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MOTIVATION 

 

 

 

 

 

 

 

KACZMARZ  

for(row=0:nrows)  

{ 

  scale = b[row]; 

 

   for (j=rowptr[row]:rowptr[row+1]) 

       scale -= A[j] * x[col[j]]; 

 

    for (j=rowptr[row]:rowptr[row+1]) 

        x[col[j]] += scale * A[j]; 

} 

EXISTING APPROACHES 

 Commonly used  

 strategy for Distance-1 coloring. 

 No explicit disadvantage stated in other methods, 
and minimal change to kernel(s). 

 Extension of Multicoloring for Distance-2 has been 
done[3].  

 We extend ABMC  for Distance-2 coloring 

DISTANCE-1 dependency 

 Write-read conflicts 

 Common examples : Preconditioners like GS, incom-
plete Cholesky decomposition. 

DISTANCE-2 dependency 

 Write-write conflicts, false sharing. 

 Common examples : Sparse Matrix Transpose Vec-
tor (SpMTV), SymmSpMV, solvers like KACZ. 

Electronic properties of Graphene [1] 

Gauss-Seidel 

for(row=0:nrows) 

{ 

    temp=b[row]; 

 

    for (j=rowptr[row]+1:rowptr[row+1]) 

        temp -= A[j] * x[col[j]]; 

 

  diag = A[rowptr[row]]; 

    x[row]  = temp/diag; 

} 

Preconditioner in many 
solvers, example [2] 

RAC OBJECTIVES 

 

 

 

Thread 1 Read 

Thread 1 Write 

Thread 2 Read 

Thread 2 Write 

      

      

      

      

      

      

 

 

 

 

 

 

 

DIFFERENT STORAGE  

FORMAT 

  ! Need code rewriting. 

  ! Require lot of tuning 

  *  Example CSB, RSB[5] 

LOCKING 

  ! Danger of  

 serialization. 

   * Easy to impl- 
 ement 
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MATRIX REORDERING 

MC[9] 

Multicoloring 

2 common 

 approach 

Lock elements 

       

       

       

       

       

       

       

 

 

 

 

 

 

 

Sync 

HARDWARE 

EFFICIENCY 

  

  

Data Locality 
Sufficient 

Parallelism 

 

 

L(2) 

L(14) 

Step 1: Level Construction  Step 2: Permutation  

 Breadth First 

Search (BFS)[7] 

on graph of 

the matrix. 

 Commonly 

used in SpMV 

preprocessing 

to increase lo-

cality 

 BFS could be 

substituted 

with RCM[8] 
level_ptr 
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T(1) 

 L(i) and L(i±(k+j)) 

are distance-k in-

dependent for all j 

≥ 1 . 

 Here example of 

distance-2 (D-2) 

coloring. Therefore 

we leave at least 2 

levels between. 

 As such this is not 

efficient due to 

load imbalances. 

T(6) 

T(5) 

T(0),T(2),T(4),T(6)  Strong connections within T(i). 

Therefore serial within T(i). 
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Idea 

Hardware 

Load  

Balancing 

Step 4: Load Balancing  

 

Lo
ad

 B
al

an
ci

n
g 

A
lg

o
ri

th
m

 

Nrow 

 M
o

re
 le

ve
ls

 in
 T

(0
) 

Su
ffi

ci
en

t 
le

ve
ls

 t
o

 m
ai

n
ta

in
 D

2
 

RAC METHOD 

 RAC—Recursive Algebraic Coloring 

 Recursive level based method 

 Four steps 

 General method applicable to distance-k 

dependencies. 

 Currently limited to matrices having sym-

metric structure or undirected graph. 

Kernel 
D-k  

dependent 

Fig: 2d-7 pt           
Stencil used as an    
example for explain-
ing the method and 
its sparsity pattern. 

Recursion 

Fig: Recursion applied to obtain 8 threads  

Require more 
parallelism ? 

Use recursion. 

Procedure 

 Select sub-graph 

based on a glob-

al load balancing 

algorithm. 

 Apply all 4 steps 

recursively on 

this sub-graph. 

Library supports in 2 phases namely pre-processing and processing. 

Type of Coloring 

e.g., D-1 or D-2 

PERFORMANCE 

RLM 

0 1 3 6 ... 

RLM 

 

Problem 
increases 

 nrows 

 k 

RLM 

RACE executes the registered func-

tion in parallel with the help of creat-

ed thread pool and taking care of de-

pendencies specified by level tree. 

Processing 

Args 

Serial kernel with  de-
pendency 

for row=start:end 

  . . . 

Hardware Settings 

e.g., No. of threads 

Matrix or 

graph 

(1) level tree—Internal representation of RAC through a tree structure. 

(2) permutation vector—User has to permute the matrix with this  vector. 

(3) thread pool—RACE creates an internal pinned thread pool, used in processing 
stage.   

1 

3 

1 

1 

3 

5 

... 

Pre-processing 

3 

LIKWID[11]  

Future Work 

 RACE and distributed parallelism (MPI). The ability to derive ex-
actly the amount of parallelism in recursive stages enables effi-
cient distributed parallelism of dependent kernels. Initial calcula-
tions show promising results. 

 RACE allows to completely overlap computation and communi-
cation for kernels like SpMV, benefit of this this has to be tested. 

 Efficient vectorization using sparse matrix formats like SELL-C-σ[6] . 

 Loose synchronization of processing part. 

 Embedding KACZ with RACE in FEAST eigenvalue solver[3], ena-
bling large runs for interesting problems like Anderson localiza-
tion. 

 Parallelize pre-processing part of RACE. 
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Internal 
solver 

 

THREAD PRIVATE  

VECTOR 
! Extra data traffic 

!     Worse for skinny matrix 

*   Commonly used strategy for    

 SpMTV like kernels 

Sync 

2 

Reduced 

synchronization 

Simple Data 
format like CRS 

L(0) 

Step 3: Distance-k coloring  

Fig: Load Balancing for D2 coloring and 5 threads 

SymmSpMV 
 

 

for(row=0:nrows){ 

    diag_idx = rowPtr[row]; 

  b[row] += A[diag_idx]*x[row]; 

 

    for (j=rowPtr[row]:rowPtr[row+1])

  { 

         b[row] += A[j] * x[col[j]]; 

         b[col[j]] += A[j] * x[row]; 

    } 

} 

L(1) 

FEAST  

sparse eigenvalue 
solver 

Why ? 

ABMC[4] 

Algebraic Block  

Multicoloring  

      

      

      

      

      

      

 

 

 

 

 

 

Recursive Algebraic Coloring Engine 

Sub-graph re-
cursed for 2 
more threads 
each. 

Many iterative numerical methods for sparse systems and building blocks of sparse line-

ar algebra are difficult to parallelize due to strong data dependencies.  For example these 

may be loop carried dependency as they appear in solvers and preconditioners like 

Gauss Seidel (GS) or more complex write conflicts as seen in Kaczmarz (KACZ) iterative 

solver  or Symmetric Sparse Matrix Vector multipliation (SymmSpMV).  

RACE Library 

(AD available) 

Multimedia 

... 

T(1),T(3),T(5),T(7)  

In parallel              

D2 independent 


