
LAW & the Web
Paolo Boldi, Massimo Santini e Sebastiano Vigna



Per fare un tavolo ci vuole il legno

per fare il legno ci vuole l'albero

per fare l'albero ci vuole il seme

per fare il seme ci vuole il frutto

per fare il frutto ci vuole un fiore

ci vuole un fiore, ci vuole un fiore,

per fare un tavolo ci vuole un fio-o-re.

To make a table you need wood,

To make wood, you need a tree.

To make a tree, you need a seed,

To make a seed, you need a fruit,

To make a fruit, you need a flower.

You need a flower, you need a flower,

To make a table you need a flo-o-wer.

To Make a Table...
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How Everything Started 

✓ About seven years ago, we (the three musketeers) were 
starting to be interested in the structure of the Web 
(as a graph, mainly)

✓ We needed data (Web pages)

✓ Large datasets were (are) difficult to get, because...

✓ they are large
✓ they are precious
✓ they can be collected in many different ways
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BUbiNG Features

✓ Fully distributed (no central coordination)

✓ Scales up almost linearly (more resources = better 
crawling)

✓ Polite (more than UbiCrawler used to be...)

✓ Uses more standard format for saving data (Internet 
Archive’s WARC, Draft ISO TC46/SC4)

✓ Some more features in the following slides
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Consistent Hashing
✓ Identifier-seeded consistent hashing: an innovative 

way to distribute URLs among agents

✓ Locally computable: (pseudo)random function of 
agent names

✓ Somewhat between static and dynamic assignment:

✓ as new agents are added, they become responsible 
of some URLs...

✓ ...but, except for this, they don’t change the 
relative responsibilities of existing agents
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JAI4J

✓ Job Assignment Infrastructure For Java

✓ A general Java library to assign jobs (a.k.a. work unit) 
to agents: applicable to BUbiNG, Heritrix, ...

✓ Based on JGroups for communication/discovery etc.

✓ Uses Berkeley DB for keeping track of pending 
communications

✓ Will be released under LGPL (as part of BUbiNG)
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fastutil
✓ Java is more efficient than one often is lead to believe

✓ Yet, primitive-type efficient collections are still missing 
from the core APIs (and essential for any large-scale 
activity)

✓ fastutil provides small-footprint, highly efficient 
Java implementations for primitive-type collections

✓ More than 1,200 automatically generated classes

✓ Released under LGPL
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MG4J

✓ Managing Gigabytes For Java

✓ Started as a Java partial implementation of
world-famous MG (Managing Gigabytes)

✓ Now: a full-fledged set of facilities to index and full-
text search large document collections

✓ On the way, besides optimized implementations, we 
developed several new algorithms
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MG4J Features
✓ Highly customizable: document collections can be 

potentially anything, flexible index structure (ideal for 
research purposes)

✓ Extremely efficient; suitable for large datasets 

✓ Multi-field search, virtual fields, distributed search

✓ Includes low-level Java libraries for

✓ highly efficient mutable strings
✓ bit-level I/O and compression
✓ (OP)MPH, FCL, etc.
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✓ Minimal-interval semantics + multiple fields = very rich 
and powerful query language

✓ Also: a complex and sophisticated semantics

✓ Needs correspondingly complex algebraic tools to be 
described (free product [a.k.a. categorical sum] of 
lattices)

✓ Full description is coming...
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Skip Lists
✓ MG4J uses deterministic, embedded, and highly 

compressed skip lists to speed up index access

✓ The classical approach (one skip every f1/2  pointers, f   
being the frequency) is tied to term-at-a-time query 
resolution in non-positional indices

✓ MG4J’s approach is agnostic (works even for 
sampling) and guarantees logarithmic access times 
with minimal space overhead 
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Extracting the Graph

✓ The Web graph contains a lot of information about the 
dataset

✓ Many applications:

✓ ranking 

✓ community detection

✓ structural similarity 
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WebGraph
✓ Web graphs can be handled more easily than an entire 

crawl, provided that they are suitably compressed

✓ The WebGraph framework provides out-of-the-box 
state-of-the-art compression requiring 3 bits/link on the 
average at 150ns/link random access time

✓ Medium-sized crawl graphs (e.g., 250Mpages) can be 
fit into the main memory of a workstation (4GB)

✓ 100% Java, distributed under GPL

✓ Jacob Ratkievicz has developed a C++ version
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Compression

✓ WebGraph uses a mixture of:

✓ locality (similar URLs point one another)

✓ similarity (similar URLs have many links in 
common)

✓ consecutivity (similarity in the transposed graph)

✓ new, made-to-measure universal codes
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ζ   Codes
✓ Existing universal codes (e.g., Golomb, Elias’ gamma, 

etc.) often target distributions that are not found in the 
Web

✓ We developed a new family of codes (ζ codes) that are 
intended for Power Law distributions with low 
exponent (<2)

Huffman code ζ codes
α Entropy Exp. length Red. Hα Code Exp. length Red.

1.15 11.37 11.39 0.23% 13.01 ζ4 13.61 4.66%
1.20 9.62 9.66 0.46% 10.20 ζ3 10.57 3.56%
1.25 8.24 8.27 0.37% 8.45 ζ3 8.72 3.21%
1.30 7.16 7.19 0.28% 7.24 ζ2 7.44 2.69%
1.35 6.32 6.34 0.36% 6.35 ζ2 6.47 1.86%
1.40 5.64 5.68 0.63% 5.65 ζ2 5.75 1.65%
1.45 5.10 5.16 1.18% 5.10 ζ2 5.20 1.95%
1.50 4.64 4.70 1.16% 4.64 ζ2 4.77 2.68%
1.55 4.26 4.29 0.82% 4.26 ζ2 4.42 3.79%
1.60 3.93 3.95 0.60% 3.93 ζ1 4.07 3.61%
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PageRank and 
Derivatives

✓ The LAW library contains software to

✓ compute PageRank in various flavors (using the 
Power Method, Gauss-Seidel, Jacobi etc.)

✓ compute its Power Series Expansion and evaluate 
it simultaneously for different damping factors and for 
derivatives of any order with precision guarantees

✓ compare (efficiently) two ranks using Kendall’s τ 



Go Grab It!
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The DELIS Dataset
✓ Various datasets over the last 5 years

✓ The most complete is the DELIS one

✓ 12 snapshots of the UK web

✓ monthly, from the same seed

✓ 100Mpages each

✓ Graphs available in differential form: a single, aligned 
WebGraph with labels on nodes/arcs—less than 7GB!
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Full Text
Date Pages Size (Gb) GZip Size (Gb)

2006-05 98,812,333.00 2,014.68 419.57

2006-06 112,386,763.00 1,893.11 402.45

2006-07 136,956,559.00 2,287.36 477.03

2006-08 141,395,895.00 2,424.82 507.59

2006-09 148,965,298.00 2,756.61 546.70

2006-10 129,558,491.00 2,336.19 478.31

2006-11 150,146,132.00 2,637.70 546.81

2006-12 144,489,446.00 2,552.80 525.77

2007-01 151,578,113.00 2,651.65 553.97

2007-02 153,966,540.00 2,692.88 564.98

2007-03 151,427,461.00 2,568.80 545.80

2007-04 150,606,689.00 2,700.06 559.84
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Graphs
Dataset Nodes Arcs Size (Gb) bit/arc

2006-05 77,741,046 2,965,197,340 1.10 2.90

2006-06 80,644,902 2,481,281,617 0.99 3.08

2006-07 96,395,298 3,030,665,444 1.28 3.30

2006-08 100,751,978 3,250,153,746 1.35 3.26

2006-09 106,288,541 3,871,625,613 1.45 2.93

2006-10 93,463,772 3,130,910,405 1.14 2.83

2006-11 106,783,458 3,479,400,938 1.29 2.86

2006-12 103,098,631 3,768,836,665 1.34 2.78

2007-01 108,563,230 3,929,837,236 1.38 2.72

2007-02 110,123,614 3,944,932,566 1.39 2.74

2007-03 107,565,084 3,642,701,825 1.34 2.85

2007-04 106,867,191 3,790,305,474 1.36 2.79
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Overlap (host)
2006-05 2006-06 2006-07 2006-08 2006-09 2006-10 2006-11 2006-12 2007-01 2007-02 2007-03 2007-04 

2006-05 11,402 5,849 6,258 6,121 6,135 5,856 5,871 5,706 5,896 5,723 5,601 5,699

2006-06  94,967 73,304 71,686 69,899 65,516 64,501 59,478 62,459 62,447 58,953 57,671

2006-07   130,778 102,250 99,489 89,951 90,909 81,491 86,741 88,143 84,082 82,731

2006-08    128,505 102,873 84,999 90,378 81,023 86,489 86,762 81,908 80,066

2006-09     136,605 88,006 94,655 84,335 90,887 89,620 84,993 82,097

2006-10      109,918 86,175 75,831 81,130 81,614 76,616 75,660

2006-11       121,208 86,714 91,461 91,549 84,125 82,322

2006-12        113,471 88,852 84,335 79,298 76,254

2007-01         125,134 94,259 86,402 84,474

2007-02          122,956 91,094 87,864

2007-03           122,506 84,971

2007-04            113,157



Go Grab It (someday...)!
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