Mobile computing

Hladanie a porovnavanie trajektorii
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Hladanie a porovnavanie

2D: trajektorie ludi a zariadeni

3D: trajektorie dronov, riadenie letovej prevadzky
dronov, Uctovanie poplatkov za prelet dronov
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Abstract
In this paper, we present Google, a prototype of a large-scale search engine which makes heavy
use of the structure present in hypertext. Google is designed to crawl and index the Web efficiently
and produce much more satisfying search results than existing systems. The prototype with a full
text and hyperlink database of at least 24 million pages is available at http://google.stanford.edu/
To engineer a search engine is a challenging task. Search engines index tens to hundreds of
millions of web pages involving a comparable number of distinct terms. They answer tens of
millions of queries every day. Despite the importance of large-scale search engines on the web,
very little academic research has been done on them. Furthermore, due to rapid advance in
technology and web proliferation, creating a web search engine today is very different from three
years ago. This paper provides an in-depth description of our large-scale web search engine -- the
first such detailed public description we know of to date. Apart from the problems of scaling
traditional search techniques to data of this magnitude, there are new technical challenges involved
with using the additional information present in hypertext to produce better search results. This
paper addresses this question of how to build a practical large-scale system which can exploit the
additional information present in hypertext. Also we look at the problem of how to effectively deal
with uncontrolled hypertext collections where anyone can publish anything they want.
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1. Introduction

(Note: There are two versions of this paper -- a longer full version and a shorter printed version. The
full version is available on the web and the conference CD-ROM.)
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Inverzny zoznam

Zoznam slov

Na, PT, je, nuda

Kedy, zacheme, s, C++
Este, 2, hod, do, konca
Na, PT, nie, je, nuda

Inverzny zoznam (index ako na konci knihy):
Slovo Doc id

Na 1,4
PT 1,4
nie 4

je 1,4
nhuda 1,4
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Q. All L) Images [+] Videos Q Maps =] News

About 25,270,000,000 results (0.42 seconds)

Q. All L] Images @ Maps [*] Videos =] News

About 24,350,000,000 results (0.74 seconds)
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Relacia podobnositi

Hladanie v texte: dokumenty su podobné, ak obsahuju
hladané slovné frazy

* Inverzny zoznam
Hladanie trajektorii: trajektorie su podobne, ak ich
vzdialenost je mensia ako 7

* Hausdorffova vzdialenost

* Vzdialenost' viem vypocitat, ak preiterujem cez
vSetky pozicie trajektorie
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Abstract—Trajectory similarity computation is a fundamental
component in a variety of real-world applications, such as
ridesharing, road planning, and transportation optimization. Re-
cent advances in mobile devices have enabled an unprecedented
increase in the amount of available trajectory data such that
efficient query processing can no longer be supported by a single
machine. As a result, means of performing distributed in-memory
trajectory similarity search are called for. However, existing
distributed proposals either suffer from computing resource
waste or are unable to support the range of similarity measures
that are being used. We propose a distributed in-memory
management framework called REPOSE for processing top-%
trajectory similarity queries on Spark. We develop a reference

naint frina (DD Twial indav fn araaniza frainntarg data far lanal

Instead, a distributed algorithm is called for that is able
to exploit the resources of multiple machines. DFT [28] and
DITA [19] are state-of-the-art distributed trajectory similarity
search frameworks. They include global partitioning methods
that place trajectories with similar properties in the same
partition, and they use a global index to prune irrelevant
partitions. Then, they merge the results of local searches on
the surviving partitions. Finally, they return a top-k result.
However, these methods have two shortcomings that limit their
use in practice.

(1) Computing resource waste.

11 1 L

DITA and DFT aim to
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Hausdorffova vzdialenost

Hausdorffova vzdialenost H(A, B) = maximalna vzdialenost
mnoziny bodov A k najblizSiemu bodu mnoziny B, maximalna
vzdialenost' mnoziny bodov B k najblizSiemu bodu mnoziny A,
maximum tychto dvoch vzdialenosti

h(A, B) = maxmind(a, b)
acA beB

h(B,A) = maxmind(a, b)
beB acA

H(A, B) = max{h(A,B),h(B,A)}
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REPOSE: podobnost

Definition 2 (Trajectory Distance). Given two trajectories

1 = {q1,92,---,qm) and T3 = (p1,DP2,...,Pn), the Haus-
dorff distance between T and T is computed as follows.

Dy(71, 72) = max{max min d(g¢;,p;), max min d(g;,p;)},
qiE€T1 P; €ET2 PjET2 ¢, €T (1)

where d(p;, q;) is the Euclidean distance.

Obr. zdroj: ZHENG, Bolong, et al. REPOSE: Distributed Top-k Trajectory Similarity Search with Local
Reference Point Tries. In: 2021 IEEE 37th International Conference on Data Engineering (ICDE). IEEE,
2021. p. 708-719.
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Z-order
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Obr. zdroj: ZHENG, Bolong, et al. REPOSE: Distributed Top-k Trajectory Similarity Search with Local
Reference Point Tries. In: 2021 IEEE 37th International Conference on Data Engineering (ICDE). IEEE,

2021. p. 708-7109.
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Geohashing

Obr. zdroj: https://medium.com/@bkawk/geohashing-20b282fc9655
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Obr. zdroj: ZHENG, Bolong, et al. REPOSE: Distributed Top-k Trajectory Similarity Search with Local
Reference Point Tries. In: 2021 IEEE 37th International Conference on Data Engineering (ICDE). IEEE,
2021. p. 708-719.



REPOSE algoritmus (sketch)

1. VypocCitaj referencné trajektorie.

2. Z mnoziny referencnych trajektorii ndhodne vyber nizky
pocet ,pivot” trajektérii (ktoré si nepodobné).

3. Vloz pivot trajektorie do stromu: kazda pivot trajektoria ma
priradené trajektorie podobné tejto pivot trajektorii.

4. Prechadzaj cez strom a porovnavaj pivot trajektorie s
hladanou trajektoriou.

Obr. zdroj: ZHENG, Bolong, et al. REPOSE: Distributed Top-k Trajectory Similarity Search with Local
Reference Point Tries. In: 2021 IEEE 37th International Conference on Data Engineering (ICDE). IEEE,
2021. p. 708-719.
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LilFEL REPOSE algoritmus
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Obr. zdroj: ZHENG, Bolong, et al. REPOSE: Distributed Top-k Trajectory Similarity Search with Local
Reference Point Tries. In: 2021 IEEE 37th International Conference on Data Engineering (ICDE). IEEE,
2021. p. 708-719.
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Dijkstra, best first search
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Zarovnanie

Sequence 1: G T C G A C G
Sequence 2: G A T T A C A
Sequence 1: G — T — — C G A C G
Sequence 2. G A T T A C - A — -—
Sequence 1: G — T C G A C G
Sequence 2. G A T T — A C A

mismatch



Needleman-Wunsch algorithm

M(i—1,57 — 1)+ score(z, 7),
M(i,7) = max § M(i—1,3) + score(i, _),
M(i,j 1) + score(, ).

21



Needleman-Wunsch algorithm

match = 1 mismatch = -1 gap = -1

G 1 01 -1 2 3 4 5
- \H
A 2 0 0 okl 1 2 3
(O Y
T 3 1 1 0 2 1 0 1
1K
T 4 2 2 1 1 1 0 1
—_
A 5 3 3 1 0 By 0 1
c 6 4 2 -2 1 1 i 0
. 'R\a.
A 7 5 3 1 -2 2 0 Y

Zdroj: Slowkow - Own work, CCO, https://commons.wikimedia.org/w/index.php?curid=31963972
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Konverzia

Since user trajectories consists of recorded positions and not letters, it is
necessary to define the equivalence of positions. Let r; and s; be two recorded
positions. r; and s; are equivalent if their mutual distance is less or equal e:

i — 55| = \/(?“e:,a: = 552)? + (Tiy = 5j4)° < €,

where e € Ry, r; , and s; , are x-coordinates of r; and s;, respectively, and 7;
and s; , are y-coordinates of ; and s;, respectively.
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Porovnavanie

(c) Similar trajectories
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Zarovnavanie

Figure 2(a) shows an example with two intersecting trajectories. NWA could
compute the following alignment:

Sequence 1: — — R; Ry X; — Rj
Sequence 2: S S2 — — X; S3 —

Figure 2(b) shows an example with two non-intersecting trajectories. NWA
could compute the following alignment:

Sequence 1: — — — — R Ry Rz Ry
Sequence 2: S; Sy S3 S, - -  — —

And finally, Figure 2(c) shows an example with two similar trajectories.
NWA could compute the following alignment:

Sequence 1: X; Xo — R X3
Sequence 2: X; Xo 8§71 — X3

NWA could also compute the following alignment, this time applying mis-
match instead of gaps:

Sequence 1:  X; Xo Ry Xj3
Sequence 2: X; Xo S; X3

25



(Z5(|Tz — SJD — 6_26—2|?°q;—8j|27

match = ¢(|r; — 5;]) 71 = ¢(0)~! = ev/2m,

mismatch = —¢(|r; — s;]) 7' = —ev omezez T 27
match = 1,

' —x|ri—s;l?
mismatch = | —e 2 it

match =1, if |r; —s;| <,

1y g2 :
mismatch = {—eze’*"“ 1 w < -1, if|r; —sj| > e

(match =1) > (gp = 0) > mismatch = {—1,--- , =k},

26



Podobnost

Definition 1. Trajectories R and S having length n and m, respectively, are
simailar, if the following holds:

tch
#matc &

max{m,n}

mazx_gap < [,

where #match is the number of matches, max_gap is the maximum number of
subsequent gaps, both as computed by NWA for the two considered trajectories,
aceR|00<a<1l0and € Z,.

27



Interpolacia

(a) Recorded trajectory.

(b) Interpolated trajectory.
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Move ability

Move ability is a concept introduced in (Luo et al., 2017). Its purpose is to
detect noisy areas in a GPS position sequence. It is based on comparing the
Euclidean distance of its end points and the sum of distances of each successive
pair of GPS positions.

Definition 4. Let r = (rg,71, -+ ,7,) be a sequence of GPS positions. Move
ability MA 1is then computed as:

T _Tp‘

MA= " |
D o |Ti = Tig1]

where p € Z .

29
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Move ability

(a) Without move ability.

(b) With move ability.
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Cohave data set

Group | #trajectory
1 23
2 13
3 4
4 7
9 2
§) 20
N 69

Table 1: COhave: the number of groups and trajectories.
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Geolife data set

Group | #trajectory

il 118

2 26

3 13

4 269

5) 24

6 8

T |

8
S 160

Table 2: Geolife: the number of groups and trajectories.
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ST \/ysledky
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(b) Two aligned trajectories, where green
color indicates matches as computed by

NWA.
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COhave: vysledky

NWA: match | gap € [m]
/ mismatch 20 | 50 | 80 | 100 | 150
1/0/-1 27 | 6 | 5 5 5
1/0/-1(MA) |11[8 |5 5 | 5
1/0/-10 27 | 6 | 5 5 5
1/0/-10(MA) |11|8 |5 | 5 | 5
1/0/0 27 | 5 5 5 5
1/0/0(MA) 117 | 5 5 5
1/-4/-6 27 | 5 5 5 5
1/-4/-6(MA) 11| 7 | 5 5 5
10/5/0 55 | 9 7 5 5
10/5/0(MA) [34[13] 9] 5 | 5
1/0/Eq.?2 27 | 6% | 5 5 5
1/0/Eq.2(MA) |11 | 7 | 5 5 5
EDR 27 | 5 5 5 5
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Geolife: vysledky

NWA: match / gap € [m]
/ mismatch 20 | 50 | 80 | 100 | 150
1/0/-1 81 | 8 | 5 5 6
1/0/-1(MA) 26 | 9 | 5 5 6
1/0/-10 SL |8 | 5] 5 | 6
1/0/-10(MA) | 26 | 9 | 5| 5 | 6
1/0/0 60 71 5 5 6
1/0/0(MA) 19 | 8 | 5 5 6
1/-4/-6 60 71 5 5 6
1/-4/-6(MA) 19 | 8 | 5 5 6
10/5/0 130 | 8 | 5 5 6
10 /5 /0 (MA) 42 [ 10| 5 5 6
1/0/Eq.?2 81 | 8 | 5 5 6
1/0/Eq.2(MA) | 26 | 9 | 5 5 6
EDR 62 | 8 | 5 5 5
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COhave: vysledky

match, gap,

i smateh € [m]|#match| #gap|#mismatch
L0 -1 20| 147990614451 0
1,0, -1 50| 64318214833 0
1,0, -1 80| 40068123280 0
1,0, -1 100| 31963| 94807 0
1,0,-1 150 21074 55625 0
1,0,-10 20| 147990614451 0
1,0, -10 50| 64318214833 0
1, 0, -10 80| 40068123280 0
1,0,-10 100| 31968| 94807 0
1, 0, -10 150 21074| 55625 0
1,0,0 20| 147990196954 213349
1,0,0 50 64318 | 49992 84566
1,0,0 80 40068 | 34040 46550
1,0,0 100 31968 | 24220 37204
1,0,0 150 21074 11798 23673
1,4, -6 20| 146708 | 101600 262308
1, -4, -6 50| 63826| 38232 90938
1, -4, -6 80 39546 | 22116 53034
1,4, 6 100 31546] 16824 11324
1, -4, -6 150 21074 11788 23678
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