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˜
A common database task

Id Name Surname Address Birthday City ZipCode Email Address Telephone

598241 Olimpia Padovesi Via Valpantena 40 3/22/1997 Pincara 45020 OlimpiaPadovesi@gmail.com 364 5586931

598242 Guglielmo Siciliano Via Vipacco 131 12/27/1990 Ceriale 17023 GuglielmoSiciliano@outlook.com 381 9348312

598243 Libero Padovesi Via Vico Ferrovia 83 3/28/2000 Dodici Morelli 44040 LiberoPadovesi@gmail.com 346 4151821

598244 Rodolfo Piccio Via dei Fiorentini 40 1/30/1991 Napoli 80142 RodolfoPiccio@virgilio.it 316 9920360

598245 Lorenzo Lucchesi Via Carlo Alberto 21 10/29/1994 Cernobbio 22012 LorenzoLucchesi@virgilio.it 332 4148918

598246 Guarino Lucciano Via A.G. Alaimo 99 12/17/1992 Villa Botteri 15070 GuarinoLucciano@gmail.com 321 9524852

598247 Orestilla Lorenzo Via Matteo Schilizzi 38 1/6/1995 San Colombano Certenoli 16040 OrestillaLorenzo@tiscali.it 361 5285109

598248 Agenore Milani Via Sergente Maggiore 112 11/5/2000 Valconasso 29010 AgenoreMilani@outlook.com 363 6679100

598249 Sergio Ricci Corso Vittorio Emanuele 138 1/5/2000 Cellena 58050 SergioRicci@outlook.it 358 3207432

598250 Erica Marchesi Via Campi Flegrei 15 11/11/1998 Zungoli 83030 EricaMarchesi@egmail.com 393 2001401

598251 Durante Toscano Piazza Giuseppe Garibaldi 98 7/25/1990 Fornovo Di Taro 43045 DuranteToscano@outlook.it 358 2955558

598252 Belinda Giordano Corso Vittorio Emanuele 4 4/7/1997 Polverosa 58010 BelindaGiordano@live.it 333 0933884

598253 Paride Iadanza Piazza San Carlo 96 6/29/2001 Stroppiana 13010 ParideIadanza@gmail.com 366 7763300

598254 Mafalda Genovesi Corso Garibaldi 17 2/13/1999 Selva Di Sora 3039 MafaldaGenovesi@libero.it 327 0211406

598255 Vera DeRose Via Giacinto Gigante 77 1/22/1999 Torre Maina 41050 VeraDeRose@outlook.it 339 9092672

598256 Ottavio Fanucci Via Antonio da Legnago 126 2/22/1993 Marina Di Gioiosa Jonica 89046 OttavioFanucci@virgilio.it 389 8794516…
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˜
A common database task

position 𝑖𝑑 = 𝑖𝑑 + offset
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A closer look at realistic data
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˜
B-trees are machine learning models

2 11 12 15 18 23 24 29 31 34 36 44 47 48 55 59 60 71 73 74 76 88 95 99 102 115 122 123

1 𝑛

𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛

𝑘𝑒𝑦

𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 − 𝑒𝑟𝑟, 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 + 𝑒𝑟𝑟

+

“All existing index structures can be replaced with other types of models,
including deep-learning models.” [SIGMOD ’18]

Trained on the dataset 
{ 𝑘:, 1 , 𝑘;, 2 , … , (𝑘?, 𝑛)}
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B-trees are machine learning models
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˜
The Piecewise Geometric Model index

Compute the opt piecewise linear approx with max error 𝜀 in Ο(𝑛) time 



˜
PGM-index construction

Save the segments as triples 𝑘𝑒𝑦, 𝑠𝑙𝑜𝑝𝑒, 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
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Memory layout of the PGM-index

Input keys

2 11 12 15 18 23 24 29 31 34 36 44 47 48 55 59 60 71 73 74 76 88 95 99 102 115 122 123

1 𝑛

Segments

(2, sl, ic) (23, sl, ic) (31, sl, ic) (48, sl, ic) (71, sl, ic) (76, sl, ic) (102, sl, ic)



˜
PGM-index construction

Drop all the points except 𝑠𝑒𝑔𝑚𝑒𝑛𝑡. 𝑘𝑒𝑦
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PGM-index construction

… and repeat!



˜
Memory layout of the PGM-index

Input keys

2 11 12 15 18 23 24 29 31 34 36 44 47 48 55 59 60 71 73 74 76 88 95 99 102 115 122 123

1 𝑛

(2, sl, ic) (23, sl, ic) (31, sl, ic) (48, sl, ic) (71, sl, ic) (76, sl, ic) (102, sl, ic)

(2, sl, ic) (48, sl, ic) (102, sl, ic)

(2, sl, ic)

In practice it matched the performance 
of a B-tree on 1 billion keys in

1259 times less space

In theory it can never be worse
in time and in space

than a B-tree
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