Advancements In
Apachne Hive



Hive Architecture

Command Line Interface and
HiveServer?

Driver to plan query and
handle execution

Processing data in compute
engine

Store the data into files in
HDFS

—

/ Driver

N

N\

Parser

[ Planner

) \J Metastore ]
(No unnecessary Map-
phase optimization and

_YSmart integration)

-
Execution

& model)

(Vectorized execution

h RDBMS

—/

-~

Data Processing Engine
(e.g. MapReduce)

File Format
(ORC File)

|

-
Storage Handler ]
-

AN

Other Storage Systems
(e.g. HBase)




Major Advancements

* File format
* Query Planning

* Query Execution



File Format

 Hadoop TextFile and Sequencekile

e Record Columnar File

* Optimised Record Columnar File



File Format

TextFile and Sequencerile:
* JextFile contains plain text data

* SequencekFile is to deal with small file problem:

SequenceFile File Layout

Data Key Value Key | Value Key Value Key Value



File Format

Record Columnar File:

RCFile
Relation
AlB ¢ |bpo %
L ] Row Group
A HDFS B
:g; :}; :2 :g; Block -1 16 Bytes Metadata
Head
103 113 123 133 >:> Row Group 1 il e
104 114 124 124 __ 101, 102, 103, 104, 105
105 115 105 135 e 111, 112, 113, 114, 115
_____________ ’ Row Group 2 121, 122, 123, 124, 125
...... .| 131,132, 133, 134,135

He, Yonggiang, et al. "RCFile: A fast and space-efficient data placement structure in MapReduce-based
warehouse systems." Data Engineering (ICDE), 2011 IEEE 27th International Conference on. IEEE, 2011.



File Format

Optimised Record Columnar File:

CREATE TABLE tbl (
coll Int,

* TJable placement method col2 Areay<Ints.
cold Map<String,
Struct<col7:5Cring,
col8:Int>>,
col® String

(a) The schema of the table

(b) The column tree after column decompositon.



File Format

Optimised Record Columnar File:

e |ndexes




File Format

Optimised Record Columnar File:

 Compression

« Memory Manager



File Format

Optimised Record Columnar File:

e Data type aware for type-specific data coding
e Different indexes to skip data reading

« Decompose complex structure

* A larger default stripe size

* Memory management



File Format

Evaluation:
. ¥ RCFile  RCFile Snappy ™ ORC File ™ ORC File Snappy

SSDB__TPC-H TPCDS  _ 3500

Text 24835 323.84  279.87 it

RCFile 12823 269.00  159.69 2 00

RCFile Snappy ~ 55.15 11833  105.28 % 1500

ORC File 53.51 16896 10224 3 1000
ORC File Snappy  39.20  86.67  94.05 £ 500 I I

SS-DB TPC-DS

Conclusion: Size of datasets is small in ORC File, and ORC File is
competitive in terms of data loading time.



File Format

Evaluation:

SELECT SUM(v1l), COUNT(«) FROM cycle

WHERE x BETWEEN 0O and var AND
y BETWEEN 0 and var;

Conclusion: The ORC File is more
efficient in the actual data query.

W RCFile (No PPD) ~ ORCFile (No PPD) ™ ORC File (PPD)
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(b) Amounts of data read from HDFS



Query Planning

 Unnecessary Map phase
 Unnecessary data loading

* Unnecessary data re-partitioning



Query P\armmg

ELRCT ulg-.aew sr=lll.valuel, sralll.valual,
higl.vralee” . sl kntal
. . . FRCM bigl
Eliminating Unnecessary Map DT 11 O (o0 .sKayT = M I1.key)
JOIN srcll2 ON (b;gl. sKeye — smalll c,)
JOIN [SELECT key,
phase; avs bicd.velueD) 25 v
wibigld. value2) A3 LoLal
F oM ':J-qc JCIL tbm CN (big2.xcy — kig3.koy)
GEOUF 3Y Dig2 key) scl CKF (bigl.xe2v - sgl_ key)

JOLN big2 ON (2gl.kecy - b;g Jey)
AHERE Lig2Z.va_cel » sqgl.avg;

* Map join can reduce the (2) Query
shuffle phase cost

 Map-only job for every map
join

 Combine multiple map joins
INnto one jobs

(b) Opcrator tree



Query P\anmnq

Correlation Optimiser:

* |nput correlation: a

table I1s used by
multiple operations

Job flow correlation: A

major operator
depends on another
major operator

SELECT b L ksy, emalll.valu valuel,
2lueT, sgl.tols 1

FROM bBi Ql

JOTN ~11 l ON (bigl . sKey” - Al17 xey)
JOZN osmalll ON (bl;l.sﬁcyz = smaliz.xcy}
JOZN (S:L:C- ksv,

cug higi.valnel) AN avg,
om (big3.w ) AS total
FROM ':‘,I.;? IGTR i ? ( (i ? ke ,, - big3.ke
CROU_P 2Y big:Z c;) ql ON u’ igl.xcy - sqgl. 1 y)
JOTN hig?2 ON (sgl.kev = Tig2.key)

WHERE D;qd.vaL:cl > sqgl.avqgs

(a) Query

(b) Operutor lree



Query Planning

SELECT b1 L key, emalll.valuel, srallZ.wvzaluel
2lueT, sgl.tobz]

FROM qul
JON samalll ON (higl . sKev” = smalll . key)

. JOZN cmalllZ ON Sl.oEevd — snallZ.key)
Correlation Detection: JOM omaLiZ ON (bigl.oKeyz = analiz.Key)
svug higi.valuel) A% avg,
eum big3.valuez) AS total
FROM Dhiz? JOTN higl O (hig2.key = big3.key
CRU_LP 2Y bigzZ.xey) sgl ON izZigl.xcy - sqgl. ]cy)

1. Emitted rows from these two o vis o ey = igzaen

WEHERE big<.valacl > sgl.avg;

RSOps are sorted in the (a) Query
=N
same way

2. Emitted rows from these two
RSOps are partitioned in the
same way

3. RSOps do not have any
conflict on the number
reducers.

(b) Operutor lres



Query Planning

SELECT bigl.key, smalll.valuel, smallZ2.valuel,
big2.valuel, sgl.total

FROM bigl
JOIN smalll ON (bigl.sKeyl = smalll.key)
JOIN small2 ON (bigl.sKey2 = smallZ.key)
JOIN (SELECT key,
avg(big3.valuel) AS avg,
sum(big3.value2) AS total
FROM big2 JOIN big3 CON (big2.key = big3.key)
GROUP BY big2.key) sgl ON (bigl.key = sgl.key)
JOIN big2 ON (sgl.key = big2.key)
WHERE big2.valuel > sgl.avg;

(b) Operator tree

Figure 4: The running example used in Section 5. For an arrow
connecting two operators, it starts from the parent operator

and ends at the child operator.



ey -

oLl L

bigl.
big2.
FROM bigl

JOIN smalll
JOIN small?2

key,
valuel,

ON

ON (big

smalll.valuel,

(bigl.sKeyl =
1.s5Key2 =

Query Planning

smallz.valuel,
sgl.total

smalll.key)
smallzZ.key)

JOIN

(SELECT key,

avg(big3.valuel) AS avg,
sum(big3.value2) AS total
FROM big2 JOIN big3 ON (bigZ2.key =
GROUP BY big2.ke sgl ON (bigl.Xxe
JOIN big2 ON (sgl.key = big2.key)
WHERE big2.valuel > sgl.avg;

big3.key)

(b) Operator tree

Figure 4: The running example used in Section 5. For an arrow
connecting two operators, it starts from the parent operator
and ends at the child operator.



Query Planning

SELECT bigl.key, smalll.valuel, smallZ2.valuel,
big2.valuel, sgl.total

FROM bigl

JOIN smalll ON (bigl.sKeyl = smalll.key)

JOIN small2 ON (bigl.sKey2 = smallZ.key)

JOIN (SELECT key,
avg(big3.valuel) AS avg,
sum(big3.value2) AS total

FROM big2 JOIN big3 CN (bigZ2.xey = big3.ke

GROUP BY bi . \ ] ; 1.)

JOIN big2 ON (sgl.xey = bigZ.key)

WHERE big2.valuel > sgl.avg;

(b) Operator tree

Figure 4: The running example used in Section 5. For an arrow
connecting two operators, it starts from the parent operator
and ends at the child operator.



Query Planning

SELECT bigl.key, smalll.valuel, smallZ2.valuel,
big2.valuel, sgl.total

FROM bigl

JOIN smalll ON (bigl.sKeyl = smalll.key)

JOIN small2 ON (bigl.sKey2 = smallZ.key)

JOIN (SELECT key,
avg(big3.valuel) AS avg,
sum(big3.value2) AS total

FROM big2 JOIN big3 CON (big2.key = big3.key)

( 3 \ igl.kxey = sgl.Xkey)

TROTIP 4 o

JOIN big2 ON (sgl.key = big2.key)

WHERE bigZ2.valuel > sgl.avqg;

(b) Operator tree

Figure 4: The running example used in Section 5. For an arrow
connecting two operators, it starts from the parent operator

and ends at the child operator.



Query Plannin

parnt  odtg
‘."'-.Ocl':em.nop NA
LGEYOp 1
2:CemuxOp NA
SELECT bigl.key, smalll.valuel, smallZ2.valuel,
big2.valuel, sgl.total newtag  chid
FROM bigl o-o- 0 0: MuxOg-2
JOIN smalll ON (bigl.sKeyl = smalll.key) " " .. e L R-JoinOp-3
JOIN small2 ON (bigl.sKey2 = small2.key) 2 i ;;’J"::":"
JOIN (SELECT key, 3 2 )

avg(big3.valuel) AS avg,
sum(big3.value2) AS total
FROM big2 JOIN big3 CON (big2.key = big3.key)
GROUP BY big2.key) sgl ON (bigl.key = sgl.key)
JOIN big2 ON (sgl.key = big2.key)
WHERE big2.valuel > sgl.avg;

odtag: 0
now tag: @

Figure 5: The optimized operator trec of the running example
shown in Figure 4.



Query Planning

Evaluation:
350 1500
300 v
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(a) TPC-DS query 27 (b) TPC-DS query 95

Conclusion: The elimination of unnecessary map tasks and
correlation optimization can improve query performance.



Query Execution

Motivation: Modern CPUs rely on pipelines/parallelism
* Avoid unnecessary branches in the instruction
* Higher data independence among the instructions

* Do not process rows in a one-row-at-a-time manner



Query Execution

Vectorised Query Execution
Vectorised Expression
Vectorised Expression Template
Vectorised Optimiser

Vectorised Reader



Query Execution

 One-row-at-a-time:
each row traverses the
whole operator tree at a
time

* \Vectorised Query
Execution: Apply
expression on the
entire column vector

class LongColumnAcdLengScalarsxpressicn |
int inputCclumn;
int. cutputColuamn;
long scalar;
vold evaluate(VectcrizedRowBatch batch) |
tong [ ( (LonglolumnVect.ar)
batch.columns[invutColumn] ) . vector;
teng [ cutVector = ((LongColumnVector)
batch.columns [cutputColumn]) .vactor;
:f (patch.cselectedInUse) (|
] < batch.size;

invector =

for (int. 7 = 0; 5 LD I
int i = batch.selected[]];
outVector[i] = iaVectcor i]

}

+ sCca_ar;

else |
for (int i = (0; i1 < batcah.size; i+-) -
outVector[i] = inVectcocr[i] + scalax;

}

code snippet of column vector



Query Execution

Other things:
» Specialised vectorised expressions
* Rule-based Vectorisation Optimiser

* Vectorised Reader to provide vectorised row data



Query Planning

Evaluation:

¥ RCFile {No Vector) ORC {No Vector) ™ ORC (Vector) ¥ RCFile (No Vector)  ORC (No Vector) ™ ORC (Vector)
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Conclusion: The vectorised query execution can improve
query performance.



summary

* Optimised Record Columnar File

* Query planning updated

e Vectorised guery execution



