
GVR: Robust Resilience for High Error 
Rate Environments/Systems
•  Expand ABFT from immediate to Latent and 

Silent Errors at extreme scale
•  Efficient Versioning and Recovery library
•  High performance, scalable versioning (NVM)

•  Deep App Studies & New Recovery Types
•  Monte Carlo: OpenMC, ParQcle: ddcMD,                   

AMR: Chombo, Iter: PCG/Trilinos.
•  Rollback, AdapQve, and Fwd Approx Recovery
•  16,384 Rank experiments: Scalable & High Performance
•  PracQcal: Only Localized Code Change
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Put$ Get$ Put$

Array allocation/creation 
GDS_alloc(), GDS_create() 

Data access and consistency 
GDS_put(), GDS_get(), GDS_acc() 
GDS_fence(), GDS_wait() 
GDS_compare_and_swap() 
Version creation and navigation 
GDS_version_inc() 
GDS_get_version_number() 
GDS_move_to_prev() 
GDS_move_to_next() 
GDS_move_to_newest() 

GDS_V1$ GDS_V2$

/*#Add#matrices#C#=#A#+#B#*/#
GDS_alloc(2#/*24D*/,#counts,#min_chunk,#GDS_DATA_DBL,#
##GDS_PRIORITY_HIGH,#GDS_COMM_WORLD,#MPI_INFO_NULL,#&gds_A);#
/*#Same#for#gds_B#and#gds_C#*/#
/*#Initialize#A#and#B#*/#
GDS_get(my_A,#ld,#lo,#hi,#gds_A);#
GDS_get(my_B,#ld,#lo,#hi,#gds_B);#
GDS_wait(gds_A);#GDS_wait(gds_B);#
for#(j#=#0;#j#<#N;#j++)#my_C[j]#=#my_A[j]#+#my_B[j];#
GDS_put(my_C,#ld,#lo,#hi,#gds_C);#
GDS_fence(gds_C);#

/*#Main#computation#loop#*/#
do#{#
##sprintf(label,#“version#%d”,#i);#
##do_computation(gds);#
##GDS_version_inc(gds,#1,#
####label,#strlen(label));#
}#while#(!converged);#

/*#Roll#back#from#a#correct#version#*/#
GDS_descriptor_clone(gds,#&gds_clone);#
do#{#
#6GDS_move_to_prev(gds_clone);#
}#while#(verify_contents(gds_clone)#!=#OK);#
GDS_get(buff,#ld,#lo,#hi,#gds_clone);#
GDS_put(buff,#ld,#lo,#hi,#gds);#
GDS_free(&gds_clone);#

A.		1000’s	of	Fast	versions	(NVM,SSD)	

B.		Scales	well,	demonstrated	>16K	Ranks	

GVR Scaling and High Performance 

4.00E+05 

8.00E+05 

1.60E+06 

3.20E+06 

6.40E+06 

1.28E+07 

1024 2048 4096 8192 16384 

C
a
lc

u
la

ti
o
n
 R

a
te

 (
n
e
u
tr

o
n
s
/s

e
co

n
d
) 

# of Processes 
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Nan Dun, Hajime Fujita, John R. Tramm, Andrew A. Chien, Andrew R. Siegel, Data Decomposition in Monte Carlo 
Neutron Transport Simulations using Global View Arrays, International Journal of High Performance Computing 
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85% Efficiency vs. 
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Using Global View Resilience (GVR) to add Resilience to
Exascale Applications

Hajime Fujitaú, Nan Dunú, Aiman Fangú, Yan Liuú, Zachary Rubensteinú, Andrew A. Chienú,†,
Pavan Balaji†, Kamil Iskra†, Wesley Bland‡, Andrew Siegelú,†

úDepartment of Computer Science, University of Chicago
†Argonne National Laboratory ‡Intel Corp

Global View Resilience
Global View Resilience (GVR) is a library that exploits a global view data, and adds
reliability to globally visible data.
Key features:
• Multi-version, multi-stream distributed array: preserves critical application data with

fine-grain manner, enables powerful recovery from complex errors such as latent
errors.

• Open resilience: maximizes recoverable errors with cross-layer partnership, leverages
application-level error handling with unified error handlers.

GVR is an open-source project. For more information and download, please refer to
GVR Documenation [? ] and http://gvr.cs.uchicago.edu.

Multi-version, Multi-stream, Open Resilience
Global View
• Exploits a global-view data model, which enables irregular, adaptive algorithms and

exascale variability
• Provides an abstraction of data representation which o�ers resilience and seamless

integration of various components of memory/storage hierarchy

Multi-version, Multi-stream
• Computation phases form "versions" of data
• GVR array can preserve multiple versions upon application’s request
• Application can retrieve arbitrary version for flexible recovery
• Applications can control the versioning frequency of individual data structure based

on its priority, thus forming multi-stream.

Open Resilience
• Unified Error Signaling and Handling
• Framework for Flexible Cross-layer Error Handling

Unified Error Handling/Open Resilience 
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Handler Registration 
GDS_create_error_pred() 
GDS_register_global_error_handler() 
GDS_register_local_error_handler() 

 
Resuming 
GDS_resume_global() 
GDS_resume_local() 
 
Error Signaling 
GDS_raise_global_error() 
GDS_raise_local_error() 
 

Error Matching 
GDS_create_error_pred() 
GDS_create_error_pred_term() 

GVR$

Error A   Error B Error D Error C 

Handler 1 Handler 3 Handler 2 Handler 4 

Applica4on$

System$

GVR$

Error A 
(e.g. L1 cache error) 

Error B 
(e.g.  main mem error) 

Handler 1 

GVR$

Error A 

Handler 1 

Generalization Specialization 

Error B 

GVR$

Handler 1 
Handler 2 

Error A 

APIs and OpenMC Example
GVR Model and Interfaces 
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Put$ Get$ Put$

Array allocation/creation 
GDS_alloc(), GDS_create() 

Data access and consistency 
GDS_put(), GDS_get(), GDS_acc() 
GDS_fence(), GDS_wait() 
GDS_compare_and_swap() 
Version creation and navigation 
GDS_version_inc() 
GDS_get_version_number() 
GDS_move_to_prev() 
GDS_move_to_next() 
GDS_move_to_newest() 

GDS_V1$ GDS_V2$

/*#Add#matrices#C#=#A#+#B#*/#
GDS_alloc(2#/*24D*/,#counts,#min_chunk,#GDS_DATA_DBL,#
##GDS_PRIORITY_HIGH,#GDS_COMM_WORLD,#MPI_INFO_NULL,#&gds_A);#
/*#Same#for#gds_B#and#gds_C#*/#
/*#Initialize#A#and#B#*/#
GDS_get(my_A,#ld,#lo,#hi,#gds_A);#
GDS_get(my_B,#ld,#lo,#hi,#gds_B);#
GDS_wait(gds_A);#GDS_wait(gds_B);#
for#(j#=#0;#j#<#N;#j++)#my_C[j]#=#my_A[j]#+#my_B[j];#
GDS_put(my_C,#ld,#lo,#hi,#gds_C);#
GDS_fence(gds_C);#

/*#Main#computation#loop#*/#
do#{#
##sprintf(label,#“version#%d”,#i);#
##do_computation(gds);#
##GDS_version_inc(gds,#1,#
####label,#strlen(label));#
}#while#(!converged);#

/*#Roll#back#from#a#correct#version#*/#
GDS_descriptor_clone(gds,#&gds_clone);#
do#{#
#6GDS_move_to_prev(gds_clone);#
}#while#(verify_contents(gds_clone)#!=#OK);#
GDS_get(buff,#ld,#lo,#hi,#gds_clone);#
GDS_put(buff,#ld,#lo,#hi,#gds);#
GDS_free(&gds_clone);#

main() { 
   
  GDS_alloc(tally_array); 
 
 
 
 
 
  GDS_register_global_error_handler( 
    gds, predicator, do_recovery()); 
 
  foreach (batch, particle) { 
    ... 
    process_next_event(); 
    if (tally_this_event()) { 
      foreach (scoring_functions) { 
        score = scoring_func(); 
        GDS_acc(score, score_index, 
         ..., MPI_SUM, tally_array); 

  } 
    } 
     
    if (has_error(err_locs, &n_err)) 
       do_recovery(err_locs, n_err); 
    GDS_version_inc(tally_array, 1); 
  } 
}  

Full Rollback:
full_rollback() { 
  // move to previous good version 
  GDS_move_to_prev(tally_array_old); 
 
  // Redo contaminated batches 
 
  GDS_resume_local(tally_array); 
} 

Main%Computa,on% Error%handlers%

Forward Error Correction:
forward_correction(gds, err_locs) { 
  GDS_move_to_next(tally_array_old); 
  GDS_get(&bad_val, ..., err_loc,   
          tally_array_old); 
  delta = val – bad_val; 
  GDS_acc(&delta, ..., err_loc, MPI_SUM, 
          tally_array_old); 
 
  GDS_resume_local(tally_array); 
} 

Register(for(errors(with(
•  Any(lost(data(range(in(an(array(

do_recovery() { 
  if (correctable) 
    forward_correction(); 
  else 
    full_rollback(); 
} 

Flexible Error Recovery
Flexible Recovery in Applications (1/2) 

!  Preconditioned Conjugate 
Gradient linear system 
solver for Ax=B  

!  Parallel classical 
molecular dynamics code 
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Latent Error Recovery 

Flexible Recovery in Applications (2/2) 

!  Monte Carlo neutron 
transport simulation 

! Tools of solving PDE 
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OpenMC@CESAR Chombo@LBL 
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Version arithmetic 

Code Changes
% Application Leverage Change Software

Application Changed Lines of Code Global View Architecture
OpenMC <2% 30 K Yes No
PCG/Trilinos <1% 300 K Yes No
ddcMD <0.3% 110 K Yes No
Chombo <1% 500 K Yes No

Evaluation
Versioning Overhead

Versioning Overhead 
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Recovery Time Comparison
Comparison of Recovery Time 
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Rollback/Restart 

Forward Error Correction with Additional Batches 
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OpenMC @ 1K nodes 
50 batches, 50 sec/batch 
Optimal versioning interval: 10 
batches 

Scaling and Performance

GVR Scaling and High Performance 
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Summary & Future Work
GVR is a library that enables the construction of portable, resilient applications. GVR
can be added to large applications with little e�ort (< 2% code changes), and support
flexible recovery approaches. GVR versioning is low cost (< 2% runtime) when adding
to an application at today’s error rates.
Future works include: incorporating GVR into high level programming models and tools,
further optimized version implementation, including e�cient di�erences, compression,
and exploitation of NVRAM.
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