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Mo,va,on	  

•  Specialize	  sparse	  matrix-‐vector	  mul,plica,on	  
for	  a	  matrix	  that	  is	  mul,plied	  by	  many	  vectors	  

•  Many	  variants	  of	  mul,plica,on	  func,on,	  
varying	  performance	  on	  different	  plaYorms	  

•  Goal:	  A	  library	  that	  chooses	  the	  best	  
mul,plica,on	  func,on	  for	  a	  given	  matrix	  
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Operand	  vector	  Output	  vector	  
Matrix	  

Sparse	  matrix-‐vector	  mul,plica,on	  

void mult(int n, int *rows, int *cols, double *vals, 	
          double *v, double *w) { 	
  for(int i = 0; i < n; i++) {	
    double y = w[i];	
    for(int k = rows[i]; k < rows[i+1]; k++)	
      y += vals[k] * v[cols[k]]; 	
    w[i] = y;	
  }	
}	  

0	   1	   2	   0	   0	  

0	   0	   3	   4	   0	  

5	   0	   0	   6	   7	  

8	   0	   9	   0	   0	  

0	   10	   0	   11	   0	  

vals:	  
{1,2,3,4,5,6,7,8,9,10,11}	  
	  
rows:	  
{0,2,4,7,9,11}	  
	  
cols:	  
{1,2,2,3,0,3,4,0,2,1,3}	  

Condensed	  Sparse	  Row	  (CSR)	  
representa,on	  
	  

Non-‐zero	  elements	  of	  the	  
matrix	  

The	  index	  of	  the	  first	  elt.	  of	  
each	  row	  in	  vals	  array	  

Column	  index	  of	  each	  non-‐
zero	  element	  

3	  

w	  =	  Mv	  +	  w	  

Specializa,on:	  Unfolding	  

void mult(double *v, double *w) { 	
	w[0] += 1 * v[1] + 2 * v[2];	
	w[1] += 3 * v[2] + 4 * v[3];	
	w[2] += 5 * v[0] + 6 * v[3] + 7 * v[4];	
	w[3] += 8 * v[0] + 9 * v[2];	
	w[4] += 10 * v[1] + 11 * v[3]; 	

}	

0	   1	   2	   0	   0	  

0	   0	   3	   4	   0	  

5	   0	   0	   6	   7	  

8	   0	   9	   0	   0	  

0	   10	   0	   11	   0	  

vals:	  
{1,2,3,4,5,6,7,8,9,10,11}	  
	  
rows:	  
{0,2,4,7,9,11}	  
	  
cols:	  
{1,2,2,3,0,3,4,0,2,1,3}	  

4	  
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Specializa,on:	  Unfolding	  

void mult(double *v, double *w) { 	
	w[0] += 1 * v[1] + 2 * v[2];	
	w[1] += 3 * v[2] + 4 * v[3];	
	w[2] += 5 * v[0] + 6 * v[3] + 7 * v[4];	
	w[3] += 8 * v[0] + 9 * v[2];	
	w[4] += 10 * v[1] + 11 * v[3]; 	

}	

0	   1	   2	   0	   0	  

0	   0	   3	   4	   0	  

5	   0	   0	   6	   7	  

8	   0	   9	   0	   0	  

0	   10	   0	   11	   0	  

vals:	  
{1,2,3,4,5,6,7,8,9,10,11}	  
	  
rows:	  
{0,2,4,7,9,11}	  
	  
cols:	  
{1,2,2,3,0,3,4,0,2,1,3}	  

5	  

Specializa,on:	  Unfolding	  

void mult(double *v, double *w) { 	
	w[0] += 1 * v[1] + 2 * v[2];	
	w[1] += 3 * v[2] + 4 * v[3];	
	w[2] += 5 * v[0] + 6 * v[3] + 7 * v[4];	
	w[3] += 8 * v[0] + 9 * v[2];	
	w[4] += 10 * v[1] + 11 * v[3]; 	

}	

0	   1	   2	   0	   0	  

0	   0	   3	   4	   0	  

5	   0	   0	   6	   7	  

8	   0	   9	   0	   0	  

0	   10	   0	   11	   0	  

vals:	  
{1,2,3,4,5,6,7,8,9,10,11}	  
	  
rows:	  
{0,2,4,7,9,11}	  
	  
cols:	  
{1,2,2,3,0,3,4,0,2,1,3}	  

6	  
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Specializa,on:	  Unfolding	  

•  Source	  code	  vs	  machine	  code	  
•  Compiler	  creates	  a	  pool	  of	  dis,nct	  values	  
•  Assume	  3	  dis,nct	  values	  in	  the	  matrix:	  3,	  5,	  9	  

7	  

w[0] += 9*v[2] + 9*v[3] + 5*v[8] + 3*v[9];!
w[1] += 5*v[8] + 3*v[9] + 9*v[11];!

double M[3] = {9, 5, 3}; // only 3 distinct values!
double m0 = M[0], m1 = M[1], m2 = M[2];!
w[0] += m0*v[2] + m0*v[3] + m1*v[8] + m2*v[9];!
w[1] += m1*v[8] + m2*v[9] + m0*v[11];!

Specializa,on:	  Unfolding	  

•  Source	  code	  vs	  machine	  code	  
•  CSE	  and	  arithme,c	  op,miza,ons	  

8	  

double M[3] = {9, 5, 3}; // only 3 distinct values!
double m0 = M[0], m1 = M[1], m2 = M[2];!
w[0] += m0*v[2] + m0*v[3] + m1*v[8] + m2*v[9];!
w[1] += m1*v[8] + m2*v[9] + m0*v[11];!

double M[3] = {9, 5, 3};!
double m0 = M[0], m1 = M[1], m2 = M[2];!
double temp = m1*v[8] + m2*v[9];!
w[0] += m0*(v[2] + v[3]) + temp;!
w[1] += temp + m0*v[11];!

Shonan	  
Challenge?	  
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Specializa,on:	  Unfolding	  

•  Source	  code	  vs	  machine	  code	  
•  Compiler	  creates	  a	  pool	  of	  dis,nct	  values	  
•  Two	  cases:	  
– Very	  few	  dis,nct	  values:	  reduced	  memory	  loads	  
– Not	  so	  few	  dis,nct	  values:	  Bad	  locality	  

•  Lesson	  learned:	  if	  very	  few	  dis,nct	  values,	  
unfolding	  can	  make	  a	  big	  difference	  

	  

9	  

Specializa,on:	  Unrolling	  
void mult(double *v, double *w) { 	
  ...	
  for (i = 0; i < n; i++) {	
    ww = 0.0;	
    for (k = rows[i]; k <= rows[i+1]-3; k += 3) {	
      ww += vals[k] * v[cols[k]] 	
          + vals[k + 1] * v[cols[k + 1]] 	
          + vals[k + 2] * v[cols[k + 2]];	
    }	
    for (; k < rows[i+1]; k++)	
      ww += vals[k]*v[cols[k]];	
    w[i] += ww;	
  }	

10	  

Unrolled	  3	  *mes	  

Le.-‐over	  elements	  

•  No	  run,me	  specializa,on	  is	  needed	  for	  this	  method.	  
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Specializa,on:	  CSRbyNZ	  
•  Group	  the	  rows	  with	  the	  same	  number	  of	  NZ	  elements	  
•  Generate	  a	  loop	  for	  each	  group.	  

11	  

    for (i = 0; i < 4; i++) {!
        row = rows[a]; a++;!
        w[row] += vals[b]  * v[cols[b]] !
               + vals[b+1] * v[cols[b+1]];!
        b += 2;!
    }!
    for (i = 0; i < 1; i++) {!
        row = rows[a]; a++;!
        w[row] += vals[b]  * v[cols[b]] !
               + vals[b+1] * v[cols[b+1]]!
               + vals[b+2] * v[cols[b+2]];!
        b += 3;!
    }!

4	  rows	  with	  2	  elements	  

1	  row	  with	  3	  elements	  

0	   1	   2	   0	   0	  

0	   0	   3	   4	   0	  

5	   0	   0	   6	   7	  

8	   0	   9	   0	   0	  

0	   10	   0	   11	   0	  

•  Requires	  reordering	  of	  matrix	  elements	  
•  Modest	  code	  size	  

Specializa,on:	  stencil	  
•  Use	  the	  same	  code	  for	  rows	  that	  have	  the	  same	  shape	  
wrt	  the	  diagonal:	  stencil.	  

	  

12	  
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	  for(each row i with stencil s={j0,j1,…,jk}) {	
  int nextelt = start of elements from row i	
  w[i] = vals[nextelt++]*v[i+j0] + … + vals[nextelt++]*v[i+jk]; 	
}	
	
for(each row i with stencil s’={j’0,j’1,…,j’m}) {	
  int nextelt = start of elements from row i	
  w[i] = m[nextelt++]*v[i+j’0] + … + m[nextelt++]*v[i+j’m]; 	
}	  
	  …	  

•  Essen,ally,	  we	  are	  unrolling	  the	  code	  within	  a	  stencil.	  
•  Requires	  reordering	  of	  matrix	  elements	  
•  As	  many	  for-‐loops	  as	  there	  are	  stencils.	  
•  Long	  code	  if	  there	  are	  too	  many	  stencils.	  

13	  

Specializa,on:	  genOSKI	  
•  Group	  the	  blocks	  with	  the	  same	  block	  paiern	  
•  Generate	  a	  loop	  for	  each	  group.	  

14	  

// Blocks with blue pattern	
for (i,j in {(0,0),(2,2),(4,4)}) {	
  w[i] += *vals++ * v[j];	
  w[i+1] += *vals++ * v[j+1];	
}	
// Blocks with green pattern	
for (i,j in {(2,0)})	
  w[i] += *vals++ * v[i];	
// Blocks with red pattern	
for (i,j in {(0,2), (4,2), (0,4)}) {	
  w[i] += *vals++ * v[i+1];	
  w[i+1] += *vals++ * v[i];	
}!

•  In	  theory,	  all	  code	  genera,on	  can	  take	  place	  offline,	  but	  
too	  many	  possibili,es	  
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void mult(int bn, int *b_rows, int *b_cols, double *b_vals, !
          double *v, double *w) {!
    for (int i = 0; i < bn; i++,y += 2) {!
        double d0 = y[0];!
        double d1 = y[1];!
        for (int jj=b_row_start[i]; jj < b_row_start[i+1];!
                jj++, b_col_idx++, b_value+=2*3) {!
            d0 += b_value[0] * v[b_col_idx[0] + 0];!
            d1 += b_value[3] * v[b_col_idx[0] + 0];!
            d0 += b_value[1] * v[b_col_idx[0] + 1];!
            d1 += b_value[4] * v[b_col_idx[0] + 1];!
            d0 += b_value[2] * v[b_col_idx[0] + 2];!
            d1 += b_value[5] * v[b_col_idx[0] + 2];!
        }!
        y[0] = d0;  y[1] = d1;!
    }!
}!
	  

15	  

2x3	  Blocking	  

OSKI	  by	  Yelick’s	  Group	  at	  Berkeley	  

OSKI	  by	  Yelick’s	  Group	  at	  Berkeley	  

16	  
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OSKI	  by	  Yelick’s	  Group	  at	  Berkeley	  

17	  

•  Ar,ficially	  fill	  in	  the	  blocks	  with	  zero	  values.	  

More…	  
•  BiCSB	  [Buluc,	  Williams,	  Oliker,	  Demmel]	  
–  Sparse	  matrix	  data	  structure	  for	  parallel	  SpMV	  
– Uses	  bitmasked	  register	  blocks	  

•  CSX	  [Kour,s,	  Karakasis,	  Goumas,	  Koziris]	  

–  Compressed	  Sparse	  eXtended	  format	  
– Allows	  to	  have	  a	  variety	  of	  structures	  in	  a	  sparse	  
matrix	  

– Does	  code	  genera,on	  
•  Diagonal	  
– Allows	  vectoriza,on	  for	  dense	  bands	  
–  Requires	  zero-‐fills	  

18	  
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Many	  choices	  
•  Unrolling	  
•  Unfolding	  
•  CSRbyNZ	  
•  Stencil	  
•  GenOSKI	  
•  OSKI	  
•  BiCSB	  
•  CSX	  
•  Diagonal	  
•  Intel	  MKL	  

19	  

Timings	  

•  Most	  methods	  are	  row-‐oriented.	  Easy	  to	  
parallelize	  

•  4	  threads.	  OpenMP.	  
•  Compile	  with	  icc -O3!
•  Repeat	  mul,plica,on	  for	  10000	  ,mes	  

20	  
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Machines	  
Name	   Processor	   Cores	   L1(I/D)	   L2	   L3	   Mem	   OS	  

loome2	  
loome3	  
i2pc3	  
turing	  
milner	  

Intel	  i7	  880	  
Intel	  i5	  2400	  
Intel	  Xeon	  E7-‐4860	  
Intel	  Xeon	  E5-‐2620	  
AMD	  FX-‐8320	  

4	  
4	  
40	  
6	  
8	  

128K	  
32K	  
64K	  
32K	  
64K/16K	  

1M	  
256K	  	  
256K	  
256K	  
2M	  

8M	  	  
6M	  	  
24M	  
15M	  	  
8M	  

8	  	  
8	  
64	  
16	  
8	  

CentOS	  5.8	  
CentOS	  5.8	  
Sci.Linux	  6.3	  
Ubuntu	  12.04	  
ArchLinux	  3.13	  

21	  

Used	  icc	  14.0	  on	  all	  machines	  except	  milner,	  where	  we	  used	  gcc	  4.8.2.	  

Matrices	  

22	  
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Timings	  (Speedups	  wrt	  MKL)	  

23	  

Timings	  (Speedups	  wrt	  MKL)	  

24	  
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Matrices	  

25	  

26	  
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27	  

4	  vs.	  8	  Threads	  

28	  
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PART	  I	  Take	  Away	  

•  Most	  of	  the	  ,me,	  speed	  up	  can	  be	  obtained	  
by	  code	  genera,on	  

•  Matrix	  proper,es	  par,ally	  explain	  the	  
speedups	  

•  Different	  machines,	  different	  results	  

29	  

PART	  II	  –	  Rapid	  Code	  Genera,on	  

•  A	  compiler	  that	  allows	  genera,on	  of	  C	  at	  run,me	  
–  Usual	  quote/unquote	  syntax	  
–  Produces	  LLVM	  IR	  code,	  then	  lets	  LLVM	  do	  the	  rest	  
–  S,ll,	  code	  genera,on	  ,mes	  in	  the	  orders	  of	  10K	  x	  
mul,plica,on	  

•  Many	  op,miza,ons	  are	  unnecessary,	  but	  a	  custom	  list	  
of	  passes	  is	  even	  too	  slow	  

	  

30	  

•  For	  torso2	  (~1M	  nz)	  
$ time icc -O3 *.c!
real    1m32.878s!
user    1m27.501s!
sys     0m4.516s!

•  For	  webbase	  (~3M	  nz)	  
$ time icc -O3 *.c!
real    19m20.506s!

user    19m0.403s!
sys     0m15.893s	  
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A	  purpose-‐built	  compiler	  

•  Directly	  emit	  binary	  code	  to	  a	  memory	  buffer	  

31	  

for (auto &eltIterator : elements) {	
  int colIndex = (*eltIterator)->col;	
  //  movsd "sizeof(double)*colIndex"(%rdi), %xmm"vRegIndex"	
  emitMOVSDrmInst(sizeof(double)*colIndex, X86::RDI, vRegIndex);	
  vRegIndex++;	
}	
	  

Purpose-‐built	  code	  generator	  

•  A	  library	  that	  directly	  emits	  binary	  code	  

32	  

Matrix	   Nz	   Stencil	   CSRbyNZ	   Unfolding	  

Analysis	   Total	   Factor	   Analysis	   Total	   Factor	   Analysis	   Total	   Factor	  

s3dkt3m2	  	   1.888M	   58	   61	   16	   23	   23	   6	   283	   559	   145	  
engine	  	   2.424M	   126	   393	   64	   35	   36	   6	   649	   1010	   166	  
torso2	   1.033M	   38	   46	   16	   13	   13	   5	   151	   198	   71	  

,me	  in	  msec	   w.r.t.	  running	  plain	  CSR	  mul,plica,on	  
with	  this	  matrix	  
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Genera,ng	  code	  in	  parallel	  

•  Emit	  to	  binary	  buffers	  in	  parallel	  
•  Unfolding	  is	  most	  suitable	  for	  this	  

33	  

34	  
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Genera,ng	  Assembly	  Code	  

•  Contrary	  to	  the	  “don’t	  write	  assembly	  
manually”	  advice	  

•  Reverse-‐engineering	  approach	  
– Examine	  the	  compiler’s	  output,	  generate	  
instruc,ons	  similarly	  

•  Emixng	  code	  in	  a	  much	  more	  direct	  and	  
simpler	  way	  than	  a	  compiler	  does	  

•  How	  good	  is	  the	  produced	  code?	  

35	  

Code	  Quality	  
(CSRbyNZ	  –	  sequen,al)	  

email-‐EuAll	   0.960	   cfd2	   0.990	  

cit-‐HepPh	   0.861	   m14b	   0.980	  

soc-‐Epinions1	   0.867	   s3dkt3m2	   0.965	  

soc-‐sign	   0.782	   conf6_0-‐8x8-‐20	   0.975	  

web-‐NotreDame	   0.956	   ship_003	   0.962	  

webbase-‐1M	   1.025	   cage12	   0.964	  

e40r5000	   0.949	   debr	   1.004	  

fidapm11	   0.991	   mc2depi	   0.967	  

fidapm37	   0.910	   s3dkq4m2	   0.956	  

m133-‐b3	   0.999	   engine	   0.927	  

torso2	   0.937	   thermomech_dK	   0.999	  

fidap011	   0.946	  

36	  

Ra,o	  of	  our	  code	  to	  icc-‐compiled	  code.	  
Small	  is	  beier.	  
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Code	  Quality	  
(GenOSKI	  3x3	  –	  sequen,al)	  

email-‐EuAll	   1.165	   cfd2	   0.883	  

cit-‐HepPh	   1.012	   m14b	   0.923	  

soc-‐Epinions1	   0.960	   s3dkt3m2	   0.943	  

soc-‐sign	   0.981	   conf6_0-‐8x8-‐20	   0.968	  

web-‐NotreDame	   0.912	   ship_003	   0.890	  

webbase-‐1M	   0.988	   cage12	   0.954	  

e40r5000	   0.956	   debr	   1.011	  

fidapm11	   0.915	   mc2depi	   0.987	  

fidapm37	   0.984	   s3dkq4m2	   0.949	  

m133-‐b3	   0.996	   engine	   0.906	  

torso2	   0.978	   thermomech_dK	   0.984	  

fidap011	   0.903	  

37	  

Ra,o	  of	  our	  code	  to	  icc-‐compiled	  code.	  
Small	  is	  beier.	  
email-‐EuAll:	  GenOSKI	  performs	  well.	  Should	  examine.	  

Code	  Quality	  
(Stencil	  –	  parallel)	  

email-‐EuAll	   0.996	   cfd2	   0.765	  

cit-‐HepPh	   0.861	   m14b	   1.098	  

soc-‐Epinions1	   0.862	   *s3dkt3m2	   0.925	  

soc-‐sign	   0.872	   *conf6_0-‐8x8-‐20	   1.022	  

web-‐NotreDame	   0.995	   ship_003	   0.954	  

webbase-‐1M	   0.980	   cage12	   1.084	  

e40r5000*	   0.845	   debr	   1.308	  

fidapm11	   0.530	   *mc2depi	   0.877	  

fidapm37	   0.762	   *s3dkq4m2	   0.941	  

m133-‐b3	   1.436	   engine	   0.886	  

torso2*	   0.991	   thermomech_dK	   1.071	  

fidap011	   0.761	  
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Ra,o	  of	  our	  code	  to	  icc-‐compiled	  code.	  
Small	  is	  beier.	  
(*)	  Matrices	  for	  which	  stencil	  maiers	  more.	  
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Code	  Quality	  
(Unfolding	  –	  sequen,al,	  with	  arith.	  opt.,	  dis,nct	  value	  pool)	  

email-‐EuAll	   0.830	   cfd2	   0.953	  

cit-‐HepPh	   0.895	   m14b	   0.950	  

soc-‐Epinions1	   0.857	   s3dkt3m2	   0.909	  

soc-‐sign	   1.211	   conf6_0-‐8x8-‐20	   0.854	  

web-‐NotreDame	   0.921	   ship_003	   1.021	  

webbase-‐1M	   1.388	   cage12	   0.960	  

e40r5000	   1.105	   debr	   0.921	  

fidapm11	   0.803	   mc2depi	   1.444	  

fidapm37	   0.779	   s3dkq4m2	   0.916	  

m133-‐b3	   1.205	   engine	   1.995	  

torso2	   1.340	   thermomech_dK	   0.987	  

fidap011	   0.872	  
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The	  matrices	  for	  which	  we	  are	  worse	  are	  also	  those	  for	  which	  unfolding	  maiers.	  
	  
We	  need	  to	  implement	  Common	  Subexpression	  Elimina,on.	  

Low-‐Level	  Op,miza,ons	  

•  Next:	  Suppor,ng	  case	  for	  programmer-‐guided	  
op,miza,ons	  

40	  
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Low-‐Level	  Op,miza,ons	  
d6:	f2 0f 59 6a 58                     mulsd 	88(%rdx), %xmm5	
db:	f2 0f 59 72 60                     mulsd 	96(%rdx), %xmm6	
e0:	f2 0f 59 7a 68                     mulsd 	104(%rdx), %xmm7	
e5:	f2 44 0f 59 42 70                  mulsd 	112(%rdx), %xmm8	
eb:	f2 44 0f 59 4a 78                  mulsd 	120(%rdx), %xmm9	
f1:	f2 44 0f 59 92 80 00 00 00         mulsd 	128(%rdx), %xmm10	
fa:	f2 44 0f 59 9a 88 00 00 00         mulsd 	136(%rdx), %xmm11	

41	  

xmm8-‐15	  
require	  1	  more	  

byte	  

Mem	  offset	  >=	  
128	  requires	  3	  
more	  bytes	  

fb:	f2 0f 59 42 68                      mulsd 	104(%rdx), %xmm0	
100:	f2 0f 59 4a 70                      mulsd 	112(%rdx), %xmm1	
105:	48 8d 52 78                         leaq 	120(%rdx), %rdx	
109:	f2 0f 59 12                         mulsd 	(%rdx), %xmm2	
10d:	f2 0f 59 5a 08                      mulsd 	8(%rdx), %xmm3	
112:	f2 0f 59 62 10                      mulsd 	16(%rdx), %xmm4	

Low-‐Level	  Op,miza,ons	  

•  Restric,ng	  the	  registers	  to	  xmm0-‐7	  
Forces	  us	  to	  accumulate	  par,al	  results	  more	  o~en	  
3%	  improvement	  on	  the	  performance	  of	  unfolding	  

•  Restric,ng	  the	  memory	  offset	  to	  [0-‐128)	  
14%	  improvement	  on	  the	  performance	  of	  unfolding	  

42	  
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Part	  II	  –	  Take	  Away	  

•  Rapid	  code	  genera,on	  is	  possible	  
•  But	  painful	  
•  Low-‐level	  op,miza,ons	  needed	  

43	  

PART	  III	  –	  Which	  specializer?	  

•  Different	  machines,	  different	  performances	  
•  Goal:	  an	  auto-‐tuned	  SpMV	  library	  
– Train	  on	  a	  par,cular	  machine	  using	  many	  matrices	  
– Given	  a	  matrix	  at	  run,me,	  quickly	  predict	  the	  best	  
method	  and	  generate	  it	  

44	  
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Auto-‐tuning	  –	  Ini,al	  Aiempts	  
•  Features	  (all	  of	  them	  normalized)	  
– N,	  NZ,	  
–  #	  of	  stencils	  with	  popularity	  1	  and	  >	  1,	  sum	  of	  stencil	  
lengths	  

–  #	  of	  row	  nz’s,	  sum	  of	  row	  nz	  lengths	  
–  #	  of	  dis,nct	  vals,	  average	  nz	  per	  row	  
–  #	  of	  4x4	  paierns	  with	  <	  4	  nz’s,	  #	  of	  4x4	  paierns	  with	  
>=	  4	  nz’s,	  sum	  of	  4x4	  paiern	  lengths	  

–  #	  of	  5x5	  paierns	  with	  <	  4	  nz’s,	  #	  of	  5x5	  paierns	  with	  
>=	  4	  nz’s,	  sum	  of	  4x4	  paiern	  lengths	  

•  Target:	  Name	  of	  a	  specializa,on	  method	  
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Auto-‐tuning	  –	  Ini,al	  Aiempts	  

•  Mul,class	  classifica,on	  using	  Support	  Vector	  
Machine	  (SVM)	  

•  Matrix	  set	  of	  74	  
•  Cross-‐one-‐out	  approach	  
– Train	  features	  and	  run,mes	  for	  73	  matrices	  
– Predict	  the	  remaining	  matrix	  

46	  
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Autotuning’s	  pick	  vs.	  actual	  winner	  
(icc-‐compiled	  code)	  
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Autotuning’s	  pick	  vs.	  actual	  winner	  
(our	  compiler’s	  code)	  
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PART	  III	  –	  Take	  Away	  

•  Promising	  results	  for	  using	  autotuning	  to	  
predict	  the	  best	  code	  genera,on	  method	  for	  a	  
par,cular	  matrix	  and	  machine	  

•  Much	  beier	  results	  using	  the	  purpose-‐built	  
code	  generator	  due	  to	  much	  less	  complexity	  
in	  the	  way	  code	  is	  generated	  
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Summary	  

•  Can	  we	  speed	  up	  SpMV	  by	  code	  genera,on?	  
•  Quickly	  genera,ng	  code	  
•  Code	  quality,	  certain	  low-‐level	  op,miza,ons	  
– Generated	  code	  is	  not	  a	  familiar	  domain	  for	  compilers	  

•  Encouraging	  results	  for	  autotuning	  

•  Shonan	  Challenge?	  
–  Loop	  unfolding	  +	  arithme,c	  op,miza,ons	  +	  CSE	  
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