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As described in the paper, the proposed Attribute-Image
Hierarchical Matching (AIHM) model consists of 4 compo-
nents: (1) Hierarchical visual embedding (Sec. 1), (2) Hi-
erarchical textual embedding (Sec. 2), (3) Cross-modality
cross-level embedding (Sec. 3), and (4) Matching module
(Sec. 4). We detail the network design of all the compo-
nents below. The notations are consistent with the main
paper. For facilitating the presentation, we start by giving
the embedding dimensions as summarised in Table 1.

Table 1: Embedding dimensions.

Definition Notation Value

Local embedding dimension Dimloc
emb 512

Global embedding dimension Dimglo
emb 1024

Cross-modal embedding dimension Dims
emb 512

1. Hypercritical Visual Embedding Network
We describe the details of the 2-layers and 4-layers hier-

archical visual embedding.

1.1. 2-Layers Hierarchical Visual Embedding

In the main experiments, we employ a 2-layers multi-
task learning design for hierarchical visual embedding. The
architecture details are shown in Figure 1 with the layer con-
figurations listed in Table 2.

Table 2: Configuration of 2-layers visual embedding.

Structure Size
ResNet-50 Output size is 2048

FC1
2048 ×Dimglo

emb

Tanh

FC1,i (i=1, 2, ..., NAttr)
2048 × 1024

ReLU
FC2,i (i=1, 2, ..., NAttr) 1024 × Dimloc

emb

Classificationi (i=1, 2, ..., NAttr) Dimloc
emb ×NAttri

ResNet-50

FC1,1
<latexit sha1_base64="s6jQV2S9/ES24smilqF8aCubWqc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBg5SkCnosFsRjBfsBbQib7bZdutmE3UmxhPwTLx4U8eo/8ea/cdvmoK0PBh7vzTAzL4gF1+A431ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdQKimeCSNYGDYJ1YMRIGgrWDcX3mtydMaR7JR5jGzAvJUPIBpwSM5Nt2D9gTpHf1zE/dC+xmvl12Ks4ceJW4OSmjHA3f/ur1I5qETAIVROuu68TgpUQBp4JlpV6iWUzomAxZ11BJQqa9dH55hs+M0seDSJmSgOfq74mUhFpPw8B0hgRGetmbif953QQGN17KZZwAk3SxaJAIDBGexYD7XDEKYmoIoYqbWzEdEUUomLBKJgR3+eVV0qpW3MtK9eGqXLvN4yiiE3SKzpGLrlEN3aMGaiKKJugZvaI3K7VerHfrY9FasPKZY/QH1ucPlASS9g==</latexit>

FC1,2
<latexit sha1_base64="WCVvSeBqd1bm/fMVUmPs1hWI4es=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBg5SkCnosFsRjBfsBbSib7aZdutmE3UmxhPwTLx4U8eo/8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX9cX3mtydMaR7JR5jGzAvJUPKAUwJG6tt2D9gTpHf1rJ+6F7ia9e2yU3HmwKvEzUkZ5Wj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuolmsWEjsmQdQ2VJGTaS+eXZ/jMKAMcRMqUBDxXf0+kJNR6GvqmMyQw0sveTPzP6yYQ3Hgpl3ECTNLFoiARGCI8iwEPuGIUxNQQQhU3t2I6IopQMGGVTAju8surpFWtuJeV6sNVuXabx1FEJ+gUnSMXXaMaukcN1EQUTdAzekVvVmq9WO/Wx6K1YOUzx+gPrM8flYmS9w==</latexit>

FC1
<latexit sha1_base64="fFNBlmGN9vayQrC97Y7I/cU33dI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GOxIB4r2A9oQ9lst+3SzSbuTool5Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiS4Rsf5tnJr6xubW/ntws7u3v5B8fCoqcNYUdagoQhV2yeaCS5ZAzkK1o4UI4EvWMsf12Z+a8KU5qF8wGnEvIAMJR9wStBIXhfZEya3tbSXuGmvWHLKzhz2KnEzUoIM9V7xq9sPaRwwiVQQrTuuE6GXEIWcCpYWurFmEaFjMmQdQyUJmPaS+dGpfWaUvj0IlSmJ9lz9PZGQQOtp4JvOgOBIL3sz8T+vE+Pg2ku4jGJkki4WDWJhY2jPErD7XDGKYmoIoYqbW206IopQNDkVTAju8surpFkpuxflyv1lqXqTxZGHEziFc3DhCqpwB3VoAIVHeIZXeLMm1ov1bn0sWnNWNnMMf2B9/gDgqJIq</latexit>

SCE SCE SCE

Cls1
<latexit sha1_base64="zzwKqnKAHXbfI5BunUp5itN0jh0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGYi8cI5gHJGmYnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+P61G8/gNIiCu9wEoMbsGEofMEZGum+h/CEaV3qrJ86Wb9Utiv2DHSZODkpkxyNfumrN4h4EkCIXDKtu44do5syhYJLyIq9REPM+JgNoWtoyALQbjq7OqOnRhlQP1KmQqQz9fdEygKtJ4FnOgOGI73oTcX/vG6C/pWbijBOEEI+X+QnkmJEpxHQgVDAUU4MYVwJcyvlI6YYRxNU0YTgLL68TFrVinNeqd5elGvXeRwFckxOyBlxyCWpkRvSIE3CiSLP5JW8WY/Wi/VufcxbV6x85oj8gfX5A/Pcks0=</latexit>

Cls2
<latexit sha1_base64="Qoy9RFbQfdv/MiMSp/A7EQRK5nM=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGYi8cI5gHJGmYnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+P61G8/gNIiCu9wEoMbsGEofMEZGum+h/CEaV3qrJ9Ws36pbFfsGegycXJSJjka/dJXbxDxJIAQuWRadx07RjdlCgWXkBV7iYaY8TEbQtfQkAWg3XR2dUZPjTKgfqRMhUhn6u+JlAVaTwLPdAYMR3rRm4r/ed0E/Ss3FWGcIIR8vshPJMWITiOgA6GAo5wYwrgS5lbKR0wxjiaoognBWXx5mbSqFee8Ur29KNeu8zgK5JickDPikEtSIzekQZqEE0WeySt5sx6tF+vd+pi3rlj5zBH5A+vzB/Vhks4=</latexit>

Global 
embedding

FC2,1
<latexit sha1_base64="x14mSeGAwaSMky4rrT0AUTf0+as=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5SkCnosFsRjBfsBbQib7bZdutmE3YlYQ36JFw+KePWnePPfuG1z0NYHA4/3ZpiZF8SCa3Ccb2tldW19Y7OwVdze2d0r2fsHLR0lirImjUSkOgHRTHDJmsBBsE6sGAkDwdrBuD712w9MaR7Je5jEzAvJUPIBpwSM5NulHrBHSG/qmZ9Wz9zMt8tOxZkBLxM3J2WUo+HbX71+RJOQSaCCaN11nRi8lCjgVLCs2Es0iwkdkyHrGipJyLSXzg7P8IlR+ngQKVMS8Ez9PZGSUOtJGJjOkMBIL3pT8T+vm8Dgyku5jBNgks4XDRKBIcLTFHCfK0ZBTAwhVHFzK6YjoggFk1XRhOAuvrxMWtWKe16p3l2Ua9d5HAV0hI7RKXLRJaqhW9RATURRgp7RK3qznqwX6936mLeuWPnMIfoD6/MHOtOSzQ==</latexit>

FC2,2
<latexit sha1_base64="6lBJ/YZ1+sbFEXSq8ZUYtjCVTzA=">AAAB+HicbVBNS8NAEN34WetHox69BIvgQUoSBT0WC+Kxgv2ANoTNdtMu3WzC7kSsIb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxLOFNj2t7Gyura+sVnaKm/v7O5VzP2DtopTSWiLxDyW3QArypmgLWDAaTeRFEcBp51g3Jj6nQcqFYvFPUwS6kV4KFjICAYt+WalD/QRsptG7mfumZv7ZtWu2TNYy8QpSBUVaPrmV38QkzSiAgjHSvUcOwEvwxIY4TQv91NFE0zGeEh7mgocUeVls8Nz60QrAyuMpS4B1kz9PZHhSKlJFOjOCMNILXpT8T+vl0J45WVMJClQQeaLwpRbEFvTFKwBk5QAn2iCiWT6VouMsMQEdFZlHYKz+PIyabs157zm3l1U69dFHCV0hI7RKXLQJaqjW9RELURQip7RK3oznowX4934mLeuGMXMIfoD4/MHPFiSzg==</latexit>

…

…

FC1,Nattr
<latexit sha1_base64="DgEcLLkngfshlYcgxUNV2XIOuhg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAgupCRV0GWxIK6kgn1AG8JkOmmHTiZh5kYsIQs3/oobF4q49SPc+TdO2yy09cCFM+fcy9x7/JgzBbb9bSwtr6yurRc2iptb2zu75t5+S0WJJLRJIh7Jjo8V5UzQJjDgtBNLikOf07Y/qk/89j2VikXiDsYxdUM8ECxgBIOWPLPUA/oA6VU981Ln5MabPTGAzDLPLNsVewprkTg5KaMcDc/86vUjkoRUAOFYqa5jx+CmWAIjnGbFXqJojMkID2hXU4FDqtx0ekRmHWmlbwWR1CXAmqq/J1IcKjUOfd0ZYhiqeW8i/ud1Ewgu3JSJOAEqyOyjIOEWRNYkEavPJCXAx5pgIpne1SJDLDEBnVtRh+DMn7xIWtWKc1qp3p6Va5d5HAVUQofoGDnoHNXQNWqgJiLoET2jV/RmPBkvxrvxMWtdMvKZA/QHxucPY8iYlA==</latexit>

FC2,Nattr
<latexit sha1_base64="mjOl+SKGVGYzi8tDT7b7PER0ZyI=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEmqoMtiQVxJBfuANoTJdNIOnTyYuRFLyMKNv+LGhSJu/Qh3/o3TNgttPXDhzDn3MvceLxZcgWV9G0vLK6tr64WN4ubW9s6uubffUlEiKWvSSESy4xHFBA9ZEzgI1oklI4EnWNsb1Sd++55JxaPwDsYxcwIyCLnPKQEtuWapB+wB0qt65qbVkxt39iQAMstcs2xVrCnwIrFzUkY5Gq751etHNAlYCFQQpbq2FYOTEgmcCpYVe4liMaEjMmBdTUMSMOWk0yMyfKSVPvYjqSsEPFV/T6QkUGoceLozIDBU895E/M/rJuBfOCkP4wRYSGcf+YnAEOFJIrjPJaMgxpoQKrneFdMhkYSCzq2oQ7DnT14krWrFPq1Ub8/Ktcs8jgIqoUN0jGx0jmroGjVQE1H0iJ7RK3oznowX4934mLUuGfnMAfoD4/MHZVuYlQ==</latexit>

ClsNattr
<latexit sha1_base64="MMoe9TkD/Qa1G5ScwNRSYMPzueQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KkkVdFnsxpVUsA9oQ5hMp+3QySTM3IglBNz4K25cKOLWn3Dn3zhts9DWAxfOnHMvc+8JYsE1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaAdFMcMkawEGwdqwYCQPBWsGoNvFb90xpHsk7GMfMC8lA8j6nBIzk24ddYA+Q1oTO/PTGn70IgMoy3y45ZWcKvEjcnJRQjrpvf3V7EU1CJoEKonXHdWLwUqKAU8GyYjfRLCZ0RAasY6gkIdNeOr0hwydG6eF+pExJwFP190RKQq3HYWA6QwJDPe9NxP+8TgL9Sy/lMk6ASTr7qJ8IDBGeBIJ7XDEKYmwIoYqbXTEdEkUomNiKJgR3/uRF0qyU3bNy5fa8VL3K4yigI3SMTpGLLlAVXaM6aiCKHtEzekVv1pP1Yr1bH7PWJSufOUB/YH3+AJi1mMY=</latexit>

Local 
embedding

Tanh
<latexit sha1_base64="AIPZPbdLYNnMcXMpKmOEdmJ9kYY=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rFCv6ANZbOdtEs3m7A7EUvoz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gjYiVg2cJOBHbKhEKDhDK3V7CE+YNZgaTfulsltx56CrxMtJmeSo90tfvUHM0wgUcsmM6Xpugn7GNAouYVrspQYSxsdsCF1LFYvA+Nn85Ck9t8qAhrG2pZDO1d8TGYuMmUSB7YwYjsyyNxP/87ophjd+JlSSIii+WBSmkmJMZ//TgdDAUU4sYVwLeyvlI6YZR5tS0YbgLb+8SlrVindZqT5clWu3eRwFckrOyAXxyDWpkXtSJ03CSUyeySt5c9B5cd6dj0XrmpPPnJA/cD5/AMLjkZA=</latexit>

Figure 1: Design of 2-layers visual embedding. Cls: Clas-
sification. SCE: Softmax Cross Entropy loss function.

1.2. 4-Layers Hierarchical Visual Embedding

The 4-layers hierarchical visual embedding is by a tree-
structured multi-task learning design. The architecture de-
sign is shown in Figure 2 with the layer configuration listed
in Table 3.

Table 3: Configuration of 4-layers visual embedding.

Structure Size
ResNet-50 Output size is 2048

FC1
2048 × Dimglo

emb

Tanh

FC1,i (i=1, 2) 2048 × 1024
ReLU

FC2,i (i=1, 2, 3, 4) 1024 × 512
ReLU

FC3,i (i=1, 2, ..., NAttr) 512 × Dimloc
emb

Classificationi (i=1, 2, ..., NAttr) Dimloc
emb×NAttri

2. Hypercritical Textual Embedding Network
The textual embedding consists of two parts: (1) local

textual embedding and (2) global textual embedding. Simi-



ResNet-50

FC1,1
<latexit sha1_base64="s6jQV2S9/ES24smilqF8aCubWqc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBg5SkCnosFsRjBfsBbQib7bZdutmE3UmxhPwTLx4U8eo/8ea/cdvmoK0PBh7vzTAzL4gF1+A431ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdQKimeCSNYGDYJ1YMRIGgrWDcX3mtydMaR7JR5jGzAvJUPIBpwSM5Nt2D9gTpHf1zE/dC+xmvl12Ks4ceJW4OSmjHA3f/ur1I5qETAIVROuu68TgpUQBp4JlpV6iWUzomAxZ11BJQqa9dH55hs+M0seDSJmSgOfq74mUhFpPw8B0hgRGetmbif953QQGN17KZZwAk3SxaJAIDBGexYD7XDEKYmoIoYqbWzEdEUUomLBKJgR3+eVV0qpW3MtK9eGqXLvN4yiiE3SKzpGLrlEN3aMGaiKKJugZvaI3K7VerHfrY9FasPKZY/QH1ucPlASS9g==</latexit>

FC1,2
<latexit sha1_base64="WCVvSeBqd1bm/fMVUmPs1hWI4es=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBg5SkCnosFsRjBfsBbSib7aZdutmE3UmxhPwTLx4U8eo/8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX9cX3mtydMaR7JR5jGzAvJUPKAUwJG6tt2D9gTpHf1rJ+6F7ia9e2yU3HmwKvEzUkZ5Wj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuolmsWEjsmQdQ2VJGTaS+eXZ/jMKAMcRMqUBDxXf0+kJNR6GvqmMyQw0sveTPzP6yYQ3Hgpl3ECTNLFoiARGCI8iwEPuGIUxNQQQhU3t2I6IopQMGGVTAju8surpFWtuJeV6sNVuXabx1FEJ+gUnSMXXaMaukcN1EQUTdAzekVvVmq9WO/Wx6K1YOUzx+gPrM8flYmS9w==</latexit>

FC2,1
<latexit sha1_base64="x14mSeGAwaSMky4rrT0AUTf0+as=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5SkCnosFsRjBfsBbQib7bZdutmE3YlYQ36JFw+KePWnePPfuG1z0NYHA4/3ZpiZF8SCa3Ccb2tldW19Y7OwVdze2d0r2fsHLR0lirImjUSkOgHRTHDJmsBBsE6sGAkDwdrBuD712w9MaR7Je5jEzAvJUPIBpwSM5NulHrBHSG/qmZ9Wz9zMt8tOxZkBLxM3J2WUo+HbX71+RJOQSaCCaN11nRi8lCjgVLCs2Es0iwkdkyHrGipJyLSXzg7P8IlR+ngQKVMS8Ez9PZGSUOtJGJjOkMBIL3pT8T+vm8Dgyku5jBNgks4XDRKBIcLTFHCfK0ZBTAwhVHFzK6YjoggFk1XRhOAuvrxMWtWKe16p3l2Ua9d5HAV0hI7RKXLRJaqhW9RATURRgp7RK3qznqwX6936mLeuWPnMIfoD6/MHOtOSzQ==</latexit>

FC2,2
<latexit sha1_base64="6lBJ/YZ1+sbFEXSq8ZUYtjCVTzA=">AAAB+HicbVBNS8NAEN34WetHox69BIvgQUoSBT0WC+Kxgv2ANoTNdtMu3WzC7kSsIb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxLOFNj2t7Gyura+sVnaKm/v7O5VzP2DtopTSWiLxDyW3QArypmgLWDAaTeRFEcBp51g3Jj6nQcqFYvFPUwS6kV4KFjICAYt+WalD/QRsptG7mfumZv7ZtWu2TNYy8QpSBUVaPrmV38QkzSiAgjHSvUcOwEvwxIY4TQv91NFE0zGeEh7mgocUeVls8Nz60QrAyuMpS4B1kz9PZHhSKlJFOjOCMNILXpT8T+vl0J45WVMJClQQeaLwpRbEFvTFKwBk5QAn2iCiWT6VouMsMQEdFZlHYKz+PIyabs157zm3l1U69dFHCV0hI7RKXLQJaqjW9RELURQip7RK3oznowX4934mLeuGMXMIfoD4/MHPFiSzg==</latexit>

FC2,3
<latexit sha1_base64="mdRGrVE5u+O+QloRw0SZxIql8yo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgED1KSVtBjsSAeK9gPaEPYbDft0s0m7E7EGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD/mTIFtfxuFtfWNza3idmlnd2+/bB4cdlSUSELbJOKR7PlYUc4EbQMDTnuxpDj0Oe36k+bM7z5QqVgk7mEaUzfEI8ECRjBoyTPLA6CPkN40My+tndczz6zYVXsOa5U4OamgHC3P/BoMI5KEVADhWKm+Y8fgplgCI5xmpUGiaIzJBI9oX1OBQ6rcdH54Zp1qZWgFkdQlwJqrvydSHCo1DX3dGWIYq2VvJv7n9RMIrtyUiTgBKshiUZBwCyJrloI1ZJIS4FNNMJFM32qRMZaYgM6qpENwll9eJZ1a1alXa3cXlcZ1HkcRHaMTdIYcdIka6Ba1UBsRlKBn9IrejCfjxXg3PhatBSOfOUJ/YHz+AD3dks8=</latexit>

FC2,4
<latexit sha1_base64="fsoZgKgTYAdtwfzJcK4nMy8t1sQ=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgED1KSWtBjsSAeK9gPaEPYbDft0s0m7E7EGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD/mTIFtfxuFtfWNza3idmlnd2+/bB4cdlSUSELbJOKR7PlYUc4EbQMDTnuxpDj0Oe36k+bM7z5QqVgk7mEaUzfEI8ECRjBoyTPLA6CPkN40My+tndczz6zYVXsOa5U4OamgHC3P/BoMI5KEVADhWKm+Y8fgplgCI5xmpUGiaIzJBI9oX1OBQ6rcdH54Zp1qZWgFkdQlwJqrvydSHCo1DX3dGWIYq2VvJv7n9RMIrtyUiTgBKshiUZBwCyJrloI1ZJIS4FNNMJFM32qRMZaYgM6qpENwll9eJZ1a1bmo1u7qlcZ1HkcRHaMTdIYcdIka6Ba1UBsRlKBn9IrejCfjxXg3PhatBSOfOUJ/YHz+AD9iktA=</latexit>

FC3,1
<latexit sha1_base64="n9bRNTDQZdk5FokDSs9CTAN5ufM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgED1KSVtBjsSAeK9gPaEPYbDft0s0m7E7EGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD/mTIFtfxuFtfWNza3idmlnd2+/bB4cdlSUSELbJOKR7PlYUc4EbQMDTnuxpDj0Oe36k+bM7z5QqVgk7mEaUzfEI8ECRjBoyTPLA6CPkN40My+tnzuZZ1bsqj2HtUqcnFRQjpZnfg2GEUlCKoBwrFTfsWNwUyyBEU6z0iBRNMZkgke0r6nAIVVuOj88s061MrSCSOoSYM3V3xMpDpWahr7uDDGM1bI3E//z+gkEV27KRJwAFWSxKEi4BZE1S8EaMkkJ8KkmmEimb7XIGEtMQGdV0iE4yy+vkk6t6tSrtbuLSuM6j6OIjtEJOkMOukQNdItaqI0IStAzekVvxpPxYrwbH4vWgpHPHKE/MD5/ADxaks4=</latexit>

SCE SCE SCE

Cls1
<latexit sha1_base64="zzwKqnKAHXbfI5BunUp5itN0jh0=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGYi8cI5gHJGmYnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+P61G8/gNIiCu9wEoMbsGEofMEZGum+h/CEaV3qrJ86Wb9Utiv2DHSZODkpkxyNfumrN4h4EkCIXDKtu44do5syhYJLyIq9REPM+JgNoWtoyALQbjq7OqOnRhlQP1KmQqQz9fdEygKtJ4FnOgOGI73oTcX/vG6C/pWbijBOEEI+X+QnkmJEpxHQgVDAUU4MYVwJcyvlI6YYRxNU0YTgLL68TFrVinNeqd5elGvXeRwFckxOyBlxyCWpkRvSIE3CiSLP5JW8WY/Wi/VufcxbV6x85oj8gfX5A/Pcks0=</latexit>

Local 
embedding

FC1
<latexit sha1_base64="fFNBlmGN9vayQrC97Y7I/cU33dI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GOxIB4r2A9oQ9lst+3SzSbuTool5Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiS4Rsf5tnJr6xubW/ntws7u3v5B8fCoqcNYUdagoQhV2yeaCS5ZAzkK1o4UI4EvWMsf12Z+a8KU5qF8wGnEvIAMJR9wStBIXhfZEya3tbSXuGmvWHLKzhz2KnEzUoIM9V7xq9sPaRwwiVQQrTuuE6GXEIWcCpYWurFmEaFjMmQdQyUJmPaS+dGpfWaUvj0IlSmJ9lz9PZGQQOtp4JvOgOBIL3sz8T+vE+Pg2ku4jGJkki4WDWJhY2jPErD7XDGKYmoIoYqbW206IopQNDkVTAju8surpFkpuxflyv1lqXqTxZGHEziFc3DhCqpwB3VoAIVHeIZXeLMm1ov1bn0sWnNWNnMMf2B9/gDgqJIq</latexit>

Global 
embedding

FC3,Nattr
<latexit sha1_base64="SpwyTCn5WHW3FIfxzdhlZhro4NI=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgIWE3EbQMBsRKIpgHJMsyO5kkQ2YfzNwVw7KFjb9iY6GIrR9h5984SbbQxAMXzpxzL3Pv8SLBFVjWt5FbWV1b38hvFra2d3b3zP2DlgpjSVmThiKUHY8oJnjAmsBBsE4kGfE9wdreuD712/dMKh4GdzCJmOOTYcAHnBLQkmsWe8AeILmqp25SPb1x508CINPUNUtW2ZoBLxM7IyWUoeGaX71+SGOfBUAFUaprWxE4CZHAqWBpoRcrFhE6JkPW1TQgPlNOMjsixcda6eNBKHUFgGfq74mE+EpNfE93+gRGatGbiv953RgGF07CgygGFtD5R4NYYAjxNBHc55JREBNNCJVc74rpiEhCQedW0CHYiycvk1albFfLlduzUu0yiyOPiugInSAbnaMaukYN1EQUPaJn9IrejCfjxXg3PuatOSObOUR/YHz+AGbumJY=</latexit>

…

ClsNattr<latexit sha1_base64="MMoe9TkD/Qa1G5ScwNRSYMPzueQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KkkVdFnsxpVUsA9oQ5hMp+3QySTM3IglBNz4K25cKOLWn3Dn3zhts9DWAxfOnHMvc+8JYsE1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaAdFMcMkawEGwdqwYCQPBWsGoNvFb90xpHsk7GMfMC8lA8j6nBIzk24ddYA+Q1oTO/PTGn70IgMoy3y45ZWcKvEjcnJRQjrpvf3V7EU1CJoEKonXHdWLwUqKAU8GyYjfRLCZ0RAasY6gkIdNeOr0hwydG6eF+pExJwFP190RKQq3HYWA6QwJDPe9NxP+8TgL9Sy/lMk6ASTr7qJ8IDBGeBIJ7XDEKYmwIoYqbXTEdEkUomNiKJgR3/uRF0qyU3bNy5fa8VL3K4yigI3SMTpGLLlAVXaM6aiCKHtEzekVv1pP1Yr1bH7PWJSufOUB/YH3+AJi1mMY=</latexit>

SCE

…
…

Tanh
<latexit sha1_base64="AIPZPbdLYNnMcXMpKmOEdmJ9kYY=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rFCv6ANZbOdtEs3m7A7EUvoz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gjYiVg2cJOBHbKhEKDhDK3V7CE+YNZgaTfulsltx56CrxMtJmeSo90tfvUHM0wgUcsmM6Xpugn7GNAouYVrspQYSxsdsCF1LFYvA+Nn85Ck9t8qAhrG2pZDO1d8TGYuMmUSB7YwYjsyyNxP/87ophjd+JlSSIii+WBSmkmJMZ//TgdDAUU4sYVwLeyvlI6YZR5tS0YbgLb+8SlrVindZqT5clWu3eRwFckrOyAXxyDWpkXtSJ03CSUyeySt5c9B5cd6dj0XrmpPPnJA/cD5/AMLjkZA=</latexit>

FC3,Nattr�k
<latexit sha1_base64="OwkjEIZAstrSCmOoWJBctgtSl0I=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKLrQkraDLYkFcSQV7gTaEyXTSDp1cmDkRS8gLuPFV3LhQxK17d76N0yYLrf4w8M1/zmHm/G7EmQTT/NIKC4tLyyvF1dLa+sbmlr6905ZhLAhtkZCHoutiSTkLaAsYcNqNBMW+y2nHHTem9c4dFZKFwS1MImr7eBgwjxEMynL0gz7Qe0guG6mT1I6zy3XqZIABRHoyTh29bFbMmYy/YOVQRrmajv7ZH4Qk9mkAhGMpe5YZgZ1gAYxwmpb6saQRJmM8pD2FAfaptJPZNqlxqJyB4YVCnQCMmftzIsG+lBPfVZ0+hpGcr03N/2q9GLxzO2FBFAMNSPaQF3MDQmMajTFgghLgEwWYCKb+apARFpiACrCkQrDmV/4L7WrFqlWqN6fl+kUeRxHtoX10hCx0huroCjVRCxH0gJ7QC3rVHrVn7U17z1oLWj6zi35J+/gGwHicoQ==</latexit>

…
…
…ClsNattr�k

<latexit sha1_base64="DW6e3Ivd24Mfk8kQo4uMrbeHVwE=">AAACDHicbZDLSsNAFIYnXmu9VV26GSyCG0tSBV0Wu3ElFewF2hAm02k7dDIJMydiCXkAN76KGxeKuPUB3Pk2TpsstPWHgY//nMOZ8/uR4Bps+9taWl5ZXVsvbBQ3t7Z3dkt7+y0dxoqyJg1FqDo+0UxwyZrAQbBOpBgJfMHa/rg+rbfvmdI8lHcwiZgbkKHkA04JGMsrlXvAHiCpC516ScY3qZcBAVDp6Tg1XXbFngkvgpNDGeVqeKWvXj+kccAkUEG07jp2BG5CFHAqWFrsxZpFhI7JkHUNShIw7SazY1J8bJw+HoTKPAl45v6eSEig9STwTWdAYKTna1Pzv1o3hsGlm3AZxcAkzRYNYoEhxNNkcJ8rRkFMDBCquPkrpiOiCAWTX9GE4MyfvAitasU5q1Rvz8u1qzyOAjpER+gEOegC1dA1aqAmougRPaNX9GY9WS/Wu/WRtS5Z+cwB+iPr8wf0N5zR</latexit>

Clsk
<latexit sha1_base64="3kbZBIyUnRvzTry3l5u2wT4cR1k=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DGYi8cI5gHJGmYnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFockjGamOxzRIEUITBUroxApY4Eloe+P61G8/gNIiCu9wEoMbsGEofMEZGum+h/CEaV3qrJ+Os36pbFfsGegycXJSJjka/dJXbxDxJIAQuWRadx07RjdlCgWXkBV7iYaY8TEbQtfQkAWg3XR2dUZPjTKgfqRMhUhn6u+JlAVaTwLPdAYMR3rRm4r/ed0E/Ss3FWGcIIR8vshPJMWITiOgA6GAo5wYwrgS5lbKR0wxjiaoognBWXx5mbSqFee8Ur29KNeu8zgK5JickDPikEtSIzekQZqEE0WeySt5sx6tF+vd+pi3rlj5zBH5A+vzB0wNkwc=</latexit>

FC3,k
<latexit sha1_base64="XdOoazH98VaueRYKse3r6CcjOiM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgED1KSVtBjsSAeK9gPaEPYbDft0s0m7E7EGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD/mTIFtfxuFtfWNza3idmlnd2+/bB4cdlSUSELbJOKR7PlYUc4EbQMDTnuxpDj0Oe36k+bM7z5QqVgk7mEaUzfEI8ECRjBoyTPLA6CPkN40My+tn08yz6zYVXsOa5U4OamgHC3P/BoMI5KEVADhWKm+Y8fgplgCI5xmpUGiaIzJBI9oX1OBQ6rcdH54Zp1qZWgFkdQlwJqrvydSHCo1DX3dGWIYq2VvJv7n9RMIrtyUiTgBKshiUZBwCyJrloI1ZJIS4FNNMJFM32qRMZaYgM6qpENwll9eJZ1a1alXa3cXlcZ1HkcRHaMTdIYcdIka6Ba1UBsRlKBn9IrejCfjxXg3PhatBSOfOUJ/YHz+AJR8kwg=</latexit>

…
…
…

Figure 2: Design of 4-layers visual embedding. Cls: Clas-
sification. SCE: Softmax Cross Entropy loss function. The
hierarchy is built as a balanced binary tree structure as pos-
sible, i.e. k ' Nattr/4.

larly, we describe 2-layers and 4-layers hierarchical textual
embedding, respectively.

2.1. 2-Layers Hierarchical Textual Embedding

In textual embedding, the input is a set of text attributes.
Each text attribute is firstly passed into a word2vector model
trained on wikipedia [1] and then into three FC layers, The
resulting local embeddings are then utilised to form the
global embedding. See the architecture in Figure 3 and
layer configuration in Table 4.

Table 4: Configuration of 2-layers textual embedding. The
setting of Conv layers: the number of input channels, the
number of output channels, kernel size, stride, and padding.
Cls: Classification.

Structure Size

FC1
300 × 512

Tanh

FC2
512 × 1024

Tanh

FC3
1024 × Dimloc

emb

Tanh
Clsi (i=1, 2, ..., NAttr) Dimloc

emb ×NAttri

Fusion1
Conv[Dimloc

emb, Dimglo
emb, 1, 1, 0]

Conv[NAttr, 1, 1, 1, 0]
Tanh

2.2. 4-Layers Hierarchical Textual Embedding

The 4-layers textual embedding is in a similar structure
as the 2-layers counterpart. See the architecture in Figure 4
and layer configuration in Table 5.

Global 
embedding

Local 
embedding

W/O Tanh

…
…

Figure 3: Design of 2-layers textual embedding. Cls: Clas-
sification.

Table 5: Configuration of 4-layers textual embedding. Cls:
Classification.

Structure Size

FC1
300 × 512

Tanh

FC2
512 × 1024

Tanh

FC3
1024 × Dimloc

emb

Tanh
Clsi (i=1, 2, ..., NAttr) Dimloc

emb ×NAttri

Fusion1,i (i=1,2,3,4)
Conv[Dimloc

emb, 512, 1, 1, 0]
Conv[k,1,1,1,0]

Tanh

Fusion2,i (i=1,2)
Conv[512, 512, 1, 1, 0]

Conv[2,1,1,1,0]
Tanh

Fusion3
Conv[512, Dimglo

emb, 1, 1, 0]
Conv[2,1,1,1,0]

Tanh

Global 
embedding

Local 
embedding

W/O Tanh

…
… … … …
… …

Figure 4: Design of 4-layers textual embedding. Cls: Clas-
sification. The hierarchy is built as a balanced binary tree
structure as visual embedding, i.e. k ' Nattr/4.

3. Cross-Modality Cross-Level Embedding
Given the hierarchical visual and textual embedding,

we then conduct global-level and local-level cross-modality
embedding followed with cross-level cross-modality em-
bedding. The configuration of layers are listed in Table 6.

3.1. Cross-Modality Global-Level Embedding

The global-level fusion module takes as input the global
visual embedding xglo and the global textual embedding



Table 6: Configuration of cross-level (CL) cross-modality
(CM) embedding.

Structure Size

FCi
T/V, i ∈ {glo,loc} Dimj

emb × 512

FC1
512 × 512

Tanh

FC2
512 × 512

Tanh

FusionCM

Conv[512,Dims
emb, 1, 1, 0]

Conv[Nattr, 1, 1, 1, 0]
Tanh

FusionCL

Conv[512, Dims
emb, 1, 1, 0]

Conv[2, 1, 1, 1, 0]
Tanh

zglo, outputting the global cross-modality embedding sglo.
The architecture is shown in Figure 5 (a).

3.2. Cross-Modality Local-level Embedding

The local-level fusion module takes as input the local vi-
sual embedding {xloc

i }
Natt
i=1 and the local textual embedding

{zloc
i }

Natt
i=1, outputting the local cross-modality embedding

sloc. The architecture is given in Figure 5 (b).

xglo
<latexit sha1_base64="S92tkOufgPD3Eo7PMZHI+QtykR8=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx4r2A/oriWbZtvQbLIks9Ky9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4ej25nffmLacCUfYJKwICYDySNOCVjJHz/6wMaQDYSa9soVt+rOgVeJl5MKytHolb/8vqJpzCRQQYzpem4CQUY0cCrYtOSnhiWEjsiAdS2VJGYmyOY3T/GZVfo4UtqWBDxXf09kJDZmEoe2MyYwNMveTPzP66YQXQcZl0kKTNLFoigVGBSeBYD7XDMKYmIJoZrbWzEdEk0o2JhKNgRv+eVV0qpVvYtq7f6yUr/J4yiiE3SKzpGHrlAd3aEGaiKKEvSMXtGbkzovzrvzsWgtOPnMMfoD5/MHwpuSJw==</latexit>

zglo
<latexit sha1_base64="YwyVyUo5+Jv+CDMIRjTrS9BYUeA=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx4r2A/oriWbZtvQbLIks2Jd+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8MBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcPR9dRvPzBtuJJ3ME5YEJOB5BGnBKzkP937wB4hGwg16ZUrbtWdAS8TLycVlKPRK3/5fUXTmEmgghjT9dwEgoxo4FSwSclPDUsIHZEB61oqScxMkM1unuATq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif100hugwyLpMUmKTzRVEqMCg8DQD3uWYUxNgSQjW3t2I6JJpQsDGVbAje4svLpFWremfV2u15pX6Vx1FER+gYnSIPXaA6ukEN1EQUJegZvaI3J3VenHfnY95acPKZQ/QHzucPxbmSKQ==</latexit>

Hadamard Product

zloc
1<latexit sha1_base64="T6JQzcWpWCW4cJebA0nYWfxjOpg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQY9FLx4r2A9oY9hst+3SzSbsTqQ15K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QSy4Bsf5tgpr6xubW8Xt0s7u3v6BfVhu6ShRlDVpJCLVCYhmgkvWBA6CdWLFSBgI1g7GNzO//ciU5pG8h2nMvJAMJR9wSsBIvl1+8lM3e0h7wCaQiohmmW9XnKozB14lbk4qKEfDt796/YgmIZNABdG66zoxeClRwKlgWamXaBYTOiZD1jVUkpBpL53fnuFTo/TxIFKmJOC5+nsiJaHW0zAwnSGBkV72ZuJ/XjeBwZWXchknwCRdLBokAkOEZ0HgPleMgpgaQqji5lZMR0QRCiaukgnBXX55lbRqVfe8Wru7qNSv8ziK6BidoDPkoktUR7eogZqIogl6Rq/ozcqsF+vd+li0Fqx85gj9gfX5AwN8lRI=</latexit>

xloc
1<latexit sha1_base64="lx0XUq1eCaNHHjQxis26vaOK8M8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFtDJvtpl262YTdibSE/BUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvSATX4Djf1tr6xubWdmmnvLu3f3BoH1XaOk4VZS0ai1h1A6KZ4JK1gINg3UQxEgWCdYLx7czvPDGleSwfYJowLyJDyUNOCRjJtysTP3Pzx6wPbAKZiGme+3bVqTlz4FXiFqSKCjR9+6s/iGkaMQlUEK17rpOAlxEFnAqWl/upZgmhYzJkPUMliZj2svntOT4zygCHsTIlAc/V3xMZibSeRoHpjAiM9LI3E//zeimE117GZZICk3SxKEwFhhjPgsADrhgFMTWEUMXNrZiOiCIUTFxlE4K7/PIqaddr7kWtfn9ZbdwUcZTQCTpF58hFV6iB7lATtRBFE/SMXtGblVsv1rv1sWhds4qZY/QH1ucPAFKVEA==</latexit>

xloc
Nattr

<latexit sha1_base64="j3tEXbGj/Ns+we9fq5EErsX5mlY=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwVZIq6LLoxpVUsA9oY5hMJ+3QySTM3EhLyM6Nv+LGhSJu/QV3/o3TNgttPXDhzDn3MvceP+ZMgW1/G4Wl5ZXVteJ6aWNza3vH3N1rqiiRhDZIxCPZ9rGinAnaAAactmNJcehz2vKHVxO/9UClYpG4g3FM3RD3BQsYwaAlzzwceemN1wU6ghQDyCy7T2cvHpEs88yyXbGnsBaJk5MyylH3zK9uLyJJSAUQjpXqOHYMboolMMJpVuomisaYDHGfdjQVOKTKTad3ZNaxVnpWEEldAqyp+nsixaFS49DXnSGGgZr3JuJ/XieB4MJNmYgToILMPgoSbkFkTUKxekxSAnysCSaS6V0tMsASE9DRlXQIzvzJi6RZrTinlertWbl2mcdRRAfoCJ0gB52jGrpGddRABD2iZ/SK3own48V4Nz5mrQUjn9lHf2B8/gBF0prY</latexit>

zloc
Nattr

<latexit sha1_base64="iqnRippqsBo5ZrGO59eswOxzBgo=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwVZIq6LLoxpVUsA9oY5hMJ+3QSSbM3Ig1ZOfGX3HjQhG3/oI7/8Zpm4W2Hrhw5px7mXuPH3OmwLa/jcLC4tLySnG1tLa+sbllbu80lUgkoQ0iuJBtHyvKWUQbwIDTdiwpDn1OW/7wYuy37qhUTEQ3MIqpG+J+xAJGMGjJM/cfvPTK6wK9hxQDyCy7TacvLkiWeWbZrtgTWPPEyUkZ5ah75le3J0gS0ggIx0p1HDsGN8USGOE0K3UTRWNMhrhPO5pGOKTKTSd3ZNahVnpWIKSuCKyJ+nsixaFSo9DXnSGGgZr1xuJ/XieB4MxNWRQnQCMy/ShIuAXCGodi9ZikBPhIE0wk07taZIAlJqCjK+kQnNmT50mzWnGOK9Xrk3LtPI+jiPbQATpCDjpFNXSJ6qiBCHpEz+gVvRlPxovxbnxMWwtGPrOL/sD4/AFJFJra</latexit>…
…
…sloc

1<latexit sha1_base64="7JPeIWSR/qyYpfdbX1jocvhIN5Q=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFtDJvtpl262YTdibSE/BUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvSATX4Djf1tr6xubWdmmnvLu3f3BoH1XaOk4VZS0ai1h1A6KZ4JK1gINg3UQxEgWCdYLx7czvPDGleSwfYJowLyJDyUNOCRjJtyvaz9z8MesDm0AmYprnvl11as4ceJW4BamiAk3f/uoPYppGTAIVROue6yTgZUQBp4Ll5X6qWULomAxZz1BJIqa9bH57js+MMsBhrExJwHP190RGIq2nUWA6IwIjvezNxP+8XgrhtZdxmaTAJF0sClOBIcazIPCAK0ZBTA0hVHFzK6YjoggFE1fZhOAuv7xK2vWae1Gr319WGzdFHCV0gk7ROXLRFWqgO9RELUTRBD2jV/Rm5daL9W59LFrXrGLmGP2B9fkD+FqVCw==</latexit>

FCglo
V

<latexit sha1_base64="knKkB7r/mg+DK9p5nf1tH8aZhu8=">AAACCnicbZDLSsNAFIYn9VbrLerSTbQIrkpSBV0WC+Kygr1AG8NkOmmHTiZh5kQsIWs3voobF4q49Qnc+TZO2yy09YeBj/+cw5nz+zFnCmz72ygsLa+srhXXSxubW9s75u5eS0WJJLRJIh7Jjo8V5UzQJjDgtBNLikOf07Y/qk/q7XsqFYvELYxj6oZ4IFjACAZteeZhD+gDpFf1zEtn2MqyuxwHPMoyzyzbFXsqaxGcHMooV8Mzv3r9iCQhFUA4Vqrr2DG4KZbACKdZqZcoGmMywgPa1ShwSJWbTk/JrGPt9K0gkvoJsKbu74kUh0qNQ193hhiGar42Mf+rdRMILtyUiTgBKshsUZBwCyJrkovVZ5IS4GMNmEim/2qRIZaYgE6vpENw5k9ehFa14pxWqjdn5dplHkcRHaAjdIIcdI5q6Bo1UBMR9Iie0St6M56MF+Pd+Ji1Fox8Zh/9kfH5A4fPnBI=</latexit>

FCglo
T<latexit sha1_base64="V6sG6mzfxi3WzTbLtxYeYQywp7g=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2Cq5JUQZfFgris0Bu0MUymk3bo5MLMiVhC1m58FTcuFHHrE7jzbZy2WWjrDwMf/zmHM+f3YsEVWNa3sbS8srq2Xtgobm5t7+yae/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb1RbVJv3zOpeBQ2YBwzJyCDkPucEtCWax71gD1Ael3L3HSGjSy7y3EgoixzzZJVtqbCi2DnUEK56q751etHNAlYCFQQpbq2FYOTEgmcCpYVe4liMaEjMmBdjSEJmHLS6SkZPtFOH/uR1C8EPHV/T6QkUGoceLozIDBU87WJ+V+tm4B/6aQ8jBNgIZ0t8hOBIcKTXHCfS0ZBjDUQKrn+K6ZDIgkFnV5Rh2DPn7wIrUrZPitXbs9L1as8jgI6RMfoFNnoAlXRDaqjJqLoET2jV/RmPBkvxrvxMWtdMvKZA/RHxucPhKmcEA==</latexit>

sloc
Nattr

<latexit sha1_base64="csrYOUA/yTEIy1EVk1euNbpdbjQ=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAiuSlIFXRbduJIK9gFtDJPptB06mQkzN2IJ2bnxV9y4UMStv+DOv3HaZqGtBy6cOede5t4TxpxpcN1va2FxaXlltbBWXN/Y3Nq2d3YbWiaK0DqRXKpWiDXlTNA6MOC0FSuKo5DTZji8HPvNe6o0k+IWRjH1I9wXrMcIBiMF9oEO0uugA/QBUgygsuwunb64JFkW2CW37E7gzBMvJyWUoxbYX52uJElEBRCOtW57bgx+ihUwwmlW7CSaxpgMcZ+2DRU4otpPJ3dkzpFRuk5PKlMCnIn6eyLFkdajKDSdEYaBnvXG4n9eO4HeuZ8yESdABZl+1Eu4A9IZh+J0maIE+MgQTBQzuzpkgBUmYKIrmhC82ZPnSaNS9k7KlZvTUvUij6OA9tEhOkYeOkNVdIVqqI4IekTP6BW9WU/Wi/VufUxbF6x8Zg/9gfX5Az2tmtM=</latexit>

⇢loc
i<latexit sha1_base64="dchQaSPHgcWuSzPI7nb1MdHQekk=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBU0mqoMeiF48V7Ae0MWy2m3bpJht2J2JZAv4VLx4U8erv8Oa/cdvmoK0PBh7vzTAzL0w5U+C639bS8srq2nppo7y5tb2za+/tt5TIJKFNIriQnRAryllCm8CA004qKY5DTtvh6Hritx+oVEwkdzBOqR/jQcIiRjAYKbAPe3IoAs3ye90D+giaC5LngV1xq+4UziLxClJBBRqB/dXrC5LFNAHCsVJdz03B11gCI5zm5V6maIrJCA9o19AEx1T5enp+7pwYpe9EQppKwJmqvyc0jpUax6HpjDEM1bw3Ef/zuhlEl75mSZoBTchsUZRxB4QzycLpM0kJ8LEhmEhmbnXIEEtMwCRWNiF48y8vklat6p1Va7fnlfpVEUcJHaFjdIo8dIHq6AY1UBMRpNEzekVv1pP1Yr1bH7PWJauYOUB/YH3+AKZmlpM=</latexit>

⇢loc
1<latexit sha1_base64="rZpAD3fPwpB7K4j+ICSLJjD/6q4=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBU0mqoMeiF48V7Ae0MWy2m3bpJht2J2JZAv4VLx4U8erv8Oa/cdvmoK0PBh7vzTAzL0w5U+C639bS8srq2nppo7y5tb2za+/tt5TIJKFNIriQnRAryllCm8CA004qKY5DTtvh6Hritx+oVEwkdzBOqR/jQcIiRjAYKbAPe3IoAu3l97oH9BE0FyTPA7viVt0pnEXiFaSCCjQC+6vXFySLaQKEY6W6npuCr7EERjjNy71M0RSTER7QrqEJjqny9fT83DkxSt+JhDSVgDNVf09oHCs1jkPTGWMYqnlvIv7ndTOILn3NkjQDmpDZoijjDghnkoXTZ5IS4GNDMJHM3OqQIZaYgEmsbELw5l9eJK1a1Tur1m7PK/WrIo4SOkLH6BR56ALV0Q1qoCYiSKNn9IrerCfrxXq3PmatS1Yxc4D+wPr8AU52lls=</latexit>

sloc
<latexit sha1_base64="Hlwm8frahb+9i8at9A45kv0eFDU=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LHoxWMF+wHttmTTbBuaTZZkVi3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsH4Zuq3Hpg2XMl7mMTMj8hQ8pBTAlbqmV7aBfYEqVA0y/qlsltxZ8DLxMtJGeWo90tf3YGiScQkUEGM6XhuDH5KNHAqWFbsJobFhI7JkHUslSRixk9nV2f41CoDHCptSwKeqb8nUhIZM4kC2xkRGJlFbyr+53USCK/8lMs4ASbpfFGYCAwKTyPAA64ZBTGxhFDN7a2YjogmFGxQRRuCt/jyMmlWK955pXp3Ua5d53EU0DE6QWfIQ5eohm5RHTUQRRo9o1f05jw6L8678zFvXXHymSP0B87nD4H/kyo=</latexit>

FC1
<latexit sha1_base64="fFNBlmGN9vayQrC97Y7I/cU33dI=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GOxIB4r2A9oQ9lst+3SzSbuTool5Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiS4Rsf5tnJr6xubW/ntws7u3v5B8fCoqcNYUdagoQhV2yeaCS5ZAzkK1o4UI4EvWMsf12Z+a8KU5qF8wGnEvIAMJR9wStBIXhfZEya3tbSXuGmvWHLKzhz2KnEzUoIM9V7xq9sPaRwwiVQQrTuuE6GXEIWcCpYWurFmEaFjMmQdQyUJmPaS+dGpfWaUvj0IlSmJ9lz9PZGQQOtp4JvOgOBIL3sz8T+vE+Pg2ku4jGJkki4WDWJhY2jPErD7XDGKYmoIoYqbW206IopQNDkVTAju8surpFkpuxflyv1lqXqTxZGHEziFc3DhCqpwB3VoAIVHeIZXeLMm1ov1bn0sWnNWNnMMf2B9/gDgqJIq</latexit>

FC2
<latexit sha1_base64="JqjHZHuWB+58hn45fNQ5dzx/TA0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY/BgHiMYB6QLGF2MkmGzD6c6Q2GZb/DiwdFvPox3vwbJ8keNLGgoajqprvLi6TQaNvfVm5tfWNzK79d2Nnd2z8oHh41dRgrxhsslKFqe1RzKQLeQIGStyPFqe9J3vLGtZnfmnClRRg84DTirk+HgRgIRtFIbhf5Eya3tbSXVNJesWSX7TnIKnEyUoIM9V7xq9sPWezzAJmkWnccO0I3oQoFkzwtdGPNI8rGdMg7hgbU59pN5ken5MwofTIIlakAyVz9PZFQX+up75lOn+JIL3sz8T+vE+Pg2k1EEMXIA7ZYNIglwZDMEiB9oThDOTWEMiXMrYSNqKIMTU4FE4Kz/PIqaVbKzkW5cn9Zqt5kceThBE7hHBy4gircQR0awOARnuEV3qyJ9WK9Wx+L1pyVzRzDH1ifP+Itkis=</latexit>

Tanh
<latexit sha1_base64="AIPZPbdLYNnMcXMpKmOEdmJ9kYY=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rFCv6ANZbOdtEs3m7A7EUvoz/DiQRGv/hpv/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNocljGetOwAxIoaCJAiV0Eg0sCiS0g/HdzG8/gjYiVg2cJOBHbKhEKDhDK3V7CE+YNZgaTfulsltx56CrxMtJmeSo90tfvUHM0wgUcsmM6Xpugn7GNAouYVrspQYSxsdsCF1LFYvA+Nn85Ck9t8qAhrG2pZDO1d8TGYuMmUSB7YwYjsyyNxP/87ophjd+JlSSIii+WBSmkmJMZ//TgdDAUU4sYVwLeyvlI6YZR5tS0YbgLb+8SlrVindZqT5clWu3eRwFckrOyAXxyDWpkXtSJ03CSUyeySt5c9B5cd6dj0XrmpPPnJA/cD5/AMLjkZA=</latexit>

sglo
<latexit sha1_base64="Q/YCeJOwDV118klV6HWgNVkYDXA=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8EiuCozVdBl0Y3LCvYC7VgyadqGZpIhOSOWYcBXceNCEbc+hzvfxrSdhbb+EPj4zzmckz+MBTfged/O0vLK6tp6YaO4ubW9s+vu7TeMSjRldaqE0q2QGCa4ZHXgIFgr1oxEoWDNcHQ9qTcfmDZcyTsYxyyIyEDyPqcErNV1DzvAHiE12X06o4FQWdZ1S17Zmwovgp9DCeWqdd2vTk/RJGISqCDGtH0vhiAlGjgVLCt2EsNiQkdkwNoWJYmYCdLp+Rk+sU4P95W2TwKeur8nUhIZM45C2xkRGJr52sT8r9ZOoH8ZpFzGCTBJZ4v6icCg8CQL3OOaURBjC4Rqbm/FdEg0oWATK9oQ/PkvL0KjUvbPypXb81L1Ko+jgI7QMTpFPrpAVXSDaqiOKErRM3pFb86T8+K8Ox+z1iUnnzlAf+R8/gDp8pa+</latexit>

(a) Cross-modality global embedding (b) Cross-modality local embedding

Figure 5: Design of cross-modality (a) global-level and (b)
local-level embedding.

3.3. Cross-Modality Cross-Level Embedding

Given the global sglo and local sloc cross-modality em-
bedding, we obtain the cross-modality cross-level embed-
ding s as shown in Figure 6.

sloc
<latexit sha1_base64="Hlwm8frahb+9i8at9A45kv0eFDU=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LHoxWMF+wHttmTTbBuaTZZkVi3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsH4Zuq3Hpg2XMl7mMTMj8hQ8pBTAlbqmV7aBfYEqVA0y/qlsltxZ8DLxMtJGeWo90tf3YGiScQkUEGM6XhuDH5KNHAqWFbsJobFhI7JkHUslSRixk9nV2f41CoDHCptSwKeqb8nUhIZM4kC2xkRGJlFbyr+53USCK/8lMs4ASbpfFGYCAwKTyPAA64ZBTGxhFDN7a2YjogmFGxQRRuCt/jyMmlWK955pXp3Ua5d53EU0DE6QWfIQ5eohm5RHTUQRRo9o1f05jw6L8678zFvXXHymSP0B87nD4H/kyo=</latexit>

sglo
<latexit sha1_base64="Q/YCeJOwDV118klV6HWgNVkYDXA=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8EiuCozVdBl0Y3LCvYC7VgyadqGZpIhOSOWYcBXceNCEbc+hzvfxrSdhbb+EPj4zzmckz+MBTfged/O0vLK6tp6YaO4ubW9s+vu7TeMSjRldaqE0q2QGCa4ZHXgIFgr1oxEoWDNcHQ9qTcfmDZcyTsYxyyIyEDyPqcErNV1DzvAHiE12X06o4FQWdZ1S17Zmwovgp9DCeWqdd2vTk/RJGISqCDGtH0vhiAlGjgVLCt2EsNiQkdkwNoWJYmYCdLp+Rk+sU4P95W2TwKeur8nUhIZM45C2xkRGJr52sT8r9ZOoH8ZpFzGCTBJZ4v6icCg8CQL3OOaURBjC4Rqbm/FdEg0oWATK9oQ/PkvL0KjUvbPypXb81L1Ko+jgI7QMTpFPrpAVXSDaqiOKErRM3pFb86T8+K8Ox+z1iUnnzlAf+R8/gDp8pa+</latexit>

s
<latexit sha1_base64="8r6dWOvdyfgmPOHEanDSQrmgcis=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3/OM+w==</latexit>

Figure 6: Design of cross-level (CL) embedding.

4. Matching Module
The matching module takes as input the cross-modality

cross-level embedding s, and outputs the similarity score
ŷ ∈ [0, 1] of the input image and attribute set. In training,
we set the ground-truth similarity score 1 for the match-
ing attribute-image pairs and 0 for the unmatched attribute-
image pairs. The details are shown in Table 7 and Figure
7.

Table 7: Configuration of matching module.

Structure Size

FC1
Dims

emb × 256
ReLU

FC2
256× 128

ReLU

FC3
128× 1
Sigmoid

Figure 7: Design of matching module.
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