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Quantum Computing

Overview Current Challenges

Join Order Optimization

« General query graphs o Support of cross products

Classification
o Left-deep join trees « Minimizing intermediate cardinalities
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 Quantum processing units (QPU) Limited qubit numbers

« Qubits not limited to the states 0 or 1 Limited qubit connectivity

« Speedups via quantum phenomena Limited coherence times

— Superposition Possibility of gate errors
— Entanglement Efficient problem reformulations

» Applications: ML [1], Optimization, ... Experiment reproducibility [2]

Join orders (R S) (S T)
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Gate-based QPUs (IBM-Q) [3] Quantum Annealing (D-Wave) [4]
« Up to 127 physical qubits « =~ 5,000 physical qubits

Join Ordering Reformulation

« Quantum circuits « Open debate: Actual speedups over CPUs? » Mixed integer linear programming (MILP) reformulation (8]

Join
Ordering

 Approximate log. cardinalities: min Zfz_ol Z]];ll 1010

 Universal computation  Restricted to QUBO problems
- Approx./ validity constraints: ¢j — ctoy - 00y < log(0;), ...
"\& 55 - Equality conversion: ¢; — ctorj - 00y 4 Syj = log(0;)
MILP BILP .
Multi Query Optimization on D-Wave + Variable discretization: s,; ~ w 3, 2-b;

RS
> Overview QUBO Reformulation » Transform the binary ILP (BILP) problem to QUBO |9
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Goal: Mm1m1.ze execution costs for a Energy formula: wiEp + wmEm + Ec + Es [5) - > . Energy formula: A Z)n; 1 (bj B Z]i\lzl Sjixi> 1B Z]i\le Cixi
batch of queries « QUBO terms for incentivizing valid and
» Valid solution: One plan per query optimal solutions:
 Naive approach: Choose locally -k = — Zpep Xp . .
Cheapest plan _ EM — ZqEQ Z{plij}qu XP1XP2 JO].I]. Orderlﬂg Aﬂalyzed fOI' QPUS
» Better: Select plans with common —Ec =2 ,cp pXp
subexpressions ~Es=—) (p1p2)cp Spl. p2Xp1Xp2 400 o P | | 300 [
. . f 3 O O |-~ Coherent Mumbai Depth ﬁ 2 5 O i
Query 0 Query 1 Query 2 Combination pl,p3 pl,p7 p2.p3 p4,p6 pd.p7 § @
' - ! — 200
101215 9 16 712 9 S 100 5 10 SRR
| | | | 100 - | --- Coherent Wash. Depth |
18 21 24 27 18 21 24 27
SOlVlIlg MQO on IBM-Q QPUS Number of required logical qubits Number of required logical qubits
107 105
~om Tw.iPPQ] . ~om Tp.iPPQ] 4.5 CU » » : 4.5 1
- | on T 8 P | = 2 Ove T 5 70 3 ke
= = —=-S0A Top., § PPQ o 35 S 35
_% 80 @ 200 = =
= 60| = 150 = 25 B 2.5
— — - -
240 £ 100 | 2 15] = 15
O 90 O = =5
o0 | | — — o=l
| | | | | | | | | | | -~ 05 I | . 05 I :3;8:8(1)01 |
4 8 12 16 20 24 4 8 12 16 20 24 6 8 10 12 14 0 4 8 12 16 20 24
lotal number of plans lTotal number of plans Number of relations Number ot threshold values
» Solving multi query optimization (MQO) with QAOA on gate-based QPUs |6, 7  Larger problems solvable on D-Wave systems compared to current IBM-Q) QPUs
« Maximum coherent ciruit depth for the Mumbai QPU: 248 gates . Overall: Solvable problem dimensions still very limited
» All circuits can be executed within the coherence time  But: Good opportunity to investigate further problems in anticipation of tuture QPUs
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