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Section 1 presents the pseudocodes for SwiftXML training and pre-
diction algorithms. Section 2 reports complete set of experimental
results comparing SwiftXML to various baselines in terms of both
propensity-scored precisions (PSP1,PSP3,PSP5) as well as stan-
dard precisions (P1,P3,P5). Section 3 shows the derivations for
individual steps of the alternating minimization algorithm used for
node partitioning, as well as derivations of approximations for base
classifier optimizations.

1 ALGORITHMS

Algorithm 1 SwiftXML-PREDICT({77,..97}. {p11, ... pL.}. X, 2)

fori=1,..,T do
n « 7j.root
while n.isleaf # 1 do
Wy ¢ N.Wy
W, ¢« n.wWy
if Cywlx+C,w)z > 0then
n « n.left_child
else
n « n.right_child
end if
end while
P; < n.P
end for
Ppr = %ZiTzl P;
Praity = /(1 + exp(5llx = pyl1?)) VI € (1.1}

r = ranky (a log(pr) +(1—a) log(Ptaﬂ))

returnr
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Algorithm 2 SwiftXML-TRAIN({x;,y;,zi}Y. .p,T)

fori=1,...,.Ndo
for/=1,...,Ldo

yfl =Yi/pul
end for
end for
parallel-fori =1,..,T do
root

n « new node
n”"’t Id {1, . N} # Root contains all instances
GROW-NODE-RECURSIVE({xi,y‘i’,zi}f\il,n""”)
Ji < new tree
F;.root « n"0°t

end parallel-for

for/=1,..,Ldo

ul B Zf\il Yil

end for

return {71, ...97}. {p1, ., 1L}

procedure GROW—NODE—RECURSIVE({X[,y[;,Zi }ﬁ\il,n)
if |n.Id| < MaxLeaf then
n.isleaf « 1
n.P (—PROCESS—LEAF({yIi)}?il,n)

# Make n a leaf

else # Split node and grow child nodes recursively
{n.wy,n.wz,nleft_child,n.right_child}
— SPLIT—NODE({xi,yf,zi}fil,n)
GROW-NODE-RECURSIVE({Xi,yii) sz Y n.left_child)

i=1’
GROW-NODE-RECURSIVE({xi,y‘i), Z; }f\il ,n.right_child)
end if
end procedure
d _ P\N
procedure PROCESS-LEAF({y; };_;, 1)

Zien.ldyji,
P « top-k (—\n.1d| )

return P
end procedure

# Return scores for top k labels
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Algorithm 3 SPLIT-NODE({x;, y‘? L Zj }ﬁ\i N0

Id < n.Id
51' [0] ~ {—1,1},Vi eld # Random coin tosses
Wy [0] — O,WZ [0] — O,t — 0 # Various counters
repeat
r¥[t + 1] « rank; ( zd iax 5i[t])1L(y‘i’)y§’)
iel

8[t + 1] < FDELTA(Wx, w2, 1%, {x;, ¥/, 21, 8i ()N, Id)

i=1’
Wy [t + 1] «—argmin [[wy|l; +Cx Y, log(1+ e_ai[t]WxTxi)
Wx

ield
8[t + 1] « FDELTA(Wx, Wz, 1%, {x;,y% 2, 8i[t + 11}Y |, Id)
W[t + 1] «argmin||w;|[; +C, Y, log(1+ e“si[t]szZi)
Wz ield
[t + 1] « FDELTA(Wx, Wz, 1%, {x;,y7 2, 8;[t + 11}, Id)
te—t+1
until 6[t] * 6[t - 1] # Convergence

nt < new node,n” < new node
n*.Id « {i € 1d : sign{Cywx [t]Tx; + Cow,[t]T2;} = J_rl}
return wy[t],w;[t],n",n”

procedure FDELTA(wWy, w,, 1%, {xi,y‘?,zi,éi }f\il,ld)
fori e Id do
- T
vF  Cx log(1 + e™Wxltl'xi)
+C; log(1 + e¥W=[11"2)

»
L [ Yirtreen
_CrIL(Yf) l§1 (logl(Tl))

if v* = v~ then

51.’ =;
else
8/ = sign(v™ —v%)
end if
end for

return &’
end procedure
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2 RESULTS
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Table 1: The proposed SwiftXML makes significantly more accurate predictions as compared to both state-of-the-art extreme
classifiers and classical recommendation algorithms. SwiftXML consistently improves as more and more test labels are re-
vealed, and achieves accuracy gains of upto 14% as compared to the baselines. Performance is evaluated using unbiased

propensity-scored Precision (PSP1,PSP3,PSP5).

EURLex-4K [N = 15K,D = 5K,L = 4K]

Revealed Label Percentages

Algorith 20% 40% 60% 80%
BOUMIM | psp1 PSP3 PS5 | PSP1 PSP3  PSP5 | PSP1 PSP3  PSP5 | PSP1 PSP3  PSP5
WRMF 8.87 9.80 11.05 | 12.44 13.69 16.58 | 13.59 15.50 19.77 | 13.21 18.10 22.85
SVD++ 0.17 031 0.41 0.17 0.29  0.51 0.18 034 0.61 0.14 029  0.60
BPR 1.17 1.23 1.13 1.18 0.89 1.01 1.06 0.72 0.86 1.09 1.65 2.24
PfastreXML | 43.76 45.66 48.21 | 41.05 42.99 48.64 | 39.03 42,50 51.13 | 33.29 44.21 52.46
SLEEC 34.14 39.14 4272 | 36.16 40.52 46.31 | 36.01 40.79 4856 | 34.64 44.63 51.64
PDSparse 34.49 4032 43.79 | 3452 39.80 45.72 | 3297 37.81 46.02 | 31.05 4233 49.87
DiSMEC 35.15 42.85 47.03 | 35.77 4239 48.30 | 35.87 42.93 5054 | 3444 45.11 51.63
IMC 10.28 10.73 11.23 926 990 11.45 7.94 9.02 11.45 6.11 930 11.72
Matchbox 0.25 0.48 0.50 - - - 0.59 0.65 1.00 0.60 0.79 1.09
SwiftXML 4449 46.13 48.46 | 42.83 4356 49.72 | 42.27 4472 53.12 | 38.52 48.18 55.70
Wiki10-31K [N = 14K,D = 101K, L = 31K]
Revealed Label Percentages
Algorlthm 20% 40% 0% 80%
PSP1  PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
WRMF 5.93 540 527 680 6.10 6.01 6.82 634 6.34 574  5.70 6.33
PfastreXML | 22.78 20.46 19.80 | 2048 1856 18.17 | 17.56 16.11 16.31 | 13.07 13.35 14.77
SLEEC 11.10 1192 1242 | 11.21 11.94 12,57 | 10.92 11.51 12.28 9.83 10.58 12.14
PDSparse 9.54 8.95 8.02 8.94 7.97 6.78 7.94 6.76 5.72 6.09 5.18 4.73
DiSMEC 11.99 14.10 1547 | 11.87 13.81 15.19 | 1143 13.01 14.53 | 10.23 11.83 13.87
IMC 2.57 2.38 2.36 3.63 3.40 3.42 4.04 3.80 3.87 3.10 3.45 3.98
SwiftXML 23.10 20.63 19.92 | 21.30 1935 19.07 | 17.75 16.60 17.06 | 14.17 14.49 16.23
AmazonCat-13K [N = 1.18M,D = 203K, L = 13K]
Revealed Label Percentages
Algorlthm 20% 40% o 80%
PSP1  PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
PfastreXML | 70.36 73.92 76.32 | 70.30 73.22 75.80 | 69.23 7239 75.17 | 66.80 71.55 76.30
PDSparse 50.65 62.57 65.25 | 53.52 64.27 61.61 | 5590 61.18 5837 | 58.17 57.41 57.47
SwiftXML 70.40 7444 77.17 | 73.89 7794 81.10 | 76.37 81.00 83.77 | 79.78 84.31 87.83
CitationNetwork-36K [N=62K, D=39K, L=36K]
Revealed Label Percentages
Algorithm 20% 40% 60% 80%
PSP1  PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
PfastreXML | 11.10 13.31 15.39 | 10.26 12.75 15.19 9.04 12,59 15.30 7.70 1246 15.24
SLEEC 7.41 943 11.35 7.65 10.08 12.43 7.37 10.80 13.36 6.40 1091 13.79
PDSparse 10.14 12.71 14.65 931 12.27 14.48 8.36 12.02 14.05 7.18 12.06 14.21
DiSMEC 11.94 15.11 17.84 | 11.22 14.66 17.78 9.94 1472 18.06 8.81 15.02 18.49
SwiftXML 11.84 14.57 16.92 | 11.50 14.86 17.84 | 11.48 16.12 19.44 9.97 1579 19.34
Amazon-79K [N = 490K, D = 136K, L = 79K]
Revealed Label Percentages
Algorithm 20% 40% 60% 80%
PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
PfastreXML | 25.92 31.56 36.39 | 25.39 31.52 36.14 | 24.19 3250 36.61 | 22.92 31.82 35.40
SLEEC 1543 1998 23.83 | 1791 23.87 2830 | 18.88 27.58 32.24 | 18.26 27.32 31.33
PDSparse 23.60 29.51 34.12 | 23.11 29.55 33.57 | 21.88 30.12 33.54 | 20.59 29.82 32.85
DiSMEC 27.13 35.15 41.89 | 26.67 3534 4194 | 25.53 36.54 4254 | 2443 3631 41.86
SwiftXML 26.48 3243 37.69 | 2942 37.64 42.80 | 36.04 47.40 5133 | 35.15 46.47 49.44
Wikipedia-500K [N = 1.81M,D = 2.38M, L = 501K]
Revealed Label Percentages
Algorlthm 20% 40% 60% 80%
PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1  PSP3 PSP5 | PSP1  PSP3  PSP5
PfastreXML | 33.76 32.00 33.34 | 32.17 31.19 3335 | 29.38 30.27 33.22 | 26.26 31.39 35.22
SwiftXML 3548 33.42 3476 | 3419 33.04 3531 | 3149 3249 35.68 | 2833 33.90 38.07
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Table 2: The proposed SwiftXML makes significantly more accurate predictions as compared to both state-of-the-art extreme
classifiers and classical recommendation algorithms. SwiftXML consistently improves as more and more test labels are re-
vealed, and achieves accuracy gains of upto 14% as compared to the baselines. Performance is evaluated using unbiased
propensity-scored nDCG (PSN1,PSN3,PSN5).

EURLex-4K [N = 15K,D = 5K,L = 4K]

Revealed Label Percentages

Algorithm 20% 40% 60% 80%

PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3  PSN5
WRMF 887 954 1029 | 1244 1331 14.90 | 1359 14.81 1698 | 13.21 16.16 18.30
SVD++ 017 026 032 017 025 037 | 018 027 041 | 014 022  0.36
BPR 117 122 116 | 118 097 1.03| 1.06 081 089 | 1.09 142 168
PfastreXML | 43.76 4516 46.67 | 41.05 42.43 4553 | 39.03 41.19 4557 | 3329 39.81 43.54
SLEEC 3414 37.82 40.05 | 36.16 3931 4254 | 36.01 39.16 43.11 | 34.64 40.63 43.82
PDSparse | 3449 3873 4093 | 3452 3834 41.65 | 32.97 36.16 40.33 | 31.05 37.89 41.29
DiSMEC 3515 40.75 43.45 | 3577 4053 43.87 | 3587 40.63 44.51 | 3444 40.95 43.91
IMC 1028 1065 1094 | 926 975 1058 | 7.94 867 990 | 611 806 9.15
Matchbox - - - - - - - - - -0 - -
SwiftXML | 44.49 4567 47.04 | 42.83 4340 46.75 | 42.27 4377 48.02 | 38.52 44.33 47.73

Wiki10-31K [N = 14K,D = 101K, L = 31K]

Revealed Label Percentages

: 20% 40% 0% 80%

Algorithm | o\ pSN3  PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3  PSN5 | PSNI PSN3  PSN5
WRMF 593 553 543 | 680 626 618 | 682 645 643 | 574 568 603
PlastreXML | 2278 21.04 20.50 | 2048 19.05 1872 | 17.56 1649 1654 | 13.07 1323 1401
SLEEC 1110 1173 1208 | 1121 1176 1218 | 1092 1134 1183 | 9.83 1033 11.20
PDSparse 954 911 850 | 894 823 746 | 794 708 642 | 609 545 518
DiSMEC 1199 1356 1453 | 11.87 1331 1424 | 1143 12559 1355 | 1023 1132 1247
IMC 257 243 241 | 363 347 347 | 404 386 390 | 310 336 365

SwiftXML | 23.10 2123 20.66 | 21.30 19.84 1957 | 17.75 16.87 17.10 | 1417 1436 1532

AmazonCat-13K [N = 1.18M,D = 203K, L = 13K]
Revealed Label Percentages

20% 40% o
PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5
69.23 7130 72.78

PfastreXML | 70.36 72.94 74.44 | 7030 72.37 73.89
PDSparse 50.65 59.28 61.35 | 53.52 61.28 60.08 | 55.90 59.87 58.46
SwiftXML 70.40 73.35 75.05 | 73.89 76.78 78.65 | 76.37 79.48 80.98

CitationNetwork-36K [N=62K, D=39K, L=36K]

80%
PSN1 PSN3 PSN5

66.80 69.68 71.86
58.17 57.65 57.68
79.78  82.60 84.22

Algorithm

Revealed Label Percentages
Algorithm 20% 40% 0% 80%
PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5

PfastreXML | 11.10 12.61 13.76 | 10.26 11.89 13.16 9.04 11.29 1259 7.70 10.54 11.74

SLEEC 7.41 8.78 9.85 7.65 9.25 1048 7.37 9.55 10.78 6.40 9.07 10.32
PDSparse 10.14 11.89 12.98 931 11.26 12.27 836 10.67 11.66 7.18 10.08 11.02
DiSMEC 11.94 14.09 15.61 | 11.22 1348 15.11 9.94 1297 14.58 8.81 1250 14.00

SwiftXML 11.84 13.71 15.02 | 11.50 13.71 15.27 | 11.48 14.42 16.02 997 1345 1499
Amazon-79K [N = 490K,D = 136K, L = 79K]

Revealed Label Percentages

; 20% 40% 0% 80%

Algorithm | 5o\ pN3 PSN5 | PSNI PSN3  PSN5 | PSN1 PSNs PSN5 | PSNI  PSN3  PSNS
PfastreXML N - _ _ N - - _ N N - _
SLEEC 1543 1849 2049 | 17.91 2175 2390 | 18.88 2421 2629 | 1826 23.56 25.23
PDSparse | 23.60 2757 2997 | 23.11 2724 2920 | 21.88 26.97 2851 | 2059 26.03 27.20
DiSMEC 2713 3252 3602 | 26.67 32.26 3545 | 2553 3230 3497 | 2443 3139 3368
SwiftXML z - - - - - - - - Z Z -

Wikipedia-500K [N = 1.81M,D = 2.38M, L = 501K]
Revealed Label Percentages

20% 40% 60% 80%
PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3  PSN5

PfastreXML | 33.76 3245 33.13 | 32.17 31.36 32.48 | 29.38 29.81 31.27 | 26.26 29.35 31.07
SwiftXML 3548 3395 34.63 | 3419 33.25 3443 | 3149 3198 33.57 | 2833 31.69 33.55

Algorithm
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Table 3: The proposed SwiftXML performs consistently better, across different revealed label percentages, as compared to
baseline PfastreXML extensions: PfastreXML-early and PfastreXML-late. Performance is evaluated according to the unbiased
propensity scored Precisions (PSP1,PSP3,PSP5).

EURLex-4K [N = 15K,D = 5K, L = 4K]

Revealed Label Percentages

Aleorith 20% 40% 60% 80%

BOTHMN | pspy  psp3  PSP5 | PSP1 PSP3  PSP5 | PSP1  PSP3  PSP5 | PSP1  PSP3  PSP5
PfastreXML-carly | 43.67 45.11 47.29 | 41.77 43.54 49.82 | 39.30 43.08 52.04 | 35.31 46.10 54.40
PfastreXML-late 43.76 45.66 48.21 | 42.17 43,55 49.55 | 39.64 43.57 52.25 | 31.13 40.13 46.05
SwiftXML 43.03 44.49 46.65 | 42.83 4356 49.72 | 42.27 44.72 53.12 | 38.52 48.18 55.70
Wiki10-31K [N = 14K,D = 101K, L = 31K]

Revealed Label Percentages
Alsorithm 20% 40% 60% 80%

& PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
PfastreXML-early | 22.98 20.40 19.59 | 20.29 1852 18.17 | 17.50 16.15 16.31 | 13.27 13.52 14.94
PfastreXML-late 22.78 20.46 19.80 | 20.63 18.47 18.03 | 17.56 16.11 16.31 | 13.20 13.28 14.65
SwiftXML 23.10 20.63 1992 | 21.30 19.35 19.07 | 17.75 16.60 17.06 | 14.17 14.49 16.23
AmazonCat-13K [N = 1.18M,D = 203K, L = 13K]

Revealed Label Percentages
Alsorithm 20% 40% 60% 80%

& PSP1 PSP3 PSP5 | PSP1  PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
PfastreXML-early | 67.95 71.42 74.56 | 71.39 7530 78.53 | 72.87 76.98 79.77 | 71.57 76.93 81.52
PfastreXML-late 69.83 73.70 76.23 | 70.86 74.72 78.20 | 72.65 77.78 81.43 | 73.60 80.74 85.40
SwiftXML 70.40 74.44 77.17 | 73.89 77.94 81.10 | 76.37 81.00 83.77 | 79.78 84.31 87.83
CitationNetwork-36K [N = 62K,D = 39K, L = 36K]

Revealed Label Percentages
Alsorithm 20% 40% 60% 80%

& pSP1  PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
PfastreXML-early | 10.74 12.98 15.04 | 10.08 12.55 15.08 9.14 12.65 1543 7.88 12.60 15.54
PfastreXML-late 11.11  13.57 15.73 | 10.92 14.16 17.12 | 10.53 15.27 19.11 9.25 15.73 19.86
SwiftXML 11.84 1457 1692 | 11.50 14.86 17.84 | 1148 16.12 19.44 9.97 1579 19.34
Amazon-79K [N = 490K,D = 136K, L = 79K]

Revealed Label Percentages
Alsorithm 20% 40% 60% 80%

& PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
PfastreXML-early | 25.83 31.45 36.45 | 25.32 3147 36.18 | 24.08 32.42 36.64 | 22.76 31.75 35.43
PfastreXML-late 25.20 3143 36.71 | 27.18 34.80 40.42 | 30.35 41.22 46.71 | 30.14 41.55 45.98
SwiftXML 26.48 32.43 37.69 | 2942 37.64 42.80 | 36.04 47.40 5133 | 35.15 46.47 49.44
Wikipedia-500K [N = 1.81M,D = 2.38M,L = 501K]

Revealed Label Percentages
Alsorithm 20% 40% 60% 80%

& PSP1 PSP3 PSP5 | PSP1  PSP3 PSP5 | PSP1 PSP3 PSP5 | PSP1 PSP3 PSP5
PfastreXML-carly | 34.59 32.86 34.23 | 33.14 32.24 34.44 | 30.37 31.39 3443 | 27.16 3251 36.47
PfastreXML-late 33.88 3235 33.78 | 32.30 31.83 34.26 | 2990 31.49 34.88 | 27.42 3332 37.66
SwiftXML 3548 33.42 34.76 | 34.19 33.04 35.31 | 3149 3249 35.68 | 28.33 33.90 38.07
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Table 4: The proposed SwiftXML performs consistently better, across different revealed label percentages, as compared to
baseline PfastreXML extensions: PfastreXML-early and PfastreXML-late. Performance is evaluated according to the unbiased
propensity scored nDCGs (PSN1,PSN3,PSN5).

EURLex-4K [N = 15K,D = 5K, L = 4K]

Revealed Label Percentages
20% 40% 60% 80%
PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5

PfastreXML-early | 43.67 44.70 4599 | 41.77 43.05 46.50 | 39.30 41.70 46.25 | 35.31 44.03 45.49
PfastreXML-late 4376 45.16 46.67 | 42.17 43.16 46.46 | 39.64 42.15 46.56 | 31.13 36.64 39.30
SwiftXML 44.49 45.67 47.04 | 4283 4340 46.75 | 42.27 43.77 48.02 | 38.52 4433 47.73

Algorithm

Wiki10-31K [N = 14K,D = 101K, L = 31K]

Revealed Label Percentages
20% 40% 60% 80%
PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3  PSN5

PfastreXML-early | 22.98  21.03  20.39 | 20.29 18.95 18.66 | 17.50 16.48 16.53 | 13.27 13.41 14.19
PfastreXML-late 22.78 21.04 20.50 | 20.63 19.01 18.64 | 17.56 16.49 16.54 | 13.20 13.21 13.96
SwiftXML 23.10 21.23 20.66 | 21.30 19.84 19.57 | 17.75 16.87 17.10 | 14.17 1436 15.32

Algorithm

AmazonCat-13K [N = 1.18M,D = 203K, L = 13K]

Revealed Label Percentages
20% 40% 60% 80%
PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3  PSN5

PfastreXML-early | 67.95 70.45 7238 | 71.39 7416 76.07 | 72.87 75.62 77.12 | 71.57 76.08 76.97
PfastreXML-late 69.83 72.65 74.22 | 70.86 73.61 75.66 | 72.65 76.04 78.00 | 73.60 78.06 80.21
SwiftXML 70.40 7335 75.05 | 73.89 76.78 78.65 | 7637 79.48 80.98 | 79.78 82.60 84.22

Algorithm

CitationNetwork-36K [N = 62K,D = 39K, L = 36K]

Revealed Label Percentages
20% 40% 60% 80%
PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5

PfastreXML-early | 10.74 1227 13.41 | 10.08 11.71 13.03 9.14 1138 12.71 7.88 10.72 11.98
PfastreXML-late 11.11  12.79 1398 | 1092 13.06 14.61 | 10.53 13.52 15.36 9.25 13.12 14.89
SwiftXML 11.84 13.71 15.02 | 11.50 13.71 15.27 | 11.48 14.42 16.02 9.97 1345 14.99

Algorithm

Amazon-79K [N = 490K,D = 136K,L = 79K]

Revealed Label Percentages
20% 40% 60% 80%

Algorithm | Lo\ poN3  PSN5 | PSNT PSN3  PSN5 | PSNI PSN3  PSN5 | PSNI  PSN3  PSNS

PfastreXML-early - - - - — - - — — — — _
PfastreXML-late - - . — - - — — — — — _
SwiftXML - - - - - - - - _ _ _ _

Wikipedia-500K [N = 1.81M,D = 2.38M,L = 501K]

Revealed Label Percentages
20% 40% 60% 80%
PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5 | PSN1 PSN3 PSN5

PfastreXML-early | 34.59  33.29 3399 | 33.14 32.38 33.53 | 30.37 30.88 3239 | 27.16 30.39 32.16
PfastreXML-late 33.88 3235 32.72 | 3230 31.84 33.12 | 29.90 30.79 3248 | 27.42 30.99 32.92
SwiftXML 3548 33.95 34.63 | 3419 33.25 3443 | 3149 3198 33,57 | 28.33 31.69 33.55

Algorithm
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Table 5: The proposed SwiftXML makes significantly more accurate predictions as compared to both state-of-the-art extreme
classifiers as well as classical recommendation algorithms. SwiftXML consistently improves as more and more test labels
are revealed, and achieves accuracy gains of upto 3% as compared to the baselines. Performance is evaluated using standard
precisions (P1,P3,P5).

EURLex-4K [N = 15K,D = 5K, L = 4K]

Revealed Label Percentages
Alsorithm 20% 40% 60% 80%

8 PL  P3 P5| PL P3 P5| P1L P3 P5| P1 P3 P5
WRMF 2271 17.20 14.27 | 28.77 21.02 16.71 | 27.80 18.66 14.17 | 22.11 12.95 9.69
SVD++ 0.42 0.56 0.55 0.39 0.49 0.56 0.37 0.44 0.49 0.24 0.23 0.30
BPR 3.87 2.83 1.93 3.57 1.81 1.34 2.79 1.13 0.79 2.23 1.49 1.20
PfastreXML | 67.52 56.94 47.50 | 61.41 49.81 3856 | 53.08 38.99 29.03 | 38.86 24.20 17.54
SLEEC 72.72 57.63 46.01 | 70.73 5231 39.16 | 62.77 41.66 29.52 | 49.93 2736 18.53
PDSparse 71.44 57.13 4584 | 6542 49.52 37.39 | 55.21 37.32 2696 | 43.50 24.84 17.34
DiSMEC 78.10 64.27 51.17 | 72.59 55.81 40.99 | 64.19 44.05 3039 | 50.85 27.72 18.42
IMC 29.38 2059 15.86 | 24.26 16.78 12.64 | 18.54 12.21 9.14 | 11.76 7.52 5.54
Matchbox 0.58 0.78 0.59 - - - 1.26 0.85 0.73 1.08 0.60 0.49
SwiftXML 67.58 55.02 4540 | 64.53 49.59 38.78 | 58.15 40.90 29.87 | 47.02 26.74 18.65
Wiki10-31K [N = 14K,D = 101K, L = 31K]

Revealed Label Percentages
Algorithm 20% 40% 60% 80%

& PL P3 P5| P1L P3 P5| P1L P3 P5| P1 P3 P5
WRMF 35,50 25.82 21.03 | 37.94 26.26 20.86 | 34.57 23.08 17.67 | 23.78 14.72 11.10
PfastreXML | 62.59 52.47 46.23 | 55.20 44.31 38.34 | 44.68 33.84 2843 | 29.55 20.91 17.02
SLEEC 78.88 6435 53.29 | 73.61 57.07 46.29 | 63.13 4531 3550 | 44.60 28.17 21.05
PDSparse 75.47 54.87 41.11 | 65.90 44.22 30.68 | 52.75 31.91 20.93 | 32.68 17.39 10.95
DiSMEC 80.52 68.38 58.62 | 73.34 5891 49.05 | 62.14 45.87 36.59 | 42.99 28.17 21.31
IMC 5.65 4.98 4.65 6.18 5.15 4.57 6.03 4.65 3.95 3.72 2.95 2.46
SwiftXML 60.85 51.15 4548 | 55.09 44.97 39.27 | 47.85 36.83 30.96 | 30.83 2232 18.06
AmazonCat-13K [N = 1.18M,D = 203K,L = 13K]

Revealed Label Percentages
Aleorithm 20% 40% 60% 80%

& PL  P3 P5| P1L P3 P5| P1L P3 P5| P1 P3 P5
PfastreXML | 85.42 74.82 60.20 | 82.93 68.60 49.56 | 78.37 53.00 36.23 | 71.02 33.53 21.88
PDSparse 8791 72.01 54.23 | 84.46 64.59 42.27 | 78.18 47.19 2939 | 67.21 28.22 17.25
SwiftXML 86.69 76.08 61.12 | 88.03 73.11 52.94 | 86.73 59.12 40.17 | 84.81 39.28 24.96
CitationNetwork-36K [N = 62K,D = 39K,L = 36K]

Revealed Label Percentages
Alsorithm 20% 40% 60% 80%

S PL  P3 P5| PL P3 P5| P1 P3 P5| P1 P3 P5
PfastreXML | 18.61 13.92 11.12 | 16.59 11.93 9.35 | 13.55 9.30 7.13 | 10.60 6.75 5.05
SLEEC 15.61 10.56 8.32 | 15.25 9.95 7.64 | 13.22 8.22 6.11 | 10.19 6.00 4.41
PDSparse 19.02 13.27 10.16 | 16.78 11.32 8.31 | 13.62 8.63 6.18 | 10.55 6.27 4.39
SwiftXML 20.23 15.11 12.06 | 19.11 13.75 10.76 | 17.35 11.53 8.68 | 13.88 8.24 6.11
Amazon-79K [N = 490K,D = 136K,L = 79K]

Revealed Label Percentages
Alsorith 20% 40% 60% 80%
gorithm Pt P3 P5| P1 P3 P5| P1  P3 P5| P1 P3 P5
PfastreXML | 32.32 2270 16.55 | 31.19 20.39 14.15 | 28.44 1596 10.77 | 25.99 12.26 8.18
SLEEC 20.85 14.72 10.89 | 2343 15.62 11.02 | 23.22 13.52 9.32 | 21.33 1043 7.07
PDSparse 30.06 20.95 15.17 | 28.78 18.78 12.83 | 25.87 14.50 9.65 | 23.39 11.24 7.40
DiSMEC 35.26 25.02 1853 | 33.88 2249 1594 | 30.68 17.59 12.14 | 27.99 13.65 9.34
SwiftXML 33.21 27.70 17.05 | 35.88 23.86 16.35 | 39.27 21.61 14.06 | 36.90 16.52 10.56
Wikipedia-500K [N = 1.81M,D = 2.38M,L = 501K]
Revealed Label Percentages
Alsorith 20% 40% 60% 80%
gorithm PL P3 P5| PL P3 P5| PlL P3 P5| PL P3 P5
PfastreXML | 57.78 38.14 28.62 | 52.20 32.48 23.70 | 43.53 24.59 17.49 | 3340 16.69 11438
SwiftXML 59.58 39.07 29.21 | 54.54 33.66 24.44 | 4595 25.76 1822 | 3548 17.51 11.99
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Table 6: The proposed SwiftXML makes significantly more accurate predictions as compared to both state-of-the-art extreme
classifiers as well as classical recommendation algorithms. SwiftXML consistently improves as more and more test labels are
revealed, and achieves accuracy gains of upto 3% as compared to the baselines. Performance is evaluated using standard nDCG
metrics (N1,N3,N5).

EURLex-4K [N = 15K,D = 5K, L = 4K]

Revealed Label Percentages
20% 40% 60% 80%

Algorithm NI N3 N5| NI N3 N5| NI N3 N5| NI N3 N5
WRMF 2271 1843 1684 | 28.77 2299 2405 | 27.80 2334 2627 | 22.11 2376 26.66
SVD++ 042 052 056 | 039 045 065| 037 047 072| 024 036 061
BPR 387 307 247 | 357 220 217 | 279 164 174 | 223 249 295
PlastreXML | 67.52 5972 57.08 | 6141 53.63 55.69 | 53.08 4835 53.97 | 38.86 4471 49.22
SLEEC 7272 6148 56.87 | 70.73 57.68 5845 | 62.77 53.06 57.42 | 4993 5225 5547
PDSparse | 7144 6074 56.61 | 6542 5437 5552 | 55.21 4754 52.01 | 4350  47.14 5076
DiSMEC | 7810 67.83 6294 | 7259 6093 61.30 | 6419 5575 5957 | 50.85 53.32 56.06
IMC 2038 2271 2040 | 2426 18.80 18.99 | 1854 1547 17.28 | 1176 1357 1520
MatCthX - - - - - - - d - bt - -
SwiftXML | 67.58 5819 5515 | 6453 5416 56.44 | 58.15 5115 5639 | 47.02 5048 54.39

Wiki10-31K [N = 14K,D = 101K, L = 31K]

Revealed Label Percentages

Algorithm 20% 40% 60% 80%

N1 N3 N5 N1 N3 N5 N1 N3 N5 N1 N3 N5
WRMF 35.50 27.98 24.08 | 37.94 2881 24.41 | 34.57 25.59 21.45 | 23.78 17.00 15.60
PfastreXML | 62.59 54.77 49.87 | 55.20 46.80 42.11 | 44.68 36.31 32.49 | 29.55 2345 22.98
SLEEC 78.88 67.81 59.27 | 73.61 60.94 52.55 | 63.13 4938 42.18 | 44.60  32.58 30.11
PDSparse 75.47 59.54 4883 | 65.90 49.10 38.51 | 52.75 36.56 28.15 | 32.68 121.25 17.98
DiSMEC 80.52 71.22 63.78 | 73.34 62.27 54.68 | 62.14 49.65 42.94 | 4299  32.27 30.02
IMC 5.65 515  4.88 6.18  5.41 494 | 6.03 497 445 3.72 3.20 3.10

SwiftXML 60.85 53.32 4885 | 55.09 47.27 42.81 | 47.85 39.30 35.21 | 30.83 2491 2432

AmazonCat-13K [N = 1.18M,D = 203K, L = 13K]

Revealed Label Percentages
Algorithm 20% 40% 60% 80%
& N1 N3 N5| NI N3 N5| NI N3 N5| N1 N3 N5

PfastreXML | 85.42 82.35 82.49 | 8293 79.65 81.12 | 78.37 77.59 79.41 | 71.02 75.06  77.26

PDSparse 87.91 80.72 7794 | 84.46 76.75 74.74 | 78.18 72.28 71.49 | 67.21 67.90 67.97
SwiftXML 86.69 8353 83.35 | 88.03 84.40 85.73 | 86.73 85.77 87.17 | 84.81 87.23 88.64

CitationNetwork-36K [N = 62K,D = 39K, L = 36K]

Revealed Label Percentages
40% 60%

20% 80%

Algorithm 1 \y N3 N5 ‘ NI N3 N5 ‘ NI N3 N5 ‘ NI N3 N5
PfastreXML | 18.61 1839 1933 | 1659 1695 1841 | 1355 1564 1736 | 1060 1457 16.34
SLEEC 1561 1394 1425 | 1525 1400 1484 | 1322 13.85 1505 | 10.19 13.04 1443

PDSparse 19.02 17.84 18.35 | 16.78 16.40 17.30 | 13.62 14.97 16.12 | 10.55 13.89 15.08
SwiftXML 20.23 19.87 20.78 | 19.11 19.23 20.76 | 17.35 19.15 20.95 | 13.88 17.86 19.83

Amazon-79K [N = 490K,D = 136K, L = 79K]

Revealed Label Percentages

Alworith 20% 40% 60% 80%
gorithm N1 N3 N5 N1 N3 N5 N1 N3 N5 N1 N3 N5
PfastreXML - - - - - - - - - - - -
SLEEC 20.85 21.19 2231 | 2343 2385 2558 | 23.22 2593 27.77 | 21.33  26.54 28.18
PDSparse | 30.06 31.04 32.87 | 2878 30.37 3231 | 25.87 29.56 31.18 | 2339  29.04 30.39
DiSMEC 3526 36.92 39.58 | 33.88 36.23 39.19 | 30.68 3554 38.14 | 27.99  35.03 37.36
SwiftXML - - - - - - - - - - - -

Wikipedia-500K [N = 1.81M,D = 2.38M,L = 501K]

Revealed Label Percentages
Algorithm 20% 40% 60% 80%
& NI N3 N5| NI N3 N5| NI N3 N5| NI N3 N5

PfastreXML | 57.78 48.61 47.23 | 52.20 44.41 4459 | 43.53 40.25 4156 | 33.40 36.45 38.50
SwiftXML 59.58 49.75 48.11 | 54.54 4593 4591 | 4595 4195 43.17 | 3548 38.19 40.23
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Table 7: The proposed SwiftXML performs consistently better, across different revealed label percentages, as compared to base-
line PfastreXML extensions which make use of label features. Performance is evaluated according to the standard Precisions
(P1,P3,P5).

EURLex-4K [N = 15K,D = 5K, L = 4K]

Revealed Label Percentages
20% 40% 60% 80%
P1 P3 P5 P1 P3 P5 P1 P3 P5 P1 P3 P5

PfastreXML-early | 66.79  55.23 46.14 | 61.54 49.31 3898 | 53.71 39.27 29.23 | 41.56 2545 18.18
PfastreXML-late | 67.52 56.94 47.50 | 62.09 49.51 38.78 | 53.66 39.52 29.16 | 37.36 22.09 15.42
SwiftXML 67.58 55.02 4540 | 64.53 49.59 38.78 | 58.15 40.90 29.87 | 47.02 26.74 18.65

Algorithm

Wiki10-31K [N = 14K,D = 101K, L = 31K]

Revealed Label Percentages
20% 40% 60% 80%
P1 P3 P5 P1 P3 P5 P1 P3 P5 P1 P3 P5

PfastreXML-early | 61.59 51.19 44.96 | 54.94 44.51 38.46 | 44.53 34.10 2858 | 30.74 21.55 17.36
PfastreXML-late | 62.59 52.47 46.23 | 53.69 43.13 37.16 | 44.68 33.84 2843 | 30.18 20.93 17.01
SwiftXML 60.85 51.15 4548 | 55.09 44.97 39.27 | 47.85 36.83 30.96 | 30.83 22.32 18.06

Algorithm

AmazonCat-13K [N = 1.18M,D = 203K, L = 13K]

Revealed Label Percentages
20% 40% 60% 80%
P1 P3 P5 P1 P3 P5 P1 P3 P5 P1 P3 P5

PfastreXML-early | 80.36 70.99 58.12 | 82.82 70.01 51.09 | 82.13 56.20 3836 | 76.00 36.00 23.34
PfastreXML-late | 85.92  75.21 60.43 | 85.39 70.50 51.30 | 83.61 56.97 39.14 | 78.50 37.67 24.31
SwiftXML 86.69 76.08 61.12 | 88.03 73.11 5294 | 86.73 59.12 40.17 | 84.81 39.28 24.96

Algorithm

CitationNetwork-36K [N = 62K,D = 39K, L = 36K]

Revealed Label Percentages
20% 40% 60% 80%
P1 P3 P5 P1 P3 P5 P1 P3 P5 P1 P3 P5

PfastreXML-early | 18.36  13.72 10.97 | 16.62 11.87 9.36 | 14.02 944 723 | 11.00  6.88 5.17
PlastreXML-late | 19.31  14.12 11.14 | 17.31 1254 9.85 | 1479 10.24 8.02 | 11.87  7.66 5.84
SwiftXML 20.23 15.11 12.06 | 19.11 13.75 10.76 | 17.35 11.53 8.68 | 13.88 824 6.11

Algorithm

Amazon-79K [N = 490K,D = 136K, L = 79K]

Revealed Label Percentages
20% 40% 60% 80%

Algorithm PL P3 P5| PL P3 P5| PL P3 P5| PL P3 PS5

PfastreXML-early | 32.30 22.68 16.58 | 31.19 20.41 14.18 | 28.42 1594 10.79 | 25.90 12.26  8.20
PfastreXML-late | 31.44 22.48 16.54 | 32.92 22.08 15.47 | 34.08 19.33 13.10 | 32.46 15.19 10.07
SwiftXML 33.21 27.70 17.05 | 35.88 23.86 16.35 | 39.27 21.61 14.06 | 36.90 16.52 10.56

Wikipedia-500K [N = 1.81M,D = 2.38M,L = 501K]

Revealed Label Percentages
20% 40% 60% 80%
P1 P3 P5 P1 P3 P5 P1 P3 P5 P1 P3 P5

PlastreXML-early | 57.81 38.63 29.06 | 52.62 33.19 24.22 | 4425 2526 1795 | 3411 17.13 11.78
PfastreXML-late | 57.11 38.30 28.83 | 52.24 33.16 24.27 | 44.43 25.58 18.24 | 3494 17.62 12.13
SwiftXML 59.58 39.07 29.21 | 54.54 33.66 24.44 | 4595 2576 18.22 | 3548 17.51 11.99

Algorithm
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Table 8: The proposed SwiftXML performs consistently better, across different revealed label percentages, as compared to
baseline PfastreXML extensions which make use of label features. Performance is evaluated according to the standard nDCG
metrics (N1,N3,N5).

EURLex-4K [N = 15K,D = 5K, L = 4K]

Revealed Label Percentages
20% 40% 60% 80%
N1 N3 N5 N1 N3 N5 N1 N3 N5 N1 N3 N5

PfastreXML-early | 66.79  58.15 55.64 | 61.54 53.28 56.05 | 53.71 48.70 54.37 | 41.56 49.62 51.35
PfastreXML-late | 67.52  59.72 57.08 | 62.09 53.55 56.03 | 53.66 49.00 54.43 | 37.36 42.89 44.31
SwiftXML 67.58 58.19 55.15 | 64.53 54.16 56.44 | 58.15 51.15 56.39 | 47.02 50.48 54.39

Algorithm

Wiki10-31K [N = 14K,D = 101K, L = 31K]

Revealed Label Percentages
20% 40% 60% 80%
N1 N3 N5 N1 N3 N5 N1 N3 N5 N1 N3 N5

PfastreXML-early | 61.59 53.53 48.63 | 54.94 46.86 42.16 | 44.53 36.45 3259 | 30.74 24.22 23.56
PfastreXML-late | 62.59 54.77 49.87 | 53.69 45.52 40.86 | 44.68 36.31 32.49 | 30.18 23.58 23.05
SwiftXML 60.85 53.32 4885 | 55.09 47.27 42.81 | 47.85 3930 35.21 | 30.83 2491 2432

Algorithm

AmazonCat-13K [N = 1.18M,D = 203K, L = 13K]

Revealed Label Percentages
20% 40% 60% 80%
N1 N3 N5 N1 N3 N5 N1 N3 N5 N1 N3 N5

PfastreXML-early | 80.36  77.68 78.26 | 82.82 80.28 82.09 | 82.13 81.82 83.54 | 76.00 80.25 82.31
PfastreXML-late | 85.92 82.76 82.78 | 85.39 81.72 83.26 | 83.61 82.66 84.41 | 78.50 82.57 84.48
SwiftXML 86.69 83.53 8335 | 88.03 84.40 85.73 | 86.73 85.77 87.17 | 84.81 87.23 88.64

Algorithm

CitationNetwork-36K [N = 62K,D = 39K, L = 36K]

Revealed Label Percentages
20% 40% 60% 80%
N1 N3 N5 N1 N3 N5 N1 N3 N5 N1 N3 N5

PfastreXML-early | 18.36  18.03 18.88 | 16.62 16.78 18.23 | 14.02 15.89 17.60 | 11.00 14.90 16.73
PfastreXML-late | 19.31  18.91 19.72 | 17.31 17.83 19.32 | 1479 17.08 19.12 | 11.87 16.33 18.50
SwiftXML 20.23 19.87 20.78 | 19.11 19.23 20.76 | 17.35 19.15 20.95 | 13.88 17.86 19.83

Algorithm

Amazon-79K [N = 490K,D = 136K, L = 79K]

Revealed Label Percentages
20% 40% 60% 80%

Algorithm |7 'N3 Ns| NI N3 Ns| NI N3 NS| NI N3 NS

PfastreXML-early - - - - - - - — — - — —
PfastreXML-late - - - - - - — — — — — _
SwiftXML - - - - - - - - _ _ _ _

Wikipedia-500K [N = 1.81M,D = 2.38M,L = 501K]

Revealed Label Percentages
20% 40% 60% 80%
N1 N3 N5 N1 N3 N5 N1 N3 N5 N1 N3 N5

PlastreXML-early | 57.81 49.98 47.62 | 52.62 45.08 45.27 | 44.25 41.11 4246 | 3411 3732 3941
PfastreXML-late | 57.11 48.61 47.35 | 52.24 4495 45.12 | 44.43 41.28 42.63 | 34.94 38.02 40.18
SwiftXML 59.58 49.75 48.11 | 54.54 4593 4591 | 4595 4195 43.17 | 3548 38.19 40.23

Algorithm
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3 DERIVATIONS OF OPTIMIZATION
ALGORITHMS
3.1 Node Partitioning Objective

Objective: SwiftXML uses the following node partitioning objec-
tive:

Min 7 (1xi.y} .z} Wy, w2, 1%, )
= Min [[Wxlli + Cx )" Lieg(@wixi) + IWzlli + Cz Y Loeg(0iw] 2)
i i
1+6; - J; _
+ Cr Z ( Lrank( + 2 Lrank(r ’Y;))

wrt. we € RP w, e RP' 5 € (—1,+1}F, vt 1 e I(1,L)

1
Jyi) +

ZL Y1
where Ly (x) = log(1 + e ™) , Lo (r,y) = -~ LIOEHD
Z1 1 log(l+1)

ey

where, i enumerates the training users; §; € {—1,+1} indicates the
user assignment to either negative (right) or positive (left) partition;
Wy, W represent the separating hyperplanes learned in the user
and item-set feature spaces; r* and r~ represent the item rank-
ing variables for positive and negative partitions; I1(1,L) denotes
the space of all possible rankings over the L items; Cx,C,,C, are
SwiftXML hyper-parameters; p; are the item propensity scores.

The above objective is optimized through an alternating min-
imization algorithm which alternately optimizes over one of the
four classes of variables (wy,w,,r*,8) at a time with the others
held constant.

For the following discussions, let:

Cx‘Creg ((SiW;CrXi) + CZ‘EKeg((SiW-zrzi)

5i _
Lrank(r s Y:))

F(Xi,¥i:2ilWx, Wz, 15,8;) =

(0 Lty +
@)
Hence:
Miny, s F X0y} zi} Wy, we,r",8)

=Miny, . g IWelli + Wzl + > F(xi,yi,2il W, we,1%,6)

’ 3)

Minimization w.r.t §: Keeping r*,w,,w, constant and optimiz-
ing w.r.t § reduces (3) to:

& = Argminae{_l’-;.]}f« T({Xiay;aziﬂwx,wz,ri,a)
=6" = Argmingg_; 4L ZF(xi,ylr,zilwx,wz,ri’(Si)
i

Since §; are separable:

r,5;)

=46 = Argming, c(_y ;1 F(x,y7,2ilWx, Wy,

= &7 = Sign (F(xi,yf,ziIWX,wz,ri,-i—l) — F(xi,yf,ziIWX,wz,ri,—l))

WX
14 e WaXi

1+e Wiz
1+ etWaxi

1+ etWizi

= §] = Sign (Cx log ( ) +C;log (

+ cr (Lrank(r+7y) - Lrank(r_vy)))

Anonymous Authors

=§; =Sign (CxW;Ic—Xi + CZw;Zi + Cr (Lrank(rF,y) - Lrank(r_’y)))

where each 6} can be derived by solving the above trivial equation.

Minimization w.r.t r*: Keeping §, w,w, constant and optimiz-
ing w.r.t r* reduces (3) to:

+ : +

r" = Argming. .pq 1y F ((Xi,y7 .21} Wy, w2, 17, 6)

_ o+ . +

_ Argming. .y 1) ZF(xi,yg,zilwx,wz,r ,0i)
i

After ignoring r* independent terms:

(1+5,

1-6; _
=r = Argmin,: *eT1(1,L) Z rank(r+,y§) + I‘Erank(r ,Y{))

2

Since r* and r~ terms are separable:

= Argmin,_ .. €ll(1,L) Z (

and

= Argmin,- 1) Z (

Now,

= Argming. gy ) Z (

1+6;

Lean(r",y] ))

Lrank(r Y ))

1+6;

rank(r+ ’ Y:))

=r"" = Argming. g 1) Z Leank(r*,y7])
i:5;=1
S, e
o . 1p Og ri+l
=r"" = Argming. g 1) Z —_—
i:6;=1 Z“l 110g(l+1)
=r"" = Argmax,. Z Z
(.L)
S 10g(r1 +1)
L > r
s i:5;=1 yil
=1 = Argmaxg oy ) Z —
= prlog(r; +1)
T
=r"" = Argmax,. iy 1) ( Z 5,;) d ()
i:5;=+1

= %’Z’ and d is an L-vector such that d; = 1/log(1 + rl*).
,L it is clear that (4) will be
maximized if r; is chosen as the index of the jth largest value in
the vector };.5,=11 ¥;- Thus:

where 7
il
Since r" are permutations of 1,2,. ..

= rankL( Z }7:)

i:5;=+1
and through similar derivations:
o= rankL( Z 5/{)

i:8;=—1
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Minimization w.r.t wy: Keeping §,w,r* constant and optimiz-
ing w.r.t wy reduces (3) to:

W;‘C = Argminwx T({xi,yg,zi}lwx,wz,riﬁ)

= w) = Argminy, [[wll1 + Z F(xi,y},zilwy,wz,r",68;)
i
After ignoring terms independent of wy:

= W} = Argmin,, _[lwll + ) Cylog(1+¢%%%)  (5)
i

(5) is a standard L1 regularized logistic regression problem and can
be efficiently solved using Liblinear package.

Minimization w.r.t w,: Keeping §, wy,r* constant and optimiz-
ing w.r.t w, reduces (3) to:

W’; = Argminwz T({xi,yg,zi}lwx,wz,rt,(‘i)

= w, = Argming,_[w[l; + Z F(xi,y},zilwy,ws, 1", 68;)
i

After ignoring terms independent of w:
= w; = Argming,_ [|w;[l; + Z Czlog(1 + e Oz (6)
i

(6) is a standard L1 regularized logistic regression problem and can
be efficiently solved using Liblinear package.

3.2 Base Classifiers Optimization and
Approximation

We learn compact hyperspherical decision boundaries for each label
Jj independently, according to:
2yl —1
Bj(xi) = 1/(1 +v; " )
7

Ax x| 2, Az z 2)
X |xj—p ¥ |12+ ZF ||zi—p?
where vi; = o5 Iximi B 2 i3 1

where, p¥, p? are the centroids of the hyperspherical regressors
and Ay, A are the algorithm’s hyperparameters.
For jth label, the optimization problem is as follows:
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By taking negative logarithm:
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Since (8) is continuous and unconstrained, at the optimum the
following conditions hold:
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We assume the following:
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Above assumptions imply that:
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The above approximate values of y;“ and plz are not only effi-
cient to calculate, but also provide good prediction performance as
observed experimentally.
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