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Nested array representation

arr = [[1 2] [3 4 5] [] [6]]
segd = [2 3 0 1]
data = [1 2 3 4 5 6]



Flat vs Nested Data Parallelism

 Flat Parallelism: Worker function is sequential.

thingo xs
= mapP (\x. X + 1) Xs

» Nested Parallelism: Worker function is parallel.

thingo xss
= mapP (\xXs. zipWithP g xs ys) xss

» The Flattening / Vectorisation transform converts
nested parallelism into flat parallelism.



The Flattening Transform

f :: Int -> Int
f x=x + 1

g :: Array Int -> Array Int
g ys = mapP f ys



The Flattening Transform

Int -> Int

f
f x = x + 1

g :: Array Int -> Array Int
g ys = mapP f ys

fLL. :: Array Int -> Array Int
fLL, Xxs = xXs +L (replicate n 1)
where n = length xs

g :: Array Int -> Array Int
g ys = fL ys



The Flattening Transform

Int -> Int

f
f x = x + 1

g :: Array Int -> Array Int
g ys = mapP f ys

fLL. :: Array Int -> Array Int
fI, xs = zipWithP (+) xs (replicate n 1)
where n = length xs

g :: Array Int -> Array Int
g ys = fL ys



The Flattening Transform

Int -> Int

f
f x = x + 1

g :: Array Int -> Array Int

g ys = mapP f ys

h :: Array (Array Int) -> Array (Array Int)
h zss = mapP g zss



The Flattening Transform

f :: Int -> Int
f x=x + 1

g :: Array Int -> Array Int
g ys = mapP f ys

h :: Array (Array Int) -> Array (Array Int)
h zss = mapP g zss

g :: Array Int -> Array Int
g ys = fL ys

gL :: Array (Array Int) -> Array (Array Int)
gL yss = fLL yss



The Flattening Transform

f :: Int -> Int
f x=x + 1

g :: Array Int -> Array Int
g ys = mapP f ys

h :: Array (Array Int) -> Array (Array Int)
h zss = mapP g zss

g :: Array Int -> Array Int
g ys = fL ys

gL :: Array (Array Int) -> Array (Array Int)
gL yss = unconcatP yss (fL (concatP yss))



Nested array representation

arr = [[1 2] [3 4 5] [] [6]]
segd = [2 3 0 1]
data = [1 2 3 4 5 1]
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ABSTRACT

This work may be seen as a further proof of the versatility
of the relational database model. Here, we add XQuery to
the catalog of languages which RDBMSs are able to “speak”
fluently.

Given suitable relational encodings of sequences and or-
dered, unranked trees—the two data structures that form
the backbone of the XML and XQuery data models—we de-
scribe a compiler that translates XQuery expressions into a
simple and quite standard relational algebra which we ex-
pect to be efficiently implementable on top of any relational
query engine. The compilation procedure is fully composi-
tional and emits algebraic code that strictly adheres to the
XQuery language semantics: document and sequence order
as well as node identity are obeyed. We exercise special
care in translating arbitrarily nested XQuery FLWOR iteration
constructs into equi-joins, an operation which RDBMSs can
perform particularly fast. The resulting purely relational
XQuery processor shows promising performance figures in
experiments.

types onto tables. Such encodings have also been proposed
for ordered, unranked trees, the data type that forms the
backbone of the XML data model. These mappings turn
RDBMSs into relational XML processors. Furthermore, if
the tree encoding is designed such that core operations on
trees—XPath axis traversals—lead to efficient table opera-
tions, this can result in high-performance relational XPath
implementations (8, 10].

In this work we extend the relational XML processing
stack and propose the fully relational evaluation of XQuery
(1] expressions. We give a compositional set of translation
rules that compile XQuery expressions into a standard, quite
primitive relational algebra. We expect any relational query
engine to be able to efficiently implement the operators of
this algebra. The operators were, in fact, designed to match
the capabilities of modern SQL-based relational database
systems (e.g., the row numbering operator p exactly mirrors
SQL:1999 OLAP ranking functionality) [9].

By design, we only have minimalistic assumptions on the
underlying tree encoding, met by several XML encoding
schemes [4.13]. Our aleehra ean he easilv madified to oner.

TDM’04, the first Twente Data Management Workshop on XML Databases

and Information Retrieval, Enschede, The Netherlands
(©) 2004 the author/owner



Nested XQueries

for $v9 in (1,2) return
( $vo,
S for $v9.0 in (10,20) return
s0.0 { ($vo,$v0.0)
)



Nested XQueries

for $v9 in (1,2) return
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Nested array representation

arr = [[1 2] [3 4 5] [] [6]]
segd = [2 3 0 1]
data = [1 2 3 4 5 1]



Nested array representation

arr = [[1 2] [3 4 5] [] [6]]
segd = [2 3 0 1]

data = [1 2 3 4 5 1]

segdA’ = [0 0 1 1 1 3]

segdB’ = [0 1 0 1 2 0]



e =2=c¢ atomic constants

$v variables

(e,e) sequence construction
e/a::n loc. step (axis a, node test n)
element t {e} element constructor (tag t)

for $v in e return e iteration
let $v := e return e let binding
e+e addition




e =2=c¢ atomic constants

$v variables

(e,e) sequence construction
e/a::n loc. step (axis a, node test n)
element t {e} element constructor (tag t)

for $v in e return e iteration
let $v := e return e let binding
e+e addition

Taq:by,....an:b, Projection (and renaming)

Ta selection

U disjoint union

X cartesian product

X,—p equi-join

Ob:(a1,...,an)/p TOW numbering

Cln XPath axis join (axis «, node test n)

3 element construction

®b:(a1,...,an) n-ary arithmetic/comparison operator *

alb literal table



[';loop; A ek (q, A

> . (CONST)
['loop; A c= (Ioop X p_i)SIZ ecm, A)

Ln[ Cc ] replicate n c



[';loop; A ek (q, A"

['; loop; A F e1 & (g1, A1) ['; loop; A1 F e2 & (g2, A2)

I'; loop; AlFe +e = (ﬂ'z‘ter,pos,item:res (GBres:(item,item’) (41 Xiter—iter’ (Witer’:iter,item’:itemq2)))a Az)



[';loop; A ek (q, A

I['; loop; A e1 B (g1, A1) ['; loop; A1 F e2 & (g2, A2)

I'; loop; Alel +e2 (Witer,pos,z‘tem:res (eBres:(item,item') (41 Xiter—iter’ (Witer’:iter,item’:z’temq2)))a A2)

iter|pos|item iter|pos|item iter|pos|item
j 1 LEIL _1 1 LR _1 1 LE L
1 2 "10" 1 2 " 10" 1 2 ll1ll
2 1 l'1ll 1 3 ll1ll 1 3 "10"
2 2 ] 20 " 1 4 " 20 " 1 4 " 1 "
3 1 "2" 2 1 ll2 ] 1 5 " 20"
3 2 "10" 2 2 " 10" 1 6 ll2ll
4 1 "2" 2 3 Il2ll 1 7 ll2ll
4 | 2 |"20" 2 | 4 ("20" 1 |8 ["10"

1 9 " 2 "

1 |10 |"20"

(a) Intermediate (b) Intermediate (c) Final result in

result in sg.g. result in sg. top-level scope.



[';loop; A ek (q, A

I'; loop; A F e1 & (q1, A1) ['; loop; A1 F e2 & (g2, A2)

F; |00p; Alel +e2 (Witer,pos,z‘tem:ms (@res:(item,item') (ql Xiter—iter’ (Witer':iter,item’:itemq2)))a A2)

iter|pos|item iter|pos|item iter|pos|item
_1 1 LKL _1 1 KL _1 1 KL
1 2 " 10" 1 2 " 10" 1 2 "1"
2 1 "1" 1 3 "1" 1 3 ll10"
2 2 n 20 " 1 4 " 20 " 1 4 " 1 "
3 1 "2" 2 1 ll2ll 1 5 "20"
3 2 "10" 2 2 " 10" 1 6 "2"
4 1 "2" 2 3 "2" 1 7 "2"
4 | 2 |"20" 2 | 4 ("20" 1 |8 ["10"
1 9 n 2 "
1 |10 |"20"
(a) Intermediate (b) Intermediate (c) Final result in
result in sg.g. result in sg. top-level scope.

Ln[ e1 + e2 ] = Ln[ e1 ] +L Ln[ ez ]



0S
{. N e TR }; loop; A Fe; = (Ql, Al) v = 21_ X Titer:inner,item (Qinner:(iter,pos) QI)
|00p,u = TiterQu Map = TMouter:iter,inner (Qinner:(iter,pos)QI)
{- T Titer:inner,pos,item (Q‘vi Miter=outer map) TEE } + {$'U — q'v} ; |00pv; Al Fe2 = (Q2, A2)

{...,$vi — qu,,... };loop; A F for $v in e; return ez =
(W-iter:outer,pos:po.n ,item (QPOSI :(iter,pos) / outer (Q2 N‘:lte'r‘=1l‘n,ne'r‘ map)) ,A2)

(FOR)



Purely Relational FLWORs
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ABSTRACT

We report on a compilation procedure that derives rela-
tional algebra plans from arbitrarily nested XQuery FLWOR
blocks. While recent research was able to develop relational
encodings of trees which may turn RDBMSs into highly ef-
ficient XPath and XML Schema processors, here we describe
relational encodings of nested iteration, variables, and the
item sequences to which variables are bound. The devel-
oped techniques are purely relational in more than one sense:
(a) we rely on a standard (or rather: classical) algebra that
is readily supported by relational engines, and (b) we use re-

other benefits, the resulting systems inherit the scalability
of the underlying relational back-ends [3]. It is legitimate to
hope that this technology may be developed into full-fledged
XQuery implementations, given that we can find relational

ways to also express XQuery concepts beyond XPath axis
traversals.

To this end, this paper does not talk about XPath evalu-
ation at all but shifts focus to the central XQuery language
feature, the for-let-where-order by-return (or FLWOR)
block [2]. The presence of arbitrarily nested iteration as
well as the possibility to bind and then refer to variables in

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific

permission and/or a fee.
XIME-P 2005, June 16-17, Baltimore, Maryland.
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let e = table Employees (id int, name string,
dept string, salary int)
with keys ((id))
in for x in e
group by x.dept

return (the (x.dept),

take (2, for y in zip (x.name, x.salary)
order by y.2 descending

. return y)) ¥
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A study of the exact relationship between DPH and DSH still lies ahead. We
conjecture that DSH’s loop-lifting compilation strategy does have an equivalent
formulation in terms of vectorisation or Blelloch’s flattening transformation [4].

@pos3 :0

SUMitem5 :(itemy )

sumpP

fStA . (a, b) :] — [: CL:] Wposl,item4:item2*item3a
snd” [ (a,b):] = [ 0] | ;
bpermuteP :: [:a:] = [:Int:] = [:a:] Mitem1=po%2 permutep
let sv = [:(1,0.1), (3, 1.0), (4, 0.0):] —
v = [:10, 20, 30,40, 50:] B el =12 POs2 Items

: 1| 3 | 1.0 1 | 20
n 2 | 4 | 0.0 2 | 30

sumP (snd” sv x” bpermuteP v (fst” sv)) | T 2 G

v

Fig. 6. Intermediate code generated for the sparse vector multiplication example
of Fig. 5: DPH (left) vs. DSH (right).



