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Models : C Algorithmic language ? Programming language : C example for (int l = 0; l < SIZE; l++) for (int c = 0; c < SIZE; c++) for

(int k = 0; k < SIZE; k++) R[l][c] += A[l][k] * B[k][c];
"Real world" 

Programmer approach

Has to maximize parallel part Deal with data "choregraphy" between CPU and GPU.

CSRAM approach

Programmer approach

Ease to interlace scalar instruction and IMPACT instructions Do not move data 

Gains due to
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  are no more at the correct semantic level (HW as higher semantic instructions than C) Optimization should come at algorithmic level (IA, Image processing (OpenVX, OpenCV, ... TVM : "End-to-End Optimization Stack for Deep Learning") Data sets are the main optimization factor Where are the data ? "It's in memory stupid !" "If Memory Serves" | DACLE Division | 1 er juillet 2019 | 9

CliquezCliquez

  Serves" | DACLE Division | 1 er juillet 2019 | 13 Ahmdal law's : "Speedup is limited by the sequential part" Programmer approach "This part is parallel" let's optimize ! It's better to fight for a small x2 than for a big x5 ! W:Amdahl's law What to optimize "If Memory Serves" | DACLE Division | 1 er juillet 2019 | 14
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  Serves" | DACLE Division | 1 er juillet 2019 | 20 = 0; l < HEIGHT; ++l) for (c = 0; c < WIDTH; ++c) Out[l ][ c] = A[l ][ c] -B[l][c ]l < HEIGHT; ++l) Out[l ] = A[l] -B[l]; } // Out A and B are array of vectors
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  10 writes 9529 w 4440 r n.a "If Memory Serves" | DACLE Division | 1 er juillet 2019 | 24 'me suis pas rendu compt' Que la seul' chos' qui compt' C'est l'endroit où s'qu'ell' tombe Y a quéqu'chose qui cloch' là-d'dans, J'y retourne immédiat'ment La Java des bombes atomiques "If Memory Serves" | DACLE Division | 1 er juillet 2019 | 25 Serves" | DACLE Division | 1 er juillet 2019 | 32 Vivet, & others "If Memory Serves" | DACLE Division | 1 er juillet 2019 | 33

  

  

10 Cliquez pour modifier le style du titre Models : Interleave programming

  

	Memory Initialization
	# Create ''context'', ''initialization''
	mf = cl.mem_flags
	a_g = cl.Buffer(ctx, mf.READ_ONLY | mf.COPY_HOST_PTR, hostbuf=a_np)
	b_g = cl.Buffer(ctx, mf.READ_ONLY | mf.COPY_HOST_PTR, hostbuf=b_np)
	Interleave Python / OpenCL : prepare code
	prg = cl.Program(ctx, """
	__kernel void sum(
	__global const float *a_g, __global const float *b_g, __global float *res_g)
	{
	int gid = get_global_id(0); for (c= 0; c<NCOL; c+=cacheLineSize) res_g[gid] = a_g[gid] + b_g[gid];
	} """).build() for (l= 0; l<NLINE; l+=halfCacheLine)
	for (c2= 0; c2<NCOL; c2+=halfCacheLine)
	for (lk= 0; lk<halfCacheLine; lk++) Launch code & get result
	for (c2k= 0; c2k<halfCacheLine; c2k++) res_g = cl.Buffer(ctx, mf.WRITE_ONLY, a_np.nbytes)
	for (ck= 0; ck<cacheLineSize; ck++) prg.sum(queue, a_np.shape, None, a_g, b_g, res_g)
	res_np = np.empty_like(a_np)
	cl.enqueue_copy(queue, res_np, res_g)

res[l+lk][c2+c2k]+= a[l+lk] [c+ck]* b[c2+c2k][c+ck]; "If Memory Serves" | DACLE Division | 1 er juillet 2019 | "If Memory Serves" | DACLE Division | 1

er juillet 2019 | 11 Cliquez pour modifier le style du titre Metrics Moore La loi de Moore

  

	Growth in processor performance since the
	mid-1980s. This chart plots performance
	relative to the VAX 11/780 as measured by
	the SPECint benchmarks [Hennessy]

15 Cliquez pour modifier le style du titre Materiel : Vocabulary

  

	How to measure
	Analytic (Static Code Analysis)
	Performance counter (Mouahahahaha !)
	FPS (Frame per Second)
	TPC (Transaction per second)
	High level metric : business level
	TPCC
	Frame / s
	../..
	A330 / Hz (cf Airbus talk ;-))

"If Memory Serves" | DACLE Division | 1 er juillet 2019 | Definition (Designer View) "If Memory Serves" | DACLE Division | 1 er juillet 2019 |

16 Cliquez pour modifier le style du titre Ideas : Inverted Von Neumann

  

	Inverted model		Von neuman
			Stored instructions
			Bottleneck = limited bandwidth (data,
			insn, L1, L2, L3)
			Programm with data choregraphy
			Non von Neumann
			Break model and bottleneck
	CPU	Memory	Problems
	control flow, address compute application work-load,Mem I/O	answer CPU	Send insns Syncrhonize Data layout
	control flow, address	answer CPU (less),	
	compute	application workload	

"If Memory Serves" | DACLE Division | 1 er juillet 2019 |

17 Cliquez pour modifier le style du titre CSRAM : Memory Hierarchy CSRAM

  

	Classical	CSRAM hierarchy

"If Memory Serves" | DACLE Division | 1 er juillet 2019 |

18 Cliquez pour modifier le style du titre Von Neuman broked, what about Amhdal Law's ?

  Ahmdal law's : "Speedup is limited by the sequential part"

	Classical approach

19 Cliquez pour modifier le style du titre Intro : Classical Memory

  

	Memory technology
	DRAM Dense, but need refresh (external)
	SRAM Less dense but faster (caches)
	Other RRAM, STTRAM, . . .
	Memory access
	LOAD data or insn
	1 Assert address
	2 Read data
	STORE data
	1 Assert address & data

"If Memory Serves" | DACLE Division | 1 er juillet 2019 |

22 Cliquez pour modifier le style du titre CSRAM : Future Results Integer Matrix Multiply

  

	Operation				
	 22 97 51 77 		 28 68 17 22 		
	    81 17 60 62 49 24 74 22    	*	    77 41 30 14 82 99 14 70    	(1)	
	60 42 33 33		29 26 86 73		
	Used in				
	IA inference (Tensor flow output)		
	BLAS			Speedup gains
	Image filtering			Image size 16x16	C-SRAM 48	Scalar x166	SIMD x12
				qqVGA	360	x1654	x66
				QVGA	720	x3307	x130
				VGA	1440	x6614	X260

"If Memory Serves" | DACLE Division | 1 er juillet 2019 |