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Goal:	  	  	  
Characteriza/on	  of	  Inherent	  Applica/on	  Proper/es	  to	  Understand	  Performance	  

Histogram	  of	  Reuse	  Distances	  (PDF)	  	  

Results	  1:	  	  
Analysis	  of	  Parallelism	  

•  How	  well	  does	  an	  applica.on	  match	  a	  plaVorm?	  
•  Diagnose	  performance	  boXlenecks	  
•  Performance	  behavior	  upon	  plaVorm	  upgrade?	  

Research	  Ques/ons:	  

Language-‐,	  Architecture-‐Agnos/c	  	  
Intermediate	  Representa/on	  (LLVM	  IR)	  

Exis/ng	  approaches	  to	  characterizing	  applica/on	  proper/es	  
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Results	  2:	  	  
Analysis	  of	  Data	  Locality	  

The	  Berkeley	  dwarf	  classifica.on	  [K.	  Asanovic,	  2009]	  is	  intended	  to	  categorize	  computa/onal	  mo/fs	  according	  to	  their	  communica.on	  and	  
computa.on	  paXerns.	  There	  are	  13	  dwarfs,	  e.g.,	  Dwarf	  1:Dense	  Linear	  Algebra	  (DLA)	  

Ideal-‐Case	  Instruc/on-‐Level	  Parallelism	  

Characteriza/on	  of	  ILP	  and	  TLP	  of	  26	  Applica/ons	  and	  Kernels	  Classified	  According	  to	  their	  
Cons/tuent	  Berkeley	  Dwarf	  [Caparros,	  2011]	  

Reuse	  Distance	  Cumula/ve	  Distribu/on	  (CDF)	  for	  Matrix-‐Matrix	  Mul/plica/on,	  N=128	  

Tool	  for	  Quan/fying	  Applica/ons	  Proper/es	  	  

Analysis	  of	  Instruc/on-‐Level	  Parallelism	  (ILP)	  

Analysis	  of	  Data	  Locality	  –	  Memory	  Reuse	  Distance	  

A B A C C B A B

Memory	  Trace	  

∞	  
Reuse	  	  
Distance:	   ∞	   1	   ∞	   0	   2	   2	   1	  

C B C

220	   220	  
	  

1	  

Cycle 1

Cycle 2

Cycle 3

Cycle 4

I1

I3

I6

I2 I9

I8

I10

I7

I11

I12

I5

Applica.on	  Source	  Code	   Input	  Data	  Set	  
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in	  the	  LLVM	  Interpreter	  (lli)	  
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Distribu.on	  over	  execu.on	  cycles	  vs.	  average	  value	  
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Instruc.on-‐Level	  Parallelism	  
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Reuse	  	  Distance	  	  =	  #	  of	  disDnct	  intervening	  memory	  accesses	  

Avg. ILP =

W (# of nodes)

D(critical path length)

First	  access	  to	  each	  
element	  

Instruc.on-‐Level	  Parallelism	  
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lw !$5,8($30)!
lw !$6,32($30)!
mult !$5,$6!
mflo !$5!
lw !$6,4($30)!
addu !$5,$5,$6!
addu !$6,$0,$5!
sll !$5,$6,0x30!
lw !$6,40($30) !!
addu !$5,$5,$6!
l.d !$f2,0($5)!
mul.d !$f0,$f0,$f2!

Inherent	  computa.on	  –	  Load	  and	  mul.plica.on	  

Memory	  address	  computa.on	  

MIPS	  instruc.on	  trace	  

IR	  instruc.on	  trace	  

%arrayidx16 = getelementptr inbounds double* %b, i64 1!
%16 = load double* %arrayidx16, align !
%mul = fmul double %0, %16!

Disk	  radii	  propor.onal	  to	  number	  of	  
memory	  references	  per	  instruc.on	  

Disk	  radii	  propor.onal	  to	  number	  of	  
data	  exchanges	  between	  basic	  blocks	  

Blocking	  increases	  the	  
frac.on	  of	  hits	  for	  
smaller	  cache	  sizes	  
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92%	  of	  the	  memory	  accesses	  have	  a	  reuse	  
distance	  ≤	  27	   If	  cache	  size	  =	  1MB,	  92%	  of	  
the	  memory	  accesses	  hit	  into	  the	  cache	  

Block	  size	  =	  16	  	  

Block	  size	  =	  32	  

Block	  size	  =	  64	   Triple	  Loop	  
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Dwarfs:	  
1:	  Dense	  Linear	  Algebra	  
2:	  Sparse	  Linear	  Algebra	  
3:	  Spectral	  Methods	  
4:	  N-‐Body	  Methods	  
5:	  Structured	  Grids	  
6:	  Unstructured	  Grids	  
7:	  MapReduce	  
8:	  Combina.onal	  Logic	  
9:	  Graph	  Traversal	  
10:	  Dynamic	  Programming	  
11:	  Backtrack	  Branch+Bound	  
12:	  Graphical	  Models	  
13:	  Finite	  State	  Machine	  


