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Ranking recommendation to implement meta-heuristic algorithm based
on multi-label k-nearest neighbor method

CUI Jian—shuangl’QT, SHANG Tian-ze, YANG Fan, YU Jing-wen
(School of Economics and Management, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: This paper designs and studies the implementation framework of a recommendation meta-heuristic algorithm
based on the multi-label k-nearest neighbor (ML-ANN). The multi-label k-nearest neighbor classification learning
technology is applied to implement the best meta-heuristic algorithm ranking recommendation. In order to verify the
effect, the multi-modal resource-constrained project scheduling problem (MRCPSP) is taken as the optimization object,
and hundreds of examples of different scales are selected to extract landmarking features and problem basic features
respectively; five meta-heuristic algorithms (genetics, particle swarm, tabu search, bee colony and ant colonies) are
selected; the ML-ENN is applied to establish a meta-recommendation model; and the Hamming loss, single error rate,
coverage rate, ranking loss and average accuracy rate are used to analyze and evaluate the recommendation effect. The
experimental results show that the meta-heuristic algorithm based on ML-kNN recommendation is effective, among
which, the single error rate of the ML-kNN based on landmarking features is 18.4 %, and the average precision is
88.9%. The ML-ENN had been acquired the better recommendation effect in relative with the single label KNN. In
addition, the ML-kNN method is able to achieve the ranking recommendations for all alternative algorithms. The
research conclusions are expected to be extended to other combinatorial optimization algorithms.

Keywords: multi-label k-nearest neighbor method; meta-heuristic algorithm; meta-learning; problem feature;

landmarking feature; algorithm recommendation
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ATATWE? & N0 I, 2 T oo 2% 2 7 ik se ik
FOEHER O A NS T W R, Smith-Miles!®) 42 {1
T R R ) AN R 2 2T Il R 4 — HE AR,
DA fife e B HE 5 1 — iy A 7 3k 75 SR ) ) A A R L
SUS-ISI R F A 22 I 24 25 50 2 2] SRV i D M SEE B T
53 T0 8 kK E A R HE . Kanda S804 A 2L T 45
BEHE AL SHE B J6 2 2 D7 VE R HE SR SR AR TRAT 7 0] R
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AR AR AE RN 2 AR S B A 1 ST SRR, 1 FH MIL-
NN I S5 245 9 B -5 397 500800 0 4 3. 72800
KA AR R B R, k. T
HER R 5 TR AR VR4, S2aR b B B R, & TR
TEbRIRE IS & NI = 145 1.

1 ML-kNNZ

181 I ML-ENN fif 1R 22 B8 25 3 25 0] A 1 Fh i
P21 — 2 ] AR I, K e R AR R — AN B A
NN [i] 7, 4k T A4 36 2 AN 140 K28, IR T o 2R
BB AR AR A RY R S,
I IR AE B 1 o 2807 VR T 2 AR A R ) L AR
AT TR R TR A,

1.1 ML-kENN SEERANH]

ML-ANN J2& 3 F M 5 10 A M5 & 3 2R 05k, K
S R G FEARE R BRI Z 52 0
I, 8 AR AR 4R 2 BT RS S Gk 3R AR o AR
X FAEAN R WREA, Go it HAE I ZREE i kA Bt
AR (bR 2 B 43 264 I, I DU 7 O v, 4ok I 5
B2 1) 21 B0 M 2R 1) 2 A s 6 A 5 A O vl 1 e 45 3 93
TUNE SR /IN, F 4 HEOE R K/ INHE P 45 H 2 b {1
HETT LA WRE A A HE .

ML-ANN HARSLHUE R U0 R s e R A o K 3
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FAREED L RAFAERREE ], N R 5N 545 sy
& VR R AE R, RN R AR2E L € LWHEE 1457
Ty, () RAE N 1L, B0, 4 N (x) Bl ke
A (M2 A% kAR AR &, H ik, n B T 28 1 2%
Sl BT )

Co(l)= > wal), 1€ L. ey

a=N(z)

X T = AMNRAREAS ¢, B RN GRE P bR H &
ANUEAB N (t). HEARERIRE UAFEA ¢ R R —,
B H ARRFEA R THR%5 1 HRRARZE IR R A
t (S, B HERRFEAR LA B TR L EL() €
0,1,.... k) RIRTEE I kAT WG 1A § A FEA
AFRZEL HIE, 25T Cy, t T 20T LA E 2R 0 1) 1 g,

yu(l) = arg max P(Hy|Eg,)), 1€y. ()

16 PR DU 377, 7K () TR
P(H})P(Eg, ) |H;)

1) = —
y: (1) arg max, P(EL, )

P(HL)P(EL, ,|HD. 3

argbreﬂ(%f) (H,)P( ct(z)| b) 3)

N T E R 1) By, BT R S B2 SR AR
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HORT LARE TR B B R IR b i L3S, BT R
T T ) 5 60 MR 2 1) M1 T MR 3

R R Dy A SE I AT e B 1.

BiA1 ML-ANNHIEL,

[ys, ¢] = ML-kENN(T, k, L1, ).

%o TSI P(HY)

1)forl € y do

2) P(H) = (s +§jymi<Z>)/<sx2+m>,

P(H}) =1— P(H).
3) end.
% 55 KR P(EL HY)
4)forie (0,1,...,t)do
5) P(Ej|HY) =

(s+cup/(qu+1)+jicm)7

6) P(Ej|Hp) =
k

(s + <L) / (sx(k+ 1)+ 3 ¢lpl);

p=0

7) end

% ﬁ_ﬁyt *D T

8) forl € y do

9) Cz(l) = Z ya(l),
a=N(z)

10) (1) = arg max P(H)P(EL, ;)| H}),

)
1) 7 (1) = P(H11;|Eit(l)) =
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P(H{)P(Ey, ) [H)

> P(H})P(E.,|Hy)
be(0,1)

12) end
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2) HE T IR 3RAT o AR A Y

@ B P AP B R )1 R A9 A5 A T TR 2
1T B, 1bb A SR FFBRR )L L A5 P

Q B IRERB S E P(HL) I P(H]);

@ FH RN kN BRI AR;

@ B ¥R —MNINGFE) 5 I kA B 41 5 451
A VU IC/AS VT BCAR L A B = vt v A BRI
Ly x (k+ 1) (AR FERE AL, Foh AT AR R, SRR T
AR, 14T (1= 1,2,..., L) 15 RAE T 135
R RARry

® HE AR Z MW Z P(EYHY) A
P(EYHY) (115 5). 6)17).

3) BT AR SR DU v, 1B — T
I S48 P U R

@ FH AR AR 1 R e 1 B AR R )1 5 5
181l 22 1) R P 15, A SR FH BR ) L B 752 2

@ MINZRE ] 4 A — AN WK A 1 kAN
R B AL

® B4 8 — NI E A 5 kAN 28 A 1)
FRADIRBLAGEC R Guit, 19 2056 T MK A7 1) kAN AT
MR & C (D) (R TIEE 9)1T);

@ ARG Cy (1) H B0 5 3855 7 1) e 365 MR 256
Ji B AR, SR UL 34 5 i B Wk 451 F 2K ) )
By, (BE LI 10)47) AR HE 4 1 S A ey (B
ETIEE 1D)AT).

1.2 ML-kNN 5> 2RI N I5FR

FEXS T BARR VI, Z AR PN Fa bR TH AL
NP AR m AN HRAE AR, VAR AR A G 5L b
AR, Z, RBFEAR § IMFR 25, M AR T b7 2
BN SR Fa br 28 8 m v R BT
FE AR (1) 52 s 2 4 5 TN s 25 4 2 0] (17 35 12 22 5K
FOR. BT P SR T 2 A, AR AR R
LT

1) # B #12k (Hamming loss, HL): H T #FA — 4~
FEAR S RIS DL BlZAE AR AR T (&8 ) 2k
P ZEAE M #8590 9 5 — bR 28, AT 5 B0 4. 1% 48 b
JE BT TN 45 RS 7415 S brbn 2 7 41 2 [ 50E
ERREE. R

1 = Y, AZ,
HL:—E il 4
m M @

i=1

Kb ARRIHEANESY, 5 Z, KR 2, R4 AL
B ais .

2) 1-85i% % (one-error, OE): FH Sl 1F fiti 76 iy H 45
RS — PR AR T L brbr B 2, 28
AT FARRE 43 2K I RTE N fe AR B R .

1 m
OE=—) Z)) € Vi),
m 2 m(argmax(Z;) € Y;)

1, z is true;
m(z) = { 5)

0, x is false.

3) % 75 % (coverage, CO): H T % £ 1E A A ) bk
T T A 7 fE SRR T REAR T A bR A BT R 4
RIREHN. A

CO = :n;max(rank(Zi)) -1 (6)

4) HEAL 512K (ranking loss, RL): A - PFA7 A
ARASFE AR S BIHEAL 151 T F8 AR 2 HEAL IR B~ 45
2. fH

I - 1
RL = — —
m 2
(D2 2) < ZiW)Uas) € Vi x T2), ()
Hp Y, 2 Y MX T E RAbR 284 L e
5) “F- 24 #EH R (average precision, AP): F T 1F44

FEREAS B ML AR 28 HE P Fe 51 v, HEAE B AN 5 b 28
I € Y ZHTHIAREE S AR2 G 1 T 2 L. £

1 1 ) Zs (k) < Zi(D), (I, 1) €Y
AP = — :
m; Yi| zk: Zi(l)

®)

2 ETML-ANN B R HEEAESE

KT HIEHESE, Ricel Jp H 45 i — MRS E
A A 5 S % PR RS A, AR HF %
LG, F 72 ) @ o] B R AE 4R 6, Y o2 BV 1 el
FERISEA. N T4 € sl o € P, HIEHERER S
TECHI A EEHE f(2) € FISH R, B HLa € A,
15 S(f(z)) = A : max{y(a(z))} € Y.

S Rice FIFAHEAE ML, ASCHAT T 3T ML-
ENN HF 44 475 70 5 R AU i) SEILHESE, &l 1 By
I~ BARSZEUE BT

1) %o 1) J S5 86 BT A 1 49 LA e/ Ak A
ZRNE NPT e R KR a, a0, .. an. T
TeA L I, FEAN AL AT BT 7 51U — B AN AR Jl
SEPAT S A BXUAA.

2) HREUEAFI AR 1) 0] R AR AN B AR REAIE

3) WP ) R & FEPATIE R G H AR
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RIS By 288
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HSIREAE
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1 ETML-ANNHRBIEE TR AR E AR LIESR

3 SRR
31 IWIMEREE

SE 36K F Matlab(2014b) 4 5 52 3. 176 HUAS [7] 3K
BL[¥) 350 1~ MRCPSP 5451 g S 46 48 5 (0 3l 4
4398 104 12 14, 164 18+ 20. 30). i%H GA. PSO.
ACS. ABCAHITB 3L 5F0 70 J5 K B EAE Rl e
BN T RS SRR A AF AT Ee s, SR a0 R L
T 48 it 1) A A [/ — & 1 H AL (CPU Core 15,8 G, 64
£1);2) & A BIRAETEAS A B IIEAT 5 IR IR 4
FEE I H; 3) %t Ak B 925 25 SR A I F6) G/ A 60 %
3 4) VI 25 R ABE I 359 B AL ECAH (7] 450 7 U1 2 A
R, IR F 10 9738 XIE; 5) 2% 18 4k 5575 35 B
6 000 X fift A9 25 bR AE.

FARAC T B I S 4000 R 1) GA: Bl RS
24, EARIREL 250, F X WEZ P = 0.85, % R M=%
Py = 0.01, F — Q0B % B R H 5 2 5 X
2) PSO: ¥i 1% 30, £ AR IR 200, = 0.8,c0 =
0.7,w = 0.93 — 0.3 x ERIREL / s REARIREL, Blbs
R T RS2 38, 3) TB: R i 1 IR M 6 000, 25 = 3%
K4, T AR AR U8 B N £ 6; 4) ABC: & 5 84020, 1%
R EL 300, 2 04 A A8 4 PR 6, T —fRIGHEE£R
AT 5)ACS:p = 0.2, = 0.1, =1,Q =
40, 5 5 H 2 30, 1A R EL 200, 15 B2 3T R H 8OF
A,

FE 7T JE R B E T, MR E A 5 i R el
NG PR R T ORI, B AP 2 T 5 ) PR
I AL K 2 P B 0 /N B, A B A L Y i A
R, TCE AT PR 2 TR (5 ). WA SCIE % GA Fh
FIAE A 24, PSO FI ACS FifF HIAS 2 30, ABC Fft R A%
420, 7E BL LAl B, DR 2 A B 6 000 fifix — B
SR, R 4R R e S kAR B AT AR BT 2. TB

VE ML 2 B2, i B AR H PR 6 000 IR, 1% T
HAh S HFR bR, A SCRYE & SRR I & ST AL
VAN SIZ56, 38 B rp R B ) IR . 1) S A

WEES LA BN, B R B S
LA e R B IR, & 5ikq €
L, WZ S5 B ot B SE BIAR S 9 1. — AN T RE 4
A ZAFRZERN RGO, B — 55 F B JE T 24K,
B LA 5 AEH 2 A BE SRR ROR HIRA X
. INZREE T2 AR EAR ) 350 /1 MRCPSP 5451 £ 45
S BT B — 3070, LR AE IR, F /)1 25
ib B 0 3 AR K 75 2 B 03 M 0 0 B IR . FE AR 2 B
A, N TS IR A St A BT 2 1 e, R G BV e 2
1B B 38 B s SR HE 2 PR AN HE i, A SCHE AN S B
FEFIBAT 5 IR JE W SEAE N 2 b 2846 B 1K
. BRI E R A EEIE AT e 45 A Brig s, (52
F R IE AT B S 2 (EAE — e Ya Bl A bR e, R
5 JLURIB AT BCF S4B 0 v A4 I 5092 Ak 2 v )
7735 11 LI 36 54 K 0 38, G A B T (i) 2 B 2 0
1. S0 R B, 7 R — S BIE AT 10 IR 2 2 K,
] — SV BT BB RO BN AR R, T 5256 35 B
ANK, DR AR S35 4% 5 YR AT BT 448
3.2 $HEFEPERIIREN
3.2.1  [AERHE

MRCPSP J& — 28 L 7 (1) NP #E 2H A AL AL I 751, S
R [27] 45 T % ) A A 5 S AR SC R RORE L
RRAE BRI, i) AR R85 DL “ RS 8k” 1E aURIE L
FOBR, FEAE n] B SR A AR AE b e R
fEsl

SCHR [12, 28] 4 F 4 Fh A2 (1) o] EARFAIE, A% SC A8
FoH P RARAE. 25 1 SRR )8 ) BE AR e Gt
THRHIE, G AR S 42 B2 | 15 fUAN B ARl 22 | W FE | IEFE
PR HHOC R A P I 5 B 2 S8 AL MR AR (I BOPR R
HERFAENS 20 A S 48 455 1 28R 8 70 Bl HR B 26 N
% MRCPSP [ AR AE RN 4 N GETHRFAE, I3 1.
6 25 B R W, ST RRAE R TR 45 R GE, Y
5 AT T S48 2 TR PR AR B ST A 15 SR T AE
M LSRG M E I RFAEAS S TH R R B, 55 2 [ 1
FH G R B 38 /N T 0.05, BOAR SCAHUH ) 26 /> F:
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9 AvgNRuse SumNRR/Anum ANH] T B T R
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12 Sucs Successors Ja AN 3 BTG Bh B
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