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Abstract

We design and implement Mars, a MapReduce
framework, on graphics processors (GPUs).
MapReduce is a distributed programming framework
originally proposed by Google for the ease of
development of web search applications on a large
number of CPUs. Compared with commodity CPUs,
GPUs have an order of magnitude higher computation
power and memory bandwidth, but are harder to
program since their architectures are designed as a
special-purpose co-processor and their programming
interfaces are typically for graphics applications. As
the first attempt to harness GPU's power for
MapReduce, we developed Mars on an NVIDIA G80
GPU, which contains hundreds of processors, and
evaluated it in comparison with Phoenix, the state-of-
the-art MapReduce framework on  multi-core
processors. Mars hides the programming complexity of
the GPU behind the simple and familiar MapReduce
interface. It is up to 16 times faster than its CPU-based
counterpart for six common web applications on a
quad-core machine. Additionally, we integrated Mars
with Phoenix to perform co-processing between the
GPU and the CPU for further performance
improvement.
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2.2. GPGPU (General-Purpose computing on GPUS)
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3.2. System Workflow and Configuration

Input
Data
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Data

Figure 2. The basic flow of Mars on the GPU. The
framework consists of two stages, Map and Reduce.

Algorithm 16 Mars, the MapReduce framework on the GPU.
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Table 2. The API functions in our MapReduce framework.

APIs of user-defined functions Optional
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3.4. Implementation Techniques
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Table 5. The size of the source code in user-defined
functions using Mars and Phoenix.
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4.2. Results on String Library
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Figure 3. Performance comparison of the string libraries
in C/C++ and Mars.
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4.3. Results on MapReduce
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Figure 4. Performance speedup between Phoenix and the
optimized Mars with the data size varied.
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Figure 5. The time breakdown of Mars on the six
applications with the large data set.
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Figure 6. Performance speedup with hashing in Mars. The
hashing technique improves the overall performance by

1.4-4.1X.
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Figure 7. Performance speedup of coalesced accesses in
Mars. The coalesced access improves the overall
performance by 1.2-2.1X.
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Figure 8. Performance speedup of accessing data with
built-in vector types in Mars.
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4.4. Results on Co-Processing on CPU and GPU
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Figure 9. Performance speedup of co-processing on the
CPU and the GPU over processing on the GPU only.

5. Conclusion

& 1 & ! ! #
A L SR B R % o+ #
*& D b % " 78
r R A !
$1 0 ™y "1 g0
& " I O N T G 7 S
$1 182 ! o #
& F "% F ' F ("% & &
78. 182 1 " ¢ 881 ¢ #
¢ 78 "o (4 & %t b
! f & ot 182 !
g f § 78 1 &

" '8 " (
1 f182 1" % (' &t F
boe & # AT I
4678. " (

g LN TR

182 ' " % (t # 881 ¢

! f b

1 $ ¢ 0¢ 182 !
& b ! & bt
182 1" % (! #( ¢ 'Y
& " " %" ¢
& "' %t ! ! !
T R "o (! " #

#86;;%%% ! ¢ ( & Dg;

6. Reference

t- 2?2 ?' (* *$ >& '
)y 1 1 & !

! t & ! @ ) *3//F

13- ?1) 6 1*
H&G;; # 1 & W4 & 1 ;

t<- ?2& ! &
#&6;;" ! & ! ; &*3//F

B- ) ¢ ) ) /¢ $ 277
3//F

+E- § !(* LI ) LERVAR: *

oo f 7 (



+F-

+4-

+-

+ /-

" 786 $ 6 &t & !
% $5 227 *3//B
66 *$ *O *0O0* (*? 0
cC'(t 18&2 1" !
: oy o5t
71 $ ¢ *3//4
d>) 2 1+ f v
v ? 78. 1 g v
oy 1$ 7" 1 6 &t
1 >t 7 8 | &6 " 1+
3//4
Vo) $ %t 18&2 16
$ & ) 71 6" ¢
C$)5* 3//B
X kR $ 0
78 1" ¢ " & " o1&t

?615===$8& 6 &¢ *3//B
v $6 ( tr $1#

D ' Y LT S SR -
6 g8 % 71 "t <
5===5¢ ¢ '6 " 1 =
2 6 &+ $ ¢ 288N E ¢
3//4
: o OHRGIYN% 11 &
) Y (*2 $> (*V 10 ™7
116 I(¢$ £ 1 % ( $
( =08& % ('t =1
RN 78. ooy o7
6 &t <<t/. && F,EFIN 3//4
oy £ 2 D
1 78 $ #% & " !
&1 1g ! oo #
¢ $5 1C)*3//F
? X1 782 $ #
c& '7 "'$ ¢ $ 0 21 F N
71 3/t S===54 7 " ) ¢ ¢
71 $ & 957)7%:* 3//F
* * $ #
=" f ¢ 1# & # & 1
& ! ?615===$8& ! &+t *3//4
* O * 2 * 1 *
* 708 24

+3/-

43 -

+33-

+3<-

+3B-

+3E-
+3F-

+34-

43,-

& 1 & 1 T 1" 28 ¢
8% .6%/4./F* 8% *1 3//4
D 78 * o He6;; [ #
& M & ™t 3//F
= ) At # £ 0
't &' & ! % 2?61 ;5===
$& ' &t *3//
¥ $! @ * t
St B " o p ol
' # 78 === 14
7 " Yt 4 $ 4 o ¥ I*
&& 34/. 3, * $ &t* 3//4
@5)5? 68)? 9% &t 8 " ) !
?0 8 ¢
H&G;; ‘& L L5 #
C& O %%% &
V) YCwn *) (* * 1
Y 7z *?2 = " vz -
? " ‘& & I &t
& ! % 6 &t & ! ¥
@ 3F*3//4
6 2 *2 2 * 2?7 g
(*6 > (= "¢ 1¢g&2 1"
I 1 '4& ! $ #
$ & 7" 1 6 &t
?0 8l 9 767:*3//4
$3$ & * A *O X V) C%
$! & ¢ " 78 1 & ¢ ?61
$ 277 ;=82C 2?7 6% ! " !
& 1 % *3//4
$=5 X G 4 # ( X
D t*$ 7 VC' 74 L R
¢ & " t & 78 "
& & ?$7 C$3//F
o *?) 2 ¥ )$7(
1&2 1.1 6$ &" 2 't ") #
7 1 6" ¢t $5 1C)H*3//4
20t ¢ A " # # '
? DR S S B



