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Motivations

Two key challenges limit the performance of Transformer in multi-scale temporal pattern interaction
modeling.

® Semantic information sparsity. Individual time points contain less semantic information, and
pair-wise interactions may cause the information utilization bottleneck.

® Temporal variations entanglement. Multiple inherent temporal variations (e.g., rising, falling,
and fluctuating) entangled in temporal pattern, bringing challenges for time series forecasting.



Contributions

Ada-MSHyper is the first work that incorporates adaptive hypergraph modeling into time series
forecasting.

® An adaptive hypergraph learning module 1s designed to model abundant and implicit group-wise
node interactions at different scales.

® A node and hyperedge constraint mechanism is introduced to cluster nodes with similar semantic
information and differentiate the temporal variations within each scales.

® Experimental results on 11 real-world datasets demonstrate that Ada-MSHyper achieves state-of-
the-art performance.



Method: Ada-MSHyper

Framework

(a) Multi-Scale Feature Extraction (MFE) Module
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(d) Multi-Scale Fusion Module
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(a) The MFE module maps the input sequence into subsequences at different scales. (b) The
AHL module provides foundations for modeling group-wise interactions. (¢) The multi-scale
interaction module models group-wise pattern interactions at different scales.



Method: Ada-MSHyper

Node and hyperedge constraint (NHC) mechanism
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(a) The generation of hyperedge features. (b) The generation of node loss. (c) The generation
of hyperedge loss.



Visualization

500 T 500 =
Jlarge o . .
400] % SUS o 400] % . o .
O% . @o)@ ¢ oo o%\‘ ~.'._-_@" ¢ o
g o Ao G S g ® 5 < =S g
23001 e ? ° 2300 S o E
§ © % ) o) o § © % o o o §
° ¢ ° ° ° . ° o ° ° ° °
g ] °® [ . ) (] )
200 L %, . 2 200 L . Ve %
: ¢S e 9 ° -’ ¢ gy e
100{° v * 1001 v %
0 20 40 60 80 100 0 20 40 60 80 100
Node Index Node Index
(b) -w/o NHC

(a) Input sequence
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(d) Ada-MSHyper

With the NHC mechanism, Ada-MSHper can not only cluster nodes with similar semantic information but also

reduce noise interference.



Evaluations

The results of long-range time series forecasting The results of short-range time series forecasting
under multivariate settings. under multivariate settings.

Model: Ada-MSHyper  iTransformer MSHyper* TimeMixer* MSGNet* CrossGNN#* PatchTST Crossformer TimesNet DLinear FiLM* FEDformer Autoformer
o8 (Ours) (2024) (2024) (2024) (2024) (2023) (2023) (2023) (2023) (2023) (2022) (2022) (2021)
Metric | MSE MAE | MSE MAE | MSE MAE | MSE | MSE MAE | MSE MAE | MSE MAE | MSE MAE | MSE MAE | MSE MAE | MSE MAE | MSE MAE | MSE MAE

96 | 0157 0.95 | 0.174 0214 | 0.170 0.223 | 0.163 0163 0212 | 0159 0218 | 0.177 0218 [ 0158 0230 | 0.172 0220 | 0.19 0255 | 0.199 0262 | 0217 029 | 0266 0.336
Weather | 192 | 0218 0259 | 0221 0218 0.253 | 0.212 0212 0254 [ 0211 0266 | 0225 0259 | 0206 0277 | 0219 0261 | 0237 029 | 0.228 0288 | 0.276 0336 | 0307 0.367
336 | 0251 0252 | 0278 0296 | 0.269 0.300 | 0.263 0272 0299 [ 0267 0310 | 0278 0297 | 0272 0335 | 0280 0306 | 0283 0335 | 0267 0323 | 0.339 0380 | 0359 0.395
720 | 0304 0328 | 0358 0347 | 0.343 0341 | 0343 0350 0348 | 0352 0362 | 0354 0348 | 0398 0418 | 0365 0359 | 0345 0381 | 0319 0361 | 0403 0428 | 0419 0.428 - AdaMSHyper | Transformer® | MSHyper | TimeMixer® | WITRAN® | PachTsT® Diinear® | Crossformer® | FEDformer | Pyraformer® | Autoformer®
9% [0.35 0238 0.176 0261 | 0.153 0.165 0274 | 0173 0275 | 0.181 0270 [ 0219 0314 | 0.168 0272 | 0.197 0282 [ 0.198 0274 | 0.193 0308 | 0201 0.317 (Ours) (2024) (2024) (2024) (2023) (2023) (2023) (2022) (2022) (2021)
Elcctriaty | 192 | 0152 0239 0.173 0260 | 0.166 0.184 0292 0195 0288 | 0.188 0274 | 0231 0322 | 0.184 0289 | 0.19 0285 | 0.198 0278 | 0201 0315 [ 0222 0.334 Meric MSE MAE NSE MAE MSEMAE | MSEMAE | MSEMAE VSEMAE | MSEMAT SEMAE | VSEMAE | VSE MAE
336 | 0168 0266 0.195 0297 | 0.185 0195 0302 [ 0206 0300 | 0204 0293 | 0246 0337 | 0.198 0300 | 0209 0301 | 0217 0300 | 0214 0329 [ 0231 0.338 T
122 1080 | 0.534 0509 03620521 | 05570517 | 06820569 | 0.6020.660 05930564 | 0.8771204 | 06990615 | 10150798 | 06050.626
720 | 0212 0293 0.219 0315 | 0225 0231 0332|0231 0335 | 0246 0324 | 0280 0363 | 0220 0320 | 0245 0333 | 0278 0356 | 0.246 0355 | 0254 0.361 ot | 1490 | 016 vass bentsee | demnsm | omsoess | o0 deeiner | oseite | dorose | lmeoss | ossesese
9% |0372 0393 0392 0407 | 0.385 0390 0411 0395 [ 0414 0419 | 0423 0448 | 0384 0402 | 0386 0400 | 0438 0433 0419 | 0.49 0459 1800 | 0.689 0.627 07800631 | 07580624 | 08770643 | 077504623 07160.658 | 0.8491.163 | 0.8060.649 | 1.1110.844 | 08520.704
ETTh | 192 ] 0433 0417 0440 0.426 | 0.443 0442 0442 0460 0445 | 0471 0474 [ 0436 0429 | 0437 0432 | 0493 0466 0.448 | 0500 0.482 2160 | 0.779 0.635 11020736 | 09980721 | 10070686 | 08521171 10950821 | 09350717 | 1.1290847 e
336 | 0422 0433 0480 0453 | 0.512 0480 0468 0501 0466 | 0570 0546 | 0491 0469 | 0481 0459 | 0.547 0495 | 0459 0465 | 0521 0496 =
2. 10y : - 1080 | 0.426 0.461 0486 0488 | 04640460 | 04830480 | 0320474 07300617 | 14810918 | 0.5140526 | 3224 1458 | 05590.547
720 | 0445 0459 0508 0.493 | 0.498 0494 0488 0468 | 0.500 0488 | 0.653 0621 | 0521 0500 | 0.519 0516 | 0586 0538 | 0.506 0.507 | 0.514 0512 ey | 140 | 046S 0437 Gohosy | osiese | e 6sin Sstiveor | timore | icoiten | biausi: | ihsists | Gosone
% |0283 033 0.296 0328 0371 | 0309 0359 | 0.302 0348 | 0745 0.584 | 0.340 0374 | 0333 0387 | 0322 0364 | 0.358 0397 | 0346 0.388 1800 | 0.5030.505 05650529 | 0522049 | 0.6060544 | 06260610 | 05170503 | 13270840 | 31091486 | 0.6450584 | 33281.565 | 0.7760.689
ermez | 122|008 o 0407 0410, 030 (e 0388 A0 0BT Deoe | a2 041y | D" 008\ DAL 0414 0DY 0a| Gase. 002 2160 | 05270515 06000546 | 05420510 | 06160557 | 06570619 | 05470519 | 16700919 | 3.6301485 | 07620639 | 3.246 1465 —
: ; ; : ¢ i g ¢ os | o ; ¢ ¢ ’ g : ; T080 | 0.460 0.4 05340483 | 05200465 | 05020465 | 04640450 | 04940450 | 05140479 | 2.5881.236 | 05130499 | 1.0710.793 | 06510.551
20 s 0417 041 0864 || 0431 L10+ 0703 | 0462 10468 | DRI ‘0657 | D447 0438 (D463 0472 [0515 0511 ermmi | 1440 | 04730489 05560495 | 05420477 | 05230488 | 05430467 | 05080467 | 05340491 | 29461349 | 0511049 | 11360834 | 06020542
9% 0.354 0319 0366 0373 | 0329 0404 0426|0338 0375 | 0345 0372 | 0353 0370 | 0.379 0419 | 0.505 0475 mhl is00 | 04920475 05710501 | 0564049 | 05260487 | 05500497 | 05040434 | 05560507 | 4.1131.602 | 0514049 | 11110812 | 06410.558
ETTml gg 333;; 83]’? 832% gli‘l’? 8?35 g‘gfj ggg g‘ﬂg 83?? gi?‘}’ 83‘13‘; g}é‘l’ g-ig; gﬁg g-j‘;é 8:2? 8-‘5122 2160 0510 0.483 0.5550499 | 05500487 | 05420491 | 0.569 0481 | 0.5070.481 | 0.5560.515 | 4.574 1.743 0.551 0516 | 1.054 0.804 -
& ; s : (55 02 L - ) : ; : ; : § sealils 1030 | 0.404 0.416 04630438 | 04640439 | 04500430 | 04150434 | 04490432 | 05500519 | 2.5871.236 | 0.5010468 | 4879 733 | 0.5270.489
12 ) 0451 048 0442 | 0434 Bt 008).| GHR 04N | 070 0430 | D481 0441 [1047 040|067 Ol Ermmz | 1440 | 04130429 04750452 | 04750449 | 04710452 | 04420442 | 04750452 | 06990.593 | 29461349 | 04950480 | 4.429 1708 | 05190.489
% 23 0177 036 0266 | 0.175 0287 0366 | 0481 (0367 | Otga: 0202 D183 \D206 | 0203 028 | 0253 0289 2] 1800 | 04350432 04680453 | 04510449 | 04640452 | 04790410 | 04560449 | 07210612 | 41131602 | 04770474 | 45021780 | 0503049
ETTm2 | 192 o besilihs ! os0r | uat Da |l Dot Dan0ae e (0o [Dm2 G0 oze o 2160 | 0449 0.457 04670454 | 04630451 | 04730459 | 04470449 | 04660457 | 0.6390.572 | 45741743 | 04730477 | 4454 1758 —
720 039 0414 0403 0400 | 0.402 1730 1042 | 0408 0403 | 0554 0522 | 0410 0421 0415 | 0433 0432
% 0248 0605 0344 [ 0570 0310 | 0.462 0522 0290 | 0593 0321 | 0.650 039 | 0.647 0384 | 0.587 0366 | 0.613 0388
—l 028 0613 0359 [ 0577 0321 | 0.466 0530 0293 | 0617 0336 | 0.598 0370 | 0600 0361 | 0.604 0373 | 0.616 0382
336 0261 0642 0376 | 0.588 0.324 | 0.482 0558 0305 | 0629 0336 | 0.605 0373 | 0610 0367 | 0.621 0383 | 0.622 0337
720 0.282 0.292 0702 0401 | 0597 0337 | 0514 0589 0328 | 0640 0350 | 0.645 0394 | 0691 0425 | 0.626 0382 | 0.660 0.408
e results of long-range time series forecasting e results of ultra-long-range time series
[ [ [ J f [ l [ [ [
under univariate settings. orecasting under multivariate settings.
Model Ada-MSHyper iTransfomer* MSHyper* TimeMixer* PatchTST* DLinear Crossformer Pyraformer FEDformer Autoformer Informer
= (Ours) (2024) (2024) (2024) (2023) (2023) (2023) (2022) (2022) 2021 (2021)
Metric | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE
— Ada-MSHyper iTransformer* MSHyper* TimeMixer*  PatchTST TimesNet DLinear Crossformer SCINet FEDformer  Autoformer
96 | 00570473 | 00590.85 | 0.0560.181 | 00570181 | 0056 081 | 00560150 | 00760216 | 0.0990277 | 00790215 | 00710206 | 0.1930377 Models (Ours) (2024) (2004) (2024) (2023) (2023) 2023) 2023) (2022) (2022) @021)
erm | 192 0.0720.198 00730208 | 00760211 | 0 04 | 00760210 | 00710204 [ 00850225 | 01740346 | 01040245 | 0.1140262 | 0.2170.395
336 0.070 0.213 00840223 | 00900236 | 00850227 | 00040242 | 00980244 | 01060257 | 01980370 | 0.1190270 | 0.1070.258 | 0.2020.381 Mewic | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE | MSEMAE
720 0.085 0.228 00890236 | 0.0960.245 | 00830227 | 01010250 | 0.1890359 | 0.1280.287 | 0.2090.348 | 0.1420.299 | 0.1260.283 | 0.1830.355 12 | 0.0600.165 | 00710174 | 0.1060207 | 0.161 0.323 | 0.099 0.216 | 0.0850.192 | 0.1220.243 | 0.0900.203 | 00660172 | 0.126 0251 | 0.272 0.385
B PEMS03 | 24 | 0.0750.184 | 0.0930201 | 01260207 | 0.1810.352 | 0.1420.259 | 0.1180.223 | 0.201 0.317 | 0.121 0.240 | 0.0850.195 | 0.149 0275 | 0.334 0.440
0.117 0.26¢ 2 e 5 S e 2=
| BRRE |3 | i |t [ e | G || it | At | o i 48 | 01200230 | 01250236 | 01380265 | 02220407 | 0.2110319 | 0.1550.260 | 0.3330.425 | 02020317 | 0.1270.238 | 0227 0.348 | 1.032 0.782
BTG . 23 187 0. .1900. 181 0. . 187 0. 197 0. 185 0. .204 0. 1227 0. S ag i
336 0.177 0.350 0.2190.374 02260379 | 0.2260.379 00367 | 02270377 | 02380385 | 02310378 | 02460380 | 0.2420.401 12| 0.0680.173 | 0.0780.183 | 0.1030.197 | 0.168 0.344 | 0.1050.224 | 0.0870.195 | 0.148 0.272 | 0.098 0.218 | 0.0730.1 0.138 0.262 | 0.424 0.491
720 0.221 0.380 0.253 0.403 0.2410.396 0.253 0.406 0.276 0426 0.266 0.410 0.274 0.435 0.278 0.420 0.268 0.409 0.291 0.439 PEMS04 | 24 0.080 0.189 0.0950.205 | 0.1480.245 | 0.1830.362 | 0.1530.275 | 0.1030.215 | 0.224 0.340 | 0.131 0.256 | 0.084 0.193 | 0.177 0.293 | 0.459 0.509
48 | 0.0930.204 | 01200233 | 0.1910308 | 0.1990.383 | 0.229 0.339 | 0.1360.250 | 0.355 0.437 | 0.2050.326 | 0.099 0211 | 0.270 0.368 | 0.646 0.610
96 0.027 0.118 0.0290.127 | 0.0290.127 | 00290.128 | 0.0290.126 0.0350.145 | 01270281 | 0.0330.140 | 0.0560.183 | 0.1090.277 —
et | 192 0.038 0.148 00450162 | 00440159 | 00440160 00550180 | 02050343 | 0.0580.18 | 0.0810216 | 01510310 12 | 00550154 | 00670165 | 01370256 | 0.1510.322 | 0.0950.207 | 0.0820.181 | 0.1150.242 | 0.0940.200 | 0.0680.171 | 0.109 0.225 | 0.199 0.336
336 0.052 0.165 00590189 | 00590.186 | 00580.185 00720209 | 03020457 | 0.0840231 | 00760218 | 04270591 PEMSO7 | 24 | 0.0650.172 | 00850190 | 01110225 | 0.1690348 | 0.1500262 | 0.1010.204 | 02100329 | 0.1390.247 | 0.1190.225 | 0.1250244 | 0.3230.420
720 | 00710206 00800218 | 00800217 | 00810218 00070248 | 03870485 | 01020250 | 01100267 | 04380586 48 | 01070204 | 01100205 [ 01370221 | 0.1960384 | 0.2530.340 | 0.1340.238 | 0.398 0.458 | 0.3110.369 | 0.1490.237 | 0.1650.288 | 0.390 0.470
g 12 | 0.0630.165 | 00790182 | 01130209 | 0.1620.337 | 0.1680.232 | 0.1120.212 | 0.154 0.276 | 0.1650.214 | 0.0870.184 | 0.1730.273 | 0.436 0.485
20| gberete JOTL005% | DUL0I | 00RQLST | DU7LO01% DUSEOES | DOTA0Z08 | 0.0670.09 | Q0000089 | D080 pEMSOS |24 | 01090220 | 01150219 | 02300248 | 0.1810.364 | 02240281 | 0.1410238 | 02480353 | 02150260 | 0.1220.221 | 02100.301 | 0.467 0.502
ETTm2 ) i e Ioted s it Ky Lo e s 48 | 01590238 | 0.1860.235 | 03170324 | 0.2240.422 | 0.321 0.354 | 0.1980.283 | 0.440 0.470 | 0.3150.355 | 0.1890.270 | 0.320 0.394 | 0.966 0.733
336 0.114 0.240 0.1410289 | 01290274 | 0.1330278 | 0.1300.274 0.1330.280 | 0.1430.295 | 01300279 | 0.1540.305 | 0.1800.336 —=—= ==
720 0.156 0.310 0.1900343 | 01760324 | 0.1830332 | 0.1790.328 0.1810.324 | 0.1970338 | 0.1780.325 | 0.1820.335 | 0.3000.435
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Thank you for your lisenting!
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