Peeking into the Optimization of
Data Flow Programs with MapReduce-style UDFs

StratOSphere Fabian Hueske, Mathias Peters, Aljoscha Krettek, Matthias Ringwald,
Above the Clouds Kostas Tzoumas, Volker Markl, Johann-Christoph Freytag

Motivation: Operator Reordering TPC-H Query 15 as PACT Program
 Data flow programming is a popular abstraction for complex analytics CREATE VIEW revenue (supplier no, total revenue) AS
. . . . . SELECT 1 suppkey, SUM(l extendedprice * (1 - 1 discount))
e Diversity of data and tasks requires user-defined functions FROM 1 ineitem - - 1
» Operator order has significant impact on execution performance WHnghipdate o vommer s REDUCE
i . . - . ' ' e aggregate
 Reordering UDF operators requires knowlegde of UDF properties L_shipdate < DATE 'DATE' + INTERVAL '3' MONTH 5
GROUP BY | suppkey; T
COnteXt: PaCt PrOg rammlng MOdeI SELECT s suppkey, s name, s address, s phone, total revenue MAT.CH
FROM supplier, revenue join
MAP REDUCE CROSS MATCH COGROUP WHERE s_suppkey = supplier no; >0
[ [ .ij i/*
o >0 B | | (B0 o] S r s suppkey
B - Y __ .j‘>< > e] public void reduce (Iterator<PactRecord> records, MAP 1| s_name
B t:: ICEN N ] [— Y__ g S Collector out) { project 2 S_agdiess
rTT){Ijljjf NN, JEEyEN} PactRecord resultRecord = records.next () ; T 3] s phone
___________________ double sum = resultRecord.getField(4); MAP
"""""" while (records.hasNext ()) { :
Kev Part Value Part resultRecord = records.next () ; filter
y i sum += resultRecord.getField(4);
2"-order | UDF T }
BT HE] > function ,:' 15t-order function > resultRecord.setField (4, sum); 5] 1 suppkey
Input Data Independent Output Data out.collect (resultRecord) ; o] 1 extendedprice
\} 8] 1 shipdate
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UDF Code Analysis Read Set 0[1[2]3T4T5]6l718] 0[1[2]3T4T5 6l 8 O[1[2]3M@I5]61718
b it 4 filter ) /project ) /aggregate \
rerequisites:. r0 = this -
rO = this
e Static Code Analysis Framework provides r0 = this zl = Cpewewetend) // R oeom: rl = @parameter0 // Iterator
Control-Fl Def-U U Def list rl = @parameter0 // Record r2 = (@parameterl // Collector r2 = @parameterl A} Collector
ontrol-riow, per-use, use-ver IISTS r2 = @parameterl // Collector $d0 = rl.getField(6) '3 = r1.next ()
* Fixed API to access records $r5 = rl.getField(8) r0.extendedprice = $d0 d0 = r3.getField (4)
Sr6 = r0.date 1b $dl = rl.getField(7) (o 5
: 0 = o 0.d1 = $dl goto
Extracted Information: Sl it corbarere (Prd £0-discomnt =
_ . if 3i0 < 0 goto 1 $Sr7 = rO.revenue // PactRecord l: r3 = rl.next()
* Field sets track read and write accesses on records 542 = r0.extendedprice $d1 = r3.getField(4)
» Upper and lower output cardinality bounds o o P 5d3 = r0.discount 90 = 90 T e
$r1l0 = r0.date ub sd4 = 0 - $d3 2: $20 = r1.hasNext ()
$1i1l = Sr9.compareTo(Srl10) _ " - ;
Safety' if $i1 >= 0 goto 1 sd5 5d2 -d4 if $z0 != 0 goto 1
. = Sr7.setValue ($db)
- - r3.setField(4, d0)
 All record access instructions are detected r2.collect (rl) r2.collect (r3)
. rl.
e Supersets of actual Read/Write sets are returned ——
e Supersets allow fewer but always safe transformations 518 = r0.revenue
\\ // \\ r2.collect(rl) |,/ \\‘ 4//
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Data Flow Transformations @
Reorder Conditions: OIBPIE] AW
. . . . . PR EHE [OFTT2TsI4ISI6[718] NFREINEEE
1. No Write-Read / Write-Write conflicts on record fields N — OTT[ZSATSIEl T8 I o
* Similar to conflict detection in optimistic concurrency control REDUCE OIBEIEILICIETE: MATCH MATCH
_ _ aggregate join join
2. Preservation of groups for grouping operators — S s e st Bk S i
e Groups must remain unchanged or be completely removed i = = e
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Enumeration Algorithm: join REDUCE REDUCE
. \O|1|2|3|4\5|638| |022\3|4|5|6|7|8| aggregate aggregate
 Descents data flow recursively top-down S— — S— —
* Checks reorder conditions and switches successive operators . e e e ——
MAP MAP MAP
Supported Transformations: project @ project filter
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e Invariant group transformations filter filter project
[o[1[2]3]4[5]6[7[8] [o[1[2]3]4[5]6[7[8] [0[1[2[3[4[5[6[7[8]
* Non-relational operators are integrated D T I3 S IS >< St —
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Physical Optimization @ Parallel Execution ,x” “““““ N : \
Execution Plan Selection: Local Forward ] _ Execution Engine: MA!CH ¥ ;
» Chooses execution strategies for 2N9-order functions AL * Massively parallel execution of | [22r=n B i i
* Chooses shipping strategies to distribute data Local Forward T '"““~~~~~~f?ﬁ’-f':f’°” DAG-structured data flows T |
» Strategies known from parallel databases REDUCE * Sequential processing tasks | Mot B i i
x » Synchronous communication Dt ! [ :
Interesting Properties: Partition zlln-memor and network) i COMLNE ---- e T
SOrting Grouping Partitioning COMBINE y i Part-Sort :E Part-Sort :i Part-Sort |
i ’ ’ Part-Sort ! + ! ! + ! ! + !
* Property preservation reasoning with write sets rocal F OFWm : Runtime Operators: | pipeiine 4| pieine 1| pipeline i
peli 0 | 1 | R :
- Pipeline Implemented as sequential — i ks :
Cost-based Plan Selection. Local Forward | srocessing tasks ' |_pipeline ' | |_pipeline ' 1|_Pipeline :
. . . . MAP ! ! ! ! i !
e Exploits UDF annotations for size estimates Pipeline e Call UDFs i x x |
e Cost model combines network, disk I/O and CPU costs tocal Forward i @ ) @ ) @ i
@ o \_Node 1 /\_Node 2 ! \_Node 3 ,/'
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