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Abstract.  T h e distrib uted computational systems and th e distrib ution 
alg orith ms are th oroug h ly studied.  In th is paper w e focus on data intensive 
distrib uted prob lems including  of task  distrib utions, netw ork  delay times, j oin 
of th e part task  results, and th e effect of non- ex ecution.  W e first mak e a study 
of dedicated multi computer systems in w h ich  th e numb er of computers and th e 
capacity of computers are almost constant.  T h en w e analyz e non- dedicated 
systems w h ere th e numb er and th e free capacity of computers are freq uently 
variab le.  T h e solution time of th e full task  depends on a larg e numb er of 
complex  parameters.  T h e effects of different parameters are demonstrated b y 
numerical analysis b ased on b eh avior of distrib uted data intensive super-
computing  systems.    

1. Introduction 

T h e u sers o f  t h e co m p u t ers a p p ra i se t h e su i t a b i l i t y  a nd g o o dness o f  t h e sy st em s 

b y  m ea ns o f  t h e co m p l et i o n t i m e,  i ncl u di ng  t h e co rrect  f u nct i o ni ng  o f  co u rse.  T h e 

a i m  o f  t h i s p a p er i s t o  ex a m i ne t h e redu ct i o n o f  t h e co m p l et i o n t i m e.   

T h e el a b o ra t i ng  t i m e o f  t h e a nsw er i s i nf l u enced b y  t h e f o l l o w i ng  co m p o nent s:  

• net w o rk - t i m es,  net w o rk - del a y  t i m es 

• t a sk - di st ri b u t i o n a nd redi st ri b u t i o n t i m es 

• i nt eg ra t i o n t i m es o f  p a rt - t a sk  resu l t s 

• a l g o ri t h m - t i m es ( p ro cesso r t i m es,  ru nni ng  t i m es)  

• da t a - a ccess t i m es ( l o ca l  o r rem o t e da t a  a ccess)  

 
U n i t s  o f  e x p e r i m e n t s :  T h e st u dy  o f  resp o nse t i m es h a s a  g rea t  i m p o rt a nce o nl y  i n 

ca ses o f  l o ng  ru nt i m e sy st em s a nd/ o r i n ca ses o f  u se h u g e m a ss o f  da t a .  H ence f o r 

i t  i s a ssu m ed,  t h a t  t h e p ro g ra m m i ng  a l g o ri t h m s,  t h e t ech ni ca l  a l g o ri t h m s ( u se o f  

di sk s,  u se o f  net w o rk  a nd so  o n)  a nd t h e da t a  st o re a re t h e b est s.  I t  m ea ns t h a t  w e 

f o cu s a t t ent i o n o n t h e l i m i t s o f  co m p l et i o n t i m e o f  i dea l  sy st em s.  ( T h ere a re no  
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more subjective things to be corrected.) The limits of completion times of ideal 

cases are searched for. These limits may  be reached but never can be ex ceeded. 

W e show  a frame for managing this problem. 

The basic scheme of response time,  in case of a " theoretical"  simple computer 

w hich has only  one processor and one data store:  

V =  r *  - o *  +  a * ⋅ t  ( 1 ) 

w here  r *   is the algorithm time,   a *   denotes the q uantity  of data ( ex pressed in 

some unit,  for ex ample in G by tes),   t   denotes the access time of a unit of data. 
The algorithm-times and the data access times may  be overlapped. I n order to 

k eep this form in validity  w e must calculate w ith the overlapping time. L et  o *   

denote the overlapping time betw een the algorithm-times and data access times. 

Thus,  the runtime w ithout overlapping is:    r *  - o *  .   

2. Local systems 

W e call a sy stem as " local sy stem"  w here all data accessed locally  and the 

computer netw ork  has no role. The full task  completion times of local sy stems are 

discussed in [ 4 ]  as " one-box "  in detail.  

3 . T h e n etw or k ed  systems 

The complex  sy stems are called " multi-box ”  sy stems,  w hich consist of more 

( partially ) independent computers,  and they  are connected together w ith computer 

netw ork s. The data,  the task s,  or both of them may  be distributed in the multi-box  

s y stems. 

About the non- ex ec uti on.  I t may  occur that one or more computers are not able to 

complete the distributed part-task s. W hen it occur the task  distribution sy stem re-

distributes these part-task s using different re-distribution strategies.     

U sing the multi-box  sy stems it is important and time-consuming to solve the 
problems of task -distribution,  join of the part task  results,  managing of non-

ex ecution and the task  redistribution.    

About the netw or k - ti m es .  The netw ork -times constitute the biggest uncertainty  

in the measure of response time in case of multi-box  s y stems. The netw ork -times 

are unpredictable according to practical evidence. E ssential differences can be 

seen in netw ork -situations w hich are very  similar to each other. R ising of traffic 

jams is an interesting q uestion in computer netw ork s.           

About the q ues ti ons  of  the ta s k - d i s tr i buti on,  i nteg r a ti on of  p a r t- ta s k  r es ul ts  
a nd  r ed i s tr i buti on. I f an algorithm can be divided in part reasonably  - in ideal 

situation - the most efficient distribution uses all computers in nearly  eq ual time 

periods. I n this w ay  the start-stop time ( for a full task ) w ill be minimal.  

Tw o main ty pes of task -distributions are analy z ed in the seq uel. S ection 3 .1 . deals 
w ith dedicated multi-box  s y stems and section 3 .2 . the non-dedicated multi-box  

s y stems. M anaging and effect of the redistribution studied in section 3 .3 .  
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3.1. The dedicated multi-b o x  s y s tems  

The num b er  o f  c o m p ut er s d o es no t  c ha ng e essent i a l l y  d ur i ng  t he ex ec ut i o n o f  t he 

t a sk .  The i d ea l i z ed  " g o o d "  t a sk  d i st r i b ut i o n w hen:  V
1
⋅ m

1
 =  V

2
⋅ m

2
 =  . . .  = V

N
⋅ m

N
 

w her e V
i
 d eno t es t he ex ec ut i o n t i m e o f  o ne p a r t - t a sk  usi ng  t he i - t h c o m p ut er  

i nc l ud i ng  t he net w o r k  t i m es, m
i
 d eno t es t he num b er  o f  p a r t - t a sk s f o r  t he i - t h 

c o m p ut er  r esp ec t i v el y .  The d em a nd  o f  " = "  i n t he a b o v e f o r m s i s t o o  r i g o r o us " ≈ "  

( a p p r o x i m a t i o ns)  a r e used  i n t he p r a c t i c e.  The num b er  o f  p a r t  t a sk s:  Mm

N

i

i
=∑

=1

.  

The st a r t - st o p  t i m e i s:   

V =  D ( N , M )  +  m a x ( V
i
⋅ m

i
)  +  I ( M )    ( 2 )  

w her e t he r ed i st r i b ut i o n t i m es a r e no t  t a k en i nt o  c o nsi d er a t i o n.  I n f o r m  ( 2 )  

f unc t i o n D  d eno t es t he t i m e o f  t he d i st r i b ut i o n, N  i s t he num b er  o f  c o m p ut er s, M  

i s t he num b er  o f  p a r t - t a sk s, f unc t i o n I  i s t he i nt eg r a t i o n t i m e o f  t he f i na l  r esul t  

f r o m  p a r t - t a sk s r esul t s.  

 

Fig. 1 . T h e  t i m e - d i a g r a m  o f  n e a r l y - i d e a l  p a r t - t a s k  d i s t r i b u t i o n  w i t h o u t  n o n - e x e c u t i o n  w h e n  

t h e  n u m b e r  o f  c o m p u t e r s  i s  c o n s t a n t .  

O n  deter min in g  the n umb er  o f  elemen tar y  p ar t-tas k s ,  an d the dis tr ib uted 
p ar t-tas k s .  E a c h o f  t he f ul l  t a sk s ha s i t s o w n l o w e r  l i m i t  f o r  t he si z e o f  

d i st r i b ut a b l e el em ent a r y  t a sk s.  F r o m  p r a c t i c a l  p o i nt  o f  v i ew  t he p a r t - t a sk  si z e 

used  f o r  d i st r i b ut i o n i s l a r g er  t ha n t he el em ent a r y  t a sk  si z e.  ( I n t hi s sec t i o n w e use 

t he " si z e"  a s t he p a r t  t a sk  ex ec ut i o n t i m e a nd  sup p o se t ha t  t he ex ec ut i o n t i m e o f  
t he sel ec t ed  p a r t - t a sk  o n i - t h c o m p ut er  i s V

i
 . )  The num er i c a l  r esul t s f o r  m o d el  1  

a nd  2  ( sho w ed  i n sec t i o n 4 . )  sho w s t he ef f ec t  o f  use o f  d i f f er ent  si z e o f  p a r t - t a sk s.  

F o r  p r a c t i c a l  use o f  m o d el  w e c a n est i m a t e t he r el a t i v e si z e o f  p a r t - t a sk  f o r  

d i f f er ent  c o m p ut er s b y  send i ng  a n ex p er i m ent a l  p a r t - t a sk  f o r  t he c o m p ut er s a nd  

m ea sur i ng  t he r esp o nse t i m e ( b y  a ssum i ng  t he c o nst a nt  net w o r k  t i m es f o r  t he 

o b ser v ed  c o m p ut er ) .     

3.2 . N o n -dedicated multi-b o x  s y s tems  w ith v ar iab le n umb er  o f  co mp uter s  

The num b er  o f  used  c o m p ut er s m a y  c ha ng e d ur i ng  t he ex ec ut i o n o f  t he t a sk .  The 

d y na m i c  d i st r i b ut i o n o f  t he t a sk  nec essa r y  i n suc h env i r o nm ent  w her e t he num b er  
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of computers is variable. This type of task  d istribution  is used  for ex ample on  

I n tern et. D urin g  this operation al mod e w hen  a computer has free capacity it may 

offer its free capacity for the task  d istribution  system. C omputers may ex it from 

this co-operatin g  commun ity at un pred ictable momen ts of time. I t may occur that 

the computers d o n ot accept n ew  part-task s,  or d o n ot ex ecute the part-task  

received  earlier. The task  d istribution  system d oes n ot k n ow  the n umber of the 

available computers. I n  this case the scheme of process is sig n ifican tly d ifferen t 
from the d ed icated  scheme. F ig ure 2 . illustrates that all n ew  applican t caused  

in termed iate d istribution  period  an d  all part-task  completion s caused  in termed iate 

in teg ration  an d  n ew  d istribution  period .  

 

F i g .  2 .  O n e  p o s s i b l e  t i m e - s c h e m e  w i t h  v a r i o u s  n u m b e r  o f  c o m p u t e r s .  T h e  d i s t r i b u t i o n  

r o u t i n e  g i v e s  p a r t - t a s k s  f o r  a  n e w  a p p l i c a n t .  

3.3. M a n a g i n g  a n d  e f f e c t  o f  t h e  r e d i s t r i b u t i o n  

R ecog n ition  of the n on -ex ecution  has a g reat importan ce especially in  the last 

case men tion ed  above. W hen  a computer d oes n ot ex ecute its first part-task  

d urin g  x-times of the max imum of part-task  ex ecution  times then  the task  

d istribution  system releases it. The d istribution  man ag er con sid ers that this 

computer has n ot en oug h free capacity or it is " far”  on  the n etw ork . D urin g  the 
co-operation  w hen  a computer ex ceed s by y -times its averag e ex ecutes time then  

its part-task  is con sid ered  as n on -ex ecuted  an d  this computer show s n on -

ex ecution  an d  its con sid ered  as an  ex ited  computer. The values x an d  y  are 

en viron men t-d epen d able selected  values. W e can  d etermin e in  all con crete cases 

w hat the limit of time-out is. 

D e d i c a t e d  c a s e s . F ig ure 3 . illustrates the effect of n on -ex ecution  w ith con stan t 

n umber of computers. The method  of result-commun ication  is:  after the 

completion  of all d istributed  part-task s for g iven  computer. U sin g  this method  the 

caused  traffic of computer n etw ork  relative rare,  the recog n ition  of n on -ex ecution  

is late happen ed  an d  all part-task s d istributed  for selected  computer must be re-

d istributed  ( because all their results are lost althoug h some of them are 

completed ) . K  d en otes the n umber of d ropped  out computers.   
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Fig. 3 . T i m e - s c h e m e  o f  d i s t r i b u t i o n - e x e c u t i o n - i n t e g r a t i o n  s c h e d u l e .  

 

F i g u r e  4 .  i l l u s t r a t e s  t h e  e f f e c t  o f  n o n - e x e c u t i o n  w i t h  c o n s t a n t  n u m b e r  o f  

c o m p u t e r s .  T h e  m e t h o d  o f  r e s u l t - c o m m u n i c a t i o n  i s :  " c o n t i n u o u s "  i . e .  i m m e d i a t e l y  

w h e n  o n e  p a r t - t a s k  i s  p e r f o r m e d .  T h u s  m a y  d e c r e a s e  t h e  n u m b e r  o f  r e - d i s t r i b u t e d  

p a r t - t a s k s  a n d  r e n d e r  t h e  e a r l i e r  r e c o g n i t i o n  o f  n o n - e x e c u t i o n  p o s s i b l e .  M o r e o v e r  
d e c r e a s e s  t h e  f u l l - t a s k  c o m p l e t i o n  t i m e  b y  t h e  ( p a r t i a l )  o v e r l a p  o f  e x e c u t i o n  a n d  

i n t e g r a t i o n  t i m e s .  K d e n o t e s  t h e  n u m b e r  o f  d r o p p e d  o u t  c o m p u t e r s ,  p  d e n o t e s  t h e  

p r o b a b i l i t y  o f  n o n - e x e c u t i o n  o f  a  p a r t - t a s k  .    

 

 

Fig. 4 . T i m e - s c h e m e  o f  o v e r l a p p e d  e x e c u t i o n  a n d  d i s t r i b u t i o n - i n t e g r a t i o n  s c h e d u l e .   

 
 

T h e  e x p e c t e d  c o m p l e t i o n - t i m e  o f  t h e  f u l l  t a s k  
T h e  e x p e c t e d  c o m p l e t i o n - t i m e  o f  t h e  f u l l  t a s k  s h o w e d  o n  f i g .  3 .  i s :  

∑
∞

=

−=

0

),)1((
i

ii
MppNVV   i n  c a s e  o f  e s s e n t i a l l y  c o n s t a n t  n u m b e r  o f  c o m p u t e r s  i t  

i s  s i m p l i f i e d  t o :  ∑
∞

=

=

0

),(
i

i
MpNVV  w h e r e  p  d e n o t e s  t h e  p r o b a b i l i t y  o f  n o n -

e x e c u t i o n  o f  a  p a r t - t a s k ;  V ( N , M )  d e n o t e s  t h e  t i m e  o f  c o m p l e t i o n  o f  M p a r t - t a s k s  

o n  N c o m p u t e r s  w i t h o u t  n o n - e x e c u t i o n .  

I n  c a s e  o f   V ( N , M )  w h i c h  i s  a  l i n e a r  o p e r a t o r  a n d  t h e  c h a n g e s  t h e  n u m b e r  o f  

c o m p u t e r s  a r e  s m a l l  t h e  c o m p l e t i o n  t i m e  o f  t h e  f u l l  t a s k  a p p r o x i m a t e l y :  
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T h e  e x p e c t e d  c o m p l e t i o n - t i m e  o f  t h e  f u l l  t a s k  s h o w e d  o n  f i g .  4 .  i s  u p p e r  b o u n d e d  

b y  t h e  a b o v e  r e s u l t s  i n  c a s e  o f  s h o w e d  o n  f i g .  3 .  

 

P l e n t y  o f  c o n d i t i o n s  a r e  u s e d .  T h e  a l g o r i t h m s ,  t h e  n e t w o r k - s i t u a t i o n s ,  t h e  e r r o r s  

a p p e a r i n g  a r e  v a r i o u s .  T h e y  d e p e n d  o n  m a n y  p a r a m e t e r s .  N u m b e r  o f  t h e s e  

p a r a m e t e r s  c o n t a i n  r a n d o m  o r  p r o b a b i l i t y  e l e m e n t s .  E x a c t  d e s c r i p t i o n  o f  t h e  

e l e m e n t s  i s  a  h o p e l e s s  t a s k .  T h e  m o r e  p r e c i s e  f o r m u l a s  h i d e  i t s  e s s e n t i a l  p a r t s .    

 

Non-d e d i c a t e d  c a s e .  F i g u r e  5 .  i l l u s t r a t e s  t h e  t i m e - s c h e m e  w i t h  v a r i o u s  n u m b e r  o f  
c o m p u t e r s  c o n s i d e r i n g  o f  n o n - e x e c u t i o n .  A t  t h e  b e g i n n i n g  t h e  d i s t r i b u t i o n  

m a n a g e r  d i s t r i b u t e s  o n l y  a  p a r t  o f  a l l  p a r t - t a s k s  a n d  l a t e r  w h e n  n e w  a p p l i c a n t  

c o m p u t e r  a p p e a r  t h e  d i s t r i b u t i o n  m a n a g e r  g i v e s  f o r  h i m  s o m e  p a r t - t a s k s .      

 

F i g .  5 .  O n e  p o s s i b l e  t i m e - s c h e m e  w i t h  v a r i o u s  n u m b e r  o f  c o m p u t e r s  c o n s i d e r i n g  o f  n o n -

e x e c u t i o n .  

I n  s c h e m e  s h o v e d  o n  f i g u r e  5 .  t h e  d i s t r i b u t i o n  a n d  i n t e g r a t i o n  t i m e s  a r e  

o v e r l a p p e d  b y  t h e  e x e c u t i o n  t i m e s  ( e x p e c t  a t  t h e  s t a r t  a n d  a t  t h e  e n d  o f  p r o c e s s ) .  

T h e  n u m b e r  o f  n o n - c o m p l e t e  p a r t - t a s k s  i s  i n c r e a s e d  i n  e a c h  t i m e  w h e n  t h e  s y s t e m  

r e c o g n i z e d  t h e  n o n - e x e c u t i o n  s i t u a t i o n .  T h i s  i n c r e a s i n g  i s  a t  l e a s t :  

pMkp
k

M
p

k

M k

i

i
=≈∑

=1

 

w h e r e   M  i s  t h e  n u m b e r  o f  p a r t - t a s k s ,   k   i s  t h e  n u m b e r  o f   s i m u l t a n e o u s l y  

d i s t r i b u t e d  p a r t - t a s k s ,   p i  i s  t h e  p r o b a b i l i t y  o f  t h e  n o n - e x e c u t i o n  b y  i - t h  c o m p u t e r .  

T h e  a b o v e  f o r m  i s  r e d u c e d  w h e n  w e  s u p p o s e ,   p i  =  p   f o r  a l l  i .  T h e  c o m p l e t i o n  

t i m e  o f  f u l l  t a s k  i s  t h e  c o m p l e t i o n  t i m e  o f   M+ p M  p a r t  t a s k s ,  i . e .  a p p r o x i m a t e l y :  

 








 ++
≈

k

pM
kV

k

pM
V

)1(
,

)1(
.  

I n  t h e  r e a l i t y  t h e  n u m b e r  o f  c o m p u t e r s  a n d  t h e  p r o b a b i l i t y  o f  n o n - e x e c u t i o n  a r e  

v a r i a b l e .  I t  i s  p o s s i b l e  t o  g i v e  a  m o r e  p r e c i s e  f o r m u l a ,  b u t  i t  w i l l  b e  m o r e  

c o m p l i c a t e d .  
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We do not complicate the above formulas with the whole values, but in the 

numerical analy sis and in the simulations we used only  whole part-task s and all 

conseq uences of course.  

 

Decreasing the loss of  tim e cau sed  b y  non-ex ecu tion.  N earing  its end of the part 

task  distribution it is possible, that the number of available computers is larg er 

than the non-complete part-task s till now. I n this case we can distribute the same 

part-task  for more computers. B y  doing  so the complex  probability  of the non-
ex ecution of the multiple distributed task  will sig nificantly  decreased. 

C onseq uently  the re-distribution and part task  completion times were decreased. T he 

req uired time for part-task s result integ ration is unchang ed while the number of 

complete part-task s are constant. (T his strateg y  is usable when the use of more 

computers is not cost-sensitive.)    

 

I m p ortance of  the nu m erical analy sis and  sim u lation.  T he study  on task -

distribution completion time accomplished by  analy sis/ simulation is very  useful 

in the practice. T he parameters and the alg orithms of the simulation are to be set 

and chang ed according  to the measurement and theoretical results.  T he shortest 

task  ex ecuting  time can be determined with the help of analy sis/ simulation. T he 

influence of the elements and the parameters can be observed. T he reasonable 
number of used computers and the reasonable task -distribution strateg ies can be 

studied. 

4. N u m e r i c a l  a n a l y s i s  a n d  s i m u l a t i o n s  

We used the M A T L A B  prog ram pack ag e for the numerical analy sis and 

simulations.   

4 . 1 .  M od el 1  

T he model showed in section 3 .1 . when the full completion time of a task  is:  

V =  D (N , M )  +  max (V
i
⋅ m

i
)  +  I (M ) . We suppose that the part-task  times are the 

same for all computers, and the computers are totally  dependable (not occurred 

non-ex ecution) . F unctions D  and I  are similar to functions used in the real imag e-
processing  task . We use a simple distribution function:  D ( N , M )  =  (N + M ) / 1 0 0 0 0 . 

T he I nteg ration function is:  20/)22()( MMMI −= . T he modeling  environment 

permits of use variable distribution and integ ration functions. T he motivation of 

D ( N , M ) :  We measured and approx imated the distribution times of an simple 

distribution alg orithm.   
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T h e  m o t i v a t i o n  o f  I ( M ) :   w h e n  w e  c a n  i n t e g r a t e  t h e  

p a r t s  o f  d i s t r i b u t e d  i m a g e ,  w e  c a n  p r o c e s s  t h e  

c o n n e c t i n g  a r e a s .   I n  t h e  r o w s  a n d  c o l u m n s  a r e  M  

e l e m e n t a r y  c o n n e c t i n g  a r e a s ,  t h e  n u m b e r  o f  r o w s  i s  

M - 1 ,  s o  t h i s  w a y  t h e  t o t a l  n u m b e r  o f  e l e m e n t a r y  

i n t e g r a t i o n  t a s k s  i s :  2 M ( M - 1 ) = 2 M - 2 M .  

 

T h e  r e s u l t  o f  s i m u l a t i o n  s h o w e d  f i g u r e  6  a n d  7 .  

 
Fig. 6 . T h e  n u m b e r  o f  c o m p u t e r s  i s  c h a n g i n g  f r o m  1  t o  5 0 ,  t h e  n u m b e r  o f  p a r t  t a s k s  i s  

c h a n g i n g  f r o m  1  t o  5 0  ( t h e  w h o l e  t a s k  i s  c o n s t a n t ,  a n d  t h e  m a x i m a l  n u m b e r  o f  u s e a b l e  
p a r t - t a s k  c h a n g e d  f r o m  1  t o  5 0 ) .  T h e  m i n i m u m  o f  f u l l  t a s k  c o m p l e t i o n  t i m e  g i v e n  b y  u s i n g  
2 0  c o m p u t e r s  a n d  4 0  p a r t - t a s k s .    
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Fig. 7 . T h e  n u m b e r  o f  c o m p u t e r s  i s  c h a n g i n g  f r o m  1 t o  5 00,  t h e  n u m b e r  o f  p a r t  t a s k s  i s  

c h a n g i n g  f r o m  1 t o  15 00,  t h e  m i n i m u m  o f  f u l l  t a s k  c o m p l e t i o n  t i m e  g i v e n  b y  u s i n g  100 
c o m p u t e r s  a n d  1000 p a r t -t a s k s .    

4 .2 . M o d e l  2  

M o d e l  4 . 2  i s  a n  i m p r o v e m e n t  o f  m o d e l  4 . 1 .  u s i n g  t h e  c a l c u l a t i o n s  i l l u s t r a t e d  b y  

F i g . 3 .  W e  c o n s i d e r  t h e  n o n - e x e c u t i o n  b y  p r o b a b i l i t y  o f   p .  

 

T h e  r e s u l t s :  t h e  a v a i l a b l e  b e s t  f u l l  t a s k  c o m p l e t i o n  t i m e s  ( a n d  M  a n d  N  b e l o n g i n g  

t o  t h e  b e s t  c a s e s )  a r e  s u m m a r i z e d  i n  t h e  f o l l o w i n g  t a b l e :    

p=0.1 p=0.2  P =0.3  p=0.4  
N  a t  

t h e  

s t a r t  

t i m e  
V  N  M  V  N  M  V  N  M  V  N  M  

2 0 0.116  10 10 0.12 0 2 0 2 0 0.17 1 2 0 2 0 0.2 2 1 2 0 2 0 

5 0 0.06 1 5 0 100 0.08 2  5 0 100 0.102  5 0 100 0.12 3  5 0 5 0 

100 0.04 3  100 100 0.05 4  100 100 0.06 5  100 100 0.8 4 6  100 100 

2 00 0.03 7  2 00 1000 0.04 4  19 7  5 8 9  0.05 1 2 00 2 00 0.05 8  18 6  18 6  

5 00 0.03 0 5 00 1000 0.03 4  4 7 7  14 2 9  0.04 4  2 9 5  2 9 5  0.04 1 5 00 1000 

1000 0.02 9  1000 1000 0.03 2  7 15  14 2 9  0.03 4  1000 1000 0.03 5  1000 1000 

 

W h e r e   V   d e n o t e s  t h e  f u l l  t a s k  c o m p l e t i o n  t i m e ,   N   d e n o t e s  t h e  n u m b e r  o f  

c o m p u t e r s ,   M   d e n o t e s  t h e  t o t a l  n u m b e r  o f   p a r t - t a s k s ,  p d e n o t e s  t h e  p r o b a b i l i t y  

o f  n o n - e x e c u t i o n  o f  a  s e l e c t e d  p a r t - t a s k .  
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4.3. Model 3 

The model b a s ed on  f i g u r e 5 .  The n u mb er  of  a v a i la b le c omp u t er s  i s  c ha n g ed i n  

t he t i me,  a n d t he c omp u t er s  a r e t ot a lly  dep en da b le ( i . e.  t he p r ob a b i l i t y  o f  n on -

ex ec u t i on :  p =  0 ) .  The r es u lt s  s how ed on  f i g u r e 8 .  a n d 9 .     

 

 
F i g .  8 .  A t  t h e  b e g i n n i n g  t h e  n u m b e r  o f  c o m p u t e r s  i s  1 ,  i n c r e a s e d  l i n e a r l y ,  t h e  n u m b e r  
o f  c o m p l e t e  p a r t  t a s k s  i n c r e a s i n g  b y  p e r i o d i c a l l y  i n c r e a s e d  d e g r e e  b e c a u s e  o f  t h e  

c o m p u t e r s ,  w h i c h  c o m p l e t e d  o n e  p a r t - t a s k  c a l l e d  o n  n e w  p a r t - t a s k s .  

 
F i g .  9 .  A t  t h e  b e g i n n i n g  t h e  n u m b e r  o f  c o m p u t e r s  i s  1 0 0 ,  i n c r e a s e d  l i n e a r l y ,  t h e  

n u m b e r  o f  c o m p l e t e  p a r t  t a s k s  i n c r e a s i n g  b y  p e r i o d i c a l l y  i n c r e a s e d  d e g r e e  b y   s u d d e n l y  
j u m p i n g  b e t w e e n  t h e  p e r i o d s .  
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4.4. Model 4 

Model 4.4 i s  a n  i m p r ov em en t  of  m odel 4.3. T h e n u m b er  of  a v a i la b le c om p u t er s  i s  

c h a n g ed i n  t h e t i m e,  a n d t h e c om p u t er s  a r e n ot  t ot a lly  dep en da b le,  t h e n on -

c om p let i on  i s  p os s i b le.   

 

Fig. 1 0 . 

 

Fig. 1 1 . 

 

T h e n on -c om p let i on s  dela y ed t h e c om p let i on  t i m e of  f u ll t a s k  of  c ou r s e. 

T h e F i g u r e 1 0 . s h ow s  t h e ef f e c t  of  s t r a t eg y  w h en  t h e p a r t -t a s k -di s t r i b u t i on  

p r oc es s  di s t r i b u t ed ( a n d r e-di s t r i b u t ed)  t h e p a r t -t a s k s  f or  on ly  on e-on e c om p u t er s . 
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Figu r e  11.  il l u s t r a t e s  t h e  e f f e c t  o f  t h e  d i s t r i b u t i o n  s t r a t e g y  in  w h i c h  t h e  t a s k -

d is t r i b u t i o n  a l go r it h m  giv e s  a  p a r t -t a s k  o n e  o f  e a c h  c o m p u t e r .  I t  m e a n s  t h a t  in  t h e  

n e a r in g t h e  e n d  o f  p r o j e c t  t h e  s t il l  n o n -c o m p l e t e  p a r t  t a s k  w i l l  b e  m u l t ip l y  

d i s t r i b u t e d  f o r  m o r e  c o m p u t e r s .  T h e r e f o r e  t h e  p r o b a b i l it y  o f  n o n -e x e c u t i o n  o f  a  

s p e c i f ie d  p a r t -t a s k  d e c r e a s e d  s ign if ic a n t l y .  B y  d o i n g s o  t h e  t i m e -r e q u ir e m e n t s  o f  

f u l l  p r o j e c t  m a y  d e c r e a s e d .  T h i s  d i s t r i b u t i o n  s t r a t e gy  is  go o d  w h e n  t h e  c o s t  o f  

c o m p u t e r s  i s  n o t  i m p o r t a n t  ( f o r  e x a m p l e  w h e n  w e  u s e  t h e  f r e e  c a p a c it y  o f  
c o m p u t e r s )  o r  w h e n  t h e  d e c r e a s in g o f  p r o j e c t  t im e  i s  v e r y  i m p o r t a n t .  T h e  m a in  

d i f f e r e n c e s  b e t w e e n  t h e  s i t u a t i o n s  s h o w e d  o n  Figu r e  10 .  a n d  Figu r e  11.  a r e  

m a r k e d  b y  a r r o w s .  

5. Conclusions and future perspectives 

T h e  n u m e r i c a l  a n a l y s i s  a n d  t h e  s im u l a t i o n  o f  d a t a -in t e n s i v e  d i s t r i b u t e d  s y s t e m s  

giv e s  a  go o d  h e l p  t o  f i n d  t h e  q u it e  go o d  d i s t r i b u t i o n  s t r a t e gy .  A t  p r e s e n t  w e  

s h o w e d  s o m e  r e l a t i v e l y  s i m p l e  s im u l a t i o n s .  T h e  s i m u l a t i o n -a l go r it h m s  giv e  a  

p o s s i b il it y  t o  u s e  m o r e  v a r ia b l e s  a n d  f u n c t i o n s  f o r  m o d e l in g t h e  c h a n gin g o f  t h e  

n u m b e r  o f  c o m p u t e r s ,  f o r  t h e  m a n ip u l a t i o n s  w it h  f r e e  c a p a c i t y  o f  c o m p u t e r s ,  

m o d e l in g t h e  d a t a  d i s t r i b u t i o n s  a n d  u s e  o f  d i s t r i b u t e d  d a t a .  T h e  s i m u l a t i o n  o f  t h e  

e f f e c t  o f  n e t w o r k  t r a f f i c ,  t r a f f i c  j a m s  a n d  a  f a i l u r e  f o r  d is t r i b u t e d  s y s t e m s  s e e m s  

t o  b e  d i f f ic u l t .  I n  t h e  f u t u r e  w e  f o c u s  o n  t h e s e  a r e a s  t o o  a n d  w e  w i s h  im p r o v e  t h e  

m o d e l  i l l u s t r a t e d  o n  Figu r e  4 .  I t  i s  t r u e  t h a t  t h e  c a p a c i t y  o f  n e t w o r k s  k e e p s  

gr o w i n g b u t  t h e  q u a n t it y  o f  d a t a  a n d  t h e  s iz e  o f  d a t a -in t e n s i v e  p r o j e c t s  w i l l  b e e  
gr o w i n g t o o ,  w e  a s s u m e  t h a t  f in d in g o f  t h e  go o d  d i s t r i b u t io n s  w i l l  b e  im p o r t a n t  in  

t h e  f u t u r e  t o o .   
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