
OʀɧɄʀǳ Aǡƪʵ˝ƪ˝Ʉʏʀ ʏȞ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 
̷Ʉ˝ȵ ƪ Mǳɹʏʾ̈́ ʏȞ Aɹʏʾ˝Ʉ͐ǳǡ Cʏʀ˝ǳ́˝ˍ

Jkȵʏʏʀ TƪǗɞ喏 Jƪǳȵ̈́˲ʀȣ Kkɹ喏 EʾkǗ Mk˝Ǘȵǳɧɧ喏 Jkʀ̷ʏʏ Sȵkʀ喏 Yǳǳ Wȵ̈́ǳ Tǳȵ喏 Jʏʀƪ˝ȵƪʀ RkǗȵƪʾǡ SǗȵ̷ƪʾ͐



Pʾʏǎɧǳɹ ʏȞ kʀ˝ǳʾǳˍ˝喐 Oʀɧkʀǳ ɧǳƪʾʀkʀȣ ʏȞ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 嘗LMˍ嘘

2

Mƪɞkʀȣ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 嘗LMˍ嘘 ˲ʵ ˝ʏ ǡƪ˝ǳ kˍ ȵkȣȵɧ̈́ kɹʵʏʾ˝ƪʀ˝喒 ǎ˲˝ ʻ˲k˝ǳ ȵƪʾǡ喒
• Nʏ˝ ƪʾȣ˲kʀȣ ˝ȵƪ˝ ̷ǳ ǡʏʀ噾˝ ʀǳǳǡ 噻˝ʾƪkʀkʀȣ Ȟʾʏɹ ˍǗʾƪ˝Ǘȵ噼

• C˲ʾʾǳʀ˝ ʻ˲ǳˍ˝kʏʀ喐 Hʏ̷ ˝ʏ ˲ʵǡƪ˝ǳ ˝ȵǳ LLƪMA嗻味 ˲ʀ˝kɧ ˝ȵǳ ʾǳɧǳƪˍǳ ʏȞ LLƪMA嗻呴喒喕



Pʾʏǎɧǳɹ ʏȞ kʀ˝ǳʾǳˍ˝喐 Oʀɧkʀǳ ɧǳƪʾʀkʀȣ ʏȞ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 嘗LMˍ嘘

3

Mƪɞkʀȣ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 嘗LMˍ嘘 ˲ʵ ˝ʏ ǡƪ˝ǳ kˍ ȵkȣȵɧ̈́ kɹʵʏʾ˝ƪʀ˝喒 ǎ˲˝ ʻ˲k˝ǳ ȵƪʾǡ喒
• Nʏ˝ ƪʾȣ˲kʀȣ ˝ȵƪ˝ ̷ǳ ǡʏʀ噾˝ ʀǳǳǡ 噻˝ʾƪkʀkʀȣ Ȟʾʏɹ ˍǗʾƪ˝Ǘȵ噼

• C˲ʾʾǳʀ˝ ʻ˲ǳˍ˝kʏʀ喐 Hʏ̷ ˝ʏ ˲ʵǡƪ˝ǳ ˝ȵǳ LLƪMA嗻味 ˲ʀ˝kɧ ˝ȵǳ ʾǳɧǳƪˍǳ ʏȞ LLƪMA嗻呴喒喕

Pʾʏǎɧǳɹ ʏȞ kʀ˝ǳʾǳˍ˝喐 Oʀɧkʀǳ ƪǡƪʵ˝ƪ˝kʏʀ ʏȞ LMˍ

• Aǡƪʵ˝kʀȣ LM ʏʀ ƪ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ

嘛呲嘜 H˲ ǳ˝ ƪɧ喎喏 Mǳ˝ƪ嗻Lǳƪʾʀkʀȣ Oʀɧkʀǳ Aǡƪʵ˝ƪ˝kʏʀ ʏȞ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ喏 ƪʾXk̲ 味呱味呴



Pʾʏǎɧǳɹ ʏȞ kʀ˝ǳʾǳˍ˝喐 Oʀɧkʀǳ ɧǳƪʾʀkʀȣ ʏȞ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 嘗LMˍ嘘

4

Mƪɞkʀȣ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 嘗LMˍ嘘 ˲ʵ ˝ʏ ǡƪ˝ǳ kˍ ȵkȣȵɧ̈́ kɹʵʏʾ˝ƪʀ˝喒 ǎ˲˝ ʻ˲k˝ǳ ȵƪʾǡ喒
• Nʏ˝ ƪʾȣ˲kʀȣ ˝ȵƪ˝ ̷ǳ ǡʏʀ噾˝ ʀǳǳǡ 噻˝ʾƪkʀkʀȣ Ȟʾʏɹ ˍǗʾƪ˝Ǘȵ噼

• C˲ʾʾǳʀ˝ ʻ˲ǳˍ˝kʏʀ喐 Hʏ̷ ˝ʏ ˲ʵǡƪ˝ǳ ˝ȵǳ LLƪMA嗻味 ˲ʀ˝kɧ ˝ȵǳ ʾǳɧǳƪˍǳ ʏȞ LLƪMA嗻呴喒喕

Pʾʏǎɧǳɹ ʏȞ kʀ˝ǳʾǳˍ˝喐 Oʀɧkʀǳ ƪǡƪʵ˝ƪ˝kʏʀ ʏȞ LMˍ

• Aǡƪʵ˝kʀȣ LM ʏʀ ƪ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ

嘛呲嘜 H˲ ǳ˝ ƪɧ喎喏 Mǳ˝ƪ嗻Lǳƪʾʀkʀȣ Oʀɧkʀǳ Aǡƪʵ˝ƪ˝kʏʀ ʏȞ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ喏 ƪʾXk̲ 味呱味呴

Uʀˍ˲ʵǳʾ̲kˍǳǡ喒喕 Mʏʾǳ ʾǳƪɧkˍ˝kǗ喒喓
• Wǳ ʏʀɧ̈́ ȵƪ̲ǳ ˝ȵǳ ˲ʀɧƪǎǳɧǳǡ ǡʏǗ˲ɹǳʀ˝ 嘗ʀʏ ɧƪǎǳɧˍ ɧkɞǳ ʻ˲ǳˍ˝kʏʀ ƪʀǡ ƪʀˍ̷ǳʾ嘘  



Pʾʏǎɧǳɹ ʏȞ kʀ˝ǳʾǳˍ˝喐 Oʀɧkʀǳ ɧǳƪʾʀkʀȣ ʏȞ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 嘗LMˍ嘘

5

Mƪɞkʀȣ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ 嘗LMˍ嘘 ˲ʵ ˝ʏ ǡƪ˝ǳ kˍ ȵkȣȵɧ̈́ kɹʵʏʾ˝ƪʀ˝喒 ǎ˲˝ ʻ˲k˝ǳ ȵƪʾǡ喒
• Nʏ˝ ƪʾȣ˲kʀȣ ˝ȵƪ˝ ̷ǳ ǡʏʀ噾˝ ʀǳǳǡ 噻˝ʾƪkʀkʀȣ Ȟʾʏɹ ˍǗʾƪ˝Ǘȵ噼

• C˲ʾʾǳʀ˝ ʻ˲ǳˍ˝kʏʀ喐 Hʏ̷ ˝ʏ ˲ʵǡƪ˝ǳ ˝ȵǳ LLƪMA嗻味 ˲ʀ˝kɧ ˝ȵǳ ʾǳɧǳƪˍǳ ʏȞ LLƪMA嗻呴喒喕

Pʾʏǎɧǳɹ ʏȞ kʀ˝ǳʾǳˍ˝喐 Oʀɧkʀǳ ƪǡƪʵ˝ƪ˝kʏʀ ʏȞ LMˍ

• Aǡƪʵ˝kʀȣ LM ʏʀ ƪ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ

J˲ˍ˝ ƪ ǎk˝ ɹʏʾǳ ɹƪ˝ȵǳɹƪ˝kǗƪɧ ǳ́ʵɧƪʀƪ˝kʏʀ Ȟʏʾ ǳƪˍkǳʾ ˲ʀǡǳʾˍ˝ƪʀǡkʀȣ

嘛呲嘜 H˲ ǳ˝ ƪɧ喎喏 Mǳ˝ƪ嗻Lǳƪʾʀkʀȣ Oʀɧkʀǳ Aǡƪʵ˝ƪ˝kʏʀ ʏȞ Lƪʀȣ˲ƪȣǳ Mʏǡǳɧˍ喏 ƪʾXk̲ 味呱味呴

Ctest := (d1, · · · ,dN )θbase θupdateAǡƪʵ˝ ˝ȵǳ ˲ʵǡƪ˝ǳ ʏʀ ˲ʀɧƪǎǳɧǳǡ ǡʏǗ˲ɹǳʀ˝ˍ

E̲ƪɧ˲ƪ˝kʏʀ ʏʀ ˝ȵǳ ʻ˲ǳʾ̈́ kʀʵ˲˝ ƪʀǡ ɧƪǎǳɧˍ (xi,yi) ∼ p(x,y|di) 1

N

∑N

i=1
L
(

LMθbase(xi),yi

)



Pʾǳ̲kʏ˲ˍ ̷ʏʾɞˍ喕
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Rǳ˝ʾkǳ̲ƪɧ ƪ˲ȣɹǳʀ˝ƪ˝kʏʀ喐 Sƪ̲ǳ ǡʏǗ˲ɹǳʀ˝ˍ kʀ˝ʏ ƪ ɹǳɹʏʾ̈́ ǎƪʀɞ ƪʀǡ ɧƪ˝ǳʾ ʾǳ˝ʾkǳ̲ǳ ƪʀǡ ʵʾǳʵǳʀǡ k˝

Oʀɧkʀǳ Ȟkʀǳ˝˲ʀkʀȣ喐 Uʵǡƪ˝ǳ ˝ȵǳ ɹʏǡǳɧ噾ˍ ʵƪʾƪɹǳ˝ǳʾ ̷k˝ȵ ˝ȵǳ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ

Rǳ˝ʾkǳ̲ƪɧ ƪ˲ȣɹǳʀ˝ƪ˝kʏʀ Oʀɧkʀǳ Ȟkʀǳ˝˲ʀkʀȣ 
嘗˲ˍǳ ƪ˲˝ʏʾǳȣʾǳˍˍk̲ǳ ɧʏˍˍ嘘



Pʾǳ̲kʏ˲ˍ ̷ʏʾɞˍ喕
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Rǳ˝ʾkǳ̲ƪɧ ƪ˲ȣɹǳʀ˝ƪ˝kʏʀ喐 Sƪ̲ǳ ǡʏǗ˲ɹǳʀ˝ˍ kʀ˝ʏ ƪ ɹǳɹʏʾ̈́ ǎƪʀɞ ƪʀǡ ɧƪ˝ǳʾ ʾǳ˝ʾkǳ̲ǳ ƪʀǡ ʵʾǳʵǳʀǡ k˝

Oʀɧkʀǳ Ȟkʀǳ˝˲ʀkʀȣ喐 Uʵǡƪ˝ǳ ˝ȵǳ ɹʏǡǳɧ噾ˍ ʵƪʾƪɹǳ˝ǳʾ ̷k˝ȵ ˝ȵǳ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ

Rǳ˝ʾkǳ̲ƪɧ ƪ˲ȣɹǳʀ˝ƪ˝kʏʀ

Pʾʏˍ

• S˝ʾʏʀȣ ɞʀʏ̷ɧǳǡȣǳ ʾǳ˝ǳʀ˝kʏʀ

• EȞȞǳǗ˝k̲ǳ ʵǳʾȞʏʾɹƪʀǗǳ 

• EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ 嘗ʀʏ ʀǳǳǡ ˝ʏ ǗƪɧǗ˲ɧƪ˝ǳ ˝ȵǳ ȣʾƪǡkǳʀ˝ˍ嘘

Cʏʀˍ
• IʀǳȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ

• Pʏˍˍkǎkɧk˝̈́ ʏȞ Ǘȵʏʏˍkʀȣ ˝ȵǳ ̷ʾʏʀȣ ǡʏǗ˲ɹǳʀ˝

• 姖 ǳ̲ǳʀ ɧƪʾȣǳ ɹʏǡǳɧˍ ˍ˝ʾ˲ȣȣɧǳ ̷ȵǳʀ ˝ȵǳ kʀȞʏʾɹƪ˝kʏʀ kˍ 
Ǘʏ˲ʀ˝ǳʾȞƪǗ˝˲ƪɧ ̷k˝ȵ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ



Pʾǳ̲kʏ˲ˍ ̷ʏʾɞˍ喕
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Rǳ˝ʾkǳ̲ƪɧ ƪ˲ȣɹǳʀ˝ƪ˝kʏʀ喐 Sƪ̲ǳ ǡʏǗ˲ɹǳʀ˝ˍ kʀ˝ʏ ƪ ɹǳɹʏʾ̈́ ǎƪʀɞ ƪʀǡ ɧƪ˝ǳʾ ʾǳ˝ʾkǳ̲ǳ ƪʀǡ ʵʾǳʵǳʀǡ k˝

Oʀɧkʀǳ Ȟkʀǳ˝˲ʀkʀȣ喐 Uʵǡƪ˝ǳ ˝ȵǳ ɹʏǡǳɧ噾ˍ ʵƪʾƪɹǳ˝ǳʾ ̷k˝ȵ ˝ȵǳ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ

Oʀɧkʀǳ Ȟkʀǳ˝˲ʀkʀȣ 
嘗˲ˍǳ ƪ˲˝ʏʾǳȣʾǳˍˍk̲ǳ ɧʏˍˍ嘘

Pʾʏˍ

• EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ

• Cƪʀ ǳǡk˝ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ k˝ˍǳɧȞ Ȟʾʏɹ ˝ȵǳ ʵƪʾƪɹǳ˝ǳʾ

Cʏʀˍ
• Iʀǳ̲k˝ƪǎɧǳ Ȟʏʾȣǳ˝˝kʀȣ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ

• Hkȣȵɧ̈́ ˍǳʀˍk˝k̲ǳ ˝ʏ ˝ȵǳ ʏʀɧkʀǳ ʏʵ˝kɹk͐ƪ˝kʏʀ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ

• IʀǳȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ 嘗ʀǳǳǡ ˝ʏ ǗƪɧǗ˲ɧƪ˝ǳ ˝ȵǳ ȣʾƪǡkǳʀ˝ˍ嘘 



Hʏ̷ ƪǎʏ˲˝ ʏ˲ʾˍ喒喕
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Rǳ˝ʾkǳ̲ƪɧ ƪ˲ȣɹǳʀ˝ƪ˝kʏʀ喐 Sƪ̲ǳ ǡʏǗ˲ɹǳʀ˝ˍ kʀ˝ʏ ƪ ɹǳɹʏʾ̈́ ǎƪʀɞ ƪʀǡ ɧƪ˝ǳʾ ʾǳ˝ʾkǳ̲ǳ ƪʀǡ ʵʾǳʵǳʀǡ k˝

Oʀɧkʀǳ Ȟkʀǳ˝˲ʀkʀȣ喐 Uʵǡƪ˝ǳ ˝ȵǳ ɹʏǡǳɧ噾ˍ ʵƪʾƪɹǳ˝ǳʾ ̷k˝ȵ ˝ȵǳ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ

Iǡǳƪ喐 Lǳ˝噾ˍ ȵƪ̲ǳ ƪ ɹkǡǡɧǳ ʵʏkʀ˝

• 呲嘘 EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ

• 味嘘 EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ

• 呴嘘 S˝ʾʏʀȣ ʾǳ˝ǳʀ˝kʏʀ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ

• 呵嘘 Nʏ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ ǡ˲ʾkʀȣ ˝ȵǳ ƪǡƪʵ˝ƪ˝kʏʀ 

• 呶嘘 Pʏˍˍkǎkɧk˝̈́ ʏȞ ˲ˍkʀȣ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ Ȟʾʏɹ ˍkɹkɧƪʾ ǡʏǗ˲ɹǳʀ˝ˍ



Hʏ̷ ƪǎʏ˲˝ ʏ˲ʾˍ喒喕
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Rǳ˝ʾkǳ̲ƪɧ ƪ˲ȣɹǳʀ˝ƪ˝kʏʀ喐 Sƪ̲ǳ ǡʏǗ˲ɹǳʀ˝ˍ kʀ˝ʏ ƪ ɹǳɹʏʾ̈́ ǎƪʀɞ ƪʀǡ ɧƪ˝ǳʾ ʾǳ˝ʾkǳ̲ǳ ƪʀǡ ʵʾǳʵǳʀǡ k˝

Oʀɧkʀǳ Ȟkʀǳ˝˲ʀkʀȣ喐 Uʵǡƪ˝ǳ ˝ȵǳ ɹʏǡǳɧ噾ˍ ʵƪʾƪɹǳ˝ǳʾ ̷k˝ȵ ˝ȵǳ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ

Iǡǳƪ喐 Lǳ˝噾ˍ ȵƪ̲ǳ ƪ ɹkǡǡɧǳ ʵʏkʀ˝

• 呲嘘 EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ

• 味嘘 EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ

• 呴嘘 S˝ʾʏʀȣ ʾǳ˝ǳʀ˝kʏʀ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ

• 呵嘘 Nʏ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ ǡ˲ʾkʀȣ ˝ȵǳ ƪǡƪʵ˝ƪ˝kʏʀ 

• 呶嘘 Pʏˍˍkǎkɧk˝̈́ ʏȞ ˲ˍkʀȣ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ Ȟʾʏɹ ˍkɹkɧƪʾ ǡʏǗ˲ɹǳʀ˝ˍ

Kǳ̈́ kǡǳƪ喕 Vǳʾ̈́ ˍkɹʵɧǳ喏 ǎ˲˝ ̷kɧɧ ǳ́ʵɧƪkʀ ̷ȵ̈́ ˝ȵkˍ ʾǳˍʏɧ̲ǳˍ ˝ȵǳ kˍˍ˲ǳˍ

呲喎 Aɹʏʾ˝k͐ǳ ǳƪǗȵ ǡʏǗ˲ɹǳʀ˝ kʀ˝ʏ ʵƪʾƪɹǳ˝ǳʾ嗻ǳȞȞkǗkǳʀ˝ Ȟkʀǳ˝˲ʀkʀȣ 嘗PEFT嘘 ʵƪʾƪɹǳ˝ǳʾˍ喏 ǳ喎ȣ喎喏 LʏRA

味喎 Sƪ̲ǳ ˝ȵǳ ƪɹʏʾ˝k͐ǳǡ ǡʏǗ˲ɹǳʀ˝ˍ kʀ˝ʏ ƪ ɹǳɹʏʾ̈́ ǎƪʀɞ

呴喎 Lǳƪʾʀ ˝ʏ ƪȣȣʾǳȣƪ˝ǳ ˝ȵǳ ɹǳɹʏʾ̈́ ǎƪʀɞ ˝ʏ ʏ˲˝ʵ˲˝ ˝ȵǳ ʵʏˍˍkǎɧǳ ǎǳˍ˝ ɹʏǡ˲ɧƪ˝kʏʀ



O̲ǳʾƪɧɧ ˍ˲ɹɹƪʾ̈́
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TʾƪɄʀɄʀȣ喐 LǳƪʾʀɄʀȣ ˝ʏ Aɹʏʾ˝Ʉ͐ǳ ƪʀǡ Aȣȣʾǳȣƪ˝ǳ IʀȞǳʾǳʀǗǳ喐 OʀɧɄʀǳ Aǡƪʵ˝ƪ˝Ʉʏʀ

Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

ψ

θinput

⋰ ⋮
θamort

θamort

φK

φ1

d1

dK φ∗

y

x

θbase

S˝ʾǳƪɹ ʏȞ 
DʏǗ˲ɹǳʀ˝ˍ

Sƪ̲ǳ 
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

⋮⋰ ⋮
θamort

θamort

φK

φ1

d1

dK

ψ

Q˲ǳˍ˝kʏʀ θinputx

φ∗
MAC喐 Mǳɹʏʾ̈́ ʏȞ

Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

M
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Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

⋰ ⋮
θamort

θamort

φK

φ1

d1

dK

Aɹʏʾ˝k͐ǳ ǳƪǗȵ ǡʏǗ˲ɹǳʀ˝ kʀ˝ʏ PEFT ʵƪʾƪɹǳ˝ǳʾˍ 嘗ǳ喎ȣ喎喏 LʏRA嘘
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Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

ψ

θinput

⋰ ⋮
θamort

θamort

φK

φ1

d1

dK φ∗

x

Aɹʏʾ˝k͐ǳ ǳƪǗȵ ǡʏǗ˲ɹǳʀ˝ kʀ˝ʏ PEFT ʵƪʾƪɹǳ˝ǳʾˍ 嘗ǳ喎ȣ喎喏 LʏRA嘘

Aȣȣʾǳȣƪ˝ǳ ˝ȵǳ PEFT ʵƪʾƪɹǳ˝ǳʾˍ kʀ˝ʏ ƪ ˍkʀȣɧǳ ʵƪʾƪɹǳ˝ǳʾ
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Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

ψ

θinput

⋰ ⋮
θamort

θamort

φK

φ1

d1

dK φ∗

y

x

θbase

Aɹʏʾ˝k͐ǳ ǳƪǗȵ ǡʏǗ˲ɹǳʀ˝ kʀ˝ʏ PEFT ʵƪʾƪɹǳ˝ǳʾˍ 嘗ǳ喎ȣ喎喏 LʏRA嘘

Aȣȣʾǳȣƪ˝ǳ ˝ȵǳ PEFT ʵƪʾƪɹǳ˝ǳʾˍ kʀ˝ʏ ƪ ˍkʀȣɧǳ ʵƪʾƪɹǳ˝ǳʾ

Aǡƪʵ˝ ˝ȵǳ Ȟʾʏ͐ǳʀ ǎƪˍǳ LM
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Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

ψ

θinput

⋰ ⋮
θamort

θamort

φK

φ1

d1

dK φ∗

y

x

θbase

Aɹʏʾ˝Ʉ͐ǳǡ ʏʵ˝ɄɹɄ͐ƪ˝Ʉʏʀ喐 Nʏ ȣʾƪǡɄǳʀ˝ Ǘʏɹʵ˲˝ƪ˝Ʉʏʀ ʾƪ˝ȵǳʾ喏 ˲ˍǳ ƪʀ ǳʀǗʏǡǳʾ ˝ʏ ʵʾǳǡɄǗ˝ ˝ȵǳ ʵƪʾƪɹǳ˝ǳʾ

minθamort,θinput,ψ
1

N

∑N
i=1

L
(

LMθbase(xi;φ∗

i ),yi

)

where φ∗

i := hψ
(

gθinput(xi), {φk}Kk=1

)

φk := gθamort(dk)

Aɹʏʾ˝k͐ǳ ǳƪǗȵ ǡʏǗ˲ɹǳʀ˝ kʀ˝ʏ PEFT ʵƪʾƪɹǳ˝ǳʾˍ 嘗ǳ喎ȣ喎喏 LʏRA嘘

Aȣȣʾǳȣƪ˝ǳ ˝ȵǳ PEFT ʵƪʾƪɹǳ˝ǳʾˍ kʀ˝ʏ ƪ ˍkʀȣɧǳ ʵƪʾƪɹǳ˝ǳʾ

Aǡƪʵ˝ ˝ȵǳ Ȟʾʏ͐ǳʀ ǎƪˍǳ LM

Eʀǡ嗻˝ʏ嗻ǳʀǡ ˝ʾƪkʀkʀȣ ʏǎɗǳǗ˝k̲ǳ



IʀȞǳʾǳʀǗǳ喐 Oʀɧkʀǳ ƪǡƪʵ˝ƪ˝kʏʀ

16

S˝ʾǳƪɹ ʏȞ 
DʏǗ˲ɹǳʀ˝ˍ

Sƪ̲ǳ 
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

⋮⋰ ⋮
θamort

θamort

φK

φ1

d1

dK

ψ

Q˲ǳˍ˝kʏʀ θinputx

φ∗
MAC喐 Mǳɹʏʾ̈́ ʏȞ

Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

M

Wȵǳʀ ˝ȵǳ ˍ˝ʾǳƪɹ ʏȞ ǡʏǗ˲ɹǳʀ˝ˍ ƪʾǳ ɞǳǳʵ ǳɹǳʾȣkʀȣ

Wȵǳʀ ˝ȵǳ ˲ˍǳʾ ʻ˲ǳˍ˝kʏʀ kˍ ʾƪkˍǳǡ
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Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

ψ

θinput

⋰ ⋮
θamort

θamort

φK

φ1

d1

dK φ∗

y

x

θbase

S˝ʾǳƪɹ ʏȞ 
DʏǗ˲ɹǳʀ˝ˍ

Sƪ̲ǳ 
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

⋮⋰ ⋮
θamort

θamort

φK

φ1

d1

dK

ψ

Q˲ǳˍ˝kʏʀ θinputx

φ∗
MAC喐 Mǳɹʏʾ̈́ ʏȞ

Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

M

呲嘘 EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ
味嘘 EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ
呴嘘 S˝ʾʏʀȣ ʾǳ˝ǳʀ˝kʏʀ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ
呵嘘 Nʏ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ ǡ˲ʾkʀȣ ˝ȵǳ ƪǡƪʵ˝ƪ˝kʏʀ 
呶嘘 Pʏˍˍkǎkɧk˝̈́ ʏȞ ˲ˍkʀȣ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ Ȟʾʏɹ ˍkɹkɧƪʾ ǡʏǗ˲ɹǳʀ˝ˍ
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Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

ψ

θinput

⋰ ⋮
θamort

θamort

φK

φ1

d1

dK φ∗

x

呲嘘 EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ喐 Oʀɧ̈́ ʾǳʻ˲kʾǳˍ ƪ ˍkʀȣɧǳ Ȟʏʾ̷ƪʾǡ ʵƪˍˍ 嘗ʀʏ ȣʾƪǡkǳʀ˝ Ǘʏɹʵ˲˝ƪ˝kʏʀ嘘
味嘘 EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ
呴嘘 S˝ʾʏʀȣ ʾǳ˝ǳʀ˝kʏʀ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ
呵嘘 Nʏ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ ǡ˲ʾkʀȣ ˝ȵǳ ƪǡƪʵ˝ƪ˝kʏʀ 
呶嘘 Pʏˍˍkǎkɧk˝̈́ ʏȞ ˲ˍkʀȣ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ Ȟʾʏɹ ˍkɹkɧƪʾ ǡʏǗ˲ɹǳʀ˝ˍ

Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

S˝ʾǳƪɹ ʏȞ 
DʏǗ˲ɹǳʀ˝ˍ

Sƪ̲ǳ 
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

⋮⋰ ⋮

Q˲ǳˍ˝kʏʀ

MAC喐 Mǳɹʏʾ̈́ ʏȞ
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ
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Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

φ∗

y

θbase

呲嘘 EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ
味嘘 EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ喐 LʏRA ʏʾ P嗻˝˲ʀkʀȣ V味 嘗k喎ǳ喎喏 𝝓嘘 ǡʏǳˍ ʀʏ˝ kʀǗʾǳƪˍǳ ˝ȵǳ Ǘʏʀ˝ǳ́˝ ̷kʀǡʏ̷ ˍk͐ǳ
呴嘘 S˝ʾʏʀȣ ʾǳ˝ǳʀ˝kʏʀ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ
呵嘘 Nʏ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ ǡ˲ʾkʀȣ ˝ȵǳ ƪǡƪʵ˝ƪ˝kʏʀ 
呶嘘 Pʏˍˍkǎkɧk˝̈́ ʏȞ ˲ˍkʀȣ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ Ȟʾʏɹ ˍkɹkɧƪʾ ǡʏǗ˲ɹǳʀ˝ˍ

Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

⋰ ⋮

S˝ʾǳƪɹ ʏȞ 
DʏǗ˲ɹǳʀ˝ˍ

Sƪ̲ǳ 
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

⋮⋰ ⋮

Q˲ǳˍ˝kʏʀ

MAC喐 Mǳɹʏʾ̈́ ʏȞ
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ
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S˝ʾǳƪɹ ʏȞ 
DʏǗ˲ɹǳʀ˝ˍ

Sƪ̲ǳ 
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

⋮⋰ ⋮
θamort

θamort

φK

φ1

d1

dK

M

呲嘘 EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ
味嘘 EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ
呴嘘 S˝ʾʏʀȣ ʾǳ˝ǳʀ˝kʏʀ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ喐 ˝ȵǳ ǗʏɹʵƪǗ˝ ɞʀʏ̷ɧǳǡȣǳ kˍ ˍƪ̲ǳǡ kʀ˝ʏ ˝ȵǳ ɹǳɹʏʾ̈́ ǎƪʀɞ 
呵嘘 Nʏ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ ǡ˲ʾkʀȣ ˝ȵǳ ƪǡƪʵ˝ƪ˝kʏʀ 
呶嘘 Pʏˍˍkǎkɧk˝̈́ ʏȞ ˲ˍkʀȣ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ Ȟʾʏɹ ˍkɹkɧƪʾ ǡʏǗ˲ɹǳʀ˝ˍ

Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

⋰ ⋮

Q˲ǳˍ˝kʏʀ

MAC喐 Mǳɹʏʾ̈́ ʏȞ
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ
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呲嘘 EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ
味嘘 EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ
呴嘘 S˝ʾʏʀȣ ʾǳ˝ǳʀ˝kʏʀ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ
呵嘘 Nʏ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ ǡ˲ʾkʀȣ ˝ȵǳ ƪǡƪʵ˝ƪ˝kʏʀ喐 Oʀɧ̈́ ʾǳʻ˲kʾǳˍ ƪ ˍkʀȣɧǳ Ȟʏʾ̷ƪʾǡ ʵƪˍˍ 姖 ʀʏ ǡʏǗ˲ɹǳʀ˝ ɧƪǎǳɧˍ
呶嘘 Pʏˍˍkǎkɧk˝̈́ ʏȞ ˲ˍkʀȣ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ Ȟʾʏɹ ˍkɹkɧƪʾ ǡʏǗ˲ɹǳʀ˝ˍ

Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

Q˲ǳˍ˝kʏʀ

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

ψ

θinput

⋰ ⋮
θamort

θamort

φK

φ1

d1

dK φ∗

x

Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

S˝ʾǳƪɹ ʏȞ 
DʏǗ˲ɹǳʀ˝ˍ

Sƪ̲ǳ 
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

⋮⋰ ⋮

Q˲ǳˍ˝kʏʀ

MAC喐 Mǳɹʏʾ̈́ ʏȞ
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ
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Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

ψ⋮
φK

φ1

φ∗

呲嘘 EȞȞkǗkǳʀ˝ ƪǡƪʵ˝ƪ˝kʏʀ
味嘘 EȞȞkǗkǳʀ˝ kʀȞǳʾǳʀǗǳ
呴嘘 S˝ʾʏʀȣ ʾǳ˝ǳʀ˝kʏʀ ʏȞ ˝ȵǳ ɧǳƪʾʀǳǡ ɞʀʏ̷ɧǳǡȣǳ
呵嘘 Nʏ ȵ̈́ʵǳʾ嗻ʵƪʾƪɹǳ˝ǳʾ ǡ˲ʾkʀȣ ˝ȵǳ ƪǡƪʵ˝ƪ˝kʏʀ
呶嘘 Pʏˍˍkǎkɧk˝̈́ ʏȞ ˲ˍkʀȣ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ Ȟʾʏɹ ˍkɹkɧƪʾ ǡʏǗ˲ɹǳʀ˝ˍ喐 Aȣȣʾǳȣƪ˝ǳ Ǘƪʀ ˲ˍǳ ˍȵƪʾǳ ˝ȵǳ ɞʀʏ̷ɧǳǡȣǳ

Q˲ǳˍ˝kʏʀ θinputx

Mʏǡǳɧ Sʏ˲ʵ喐 Wʏʾ˝ȵ ˝ʏ ʀʏ˝ǳ ˝ȵƪ˝ ɹǳʾȣkʀȣ LʏRAˍ Ȟʏʾ ˍƪɹǳ ǗȵǳǗɞʵʏkʀ˝ˍ Ǘƪʀ ǳ̲ǳʀ ǡʏ ǎǳ˝˝ǳʾ ˝ȵƪʀ kʀǡk̲kǡ˲ƪɧ LʏRA

Aʀˍ̷ǳʾ

Aǡƪʵ˝ǳǡ LM

S˝ʾǳƪɹ ʏȞ 
DʏǗ˲ɹǳʀ˝ˍ

Sƪ̲ǳ 
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

⋮⋰ ⋮

Q˲ǳˍ˝kʏʀ

MAC喐 Mǳɹʏʾ̈́ ʏȞ
Aɹʏʾ˝k͐ǳǡ Cʏʀ˝ǳ́˝ˍ

Aɹʏʾ˝k͐ƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

Cʏʀ˝ǳ́˝
DʏǗ˲ɹǳʀ˝ˍ

⋰



T̷ʏ ɹǳɹʏʾ̈́ ǳȞȞkǗkǳʀ˝ ˝ǳǗȵʀkʻ˲ǳˍ 嘗Mǳ˝ȵʏǡˍ ƪʾǳ kʀ ˝ȵǳ Aʵʵǳʀǡḱ嘘
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Aʵʵǳʀǡḱ 嗻 味喐 HkǳʾƪʾǗȵkǗƪɧ ɹʏǡ˲ɧƪ˝kʏʀ ƪȣȣʾǳȣƪ˝kʏʀ

31

Mǳɹʏʾ̈́ kʀǳȞȞkǗkǳʀǗ̈́ ̷ȵǳʀ ƪȣȣʾǳȣƪ˝kʀȣ ƪ ɧƪʾȣǳ ɹǳɹʏʾ̈́ ǎƪʀɞ 

Aȣȣʾǳȣƪ˝kʏʀ 
Nǳ˝̷ʏʾɞ

ψ⋮
φK

φ1

Tʏ˝ƪɧ

O(KT 2)

KT

dim(φ) = T

φ∗
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