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Share d N e t w o r k Resource s a n d Share d T a s k Propertie s 

Paul  W .  Munr o 
Departmen t  o f  Infonnatio n Scienc e 

Universit y o f  Pittsburg h 
Pittsburg h P A 1526 0 

m u n r o 9 1 i s . p i t t . e d u 

I n t r o d u c t i o n 

The decompositio n o f  a  tas k a s i t  i s  processe d b y th e layer s 
i n a  fee d forwar d networ k depend s o n ho w th e networ k i s 
traine d t o th e task .  Analysi s o f  hidde n uni t  representation s 
(usin g clusterin g techniques ,  fo r  example )  from  network s 
traine d b y backpropagatio n ha s bee n use d t o demonstrat e th e 
contributio n o f  individua l  layer s t o th e ful l  networ k 
computation .  B y trainin g tw o network s t o comput e 
:malogou s tasks ,  simila r  computation s migh t  b e expecte d i n 
correspondin g layers .  Thi s i s  no t  necessaril y th e case ; 
however ,  i f  th e tw o network s shar e weight s a t  on e o f  th e 
layers ,  tha t  share d laye r  i s ap t  t o comput e th e portio n tha t  i s 
c o m m on t o th e tasks .  Thi s conjectur e i s demonstrate d usin g 
a se t  o f  thre e analogou s tasks .  A ,  B ,  an d C .  A  an d B  ar e 
simulumeousl y traine d o n tw o three-laye r  nets ,  wher e th e 
middl e laye r  o f  weight s i s shared .  A  thir d networ k i s traine d 
on tas k C .  wit h th e middl e laye r  initialize d t o th e weight s 
learne d fo r  th e first  tw o tasks .  Also ,  th e middl e (shared ) 
laye r  wa s no t  modifie d durin g trainin g o n th e targe t  tas k (C ) 
i n th e case s wher e A  and/o r  B  precede d it .  Th e resultin g 
increas e i n learnin g spee d support s th e conjectur e tha t 
weight s share d b y network s computin g differen t  (bu t 
analogou s tasks )  com e t o comput e thos e component s o f  th e 
task s tha t  ar e c o m m o n t o both . 

Architecture and Tasks 

Thre e network s wer e traine d usin g backpro p (Rumelhart , 
Hinton .  an d Williams ,  1986 )  t o illustrat e th e concep t  pu t 
forwar d i n thi s pape r  (Figur e 1) .  Network s A  an d B  ar e 
traine d o n analogou s tasks ,  sharin g weight s a t  th e middl e 
laye r  (o f  thre e layers) .  Th e share d laye r  i s the n hel d fixed 
durin g trainin g o f  a  thir d tas k o n Networ k C .  Networ k A  i s 
traine d t o giv e th e coordinate s o f  th e fourt h verte x o f  a 
square ,  give n th e othe r  three ,  wher e i s squar e i s oriente d 
rectilinearl y wit h respec t  t o th e coordinat e axes .  Not e tha t 
thi s tas k ca n b e accomplishe d b y copyin g certai n inpu t 
coordinate s a t  th e ouq)u t  layer .  Networ k B  i s traine d o n th e 
same task ,  wit h th e square s rotate d 4 5 degree s (i n a 
diamond "  orientation) .  Thi s tas k i s  slightl y mor e 

complicated ,  bu t  als o easie r  tha n Tas k C  whic h impose s n o 
consu^nt s o n th e orientatio n o f  th e squar e (Figur e 2) .  Fo r 
th e experiment s reporte d here ,  4  unit s wer e use d i n eac h o f 
th e hidde n layers .  Th e inpu t  value s wer e i n th e rang e (0,1) , 
bot h layer s o f  hidde n unit s use d sigmoi d unit s (tha t  range d 
from  - 1 t o +1) ,  an d th e outpu t  unit s wer e linear . 
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Figur e 1 .  Architecture . 
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Figure 2. Tasks. 

Results 

Thes e results ,  whil e preliminary ,  ar e illustrative .  Eac h 
represent s a n averag e o f  5  simulation s wit h differen t  startin g 
weights . 

Task C alone: 7200 
Usin g weight s fro m Tas k A :  365 0 
Using  weight s from  Tas k B :  360 0 
Usin g weight s from  Tas k A  an d B  together :  295 0 

Discussion 

The result s ar e supportiv e o f  th e paper' s conjectur e tha t 
appropriat e weigh t  sharin g m a y extrac t  higher-orde r 
structura l  similaritie s amon g tasks .  O f  course ,  furthe r  wor k 
i s require d t o demonstrat e th e ide a convincingl y 
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