1 SELECT dacorderkey AS iteml,
2 SUM (dog.extendedprice -

3 CAST (dog.value as DECIMAL)) AS item2,
4 doc; .orderkey AS item3

5 FROM Lineitem AS dog

6 XMLdocs AS doc XMLdocs AS dog,

7 XMLdocs AS da¢ XMLdocs AS dog,

8 XMLdocs AS dec

9 WHERE dg&ind = DOC

10 AND dog.name = ‘auction.xml

11 AND dogkind = ELEM

12 AND dog.name = 'closed_auction

13 AND dog.hid.IsDescendantOf(doc  2.hid) = 1

12 AND dogkind = ELEM

15 AND dog.name = 'itemref

16 AND dog.hid.GetAncestor(1l) = doc  3.hid

17 AND dogkind = ATTR

18 AND dog.name = ‘item’

19 AND dog.hid.GetAncestor(1l) = doc  4.hid

20 AND dog.partkey = CAST(doc 5.value AS INTEGER)
21 AND dogkind = ELEM

22 AND dog.name = 'price’

23 AND dog.hid.GetAncestor(1l) = doc  3.hid

22 GROUP BY daarderkey

25 ORDER BY doarderkey ASC;

Figure 15: SQL code generated for queryQo (Figure 8).

1 SELECT dacorderkey AS iter,
doc; partkey AS iteml1
FROM Lineitem AS dog
XMLdocs AS doc XMLdocs AS dog,
XMLdocs AS dag XMLdocs AS dog
WHERE dg&ind = DOC
AND dog.name = "auction.xml’
AND dog.kind = ELEM
AND dog.name = 'closed_auction’
AND dog.hid.IsDescendantOf(doc  2.hid) = 1
AND dogkind = ELEM
AND dog.name = 'itemref
AND dog.hid.GetAncestor(1) = doc  3.hid
AND dogkind = ATTR
AND dog.name = 'iten?
AND dog.hid.GetAncestor(1) = doc  4.hid
AND dog.partkey = CAST(doc 5.value AS INTEGER)
18 ORDER BY doorderkey ASC, doc 3.hid ASC,
doc; linenumber ASC;
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Figure 16: SQL code generated for queryQ: (Figure 8).

to SQL provider.

The provider applies a staged and iterative evaluation
strategy (see Algorithm 1). For n distinct orders, the LINQ
to SQL provider thus submits between 1+2 nand 1+4 n
SQL queries overall® The exact number is only determined
at runtime, dependent on the size and value distribution of
the queried TPC-H instance. Note that the SQL queries
in the resulting batch exhibit dependencies: the query of
line 1 and the iterated queries of lines 3, 5 yield parameter
marker bindings required to run subsequent queries. In con-

1 from li in db.GetTable<Lineitem>()

2 group li by li.orderkey into order
3 let shipment = from o in order

4 group new { orderkey = o.orderkey,

5 partkey = o.partkey }
6 by o.shipmode

7 select new {

s order = order.Key,

9 byrail = shipmentFirstOrDefault(s => s.Key == "RAIL"),

10 byship = shipmentFirstOrDefault(s => s.Key == "SHIP") }

Figure 17: LINQ program: the line items of each order are
grouped by mode of shipment (by rail/by ship).

3The query avalanche phenomenon is an instance of the in-

famous, yet appropriately named 1+n Query Problem that
a ects many implementations of object-relational mappers.

1 Query table Lineitem for the set of distinct orders
(assume that this yields n orderkeys). hl queryi
> For each of thesen orders,
3 if the set of line items to be shipped by RAIL is
non-empty then hn queriesi
4 L retrieve those line items, hO:::n queriesi

5 if the set of line items to be shipped by SHIP is
non-empty then hn queriesi
6 | retrieve those line items. hO:::n queriesi

Algorithm 1: lteration in the .NET LINQ to SQL provier.

sequence, the query batch is executed sequentially. Table 7
documents the immense performance impact of these data
dependencies. The gures in this table were obtained using
the experimental setup described in Section 6.

With the Ferry -based provider, the query batch size is
determined at compile-time, re ecting the number of list
type constructors in the program’s result type. Here, this
type reads [(int; (int; [(int; int)]); (int; [(int; int)]))]|or

[[ I[ 11 if we consider list type constructors only|invariably
yielding a query bundle of size 3 (Table 7). The queries in
this bundle are independent, allowing for the on-demand or
partial instantiation of the query result (Section 5): a C #
program that only consumes the order and byrail record
components, e ectively performing a projection on type [[ 1],
will execute only 2 of the 3 bundle queries. The current
.NET LINQ to SQL provider still submits the whole batch
in this case.

[ To wrap this discussion up: for the program of Figure 17,
LINQ to Entities crafts a single query of considerable com-
plexity (246 lines of SQL code vs. 8+22+22 linesin Ferry s
bundle of SQL queries). Nested lists are represented \in-
line" line", at the price of a wide result schema, data redun-
dancy with respect to the outer nesting level, and ubiquitous
NULL values. (It appears that a variant of this represen-
tation could be obtained from Ferry 's three-queries bun-
dle by a two-way outer-join.) Being monolithic, the LINQ
to Entities-generated SQL query precludes partial instan-
tiation. For a TPC-H instance of factor 0 :1 (100 MB), the
query requires 14124 s to compute the result of the program
of Figure 17.]

Scale Factor .NET LINQ to SQL FERRY-based LINQ

(# orders) SQL Server SQL Server
TPC-H # queries (sec) #queries (sec)
0:001 (1500) 4258 4:012 3 0:327
0:01 (15000) 43030 364800 3 0:422
0:1 (150000) 430496 > 5 hrs 3 3:100
1(1500000) 4303502 dnf 3 55589

Table 7: Number of SQL queries emitted and observed wall-
clock execution times for the LINQ program of Figure 17
(dnf: did not nish within 24 hours).
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