
Software Support for Regular and Irregular 
Applications in Parallel Computing�

Da Li �

University of Missouri - Columbia�

Advisor: Dr. Michela Becchi �



Regular	
  &	
  Irregular	
  Applica/on	
  

Innova/on	
  from	
  So6ware	
  	
  

• 	
  Control	
  structures	
  
• 	
  Data	
  structures	
  
• 	
  Communica0on	
  pa2erns �

• 	
  Programming	
  model	
  
• 	
  Run0me	
  	
  
• 	
  Compiler	
  



Applica/on	
  Specific	
  Accelera/on	
  

Idata(Image)

GPU  Gl obal   Memory

Ti l e Ti l e

Ti l e Ti l e Ti l e Ti l e

Ti l e Ti l e Ti l e Ti l e

Ti l e Ti l e Ti l e Ti l e

Ti l e

Boundary  
data   of  
hori zontal   
scan

Hori zontal   
scan   i n  
Ti l e

Verti cal   
scan   i n  
Ti l e

Step  1

Step  2

b

Integral	
  Histogram	
   Mul/ple	
  Pairwise	
  NW	
  

Bl ock   0
Bl ock   1

Bl ock   2
Bl ock   3



Equa/on-­‐based	
  Programming	
  Model	
  

Integral	
  Histogram�

Needleman-­‐Wunsch�

Matrix	
  Mul0plica0on �

0 0
( , , ) (( , ), )

yx

i j
H x y b Q i j b

= =

=∑∑

	
   ( 1, 1) ( , )
( , ) max ( 1, )

( , 1)

i jM i j S x y
M i j M i j G

M i j G

− − +⎧
⎪

= − +⎨
⎪ − +⎩

0
( , ) ( , ) ( , )

n

k
C i j A i k B k j

=

= ×∑

Stri de

Ti l e Ti l e Ti l e Ti l e

Ti l e Ti l e Ti l e Ti l e

Ti l e Ti l eTi l eTile

Stri de

Ti l e Ti l e

Ti l e

Ti l e

Ti l e Ti l e

Ti l e

Ti l e

Ti l e

Ti l e

Ti l e

Ti l e

A

B

C



Adap/ve	
  Run/me	
  for	
  
Graph	
  Algorithm	
  

	
  
Graph API

Runtime

Libraries

SSSP
T_BM

T_QU
B_BM

B_QU

BFS
T_BM

T_QU
B_BM

B_QU

Graph 
Inspector Decision Maker

Network� #Nodes � #Edges �
Node	
  Outdegree�

min� max � avg �

CO-­‐road� 435,666� ~1M � 1� 8� 2.4�

CiteSear� 434,102� ~16M � 1� 1,188� 73.9�

P2p � 36,692� ~0.18M � 0� 1,383� 10.0�

Amazon � 396,803� ~1.7M � 0� 10� 8.4�

Google� 739,454� ~2.5M � 0� 456� 6.9�

SNS � 4,308,452� ~34.5M � 0� 20,293� 16.0�


