
When Buying           for an             !

Things To
Know7

Alekh Jindal, Jorge Quiané, Jens Dittrich



 What Shoes? Why Shoes?1
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(PigLatin, Hive)

(HadoopToSQL, Manimal)

Analyzing MR Jobs

(Hadoop++, epiC)

Executing MR Jobs

Data Layouts & Access Paths !!

Generating MR Jobs



Why Elephant Needs Different Shoes?2



DBMS MapReduce

Very Large Scale Storage & Execution
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DBMS MapReduce

Large Data Block Sizes
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8 KB 1 GB



DBMS MapReduce

Block Level Data Replication
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010 tom msc

001 alex bsc
002 tim msc
003 mat bsc
004 joel bsc
005 phil msc
006 ron msc
007 neo bsc
008 jack msc
009 jens bsc
010 tom msc



What’s Wrong with Old Shoes?3



Current Data Layouts in Hadoop
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001 alex bsc
002 tim msc

003 mat bsc
004 joel bsc

005 phil msc
006 ron msc

007 neo bsc
008 jack msc

009 jens bsc
010 tom msc

Row Column* PAX**
(default)

* A. Floratou et al. Column-Oriented Storage Techniques for MapReduce. PVLDB, April, 2011

** Y. He et al. RCFile: A fast and space-efficient data placement structure in MapReduce-based warehouse systems. ICDE, 2011



Current Data Layouts in Hadoop
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Row Column PAX
Non-required Reads

Network Costs

Data Block Placement

Tuple Reconstruction



Current Data Layouts in Hadoop
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Row Column PAX
Non-required Reads

Network Costs

Data Block Placement

Tuple Reconstruction
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What Shoes do We Propose?4



Trojan Data Layouts
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Replica 2Replica 1 Replica 3



Row Column PAX Trojan
Non-required Reads

Network Costs

Data Block Placement

Tuple Reconstruction

Trojan Data Layouts
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How do we design 
shoe for one leg?

How do we design 
shoes for all legs?

How do we make the 
shoes from the design?

Challenges in Trojan Data Layouts



How Do We Design the Shoes?5
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Column groups

Interesting
Column groups

Complete & disjoint
column groups

Columns

Filter

Pack

Single Replica

Novel Column Group 
Interestingness

Column Group Packing 
as 0-1 Knapsack
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Query groups

Interesting
Query groups

Complete & disjoint
query groups

Queries

Filter

Pack

Multiple Replicas
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Multiple Replicas

Replica 1 Replica 2 Replica 3
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Multiple Replicas

Replica 1 Replica 2 Replica 3

TPC-H Customer

Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8

Q2, Q3, Q4 Q5 Q1, Q6, Q7, Q8

Name, Address, Phone, 
AcctBal, Mktsegment, 

Comment

Custkey, Nationkey

Custkey, Name, Address, 
Nationkey, Phone, 
AcctBal, Comment

Mktsegment

Phone, AcctBal

Address, Nationkey, Comment

Mktsegment

Custkey

Name



Trojan Layout Advantages

•Multiple layouts for a given workload

•Default row layout still available

• Specialized replicas for different query sub-class

•Divide and conquer layout computation

20



How do We Ride the Elephant?6



Putting It All Together
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Load

Query

Schedule
?

Create trojan layout configuration file in HDFS
dataset    layout-1    layout-2    layout-3

Supply referenced attributes in JobConf
itemize UDF to transparently read the referenced attributes

Three Optimization Options:
- data locality (default)
- best layout 
- best layout & locality



How were the Field Trials?7



•Datasets
TPC-H Lineitem, TPC-H Customer, SSB LineOrder, SDSS PhotoObj

•Queries
First 8 queries from the respective benchmark for each table

•Methodology
focus on scan and projection operators i.e. map-phase-only jobs
improvement: record reader time (I/O and tuple reconstruction)

• Hardware
50 virtual nodes in a 10 node cluster

24

Setup



Per-replica Trojan Layout Performance
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Figure 7: Improvement of data access time when using Trojan Layouts over Hadoop-Row and Hadoop-PAX.

access pattern, i.e. the attributes accessed by each query. Recent
works in other aspects of MapReduce (shown in Figure 1) have de-
scribed how to extract these data access patterns from MapReduce
jobs [19, 7]. We run each benchmark three times, measure the time
it takes to read the required data from disk — i.e. the elapsed time
between the initialization and finalization of the itemize UDF —
and report the improvement factor of our approach based on the
average reading time of the trials.

5.4 Per-Replica Trojan Layout Performance
In this section, we evaluate the data access time improvement

of Trojan Layouts over Hadoop-Row and Hadoop-PAX. Let us first
evaluate these three data layouts in terms of redundant attributes
reads and attribute joins for tuple reconstruction. For this, we
analyzed the query groupings and their Trojan Layouts (see Ap-
pendix B for layout details) and we observed that in all datasets
at least two query groups fit perfectly to its corresponding Trojan
Layout. Hence, per-replica Trojan Layouts significantly reduce re-
dundant attribute access as well as tuple reconstruction overhead.
Table 1 summarizes this observation.

#Redundant Attributes Read #Joins in Tuple Reconstruction

HADOOP-ROW 525 0

HADOOP-PAX 0 139

Trojan Layout 14 20

Table 1: Per-replica Trojan Layout analysis

We observe that Trojan Layouts allow us to read ⇠37 times less
redundant attributes than Hadoop-Row and to perform ⇠7 times less
attribute joins for reconstructing tuples than Hadoop-PAX. Thus,
Trojan Layouts provide for a good trade-o↵ between the number of
redundant attributes and the number of joins in tuple reconstruction

(green cells). This is in contrast to Hadoop-Row and Hadoop-PAX,
which are at the two extremes (red cells).

Figure 7 illustrates the improvement of data access time when
using Trojan Layouts over Hadoop-Row and Hadoop-PAX. We ob-
serve that for those queries referencing few attributes, e.g. Q4 in
LineItem and all queries in LineOrder, Trojan Layouts improve
Hadoop-Row up to factor of 4.8. Indeed, this is because Hadoop-
Row reads a large number of redundant attributes as shown in Ta-
ble 1. In particular, we observe that Hadoop-Row slightly outper-
forms Trojan Layouts only for Q3 in LineItem. This is because
all attributes are referenced and Trojan Layouts have an extra tuple
reconstruction cost that Hadoop-Row does not have. On the other
side, we observe that for those queries referencing many attributes,
e.g. Q1 in LineItem and Q4 in PhotoObj, Trojan Layouts outper-
form Hadoop-PAX up to a factor of 3.5. The reason is that tuple
reconstruction cost in Hadoop-PAX increases as the number of ref-
erenced attributes increases as well. Trojan Layouts amortize tuple
reconstruction cost by co-locating attributes in the same column
groups. Further, the results show that Trojan Layouts never perform
worse than Hadoop-PAX, having at least the same performance as
Hadoop-PAX in the worst case (e.g. Q6–Q8 in Customer).

Overall, our experimental results show that Trojan Layouts sig-
nificantly outperform Hadoop-Row as well as Hadoop-PAX. Our
experimental results also support the simulation results we pre-
sented in Figure 2.

5.5 Comparing Scheduling Policies
In the above experiments, we considered the Best-Layout

scheduling policy (see Section 4.4), which always allocates map
tasks to those nodes storing the best Trojan Layout for incoming
map tasks. However, as discussed in Section 4.4, one could apply
two other scheduling policies as well: the Fetch Best-Layout
policy and the 2nd Best-Layout policy. To understand which
policy performs better, we measure their relative performance with

9

TPC-H Lineitem



Layout Quality

26

* M. Grund et al. HYRISE - A Main Memory Hybrid Storage Engine. PVLDB, November, 2010. 

>14% improvement over HYRISE

#Non-required 
Attributes Read

#Joins in Tuple 
Reconstruction

HADOOP-ROW 525 0

HADOOP-PAX 0 139

HYRISE* Layout 2 64

Trojan Layout 14 20



Scheduling Decisions
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TPC-H Lineitem

R1 R2 R3 P1 P2 P3 GP1 GP2 GP3 GPPR1 GPPR2 GPPR3 Row Layout PAX Layout Trojan Layout PR Trojan Layout Improvement GP2R Improvement GP2P Improvement PR2R Improvement PR2P Factor GP2R Factor GP2P Factor PR2R Factor PR2P

Query1

Query2

Query3

Query4

Query5

Query6

Query7

Query8

Query1

Query2

Query3

Query4

Query5

Query6

Query7

Query8

Query1

Query2

Query3

Query4

Query5

Query6

Query7

Query8

1621 1603 1632 798 805 808 1338 1318 1325 525 518 520 1618.66666666667 803.666666666667 1327 521 18.0189456342669 -65.11820821236 67.8130148270181 35.1721277478225 1.21979402160261 0.605626726953027 3.10684580934101 1.54254638515675

1600 1619 1618 643 654 657 573 578 563 558 567 562 1612.33333333333 651.333333333333 571.333333333333 562.333333333333 64.5648129005582 12.2824974411464 65.123010130246 13.6642784032753 2.8220536756126 1.14002333722287 2.86721991701245 1.15826911677534

1607 1623 1620 2151 2143 2189 1647 1641 1636 1625 1617 1620 1616.66666666667 2161 1641.33333333333 1620.66666666667 -1.52577319587628 24.0475088693506 -0.247422680412371 25.0038562393953 0.984971567831032 1.31661251015435 0.997531879884821 1.33340189222542

1621 1603 1632 620 631 634 573 565 568 491 482 488 1618.66666666667 628.333333333333 568.666666666667 487 64.8682042833608 9.49602122015916 69.9135090609555 22.4933687002653 2.84642438452521 1.10492379835873 3.32375085557837 1.290212183436

1611 1608 1637 630 639 645 556 550 553 479 486 481 1618.66666666667 638 553 482 65.83607907743 13.3228840125392 70.2224052718287 24.4514106583072 2.92706449668475 1.15370705244123 3.3582295988935 1.32365145228216

1600 1619 1618 720 711 728 671 678 667 597 589 594 1612.33333333333 719.666666666667 672 593.333333333333 58.3212735166425 6.62343677628531 63.2003307835435 17.5544233441408 2.39930555555556 1.07093253968254 2.71741573033708 1.21292134831461

1641 1602 1610 715 708 713 688 679 680 573 564 560 1617.66666666667 712 682.333333333333 565.666666666667 57.8199052132701 4.16666666666666 65.0319390067999 20.5524344569288 2.37078651685393 1.04347826086957 2.85975250441956 1.25869180907484

1607 1623 1620 765 789 778 721 718 716 611 607 603 1616.66666666667 777.333333333333 718.333333333333 607 55.5670103092784 7.59005145797599 62.4536082474227 21.9125214408233 2.25058004640371 1.08213457076566 2.66337177375069 1.28061504667765

12931.6666666667 7091.33333333333 6734 5439

Row PAX Trojan LayoutPer-ReplicaPer-Replica f. PR2R f. PR2P f. GP2R f. GP2P HYRESEf. PR2H

7 35 28.1 8.2 4.26829 3.42683 10.9 1.32927 441 without writing

4 35 14.6 10.4 3.36538 1.40385 12.3 1.18269

16 35 48.3 38.5 0.90909 1.25455 43 1.11688

4 35 14.2 10.4 3.36538 1.36538 12.6 1.21154 350 ms (split phase)

4 35 14.4 7.4 4.72973 1.94595 10.2 1.37838

5 35 15.8 10.4 3.36538 1.51923 11.5 1.10577

5 35 15.2 11.8 2.9661 1.28814 11.8 1

6 35 17 11.8 2.9661 1.44068 12 1.01695

280 167.6 0 108.9 124.3 1.14141

OverheadOverhead
Always optimalAlways optimalAlways optimal FO LLLL AO FO LL

8.28.28.2 9 1010 1 1.09756 1.21951 100 91.1111 82

10.410.410.4 11.4 3737 1 1.09615 3.55769 100 91.2281 28.108

38.538.538.5 41.6 35.835.8 1 1.08052 0.92987 100 92.5481 107.54

10.410.410.4 11.3 39.239.2 1 1.08654 3.76923 100 92.0354 26.531

7.47.47.4 8.1 99 1 1.09459 1.21622 100 91.358 82.222

10.410.410.4 11.3 27.427.4 1 1.08654 2.63462 100 92.0354 37.956

11.811.811.8 12.9 2727 1 1.09322 2.28814 100 91.4729 43.704

11.811.811.8 12.9 3131 1 1.09322 2.62712 100 91.4729 38.065

1.09104 2.2803
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Summary

•Data layouts crucial to MR job performance

• Exploit default data block replication in MR

•Novel algorithm to compute per-replica layouts

• Improvement: 4.8x over Row, 3.5x over PAX

• Better than HYRISE; 14% improvement
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