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Fig. 6. Transformation function: linear daisy chain network,
single level tree network; number of child processors,M = 5 : Here

wTcp = 1 and zTcm = 1.

Fig. 7. Transformation function: multi-installment distribution in
single level tree network; number of child processors,M = 5,
number of installments, N = 3. Here wTcp = 1 and zTcm = 1.

For the mth processor, the transformation function,
gm(X) (1 · m · M ) is as follows:

gm(X) = ( X ¡
m¡ 1X

i=0

®i )wmTcp + Sm,
m¡ 1X

i=0

®i < X ·
mX

i=0

®i :

(13)

Here, Sm is the time for the mth processor to start
searching as before. Fig. 6 and Fig. 7 depict this
relationship betweenX and Y (based on their
respective earlier timing diagrams). For the linear
network and single level, single installment tree
network the transformation function of Fig. 6
maps the signature position (a continuous variable
from 0 to 1) into being found on one of the M+1
processors. Similarly the transformation function of
Fig. 7 maps the signature position into a processor

for multi-installment distribution on a single level
tree network. In other words, the transformation
function g(X) is the sum of thegm(X) defined as the
distribution of a signature in time when the signature
is found in mth processor

g(X) =
MX

m=0

gm(X): (14)

Note that in Figs. 6 and 7,wTcp = 1 and zTcm = 1.
From (11), (12), and (13), the probability density
function of Ym, denoted asf (y j pm), is obtained as

f (y j pm) =
1

Tfinish (M ) ¡ Sm
, Sm < y · Tfinish (M ):

(15)
It is also assumed to be uniformly distributed on
(Sm,Tfinish (M )).

Assuming that a single signature exists in the
dataset, this signature exists at one of the (M + 1)
processors with the probability which is equal to its
fraction of the normalized dataset. In other words,
if the signature is in the fraction assigned to themth
processor, its probability equals to®m

Prf a signature exists atpmg = ®m: (16)

Now, from the definition of the expected value,
the expected time of searching for a signature can be
written as

E[Y] =
Z Tfinish (M )

0
y ¢f (y)dy: (17)

From Bayes’ theorem, the probability density function
of Y can be expressed as

f (y) =
MX

m=0

f (y j pm) ¢Prf a signature exists atpmg

(18)

=
MX

m=0

f (y j pm) ¢®m: (19)

Here, the probability that a signature exists atpm is
already defined and equals to®m. From (19), (17) can
be rewritten as

E[Y] =
Z Tfinish (M )

0
y ¢

"
MX

m=0

f (y j pm) ¢®m

#

dy (20)

=
MX

m=0

®m

" Z Tfinish (M )

0
y ¢f (y j pm)dy

#

: (21)

From (15), f (y j pm) is only defined on (Sm,Tfinish (M )).
Thus the lower bound of the integral on the right side
of (21) can be substituted asSm instead of as 0:

Z Tfinish (M )

0
y ¢f (y j pm)dy =

Z Tfinish (M )

Sm

y ¢f (y j pm)dy:

(22)
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