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Problem G: Squadtrees

Q u a d tre e s a re d a ta stru c tu re s u se d to sto re d ig ita l im a g e s. F o r o u r p u rp o se s, th e im a g e s w ill b e sim p le
b itm a p s, w h e re e v e ry p ix e l is e ith e r a 1 (b la ck ) o r a 0 (w h ite ). A q u a d tre e re p re se n ta tio n o f a b itm a p is
o b ta in e d a s fo llo w s: fi rst, a sso c ia te th e ro o t n o d e w ith th e e n tire im a g e . If th e e n tire im a g e is e ith e r a ll
1’s o r a ll 0’s, th e n sto re th a t v a lu e in th e n o d e a n d y o u ’re d o n e . O th e rw ise d iv id e th e re g io n in to fo u r
e q u a l siz e q u a d ra n ts, a d d fo u r ch ild re n to th e ro o t, a n d a ssig n e a ch ch ild o n e o f th e fo u r re g io n s in th e
fo llo w in g o rd e r: th e fi rst ch ild g e ts th e u p p e r le ft q u a d ra n t, th e se c o n d th e u p p e r rig h t, th e th ird th e
lo w e r le ft a n d th e fo u rth th e lo w e r rig h t. T h e n re c u rsiv e ly a p p ly th e a b o v e ru le s to e a ch o f th e ch ild re n .
F o r e x a m p le , th e 4 x 4 im a g e o n th e le ft w o u ld b e re p re se n te d b y th e q u a d tre e o n th e rig h t:

N o te th a t th is p ro c e d u re o n ly w o rk s a s sta te d if th e im a g e is a sq u a re a n d h a s a sid e le n g th e q u a l to
a p o w e r o f 2 . F o r th o se im a g e s w h ich d o n o t m e e t th o se re q u ire m e n ts, w e p a d th e ro w s a n d c o lu m n s
w ith 0’s (o n th e rig h t a n d o n th e b o tto m , re sp e c tiv e ly ) u n til w e h a v e a b itm a p o f th e a p p ro p ria te siz e .
F o r e x a m p le , a 5 x 13 im a g e w o u ld b e c o n v e rte d to a 16 x 16 b itm a p (w ith th e o rig in a l im a g e re sid in g in
th e u p p e r le ft p o rtio n , a n d th e re m a in d e r o f th e im a g e fi lle d w ith 0’s).

W h ile q u a d tre e s c a n re su lt in a sig n ifi c a n t sa v in g s in sp a c e o v e r th e o rig in a l im a g e , e v e n m o re sa v in g s
c a n b e a ch ie v e d if w e id e n tify re p e a te d su b tre e s. F o r e x a m p le , in th e tre e a b o v e , th e fi rst a n d th ird
su b tre e s o f th e ro o t a re id e n tic a l, so w e c o u ld re p la c e th e ro o t o f th e th ird su b tre e w ith a re fe re n c e to
th e fi rst su b tre e , o b ta in in g so m e th in g th a t sy m b o lic a lly lo o k s lik e th e fo llo w in g :

W e w ill c a ll th e se c o m p re sse d q u a d tre e s super quadtrees, o r squadtrees. F o r o u r p u rp o se s th e u se o f a
re fe re n c e sa v e s sp a c e o n ly w h e n th e tre e it re p la c e s h a s h e ig h t o f a t le a st 1. T h u s, w h ile w e c o u ld re p la c e
5 o f th e n o d e s w h ich c o n ta in a B w ith re fe re n c e s to th e fi rst n o d e w ith a B , th is w o u ld n o t in p ra c tic e
sa v e a n y sp a c e in th e c o m p re ssio n . U sin g th is ru le , o u r sq u a d tre e c o n ta in s o n ly 12 n o d e s, a s o p p o se d
to 17 in th e o rig in a l q u a d tre e . Y o u r jo b fo r th is p ro b le m is to ta k e a se t o f im a g e s a n d d e te rm in e th e
n u m b e r o f n o d e s in b o th th e re su ltin g q u a d tre e s a n d sq u a d tre e s.

In p ut

In p u t w ill c o n sist o f m u ltip le p ro b le m in sta n c e s. E a ch in sta n c e w ill sta rt w ith a sin g le lin e c o n ta in in g
tw o in te g e rs n a n d m, in d ic a tin g th e n u m b e r o f ro w s a n d c o lu m n s in th e im a g e . T h e m a x im u m v a lu e s
fo r th e se in te g e rs is 12 8 . T h e n e x t n lin e s w ill e a ch c o n ta in m ch a ra c te rs re p re se n tin g th e im a g e to
p ro c e ss. A b la ck p ix e l w ill b e re p re se n te d b y a ‘1’, a n d a w h ite p ix e l w ill b e re p re se n te d b y a ‘0’. T h e
in p u t lin e 0 0 w ill te rm in a te in p u t a n d sh o u ld n o t b e p ro c e sse d .
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Output

For each problem instance, output two integers separated by a single space. The first value is the
number of nodes in the quadtree for the problem instance, and the second is the number of nodes in
the squadtree.

Sample Input

4 4

1011

0111

1010

0111

6 7

1110111

1010101

0000000

0100010

1011101

1010101

0 0

Sample Output

17 12

61 24


