Markov Chain Neural Networks

Maren Awiszus - Bodo Rosenhahn
Gottfried Wilhelm Leibniz Universitat Hannover

Introduction Results Summary and Conclusions
Neural Netyvorks: Markov Chains: | Random Walker Tic-Tac-Toe We present a modified Neural Network mo-
> Approximates any > Models stochastic | o | o del which is capable to simulate Markov
function Process A typical example for a Markov Chain is a Ran- With a non-deterministic Neural Net, the same Chains. We show how to train such a net-

> Non-li_neqr » Discrete state dom Walker: step in a game can have different outcomes: work and demonstrate applications:
combination of space with
weights through transition / \ 0 e e e Rule-based parkov - Standard M models
activations orobabilities VI S /3 0 1/31/3 CATEIHNI > Non-deterministic behavior in games
"] High prob. . .
» Deterministic » Non-deterministic “\1 ol 1/31/3 0 1/3 SR > Data completion and -synthesis
Y
. . \ / '/31/31/3 0 X X
Our Goal: Allow non-deterministic behavior ‘
for Neural Networks in order to model Mar- - . The MCNN:
. Training with random value: . .
kov Chains. . | > uses a random variable as a switch no-
() (0.5,1,0,0,0) = (0,0,1,0) de to produce different outcomes
@'sunny (0.2,1,0,0,0) = (0,1,0,0) , L ,
(0.8.1.0.0.0) = (0.0.0,1) . > IS based on a statistical analysis of the
02 3 (0.9,1,0,0,0) > (0,0,0, 1) oW prob training data
03 04 (0.1,1,0,0,0) = (0,1,0,0) » does not require further post-
oot 05 NS —— — Two different outcomes with MCNN as circle: processing (e.g. sampling from distrib.)
O_SC/ S— /00.5 " T - Ol |X O X > is straight-forward to implement
Markov Chain Example o o 2 | O O o)[e » converges faster than a comparable NN
O O|X O|X O|X|X (results from Tic-Tac-Toe experiment):
_;::- x| [0 X
Method T Hr e B O O O X s
X O x O X O P (RNN)
ldea: Add an additional input variable which Text Svnthesi /N ' =
contains a random value. This random value ext synthesis
will act as a switch to ensure different outco- . . . '
mes MCNN can generate different continuations for MNIST data completion A.
| iven repetitions. Here an example from Dr. . _ . il ' A B ST ON,
Random Value J - P . P While a standard NN will generate a mixture of | “WO‘M,M.._,_
Seuss’ "The Cat in the Hat”: . . . D T e T T e e e
2 possible data, MCNN will generate different pos-
\\ Input Text .GenerajcedRandomText | | S|b|e Solutlons

toy man! And Look! With my taill can hold ared fan!| can
fan with the fan as | hop on the ball! But this is not all. Oh
Look at me! Look at meme nowlt is fun to have fun no. Thatis not all. Oh no..That is rmot all Now look at
But you have to know how. that! You sank our toy ship, sank it deep in the cake! | can
| can hold up the cup and the milk and the cake! hold a red fan! | can fan with the fan as | hop on the ball!
| can hold up these booksand the fish on a rake! But this is not all. Oh no. Thatis notall ... Now look what
| can hold up a toy ship and a little toy man! you did! Said the fish in the pot. It is fun to have fun But
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‘ ‘ And Look! With my tail | can hold a red fan! you have to know how. | can hold up the cup and the fish ’
// | can fan with the fan as | hop on the ball! in the pot. It is fun to have fun But you have to know how.
. R : | can hold up a toy ship, sank it deep in the cake! | can
But this fis not all]Oh no. That]is not all]...
.Z INGWI86K what you did! Said the fish to the cat hold up these books and the cake! | can hold up these
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[Now looK at this house[ Look atithis! Look at that! You sank our foooks and 'fhe cake! | can hold up a toy shlp,_ sank it deep
toy ship, sank it deep in the cake. You shook up our house and " the cake! [ can hold up the cup and the milk and the
you bent our new rake you should not be here when your milk and the cake! | can hold up these books and the cake.
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Input Neural Net Output mother is not. you get out of the house! said the fish inthe You shook up our house and you bent ournew rake you = i
should not be here when your mother is not. you get out , -
i of the house! said the fish on a rake! | can hold up a toy - g WWW‘ tnt‘ unl hannover' de
. . . . ship, sank it deep in the cake. You shook up our house and
F h h d b d b d you bent our new rake you should not be here when your
Or t at, t e tralnlng ata mUSt e IStrI Ute mother is not. you get out of the house! said the fish in Standard NN MCNN

the pot. It is fun to have fun But you haveto know how

to ranges for this value during training.
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