
1 

  
Knowledge Discovery Toolkit   
Status Report 

John R. Gilbert 
University of California, Santa Barbara 
 
 
 
KDT Spring Mind Meld 
March 5, 2012 
 

Support:  Intel, Microsoft, DOE Office of Science, NSF	





!"#$%&$'$()*)+',$(+'-.$,%/+'+0$1%2.$(+'-.$3-)+'43*&$/'&)5$3*$,%*)'+$',()/+'$-+%6%47)&8$92$
-+37%5)&$'*$)'&0:23:;&)$<02.3*$%*2)+='>)$'*5$%&$'%6)5$'2$536'%*$)?-)+2&$1.3$@*31$2.)%+$
-+3/,)6$1),,$/;2$53*A2$@*31$.31$23$-+3(+'6$'$&;-)+>36-;2)+8$!"#$+;*&$3*$'$,'-23-$'&$
1),,$'&$'$>,;&2)+$1%2.$BCDCCC$-+3>)&&3+&8$

!"#$%&$'$>3,,'/3+'43*$'63*($EFGHD$I'1+)*>)$H)+@),)0$J'43*',$I'/D$'*5$K%>+3&3L$
#)>.*%>',$F36-;4*(8$#.)$&3L1'+)$%&$+),)'&)5$;*5)+$2.)$J)1$HG"$,%>)*&)8$

John R. Gilbert, Adam Lugowski, Chris Lock, Yun Teng, and Andrew Waranis 
Combinatorial Scientific Computing Laboratory, UCSB 

Aydin Buluç, Lawrence Berkeley National Lab 
Steve Reinhardt and David Alber, Microsoft 
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Graph "# Matrix and the Graph BLAS 

Graph500: BFS in a Hurry 
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Graph Traversal with Sparse Matrix-Vector Multiply 
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Where’s the Data? 
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2.5 Peta / 6.6 Giga  is about  380,000!  
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Belief Propagation Markov Clustering 
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Graph500: BFS in a Hurry 
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Graph "# Matrix and the Graph BLAS 

Graph500: BFS in a Hurry 
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Graph500: BFS in a Hurry 
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Graph500: BFS in a Hurry 
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Graph Traversal with Sparse Matrix-Vector Multiply 
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A few KDT applications 



Graph	
  API	
  (v0.2)	
  

centrality(‘exactBC’)	
  
centrality(‘approxBC’)	
   pageRank	
  

Community	
  	
  
Detec1on	
  

Network	
  	
  
Vulnerability	
  Analysis	
  

Real	
  applica8ons	
  

DiGraph	
  
bfsTree,	
  isBfsTree	
  	
  

plus	
  u1lity	
  (e.g.,	
  DiGraph,nvert,	
  
toParVec,degree,load,UFget,+,*,	
  
sum,subgraph,reverseEdges)	
  	
  	
  

Building	
  
blocks	
  

Graph500	
  

(Sp)ParVec	
  
(e.g.,	
  +,*,|,&,>,==,[],	
  
abs,max,sum,range,	
  
norm,	
  hist,randPerm,	
  	
  

scale,	
  topK)	
  

Applets	
  
cluster(‘Markov’),	
  
cluster(‘kmeans’),	
  …	
  

SpParMat	
  
(e.g.,	
  +,*,	
  SpMM,	
  
SpMV,	
  SpRef,	
  	
  

SpAsgn)	
  
	
  

HyGraph	
  
bfsTree,	
  isBfsTree	
  

plus	
  u1lity	
  (e.g.,	
  HyGraph,nvert,	
  
toParVec,degree,load,UFget)	
  

	
  

SpMV,	
  
SpMM,	
  etc.	
  

CombBLAS	
  

New	
  for	
  v0.2	
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Applications and Algorithms 

Architecture of matrix classes 

•  Also sparse & dense vectors, distributed and local 

•  Matrix operations over user-defined (and some built-in) semirings 

•  Highly templated C++ 

•  Reference implementation in MPI 

 Combinatorial BLAS:  A matrix-based graph library 

For example, SCALE(B) is a member function of the
sparse matrix class that takes a dense matrix as a parameter.
When called on the sparse matrix A, it replaces each
Aði; jÞ 6¼ 0 with Aði; jÞ $ Bði; jÞ. This operation is imple-
mented only in-place because Bði; jÞ is guaranteed to exist
for a dense matrix, allowing us to perform a single scan of
the non-zeros of A and update them by doing fast lookups
on B. Not all elementwise operations can be efficiently
implemented in-place (for example elementwise addition
of a sparse matrix and a dense matrix will produce a dense
matrix), so we declare them as members of the dense
matrix class or as global functions returning a new object.

(4) In-place operations have slightly different semantics
depending on whether the operands are sparse or
dense. In particular, the semantics favor leaving the
sparsity pattern of the underlying object intact as long
as another function (possibly not in-place) handles
the more conventional semantics that introduces/
deletes non-zeros.

For example, SCALE is an overloaded method, available
for all objects. It does not destroy sparsity when called on
sparse objects and it does not introduce sparsity when
called on dense objects. The semantics of the particular
SCALE method are dictated by its the class object and its
operand. Called on a sparse matrix A with a vector v, it
independently scales non-zero columns (or rows) of the
sparse matrix. For a row vector v, SCALE replaces every
non-zero Aði; jÞ with vðjÞ $ Aði; jÞ. The parameter v can
be dense or sparse. In the latter case, only a portion of the
sparse matrix is scaled. That is, vðjÞ being zero for a sparse
vector does not zero out the corresponding jth column of
A. The SCALE operation never deletes columns from A;
deletion of columns is handled by the more expensive
SPASGN function described below. Alternatively, zeroing
out columns during scaling can be accomplished by per-
forming A $ DIAG(v) with a sparse v. Here, DIAG(v) cre-
ates a sparse matrix with diagonal populated from the

elements of v. Note that this alternative approach is still
more expensive than SCALE, as the multiplication returns
a new matrix.

SPASGN and SPREF are generalized sparse matrix assign-
ment and indexing operations. They are very powerful pri-
mitives that take vectors p and q of row and column
indices. When called on the sparse matrix A, SPREF returns
a new sparse matrix whose rows are the pðiÞth rows ofA for
i ¼ 0; . . . ; lengthðpÞ % 1 and whose columns are the qðjÞth
columns of A for j ¼ 0; . . . ; lengthðqÞ % 1. SpAsgn has
similar syntax, except that it returns a reference (a modifi-
able lvalue) to some portion of the underlying object as
opposed to returning a new object.

4 A reference implementation

4.1 The software architecture

In our reference implementation, the main data structure is
a distributed sparse matrix object SpDistMatwhich HAS-A
local sparse matrix that can be implemented in various
ways as long as it supports the interface of the base class
SpMat. All features regarding distributed-memory paralle-
lization, such as the communication patterns and schedules,
are embedded into the distributed objects (sparse and
dense) through the CommGrid object. Global properties
of distributed objects, such as the total number of non-
zeros and the overall matrix dimensions, are not explicitly
stored. They are computed by reduction operations when-
ever necessary. The software architecture for matrices is
illustrated in Figure 1. Although the inheritance relation-
ships are shown in the traditional way (via inclusion poly-
morphism as described by Cardelli and Wegner (1985)),
the class hierarchies are static, obtained by parameterizing
the base class with its subclasses as explained below.

To enforce a common interface as defined by the API,
all types of objects derive from their corresponding base
classes. The base classes only serve to dictate the interface.
This is achieved through static object oriented

Figure 1. Software architecture for matrix classes

6 The International Journal of High Performance Computing Applications 00(000)

 at UNIV CALIFORNIA BERKELEY LIB on June 6, 2011hpc.sagepub.comDownloaded from 
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Identification of Primitives 

Sparse matrix-matrix  
multiplication (SpGEMM) 

 
 

Element-wise operations 
          

× 

Matrices on various semirings:    (x, +)   ,   (and, or)   ,   (+, min)   ,   … 

Sparse matrix-dense 
vector multiplication 
 
 
 
 
Sparse matrix indexing 
          

× 

.* 

  Sparse array-based primitives 
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SpRef:  B = A(I,J) 
SpAsgn:  B(I,J) = A 
SpExpAdd: B(I,J) += A 

Indexing	
  sparse	
  arrays	
  in	
  parallel	
  	
  
(coarsen	
  graphs,	
  extract	
  subgraphs,	
  etc.)	
  

A,B: sparse	
  matrices	
  
I,J: vectors	
  of	
  indices	
  

SpRef using	
  mixed-­‐mode	
  sparse	
  matrix-­‐matrix	
  
mul1plica1on	
  (SpGEMM).	
  Ex:	
  B	
  =	
  A([2,4],	
  [1,2,3])	
  

A	
   B	
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Strong	
  scaling	
  of	
  SpRef	
  

random	
  symmetric	
  permuta8on	
  ó	
  relabeling	
  graph	
  ver8ces	
  
•  RMAT	
  Scale	
  22;	
  edge	
  factor=8;	
  a=.6,	
  b=c=d=.4/3	
  
•  Franklin/NERSC,	
  each	
  node	
  is	
  a	
  quad-­‐core	
  AMD	
  Budapest	
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Example:	
  
•  Vertex	
  types:	
  	
  Person,	
  Phone,	
  Camera	
  
•  Edge	
  types:	
  	
  PhoneCall,	
  TextMessage,	
  

CoLoca1on	
  
•  Edge	
  aXributes:	
  	
  StartTime,	
  EndTime	
  

•  Calculate	
  centrality	
  just	
  for	
  
PhoneCalls	
  and	
  TextMessages	
  
between	
  1mes	
  sTime	
  and	
  eTime	
  

KDT	
  v0.2:	
  	
  AXributed	
  Seman1c	
  Graphs	
  and	
  Filters	
  

def vfilter(self, vTypes): 
    return self.type in vTypes 
 
def efilter(self, eTypes, sTime, eTime): 
    return ((self.type in eTypes) and 
           (self.sTime > sTime) and      
           (self.eTime < eTime)) 
 
wantedVTypes = (People) 
wantedETypes = (PhoneCall, TextMessage) 
start = dt.now() – dt.timedelta(hours=1) 
end = dt.now() 
bc = G.centrality(‘approxBC’,filter= 

 ((vfilter, wantedVTypes), 
  (efilter, wantedETypes,  

          start, end))) 
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•  Prefilter to extract the relevant subgraph 

–  Simple, but too much time / memory for many use cases 

•  Write filters in Python, call back from CombBLAS 

–  Simple & flexible, but hurts performance 

•  Write filters as semiring ops in C++, wrap in Python 

–  Good performance, but hard to write new filters 

•  Work in progress:   Write filters in Python subset, compile 
with SEJITS (selective embedded just-in-time specialization) 

Implementing filters: Options 
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