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Abstract- NoSQL systems are suitable solutions for big data projects and offer a high level of flexibility in
design. A good and efficient schema design for NoSQL wide column stores is not only based on the
application’s conceptual data model but also on the queries defined in an application’s workload. In these
databases, a manual schema design relies on rules of thumb to choose a good schema. Utility these rules
without practices is a big challenge in this area. Because these rules are vague and generic, and must be adapted
to each application. One of the ways that researchers use to overcome this challenge is presenting automated
schema design. The main contribution of this paper is automated schema design for NoSQL wide column
stores. This research proposes a workload-driven approach for the mapping from the application conceptual
data model to a database schema with a goal of optimizing query performance. This approach uses workload
information to achieve a good workload performance, which result in an optimized schema by minimizing the
number of requests to the wide column stores. The experimental results show that automated schema generated
by the proposed approach leads to a good workload performance.
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14. end if
15. end for

16. T = merge(T)
17.return T
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Algorithm 2. Create tables for read-queries (Denormalize)

Input: A Read-query @Q , A Conceptual schema E R where contains
a set of entities E and relationships R.

Output: A table t

[Prtition_Key][Cluster_Key][ nonkey_Columns] for Q,
Entities (t). Relationships (t).

1. for each search_condition statement sc in Q. WHERE clause do

/I Equality Filter Attributes
2. if sc.operation ='="'then

3. Prtition_Key= Prtition_Key U sc.attr
/I Inequality Filter Attributes

4. else

5. Cluster_Key= Cluster_Key U sc.attr
6. endif

7. end for

/I Ordering Attributes

8. for each attribute attr in Q. ORDER_BY clause do
9. Cluster_Key= Cluster_Key U attr

10. end for

/I Primary Key Attributes

11. for each entity e € E in Q. FROM clause do

12. ife.primary_key & {Prtition_Key U Cluster_Key} then

0
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Algorithm 1. create tables for workload

Input: A Workload where contains a set of read-queries RQ
and write-queries WQ, A Conceptual schema ER where
contains a set of entities E and relationships R.

Output: A set of tables T.

/I Step 1 create tables for read-queries

1. for each read — query rq in RQ do

2. T = T U Denormalize(rq, ER )

3. end for

I/ Step 2 merge tables

4.T = merge(T)

/I Step 3 support write-queries

5T7'=T

6. for each write — query wq in WQ do

7. foreachtable t inT' do

8. if effect (wq.t) then
9. if |Entities(t)| # 1 and Entity(wq).attrs
t.Cols and

wq.weight > all of rq(t).weight then
I/ Step 3.1 normalize table

10. T = T U normalize(wq,t)
11. else

/I Step 3.2 create support table
12. T =T U SupportWQ(wgq,t)
13. end if
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13. Cluster_Key= Cluster_Key U e.primary_key
14. endif

15 end for

/I Select Attributes

16. for each attr in Q.SELECT clause do

17. if attr & Prtition_Key U Cluster_Key then
18. nonkey_Columns=nonkey_Columns U attr
19. end if

20. end for

/I Identify entities and relationships for table

21. for eachentity e € Eand r € R in Q. FROM clause do

22.  Entities(t) = Entities(t) U e

23.  Relationships(t) = Relationships(t)U r

24. end for

25.return t[Partition_Key][Cluster_Key][nonkey_Columns],
Entities(t), Relationships(t)
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Algorithm 5. Create support table for insert-query

Input: A insert-query wq, A table t.

Output: A set of support table ST for wq.

1. SCF=90

2. if  Relationships(wq.LINKTO) n Relationships(t)=0
then return ¢

3. E = Entities(wq.LINKTO)

4. ¢' = Entity(wq.INTO)

5.PK ={e.primary_key|e € E}

6. A={t.cols}-{PK U ¢'.attrs }

7.if A= ¢ then return ¢

8.foreach e in E do

9. foreach attr in A do

10. if attr.Entity = e or relationship(attr. Entity.e)
C Relationships(t) then

11. Prtition_Key = e.primary_key

12. if attr €
{ ePX primary_key | eP* € Entities(t)} then
13. Cluster_Key = Cluster_Key U attr
14. else
15. nonkey_Columns = nonkey_Columns U attr
16. end if
17. delete_attr (A, attr)
18. endif
19. end for

20. ST= ST U

{ [Partition_Key][Cluster_Key][nonkey_Columns]}
21.end for
22. return ST
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Algorithm 3. Support write-query

Input: A write-query wq, A table t.

Output: A set of support tables ST

1. if wq.type €{Update, Delete} then
2 for each search_condition
in wq. WHERE clause do

statement sc

3. if sc.attr € t.Primary_Key then
4. ST = SuppTable_update&delete(wq, t)
5. return ST

6. end if

7. end for

8. elseif wq.type = Insert then

9. if |Entities(t)|# 1 then

10. ST = SuppTable_insert(wq,t)
11. return ST

12. end if

13.end if

14. return ¢

Algorithm 4. Create support table for update/delete query
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Input: A update/delete query wq, A table t.
Output: A support table for wq.
1. for each search_condition statement sc in wq. WHERE clause
do
/I Equality Filter Attributes

2. if sc.operation ='="'then
3. Prtition_Key= Prtition_Key U sc.attr
/I Inequality Filter Attributes
4. else
5. Cluster_Key= Cluster_Key U sc.attr
6. end if
7.end for
8. foreach attrin t.primary_key do
9. if attr € {e.primary_key | e € Entities(t)} then
10. Cluster_Key = Cluster_Key U attr
11. else
12. nonkey_Columns = nonkey_Columns U attr
13. end if
14. end for

15.return [Partition_Key][Cluster_Key][nonkey_Columns]
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Algorithm 6. normalize

Input: A write-query wq, A table ¢.
Output: A normalized table ™.

1. foreach attr int.Cols do

2 if attr € Entity(wq).attrs then

3 if attr € Entity(wq).primary_key then
4. t". Prtition_Key = attr

5 elseif attr € t.nonkey_Columns then

6 delete_attr(t. nonkey_Columns. attr)

7

t". nonkey_Columns=t™ nonkey_Columns U attr

8. elseif attr € t.Cluster_Key then

9. delete_attr(t. Cluster_Key . attr)

10. t". Cluster_Key =t™. Cluster_Key U attr
11 end if

12. end if

13. end for

14. return t™
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Transactions statements Light Bidding Bidding Heavy Bidding
Weight Count Weight Count Weight Count
BrowseCategories SELECT 7.65 6617 7.65 6617 7.65 6617
ViewBidHistory SELECT 1.54 1335 1.54 1335 1.54 1335
Viewltem SELECT 14.17 12265 14.17 12265 14.17 12265
SearchltemsByCategory SELECT 15.96 13790 15.96 13790 15.96 13790
ViewUserInfo SELECT 2.48 2150 2.48 2150 2.48 2150
Registerltem INSERT 0.53*1/100 5 0.53 462 0.53*100 46200
RegisterUser INSERT 1.07*1/100 9 1.07 929 1.07*100 92900
BuyNow SELECT 1.16 1005 1.16 1005 1.16 1005
StoreBuyNow SELECT, UPDATE, INSERT | 1.10*1/100 10 1.10 956 1.10*100 95600
PutBid SELECT 5.40 4670 5.40 4670 5.40 4670
StoreBid SELECT,UPDATE, INSERT | 3.74*1/100 32 3.74 3237 3.74*100 323700
PutComment SELECT 0.46 402 0.46 402 0.46 402
StoreComment SELECT,UPDATE, INSERT | 0.45*1/100 4 0.45 389 0.45*100 38900
AboutMe SELECT 1.71 1477 171 1477 171 1477
SearchltemsByRegion SELECT 6.34 5489 6.34 5489 6.34 5489
BrowseRegions SELECT 2.27 1963 2.27 1963 2.27 1963
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BrowseCategories 2*6617 2*6617
ViewBidHistory 2*1335 2*1335
Viewltem 2 *12265 2 *12265
SearchltemsByCategory 1*13790 1*13790
ViewUserInfo 2*2150 2*2150
Registerltem 9 * 462 8 * 462
RegisterUser 2*929 2*929
BuyNow 2 *1005 2 *1005
StoreBuyNow 17 * 956 11 * 956
PutBid 3*4670 3*4670
StoreBid 17 * 4670 9 * 4670
PutComment 3*402 3*402
StoreComment 5* 389 5* 389
AboutMe 7* 1477 9 * 1477
SearchltemsByRegion 1*5489 1*5489
BrowseRegions 1*1963 1*1963
Total 183,134 156,540
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