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thank you! 



a graph algorithm for a new 
architecture 



• Data-driven applications 

• Unstructured problems 

• Poor locality 

• High data access to 
compute ratio 

 

high performance and graphs 

graphs  

traditional HP not optimal for graphs 

Berry, et. al. IEEE IPDPS, 2007.  

v v 



The Cray XMT 
• 500 MHz single 64 bit Cray 

Threadstorm Processor 

• 128 threads per processor 
– Single cycle switching 

• 8GB shared memory/processor 

• Automated dynamic 
scheduling 

• Largest is 512 processors 
– 65,536 threads 

• Largest SMP has 2560 cores 
– 4096 threads 

New Architecture  New Techniques 
 New Algorithms 

Konecny. CUG 2007. 

Load balancing not an issue. 

‘Tolerate’ not ‘reduce’ latency. 

Hotspotting still a problem! 



Subgraph Isomorphism 

v 

v 

v 

v 



Speed up of Final Algorithm 

6.2 Phase I I

In Table 1 we compare the three variations of Ullmann’s, as well as the VF2, Phase II look ahead rules. In

this table we list the rulewhich led to the fastest solution of theSI problem asmeasured by wall-clock time.

(Notethat all testswerecarried out using theUllmann Plusrule in PhaseI.) Thebest performing algorithm as

measured by wall-clock timefor the largegraph instances (Ullmann) wasalso themost scalableasmeasured

both by percentagemachineutilization when using afixed number of processorsaswell asby scaling studies

where we varied the number of processors. The Ullmann algorithm showed about 50% parallel speedup in

large graph computations involving more than 1000 threads. See Figure 2. Since candidate consistency

checking in Phase II is all independent, the main limitation on scalability arises from memory contention

which we now discuss.

Fig. 2. Speedup of the Ullmann algorithm plotted relative to the number of threads available for three types of graphs. On the Cray

XMT, each processor supports 128 threads so limiting a job to 2 processors is equivalent to limiting a job to 256 threads. We note

that our implementation scales well up to at least 1024 threads.
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In Phase II, similarly to Phase I, we found that theoptimal strategy did not correspond to either the least

or most strict look ahead criterion. For example, the VF2 and Extended Ullmann algorithms are examples

of stricter look ahead strategies. The VF2 algorithm is typically superior to the Ullmann algorithm in serial

execution [9], but it did not perform well in our testsdueto thelarger number of memory accesses(both read

and write) per check of a partial candidate. This created contention as all threads must access the original

graph. One potential method of alleviating this would be to create multiple copies of the graph and access

the copies randomly. We did not employ this technique in these experiments but recognize it would likely

benefit the all of the algorithms we tested. The Extended Ullmann algorithm also did not perform well

for similar reasons. Instead, we found that the optimal strategy for graphs of non trivial size was simply

to employ the original Ullmann rule. As well as generally having the fastest solution time, the Ullmann

rule also gave the highest percentage machine utilization (typically around 36%). (Note that while such

a machine utilization may not seem especially high, it is consistent with the highest percentage machine

utilization of other graph algorithms studied on the XMT architecture, e.g. breadth first search [29]). Less

strict pruning, such as in theSimplified Ullmann rule, offers the potential for increased parallelization over

the original Ullmann rule. However, for the classes and sizes of graphs we studied, theSimplified Ullmann

rule did not prune the search tree adequately, and the large numbers of partial candidates at lower levels

of the search tree (where factorial growth occurs), so greatly exceeded the available number of hardware

threads that the increased parallelizability was not advantageous. Nonetheless, given the experience here

with the importance of minimizing memory accesses, we cannot rule out that even simple strategies such

as the Simplified Ullmann rule, which more closely resemble brute force enumeration than other graph

9

Scales to 
1000 
threads. 



in summary 

• developed a new graph algorithm 

• got to work with a cool new architecture 

• pretended to be a computer scientist for a 
couple of months 

ACM SPAA (2012). 



new algorithms for quantum state 
evolution 



time dependent Schrodinger Equation 
for a system of n spins 

magnetic field (t) 



a technical detail 

For a closed system: 

For an open system: 



why so complicated? 

σi 

σj 

σk 

σi 

σj 

σk 

n spins  tensor of dim 2n 



strategies for approximation 

σi 

σj 

σk 
1. state space restriction. 

2. quantum monte carlo 

3. low dimensional factorization 

tensor of dim 2n is mostly zero 

not promising for this problem 



the matrix product state 

We have a form, so: 
 
1. how do we find the elements that make up the 

‘best’ product? 
 

2. can we calculate properties (take expectation 
values) directly from this form?  

yes for time independence 

?? for dynamics 



a new algorithm: aMPS 

1. how do we find the elements that make up the 
‘best’ product? 

 
 
 
1. can we calculate useful properties from this 

form?  
 

Adv. Chem. Phys. (2012)  
arXiv:1103.2155v1 [cond-mat.str-el] 

derived EofM for individual matrices 

response functions and excitations 

linearize these using special structure 

Fast and  
Accurate 



so we can use the MPS, but is it useful? 

magnetic field (t) 

NMR 
high temp limit ✔ ✖ 

SSR 

ESR 

MPS ? 

✖ ✔ 

? 

 aMPS ‘automatically’ gives optimal basis 

 relationship between SSR and MPS: MPS covesr the space of the 
SSR basis with O(n3) storage.  



storage of SSR to MPS 

Exact:  exponential 

MPS: O(v3) 

SSR: O(v)  

MPS guaranteed to do better than SSR 
with polynomial increase in storage cost. 



a model system 

magnetic field (t) 



numerical comparison of SSR vs MPS 

Ext nelem 256 
SSR  nelem   67 
 nnz    16 
MPS nelem   48 
 nnz    45 



numerical comparison of SSR vs MPS 

Ext nelem 256 
SSR  nelem 175 
 nnz    40 
MPS nelem   96 
 nnz    92 



numerical comparison of SSR vs MPS 

Ext nelem 256 
SSR  nelem 175 
 nnz    40 
MPS nelem 160 
 nnz  148 



in summary 

• derived a new time propagation scheme for a 
beloved wavefunction ansatz, MPS 

• derived methods for computing important 
physical properties such as response functions 

• analyzed relationship between MPS and SSR 

• initial numerical results are promising 

next step:  
 implementation of time propagation algorithm 



thank you! 


