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Abstract: The paper studies a matrix factorization problem for time series data, where the target matrix R consists of the equal length
time series data generated by a set of objects. The goal is to find two low rank matrices U and V, such that R~U"xV. Many time series
analysis problems, such as finance data analysis and missing traffic data imputation, can be reduced to the proposed model. A probabilistic
graphical representation for the problem is proposed, and a constrained optimization model from the graphical representation is derived.
The solution algorithms for the proposed model is also presented. Empirical studies show that the proposed model is superior to the

baselines.
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Fig.3 The cdfs of the roi values of the data
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Fig.4 The completion results by MAFTIS with different parameter settings
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WAE X [0 29 A (277, 2720510 48 traffic B4 b JETRMIER 25 [ a=27* JF R R B Pl | B fa 34 IR o B B0 4
50 AR AR T CUIE L D FER 3 2 (48 U7 41 R T 3RS

o HURIKE LR

T B AR AN [ B E Bl R B R ] MAFTIS-1(g=1),MAFTIS-11(g=2) K S 5730 5%t stock 1 traffic 1
A I R S B — AR E AR AR AN B A R T S50 RS A IR 1R 2 HOR R b 6 T AR S
FE U MAFTIS-T A1 MAFTIS-IL P % 1B 508 B 58 48— 80AE stock B4R b, o= =274, 1=2.5,7E traffic $#i 4
bL,a=p=1,2=2.5. 55 5 % F 5 5 S50 () FoAb FEHE L LS 3t DL — 0 S H0R A 10 07 30 I A I R A E

7E Given X WS, FRATIE X M 10%TF 45,35 10% 122 KM B E] 90%,7E stock i & b (1 5258 25 R 5
FESR 2 7E traffic B AR RO 45 RIL RAESR 3 (&5 BNk ).

Table 2 Results on the stock dataset (smaller is better)
&2 AL stock Bl L ASLIG 45 R (4 RN )

10% 20% 30% 40% 50% 60% 70% 80% 90%
PPCA 18.52  20.84 24.18 22.82 19.57 1898 1393 11.09 6.16
d=10 PMF 3.33 3.29 3.30 3.30 3.28 1.70 1.70 1.65 1.78
MAFTIS-1 2.84 2.08 2.07 1.95 1.83 1.83 1.81 1.82 1.87
MAFTIS-II 3.09 2.08 1.99 1.93 1.75 1.69 1.66 1.73 1.75
PPCA 2422 21.84 2451 2322 2261 21.56 1823 13.47 10.93
=30 PMF 3.33 3.29 3.30 3.30 3.29 1.70 1.71 1.65 1.79
MAFTIS-I | 2,57 193 196 176 1.69 1.63 165 164 170
MAFTIS-IT | 309 202 193 166 158 153 151 153 152

Table 3 Results on the traffic dataset (smaller is better)

F 3 1 traffic ZOYHEE bR SE 50 45 (45 AR/ B L)
10% 20% 30% 40% 50% 60% 70% 80% 90%
PPCA 17.88 17.36  12.00 12.26 11.47 11.28 11.19 11.17 11.12
d=10 PMF 14.44 1275 1249 1239 1236 12.35 1231 1230 12.26
MAFTIS-I | 12.14 11.21 10.80 10.72 10.66 10.65 10.63 10.65 10.57
MAFTIS-II | 12.07 11.32 11.02 10.86 10.77 10.75 10.73 10.71 10.67
PPCA 17.89 17.28 13.00 12.24 11.46 11.28 11.19 11.10 11.08
d=30 PMF 1439 12.77 1243 1239 1235 1235 1232 1231 12.25
MAFTIS-I | 11.90 11.26 10.79 10.70 10.66 10.65 10.64 10.61 10.57
MAFTIS-II | 11.97 11.38 11.07 10.88 10.79 10.76 10.72 10.70  10.67

MR 2.3 3 AT LR H:BRTE d=10 H Given 80%iX — 1 & T tH PMF 7 stock £H54E 13k 5N i T 3 22
A, MAFTIS 75 H AT 5256 o6 FEHE RE# A B3 10 PR35 0 7 b, 7 stock B4 1 MAFTIS-T1 76 JL-F i 5 1
DL HREUAS T Bl W R I T 7 traffic 204 45 1 MAFTIS-T L34 ) 56 24 B s 31X J & AT, MAFTIS-I, MAFTIS-
I 447 3@ 3 Pl 24 5000 ) 1 2R 4k LT 28 07 20 & ZE I MAFTIS-IT /] g 468 A A 3t 45 B 1) 28 Ak LR A8 o
I, 00 MAFTIS-T n] &4 17 SE 4 (1 &5 L.

AL Z A stock F traffic ZARLE 1 T4 S 8L d 45 RZ B AR AR AE stock ZmdE I,
2 d fHl 10 ETEE 30 BB} PMF Ab,HoAth 3 NS035 SE B Tl 352 22 #0400 2 1Y) BRAG AR T 7E traffic 204 4E L,
I AR 4 TREENAT T A R A R W o o, B AT I T B S B 4R B 5 1M AT O I TIT AT 1 S N IS AT AR
R K A o P AR A b A R A X — AR R T traffic B3R EEMIIE S WA RN F & o=
(S10)3E ) ;1% stock B, FH1E 25 1 378 4 10 8 34 9 AN B 520, DR ity 21 32 2 i) b 75 282 0 22 1) 4 il ) o,
JITCA A FRATTHR v o P IOUARL ST TN 45 TR 0 o = b A A B B T

o [RITHEREHT

I ERATAE Y S8 TR B - MAFTIS P R U %0 7 OBl L [R] 43 A7 ) J= 38 B0 % 2 1 S SRR A,
VU ZIE T AR T4 SR B  G AE I )L R S AR AE AR S WX — 45 SR B R, ULV W BB R A AR B )
V) 1) ZE (B N A AN TR R BT U, H 45 2055 I (1) 0080 6 G A LRk BT LAAH AR 371 [n) 12 22 14 43 A1t 30 WA 2
(PR P10 77 S B 7 2% 5 e G e N R Bl B 1R s 4847, IR 0 Y B8 . 5 R LA AH TR R AR AL 4.
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AT X R V22 B B MAFTIS-1 3K43, 47 ] B MAFTIS-IT $K49).

roc(X,Y) = ®)

Stock U roc values obtained by MAFTIS-I Stock U roc values obtained by MAFTIS-II
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Fig.5 The roc values of the stock data
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Fig.6 The roc values of the traffic data
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Fig.7 The cdf of the roc values of the V factor matrix obtained from the traffic data
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Fig.8 The convergence speed of MAFTIS on the stock and traffic data
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