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≠ X̃X

SoCware	
  Quality	
  Assurance	
  for	
  CESM	
  
Mo/va/on:	
  	
  To	
  insure	
  that	
  changes	
  during	
  the	
  CESM	
  
development	
  life	
  cycle	
  do	
  not	
  adversely	
  effect	
  the	
  code	
  

» Code modifications 
» New machine architectures 
» Compiler changes 

	
  

	
  
	
  
	
  

	
  

Main	
  issue:	
  	
  Original	
  data	
  =	
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  is	
  the	
  code	
  s'll	
  “correct”?	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

X
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X
X̃

Does	
  the	
  new	
  data	
  s/ll	
  represent	
  the	
  same	
  
climate?	
  



Bit-­‐for-­‐Bit?	
  	
  
CESM	
  results	
  are	
  bit-­‐for-­‐bit	
  reproducible	
  	
  if:	
  
	
  
The	
  exact	
  same	
  code	
  is	
  run,	
  

	
  with	
  same	
  parameter	
  seQngs,	
  	
  
	
   	
  and	
  the	
  same	
  iniBal	
  condiBons,	
  
	
   	
   	
  on	
  same	
  architecture,	
  	
  
	
   	
   	
   	
  using	
  the	
  same	
  compiler,	
  	
  
	
   	
   	
   	
   	
  and	
  the	
  same	
  MPI,	
  …	
  

	
  

	
  not	
  the	
  case	
  in	
  most	
  applica;ons!	
  
	
  



Ques/on:	
  How	
  to	
  assess	
  whether	
  the	
  difference	
  between	
  	
  	
  
	
   	
  and	
  	
  	
  	
  	
  	
  	
  is	
  climate	
  changing	
  ?	
  

Main	
  issue:	
  	
  There	
  is	
  no	
  clear	
  defini'on	
  of	
  “climate-­‐changing”.	
  

	
  

Previous:	
  Climate	
  scienBsts	
  compare	
  mulBple,	
  long	
  simulaBons:	
  

	
  computa'onally	
  intensive,	
  'me-­‐consuming,	
  subjec've	
  
	
  

Need	
  an	
  more	
  objec/ve	
  and	
  easy-­‐to-­‐use	
  methodology!	
  

	
  

	
  

Evalua/ng	
  the	
  differences…	
  

X X̃



Evalua/ng	
  the	
  differences…	
  
New methodology: Leverage climate system’s  

    natural variability! 
 

 
 Evaluate	
  new	
  data	
  in	
  the	
  context	
  of	
  an	
  

ensemble	
  of	
  CESM	
  runs	
  



Evalua/ng	
  the	
  differences…	
  

	
  

•  CollecBon	
  of	
  one-­‐year	
  CESM	
  simulaBons	
  	
  
•  	
  O (10-­‐14)	
  perturbaBons	
  in	
  iniBal	
  atmospheric	
  temp.	
  
•  “accepted”	
  machine	
  and	
  “accepted”	
  so5ware	
  stack	
  

New methodology: Leverage climate system’s  
    natural variability! 

 
 
 

Creates an “ ” statistical 
distribution that can be used to 

evaluate “new” runs 

Evaluate	
  new	
  data	
  in	
  the	
  context	
  of	
  an	
  
ensemble	
  of	
  CESM	
  runs	
  



Composi/on:	
  
•  151	
  one-­‐year	
  simulaBons,	
  annual	
  means	
  
•  1-­‐deg	
  acBve	
  atm.	
  and	
  land	
  (F-­‐case):	
  120	
  variables	
  
	
  

Compare	
  each	
  new	
  variable	
  value	
  to	
  the	
  ensemble	
  distribu/on:	
  
Issue:	
   	
  variable	
  dependencies	
  

	
  many	
  variables	
  are	
  highly	
  correlated!	
  
	
  
⇒ Difficult	
  to	
  make	
  pass/fail	
  choices	
  based	
  on	
  number	
  of	
  

variables	
  because	
  of	
  variable	
  dependencies	
  	
  	
  
	
  

	
   	
   	
  =>	
  Principal	
  Component	
  Analysis	
  

	
  

	
  

	
  

CESM	
  Ensemble	
  	
  



Principal	
  Component	
  Analysis	
  
(PCA)-­‐based	
  tes/ng	
  

	
  •  Rotate	
  (project)	
  data	
  into	
  an	
  orthogonal	
  subspace	
  that	
  
beaer	
  represents	
  the	
  variance	
  in	
  the	
  data	
  

•  Each	
  component	
  is	
  a	
  linear	
  combinaBon	
  of	
  all	
  120	
  
variables	
  

•  Look	
  only	
  at	
  components	
  that	
  represent	
  the	
  most	
  
variance	
  (dimension	
  reducBon)	
  

•  Can	
  determine	
  a	
  false	
  posiBve	
  rate	
  



Principal	
  Component	
  Analysis	
  
(PCA)-­‐based	
  tes/ng	
  

	
  

50 PCs 

Test looks at the 
“scores” for 50 PCs 
(and compare to the 
ensemble scores)  



Step	
  1:	
  Create	
  an	
  ensemble	
  of	
  CESM	
  runs	
  

•  Use	
  “accepted”	
  machine	
  and	
  “accepted”	
  so5ware	
  stack	
  

Step	
  2:	
  Create	
  ensemble	
  summary	
  file	
  

•  Standardize	
  variables	
  
•  Determine	
  transformaBon	
  matrix	
  	
  

•  Determine	
  distribuBon	
  of	
  scores	
  for	
  ensemble	
  

	
  
	
  

	
  

	
  

	
  

	
  

CESM	
  Ensemble	
  Consistency	
  Test	
  



Step	
  1:	
  Create	
  an	
  ensemble	
  of	
  CESM	
  runs	
  

•  Use	
  “accepted”	
  machine	
  and	
  “accepted”	
  so5ware	
  stack	
  

Step	
  2:	
  Create	
  ensemble	
  summary	
  file	
  

•  Standardize	
  variables	
  
•  Determine	
  transformaBon	
  matrix	
  	
  

•  Determine	
  distribuBon	
  of	
  scores	
  for	
  ensemble	
  

Step	
  3:	
  	
  Create	
  “new”	
  runs	
  (new	
  plaTorm,	
  code	
  base,	
  …)	
  

Step	
  4:	
  	
  Evaluate	
  new	
  runs	
  	
  

•  Determine	
  new	
  scores	
  (apply	
  transformaBon	
  matrix)	
  

•  Compare	
  new	
  scores	
  to	
  ensemble	
  scores:	
  issue	
  pass	
  or	
  fail	
  

	
  
	
  

	
  

	
  

	
  

	
  

CESM	
  Ensemble	
  Consistency	
  Test	
  



CESM	
  Ensemble	
  Consistency	
  Test	
  



Advantages:	
  
•  User-­‐friendly	
  (climate-­‐modeling	
  experBse	
  is	
  not	
  required)	
  
•  Beaer	
  feedback	
  for	
  model	
  developers	
  
•  Flexible	
  accept/reject	
  criteria	
  
	
  

Many	
  uses:	
  
•  Port-­‐verificaBon	
  (new	
  CESM-­‐supported	
  architectures)	
  
•  Heterogeneous	
  compuBng	
  plahorms	
  
•  ExploraBon	
  of	
  new	
  algorithms,	
  solvers,	
  compiler	
  opBons,	
  …	
  
•  EvaluaBon	
  of	
  data	
  compression	
  on	
  CESM	
  data	
  

	
  

	
  

CESM	
  Ensemble	
  Consistency	
  Test	
  



Does	
  it	
  work?	
  	
  
Ini/al	
  Experiments:	
  
	
  
•  Modifica/ons	
  not	
  expected	
  to	
  be	
  climate-­‐changing	
  

v  5	
  of	
  5	
  compiler	
  and	
  threading	
  modificaBons	
  pass	
  
	
  
•  Modifica/ons	
  expected	
  to	
  be	
  climate-­‐changing	
  

v  10	
  of	
  11	
  CAM	
  parameter	
  modificaBons	
  fail	
  
	
  
•  CESM-­‐supported	
  machines	
  as	
  modifica/ons	
  

v  Some	
  borderline	
  failures	
  -­‐	
  Currently	
  inves'ga'ng	
  



Prac/cal	
  applica/ons	
  
•  Error	
  in	
  cloud	
  generator	
  code	
  only	
  manifested	
  on	
  big	
  endian	
  

machine	
  
v Decisive	
  failures	
  on	
  big	
  endian	
  machine	
  

•  Errors	
  in	
  new	
  version	
  of	
  Community	
  Ice	
  Code	
  
v Not	
  detected	
  in	
  standalone	
  component	
  tesBng	
  



Paper	
  and	
  code	
  available	
  

https://github.com/NCAR-CISL-ASAP/PyCECT/releases 



How	
  to	
  create	
  the	
  ensemble?	
  
Effec;veness	
  of	
  CESM-­‐ECT	
  method	
  relies	
  heavily	
  on	
  the	
  
“accepted”	
  ensemble	
  composi;on	
  
•  size	
  151,	
  1-­‐year,	
  Yellowstone	
  machine,	
  Intel	
  compiler	
  
•  perturbing	
  the	
  ini'al	
  condi'on	
  (IC)	
  for	
  atmospheric	
  temp.	
  

	
  

Does	
  the	
  original	
  CESM-­‐ECT	
  ensemble	
  represent	
  the	
  
variability	
  of	
  a	
  consistent	
  climate?	
  

•  How	
  well	
  do	
  IC	
  perturba'on	
  capture	
  “legi'mate”	
  differences?	
  
•  Is	
  the	
  current	
  distribu'on	
  sufficient	
  to	
  capture	
  compiler	
  and	
  code	
  

changes?	
  

	
  	
  

More extensive testing… 



Do	
  we	
  need	
  different	
  compilers	
  represented	
  in	
  the	
  
ensemble?	
  

	
  

More	
  tests:	
  

1.  Repeat	
  IC	
  experiments	
  using	
  all	
  3	
  CESM-­‐supported	
  

Yellowstone	
  compilers	
  (intel,	
  pgi,	
  gnu)	
  –	
  181	
  members	
  

2.  Same	
  perturbaBons	
  in	
  iniBal	
  condiBons	
  

3.  120	
  variables	
  

	
  

	
  

	
  

	
  

Tes/ng	
  Ensemble	
  Composi/on	
  



Ensemble	
  composi/on	
  
“original” Is the current ensemble distribution 

sufficient to capture compiler changes? 



Ini/al	
  Condi/on	
  effect?	
  
Random	
  draws	
  
	
  -­‐Exclude	
  30	
  at	
  random	
  from	
  each	
  181-­‐member	
  set	
  
-­‐Test	
  the	
  excluded	
  set	
  

 
Exp. 

Intel-1 
Ens 

Intel-2 
Ens. 

Intel-3 
Ens. 

Ggu-1 
Ens. 

Gnu-2 
Ens. 

Gnu-3 
Ens. 

Pgi-1 
Ens. 

Pgi-2 
Ens. 

Pgi-3 
Ens. 

Rand-
Intel-1 

8.1 0.0 0.6 9.5 3.5 3.9 4.5 2.3 6.0 

Rand-
Intel-2 

0.1 4.8 1.9 4.1 11.0 5.8 7.7 2.4 7.8 

Rand-
Intel-3 

0.3 0.2 8.3 8.9 8.7 8.7 5.2 4.4 12.7 

Failure % 

Don’t want pass/fail dependent on which random 
sample from ensemble … 



Compiler	
  vs.	
  IC	
  effects	
  
Two-way analysis of variance (ANOVA): 



Compiler	
  vs.	
  IC	
  effects	
  

Test looks at the 
“scores” for 50 PCs 
(and compares to the 
ensemble scores)  

Mean=6.6	
  

Median=1.3	
  

Compiler has more influence…. 

Two-way analysis of variance (ANOVA): 



Refine	
  Ensemble	
  

 
Experiments 

Intel-Gnu-PGI 
Rand-1 

Intel-Gnu-PGI 
Rand-2 

Intel-Gnu-PGI 
Rand-3 

Rand-Intel-1 0.8 0.0 0.5 

Rand-Intel-2 0.2 1.8 0.4 

Rand-Intel-3 0.8 0.5 1.9 

•  Compiler aggregate ensembles (size 453) 

•  Low failure rates 



Simple	
  code	
  changes?	
  
Is	
  the	
  current	
  ensemble	
  distribu;on	
  sufficient	
  to	
  
capture	
  reasonable	
  code	
  changes	
  to	
  CAM?	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (e.g.,	
  mathemaBcally	
  idenBcal	
  and	
  “small”	
  )	
  	
  
	
  
Example	
  1	
  (Combine)	
  
	
  

Original:	
  
omega_p(i,j,1)	
  =	
  vgrad_p(i,j,1)/p(i,j,1)	
  
omega_p(i,j,1)	
  =	
  omega_p(i,j,1)	
  -­‐	
  0.5d0/p(i,j,1)*divdp(i,j,1)	
  
	
  

Modified:	
  
omega_p(i,j,1)	
  =	
  (vgrad_p(i,j,1)	
  -­‐	
  0.5d0*divdp(i,j,1))/p(i,j,1)	
  



Simple	
  code	
  changes?	
  
Example	
  2	
  (Expand)	
  
	
  

Original:	
  
phii(i,j,nlev)	
  	
  =	
  Rgas*T_v(i,j,nlev)*hkl	
  
phi(i,j,nlev)	
  =	
  phis(i,j)	
  +	
  Rgas*T_v(i,j,nlev)*hkk	
  

	
  
Modified:	
  
phii(i,j,nlev)	
  =	
  T_v(i,j,nlev)*hkl	
  
phii(i,j,nlev)	
  =	
  Rgas*phii(i,j,nlev)	
  
a_real	
  =	
  T_v(i,j,nlev)*hkk	
  
phi(i,j,nlev)	
  =	
  phis(i,j)	
  +	
  Rgas*a_real	
  
	
  

	
  
	
  
	
  



Simple	
  code	
  changes?	
  “original” 



Next	
  Steps	
  
1)  Inves;gate	
  ensemble	
  size	
  	
  

(stability	
  of	
  PC	
  calcula'ons)	
  

2)  Length	
  of	
  ensemble	
  runs	
  
(shorter?)	
  



Next	
  Steps	
  
1)  Inves'gate	
  ensemble	
  size	
  	
  

(stability	
  of	
  PC	
  calcula'ons)	
  

2)  Length	
  of	
  ensemble	
  runs	
  
(shorter?)	
  

3)  Fine-­‐grained	
  tes;ng	
  capability	
  for	
  failures	
  
(to	
  idenBfy	
  groups	
  of	
  variables	
  that	
  cause	
  failure)	
  

	
  	
  



Next	
  Steps	
  
1)  Inves'gate	
  ensemble	
  size	
  	
  

(stability	
  of	
  PC	
  calcula'ons)	
  

2)  Length	
  of	
  ensemble	
  runs	
  
(shorter?)	
  

3)  Fine-­‐grained	
  tes'ng	
  capability	
  for	
  failures	
  
(to	
  idenBfy	
  groups	
  of	
  variables	
  that	
  cause	
  failure)	
  

4)  Evaluate	
  spa;al	
  paWerns	
  in	
  addi;on	
  to	
  global	
  	
  
(e.g.	
  regional	
  features,	
  boundaries	
  ocean/land,	
  spaBal	
  structure)	
  

5)  Evaluate	
  spa;al	
  rela;onships	
  between	
  variables	
  	
  
(cross-­‐covariance	
  studies)	
  	
  



Thanks!	
  


