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Query Graph Types'
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Problem Definition I

For a connected query graph:

Generate the best bushy join tree not containing a crossiptod

Possible join trees (plans):







Dynamic Programming'
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csg-cmp-pairﬂ

Let G = (V, F) be a connected graph. L&t, S; C V be non-empty. The(S;, S2) is a
csg-cmp-pair if
. S7 IS connected,

. S5 IS connected,

.S NSy =10,

. there exist nodes, € S, andv, € S5 such that there is an edge betwegrandv,
In the query graph.




#csg and #ccp I

We denote by#csg the number of connected subgraphs angdayp the number of
CcSg-cmp-pairs#-ccp).

e Fcsgis the number of plans to be stored in the DP-table

e #ccp is lower bound for DP




Introduction: #csg and #ccp (Ono/Lohman)I




Algorithm DPsizeI

forall R; € R BestPlan({R:}) = Ri;
forall 1 <s<mn ascending// size of plan
forall 1<s1 <s // size of |eft subplan
so=s—s1;, [l size of right subplan
forall p; = BestPlan(S: C R:|S1| = s1)
P2 = Best PI an(Sg C R: |SQ| = 82)
++|1 nner Count er ;

if (0 #S1NS3) continue,

ifnot (S connected to S3) continue

++CsgCnpPai r Count er;

CurrPl an = Createdoi nTree(pi,p2);

If (cost(BestPlan(S;US2)) > cost(CurrPlan)) BestPlan(S;US2) = G
OnoLohmanCount er = CsgCnpPai r Counter [/ 2;
return Best Pl an({Ro,...,Rn-1});




Algorithm DPsub I

forall R; € R BestPl an({R;}) = R;;
for 1 <4< 2™ —1 ascending
S ={R; € R|(|i/27| mod?2) = 1}
if not (connected S) continue;
forall S; CS, S1#0 do
++l nner Counter; Sy =35\ 5i;
if (S =0) continue

if not (connected S;) continue

if not (connected S3) continue

ifnot (S; connected to S3) continue,

++CsgCnpPai r Counter; p; = BestPlan(S1), p2 = BestPlan(.52);

CurrPlan = Createdoi nTree(pi, p2);

If (cost(BestPlan(S)) > cost(CurrPlan)) BestPlan(S) = CurrPl an;
OnoLohmanCount er = CsgCnpPai r Counter [/ 2;
return Best Pl an({Ro,...,Rn_1});




Analysis: DPsizﬂ
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Analysis: DPsubI
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Sample Numberﬂ

Chain Cycle

DPsub DPsub DPsi ze
84

140 120
11062 2225
523836 11760
22019294 3790(
Clique
#ccp DPsub

3962
130798
4193840
Star
#ccp DPsub

DPsi ze
32 130 110

2304 38342 57888

114688 9533170 5730592
4980736 2323474358

DPsi ze
90 180 280

28501 57002 306991

0 7141686 14283372

30717387
598929913881742343625

3484687250 3093381822




Algorithm DPccp I

forall (R; € R) BestPlan({R:}) = Ri;
forall csg-cnp-pairs (51,52), S=51US5;
++| nner Count er ;
++OnoLohmanCount er
p1 = Best Pl an(.51);
p2 = Best Pl an(S?);
CurrPlan = Createdoi nTree(pi, p2);
If (cost(BestPlan(S)) > cost(CurrPlan))
Best Pl an(S) = CurrPl an;
CurrPlan = Createdoi nTree(p2, p1);
If (cost(BestPlan(S)) > cost(CurrPlan))
Best Pl an(S) = CurrPl an;
CsgCmpPai r Counter = 2 * OnoLohmanCount er;
return Best Pl an( {Ro,..., Rn—1});




Notation I

Let G = (V, F) be an undirected graph.

For a nodey € V define theneighborhood A (v) of v as

N(w) = {V'|(v,2) € E}

For a subset C V of V we define theneighborhood of S as
N(S) := UyesN(v)\ S

The neighborhood of a set of nodes thus consists of all nasehable by a single edge

Note that for allS, S C V we haveN (S U S") = (N(S)UN(S)) \ (SUS’). This
allows for an efficient bottom-up calculation of neighbaods.

Bi = {v;l7 < i;




Algorithm EnumeratengI

for (i=n—-1;, i>0; --4) {

emit {Ui};

Enumer at eCsgRec( G, {v:}, B));
}

Enuner at eCsgRec( G, S, X)

N =N(S5)\ X;
forall (S"CN; S #0) {
emit (SUS’);
i
forall (S"CN; S #0) {
Enuner at eCsgRec( G, (SUS’), (XUN));

}




Example'
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X N
{0,1,2,3,4} 0
{0,1,2,3} {4}

{0,1,2} {3,4}

{0, 1} {4}

{0,1,4} {2,3}




Algorithm EnumerateCmp I
EnumerateCmp

Input: a connected query graggh = (V, E), a connected subsst
Precondition: nodes inV are numbered according to a breadth-first search
Output: emits all complementS; for S; such that 5y, S2) is a csg-cmp-pair
X = Buin(s;) U S1;
N =N(5))\X;
for all (v; € N by descending) {

emit {v; };

EnumerateCsgReG( {v;}, X U N);

wheremin(.S7) := min({¢|v; € S1}).




Evaluation '

n ‘ DPsi ze DPsub DPccp

chain gueries
7.7e-6 0.7e-6 0.2e-6
5.8e-5 0.00018 6.4e-5
0.0013 0.0056 0.0013
0.048 0.22 0.048
cycle queries
1.1e-5 1.5e-5 1.4e-5
0.0001 0.00031 0.00012
0.001 0.01 0.0015
0.049 0.47 0.048




Evaluation '

n ‘ DPsi ze DPsub DPccp

star queries

9.8e-6 1.2e-5
0.00069 0.0008
0.71 0.1
4791 42.7

clique queries

1.0e-5

0.00044
0.022
1.00

2.1e-5 2.4e-5

0.0058 0.0048
4.6 1.2
21294 439

2.4e-5

0.005
1.3
529




Conclusion'

DPccp is the algorithm of choice.
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