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Heterogeneous computing Multiple types of processing elements Multicore CPUs GPUs FPGAs Cell Other co-processors



Each with its own programming environment Programming languages (oen subsets of C/C++ or assembly language) Compilers Libraries Debuggers and profilers
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Heterogeneous computing Problems Complex tools Incompatible frameworks Verbose languages/libraries Low-level frameworks Explicit management of devices and memory Dynamic compilation Hard to design/develop Hard to debug Hard to profile Very hard to achieve high performance



M. Bourgoin



E. Chailloux



A. Doumoulakis



Profiling High Level Heterogeneous Programs



January 24, 2017



3 / 21



Solutions Libraries Linear algebra Image processing Machine learning …



Compiler directives OpenMP 4 OpenACC …



High-level abstractions Language extensions Domain Specific Languages Algorithmic skeletons … M. Bourgoin
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Solutions Libraries Linear algebra Image processing



New problems



Machine learning …



Wrien by heterogeneous programming experts Dedicated to few (one?) architectures or frameworks



Compiler directives OpenMP 4



Limited to specific constructs



OpenACC …



Complex (hidden) scheduling runtime libraries



High-level abstractions



Generates most of the heterogeneous (co-processor) code



Language extensions Domain Specific Languages Algorithmic skeletons … M. Bourgoin
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High level programming heterogeneous applications challenges From the expert developer point of view How to make it portable ? How to make performance portable ? How will it behave in very heterogeneous systems ?



From the end-user point of view How does it work ? How to debug the code that uses it ? How to optimize the code that uses it ?



Motivation Provide experts tool developers and end-users feedback : they can tie to the code they write they can use in very heterogeneous systems M. Bourgoin
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SPOC : GPGPU Programming with OCaml Cuda



OpenCL



targets GPU



Hardware
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SPOC : GPGPU Programming with OCaml Parallel skeletons Sarek DSL



SPOC



SPOC runtime



compiles to Native Kernels



GPGPU Frameworks



Cuda



OpenCL



Libraries Cublas



CuFFT



Magma



targets GPU



Hardware M. Bourgoin



E. Chailloux
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OCaml



High-level general-purpose programming language Eﬀicient sequential computations Statically typed Type inference Multiparadigm (imperative, object, functionnal, modular) Compile to bytecode/native code Memory manager (very eﬀicient Garbage Collector) Interactive toplevel (to learn, test and debug) Interoperability with C



Portable System : Windows - Unix (OS-X, Linux…) Architecture : x86, x86-64, PowerPC, ARM…
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A small example Example CPU RAM



GPU0 RAM



GPU1 RAM



M. Bourgoin



E. Chailloux



A. Doumoulakis



let let let let let



dev = Devices . init n = 1_000_000 v1 = Vector . create v2 = Vector . create v3 = Vector . create



() Vector . float64 n Vector . float64 n Vector . float64 n



l e t k = vec_add ( v1 , v2 , v3 , n ) l e t block = { blockX = 1 0 2 4 ; blockY = 1 ; blockZ = 1 } l e t grid= {gridX= ( n+1024 −1) / 1 0 2 4 ; gridY = 1 ; gridZ= 1 } l e t main ( ) = random_fill v1 ; random_fill v2 ; Kernel . run k ( block , grid ) dev . ( 0 ) ; f o r i = 0 t o Vector . length v3 − 1 do Printf . printf "res[%d] = %f; " i v3 . [ < i> ] done ;
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A small example Example v1 v2 v3



CPU RAM



GPU0 RAM



GPU1 RAM
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A small example Example v3



CPU RAM



v1 v2



GPU0 RAM



GPU1 RAM



M. Bourgoin



E. Chailloux



A. Doumoulakis



let let let let let



dev = Devices . init n = 1_000_000 v1 = Vector . create v2 = Vector . create v3 = Vector . create



() Vector . float64 n Vector . float64 n Vector . float64 n



l e t k = vec_add ( v1 , v2 , v3 , n ) l e t block = { blockX = 1 0 2 4 ; blockY = 1 ; blockZ = 1 } l e t grid= {gridX= ( n+1024 −1) / 1 0 2 4 ; gridY = 1 ; gridZ= 1 } l e t main ( ) = random_fill v1 ; random_fill v2 ; Kernel . run k ( block , grid ) dev . ( 0 ) ; f o r i = 0 t o Vector . length v3 − 1 do Printf . printf "res[%d] = %f; " i v3 . [ < i> ] done ;
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Sarek : Stream ARchitecture using Extensible Kernels Vector addition with Sarek l e t v e c _ a d d = kern a b c n −> l e t open Std in l e t open Math . Float64 in l e t idx = global_thread_id in i f idx < n then c . [ < idx> ] ] b . [ < idx> ]



Vector addition with OpenCL _ _ k e r n e l v o i d vec_add ( __global c o n s t d o u b l e * a , __global c o n s t d o u b l e * b , __global d o u b l e * c , i n t N ) { i n t nIndex = get_global_id ( 0 ) ; i f ( nIndex >= N ) return ; c[nIndex] = a[nIndex] + b[nIndex ] ; } M. Bourgoin
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Sarek Vector addition with Sarek l e t v e c _ a d d = kern a b c n −> l e t open Std in l e t open Math . Float64 in l e t idx = global_thread_id in i f idx < n then c . [ < idx> ] ] b . [ < idx> ]



Sarek features ML-like syntax



static type checking



ML-like data-types simple paern matching type inference



M. Bourgoin



E. Chailloux



A. Doumoulakis



static compilation to OCaml code dynamic compilation to Cuda/OpenCL
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Sarek static compilation Sarek code kern a → let idx = Std.global_thread_id () in a.[< idx >] ← 0 IR Bind( (Id 0), (ModuleAccess((Std), (global_thread_id)), (VecSet(VecAcc…)))) OCaml code generation



typed IR



Typing



spoc_kernel generation



Kir generation OCaml Code fun a − > let idx = Std.global_thread_id () in a.[< idx >] < − 0l



M. Bourgoin



E. Chailloux



A. Doumoulakis



Kir Kern Params VecVar 0 VecVar 1 … Profiling High Level Heterogeneous Programs



spoc_kernel class spoc_class1 method run = … method compile = … end new spoc_class1 January 24, 2017
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Sarek dynamic compilation



let my_kernel = kern … − > … …;;



Compile to



Kirc.gen my_kernel;



Cuda C source file



Kirc.run my_kernel dev (block,grid);



ptx…



-O3 nvcc



Compile to



OpenCL C99 Cuda ptx assembly



device



OpenCL



Cuda



kernel source



OpenCL C99



Cuda ptx assembly



Compile and Run



Return to OCaml code execution
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Vectors addition SPOC + Sarek open Spoc l e t v e c _ a d d = kern a b c n −> l e t open Std in l e t open Math . Float64 in l e t idx = global_thread_id in i f idx < n then c . [ < idx> ] ] b . [ < idx> ] let let let let let



dev = Devices . init n = 1_000_000 v1 = Vector . create v2 = Vector . create v3 = Vector . create



()



OCaml No explicit transfer Type inference Static type checking Portable Heterogeneous



Vector . float64 n Vector . float64 n Vector . float64 n



l e t block = { blockX = 1 0 2 4 ; blockY = 1 ; blockZ = 1 } l e t grid= {gridX= ( n+1024 −1) / 1 0 2 4 ; gridY = 1 ; gridZ= 1 } l e t main ( ) = random_fill v1 ; random_fill v2 ; Kirc . gen v e c _ a d d ; Kirc . run v e c _ a d d ( v1 , v2 , v3 , n ) ( block , grid ) dev . ( 0 ) ; f o r i = 0 to Vector . length v3 − 1 do Printf . printf "res[%d] = %f; " i v3 . [ < i> ] done ; M. Bourgoin
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A. Doumoulakis
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Sarek skeletons Using Sarek Skeletons are OCaml functions modifying Sarek AST : Example: map ( k e r n a −> b )



Scalar computations (′ a → ′ b) are transformed into vector ones (′ a vector → ′ b vector).



Vector addition l e t v1 = Vector . create Vector . float64 10_000 and v2 = Vector . create Vector . float64 10_000 i n l e t v3 = map2 ( k e r n a b −> a + . b ) v1 v2 v a l map2 : ( ’ a −> ’b −> ’c ) sarek_kernel −> ?dev : Spoc . Devices . device −> ’a Spoc . Vector . vector −> ’b Spoc . Vector . vector −> ’c Spoc . Vector . vector



M. Bourgoin



E. Chailloux
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Profile GPGPU programs using SPOC and Sarek Host part Where are the vectors ? When are transfers triggered ? How much time are transfers or kernel calls taking?



Kernel part What control path did my threads take ? How many computations occurred ? Was memory used eﬀiciently ? How much time was spent in diﬀerent parts of the kernels? Keep it portable Compatible with very heterogeneous systems M. Bourgoin



E. Chailloux



A. Doumoulakis
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Profiling Overview



Without profiling



With profiling Compile-time



Preprocessing Sarek kernels + compilation of OCaml code



OCaml + Sarek Source Code



Compilation unit implementation



Linking with SPOC runtime library



Linking with SPOC runtime library modified for profiling



Executable
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Profiling Overview Without profiling



With profiling Run-time



Detects devices compatible with SPOC



Generates and run native kernel



M. Bourgoin



E. Chailloux



A. Doumoulakis



l e t add = k e r n v1 v2 v3 n −> l e t i = thread_id_x + thread_dim_x * block_id_x in i f i > n then return ( ) ; else v3 . [ < i> ] ] + v2 . [ < i> ] l e t main ( ) = l e t devs = Devices . init ( ) in l e t v1 = Vector . create float32 n and v2 = Vector . create float32 n and v3 = Vector . create float32 n in Kernel . run add ( v1 , v2 , v3 , n ) devs . ( 0 ) ; ...



Profiling High Level Heterogeneous Programs



Prepares profiling data structures Fills profiling file with host profiling info Generates and run native kernel instrumented for profiling Injects Sarek source commented with kernel profiling info into profiling file
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Host part profiling



Instrumented SPOC library Trace every SPOC runtime operations Add events to Cuda/OpenCL streams/command queues to get precise measures and stay compatible with SPOC async calls



Collect the following info : List of all co-processors + associated info (name, clock frequency …) Allocation/Deallocation of vectors in CPU/Co-processor memory Memory transfers (direction, from/to which device, size, duration…) Kernels (compilation/loading/execution time)
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Host part profiling : Example



Example Information collected Kind of event (transfer, compilation, execution,…) State of event (start, end) Time Co-processor targeted Vector transfered Size (in bytes)



M. Bourgoin



E. Chailloux



A. Doumoulakis



{ ” type ” : ” e x e c u t i o n ” , ” desc ” : ” OPENCL_KERNEL_EXEC ” , ” state ” : ” start ” , ” time ” : 1 6 0 3 0 4 , ” id ” : 4 0 , ” deviceId ” : ” 1 ” , }, { ” type ” : ” e x e c u t i o n ” , ” s t a t e ” : ” end ” , ” time ” : 1 6 0 3 7 4 , ” id ” : 4 0 , ” duration ” : 15 },
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Host part profiling : Visualizer



M. Bourgoin



E. Chailloux
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Kernel part profiling



Transform sarek kernel to get profiling information Control flow counter Memory counters Compute operations (FLOPS)



How? Add counter vector to co-processor global memory Use atomics operations (mostly atomic_add) oﬀered in both Cuda and OpenCL Get updated counters to the CPU aer kernel execution Compilation Sarek to Sarek with comments using the computed counters



M. Bourgoin
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A simple example : Sarek kernel Sarek kernel used in a k-NN computation l e t compute = kern trainingSet data res setSize dataSize −> l e t open Std i n l e t computeId = thread_idx_x + block_dim_x * block_idx_x i n i f computeId < setSize t h e n ( l e t m u t a b l e diff = 0 i n l e t m u t a b l e toAdd = 0 i n l e t mutable i = 0 in w h i l e ( i < dataSize ) do toAdd : = data . [ < i> ] − trainingSet . [ < computeId*dataSize + i > ] ; diff : = diff + ( toAdd * toAdd ) ; i := i + 1; done ; res . [ < computeId> ] ( * * ### global_memory s t o r e s : 5000 * * ) ( * * ### global_memory l o a d s : 7840000 * * ) l e t m u t a b l e computeId = ( thread_idx_x + ( block_dim_x * block_idx_x ) ) i n i f ( computeId < setSize ) t h e n (* * ### v i s i t s : 5000 * *) l e t m u t a b l e diff = 0 i n l e t m u t a b l e toAdd = 0 i n l e t mutable i = 0 in w h i l e i < dataSize do (* * ### v i s i t s : 3920000 * *) toAdd : = ( data . [ < i> ] − trainingSet . [ < ( ( computeId * dataSize ) + i ) > ] ) ; diff : = ( diff + ( toAdd * toAdd ) ) ; i := (i + 1) ; done ; res . [ < computeId> ] 























des documents recommandant







[image: alt]





Profiling High-Level Heterogeneous Programs - Julien Tesson 

Cuda (NVidia). OpenCL (Consortium ... Kernel : small example using OpenCL .... targets. Hardware. GPU. Multicore. CPU. OpenCL. Cuda. Mathias Bourgoin.










 


[image: alt]





High Level Transforms for SIMD and low-level ... - Julien Tesson 

Benchmarks of Intel, IBM and ARM machines cache overflow area. 400. 800. 1200 ... to avoir memory access to temporary array (less stress on memory buses).










 


[image: alt]





Automatic Software Verification of BSPlib-programs ... - Julien Tesson 

Mar 20, 2017 - Background: Bulk synchronous parallel (2). â–» Invented in the 80's by Leslie Valiant, and several implementations exists, notably: BSPlib ...










 


[image: alt]





Automatic Cost Analysis for Imperative BSP programs - Julien Tesson 

2/21. Bulk Synchronous Parallel (1). â–» Bulk Synchronous Parallel (BSP): simple but powerful model for semi-synchronous data-parallelism. â–» BSP computer: ...










 


[image: alt]





Verification of imperative BSP programs: application to ... - Julien Tesson 

WHY: an intermediate language. For program verification (deductive) ..... Useful in many calculations (FFT, n-body, graph algorithms etc.) F. Gava and J. Fortin ...










 


[image: alt]





A Multi-level Optimization Strategy to Improve the ... - Julien Tesson 

Our computing plaforms are able to compute 8 floats of 32bits by AVX instruction. SISD add (not vectorized instructions) : SIMD add (vectorized instructions) :.










 


[image: alt]





High-level Transformations using Canonical Dataflow Representation 

Jan 24, 2010 - Why not then relax the process and start the flow at the. Algorithm level .... position is to minimize the number of arithmetic operations. (additions and ..... possible extraction: 1) the rightmost node associated with variable x0 ...










 


[image: alt]





Weak memory models using event structures - Julien Tesson 

Jun 13, 2017 - s â†� x shared variable Â· local register. Expected outcome: r = 0 âˆ¨ s = 0. Weak memory models using event structures Â· Simon Castellan. 2 / 26 ...










 


[image: alt]





Constructive algorithmic in Coq - Julien Tesson 

Algorithmic Skeletons. Roots. â–· Cole 1989. â–· Patterns of parallel programs. Data Parallelism. â–· Distributed data structures. â–· Collectives operations (map).










 


[image: alt]





Heterogeneous Lobbying Effectiveness What's the ... - Julien VAUDAY 

and protection level is not monotonic, thus confirming the findings of Imai et al. .... allows the government to determine what it will get depending on the chosen ..... (inverted U-shape) and Small Open Economies (SOE) to {WÏ„ < 0,Wâˆ’Ï„ < 0} ( ...










 


[image: alt]





Implementing Powerlists with Bulk Synchronous ... - Julien Tesson 

Bulk Synchronous Parallel ML ... the parallel functional programming library Bulk Synchronous ... [2], [3], which should not only be based on an abstraction.










 


[image: alt]





Program Calculation in Coq - Julien Tesson 

Program calculation, being a programming technique that derives programs ... Different from many existing systems, we show in this paper that Coq, a popular theorem .... Appendix A provides a very short introduction to Coq. Although little.










 


[image: alt]





Automated generation of BSP Automata - Julien Tesson 

BSP code (well structured). DSL for queries. â€¢ based on BSPRE. â€¢ computed by a BSPA. Limitations. â€¢ regular expressions expressiveness. â€¢ output is a boolean ...










 


[image: alt]





High Level Power and Energy Exploration using ArchC 

named Power-ArchC for a fast high-level estimation of ... power evaluation infrastructure are compatible ... Architecture) description, register files, processor size.










 


[image: alt]





Classification of granular product using high level fusion of ... .fr 

versatile: new features added to the classification process ... bulk, Sapirstein et al} classified cereal grains (wheat, barley, rye and ..... Powder Technology,. 1991 ...










 


[image: alt]





Binary-Level Testing of Embedded Programs 

Binary-Level Testing of Safety-Critical Programs. Motivation 1 : validation w/o any access to source code commercial off-the-shelf components legacy code.










 


[image: alt]





Binary-Level Testing of Embedded Programs 

Email: [email protected]. â€  Sagem .... input an executable file, an entry address, a description of the initial memory state and ... then simulation and symbolic reasoning come for free; .... We list several existing heuristics and a possible order










 


[image: alt]





Binary-Level Testing of Embedded Programs 

New features generic search engine search directives test suite replay and completion output of concrete and symbolic states specification of dynamic targets.










 


[image: alt]





COARSE-LEVEL OBJECT RECOGNITION USING 

efficients of the ILP have complex values whose magnitudes indicate the amplitude of ... Each deci- mation by 2:1 reduces the block size by 4:1 and the number.










 


[image: alt]





Enumerated BSP automata GaÃ©tan Hains GDR-GPL ... - Julien Tesson 

Bulk-synchronous automata. Definition 2. BSP automaton A = ({Qi}iâˆˆ[p],Î£,{Î´i}iâˆˆ[p],{qi. 0. }iâˆˆ[p],{Fi}iâˆˆ[p],âˆ†) with. (Qi,Î£,Î´i,qi. 0. ,Fi. ) a DFA, and âˆ† : Q â†’ Q is ...










 


[image: alt]





Skeletons and the Parallel Programming Challenge - Julien Tesson 

Single Chip Cloud Computer). â—‹ We may ... Source program S, including a number of tuning knobs (eg ... program space implied by the tuning knobs, and pick ...










 


[image: alt]





Proofs of pointer algorithms by inductive ... - Julien Tesson 

May 15, 2012 - In LICS '02: Proceedings of the 17th Annual IEEE Symposium on Logic in Computer Science, pages 55â€“74, Washington, DC,. USA, 2002.










 


[image: alt]





A Skeletal-based Approach for the Development of ... - Julien Tesson 

Dec 14, 2010 - Research Context. Extensible Machines ... Uncertain termination of long-running applications. Miss of ... computation intensive pieces of code â†’ heavy operations ..... Combines MoLOToF with parallel algorithms families.










 


[image: alt]





Hybrid Bulk Synchronous Parallelism Library for ... - Julien Tesson 

Dec 14, 2010 - BSML Library [gava:09] in C++. â€¢ Notion of Parallel vector. â€¢ Functional programming support. Boost.Phoenix and C++ lambda-function.










 














×
Report Profiling High Level Heterogeneous Programs - Using ... - Julien Tesson





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



