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Abstract

Few-shot knowledge graph completion is to in-
fer the unknown facts (i.e., query head-tail en-
tity pairs) of a given relation with only a few
observed reference entity pairs. Its general pro-
cess is to first encode the implicit relation of
an entity pair and then match the relation of a
query entity pair with the relations of the refer-
ence entity pairs. Most existing methods have
thus far encoded an entity pair and matched
entity pairs by using the direct neighbors of
concerned entities. In this paper, we propose
the P-INT model for effective few-shot knowl-
edge graph completion. First, P-INT infers
and leverages the paths that can expressively
encode the relation of two entities. Second, to
capture the fine grained matches, P-INT calcu-
lates the interactions of paths instead of mix-
ing them for each entity pair. Extensive ex-
perimental results demonstrate that P-INT out-
performs the state-of-the-art baselines by 11.2–
14.2% in terms of Hits@1. Our codes and
datasets are online now1.

1 Introduction

Large scale knowledge graphs (KGs) can bene-
fit various applications, such as question answer-
ing (Han et al., 2020), retrieval (Liu et al., 2018),
and recommender systems (Wang et al., 2018).
The completion of KGs plays a critical role in
these applications. To complete KGs, most ex-
isting embedding based techniques demand suf-
ficient triplets for each relation as the training
data, such as TransE (Bordes et al., 2013), Ro-
tatE (Sun et al., 2019), ConvE (Dettmers et al.,
2018), and CompGCN (Vashishth et al., 2020).
However, the majority of relations have limited
(few-shot) triplets in commonly used KGs (Xiong
et al., 2018). For example, 96.9% of all the re-
lations are with fewer than 5 triplets in Freebase,
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ps
2<latexit sha1_base64="WROjwvbd7LPMZpLTA226LIBsTtg=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVsHpnysNiCVUQQhhjmBFcu0CONBr1Kq5DnFkOJbBCa1h8H4ximkRMWiqIMX2MlPVToi2ngs0Lg8QwReiUjFnfUUkiZvx0ce4cnjllBMNYu5IWLtTvEymJjJlFgeuMiJ2Y314m/uX1ExvW/ZRLlVgm6XJRmAhoY5j9DkdcM2rFzBFCNXe3QjohmlDrEiq4EL4+hf+TTrWCUQXfVEvNq1UceXACTsE5wKAGmuAatEAbUDAFD+AJPHvKe/RevNdla85bzRyDH/DePgGQrI8Q</latexit><latexit sha1_base64="WROjwvbd7LPMZpLTA226LIBsTtg=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVsHpnysNiCVUQQhhjmBFcu0CONBr1Kq5DnFkOJbBCa1h8H4ximkRMWiqIMX2MlPVToi2ngs0Lg8QwReiUjFnfUUkiZvx0ce4cnjllBMNYu5IWLtTvEymJjJlFgeuMiJ2Y314m/uX1ExvW/ZRLlVgm6XJRmAhoY5j9DkdcM2rFzBFCNXe3QjohmlDrEiq4EL4+hf+TTrWCUQXfVEvNq1UceXACTsE5wKAGmuAatEAbUDAFD+AJPHvKe/RevNdla85bzRyDH/DePgGQrI8Q</latexit><latexit sha1_base64="WROjwvbd7LPMZpLTA226LIBsTtg=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVsHpnysNiCVUQQhhjmBFcu0CONBr1Kq5DnFkOJbBCa1h8H4ximkRMWiqIMX2MlPVToi2ngs0Lg8QwReiUjFnfUUkiZvx0ce4cnjllBMNYu5IWLtTvEymJjJlFgeuMiJ2Y314m/uX1ExvW/ZRLlVgm6XJRmAhoY5j9DkdcM2rFzBFCNXe3QjohmlDrEiq4EL4+hf+TTrWCUQXfVEvNq1UceXACTsE5wKAGmuAatEAbUDAFD+AJPHvKe/RevNdla85bzRyDH/DePgGQrI8Q</latexit><latexit sha1_base64="WROjwvbd7LPMZpLTA226LIBsTtg=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVsHpnysNiCVUQQhhjmBFcu0CONBr1Kq5DnFkOJbBCa1h8H4ximkRMWiqIMX2MlPVToi2ngs0Lg8QwReiUjFnfUUkiZvx0ce4cnjllBMNYu5IWLtTvEymJjJlFgeuMiJ2Y314m/uX1ExvW/ZRLlVgm6XJRmAhoY5j9DkdcM2rFzBFCNXe3QjohmlDrEiq4EL4+hf+TTrWCUQXfVEvNq1UceXACTsE5wKAGmuAatEAbUDAFD+AJPHvKe/RevNdla85bzRyDH/DePgGQrI8Q</latexit>

pq
1

<latexit sha1_base64="nfXI0JXex1yugq42KxR+DYmbnno=">AAACGXicdVBLSwMxGMz6rPW16tFLsBU8SEl6sO2t6MVjBfuA7VqyadqGZh8mWaEs+ze8+Fe8eFDEo578N2b7ABUdCAwz8yVfxosEVxqhT2tpeWV1bT23kd/c2t7Ztff2WyqMJWVNGopQdjyimOABa2quBetEkhHfE6ztjS8yv33HpOJhcK0nEXN9Mgz4gFOijdSzUdKdXuLIoecmqIQQwhifZgRXzpAhtVq1jKtpMerhm9ti2rMLixRcpOAiBXFmGRTAHI2e/d7thzT2WaCpIEo5GEXaTYjUnAqW5ruxYhGhYzJkjqEB8Zlyk+lSKTw2Sh8OQmlOoOFU/T6REF+pie+ZpE/0SP32MvEvz4n1oOomPIhizQI6e2gQC6hDmNUE+1wyqsXEEEIlN7tCOiKSUG3KzJsSFj+F/5NWuYRRCV+VC/XzeR05cAiOwAnAoALq4BI0QBNQcA8ewTN4sR6sJ+vVeptFl6z5zAH4AevjC430nDw=</latexit><latexit sha1_base64="nfXI0JXex1yugq42KxR+DYmbnno=">AAACGXicdVBLSwMxGMz6rPW16tFLsBU8SEl6sO2t6MVjBfuA7VqyadqGZh8mWaEs+ze8+Fe8eFDEo578N2b7ABUdCAwz8yVfxosEVxqhT2tpeWV1bT23kd/c2t7Ztff2WyqMJWVNGopQdjyimOABa2quBetEkhHfE6ztjS8yv33HpOJhcK0nEXN9Mgz4gFOijdSzUdKdXuLIoecmqIQQwhifZgRXzpAhtVq1jKtpMerhm9ti2rMLixRcpOAiBXFmGRTAHI2e/d7thzT2WaCpIEo5GEXaTYjUnAqW5ruxYhGhYzJkjqEB8Zlyk+lSKTw2Sh8OQmlOoOFU/T6REF+pie+ZpE/0SP32MvEvz4n1oOomPIhizQI6e2gQC6hDmNUE+1wyqsXEEEIlN7tCOiKSUG3KzJsSFj+F/5NWuYRRCV+VC/XzeR05cAiOwAnAoALq4BI0QBNQcA8ewTN4sR6sJ+vVeptFl6z5zAH4AevjC430nDw=</latexit><latexit sha1_base64="nfXI0JXex1yugq42KxR+DYmbnno=">AAACGXicdVBLSwMxGMz6rPW16tFLsBU8SEl6sO2t6MVjBfuA7VqyadqGZh8mWaEs+ze8+Fe8eFDEo578N2b7ABUdCAwz8yVfxosEVxqhT2tpeWV1bT23kd/c2t7Ztff2WyqMJWVNGopQdjyimOABa2quBetEkhHfE6ztjS8yv33HpOJhcK0nEXN9Mgz4gFOijdSzUdKdXuLIoecmqIQQwhifZgRXzpAhtVq1jKtpMerhm9ti2rMLixRcpOAiBXFmGRTAHI2e/d7thzT2WaCpIEo5GEXaTYjUnAqW5ruxYhGhYzJkjqEB8Zlyk+lSKTw2Sh8OQmlOoOFU/T6REF+pie+ZpE/0SP32MvEvz4n1oOomPIhizQI6e2gQC6hDmNUE+1wyqsXEEEIlN7tCOiKSUG3KzJsSFj+F/5NWuYRRCV+VC/XzeR05cAiOwAnAoALq4BI0QBNQcA8ewTN4sR6sJ+vVeptFl6z5zAH4AevjC430nDw=</latexit><latexit sha1_base64="nfXI0JXex1yugq42KxR+DYmbnno=">AAACGXicdVBLSwMxGMz6rPW16tFLsBU8SEl6sO2t6MVjBfuA7VqyadqGZh8mWaEs+ze8+Fe8eFDEo578N2b7ABUdCAwz8yVfxosEVxqhT2tpeWV1bT23kd/c2t7Ztff2WyqMJWVNGopQdjyimOABa2quBetEkhHfE6ztjS8yv33HpOJhcK0nEXN9Mgz4gFOijdSzUdKdXuLIoecmqIQQwhifZgRXzpAhtVq1jKtpMerhm9ti2rMLixRcpOAiBXFmGRTAHI2e/d7thzT2WaCpIEo5GEXaTYjUnAqW5ruxYhGhYzJkjqEB8Zlyk+lSKTw2Sh8OQmlOoOFU/T6REF+pie+ZpE/0SP32MvEvz4n1oOomPIhizQI6e2gQC6hDmNUE+1wyqsXEEEIlN7tCOiKSUG3KzJsSFj+F/5NWuYRRCV+VC/XzeR05cAiOwAnAoALq4BI0QBNQcA8ewTN4sR6sJ+vVeptFl6z5zAH4AevjC430nDw=</latexit>

pq
2<latexit sha1_base64="gViI6Zexlcg4DP5sj+ESVhrZ5yY=">AAACGXicdVBLSwMxGMzWV62vqkcvwVbwICXpwba3ihePFewDtmvJpmkbmn2YZIWyFPwVXvwrXjwo4lFP/huzbRdUdCAwzEy+fBk3FFxphD6tzNLyyupadj23sbm1vZPf3WupIJKUNWkgAtlxiWKC+6ypuRasE0pGPFewtjs+T/z2LZOKB/6VnoTM8cjQ5wNOiTZSL4/i7myILYeuE6MSQghjfJIQXDlFhtRq1TKuTothr3x9U5z28oU0BdMUTFMQJ5ZBASzQ6OXfu/2ARh7zNRVEKRujUDsxkZpTwaa5bqRYSOiYDJltqE88ppx4ttQUHhmlDweBNMfXcKZ+vxETT6mJ55qkR/RI/fYS8S/PjvSg6sTcDyPNfDp/aBAJqAOY1AT7XDKqxcQQQiU3u0I6IpJQbcrMmRLSn8L/SatcwqiEL8uF+tndvI4sOACH4BhgUAF1cAEaoAkouAeP4Bm8WA/Wk/Vqvc2jGWtR4T74AevjC7UvnLw=</latexit><latexit sha1_base64="gViI6Zexlcg4DP5sj+ESVhrZ5yY=">AAACGXicdVBLSwMxGMzWV62vqkcvwVbwICXpwba3ihePFewDtmvJpmkbmn2YZIWyFPwVXvwrXjwo4lFP/huzbRdUdCAwzEy+fBk3FFxphD6tzNLyyupadj23sbm1vZPf3WupIJKUNWkgAtlxiWKC+6ypuRasE0pGPFewtjs+T/z2LZOKB/6VnoTM8cjQ5wNOiTZSL4/i7myILYeuE6MSQghjfJIQXDlFhtRq1TKuTothr3x9U5z28oU0BdMUTFMQJ5ZBASzQ6OXfu/2ARh7zNRVEKRujUDsxkZpTwaa5bqRYSOiYDJltqE88ppx4ttQUHhmlDweBNMfXcKZ+vxETT6mJ55qkR/RI/fYS8S/PjvSg6sTcDyPNfDp/aBAJqAOY1AT7XDKqxcQQQiU3u0I6IpJQbcrMmRLSn8L/SatcwqiEL8uF+tndvI4sOACH4BhgUAF1cAEaoAkouAeP4Bm8WA/Wk/Vqvc2jGWtR4T74AevjC7UvnLw=</latexit><latexit sha1_base64="gViI6Zexlcg4DP5sj+ESVhrZ5yY=">AAACGXicdVBLSwMxGMzWV62vqkcvwVbwICXpwba3ihePFewDtmvJpmkbmn2YZIWyFPwVXvwrXjwo4lFP/huzbRdUdCAwzEy+fBk3FFxphD6tzNLyyupadj23sbm1vZPf3WupIJKUNWkgAtlxiWKC+6ypuRasE0pGPFewtjs+T/z2LZOKB/6VnoTM8cjQ5wNOiTZSL4/i7myILYeuE6MSQghjfJIQXDlFhtRq1TKuTothr3x9U5z28oU0BdMUTFMQJ5ZBASzQ6OXfu/2ARh7zNRVEKRujUDsxkZpTwaa5bqRYSOiYDJltqE88ppx4ttQUHhmlDweBNMfXcKZ+vxETT6mJ55qkR/RI/fYS8S/PjvSg6sTcDyPNfDp/aBAJqAOY1AT7XDKqxcQQQiU3u0I6IpJQbcrMmRLSn8L/SatcwqiEL8uF+tndvI4sOACH4BhgUAF1cAEaoAkouAeP4Bm8WA/Wk/Vqvc2jGWtR4T74AevjC7UvnLw=</latexit><latexit sha1_base64="gViI6Zexlcg4DP5sj+ESVhrZ5yY=">AAACGXicdVBLSwMxGMzWV62vqkcvwVbwICXpwba3ihePFewDtmvJpmkbmn2YZIWyFPwVXvwrXjwo4lFP/huzbRdUdCAwzEy+fBk3FFxphD6tzNLyyupadj23sbm1vZPf3WupIJKUNWkgAtlxiWKC+6ypuRasE0pGPFewtjs+T/z2LZOKB/6VnoTM8cjQ5wNOiTZSL4/i7myILYeuE6MSQghjfJIQXDlFhtRq1TKuTothr3x9U5z28oU0BdMUTFMQJ5ZBASzQ6OXfu/2ARh7zNRVEKRujUDsxkZpTwaa5bqRYSOiYDJltqE88ppx4ttQUHhmlDweBNMfXcKZ+vxETT6mJ55qkR/RI/fYS8S/PjvSg6sTcDyPNfDp/aBAJqAOY1AT7XDKqxcQQQiU3u0I6IpJQbcrMmRLSn8L/SatcwqiEL8uF+tndvI4sOACH4BhgUAF1cAEaoAkouAeP4Bm8WA/Wk/Vqvc2jGWtR4T74AevjC7UvnLw=</latexit>

path

path 

Entrepreneur

Support entity pair for the target relation “spouse”

Path 
interactions

ps
1<latexit sha1_base64="6k3PEBu5EGjlqDHXg8k7zU1OwbE=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVEN+Z8rBYQhWEEMYYZgTXLpAjjUa9iusQZ5ZDCazQGhbfB6OYJhGTlgpiTB8jZf2UaMupYPPCIDFMETolY9Z3VJKIGT9dnDuHZ04ZwTDWrqSFC/X7REoiY2ZR4DojYifmt5eJf3n9xIZ1P+VSJZZJulwUJgLaGGa/wxHXjFoxc4RQzd2tkE6IJtS6hAouhK9P4f+kU61gVME31VLzahVHHpyAU3AOMKiBJrgGLdAGFEzBA3gCz57yHr0X73XZmvNWM8fgB7y3T48ljw8=</latexit><latexit sha1_base64="6k3PEBu5EGjlqDHXg8k7zU1OwbE=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVEN+Z8rBYQhWEEMYYZgTXLpAjjUa9iusQZ5ZDCazQGhbfB6OYJhGTlgpiTB8jZf2UaMupYPPCIDFMETolY9Z3VJKIGT9dnDuHZ04ZwTDWrqSFC/X7REoiY2ZR4DojYifmt5eJf3n9xIZ1P+VSJZZJulwUJgLaGGa/wxHXjFoxc4RQzd2tkE6IJtS6hAouhK9P4f+kU61gVME31VLzahVHHpyAU3AOMKiBJrgGLdAGFEzBA3gCz57yHr0X73XZmvNWM8fgB7y3T48ljw8=</latexit><latexit sha1_base64="6k3PEBu5EGjlqDHXg8k7zU1OwbE=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVEN+Z8rBYQhWEEMYYZgTXLpAjjUa9iusQZ5ZDCazQGhbfB6OYJhGTlgpiTB8jZf2UaMupYPPCIDFMETolY9Z3VJKIGT9dnDuHZ04ZwTDWrqSFC/X7REoiY2ZR4DojYifmt5eJf3n9xIZ1P+VSJZZJulwUJgLaGGa/wxHXjFoxc4RQzd2tkE6IJtS6hAouhK9P4f+kU61gVME31VLzahVHHpyAU3AOMKiBJrgGLdAGFEzBA3gCz57yHr0X73XZmvNWM8fgB7y3T48ljw8=</latexit><latexit sha1_base64="6k3PEBu5EGjlqDHXg8k7zU1OwbE=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVEN+Z8rBYQhWEEMYYZgTXLpAjjUa9iusQZ5ZDCazQGhbfB6OYJhGTlgpiTB8jZf2UaMupYPPCIDFMETolY9Z3VJKIGT9dnDuHZ04ZwTDWrqSFC/X7REoiY2ZR4DojYifmt5eJf3n9xIZ1P+VSJZZJulwUJgLaGGa/wxHXjFoxc4RQzd2tkE6IJtS6hAouhK9P4f+kU61gVME31VLzahVHHpyAU3AOMKiBJrgGLdAGFEzBA3gCz57yHr0X73XZmvNWM8fgB7y3T48ljw8=</latexit>

ps
2<latexit sha1_base64="WROjwvbd7LPMZpLTA226LIBsTtg=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVsHpnysNiCVUQQhhjmBFcu0CONBr1Kq5DnFkOJbBCa1h8H4ximkRMWiqIMX2MlPVToi2ngs0Lg8QwReiUjFnfUUkiZvx0ce4cnjllBMNYu5IWLtTvEymJjJlFgeuMiJ2Y314m/uX1ExvW/ZRLlVgm6XJRmAhoY5j9DkdcM2rFzBFCNXe3QjohmlDrEiq4EL4+hf+TTrWCUQXfVEvNq1UceXACTsE5wKAGmuAatEAbUDAFD+AJPHvKe/RevNdla85bzRyDH/DePgGQrI8Q</latexit><latexit sha1_base64="WROjwvbd7LPMZpLTA226LIBsTtg=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVsHpnysNiCVUQQhhjmBFcu0CONBr1Kq5DnFkOJbBCa1h8H4ximkRMWiqIMX2MlPVToi2ngs0Lg8QwReiUjFnfUUkiZvx0ce4cnjllBMNYu5IWLtTvEymJjJlFgeuMiJ2Y314m/uX1ExvW/ZRLlVgm6XJRmAhoY5j9DkdcM2rFzBFCNXe3QjohmlDrEiq4EL4+hf+TTrWCUQXfVEvNq1UceXACTsE5wKAGmuAatEAbUDAFD+AJPHvKe/RevNdla85bzRyDH/DePgGQrI8Q</latexit><latexit sha1_base64="WROjwvbd7LPMZpLTA226LIBsTtg=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVsHpnysNiCVUQQhhjmBFcu0CONBr1Kq5DnFkOJbBCa1h8H4ximkRMWiqIMX2MlPVToi2ngs0Lg8QwReiUjFnfUUkiZvx0ce4cnjllBMNYu5IWLtTvEymJjJlFgeuMiJ2Y314m/uX1ExvW/ZRLlVgm6XJRmAhoY5j9DkdcM2rFzBFCNXe3QjohmlDrEiq4EL4+hf+TTrWCUQXfVEvNq1UceXACTsE5wKAGmuAatEAbUDAFD+AJPHvKe/RevNdla85bzRyDH/DePgGQrI8Q</latexit><latexit sha1_base64="WROjwvbd7LPMZpLTA226LIBsTtg=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwVZIubLsr6MJlBfuAdiyZNNOGZjIhyQhl6Ee4caGIW7/HnX9jpq2gogcuHM65l3vvCZTgxiL04eXW1jc2t/LbhZ3dvf2D4uFRx8SJpqxNYxHrXkAME1yytuVWsJ7SjESBYN1gepn53XumDY/lrZ0p5kdkLHnIKbFO6pbVsHpnysNiCVUQQhhjmBFcu0CONBr1Kq5DnFkOJbBCa1h8H4ximkRMWiqIMX2MlPVToi2ngs0Lg8QwReiUjFnfUUkiZvx0ce4cnjllBMNYu5IWLtTvEymJjJlFgeuMiJ2Y314m/uX1ExvW/ZRLlVgm6XJRmAhoY5j9DkdcM2rFzBFCNXe3QjohmlDrEiq4EL4+hf+TTrWCUQXfVEvNq1UceXACTsE5wKAGmuAatEAbUDAFD+AJPHvKe/RevNdla85bzRyDH/DePgGQrI8Q</latexit>
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Figure 1: A motivating example.

limiting the expressive power of conventional KG
embedding models.

Existing Models and Challenges. Formally, the
few-shot KG completion problem (Xiong et al.,
2018) is to predict the tail entity t for a query head
entity h and a target relation r, where h and t com-
pose the query entity pair and r is described by
few-shot entity pairs, named as the support entity
pairs. Meta-learning based models are commonly
used for solving the problem and the fundamental
part is to accurately represent the target relation
presented by support entity pairs. Existing meth-
ods differ from each other in the way to represent
the relation. For example, GMatching (Xiong et al.,
2018) simply averages the embeddings of neigh-
bors to represent an entity, and concatenates the
head and tail embeddings to represent their relation.
FSRL (Zhang et al., 2020a) and FAAN (Sheng
et al., 2020) further leverage the attention mecha-
nism to distinguish the different effects of neigh-
bors when representing an entity.

Despite the significant efforts in few-shot KG
completion, many issues remain largely unex-
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plored. First, while the path-based KG reasoning
models (e.g., MINERVA (Das et al., 2018), Mul-
tihop (Lin et al., 2018), RuleGuider (Lei et al.,
2020) and RNNLogic(Qu et al., 2020)) have shown
that the paths are expressive to represent the rela-
tion between two entities, most existing few-shot
learning models ignore them and consider only the
direct neighbors of the concerned entities. Take
Figure 1 for example, given the support pair (“Elon
Musk”, “Talulah Riley”) to describe a target rela-
tion “spouse”, we aim to infer the tail entity for the
query head entity “Bill Gates”. Depending on the
direct neighbors2, the correct tail entity “Melinda
Gates” and the wrong tail “Donald Trump” cannot
be distinguished, as their neighbors are both similar
to the neighbors of the support tail “Talulah Riley”.
On the contrary, if analyzing the paths between
the head and tail entities, we observe that the path
“son_of→ farther_in_law” connecting “Bill Gates”
and “Melinda Gates” is more related to the paths
that connect the support entity pair than the paths
connecting “Bill Gates” and “Donald Trump”.

Second, to represent an entity, existing few-shot
completion models aggregate all the neighbors’ em-
beddings, which may introduce noises into it. For
example, compared with the four neighbors of the
support tail “Talulah Riley”, “Melinda Gates” has
two different neighbors and “Donald Trump” has
only one different neighbor. Thus, mixing all the
neighbors will likely favor “Donald Trump” as the
output, negatively influencing the completion per-
formance. Similarly, to represent an entity pair by
its associated paths, mixing all the paths will also
dilute the really helpful paths.

Present Work. To address the challenges above,
we present P-INT—a Path-based INTeraction
model. The basic idea is to leverage the paths
from the head to the tail entities to represent an
entity pair. Then inspired by the widely adopted
interaction focused matching model in informa-
tion retrieval (Guo et al., 2016) (Tang et al., 2020),
P-INT computes the interactions of the path embed-
dings for capturing the fine grained matches. For
example, in Figure 1, instead of learning a good
representation for an entity pair based on the paths
{ps1, ps2} or {pq1, pq2}, we directly calculate the sim-
ilarities between {ps1, ps2} and {pq1, pq2}.

The contributions are summarized as follows:

2Note that neighbors of an entity denote the neighboring
relations such as “occupation” of “Elon Musk” but not the
concrete neighboring entities such as “Entrepreneur”.

• We incorporate the paths between entity pairs
to solve the few-shot KG completion.

• We propose an interaction based model to
match the paths, which can capture the fine
grained matches and thus reduce the negative
influence of the noisy paths.

• The experimental results on two datasets
demonstrate that our model significantly out-
performs the best baseline by 11.2–14.2% in
terms of Hits@1.

2 Related Work

To solve the few-shot KG completion problem,
meta-learning models including the optimization-
based and the metric-based categories have been
both investigated (Zhang et al., 2021). The
optimization-based model is based on the MAML
algorithm. For example, MetaR (Chen et al., 2019)
represents a relation by the support entity pairs and
transfers the meta information of the relation from
the support entity pairs to the query entity pairs.
Meta-KGR (Lv et al., 2019) and FIRE (Zhang
et al., 2020b) represent a relation using the paths
traversed by a multi-hop agent and then transfer the
meta information similarly as MetaR. However, the
latter two models ignore the interactions of paths.

The metric-based model measures the similarity
between two entity pairs based on the representa-
tions of the entity pairs. For example, GMatch-
ing (Xiong et al., 2018) averages the neighbors of
an entity, concatenates the head and the tail for an
entity pair, applies a transformer to aggregate all
the support entity pairs, and finally matches the
aggregated support pairs with each query entity
pair by a LSTM-based meta learner. FSRL (Zhang
et al., 2020a) aggregates the neighbors by a fixed at-
tention mechanism, applies a recurrent autoencoder
to aggregate all the support pairs, and matches the
aggregation with the query entity pair by LSTM.
FAAN (Sheng et al., 2020) aggregates the neigh-
bors by a dynamic attention mechanism, applies a
transformer to encode an entity pair, aggregates all
the support pairs by an attention mechanism, and
finally matches the aggregation with the query pair
by dot product.

This paper studies a metric-based meta-learning
model, which changes the representation-based
similarity measurement into an interaction-based
measurement on the paths connecting the head and
the tail entities.
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Figure 2: The framework of P-INT. The reasoning component is to infer the paths from a query head entity to the
candidate tail entities and the matching component is to compute the interactions of paths.

3 Problem Definition

A KG is denoted by G = {(h, r, t) ∈ E ×R× E},
where E and R denote the sets of its entities and
relations, respectively.

Problem 1. Few-Shot KG Completion. Given a
relation r ∈ R and its support entity pairs Sr =
{(hs, ts)|(hs, r, ts) ∈ G} with small size |Sr|3, for
each query head entity hq, the goal is to complete
the triplet (hq, r, ?) with ? as the ground truth tail
tq to be predicted from the candidate entity4 set Cq.

We follow the common setting of few-shot KG
completion (Xiong et al., 2018). Specifically, pre-
dicting triplets for a relation r is defined as a task.
For each task of r, the related entity pairs are pro-
vided, that is, Dr = {Sr,Qr}, where Sr consists
ofK-shot support entity pairs andQr = {(hq, tq)}
contains the query entity pairs, each of which
is composed of a query head hq and a ground
truth tail tq. The relations R = {r} are sep-
arated into Rbackground, Rmeta-train, Rmeta-validation
andRmeta-test. Correspondingly, their triplets form
the background knowledge graph Gbackground, the
meta-training set Dmeta-train, the meta-validation set
Dmeta-validatiaon and the meta-test set Dmeta-test.

4 The Proposed Model

This section introduces the proposed P-INT, which
consists of a reasoning component to infer the paths
from a query head entity to the candidate tail en-
tities according to the support entity pair, and a
matching component to compute the interactions
between the support entity pairs and each query
entity pair. In addition, the attention mechanism

3|Sr| is set as 1 or 5 in the experiments.
4Candidates are constrained by entity types (Xiong et al.,

2018).

that considers the relevance to the target relation
is applied to each path. A kernel aggregation func-
tion is adopted to extract the similarity features
from the interactions. Figure 2 presents the whole
framework of P-INT.

4.1 The Reasoning Component

Given a query head entity hq, the reasoning compo-
nent aims to infer the subgraph that might contain
the ground truth tail tq. One straightforward way
is to extend the multi-hop neighbors of hq, which
would make the resultant subgraph extremely large
with the increase of the hop number. Therefore, we
restrict the neighbor size at each hop and extend
a support-relevant subgraph. Below, we introduce
how to extract the support subgraph and reason the
query subgraph.

Extract the Support Subgraph. For each sup-
port entity pair (hs, ts) ∈ Sr, we leverage the two-
side BFS algorithm (Xiong et al., 2017b) to ex-
tract its support subgraph. Specifically, given the
maximal path length T , we perform the dT/2e-
hop BFS starting from hs, collecting neighbors
of different hops, i.e., N h

1 , · · · ,N h
dT/2e, and the

corresponding paths of different lengths from hs
to these neighbors—left paths. Similarly, starting
from ts, we also perform the bT/2c-hop BFS to ob-
tain neighborsN t

1 , · · · ,N t
bT/2c and the correspond-

ing paths from ts to them—right paths. We then cal-
culate the intersection {hs}∩N t

1 ,N h
1 ∩N t

1 ,N h
2 ∩

N t
1 ,N h

2 ∩ N t
2 , · · · ,N h

dT/2e ∩ N t
bT/2c. The inter-

sected neighbors are used to connect the left and
right paths to generate paths from hs to ht of differ-
ent lengths, denoted as P(hs, ts). When we restrict
the maximal path length as T , two-side T/2-hop
BFS can reduce the path search space and improve
the efficiency compared with one T -hop BFS. Take
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the support pair (“Elon Musk”, “Talulah Riley”)
in Figure 2 as an example, when T = 3, we need

to enumerate the left paths “Elon Musk
son_of−−−−→

Errol Musk" (length 1), “Elon Musk
friend−−−−→

Bill Gates" (length 1), “Elon Musk
son_of−−−−→

Errol Musk
acquaintance−1

−−−−−−−−−−→ Bill Gates" (length 2),

and “Elon Musk
friend−−−−→ Bill Gates

acquaintance−−−−−−−−→
Errol Musk" (length 2). We also need to enumer-

ate the right paths “Talulah Riley
father_in_law−1

−−−−−−−−−−→
Errol Musk" and “Talulah Riley

acquaintance−1

−−−−−−−−−−→
Bill Gates" of length 1. Thus N h

1 = N h
2 =

N t
1 = {Errol Musk,Bill Gates}. After per-

forming N h
1 ∩ N t

1 and N h
2 ∩ N t

1 and us-
ing the intersected entities to connect the left
and the right paths, we can obtain the paths

“Elon Musk
son_of−−−−→ Errol Musk

father_in_law−−−−−−−−−→
Talulah Riley" (length 2), “Elon Musk

friend−−−−→
Bill Gates

acquaintance−−−−−−−−→ Talulah Riley" (length 2),

“Elon Musk
son_of−−−−→ Errol Musk

acquaintance−1

−−−−−−−−−−→
Bill Gates

acquaintance−−−−−−−−→ Talulah Riley" (length 3),

and “Elon Musk
friend−−−−→ Bill Gates

acquaintance−−−−−−−−→
Errol Musk

father_in_law−−−−−−−−−→ Talulah Riley" (length
3).

We aggregate the relations in P(hs, ts) as the set
of the support relations, denoted asRs. Finally we
merge the support relations of all the support pairs
in Sr into a unifiedRs. In the above example,Rs
is composed of “son_of”, “friend”, “father_in_law”
and “acquaintance”.

Reason the Query Subgraph. Before retriev-
ing the query subgraph, we calculate the cosine
similarity aij between each pair of relations in G,
i.e., aij =

ri·rj
‖ri‖·‖rj‖ , where ri is the pretrained

embedding by TransE on Gbackground. To reason
a query subgraph, we restrict the number of the
maximal extended neighbors at each hop as L. At
the τ -th hop, we extend L entities with NL neigh-
bors in total. For each neighbor ri5, we retrieve
the similarities of ri with every support relation
in Rs, i.e.,{aij}|R

s|
j=1 , and get the maximal value

amax
i = maxj{aij}. Then we sample L neighbors

from NL neighbors with the probability of each
neighbor as:

P (ri, ti)=

{
1/NL with probability ε;

amax
i /

∑NL
i=1 a

max
i with probability 1− ε,(1)

5As mentioned in Section 1, a neighbor represents a neigh-
boring relation instead of a neighboring entity.

where ε is a hyper parameter to determine the prob-
ability of random sampling, which is inspired by
dropout (Srivastava et al., 2014). Specifically, dur-
ing training, we inject random sampling by setting
ε = 0.8 to increase the variance of the negative
instances. For testing, we set ε = 0 and directly
return the top-L neighbors at each hop to make the
reasoned query subgraph relevant to the support
subgraph as much as possible.

Note we treat the one-to-many relation with the
same relation but different tail entities as different
neighbors to be extended, because extending dif-
ferent tails will generate different paths. After T
hops, we extend a query subgraph with at most
T × L entities. Simultaneous to reasoning, we can
trace all paths from hq to every extended entity
in the subgraph, which is denoted as P(hq, tq) for
(hq, tq).

4.2 The Matching Component

Path-based Matching. Path-based matching com-
ponent captures the fine-grained matches of paths.
Specifically, for each tuple (hs, ts, hq, tq) contain-
ing a support entity pair (hs, ts) and a query entity
pair (hq, tq), we (1) represent each path and (2)
compute the path interactions between P(hs, ts)
and P(hq, tq) with (3) path attentions.

Represent Paths. We use GRU to embed each path
p ∈ P(hs, ts) ∪ P(hq, tq). Specifically, we first
represent a path by a sequence of relations in it,
i.e., p = (r1, r2, · · · , r|p|). Then we treat the se-
quence of the relation embeddings pretrained by
TransE—(r1, r2, · · · , r|p|)—as the input of a GRU
model to generate an aggregated embedding as the
path embedding p. We ignore the entities in a
path for the reason that different entity pairs de-
scribing the same relation share similar relation se-
quence patterns rather than similar entity sequence
patterns. For example in Figure 2, the relation
sequence “son_of→ father_in_law” is shared be-
tween (“Elon Musk”, “Talulah Riley”) and (“Bill
Gates”,“Melinda Gates” ), but the entities “Errol
Musk” and “William Henry Gates II” on the two
paths are different.

Calculate Path Interactions. Given the set of the
path embeddings {ps1,ps2, · · · ,psN} of (hs, ts) and
{pq1,pq2, · · · ,pqN} of (hq, tq), we build the similar-
ity matrix SP with each element sPij representing
the similarity between psi and pqj . Then we apply
an aggregation function to extract the similarity fea-
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Figure 3: The interaction of paths.

tures from SP . Since the paths extracted from the
graphs are disordered and independent from each
other, the RBF kernel aggregation function (Xiong
et al., 2017a) is used to extract the accumulated
similarity features.

Specifically, we first apply a max pooling op-
eration on each row SPi = {sPij}Nj=1 to get the
maximal similarity smax

i = maxj{sPij}, which rep-
resents the most probably matched counterpart in
P(hs, ts) for pi ∈ P(hq, tq). Next, smax

i is trans-
formed into a Γ-length feature vector K(smax

i )
by Γ RBF kernels, where each feature Kγ(smax

i )
is made by the γ-th RBF kernel with mean µγ
and variance σγ (Eq.(2)). All the kernels rep-
resent a distribution of the similarities and thus
Kγ(smax

i ) represents how likely smax
i is close to

µγ , i.e., the γ-th similarity feature. The trans-
formation from the one-dimension similarity to
the Γ-dimension similarity vector can improve the
discrimination ability of the similarity features.
Finally, [K1(smax

i ), · · · ,KΓ(smax
i )] of different

rows (i = 1, · · · , |P(hq, tq)|) are summed into a
similarity embedding φ(P(hs, ts),P(hq, tq)) (ab-
breviated as φ in Eq.(3)), which represents the sim-
ilarity between (hq, tq) and (hs, ts).

The concrete operations are shown in Figure 3
and summarized as follows:

Kγ(smax
i )=exp

[
−(smax

i − µγ)2

2σ2
γ

]
, (2)

φ =

|P(hq ,tq)|∑
i=1

log [K1(smax
i ), · · · ,KΓ(smax

i )], (3)

In the above statement, N denotes the maximal
number of paths of all the entity pairs. SP will be
padded zero if the real number |P(h, t)| is less than
N . The kernel with µ = 1 and σ → 0 only consid-
ers the exact matches, while others can capture the
semantic matches between paths.
Add Path Attentions. A path can be a more con-
fident evidence of the final matching result if it
is more relevant to the target relation. For exam-
ple, in Figure 2, in the subgraph of the support
entity pair, the path “son_of→ father_in_law” is
more relevant to the target relation “spouse” than
the path “friend→ acquaintance”. Thus we calcu-
late relation-aware attentions for different paths to
distinguish their effects on the final matching re-
sult. Specifically, the attention score αj for a path
psj ∈ P(hs, ts) and the attention score βi for a path
pqj ∈ P(hq, tq) are computed respectively as:

αj = softmax((ts − hs)Wpsj + b), (4)

βi = softmax((tq − hq)Wpqi + b),

where ts − hs represents the semantics of the tar-
get relation expressed by the support entity pair.
Inspired by FAAN (Sheng et al., 2020), we use
(ts−hs)Wpsj to represent the relevance of the path
psj to the target relation. Similarly, tq − hq repre-
sents the semantics of the relation expressed by the
query entity pair and its relevance to a path is com-
puted in the same way as the support pair. Then
the similarity sPij is updated by the attentions:

sPij = pqi × psj × αj × βi. (5)

Training Process. We use a MLP layer to convert
the path based similarity embedding φ into a score
and then perform max pooling on the scores of
all K-shot support pairs to output a single score
g(hq, tq,Sr), i.e.,

g(hq, tq,Sr)= max
(hs,ts)∈Sr

MLP(φ(P(hs, ts),P(hq, tq))). (6)
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The pairwise loss function with regard to r is
defined as:

Lr=
∑

(hq,tq)
∈Qr

∑
(hq,t

−
q )

∈Q−
r

max{0,m+ g(hq, t
−
q ,Sq)− g(hq, tq,Sq))},

(7)

where m is a margin separating positive and neg-
ative instances. Lr is our training objective to be
minimized. Q−r = {(hq, t−q )} are the corrupt query
entity pairs corresponding to the correct query en-
tity pairs Qr = {(hq, tq)}. The parameters of the
relation embeddings, the GRU, the attention layer,
and the MLP layers are to be optimized. The neg-
ative tail entity t−q is sampled from the reasoned
query subgraph explained in Section 4.1. To im-
prove the expressive ability of GRU when training,
we avoid sampling the confusing negative tail enti-
ties, i.e., those that belong to the paths containing
the ground truth tail tq. For example in Figure 2,
in the reasoned query subgraph, “William Henry
Gates II” and “Paul Allen” won’t be sampled as
negative tails as they are in the same path with the
ground truth “Melinda Gates”. We discard (hq, tq)
if the ground truth tail entity tq cannot be found in
the reasoned query subgraph or the given support
entity pairs are all disconnected.
Time Complexity Analysis. The support subgraphs
are preprocessed before training. We need O(T ×
L) time complexity to reason each query subgraph,
O(N2) to calculate the path interactions. The total
time complexity O(T × L + N2) is acceptable
when we set L = 100, T = 3 and N = 50.

Few-Shot Prediction. Given a new relation r in
Dmeta-test or Dmeta-validation, for a query head hq, we
first reason the query subgraph and then compute a
score for each candidate t ∈ Cq as the path-based
similarity g(hq, t,Sr). We predict the correct tail
according to the scores.

5 Experiments

5.1 Experimental Settings

Dataset. We conduct our experiments on
two datasets—NELL-One6 and FB15k237-One.
NELL-One is a well adopted benchmark dataset
which is published by Xiong et al. (Xiong et al.,
2018). Since Wiki-One used by Xiong et al. (Xiong
et al., 2018) is too sparse to present the effect of our

6https://github.com/xwhan/One-shot-Relational-Learning

model, we build another dataset—FB15k237-One—
from the dataset of FB15k-237 (Toutanova et al.,
2015). Following the few-shot dataset construction
process (Xiong et al., 2018), we select the relations
from FB15k-237 with less than 500 but more than
50 triples to compose the few-shot tasks, and treat
the rest of relations and the corresponding triples
as the background knowledge graph.

NELL-one and FB15k237-one contain 67 and
45 few-shot tasks respectively composed by the
selected relations. Correspondingly, the partition
51/5/11 of the 67 tasks and the partition 32/5/8 of
the 45 tasks are used for training/validation/testing.
The details of the data statistics are shown in Ta-
ble 2.

Comparison Methods. We compare with four ex-
isting few-shot learning baselines, MetaR, GMatch-
ing, FSRL, and FAAN (cf. Section 2 for model
details), which are all evaluated in their papers on
the two benchmarks for few-shot KG completion.
The general KG embedding models such as TransE,
DisMult, ComplEx, and RotatE have been proved
to be worse than the few-shot learning models by
the above baselines. Thus we leave out their results
due to the page limit.

Evaluation Metrics. We evaluate the ranking
of the ground truth tail entity tq for each query
head entity hq among the candidates Cq by MRR
and Hits@k. MRR is the mean reciprocal rank
and Hits@k is the proportion of the ground truth
entities ranked in the top k, with k = 1, 5, 10.

Implementation Details. For all the models, we
initialize the entity and relation embeddings by
TransE. We set M , the maximal neighbor size,
to 300 and the embedding dimension as 100 for
NELL-One and FB15k237-One. TheK-shot (K =
1, 5) support pairs are selected randomly and fixed
for all the models. We run the released code and
adopt the default hyperparameters for each base-
line. For GMatching, we choose the transformer
and mean pooling to aggregate all the support pairs.
For MetaR, we choose the pretrained setting. We
follow GMatching to constrain the candidates by
entity types7.

For our model, we set the maximal path number
N as 50 and the maximal path length T as 3. We
set L, the maximal neighbors to be extended at
each hop, as 100. For the MLP on φ, we apply a

7The reported results of FSRL on NELL-One are different
from the original results as FSRL specifies 1000 candidates
instead of type-restricted candidates.
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NELL-One MRR Hits@10 Hits@5 Hits@1
1-shot 5-shot 1-shot 5-shot 1-shot 5-shot 1-shot 5-shot

GMatching 0.180 0.184 0.281 0.279 0.231 0.230 0.129 0.129
FSRL 0.149 0.142 0.286 0.284 0.184 0.175 0.102 0.088
FAAN 0.190 0.276 0.330 0.426 0.252 0.366 0.123 0.192
MetaR 0.227 0.227 0.344 0.340 0.297 0.282 0.163 0.164

P-INT 0.389 0.405 0.546 0.506 0.518 0.503 0.275 0.317

FB15k237-One 1-shot 5-shot 1-shot 5-shot 1-shot 5-shot 1-shot 5-shot

GMatching 0.166 0.201 0.340 0.363 0.253 0.277 0.076 0.114
FSRL 0.222 0.227 0.498 0.491 0.399 0.367 0.090 0.106
FAAN 0.256 0.304 0.510 0.541 0.405 0.434 0.138 0.188
MetaR 0.152 0.203 0.339 0.377 0.268 0.291 0.058 0.107

P-INT 0.378 0.401 0.501 0.483 0.493 0.482 0.272 0.330

Table 1: Overall performance of few-shot KG completion on NELL-One and FB15k237-One.

Dataset #Ent #Rel #Tri #Tasks Con.

NELL-One 68,545 358 181,109 67 0.777
FB15k237-One 14,478 237 309,621 45 0.99

Table 2: Data statistics. #Ent, #Rel, #Tri and #Tasks
are the number of the entities, relations, triplets and
tasks respectively, Con. indicates the connectivity,
which is the ratio of the connected entity pairs.

21 × 200 linear layer, a 200 × 1 linear layer plus
a sigmoid activation function. In Eq.(2), we use
20 semantic matching kernels, where µ is from
0.025 to 0.975 with interval 0.05 for calculating
φ, σ is set as 0.1. And we use an exact matching
kernel with µ = 1.0 and σ = 10−3 for our model.
The margin m in Eq.(7) is set as 1. By default,
we merge the results of the K-shot support pairs
by max pooling strategy. The attention α is set by
Eq.(4) and β is set to 1 for calculating φ.

5.2 Experimental Results

Overall Performance. Table 1 shows the overall
performance. Compared with the best results of
the baselines, P-INT significantly improves 11.2%
Hits@1 on NELL-One and 13.4% Hits@1 on
FB15k237-One respectively for 1-shot link predic-
tion. For 5-shot link prediction, P-INT improves
12.5% on NELL-One and 14.2% on FB15k237-
One in terms of Hits@1. The results present the
superior advantages of P-INT.

Effect of Path Disconnection. Since a few dis-
connected support entities pairs in the test/valid

Variants MRR Hits@10 Hits@5 Hits@1

Path-based Mixture Matching

P-MIX (aveP) 0.281 0.529 0.449 0.145
P-MIX (fixAttP) 0.344 0.520 0.460 0.225
P-MIX (dynAttP) 0.325 0.524 0.439 0.225

Path-based Interaction Matching

P-INT(noAtt) 0.349 0.537 0.471 0.252
P-INT(sAtt) 0.389 0.546 0.518 0.275
P-INT(sqAtt) 0.376 0.527 0.493 0.274

Table 3: Results of the path-based mixture/interaction
matching on NELL-One (One-shot learning).

set are discarded when evaluating P-INT, it might
be a little bit unfair to compare its results with
other methods as well as comparing its own 1-shot
with 5-shot results. And that might also result in
the poorer performance of P-INT on 5-shot than
1-shot of NELL-One. To make a completely fair
comparison, we make a variant dataset NELL-One-
Filter by filtering out disconnected entity pairs in
the test/valid set and present the performance of
P-INT on it in Figure 4. Compared with 1-shot,
the 5-shot increases by 5.7%, 1.2%, 8.7%, 0.7% on
MRR, Hits@10, Hits@5, Hits@1 on NELL-One-
Filter. We also present the result of MetaR and
FAAN, the two best baselines, on this filtered test
set. It shows that our model is consistently better
than the baselines.

Effect of Path-Based Interaction. We study
the effect of the proposed interaction matching be-
tween paths. We create P-MIX, a variant of P-INT,
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Figure 4: Performance on NELL-One-Filter.

by mixing the embeddings of all the paths for the
support entity pair and also for the query entity pair,
and then matching the mixed path embeddings be-
tween them, instead of computing the interaction
matrix between each pair of their paths. We try dif-
ferent pooling strategies, including the mean pool-
ing of GMatching (Xiong et al., 2018), the fixed
attention pooling of FSRL (Zhang et al., 2020a)
(i.e., the attention is only based on the path embed-
ding itself) and the dynamic attention pooling of
FAAN (Sheng et al., 2020) (Eq.(4)). We present
the results of the path-based mixture matching and
interaction matching methods for one-shot learning
on NELL-One in Table 3. From the results, we can
see that all the interaction matching methods signif-
icantly outperform the mixture matching methods
by 2.7-5.0% in terms of Hits@1. This is because
the interaction based matching can capture both
the exact matches and the semantic matches in a
fine-grained manner, which can reduce the negative
effect of the noisy paths.

We also try various attention strategies on paths
and present the results of P-INT in Table 3. P-
INT(noAtt) pays the same attention on different
paths, i.e., αj = 1, βi = 1, ∀i, j in Eq.(4). P-
INT(sAtt) sets βi = 1 but αj by Eq.(4). P-
INT(sqAtt) sets both αj and βi by Eq.(4). The
results show that P-INT(sAtt) performs the best
among all the attention strategies.

Effect of Pooling Strategies on Support Pairs.
We study the effect of different pooling strategies
on support pairs. We try max pooling, which maps
the similarity embedding of each support pair into a
score and then retrieve the maximal score. We also
try attention pooling, which computes the attention
for the similarity embedding of each support pair
according to the embedding itself, aggregates all
the embeddings by the attentions, and then maps
the mixed embedding into a score. We present the
results of the two pooling strategies for P-INT on
NELL-One in Figure 5. The max pooling strategy

Figure 5: Results of attention (i.e. Att.) and max pool-
ing strategies for 5-shot support pairs on NELL-One.

increases by 15.2%, 5.3%, 15.3%, 14.7% on MRR,
Hits@10, Hits@5, Hits@1 on NELL-One com-
pared with attention pooling strategy .The results
show that the simplest max pooling strategy con-
sistently performs the best for different evaluation
metrics.

Discussions. There are some limitations of the
proposed P-INT. First, the model heavily depend-
ing on paths is affected by the sparsity of KGs. It
fails when the head and the tail entities are dis-
connected. Second, the reasoning result is quite
sensitive to the selection of the support entity pairs.
When the paths that can explain the relation be-
tween the query head and the correct answer are
totally different from those of the support pairs, it
fails to reason the correct answer. Third, we fol-
low all the existing work (Chen et al., 2019; Xiong
et al., 2018; Sheng et al., 2020; Zhang et al., 2020a)
to put the ground truth answer at the first of the can-
didate entities and rank the candidates according to
the predictive scores. However, it may encounter
the problem that candidates with the same predic-
tive scores cannot be distinguished when predicting.
We will address these remaining problems in the
future.
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6 Conclusion

This paper solves the few-shot knowledge graph
completion by building the interactions of paths
between the support entity pair and the query en-
tity pair. The paths are expressive to represent a
relation and the interaction matching can capture
fine grained matches between entity pairs to reduce
the negative influence of the noisy paths. Experi-
mental results on two benchmarks show that P-INT
achieves the best performance among all the state-
of-the-art few-shot learning models.
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