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1. Motivation

n Data formats vary Ü structure, syntax, semantics, and

compression

n Existing systems Ü limited support for custom formats

n Custom readers require Ü low-level programming and

system knowledge

n Custom readers Ü not portable across systems and

languages

Read { Raw Data }

JSON Reader?

XML Reader?

HL7 Reader?

Reader Exists?

CSV Reader?

à Is there an automatic way to get around?

Custom text-based dataset D, and user-provided examples:

n Sample Raw (S) Input Ü a list of input strings (i.e.,

selected rows of the input dataset D).

n Sample Matrix/Frame (F) Input Ü a sample matrix or

frame, corresponding to S with n records.

Raw Data

Create Examples

Identify Format

Generate Reader ,Read { }

2. GIO Overview

ExampleExample (S)

Dataset (D) Output Matrix/Frame

(F)

Matrix/Frame

Identification
Mapping

Shape Inference

Code Generation
Modify Reader Src

Runable Reader (R)

R(D)

3. Example Parameters

#index 2015101

➔

beginning of record #1
#* NoDB: efficient query execution on raw data files
#@ Ioannis Alagiannis; Renata Borovica; Anastasia Ailamaki
#o EPFL Switzerland; EPFL Switzerland; EPFL Switzerland
#t 2015
#c VLDB Conference
#% ... unlimited set of references
#! As data collections become larger and larger, data loading evolves to a major bottleneck. ...

#index 2019102

➔

beginning of record #2
#* Pangea: Monolithic Distributed Storage for Data Analytics
#@ Jia Zou; Arun Iyengar; Chris Jermaine
#o Rice University; Rice University; Rice University
#t 2019
#c VLDB Conference
#% ... unlimited set of references
#! Storage and memory systems for modern data analytics are heavily layered, managing shared ...

#index 2018103
➔

beginning of record #3
#* Filter Before You Parse: Faster Analytics on Raw Data
#@ Shoumik Palkar; Firas Abuzaid; Matei Zaharia
#o Stanford InfoLab; Stanford InfoLab; Databricks Inc
#t 2018
#c VLDB Endowment
#% ... unlimited set of references
#! Exploratory big data applications often run on raw unstructured or semi-structured data ...

Sample Raw (S)

2015101 Ioannis Alagiannis Renata Borovica Anastasia Ailamaki

2019102 Jia Zou Arun Iyengar Chris Jermaine

2018103 Shoumik Palkar Firas Abuzaid Matei Zaharia




#col1 #col2 #col3 #col4

Sample Raw (F)

4. Mapping Identification

Sample Raw (S)
Sample Frame (F)

Cell Value
Mapping

Pattern
Matching

l1
l2
l3

#index
#index
#index

#@
#@
#@

#@ ■;
#@ ■;
#@ ■;

#@ ■;■;
#@ ■;■;
#@ ■;■;

\n
\n
\n

;■ ;■

;■ ;■

;■ ;■

;■

;■

;■

\n
\n
\n

#col1 #col2 #col3 #col4 #col1 #col2 #col3 #col4

Prefixes Suffixes

Note: ■ The value has already been selected by another column(s) and is now empty.

Mapping Rules:
1. Shape Inference Functions
2. Cell Value Mapping Functions

5. Code Generation

n Composed according to the passed mapping rules

n Template-based Code Generation:

o pre-pass for obtaining additional metadata from data

o inferring the dimensions

o iterate over records of the raw dataset

n Indexing Code:

o Row Indexing Code Ô determine the number of rows

o Column Index and Value Code Ô code gets column info and values

n Cell Value Code:

o Cell Value by Nested Conditions

o Cell Value by Sequential String Matching

o Cell Value by Regular Expressions

6. Reader Generation Example by Nested Conditions

1: _index = r.indexOf("#index", 0);
2: if(_index != -1) {
3: _index += 6;
4: _end = r.length();
5: _text = r.substring(_index, _end);
6: fb.set(rowIndex, 1, Parse(_text, INT64));
7: }

8: _index = r.indexOf("#@", 0);
9: if(_index != -1) {
10: _index += 2;
11: _end = r.indexOf(";", _index);
12: _text = r.substring(_index, _end);
13: fb.set(rowIndex, 2, _text);

14: _index = r.indexOf(";", _end);
15: if(_index != -1) {
16: _index += 1;
17: _end = r.indexOf(";", _index);
18: _text = r.substring(_index, _end);
19: fb.set(rowIndex, 3, _text);

20: _index = r.indexOf(";", _index);
21: if(_index != -1) {
22: _index += 1;
23: _end = r.length();
24: _text = r.substring(_index, _end);
25: fb.set(rowIndex, 3, _text);
26: } } }

#index

Trie

#@

;

;

[#col1, INT64]

[#col2, String]

[#col3, String]

[#col4, String]

7. The user API of GIO

n M = gio_identify(S,F)← identification,

n R = gio_codegen(M)← reader generation

n F2 = R.read(D)← reader usage on full or different datasets

APIs

Compiler

Control Program

Buffer Pool

Mem/FS I/O GIO DFS I/O
https://systemds.apache.org

LibSVM, AMiner, MatrixMarket, ...

8. Reader Performance on Full Custom Datasets
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9. Reader Runtime Comparison with Varying Number of Attributes

0
2
4
6
8

1 2 3 4 5 6 7

GIO
Jackson

I/O Gen
Gson

RapidJSON
JSON4J

5,179

5,514

5,952.67

6,084

6,386

6,313.67

6,678

2,109.5

2,200.25

2,240.33

2,254.33

2,170.33

2,357

2,454

5,426
5,414

5,490

5,469

5,591

5,425

5,542

6,475.33

6,788.6

7,044.4

6,996.25

7,012.33
7,003.75

7,052.25

5,955.33

6,232.67

6,198.8

6,105.5

5,988.8

6,542.8

6,161.8

6,298

6,418.75

6,348

6,467.5

6,641.5

7,053.5

7,153.33
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3,485
3,441 3,418

25,970

29,342 29,337

30,351

43,262

43,996

43,614

43,960

42,568

41,736

15,451.67

16,512

15,674

15,370

15,916

16,109

16,217

16,742

15,941.67
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0
2
4
6
8

1 2 3 4 5 6 7

GIO I/O Gen
Java Hand-coded

6,622.67

6,879.67

6,957.67

6,679

7,564.33

7,431

7,452.67

2,173.75

2,127

2,215

2,237 2,235

2,280.67

2,205

8,216

8,255.75

8,181.33

8,099
8,106

8,118

8,073

# Parsed Fields
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AMiner-Author (Custom)

0
3
6
9
12
15

1 2 3 4 5 6 7 8 9 10

GIO I/O Gen
Java Hand-coded

9,806.75

10,374.25

10,552.75

11,119

11,327.5

11,944.67

12,064

12,368.33

13,020.67

12,065.25

2,280.5 2,272

2,328.5
2,311.33

2,245.5

2,487.5

2,520.75
2,539.75

2,556

2,422.5

15,425.5

15,309.5

15,607.67

15,112.25

15,206.25

15,500.67

15,447.67

15,531.33

15,334

15,510
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0
20
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1 2 3 4 5 6 7 8 9

GIO
Python

I/O Gen
SystemDS

2,046.25 2,076.33 2,047.67 2,069.33 2,076.33 2,133 2,147.5 2,160
2,093

38,094

45,598

45,827

46,586

51,052

52,866

50,904

52,098

78,005

21,555.67

21,254

21,409.5

21,239.33

21,616.67 21,607.5 21,658

21,318.33

21,602

17,841

18,549

19,020.33

19,554.5 19,536

20,276.67

20,824

21,633

20,855
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Yelp (CSV)

0
101
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104

10 20 30 40 50 60 70 80 90100

GIO I/O Gen
Python-HL7 HAPI-HL7

10.45

10.7

10.87

11.06

11.18

11.32

11.7

11.88

11.93

12.11

7.84

7.91

7.96

7.99

8.17

8.31

8.39

8.55

8.71

8.84

15.92

15.93
15.95 15.94

15.96

16.01

15.97

15.98 15.99
16

14.7 14.7 14.71 14.71 14.72 14.72 14.72 14.72 14.72
14.73

# Parsed Fields
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HL7 (Custom)

0
150
300
450
600
750

1 196 392 588 784

GIO
Python

I/O Gen
SystemDS

86,573.33

87,803.67

91,928.75

86,717.5 87,049.33

88,413.5 88,242.25 87,836.67
88,781.75

88,194.75
87,552.5 87,623 87,999.5 87,952

88,799.33 89,209.25 88,992.5
88,435.5

91,765.5

88,541 88,902.75 88,730.67 88,273

94,928.33

88,282 88,669.75 88,188.33

91,387.5

88,188.67

47,012
48,002 48,332.67

49,071.5

50,253 50,657

53,413

56,041.75

59,026

65,525.25

93,305.5

75,796.75

81,984

89,343.5

1.03 · 105

98,340.33

1.05 · 105

1.26 · 105

1.58 · 105

1.48 · 105

1.31 · 105

1.29 · 105

1.45 · 105

1.94 · 105

1.56 · 105

1.48 · 105

1.56 · 105

1.5 · 105
1.51 · 105

2,318.33 2,370.5 2,383 2,372.33 2,396 2,439.75 2,330.67 2,449.67 2,442 2,453 2,449.75 2,485 2,420.67 2,466 2,503.25 2,400 2,461.25 2,468.67 2,481.5 2,497 2,480 2,535 2,549.75 2,465.67 2,539 2,531.67 2,532 2,497.33 2,548.25

6.23 · 105

6.26 · 105

6.35 · 105

6.3 · 105

6.32 · 105 6.32 · 105
6.31 · 105
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6.37 · 105
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6.37 · 105
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6.46 · 105

6.44 · 105

6.4 · 105

6.51 · 105

6.35 · 105

6.5 · 105

6.63 · 105

6.45 · 105

6.41 · 105
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Mnist8m (LibSVM)
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2,070.67 2,104.25 2,116.67 2,129.33 2,141 2,145.75 2,129
2,199.67 2,214 2,223.33 2,264 2,289.67 2,261.33 2,251.67 2,286.67 2,305 2,311.33
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63,202 63,224

63,482 63,526

63,053

64,811

62,734

63,560 63,591

62,406

63,773

63,466

63,850

63,450

62,697

63,094

62,665

63,646

12,582.25

12,701.67

12,873.33
12,816.5 12,862.5 12,859.25

12,649

12,782.33

14,584.5

12,716

12,575.75

12,752.67

12,630.33 12,635.5 12,656.75 12,691.5 12,740

16,621.5

9,357

10,173.67

11,046

11,502

12,039

12,713.5

13,469.33

14,065.33

14,966.67

15,423.67

15,823.33

17,837.75
17,758.67

18,821.33

18,936.5

19,360.75

21,425.33

20,769
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21,539

22,325
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ReWaste F (CSV)
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22,137.67

22,998.5

22,125
22,224.33

22,290.33 22,258
22,313.67

22,421.33
22,512.75 22,531.75 22,520.67
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22,629.5 22,628.5 22,627.67

22,984.25
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22,922.25

23,136
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23,051.67

22,851

23,025.25

23,228.75
23,111.5

2,083.75 2,094.33 2,129.67 2,125.67 2,109.5 2,140 2,156.33 2,178 2,179 2,216.75 2,217.33 2,219.5 2,269 2,279.67 2,240.33 2,268.75 2,281 2,268.75 2,282.75 2,278 2,285.25 2,251.33
2,323.25 2,287 2,310.33 2,280.33 2,257
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Higgs (CSV)
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