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A graph is a set of nodes and edges that connect them:
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How to represent a large sparse graph ?
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Algorithm 1: Merge-based Intersection (non-SIMD)

1 inti=0,]=0,sizec=0;

2 while i < size_a && j < size_b do

3 if ser_afi] == set_b[j] then

4 set_c[size_c ++] = set_ali] ;

5 i++: j++;

6 else if ser_afi] < set_b[j] then i++ ;
7 else j++:

8 return ser_c, size_c
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Algorithm 2: Galloping Intersection (non-SIMD)

// suppose size_a <K size_b
i =10;7=0:; size_c=0;
while i < size_a && j < size_b do
sequential search the smallest r (r = 292122 ),
such that set_b[j + r] > set_ali] ;
4 binary search the smallest 7’ in range [r/2,r] such
that set_b[j + '] > set_ali] ;
if set_ai] == set_b[j + '] then
‘ set_c[size_c + +] = set_ali] ;
i+ -+ jt ="
return set_c, size_c .
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base values: 0 2 3 256
state chunks: ..0011]....1110{....0110....1011

’w 32 ‘

bitmap:|...0011: 0....0 i....1110 ....0110 0....0... 0 ..1011

f all-zero chu? f j
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Overview
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bv_a bv b

1. gather and > _ '

scatter bytes & et e S
filter (16 bits) I 3. shift result to a 16-bit value
1001{0000{0100J0010

multi-hit  no-hit  one-hit
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bv a sV _a

0 1 | 2 |25 0100 | ...1001 | ...0111 | ...1101
bv_mask
2. compare 4 1...1/0..0]1..1]0...0
base pairs 0000 RN1000Y ...0110] ...0100 . bitwise-AND
sv_c state chunks
0 RIY 2 | 0011 R ..1110 ] ...0110
A _/ / 1. align chunks 4 A_— _—~—
0 3 | 256 ..0011 | ...1110...0110 ...1011
bv b i sv b
1000 ! I"11 Il
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2. bitwise-AND non_empty_mask

bv_mask
1...1]0..0]1...1]0...0
3. shift mask to
by a a 4-bit value
| 2 259

WMN
TT(# biis)

V_C

(0.0 | 11 [ 1.2 ] 1.1

1. check all-zero
sV _C state chunks

0000 [ ...1000] ...0110 ] ...0100
4. gather valid

...0110

SV_C
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Intra -chunk and Inter-chunk Parallelism
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bv a bv b

1. gather and
scatter bytes

2. cpare cach yt pair o
filter (16 bits) 3. shift result to a 16-bit value
1001J0000[0100J0010 @
multi-hit  no-hit  one-hit
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HIN&' (&(PD&()*P&S+,5-.*B/%0(

TC MC SM
skew_ratio < 1/32 | 5.04% | 47.72% | 25.37%
skew_ratio > 1/32 | 94.96% | 52.28% | 74.63%
selectivity < 0.3 91.75% | 95.60% | 96.68%
“No-Match” Cases 36.54% | 26.07% | 43.53%
“One-Match” Cases | 58.06% | 26.10% | 30.41%
“Multi-Match” Cases | 0.35% 0.12% 0.69%

Table 4: Proportions of different cases
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The Node Ordering Matters

vio(Vi4) viivi2)  via(vs)  viz(ve)  via(va)

vo(V13) vi(viy) vo(v7) va(v
o(vi3 1vi 2(v7 3!'('1-'%%&'()*#,'-.
E E E E
* * *! * * *
( ) + ) / ()
* *! ! * *
) _C ) ) / (
E E E E

27 state chunks in total 17 state chunks in total



BSR Compactness Score
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Definition of the Graph Reordering Problem
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Hardness
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Comparing with state-of-the-arts
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Comparing with state-of-the-arts
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Input Query Compiler Generated Code Execution Engine Output
sx = (MxRnmxR) 4
Data  Query Vo for x in sy \ bata
R | |Ks(x,y,z) :- A:R sy := (myR[x] N 1y R) K3
of1 R(x,y), % XX, Y,z % foryins,: % —> La.yopt x|y |z
il2|| RGy,2), s. = (mRIy] N 7 RIx]) SR ol1]z
o12|| R(x,z). forzins;:
\_ Y, KU (x,y,2) \_ )
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SIMD Set Intersection Algorithms:
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SIMD Set Intersection Algorithms:

1071 104
—_ SIMDShuffling .
=2, SIMDGalloping 2,
o Miss o -
£ \4 £ BMiss
g 107 '(:; SIMDGalloping ~N
5 V1 5
8 V3 S ot
= X SIMDShuffling
L L

\
107° , -5
10! 107 H0 1073 1072 10°!
|S1|/|S2] Density

HSY0& (Y0)*(++,-./)%*0-12%/ 2EH740$88+) 8B - 4567 (++&<)39
(%-%02-=$3-%)'2-1,-*&3.):2=)39846088' )*!" |#!$ |?



Comparing with state-of-the-arts

"HEHS%&'())  %$E&'SO*"$+,-.$/01

o0

i

1EmptyHeaded
1 GRO+SIMD+BSR

IsEmptyHeaded+QFilter a

)

N\

Speedup (EmptyHeaded=1.0)
N

TC

6.47x

5.41x

4-Clique



"HE068, ()HS(

| %+ - JO#'1-)(- (23-1#-42542(2$1-$#32-67-(21(8-9:)%:-)(-
1)) &#A23-#A4-1%%2824/1)$<-(21-)$124(2% 1) #$-' () $<-+6-
)S(14'%1)HS(-

| >-20185:2%A)$<-(14/12<0-)(-54#5#(23-Fs&) 124
|&<#4)1:C8-9)1:-(#C2-1:2#421)%]/&-1$/&0()(D-

| E2-54H#5#(2-1-$29-<4/5:-#4324)$<-1&<#4)1:C-1#-;)$3-/-
221124-<4/5:-#4324)$<-1#-(IF2-1:2-%#C5/%1$2((-#;-*+ -
42542(2$1/1)#$D-

| B:)&124G+6=7GF3#2(-)C54#F2-1:2-<4/5:-524:#4C/$%2-
<42/1&0-H#IU"##$%'K

Our codes are  https://github.com/Caesar11/GraphSetinte
here rsection.git
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