
The 23rd AAAI Conference on Artificial Intelligence (AAAI-19)

Session-based Recommendation
with Graph Neural Networks
Presented by   Yanqiao ZHU sxkdz@tongji.edu.cn

Joint work with Shu WU, Yuyuan TANG, Liang WANG, Xing XIE, and Tieniu TAN

Center for Research on Intelligent Perception and Computing
National Laboratory of Pattern Recognition
Institute of Automation, Chinese Academy of Sciences



AAAI-19, Jan. 30, 2019 Session-based Recommendation with Graph Neural Networks 2

Outline 1. Preamble

2. The Proposed Method

3. Experiments and Analysis

4. Conclusions



Preamble

Session-based Recommendation with Graph Neural Networks
The 23rd AAAI Conference on Artificial Intelligence (AAAI-19)

1



Session-based Recommendation

• Recommendation systems help users find relevant items that  
meet their interests.
• Previous recommendation systems rely on long-term user 

profiles to make recommendations.
• However, in real-world applications, long-term profiles may not exist.
• Only user behavior during an ongoing session is available.
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Session-based Recommendation (cont.)
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Previously visited items Item to be recommended

• No information about the actual user.
• Only timestamp and (possibly limited) clicked items available.



Recurrent Neural Networks (RNNs)

• Recently, many proposals based on RNNs have been developed 
for session-based recommendation.

• Hidden state
• Next hidden state depends on the input and the current hidden state

• RNNs can be of arbitrary (infinite) depths
• Optimizing via back-propagation through time (BPTT)
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Recent Progress

• NARM: Neural Attentive Recommendation Machine [Li et al. 2017a]
• For the global recommender, the user behavior in one session is 

inadequate and estimating user representations may not be sufficient.
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Recent Progress (cont.)

• STAMP: Short-Term Attention/Memory Priority Model [Liu et al. 2018]
• An attentive model for next-click prediction
• Only models single-way transitions between consecutive items and 

neglects the context.
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Motivations

• How to effectively capture the item transitions in session 
sequences?

• To facilitate recommendation, how to obtain accurate item 
embeddings and session embeddings?
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Graph-based Neural Networks

• Graph Neural Networks (GNNs) [Scarselli et al. 2009]
• Propagation: computes representation for each node.
• Output mapping: maps from node representations and corresponding 

labels to an output.
• Model training via Almeida-Pineda algorithm

• Gated Graph Neural Networks (GGNNs) [Li et al. 2016]
• Uses gated recurrent units.
• Unrolls the recurrence for a fixed number of steps.
• Computes gradients through Backpropagation

through time.
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The Proposed Method
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An Overview of Our Approach
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(a) Session graph modeling
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An Overview of Our Approach
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(d) Making recommendation



Constructing Session Graphs

• Each session sequence    is modeled as a directed graph
.

• Edge weight normalization: the occurrence of the edge divided 
by the outdegree of that edge’s start node
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normalization



Learning Item Embeddings on Graphs

• We adopt GGNNs for learning unified representations for all 
nodes in session graphs.

• Propagation rules:
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Reset gate

Update gate

Candidate

Final representation

connection matrix
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⇥
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v
t
i . (5)

<latexit sha1_base64="6+mnbWq86vEkLel/Bgavs/EpORM="></latexit><latexit sha1_base64="6+mnbWq86vEkLel/Bgavs/EpORM="></latexit><latexit sha1_base64="6+mnbWq86vEkLel/Bgavs/EpORM="></latexit><latexit sha1_base64="6+mnbWq86vEkLel/Bgavs/EpORM="></latexit>



The Connection Matrix

• The connection matrix                       determines how nodes 
within the graph communicate with each other, which is defined 
as a concatenation of two adjacency matrices            and         .
• are the two columns of blocks in corresponding 

to node       .
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vs,i
<latexit sha1_base64="+P9v9bB25Cj9U7mqUblOm9nb9RA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeHOJhYWARsbIaL5gOQIe5u5ZMne3rG7FwhH/oSFjYqtf8fSzp/i5qPQxAcDj/dmmJkXJIJr47pfTm5tfWNzK79d2Nnd2z8oHh41dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNESrNY/loxgn6Ee1LHnJGjZVao26mL/iEdIslt+zOQFaJtyClKrl7+AaAWrf42enFLI1QGiao1m3PTYyfUWU4EzgpdFKNCWVD2se2pZJGqP1sdu+EnFmlR8JY2ZKGzNTfExmNtB5Hge2MqBnoZW8q/ue1UxNe+RmXSWpQsvmiMBXExGT6POlxhcyIsSWUKW5vJWxAFWXGRmQz8JY/XiWNy7Lnlr17G8Y1zJGHEziFc/CgAlW4hRrUgYGAJ3iBVydxnp03533emnMWM8fwB87HD7b7kYU=</latexit><latexit sha1_base64="Ni405q984RrrmrgoKDjHkAQbDVg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuFz14CAjiRYhoHpAsYXbSmwyZnV1mZgNhyU948KLi1d/x6Ff4C04eB00saCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcP6jpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXE/8xhCV5rF8NKME/Yj2JA85o8ZKzWEn02d8TDrFklt2pyDLxJuTUoXcPXwP/Jtqp/jZ7sYsjVAaJqjWLc9NjJ9RZTgTOC60U40JZQPaw5alkkao/Wx675icWKVLwljZkoZM1d8TGY20HkWB7Yyo6etFbyL+57VSE176GZdJalCy2aIwFcTEZPI86XKFzIiRJZQpbm8lrE8VZcZGZDPwFj9eJvXzsueWvXsbxhXMkIcjOIZT8OACKnALVagBAwFP8AKvTuI8O2/O+6w158xnDuEPnI8fMv2Sog==</latexit><latexit sha1_base64="Ni405q984RrrmrgoKDjHkAQbDVg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuFz14CAjiRYhoHpAsYXbSmwyZnV1mZgNhyU948KLi1d/x6Ff4C04eB00saCiquunuChLBtXHdLye3srq2vpHfLGxt7+zuFfcP6jpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXE/8xhCV5rF8NKME/Yj2JA85o8ZKzWEn02d8TDrFklt2pyDLxJuTUoXcPXwP/Jtqp/jZ7sYsjVAaJqjWLc9NjJ9RZTgTOC60U40JZQPaw5alkkao/Wx675icWKVLwljZkoZM1d8TGY20HkWB7Yyo6etFbyL+57VSE176GZdJalCy2aIwFcTEZPI86XKFzIiRJZQpbm8lrE8VZcZGZDPwFj9eJvXzsueWvXsbxhXMkIcjOIZT8OACKnALVagBAwFP8AKvTuI8O2/O+6w158xnDuEPnI8fMv2Sog==</latexit><latexit sha1_base64="pNKuB//ysqu+hHITOoJ2qDopptY=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeHORguLgI1lBPMByRH2NnPJkr29Y3cvEI78CQsbFVv/jqX/xr3kCk18MPB4b4aZeUEiuDau++2UNja3tnfKu5W9/YPDo+rxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/vc70xRaR7LJzNL0I/oSPKQM2qs1J0OMn3F52RQrbl1dwGyTryC1KBAc1D96g9jlkYoDRNU657nJsbPqDKcCZxX+qnGhLIJHWHPUkkj1H62uHdOLqwyJGGsbElDFurviYxGWs+iwHZG1Iz1qpeL/3m91IS3fsZlkhqUbLkoTAUxMcmfJ0OukBkxs4Qyxe2thI2poszYiGwG3urH66R9Xffcuvfo1hp3RRplOINzuAQPbqABD9CEFjAQ8Ayv8OYkzovz7nwsW0tOMXMKf+B8/gAxcI+l</latexit>

As 2 Rn⇥2n
<latexit sha1_base64="UCvZzw7DO+O71p4+z4gAoJcUES4=">AAACEXicbVC7TsMwFL0pr1JeKYxdLCokWKqkCwwMRSyMBdGH1JTKcZ3WquNEtoNURfkGBr6FgQUQKxMjG5+C+xig5UiWjs+5V/fe48ecKe04X1ZuZXVtfSO/Wdja3tnds4v7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8uJ37qnUrFI3OpxTLshHggWMIK1kXr2iRdiPfSD9CLrKeQxgWaCn95kd6n5aRZShaoi69llp+JMgZaJOyflWtErfQNAvWd/ev2IJCEVmnCsVMd1Yt1NsdSMcJoVvETRGJMRHtCOoQKbQd10elKGjozSR0EkzRMaTdXfHSkOlRqHvqmc7KsWvYn4n9dJdHDWTZmIE00FmQ0KEo50hCb5oD6TlGg+NgQTycyuiAyxxESbFE0G7uLFy6RZrbhOxb02YZzDDHkowSEcgwunUIMrqEMDCDzAE7zAq/VoPVtv1vusNGfNew7gD6yPH9Y0n1U=</latexit><latexit sha1_base64="zoB1ACqJblX/ddNw5AtwWv060iQ=">AAACEXicbVC7TsMwFHV4lvJKYUJdLCokWKqkCwwMRSyMLaIPqQmV4zqtVceJbAepivINDHwLAwsgViQkRvganKYDtBzJ0vE59+ree7yIUaks68tYWl5ZXVsvbBQ3t7Z3ds3SXluGscCkhUMWiq6HJGGUk5aiipFuJAgKPEY63vgy8zt3REga8hs1iYgboCGnPsVIaalvnjgBUiPPTy7SvoQO5TAXvOQ6vU30T9GASFjjad+sWFVrCrhI7Bmp1EtO+bt58NHom5/OIMRxQLjCDEnZs61IuQkSimJG0qITSxIhPEZD0tOUIz3ITaYnpfBIKwPoh0I/ruBU/d2RoEDKSeDpymxfOe9l4n9eL1b+mZtQHsWKcJwP8mMGVQizfOCACoIVm2iCsKB6V4hHSCCsdIo6A3v+4kXSrlVtq2o3dRjnIEcBlMEhOAY2OAV1cAUaoAUwuAeP4Bm8GA/Gk/FqvOWlS8asZx/8gfH+A21joIc=</latexit><latexit sha1_base64="zoB1ACqJblX/ddNw5AtwWv060iQ=">AAACEXicbVC7TsMwFHV4lvJKYUJdLCokWKqkCwwMRSyMLaIPqQmV4zqtVceJbAepivINDHwLAwsgViQkRvganKYDtBzJ0vE59+ree7yIUaks68tYWl5ZXVsvbBQ3t7Z3ds3SXluGscCkhUMWiq6HJGGUk5aiipFuJAgKPEY63vgy8zt3REga8hs1iYgboCGnPsVIaalvnjgBUiPPTy7SvoQO5TAXvOQ6vU30T9GASFjjad+sWFVrCrhI7Bmp1EtO+bt58NHom5/OIMRxQLjCDEnZs61IuQkSimJG0qITSxIhPEZD0tOUIz3ITaYnpfBIKwPoh0I/ruBU/d2RoEDKSeDpymxfOe9l4n9eL1b+mZtQHsWKcJwP8mMGVQizfOCACoIVm2iCsKB6V4hHSCCsdIo6A3v+4kXSrlVtq2o3dRjnIEcBlMEhOAY2OAV1cAUaoAUwuAeP4Bm8GA/Gk/FqvOWlS8asZx/8gfH+A21joIc=</latexit><latexit sha1_base64="K3j4u290cRi4JMagIOfgRX/phDs=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEiwVEkXGBiKWBgLog+pCZHjOq1Vx4nsG6Qqyjcw8C0MLIBYmRj5G9zHAC1HsnR8zr26954wFVyD43xbS8srq2vrpY3y5tb2zq69t9/SSaYoa9JEJKoTEs0El6wJHATrpIqROBSsHQ6vxn77gSnNE3kHo5T5MelLHnFKwEiBferFBAZhlF8WgcYel3gqhPltcZ+bH/CYaVyTRWBXnKozAV4k7oxU0AyNwP7yegnNYiaBCqJ113VS8HOigFPBirKXaZYSOiR91jVUEjPIzycnFfjYKD0cJco8CXii/u7ISaz1KA5N5XhfPe+Nxf+8bgbRuZ9zmWbAJJ0OijKBIcHjfHCPK0ZBjAwhVHGzK6YDoggFk6LJwJ2/eJG0alXXqbo3TqV+MUujhA7RETpBLjpDdXSNGqiJKHpEz+gVvVlP1ov1bn1MS5esWc8B+gPr8web+J2t</latexit>

As
<latexit sha1_base64="KeDMwtQG8kReRYYOV4fv30SBM1o=">AAAB8nicbVC7TgJBFL2LL8QXaEkzkZhYkV0bLSwwNpaYyCNhCZkdZmHC7Oxm5q4J2fAbFjZqbP0ZSzs/xVmgUPAkk5ycc2/umRMkUhh03S+nsLG5tb1T3C3t7R8cHpUrx20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weQ29zuPXBsRqwecJrwf0ZESoWAUreT7EcVxEGY3s4EZlGtu3Z2DrBNvSWqNil/9BoDmoPzpD2OWRlwhk9SYnucm2M+oRsEkn5X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNKteLv7n9VIMr/qZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU22A2/1x+ukfVH33Lp3b8u4hgWKUIVTOAcPLqEBd9CEFjBI4Ale4NVB59l5c94XowVnuXMCf+B8/ADqRJNZ</latexit><latexit sha1_base64="rcJ5t0TabogUK7JFYBKhL8sGL3Y=">AAAB8nicbVDLSsNAFL2pr1pfra7ETbAIrkriRhcuKm5ctmAf0IQymU7aoZNJmLkRSuhvuHCj4tZvEVzq1zhpu9DWAwOHc+7lnjlBIrhGx/myCmvrG5tbxe3Szu7e/kG5ctjWcaooa9FYxKobEM0El6yFHAXrJoqRKBCsE4xvc7/zwJTmsbzHScL8iAwlDzklaCTPiwiOgjC7mfZ1v1x1as4M9ipxF6Rar3gn383jj0a//OkNYppGTCIVROue6yToZ0Qhp4JNS16qWULomAxZz1BJIqb9bJZ5ap8ZZWCHsTJPoj1Tf29kJNJ6EgVmMs+ol71c/M/rpRhe+RmXSYpM0vmhMBU2xnZegD3gilEUE0MIVdxktemIKELR1GQ6cJd/vEraFzXXqblNU8Y1zFGEEziFc3DhEupwBw1oAYUEHuEZXiy0nqxX620+WrAWO0fwB9b7D4FzlIs=</latexit><latexit sha1_base64="rcJ5t0TabogUK7JFYBKhL8sGL3Y=">AAAB8nicbVDLSsNAFL2pr1pfra7ETbAIrkriRhcuKm5ctmAf0IQymU7aoZNJmLkRSuhvuHCj4tZvEVzq1zhpu9DWAwOHc+7lnjlBIrhGx/myCmvrG5tbxe3Szu7e/kG5ctjWcaooa9FYxKobEM0El6yFHAXrJoqRKBCsE4xvc7/zwJTmsbzHScL8iAwlDzklaCTPiwiOgjC7mfZ1v1x1as4M9ipxF6Rar3gn383jj0a//OkNYppGTCIVROue6yToZ0Qhp4JNS16qWULomAxZz1BJIqb9bJZ5ap8ZZWCHsTJPoj1Tf29kJNJ6EgVmMs+ol71c/M/rpRhe+RmXSYpM0vmhMBU2xnZegD3gilEUE0MIVdxktemIKELR1GQ6cJd/vEraFzXXqblNU8Y1zFGEEziFc3DhEupwBw1oAYUEHuEZXiy0nqxX620+WrAWO0fwB9b7D4FzlIs=</latexit><latexit sha1_base64="m0lGkXQP74/y7I7bVn5fy4xEfwk=">AAAB8nicbVA9T8MwFHwpX6V8FRhZLCokpiphgYGhiIWxSLRUaqLKcZ3WquNE9gtSFfVvMLAAYuXPMPJvcNoM0HKSpdPde3rnC1MpDLrut1NZW9/Y3Kpu13Z29/YP6odHXZNkmvEOS2SieyE1XArFOyhQ8l6qOY1DyR/DyW3hPz5xbUSiHnCa8iCmIyUiwShayfdjiuMwym9mAzOoN9ymOwdZJV5JGlCiPah/+cOEZTFXyCQ1pu+5KQY51SiY5LOanxmeUjahI963VNGYmyCfZ56RM6sMSZRo+xSSufp7I6exMdM4tJNFRrPsFeJ/Xj/D6CrIhUoz5IotDkWZJJiQogAyFJozlFNLKNPCZiVsTDVlaGuyHXjLP14l3Yum5za9e7fRui7bqMIJnMI5eHAJLbiDNnSAQQrP8ApvDjovzrvzsRitOOXOMfyB8/kDsAiRsQ==</latexit>

A(out)
s

<latexit sha1_base64="05/7SAFP4vR0aM9BROHwcAiCnYA=">AAACA3icbVA9SwNBEJ2LXzF+RS1jcRiE2IQ7Gy0EIzaWEcwHJOext9lLlux9sDsnhuMKC2t/hoWNiq0/wtJ/4yax0MQHA4/3ZpiZ58WCK7SsLyO3sLi0vJJfLaytb2xuFbd3mipKJGUNGolItj2imOAhayBHwdqxZCTwBGt5w4ux37plUvEovMZRzJyA9EPuc0pQS26x1A0IDjw/Pc9cdZN2kd1hWokSPMwyt1i2qtYE5jyxf0i5tnf2WAOAulv87PYimgQsRCqIUh3bitFJiUROBcsK3USxmNAh6bOOpiEJmHLSyROZeaCVnulHUleI5kT9PZGSQKlR4OnO8clq1huL/3mdBP0TJ+VhnCAL6XSRnwgTI3OciNnjklEUI00IlVzfatIBkYSizk1nYM9+PE+aR1XbqtpXOoxTmCIPJdiHCthwDDW4hDo0gMI9PMELvBoPxrPxZrxPW3PGz8wu/IHx8Q3mo5n6</latexit><latexit sha1_base64="ncJXTrNOHGOvjW+tAR05uJnTA5o=">AAACA3icbVDLSsNAFJ34rPUVdVkXwSLUTUncKCJYcaHLCvYBTQyT6aQdOnkwcyOWkIUL136GCzcqbv0Il/6Nk7YLbT1w4XDOvdx7jxdzJsE0v7W5+YXFpeXCSnF1bX1jU9/absooEYQ2SMQj0fawpJyFtAEMOG3HguLA47TlDS5yv3VHhWRReAPDmDoB7oXMZwSDkly9ZAcY+p6fnmeuvE1toPeQVqIEDrLM1ctm1RzBmCXWhJRru2dPl2btpO7qX3Y3IklAQyAcS9mxzBicFAtghNOsaCeSxpgMcI92FA1xQKWTjp7IjH2ldA0/EqpCMEbq74kUB1IOA0915ifLaS8X//M6CfjHTsrCOAEakvEiP+EGREaeiNFlghLgQ0UwEUzdapA+FpiAyk1lYE1/PEuah1XLrFrXKoxTNEYBldAeqiALHaEaukJ11EAEPaBn9IretEftRXvXPsatc9pkZgf9gfb5A9J7mqs=</latexit><latexit sha1_base64="ncJXTrNOHGOvjW+tAR05uJnTA5o=">AAACA3icbVDLSsNAFJ34rPUVdVkXwSLUTUncKCJYcaHLCvYBTQyT6aQdOnkwcyOWkIUL136GCzcqbv0Il/6Nk7YLbT1w4XDOvdx7jxdzJsE0v7W5+YXFpeXCSnF1bX1jU9/absooEYQ2SMQj0fawpJyFtAEMOG3HguLA47TlDS5yv3VHhWRReAPDmDoB7oXMZwSDkly9ZAcY+p6fnmeuvE1toPeQVqIEDrLM1ctm1RzBmCXWhJRru2dPl2btpO7qX3Y3IklAQyAcS9mxzBicFAtghNOsaCeSxpgMcI92FA1xQKWTjp7IjH2ldA0/EqpCMEbq74kUB1IOA0915ifLaS8X//M6CfjHTsrCOAEakvEiP+EGREaeiNFlghLgQ0UwEUzdapA+FpiAyk1lYE1/PEuah1XLrFrXKoxTNEYBldAeqiALHaEaukJ11EAEPaBn9IretEftRXvXPsatc9pkZgf9gfb5A9J7mqs=</latexit><latexit sha1_base64="zTfu+ckoXSja251Cq56Uf/me3So=">AAACA3icbVC7TsNAEDyHVwgvA2UaiwgpNJFNAwVFEA1lkMhDioN1vpyTU84+626NiCwXFHwLBQ0gWj6Ckr/hnLiAhJFWGs3sanfHjzlTYNvfRmlldW19o7xZ2dre2d0z9w86SiSS0DYRXMiejxXlLKJtYMBpL5YUhz6nXX9ylfvdeyoVE9EtTGM6CPEoYgEjGLTkmVU3xDD2g/Qy89Rd6gJ9gLQuEjjJMs+s2Q17BmuZOAWpoQItz/xyh4IkIY2AcKxU37FjGKRYAiOcZhU3UTTGZIJHtK9phEOqBunsicw61srQCoTUFYE1U39PpDhUahr6ujM/WS16ufif108gOB+kLIoToBGZLwoSboGw8kSsIZOUAJ9qgolk+laLjLHEBHRuOgNn8eNl0jltOHbDubFrzYsijTKqoiNURw46Q010jVqojQh6RM/oFb0ZT8aL8W58zFtLRjFziP7A+PwB/x6YkA==</latexit>

A(in)
s

<latexit sha1_base64="nwG9Y0oJyn4f/2Lo8/LJvlXssxY=">AAACAnicbVA9SwNBEJ3zM8avqJ1aHAYhNuHORgvBiI1lBPMBSQx7m71kyd7esTsnhuPAwt5/YWGjYuufsPTfuPkoNPHBwOO9GWbmeZHgGh3n25qbX1hcWs6sZFfX1jc2c1vbVR3GirIKDUWo6h7RTHDJKshRsHqkGAk8wWpe/3Lo1+6Y0jyUNziIWCsgXcl9TgkaqZ3bbQYEe56fXKRtfZs0kd1jUuDyKE3bubxTdEawZ4k7IfnS/vlTCQDK7dxXsxPSOGASqSBaN1wnwlZCFHIqWJptxppFhPZJlzUMlSRgupWMfkjtQ6N0bD9UpiTaI/X3REICrQeBZzqHF+tpbyj+5zVi9E9bCZdRjEzS8SI/FjaG9jAQu8MVoygGhhCquLnVpj2iCEUTm8nAnf54llSPi65TdK9NGGcwRgb24AAK4MIJlOAKylABCg/wDK/wZj1aL9a79TFunbMmMzvwB9bnD/N6mW8=</latexit><latexit sha1_base64="bY+4/kIsTS45/PpDK0M6yRLODWs=">AAACAnicbVBNS8NAEN34WetX1Jt6CBahXkriRRHBigc9VrAf0NSy2W7apZtN2J2IJQQ8ePdfePCi4tU/4dF/46btQVsfDDzem2FmnhdxpsC2v42Z2bn5hcXcUn55ZXVt3dzYrKkwloRWSchD2fCwopwJWgUGnDYiSXHgcVr3+heZX7+jUrFQ3MAgoq0AdwXzGcGgpba57QYYep6fnKdtdZu4QO8hKTJxkKZts2CX7CGsaeKMSaG8e/Z0aZdPKm3zy+2EJA6oAMKxUk3HjqCVYAmMcJrm3VjRCJM+7tKmpgIHVLWS4Q+pta+VjuWHUpcAa6j+nkhwoNQg8HRndrGa9DLxP68Zg3/cSpiIYqCCjBb5MbcgtLJArA6TlAAfaIKJZPpWi/SwxAR0bDoDZ/LjaVI7LDl2ybnWYZyiEXJoB+2hInLQESqjK1RBVUTQA3pGr+jNeDRejHfjY9Q6Y4xnttAfGJ8/31KaIA==</latexit><latexit sha1_base64="bY+4/kIsTS45/PpDK0M6yRLODWs=">AAACAnicbVBNS8NAEN34WetX1Jt6CBahXkriRRHBigc9VrAf0NSy2W7apZtN2J2IJQQ8ePdfePCi4tU/4dF/46btQVsfDDzem2FmnhdxpsC2v42Z2bn5hcXcUn55ZXVt3dzYrKkwloRWSchD2fCwopwJWgUGnDYiSXHgcVr3+heZX7+jUrFQ3MAgoq0AdwXzGcGgpba57QYYep6fnKdtdZu4QO8hKTJxkKZts2CX7CGsaeKMSaG8e/Z0aZdPKm3zy+2EJA6oAMKxUk3HjqCVYAmMcJrm3VjRCJM+7tKmpgIHVLWS4Q+pta+VjuWHUpcAa6j+nkhwoNQg8HRndrGa9DLxP68Zg3/cSpiIYqCCjBb5MbcgtLJArA6TlAAfaIKJZPpWi/SwxAR0bDoDZ/LjaVI7LDl2ybnWYZyiEXJoB+2hInLQESqjK1RBVUTQA3pGr+jNeDRejHfjY9Q6Y4xnttAfGJ8/31KaIA==</latexit><latexit sha1_base64="LmbU1CtbuLMtsO6r+yR6mEP65S4=">AAACAnicbVC7TsNAEDyHVwgvAx00FhFSaCKbBgqKIBrKIJGHlBjrfDknp5zP1t0aEVmWKPgWChpAtPwEJX/DOXEBCSOtNJrZ1e6OH3OmwLa/jdLS8srqWnm9srG5tb1j7u61VZRIQlsk4pHs+lhRzgRtAQNOu7GkOPQ57fjjq9zv3FOpWCRuYRJTN8RDwQJGMGjJMw/6IYaRH6SXmafu0j7QB0hrTJxkmWdW7bo9hbVInIJUUYGmZ371BxFJQiqAcKxUz7FjcFMsgRFOs0o/UTTGZIyHtKepwCFVbjr9IbOOtTKwgkjqEmBN1d8TKQ6VmoS+7swvVvNeLv7n9RIIzt2UiTgBKshsUZBwCyIrD8QaMEkJ8IkmmEimb7XICEtMQMemM3DmP14k7dO6Y9edG7vauCjSKKNDdIRqyEFnqIGuURO1EEGP6Bm9ojfjyXgx3o2PWWvJKGb20R8Ynz8MBJgF</latexit>

Outgoing edges Incoming edges

1 2 3 4 1 2 3 4
1 0 1 0 0 0 0 0 0
2 0 0 1/2 1/2 1/2 0 1/2 0
3 0 1 0 0 0 1 0 0
4 0 0 0 0 0 1 0 0

v1 v2 v3

v4

As,i: 2 R1⇥2n
<latexit sha1_base64="X48uaNlL3qKartZt3eIbzDiQsj4=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwUUpSBEVcVNy4rGIf0MQwmU7aoZNJmJkIJeQnXPgtLtyouBVc+jdO2iy09cCFwzn3cu89fsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJX73QciJI34nZrExA3RkNOAYqS05Jk1J0Rq5AfpZealskbPM4dyOBP99Da7T21H0ZBI2OCZZ1atujUFXCR2QaqgQMszv5xBhJOQcIUZkrJvW7FyUyQUxYxkFSeRJEZ4jIakrylHepGbTr/K4JFWBjCIhC6u4FT9PZGiUMpJ6OvO/Fw57+Xif14/UcGZm1IeJ4pwPFsUJAyqCOYRwQEVBCs20QRhQfWtEI+QQFjpIHUG9vzHi6TTqNtW3b45qTYvijTK4AAcgmNgg1PQBNegBdoAg0fwDF7Bm/FkvBjvxsestWQUM/vgD4zPHzR7nxk=</latexit><latexit sha1_base64="X48uaNlL3qKartZt3eIbzDiQsj4=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwUUpSBEVcVNy4rGIf0MQwmU7aoZNJmJkIJeQnXPgtLtyouBVc+jdO2iy09cCFwzn3cu89fsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJX73QciJI34nZrExA3RkNOAYqS05Jk1J0Rq5AfpZealskbPM4dyOBP99Da7T21H0ZBI2OCZZ1atujUFXCR2QaqgQMszv5xBhJOQcIUZkrJvW7FyUyQUxYxkFSeRJEZ4jIakrylHepGbTr/K4JFWBjCIhC6u4FT9PZGiUMpJ6OvO/Fw57+Xif14/UcGZm1IeJ4pwPFsUJAyqCOYRwQEVBCs20QRhQfWtEI+QQFjpIHUG9vzHi6TTqNtW3b45qTYvijTK4AAcgmNgg1PQBNegBdoAg0fwDF7Bm/FkvBjvxsestWQUM/vgD4zPHzR7nxk=</latexit><latexit sha1_base64="X48uaNlL3qKartZt3eIbzDiQsj4=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwUUpSBEVcVNy4rGIf0MQwmU7aoZNJmJkIJeQnXPgtLtyouBVc+jdO2iy09cCFwzn3cu89fsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJX73QciJI34nZrExA3RkNOAYqS05Jk1J0Rq5AfpZealskbPM4dyOBP99Da7T21H0ZBI2OCZZ1atujUFXCR2QaqgQMszv5xBhJOQcIUZkrJvW7FyUyQUxYxkFSeRJEZ4jIakrylHepGbTr/K4JFWBjCIhC6u4FT9PZGiUMpJ6OvO/Fw57+Xif14/UcGZm1IeJ4pwPFsUJAyqCOYRwQEVBCs20QRhQfWtEI+QQFjpIHUG9vzHi6TTqNtW3b45qTYvijTK4AAcgmNgg1PQBNegBdoAg0fwDF7Bm/FkvBjvxsestWQUM/vgD4zPHzR7nxk=</latexit><latexit sha1_base64="X48uaNlL3qKartZt3eIbzDiQsj4=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwUUpSBEVcVNy4rGIf0MQwmU7aoZNJmJkIJeQnXPgtLtyouBVc+jdO2iy09cCFwzn3cu89fsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJX73QciJI34nZrExA3RkNOAYqS05Jk1J0Rq5AfpZealskbPM4dyOBP99Da7T21H0ZBI2OCZZ1atujUFXCR2QaqgQMszv5xBhJOQcIUZkrJvW7FyUyQUxYxkFSeRJEZ4jIakrylHepGbTr/K4JFWBjCIhC6u4FT9PZGiUMpJ6OvO/Fw57+Xif14/UcGZm1IeJ4pwPFsUJAyqCOYRwQEVBCs20QRhQfWtEI+QQFjpIHUG9vzHi6TTqNtW3b45qTYvijTK4AAcgmNgg1PQBNegBdoAg0fwDF7Bm/FkvBjvxsestWQUM/vgD4zPHzR7nxk=</latexit>

As,i: 2 R1⇥2n
<latexit sha1_base64="Cur7Lt/5VrJU/oTHj7U/aUclKmU=">AAACFHicbVC7SgNBFL0bXzG+opY2g0GwCGE3jSIWERsbIT7ygGwMs5PZZMjs7DIzK4Rlf8LCb7GwUbEVLO38FCePQhMPXDiccy/33uNFnClt219WZmFxaXklu5pbW9/Y3Mpv79RVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q3OR37jnkrFQnGrhxFtB7gnmM8I1kbq5ItugHXf85OztJOoIjtJXSbQRPSS6/QucVzNAqpQWaSdfMEu2WOgeeJMSaGCLm++AaDayX+63ZDEARWacKxUy7Ej3U6w1IxwmubcWNEIkwHu0ZahAptF7WT8VYoOjNJFfihNCY3G6u+JBAdKDQPPdI7OVbPeSPzPa8XaP24nTESxpoJMFvkxRzpEo4hQl0lKNB8agolk5lZE+lhiok2QJgNn9uN5Ui+XHLvkXJkwTmGCLOzBPhyCA0dQgQuoQg0IPMATvMCr9Wg9W2/W+6Q1Y01nduEPrI8fuMag9Q==</latexit><latexit sha1_base64="I3GZHK3bvE7kCrTw7RUXtwfyfjI=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwUUrSjSIuKoK4EeqjD2himUwn7dDJJMxMhBLyEy78FhduVNwKLv0Kf8FJ40JbD1w4nHMv997jRYxKZVmfRmFufmFxqbhcWlldW98wN7daMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vZGp5nfviNC0pDfqHFE3AANOPUpRkpLPbPiBEgNPT85SXuJrNCj1KEc5qKXXKW3ie0oGhAJazztmWWrak0AZ4n9Q8p1eHH9NXLPGj3zw+mHOA4IV5ghKbu2FSk3QUJRzEhacmJJIoRHaEC6mnKkF7nJ5KsU7mmlD/1Q6OIKTtTfEwkKpBwHnu7MzpXTXib+53Vj5R+6CeVRrAjH+SI/ZlCFMIsI9qkgWLGxJggLqm+FeIgEwkoHqTOwpz+eJa1a1baq9qUO4xjkKIIdsAv2gQ0OQB2cgwZoAgzuwSN4Bi/Gg/FkvBpveWvB+JnZBn9gvH8DNMiiEg==</latexit><latexit sha1_base64="I3GZHK3bvE7kCrTw7RUXtwfyfjI=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwUUrSjSIuKoK4EeqjD2himUwn7dDJJMxMhBLyEy78FhduVNwKLv0Kf8FJ40JbD1w4nHMv997jRYxKZVmfRmFufmFxqbhcWlldW98wN7daMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vZGp5nfviNC0pDfqHFE3AANOPUpRkpLPbPiBEgNPT85SXuJrNCj1KEc5qKXXKW3ie0oGhAJazztmWWrak0AZ4n9Q8p1eHH9NXLPGj3zw+mHOA4IV5ghKbu2FSk3QUJRzEhacmJJIoRHaEC6mnKkF7nJ5KsU7mmlD/1Q6OIKTtTfEwkKpBwHnu7MzpXTXib+53Vj5R+6CeVRrAjH+SI/ZlCFMIsI9qkgWLGxJggLqm+FeIgEwkoHqTOwpz+eJa1a1baq9qUO4xjkKIIdsAv2gQ0OQB2cgwZoAgzuwSN4Bi/Gg/FkvBpveWvB+JnZBn9gvH8DNMiiEg==</latexit><latexit sha1_base64="4OySU0tO4FQZn+f927zOAVr/OS4=">AAACFHicbVDLSsNAFJ34rPUVdelmsAguSkm6UcRFxY3LKvYBTSyT6aQdOpmEmYlQhvyEC7/FhRsVt4JL/8ZJm4W2HrhwOOde7r0nSBiVynG+raXlldW19dJGeXNre2fX3ttvyzgVmLRwzGLRDZAkjHLSUlQx0k0EQVHASCcYX+V+54EISWN+pyYJ8SM05DSkGCkj9e2qFyE1CkJ9mfW1rNLzzKMczsRA32b32vUUjYiEdZ717YpTc6aAi8QtSAUUaPbtL28Q4zQiXGGGpOy5TqJ8jYSimJGs7KWSJAiP0ZD0DOXILPL19KsMHhtlAMNYmOIKTtXfExpFUk6iwHTm58p5Lxf/83qpCs98TXmSKsLxbFGYMqhimEcEB1QQrNjEEIQFNbdCPEICYWWCNBm48x8vkna95jo198apNC6KNErgEByBE+CCU9AA16AJWgCDR/AMXsGb9WS9WO/Wx6x1ySpmDsAfWJ8/MzufFQ==</latexit>



Generating Session Embeddings

• A session is represented directly by node embedding involved in 
that session.
• Local embedding

• Global embedding

• Hybrid embedding
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sl = vn
<latexit sha1_base64="6QBf3ytlAoW3tfjD2AkeHegrDpM=">AAACDHicbVA9SwNBEJ2L399RyzSLH2AV7my0UAjYWCoYI+TCsbfZS5bs7R27c8Fw3B+w8LdY2KjY2lva+VPcJAqa+GDg8d4MM/PCVAqDrvvhlGZm5+YXFpeWV1bX1jfKm1vXJsk043WWyETfhNRwKRSvo0DJb1LNaRxK3gh7Z0O/0efaiERd4SDlrZh2lIgEo2iloLznxxS7YZSbIvCR32IuC3JKftR+EeSqCMq7btUdgUwT75vs1jb9yicAXATld7+dsCzmCpmkxjQ9N8VWTjUKJnmx7GeGp5T1aIc3LVU05qaVj74pyL5V2iRKtC2FZKT+nshpbMwgDm3n8Eoz6Q3F/7xmhtFxKxcqzZArNl4UZZJgQobRkLbQnKEcWEKZFvZWwrpUU4Y2QJuBN/nxNLk+rHpu1bu0YZzAGItQgR04AA+OoAbncAF1YHAHD/AEz8698+i8OK/j1pLzPbMNf+C8fQGCyp48</latexit><latexit sha1_base64="F4fzDFChu83xkowD4+eJoOiV+28=">AAACDHicbVBNS8NAEN34Wb9TPYmXxQ/wVBIvelAoePFYwVahCWGz3bRLN5uwOymWkD/gwd/iwYuKV4+CR/01bloFrT4YeLw3w8y8MBVcg+O8W1PTM7Nz85WFxaXlldU1u7re0kmmKGvSRCTqKiSaCS5ZEzgIdpUqRuJQsMuwf1r6lwOmNE/kBQxT5sekK3nEKQEjBfauFxPohVGui8ADdg25KPAJ/lYHRZDLIrB3nJozAv5L3C+yU696Wx/nm6+NwH7zOgnNYiaBCqJ123VS8HOigFPBikUv0ywltE+6rG2oJDHTfj76psB7RungKFGmJOCR+nMiJ7HWwzg0neWVetIrxf+8dgbRkZ9zmWbAJB0vijKBIcFlNLjDFaMghoYQqri5FdMeUYSCCdBk4E5+/Je0DmquU3PPTRjHaIwK2kLbaB+56BDV0RlqoCai6AbdoQf0aN1a99aT9TxunbK+ZjbQL1gvnxn5n24=</latexit><latexit sha1_base64="F4fzDFChu83xkowD4+eJoOiV+28=">AAACDHicbVBNS8NAEN34Wb9TPYmXxQ/wVBIvelAoePFYwVahCWGz3bRLN5uwOymWkD/gwd/iwYuKV4+CR/01bloFrT4YeLw3w8y8MBVcg+O8W1PTM7Nz85WFxaXlldU1u7re0kmmKGvSRCTqKiSaCS5ZEzgIdpUqRuJQsMuwf1r6lwOmNE/kBQxT5sekK3nEKQEjBfauFxPohVGui8ADdg25KPAJ/lYHRZDLIrB3nJozAv5L3C+yU696Wx/nm6+NwH7zOgnNYiaBCqJ123VS8HOigFPBikUv0ywltE+6rG2oJDHTfj76psB7RungKFGmJOCR+nMiJ7HWwzg0neWVetIrxf+8dgbRkZ9zmWbAJB0vijKBIcFlNLjDFaMghoYQqri5FdMeUYSCCdBk4E5+/Je0DmquU3PPTRjHaIwK2kLbaB+56BDV0RlqoCai6AbdoQf0aN1a99aT9TxunbK+ZjbQL1gvnxn5n24=</latexit><latexit sha1_base64="R8/a3xRcxuqdcGd7icNl1BE7Spw=">AAACDHicbVBNS8NAEN34WetX1KOXxSp4KokXPSgUvHisYD+gLWGz3bRLN5uwOymWkD/gwd/iwYuKV+8e/Tdu2gja+mDg8d4MM/P8WHANjvNlLS2vrK6tlzbKm1vbO7v23n5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6zv3WmCnNI3kHk5j1QjKQPOCUgJE8+7gbEhj6QaozrwvsHlKR4Sv8o44zL5WZZ1ecqjMFXiRuQSqoQN2zP7v9iCYhk0AF0brjOjH0UqKAU8GycjfRLCZ0RAasY6gkIdO9dPpNhk+M0sdBpExJwFP190RKQq0noW868yv1vJeL/3mdBIKLXsplnACTdLYoSASGCOfR4D5XjIKYGEKo4uZWTIdEEQomQJOBO//xImmeVV2n6t46ldplkUYJHaIjdIpcdI5q6AbVUQNR9ICe0At6tR6tZ+vNep+1LlnFzAH6A+vjG0iOnJQ=</latexit>

sh = W3 [sl; sg]
<latexit sha1_base64="rzRlOuatCTbhQ3hiLporW7QUduw=">AAACNHicbVDLSgNBEJz1bXxFPXoZjIKnsKsHBRUCXjx4UDCJkF2W2UlvMjj7YKZXDMv+lAf/w5uCFxWvfoOThxCjBQM1Vd10dwWpFBpt+8Wamp6ZnZtfWCwtLa+srpXXNxo6yRSHOk9kom4CpkGKGOooUMJNqoBFgYRmcHvW95t3oLRI4mvspeBFrBOLUHCGRvLLFztuxLAbhLkufBfhHvNuQU/pj9os/APqSgixNVYoj+nYr+Mq0emit+OXK3bVHoD+Jc6IVMgIl375yW0nPIsgRi6Z1i3HTtHLmULBJRQlN9OQMn7LOtAyNGYRaC8fXF3QXaO0aZgo82KkA3W8I2eR1r0oMJX9XfWk1xf/81oZhkdeLuI0Q4j5cFCYSYoJ7UdI20IBR9kzhHElzK6Ud5liHE3QJgNn8uK/pLFfdeyqc7VfqZ2M0lggW2Sb7BGHHJIaOSeXpE44eSDP5I28W4/Wq/VhfQ5Lp6xRzyb5BevrG5bqrM8=</latexit><latexit sha1_base64="rzRlOuatCTbhQ3hiLporW7QUduw=">AAACNHicbVDLSgNBEJz1bXxFPXoZjIKnsKsHBRUCXjx4UDCJkF2W2UlvMjj7YKZXDMv+lAf/w5uCFxWvfoOThxCjBQM1Vd10dwWpFBpt+8Wamp6ZnZtfWCwtLa+srpXXNxo6yRSHOk9kom4CpkGKGOooUMJNqoBFgYRmcHvW95t3oLRI4mvspeBFrBOLUHCGRvLLFztuxLAbhLkufBfhHvNuQU/pj9os/APqSgixNVYoj+nYr+Mq0emit+OXK3bVHoD+Jc6IVMgIl375yW0nPIsgRi6Z1i3HTtHLmULBJRQlN9OQMn7LOtAyNGYRaC8fXF3QXaO0aZgo82KkA3W8I2eR1r0oMJX9XfWk1xf/81oZhkdeLuI0Q4j5cFCYSYoJ7UdI20IBR9kzhHElzK6Ud5liHE3QJgNn8uK/pLFfdeyqc7VfqZ2M0lggW2Sb7BGHHJIaOSeXpE44eSDP5I28W4/Wq/VhfQ5Lp6xRzyb5BevrG5bqrM8=</latexit><latexit sha1_base64="rzRlOuatCTbhQ3hiLporW7QUduw=">AAACNHicbVDLSgNBEJz1bXxFPXoZjIKnsKsHBRUCXjx4UDCJkF2W2UlvMjj7YKZXDMv+lAf/w5uCFxWvfoOThxCjBQM1Vd10dwWpFBpt+8Wamp6ZnZtfWCwtLa+srpXXNxo6yRSHOk9kom4CpkGKGOooUMJNqoBFgYRmcHvW95t3oLRI4mvspeBFrBOLUHCGRvLLFztuxLAbhLkufBfhHvNuQU/pj9os/APqSgixNVYoj+nYr+Mq0emit+OXK3bVHoD+Jc6IVMgIl375yW0nPIsgRi6Z1i3HTtHLmULBJRQlN9OQMn7LOtAyNGYRaC8fXF3QXaO0aZgo82KkA3W8I2eR1r0oMJX9XfWk1xf/81oZhkdeLuI0Q4j5cFCYSYoJ7UdI20IBR9kzhHElzK6Ud5liHE3QJgNn8uK/pLFfdeyqc7VfqZ2M0lggW2Sb7BGHHJIaOSeXpE44eSDP5I28W4/Wq/VhfQ5Lp6xRzyb5BevrG5bqrM8=</latexit><latexit sha1_base64="rzRlOuatCTbhQ3hiLporW7QUduw=">AAACNHicbVDLSgNBEJz1bXxFPXoZjIKnsKsHBRUCXjx4UDCJkF2W2UlvMjj7YKZXDMv+lAf/w5uCFxWvfoOThxCjBQM1Vd10dwWpFBpt+8Wamp6ZnZtfWCwtLa+srpXXNxo6yRSHOk9kom4CpkGKGOooUMJNqoBFgYRmcHvW95t3oLRI4mvspeBFrBOLUHCGRvLLFztuxLAbhLkufBfhHvNuQU/pj9os/APqSgixNVYoj+nYr+Mq0emit+OXK3bVHoD+Jc6IVMgIl375yW0nPIsgRi6Z1i3HTtHLmULBJRQlN9OQMn7LOtAyNGYRaC8fXF3QXaO0aZgo82KkA3W8I2eR1r0oMJX9XfWk1xf/81oZhkdeLuI0Q4j5cFCYSYoJ7UdI20IBR9kzhHElzK6Ud5liHE3QJgNn8uK/pLFfdeyqc7VfqZ2M0lggW2Sb7BGHHJIaOSeXpE44eSDP5I28W4/Wq/VhfQ5Lp6xRzyb5BevrG5bqrM8=</latexit>

↵i = q> �(W1vn +W2vi + c),

sg =
nX

i=1

↵ivi
(1)

<latexit sha1_base64="C1N4puljQxf1Z0cRoHU2KHIQjAU="></latexit><latexit sha1_base64="C1N4puljQxf1Z0cRoHU2KHIQjAU="></latexit><latexit sha1_base64="C1N4puljQxf1Z0cRoHU2KHIQjAU="></latexit><latexit sha1_base64="C1N4puljQxf1Z0cRoHU2KHIQjAU="></latexit>



Making Recommendation

• Compute the score for each candidate item by dot product 
session embeddings with item embeddings:

• The cross-entropy loss function:
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ŷ = softmax
�
s>h vi

�
<latexit sha1_base64="tM7dK9zP4Tyhag+SJYXfi9yt7fs="></latexit><latexit sha1_base64="w/DCBl+dv+8sxR38+9PdGwxDHHw="></latexit><latexit sha1_base64="w/DCBl+dv+8sxR38+9PdGwxDHHw="></latexit><latexit sha1_base64="IQzLEHhRHvaziFDoZVi7/IvkN10="></latexit>

L(ŷ) = �
mX

i=1

yi log (ŷi) + (1� yi) log (1� ŷi)
<latexit sha1_base64="flDKIcy3e02jzvQ8nWFgQrX0c0Q="></latexit><latexit sha1_base64="1qGwA42wVOY8vDM7xOyeW0+4S4A="></latexit><latexit sha1_base64="1qGwA42wVOY8vDM7xOyeW0+4S4A="></latexit><latexit sha1_base64="ccLN+axDYKXI2EnYivBzwhlrcSM="></latexit>
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Experiment Setup
• Datasets
• Yoochoose 1/64 and Yoochoose 1/4 from RecSys Challenge 2014
• Diginetica from CIKM Cup 2016

• Baselines
• POP and S-POP
• Item-KNN [Sarwar et al. 2001]
• BPR-MF [Rendle et al. 2009]
• FPMC [Rendle et al. 2010]
• GRU4REC [Hidasi et al. 2016]
• NARM [Li et al. 2017a]
• STAMP [Liu et al. 2018]
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Comparison with Baselines
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Method
Yoochoose 1/64 Yoochoose 1/4 Diginetica

P@20 MRR@20 P@20 MRR@20 P@20 MRR@20

POP 6.71 1.65 1.33 0.30 0.89 0.20

S-POP 30.44 18.35 27.08 17.75 21.06 13.68

Item-KNN 51.60 21.81 52.31 21.70 35.75 11.57

BPR-MF 31.31 12.08 3.40 1.57 5.24 1.98

FPMC 45.62 15.01 – – 26.53 6.95

GRU4REC 60.64 22.89 59.53 22.60 29.45 8.33

NARM 68.32 28.63 69.73 29.23 49.70 16.17

STAMP 68.74 29.67 70.44 30.00 45.64 14.32

SR-GNN 70.57 30.94 71.36 31.89 50.73 17.59
<latexit sha1_base64="tN0yL1SO8AuUuNY1y5gwHArEUYE="></latexit><latexit sha1_base64="tN0yL1SO8AuUuNY1y5gwHArEUYE="></latexit><latexit sha1_base64="tN0yL1SO8AuUuNY1y5gwHArEUYE="></latexit><latexit sha1_base64="tN0yL1SO8AuUuNY1y5gwHArEUYE="></latexit>



Variants of Connection Schemes

• Since user behavior in sessions is limited, we propose two 
connection schemes to augment relationships between items in 
each session graph:
• (a) SR-GNN-NGC aggregates all session sequences together and 

model them as a directed global item graph.
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1 2 3 4 1 2 3 4 1 2 3 4
1 0 1 0 0 0 0 0 0 1 0 1 1
2 0 0 0 1 1 0 0 0 1 1 1 0
3 0 0 0 0 0 0 0 1 1 1 1 1
4 0 0 1 0 0 1 0 0 1 1 0 1

Ag(out) Ag(in) Ag(FC)
s1 = [v1, v2, v4, v3]
s2 = [v2, v4, v6, v7]
s3 = [v2, v5, v3, v6]
……

v1 v2 v4

v5 v6

v3

v7

Variants of Connection Schemes (cont.)

• Since user behavior in sessions is limited, we propose two 
connection schemes to augment relationships between items in 
each session graph:
• (b) SR-GNN-FC models all high-order relationships between items 

within one session as direct connections explicitly.
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Comparison with Connection Schemes

Precision@20 MRR@20

AAAI-19, Jan. 30, 2019 Session-based Recommendation with Graph Neural Networks 26



Variants of Session Representations

• Ablation study on session representations:

• (a) SR-GNN-L: local embedding only

• (b) SR-GNN-AVG: global embedding with average pooling

• (c) SR-GNN-ATT: global embedding with attention networks
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Comparison of Session Representations

Precision@20 MRR@20
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Comparison of Sequence Lengths

• Short group: session lengths ≤ 5
• Long group: session lengths > 5
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• Yoochoose 1/64
• Short (70.1%)
• Long (29.9%)

• Diginetica
• Short (76.4%)
• Long (23.6%)



Comparison of Sequence Lengths (cont.)

AAAI-19, Jan. 30, 2019 Session-based Recommendation with Graph Neural Networks 30

Precision@20

Method
Yoochoose 1/64 Diginetica

Short Long Short Long

NARM 71.44 60.79 51.22 45.75
STAMP 70.69 64.73 47.26 40.39

SR-GNN-L 70.11 69.73 49.04 50.97
SR-GNN-ATT 70.31 70.64 50.35 51.05

SR-GNN 70.47 70.70 50.49 51.27
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Concluding Remarks
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Wrapping Up

1. Session-based recommendation is indispensable where users’ 
preference and historical records are hard to obtain.

2. We present a novel architecture for session-based 
recommendation that incorporates graph models into representing 
session sequences.

3. The proposed method not only considers the complex structure 
and transitions between items of session sequences, but also 
develops a strategy to combine long-term preferences and current 
interests of sessions to better predict users’ next actions.

4. Comprehensive experiments confirm that the proposed algorithm 
can consistently outperform other state-of-art methods.
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