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Algorithm 1: EnumerateCmp [1]

Precondition: nodes in V are numbered according
to an arbitrary enumeration

Input : a connected query graph G = (V,E),
a connected subset S1

Output : emits all complements S2 for S1 such
that (S1, S2) is a csg-cmp-pair

1 X = Bmin(S1) ∪ S1;
2 N = N (S1) \X;
3 foreach vi ∈ N by descending i do
4 emit {vi};
5 EnumerateCsgRec(G, {vi}, X ∪N → X ∪ Bi(N));

1. PROBLEM
In the published version of EnumerateCmp in the Section 3.3

on Page 936 [1], see also Algorithm 1, a small error is in-
cluded in Line 5. In the first call of EnumerateCsgRec, too
many nodes (X ∪ N) will be excluded for the emission of
complements, leading to the fact that, in general, not all
complements will be emitted correctly.

We will discuss the error based on the emission of com-
plements for the connected subset S1 = {v0} for the query
graph G = (V,E) shown in Figure 1. The query graph con-
sists of tables V = {v0; v1; v2; v3; v4} and joins E. The nodes
are ranked based on an arbitrary enumeration.

EnumerateCmp emits all complements (cmp) S2 for a con-
nected subgraph (csg) S1 to create all required csg-cmp-
pairs. Since both csg and cmp are connected, disjunct and
joinable with the corresponding element of a csg-cmp-pair,
csg-cmp-pairs represent valid and needed calculations for the
dynamic programming approach.

To emit complements, EnumerateCmp defines a set of
excluded nodes X({v0}) given the connected subgraph S1
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Algorithm 2: EnumerateCsgRec [1]

Input : a connected query graph G = (V,E),
a connected subset S,
a set of excluded nodes X

Output: emits connected subsets
1 N = N (S) \X;
2 foreach S′ ⊆ N , S′ 6= ∅ do
3 emit(S ∪ S′);
4 foreach S′ ⊆ N , S′ 6= ∅ do
5 EnumerateCsgRec(G, (S ∪ S′), (X ∪N));

({v0}), see Line 1. Nodes in X will not be considered dur-
ing the emission of complements to avoid duplicates and
correctness. X includes all nodes of G with a rank smaller
than the smallest rank within S1 (Bmin(S1) = ∅), as well
as all nodes of S1 ({v0}). Afterwards, relevant nodes N
({v1; v2; v3}) for the creation of complements will be deter-
mined by excluding X from the neighboring nodes of S1

(N (S1) = {v1; v2; v3}), see Line 2. Then, all complements
based on the relevant nodes will be emitted, see Line 3-5.
First, EnumerateCmp emits single node complements ({v1},
{v2}, {v3}), see Line 4. Second, EnumerateCsgRec, see
Algorithm 2, will recursively emit additional complements
based on the single node complement ({vi}) and excluded
nodes (X ∪N = {v0; v1; v2; v3}), see Line 5.

EnumerateCsgRec starts by determining relevant nodes
N for the creation of complements by excluding X from
the neighboring nodes of the considered complement S, see
Line 1. Afterwards, new complements will be created by
combining the complement S with all subsets S′ ⊆ N , see
Line 2 and Line 3. Then, the next recursion step is executed
by expanding the complement S → (S ∪ S′) and excluded
set X → (X ∪ N) for each subset S′ ⊆ N , see Line 4 and
Line 5.

Considering S = {v1} and N = {v0; v4}\{v0; v1; v2; v3} =
{v4}, the complement {v1; v4} will be emitted first. The
next call of EnumerateCsgRec considering the expanded set
{v1; v4} should emit {v1; v2; v4} and {v1; v3; v4}. As both
nodes v2 and v3 are already included in the excluded nodes,
these complements cannot be emitted. Consequently, also
the complement {v1; v2; v3; v4} cannot be emitted. Regard-
ing S = {v2}, we will see a similar behavior. First, the
complement {v2; v4} will be emitted. The next call of Enu-
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Figure 1: Sample graph [1].

merateCsgRec considering the expanded set {v2; v4} should
emit the complement {v2; v3; v4}. As the node v3 is already
included in the excluded nodes, {v2; v3; v4} cannot be emit-
ted. Only for S = {v3}, all complements will be emitted
correctly, as {v3; v4} is the only required complement.

We want to highlight that the concept of EnumerateCmp
and EnumerateCsgRec as well as the corresponding proofs
are still valid [1]. The discussed error is only based on an er-
roneous node set X∪N in Line 5 of Algorithm 1. Therefore,
the error also has no impact on acyclic graphs, such as linear
or star queries. Considering two arbitrary nodes n1 and n2

in set N of a connected subgraph S1, both nodes can safely
be included into the set X of EnumerateCsgRec in case of
an acyclic graph based on the following two reasons. First,
a path exists from n1 to n2 through S1. Otherwise, either
n1 or n2 would not be included in N . Second, no other path
from n1 to n2 exists. Hence, n2 will not appear in any of
the evaluated sets N (S) based on n1, see Line 1 of Algo-
rithm 2. As n2 will not be an element of N (S), the result
of N (S) \ X will be the same, whether n2 is part of X or
not. If n2 would appear in N (S) of a complement based on
n1, a second path from n1 to n2 besides through S1 would
exists, as all nodes of S1 are excluded in the first call. This
would violate the property of an acyclic graph.

In cyclic query graphs, such as cyclic or clique queries, two
or more paths can exits between the nodes n1 and n2. There-
fore, the existence of n2 in X influence the set of emitted
complements. The more paths between n1 and n2 exists, the
more complements will be lost based on the error. Hence,
the number of ’lost’ complements also depends on the num-
ber of cycles within a query graph. Therefore, cyclic graphs
will suffer less compared to clique queries. However, as the
emission of subgraphs is correct and at least the single-node
complements will also be emitted correctly, even with the
error, a valid optimization result will be provided. Never-
theless, as not all required csg-cmp-pairs are evaluated, an
optimal optimization result cannot be guaranteed. The im-
pact on the quality or efficiency of the optimization result
depends on the use case, e.g. query graph, selectivities, table
sizes, etc., and can vary from no to a significant impact.

2. SOLUTION
To solve the discussed problem, we need to adapt the

set of excluded nodes within Line 5 of Algorithm 1. We
need to include only neighboring nodes with a smaller rank
than vi into the set of exclude nodes, besides X. We can
use Bi(W ) = {vj |vj ∈ W, j ≤ i} defined in the paper [1].
Instead of using X ∪ N , we need to use X ∪ Bi(N) to
enumerate all complements correctly. Coming back to the
example of the enumeration of the sample graph. With
the adapted variant of EnumerateCmp, the set of excluded
nodes are adapted based on the considered single node com-
plements: v1 : X∪B1(N) = {v0}; v2 : X∪B2(N) = {v0; v1};
v3 : X∪B3(N) = {v0; v1; v2}. Hence, the evaluation of Enu-
merateCsgRec based on S = {v1} will also emit the miss-
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Figure 2: Optimization time for different query topologies

ing complements {v1; v2; v4}, {v1; v3; v4}, {v1; v2; v3; v4}, be-
cause v2 and v3 will not be in the initial set of excluded
nodes. Both nodes will only be included in the set of ex-
cluded nodes after the nodes were included in emitted com-
plements. Similar, for S = {v2}, the complement {v2; v3}
will be emitted correctly, because v3 will not be included in
the initial set of excluded nodes.

Given the correction, the number of evaluated csg-cmp-
pairs follows the required number of calculations determined
by Ono and Lohman [2] for both cyclic and acyclic query
graphs. Based on the provided proofs [1], all emitted csg-
cmp-pairs are unique and valid. Therefore, a correct enu-
meration of calculations is performed.

3. EVALUATION
We also performed an evaluation with our own implemen-

tation for DPSIZE, DPSUB, and DPCCP [1]. DPSIZE enu-
merates join pairs based on the number of contained tables.
DPSUB enumerates join pairs based on the set of contained
tables. DPCCP enumerates join pairs based on the query
graph. We used similar use cases to the original paper: four
different query topologies (linear, cyclic, star, and clique)
with a maximal table number of 20. We performed the opti-
mization on 30 random generated queries and aggregated the
runtimes using the average. We show the result in Figure 2.
We achieve similar results to the published results. For lin-
ear, cyclic and star queries, DPCCP is superior to DPSIZE

and DPSUB. In contrast to the other topologies, in clique
queries all subsets of nodes are connected. Hence, DPSUB

only evaluates required join pairs similar to DPCCP. Never-
theless, DPSUB achieves better results compared to DPCCP

based on the reduced overhead of the used enumeration.
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