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Introduction



1 By leveraging massive amounts of unlabeled data during training, pre-trained
vision-language models can learn highly performant and generalizable
representations, leading to improvements on various downstream tasks.

2 As model sizes continue to grow rapidly, fine-tuning is increasingly affected by the
parameter-efficiency issue. To address this challenge, researchers proposed
parameter-efficient fine-tuning to achieve high parameter efficiency and
demonstrated promising results on various downstream tasks.

Background
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Given query Q ∈ RN1×dk , key K ∈ RN2×dk and value V ∈ RN2×dv , attention
aggregates the features by:

Attn(Q,K,V) = MV, (1)

where

M = softmax

(
QK⊤√

dk

)
(2)

represents the attention weights, N1 and N2 are the number of the query and
key/value features, respectively.

Attention in transformer
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An adapter is a small learnable module containing two matrices Wdown ∈ Rl1×l2 ,
Wup ∈ Rl2×l1 and a non-linear function σ(·), where l1 and l2 are the feature
dimensions in pre-trained models and the hidden dimension in adapter (usually
l2 < l1). Given a feature U ∈ RN×l1 in the pre-trained model, the adapter encoding
process can be represented as:

U′ = σ(UWdown)Wup + U. (3)

1Neil Houlsby et al. (2019). “Parameter-efficient transfer learning for NLP”. In: Proc. ICML.
PMLR.

Adapter1
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From Equation (3) and Equation (1), we can formulate the features sequentially
encoded by attention and adapter as:

U′ = σ(MVWvWoWdown)Wup + MVWvWo, (4)

where M ∈ RN1×N2 is the attention matrix computed by the transformed query
QWq and key KWk using Equation (2).

Modeling adapter as graph message passing
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<latexit sha1_base64="VAPXaNIVmrOQQiUaPZEYZqtV4/E=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMFHVZdONGqGAf0A4lk8m0oZnMkGSEOvRL3LhQxK2f4s6/MdPOQlsPhBzOuZecHD/hTGnH+bZKa+sbm1vl7crO7t5+1T447Kg4lYS2Scxj2fOxopwJ2tZMc9pLJMWRz2nXn9zkfveRSsVi8aCnCfUiPBIsZARrIw3t6sCPeaCmkbmyu1llaNecujMHWiVuQWpQoDW0vwZBTNKICk04VqrvOon2Miw1I5zOKoNU0QSTCR7RvqECR1R52Tz4DJ0aJUBhLM0RGs3V3xsZjlSezUxGWI/VspeL/3n9VIdXXsZEkmoqyOKhMOVIxyhvAQVMUqL51BBMJDNZERljiYk2XeUluMtfXiWd87p7UW/cN2rN66KOMhzDCZyBC5fQhFtoQRsIpPAMr/BmPVkv1rv1sRgtWcXOEfyB9fkDxpaTLA==</latexit>

M

×

<latexit sha1_base64="Ue/WGvGK0nwLsk3e9ba11ZIz/Gs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp00cRcVMZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6midoufzc+dkTOrDEkYa1sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG88TOhkhS5YotFYSoJxiT/nQyF5gzl1BLKtLC3EjammjK0CeUheMsvr5L2Rd27rF89XNYat0UcZTiBUzgHD66hAffQhBYwmMAzvMKbkzgvzrvzsWgtOcXMMfyB8/kD71ePUA==</latexit>

×

<latexit sha1_base64="Ue/WGvGK0nwLsk3e9ba11ZIz/Gs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp00cRcVMZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6midoufzc+dkTOrDEkYa1sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG88TOhkhS5YotFYSoJxiT/nQyF5gzl1BLKtLC3EjammjK0CeUheMsvr5L2Rd27rF89XNYat0UcZTiBUzgHD66hAffQhBYwmMAzvMKbkzgvzrvzsWgtOcXMMfyB8/kD71ePUA==</latexit>

=

<latexit sha1_base64="g33hzVWlD+2tQBNkLgfmO3VJsoA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5LvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRvONARv8eVl0jyreufVi/vzSu0mj6MIR3AMp+DBJdTgDurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwDDrozd</latexit>

×

<latexit sha1_base64="Ue/WGvGK0nwLsk3e9ba11ZIz/Gs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp00cRcVMZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6midoufzc+dkTOrDEkYa1sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG88TOhkhS5YotFYSoJxiT/nQyF5gzl1BLKtLC3EjammjK0CeUheMsvr5L2Rd27rF89XNYat0UcZTiBUzgHD66hAffQhBYwmMAzvMKbkzgvzrvzsWgtOcXMMfyB8/kD71ePUA==</latexit>

<latexit sha1_base64="JHRzktiNiz1QGjNf61Z1EGmKvoU=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqhJUAWMFC2Mr0YfURpHjOK1Vxwm2g1RFWVn4FRYGEGLlD9j4G5w2Q2k5kuXjc+6V7z1+wqhUtv1jVNbWNza3qtvmzu7e/oF1eNSVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj+5LfzeIxGSxvxeTRPiRmjEaUgxUlryLDj0YxbIaaSvrJ0vvnq592CanlWz6/YMcJU4JamBEi3P+h4GMU4jwhVmSMqBYyfKzZBQFDOSm8NUkgThCRqRgaYcRUS62WyTHJ5pJYBhLPThCs7UxY4MRbIYT1dGSI3lsleI/3mDVIXXbkZ5kirC8fyjMGVQxbCIBQZUEKzYVBOEBdWzQjxGAmGlwytCcJZXXiXdi7pzWW+0G7XmTRlHFZyAU3AOHHAFmuAOtEAHYPAEXsAbeDeejVfjw/icl1aMsucY/IHx9QsdLZqW</latexit>

QW q

<latexit sha1_base64="3coHZj3HiamAmoAhRTj8WVyztK4=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqpUlipBFTBWsCCxFKkvqQ2R47itVceJbAepivIFLPwKCwMIsTKz8Tc4bYbSciTLx+fcK997vIhRqSzrxyisrW9sbhW3Szu7e/sH5uFRR4axwKSNQxaKnockYZSTtqKKkV4kCAo8Rrre5Cbzu49ESBrylppGxAnQiNMhxUhpyTUr1YEXMl9OA30ld+niq5u6k7OHpJWWXLNs1awZ4Cqxc1IGOZqu+T3wQxwHhCvMkJR924qUkyChKGYkLQ1iSSKEJ2hE+ppyFBDpJLN1UljRig+HodCHKzhTFzsSFMhsRF0ZIDWWy14m/uf1YzW8chLKo1gRjucfDWMGVQizbKBPBcGKTTVBWFA9K8RjJBBWOsEsBHt55VXSOa/ZF7X6fb3cuM7jKIITcAqqwAaXoAFuQRO0AQZP4AW8gXfj2Xg1PozPeWnByHuOwR8YX7/ywpyt</latexit>

(KW k)
T <latexit sha1_base64="9xbUTtKjofy9m7zzDChwHdnWZyY=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUpQBYwVLIxFog+pjSLHcVurjh3ZTqUqysjCr7AwgBArn8DG3+C0GUrLkSwfn3OvfO8JYkaVdpwfq7S2vrG5Vd6u7Ozu7R/Yh0dtJRKJSQsLJmQ3QIowyklLU81IN5YERQEjnWB8l/udCZGKCv6opzHxIjTkdEAx0kby7dN+IFioppG50na2+Opk/qTi21Wn5swAV4lbkCoo0PTt734ocBIRrjFDSvVcJ9ZeiqSmmJGs0k8UiREeoyHpGcpRRJSXzhbJ4LlRQjgQ0hyu4Uxd7EhRpPLpTGWE9Egte7n4n9dL9ODGSymPE004nn80SBjUAuapwJBKgjWbGoKwpGZWiEdIIqxNdnkI7vLKq6R9WXOvavWHerVxW8RRBifgDFwAF1yDBrgHTdACGDyBF/AG3q1n69X6sD7npSWr6DkGf2B9/QLrppqM</latexit>

V W v

<latexit sha1_base64="9xbUTtKjofy9m7zzDChwHdnWZyY=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUpQBYwVLIxFog+pjSLHcVurjh3ZTqUqysjCr7AwgBArn8DG3+C0GUrLkSwfn3OvfO8JYkaVdpwfq7S2vrG5Vd6u7Ozu7R/Yh0dtJRKJSQsLJmQ3QIowyklLU81IN5YERQEjnWB8l/udCZGKCv6opzHxIjTkdEAx0kby7dN+IFioppG50na2+Opk/qTi21Wn5swAV4lbkCoo0PTt734ocBIRrjFDSvVcJ9ZeiqSmmJGs0k8UiREeoyHpGcpRRJSXzhbJ4LlRQjgQ0hyu4Uxd7EhRpPLpTGWE9Egte7n4n9dL9ODGSymPE004nn80SBjUAuapwJBKgjWbGoKwpGZWiEdIIqxNdnkI7vLKq6R9WXOvavWHerVxW8RRBifgDFwAF1yDBrgHTdACGDyBF/AG3q1n69X6sD7npSWr6DkGf2B9/QLrppqM</latexit>

V W v

(a) Attn.

<latexit sha1_base64="Car5R1TFOggVSsfB+f7Grcuv3AU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0Y0boUJrC00ok8mkHTqZCTMToYRs/BU3LhRx62e482+ctFlo64FhDufcy733BAmjSjvOt1VZWV1b36hu1ra2d3b37P2DByVSiUkXCyZkP0CKMMpJV1PNSD+RBMUBI71gclP4vUciFRW8o6cJ8WM04jSiGGkjDe0jLxAsVNPYfJnXoSwk2V2e14Z23Wk4M8Bl4pakDkq0h/aXFwqcxoRrzJBSA9dJtJ8hqSlmJK95qSIJwhM0IgNDOYqJ8rPZATk8NUoIIyHN4xrO1N8dGYpVsaOpjJEeq0WvEP/zBqmOrvyM8iTVhOP5oChlUAtYpAFDKgnWbGoIwpKaXSEeI4mwNpkVIbiLJy+Th/OGe9Fo3jfrresyjio4BifgDLjgErTALWiDLsAgB8/gFbxZT9aL9W59zEsrVtlzCP7A+vwBIwOWwg==</latexit>

M̃
<latexit sha1_base64="h02aee7MqxOAvBURBweOOVx/NYo=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVAFjBQtjkfqSmqhyHKe16tiR7SBVURZ+hYUBhFj5DDb+BqfNAC1Hsnx0zr26954gYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRTIpWYdLFgQg4CpAijnHQ11YwMEklQHDDSD6Z3hd9/JFJRwTt6lhA/RmNOI4qRNtLIPvECwUI1i82XeR3KQpL18rw2sutOw5kDrhK3JHVQoj2yv7xQ4DQmXGOGlBq6TqL9DElNMSN5zUsVSRCeojEZGspRTJSfzQ/I4blRQhgJaR7XcK7+7shQrIodTWWM9EQte4X4nzdMdXTjZ5QnqSYcLwZFKYNawCINGFJJsGYzQxCW1OwK8QRJhLXJrAjBXT55lfQuG+5Vo/nQrLduyziq4BScgQvggmvQAvegDboAgxw8g1fwZj1ZL9a79bEorVhlzzH4A+vzBzDClss=</latexit>

Ṽ

×

<latexit sha1_base64="Ue/WGvGK0nwLsk3e9ba11ZIz/Gs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp00cRcVMZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6midoufzc+dkTOrDEkYa1sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG88TOhkhS5YotFYSoJxiT/nQyF5gzl1BLKtLC3EjammjK0CeUheMsvr5L2Rd27rF89XNYat0UcZTiBUzgHD66hAffQhBYwmMAzvMKbkzgvzrvzsWgtOcXMMfyB8/kD71ePUA==</latexit>

(b) Augmented Attn.
Gattn

<latexit sha1_base64="uC8Ke85/9Dgc7mIyrs21bPeiZuI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0WXRhS4r2Ae0IUym03boZBJmbsQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QSy4Bsf5tkpr6xubW+Xtys7u3v6BfVjt6ChRlLVpJCLVC4hmgkvWBg6C9WLFSBgI1g2mN7nffWRK80g+wCxmXkjGko84JWAk364OQgITSkR6m/kpAZCZb9ecujMHXiVuQWqoQMu3vwbDiCYhk0AF0brvOjF4KVHAqWBZZZBoFhM6JWPWN1SSkGkvnWfP8KlRhngUKfMk4Ln6eyMlodazMDCTeVK97OXif14/gdGVl3IZJ8AkXRwaJQJDhPMi8JArRkHMDCFUcZMV0wlRhIKpq2JKcJe/vEo653W3Ub+4b9Sa10UdZXSMTtAZctElaqI71EJtRNETekav6M3KrBfr3fpYjJasYucI/YH1+QPApJTq</latexit>

<latexit sha1_base64="+kxu0UV62AyL2RdqWUAoq1MhwCM=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRa1GXRjRuhQl/QhDCZTNqhk0mYmQglZOHGX3HjQhG3foQ7/8ZJm4VWDwxzOOde7r3HTxiVyrK+jMrK6tr6RnWztrW9s7tn7h/0ZZwKTHo4ZrEY+kgSRjnpKaoYGSaCoMhnZOBPrwt/cE+EpDHvqllC3AiNOQ0pRkpLnll3/JgFchbpL3O6lAUku81zL7PPcs9sWE1rDviX2CVpgBIdz/x0ghinEeEKMyTlyLYS5WZIKIoZyWtOKkmC8BSNyUhTjiIi3Wx+RA6PtRLAMBb6cQXn6s+ODEWy2FNXRkhN5LJXiP95o1SFl25GeZIqwvFiUJgyqGJYJAIDKghWbKYJwoLqXSGeIIGw0rnVdAj28sl/Sf+0aZ83W3etRvuqjKMK6uAInAAbXIA2uAEd0AMYPIAn8AJejUfj2Xgz3helFaPsOQS/YHx8A3A2mJs=</latexit>

M̃13

<latexit sha1_base64="43aBjt+fN4pQs0bpW9p4edjzj9Q=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIp6rLoxo1QoS9oQphMJu3QyUyYmQglZOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HtPkFAilW1/G5W19Y3Nrep2bWd3b//APDzqS54KhHuIUy6GAZSYEoZ7iiiKh4nAMA4oHgTTm8IfPGAhCWddNUuwF8MxIxFBUGnJN+tuwGkoZ7H+MrdLaIizuzz3M6eV+2bDbtpzWKvEKUkDlOj45pcbcpTGmClEoZQjx06Ul0GhCKI4r7mpxAlEUzjGI00ZjLH0svkRuXWqldCKuNCPKWuu/u7IYCyLPXVlDNVELnuF+J83SlV05WWEJanCDC0GRSm1FLeKRKyQCIwUnWkCkSB6VwtNoIBI6dxqOgRn+eRV0j9vOhfN1n2r0b4u46iCOjgBZ8ABl6ANbkEH9AACj+AZvII348l4Md6Nj0VpxSh7jsEfGJ8/cbuYnA==</latexit>

M̃14
<latexit sha1_base64="CMp1mx6qc2lxUX2nUqAgJ8VJvPs=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1l040ao0Bc0IUwmk3boZBJmJkIJWbjxV9y4UMStH+HOv3HSZqGtB4Y5nHMv997jJ4xKZVnfRmVldW19o7pZ29re2d0z9w96Mk4FJl0cs1gMfCQJo5x0FVWMDBJBUOQz0vcnN4XffyBC0ph31DQhboRGnIYUI6Ulz6w7fswCOY30lzkdygKS3eW5l9nnuWc2rKY1A1wmdkkaoETbM7+cIMZpRLjCDEk5tK1EuRkSimJG8pqTSpIgPEEjMtSUo4hIN5sdkcNjrQQwjIV+XMGZ+rsjQ5Es9tSVEVJjuegV4n/eMFXhlZtRnqSKcDwfFKYMqhgWicCACoIVm2qCsKB6V4jHSCCsdG41HYK9ePIy6Z027Yvm2f1Zo3VdxlEFdXAEToANLkEL3II26AIMHsEzeAVvxpPxYrwbH/PSilH2HII/MD5/AHNAmJ0=</latexit>

M̃15
<latexit sha1_base64="FnHrDkojgz2TLWp//qXnC/6v+yw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiS1qMuiGzdChb6gCWEymbZDJ5MwMxFKyMKNv+LGhSJu/Qh3/o2TNgttPTDM4Zx7ufceP2ZUKsv6Nkpr6xubW+Xtys7u3v6BeXjUk1EiMOniiEVi4CNJGOWkq6hiZBALgkKfkb4/vcn9/gMRkka8o2YxcUM05nREMVJa8syq40cskLNQf6nToSwg6V2WeWnjPPPMmlW35oCrxC5IDRRoe+aXE0Q4CQlXmCEph7YVKzdFQlHMSFZxEklihKdoTIaachQS6abzIzJ4qpUAjiKhH1dwrv7uSFEo8z11ZYjURC57ufifN0zU6MpNKY8TRTheDBolDKoI5onAgAqCFZtpgrCgeleIJ0ggrHRuFR2CvXzyKuk16vZFvXnfrLWuizjKoApOwBmwwSVogVvQBl2AwSN4Bq/gzXgyXox342NRWjKKnmPwB8bnD3G8mJw=</latexit>

M̃23
<latexit sha1_base64="k3wuZCFmCUn6t41fSUmmHXPGhHI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSlqMuiGzdChT6EJoTJZNIOnWTCzEQoIQs3/oobF4q49SPc+TdO2iy09cAwh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uHRQPJUYNLHnHFx7yNJGI1JX1HFyH0iCIp8Rob+9Lrwhw9ESMrjnpolxI3QOKYhxUhpyTPrjs9ZIGeR/jKnR1lAsts897JWO/fMhtW05oCrxC5JA5ToeuaXE3CcRiRWmCEpR7aVKDdDQlHMSF5zUkkShKdoTEaaxigi0s3mR+TwVCsBDLnQL1Zwrv7uyFAkiz11ZYTURC57hfifN0pVeOlmNE5SRWK8GBSmDCoOi0RgQAXBis00QVhQvSvEEyQQVjq3mg7BXj55lQxaTfu82b5rNzpXZRxVUAcn4AzY4AJ0wA3ogj7A4BE8g1fwZjwZL8a78bEorRhlzzH4A+PzB3NBmJ0=</latexit>

M̃24

<latexit sha1_base64="tI8whEEeYeM2cfFs4I4f2hTSfYo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSlPpZFN26ECn1BE8JkMmmHTiZhZiKUkIUbf8WNC0Xc+hHu/BunbRbaemCYwzn3cu89fsKoVJb1bZTW1jc2t8rblZ3dvf0D8/CoJ+NUYNLFMYvFwEeSMMpJV1HFyCARBEU+I31/cjPz+w9ESBrzjpomxI3QiNOQYqS05JlVx49ZIKeR/jKnQ1lAsrs897LGee6ZNatuzQFXiV2QGijQ9swvJ4hxGhGuMENSDm0rUW6GhKKYkbzipJIkCE/QiAw15Sgi0s3mR+TwVCsBDGOhH1dwrv7uyFAkZ3vqygipsVz2ZuJ/3jBV4ZWbUZ6kinC8GBSmDKoYzhKBARUEKzbVBGFB9a4Qj5FAWOncKjoEe/nkVdJr1O2LevO+WWtdF3GUQRWcgDNgg0vQAregDboAg0fwDF7Bm/FkvBjvxseitGQUPcfgD4zPH3TGmJ4=</latexit>

M̃25

(c) Attn. graph

Illustration of the generation of the bipartite attention graph Gattn.

We define the augmented value feature Ṽ which concatenates the transformed
query and value and the augmented attention matrix M̃ as

Ṽ =

[
QWq
VWv

]
, M̃ =

[
0 M

M⊤ 0

]
. (5)

Modeling adapter as graph message passing
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<latexit sha1_base64="VAPXaNIVmrOQQiUaPZEYZqtV4/E=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMFHVZdONGqGAf0A4lk8m0oZnMkGSEOvRL3LhQxK2f4s6/MdPOQlsPhBzOuZecHD/hTGnH+bZKa+sbm1vl7crO7t5+1T447Kg4lYS2Scxj2fOxopwJ2tZMc9pLJMWRz2nXn9zkfveRSsVi8aCnCfUiPBIsZARrIw3t6sCPeaCmkbmyu1llaNecujMHWiVuQWpQoDW0vwZBTNKICk04VqrvOon2Miw1I5zOKoNU0QSTCR7RvqECR1R52Tz4DJ0aJUBhLM0RGs3V3xsZjlSezUxGWI/VspeL/3n9VIdXXsZEkmoqyOKhMOVIxyhvAQVMUqL51BBMJDNZERljiYk2XeUluMtfXiWd87p7UW/cN2rN66KOMhzDCZyBC5fQhFtoQRsIpPAMr/BmPVkv1rv1sRgtWcXOEfyB9fkDxpaTLA==</latexit>

M

×

<latexit sha1_base64="Ue/WGvGK0nwLsk3e9ba11ZIz/Gs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp00cRcVMZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6midoufzc+dkTOrDEkYa1sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG88TOhkhS5YotFYSoJxiT/nQyF5gzl1BLKtLC3EjammjK0CeUheMsvr5L2Rd27rF89XNYat0UcZTiBUzgHD66hAffQhBYwmMAzvMKbkzgvzrvzsWgtOcXMMfyB8/kD71ePUA==</latexit>

×

<latexit sha1_base64="Ue/WGvGK0nwLsk3e9ba11ZIz/Gs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp00cRcVMZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6midoufzc+dkTOrDEkYa1sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG88TOhkhS5YotFYSoJxiT/nQyF5gzl1BLKtLC3EjammjK0CeUheMsvr5L2Rd27rF89XNYat0UcZTiBUzgHD66hAffQhBYwmMAzvMKbkzgvzrvzsWgtOcXMMfyB8/kD71ePUA==</latexit>

=

<latexit sha1_base64="g33hzVWlD+2tQBNkLgfmO3VJsoA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5LvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRvONARv8eVl0jyreufVi/vzSu0mj6MIR3AMp+DBJdTgDurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwDDrozd</latexit>

×

<latexit sha1_base64="Ue/WGvGK0nwLsk3e9ba11ZIz/Gs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp00cRcVMZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6midoufzc+dkTOrDEkYa1sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG88TOhkhS5YotFYSoJxiT/nQyF5gzl1BLKtLC3EjammjK0CeUheMsvr5L2Rd27rF89XNYat0UcZTiBUzgHD66hAffQhBYwmMAzvMKbkzgvzrvzsWgtOcXMMfyB8/kD71ePUA==</latexit>

<latexit sha1_base64="JHRzktiNiz1QGjNf61Z1EGmKvoU=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqhJUAWMFC2Mr0YfURpHjOK1Vxwm2g1RFWVn4FRYGEGLlD9j4G5w2Q2k5kuXjc+6V7z1+wqhUtv1jVNbWNza3qtvmzu7e/oF1eNSVcSow6eCYxaLvI0kY5aSjqGKknwiCIp+Rnj+5LfzeIxGSxvxeTRPiRmjEaUgxUlryLDj0YxbIaaSvrJ0vvnq592CanlWz6/YMcJU4JamBEi3P+h4GMU4jwhVmSMqBYyfKzZBQFDOSm8NUkgThCRqRgaYcRUS62WyTHJ5pJYBhLPThCs7UxY4MRbIYT1dGSI3lsleI/3mDVIXXbkZ5kirC8fyjMGVQxbCIBQZUEKzYVBOEBdWzQjxGAmGlwytCcJZXXiXdi7pzWW+0G7XmTRlHFZyAU3AOHHAFmuAOtEAHYPAEXsAbeDeejVfjw/icl1aMsucY/IHx9QsdLZqW</latexit>

QW q

<latexit sha1_base64="3coHZj3HiamAmoAhRTj8WVyztK4=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqpUlipBFTBWsCCxFKkvqQ2R47itVceJbAepivIFLPwKCwMIsTKz8Tc4bYbSciTLx+fcK997vIhRqSzrxyisrW9sbhW3Szu7e/sH5uFRR4axwKSNQxaKnockYZSTtqKKkV4kCAo8Rrre5Cbzu49ESBrylppGxAnQiNMhxUhpyTUr1YEXMl9OA30ld+niq5u6k7OHpJWWXLNs1awZ4Cqxc1IGOZqu+T3wQxwHhCvMkJR924qUkyChKGYkLQ1iSSKEJ2hE+ppyFBDpJLN1UljRig+HodCHKzhTFzsSFMhsRF0ZIDWWy14m/uf1YzW8chLKo1gRjucfDWMGVQizbKBPBcGKTTVBWFA9K8RjJBBWOsEsBHt55VXSOa/ZF7X6fb3cuM7jKIITcAqqwAaXoAFuQRO0AQZP4AW8gXfj2Xg1PozPeWnByHuOwR8YX7/ywpyt</latexit>

(KW k)
T <latexit sha1_base64="9xbUTtKjofy9m7zzDChwHdnWZyY=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUpQBYwVLIxFog+pjSLHcVurjh3ZTqUqysjCr7AwgBArn8DG3+C0GUrLkSwfn3OvfO8JYkaVdpwfq7S2vrG5Vd6u7Ozu7R/Yh0dtJRKJSQsLJmQ3QIowyklLU81IN5YERQEjnWB8l/udCZGKCv6opzHxIjTkdEAx0kby7dN+IFioppG50na2+Opk/qTi21Wn5swAV4lbkCoo0PTt734ocBIRrjFDSvVcJ9ZeiqSmmJGs0k8UiREeoyHpGcpRRJSXzhbJ4LlRQjgQ0hyu4Uxd7EhRpPLpTGWE9Egte7n4n9dL9ODGSymPE004nn80SBjUAuapwJBKgjWbGoKwpGZWiEdIIqxNdnkI7vLKq6R9WXOvavWHerVxW8RRBifgDFwAF1yDBrgHTdACGDyBF/AG3q1n69X6sD7npSWr6DkGf2B9/QLrppqM</latexit>

V W v

<latexit sha1_base64="9xbUTtKjofy9m7zzDChwHdnWZyY=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUpQBYwVLIxFog+pjSLHcVurjh3ZTqUqysjCr7AwgBArn8DG3+C0GUrLkSwfn3OvfO8JYkaVdpwfq7S2vrG5Vd6u7Ozu7R/Yh0dtJRKJSQsLJmQ3QIowyklLU81IN5YERQEjnWB8l/udCZGKCv6opzHxIjTkdEAx0kby7dN+IFioppG50na2+Opk/qTi21Wn5swAV4lbkCoo0PTt734ocBIRrjFDSvVcJ9ZeiqSmmJGs0k8UiREeoyHpGcpRRJSXzhbJ4LlRQjgQ0hyu4Uxd7EhRpPLpTGWE9Egte7n4n9dL9ODGSymPE004nn80SBjUAuapwJBKgjWbGoKwpGZWiEdIIqxNdnkI7vLKq6R9WXOvavWHerVxW8RRBifgDFwAF1yDBrgHTdACGDyBF/AG3q1n69X6sD7npSWr6DkGf2B9/QLrppqM</latexit>

V W v

(a) Attn.

<latexit sha1_base64="Car5R1TFOggVSsfB+f7Grcuv3AU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0Y0boUJrC00ok8mkHTqZCTMToYRs/BU3LhRx62e482+ctFlo64FhDufcy733BAmjSjvOt1VZWV1b36hu1ra2d3b37P2DByVSiUkXCyZkP0CKMMpJV1PNSD+RBMUBI71gclP4vUciFRW8o6cJ8WM04jSiGGkjDe0jLxAsVNPYfJnXoSwk2V2e14Z23Wk4M8Bl4pakDkq0h/aXFwqcxoRrzJBSA9dJtJ8hqSlmJK95qSIJwhM0IgNDOYqJ8rPZATk8NUoIIyHN4xrO1N8dGYpVsaOpjJEeq0WvEP/zBqmOrvyM8iTVhOP5oChlUAtYpAFDKgnWbGoIwpKaXSEeI4mwNpkVIbiLJy+Th/OGe9Fo3jfrresyjio4BifgDLjgErTALWiDLsAgB8/gFbxZT9aL9W59zEsrVtlzCP7A+vwBIwOWwg==</latexit>

M̃
<latexit sha1_base64="h02aee7MqxOAvBURBweOOVx/NYo=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVAFjBQtjkfqSmqhyHKe16tiR7SBVURZ+hYUBhFj5DDb+BqfNAC1Hsnx0zr26954gYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRTIpWYdLFgQg4CpAijnHQ11YwMEklQHDDSD6Z3hd9/JFJRwTt6lhA/RmNOI4qRNtLIPvECwUI1i82XeR3KQpL18rw2sutOw5kDrhK3JHVQoj2yv7xQ4DQmXGOGlBq6TqL9DElNMSN5zUsVSRCeojEZGspRTJSfzQ/I4blRQhgJaR7XcK7+7shQrIodTWWM9EQte4X4nzdMdXTjZ5QnqSYcLwZFKYNawCINGFJJsGYzQxCW1OwK8QRJhLXJrAjBXT55lfQuG+5Vo/nQrLduyziq4BScgQvggmvQAvegDboAgxw8g1fwZj1ZL9a79bEorVhlzzH4A+vzBzDClss=</latexit>

Ṽ

×

<latexit sha1_base64="Ue/WGvGK0nwLsk3e9ba11ZIz/Gs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp00cRcVMZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6midoufzc+dkTOrDEkYa1sKyVz9PZHRyJhpFNjOiOLYLHu5+J/XSzG88TOhkhS5YotFYSoJxiT/nQyF5gzl1BLKtLC3EjammjK0CeUheMsvr5L2Rd27rF89XNYat0UcZTiBUzgHD66hAffQhBYwmMAzvMKbkzgvzrvzsWgtOcXMMfyB8/kD71ePUA==</latexit>

(b) Augmented Attn.
Gattn

<latexit sha1_base64="uC8Ke85/9Dgc7mIyrs21bPeiZuI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0WXRhS4r2Ae0IUym03boZBJmbsQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45QSy4Bsf5tkpr6xubW+Xtys7u3v6BfVjt6ChRlLVpJCLVC4hmgkvWBg6C9WLFSBgI1g2mN7nffWRK80g+wCxmXkjGko84JWAk364OQgITSkR6m/kpAZCZb9ecujMHXiVuQWqoQMu3vwbDiCYhk0AF0brvOjF4KVHAqWBZZZBoFhM6JWPWN1SSkGkvnWfP8KlRhngUKfMk4Ln6eyMlodazMDCTeVK97OXif14/gdGVl3IZJ8AkXRwaJQJDhPMi8JArRkHMDCFUcZMV0wlRhIKpq2JKcJe/vEo653W3Ub+4b9Sa10UdZXSMTtAZctElaqI71EJtRNETekav6M3KrBfr3fpYjJasYucI/YH1+QPApJTq</latexit>

<latexit sha1_base64="+kxu0UV62AyL2RdqWUAoq1MhwCM=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRa1GXRjRuhQl/QhDCZTNqhk0mYmQglZOHGX3HjQhG3foQ7/8ZJm4VWDwxzOOde7r3HTxiVyrK+jMrK6tr6RnWztrW9s7tn7h/0ZZwKTHo4ZrEY+kgSRjnpKaoYGSaCoMhnZOBPrwt/cE+EpDHvqllC3AiNOQ0pRkpLnll3/JgFchbpL3O6lAUku81zL7PPcs9sWE1rDviX2CVpgBIdz/x0ghinEeEKMyTlyLYS5WZIKIoZyWtOKkmC8BSNyUhTjiIi3Wx+RA6PtRLAMBb6cQXn6s+ODEWy2FNXRkhN5LJXiP95o1SFl25GeZIqwvFiUJgyqGJYJAIDKghWbKYJwoLqXSGeIIGw0rnVdAj28sl/Sf+0aZ83W3etRvuqjKMK6uAInAAbXIA2uAEd0AMYPIAn8AJejUfj2Xgz3helFaPsOQS/YHx8A3A2mJs=</latexit>

M̃13

<latexit sha1_base64="43aBjt+fN4pQs0bpW9p4edjzj9Q=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVRIp6rLoxo1QoS9oQphMJu3QyUyYmQglZOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HtPkFAilW1/G5W19Y3Nrep2bWd3b//APDzqS54KhHuIUy6GAZSYEoZ7iiiKh4nAMA4oHgTTm8IfPGAhCWddNUuwF8MxIxFBUGnJN+tuwGkoZ7H+MrdLaIizuzz3M6eV+2bDbtpzWKvEKUkDlOj45pcbcpTGmClEoZQjx06Ul0GhCKI4r7mpxAlEUzjGI00ZjLH0svkRuXWqldCKuNCPKWuu/u7IYCyLPXVlDNVELnuF+J83SlV05WWEJanCDC0GRSm1FLeKRKyQCIwUnWkCkSB6VwtNoIBI6dxqOgRn+eRV0j9vOhfN1n2r0b4u46iCOjgBZ8ABl6ANbkEH9AACj+AZvII348l4Md6Nj0VpxSh7jsEfGJ8/cbuYnA==</latexit>

M̃14
<latexit sha1_base64="CMp1mx6qc2lxUX2nUqAgJ8VJvPs=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTia1l040ao0Bc0IUwmk3boZBJmJkIJWbjxV9y4UMStH+HOv3HSZqGtB4Y5nHMv997jJ4xKZVnfRmVldW19o7pZ29re2d0z9w96Mk4FJl0cs1gMfCQJo5x0FVWMDBJBUOQz0vcnN4XffyBC0ph31DQhboRGnIYUI6Ulz6w7fswCOY30lzkdygKS3eW5l9nnuWc2rKY1A1wmdkkaoETbM7+cIMZpRLjCDEk5tK1EuRkSimJG8pqTSpIgPEEjMtSUo4hIN5sdkcNjrQQwjIV+XMGZ+rsjQ5Es9tSVEVJjuegV4n/eMFXhlZtRnqSKcDwfFKYMqhgWicCACoIVm2qCsKB6V4jHSCCsdG41HYK9ePIy6Z027Yvm2f1Zo3VdxlEFdXAEToANLkEL3II26AIMHsEzeAVvxpPxYrwbH/PSilH2HII/MD5/AHNAmJ0=</latexit>

M̃15
<latexit sha1_base64="FnHrDkojgz2TLWp//qXnC/6v+yw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiS1qMuiGzdChb6gCWEymbZDJ5MwMxFKyMKNv+LGhSJu/Qh3/o2TNgttPTDM4Zx7ufceP2ZUKsv6Nkpr6xubW+Xtys7u3v6BeXjUk1EiMOniiEVi4CNJGOWkq6hiZBALgkKfkb4/vcn9/gMRkka8o2YxcUM05nREMVJa8syq40cskLNQf6nToSwg6V2WeWnjPPPMmlW35oCrxC5IDRRoe+aXE0Q4CQlXmCEph7YVKzdFQlHMSFZxEklihKdoTIaachQS6abzIzJ4qpUAjiKhH1dwrv7uSFEo8z11ZYjURC57ufifN0zU6MpNKY8TRTheDBolDKoI5onAgAqCFZtpgrCgeleIJ0ggrHRuFR2CvXzyKuk16vZFvXnfrLWuizjKoApOwBmwwSVogVvQBl2AwSN4Bq/gzXgyXox342NRWjKKnmPwB8bnD3G8mJw=</latexit>

M̃23
<latexit sha1_base64="k3wuZCFmCUn6t41fSUmmHXPGhHI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSlqMuiGzdChT6EJoTJZNIOnWTCzEQoIQs3/oobF4q49SPc+TdO2iy09cAwh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uHRQPJUYNLHnHFx7yNJGI1JX1HFyH0iCIp8Rob+9Lrwhw9ESMrjnpolxI3QOKYhxUhpyTPrjs9ZIGeR/jKnR1lAsts897JWO/fMhtW05oCrxC5JA5ToeuaXE3CcRiRWmCEpR7aVKDdDQlHMSF5zUkkShKdoTEaaxigi0s3mR+TwVCsBDLnQL1Zwrv7uyFAkiz11ZYTURC57hfifN0pVeOlmNE5SRWK8GBSmDCoOi0RgQAXBis00QVhQvSvEEyQQVjq3mg7BXj55lQxaTfu82b5rNzpXZRxVUAcn4AzY4AJ0wA3ogj7A4BE8g1fwZjwZL8a78bEorRhlzzH4A+PzB3NBmJ0=</latexit>

M̃24

<latexit sha1_base64="tI8whEEeYeM2cfFs4I4f2hTSfYo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSlPpZFN26ECn1BE8JkMmmHTiZhZiKUkIUbf8WNC0Xc+hHu/BunbRbaemCYwzn3cu89fsKoVJb1bZTW1jc2t8rblZ3dvf0D8/CoJ+NUYNLFMYvFwEeSMMpJV1HFyCARBEU+I31/cjPz+w9ESBrzjpomxI3QiNOQYqS05JlVx49ZIKeR/jKnQ1lAsrs897LGee6ZNatuzQFXiV2QGijQ9swvJ4hxGhGuMENSDm0rUW6GhKKYkbzipJIkCE/QiAw15Sgi0s3mR+TwVCsBDGOhH1dwrv7uyFAkZ3vqygipsVz2ZuJ/3jBV4ZWbUZ6kinC8GBSmDKoYzhKBARUEKzbVBGFB9a4Qj5FAWOncKjoEe/nkVdJr1O2LevO+WWtdF3GUQRWcgDNgg0vQAregDboAg0fwDF7Bm/FkvBjvxseitGQUPcfgD4zPH3TGmJ4=</latexit>

M̃25

(c) Attn. graph

Illustration of the generation of the bipartite attention graph Gattn.

Defining the projected augmented value feature V̂ = ṼWo, with the augmented
attention mechanism, we can further define the augmented adapter encoding
process by:

Ũ′ = σ(M̃V̂Wdown)Wup + M̃V̂. (6)

Comparing Equation (4) and Equation (6), we indicate that the adapter encoding
process and the augmented one are equal. Since M̃ is a square and symmetric
matrix, we can regard it as the adjacency matrix of the attention graph Gattn

Modeling adapter as graph message passing

8/22



-100 0 100

-100

0

100

value query

(a) Self-attention
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(b) Cross-attention

The t-SNE2 visualization of the features in the projected query and value space for self- and
cross-attention. The VLM is BLIPCapFilt-L

3 and data come from COCO Captions4.

2Laurens Van der Maaten and Geoffrey Hinton (2008). “Visualizing data using t-SNE.”. In:
Journal of machine learning research 9.11.

3Junnan Li et al. (2022). “Blip: Bootstrapping language-image pre-training for unified
vision-language understanding and generation”. In: Proc. ICML.

4Tsung-Yi Lin et al. (2014). “Microsoft coco: Common objects in context”. In: Proc. ECCV.
Springer, pp. 740–755.

Problem formulation
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Method



For p-adapter, we take the attention matrix M and the projected augmented value
feature V̂ , as the output of attention. Note that this transformation does not alter
any learned parameters in attention. Then, we augment the attention matrix to M̃,
as shown in Equation (5). Following p-Laplacian message passing, we normalize
the augmented attention matrix by:

M̄i,j = M̃i,j

∥∥∥∥∥∥
√√√√M̃i,j

D̃i,i
V̂i,: −

√√√√M̃i,j

D̃j,j
V̂j,:

∥∥∥∥∥∥
p−2

, (7)

where D̃ is the degree matrix of M̃. Further, we can aggregate the features using
the calibrated attention matrix M̄ by

Ū = α̃D̃−1/2M̄D̃−1/2V̂ + β̃V̂, (8)

where α̃ and β̃ are caculated according to the algorithm in p-Laplacian message
passing. With the aggregated feature Ū, we encode it with the learnable adapter
weights by:

Ū′ = σ(ŪWdown)Wup + Ū. (9)

p-Adapter architecture
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Experiments



1 For VQA, we consider it as an answer generation problem. We test our model on
VQA2.05 with the widely-used Karpathy split and VizWizVQA6.

2 For VE, we adopt SNLI-VE7 as the evaluation benchmark.

3 For image captioning, we conduct extensive experiments on three benchmarks, i,e.,
COCO Captions8 with Karpathy split9, TextCaps10, and VizWizCaps11.

5Yash Goyal et al. (2017). “Making the v in vqa matter: Elevating the role of image understanding
in visual question answering”. In: Proc. CVPR, pp. 6904–6913.

6Danna Gurari, Qing Li, et al. (2018). “Vizwiz grand challenge: Answering visual questions from
blind people”. In: Proc. CVPR, pp. 3608–3617.

7Ning Xie et al. (2019). “Visual entailment: A novel task for fine-grained image understanding”.
In: arXiv preprint arXiv:1901.06706.

8Tsung-Yi Lin et al. (2014). “Microsoft coco: Common objects in context”. In: Proc. ECCV.
Springer, pp. 740–755.

9Andrej Karpathy and Li Fei-Fei (2015). “Deep visual-semantic alignments for generating image
descriptions”. In: Proc. CVPR, pp. 3128–3137.

10Oleksii Sidorov et al. (2020). “Textcaps: a dataset for image captioning with reading
comprehension”. In: Proc. ECCV. Springer, pp. 742–758.

11Danna Gurari, Yinan Zhao, et al. (2020). “Captioning images taken by people who are blind”.
In: Proc. ECCV. Springer, pp. 417–434.

Tasks and datasets
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1 Our experiments are implemented in PyTorch12 and conducted on 8 Nvidia 3090
GPUs.

2 We validate our method on two generative pre-trained VLMs, BLIPCapFilt-L
13 and

mPLUGViT-B
14.

12Adam Paszke et al. (2019). “Pytorch: An imperative style, high-performance deep learning
library”. In: Proc. NeurIPS 32.

13Junnan Li et al. (2022). “Blip: Bootstrapping language-image pre-training for unified
vision-language understanding and generation”. In: Proc. ICML.

14Chenliang Li et al. (2022). “mPLUG: Effective and Efficient Vision-Language Learning by
Cross-modal Skip-connections”. In: arXiv preprint arXiv:2205.12005.

Implementation details
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Method
Updated
Params

VQA2.0 VizWizVQA SNLI_VE COCOCaps TextCaps VizWizCaps
Karpathy test test-dev test-P Karpathy test test-dev test-dev Avg.

(%) Acc.(%) Acc.(%) Acc.(%) BLEU@4 CIDEr BLEU@4 CIDEr BLEU@4 CIDEr

BLIPCapFilt-L

Full fine-tuning 100.00 70.56 36.52 78.35 39.1 128.7 27.1 91.6 45.7 170.0 76.40
Prefix tuning 0.71 60.49 22.45 71.82 39.4 127.7 24.8 80.0 40.6 153.3 68.95
LoRA 0.71 66.57 33.39 77.36 38.3 128.3 24.6 82.2 41.3 154.3 71.81
Adapter 6.39 69.53 35.37 78.85 38.9 128.8 25.4 86.7 43.3 160.5 74.15

p-Adapter (Ours) 6.39 70.39 37.16 79.40 40.4 130.9 26.1 87.0 44.5 164.1 75.54

Table: The main results on various datasets for full fine-tuning, adapter15, prefix tuning16,
LoRA17, and our proposed p-adapter. We bold the scores for full fine-tuning and the
highest scores separately for approaches with PETL methods.

15Yi-Lin Sung, Jaemin Cho, and Mohit Bansal (2022). “Vl-adapter: Parameter-efficient transfer
learning for vision-and-language tasks”. In: Proc. CVPR.

16Xiang Lisa Li and Percy Liang (2021). “Prefix-Tuning: Optimizing Continuous Prompts for
Generation”. In: Proc. ACL.

17Edward J Hu et al. (2022). “Lora: Low-rank adaptation of large language models”. In:
Proc. ICLR.

Comparison with transfer learning methods
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Method
Updated
Params

VQA2.0 VizWizVQA SNLI_VE COCOCaps TextCaps VizWizCaps
Karpathy test test-dev test-P Karpathy test test-dev test-dev Avg.

(%) Acc.(%) Acc.(%) Acc.(%) BLEU@4 CIDEr BLEU@4 CIDEr BLEU@4 CIDEr

mPLUGViT-B

Full fine-tuning 100.00 70.91 59.79 78.72 40.4 134.8 23.6 74.0 42.1 157.5 75.76
Prefix tuning 0.71 60.95 47.42 72.11 39.8 133.5 18.8 51.9 35.5 135.6 66.18
LoRA 0.71 66.67 52.49 75.29 39.4 129.4 21.0 64.4 39.5 146.0 70.46
Adapter 6.39 70.65 56.50 78.56 40.3 134.7 22.9 71.5 41.9 155.6 74.73

p-Adapter (Ours) 6.39 71.36 58.08 79.26 40.4 135.3 23.2 73.3 43.1 160.1 76.01

Table: The main results on various datasets for full fine-tuning, adapter18, prefix tuning19,
LoRA20, and our proposed p-adapter. We bold the scores for full fine-tuning and the
highest scores separately for approaches with PETL methods.

18Yi-Lin Sung, Jaemin Cho, and Mohit Bansal (2022). “Vl-adapter: Parameter-efficient transfer
learning for vision-and-language tasks”. In: Proc. CVPR.

19Xiang Lisa Li and Percy Liang (2021). “Prefix-Tuning: Optimizing Continuous Prompts for
Generation”. In: Proc. ACL.

20Edward J Hu et al. (2022). “Lora: Low-rank adaptation of large language models”. In:
Proc. ICLR.

Comparison with transfer learning methods
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GNN
VQA2.0 SNLI_VE COCOCaps

Avg.
Acc.(%) Acc.(%) BLEU@4 CIDEr

GCN 69.53 78.85 38.9 128.8 79.02
APPNP 70.22 79.03 39.4 129.1 79.44
GCNII 70.13 79.12 39.7 129.7 79.66
pGNN 70.39 79.40 40.4 130.9 80.27

Table: Ablation study on the graph neural networks.

Ablation studies
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Q: Do you see 

the number 25?
A: Yes (p-adapter)A: No (adapter)

Q: Are the desktop

 picture duplicated 

on the screens?

A: Yes (p-adapter)A: No (adapter) Q: Are cats and dogs 

sleeping together?
A: Yes (p-adapter)A: No (adapter)

Visualization of the attention.

1 To validate the effectiveness of p-adapter, we visualize21 the cross-attention weights
at the last transformer layer on some VQA22 data.

2 We take the [CLS] token as the query since it represents the whole question and plot
the attention weights on the image features in the key/value space.

21Hila Chefer, Shir Gur, and Lior Wolf (2021). “Transformer interpretability beyond attention
visualization”. In: Proc. CVPR, pp. 782–791.

22Yash Goyal et al. (2017). “Making the v in vqa matter: Elevating the role of image understanding
in visual question answering”. In: Proc. CVPR, pp. 6904–6913.

Visualization
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Conclusion



1 We first propose a new modeling framework for adapter tuning23 after attention
modules in pre-trained VLMs. Within this framework, we can identify the
heterophilic nature of the attention graphs, posing challenges for vanilla adapter
tuning24.

2 To mitigate this issue, we propose a new adapter architecture, p-adapter, appended
after the attention modules. Inspired by p-Laplacian message passing25, p-adapters
re-normalize the attention weights using node features and aggregate the features
with the calibrated attention matrix.

3 Extensive experimental results validate our method’s significant superiority over
other PETL methods on various VL tasks.

23Yi-Lin Sung, Jaemin Cho, and Mohit Bansal (2022). “Vl-adapter: Parameter-efficient transfer
learning for vision-and-language tasks”. In: Proc. CVPR.

24Yi-Lin Sung, Jaemin Cho, and Mohit Bansal (2022). “Vl-adapter: Parameter-efficient transfer
learning for vision-and-language tasks”. In: Proc. CVPR.

25Guoji Fu, Peilin Zhao, and Yatao Bian (2022). “p-Laplacian Based Graph Neural Networks”. In:
Proc. ICML.

Conclusion
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