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Slaying the HyDRA: Parameter-Efficient Hyper Networks
with Low-Displacement Rank Adaptation
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Mitsubishi Electric Research Laboratories (MERL), 201 Broadway, Cambridge, MA 02139, USA

e A new PEFT method called HyDRA — an integration of hyper networks and LDR adaptation — is introduced to generalize LoRA weight updates with block-wise
LDR matrices by sampling parameters from a trainable parameter pool.

e \We provide a new mechanism which adjusts the size of parameter pool, providing more flexibility to balance between model size and expressiveness.
e \We demonstrate that our HyDRA framework offers a high flexibility and improvement in parameter efficiency for some benchmark experiments.

HyDRA

e Structured matrices W are low rank under displacement operator: | Hypernet low-Displacement Rank Adaptation (HyDRA):
Vap(W)=AW — WB = GH (1) e Hyper Network: shuffled sampling from a parameter pool

LDR (Low-Displacement Rank) Matric

Flexible parameter scaling: size-unbounded parameter pool
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Partially trainable parameters to reduce memory
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LDR Advantage in Memory and Comp

e Parameter efficient in linear order O[rn|.
e Superfast operation in sub-quadratic order O[rn - polylog(n)].

. . L LDR generatloﬁ ..... T .[a] T[b] ............. .. 7' c] T[d]
Table: Variants of LDR matrices with displacement operators (Z; = [es, ..., €,, fei]) - "'aO a1 a_o 250 b1 b_s 1
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e Transfer benchmark from ImageNet1lK to CIFAR100 for ViT-Base/16 with 87M parameters.

Image classification with ViT-B from ImageNet1K to CIFAR100 (Pareto only) Image classification with ViT-B from ImageNet1K to CIFAR100
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Block Partition with LDR Sub-Matrices for HyDRA
Block partition of LDR sub-matrices still enables superfast operations: e.g., for 2 x 2 split
AWx — AWy AW | |x( B AW oxg + AW x4 (2)
AWo9 AW3| |xq AWoxg + AWsaxq |’
mn . . . 1
where AW, € R% "% is the ith LDR matrix for i € {0, 1,2,3}, and x; € RE™".
For instance, when AW; is a Toeplitz-like matrix having G; = [g; 1, ..., g; | and HZT = |h; 1,...,h; ], we can express as follows:
r
AW;x,; = Z Krylov(Z1,g; ) - Krylov(Z_1, h; ;)x; (3)
[=1
where Kryolov operator is computed by FFT /IFFT as follows:
Krylov(Z1, v)u = ifft(fit(v) o fit(u Krylov(Z_1,viu =noifft(fit(nov) o fft(pou 4
y 17 Y y 17 /r] 77 /’7 Y

where 7= [1, 7,12, ..., 0" T, and n = exp(i ) which can be further simplified with diagonalization.
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