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Predictive Control of Opto-Electronic Reconfigurable
Inter connection Networks Using Neural Networks*
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2.2  Neural Networks as Predictors
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FIGURE 1. The state sequence paradigm
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3.0  Experimental Procedures
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FIGURE 2. Raw memory trace serializer technique.
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FIGURE 3. Translation of the memory references to the matrix communication pattern
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3.2  Neural Network Training and Prediction
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FIGURE 4. A feed forward neural network with a tapped delay line.
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3.3  Prediction Evaluation
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4.1  Temperature Propagation Application (2D relaxation algorithm)
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FIGURE 5. A 32x32 grid temperature propagation program, parallalized for an 8x8 multiprocessor

°

°

FIGURE 6. The single repetition of the communication pattern(a), and the overall
communication pattern of the program(b).
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4.2  Matrix Multiply
¿eª�¥lªN¨K£��\¡³°�¥ ´�´�§A¢'£�¥�¦s¢A�\¡`¸g¨+£�¯³�
ªc¨+¥�´�¥ ±/¥ §A§A¨K§³�"¥ ¦s±�¢�0,�1 �§A¦s¢'´�§A©�´?±G�\«
±/¥ � ¶-!5¯³¢Aª�´�±S�\«d±�¥ ��¥ §AªN�

¨-0�¯³¢¾\¢A¦Gªu¯#¢A«\¯Z§A�8£�¥ §¢A¦G©�º�¾
 �¦?¦G¯³¨>£��8�1�` �¡³¢£�¥ ¦G¢�\¡Z´�¥ ¦G¦G¨�±�¡³ªR¨10�¦G±�¥p£�¦s¨�°"¥p±S¨>�1�8±<¨Y£��8�1´�§A¨-0�¦G¯#¥ ¡Z¦G¯#�\ªc¨
ª�¯d��¸,¡g¬G��±w¦L¯d¨h¦L¨��Z´�¨�±�¥K¦L �±s¨®´³±���´³¥K«\¥K¦L¢¤��¡g´�±²��«8±�¥K� ¶G��©D£N���Z´�§¤¨W0+¸,¨h�Z¨�¥K¡�¦'¯#¥K¦³¦L¯d¨h´�±G��£N¨�ª/ª���±w¥K§¤¦L¨�±�µ
¡d¥K¦L¨�ªw¢¤¦Lªw¥K£N£N¨�ª�ª�¨�ªw¦L�e¦L¯d¨u�Z¨��Z��±�©e�`��°� ³§¤¨�ªw¢¤¡,¥n§¤¨�ª�ªw ³¡d¢¤¬G��±<� ¬G¥Kª/¯d¢¤��¡,£N���Z´³¥K±G¨�°g¦L�e¦L¯d¨u¦L¨��Z´³¨�±<¥K¦L ³±²¨
´³±S��´³¥K«8¥K¦L¢¤��¡�´³±���«8±�¥K� ¶g!�¯d¨u´³ ³±�´³��ª/¨u��¬
 ³ª�¢¤¡d«e¦L¯d¢¤ª%´³±���«8±�¥K� ¸D¥Kªw¦'�+¢¤¡d¼\¨�ª�¦'¢¤«\¥K¦'¨u¯d��¸ ¸,¨�§¤§�¦L¯d¨R¡d¨� ³±�¥K§
¡d¨�¦L¸D��±�¹e§¤¨�¥K±�¡dªw¥K¡d°�´³±²¨�°�¢¤£N¦'ª�£c���`´³§¤¨40Y±²¨�´³¨�¦'¢¤¦L¢¤¼\¨�£N���Z�Z ³¡d¢¤£N¥K¦L¢¤��¡D´�¥K¦'¦L¨�±<¡dªK¶

!?¯#¨Y�1 �§¦G¢A´�§¢£�¥ ¦G¢�8¡Z¢ªR´�¨�±�¬s�8±��`¨�°"�8¡Z¦G¸)�)�`¥p¦G±�¢£�¨�ªcº�¦G¯³¨Y¬'¢±�ªc¦?¢ªR�\¬?ªc¢Ðp¨Åo)åt0>Ðe¥p¡#°"¦G¯#¨>ªc¨�£��\¡#°"¢ª
Ð10Ço2åh¦'�e±�¨�ª� ³§¤¦d¢¤¡D¥ro2å10Ço2åh�Z¥K¦L±<¢(0#¶ 3 ¡d¢¤¦L¢¤¥K§¤§¤©cºK¦L¯d¨u�Z¥K¦L±�¢¤£c¨�ª�¥K±²¨�¼\¨�£c¦L��±�¢¤ÐK¨�°�¥K¡d°�£N��¡d£N¥K¦L¨�¡d¥K¦L¨�°�¢¤¡d¦L�e¥hª�¢¤¡dµ
«8§¤¨n¼\¨�£N¦'�8±S¶^!�¯d¢¤ªk¼\¨�£N¦L��±�¢¤ªk´³¥K±<¦L¢¤¦L¢¤��¡d¨�°�¥K¡d°Zª/¦L��±�¨�°�¢¤¡d¦L�ÏÐ®�`¨��Z��±�©��Z��°� ³§¤¨�ª�¶NÁ�¢¤�Z¢¤§¤¥K±<§¤©�ºp¦L¯d¨n£N���Z´³ ³¦L¥Kµ
¦L¢¤��¡D¢¤ª�´³¥K±<¦L¢¤¦L¢¤��¡d¨�°g¦L�e¦L¯d¨`Ðn´³±²��£N¨�ª/ª���±�ª�¶2!�¯d¢¤ªw´³±²��£N¨�°� �±�¨u¢¤ªw°�¨�´³¢¤£N¦L¨�°�¢¤¡,Õ8¢¤«8 ³±²¨æÐ
¶

�+ª�¢A¡#«)¥e¸)¢¡#°��8¸ ª�¢Ð ¨Y�8¬bÎpÄpÄpÄpº�¦G¯#¨>£��8�`�` �¡#¢£�¥p¦G¢�8¡Z´�¥p¦G¦G¨�±�¡Z�8¬?¥eª�¢¡³«\§¨Y´�±s�8£�¨�ªcª��\±eqÂ·�Äts?¥p¡#°"¥p§§
�`¨��Z�8±�©,�`�8°� �§¨�ª9qÂÉËÄpµGÉóò2s�¢ª;´³§��¦G¦L¨�°1¼\ªK¶�¦G¢¤�`¨®¬G��±�¥>ªc¢¤¡#«8§¨®�Z¥p¦L±�¢n0e�Z �§¦L¢´³§©,¢¡�Õ\¢¤«\ �±A¨hÃp¥Kºv¥p¡d°1¦L¯#¨
��¼\¨�±<¥K§¤§�´³¥K¦L¦L¨�±<¡,¢¤¡,Õ8¢¤«8 �±²¨uÃK¾?¶ # ¨u£N¥K¡,ª�¨�¨u¦L¯d¥K¦d·³±���£c¨�ª�ª/�8±·³Äh£N���Z�Z �¡d¢¤£N¥K¦'¨�ª�¬L��±�§¤��¡d«l´³¨�±<¢¤��°�ª���¬#¦'¢¤�`¨
¸g¢A¦s¯`¨K¥ £�¯1�\¬¦s¯³¨+�"¨��"�\±�©��1�\°5 �§A¨Kª ¶-!?¯³¢Aªn°?¨K�1�\¡³ªN¦s±�¥�¦s¨�ª�¦s¯�¨+¯³¢A«
¯1ªc´?¥ ¦s¢A¥ §³¥�¡³°�¦s¨K�1´?�\±�¥ §�§A�\£�¥ §A¢A¦s©
¢¤¡#¯d¨�±S¨�¡d¦�¢¤¡�¦L¯d¨®´³±S��«\±<¥p� ¶�Ï,�8¸,¨�¼\¨�±'ºv¦L¯d¨�±S¨h¢ªm¡d�8¦��Z �£N¯�±�¨�´³¨�¦G¢¤¦L¢¤¼
¨�¡d¨�ª�ªK¶G!�¯d¨�±S¨�¬G��±S¨�º�¸,¨®±�¨�´�¨�¥K¦L¨�°`¦L¯#¨
�`¥ ¦G±�¢n0��` �§¦G¢´�§©�º�¥ ªcªc ��1¢¡#«g¥ ¡Z�8 �¦G¨�±k§�\�8´�º�¦G�)«
¨�¡#¨�±�¥p¦G¨>¥e±�¨�´�¨�¦s¢¦G¢¼d¨Y´�¥p¦G¦G¨�±�¡Z�\¬?�`¨��1�8±�©g¥p£�£�¨�ªcªc¨�ªp¶
!�¯d¨u£N���Z�Z ³¡d¢¤£N¥K¦L¢¤��¡D´³¥K¦L¦'¨�±�¡�¥K§¤ª��+¨40 ¯d¢¤¾8¢¤¦Lª%¥n§¤��¦\��¬
��¼
¨�±�§¤¥K´³´³¢¤¡d«8º�ª�¢¤¡d£N¨R¸,¨R ³ª�¨�°g¥�§¤¥K±G«8¨R¸,¢¤¡d°���¸ ª/¢¤ÐK¨
¦L�>£N���Z´³±�¨�ª/ª%¦L¯d¨R´³¥K¦L¦L¨�±<¡�¶g!�¯d¨R��¼\¨�±<§¤¥K´�´³¢¤¡d«+§¤¨�°) ³ª%¦L�> �ª/¨R¥�ª�¦L¥K¦L¨Rª/¨�È\ ³¨�¡d£N¨;§¤¨�¡d«8¦L¯���¬ôò%¦L�+ª/ �´³´³��±<¦\¦L¯d¨

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 50 100 150 200 250 300 350 400

#
 o

f 
fa

u
lt
sõ

Time

Number of faults time averaged for the POPS emulator, with and without NN prediction (--- no-nn)

FIGURE 7. Number of faults incurred with and without neural network prediction

without neural net prediction

using neural net prediction



���

±�¨KÈd �¢'±<¨K°��1¨K�"�\±/©�¦s±/¥ ¬L¬L¢'£v¶-!5¯³¨e´�§'�\¦�\¬�¦s¯³¨e¦s¢A�"¨+¥ ¼#¨K±/¥ «
¨K°�¡³ ��"¾
¨K±;�
¬¬�¥  ?§A¦�ª�¼#ª ¶�¦s¢A�"¨Kº\Õd¢A«
 ?±G¨�oNÄ º
ª�¯d��¸Dª�¦'¯d¥K¦d¦L¯d¨u¡d¨� ³±<¥K§�¡d¨�¦'¸,��±�¹e¢¤ª�§¤¨�¥K±�¡d¢¤¡d«e¥K¡d°�´³±�¨�°�¢¤£N¦'¢¤¡d«l¦L¯d¨�ª/¨u�`��±²¨u£N���Z´³§¤¨W0®´³¥K¦L¦L¨�±<¡dªK¶

ö ÷

�  Ú � � � � & � . �  Ú � � � � & � .  � Â � � � � & � .
ø = & . � � 7 � 3 � & . ù � � � & � & 3 � � � & � � 3 Ú ú � ú 3 � û ú 3 � @ - � .

FIGURE 8. Matrix multiply pr ogram.

16 8×

8 16×

16 16×

FIGURE 9. Communication pattern of a single matrix multiply (a), and the overall communication
pattern of the program (b).

0

1

2

3

4

5

6

7

8

0 50 100 150 200 250 300 350 400 450 500

M
e

m
o

ry
 m

o
d

u
le

 #

í

Time

Communication data pattern (win = 5000)

î ³ ï î ð ï
0

1

2

3

4

5

6

7

8

0 5 10 15 20 25 30 35 40 45

M
e

m
o

ry
 m

o
d

u
le

 #

ì

Time

Communication data pattern (win = 5000)

0

0.02

0.04

0.06

0.08

0.1

0.12

0 50 100 150 200 250 300 350 400 450 500

#
 o

f 
fa

u
lt
sõ

Time

Number of faults time averaged for the POPS emulator, with and without NN prediction (-- no-nn)

FIGURE 10. Number of faults incurred with and without neural network prediction

without neural net prediction

using neural net prediction



�4 

4.3  Fast Fourier Transform

3 ¡��8 �±k¦L¯#¢±S°"¨W0�´�¨�±�¢�`¨�¡#¦�¸)¨Y �ªc¨�°1¦G¯#¨Y£��8�`�` �¡#¢A£N¥p¦G¢�8¡Z´�¥p¦G¦L¨�±�¡�«\¨�¡#¨�±�¥p¦G¨�°"¬s±G�8� ¥e´�¥p±�¥p§§¨�§d¬s¥pªc¦
¬G�� �±�¢¤¨�±w¦L±�¥p¡dª�¬G��±��ÌqÂÕ8Õ@!�s�´³±��8«8±�¥K� ¶G!�¯d¨®Õ8Õ@!`¢¤ª;¥>¸,¢¤°�¨�§©, ³ª�¨�°1´³±s��«\±<¥p� ¦L¯d¥K¦�¢ªm¨�¥Kª�¢§¤©,´³¥p±<¥p§¤§¤¨�§¢¤ÐK¥p¾8§¤¨
Àt�u�\±��1¨�¡³ÃÇocºÂÏg¸)¥ ¡³«@Ð Ì#Çs¶W!��g´�¨�±/¬s�\±�� «
�8�\°�§A¨�¥ ±�¡³¢¡³«�¥ ¡#°�´�±S¨�°?¢A£�¦s¢A�8¡³º8¦s¯³¨>¡³¨� �±�¥ §³¡#¨K¦G¸g�\±�¹�¡#¨K¨�°?ªu¥
±S¨�´�¨�¦G¢¦G¢¼
¨Y´�¥p¦G¦G¨�±�¡�¥p¡#°"¥+ªc¢¡#«\§¨�o)�ÍÕ\Õ@!"°��8¨�ªR¡#�8¦�ªc¯#�8¸ �` �£N¯Z±s¨�´�¨�¦G¢¦G¢¼
¨�¡#¨�ªcªcº�¥pª;ªc¯#�8¸)¡�¢¡ZÕ\¢«\ �±²¨
o2xK¥
¶d!�¯d¨�±�¨�¬L��±S¨�º�¸,¨R°�¨�£N¢¤°�¨�°)¦L�Y¨��Z �§¤¥K¦L¨;¦L¯d¨;Ò�±<ª�¦8¯d¥K§¤¬\��¬
¥`x1� Õ8Õ[!)¾8©+±G¨�´³¨�¦L¢¤¦L¢¤¼\¨�§¤©>´³¨�±�¬L��±��Z¢¤¡d«+¦L¯d¨9o2�
Õ8Õ@!Z�8¡g¥K¡�¢¤¡d´³ �¦³ª�¢¤«8¡d¥K§
¸,¢¤¦L¯�o2å>ª�¥K�Z´³§¤¨h¨�§¤¨��Z¨�¡d¦LªK¶ 3 ¬�¸,¨h£N¥K¡�ª�¯d��¸�¦L¯d¥K¦�¦L¯d¨Z�r��£N¥K¡�§¤¨�¥K±<¡�¥K¡d°`´³±¤¨�µ
°�¢¤£N¦
¦L¯d¢¤ªw´�¥K¦'¦L¨�±<¡dºK¦L¯d¨�¡,¢¤¦
¸,¢¤§¤§v§¤¨�¥K±<¡,¥K¡d°�´³±�¨�°�¢¤£c¦d¦L¯d¨u´³¥K¦L¦L¨�±�¡D��¬#¦'¯d¨�ª/¨�£N��¡d°�¯d¥K§¤¬d��¬d¦L¯d¨`x1� Õ8Õ[!d¶

!�¯d¨u´³¥K±<¥K§¤§¤¨�§vÕ8Õ[!g¥K§¤«8��±�¢¤¦L¯d� ¸D¨u¢¤�Z´³§¤¨��Z¨�¡d¦'¨�°g£N���Z´³ �¦'¨�ª%¦L¯d¨uÕ8Õ[!g��¬d¥�ª�¢¤«8¡d¥K§-ü ¸,¢¤¦L¯pý��ÅO1þ%ª�¥K�Zµ
´�§¨�ªK¶4!�¯#¨�±S¨�¬G�8±S¨�ºHLEA7B�ÿ ý � � ªc¦G¨�´�ªR�8¬�ý������r�>¾\ �¦G¦G¨�±�¬'§©)�8´�¨�±�¥p¦G¢�8¡#ª;¥p±�¨Y¡#¨�¨�°�¨�°�ºv¥p¦�¨�¥p£N¯Zª�¦G¨�´1¸,¨Y´�¨�±�µ
¬G�8±�� ¨�¥p£�¯�¾\ �¦G¦L¨�±�¬§©)�8´�¨�±�¥p¦L¢�8¡���¡�¥+ª�¨�´�¥p±�¥p¦L¨Y´�±���£�¨�ªcª��8±� �ª�¢¡#«rý����+´�±��8£�¨�ª�ªc��±�ª�ºv¥pª;ª�¯#�8¸,¡�¢¡�Õ8¢«\ �±�¨
o^oK¶�ÏD¨�¡d£N¨�º�¨�¥K£N¯�´³±²��£N¨�ª�ª/��±?¸,¢¤§¤§ ´�¨�±�¬L��±���¦L¯d¨R¾� �¦L¦'¨�±�Ô³©+��´³¨�±<¥K¦L¢¤��¡���¡l¦L¯d¨R¨�§¤¨��Z¨�¡d¦Lª�¸D¯d�8ª/¨;¢¤¡d°�¢¤£c¨�ª�°�¢¤¬Lµ

¬G¨�±�¢¤¡,¦'¯d¨ 8d,'Ãh¾8¢¤¦
´���ª/¢¤¦L¢¤��¡dº ¶2!�¯d¨�¦'¸,�e±�¨�ª� ³§¤¦L¢¤¡d«l¼
¥K§¤ ³¨�ªw��¬#¦L¯d¨u¾8 ³¦L¦L¨�±<Ô�©�ºK´�¨�±�µ
¬G��±<�`¨�°`¾8©,´³±���£N¨�ª�ª���±w·ÍKKº�¥K±�¨hª�¦L��±�¨�°`¥K¦³¢¤¡#°�¢¤£N¨�ª ¥p¡d° ±S¨�ª�´³¨�£N¦L¢¤¼\¨�§¤©p¶G!�¯d¨h°�¥K¦L¥Y¢¤ªm´�¥K±<¦L¢¤¦L¢¤�8¡d¨�°
¥K¡d°Z�Z¥K´³´�¨�°Z¦L��¦L¯d¨h�Z¨��Z��±<©,�Z��°� ³§¤¨�ªmª/ �£c¯g¦L¯d¥K¦³¨�¥K£N¯g�Z¨��Z��±<©D�`��°� ³§¤¨h¸,¢¤§¤§\¯d��§¤°Z¦L¸D�D£c��¡dª�¨�£N ³¦L¢¤¼\¨
¼\¥p§¤ ³¨�ª;��¬�¥K§§\¦L¯#¨h¢¤¡d´� ³¦Lº�¦L¨��`´³��±�¥K±�©/º�¥p¡d°`�� �¦L´³ �¦³¼\¨�£N¦L�8±<ª;¡d¨�¨�°�¨�°�¶�Õ8��±w¨W0 ¥K�`´³§¤¨�º�¢¡gª�¦L¨�´Z��¡d¨�º�´�±G��£N¨�ª�µ
ª��8±w·�Î+´³¨�±�¬s��±��`ª;¦L¯#¨®¬¢¤±�ª�¦�¾8 �¦L¦L¨�±�¬A§©,�8¡�¿gÀÂÆdÇv¥p¡#°`¿gÀRo)opÇ�¸,¯d¢£N¯�¸)¨�±�¨®ª�¦L�8±�¨�°`¢¡��`¨��Z�8±�©,�`�8°� �§¨®É o
¥ ¡³°��1¨K�1�\±/©��1�\°? ?§A¨+É Î�±S¨KªN´�¨K£�¦s¢'¼d¨K§A©�¶-�5�\¦s¯`¼#¥ §A �¨Kª�±<¨KªN �§A¦s¢A¡³«�¬�±<�\��¦s¯³¨+¾
 �¦s¦s¨K±/¬L§A©��\´�¨K±�¥�¦s¢A�\¡`¥ ±<¨
ª�¦'�8±�¨�°�¢¤¡,¦'¯d¨�¦L¨��Z´³��±<¥K±�©l¼\¨�£c¦L��±m!ÝoKÀRo�Ä
Çp¥K¡d°�!foKÀRogoKÇ ¢¤¡,É�Îh¢¤¡,´³±²¨�´³¥K±�¥K¦L¢¤��¡D¬G��±�¦'¯d¨�¡d¨W0p¦d¾8 ³¦L¦L¨�±<Ô�©lª�¦L¨�´w¶
!�¯d¨n�Z¨��Z�8±<©�¥K£c£N¨�ª�ª�´³¥K¦L¦'¨�±�¡,��¬#·�ÎKºK¸,¯d¢¤§¤¨�´³¨�±�¬L��±��Z¢¤¡d«l¥®ª/¢¤¡d«\§¤¨�Õ8Õ[!pºp¢¤ª�ª/¯#��¸D¡)¢¤¡,Õ8¢¤«8 �±²¨Ïo2x
¶)!�¯d¨�Õ8Õ[!
ª�¯d�8¸,ªm¥>¯d¢«8¯�°�¨�«8±�¨�¨®��¬�§¤��£N¥p§¤¢¤¦G©,¦L�D¥>ª�¢¤¡d«\§¤¨®�Z¨��Z�8±�©,�Z��°� �§¤¨�º�É ÎKº�¥p¡d°`¥>§¤�8¸�°�¨�«8±²¨�¨h�8¬�§��£N¥K§¢¤¦L©,¢¡
¢¤¦Lªw��¦L¯d¨�±¥K£N£N¨�ª/ª�¨�ª/ºKÉóo�ºKÉËÌKºK¥K¡d°�É òK¶)!�¯d¢¤ªw¢¤ª�°� ³¨�¦L�e¦L¯d¨u¬G¥K£N¦
¦L¯d¥K¦d·ÍÎh¸,±<¢¤¦L¨�ªw¥K§¤§�¢¤¦Lªw¾8 ³¦L¦L¨�±<Ô�©l±L¨�ª� ³§¤¦Lª�¦'�

FIGURE 11. The fast fourier transform (FFT) Parallalized to 8 processors and 8 memory modules
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FIGURE 12. The memory accesses of P5 for a single FFT (a), and the overall repeated
communication pattern (b)
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