
__codelet		
int	sum(const	Array<1,int>	in)	{	
		unsigned	len	=	in.size();	
		int	accum	=	0;	
		for(unsigned	i=0;	i	<	len;	++i)	{	
				accum	+=	in[i];	
		}	
		return	accum;	
}	 (a) Atomic autonomous codelet 

__codelet		__tag(asso_tiled)		
int	sum(const	Array<1,int>	in)	{	
		__tunable	unsigned	p;	
		unsigned	len	=	in.size();	
		unsigned	tile	=	(len+p-1)/p;	
		return	sum(	map(	sum,	partition(in,	
						p,sequence(0,tile,len),sequence(1),sequence(tile,tile,len+1))));	
}	

__codelet	__coop	__tag(kog)	
int	sum(const	Array<1,int>	in)	{	
		__shared	int	tmp[coopDim()];									
		unsigned	len	=	in.size();	
		unsigned	id	=	coopIdx();	
		tmp[id]	=	(id	<	len)?	in[id]	:	0;	
		for(unsigned	s=1;	s<coopDim();	s	*=	2)	{	
				if(id	>=	s)	
						tmp[id]	+=	tmp[id	-	s];	
		}	
		return	tmp[coopDim()-1];	
}	

(b) Atomic cooperative codelet 

(c) Compound codelet using adjacent tiling  

(d) Compound codelet using strided tiling 

__codelet	__tag(stride_tiled)		
int	sum(const	Array<1,int>	in)	{	
		__tunable	unsigned	p;	
		unsigned	len	=	in.size();	
		unsigned	tile	=	(len+p-1)/p;	
		return	sum(	map(	sum,	partition(in,		
						p,sequence(0,1,p),sequence(p),sequence((p-1)*tile,1,len+1))));	
}	
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Experimental Results

Conclusion
• We	propose	TANGRAM,	a	programming	system	for	performance	
portability	across	devices	
• Our	results	show	TANGRAM	can	achieve	promising	performance	
across	devices	

Performance Portability

Motivation 
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TANGRAM Platform 

• Maintaining	 opOmized	 programs	 for	 different	
devices	is	costly	
• Programs	wriXen	once	 should	 run	on	difference	
devices	 with	 performance,	 which	 is	 known	
performance	portability	

Limitations of Current Practice 
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• OpenCL	is	not	performance	portable	

• ComposiOon-based	languages	highly	relying	on	
high-performance	base-rule	implementaOons	

0	
0.2	
0.4	
0.6	
0.8	
1	

MKL TANGRAM Petabricks  
(with MKL) 

Petabricks  
(no MKL) 

N
or
m
al
iz
ed

	
Pe

rf
or
m
an

ce
	

(h
ig
he
r	i
s	b

e)
er
)	

• TANGRAM’s	device	specificaOon	model	is	highly	extensible	to	support	CPU	
SIMD	unit,	GPU	Warp,	ILP,	and	GPU	Dynamic	Parallelism	

Program	Composi,on	Rules:	(sum)	
Rule	1:	 	compose(sum	,	L)		→ 	SL	,	devolve(ℓL)	,	compose(sum,	ℓL)	 	 	 	 	 	 	 	 	 	 	 	 		
Rule	2:	 	compose(sum	,	L)		→ 	compute(ca	,	SEL) 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 		
Rule	3:	 	compose(sum	,	L)		→ 	compute	(cb	,	VEL	) 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 		
Rule	4:	 	compose(sum	,	L)		→ 	SL	,	regroup(pc,	L)	,	distribute(ℓL)	,	compose(sum,	ℓL	)	,	compose(sum,	L)	 		
Rule	5:	 	compose(sum	,	L)		→ 	SL	,	regroup(pd,	L)	,	distribute(ℓL)	,	compose(sum,	ℓL	)	,	compose(sum,	L)	
Example	for	Deriving	Composi,on	Rules	from	Compound	Codelets:	(codelet	c)	
compose(sum	,	L)		→ 	compose(cc	,	L) 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 		

	 	 	 	 	→ 	compose(sum(map(sum,	par::on(…,	pc))),	L) 	 	 	 	 	 	 	 	 	 	 	 		
	 	 	 	 	→ 	compose(map(sum,	par::on(…,	pc))	,	L)	,	compose(sum,	L)	 	 		 	 	 		 		
	 	 	 	 	→ 	compose(par::on(…,	pc)	,	L)	,	compose(map(sum,	…)	,	L)	,	compose(sum	,	L)		 		
	 	 	 	 	→ 	SL	,	regroup(pc,	L)	,	distribute(ℓL)	,	compose(sum,	ℓL	)	,	compose(sum,	L) 	 		 	 		

Specialized	ComposiCon	Rules:	
G	rules:	G1: 	compose(sum	,	G)	 	→	 	SG	,	devolve(B)	,	compose(sum,	B)	
	 	 	 	 	 	 	G4: 	compose(sum	,	G)	 	→	 	SG	,	regroup(pc	,	G)	,	distribute(B)	,	compose(sum,	B)	,	compose(sum,	G)	
	 	 	 	 	 	 	G5: 	compose(sum	,	G)	 	→	 	SG	,	regroup(pd	,	G)	,	distribute(B)	,	compose(sum,	B)	,	compose(sum,	G)	
B	rules:	B1:	compose(sum	,	B)	 	 	→	 	SB	,	devolve(T)	,	compose(sum,	T)	
	 	 	 	 	 	 	B3:	compose(sum	,	B)	 	 	→	 	compute	(cb	,	VEB)	
	 	 	 	 	 	 	B4:	compose(sum	,	B)	 	 	→	 	SB	,	regroup(pc	,	B)	,	distribute(T)	,	compose(sum,	T)	,	compose(sum,	B)	
	 	 	 	 	 	 	B5:	compose(sum	,	B)	 	 	→	 	SB	,	regroup(pd	,	B)	,	distribute(T)	,	compose(sum,	T)	,	compose(sum,	B)	
T	rules:	T2:	compose(sum	,	T)		 	 	→	 	compute(ca	,	SET)	

SG	,	regroup(pc	,	G),	distribute(B),	SB	,	regroup(pd	,	B),	distribute(T),		
compute(ca	,	SET),	compute(cb	,	VEB)	SG	,	devolve(B),	SB	,	regroup(pd	,	B),	

distribute(T),	compute(ca	,	SET),	compute(cb	,	VEB)	
	

First	kernel	
SG 	:		//	No	sync	needed	at	beginning	
regroup(pc	,	G) 	:		unsigned	p_c	=	gridDim.x;	
regroup(pc	,	G) 	:		unsigned	len_c	=	in_size;	
regroup(pc	,	G) 	:		unsigned	tile_c	=	(len_c+p_c-1)/p_c;	
distribute(B) 	:		unsigned	k	=	blockIdx.x;	
SB 	:		//	No	sync	needed	at	beginning	
regroup(pd	,	B) 	:		unsigned	p_d	=	blockDim.x;	
regroup(pd	,	B) 	:		unsigned	len_d	=	tile_c;	
regroup(pd	,	B) 	:		unsigned	tile_d	=	(len_d+p_d-1)/p_d;	
distribute(T) 	:		unsigned	j	=	threadIdx.x;	
compute(ca	,	SET) 	:		unsigned	len_a	=	tile_d;	
compute(ca	,	SET) 	:		int	accum_a	=	0;	
compute(ca	,	SET) 	:		for(unsigned	i=0;	i	<	len_a;	++i)	{	
compute(ca	,	SET) 	:				accum_a	+=	in[k*tile_c	+	j	+	p_d*i];	
compute(ca	,	SET) 	:		}	
compute(ca	,	SET) 	:		ret_a	=	accum_a;	
compute(cb	,	VEB)	:		__shared__	int	tmp[blockDim.x];	
compute(cb	,	VEB)	:		unsigned	len_b	=	p_d;	
compute(cb	,	VEB)	:		unsigned	id	=	threadIdx.x;	
compute(cb	,	VEB)	:		tmp[id]	=	ret_a;	
compute(cb	,	VEB)	:		__syncthreads();	
compute(cb	,	VEB)	:		for(unsigned	s=1;	s<blockDim.x;	s	*=	2)	{	
compute(cb	,	VEB)	:				if(id	>=	s)	
compute(cb	,	VEB) :						tmp[id]	+=	tmp[id	-	s];	
compute(cb	,	VEB)	:				__syncthreads();	
compute(cb	,	VEB)	:		}	
compute(cb	,	VEB)	:		ret_b[k]	=	tmp[blockDim.x-1];	
SG	 	:		return;	//	Terminate	kernel	
	

Second	kernel	
devolve(B) 	:		if(blockIdx.x	==	0)	
SB	un<l	end 	:						...	//	Similar	to	first	kernel	

Device	SpecificaCon:	
G	:=	CG	=	none	,	(	ℓG	,	SG	)	=	(	B	,	terminate/launch	)	//	grid	
B 	:=	CB	=	VEB		 	,	 	(	ℓB	,	SB	)	=	(	T	,	__syncthreads()	)		//block	
T 	:=	CT	=	SET			,	 	(	ℓT	,	ST	)	=	none 	 	 	 																										//	thread	

TANGRAM Workflow 

• TANGRAM	adopts	codelet	programming	model	
- A	codelet		is	defined	as	a	code	snippet	
reusable	for	one	or	many	kernels		

• Users	write	interchangeable	alternaOve	codelets,	
and	corresponding	composiOon	and	parOOon	rules	
for	a	computaOon	paXern	(called	spectrum)	

- We	 do	 Not	 ask	 users	 to	 write	 mulOple	
versions	of	kernels	

• TANGRAM	 supports	 recursive	 composiOon	 to	
adapt	 to	 different	 hierarchies	 of	 devices	 and	
cooperaOve	codelets	for	SIMD	architectures		
• TANGRAM	 also	 provides	 performance	 tuning	
annotaOon	to	enable	parameterizaOon	

• TANGRAM	delivers	70%	or	higher	performance	compared	to	
highly-opOmized	libraries,	such	as	Intel	MKL,	NVIDIA	CUBLAS,	
CUSPARSE,	or	Thrust,	or	experts’	opOmized	benchmarks	in	Rodinia	


