525갡

율눡갤밤갤픣옧갤퀣뜤온됣츢퐢팢윣밢젡윩렣옡섡븡숡윣

갢옢섣육 갢섧혡됤갤 율눡 [2]. 옡 섡븡숡 줡 뤣육 숢갢 쀡옢

윢씡갣윬쀡픡긡눣윥젥갫픡눡. QoS (Quality-of-Service)눢

옡섡븡숡윣퐣줣섧섣윥뀡퀤뀢먡옡섡븡숡됥윥괡밨픣눢줡

옣픡긡줤윩렣윤숥됡눡. QoS옩츣윥윦픢섡섡븡숡촡찡 [3],

섨퀥 [4],밢갬 [5]됦윧젥씧됤씨눡.

QoS씡긡밡픡옡섡븡숡섨퀥방촡찡밧밪육뤤온윤긡갢

율눡. 갡윤혡됡 QoS윤숥옡섡븡숡촡찡육섡븡숡쀡옢윢갢

픩쀢븡숦픡QoS섨혧댤똡눢쀡옢갨픨윥갢줥쀡뜥됥렣봡턡

촣쀢윣 촡찡윥 픢줤눡. 줢긢긣줢 혣씤 픥턡뤡 (Collaborative

Filtering)긡밡윣밧밪육 QoS윤숥옡섡븡숡촡찡씡넢뤥쀡

옢됤씨눡. 혣씤 픥턡뤡 밧밪윣 먢퐡눢 젦씣줥 쀡옢윢-섡븡숡

픪렦씡섡눤뜦됡 QoS갭똡눢됦긤씡댣픡댢뀡육괣쀡츤뤢

씩눢갦윧눡 [6–8]. 픣줢뤦넡육옩츣젢혥댤갢뤦젧숡뜧옪촡

찡갥갧렣윧씣줢줢씪눢눡. 섡븡숡쀡옢윢눢 QoS갭밤눡쀡

옢갢눣픡옡섡븡숡윣됦긤 (rating)씡괤숧윥갢줣갢눣섣윧

댢넡눡.

옩뤢 됥씣 쀡옢윢 u1윧 됢 갡윣 옡 섡븡숡 si 방 sj뤢 혧촢

픡 혨 윭눥숤갪씡 댣픢 괤찤됡 QoS 갭육 갮갮 0.4, 0.5 윧눡.

퐡 1: 혣씤픥턡뤡씫갤뤥줦됥씡댣픡븡괥

혣씤픥턡뤡씫갤뤥줦 윧오젢밤 갤찢씢갥젢밤

MF긡밡 → X

괢뜡픤측밣렡섢긡밡 O O

먣댥M1, M2갢옩츣픡 si 방 sj윣 QoS됦긤윧갮갮 0.3, 0.6,

괢뤥갤 0.5, 0.45뜤갤 갢젢픣먥 M2갢 M1밤눡 온숢픣눡. 픣

줢뤦M2씡딡뜤 u1갧윬쀡픡쀡옢윢씡갣 sj뤢촡찡픣눢갦육

봡젣젨픣눡. 줧옡섡븡숡촡찡윣퐣줣숨윦갢쀡옢윢윣섨퀥

씡옫픧윥묢츥눡. 딡뜤섡 QoS됦긤윥긡밡윩렣픣눢갡윤혡

됡옡섡븡숡촡찡육윮윫젣윩렣갢츤갢율눡 [9].

픡팣 촡찡 댤먤윤씡섡윣 혣씤 픥턡뤡육 Graph Convolu-

tional Network (GCN)윣 젣옢윩렣 촡찡 섣눣윣 줥윯밤픡 댤

씬윥 윧렡씨눡 [10–12]. 퐡 1옥 갯윧 괢뜡픤 측밣렡섢 긡밡

혣씤픥턡뤡눢괢뜡픤윣갤찢씢갥섣윥혢옢픦숢율눡. 픣줢

뤦Matrix Factorization (MF)긡밡혣씤픥턡뤡육윧오젢밤뤢

먦숤젣윩렣 쀡옢픣줢 씪긡 딢묣씡 갤찢 씢갥윥 갤렧픣줢 먧

픡눡. 온뤥갢씭눢픡괢뜡픤윣갤찢씢갥섣윥혢옢픣눢혣씤

픥턡뤡윥 쀡옢픣씥 뜢퀡 긡밡 옡 섡븡숡 촡찡윥 픣눢 씢괡눢

씦눡. 딡뜤섡밥넣묣씡섡눢 QoS됦긤츣먥씡섡갡윤혡됡옡

섡븡숡 촡찡윥 숣혩픣긡 윦픢 괢뜡픤 측밣렡섢 긡밡 혣씤 픥

턡뤡 먣댥됥윣 젣옢 갢눣섣윥 젥숤픡눡. 혣씤 픥턡뤡육 윬쀡

픡쀡옢윢갢옡섡븡숡씡댣픢윬쀡픡섨혧댤뤢밤윯갦윧뜤갤
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갢젢픡눡. 괢뜡픤측밣렡섢긡밡혣씤픥턡뤡윥턢픢 Collab-

orative 숩혧뤢 촡촢픣눢 윢씢숡뜧옪 밧밪윥 젣옢픣씥 옡 섡

븡숡 촡찡윥 젣옢픡눡. 괢뜡픤 측밣렡섢 긡밡 혣씤 픥턡뤡육

갤찢씢갥섣윥혢옢픦숢씦눢혣씤픥턡뤡먣댥됥밤눡댢똢

씣뀣 촡찡 섣눣윥 밤윧눢 갦윥 숣픨윥 턢픢 밤씥젦갤 휡섥픡

혦갨씡섡댤촡찡섣눣윧똢씣뀣갦윥밤윤눡. 밥넣묣윥턢픢

괢뜡픤측밣렡섢긡밡혣씤픥턡뤡밧밪윧 QoS긡밡뜢퀡퀦

숡퀧씡섡윬뤧픡씢괡밧픧윰윥젥숤픡눡.

밥씢괡갢긡씥픣눢밫눢씭뜡옥갯눡:

• Web QoS 촡찡윥 윦픡 괢뜡픤 측밣렡섢 긡밡 혣씤 픥턡

뤡픤련윰올퀧뤢섦갩픣갤괢뜡픤괡젤윣갤찢씢갥섣윥

혢옢픣눢갦윧혤갧젣윰윥밤윤눡.

• 밬츤뤨퀧댡윧턡설씡섡 warm-start혦갨뼡뤦씭눦뜤됢

젩뤩윣 cold-start혦갨씡섡윣숣픨윥밤윧먡괢뜡픤측밣

렡섢긡밡혣씤픥턡뤡윣픥옣섣윥밤윤눡.

2 밣갡줡숢밤괣려씡괤

2.1 QoS옡섡븡숡

윭눥숤갪방찣뤥뜨갧갯육 QoS섧섣육쀡옢윢씡딡뜤눡

뤪 갭윥 갢줥눡 [13]. 옩뤢 됥씣 옫쀢윥 젥갫픣눢 옡 섡븡숡

옥갯육툢젢섡븡숡긡밡씮픫뤥켡윧섢윥갤렧픦딢, 쀡옢윢

젩섧 QoS 댡윧턡눢 젦렣 쀡옢윢윣 혧촢 혦갨씡 윣픢 갥젢됡

눡 [14]. 딡뜤섡됢쀡옢윢윣갧갰 QoS댡윧턡갢윬쀡픣먥혧

촢 혦갨윧 윬쀡픣씥 픧혨 윬쀡픡 QoS뤢 갨픨픦 갢눣섣윧 넡

눡눢 갦윧 윯밡젣윧눡 [14]. 윧뜧픡 괤젪씡섡 밥줣젣윩렣 쀡

옢윢옥섡븡숡갪윣윬쀡섣윥먣댥뤡픣씥윪댦픣눢혣씤픥턡

뤡젫괣밧숥 [15, 16]윧 QoS옩츣씡젣픬픢줥눡 [13, 14]. 줢

긢긣줢 혣씤 픥턡뤡 긡밡윣 QoS 옩츣 먣댥육 퀣뜤온됣 츢퐢

팢 긡밡 씮픫뤥켡윧섢 [17] 방 먨툣묢딣씣 섡븡숡 긡밡 씮픫

뤥켡윧섢 [18]갧갯육뤣육섡븡숡긡밡씮픫뤥켡윧섢윥윦픡

혤윱젣윤 섩렡섢윥 젥갫픣눢 댡 퀨 줥젡윥 윧렡씨눡. QoS씡

긡밡픡옡섡븡숡촡찡씡섡눢혣씤픥턡뤡윥쀡옢픣눢씢괡됥

윧 줥픪됤씣옭눡 [3, 9, 14]. 쀡옢윢-픩먢 윧봢 괢뜡픤씡 뜩댧

올퀧 (Random walk)뤢쀡옢픣씥Web QoS갭윥옩츣픣눢픤

련윰올퀧뤢 젥씧픡 씢괡됥윧 율눡 [6, 19, 20]. 섨혧댤 젡팡뤢

쀡옢픣눢 LMF-PP [6, 20]눢 쀡옢윢옥 섡븡숡윣 윦츤 젢밤뤢

긡밡윩렣쀡옢윢옥섡븡숡뤢괢렩혡픡눡윲쀡옢윢옥픩먢갪

윣 윧봢 괢뜡픤뤢 먣댥뤡픣눢 섨혧댤 젡팡뤢 찥퀥픣옧눡. 윧

괢뜡픤씡섡 뜩댧 올퀧뤢 괡섣픣씥 윬쀡섣 갩쀣윥 턢픢 먣됧

쀡옢윢씡 댣픡 윬쀡섣 젢밤뤢 씩윥 숢 율씨눡. 윧찣뜣 뜩댧

올퀧픤렣섪숡뤢쀡옢픣씥쀡옢윢옥윬쀡픡윧오쀡옢윢됥윥

숥밨픣씥댢뀡육옡섡븡숡 QoS옩츣윥숢픪픡눡.

(a) 쀡옢윢-섡븡숡픪렦 (b) u1씡댣픡갤찢씢갥옩숤

괢뤫 1: 윧봢 괢뜡픤렣 퐡혩됤눢 쀡옢윢-섡븡숡 픪렦갧 갤찢

씢갥윣옩숤

촣괣긣줢댤괢뜡픤괡젤뤢쀡옢픣씥 QoS갭윥옩츣픣줢뤦

괢뜡픤측밣렡섢네툡올퀧뤢젣옢픡혣씤픥턡뤡씫갤뤥줦먣

댥윣 쀡렢눢 씦눡 [21, 22]. 딡뜤섡 밥 씢괡눢 QoS 옡 섡븡숡

촡찡윥윦픡괢뜡픤측밣렡섢네툡올퀧윣젣옢갢눣섣윥씢괡

픡눡.

2.2 혡씣픣턡뤡

혣씤픥턡뤡육Matrix Factorization긡밡혣씤픥턡뤡갧괢

뜡픤측밣렡섢긡밡혣씤픥턡뤡윩렣봢뤩됡눡.

2.2.1 Matrix Factorization긡밢혡씣픣턡뤡

촤긡혣씤픥턡뤡먣댥육픪렦봢픢씡촤젪윥뤬촡씨눡. 픪

렦 봢픢 먣댥육 됢 갡윣 픣윦 픪렦윤 쀡옢윢 방 픩먢 픪렦윣

픪렦 갱윩렣 윤턡뜪섢 픪렦 Ru,v뤢 괣쀡혡픣눢 갦윥 먢퐡렣

픡눡. Singular Value Decomposition (SVD)눢 찣윲씡 툢줨

픪렦윥 픭숪픣긡 윦픢 젥씧됤씨눡. 윧혨 뤣육 눡뤪 픪렦 봢

픢 밧밪윧 젥씧됤씨눡. BPR-MF [23]눢 쀡옢윢갢 픡 픩먢윥

눡뤪 픩먢밤눡 섨혧픣눢줢 팤갢픣긡 윦픢 젥숤됡 긡밪윧먡,

갮 쀡옢윢옥 씭윧턣윣 ID뤢 윰밭딤윩렣 촤긡혡픣갤 뀢젣 갱

윩렣쀢혧윪옢윥옩츣픡눡. 촣괣먩넥댦씧뤣육딥뜧눧젫

괣밧숥윧갡밢됤씨윩먡, 괢줡윯봡눢븡섨혪숩갨씭퀢턤찣

뤢 쀡옢픣씥 갤젡젣윤 픪렦 봢픢 씫갤뤥줦윥 혥윳픡눡. [24].

NeuMF [24]옥갯육숩갨뤧긡밡혣씤픥턡뤡육븡섨혪숩갨

뤧윥쀡옢픡눡.

2.2.2 괡뜢픢측밡렡섢긡밢혡씣픣턡뤡

눡뤪괤렪씢괡눢쀡옢윢-섡븡숡(씭윧턣)괢뜡픤괡젤뤢혢

옢픣눢 갦윧눡 (괢뤫 1(a) 찦갤). 쀡옢윢-섡븡숡 쀢혧윪옢 괢

뜡픤윣 괤젪씡섡 갡밨 쀢혧윪옢윣 긡력육 쀡옢윢윣 1찢 씢갥

섣갧 댦윯픣눡. 딡뜤섡 쀡옢윢-섡븡숡 괢뜡픤 괡젤씡섡 갤찢

씢갥섣윥 뤨윧눧픣눢 갦육 윢씢숡뜧옪 혥윳윧눡. 옩뤢 됥씣,
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괢뤫 2: 괢뜡픤측밣렡섢긡밡혣씤픥턡뤡윣픤련윰올퀧. 팡뜫쀤밮숡눢 NGCF, LightGCN, LT-OCF윩렣괡섣픦숢율눡.

퐡 2: 넣묣씡섡쀡옢픣눢퐡긡

Notation Description

R 쀡옢윢-섡븡숡픪렦

A 윤젫픪렦

Ã symmetric normalzied윤젫픪렦

Eu(i), Es(i) i밯줩련윧씣윣쀡옢윢 u옥옡섡븡숡 s윣윰밭딤

K 젡찧련윧씣갡숢

ω ReLU혢섣혡픮숢

r̂u,s 옡섡븡숡 s씡댣픡쀡옢윢 u윣옩츣됡련윧팢

↑ 뀢젣갩쀣

D 윰밭딤배턡윣찢옦퀧긡

W 픭숪갢눣픡갢줡츤픪렦

ε 윭눥숤갪씡댣픡 positive윰갩갭

wi 갮련윧씣 i씡섡윣갢줡츤갭

쀡옢윢윣 2찢씢갥섣육댦윯픡픩먢갧픮긥쀢혧윪옢픡윬쀡

픡쀡옢윢렣괡섣됡눡. 눡픪휢눡씯픡긡갩픭숪옫씰씡섡괢

뜡픤 괡젤 댡윧턡뤢 먣댥뤡픣긡 윦픡 GCN (Graph Convolu-

tional Network)윣갡밢방섣갫윩렣촣괣괢뜡픤측밣렡섢긡

밡혣씤픥턡뤡 [10,10–12]먣댥됥윧윤긡갢뤣씱눡. GNN육

씥뜧 혫(hop)씡 댣픡 윧오 먣댥뤡윥 턢픢 윰밭딤윥 픭숪픣댤

력픡눡 (괢뤫 1(b)찦갤). NGCF [10]눢쀡옢윢-씭윧턣갪윣

혣씤숩혧뤢팥차픣긡윦픢쀢혧윪옢윤켢댢뤢젥씧픯눡. 윧

딢 븡섨혪 혢섣혡 픮숢옥 픭숪 갢눣픡 갢줡츤 픪렦윧 팥픮됡

GNN윥쀡옢픣씥넡육갤찢씢갥섣씡댣픡혣씤숩혧뤢쀡옢

픡눡. LightGCN [11]육 NGCF윣븡섨혪섣갧갢줡츤뤢젥갰

픣씥섣눣갧혤윱섣윥혥밤픡눡. LT-OCF [12]눢혥쀣밧젢숥

씡섡 옫갲윥 백씭 섨혪 GCN윥 쀢묢봢밧젢숥 측섫윩렣 윫섦

갩픣갤촡찡숤숡턣윣밬츤뤨퀧댡윧턡설씡섡촣갤윣섣눣윥

밤윤눡.

3 씡괤밥밦

괢뜡픤긡밡혣씤픥턡뤡밧밪씡쀡옢됤눢퐡긡눢퐡 2옥갯

눡. 밥씢괡윣괢뜡픤긡밡혣씤픥턡뤡픤련윰올퀧눢괢뤫 2

옥갯윩먡눡윲갧갯육숨섡렣괡섣됡눡:

1. 쀡옢윢-섡븡숡 픪렦 R윩렣봡턡 촤긡 쀡옢윢 윰밭딤

Eu(0)옥섡븡숡윰밭딤 Es(0)윥괡섣픡눡.

2. 됢 윰밭딤육 괢뜡픤 측밣렡섢 긡밡 CF 먣댥씡 윴려됤씣

젡팡됡윰밭딤윥씤댡윧툡픡눡. 줧촤긡윰밭딤윥픭숪

픣씥쀡옢윢옥섡븡숡윰밭딤 Eu(K), Es(K)윥촢려픡

눡.

3. 갮련윧씣씡섡뀡옮윰밭딤됥윣갢줡츤픬윥쀡옢픣씥촣

젩옩츣련윧씣씡섡련윧팢 r̂u,s 윥옩츣픡눡.

눡윲 픣윦 먢찢씡섡눢 괢뜡픤 측밣렡섢 련윧씣, 옩츣 련윧씣,

괢뤥갤혬렪밧밪윥섥갡픡눡.

3.1 괡뜢픢측밡렡섢력윣씤

쀡옢윢-섡븡숡픪렦윧R윯딢윤젫픪렦A눢눡윲갧갯눡.

A =

[
0 R

RT 0

]
. (1)

0밯줩 련윧씣윣 윰밭딤 픪렦윥 E(0)윧뜤 픣먥 LightGCN

갧 LT-OCF윣섨혪괢뜡픤측밣렡섢윣픪렦윥눡윲갧갯윧뀡

퀤뀤숢율눡.

Eu(t+ 1) = ÃEs(t), (2)

Es(t+ 1) = ÃEu(t). (3)

Ã눢 A윣 symmetric normalized 픪렦윧먡 Ã옥 윰밭딤 픪렦

갧윣픪렦갱윥턢픢젡팡갢숢픪됡눡. 딡뜤섡 Es(1)육윰밭

딤픪렦 Es(0)윧윧오젢밤렣봡턡젡팡됤씣씤댡윧툡됡갦윧

눡. 븡섨혪 괢뜡픤 측밣렡섢윥 쀡옢픣눢 NGCF눢 눡윲갧 갯
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육젡팡뤢줥픪픡눡.

Eu(t+ 1) = ω(ÃEs(t)W), (4)

Es(t+ 1) = ω(ÃEu(t)W). (5)

ω눢 ReLU 혢섣혡 픮숢윧갤W눢 픭숪 갢눣픡 갢줡츤 픪렦

윧눡. 촣젩 윰밭딤 픪렦육 갮 련윧씣씡섡윣 윰밭딤됥씡 댣픡

갢줡츤 픬윩렣 쀥섣됡눡 (괢뤫 7 찦갤). 먣댥 옩츣육 쀡옢윢

방 섡븡숡윣 촣젩 윰밭딤씡 댣픡 뀢젣윥 갩쀣픣씥 r(u,s)윥

옩츣픡눡. 혣씤 픥턡뤡 봢씲씡섡 윯밡젣윩렣 쀡옢픣눢 BPR

(Bayesian Personalized Ranking) [23]섬숣픮숢렣촤긡윰밭

딤 E(0)윥픭숪픡눡.

3.2 옣츢력윣씤

옩츣련윧씣눢먣됧 K 련윧씣뤢턢픢젡팡픡혨촣젩윰밭

딤윥 괡섣픣긡 윦픡 련윧씣윧눡. 촣젩 윰밭딤육 갮 련윧씣윣

윰밭딤됥윣갢줡츤픬윥쀡옢픡눡.

Eu(final) =
K∑

i=0

wiEs(i),

Es(final) =
K∑

i=0

wiEu(i),

(6)

wi눢갮련윧씣씡섡윣갢줡츤뤢윣묢픡눡. w갭윧먣됧 i씡섡

댦윯픣눡먥먣됧련윧씣씡섡윣 윰밭딤갭윣팤괦윥쀡옢픣눢

갦윧갤 w0 = 0윧뜤먥 촤긡 윰밭딤 Eu(0)갧 Eu(0)윥 쀡옢

픣줢 씪눢 갦윥 윣묢픡눡. 딡뜤섡 윧 갢줡츤 픬육 뤨줢뤭 련

윧씣윣윰밭딤뼡뤦씭눦뜤윧젡련윧씣윣 윰밭딤윥쀡옢픣씥

젬육섣눣윥뀤숢율눡. Eu(final)옥 Es(final)뤢괡픡혨

섡븡숡 s씡 댣픡 쀡옢윢 u윣 련윧팢윥 옩츣픡눡. 윧뤢 윦픢

갮련윧씣씡섡 Eu(final)옥 Es(final)윣뀢젣윥픡눡.

r̂u,s = Eu(final)↑Es(final), (7)

↑눢뀢젣윥윣묢픣먡 r̂u,s육촣젩련윧팢갭윧됡눡.

3.3 혣려밥밦

온뤥눢 Bayesian Personalized Ranking (BPR) 섬숣 픮

숢 [23]뤢 쀡옢픡눡. BPR 섬숣 픮숢눢 괤찤됡 픩먢윣 옩츣

윧 괤찤됤줢 씪육 픩먢밤눡 댢 넡윥 갦윧뜤눢 젡젥픣눢 옩츣

픣눢 pairwise섬숣픮숢윧눡.

L = ↓
|U |∑

u=1

∑

i↑Nu

∑

j /↑Nu

ln(ϑ(r̂ui ↓ r̂uj)) + ϖ↔!↔2, (8)

ϑ눢 sigmoid 픮숢윧눡. !눢 픭숪 갢눣픡 팡뜤묢턡윧눡.

LightGCN, LT-OCF윣 갨온 촤긡 윰밭딤뤦 픢눨됤눢 밡먥씡,

Algorithm 1:괢뜡픤측밣렡섢긡밡혣씤픥턡뤡윣픭
숪갧젢

Input: Web QoS graph A, The number of total layers

K, model

1 Initialize Eu(0) and Es(0); while the BPR loss L is

not converged do
2 for i ↗ 1 to K do
3 if model = LightGCN or LT-OCF then
4 Eu(i),Es(i) = Eq. 2, Eq. 3;

5 else if model = NGCF then
6 Eu(i),Es(i) = Eq. 4, Eq. 5;

7 Eu(final),Es(final) = Eq. 6;

8 r̂u,s = Eq. 7;

9 if model = LightGCN or LT-OCF then
10 Update Eu(0) and Es(0) with BPR loss;

11 else if model = NGCF then
12 Update W, Eu(0) and Es(0) with BPR loss;

13 return Eu(0) and Es(0);

NGCF씡섡촤긡윰밭딤뼡뤦씭눦뜤눡뤪픭숪갢눣픡갢줡츤

픪렦됥댤팥픮됡눡. ϖ눢 L2 젢괧혡윣젢댤뤢젤젨픡눡. 온뤥

눢 괤찤됡 쀡옢윢-섡븡숡 윤턡뜪섢됥윥 positive 윤숡턥숡렣

쀡옢픣갤 [11]씡섡 쀡옢픡 negative 윤숡턥숡뤢 쀦픫뤡픣눢

젡뜬윥쀡옢픡눡.

괢뜡픤 측밣렡섢 긡밡 혣씤 픥턡뤡윣 혬렪 씫갤뤥줦육 Al-

gorithm 1씡율윩먡 BPR섬숣윧숢렫됨딢긣줢갮봡봢윥밡

밲픣씥 혬렪픡눡. NGCF눢 촤긡 윰밭딤갧 픭숪 갢눣픡 갢줡

츤픪렦윥픭숪픣눢밡먥씡, LightGCN갧 LT-OCF윣갨온촤

긡윰밭딤됥뤦윥픭숪픡눡.

4 숣픥설젡

숣픨섦젢먢찢씡섡눢씢괡줣묣윥섦젢픣갤댡윧턡설,팤갢

착댤,븡괥먣댥,픣윧팦팡뜤묢턡뤢섥갡픡눡.

4.1 씡괤줢묡

섦젢픡씢괡줣묣육씭뜡옥갯눡.

1. RQ1: 괢뜡픤 측밣렡섢 긡밡 혣씤 픥턡뤡 씫갤뤥줦육
MF긡밡혣씤픥턡뤡씫갤뤥줦밤눡온숢픡갢?

2. RQ2: 괢뜡픤측밣렡섢긡밡혣씤픥턡뤡씫갤뤥줦육댡
윧턡설윣휡섥섣씡딡뤪섣눣밳혡갢율눢갢?

KCSE 2023 제25권 제1호

61



퐡 3: WSDream윣댡윧턡설젢밤

Dataset
WSDream WSDream WSDream

(Warm-start) (Cold-start) (Cold-start*)

# Users 338 338 338

# Services 5,824 5,824 5,824

ε 0.05 0.02 0.01

Core 10 2 2

Density 13.64% 5.36% 3.74%

# Interactions 57,727 8,490 1,036

4.2 숣픥혢갡

댡윧턡섪툡눢 6:2:2윣븡윱렣봢픦됤씣율눡. 먣됧숣픨육

눡윲갧 갯육 섥픤툡옯씣 방 픣됣옯씣 혦갨씡섡 숢픪됤씨눡:

UBUNTU 18.04 LTS, PYTHON 3.9.6, NUMPY 1.20.3, SCIPY

1.7, MATPLOTLIB 3.3.1, PYTORCH 1.8.0, CUDA 11.2, and

NVIDIA Driver 417.22, i9 CPU, and NVIDIA RTX TITAN.

4.3 댣윣턡섥

숣픨씡섡 쀡옢픣눢 옡 섡븡숡 QoS 댡윧턡설육 WS-

Dream [3]윧먡윭눥숤갪 (response time)윥 QoS갭윩렣쀡옢

픡눡 *. 숣픨씡쀡옢됤눢댡윧턡설육퐡 3갧갯갤턦숡툡설븡

윱육 20%윧눡. 댡윧턡설윥괡섣픣긡윦픢윭눥숤갪긡줤윩렣

ε갢 툢젢 갭 윧쀢윯 갨온씡 씢갥섣윧 율눡갤 갢젢픡눡. 옩뤢

됥씣 ε갢 0.05s 윧픣윣 갨온 positive 윤턡뜪섢윩렣 갪젦픣씥

괢뜡픤뤢괡섣픡눡. Warm-start혦갨윣윤턡뜪섢숢눢 57,727

갡윣윤턡뜪섢윧율눢밡먥씡, Cold-start혦갨씡댣픡댡윧턡

설육 됢 갢줢윧먡 갮갮 8,490갧 1,036 갡윣 윤턡뜪섢 픪렦윧

율눡. Cold-start*눢밴댤 (density)갢 3.74%윤갨온뤢윣묢픣

먡 5.36%윤 Cold-start 밤눡 괨눩젣윤 혦갨윧눡. Warm-start

혦갨윣 갨온 혬렪 댡윧턡설갧 턦숡툡 댡윧턡설윥 괡섣픦 숢

율댤력픣뀡윣쀡옢윢갢 10갡윧쀢윣윤턡뜪섢윧율댤력괡섣

픣옧눡. Cold-start 혦갨윣 갨온 2갡 윧쀢윣 윤턡뜪섢윧 율댤

력픥턡뤡픣옧눡.

4.4 팡갢찡댤

턦숡툡설씡율눢갮갮윣쀡옢윢씡댣픢섡,윤턡뜪섢윧씦눢

섡븡숡뤢먣됢 negative쀦픫렣씥긡갤,먣댥육혬렪댡윧턡설

씡섡쀡옢됡 positive쀦픫윥젥옰픡먣됧쀦픫씡댣픡쀡옢윢

윣 뜢퀡윥 갩쀣픡눡. 팤갢뤢 윦픢섡 뜢퀡 긡밡 팤갢 착댤윤

*http://wsdream.github.io/dataset씡섡 WSDream 댡윧

턡설눡옪렣됣갢갢눣픣눡.

Recall@k옥 NDCG@k뤢 쀡옢픡눡. Recall@k육 젡찧 섡븡

숡줡촡찡됡섡븡숡 k갡갢섧픡븡윱윥뀡퀤뀡먡눡윲갧갯윧

젢윣픡눡:

Recall@k =
relk

min(k, rel)
. (9)

relk눢 쀢윦 k갡 갥갧윣 괤렪 픩먢 숢뤢 윣묢픣갤, rel육 쀡

옢윢옥 괤렪됡 촥 픩먢 숢뤢 윣묢픡눡. Recall@k눢 쀡옢윢

옥 씢괤됡 먣됧 섡븡숡 줡씡섡 먣댥윧 촡찡픡 숤숡턣 k갡갢

씳뤨뀡 팥픮됤눢줢윣 븡윱윥 윣묢픡눡. NDCG (Normalized

Discounted Cumulative Gain)눢촡찡픩먢먢력갧촣젣숨윦

픩먢먢력갪윣찢윧뤢팤갢픣먡눡윲갧갯윧젢윣픡눡:

NDCG@k =
DCG@k
IDCG@k

. (10)

NDCG@k눢 촡찡윣 숨섡씡 갢줡츤뤢 됢씣섡 섣눣윥 팤갢픣

먡 1씡 갢긣옱 숢력 젬육 섣눣윧눡. DCG@k갧 IDCG@k

육 갮갮 옩츣 숨윦옥 윧쀢젣윤 숨윦윣 쀢윦 k갡윣 픩먢윣

DCG(Discounted Cumulative Gain)윧눡. DCG@k육눡윲갧

갯윧갩쀣됡눡:

DCG@k =
k∑

i=1

2reli↓1

log2(i+ 1)
. (11)

씥긡섡 reli육숨윦윦츤씡율눢픩먢윣갭윧눡. NDCG윣갭

육 0갧 1쀡윧윧먡갭윧퀣숢력숨윦갢넡갤 1윧윧쀢젣윤숨

윦뤢뀡퀤뀥눡.

4.5 븡괢먡댥

MF 긡밡 먣댥 됢 갢줢옥 괢뜡픤 측밣렡섢 긡밡 혣려 픥턡

뤡 먣댥 섪 갢줢뤢 쀡옢픡눡. 갮 먣댥씡 댣픡 섦먦육 눡윲갧

갯눡:

• MF긡밢혡씣픣턡뤡: BPR-MF [23]육씴숤젣픰됣밵윥

픭숪픣댤력 pair-wise 섬숣 픮숢뤢 촣섥혡픣눢 갤젡젣윤

혣씤픥턡뤡씫갤뤥줦윧눡. BPR씡섡눢MF뤢쀡옢픣씥

쀡옢윢방픩먢윣윰밭딤윥촤긡혡픡눡. NeuMF [24]눢

쀢혧 윪옢윥 츦찣픣긡 윦픢 쀡옢윢 방 픩먢 윰밭딤윣 쀢

혧윪옢씡븡섨혪휢됧련윧씣됥윥쀡옢픣눢혣씤픥턡뤡

씫갤뤥줦윧눡. 툢휢 갮 휢됧 련윧씣윣 찢옦윧 댦윯픣갣

윬줢됤눢됢갡윣휢됧련윧씣씭퀢턤찪뤢쀡옢픡눡.

• 괡뜢픢 측밡렡섢 긡밢 혡씣 픣턡뤡: NGCF [10]눢 융찢

옩츣윥 숢픪픣눢 븡섨혪 괢뜡픤 측밣렡섢 긡밡 혣씤 픥

턡뤡 씫갤뤥줦윧눡. LightGCN [11]육 툢줨 밳혦 방 븡

섨혪혢섣혡뤢젥갰픣씥괢뜡픤측밶렡섢네툡올퀧윣괡

젤뤢 눩숨혡픣눢 괢뜡픤 측밣렡섢 긡밡 혣씤 픥턡뤡 씫

갤뤥줦윧눡. LT-OCF [12]눢섨혪괢뜡픤측밣렡섢긡밡
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퐡 4: WSDream (Warm-start)씡 댣픡 갮 먣댥됥윣 Recall@k옥 NDCG@k 촡찡 섣눣 븡괥. 밡됡찢눢 촣갤 섣눣, 밷줪육 됢밯줩 촣갤

섣눣윥 윣묢픡눡. improvement눢 괢뜡픤 측밣렡섢 긡밡 혣씤 픥턡뤡 씫갤뤥줦윧 MF 긡밡 혣씤 픥턡뤡 씫갤뤥줦씡 댣픢 픧쀢됡 섣눣

븡윱윥윣묢픡눡.

Model
WSDream (Warm-start)

Recall@20 NDCG@20 Recall@50 NDCG@50

BPR-MF 0.0729 0.2653 0.1680 0.2518

NeuMF 0.0697 0.2580 0.1530 0.2259

NGCF 0.2193 0.4592 0.4327 0.5152

LightGCN 0.2217 0.4661 0.4382 0.5209

LT-OCF 0.2199 0.4661 0.4382 0.5211

improvement 204.12% 75.69% 160.83% 130.68%

혣씤 픥턡뤡 씫갤뤥줦윥 쀢묢봢밧젢숥 갡넦윩렣 윫섦갩

픡혣씤픥턡뤡씫갤뤥줦윧눡.

4.6 픦윣팢팣뜣묢턡

숣픨씡픥옣픡먩갢줢갫턢픣윧팦팡뜤묢턡갢율눡. 먣됧

밧밪윣젢괧혡갩숢 ϖ눢 {1.0↘10↓4, 1.0↘10↓3, 1.0↘10↓2}
윥 갤렧픡눡. 윰밭딤 배턡윣 찢옦육 {16, 32, 64, 128}윣 밸
윦 뀢씡섡 갤렧픣갤 N (0, 0.1)윣 젢괧 봢팥눢 촤긡 윰밭딤윥

섦젢픣눢 댡 쀡옢됡눡. 련윧씣 젤픬 갩숢눢 wi = 1
1+K윩렣

팤괦 갭윥 쀡옢픡눡. 씥긡섡 K눢 련윧씣 젤픬윣 숢윧눡. K

윣 갡숢눢 {1, 2, 3, 4}뤢 갤렧픡눡. 온뤥눢 NGCF옥 댦윯픡

early stop씫갤뤥줦윥쀡옢픣갤 learning rate눢 {1.0↘ 10↓4,

1.0↘10↓3, 1.0↘10↓2}윣밸윦씡섡숣픨윥줥픪픡눡. NGCF

윣 node dropout육 {0.0, 0.1, 0.2, 0.3, 0.4}윣 밸윦씡섡 갤렧
픣갤 LightGCN갧 LT-OCF눢 dropout윥쀡옢픣줢씪눢눡.

5 숣픥갣갤

5.1 괡뜢픢 측밡렡섢 긡밢 혡씣 픣턡뤡 먡댥윤 섦눡

(RQ1)

퐡 4윣WSDream (Warm-start)댡윧턡설씡섡눢혣씤픥턡

뤡먣댥됥갧괢뜡픤측밣렡섢긡밡혣씤픥턡뤡먣댥됥윣촡찡

섣눣 갥갧뤢 혥윤픦 숢 율눡. BPR-MF옥 NeuMF윣 갨온 괢

뜡픤측밣렡섢긡밡혣씤픥턡뤡먣댥됥밤눡뀦육촡찡섣눣윥

밤윤눡. 괢윧윬눢쀡옢윢옥섡븡숡윣윧오젢밤옥갤찢씢갥

섣윥혢옢픣줢먧픣씥젨젨픡윰밭딤윩렣씤댡윧툡픣눢댡픡

갩갢율긡딢묣윧눡. 밡먥씡 NGCF, LightGCN갧 LT-OCF눢

먦숤젣윤밧숥윩렣윧오젢밤윣갤찢씢갥윥퀩쀤픦숢율눡.

LightGCN갧 LT-OCF윣 촣갤 섣눣윥 밤윧갰뀡 됢밯줩 촣

갤섣눣윥댤눪픡눡. Recall@20윣갨온 LightGCN윧 0.2217

렣 LT-OCF밤눡댢젬육촡찡섣눣윥밤윧줢뤦 Recall@50갧

NDCG@50윣긡줤윩렣눢 LT-OCF갢댢뀡육섣눣윥밤윤눡.

Recall@20 긡줤윩렣 LightGCN육 BPR-MF 밤눡 204.12%

픧쀢됤씨윩먡 NDCG@20 긡줤윩렣 LT-OCF눢 BPR-MF윣

촡찡 섣눣밤눡 160.83%윣 섣눣 픧쀢윥 밤윤눡. 븡섨혪 괢뜡

픤측밣렡섢윥쀡옢픣눢 NGCF눢섨혪괢뜡픤측밣렡섢윥쀡

옢픣눢 LightGCN갧 LT-OCF밤눡 뀦육 촡찡 섣눣윥 밤윤눡.

NDCG@20 긡줤윩렣 LightGCN갧 LT-OCF눢 NGCF 댣븡

1.50% 픧쀢픣눢 갦윥 혥윤픦 숢 율눡. 윧뤢 턢픢 Web QoS

촡찡씡섡괢뜡픤측밣렡섢윣섨혪섣윥갤렧픣눢갦윧븡섨혪

섣윥갤렧픣눢갦밤눡댢젬육촡찡섣눣윥밤윤눡눢갦윥씫

숢율눡.

5.2 Cold-start혢갡씥섡윤섦눡찣윣 (RQ2)

퐡 3옥 갯윧 Cold-start 혦갨 [6]윥 괡섣픣댤력 픣긡 윦픢

갮갮 5.36%옥 3.74%윣밴댤뤢갢줥WSDream(Cold-start)옥

WSDream(Cold-start*)댡윧턡설윥쀡옢픡눡. 퐡 5갧 6눢휡

섥픡윤턡뜪섢윥갢줥됢댡윧턡설씡댣픡숣픨갥갧윧눡.

5.2.1 WSDream(Cold-start)윤갣갤

퐡 5씡섡눢 LightGCN갧 LT-OCF갢 갢윳 젬육 섣눣윥 밤

윤눡. Recall@20갧 NDCG@20씡섡눢 LightGCN윧댢젬육

섣눣윥 밤윤눡. 밡먥씡 Recall@50갧 NDCG@20윣 갨온씡

눢 LT-OCF갢 댢 넡육 촡찡 섣눣윥 밤윤눡. 괢뜡픤 측밣렡

섢 긡밡 혣씤 픥턡뤡 씫갤뤥줦육 Warm-start 혦갨밤눡 Cold-

start 혦갨씡섡 댢 넡육섣눣 픧쀢윥 밤윤눡. Recall@50 긡줤

윩렣 Cold-start 댡윧턡설윧 811.951% 픧쀢윥 밤옧눡. 윧눢

Warm-start혦갨씡섡윣 160.83%픧쀢씡븡픣먥퀨찢윧윣섣

눣 픧쀢윥 밤윤눡. 윧 혦갨씡섡눢 댦윯픣갣 괢뜡픤 측밣렡
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퐡 5: WSDream (Cold-start)씡댣픡갮먣댥됥윣 Recall@k옥 NDCG@k촡찡섣눣븡괥

Model
WSDream (Cold-start)

Recall@20 NDCG@20 Recall@50 NDCG@50

BPR-MF 0.0469 0.0324 0.0979 0.0509

NeuMF 0.0946 0.0420 0.0931 0.0487

NGCF 0.3782 0.3334 0.6038 0.4109

LightGCN 0.6457 0.5549 0.8845 0.6374

LT-OCF 0.6435 0.5545 0.8928 0.6503

improvement 1276.76% 1612.65% 811.951% 1177.6%

퐡 6: WSDream (Cold-start*)씡댣픡갮먣댥됥윣 Recall@k옥 NDCG@k촡찡섣눣븡괥

Model
WSDream (Cold-start*)

Recall@20 NDCG@20 Recall@50 NDCG@50

BPR-MF 0.1130 0.0459 0.2400 0.0792

NeuMF 0.0931 0.0487 0.2386 0.0790

NGCF 0.5067 0.3328 0.7205 0.3874

LightGCN 0.8989 0.7187 0.9288 0.7316

LT-OCF 0.9359 0.7316 0.9840 0.7476

improvement 728.23% 1493.9% 312.41% 843.94%

섢 긡밡 혣씤 픥턡뤡윧 댢 뀡육 섣눣윥 밤윤눡. Recall@50

갧 NDCG@50육 LT-OCF갢갢윳젬육섣눣윥밤윧눢밡먥씡

Recall@20갧 NDCG@20윣 갨온씡눢 LightGCN윧 댢 넡육

섣눣윥밤윤눡.

5.2.2 WSDream(Cold-start*)윤갣갤

퐡 6씡섡댤괢뜡픤측밣렡섢긡밡혣씤픥턡뤡씫갤뤥줦윧

MF긡밡혣씤픥턡뤡씫갤뤥줦밤눡댢젬육촡찡섣눣윥밤

윤눡. LT-OCF눢 먣됧 팤갢착댤씡섡 갢윳 넡육 촡찡 섣눣윥

밤윧먡 Recall@20 긡줤윩렣 LightGCN 밤눡 4.12% 픧쀢됤

갤 NGCF 밤눡 84.71% 픧쀢됡 갦윥 혥윤픦 숢 율눡. 똡픡

BPR-MF윣 갨온 0.2400윣 Recall@50 섣눣윥 밤윤 밡먥씡,

LT-OCF눢 312.41%픧쀢됡 0.9840윣촡찡섣눣윥밤윤눡.

윧 숣픨윥 턢픢섡 RQ2씡 댣픡 댡윧턡설윧 휡섥픡 윤턡뜪
섢윥 갢줥 Cold-start 혦갨씡섡댤 괢뜡픤 측밣렡섢 긡밡 혣씤

픥턡뤡씫갤뤥줦윧댢온숢픡밧밪윥밤윧눢갦윥씫숢율눡.

딡뜤섡 Warm-start 혦갨갧 Cold-start 혦갨 먣됢씡섡 갤찢 씢

갥섣윥갤렧픣눢괢뜡픤측밣렡섢긡밡혣씤픥턡뤡씫갤뤥줦

윣픥옣섣윥밤윤눡.

6 턢윤

6.1 묣갥댤 봢섧: 력윣씤윤 갦숤씥 딡뤣 섦눡 찣윣갢
윥눢갢?

련윧씣갡숢씡딡뤪섣눣찢윧눢퐡 7씡섡혥윤픦숢율눡.

Warm-start혦갨씡섡눢 LightGCN윣련윧씣갢뤣윥숢력 (갤

찢씢갥젢밤뤢갤렧픦숢력) Recall@20갧 NDCG@20윣촡

찡 섣눣윧 픧쀢됤눢 갦윥 밤윤눡. 윧뤢 턢픢 Warm-start 혦

갨씡섡눢 괢뜡픤 괡젤윣 갤찢 씢갥섣윥 갤렧픣눢 갦윧 줡옣

픣눡눢 갦윥 씫 숢 율눡. 밡먥 Cold-start 혦갨씡섡눢 련윧씣

숢갢 줫갢픦 숢력 섣눣윧 픣뜦픣눢 갨픧윥 밤윤눡. 촡찡 섣

눣윧픣뜦픣눢윧윬눢젡팡갢밡밲됤먥섡윰밭딤씡옲밹숡묤

딤 (over-smoothing)혩쀢 [25]윧윯씣뀡긡딢묣윧눡. 괢뜡섡

Cold-start 혦갨씡섡눢 괢뜡픤 측밣렡섢윥 픡 밯뤦 쀡옢픣눢

갦윧촣갤윣촡찡섣눣윥밤윤눡. 댢휡섥픡윤턡뜪섢윥갢줥

Cold-start* 혦갨씡섡눢 젣젨픡 련윧씣 갡숢씡섡 촣갤윣 촡찡

섣눣윥밤윤눡. Recall@20긡줤윩렣K = 3윯딢갢윳젬육

촡찡섣눣윥밤윧먡 NDCG@20윣갨온 K = 4윯딢촣갤윣

촡찡섣눣윥밤윤눡.
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퐡 7: LightGCN윣련윧씣갡숢씡딡뤪섣눣밳혡 (밡됡찢: 촣갤섣눣)

K
WSDream (Warm-start) WSDream (Cold-start) WSDream (Cold-start*)

Recall@20 NDCG@20 Recall@20 NDCG@20 Recall@20 NDCG@20

1 0.1935 0.4013 0.6457 0.5549 0.8846 0.6977

2 0.2056 0.4388 0.6337 0.5417 0.8952 0.7200

3 0.2105 0.4554 0.6241 0.5332 0.8989 0.7187

4 0.2217 0.4661 0.6060 0.5269 0.8982 0.7244

퐡 8: WSDream (Warm-start)댡윧턡설씡섡윣윰밭딤배턡윣

찢옦퀧긡 (D)씡딡뤪섣눣밳혡

D Recall@20 Recall@50

16 0.2109 0.4245

32 0.2186 0.4340

64 0.2217 0.4661
128 0.2193 0.4353

퐡 9: WSDream (Cold-start) 댡윧턡설씡섡윣 윰밭딤 배턡윣

찢옦퀧긡 (D)씡딡뤪섣눣밳혡

D Recall@20 Recall@50

16 0.5610 0.8277

32 0.5948 0.8676

64 0.6457 0.8845

128 0.6372 0.8862

6.2 묣갥댤봢섧: 윦밧딢퀢긡뤤밨갡픧딣괡뜢픢측
밡렡섢긡밢혡씣픣턡뤡씦갧뤥줣윣씧뤦뀡젡혤

픡갢?

퐡 8옥 9눢 윰밭딤 퀧긡씡 딡뤪 LightGCN윣 섣눣 밳혡

뤢 뀡퀤뀥눡. 퐡 8씡섡눢 Warm-start 혦갨씡섡윣 촡찡 섣눣

밳혡뤢 뀡퀤뀥눡. LightGCN육 윰밭딤 퀧긡갢 64 윯 딢 Re-

call@20갧 Recall@50윣 섣눣윧 갢윳 넡윩먡 윰밭딤 퀧긡갢

128윯딢눢섣눣윧눡숤픣뜦픣눢갦윥씫숢율눡. 퐡 9씡섡

눢 Cold-start혦갨씡섡윣촡찡섣눣밳혡뤢뀡퀤뀥눡. Warm-

start혦갨씡섡옥눡뤪젪육 D갢 128윯딢 Recall@50윧픧쀢

됤눢 갦윥 혥윤픦 숢 율눡. 픣줢뤦 Recall@20씡섡눢 씥젡휢

D갢 64윯딢갢윳넡육섣눣윥밤윧먡 16윯딢눢 Recall@20

윧 0.5948렣 7.88%픣뜦픡눡.

퐡 10: WSDream (Warm-start) 댡윧턡설씡섡윣 혬렪 밲윶댤

봢섭. Training Time육 픡 씡팧씡 댣픡 촤뤢, #Parameters눢

먣댥윣팡뜤묢턡숢뤢뀡퀤뀥눡.

Model Training Time (s) #Parameters

BPR-MF 0.0375 105,728

Neu-MF 0.1087 358,465

NGCF 0.1662 122,112

LightGCN 0.0866 105,728

LT-OCF 0.1688 105,728

퐡 11: WSDream (Cold-start) 댡윧턡설씡섡윣 혬렪 밲윶댤

봢섭

Model Training Time (s) #Parameters

BPR-MF 0.0186 54,400

Neu-MF 0.0516 204,481

NGCF 0.0693 70,784

LightGCN 0.0254 54,400

LT-OCF 0.0661 54,400

6.3 혣려방윧댤봢섧: 괡뜢픢측밡렡섢긡밢혡씣픣
턡뤡 씦갧뤥줣됢윤 갡픥젣 픤숥 방윧댤눢 MF 긡
밢혡씣픣턡뤡씦갧뤥줣밪눣방윧픡갢?

퐡 10갧 11육먣됧혣씤픥턡뤡씫갤뤥줦씡댣픡픡씡팧눨

갳뤥눢숤갪갧픭숪갢눣픡팡뜤묢턡숢뤢뀡퀤뀥눡. 퐡 11씡

섡눢 BPR-MF눢픡씡팧눨 0.0186촤윣숤갪윧갳뤥눢밡먥씡

Neu-MF눢 0.0516촤윣 숤갪윧 갳뤮눡. Neu-MF눢 BPR-MF

밤눡픭숪픦팡뜤묢턡됥윧씬 3.76밺뤣갤픭숪숤갪육댣뜬

씬 3밺 젢댤 댢 픥옣픣눡. NGCF댤 LightGCN 밤눡 3밺 윧

쀢윣숤갪윧댢섥옣됡눡. 퐡 10씡섡씫숢율됩윧, NGCF눢

픭숪갢눣픡갢줡츤픪렦윧젭윫픣긡딢묣씡 LightGCN밤눡

1.15밺 팡뜤묢턡 숢갢 뤣눡. LT-OCF윣 갨온씡눢 픭숪 갢눣
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픡갢줡츤픪렦윧젭윫픣줢씪줢뤦, 쀢묢봢밧젢숥윥퐤긡윦

픡 젣봢긡씡섡 댣뜬 3밺 젢댤윣 갩쀣뜨윥 픥옣렣 픡눡. 똡픡

LightGCN갧 LT-OCF눢 BPR-MF옥댦윯픣갣촤긡윰밭딤됥

뤦 픭숪픣긡 딢묣씡 팡뜤묢턡 숢갢 댦윯픣눡 괢뜡섡 먣댥 밲

윶댤갢댦윯픣눡.

7 윢혡옢섨

뀢봡윬혤섣씡댣픡윦혣육븡괥먣댥렣 5갡윣혣씤픥턡뤡

윥쀡옢픡갦윧눡. 픧혨눡씯픡혣씤픥턡뤡됥윥촡갢숣픨픣

씥븡괥픦갩혭윧눡. 괡섣윬혤섣씡댣픡윦혣육윧봢괢뜡픤

뤢괡섣픣긡윦픡댡윧턡젡찣뤥눩갩씡율눡. 괢뜡픤괡섣윥

윦픢윰갩갭뤢긡줤윩렣댢뀦육윭눥숤갪윧쀡옢윢옥섡븡

숡갪윣윤턡뜪섢윧율눡갤갪젦픡눡. 윤턡뜪섢윣씥봡뤢 1갧

0윩렣괡봢픣눢갦육옡섡븡숡 QoS댡윧턡뤢퐥봡픣갣혢옢

픣눢댡픡갩갢율눡. 윧픡갩젪윥괨밲픣긡윦픢촡혨씡갢줡

츤갢 팥픮됡 윧봢 괢뜡픤뤢 쀡옢픣씥 괢뜡픤 긡밡 혣씤 픥턡

뤡윥섦갩픦갩혭윧눡.

8 갣렣

괢뜡픤 측밣렡섢 긡밡 혣씤 픥턡뤡육 씥뜧 혫씡 댣픡 윧오

젢밤뤢퐡혩픦숢율눢윳젪윧율눡. 밥씢괡눢괢뜡픤괡젤뤢

혢옢픣눢 갦윧 QoS 뜢퀡 긡밡 촡찡씡 젣옢 갢눣픡줢 혥윤픣

옧눡. QoS 댡윧턡윣 쀡옢윢-섡븡숡 괢뜡픤뤢 쀡옢픣씥 쀡옢

윢씡 댣픡 섡븡숡 촡찡 픤련윰올퀧뤢 섦갩픣옧눡. 똡픡 QoS

씡섡윣휡섥섣묣젥씡섡괢뜡픤측밣렡섢긡밡혣씤픥턡뤡윣

섣눣윧 먣댥 긡밡 혣씤 픥턡뤡 먣댥됥 밤눡 섣눣윧 줫갢픣눢

갦윥밤옧눡. 촡혨 QoS씡댢젣픬픡먣댥윥섦갩픦갦윧갤윭

눥숤갪 뼡뤦 씭눦뜤 찣뤥뜨갧 갯육 눡씯픡 QoS 갭윥 쀡옢픦

갩혭윧눡.
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