
Chainer

High Performance Scientific Computing 2018
Rio Yokota



Deep Learning

N_I=3
N_H=5

N_O=2
Data

M=2

x(M,N_I)

w1(N_I,N_H) w2(N_H,N_O)

y_p(M,N_O)

h_r=f(x*w1)

y=f(x)
ReLU (Rectified Linear Unit)

y_p=h_r*w2

Back propagation

@L

@w2
=

@L

@yp

@yp
@w2

=
1

NO

2(yp � y)hr

<latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit><latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit><latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit><latexit sha1_base64="KD+WkL8b4iPtxogxdCifBK+sduE=">AAAB7HicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCBZwuxsJxkyO7vM9AphyQ949Qu8iX/kB/gfziY5mMSCgaKqm66pKFPSku9/e5W9/YPDo+px7aReOz07b9S7Ns2NwI5IVWr6EbeopMYOSVLYzwzyJFLYi2aPpd97RWNlql9onmGY8ImWYyk4Oak9ajT9lr8E2yXBmjRhjVHjZxinIk9Qk1Dc2kHgZxQW3JAUChe1YW4x42LGJzhwVPMEbVgsYy7YtVNiNk6Ne5rYUv27UfDE2nkSucmE09Rue6X4nzfIaXwfFlJnOaEWq0PjXDFKWflnFkuDgtTcES6MdFmZmHLDBblmNq7Etoy2cLUE2yXsku5tK/BbwbMPVbiEK7iBAO7gAZ6gDR0QEMMbvHuF9+F9ruqreOseL2AD3tcvU8WSkg==</latexit><latexit sha1_base64="BPl6LZUWEc7LnKT4OpXuCsHjQG0="></latexit><latexit sha1_base64="BPl6LZUWEc7LnKT4OpXuCsHjQG0="></latexit><latexit sha1_base64="9s6RO95OuhDQX1hzGQv1yWyzpFM="></latexit><latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit><latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit><latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit><latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit><latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit><latexit sha1_base64="0rAPpB7aTBShnIAwO9pRmo0aRkQ="></latexit>

L =
1

NO

X
(yp � y)2

<latexit sha1_base64="HuDWCNBZ3fiwLb58W34hfFqbE4Y=">AAACGHicbZDLSsNAFIYn9VbrLepSF8Ei1IUlKYJuhKIbF6IV7AWaGCaTSTt0cmFmIoSQjY/hE7jVJ3Anbt35AL6HkzYL2/rDwM9/zuGc+ZyIEi50/VspLSwuLa+UVytr6xubW+r2ToeHMUO4jUIasp4DOaYkwG1BBMW9iGHoOxR3ndFlXu8+YsZJGNyLJMKWDwcB8QiCQka2un99bnoMotTI0hv7NjN57NcSOzpOjh4atlrV6/pY2rwxClMFhVq2+mO6IYp9HAhEIed9Q4+ElUImCKI4q5gxxxFEIzjAfWkD6GNupeNfZNqhTFzNC5l8gdDG6d+JFPqcJ74jO30ohny2lof/1fqx8M6slARRLHCAJou8mGoi1HIkmksYRoIm0kDEiLxVQ0MooQgJbmqLy/PTMsnFmKUwbzqNuqHXjbuTavOiIFQGe+AA1IABTkETXIEWaAMEnsALeAVvyrPyrnwon5PWklLM7IIpKV+/xXGgTg==</latexit><latexit sha1_base64="HuDWCNBZ3fiwLb58W34hfFqbE4Y=">AAACGHicbZDLSsNAFIYn9VbrLepSF8Ei1IUlKYJuhKIbF6IV7AWaGCaTSTt0cmFmIoSQjY/hE7jVJ3Anbt35AL6HkzYL2/rDwM9/zuGc+ZyIEi50/VspLSwuLa+UVytr6xubW+r2ToeHMUO4jUIasp4DOaYkwG1BBMW9iGHoOxR3ndFlXu8+YsZJGNyLJMKWDwcB8QiCQka2un99bnoMotTI0hv7NjN57NcSOzpOjh4atlrV6/pY2rwxClMFhVq2+mO6IYp9HAhEIed9Q4+ElUImCKI4q5gxxxFEIzjAfWkD6GNupeNfZNqhTFzNC5l8gdDG6d+JFPqcJ74jO30ohny2lof/1fqx8M6slARRLHCAJou8mGoi1HIkmksYRoIm0kDEiLxVQ0MooQgJbmqLy/PTMsnFmKUwbzqNuqHXjbuTavOiIFQGe+AA1IABTkETXIEWaAMEnsALeAVvyrPyrnwon5PWklLM7IIpKV+/xXGgTg==</latexit><latexit sha1_base64="HuDWCNBZ3fiwLb58W34hfFqbE4Y=">AAACGHicbZDLSsNAFIYn9VbrLepSF8Ei1IUlKYJuhKIbF6IV7AWaGCaTSTt0cmFmIoSQjY/hE7jVJ3Anbt35AL6HkzYL2/rDwM9/zuGc+ZyIEi50/VspLSwuLa+UVytr6xubW+r2ToeHMUO4jUIasp4DOaYkwG1BBMW9iGHoOxR3ndFlXu8+YsZJGNyLJMKWDwcB8QiCQka2un99bnoMotTI0hv7NjN57NcSOzpOjh4atlrV6/pY2rwxClMFhVq2+mO6IYp9HAhEIed9Q4+ElUImCKI4q5gxxxFEIzjAfWkD6GNupeNfZNqhTFzNC5l8gdDG6d+JFPqcJ74jO30ohny2lof/1fqx8M6slARRLHCAJou8mGoi1HIkmksYRoIm0kDEiLxVQ0MooQgJbmqLy/PTMsnFmKUwbzqNuqHXjbuTavOiIFQGe+AA1IABTkETXIEWaAMEnsALeAVvyrPyrnwon5PWklLM7IIpKV+/xXGgTg==</latexit><latexit sha1_base64="HuDWCNBZ3fiwLb58W34hfFqbE4Y=">AAACGHicbZDLSsNAFIYn9VbrLepSF8Ei1IUlKYJuhKIbF6IV7AWaGCaTSTt0cmFmIoSQjY/hE7jVJ3Anbt35AL6HkzYL2/rDwM9/zuGc+ZyIEi50/VspLSwuLa+UVytr6xubW+r2ToeHMUO4jUIasp4DOaYkwG1BBMW9iGHoOxR3ndFlXu8+YsZJGNyLJMKWDwcB8QiCQka2un99bnoMotTI0hv7NjN57NcSOzpOjh4atlrV6/pY2rwxClMFhVq2+mO6IYp9HAhEIed9Q4+ElUImCKI4q5gxxxFEIzjAfWkD6GNupeNfZNqhTFzNC5l8gdDG6d+JFPqcJ74jO30ohny2lof/1fqx8M6slARRLHCAJou8mGoi1HIkmksYRoIm0kDEiLxVQ0MooQgJbmqLy/PTMsnFmKUwbzqNuqHXjbuTavOiIFQGe+AA1IABTkETXIEWaAMEnsALeAVvyrPyrnwon5PWklLM7IIpKV+/xXGgTg==</latexit>

@L

@w1
=

@L

@yp

@yp
@hr

@hr

@w1
=

1

NO

2(yp � y)w2x
<latexit sha1_base64="V1OkoDW7pmfxcKKULrjvVELuV8s="></latexit><latexit sha1_base64="V1OkoDW7pmfxcKKULrjvVELuV8s="></latexit><latexit sha1_base64="V1OkoDW7pmfxcKKULrjvVELuV8s="></latexit><latexit sha1_base64="V1OkoDW7pmfxcKKULrjvVELuV8s="></latexit>

w1  w1 � ⌘
@L

@w1
<latexit sha1_base64="kN3sQo8OP8glKG68w4PsUtC/f3k=">AAACMXicbVDLSgNBEJyN73fUo5fBIHgx7IqiR9GLBw8RjArZEHonvcmQ2QczvYaw5Ev8DL/Aq35BbiJ48iecjQGfDQM1VdXTPRWkShpy3ZFTmpqemZ2bX1hcWl5ZXSuvb1ybJNMC6yJRib4NwKCSMdZJksLbVCNEgcKboHdW6Dd3qI1M4isapNiMoBPLUAogS7XKh/2W5ysMCbRO+tze9nwk8EMNIvdT0CRB8YvhF7aWYatccavuuPhf4E1AhU2q1iq/+e1EZBHGJBQY0/DclJp58aRQOFz0M4MpiB50sGFhDBGaZj7+3pDvWKbNw0TbExMfs987coiMGUSBdUZAXfNbK8j/tEZG4XEzl3GaEcbic1CYKU4JL7LibalRkBpYAEJLuysXXbDJkE30x5S2KVYrcvF+p/AXXO9XPbfqXR5UTk4nCc2zLbbNdpnHjtgJO2c1VmeC3bNH9sSenQdn5Lw4r5/WkjPp2WQ/ynn/AO/Rq1o=</latexit><latexit sha1_base64="kN3sQo8OP8glKG68w4PsUtC/f3k=">AAACMXicbVDLSgNBEJyN73fUo5fBIHgx7IqiR9GLBw8RjArZEHonvcmQ2QczvYaw5Ev8DL/Aq35BbiJ48iecjQGfDQM1VdXTPRWkShpy3ZFTmpqemZ2bX1hcWl5ZXSuvb1ybJNMC6yJRib4NwKCSMdZJksLbVCNEgcKboHdW6Dd3qI1M4isapNiMoBPLUAogS7XKh/2W5ysMCbRO+tze9nwk8EMNIvdT0CRB8YvhF7aWYatccavuuPhf4E1AhU2q1iq/+e1EZBHGJBQY0/DclJp58aRQOFz0M4MpiB50sGFhDBGaZj7+3pDvWKbNw0TbExMfs987coiMGUSBdUZAXfNbK8j/tEZG4XEzl3GaEcbic1CYKU4JL7LibalRkBpYAEJLuysXXbDJkE30x5S2KVYrcvF+p/AXXO9XPbfqXR5UTk4nCc2zLbbNdpnHjtgJO2c1VmeC3bNH9sSenQdn5Lw4r5/WkjPp2WQ/ynn/AO/Rq1o=</latexit><latexit sha1_base64="kN3sQo8OP8glKG68w4PsUtC/f3k=">AAACMXicbVDLSgNBEJyN73fUo5fBIHgx7IqiR9GLBw8RjArZEHonvcmQ2QczvYaw5Ev8DL/Aq35BbiJ48iecjQGfDQM1VdXTPRWkShpy3ZFTmpqemZ2bX1hcWl5ZXSuvb1ybJNMC6yJRib4NwKCSMdZJksLbVCNEgcKboHdW6Dd3qI1M4isapNiMoBPLUAogS7XKh/2W5ysMCbRO+tze9nwk8EMNIvdT0CRB8YvhF7aWYatccavuuPhf4E1AhU2q1iq/+e1EZBHGJBQY0/DclJp58aRQOFz0M4MpiB50sGFhDBGaZj7+3pDvWKbNw0TbExMfs987coiMGUSBdUZAXfNbK8j/tEZG4XEzl3GaEcbic1CYKU4JL7LibalRkBpYAEJLuysXXbDJkE30x5S2KVYrcvF+p/AXXO9XPbfqXR5UTk4nCc2zLbbNdpnHjtgJO2c1VmeC3bNH9sSenQdn5Lw4r5/WkjPp2WQ/ynn/AO/Rq1o=</latexit><latexit sha1_base64="kN3sQo8OP8glKG68w4PsUtC/f3k=">AAACMXicbVDLSgNBEJyN73fUo5fBIHgx7IqiR9GLBw8RjArZEHonvcmQ2QczvYaw5Ev8DL/Aq35BbiJ48iecjQGfDQM1VdXTPRWkShpy3ZFTmpqemZ2bX1hcWl5ZXSuvb1ybJNMC6yJRib4NwKCSMdZJksLbVCNEgcKboHdW6Dd3qI1M4isapNiMoBPLUAogS7XKh/2W5ysMCbRO+tze9nwk8EMNIvdT0CRB8YvhF7aWYatccavuuPhf4E1AhU2q1iq/+e1EZBHGJBQY0/DclJp58aRQOFz0M4MpiB50sGFhDBGaZj7+3pDvWKbNw0TbExMfs987coiMGUSBdUZAXfNbK8j/tEZG4XEzl3GaEcbic1CYKU4JL7LibalRkBpYAEJLuysXXbDJkE30x5S2KVYrcvF+p/AXXO9XPbfqXR5UTk4nCc2zLbbNdpnHjtgJO2c1VmeC3bNH9sSenQdn5Lw4r5/WkjPp2WQ/ynn/AO/Rq1o=</latexit>

w2  w2 � ⌘
@L

@w2
<latexit sha1_base64="XDVYNpwB7UZogd7iSX6oklwpHpw=">AAACMXicbVDLSgNBEJz1bXxFPXoZDIIXw64oehS9ePAQwZhANoTeSa8Ozj6Y6TWEJV/iZ/gFXvULchPBkz/hbAz4iA0DNVXV0z0VpEoact2hMzU9Mzs3v7BYWlpeWV0rr29cmyTTAusiUYluBmBQyRjrJElhM9UIUaCwEdydFXrjHrWRSXxF/RTbEdzEMpQCyFKd8mGvs+8rDAm0Tnrc3vZ8JPBDDSL3U9AkQfGLwTe2lkGnXHGr7qj4JPDGoMLGVeuU3/1uIrIIYxIKjGl5bkrtvHhSKByU/MxgCuIObrBlYQwRmnY++t6A71imy8NE2xMTH7E/O3KIjOlHgXVGQLfmr1aQ/2mtjMLjdi7jNCOMxdegMFOcEl5kxbtSoyDVtwCElnZXLm7BJkM20V9TuqZYrcjF+5vCJLjer3pu1bs8qJycjhNaYFtsm+0yjx2xE3bOaqzOBHtgT+yZvTiPztB5dd6+rFPOuGeT/Srn4xP07atd</latexit><latexit sha1_base64="XDVYNpwB7UZogd7iSX6oklwpHpw=">AAACMXicbVDLSgNBEJz1bXxFPXoZDIIXw64oehS9ePAQwZhANoTeSa8Ozj6Y6TWEJV/iZ/gFXvULchPBkz/hbAz4iA0DNVXV0z0VpEoact2hMzU9Mzs3v7BYWlpeWV0rr29cmyTTAusiUYluBmBQyRjrJElhM9UIUaCwEdydFXrjHrWRSXxF/RTbEdzEMpQCyFKd8mGvs+8rDAm0Tnrc3vZ8JPBDDSL3U9AkQfGLwTe2lkGnXHGr7qj4JPDGoMLGVeuU3/1uIrIIYxIKjGl5bkrtvHhSKByU/MxgCuIObrBlYQwRmnY++t6A71imy8NE2xMTH7E/O3KIjOlHgXVGQLfmr1aQ/2mtjMLjdi7jNCOMxdegMFOcEl5kxbtSoyDVtwCElnZXLm7BJkM20V9TuqZYrcjF+5vCJLjer3pu1bs8qJycjhNaYFtsm+0yjx2xE3bOaqzOBHtgT+yZvTiPztB5dd6+rFPOuGeT/Srn4xP07atd</latexit><latexit sha1_base64="XDVYNpwB7UZogd7iSX6oklwpHpw=">AAACMXicbVDLSgNBEJz1bXxFPXoZDIIXw64oehS9ePAQwZhANoTeSa8Ozj6Y6TWEJV/iZ/gFXvULchPBkz/hbAz4iA0DNVXV0z0VpEoact2hMzU9Mzs3v7BYWlpeWV0rr29cmyTTAusiUYluBmBQyRjrJElhM9UIUaCwEdydFXrjHrWRSXxF/RTbEdzEMpQCyFKd8mGvs+8rDAm0Tnrc3vZ8JPBDDSL3U9AkQfGLwTe2lkGnXHGr7qj4JPDGoMLGVeuU3/1uIrIIYxIKjGl5bkrtvHhSKByU/MxgCuIObrBlYQwRmnY++t6A71imy8NE2xMTH7E/O3KIjOlHgXVGQLfmr1aQ/2mtjMLjdi7jNCOMxdegMFOcEl5kxbtSoyDVtwCElnZXLm7BJkM20V9TuqZYrcjF+5vCJLjer3pu1bs8qJycjhNaYFtsm+0yjx2xE3bOaqzOBHtgT+yZvTiPztB5dd6+rFPOuGeT/Srn4xP07atd</latexit><latexit sha1_base64="XDVYNpwB7UZogd7iSX6oklwpHpw=">AAACMXicbVDLSgNBEJz1bXxFPXoZDIIXw64oehS9ePAQwZhANoTeSa8Ozj6Y6TWEJV/iZ/gFXvULchPBkz/hbAz4iA0DNVXV0z0VpEoact2hMzU9Mzs3v7BYWlpeWV0rr29cmyTTAusiUYluBmBQyRjrJElhM9UIUaCwEdydFXrjHrWRSXxF/RTbEdzEMpQCyFKd8mGvs+8rDAm0Tnrc3vZ8JPBDDSL3U9AkQfGLwTe2lkGnXHGr7qj4JPDGoMLGVeuU3/1uIrIIYxIKjGl5bkrtvHhSKByU/MxgCuIObrBlYQwRmnY++t6A71imy8NE2xMTH7E/O3KIjOlHgXVGQLfmr1aQ/2mtjMLjdi7jNCOMxdegMFOcEl5kxbtSoyDVtwCElnZXLm7BJkM20V9TuqZYrcjF+5vCJLjer3pu1bs8qJycjhNaYFtsm+0yjx2xE3bOaqzOBHtgT+yZvTiPztB5dd6+rFPOuGeT/Srn4xP07atd</latexit>

hr > 0
<latexit sha1_base64="cIbhX78ttMoC8DFM/VOzOTz2skU=">AAAB/3icbVDLSsNAFL2pr1pfUZduBovgqiQi6EqKblxWMG2hDWUymbRDJ5MwMxFK6MIvcKtf4E7c+il+gP/hpM3Cth4YOJxzL/fMCVLOlHacb6uytr6xuVXdru3s7u0f2IdHbZVkklCPJDyR3QArypmgnmaa024qKY4DTjvB+K7wO09UKpaIRz1JqR/joWARI1gbyRsN5I0zsOtOw5kBrRK3JHUo0RrYP/0wIVlMhSYcK9VznVT7OZaaEU6ntX6maIrJGA9pz1CBY6r8fBZ2is6MEqIokeYJjWbq340cx0pN4sBMxliP1LJXiP95vUxH137ORJppKsj8UJRxpBNU/ByFTFKi+cQQTCQzWREZYYmJNv0sXAlVEW1qenGXW1gl7YuG6zTch8t687ZsqAoncArn4MIVNOEeWuABAQYv8Apv1rP1bn1Yn/PRilXuHMMCrK9f9mSWwA==</latexit><latexit sha1_base64="cIbhX78ttMoC8DFM/VOzOTz2skU=">AAAB/3icbVDLSsNAFL2pr1pfUZduBovgqiQi6EqKblxWMG2hDWUymbRDJ5MwMxFK6MIvcKtf4E7c+il+gP/hpM3Cth4YOJxzL/fMCVLOlHacb6uytr6xuVXdru3s7u0f2IdHbZVkklCPJDyR3QArypmgnmaa024qKY4DTjvB+K7wO09UKpaIRz1JqR/joWARI1gbyRsN5I0zsOtOw5kBrRK3JHUo0RrYP/0wIVlMhSYcK9VznVT7OZaaEU6ntX6maIrJGA9pz1CBY6r8fBZ2is6MEqIokeYJjWbq340cx0pN4sBMxliP1LJXiP95vUxH137ORJppKsj8UJRxpBNU/ByFTFKi+cQQTCQzWREZYYmJNv0sXAlVEW1qenGXW1gl7YuG6zTch8t687ZsqAoncArn4MIVNOEeWuABAQYv8Apv1rP1bn1Yn/PRilXuHMMCrK9f9mSWwA==</latexit><latexit sha1_base64="cIbhX78ttMoC8DFM/VOzOTz2skU=">AAAB/3icbVDLSsNAFL2pr1pfUZduBovgqiQi6EqKblxWMG2hDWUymbRDJ5MwMxFK6MIvcKtf4E7c+il+gP/hpM3Cth4YOJxzL/fMCVLOlHacb6uytr6xuVXdru3s7u0f2IdHbZVkklCPJDyR3QArypmgnmaa024qKY4DTjvB+K7wO09UKpaIRz1JqR/joWARI1gbyRsN5I0zsOtOw5kBrRK3JHUo0RrYP/0wIVlMhSYcK9VznVT7OZaaEU6ntX6maIrJGA9pz1CBY6r8fBZ2is6MEqIokeYJjWbq340cx0pN4sBMxliP1LJXiP95vUxH137ORJppKsj8UJRxpBNU/ByFTFKi+cQQTCQzWREZYYmJNv0sXAlVEW1qenGXW1gl7YuG6zTch8t687ZsqAoncArn4MIVNOEeWuABAQYv8Apv1rP1bn1Yn/PRilXuHMMCrK9f9mSWwA==</latexit><latexit sha1_base64="cIbhX78ttMoC8DFM/VOzOTz2skU=">AAAB/3icbVDLSsNAFL2pr1pfUZduBovgqiQi6EqKblxWMG2hDWUymbRDJ5MwMxFK6MIvcKtf4E7c+il+gP/hpM3Cth4YOJxzL/fMCVLOlHacb6uytr6xuVXdru3s7u0f2IdHbZVkklCPJDyR3QArypmgnmaa024qKY4DTjvB+K7wO09UKpaIRz1JqR/joWARI1gbyRsN5I0zsOtOw5kBrRK3JHUo0RrYP/0wIVlMhSYcK9VznVT7OZaaEU6ntX6maIrJGA9pz1CBY6r8fBZ2is6MEqIokeYJjWbq340cx0pN4sBMxliP1LJXiP95vUxH137ORJppKsj8UJRxpBNU/ByFTFKi+cQQTCQzWREZYYmJNv0sXAlVEW1qenGXW1gl7YuG6zTch8t687ZsqAoncArn4MIVNOEeWuABAQYv8Apv1rP1bn1Yn/PRilXuHMMCrK9f9mSWwA==</latexit>



Chainer
Setup:
> module load python-extension/3.6

How to run:
> cd hpc_lecture/chainer
> python 00_numpy.py
> python 01_variable.py
> python 02_chain.py
> python 03_optimizer.py
> python 04_training.py

References:
https://orizuru.io/blog/machine-learning/deeplearning_chainer-01/


