Ultra-Large-Scale
Repository Analysis via
Graph Compression

2020 IEEE 27th International
Conference on Software Analysis, mirE RE BN
Evolution and Reengineering (SANER)



https://ieeexplore.ieee.org/xpl/conhome/9040394/proceeding

db &=
3 I~

e IHTEAFOEELRY —RXRO—FDOEIZIEKRETDL D
IZ7 > TWh 5

c HRKXEYOPDNT AT 7 —FlIEy 7T —
R B D~ T NI nET A EICE>TWS

XBED WO E LIS T AR

AV

It

/

LY



) VI —F 7T RFa>

El:y

KA 7 7aL vy DFEREROSHFO
)y —ZHEOD W 7 A—FOERRAEEME T S

Yy —F 7T XF 3~

RQ LB Z MG E—D~Y YV TRBAIRREY 7 b7 2 THEBREDO DT =
SERRICETT A EFRIEETT A



origin

visit
timestamp
snapshot

origin
visit
timestamp
snapshot

origin

visit
timestamp
snapshot

—_ ; -
—

https:/jexample.com/hello.git
]
Fri Feb 9 12:38:45 2018 +0100
0861dbSe... .

.

https://fexample.com/hello.git

Fri Feb 9 13:29:00 2018 +0100
0861db5Se... o,
e

https://fexample.com/hello.git
3

510aa88b... &, .

-
Caum

0
Fri Feb 9 15:52:50 2018 40100 ,*
.

N
<<Directory>>
<<Revision>> ded70c63...
1a99a56b... ventries
+author = "Foo Bar <foo@.>" “"COPYING"
+message = "Merge branch ‘doc'" “Makefile*”
+timestamp = Fri Feb 9 15:44:45 2018 +0100 “README .md"
+directory: Directory “src”
+parents: Revision list
<<Snapshot>>
510aa88b... <<Directory>>
tbranches <<Revision>> ded70c63...
HEAD 3d515253... +entries
refs/heads/master +author = "Foo Bar <foo@.>" ".qgitignore"
) refs/heads/doc +message = "README: add homepage link" “COPYING"
. refs/tags/1.0 +timestamp = Fri Feb 9 15:44:30 2018 +08100 “Makefile*®
& +directory: Directory “README . md "
H +parents: Revision list “hello.c"
H
"
< <<Snapshot>> <<Revision>>
0861db5e... c7640e8d...
+branches +author = "Foo Bar <foo@.>" <<Directory>>
HEAD +message = "move source code to src/\n." 45f0c078...
refs/heads/master +timestamp = Thu Feb 8 15:26:08 2018 +0100 +entries
refs/tags/1.0 A +directory: Directory “COPYING"
+parents: Revision list “Makefile*®
“README .md "
“src”
<<Release>> <<Revision>>
edf82f21... 43ef7dcd...
+author = "Foo Bar <foo@.>" +author = "Foo Bar <foo@.>"
+name = "1.8" +message = "add licensing information and README"

+message = "1.0 release"
+timestamp = Thu Feb 8 15:51:00 2018 +8100
+target

+timestamp = Thu Feb 8 10:54:09 2018 +6100
+directory: Directory
+parents: Revision list

Merkle DAG content
after visits 1 and 2

<<Directory>>
/‘ fa8c0908...
+entries

“.gitignore"

<<Revision>>
a3ee2lad...

+author = "Foo Bar <foo@.>"
+message = "add build toolchain .”

+directory: Directory
+parents: Revision list

<<Revision>>

1886826f...
+author = "Foo Bar <foo@.>"
+message = "implement a trivial .”

+parents: Revision list = MNone

+timestamp = Thu Feb 8 10:49:29 2018 +0100 /___. <<Directory>>

<<Directory>>
+timestamp = Thu Feb 8 10:44:35 2018 +6100 /'_' 6cazedds...
+directory: Directory +entries

“COPYING"
“Makefile*®
“README .md"

“hello.c"

b94a90cd...

+entries
“.gitignore"
“Makefile*”

“hello.c"

“hello.c"

Merkle DAG content
after visits 1, 2, and 3

<<Content>>
4ecbble9...

+data = “.For more info."

<<Content>>
a8beccd6...

+data = "SRC DIR = .."

<<Content>>
alafd006...

|tdata = "_Yet another..”

<<Content>>
94a9ed02...

+data = ".GNU GENERAL.."

<<Content>>
59b32b2f...

+data = "*.o\nhello"

<<Content>>
225ae01b...

|rdata = “all: hello\n\n.."

<<Content>>
c839deal...

+data = "#include ."
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Node | Outdegree | Successors

15 11 13, 15, 16, 17, 18, 19, 23, 24, 203, 315, 1034
16 10 15, 16, 17, 22, 23, 24, 315, 316, 317, 3041
17 0

18 5 13, 15, 16, 17, 50

FEHERT
Node | Outd. | Ref. | Copy list Extra nodes
15 11 0 3,1,0,0,0,0,3,0,178,111,718
16 10 -1 01110011010 | 6, 293, 0, 2723
17 0
18 5 -3 11110000000 | 32
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TABLE IV
COMPRESSION TIME BREAKDOWN

Step Wall time (hours)
MPH 2
BV Compress 84
BES 19
Permute 18
Transpose 15
Total 138 (=6 days)
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TABLE VI
FULL GRAPH VISIT BENCHMARKS FOR A SINGLE-THREADED BFS VISIT
Forward (original) graph Backward (transposed) graph
wall time 1h48m wall time 3h17m
throughput  1.81 M nodes/s throughput 988 M nodes/s
(553 ns/node) (1.01 ps/mode)




o | A X

TABLE V
COMPRESSION RESULTS. COMPRESSION RATIOS ARE W.R.T. THE
NFORMATION-THEORETICAL LOWER BOUND FOR GRAPHS WITH THE
SAME DENSITY.

Forward (original) graph Backward (transposed) graph
total size 91 GiB total size 83 GiB
bits per arc 4.91 bits per arc 4.49
compression ratio 15.8% compression ratio 14.4%
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