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Scie ntific com puting h as ge ne rally com pose d of sim ulation 
w ork loads [5]. H ow e ve r, an e m e rging tre nd is data-inte nsive  
scie ntific com puting; applications w h ich  are  I/O dom inate d 
inste ad of be ing com putationally bound[8,9 ]. Curre nt H PC 
syste m s h ave  diffe re nt m e th ods to cope  w ith  th e  I/O patte rns of 
both  application type s [2,3,6,7]. H ow e ve r, curre nt approach e s incur 
issue s of large  data m igration, se ve rly im pacting th e  tim e  to 
com ple tion of th e se  scie ntific w ork loads. W e  propose  a 
pote ntial solution to th is data m igration ove rh e ad th rough  th e  
use  of a distribute d file  syste m [1] w h ich  supports both  com pute  
and data-inte nsive  I/O w ork load se m antics.  

Curre nt Approach e s

Propose d Approach Re sults

Case  C - Re place  H PC Storage  w ith  a data-inte nsive  re source  
to avoid th e  data m igration am ong diffe re nt re source s. Th e  I/O 
ope rations pe rform e d by using our approach  are  liste d be low :

•  Com pute -inte nsive  cluste r outputs its application re sults 
       to th e  data-inte nsive  re source .

•  Analysis is pe rform e d on th e  data-inte nsive  re source , i.e . 
       no data m igration

W e  pre se nt th e  th e ore tical analysis to com pare  our approach  
w ith  th e  case s A and B. Assum ing th at:

1) X = Tim e  to w rite  out sim ulation data w ith  MPI/MPI-IO using a PFS
2) α = Copy/Data m igration tim e  from  PFS to DI re source  
     - m ove  sim ulation data to th e  data inte nsive  re source  for analysis
3) β = Copy/Data m igration tim e  from  DI re source  to PFS
     - m ove  analyze d data off of th e  data inte nsive  re source  for storage
4) YA = Data analysis tim e  w ith  conve ntional ADAT algorith m
5) YM = Data analysis tim e  w ith  MapRe duce  ADAT algorith m
6) Z  = Tim e  to w rite  out sim ulation data using a D I re source  

*For our te sting w e  utilize  th e  USQCD suite . For our sim ulation w e  utilize  th e  QIO/QMP pack age  and for analysis w e  utilize  ADAT[4].

Th e  total I/O tim e s w ill be :

•  Case  A: X +  α +  β +  YA •  Case  B: X +  α +  β +  YM•  Case  C: Z  +  YM 

Com paring case s A and C, th e  analysis tim e s w ill be  diffe re nt 
be cause  w e  run tw o diffe re nt analysis code s. W h ile  th e  
algorith m  is th e  sam e , th e y are  run on tw o diffe re nt syste m s, 
h e nce  YA and YM.

Our approach  pe rform s be tte r w h e n:

•  X +  α +  β +  YA ≻ Z  +  YM , and 

•  X +  α +  β ≻ Z

Th at is, our approach  pe rform s be tte r th an case  A for 
instance s w h e re  th e  analysis data cannot fit into th e  size  
of a com pute  inte nsive  cluste r's m ain m e m ory, forcing it 
to m ak e  m ultiple  large  re q ue sts for data ove r a ne tw ork  
to a paralle l file  syte m . Our approach  pe rform s be tte r 
th an case  B for instance s w h e re  α + β is sufficie ntly large .

Initial re sults (above ) sh ow  th at th e  e ffe cts of data m igration do im pact 
th e  total e xe cution tim e  for a scie ntific w ork flow . As th e  size  of sim ulation 
and analysis output grow s, so doe s th e  am ount of data to be  sh uffle d 
be tw e e n re source s, and h e nce  an incre ase  in th e  total tim e  to com ple tion 
of a job for approach e s A and B.

Th e ore tical re sults (le ft) sh ow  th at 
th e re  are  appropriate  conditions for 
all th re e  approach e s. Th e  
inte rse ctions of th e  th re e  approach e s 
illustrate  at w h ich  points I/O be com e s 
th e  bottle -ne ck  for one  approach  or 
anoth e r. Furth e r te sting is ne e de d to 
prove  w h e th e r th is form ulaic approach  
h olds true  for re al com puting syste m s.
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Conclusions
Our pre lim inary re sults are  prom ising. W e  sh ow  th at e ve n w ith  th e  
ove rh e ad of a data-inte nsive  file  syste m  w h ich  is not tune d for C.I. 
w ork loads, our approach  tak e s le ss tim e  and garne rs be tte r ove rall 
pe rform ance . W e  sh ow  th at for a com pre h e nsive  scie ntific 
w ork flow , re placing a paralle l file  syste m  w ith  a data inte nsive  
re source  (re m oving data m igration) re sults in 3.5x be tte r job 
pe rform ance  in pre lim inary te sting. In th e  ne ar future  w e  w ill 
com ple te  th e  scale d te sting and ve rify th e  th e ore tical re sults.
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Case  A - Traditional H PC) th e  follow ing I/O ope rations are  pe rform e d for 
H PC applications w ith  both  com pute  and analytics ope rations:

•  Com pute -inte nsive  cluste r outputs its application re sults to 
        conve ntional H PC storage

•  Com pute -inte nsive  re source  th e n use s H PC storage  to re ad data for 
       data-inte nsive  analysis application

•  Com pute -inte nsive  re source  e ve ntually outputs data to H PC 
        storage . 
Th e  last tw o ste ps are  constantly re pe ate d w h e n running analysis 
applications.

Case  B - Adding a Data-Inte nsive  Re source )
•  Com pute -inte nsive  cluste r outputs its application re sults to 

        conve ntional H PC storage
•  Output data is copie d to a data-inte nsive  re source  and analysis is 

        pe rform e d on th e  data-inte nsive  re source
•  Output of th e  data-inte nsive  application is copie d from  data- 

        inte nsive  cluste r to H PC storage
Sim ilarly to case  A, in th is approach , data is copie d back  and forth  from  
H PC storage  to data-inte nsive  re source  de pe nding on th e  fre q ue ncy of 
e xe cution of an analysis ope ration.




