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11/102 AN



How does RASED Help Map Analyzers?

 Road changes - > gives road network stability
Query and visualize various statistics
Numerous query scenarios

15 years worth of data

Scalable, Interactive dashboard

RASED is the first-ever attempt to quantify and

visualize all OSM worldwide changes on a daily basis
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RASED Analysis Queries
Example UpdateList U
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RASED Analysis Queries
Example UpdateList U

m RoadType ElementType UpdateType Latitude Longitude ChangesetID

06/07/2022 Service 5582147

« Aggregations: on any highlighted fields.
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RASED Analysis Queries
Example UpdateList U

m RoadType ElementType UpdateType Latitude Longitude ChangesetID

06/07/2022 Service 5582147

« Aggregations: on any highlighted fields.

 Filters: Temporal (e.g., time of update), spatial (e.g., country or state),
road types, and update types.
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RASED Analysis Queries
Example UpdateList U

m RoadType ElementType UpdateType Latitude Longitude ChangesetID

06/07/2022 Service 5582147

« Aggregations: on any highlighted fields.

 Filters: Temporal (e.g., time of update), spatial (e.g., country or state),
road types, and update types.

* Goal: find number and percentage of OSM updates:

— E.g., per country, comparison between countries, types of updated roads, and
temporal evolution of updates.
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RASED Analysis Queries

Example 1:

Find the number of newly created
or modified element types (node,
way, relation) for each country road
network in 2021.
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RASED Analysis Queries

Exam ple 1: Total updates by country
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RASED Analysis Queries

Example 1: Total updates by country
Find the number of newly created Unted 8o s
. Germany - I —
4 —
or modified element types (node, (Dazl ] E— Bl ey Croctod
. France + I
way, relation) for each country road Vietnam | EE— B Ways Modified
. Thailand .
network in 2021. __Unieg }gnZ'di;"m T m— [l Relations Created
ussian Federation — [ . g
Poland _ B Relations Modified
Indoﬂlélsr}g . =
SELECT U .Country,U.ElementType, COUNT (*) ) ltaly - — [ Nodes Created
FROM UpdateList U ohan ] Nodes Modified
WHERE U .Date BETWEEN 2021-01-01 .G’e%a‘;g —
. Philippines — - Only top 20 entries (absolute count) are shown here.
ix [2] 0% 1 ;{1 i - :?1' 1 - _ ] T;J:ng:ﬂz B Switch to table view for the full list.
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RASED Analysis Queries

Example 1: Total updates by country
Find the number of newly created Unted 8o s
. Germany —+  IEE—
or modified element types (node e,
) Mexico | E— [l Ways Created
way, relation) for each country road Vietnam | EE— B Ways Modified
. Thailand -  EEEE—— ;
network in 2021. __Unteg ﬂn*;'di,”m 1 m— [ Relations Created
ussian Federation -+ I . .
Poland | — B Relations Modified
SELECT U.C U indoneels 1 I Nodes Created
J.Country, U .ElementType, COUNT (x) ltaly &  S—
FROM UpdateList U Soen ] — Nodes Modified
T _ _ Greece I
WHERE U.Date BETWEEN 2021-01-01 Philippines — - Only top 20 entries (absolute count) are shown here.
ix IZTOil ;11 i—?’rl N o ] T;Jr‘]‘zrg::’izz — Switch to table view for the full list.
J .UpdateType ew, Update : , : : :
GROUP BY U.Country, U.ElementType 0.0 2.0m 4.0m 6.0m 8.0m

RASED queries are always supported in the order

of milliseconds regardless of how large is query period.
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RASED Analysis Queries ...~
— Snossor
Example 2:
Compare the percentage of daily changes 1
in road network in Germany, Singapore,
and Qatar over 2020 and 2021. ows{_ | | | | | .
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RASED Analysis Queries ...~
— Seepr
Example 2:
Compare the percentage of daily changes 1
in road network in Germany, Singapore,
and Qatar over 2020 and 2021. ows{_ | | | | | .
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2_ Storage and IndeXing Storage and Indexing
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Daily Update List — This Module Query Execution

o Effective Storage RASED Analytical Queries:
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Very few 1/O « Highly Interactive
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2- Storage and Indexing
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Daily Update List — This Module Query Execution

L
o Effective Storage RASED Analytical Queries: |
Infrastructure * Global-Scale
» Comprehensive .
Very few I/O « Highly Interactive Hierarchal Temporal Index
Daily Update List
Index Nodes
Hierarchical 7 7 Yearly Cubes
« Precomputed statistics, not map updates itself Indexer Yo Y )
« Stored as 4-dimential data cubes: —— -
* Country: 300+ values M [y -y < Monthly Cubes
« Road Type: 150 values 0 12 N )
* Update Type: 4 values o—
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2- Storage and Indexing

In Memory Cubes

Aggregation

Cubes
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Indexing
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Daily Update List — This Module Query Execution

Caching Strategy

o Effective Storage RASED Analytical Queries:
Infrastructure * Global-Scale
» Comprehensive .
Very few I/O « Highly Interactive Hierarchal Temporal Index
Daily Update List
Index Nodes
Hierarchical 7 — Yearly Cubes
« Precomputed statistics, not map updates itself Indexer Yo T W )
+ Stored as 4-dimential data cubes: j*j L
* Country: 300+ values f‘mmce” < Monthly Cubes
+ Road Type: 150 values g Mo Mz My ()
* Update Type: 4 values
* Element Type: 3 values. W W . Weekly Cubes
- Each cube: V) - ol )
» has 540,000 precomputed values (cells) [ I —
 covers a specific period (e.g., week) po I, |) = D |)D, |) = IDw | ) Da“z[f;’bes
+ ~4MB, one disk page. e.g, Jan 01
+ Each cube cell is the aggregate count of OSM updates 2021
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RASED Hierarchical Temporal Indexing
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RASED Hierarchical Temporal Indexing
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RASED Hierarchical Temporal Indexing

e Index Size
Hierarchy Hierarchal Temporal Index
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RASED Hierarchical Temporal Indexing

— Index Size
Hierarchy Hierarchal Temporal Index
Four levels: OSM updates since 2004: e 5
* yearly - Daily Update List |
« monthly 6,000+ daily nodes 850+ weekly nodes :
. weekly 200+ monthly nodes 16 yearly nodes  Hierarchical — —. Yearlv Cubes
* daily Indexer Y, vy | ‘(’y)
7,000 nodes / 4 billion aggregate values / ~28GB ﬁj_
_< Monthly Cubes
. | M, M, " My (M)
Index Maintenance
Daily updates : wo )i [) = [w [) = [ WeelzI[YV(;ubes
» every day constructs & appends new daily cube ]
* Recursively build weekly/monthly/yearly cubes .
- offline, ~30 minutes by UJID |) D |)|D, |) T |Dn Daily Cubes
: (D)
' e.g.,Jan 01
2021
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RASED Hierarchical Temporal Indexing

— Index Size
Hierarchy Hierarchal Temporal Index
Four levels: OSM updates since 2004: e 5
* yearly - Daily Update List |
« monthly 6,000+ daily nodes 850+ weekly nodes :
. weekly 200+ monthly nodes 16 yearly nodes  Hierarchical — —. Yearlv Cubes
* daily Indexer Y, vy | ‘(’y)
7,000 nodes / 4 billion aggregate values / ~28GB ﬁj_
M Iy w |y N Monthly Cubes
. | 0 12 N M)
Index Maintenance
Daily updates : wo )i [) = [w [) = [ WeelzI[YV(;ubes
» every day constructs & appends new daily cube ]
* Recursively build weekly/monthly/yearly cubes .
- offline, ~30 minutes by UJID |) D |)|D, |) T |Dn Daily Cubes
| D)
i eg,Jan01
Monthly updates: more information obtained: 2021

* reconstruct daily & weekly cubes
+ offline, ~few hours.
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RASED Architecture
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'y
Answer Query

3- Query Execution

Ex. Find number of updates in

each country in time window t.
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Answer Query

3- Query Execution

Query Processor
Plan
Ex. Find number of updates in In Memory Cubes Ccmery j
Optimizer

each country in time window t.

Two phases:

Retrieves cubes satisfies t

All dimensions
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'y
Answer Query

3- Query Execution

Query Processor

Plan

Ex. Find number of updates in InMemory Cubes auen
. . . H ptimizer
each country in time window t.
Two phases:

Retrieves cubes satisfies t

All dimensions

1 Disk-Based

58/102 y .\



'y
Answer Query

- " Query Execution
3- Query Execution 5
Plan
Ex. Find number of updates in InMemory Cubes auery
each country in time window t. ;

Two phases:

Retrieves cubes satisfies t

All dimensions

1 Disk-Based

\ 4

Aggregates unwanted dimensions
Keep only requested ones

Country

2
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Answer Query

- " Query Execution
3- Query Execution 5
Plan
Ex. Find number of updates in InMemory Cubes auery
each country in time window t. ;

Two phases:

Retrieves cubes satisfies t

All dimensions

1 Disk-Based

\ 4

Aggregates unwanted dimensions
Keep only requested ones

Country

2 In-Memory
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Answer Query

- E t " Query Execution
3- Query Execution

Plan
Ex. Find number of updates in [ ntemory Cubes ﬂ auery
each country in time window t. ;

Two phases:
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Keep only requested ones

Country
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
In Memory Cubes

Ex. Find number of updates in | { avery !
each country in time window t. Caching & Level Optimization :

Two phases:

Retrieves cubes satisfies t

All dimensions

1 Disk-Based

\ 4

Aggregates unwanted dimensions
Keep only requested ones

Country

2 In-Memory
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
In Memory Cubes

Ex. Find number of updates in { Qe !

each country in time window t. Caching & Level Optimization
Two phases: |
A. hin
Retrieves cubes satisfies t Tl
All dimensions Goal:
* Preload recent data cubes into memory
/| Disk-Based * Reduce cubes retrieved from disk

* Reduce query response time

\ 4

Aggregates unwanted dimensions
Keep only requested ones

Country

2 In-Memory
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
In Memory Cubes

Ex. Find number of updates in { Qe !

each country in time window t. Caching & Level Optimization
Two phases: |
A. hin
Retrieves cubes satisfies t Cac 9
All dimensions Goal: Rational:

* Preload recent data cubes into memory More likely to receive queries for recent updates

/| Disk-Based * Reduce cubes retrieved frpm disk Challenge:
* Reduce query response time which level to preloaded data cubes from?

\ 4

Aggregates unwanted dimensions
Keep only requested ones

Country

2 In-Memory
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
In Memory Cubes

Ex. Find number of updates in { Qe !

each country in time window t. Caching & Level Optimization
Two phases: |
A. hin
Retrieves cubes satisfies t Cac 9
All dimensions Goal: Rational:

* Preload recent data cubes into memory More likely to receive queries for recent updates
/| Disk-Based * Reduce cubes retrieved frpm disk Challenge:
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
In Memory Cubes

Ex. Find number of updates in Coc?ery }

each country in time window t. Caching & Level Optimization
Two phases: |
A. hin
Retrieves cubes satisfies t Cac 9
All dimensions Goal: Rational:

* Preload recent data cubes into memory More likely to receive queries for recent updates

/| Disk-Based * Reduce cubes retrieved frpm disk Challenge:
* Reduce query response time which level to preloaded data cubes from?

\ 4
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Aggregates unwanted dimensions {D|D|—i}@o U {I.I,,, I“'I—'i}z‘:\() U {]\[|M|—i < il {Y|Y[—i i

Keep only requested ones

Country

* N available memory
i In-Memory * a,PB,y, and 0: ratio allocated to each level
* trade off: aggregation granularity vs time coverage
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
In Memory Cubes

Ex. Find number of updates in Coc?ery }

each country in time window t. Caching & Level Optimization
Two phases: |
A. hin
Retrieves cubes satisfies t Cac 9
All dimensions Goal: Rational:

* Preload recent data cubes into memory More likely to receive queries for recent updates

/| Disk-Based * Reduce cubes retrieved frpm disk Challenge:
* Reduce query response time which level to preloaded data cubes from?

\ 4

mensi N €\ | OM j
Aggregates unwanted dimensions {D|D|—i}@o U {I.I,,, I“'I—'i}z‘:\() U {]\[|M|—i < il {Y|Y[—i i
| | | | |

Keep only requested ones

Country Days Weeks Months Years

* N available memory
i In-Memory * a,PB,y, and 0: ratio allocated to each level
* trade off: aggregation granularity vs time coverage
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Answer Query

3- Query Execution

Two Disk Access optimization techniques

Caching & Level Optimization
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'y
Answer Query

3- Query Execution

Two Disk Access optimization techniques

Caching & Level Optimization

B. Level Optimization
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan

Example: Caching & Level Optimization Optimier

Find number of updates in during 5

the period Jan 1 to Feb 15. S

(46 days) B. Level Optimization
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Answer Query

3- Query Execution

Query Processor

Two Disk Access optimization techniques Plan
In Memory Cubes Query
Example: Caching & Level Optimization optimizer

Find number of updates in during

the period Jan 1 to Feb 15.
(46 days) B. Level Optimization

Sat | Sun | Sun | Sun | Sun | Sun  Mon | Sun , Sun Mon Tue
01/01:01/02 *** 101/09 " 101/16 " 101/23 " 101/30 01/31: "~ 102/06 "~ 1 02/13 02/14 02/15
dl 1 1 1 1 1 1 1 »

8090080900960 & - - 6 6 6 oa cubes

818 88+ 6 G Weekly Cubes
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Answer Query

3- Query Execution

Query Processor

Two Disk Access optimization techniques Plan
In Memory Cubes Query
Example: Caching & Level Optimization optimizer

Find number of updates in during
the period Jan 1 to Feb 15.

(46 days) B. Level Optimization
Sat | Sun | Sun | Sun | Sun | Sun  Mon | Sun , Sun Mon Tue
‘01/01 :01/02 :01/09 :01/16 :01/23 :01/30 01/31: :02/06 :02/13 02/14 02/15 g Three POSSlble Paths
818168+ 6 Weekly Cubes
& _
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Answer Query

3- Query Execution

Query Processor
Two Disk Access optimization techniques Plan
In Memory Cubes Query
: Optimizer

Example: Caching & Level Optimization
Find number of updates in during |

the period Jan 1 to Feb 15.

(46 days) B. Level Optimization
Sat : Sun : Sun : Sun : Sun :Sun Mon : Sun : Sun Mon Tue
401/01 :01/02 :01/09 :01/16 :01/23 :01/30 01/31: :02/06 :02/13 02/14 02/15 Three POSSIble Paths
(999 93 .- J99.- 930 9 -3 3 I iEany Cubes )
( ; ; ; ; ; ; ; A- All daily cost = 46 cubes
—H——a—+a—+a-+———— Weekly Cubes
) -
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Answer Query

3- Query Execution
Query Processor
Two Disk Access optimization techniques Plan
In Memory Cubes Query

Example: Caching & Level Optimization optimizer
Find number of updates in during 1
the period Jan 1 to Feb 15. m—
(46 days) B. Level Optimization
Sat | Sun : Sun : Sun :Sun :Sun Mon : Sun : Sun Mon Tue

01/01:01/02 " 101/09 " 101/16 " 101/23 " i01/30 01/31, " 102/06 " 1 02/13 02/14 02/15 Three Possible Paths:
@@@ o9 @@ @@ 6 6 -09- @ymbes A- All daily cost = 46 cubes

W i i -‘—b weekiy Cuves B~ 6 weekly + 4 daily cost = 10 cubes
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
Example: Caching & Level Optimization optimizer
Find number of updates in during %
the period Jan 1 to Feb 15. o
(46 days) B. Level Optimization
O?/a()t1 IOS’\;;J(?Z 0317(?9 OS1L/J1n 6 0?7;3 0?;11?0 0'\17;1 032?(;16 : 0271n 3 0'\4;)1[11 027? 5 Th P bI P th
" ) ) . i ree Possible Paths:
f Pai ubes
i @@ @@ @@ @@ o0 " 9 yC " A-All daily cost = 46 cubes
Weekly Cubes B~ 6 weekly + 4 daily cost = 10 cubes
@ C- 1 monthly + 1 weekly + 8 daily cost =10 cubes

5 cubes
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
Example: Caching & Level Optimization optimizer
Find number of updates in during |
the period Jan 1 to Feb 15. R
(46 days) B. Level Optimization
Sat | Sun | Sun | Sun | Sun | Sun  Mon | Sun : Sun Mon Tue
01/01 01/02 01/09 ” 01/16 " 01/23 ” 01/30 01/311 =~ 02/06 T 02/13 02/14 02/15 Three POSSIble Paths
1585 55 8560 58 68 66 oo, daily cost = 46 cubes
I—ﬁ—kﬁ—l—ﬁ—l—ﬁ—!—ﬁ—l—ﬁ—! Weekly Cubes | B- 6 weekly + 4 daily cost = 10 cubes
& C- 1 monthly + 1 weekly + 8 daily cost = 10 cubes
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
Example: Caching & Level Optimization optimizer
Find number of updates in during |
the period Jan 1 to Feb 15. R
(46 days) B. Level Optimization
Sat | Sun | Sun | Sun | Sun | Sun  Mon | Sun : Sun Mon Tue
01/01 01/02 01/09 ” 01/16 " 01/23 ” 01/30 01/311 =~ 02/06 T 02/13 02/14 02/15 Three POSSIble Paths
1585 55 8560 58 68 66 oo, daily cost = 46 cubes
I—ﬁ—kﬁ—l—ﬁ—l—ﬁ—!—ﬁ—l—ﬁ—! Weekly Cubes | B- 6 weekly + 4 daily cost = 10 cubes
& C- 1 monthly + 1 weekly + 8 daily cost = 10 cubes

Cache Awareness
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Answer Query

3- Query Execution

Query Processor

Two Disk Access optimization techniques Plan

In Memory Cubes Query

Example: Caching & Level Optimization optimizer
Find number of updates in during |

the period Jan 1 to Feb 15.

(46 days) B. Level Optimization
Sat | Sun | Sun | Sun | Sun | Sun  Mon | Sun , Sun Mon Tue
<01/01 :01/02 :01/09 :01/16 :01/23 :01/30 01/311 " :02/06 :02/13 02/14 02/15 > Three POSSIble Paths
F @@@@@@@@ @ . @@ 6 9 (F paily Cubes A- Al daily cost = 46 cubes
—Ho—+a+0-++—a—+0 Weekly Cubes | B- 6 weekly + 4 daily cost = 10 cubes
& C- 1 monthly + 1 weekly + 8 daily cost = 10 cubes

Cache Awareness

In Memory Cubes
0099900000300
O00000000000000

Eg.a=1
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Answer Query

3- Query Execution [ e
Two Disk Access optimization techniques Plan
Example: Caching & Level Optimization optimizer
Find number of updates in during |
the period Jan 1 to Feb 15. R
(46 days) B. Level Optimization
Sat | Sun | Sun | Sun | Sun | Sun  Mon | Sun , Sun Mon Tue
<01/01 :01/02 :01/09 :01/16 :01/23 :01/30 01/311 " :02/06 :02/13 02/14 02/15 > Three POSSIble Paths
7 @@@@@@@@ @ . @@ 3  (F paily Cubes A- Al daily cost = 46 cubes
—Ho—+a+0-++—a—+0 Weekly Cubes | B- 6 weekly + 4 daily cost = 10 cubes
& C- 1 monthly + 1 weekly + 8 daily cost = 10 cubes
Cache Awareness
In Memory Cubes A- All daily cost = 0 disk /O
0909000000003 - — A
/@@@@@@@@@@@@@@/ B-6 Weekly +4 dally . cost=6 dl.Sk /0
C- 1 monthly + 1 weekly + 8 daily cost =2 disk /O
Eg.a=1
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Answer Query

3- Query Execution ey i
Two Disk Access optimization techniques Plan
Example: Caching & Level Optimization optimizer
Find number of updates in during |
the period Jan 1 to Feb 15. R
(46 days) B. Level Optimization
Sat | Sun | Sun | Sun | Sun | Sun  Mon | Sun , Sun Mon Tue
<01/01 :01/02 :01/09 :01/16 :01/23 :01/30 01/311 " :02/06 :02/13 02/14 02/15 > Three POSS|b|e Paths
F @@@@@@@@ @ . @@ 6 9 (F paily Cubes A- Al daily cost = 46 cubes
—Ho—+a+0-++—a—+0 Weekly Cubes B~ 6 weekly + 4 daily cost = 10 cubes
& C- 1 monthly + 1 weekly + 8 daily cost = 10 cubes

Cache Awareness

in Wfemory Cubes A- Al daily cost = 0 disk 1/0
a8 n/n)a ) a)a/a n/a u ln e = b—d-k-ﬂwl
/@@@@@@@@@@@@@@ / B-6 weekly + 4 daly cost=6 dis

C- 1 monthly + 1 weekly + 8 daily cost =2 disk /O

Eg.a=1
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RASED Architecture

osmMm
Daily Mon_thly Full Interactive Spatio- O
Changes History Temporal Exploration m
Diffsy X! Changesets ¥ Y
i Data Collection and Processing | User Interface
> o : -
0 i [ Crawling H Preparation ] o Interactwe Query i 9
E P Views Parameters |

_______________________________________________________________________

Query
i Storage and Indexing Query Execution
! \ 4 1
Aggregation —rb[ Query Processor ] i
' ’ A A i
E ) o Cubes . Plan i
. Hierarchical | v |
e > Indexing Query i<|—e
P 5 ’ Optimizer | :
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RASED Architecture

OSM
Daily Monthly Full Interactive Spatio-

l Changes History Temporal Exploration m
Diffsy . ¢ h??ﬁ‘?s_'e.'ﬁs_ ............... l ________________________________________________
User Interface
[ Interactive ] { Query } 4'—9

Views Parameters

e ¥
)
(@]

-
o
Z
S
oQ
-
X
D
e}
o}
-
o
[
o
=
—

Query Execution

3 | i
Aggregation E Query Processor J i
E ) v Cubes . E Plan E
! Hierarchical v !
e Rk Indexing “ In Memory Cubes /47 Query i e
P X g L Optimizer | !
§ [ Caching Strategy ] '
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3- User Interface
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Start date

3- User Interface

End date
2022-06-04

Data is currently available from 2018-09-01 to 2022-
06-04. Last 30 days are selected by default

* Input: Query Parameters

Category Selection
Road Network
[[JNavigational Metadata
[JJPOI Road Network
[JBus

[ Cyclist

[J) Pedestrian

[ Other

Elements:
Way
Relation
Node

Operations:

Create
Modify

Query Data
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Start date

3- User Interface

End date

2022-06-04
v Sample View
Data is currently available from 2018-09-01 to 2022-
Lond y sample \pXates. 06-04. Last 30 days are selected by default

* Input: Query Parameters v v GV O
= b Category Selection
T Output S0 W -
— Statistics either absolute numbers or percentages h o s
— Visualizations as: Otes
» Tabular format sorted on any column, 1 S

La Habana @

Cludad Cuba () Other

* Various charts (bar, choropleth, time series) o
+ Time-lapse video showing the road network oy Elemens:

{uras- Map data (c) OpenStreetMap contributors

. Way
evolution & Refsion
v Countries View Node
M ChoroplethiView Data For: All oadffeature type(s).  Selected: None. -
Table: click+ctrl(cmd) to select/deselect entries. Chart: clicksshift for Total updates by country
DatalFor=All roadfieatiire types). Y Time Series View area (or ESC) to clear.
Table ~Chart United States — I
Data For: All road/feature type(s). India — I ——
country Al Ways Created  Ways Modified Germany -
Chart United States ~ 19,771,127.0  8,695,267.0  10,837,113.0 MB"f_iZ" T
lexico — I —
Updtes over time (7-days moving average) - S — Franco | me— Il Ways Created -
' R e R Vietnam — I — i
= M 66613650 20242770  4,624519.0 China 7 . Ways Modfied
lexico 661, 024, 1624, Thailand +  EEEE—— i
4 — United Kingdom -1 — Il Relations Created
h India 6,6349540 3,822,2040 28103470 Russian Federation - IS : e
Poland | emm— B Relations Modified
. Indonesia —  EE——
15.0¢ German 56789770 12541740  4,387,1360
N Y ltaly | E— [l Nodes Created
Japan - Em— -
o] Vietnam 47605060 24339760 2,326,185 Spain | m— Nodes Modified
Py Greece —+
S - - France 38540890 9104220  2915446.0 Philippines - mm— Only top 20 entries (absolute count) are shown here.
IZI M E E E] EI IE IE' \LI B Ukraln_e : — Switch to table view for the full list.
Tanzania _—
0.0 T T T T T
! ! > ! : } 0.0 2.0m 4.0m 6.0m 8.0m
112020 512020 912020 172021 512021 912021
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Outline

1. Motivation
2. Background
— Map updates, Datasets, and Queries
3. RASED Architecture & Main Modules
— Data Collection & Processing
— Storage & Indexing
— Query Execution
— User Interface
4. Experimental Results
5. RASED in Action (quick demo)
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Setting RASED Parameters
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Setting RASED Parameters

Setting RASED Cache Size

5000
©
©
(&)
w
(o))
S 500
(2]
£
()
£
|_
>
o) 50 —0 °
>
()
F
—————— — o— —0
5
128 256 512 1024 2048 4096
Cache Size (MB)
—e— 1 Month 3 Months —e—6 Months —e—12 Months
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Setting RASED Parameters

Setting RASED Cache Size

5000
©
8
g Saturation Point
S 500
(2]
£
(0]
£
|_
>
o) 50 —0 PY
>
(e

F
—————— — o— —0
5
128 256 512 1024 2048 4096
Cache Size (MB)
—e— 1 Month 3 Months —e—6 Months —e—12 Months
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Setting RASED Parameters

Setting RASED Cache Size

5000
©
8
g Saturation Point
S 500
(2]
£
(0]
£
|_
>
o) 50 —0 PY
>
(e

F
—————— — o— —0
5
128 256 512 1024 2048 4096
Cache Size (MB)
—e— 1 Month 3 Months —e—6 Months —e—12 Months

RASED Uses 2048 MB for Cache
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Setting RASED Parameters

Setting RASED Cache Size Setting RASED Number of Levels
30
5000
25
)
S
@ Saturation Point o 20
(@)
S 500 o
E 8 15
n
0]
£ &
- ©
> £ 10
g 0 —e °
>
e}
5
—————— — o— —0
5 0
128 256 512 1024 2048 4096 1 3 5 7 9 11 13 15
Cache Size (MB) Indexed Period (Years)
—e— 1 Month 3 Months —e—6 Months —e=—12 Months Flat Index 2-Levels 3-Levels 4-Levels

RASED Uses 2048 MB for Cache
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Setting RASED Parameters

Setting RASED Cache Size Setting RASED Number of Levels
30
5000 Only ~ 20% increase for 4-Levels
25
)
S
@ Saturation Point o 20
(@)
S 500 o
E 8 15
o n
£ &
= 2
> £ 10
g 0 —e °
>
e}
5
—————— — o— —0
5 0
128 256 512 1024 2048 4096 1 3 5 7 9 11 13 15
Cache Size (MB) Indexed Period (Years)
—e— 1 Month 3 Months —e—6 Months —e=—12 Months Flat Index 2-Levels 3-Levels 4-Levels

RASED Uses 2048 MB for Cache
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Setting RASED Parameters

Setting RASED Cache Size Setting RASED Number of Levels
30
5000 Only ~ 20% increase for 4-Levels
25
)
S
@ Saturation Point o 20
(@)
S 500 o
£ 8 15
jo’ n
£ o)
. 2 10
o —
>
(@]
5
—————— — o— —0
5 0
128 256 512 1024 2048 4096 1 3 5 7 9 11 13 15
Cache Size (MB) Indexed Period (Years)
—e— 1 Month 3 Months —e—6 Months —e—12 Months Flat Index 2-Levels 3-Levels 4-Levels
RASED Uses 2048 MB for Cache RASED Index Uses 4 Levels
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RASED Performance
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RASED Performance

RASED-F: one level flat index, neither caching nor level optimization

RASED-O: hierarchal index with level optimization, no caching
RASED: full RASED system with both caching nor level optimization
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RASED Performance

RASED-F: one level flat index, neither caching nor level optimization
RASED-O: hierarchal index with level optimization, no caching
RASED: full RASED system with both caching nor level optimization

Effect of Each Component in RASED

100000
©
S 10000 —
wn
2 1000
7))
£ 100
2 10
E
g
5 o1
1 3 5 7 9 11 13 15

Query Period (Years)

— RASED-F RASED-O —RASED
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RASED Performance

RASED-F: one level flat index, neither caching nor level optimization
RASED-O: hierarchal index with level optimization, no caching
RASED: full RASED system with both caching nor level optimization

Effect of Each Component in RASED

___ 100000
Qo
® . . .
g 100 / Gain by hierarchal index
2 1000 with level optimization
2
£ 100 X
p . ,
£ 10 Gain by caching v
|_
Py ! /,
S
c 0.1
1 3 5 7 9 11 13 15

Query Period (Years)

— RASED-F RASED-O —RASED
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RASED Performance

RASED-F: one level flat index, neither caching nor level optimization
RASED-O: hierarchal index with level optimization, no caching
RASED: full RASED system with both caching nor level optimization

Effect of Each Component in RASED

___ 100000
Qo
® . . .
g 100 / Gain by hierarchal index
2 1000 with level optimization
2
£ 100 X
p . ,
£ 10 Gain by caching v
|_
Py ! /,
S
c 0.1
1 3 5 7 9 11 13 15

Query Period (Years)

— RASED-F RASED-O —RASED

RASED indexing, optimizing, and caching reduce
response times by orders of magnitude
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RASED Performance

RASED-F: one level flat index, neither caching nor level optimization

RASED-O: hierarchal index with level optimization, no caching PostgreSQL constantly requires scanning the whole data because

RASED: full RASED system with both caching nor level optimization query involves multiple attributes in the Group By clause
Effect of Each Component in RASED Overall Performance
100000

0 o 1000000

g 10000 o Gain by hierarchal index & 100000

2 1000 with level optimization 2 10000

é 100 x é 1000
; ; 100

Gé 10 Gain by caching v g o

- -

> 1 /, > 1

S S

3 0.1 3 0.1

1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
Query Period (Years) Query Period (Years)
——RASED-F RASED-O ——RASED PostgreSQL RASED

RASED indexing, optimizing, and caching reduce
response times by orders of magnitude
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RASED Performance

RASED-F: one level flat index, neither caching nor level optimization

RASED-O: hierarchal index with level optimization, no caching PostgreSQL constantly requires scanning the whole data because

RASED: full RASED system with both caching nor level optimization query involves multiple attributes in the Group By clause
Effect of Each Component in RASED Overall Performance
100000
0 1000000
g 10000 o Gain by hierarchal index & 100000
2 1000 with level optimization 2 10000
é 100 x é 1000
: : 100
Gé 10 Gain by caching v g o
= =
> 1 /, > 1
S S
G 0.1 & 0.1
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
Query Period (Years) Query Period (Years)
——RASED-F RASED-O ——RASED PostgreSQL RASED
RASED indexing, optimizing, and caching reduce RASED queries are always answered in
response times by orders of magnitude milliseconds
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Outline

1. Motivation
2. Background
— Map updates, Datasets, and Queries
3. RASED Architecture & Main Modules
— Data Collection & Processing
— Storage & Indexing
— Query Execution
— User Interface
4. Experimental Results
5. RASED in Action (quick demo)
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DEMO


https://rased.cs.umn.edu/
https://www.youtube.com/watch?v=fB2JxTZ60wU

THANK YOU



