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LINEARSYSTEM®FEQUATIONS

Many simulations in scientific problems require solvirigear
system of equationso @
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SYMBOLIANALYSISN SPARSEMATRIXSOLVERS

A Linear system solver classification:
A Direct solvers
A lterative solvers

A Stepsto factorizing a sparse matrix and solving a linear
system using a direct metho@holeskyA=LL), triangular
solver (x=h

: Symbolic Numerical
Ordering : : )
Analysis Manipulation
- Approximate - Lfactor sparsity

- Factorization

Minimum Degree L
g pattern - Pivoting

- Nested Dissection - Supernodedetection

- Triangular Solvers




STATICRPARSITYPATTERNS

Thesparsitypatternsin many applications such as power
modeling, animation, and circuit simulation ofteemainstatic

for a period of time since the structure arises from the physical
topology of the underlying system, the discretization, and the
governing equations. ez 03
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Sympilergenerates optimized code for a static
sparsitypattern by doing symbolic analysis at
compiletime.




LIBRARYS SYMPILER
CODEFORSPARSHRIANGULARDLVE

Library

Sympiler

int top=Reach( Lp,Li,x,stack
for ( px=top; px>0; px--){
j=stack[ px];

X[l/=Lx[  Lpljll
p=Lp[j]+1;
for G p<  Lp[j+1]; p++)

X[Li[p]] - =Lx[p]*x[];

);
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Symbolic analysis coupled with tf

numerical code

x=Db;

X[0] /= Lx[O]; /I

for(p = 1; p < 3; p++)
X[Li[p]]  -=Lx[p] * x[O];

Peel

for(" px=1;px<3;px++){
j=reachSet [ px;x[il}/=Lx[  Lp[l;

for(p= Lp[j]+1;p< Lp[j+1];p++)
- =Lx[p]*x[j];}

X[7] /= Lx[20]; /I
for(p = 21; p < 23; p++)
x[Lifp]] ~ -=Lx[p] * x[7];

Peel

for( px=4;px<reachSetSize;px ++){

j= reachSet [ px];x[j]/=LX| Lp[jll;
for(p= Lp[j]+1;p< Lp[j+1];p++)

\ x[Lip]l - =Lx[pI*x[;
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Sympileroptimized numerical code
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(HOLESKMUMERIAPERFORMANCESYMPILER
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The red bar shows & Y LJAafidSd\aExfbrmance by generating optimized
code for a static sparsity.
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SYMPILERA DDMAIN-SPECIFICOMPILEFEOR
FPARSHIRECTOLVERS

Sympileris a domairspecific compiler for generating high
performance code for direct sparse solvers
A The user provides theparsityand type of solver as inputs.
A Sympilerdecouples symbolimformationfrom numerical
computation at compildime to generate optimized code.

Example Find the solutiorto &y 0  where is sparse lower
triangular matrix. o Blelelilg o )
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SOLVINGA SPARSHRIANGULARYSTEM

SolvelLx=bwith Lunit lower triangularL, X, bare sparse.

xr=>0
for j =0 to n—1 do
for each 7> j for which [;; #0 do
CC@‘ZCC@—lijCIZ‘j

if b; # 0 then x; # 0

it x; 40 and Ji(l;; #0
jtﬁienaﬁi#o( 17 )

start with pattern 3 of b
graph L: edge (j, z) it [;; #0

X = Reachy, (6) ® - \
L
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SYMBOLIANALYSISN
FPARSHRIANGULABRYSTEMOLVER

L: {n,Lp,Li,Lx} < h Dependence Graph (DGY)




SYMBOLIANALYSISN
FPARSHRIANGULABRYSTEMOLVER

DepthFirst Search (DF$

L: {n,Lp,LiLx} < h Dependence Graph (DG)
1] [ fouero-a

Reachr(3) = {1,6,7,8,9,10}
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TRANSFORMINGHE SPARSKODE

Standard Code

for (j=0; j<n; j++ A

Xpy=Lx[ Lp[ll;

for (o= Lp[]+1; p< Lp[j+1]; p++)
\ X[Li[p]] - =Lx[p]*x[il;
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TRANSFORMINBGHE SPARSKIODE

Standard Code

for (j=0; j<n; j++ A

SymbolicallyGuided Code

for ( px=0; px<RSsize; px++)]{

Xpy=Lx[ Lp[ll;

Reachset {6,1,7,8,9] 1

[j: reachset [ px]; ]

0}

for (o= Lp[j]+1; p< Lp[j+1]; p++)

, X[Li[p]l - =Lx[p]*x[;

XU=Lx[  Lp[]]

p=Lp[j]+1;

for ; p<  Lp[j+1]; p++)
X[Li[p]] - =Lx[p]*x[];
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TRANSFORMINGHE SPARSKODE

SymbolicallyGuided Code

:for( px=0; px<RSsize; px++)1

j= reachset [ px];

x[/=Lx[ Lpll]

p=Lp[]+1;

for ; p<  Lp[j+1]; p++)
X[Li[p]l - =Lx[pI*x[];
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TRANSFORMINBGHE SPARSKIODE

SymbolicallyGuided Code

:for( px=0; px<RSsize; px++)1

j= reachset [ px];

X[)/=Lx[  Lpljl]
p=Lp[j]+1;
for G p<  Lp[j+1]; p++)

x[Li[p]l - =Lx[p]*x[;

Optimized Code

Peel

X=b;
X[0] /= Lx[O]; // Peel col O
for(p =1; p <3; p++)
X[Li[p]] ~ -=Lx[p] * x[O];

for(" px=1;px<3;px++){
j=reachSet [ px;x[l}/=Lx[  Lp[l;
for(p="Lp[j]+1;p< Lp[j+1];p++)
X[Li[p]] - =Lx[p]*x[];}

X[7] /= Lx[20]; /] Peel col 7
for(p = 21; p < 23; p++)
X[Lilp]]  -=Lx[p] * x[7];

for( px=4;px<reachSetSize;px ++){
j= reachSet [ pxI:x[il/=Lx[  LpIjlI;

for(p= Lp[j]+1;p< Lp[j+1];p++)
X[Li[p]]

- =Lx[pI*x[i];
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