
Dynamic	Analysis	for	Program	Verifica4on	and	
Op4miza4on	

•  Scalable	data	race	detector	for	PGAS	languages		
–  	50%	overhead	at	8K	cores	,	200X	faster	than	commercial	tools		

•  Elimina7ng	redundant	synchroniza7on	
–  NWChem	->	14%	speedup	at	2K	cores	

•  Exploi7ng	performance	variability	for	energy	op7miza7ons	in	dynamic	apps	
–  NWChem	–	20%	energy	savings	at	2K	cores	

•  Dynamic	program	analysis	for	communica7on	op7miza7ons	
–  HPGMG		-	65%	less	4me	spent	in	communica4on	

•  Floa7ng	point	reproducibility	
–  ReproBLAS	-	1.2x	to	3.2x	slowdown	vs.	fastest	non-reproducible	code		

•  Floa7ng	point	precision	tuning	
–  lowered	precision	in	Gnu	Scien4fic	Library,	up	40%	speedup		

Performance Analysis and Optimizations of NWChem

• High-performance 
computational chemistry code 
✴ Flagship DOE chemistry software 
✴ Developed at PNNL, LBL 

• 60K downloads world wide 

• 200-250 scientific application 
publications per year 

• Over 6M LoC, 25K files 

• Internal tasking model, memory 
management, and application 
checkpoint/restart. 

• Execution on 100K+ processors
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