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1. EXPERIMENTS
Since no suitable versioned XML document collection is avail-

able to use in our experiments we relied on synthetic documents,
generated as follows. The source document is either produced by
means of the XMark document generator 1 or selecting a random
subset of the first-level children of the DBLP XML document2

(1.16GB at the time of writing). These two kinds of source doc-
uments presents different structural characteristics. XMark doc-
uments have a complex organization of XML subtrees represent-
ing several different entities, whereas DBLP-based documents are
a simple lists of subtrees describing scientific publications. To pro-
duce the target document we randomly generate a PUL to be ap-
plied on the source document. During the PUL generation we take
extreme care to ensure that the generated PUL is also one of the
minimal cost edit-script that transforms the source document in the
target one. These PULs contain randomly generated del, insd,
repN, ren, repV operations. Inserted and replaced subtrees can
be randomly generated, similar or equal to another subtree of the
source document, or randomly selected from another XMark doc-
ument (or from the complete DBLP document). New names and
values can be randomly generated, or be randomly selected from
the set of names and values in another XMark document (or from
the complete DBLP document). We also simulate subtree moves
through pairs of deletion and insertion operations. The number of
each operation type is roughly the same. Altough we run the ex-
periments with many different distributions of operation types, for
brevity we only report the results obtained with this distribution.
Moreover, we repeated each experiment twice, once with XMark
documents and once employing DBLP-based documents, and no
significant difference was found. To easily combine and contrast
the results obtained considering documents of different sizes, we
do not reason directly on the tree edit-distance, rather we consider
the change ratio, that is, the edit-distance divided by the source
document weight.

In the experiments we considered P = 2, Q = 3 in pq-grams

1http://www.xml-benchmark.org/
2http://www.informatik.uni-trier.de/˜ley/db/

and pql-grams generations, k = 5, with no limits on the approxi-
mated matching window size.

The tests has been performed on a PC equipped with an In-
tel Core i7-2670QM CPU, 16GB of RAM and running Kubuntu
Linux 12.10 64-bit. For increasing statistical significancy, every
time measurement is the average of at least 50 samples.

In the remainder of the section, we first experimentally eval-
uate the quality of the PUL edit-distance estimation obtained by
means of tree-grams, then we empirically test the soundness of our
window-based approach used in top-down refinement stage, and we
finally provide a time and edit-script cost comparison with other
state of the art XML differencing algorithms.

1.1 PUL Edit-distance Estimation Using Tree-
Grams

This section is devoted to the experimental evaluation of the
quality of the PUL edit-script distance estimation using pq-grams
and pql-grams. Specifically, given two trees S and T , we want to
verify that, independently from the kind of operations which are
necessary to transform S into T : (i) the estimated change ratio in-
creases as the real change ratio increases, (ii) for any given real
change ratio, the estimated change ratio has a low variance.

We stress that, given a real change ratio r, we are not aiming to
estimate it as r, rather it is sufficient to have a low-variance esti-
mation, even if the average estimated value is distant from r. For
instance we can observe that the estimated change ratio tend to be
over-estimated for small change ratios and small documents. These
anomalies could be trivially reduced multiplying the obtained mea-
sure with non-constant coefficients. Similarly, over/under estima-
tions with specific kind of operations could be corrected, at least in
part, employing a more sophisticated tree-gram comparison func-
tion. However, especially because we are reasoning with syntethic
documents we want to avoid the risk to overfit the estimation to
our data. For this reason the pq-gram and pql-gram estimations are
obtained computing the Jaccard distance between the tree-grams of
the source document and those of the target document and we con-
sider the fine tuning of our estimations as a future work. Moreover,
we stress that tree-grams distance will only be used to select in a
sequence of trees the k most similar trees to a given one. Even if
the k-best matches, according to the estimation, are sub-optimal,
the application of the HIPS algorithm will often choose a perfect or
near-perfect set of matches.

We considered not only the non-homogeneous random PULs
discussed in Section 1, but also homogeneous PULs composed
by del, insd, repN, ren, repV or move operations. For each
operation we investigated also additional features: (i) the deleted
subtrees weight range, for del operations, (ii) the number of in-
serted subtress, their weight range and generation algorithm for
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insd and repN operations, (iii) the number of adjacent sibling
moved subtrees, for move operations, (iv) the name generation al-
gorithm for ren PULs, (v) the value generation algorithm for repV
PULs. We considered the following inserted tree generation al-
gorithms: (i) random trees, (ii) trees which have a similar struc-
ture (10% of the nodes are renamed, 70% of the text values are
changed) to either one of the inserted subtree sibling or to a sub-
tree at the same nesting depth, (iii) trees which have a similar
size to that of their new sibling/replaced node, but random struc-
ture, names and values, (iv) real trees, randomly extracted from
another XMark/DBLP document, among the subtrees which usu-
ally occur in the considered document, at the considered position
(e.g., a new article/person can be inserted next to another
article/person). Random trees are roughly generated as fol-
lows: (i) trees of weight 1–2 consist of a single element node even-
tually with a single child text node, (ii) trees of weight 3–20 consist
of a single element node containing one or more trees at point (i),
(iii) trees of weight 21–80 consist of a single element node con-
taining two to ten trees at point (i or ii), and so on. Tree height is
limited to 6 and the structure roughly resembles that of an XMark
document.

Figures 1, 2, 3 and 4 contrast the real and estimated change ratio
for PULs with different characteristics, among those which we con-
sider more common in XML databases. Each measurement is re-
peated 300 times on xmark and dblp random documents whose size
ranges from 1KB to 2MB. For the sake of conciseness we do not
report the results for every investegated PUL kind in these figures.
The interested reader can refer to Table 1, 2, 3 and 4 for a larger
selection of PUL peculiarities. In the Tables we report both the
average estimated value and its standard deviation. As can be ob-
served from both the Figures and the Tables, the estimated change
ratio increases as the real change ratio increases, and for any given
real change ratio r, the estimated change ratio has a low variance.
Moreover, pql-grams do not over-estimate change ratios when ren

or repV operations are required to transform the two analyzed doc-
uments.

Finally, we generated roughly 1 million source documents and
PULs, with different corresponding change ratios, uniformly dis-
tributed among the following real change ratios (0.01, 0.05, 0.1,
0.2, 0.3, 0.4, 0.5, 0.6 and 0.7), the following kinds (random, ho-
mogeneous del, insd, repN, ren, repV and move). Moreover,
for each considered kind the PUL are uniformly distributed among
the types investigated in Tables Table 1, 2, 3 and 4. We report
in Table 5, the estimated change ratios with both pq-grams and
pql-grams, and the estimations standard deviation, which experi-
mentally proves that pql-grams are a more precise estimation than
pq-grams for PUL edit-distance.

1.2 Window-based Sequence Test
In the top-down refinement stage a sequence of source subtrees

is contrasted with a sequence of target subtrees aiming at finding
the heaviest consistent set of matches between them.

The algorithm employs an approximated approach: each target
subtree is compared employing pql-grams with all the source sub-
trees in its search window. The best k matches for each target sub-
tree are inserted into a set M . The HIPS algorithm is then invoked
on M identifying the heaviest consistent subset of M .

In this experiment we aim at replicating the window-based match
settings producing subtree sequences, where the size of each sub-
tree ranges from 20 to 60 nodes. Target documents are generated
employing random non-homogeneous PULs as discussed in Sec-
tion 1. The quality of the chosen matches for entire sequences of
children can be desumed from the experiments in 1.3. In this ex-

periment we consider the worst-case scenario: in each sequence all
subtrees are very similar to each other (e.g., all DBLP article el-
ements or all auctionXMark elements), modifications are roughly
uniformly distributed among subtrees.

For each generated pair of sequences we contrast the cost dif-
ference between the edit-script generated by PUL-Diff ignoring all
perfect matches (to simulate matching two sequences of unmatched
subtrees), the edit-script generated by PUL-Diff and an optimal
edit-script.

Results for different change ratios, sequence length (from 10 to
500) and different values for k are reported in Figures 5, 6 and 7.

In each plot we devote the left (resp. right) side to represent the
result obtained by without (resp. with) perfect matches.

As can be observed in the Figures, independently from the change
ratio, sequence length, and value of k the selected matches are on
average very precise. Indeed, in no cases the cost difference w.r.t.
the optimal solution is greater than 5%. Increasing the value of k
above 3 when perfect matches are employed has negligible impact.
When perfect matches are not employed, increasing the value of
k to about half the length of the sequence yields to edit-scripts as
expensive as those identified with perfect matches. However, the
average distance between the edit-script obtained without perfect
matches and the one obtained with perfect matches is extremely
small (1-2% w.r.t. the optimal edit-script). Surprisingly, increas-
ing the length of the sequence reduces the distance between the
computed edit-scripts and the optimal one, thanks to the HIPS al-
gorithm.

Results for extremely long sequences (from 1000 to 5000) are
instead reported in Figure 8. When using perfect matches, the dis-
tance of obtained edit-scripts from the optimum still decreases as
the sequence length increases and values of k above 3 still have
a neglegible impact. When perfect matches are not used, the dis-
tance of obtained edit-scripts from the optimum increases with se-
quences of 1000 subtrees to decrease again with sequences of 5000
subtrees. We can observe that the pql-gram-based match detection
is less sensitive with change ratios near 0.3. In any case, even a
moderate value of k is still sufficient to keep the average distance
well below 5%. Therefore, the proposed pql-gram-based distance
metric, when paired with an HIPS-based top k matches pruning al-
gorithm is very reliable. Moreover, we remark that the synthesis
operator benefits from perfect matches and thus the lenght of the
sequences compared using this metric are much shorter.

1.3 Edit-script Cost and Differencing Time
This test aims at empirically determining the time complexity of

PUL-Diff for different document sizes and change ratios, as well
as constrasting the edit-script cost and computational time of PUL-
Diff with the state of the art. The PULs used to generate the target
documents contains randomly generated del, insd, repN, ren and
repV operations.

From the surveyed literature we identified several interesting XML
differencing tools for ordered trees, including XyDiff [3], DeltaXML
[4], MMDiff and XMDiff [1]. As can be observed in [2], MMDiff
and XMDiff are not good candidates for our comparison as their
objective is to identify optimal edit-script even at the expense of
time complexity. For instance, in [2], the authors show that on
100KB documents XMDiff roughly requires one hour, MMDiff
(main-memory version of XMDiff, which has quadratic memory
complexity), roughly one minute, whereas both DeltaXML and Xy-
Diff require less than a second.

For this reason, we considered only XyDiff (C++ version) and
DeltaXML 6.4.1 (Linux 14-days trial version, with a processing
limit of 1 million nodes, around 7MB). The edit-script produced
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Figure 1: Tree PUL edit-distance estimation with pq-grams and pql-grams (Part 1)
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trees with tot. weight 1-200) (pq-grams)
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Figure 2: Tree PUL edit-distance estimation with pq-grams and pql-grams (Part 2)
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Figure 3: Tree PUL edit-distance estimation with pq-grams and pql-grams (Part 3)
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O
peration

type
0.01

0.05
0.1

0.15
0.2

r
e
n

to
any

existing
nam

e
0.02703(2.21e-03)

0.11585(7.70e-03)
0.19953(1.40e-02)

0.26053(2.12e-02)
0.30689(2.74e-02)

r
e
n

to
a

random
nam

e
0.02962(1.83e-03)

0.13001(3.73e-03)
0.22504(3.86e-03)

0.29661(2.97e-03)
0.35148(2.64e-03)

r
e
n

to
a

nam
e

ofa
node

atthe
sam

e
level

0.02552(2.73e-03)
0.10607(9.85e-03)

0.18145(1.84e-02)
0.23693(2.57e-02)

0.27769(3.19e-02)
r
e
n
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a

nam
e

ofa
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w
ith

the
sam

e
parentnam
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0.02535(2.55e-03)
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0.18186(1.85e-02)

0.23696(2.62e-02)
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r
e
n
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e
level+-1
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0.10876(9.28e-03)
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0.24373(2.38e-02)
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0.04567(4.01e-03)
0.08798(6.43e-03)

0.12969(6.37e-03)
0.16750(6.98e-03)

M
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2
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0.00837(1.46e-03)
0.04059(4.87e-03)

0.07798(8.30e-03)
0.11445(1.03e-02)

0.14729(1.18e-02)
M
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eight0–500)
0.00736(2.21e-03)

0.03718(7.27e-03)
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0.21700(6.84e-03)
r
e
p
N

w
ith

2
random

trees
(totalw

eight50–100)
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0.16925(8.55e-03)
0.21842(1.01e-02)

d
e
l

a
node

w
eighting

10-25
0.01040(7.90e-04)

0.05084(2.51e-03)
0.10000(4.06e-03)
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0.14565(3.13e-03)
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0.21927(2.00e-02)

0.28385(2.52e-02)
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Figure 4: Tree PUL edit-distance estimation with pq-grams and pql-grams (Part 4)

pq-gram estimation pql-gram estimation
Change ratio Mean Standard dev. Mean Standard dev.

0.01 0.029572 0.026947 0.016702 0.008945
0.05 0.124398 0.107564 0.074867 0.035163
0.10 0.213398 0.169629 0.135634 0.056661
0.20 0.338368 0.231525 0.231765 0.078262
0.30 0.425672 0.255584 0.305835 0.086130
0.40 0.492553 0.263406 0.365108 0.089523
0.50 0.556594 0.278110 0.418311 0.100024

Table 5: PUL change ratio estimation summary, random PUL.

by these algorithms can be contrasted with ours without unfair ad-
vantages. Specifically, w.r.t. our operation cost model, the only
relevant differences are that the repC operation exist only in PUL-
Diff and that a move operation exists only in XyDiff. Since in
this test we disabled the generation of repC operations, and since
XyDiff devotes a great effort to minimize the number of move op-
erations, we just consider the cost of XyDiff move operations as
the cost of the equivalent deletion and insertion operations. More-
over, we double checked that the XyDiff edit-script costs are fair by
contrasting the presented results with the results obtained disabling
the generation of moves in the PULs used to produce the target
documents, and employing only randomly generated name, values
and inserted/replacement subtrees to almost avoid the presence of
move operations in the XyDiff edit-scripts. Since the results are ex-
tremely similar we consider the weight of XyDiff edit-scripts fair.

We report in Figure 9 the cost difference between a minimum-
cost edit-script (the one used to generate the target document) and
the cost of the edit-script generated by PUL-Diff and those gen-
erated by XyDiff and DeltaXML. We consider different change
ratios and document sizes. As can be observed in the figure, in-
dependently from the change ratio, both PUL-Diff and DeltaXML
produce almost minimal edit-scripts, with a slight advantage for
PUL-Diff. XyDiff, instead, produces far worse results. With very
small documents (up to 1MB) the quality is comparable with that of
the other two algorithms, whereas usually the generated edit-script
is far from optimal. We believe that this result does not depend on
the XyDiff algorithm implementation as [3, 2] consider small doc-
uments found on the web and report that the cost of the edit-script
identified by XyDiff can easily be 5 times more expensive than the
considered reference (on average 2 times more expensive).

In Figure 10, we contrast also the time required for differenc-
ing two documents with different size and change ratios. We can
observe that XyDiff is roughly 2 to 5 times slower than PUL-Diff
and that both algorithms have an almost linear time complexity. As
can be expected, the change ratio and the two document sizes influ-
ences the computational time. For what concerns PUL-Diff, as the
change ratio increases, the number of perfectly matched subtrees
decreases, thus increasing the time spent in the bottom-up and top-
down refinement stages. Roughly we can observe that both XyDiff
and PUL-Diff are three times slower when the change ratio is 0.9
w.r.t. their results with change ratio 0.01. The result also show that
the excellent quality of the DeltaXML edit-scripts is counterbal-
anced by the computational time required by the algorithm, which
is affected by the change ratio between the two documents. In-
deed, with change ratio 0.01 DeltaXML is only marginally slower
than PUL-Diff, whereas with change ratio 0.1 it is as slow as Xy-
Diff. With higher change ratios the time required by DeltaXML
becomes exponential in the size of the considered documents.
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Figure 5: Sequence matching with change ratio 0.3, cost distance from an optimal solution
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Figure 6: Sequence matching with change ratio 0.5, cost distance from an optimal solution
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Figure 7: Sequence matching with change ratio 0.7, cost distance from an optimal solution
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(a) Sequence length 1000, Change Ratio 0.3
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(b) Sequence length 5000, Change Ratio 0.3
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(c) Sequence length 1000, Change Ratio 0.5
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(d) Sequence length 5000, Change Ratio 0.5
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(e) Sequence length 1000, Change Ratio 0.7
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(f) Sequence length 5000, Change Ratio 0.7

Figure 8: Sequence matching for very long sequences. Cost distance from an optimal solution
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Figure 9: Cost distance from an optimal solution
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Figure 10: Differencing time and document size
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