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Algorithm 1 IGU-LoRA

Input: Dataset D; the number of total iterations 7'; a pre-trained parameter matrix Wy € R %42 of 5 large
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13

language model, number of mini-batches M; budget of remaining singular values b; randomly initialize
trainable low-rank matrices A € R% %" and B € R"*92; hyperparameters 31, 35.
: fort =1to T do

forp =1to M do
Sample a mini-batch from D and train A and B.
Perform SVD on the matrix product AB to obtain PAQ = SVD(AB), where A =
diag{ A1, A2, ..., Ar}.
Compute the s¥ in Eq. @ for every parameter in P, Q.
end for
Compute the aggregated importance score 44, in Eq. (7) for every parameter in P, Q.
Compute the §£f) in Eq. dand U™ in Eq. lMi for every parameter in P, Q.
Update the final importance score s in Eq. li
Compute the importance score of each singular value S; in Eq. () for PAQ.
Find the top b eigen value: )\1 A2, ..., A\, by importance score ;.
Set A « diag(A1, Az, ..., A0, 5 0)
Update A < P. -, bAl/z B «+ Al/zQﬁl ... > The subscript 7 denotes the index set obtained by
sorting the columm of Pand Q in deecendmg order; 7). represents the indices of the first b selected
columns; P 1., , represents selecting the first b columns according to the order defined by 7.

14: end for
Output: W =W, + AB
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CoLA SST-2 MRPC QQP STS-B MNLI QNLI RTE
Method # Params (mee) (acc) (acce-f1) (acc-f1) (corr) (ace) (ace) (ace) Avg.
Full FT 355M | 69.19 9563 8946 9110 9160 90.01 9403 86.94|88.50
Housbly-Adapter | 0.35M | 67.80 94.38 89.75 89.41 91.08 9028 9352 84.36/|87.57
P-tuning v2 03IM | 67.35 93.13 88.49 88.63 9041 89.19 9194 8242|86.45
(1A)? 0.33M | 68.62 93.82 89.54 89.78 90.84 89.87 92.60 82.75|87.23
SSP 0.36M | 69.89 9496 90.08 90.14 91.37 9042 94,16 84.88|88.24
LoRA 0.33M | 68.71 9484 89.71 90.26 91.63 9034 93.87 85.56|88.12
AdaLoRA 0.35M | 70.04 95.62 9034 90.37 91.57 90.18 94.29 87.06 | 88.68
DoRA 0.33M | 70.26 95.80 90.12 90.16 91.68 9043 94.17 87.38|88.75
AutoLoRA 0.34M | 70.47 9553 9026 90.31 91.52 90.26 94.08 87.64|88.76
IGU-LoRA 0.33M | 71.93 96.17 90.69 90.68 91.95 90.76 94.72 88.46 | 89.42
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Method 4 Params BoolQ ARC-e ARC-¢c GSMSK AQuA Ave.
(acc) (acc) (acc) (acc) (acc)
Full FT 494.0M 81.74 74.82 54.98 34.64 48.72 | 58.98
Housbly-Adapter 9.0M 78.36  71.04 53.26 28.67 42.85 | 54.84
LoRA 8.8M 78.94 72.78 54.38 31.42 45.33 | 56.57
AdaLoRA 8.9M 80.32 73.90 54.23 33.27 46.58 | 57.67
GoRA 8.8M 79.24 71.20 51.91 32.07 45.81 | 56.04
IGU-LoRA 8.8M | 8245 7462 55.67  34.16  48.93 | 59.17
Method | Training Inference
- ' Time cost (h) GPU Mem (GB) | Speed (it/s) GPU Mem (GB)
Qwen-2.5-0.5B{##Y
. LoRA 0.42 10.21 5.50 10.3
BOO[Q'ijj AdaLoRA 0.73 10.60 5.21 10.4
DoRA 0.95 9.53 5.30 10.3

IGU-LoRA | 0.87 1032 | 523 10.3
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Method | BoolQ GSMSK | Avg.
=] - - 2
QWQ”-ZS-OSB*%@ IGU-LoRA-1 {w:f'l:) ) 81.87 33.76 57.82
= IGU-LoRA-2 (N=10) 82.14 33.95 58.05
1E£B0oolQAIGSMBKIESS IGU-LoRA-3 (N=4) | 8202 3383 | 57.93
IGU-LoRA-4 (5. = 5. - U) 32.28 33.69 | 57.99
IGU-LoRA | 82.45 34.16 | 58.31
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Llama-2-7B Llama-3-8B

Method  |# Params | SST-2 RTE QNLI BoolQ COPA Avg. Method BoolQ GSMBK Avg.
Full FT | 6738M |95.83 9211 9254 8730 93.01 92.16 reni TR v I A La
Adapter 212M [ 94.15 82.12 93.10 87.03 91.10 89.50 DoRA 8807 7473 8lal
P-tuning v2 | 209M | 9342 79.62 92.64 8473 9030 88.14 ollloRA D008  LESY. SN
SSP 400M |94.14 83.11 93.10 87.11 91.65 89.82 DeepSeek-R1-Distill-Qwen-2.5-7B

LoRA 20.0M |94.12 8337 93.10 87.34 91.33 89.85 Method BoolQ GSMBK  Avg.
AdaLoRA | 20.0M [94.12 8351 9320 87.11 91.62 89.91 LoRA 38838 74.60 8149
DoRA 400M |9424 84.12 91.23 8551 90.01 89.02 AdaLoRA  90.54 7330  81.92

Q ¢
IGU-LoRA | 40.0M |94.34 8433 93.33 88.11 92.10 90.44 ULRA e a2 B
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