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Good for benchmarking though 
(i.e. Graph500) 
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class edge_attr: 
    isText 
    isPhoneCall 
    weight 
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class edge_attr: 
    isText 
    isPhoneCall 
    weight 

G.addEFilter(lambda e: e.weight > 0) 
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class edge_attr: 
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G.addEFilter(lambda e: e.weight > 0) 
G.addEFilter(lambda e: e.isPhoneCall) 
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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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Graph500: BFS in a Hurry 
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def onlyEngineers(self): 
    return self.position == Engineer 
 
def timedEmail (self, sTime, eTime): 
    return ((self.type == email) and 
           (self.Time > sTime) and      
           (self.Time < eTime)) 
 
start = dt.now() – dt.timedelta(days=30) 
end = dt.now() 
 
# G denotes the graph 
G.addVFilter(onlyEngineers)  
G.addEFilter(timedEmail(start, end)) 
 
# rank via centrality based on recent  
email transactions among engineers 
bc = G.rank(’approxBC’) 
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First Run Subsequent

Codegen 0.0545 s 0 s

Compile 4.21 s 0 s

Import 0.032 s 0.032 s

Table 12.1: Overheads of using the filtering DSL.

Python LOC C++ LOC

KDT 7009 8177

Filter DSEL 194 24

Table 12.2: Lines of Code for KDT and the Filter DSEL. Code generated by SWIG is elided from

the KDT line counts. Counts are generated using the CLOC tool [?].

Overheads of code generation are shown in Table 12.1. On first running using a particular filter,

the DSL infrastructure translates and compiles the filter in C++ ; most of the time here is spent

calling the external C++ compiler, which is not optimized for speed. Subsequent calls only incur

the penalty of Python’s import statement, which loads the cached library.

12.1.3 Experimental Results
Before presenting our experiment, it is important to characterize the size of the DSEL compiler

implementation, especially relative to the size of KDT. Table 12.2 shows the lines of code for KDT

and our filter DSEL. The DSEL implementation is quite small, consisting of small modifications to

KDT at the C++ level and a DSEL compiler implemented in Asp.

To test the behavior of SEJITS-enabled filtering in Python, we compare with using the Combi-

natorial BLAS directly (that is, writing custom semirings in C++ ) and with using KDT’s default

filtering mechanism.

struct TwitterEdge {
bool follower;
time_t latest; // set if count > 0

short count; // number of retweets
};

Listing 12.4: The C++ data structure for edges in these experiments. The edge type is encoded by

either setting follower true (in which case it is a following relationship) or by having count and

latest set, corresponding to the number of retweets and when the latest one occurred.

The edge data structure used corresponds to our Twitter example, and is shown in Listing ??.

Edges in this graph encode the relationship between Twitter users; the two types of relationships

are following and retweeting. We use both real graphs from anonymized Twitter data as well as

synthetic R-MAT [?] matrices.

The R-MAT matrices are generated by KDT’s built-in R-MAT generator using parameters

shown in Table 12.3. Once a boolean matrix of a specific scale is generated, edge types are set

using a random number generator, and the data structure is converted to use our Twitter edge data
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two inputs (either UnaryPredicate or BinaryPredicate).

Given the semantic model, now we define a mapping from Python syntax to the semantic model.

Python Syntax for the Filter DSL

Users of KDT are not exposed to the semantic model. Instead, the language they use to express

filters in our DSL is a subset of Python, corresponding to the supported operations. Informally, we

specify the language by talking about what a filter can do: namely, a filter takes in one or two inputs

(that are of pre-defined edge/vertex types), must return a boolean, and is allowed to do comparisons,

accesses, and arithmetic on immediate values and edge/filter instance variables. In addition, to

facilitate translation, we require that a filter be an object that inherits from the PcbFilter Python

class, and that the filter function itself is a member function called filter. From the perspective of

a user, this looks similar to a standard Python API description.

The example KDT filter from Figure ?? is presented in SEJITS syntax in Figure 12.3. Note that

because a filter cannot call a function, we must use immediate values for checking the timestamp.

However, even given our relatively restricted syntax, users can specify a large class of useful filters

in our DSL. In addition, if the filter does not fit into our DSL, it is still executed using the slower

upcalls to pure Python after issuing a warning to the user.

class MyFilter(PcbFilter):
def __init__(self, target_date):
self.target = strtoftime(target_date)

def filter(e):
# if it is a retweet edge
if (e.count > 0 and

# and it is before the target date
e.latest < self.target):

return True
else:
return False

Listing 12.3: Example of an edge filter that the translation system can convert from Python into fast

C++ code.

Interfacing with KDT

We modify the normal KDT C++ filter objects, which are instantiated with pointers to Python

functions, by adding a function pointer that is checked before executing the upcall to Python. This

function pointer is set by our translation machinery to point to the translated function in C++ . When

executing a filter, the pointer is first checked, and if non-null, directly calls the appropriate function.

Compared to Combinatorial BLAS, at runtime we have the additional sources of overheads

relating to the null check and function pointer call. In addition, because this function call occurs

via a pointer into a dynamically loaded library, it incurs a higher overhead than a normal function

call. However, relative to the non-translated KDT machinery, these are trivial costs for filtering,

particularly compared to the penalty of upcalling into Python.
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struct TwitterEdge {
bool follower;
time_t latest; // set if count>0
short count; // number of tweets

};

Fig. 9. The edge data structure used for the combined Twitter graph in C++

TABLE IV
SIZES (VERTEX AND EDGE COUNTS) OF DIFFERENT COMBINED TWITTER

GRAPHS.

Label Vertices Edges (millions)
(millions) Tweet Follow Tweet&follow

Small 0.5 0.7 65.3 0.3
Medium 4.2 14.2 386.5 4.8

Large 11.3 59.7 589.1 12.5
Huge 16.8 102.4 634.2 15.6

this non-semantic (boolean) graph, the edge payloads are
artificially introduced using a random number generator in
a way that ensures target filter permeability. The edge type
is the same as the Twitter edge type described in the next
paragraph, to be consistent between experiments on real and
synthetic data. Our MIS runs use Erdős-Rényi graphs [11]
with an edgefactor of 4 because MIS on R-MAT graphs
complete in very few steps due to high coupling, barring us
from performing meaningful performance analysis.

Our real data graphs are based on social network interac-
tions, using anonymized Twitter data [18], [29]. In our Twitter
graphs, edges can represent two different types of interactions.
The first interaction is the “following” relationship where an
edge from vi to vj means that vi is following vj (note that
these directions are consistent with the common authority-hub
definitions in the World Wide Web). The second interaction
encodes an abbreviated “retweet” relationship: an edge from
vi to vj means that vi has mentioned vj at least once in their
tweets. The edge also keeps the number of such tweets (count)
as well as the last tweet date if count is larger than one.

The tweets occurred in the period of June-December of
2009. To allow scaling studies, we created subsets of these
tweets, based on the date they occur. The small dataset
contains tweets from the first two weeks of June, the medium
dataset contains tweets that from June and July, the large
dataset contains tweets dated June-September, and finally the
huge dataset contains all the tweets from June to December.
These partial sets of tweets are then induced upon the graph
that represents the follower/followee relationship. If a person
tweeted someone or has been tweeted by someone, then the
vertex is retained in the tweet-induced combined graph.

More details for these four different (small-huge) combined
graphs are listed in Table IV. Unlike the synthetic data, the
real twitter data is directed and we only report BFS runs that
hit the largest strongly connected component of the filter-
induced graphs. More information on the statistics of the
largest strongly connected components of the graphs can be
found in Table V. Processed edge count includes both the

TABLE V
STATISTICS ABOUT THE LARGEST STRONGLY CONNECTED COMPONENTS

OF THE TWITTER GRAPHS

Vertices Edges traversed Edges processed
Small 78,397 147,873 29.4 million

Medium 55,872 93,601 54.1 million
Large 45,291 73,031 59.7 million
Huge 43,027 68,751 60.2 million

edges that pass the filter and the edges that are filtered out.

C. Architectures

To evaluate our methodology, we examine graph analysis
behavior on Mirasol, an Intel Nehalem-based machine, as
well as the Hopper Cray XE6 supercomputer. Mirasol is a
single node platform composed of four Intel Xeon E7-8870
processors. Each socket has ten cores running at 2.4 GHz,
and supports two-way simultaneous multithreading (20 thread
contexts per socket). The cores are connected to a very large
30 MB L3 cache via a ring architecture. The sustained stream
bandwidth is about 30 GB/s per socket. The machine has
256 GB 1067 MHz DDR3 RAM. We realize a flat MPI
programming modeling using OpenMPI 1.4.3 with GCC C++
compiler version 4.4.5, and Python 2.6.6.

Hopper is a Cray XE6 massively parallel processing (MPP)
system, built from dual-socket 12-core “Magny-Cours” Opter-
on compute nodes. In reality, each socket (multichip module)
has two 6-core chips, and so a node can be viewed as a four-
chip compute configuration with strong NUMA properties.
Each Opteron chip contains six super-scalar, out-of-order cores
capable of completing one (dual-slot) SIMD add and one
SIMD multiply per cycle. Additionally, each core has private
64 KB L1 and 512 KB low-latency L2 caches. The six cores
on a chip share a 6MB L3 cache and dual DDR3-1333 memory
controllers capable of providing an average STREAM[26]
bandwidth of 12GB/s per chip. Each pair of compute nodes
shares one Gemini network chip, which collectively form a
3D torus. We use Cray’s MPI implementation, which is based
on MPICH2, and compile our code with GCC C++ compiler
version 4.6.2 and Python 2.7. Complicating our experiments,
some compute nodes do not contain a compiler; we ensured
that a compute node with compilers available was used to
build the KDT+SEJITS filters, since the on-the-fly compilation
mechanism requires at least one MPI process be able to call
the compilation toolchain.

VI. EXPERIMENTAL RESULTS

In this section we use [semiring implementation]/[filter
implementation] notation to describe the various implementa-
tion combinations we compare. For example, Python/SEJITS
means that only the filter is specialized with SEJITS but the
semiring is in pure Python (not specialized).

A. Performance Effects of Permeability

Figure 10 shows the relative distributed-memory perfor-
mance of four methods in performing breadth-first search

struct TwitterEdge {
bool follower;
time_t latest; // set if count>0
short count; // number of tweets

};

Fig. 9. The edge data structure used for the combined Twitter graph in C++

TABLE IV
SIZES (VERTEX AND EDGE COUNTS) OF DIFFERENT COMBINED TWITTER

GRAPHS.

Label Vertices Edges (millions)
(millions) Tweet Follow Tweet&follow

Small 0.5 0.7 65.3 0.3
Medium 4.2 14.2 386.5 4.8

Large 11.3 59.7 589.1 12.5
Huge 16.8 102.4 634.2 15.6

this non-semantic (boolean) graph, the edge payloads are
artificially introduced using a random number generator in
a way that ensures target filter permeability. The edge type
is the same as the Twitter edge type described in the next
paragraph, to be consistent between experiments on real and
synthetic data. Our MIS runs use Erdős-Rényi graphs [11]
with an edgefactor of 4 because MIS on R-MAT graphs
complete in very few steps due to high coupling, barring us
from performing meaningful performance analysis.

Our real data graphs are based on social network interac-
tions, using anonymized Twitter data [18], [29]. In our Twitter
graphs, edges can represent two different types of interactions.
The first interaction is the “following” relationship where an
edge from vi to vj means that vi is following vj (note that
these directions are consistent with the common authority-hub
definitions in the World Wide Web). The second interaction
encodes an abbreviated “retweet” relationship: an edge from
vi to vj means that vi has mentioned vj at least once in their
tweets. The edge also keeps the number of such tweets (count)
as well as the last tweet date if count is larger than one.

The tweets occurred in the period of June-December of
2009. To allow scaling studies, we created subsets of these
tweets, based on the date they occur. The small dataset
contains tweets from the first two weeks of June, the medium
dataset contains tweets that from June and July, the large
dataset contains tweets dated June-September, and finally the
huge dataset contains all the tweets from June to December.
These partial sets of tweets are then induced upon the graph
that represents the follower/followee relationship. If a person
tweeted someone or has been tweeted by someone, then the
vertex is retained in the tweet-induced combined graph.

More details for these four different (small-huge) combined
graphs are listed in Table IV. Unlike the synthetic data, the
real twitter data is directed and we only report BFS runs that
hit the largest strongly connected component of the filter-
induced graphs. More information on the statistics of the
largest strongly connected components of the graphs can be
found in Table V. Processed edge count includes both the

TABLE V
STATISTICS ABOUT THE LARGEST STRONGLY CONNECTED COMPONENTS

OF THE TWITTER GRAPHS

Vertices Edges traversed Edges processed
Small 78,397 147,873 29.4 million

Medium 55,872 93,601 54.1 million
Large 45,291 73,031 59.7 million
Huge 43,027 68,751 60.2 million

edges that pass the filter and the edges that are filtered out.

C. Architectures

To evaluate our methodology, we examine graph analysis
behavior on Mirasol, an Intel Nehalem-based machine, as
well as the Hopper Cray XE6 supercomputer. Mirasol is a
single node platform composed of four Intel Xeon E7-8870
processors. Each socket has ten cores running at 2.4 GHz,
and supports two-way simultaneous multithreading (20 thread
contexts per socket). The cores are connected to a very large
30 MB L3 cache via a ring architecture. The sustained stream
bandwidth is about 30 GB/s per socket. The machine has
256 GB 1067 MHz DDR3 RAM. We realize a flat MPI
programming modeling using OpenMPI 1.4.3 with GCC C++
compiler version 4.4.5, and Python 2.6.6.

Hopper is a Cray XE6 massively parallel processing (MPP)
system, built from dual-socket 12-core “Magny-Cours” Opter-
on compute nodes. In reality, each socket (multichip module)
has two 6-core chips, and so a node can be viewed as a four-
chip compute configuration with strong NUMA properties.
Each Opteron chip contains six super-scalar, out-of-order cores
capable of completing one (dual-slot) SIMD add and one
SIMD multiply per cycle. Additionally, each core has private
64 KB L1 and 512 KB low-latency L2 caches. The six cores
on a chip share a 6MB L3 cache and dual DDR3-1333 memory
controllers capable of providing an average STREAM[26]
bandwidth of 12GB/s per chip. Each pair of compute nodes
shares one Gemini network chip, which collectively form a
3D torus. We use Cray’s MPI implementation, which is based
on MPICH2, and compile our code with GCC C++ compiler
version 4.6.2 and Python 2.7. Complicating our experiments,
some compute nodes do not contain a compiler; we ensured
that a compute node with compilers available was used to
build the KDT+SEJITS filters, since the on-the-fly compilation
mechanism requires at least one MPI process be able to call
the compilation toolchain.

VI. EXPERIMENTAL RESULTS

In this section we use [semiring implementation]/[filter
implementation] notation to describe the various implementa-
tion combinations we compare. For example, Python/SEJITS
means that only the filter is specialized with SEJITS but the
semiring is in pure Python (not specialized).

A. Performance Effects of Permeability

Figure 10 shows the relative distributed-memory perfor-
mance of four methods in performing breadth-first search
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