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INTRODUCTION

Developing faster data structures for set intersection, reachability oracles, document 
indexing etc. is an important problem

A preprocessing phase computes a space efficient data structure (space S) and the 
answering phases uses the data structure to complete the task as fast as possible 
(time T)

Fundamental question:  What is the tradeoff between S and T?



INTRODUCTION

2-set Disjointness problem: Given m sets C1,…, Cm of total size N, create a data 
structure to answer whether Ci and Cj intersect or not for any i, j in [m]

k-reachability problem: Given a directed graph G=(V,E), decide whether there is a 
path of length k between between any two vertices u and v

These problems have been studied in isolation and the results are not generalizable 
due to lack of a comprehensive framework

Best known tradeoff: S x T2 = N2

Best known tradeoff: S x T2/(k-1) = N2



OUR CONTRIBUTION

A Comprehensive Framework. We show that several widely-studied data 
structure problems can be captured as queries over a database, allowing us to use the 
formalism of Conjunctive Queries and results from the Database community

Improved Algorithms. We explicitly improve the best-known space-time tradeoff 
for the k-reachability problem for any k ≥ 4, the first non-trivial improvement for the 
problem

Conditional Lower Bounds. We show conditional lower bounds for k-reachability 
problem
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PROBLEM SETTING

Goal – Construct a space-efficient representation to answer the query
Parameters

• Space requirement S
• Query answering time T

Compressed 
Representationdatabase D

Boolean query Q

Space S

𝑄[𝑣!](𝐷)
𝑄[𝑣"](𝐷)
𝑄[𝑣#](𝐷)

pre-processing phase online phase



ADORNED VIEWS

We consider the class of Conjunctive Queries

An adorned view describes the access pattern where some variables are bound 
(denoted b)

In this paper, we consider Boolean adorned queries

<latexit sha1_base64="WgaPybU8r54UDLBz9FVMe5hmb4c=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFaKGUGSnajVBw47KKvUA7lkyaaUMzmSHJiOPQjRtfxY0LRdz6Du58G9N2Ftp6IOTj/88hOb8bMiqVZX0bmaXlldW17HpuY3Nre8fc3WvKIBKYNHDAAtF2kSSMctJQVDHSDgVBvstIyx1dTPzWHRGSBvxGxSFxfDTg1KMYKS31zMPmbeK648J96aEIz+G1hrhY0neshZ6Zt8rWtOAi2CnkQVr1nvnV7Qc48glXmCEpO7YVKidBQlHMyDjXjSQJER6hAelo5Mgn0kmmW4zhsVb60AuEPlzBqfp7IkG+lLHv6k4fqaGc9ybif14nUl7VSSgPI0U4nj3kRQyqAE4igX0qCFYs1oCwoPqvEA+RQFjp4HI6BHt+5UVonpTt03LlqpKvVdM4suAAHIECsMEZqIFLUAcNgMEjeAav4M14Ml6Md+Nj1pox0pl98KeMzx9nxZXs</latexit>

V bb(x, z) = R(x, y), R(y, z)

<latexit sha1_base64="dUlKBthnKFKNXn0b7F2aR9p30xE=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEi9BCKTNStBuh4MZlFXuBdiiZNNOGZi4kGXEs3fgqblwo4tbHcOfbmLaz0NYDIR//fw7J+d2IM6ks69vIrKyurW9kN3Nb2zu7e+b+QVOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NHV1G/dUyFZGNypJKKOjwcB8xjBSks986hZeCg9FtElutWQFEv6TrTQM/NW2ZoVWgY7hTykVe+ZX91+SGKfBopwLGXHtiLljLFQjHA6yXVjSSNMRnhAOxoD7FPpjGcLTNCpVvrIC4U+gUIz9ffEGPtSJr6rO32shnLRm4r/eZ1YeVVnzIIoVjQg84e8mCMVomkaqM8EJYonGjARTP8VkSEWmCidWU6HYC+uvAzNs7J9Xq7cVPK1ahpHFo7hBApgwwXU4Brq0AACE3iGV3gznowX4934mLdmjHTmEP6U8fkDSimToA==</latexit>

V (x, z) = R(x, y), R(y, z)



EDGE COVERS AND AGM BOUND

• It is convenient to view adorned query as a hypergraph

• Fractional edge cover – assign a weight to each hyperedge such that for each 
variable, the sum of weights of hyperedges including it is at least one

• Slack – given a fractional edge cover u, slack        is the largest quantity such that u/       
is still a valid fractional cover of S

• AGM Bound – given a fractional edge cover u, the output size of the query is upper 
bounded by 

      

x y z

bound variables – x,z 

join variable

↵(S) ↵(S)

⇧F2E |RF |uF

w1=1

w2=1
u = (1, 1)

AGM bound = |D|2

<latexit sha1_base64="dUlKBthnKFKNXn0b7F2aR9p30xE=">AAACAHicbZDLSgMxFIbP1Futt1EXLtwEi9BCKTNStBuh4MZlFXuBdiiZNNOGZi4kGXEs3fgqblwo4tbHcOfbmLaz0NYDIR//fw7J+d2IM6ks69vIrKyurW9kN3Nb2zu7e+b+QVOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NHV1G/dUyFZGNypJKKOjwcB8xjBSks986hZeCg9FtElutWQFEv6TrTQM/NW2ZoVWgY7hTykVe+ZX91+SGKfBopwLGXHtiLljLFQjHA6yXVjSSNMRnhAOxoD7FPpjGcLTNCpVvrIC4U+gUIz9ffEGPtSJr6rO32shnLRm4r/eZ1YeVVnzIIoVjQg84e8mCMVomkaqM8EJYonGjARTP8VkSEWmCidWU6HYC+uvAzNs7J9Xq7cVPK1ahpHFo7hBApgwwXU4Brq0AACE3iGV3gznowX4934mLdmjHTmEP6U8fkDSimToA==</latexit>

V (x, z) = R(x, y), R(y, z)

<latexit sha1_base64="oPzb8LDBoSY4uTo6362bVWX09aQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyUpRd0UCm5cVrQPaEK5mU7aoZMHMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu993gxZ1JZ1rdR2Njc2t4p7pb29g8Oj8zjk66MEkFoh0Q8En0PJOUspB3FFKf9WFAIPE573vRm7vceqZAsCh9UGlM3gHHIfEZAaWlolh3g8QSq900nS53ZBW7i+tCsWDVrAbxO7JxUUI720PxyRhFJAhoqwkHKgW3Fys1AKEY4nZWcRNIYyBTGdKBpCAGVbrY4fobPtTLCfiR0hQov1N8TGQRSpoGnOwNQE7nqzcX/vEGi/Gs3Y2GcKBqS5SI/4VhFeJ4EHjFBieKpJkAE07diMgEBROm8SjoEe/XlddKt1+zLWuOuUWnV8ziK6BSdoSqy0RVqoVvURh1EUIqe0St6M56MF+Pd+Fi2Fox8poz+wPj8Ab7Fk30=</latexit>

↵(S = {y}) = 2



MAIN RESULT

Consider the Boolean adorned view Q with hypergraph H = (V, E). Let u be any 
fractional edge cover of  V.  Then, for any database D, there exists a data structure that 
can answer in time T and takes space 

 
Here, the slack is computed over all non-bound variables

Example: For 2-set intersection, we get                                      since each relation 
gets edge cover of one and the slack is two

<latexit sha1_base64="taXvGP6TO56lgBKLxAo0W0mClZc="></latexit>

S = O(|D|+⇧F2E |RF |uF /T
↵)

<latexit sha1_base64="CToTr5AXsqMIYKp6F7c2oHUawTs=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxCRagzpWg3QkEX7qzYF7TTkkkzbWgmMyQZoUy78FfcuFDErb/hzr8xbWehrQfu5XDOveTmuCGjUlnWt7G0vLK6tp7aSG9ube/smnv7NRlEApMqDlggGi6ShFFOqooqRhqhIMh3Gam7g+uJX38kQtKAV9QwJI6Pepx6FCOlpY55+ACv4F12dDOCZ1D3dv680s6fdsyMlbOmgIvETkgGJCh3zK9WN8CRT7jCDEnZtK1QOTESimJGxulWJEmI8AD1SFNTjnwinXh6/xieaKULvUDo4gpO1d8bMfKlHPqunvSR6st5byL+5zUj5RWdmPIwUoTj2UNexKAK4CQM2KWCYMWGmiAsqL4V4j4SCCsdWVqHYM9/eZHU8jn7Ile4L2RKxSSOFDgCxyALbHAJSuAWlEEVYDACz+AVvBlPxovxbnzMRpeMZOcA/IHx+QP4IZN8</latexit>

S = O(|D|+ |D|2/T 2)



APPLYING MAIN RESULT

For k-set intersection

 

z

x1
x2

x3

x4

xn

Vb = {x1, . . . , xn}

u = (1, . . . , 1)

↵({z}) = n

<latexit sha1_base64="uD4MGYVvdU8XuEdpnlfBzRaeZGU=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARKkKdkaLdCAVduLNiX9BOSybNtKGZzJBkhDLtwl9x40IRt/6GO//GtJ2Fth64l8M595Kb44aMSmVZ30ZqaXlldS29ntnY3NreMXf3ajKIBCZVHLBANFwkCaOcVBVVjDRCQZDvMlJ3B9cTv/5IhKQBr6hhSBwf9Tj1KEZKSx3z4AFewbvc6GYET6HubX5WafOTjpm18tYUcJHYCcmCBOWO+dXqBjjyCVeYISmbthUqJ0ZCUczIONOKJAkRHqAeaWrKkU+kE0/vH8NjrXShFwhdXMGp+nsjRr6UQ9/Vkz5SfTnvTcT/vGakvKITUx5GinA8e8iLGFQBnIQBu1QQrNhQE4QF1bdC3EcCYaUjy+gQ7PkvL5Laed6+yBfuC9lSMYkjDQ7BEcgBG1yCErgFZVAFGIzAM3gFb8aT8WK8Gx+z0ZSR7OyDPzA+fwCveJP0</latexit>

S = O(|D|+ |D|n/Tn)



DATA STRUCTURE

Key Observation – worst-case optimal join algorithms provide a time 
guarantee

If min 𝑑!, 𝑑" ≤ 𝑑!𝑑" ≤ 𝜏, then we can evaluate the join and get delay 
guarantee 𝜏 

Otherwise, for all (a,b) where 𝑑!𝑑" > 𝜏, we will store some information
• Store a bit to tell us whether the answer is true or false

X Z

a c

a e

a f

… …

b e

b f

b g

𝑑$

𝑑%

x=a z=by

w1=1 w2=1

<latexit sha1_base64="WgaPybU8r54UDLBz9FVMe5hmb4c=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFaKGUGSnajVBw47KKvUA7lkyaaUMzmSHJiOPQjRtfxY0LRdz6Du58G9N2Ftp6IOTj/88hOb8bMiqVZX0bmaXlldW17HpuY3Nre8fc3WvKIBKYNHDAAtF2kSSMctJQVDHSDgVBvstIyx1dTPzWHRGSBvxGxSFxfDTg1KMYKS31zMPmbeK648J96aEIz+G1hrhY0neshZ6Zt8rWtOAi2CnkQVr1nvnV7Qc48glXmCEpO7YVKidBQlHMyDjXjSQJER6hAelo5Mgn0kmmW4zhsVb60AuEPlzBqfp7IkG+lLHv6k4fqaGc9ybif14nUl7VSSgPI0U4nj3kRQyqAE4igX0qCFYs1oCwoPqvEA+RQFjp4HI6BHt+5UVonpTt03LlqpKvVdM4suAAHIECsMEZqIFLUAcNgMEjeAav4M14Ml6Md+Nj1pox0pl98KeMzx9nxZXs</latexit>

V bb(x, z) = R(x, y), R(y, z)
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QUERY DECOMPOSITION

Given a hypergraph H = (V, E), query decomposition is 
a tree

• each bag in the tree is a subset of  V

• each edge in E is contained in some bag
• each variable in V is connected in the decomposition

x1, x2

x2, x3

x3, x4

x4, x5

x5, x6

C-connex is query decomposition (T, A)
• T is a tree decomposition

• A is a connected subset of nodes such that their 
bags contain exactly C

x1 , x5 , x6

x4, x2, x1, x5 x7, x6

x3, x4, x2 

C = Vb = {x1, x5, x6}

<latexit sha1_base64="6miDaACoAnCq2PMlEXgMX2UTZF8=">AAACIXicbZBNSwJBGMdnezV72+rYZUgCBZFdMfUSCF06auQL6LbMjqMOzr4wMxvK4lfp0lfp0qEIb9GXaXY1KO2BGf78npeZ5+8EjAppGJ/axubW9s5uai+9f3B4dKyfnLaEH3JMmthnPu84SBBGPdKUVDLSCThBrsNI2xnfxPn2I+GC+t69nAbEctHQowOKkVTI1quNh8hxnFl2Ypt5OLGv4qucg9fw7gcVc3nY6/tS5BNWjlklZ+sZo2AkAdeFuRQZsIy6rc/VEBy6xJOYISG6phFIK0JcUszILN0LBQkQHqMh6SrpIZcIK0o2nMFLRfpw4HN1PAkT+rsjQq4QU9dRlS6SI7Gai+F/uW4oB1Urol4QSuLhxUODkEHpw9gu2KecYMmmSiDMqforxCPEEZbK1LQywVxdeV20igWzXCg1SpladWlHCpyDC5AFJqiAGrgFddAEGDyBF/AG3rVn7VX70OaL0g1t2XMG/oT29Q3EmZ7m</latexit>

Qbbb(x1, x5, x6) = R(x1, x2), . . . , R(x6, x7)
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IMPROVED TRADEOFFS

Consider the k-reachability problem expressed as a CQ

Goldstein et al. [WADS’17] showed an algorithm that can achieve S x T2/(k-1) = N2

Key Idea: Fix a degree threshold d. The number of xi values larger than d is at most N/d. 
For any x1, xk+1 where both values are heavy, precompute the results (takes (N/d)2 space). 
If (say) x1 is light, recursively compute the data structure for subquery 

<latexit sha1_base64="2nC2SnVw2or+1hBqKj+5/EPWX3I=">AAACI3icbVBLSwMxGMz6rPW16tFLsAgtlrJbihZBKHjx2Ip9QFuXbJq2YbPZJclKy9L/4sW/4sWDUrx48L+YPkRtHQgMM/Ml+cYNGZXKsj6MldW19Y3NxFZye2d3b988OKzJIBKYVHHAAtFwkSSMclJVVDHSCAVBvstI3fWuJ379gQhJA36nhiFp+6jHaZdipLTkmJeV+9h1R+mBY2fhwIm9M3uUgVfw9lvJZ7Kw1QmUzE417yflmCkrZ00Bl4k9JykwR9kxx/oiHPmEK8yQlE3bClU7RkJRzMgo2YokCRH2UI80NeXIJ7IdT3ccwVOtdGA3EPpwBafq74kY+VIOfVcnfaT6ctGbiP95zUh1i+2Y8jBShOPZQ92IQRXASWGwQwXBig01QVhQ/VeI+0ggrHStSV2CvbjyMqnlc/Z5rlAppErFeR0JcAxOQBrY4AKUwA0ogyrA4BE8g1fwZjwZL8bYeJ9FV4z5zBH4A+PzC5pDoIY=</latexit>

Qbb(x1, xk+1) = R(x1, x2), . . . , R(xk, xk+1)

<latexit sha1_base64="hNVDXb5gFPE7VBj0K6LssrRj+H4=">AAACI3icbVBbSwJBGJ21m9nN6rGXIQmURHZNSoJA6KVHjbyA2jI7jjrs7IWZ2VCW/S+99Fd66aGQXnrovzSuRqUdGDicc76Z+Y7lMyqkrn9oiZXVtfWN5GZqa3tndy+9f9AQXsAxqWOPebxlIUEYdUldUslIy+cEORYjTcu+nvrNB8IF9dw7OfZJ10EDl/YpRlJJZvqydh9aVpQdmcU8HJmhfWpEOXgFb7+Vs1wednqeFPlYs39SZjqjF/QYcJkYc5IBc1TN9ERdhAOHuBIzJETb0H3ZDRGXFDMSpTqBID7CNhqQtqIucojohvGOETxRSg/2Pa6OK2Gs/p4IkSPE2LFU0kFyKBa9qfif1w5kv9wNqesHkrh49lA/YFB6cFoY7FFOsGRjRRDmVP0V4iHiCEtVa0qVYCyuvEwaxYJxXijVSplKeV5HEhyBY5AFBrgAFXADqqAOMHgEz+AVvGlP2os20d5n0YQ2nzkEf6B9fgGfNqCJ</latexit>

Qbb(x2, xk+1) = R(x2, x3), . . . , R(xk, xk+1)



IMPROVED TRADEOFFS

Our idea:  

Fix degree threshold d and construct a list L(x3) that contains all heavy x3 values

Store the following two views (both takes N2/d space)

For all light x3, preprocess                                                                        using prior 
work. R’ is the join of R(x2, x3) and R(x3, x4) for all light x3 and takes space N.d

Thus, S = O(N2/d + N.d)

<latexit sha1_base64="JVV6rv5ZEEDMSl884wPgjNY7eU4="></latexit>

Qbb(x1, x5) = R(x1, x2), R(x2, x3), R(x3, x4), R(x4, x5)

<latexit sha1_base64="tJXHppNZn+HmBLPh2SB2rl/P6rk=">AAACGXicbVDLSgMxFM3UV62vUZdugkVooZSZWrQboeDGhYsq9gHtMGTSTBuaeZBkpGXob7jxV9y4UMSlrvwb0+kI2nog5Nxz7iW5xwkZFdIwvrTMyura+kZ2M7e1vbO7p+8ftEQQcUyaOGAB7zhIEEZ90pRUMtIJOUGew0jbGV3O/PY94YIG/p2chMTy0MCnLsVIKsnWjZZtFsa2WYJj+7QIL+DtT1UplpKiMrdK8Lowu209b5SNBHCZmCnJgxQNW//o9QMcecSXmCEhuqYRSitGXFLMyDTXiwQJER6hAekq6iOPCCtONpvCE6X0oRtwdXwJE/X3RIw8ISaeozo9JIdi0ZuJ/3ndSLo1K6Z+GEni4/lDbsSgDOAsJtinnGDJJoogzKn6K8RDxBGWKsycCsFcXHmZtCpl86xcvanm67U0jiw4AsegAExwDurgCjRAE2DwAJ7AC3jVHrVn7U17n7dmtHTmEPyB9vkNULWa3Q==</latexit>

V1(x1, x3) = R(x1, x2), R(x2, x3), L(x3)
<latexit sha1_base64="wBezhBS7XaZGTiPLYYWokbvgk5c=">AAACGXicbVDLSgMxFM3UV62vUZdugkVooZSZOmo3QsGNCxdVbCu0w5BJ0zY08yDJSMvQ33Djr7hxoYhLXfk3ZtoRtPVA4Nxz7uXmHjdkVEjD+NIyS8srq2vZ9dzG5tb2jr671xRBxDFp4IAF/M5FgjDqk4akkpG7kBPkuYy03OFF4rfuCRc08G/lOCS2h/o+7VGMpJIc3Wg6lcLIOS7BkXNShOfwKqmKJXjzo1ppYc1aHD1vlI0p4CIxU5IHKeqO/tHpBjjyiC8xQ0K0TSOUdoy4pJiRSa4TCRIiPER90lbURx4Rdjy9bAKPlNKFvYCr50s4VX9PxMgTYuy5qtNDciDmvUT8z2tHsle1Y+qHkSQ+ni3qRQzKACYxwS7lBEs2VgRhTtVfIR4gjrBUYeZUCOb8yYukWSmbp2Xr2srXqmkcWXAADkEBmOAM1MAlqIMGwOABPIEX8Ko9as/am/Y+a81o6cw++APt8xtjXprq</latexit>

V2(x3, x5) = L(x3), R(x3, x4), R(x4, x5)

<latexit sha1_base64="HgluAVQSelclsA6s2tepWJh5Jlc=">AAACJHicbVBbSwJBFJ61m9nN6rGXIYkURHZFS4hA6KVHldRAt2V2HHVw9sLMbCiLP6aX/kovPXShh176Lc3qBqUdGPgu53DmfLbPqJC6/qklVlbX1jeSm6mt7Z3dvfT+QUt4AcekiT3m8VsbCcKoS5qSSkZufU6QYzPStkdXkd++J1xQz72RE5+YDhq4tE8xkkqy0hf1u9C2p9mxZeTh2ArL0xy8hI0fXszlYeNUsWLEShFTpBSRcs5KZ/SCPiu4DIwYZEBcNSv91u15OHCIKzFDQnQM3ZdmiLikmJFpqhsI4iM8QgPSUdBFDhFmODtyCk+U0oN9j6vnSjhTf0+EyBFi4tiq00FyKBa9SPzP6wSyXzFD6vqBJC6eL+oHDEoPRonBHuUESzZRAGFO1V8hHiKOsFS5plQIxuLJy6BVLBhnhVK9lKlW4jiS4AgcgywwwDmogmtQA02AwQN4Ai/gVXvUnrV37WPemtDimUPwp7Svb9ern1E=</latexit>

Qbb(x1, x5) = R(x1, x2), R
0(x2, x4), R(x4, x5)



IMPROVED TRADEOFFS

Our idea:  

(1) Given an (x1, x5) instantiation, check if (x1, x5) connects through L(x3) using the two 
views (takes time O(N/d))

(2) Answer

Final tradeoff: S = O(N2/d + N.d) and T = O(N/d), an improvement for d ≥ 𝑁

<latexit sha1_base64="JVV6rv5ZEEDMSl884wPgjNY7eU4="></latexit>

Qbb(x1, x5) = R(x1, x2), R(x2, x3), R(x3, x4), R(x4, x5)

<latexit sha1_base64="tJXHppNZn+HmBLPh2SB2rl/P6rk=">AAACGXicbVDLSgMxFM3UV62vUZdugkVooZSZWrQboeDGhYsq9gHtMGTSTBuaeZBkpGXob7jxV9y4UMSlrvwb0+kI2nog5Nxz7iW5xwkZFdIwvrTMyura+kZ2M7e1vbO7p+8ftEQQcUyaOGAB7zhIEEZ90pRUMtIJOUGew0jbGV3O/PY94YIG/p2chMTy0MCnLsVIKsnWjZZtFsa2WYJj+7QIL+DtT1UplpKiMrdK8Lowu209b5SNBHCZmCnJgxQNW//o9QMcecSXmCEhuqYRSitGXFLMyDTXiwQJER6hAekq6iOPCCtONpvCE6X0oRtwdXwJE/X3RIw8ISaeozo9JIdi0ZuJ/3ndSLo1K6Z+GEni4/lDbsSgDOAsJtinnGDJJoogzKn6K8RDxBGWKsycCsFcXHmZtCpl86xcvanm67U0jiw4AsegAExwDurgCjRAE2DwAJ7AC3jVHrVn7U17n7dmtHTmEPyB9vkNULWa3Q==</latexit>

V1(x1, x3) = R(x1, x2), R(x2, x3), L(x3)
<latexit sha1_base64="wBezhBS7XaZGTiPLYYWokbvgk5c=">AAACGXicbVDLSgMxFM3UV62vUZdugkVooZSZOmo3QsGNCxdVbCu0w5BJ0zY08yDJSMvQ33Djr7hxoYhLXfk3ZtoRtPVA4Nxz7uXmHjdkVEjD+NIyS8srq2vZ9dzG5tb2jr671xRBxDFp4IAF/M5FgjDqk4akkpG7kBPkuYy03OFF4rfuCRc08G/lOCS2h/o+7VGMpJIc3Wg6lcLIOS7BkXNShOfwKqmKJXjzo1ppYc1aHD1vlI0p4CIxU5IHKeqO/tHpBjjyiC8xQ0K0TSOUdoy4pJiRSa4TCRIiPER90lbURx4Rdjy9bAKPlNKFvYCr50s4VX9PxMgTYuy5qtNDciDmvUT8z2tHsle1Y+qHkSQ+ni3qRQzKACYxwS7lBEs2VgRhTtVfIR4gjrBUYeZUCOb8yYukWSmbp2Xr2srXqmkcWXAADkEBmOAM1MAlqIMGwOABPIEX8Ko9as/am/Y+a81o6cw++APt8xtjXprq</latexit>

V2(x3, x5) = L(x3), R(x3, x4), R(x4, x5)

<latexit sha1_base64="HgluAVQSelclsA6s2tepWJh5Jlc=">AAACJHicbVBbSwJBFJ61m9nN6rGXIYkURHZFS4hA6KVHldRAt2V2HHVw9sLMbCiLP6aX/kovPXShh176Lc3qBqUdGPgu53DmfLbPqJC6/qklVlbX1jeSm6mt7Z3dvfT+QUt4AcekiT3m8VsbCcKoS5qSSkZufU6QYzPStkdXkd++J1xQz72RE5+YDhq4tE8xkkqy0hf1u9C2p9mxZeTh2ArL0xy8hI0fXszlYeNUsWLEShFTpBSRcs5KZ/SCPiu4DIwYZEBcNSv91u15OHCIKzFDQnQM3ZdmiLikmJFpqhsI4iM8QgPSUdBFDhFmODtyCk+U0oN9j6vnSjhTf0+EyBFi4tiq00FyKBa9SPzP6wSyXzFD6vqBJC6eL+oHDEoPRonBHuUESzZRAGFO1V8hHiKOsFS5plQIxuLJy6BVLBhnhVK9lKlW4jiS4AgcgywwwDmogmtQA02AwQN4Ai/gVXvUnrV37WPemtDimUPwp7Svb9ern1E=</latexit>

Qbb(x1, x5) = R(x1, x2), R
0(x2, x4), R(x4, x5)

3-path reachability – SxT = O(N2) tradeoff. For S=N.d, T=N/d



FUTURE WORK AND CONCLUSION

In this work we show how several popular problems can be cast as Database 
querying problems, allowing us to use results on query evaluation

We explicitly improved the tradeoff for k-reachability problem, the first non-trivial 
improvement for the problem

Future work: Understand how DB query evaluation literature can help build better 
approximate distance oracles. 


