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GPU-centric high performance sparse linear algebra ecosystem. Sustainable and 
extensible ecosystem with support for AMD GPUs, NVIDIA GPUs, and Intel GPUs.

https://ginkgo-project.github.io/

§ High	performance	sparse	linear	algebra
— Linear	solvers,	eigenvalue	solvers;
— Advanced	preconditioning	techniques
— Decoupling	of	arithmetic	precision	(hardware-

supported)	 and	memory	precision;
— Linear	algebra	building	blocks;
— Extensible,	sustainable,	production-ready;

§ Open	source,	community-driven	
— Freely	available	(BSD	License),	GitHub,	and	Spack.	
— Part	of	the	E4S	and	xSDK software	stack.

— Collaborative	Effort:	

— Can	be	used	from	MFEM,	and	deal.II.

A	Sustainable	Open	Source	Math	Software

Library	Infrastructure
Algorithm	Implementations
• Iterative	Solvers
• Preconditioners
• …

Core

OpenMP kernels	
• SpMV
• Solver	kernels
• Precond kernels
• …

OpenMP
Reference	kernels	
• SpMV
• Solver	kernels
• Precond kernels
• …

Reference
CUDA	GPU	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

CUDA
DPC++	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

DPC++

Library	core	contains	architecture-
agnostic	algorithm	implementation;

Runtime	polymorphism	 selects	the	right	kernel	
depending	 on	the	target	architecture;

Architecture-specific	kernels	execute	the
algorithm	on	target	architecture;

Reference	kernels	are	
sequential	 kernels	to	check	
correctness	of	algorithm	
design	and	optimized	kernels;

Optimized	architecture-specific	kernels;

HIP	GPU	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

HIP
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Porting	Ginkgo’s	CUDA	Code	to	the	oneAPI Ecosystem
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DPCT

https://software.intel.com/content/www/us/en/develop/documentation/get-started-with-intel-dpcpp-compatibility-tool/top.html

We	generate	the	Ginkgo	DPC++	backend	from	the	CUDA	
backend	via	DPCT	porting	tool.
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DPCT

https://software.intel.com/content/www/us/en/develop/documentation/get-started-with-intel-dpcpp-compatibility-tool/top.html

We	generate	the	Ginkgo	DPC++	backend	from	the	CUDA	
backend	via	DPCT	porting	tool.

Encountered	Limitations:

• DPCT	requires	knowledge	 about	all	functionality	
dependencies	 ->	need	to	mimic	dependencies;

• The	conversion	 fails	for	heavily-templated	 functionality;

• DPCT	fails	to	convert	cooperative	group	functionality	 or	
atomics,	both	needed	for	high	performance;

• Ginkgo’s	 software	architecture	requires	some	
customized	solutions;

• We	want	to	run	on	diverse	Intel	oneAPI architectures;
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Porting	Ginkgo’s	CUDA	Code	to	the	oneAPI Ecosystem

Separate functions to convert 
(including necessary headers);

Run DPCT on isolated kernels;

Re-integrate into software stack

Automatically apply additional fixes;

Employ workarounds preventing 
DPCT from invalid conversions;
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Re-engineering	cooporative group	calls
DPCT	fails	to	handle	cooperative	group	statements

Different	way	to	assign	the	group	size

Different	name	for	“shuffle”

Manually	insert	cooperative	group	calls
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Aim	for	similar	backend	designs

CUDA
• In-kernel	static	shared	memory	allocation
• In-sync	execution

DPC++
• Static	shared	memory	allocated	outside	kernel
• SYCL-style	asynchronous	kernel	execution
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Aim	for	similar	backend	designs

CUDA
• In-kernel	static	shared	memory	allocation
• In-sync	execution

DPC++
• Static	shared	memory	allocated	outside	kernel
• SYCL-style	asynchronous	kernel	execution

Ø Mimic	backend	similarity	by	adding	intermediate	layer
Ø Synchronize	streams
Ø Handle	static	shared	memory	allocation	in	intermediate	layer



12 06/23/2021Hartwig Anzt:	Ginkgo	- An	Open	Source Math	Library	 in	the	oneAPI Ecosytem

Aim	for	similar	backend	designs

Library	Infrastructure
Algorithm	Implementations
• Iterative	Solvers
• Preconditioners
• …

Core

OpenMP kernels	
• SpMV
• Solver	kernels
• Precond kernels
• …

OpenMP
Reference	kernels	
• SpMV
• Solver	kernels
• Precond kernels
• …

Reference
CUDA	GPU	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

CUDA
DPC++	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

DPC++

Library	core	contains	architecture-
agnostic	algorithm	implementation;

Runtime	polymorphism	 selects	the	right	kernel	
depending	 on	the	target	architecture;

Architecture-specific	kernels	execute	the
algorithm	on	target	architecture;

Reference	kernels	are	
sequential	 kernels	to	check	
correctness	of	algorithm	
design	and	optimized	kernels;

Optimized	architecture-specific	kernels;

HIP	GPU	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

HIP



13 06/23/2021Hartwig Anzt:	Ginkgo	- An	Open	Source Math	Library	 in	the	oneAPI Ecosytem

The	oneAPI hardware	zoo

oneAPI/DPC++	is	supported	by	hardware	architectures
with	different	characteristics:
• Intel	GPUs	support	subgroup	sizes	8,	16,	32
• Intel	CPUs	support	subgroup	sizes	4,	8,	(16)
• Gen9	GPUs	support	max	workgroup	size	256
• DG1	GPUs	support	max	workgroup	size	512
• …

Ø We	need	a	way	to	choose	a	valid	(and	good!)	
configuration	 for	all	hardware	architectures.
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Ø We	need	a	way	to	choose	a	valid	(and	good!)	
configuration	 for	all	hardware	architectures.

#if workgroup_size = 256

#if  subgroup_size = 4

#if kernel_mode ==  1
...

#elif kernel_mode ==  2
...

#elif kernel_mode ==  3
...

#else
..

#elif subgroup_size = 8 
...
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The	oneAPI hardware	zoo

oneAPI/DPC++	is	supported	by	hardware	architectures
with	different	characteristics:
• Intel	GPUs	support	subgroup	sizes	8,	16,	32
• Intel	CPUs	support	subgroup	sizes	4,	8,	(16)
• Gen9	GPUs	support	max	workgroup	size	256
• DG1	GPUs	support	max	workgroup	size	512
• …

Ø We	need	a	way	to	choose	a	valid	(and	good!)	
configuration	 for	all	hardware	architectures.

We	use	the	ConfigSet to	encode	all	info	into	
one	number	and	couple	this	concept	with	
generating	the	kernels	for	all	valid	configs at	
compile	time	and	selecting	the	kernel	suitable	
for	the	given	hardware	at	compile	 time.

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

4     256       16

00000000000010001000000000010000

Kernel	mode	parameter

Subgroup	 size
Workgroup	 size
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The	oneAPI hardware	zoo

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

4     256       16

00000000000010001000000000010000

Kernel	mode	parameter

Subgroup	 size
Workgroup	 size

use	32	bits

encoding	 for	ConfigSet<3,	 11,	7>

encode	the	config encode(4, 256, 16)

the	result	is	4	*	2^18	+	256	*	2^7	+	16
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Ginkgo’s	Functionality	and	Performance	in	the	DPC++	ecosystem

Porting	completed	for:
• Basic	BLAS	functionality	
• Sparse	matrix	vector	product

• CSR,	COO,	ELL,	SellP,	 hybrid	
• Iterative	linear	solvers

• CG,	BiCGSTAB,	CGS,	
FCG,	GMRES

Porting	ongoing	for:
• SpGEMM,	SpGEAM
• IDR	Krylov	solver
• Multigrid	methods
• Advanced	preconditioners	

(ParILU,	ParILUT,	block-Jacobi…)

Left:	Performance	of	Ginkgo’s	 SpMV kernels	and	OneMKL SpMV on	a	Intel	Gen9	GPU.
Right:	Performance	of	Ginkgo’s	 Krylov solver	on	an	Intel	Gen9	GPU.

Test	case:	(All)	Matrices	available	in	the	Suite	Sparse	Matrix	Collection*	 that	fit	the	GPU	memory	(<3e8.	nonzeros).

*https://people.engr.tamu.edu/davis/suitesparse.html

Ginkgo	SpMV Ginkgo	Krylov Solvers
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Using	Ginkgo’s	DPC++	backend	to	run	simulations	in	the	oneAPI ecosystem

https://github.com/ginkgo-project/ginkgo/blob/develop/examples/heat-equation/heat-equation.cpp

Video	realizing	the	heat	equation	simulation	in	the	Intel	DevCloud:
http://www.icl.utk.edu/~hanzt/slides/GinkgoHeatEqDevCloud.mp4
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Next	Steps

Library	Infrastructure
Algorithm	Implementations
• Iterative	Solvers
• Preconditioners
• …

Core

OpenMP kernels	
• SpMV
• Solver	kernels
• Precond kernels
• …

OpenMP
Reference	kernels	
• SpMV
• Solver	kernels
• Precond kernels
• …

Reference
CUDA	GPU	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

CUDA
DPC++	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

DPC++

Library	core	contains	architecture-
agnostic	algorithm	implementation;

Runtime	polymorphism	 selects	the	right	kernel	
depending	 on	the	target	architecture;

Architecture-specific	kernels	execute	the
algorithm	on	target	architecture;

Reference	kernels	are	
sequential	 kernels	to	check	
correctness	of	algorithm	
design	and	optimized	kernels;

Optimized	architecture-specific	kernels;

HIP	GPU	kernels
• SpMV
• Solver	kernels
• Precond kernels
• …

HIP

Porting	completed	for:
• Basic	BLAS	functionality	
• Sparse	matrix	vector	product

• CSR,	COO,	ELL,	SellP,	hybrid	
• Iterative	linear	solvers

• CG,	BiCGSTAB,	CGS,	
FCG,	GMRES

• Simulation	workflows

Porting	ongoing	for:
• SpGEMM,	SpGEAM
• IDR	Krylov	solver
• Multigrid	methods
• Advanced	preconditioners	

(ParILU,	ParILUT,	block-Jacobi…)

• Evaluate	performance	of	DPC++	backend
on	AMD	and	NVIDIA	devices;	

GPU-centric high performance sparse linear algebra ecosystem. Sustainable and 
extensible ecosystem with support for AMD GPUs, NVIDIA GPUs, and Intel GPUs.
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