
RADICAL 2010



A 
Wiki 
Everyone can use to 
Store, 
Organize, 
Manage and 
Exchange data

RADICAL 2010



A 
Wiki 
Everyone can use to 
Store, 
Organize, 
Manage and 
Exchange data

James Cheney
University of Edinburgh

Joint work with
Peter Buneman, Sam 

Lindley, Heiko Mueller 
(UoE)

 Michael Benedikt (Oxford)

RADICAL 2010



Or:

How to train your database wiki



Or:

How to train your database wiki



Or:

How to train your database wiki

This is what happens when 
James has too much coffee



Curated databases

• Created by manual 
effort

• Curators copy 
data from papers, 
other DBs

• Some sources 
unreliable

• some curators too



Curated databases

• Created by manual 
effort

• Curators copy 
data from papers, 
other DBs

• Some sources 
unreliable

• some curators too
Hi, everybody!



Problem

• We know basically what to do

• "Curated databases" should provide built-in:

• archiving [Buneman et al. 04, 08, ...]

• provenance [Buneman et al. 01, 06, 07, 08, ...]

• annotation [Geerts et al. 06, ...]

• But hard to convince users to do the right 
thing



Solution: 
A database wiki

• Standard wiki stuff

• WikiLinks, editable pages, brain-dead syntax, page history

• New: editable, (semi)structured data with

• Transclusion (via queries embedded in pages)

• Annotation (discuss data, propose changes)

• Stable citation, copy/paste for wiki data

• Archiving - record all past versions

• Provenance - automagical (?)



Implementation

• Using Links

• Other web programming languages would probably 
also work (but we have in-house expertise)

• Currently:

• basic wiki stuff

• "data tree" - editable via browser & persistent

• path transclusions and type-based selection queries



Demo



and now for something completely different:

Independence Analysis
for semistructured data



Motivation

• Suppose we have multiple (cached) pages 

• expressed by (XQuery/XPath) queries Q1, Q2, ...

• When the database wiki is updated:

• Which queries may be affected?

• If we can determine (quickly) that queries and 
updates are independent 

• then can keep using cached version of unchanged 
pages
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Prior work

• [Benedikt and C 09]: static independence 
analysis based on schema (reg. exp. types)

• Showed effective for avoiding view maintenance

• Problem: Useless if you don't have a schema

• Some prior work on path-based "XML 
projection" [Marian & Simeon 03,...], 
"commutativity analysis" [Ghelli et al. 08]

• But doesn't quite solve independence problem



Current work

• [Benedikt and C 2010]: Use queries to 
statically describe the set of updates that 
"may destabilize" the query

• Call this ∆(Q), the destabilizer (or 
antiprovenance) of Q

• Targets(U) disjoint from ∆(Q) implies Q 
independent of U

• Can be just as effective, without a schema



Key subproblem:
XPath intersection analysis
• In the absence of schema, use paths to 

statically describe sets of nodes

• cf. [Ghelli, Simeon & Rose 2008], others

• Intersection of downward paths is O(n2)

• But general problem is NP-hard



Solvers to the rescue?

• There are solvers for decidable tree logics

• MONA (decides MSO(Tree)) 

• Somewhat unpredictable, needs tuning

• [Geneves et al. 07]: Modal mu-calc solver

• Source not available

• Optimized version not yet available



A special case

• Our approach: novel (apparently) reduction 
from EFO(Tree) to EFO(N, <).

• Most SMT solvers are very good at 
EFO(N,<)-SAT (typically complete)

• Typically faster than MONA or Geneves 
solver on our path intersection/
independence benchmark

• but handles a much weaker theory



Idea

•Sibling(x,y) 

•=> 

•x.post < y.pre

/
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Idea

•Desc(x,y) 

•=>

•x.pre < y.pre & x.post > y.post

/

c b

b a

1 2 3 4 5 6   7 8 9 10



Idea

Child(x,y) => 

Desc(x,y) & not (Desc(x,x1) & Desc(x1,y)

          & ...

          & not (Desc(x,xn) & Desc(xn,y)

/
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Comaprison for one 
typical problem
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Experimental results

• Destabilizer-based independence analysis is 
just as effective as schema-based

• succeeds/fails on different queries

• fast enough (using yices) to yield savings

• Close to exact

• < 1% false positives on benchmark of over 500 
problems

• (hand classified)



Respectable charts and 
figures
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Figure 5: Running times for the generic analysis, in milliseconds (logarithmic scale), broken down by update and analysis level.
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Figure 6: Effectiveness of the generic analysis, expressed as a percentage of query-update pairs determined independent, broken
down by update and by analysis level.
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Figure 7: Effectiveness of the generic and kind-sensitive anal-
ysis, expressed as a percentage of query-update pairs deter-
mined independent, broken down by analysis level and type of
update (insert, delete, rename).

SCH L1 L2 L2 + SCH
1.1MB 8.3% 10.5% 8.3% 10.9%
2.3MB 11.0% 14.5% 14.9% 20.1%

Table 1: Maintenance time savings across whole benchmark

(We omit results for L3 since it did not lead to an overall improve-
ment.) The savings obtained by the different analyses were calcu-
lated using the same methodology as in [2] and are summarized
as percentages in Table 1. The documents are 1.1MB and 2.3MB
XMark data [28]. To recompute queries, we used Galax 1.1, which
implements the full W3C update recommendation.

5.3 Discussion
Efficiency. The running times reported in Figure 5 show that

the simple techniques used by L1 are around ten times faster than
SCH ; the difference is likely due to the need for processing and
analyzing the schema. The more sophisticated analysis level L2 is
generally slower than SCH , and L3 is generally much slower, even
with a 1 second time limit.

Effectiveness. To evaluate the precision of our approach, we at-
tempted to generate counterexamples to independence for each pair
not found independent by the delete-sensitive analyses. We were
able to find such counterexamples for all but five problems; thus,
for the delete-sensitive case, L3 correctly classifies over 99% of the
576 independence problems in our benchmark, while L2 correctly
classifies over 98%, and L1 is at least 95% accurate.

Using the kind-insensitive analysis, even L1 is able to determine

independence in approximately 41% of cases. L2 improves this to
around 46%. However, the most sophisticated analysis, L3, is only
able to find a handful of additional independent pairs, a poor return
for the additional time investment. Using kind-sensitive destabiliz-
ers led to improvements of 4–6% for each level of the analysis. This
demonstrates the value of taking the update kinds into account.

Figure 6 also gives an idea of how independence of the bench-
mark update/query pairs depends on a schema. Although our ap-
proach is (as mentioned above) nearly perfect at detecting schema-
free independence, there are certain pairs that can interfere in the
absence of a schema but are independent for the XMark schema —
e.g. UA2, UB2, UB7 involve the descendant or ancestor axes and
can modify data almost anywhere in the tree, so actually do inter-
fere with most queries in the absence of a schema – thus schema-
based analysis does better on these updates. Note that our approach
can certainly accommodate schemas, simply by using schema-aware
satisfiability tests – this is an opportunity for future work.

Impact on View Maintenance. Table 1 shows that on the 1.1MB
XMark document, both the L2 and SCH analyses decrease overall
maintenance time by 8%, while L1 obtains better savings (10.5%);
this is because it detects more independent pairs than SCH faster.
However, on a larger document L2 pulls ahead, saving almost 15%
compared with 11% for SCH and 14.5% for L1. Since L2 is over
98% accurate, these improvements are close to optimal for a static
analysis without schema or other constraints on the data. Finally,
simply combining the independent SCH and L2 analyses (that is,
trying SCH first and then L2) led to further improvements, to 11%
and 20% on the 1.1MB and 2.3MB documents respectively, the
best overall results we have obtained. Note, however, that these
improvements rely on access to an accurate schema for the data.

As discussed above (and in [2]), we chose Galax for its support
of the standard, not its high performance. However, we are confi-
dent that our approach will benefit any faster engine for sufficiently
large documents since the cost of static analysis is independent of
document size.

6. RELATED WORK
Due to space limits, we discuss only directly related work. Ad-

ditional related work (including work on incremental view mainte-
nance for XML) is reviewed in Appendix D.

This work is inspired partly by work on XML projection, where
the goal is to identify nodes that can safely be deleted without af-
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Figure 5: Running times for the generic analysis, in milliseconds (logarithmic scale), broken down by update and analysis level.
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Figure 6: Effectiveness of the generic analysis, expressed as a percentage of query-update pairs determined independent, broken
down by update and by analysis level.
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Figure 7: Effectiveness of the generic and kind-sensitive anal-
ysis, expressed as a percentage of query-update pairs deter-
mined independent, broken down by analysis level and type of
update (insert, delete, rename).

SCH L1 L2 L2 + SCH
1.1MB 8.3% 10.5% 8.3% 10.9%
2.3MB 11.0% 14.5% 14.9% 20.1%

Table 1: Maintenance time savings across whole benchmark

(We omit results for L3 since it did not lead to an overall improve-
ment.) The savings obtained by the different analyses were calcu-
lated using the same methodology as in [2] and are summarized
as percentages in Table 1. The documents are 1.1MB and 2.3MB
XMark data [28]. To recompute queries, we used Galax 1.1, which
implements the full W3C update recommendation.

5.3 Discussion
Efficiency. The running times reported in Figure 5 show that

the simple techniques used by L1 are around ten times faster than
SCH ; the difference is likely due to the need for processing and
analyzing the schema. The more sophisticated analysis level L2 is
generally slower than SCH , and L3 is generally much slower, even
with a 1 second time limit.

Effectiveness. To evaluate the precision of our approach, we at-
tempted to generate counterexamples to independence for each pair
not found independent by the delete-sensitive analyses. We were
able to find such counterexamples for all but five problems; thus,
for the delete-sensitive case, L3 correctly classifies over 99% of the
576 independence problems in our benchmark, while L2 correctly
classifies over 98%, and L1 is at least 95% accurate.

Using the kind-insensitive analysis, even L1 is able to determine

independence in approximately 41% of cases. L2 improves this to
around 46%. However, the most sophisticated analysis, L3, is only
able to find a handful of additional independent pairs, a poor return
for the additional time investment. Using kind-sensitive destabiliz-
ers led to improvements of 4–6% for each level of the analysis. This
demonstrates the value of taking the update kinds into account.

Figure 6 also gives an idea of how independence of the bench-
mark update/query pairs depends on a schema. Although our ap-
proach is (as mentioned above) nearly perfect at detecting schema-
free independence, there are certain pairs that can interfere in the
absence of a schema but are independent for the XMark schema —
e.g. UA2, UB2, UB7 involve the descendant or ancestor axes and
can modify data almost anywhere in the tree, so actually do inter-
fere with most queries in the absence of a schema – thus schema-
based analysis does better on these updates. Note that our approach
can certainly accommodate schemas, simply by using schema-aware
satisfiability tests – this is an opportunity for future work.

Impact on View Maintenance. Table 1 shows that on the 1.1MB
XMark document, both the L2 and SCH analyses decrease overall
maintenance time by 8%, while L1 obtains better savings (10.5%);
this is because it detects more independent pairs than SCH faster.
However, on a larger document L2 pulls ahead, saving almost 15%
compared with 11% for SCH and 14.5% for L1. Since L2 is over
98% accurate, these improvements are close to optimal for a static
analysis without schema or other constraints on the data. Finally,
simply combining the independent SCH and L2 analyses (that is,
trying SCH first and then L2) led to further improvements, to 11%
and 20% on the 1.1MB and 2.3MB documents respectively, the
best overall results we have obtained. Note, however, that these
improvements rely on access to an accurate schema for the data.

As discussed above (and in [2]), we chose Galax for its support
of the standard, not its high performance. However, we are confi-
dent that our approach will benefit any faster engine for sufficiently
large documents since the cost of static analysis is independent of
document size.

6. RELATED WORK
Due to space limits, we discuss only directly related work. Ad-

ditional related work (including work on incremental view mainte-
nance for XML) is reviewed in Appendix D.

This work is inspired partly by work on XML projection, where
the goal is to identify nodes that can safely be deleted without af-
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Figure 5: Running times for the generic analysis, in milliseconds (logarithmic scale), broken down by update and analysis level.

UA1 UA2 UA3 UA4 UA5 UA6 UA7 UA8 UB1 UB2 UB3 UB4 UB5 UB6 UB7 UB8 AVG

SCH

L1

L2

L3

102.503 135.682 121.635 104.589 107.137 103.182 121.402 105.223 105.292 131.585 104.321 110.51 104.19 103.177 125.913 103.448 111.8618125

9.758 9.761 9.728 10.218 10.233 10.445 10.348 10.878 10.334 9.764 10.09 10.179 10.133 10.122 10.289 10.314 10.162125

397.739 238.815 925.8 789.946 672.398 813.323 745.561 756.389 139.672 1071.002 451.983 479.857 142.631 129.321 218.988 462.035 527.21625

13012.961 23575.159 12337.034 16748.462 13665.729 20206.822 19030.23 21329.11 9647.256 31410.015 12597.817 12930.763 7939.425 7895.627 28539.292 14301.424 16572.945375

UA1 UA2 UA3 UA4 UA5 UA6 UA7 UA8 UB1 UB2 UB3 UB4 UB5 UB6 UB7 UB8 ALL

SCH

L1

L2

L3

L3+SCH

0.5 0.5555555556 0.5555555556 0.25 0.25 0.3055555556 0.3055555556 0.3055555556 0.3055555556 0.5555555556 0.4166666667 0.4166666667 0.3055555556 0.3055555556 0.3055555556 0.4166666667 0.3784722222

0.5833333333 0.0833333333 0.3333333333 0.4722222222 0.4722222222 0.3611111111 0.3611111111 0.3611111111 0.6666666667 0 0.5 0.5 0.6666666667 0.6666666667 0.0833333333 0.5 0.4131944444

0.5833333333 0.1388888889 0.5555555556 0.5555555556 0.5555555556 0.4444444444 0.4444444444 0.4444444444 0.6666666667 0 0.5 0.5 0.6666666667 0.6666666667 0.1111111111 0.5 0.4583333333

0.5833333333 0.1388888889 0.5555555556 0.5555555556 0.5555555556 0.4444444444 0.4444444444 0.4444444444 0.6944444444 0.1111111111 0.5 0.5 0.6666666667 0.6666666667 0.1111111111 0.5 0.4670138889

0.6111111111 0.5555555556 0.6111111111 0.5555555556 0.5555555556 0.4444444444 0.4444444444 0.4444444444 0.6944444444 0.5555555556 0.5277777778 0.5277777778 0.6666666667 0.6666666667 0.3055555556 0.5277777778 0.5434027778

Generic Insert Delete Rename

SCH

L1

L2

L3

L3+SCH

0.3784722222 0.4201388889 0.3784722222 0.4201388889

0.4131944444 0.4722222222 0.4618055556 0.4600694444

0.4583333333 0.5052083333 0.53125 0.4930555556

0.4670138889 0.515625 0.5329861111 0.5034722222

0.5434027778 0.5868055556 0.6006944444 0.5729166667

20%

40%

60%

Generic Insert Delete Rename

Effectiveness of kinds and schemas
SCH L1 L2 L3 L3+SCH

0%

25%

50%

75%

UA1 UA2 UA3 UA4 UA5 UA6 UA7 UA8 UB1 UB2 UB3 UB4 UB5 UB6 UB7 UB8 ALL

Effectiveness of generic analyses
SCH L1 L2 L3 L3+SCH

1E+00

1E+02

1E+04

UA1 UA2 UA3 UA4 UA5 UA6 UA7 UA8 UB1 UB2 UB3 UB4 UB5 UB6 UB7 UB8 AVG

Analysis time per update (milliseconds)
SCH L1 L2 L3

Figure 6: Effectiveness of the generic analysis, expressed as a percentage of query-update pairs determined independent, broken
down by update and by analysis level.
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Figure 7: Effectiveness of the generic and kind-sensitive anal-
ysis, expressed as a percentage of query-update pairs deter-
mined independent, broken down by analysis level and type of
update (insert, delete, rename).

SCH L1 L2 L2 + SCH
1.1MB 8.3% 10.5% 8.3% 10.9%
2.3MB 11.0% 14.5% 14.9% 20.1%

Table 1: Maintenance time savings across whole benchmark

(We omit results for L3 since it did not lead to an overall improve-
ment.) The savings obtained by the different analyses were calcu-
lated using the same methodology as in [2] and are summarized
as percentages in Table 1. The documents are 1.1MB and 2.3MB
XMark data [28]. To recompute queries, we used Galax 1.1, which
implements the full W3C update recommendation.

5.3 Discussion
Efficiency. The running times reported in Figure 5 show that

the simple techniques used by L1 are around ten times faster than
SCH ; the difference is likely due to the need for processing and
analyzing the schema. The more sophisticated analysis level L2 is
generally slower than SCH , and L3 is generally much slower, even
with a 1 second time limit.

Effectiveness. To evaluate the precision of our approach, we at-
tempted to generate counterexamples to independence for each pair
not found independent by the delete-sensitive analyses. We were
able to find such counterexamples for all but five problems; thus,
for the delete-sensitive case, L3 correctly classifies over 99% of the
576 independence problems in our benchmark, while L2 correctly
classifies over 98%, and L1 is at least 95% accurate.

Using the kind-insensitive analysis, even L1 is able to determine

independence in approximately 41% of cases. L2 improves this to
around 46%. However, the most sophisticated analysis, L3, is only
able to find a handful of additional independent pairs, a poor return
for the additional time investment. Using kind-sensitive destabiliz-
ers led to improvements of 4–6% for each level of the analysis. This
demonstrates the value of taking the update kinds into account.

Figure 6 also gives an idea of how independence of the bench-
mark update/query pairs depends on a schema. Although our ap-
proach is (as mentioned above) nearly perfect at detecting schema-
free independence, there are certain pairs that can interfere in the
absence of a schema but are independent for the XMark schema —
e.g. UA2, UB2, UB7 involve the descendant or ancestor axes and
can modify data almost anywhere in the tree, so actually do inter-
fere with most queries in the absence of a schema – thus schema-
based analysis does better on these updates. Note that our approach
can certainly accommodate schemas, simply by using schema-aware
satisfiability tests – this is an opportunity for future work.

Impact on View Maintenance. Table 1 shows that on the 1.1MB
XMark document, both the L2 and SCH analyses decrease overall
maintenance time by 8%, while L1 obtains better savings (10.5%);
this is because it detects more independent pairs than SCH faster.
However, on a larger document L2 pulls ahead, saving almost 15%
compared with 11% for SCH and 14.5% for L1. Since L2 is over
98% accurate, these improvements are close to optimal for a static
analysis without schema or other constraints on the data. Finally,
simply combining the independent SCH and L2 analyses (that is,
trying SCH first and then L2) led to further improvements, to 11%
and 20% on the 1.1MB and 2.3MB documents respectively, the
best overall results we have obtained. Note, however, that these
improvements rely on access to an accurate schema for the data.

As discussed above (and in [2]), we chose Galax for its support
of the standard, not its high performance. However, we are confi-
dent that our approach will benefit any faster engine for sufficiently
large documents since the cost of static analysis is independent of
document size.

6. RELATED WORK
Due to space limits, we discuss only directly related work. Ad-

ditional related work (including work on incremental view mainte-
nance for XML) is reviewed in Appendix D.

This work is inspired partly by work on XML projection, where
the goal is to identify nodes that can safely be deleted without af-
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Figure 5: Running times for the generic analysis, in milliseconds (logarithmic scale), broken down by update and analysis level.
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Figure 6: Effectiveness of the generic analysis, expressed as a percentage of query-update pairs determined independent, broken
down by update and by analysis level.
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Figure 7: Effectiveness of the generic and kind-sensitive anal-
ysis, expressed as a percentage of query-update pairs deter-
mined independent, broken down by analysis level and type of
update (insert, delete, rename).

SCH L1 L2 L2 + SCH
1.1MB 8.3% 10.5% 8.3% 10.9%
2.3MB 11.0% 14.5% 14.9% 20.1%

Table 1: Maintenance time savings across whole benchmark

(We omit results for L3 since it did not lead to an overall improve-
ment.) The savings obtained by the different analyses were calcu-
lated using the same methodology as in [2] and are summarized
as percentages in Table 1. The documents are 1.1MB and 2.3MB
XMark data [28]. To recompute queries, we used Galax 1.1, which
implements the full W3C update recommendation.

5.3 Discussion
Efficiency. The running times reported in Figure 5 show that

the simple techniques used by L1 are around ten times faster than
SCH ; the difference is likely due to the need for processing and
analyzing the schema. The more sophisticated analysis level L2 is
generally slower than SCH , and L3 is generally much slower, even
with a 1 second time limit.

Effectiveness. To evaluate the precision of our approach, we at-
tempted to generate counterexamples to independence for each pair
not found independent by the delete-sensitive analyses. We were
able to find such counterexamples for all but five problems; thus,
for the delete-sensitive case, L3 correctly classifies over 99% of the
576 independence problems in our benchmark, while L2 correctly
classifies over 98%, and L1 is at least 95% accurate.

Using the kind-insensitive analysis, even L1 is able to determine

independence in approximately 41% of cases. L2 improves this to
around 46%. However, the most sophisticated analysis, L3, is only
able to find a handful of additional independent pairs, a poor return
for the additional time investment. Using kind-sensitive destabiliz-
ers led to improvements of 4–6% for each level of the analysis. This
demonstrates the value of taking the update kinds into account.

Figure 6 also gives an idea of how independence of the bench-
mark update/query pairs depends on a schema. Although our ap-
proach is (as mentioned above) nearly perfect at detecting schema-
free independence, there are certain pairs that can interfere in the
absence of a schema but are independent for the XMark schema —
e.g. UA2, UB2, UB7 involve the descendant or ancestor axes and
can modify data almost anywhere in the tree, so actually do inter-
fere with most queries in the absence of a schema – thus schema-
based analysis does better on these updates. Note that our approach
can certainly accommodate schemas, simply by using schema-aware
satisfiability tests – this is an opportunity for future work.

Impact on View Maintenance. Table 1 shows that on the 1.1MB
XMark document, both the L2 and SCH analyses decrease overall
maintenance time by 8%, while L1 obtains better savings (10.5%);
this is because it detects more independent pairs than SCH faster.
However, on a larger document L2 pulls ahead, saving almost 15%
compared with 11% for SCH and 14.5% for L1. Since L2 is over
98% accurate, these improvements are close to optimal for a static
analysis without schema or other constraints on the data. Finally,
simply combining the independent SCH and L2 analyses (that is,
trying SCH first and then L2) led to further improvements, to 11%
and 20% on the 1.1MB and 2.3MB documents respectively, the
best overall results we have obtained. Note, however, that these
improvements rely on access to an accurate schema for the data.

As discussed above (and in [2]), we chose Galax for its support
of the standard, not its high performance. However, we are confi-
dent that our approach will benefit any faster engine for sufficiently
large documents since the cost of static analysis is independent of
document size.

6. RELATED WORK
Due to space limits, we discuss only directly related work. Ad-

ditional related work (including work on incremental view mainte-
nance for XML) is reviewed in Appendix D.

This work is inspired partly by work on XML projection, where
the goal is to identify nodes that can safely be deleted without af-

Caveat: 
Synthetic benchmark



Limitations/future work
• What if you do have a schema?

• Naive joint path and schema analysis works OK

• Smarter: destabilizer intersection modulo schema

• Schemas not expressible exactly in EFO(N)

• Can SMT approach be extended to handle schemas?

• What about incremental maintenance?

• ideally, want to combine static and dynamic 
approaches



Conclusions

• Database wikis will be A.W.E.S.O.M.E.

• and will need good high-level web, XML and 
constraint programming tools

• Need to solve tree constraints quickly using 
SMT solvers (or other decision procedures?) 

• in order to make R.A.D.I.C.A.L. advances in 
techniques for database curation 


