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Wh at  is  a  t race
● Tim e ser ies  of t race record s

● each  t race record  can  con tain  m ult ip le m etrics
● t im e- varying rather  than  aggregate perform ance

Program  execu t ion  t im e (cycles)

cycles  : 10000
ins truct ions  : 23450
L1 d ata cache m iss  : 1233
calls  to m alloc : 250
garbage collect ion  : 25 Tim e (cycles)



Mu lt ip le ru n s  for  m u lt ip le 
m et r ics

● We wou ld  like to  cap tu re m ore m et r ics  th an  
we can  in  a  s in gle ru n

● hardware issues
● regis t er  lim ita t ion s

● software issues
● m easu rem en t  p er tu rbat ion

● We n eed  m u lt ip le ru n s



Trace align m en t  p rob lem

● How d o we align  t race record s  from  
m u lt ip le ru n s?

● We do not  have a one to one correspondence
● System  and  m easurem en t  p ertu rbat ion



Fu ll Un iform  Scalin g

● Un iform ly scale th e sh or ter  sequ en ce to  
m atch  th e len gth  of th e lon ger  on e [E. Keogh ]

● Insert  repeated  poin ts  in  shorter  sequence

● Naive to  flu ctu at ion s  in  t im e ser ies
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Dyn am ic t im e warp in g

● Dyn am ic p rogram m in g tech n iqu e th at  
a lign s  t race record s

● Resu lt ing alignm ent  m in im iz es  DTWError

DTWError=k=1∣xi−yi∣



Wh en  is  an  align m en t  good  
en ou gh ?

● ... wh en  it  a llows  a  p er form an ce an alys t  to  
cor relate m et r ics  with in  a  t race as  effect ively 
as  across  t races



Exp er im en tal m eth od s

● POWER4
● 8 hard ware even ts

● JikesRVM
● Extend ed  to collect  software m etr ics

● SpecJVM98
● 5 benchm arks
● 40 t races
● 42 m etrics  p er  t race



Proxim ity: DTW an d  FUS

Jess Raytrace

● DTW(IPC) let s  u s  correlate across  t races  
m ore accu rately th an  FUS



Prop er t ies  of a  good  align m en t  
m et r ic

● Align m en t  m et r ic m u s t  reflect  t ran s it ion s  of 
cor relat ion  m et r ics



Prop er t ies  of a  good  align m en t  
m et r ic

● Align m en t  m et r ic m u s t  reflect  t ran s it ion s  of 
cor relat ion  m et r ics



Pickin g a  good  align m en t  m et r ic

● Given  m et r ics  of in teres t , B an d  C: 
● IPC

● Man u ally p ick a  reflect ive m et r ic

● Sum
● Pick th e m et r ic th at  is  m os t  h igh ly correla ted  with  B an d  C, 

resp ect ively

● Best
● Pick m et r ic th at  gives  th e sm alles t  d ifferen ce between  correla t ion  

with in  a  t race an d  correla t ion  across  t races



Sm art  Align m en t  Met r ic

Jess Raytrace

● DTW(Su m ) allows  u s  to  reason  m ore 
accu rately th an  DTW(IPC)



Ran kin g

Jess

N with in  t race rank across  t race rank
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Wh en  to  t ru s t  a lign m en t

● High  in n er  correlat ion  with  align m en t  
m et r ic p rovid es  in s igh t  in to  align in g er rors

Top  10 inner- correlated  m etr ic p airs  for  Jess



Related  Work

● Mu lt ip lexin g h ard ware even ts
● R. Az im i, M. Stum m , and  R. W. Wisn iewski. Online 

perform ance analysis by  statistical sam pling of  
m icroprocessor perform ance coun ter

● Wip love Mathur and  Jean ine Cook. Toward accurate 
perform ance evaluation  using hardware coun ters

● Dynam ic Tim e warp ing
● Matth ias  Hauswirth , Am er Diwan , Peter  F. Sweeney, and  

Michael C. Moz er. Autom ating vertical prof iling

● Fu ll Un iform  Scaling
●  E. Keogh . Eff icien tly  f inding arbitrarily  scaled patterns in  

m assive tim e series databases



Con clu s ion s

● We p rovid e a m eth od ology to  d eterm in e 
wh en  an  align m en t  can  be t ru s ted
● Us in g th is , we sh ow on e can  correlate 
across  t races  as  effect ively as  with in  a  t race


