Maintaining Structural Integrity in Parameter Efficient Fine-Tuning

Chongjie Si', Xuehui Wangl, Xue Yangz, Zhenggin Xu!, Qingyun Li%, Jifeng Dai’, Yu Qiao?, Xiaokang Yangl, Wei Shen'
1Shanghai Jiao Tong University 2Shanghai Al Laboratory

Observation Method Experiment
Task: Framework:
Parameter Efficient Fine-Tuning (PEFT), minimal trainable 2-Dimension Parameter Space High Dimension Parameter Space BN
parameters, comparable or even superior performance. (Linear Layer) (2D Convolution for example)
=== ConvNeXt-V2-L
ange of Parameter Space COLO-mAP BitFit
PrOblem' LoRA @ adaptation B adaptation reshape |ﬁ| @ L Chang of Parameter Sp — toxgm
- Iﬁ'@ [> Low-rank Matrix BitFit LzRA:SZM
Tt : : destroy locality . HAdapter v
« Almost all of existing methods focus on linear weights, . R Linear Core — pacapte — oowzom
neglecting other higher dimensions spaces like convolution. rora D @ dapation @ adaptation P g Comotuion o — o | — rlarasam
. . . = . ei atrix = FLORA MRPC DOTA-mAP FLORA-40M
« Some methods adapt high-dimensional parameter spaces by preservelocalipy [Ty WeiehiMa

COCO ADE20K DOTA All

compressing changes into a two-dimensional representation Method | #P
etho arams | ,p APsy AP7;5 APg AP;; APy |mAcc mloU |mAP AP5y APy5 | Avg.

and applying low-rank matrix adaptations, yet this compression

* LoRA employs low-rank matrix adaptation for each dimensional Base 373 633 39.7 278 410 462 59.6 485 [314 61.8 27.3 [44.0

undermines the inherent structural integrity of the original space. Fully FT| T196M [527 743 587 383 569 673] 647 53.1 [339 599 34.0|54.0

parameter space. However, for higher dimensional parameter BitFit | 02M [43.1 676 474 295 467 553 612 49.1 | 346 642 329 483

: : : a1 ToRA [ T204M 474 703 3530 324 518 6121 636 514 183 362 163 456
space, the reshaping operation causes adjacent elements within - pPR°0 | 15000 1405 608 357 351 315 614| 630 300 | 196 376 172 | 438

An ldeal Method Should Satisfy: the kernel to be separated in the matrix, disrupting the spatial FLoRA | 1277M | 481 711 53.6 33.1 523 623|641 519 |37.3 656 37.7 | 525
locality inherent in the original convolutional space DoRA | 2616M | 481 707 336 331 321 626|640 319 211 397 191|463
I - I I I . 0 . . . . . . . . . . . . 3
’ Approprlate low-rank representation for the changes N various FLoRA | 25.65M | 492 717 547 343 533 63.5 650 52.6 | 388 684 395 | 537
dimensional parameter spaces, without destructing the  FLORA asserts that the alternations of each dimensional %OIEAA gig% iﬁ'(z) gg; igg 33411 igg g%g 243191) gig %(1).471 3(9)'3 5(9)% 22'8
. . . . . . (0) . . . . . . . . . . . . 5
structural integrity of the original parameter spaces. parameter space has a low-rank core space with the consistent  FLoRA | 2049M | 504 72.6 562 354 546 64.8| 651 528 | 397 69.0 40.9 | 547
 Maintain a consistent formulation across various dimensional topological structure. This enables FLORA to effectively preserve
parameter spaces. the structural integrity of the original parameter space.
Contributions: For N-dimension:
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knowledge, it is the first time that a PEFT method has been
designed for different dimensional parameter spaces, aimingto For 4-dimension:
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