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Overview

Qizmt SQL extends the functionality of Qizmt to include SQL operations which speed up the development process for
application developers to write comprehensive business logic for large amounts of data in Qizmt clusters. With Qizmt
alone, the developer is limited to the mapreduce paradigm and problems that fit into that paradigm. With the Qizmt SQL
extension application developers may integrate other commonly useful tasks into their mapreduce pipelines such as
massive deep graph processing; delta-only index, and index subset calculations and even distributed memory access
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Qizmt SQL Focus

Massively distributed applications with easy development with SQL & C# mapreduce
Leverages the stability of Windows Servers, lower overall development costs then POSIX centric solutions
Leverages thousands of servers with virtually 0 development cost. For the most part, application developers can
abstract the cluster as a single machine with many cores, disk space and memory
No special tools or skills required other then C# and SQL knowledge
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Qizmt Mapreduce Prerequisite

Mapreduce commonly refers to an easy way to optimally process very large amounts of data which is split across a
cluster of many machines. Qizmt is a mapreduce framework developed specifically for large clusters of Windows Servers
with non-blocking dedicated bandwidth between each machine. Unlike other available mapreducer solutions, Qizmt has
a built-in IDE/Debugger and functions as a single solution for rapid mapreduce development/deployment/maintenance.
The concepts in this document assume basic understanding of Qizmt mapreducer development.

Here are some guides which may be used to master basic Qizmt mapreduce development:

Qizmt Quick Start Guide So you are ready to install Qizmt on your development machine? This guide will walk
you through every step of installing Qizmt on your development machine, creating and
executing mapreducer jobs, as well as specifications on the tools used to develop Qizmt
mapreducers, and strategies for optimizing mapreducer pipelines for common data
processing tasks.

Qizmt Reference Guide This guide is a listing of all the objects available to mapreducer jobs which make writing
highly efficient mapreducers easy.

Qizmt SQL

The Qizmt SQL or (QSQL) is an infrastructure built on top of Qizmt which translates Standard Query Language (SQL) into
set-based mapreducer jobs, MR.DFS commands and directly accessing/muting MR.DFS data. There are two packages
available for installation: Qizmt SQL Extension, Qizmt ADO.NET Data Provider.

Qizmt SQL Extension Package
http://code.google.com/p/qizmt/source/browse/#svn/trunk/Extensions/QueryAnalyzer/QueryAnalyzer Setup

This package opens up ADO.NET connectivity into a Qizmt cluster. Once installed, any machine of the cluster may be
used to launch the Query Analyzer, a windows application for editing and executing SQL commands. This install also
includes a suite administration commands and examples. Once installed, mapreducer jobs within the cluster have access
to the Qizmt ADO.NET Data Provider and may perform SQL queries during map() and reduce() operations.

Qizmt ADO.NET Data Provider Package
http://code.google.com/p/dizmt/source/browse/#svn/trunk/Extensions/QueryAnalyzer/Qizmt ADONET DataProvider
This package should be installed on machines outside of the Qizmt cluster which need ADO.NET connectivity into the
cluster. This is used for easily binding applications outside of the cluster to Qizmt data within a cluster. Such applications
often include: .NET Web Applications, .NET Forms Applications, .NET Windows Services and MSSQL CLR functions/stored
procedures.
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Qizmt SQL Translation

There are three forms of SQL translation which occure. These include: translation to mapreduce, translation to MR.DFS
administration and translation to direct data access. Much of the SQL92 standard is available for translation to
mapreducer and MR.DFS administration, however there is no query optimizer or selection of algorithms for processing
SQL. SQL statements are directly mapped to a series of mapreducer jobs which leverage the resources of the cluster.
However there are a few SQL-like commands as well which do not translate to mapreducer jobs and may only be
executed on sorted tables. Such jobs allow for very low latency queries and updates on sorted (indexed) tables and are
often used from within map() and reduce() functions to to query SQL tables in distributed memory.
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When SQL is executed in the Query Analyzer, it is sent via ADO.NET to the Qizmt SQL Extension which runs as a service
on all the machines of the cluster. From there it is translated into a series of mapreducer jobs which are executed in the
Qizmt cluster. Any resulting record sets are then published back to the ADO.NET Data Provider and displayed in the
Query Analyzer’s list view. Note however that if the SQL Operation is selecting the Top 10 tuples from an inner join
which produces 20TB of data, the mapreducers which do the inner join will produce the entire 20 TB of resulting data
before returning the top 10 tuples. This is because SQL is simply translated to a set of mapreducers without any form of
query optimizer logic.

In order to facilitate low latency SQL operations, there are also a few SQL-like commands which allow for muting and
querying large sorted tables in distributed memory. These operations are described later on in this document.
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Walkthrough: Qizmt SQL Extension

In this walk through will demonstrate the interoperability of mapreduce and Qizmt SQL, how tables may be input or
output of mapreducer jobs as well as SQL commands.

1. Install the latest Qizmt on every machine in the cluster. (Note there is an install.js which may be used to avoid
having to run the .msi installer on every machine of the cluster)

The latest mainline source may be found under:
Jtrunk

2. Build the Qizmt SQL Extension solution then zip the QueryAnalyzer_Setup folder as QSQLExtension.zip
- This folder contains all of the Qizmt Jobs, assemblies, services, etc. of the Qizmt SQL Extension.

The latest mainline source may be found under:
Jtrunk/Extensions/QueryAnalyzer

3. Unzip QSQLExtension.zip on any machine in the cluster and navigate to the unzipped folder at the command
line. It does not matter which machine in the cluster you use to install, once it is installed it will be available to
the entire cluster.

” u

4. Issue the command: RDBMS_Install.js “<username>" “<password>"

- (use the same windows credentials which Qizmt was installed with)

B Administrator: T ;lglﬂ

5. Once installation is complete, log off the machine and log back in to any machine of the cluster and connect with
the Query Analyzer by opening the windows command-line and entering: RDBMS_qga.exe

B Administrator C2 ;lglﬂ

T Quergnahzer ol === |
File  Edt
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6. Select File->Connection->Open

File | Edit
| Connection » m Cpen

[ e Refresh
Dpen

Sawe
Sawve S
Furn FS

7. The connection window will default to your current computer, listing in the Data Source both localhost and the
name of your computer’s hostname. Test the connection by clicking Test Connection then click Connect to
connect to the single-machine Qizmt cluster on your desktop.

D ata Source = localhost, : Batch Size = GakE |

Example: Data Source = localhost

T est Connectian ] [ Connect

8. Once connected, you will see System tables and some sample user tables; paintings, artists and
paintingsArchive on the left, and on the right you will see an empty Query Window.

".'-_'_|".:-'_- 3 == E X

] MACFS Help

] MRDFS Wzeasz

[ MRDFS.CRU

] MRODFS DiskiO

[T MRDFS Mebwadk
[T MADFS Memony

] MADFS. DistributedFies
] MADFS Rurninglobs
] MADFS History

] MADFS Inio

[T MADFS Hesth

[T MADFS Iretallic
[ MADFS. T sempusture
) MADFS. Ghest

[T MADFS Log
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9. View the first three entries in the paintings table by right clicking it and navigating SELECT...->SELECT ORDER BY

[ MROFS Aunringlobs
] MRDFS History

] MRDFS Info

1 MRDFS Heakh

1 MRODFS InstadDi
11 MROFS. Termprature
[ MROFS Ghout

1 MRDFS Log

SELECT TOP
SELECT FROM
SELECT WHERE

SELECT ORDER BY

10. This will create an example SQL statement in a new sub-window on the right with a randomly generated WHERE

clause.

BT S5 Tables

] MADFS. Help

] MADFS Uzers

[ MRODFS.CRU

[] MRDFS.DigklD

1 MRDFS Hetwork
5] MADFS Memary

[ MRDFS DigtributedF e
] MROFS: Runninglcbs
[T] MRDFS Hiskeey

] MADFS Inin

[T MROFS Healh

[ MRDFS. Installi
[ MADFS. Temprature
] MADFS Ghost

[ MFDFS Log

SELECT TOF 10 *

FROM paintings

WHERE paintinglD = 513634620
CRDER BY rui
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11. Remove the WHERE clause and set the TOP to 3.

& QueryAnatyzer
File  Edit

%) locahost .

=[] Tables
7 paintings
M astists
O paintingrérchived

o System
[ 5v5.Tabkes:
] MRDFS Help
] MRDFS Lsess
[T MRDFS.CPU
£ MRDFS.Diski0
7] MRDFS Netwesk
1 MRDFS Memony
] MRDFS DistributedFies
j MRDFS. Rurning obs
] MRDFS Histosy
] MRDFS Inko
] MRDFS Heslth
] MRDFS Insialli
] MRDFS. Tempstwe
[T7] MRDFS Ghest
7] MRDFS.Log

=

E:tl.".utry Anabyzer = =% ]_
€9 Query Analyzer (=% R =™

SELECTTOP 3 *
FROM paintings
ORDER BY yead

Rury

12. Click the Run button or hit F5 to execute the query. Note that these queries have a fairly heavy amount of fixed
overhead time, even if working with very small tables as this RDBMS is designed for executing queries over very
large clusters of computers. Because the overhead time is fixed, large amounts of data can be streamed in and
out via the Qizmt ADO.NET Data Provider maximizing the bandwidth between data centers, but for small tasks
like this, the overhead is not so negligible. This is because the SQL is translated to mapreduce and a number of
network connections are made optimized to large-scale distributed data. While your job is running you can,

however, view the progress of the underlying mapreducer jobs by discovering the jobID of the underlying

mapreducer jobs qizmt history —j and attaching to the standard-out of a particular job with qizmt —a viewjob

<joblID>

T QueryAnalyzer
File  Edit

[E=5 o8 = |

) locahost,
-] Tables
[ paintings
1 stz
BT painingrtrchaved
1120 System
] S5 Tatdes
£ MRDFS.Heb
] MRDFS Usss
1 MRDFS.CPU
7 MRDFS.DiskI0
[7] MRDFS Metwork
[ MRDFS Memony
] MROFS DistributedFies
j MRDFS. Rurning) obs
] MRDFS Histoey
1 MRDFS.Info

?3 Query Anabyzer

l:.\ElE'SL

j MRDFS Health
] MRDFS Installve
] MROFS.Tempishue
[7] MRDFS. Ghest

[ MADFS.Log

T Query Anakyzer
SELECTTOP 3 *
FROM paintings
CRDER BY year

=8 FoB =]

lithe

The Last Suppes
Mona Liza

The Staty Night

Execution campleted
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13. Next, let’s connect via ADO.NET in Visual Studio.Net. Open a new Visual Studio.Net from a machine within the
LAN or VLAN and select
IfiIe->New->Project->ConsoIe Application

Mew Project @
Broject types: Ternplates: MET Framewark 3.3 'IEI
Wisual C# » || P2 WPF Browser Application <
iliindows =] (¥ Cansale Application
Web ) [ Empty Project |i|
;r::rt Device EWindows Sepvice
"t T L& WPE Custim Cantral | ihrarg i

A project for creating a command-line application (NET Framewsark 3.5)

Marne: Iy Client
Location: ChMyClient -
Solution: Create new Solution '] [T] create directory for solution

Py Client [T Add to Source Control

ook || cance |

14. Use regular ADO.NET to connect to the cluster an execute SQL from your Main() function.

public static void Main(string[] args)
{

System.Data.Common.DbProviderFactory fact =
System.Data.Common.DbProviderFactories
.GetFactory ("Qizmt DataProvider");

using (System.Data.Common.DbConnection conn = fact.CreateConnection())

{

conn.ConnectionString = "Data Source = localhost; Batch Size = 64MB";
conn.Open () ;
System.Data.Common.DbCommand cmd = conn.CreateCommand () ;
cmd.CommandText = "SELECT TOP 3 * from paintings ORDER BY year";
System.Data.Common.DbDataReader reader = cmd.ExecuteReader () ;
while (reader.Read())
{
Console.WriteLine
Console.WriteLine
Console.WriteLine

(

( int) reader["paintingID"]);

(
Console.WriteLine ("nu

(

(

(

int)reader["year"]);
string) reader["title"]);
double) reader["size"]);
long) reader["pixel"]);
int) reader["artistID"]);

E

o
3 3
T
So

Console.WriteLine ("nu
Console.WriteLine ("num = {0}",
Console.WriteLine ("num = {0}",

3
Il
—~
o
—
5

}

Console.WritelLine("-———-——————————————————————~—~—~————~——————— ")
reader.Close () ;
conn.Close () ;

}

System.Console.ReadLine () ;
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15. Next, to write a Qizmt mapreducer to count the words in all the title field of every tuple of the paintings table.
Although mapreduce development is outside the scope of this Guide, it is included in this tutorial for
completeness and the steps can be followed as an introduction to mapreduce development. To start, find the
underlying rectangular binary MR.DFS file for the paintings table. Do this by issuing the command:
gizmt dir RDBMS_Table_paintings*

BN Administrator C2 ;@ﬂ

Although, two MR.DFS files matched the wild card, the file to use is in the pattern:
RDBMS_TABLE_<tablename>@<tuplesize>

16. Now that the name of the underlying rectangular binary MR.DFS file is known to be

dfs://RDBMS_Table_paintings@644, a mapreducer can be written to produce another MR.DFS file containing
the count of each unique word in the title field of every tuple of the paintings table.
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17. Launch the Qizmt IDE/Debugger with a new job file called MyPaintingsWordCount.xml by issuing the following
command at the windows command prompt: gizmt edit MyPaintingsWordCount.xml

B Administraton C3 ;lglﬂ

18. This will bring up the Qizmt IDE/Debugger with a default mapreduce example, unless
MyPaintingsWordCount.xml already exists in the MR.DFS.

!"; dfs://MyPaintingsWordCountxml - Jobs Editor E@
File Edit Debug Tools
H | p
1 <SourceCodex -
2 <Jobsz> =
3 <Job Name="MyPaintingsWordCount_Preprocessing” Custodian="" Email=""=
4 <I0Settings=
5 <lobType=local</JobTypex=
5] </10Settings>
7 <L ocalz
8 <I[CDATA[
2] public virtual void Lacal()
10 {
11 Shell{@"Qizmt del MyPaintingsWordCount_Input.txt");
12 Shell{@"Qizmt del MyPaintingsWordCount_Output.txt™);
13 ¥
14
15
16 -

| 0K || Cancel

19. Replace the entire contents of the mapreducer with the following code:
(Note: key length may contain any combination of comma separated null-able types
These include: nint,nLong,nDouble,nDateTime,nChar(m)

public virtual void Map(ByteSlice line, MapOutput output)

{
DbRecordset dbr = DbRecordset.Prepare(line);

dbr.GetInt();
dbr.GetlInt();

(CONTINUED ON NEXT PAGE)
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(CONTINUED FROM PREVIOUS PAGE)

mstring sTitle = dbr.GetString(300);

sTitle = sTitle.TrimM('\0');//trim off padding
mstringarray parts = sTitle.SplitM(" ');
for(int i=0; i < parts.Length; i++)

{
mstring word = parts[il;
if(word.Length > 0)
{
DbRecordset dbrKey = DbRecordset.Prepare();
dbrKey.PutString(word.ToLowerM(), 25);
DbRecordset dbrValue = DbRecordset.Prepare();
dbrValue.Putint(1);
output.Add(dbrKey.ToByteSlice(), dbrValue.ToByteSlice());
}
}

public override void Reduce(ByteSlice key, ByteSlicelList values, ReduceOutput output)

{

DbRecordset dbrKey = DbRecordset.Prepare(key);
mstring sWord = dbrKey.GetString(25);

int iCount = values.Length;

DbRecordset count_of_word = DbRecordset.Prepare();
count_of_word.PutString(sWord, 25);
count_of_word.PutInt(iCount);
output.Add(count_of_word.ToByteSlice());

20. Add a breakpoint to the last line of the Reducer, by placing a cursor on the line containing
output.Add(count_of word); and then press F9.

v 1y Painting Woe s gust i - boba Fdiger EERES =]
Bt Ede  [ebug  Took
WS
ar
38
o
&0
41 peubib ovesmice woud RedusosdByt boary, Byt wlist vaboes, F tout cuRput)
2 i{
43
4 DbRecordsat dbrkey = DbPecordset Preparedkey];
+5 g AWend = dbeiay, GatStnngl 29
] ik IS OUNE = waluas Largrh
47 DbRecordset count_od_word = DbRecordset Prepane]];
1l sount_dl_wond PutsStnnglawond, 295
&0 count_of_wiord PutineliC ount);
50 outpaut Ackd counk_of_word TolyteSkoe();
a1 1
52 {
=3
54
5
Sh
=7
k=i
OF, Lol
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21. Run the mapreducer in debug mode by pressing F5 or by clicking on the # button.

a4 DbRacandiet dhriigy = DbRecordiet Prapanskey )

a5 ke §Wond = coricay JaeStnngl 15k

&5 B BCOHE, = fimim;

47 DbRecordsat count_of_word = DbReocrdset Propared);
48 count_of_word PutStnng{sword, 25];

AT count_of_word Putint{iCount];

500 output Add{count_of_word ToByteShos(1)]

B = cMARRsdcn: “Tomctel me U oofE mec+MARFsdcn™

oty = i BynsSios "

wihans = ORlandordccesiE ki “F £ o LkinafiE: uFFiA et LR
ouiped = < Fyradomtaosislviputs “Remonef seg U R E s +MARRsacodane ndon &
chabloy = cDbRetodety "ROEMS_DBODAE DER scondet™

waon] & Cmalng e

Lol =] =

£l ) | B

| Lomssn 7 Cab Stk | Dt { Debng

o | FubrmonsE west Ul st E wec MPRAeubutes Fledhats

Fpernctalf snec Ll oaeFE s by +[1 Pinuateva] =1

22. In Locals / Call Stack box you can see the values of the current reducer iteration each time you press F5.

23. Click on ¥ to remove the break point and then press F5 again to let the mapreducer finish executing in debug

mode.

24. Once the mapreducer finishes executing in debug mode, the resulting MR.DFS file

dfs://MyPaintingsWordCount_Output is created containing the resulting words and number of occurrences for

each word.

25. In the Query Analyzer, create a table to store the words and corresponding counts by right clicking on the Tables

folder and selecting Create Table.

T MRDFS Useis
[ MRDFS.CPU
] WMRDFS Diskid

T MRDFS Naterork.
] MRDFS Memary

] MRDFS DistriedndFies

T MRDFS Rurvsrslobs

7] MRDFS History

[T MRDFS Inbs

] MRDFS Hesth

ﬂ WRNES il 5
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Modify the SQL to create a table with two columns, word CHAR(25) to hold the word and hits INT to hold the number of

occurrences of each word.

CREATE TABLE paintngs_wordcount
(

word CHAR(ZS),
hiky INT

CREATE TABLE pantings_wordoount
i

ward CHAR[2S),
hits [§T

Ewecution completed

27. Refresh the Database Objects Tree by right clicking on @ localhost.... and selecting Refresh.

T e e P e

B e Ede

] 55 Tables
=] MRADFS Help =
=] MADFS Lises

™ MADFS.CPU

] MROFS k0

[T MRADFS Neteork

[T MRADFS Merncgy

T] MRADFS DitrbateFies
=] MRADFS. Aurrirgobs LJ
7] MRDFS Hiskory

™ MADFS.Inks

=] MADFS Hoalh

=1 uAr =

L | E [

- F X

| [CREATE TABLE paintings_wardcsunt

(
word CHMAR(ZE),
hits INT

H

Drsary sepalty

e

T

Execution completed
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28. The new table paintings_wordcount will now show in the Database Objects Tree. Right click on
paintings_wordcount and navigate to INSERT... then navigate to INSERT BIND.

F=pEcn <~

- & X

SELECT...

v L
INEERT... ] | INSERT INTO
UPDATE... ¥ INSERT MPORT
GROUP BY ] INSERT IMPORTLINES
CREATE... ¥ INSERT VALLES
TRUMCATE.  » INERT INTO SELECT
DROS... v INSERT BIND
[ fn |

29. Modify the SQL to import the words and numbers of occurrences of each word from the
dfs://MyPaintingsWordCount_Output file in MR.DFS into the newly created SQL table paintings_wordcount.

2 QueryBriahyzer - [Query Analyzer] e )
% File  Edit -5 x
= P » | [INSERT INTO paintings_wordeount

551 Tables BIND “dfs: My PaintingsWord Count_dutput]
[ cokes
[ pairting:
9 atiste
1) p pachived =
[ parings_wodcourt

-3 Syitem
[ 575 Tables
] MRDFS Hel 1
] WRADFS Wsats
] MRADFS.CPU
] MRDFS Duki0
1) MADFS Metwoek

] MRADFS Merman L

30. Press F5 or click on the Run button to execute the import.

5 Quenplnahezer - [Query Arabyer) y

% Fle  Edit .8

-4 locahost.., » | [INSERT INT® paintings_wordcount

= -"‘I_I Tablacs BIND "dfz: M ,'P'alntlnl;s-'n'l:rdCuunl:_Clutputi
[ coke:
] partings
] mtists
[ paringstucived =

o 5: pairkings_wordcount (s it

o -
[0 MADFS Hep '

] MROFS. Ussis
[T MADFS.CPU

] MRDFS.DiskiD

[ MROFS. Neberork
E MRDFS. Memioy = | | Bxscution completed
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31. View the new contents of the paintings_wordcount table by right clicking on it in the Database Objects Tree and
navigating to SELECT... then to SELECT TOP.

o Quergfnabyzer - [Quens Anaker]
T File Edit - 5 x
= 0 okt a | [INSERT INTO paintings_wordcount
-ﬂ-‘_. T ablas BIND “dfs ./ MyPaintings wordCount_ Output’
[ coloe
[ paeing:
tisk
D aitisly o
r:| W - - :
SEIECT.  » |  slecTTop -
E 575 Tablez INSERT... ¥ SELECT FROM
E ::E:::” UPDATE... ] SELECT WHERE
= unnrs'u: GROUPEY  » SELECT ORDER BY
0 wrors D CREATE- b | Run
[ MADFS He TRUNCATE..  »
E HEEEST’ DROP... ¥ Ltion completed

32. Modify the SQL to select the top 100 rows from the paintings_wordcount table. The data was already sorted by
the word column in the mapreducer so you do not need an ORDER BY clause unless you want to resort rows
before dlsplaymg the results.

[ = ) locsha. » | [sELECT TOR 100 *
2 Tabdes FRCM painbrgs_sordoound

] S5 Tabes

] MRDFS el
5] WRDFS Users
) MRDFS.CFU
] MSIDFS Dk
] MEDFS Hebwork
[ MADFS Memony

] MADFE DiabboisdFies [_fn |
] MADFS Ruringlob

] MADFS Histony -

33. Press F5 or click the Run button to execute the query.

0 o | [BELECT TOR 100 *
S 1 Tables FROM parings_wardosun]

B | |t || ] -] -

b AT
[T MFFS Tompratues
o A

e TS0
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Maximizing Bandwidth Usage between Data Centers with ADO.NET

DATA CENTER A

ADO.NET Web
ADO.NET Web
ADO.NET Web
ADO.NET Web

ADO.NET Web
ADO.NET Web DATA CENTER A

ADO.NET Srvc ;://’.//j Server Qizmt
ADO.NET Srve (- X Gb/s Cluster 1Gb/s Non-
ADO.NET Srvc Blocking 10 Per Server
ADO.NET Srvc
ADO.NET Srvec
SQL CLR
SQL CLR
SQL CLR

SQL CLR
SQL CLR

Given each server in a data center has a 1, 2 or 5 Gb/s network card, it is generally not possible for a one server on each
data center to max out the bandwidth between the data centers. This problem is easily solvable by having every
ADO.NET client list most or all of the host names of the target cluster. The Qizmt ADO.NET Data Provider will
automatically orchestrate the connectivity for optimal bandwidth use. In this way, the clients writing ADO.NET
applications to talk to Qizmt Clusters with SQL do not have to worry about which servers in the remote cluster are up, or
which servers in the remote cluster are busy. Rather, they may specify most or all of the hostnames in the remote
cluster and let the Qizmt ADO.NET Data Provider manage failover and bandwidth maximization and to avoid
bottlenecks.

System.Data.Common.DbProviderFactory fact =
System.Data.Common.DbProviderFactories
.GetFactory ("QueryAnalyzer DataProvider");
using (System.Data.Common.DbConnection conn = fact.CreateConnection())
{
conn.ConnectionString = "Data Source = MACHINEO,MACHINE1l,MACHINEZ,MACHINE3,
MACHINE4,MACHINES,MACHINEG6, MACHINE7, MACHINES,
MACHINE9, MACHINE10,MACHINE11l,MACHINE12,MACHINE13,
MACHINE14,MACHINE1S5,MACHINE16,MACHINE17,MACHINE1S,

MACHINE99; Batch Size = 64MB";
conn.Open () ;

In this example code, all of the machines in a Qizmt Cluster are listed in the connect string. The ADO.NET Data Provider
will select one of these machines on each connect, and if that machine is unavailable, it will failover to another one to
use as an entry point in the cluster. Outside of the Qizmt cluster, MSSQL CLR’s, Windows Services, or Web Applications
connecting to the same Qizmt Cluster listing the same hostnames in their connection string will also exhibit the same
benefits. Connecting to a Qizmt Cluster with ADO.NET, of course, requires that the cluster be installed with the Qizmt
SQL Extension first. The ADO.NET client on the other hand needs only install the Qizmt ADO.NET Data Provider.
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Sys.Tables contains a list of all of the user tables along with the underlying rectangular binary file in MR.DFS. When data
developers are communicating with mapreduce developers, this can be used to locate the underlying data of SQL tables

for mapreduce processing.

T2 Quenyfinabaer - [Query Anabyaer]
& File  Edit
= localhont,
< ] Tables
[ paintings

[ sitists

- 8 X

SELECT TOP 100 *
FROM Sys.Tables

[ partingsarchived

:] parinigs_wordcount
5 ] System

[ 575 . Tables

[] MRDFS Help

[T MRDFS Usez

[ MROFS.CPU

[T MROFS.Diski0

] MRDFS Metwork

:'I MRDFS Memony k

[ WMRDFS DistributedFie:

[ MRDFS Aurninglobs

[T] MRDFS Histoey

[ MRDFS Info

[0] MRDFS Heath

[ MRDFS.InstalDi

[ MROFS. T empuature

] MRDFS Ghast

] MRDFS Log

Tabla 2]
dfz//RDBMS_T sble_arits

panktngs dis: //RDEMS_T sble_paritngs
painkngshrchived dfs://RDEMS_T able_pantingsAschived
paintings_wordcount dFs://RDEMS_T able_partings_wosdcount

Hun

Execution completed

The rest of the System Tables may be used to perform diagnostics on the cluster.

MRDFS.Help Information and usage on all Qizmt commands.
MRDFS.Users Users currently logged into the machines of the cluster.
MRDFS.CPU Perfmon statistics about the CPU across the cluster.
MRDFS.DisklO Perfmon statistics about the disk 10 across the cluster.

MRDFS.Network

Perfmon statistics about the network bandwidth use across the cluster.

MRDFS.Memory

Perfmon statistics about the available memory across the cluster.

MRDFS.DistributedFiles

List of files in the underlying MR.DFS

MRDFS.Runninglobs

List of jobs currently running on the cluster.

MRDFS.History

History of commands executed on the cluster.

MRDFS.Info

Hard disk usage / free space per machine in the cluster.

MRDFS.Health

Percent health of the cluster and listing of all machines in cluster with disk failures.

MRDFS.InstallDir

Installation directory of Qizmt for every machine in the cluster.

MRDFS.Temprature Physical temperature of every machine in the cluster.
MRDFS.Ghost List intermediate cache data in the cluster which is leaked from a job being aborted early.
MRDFS.Log Concatenation of error logs from every machine in the cluster.
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Qizmt SQL INDEXs/Distributed Memory
It is often useful to perform low latency queries and updates of large tables in distributed memory. In order to facilitate
this, a few SQL-like commands are available. This is often useful for performing deep graph traversals, large look-up
tables available to mapreducer jobs and integrating periodic updates into large distributed tables innear-real-time

pipelines.

This next example generates random data and creates an indexed table. Every core in the cluster is given an even subset
of the nodes in the graph; from there they traverse into distributed memory bringing 2 levels of related nodes into the

local memory of each process.

Massive Deep Graph Traversal Performance Test

This example was used to perform 2-level graph traversals on various data sets. Here is a summary of the findings for

running this test on a 512 core cluster.

ClGizmt

First Map == FOIL = Second Map=—=3Exh

QHH el RER o
G @om HHm® @
B R |[oEe & o
HHS eom HHEY (@
T & weEs | i
D Do HTH o
DHHH oole GG ]
2% poea BHHY o

GastaBes
gaaauess

SQL Dis

ADO.NET from
aNge==DReduce Event

tributed Memor

Perrormance Test

%Qﬁ%
Ry G Gy

by

FHFHEE
@

B SESE S
dEEE

“b%%

FEATE RINDE Y IndPaintings
FEOL thiPartings 1 artistiD

RSELECT * FROMindTexX \WHERE ¥EY =1 OR VEY =3,

BEGIN BULKINSERT

FOELETE FROL incfPairtings 'HERE FEV =1

RINSERT INTO indPaintings VALUES (2, 'Dr) WHERE KEY =2
FOELETE FRON IndPaintings W HERE L Er »3 A0 name = 'Da Vina'

END BULKUPDATE

|
l RSELECT stress test results on 512 cores with 64Gb/s memory bandwidth h

Maximum Average Nodes In Graph OR Statements anh Traversals
Rels per node Rels per node per second per second

2,000,000,000
S 25 4,000,000,000
6,400 3,200 10,000
300 150 200,000,000

+  Each node consisted of an integer with a set of related integers.

2 hours

7 hours

17 minutes

47 hours

751,314 2,930,127
396,825 1,547,619
31,158 99,739,045
176,825 26,701,795

. Each node is visited, and a full traversalis made to all related nodes as well as all relationships of relationships.

. In addition to the 2-level traversal, these tests also include the time it takes to evenly partition, index and load the
graphinto distributed memory from a randomly ordered set of relationships in a cluster with redundancy 2.

+  Although these stress tests used random data, we have verified that similar performance holds for highly skewed user
data as the physical location of any node in the distributed graph is entirely random.

+  Both RSELECT and BULKINSERT failover during execution if a machine is lost during operation.

Y
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Distributed Memory Example
This example can be obtained

<SourceCode>

<Jobs>

<Job Name="Cleanup_Previous_Data" Custodian="" Email="">

<IOSettings>

<JobType>local</JobType>
</10Settings>
<Add Reference="System.Data.dIl" Type="system"/>
<Using>System.Data</Using>
<Using>System.Data.Common</Using>
<Local>

<![CDATA[

public virtual void Local()

{

b
11>

//Clean up data from previous run.
Shell(@"Qizmt del QizmtSQL-RIndexBasicStressTest_Input*.txt");
Shell(@"Qizmt del QizmtSQL-RIndexBasicStressTest_Output.txt");

System.Data.Common.DbProviderFactory fact = DbProviderFactories.GetFactory("Qizmt_DataProvider");

using (DbConnection conn = fact.CreateConnection())
{

try Clean

{ Previous Data

conn.ConnectionString = "Data Source = localhost"; Local
conn.Open();

Distributed Graph

DbCommand cmd = conn.CreateCommand();
cmd.CommandText = "drop rindex tbIRIndexBasicStressTestIndex";
cmd.ExecuteNonQuery();
cmd.CommandText = "drop table tbIRIndexBasicStressTest";
cmd.ExecuteNonQuery();
conn.Close();

¥

catch

{

b
¥

</Local>

</Job>

<Job Name="Generate_Data_Remote" Custodian="" Email="" Description="Generate_Data_Remote">
<IOSettings>
<JobType>remote</JobType>
<DFS_IO_Multi>
<DFSReader></DFSReader>
<DFSWriter>dfs://QizmtSQL-RIndexBasicStressTest_Input### #.txt</DFSWriter>
<Mode>ALL MACHINES</Mode>
</DFS_IO_Multi>
</10Settings>
<Remote>
<![CDATA[
public virtual void Remote(RemotelnputStream dfsinput, RemoteOutputStream dfsoutput)

{

//Create random graph.

) Generate
int max = 10000000; Graph —RO—» Distributed Graph
int maxasso = 10; Remote

int maxassoasso = 3; //*3

if (Qizmt_ExecArgs.Length == 4)

max = Int32.Parse(Qizmt_ExecArgs[0]);
maxasso = Int32.Parse(Qizmt_ExecArgs[1]);
maxassoasso = Int32.Parse(Qizmt_ExecArgs[2]);

b
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Random rnd = new Random(System.DateTime.Now.Millisecond / 2 + System.Diagnostics.Process.GetCurrentProcess().Id

/2);
List<int> assoasso = new List<int>();
for (inti =0;i < max; i++)
if (i % StaticGlobals.Qizmt_BlocksTotalCount == StaticGlobals.Qizmt_BlockID)
{
int self = i;
int numberofasso = rnd.Next(1, maxasso + 1);
for (int ai = 0; ai < numberofasso; ai++)
{
int asso = rnd.Next(0, max);
dfsoutput.WriteLine(self.ToString() + "," + asso.ToString());
¥
¥
¥
b
11>
</Remote>
</Job>
<Job Name="Generate_Data_MR" Custodian="" Email="">
<IOSettings>

<JobType>mapreduce</JobType>
<KeyLength>int</KeylLength>
<DFSInput>dfs://QizmtSQL-RIndexBasicStressTest_Input*.txt</DFSInput>
<DFSOutput>dfs://QizmtSQL-RIndexBasicStressTest_InputTable.bin@nlInt,nInt</DFSOutput>
<OutputMethod>sorted</OutputMethod >
</10Settings>
<Add Reference="RDBMS_DBCORE.dII" Type="dfs"/>
<Using>RDBMS_DBCORE</Using>
<MapReduce>
<Map>
<![CDATA[
public virtual void Map(ByteSlice line, MapOutput output)
{
//Sort graph by left key. This prepares the underlying binary table used for creating the table.
mstring sLine = mstring.Prepare(line);
int self = sLine.NextItemTolInt(',");
int asso = sLine.NextItemToInt(',");

Distributed Graph

recordset rKey = recordset.Prepare();
rKey.Putlnt(self);

recordset rValue = recordset.Prepare();
rValue.PutInt(asso);

output.Add(rKey, rValue);

b
11>
</Map>
<Reduce>
<![CDATA[
public override void Reduce(ByteSlice key, ByteSliceList values, ReduceOutput output)
{
recordset rKey = recordset.Prepare(key);
int self = rKey.GetInt();

for (inti = 0; i < values.Length; i++)

{

recordset rValue = recordset.Prepare(values.Itemsl[i]);
int asso = rValue.GetInt();

DbRecordset row = DbRecordset.Prepare();
row.Putlnt(self);

row.PutInt(asso);

output.Add(row.ToByteSlice());
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11>
</Reduce>
</MapReduce>
</Job>
<Job Name="Cleanup_Binary_Data" Custodian="" Email="">
<IOSettings>
<JobType>local</JobType>
</10Settings>
<Local>
<I[CDATA[
public virtual void Local()

Shell(@"Qizmt del QizmtSQL-RIndexBasicStressTest_Input*.txt");

b
11>
</Local>
</Job>
<Job Name="Create_RIndex" Custodian="" Email="">
<IOSettings>
<JobType>local</JobType>
</10Settings>

<Add Reference="RDBMS_DBCORE.dII" Type="dfs"/>
<Add Reference="System.Data.dll" Type="system"/>
<Using>RDBMS_DBCORE</Using>
<Using>System.Data</Using>
<Using>System.Data.Common</Using>
<Local>

<![CDATA[

public virtual void Local()

{

//If highly skewed patterns in data, e.g. user generated data,
//shuffle the physical location of data chunks while keeping the data sorted:
//Shell(@"Qizmt shuffle <source> <target>");

System.Data.Common.DbProviderFactory fact = DbProviderFactories.GetFactory("Qizmt_DataProvider");
using (DbConnection conn = fact.CreateConnection())

//Batch SQL: Cast sorted rectangular binary data as a SQL table (cheap operation)

conn.ConnectionString = "Data Source = localhost";

conn.Open();

DbCommand cmd = conn.CreateCommand();

cmd.CommandText = "CREATE TABLE tbIRIndexBasicStressTest (id INT, rid INT)";

cmd.ExecuteNonQuery();

cmd.CommandText = "INSERT INTO tbIRIndexBasicStressTest bind 'dfs://QizmtSQL-
RIndexBasicStressTest_InputTable.bin';

cmd.ExecuteNonQuery();

conn.Close();

¥
using (DbConnection conn = fact.CreateConnection())

//Batch SQL: Create rindex on already sorted SQL table (cheap operation)
conn.ConnectionString = "Data Source = localhost";
conn.Open();
DbCommand cmd = conn.CreateCommand();
cmd.CommandText = "CREATE RINDEX tbIRIndexBasicStressTestIndex FROM tbIRIndexBasicStressTest
PINMEMORYHASH ON id";
cmd.ExecuteNonQuery();
conn.Close();
¥
¥
11>
</Local>
</Job>
<Job Name="rindexexample_processdata" Custodian="" Email="">
<IOSettings>
<JobType>mapreduce</JobType>
<KeyLength>int</KeylLength>
<DFSInput>dfs://RDBMS_Table_tblIRIndexBasicStressTest@nInt,nInt</DFSInput>
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<DFSOutput>dfs://QizmtSQL-RIndexBasicStressTest_Output.txt</DFSOutput>

<OutputMethod>grouped</OutputMethod>
</I0Settings>
<Add Reference="RDBMS_DBCORE.dII" Type="dfs"/>
<Add Reference="System.Data.dIl" Type="system"/>
<Using>RDBMS_DBCORE</Using>
<Using>System.Data</Using>
<Using>System.Data.Common</Using>
<MapReduce>
<Map>
<I[CDATA[
public virtual void Map(ByteSlice line, MapOutput output)
{
DbRecordset rline = DbRecordset.Prepare(line);
int id = rline.GetInt();
int rid = rline.GetInt();

2-Level
Graph
Traversal

recordset rkey = recordset.Prepare();
rkey.PutInt(id);

recordset rval = recordset.Prepare();
rval.PutInt(rid);

output.Add(rkey, rval);
b
11>
</Map>
<Reducelnitialize>
<![CDATA[
StringBuilder whrsb = new StringBuilder();

MRl——

Distributed Graph

System.Data.Common.DbProviderFactory fact = DbProviderFactories.GetFactory("Qizmt_DataProvider");

DbConnection conn = null;
DbCommand cmd = null;

int batchsize = 1900;

int reduceittrs = 0;
public void Reducelnitialize()

{

whrsb.Append("RSELECT * FROM tbIRIndexBasicStressTestIndex WHERE KEY = -1");

if (Qizmt_ExecArgs.Length == 4)

batchsize = Int32.Parse(Qizmt_ExecArgs[3]);
¥

conn = fact.CreateConnection();

conn.ConnectionString = "Data Source = " + string.Join(",", StaticGlobals.Qizmt_Hosts) + "; rindex=pooled;

retrymaxcount = 100; retrysleep = 5000";
conn.Open();
cmd = conn.CreateCommand();
b
11>
</Reducelnitialize>
<Reduce>
<![CDATA[

public override void Reduce(ByteSlice key, ByteSlicelList values, ReduceOutput output)

{
{

recordset rkey = recordset.Prepare(key);
int self = rkey.GetInt();

for (inti = 1; i < values.Length; i++)

{
recordset rval = recordset.Prepare(values[i].Value);
int asso = rval.GetInt();
//Append another OR statement to SQL string
whrsb.Append(" OR KEY = ").Append(asso.ToString());
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++reduceittrs;
if (reduceittrs >= batchsize || StaticGlobals.Qizmt_Last == true)

{
string whr = whrsb.ToString();
if (whr.Length > 0)
cmd.CommandText = whr;
//Download batch of tuples from distributed memory into local memory for this reducer
using (DbDataReader reader = cmd.ExecuteReader())
while (reader.Read())
{
int asso = reader.GetInt32(0);
int assoasso = reader.GetInt32(1);
reader.Close();
¥
3
whrsb.Length = 0;
//Start new SQL string for selecting the next batch into local memory from distributed memory
whrsb.Append("RSELECT * FROM tbIRIndexBasicStressTestIndex WHERE KEY = -1");
reduceittrs = 0;
¥
b
11>
</Reduce>
<ReduceFinalize>
<I[CDATA[

public void ReduceFinalize()
conn.Close();
b
11>
</ReduceFinalize>
</MapReduce>
</Job>
<Job Name="Cleanup_Data" Custodian="" Email="">
<IOSettings>
<JobType>local</JobType>
</10Settings>
<Add Reference="System.Data.dll" Type="system"/>
<Using>System.Data</Using>
<Using>System.Data.Common</Using>
<Local>
<I[CDATA[
public virtual void Local()
{
Shell(@"Qizmt del QizmtSQL-RIndexBasicStressTest_Input*.txt");
Shell(@"Qizmt del QizmtSQL-RIndexBasicStressTest_Output.txt");

System.Data.Common.DbProviderFactory fact = DbProviderFactories.GetFactory("Qizmt_DataProvider");

using (DbConnection conn = fact.CreateConnection())

try
{
conn.ConnectionString = "Data Source = localhost";
conn.Open();
DbCommand cmd = conn.CreateCommand();
cmd.CommandText = "drop table tbIRIndexBasicStressTest";
cmd.ExecuteNonQuery();
cmd.CommandText = "drop rindex tbIRIndexBasicStressTestIndex";
cmd.ExecuteNonQuery();
conn.Close();

catch

{

b
¥
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}
11>
</Local>
</Job>
</Jobs>
</SourceCode>

Qizmt Modeling
Often when applications developers are designing pipelines, it is helpful to draw up a design for the pipeline. In order to
facilitate this we have settled on a simple modeling technique for this. These models are often hand-drawn or created
with Microsoft Visio. Qizmt modeling is often used to:

e Design new pipelines

e Communicate design of pipelines already created

e Help achieve capability maturity certifications

Qizmt Modeling Syntax

Concept Narrative

Grouped mapreduce, often used to re-pivot a large amount of data on some
column of its tuples. Applying logic both before and after the data is pivoted
<purpose> on a field in its tuples. (Note: arrows always point to data in this

Grouped MR methodology)

Like grouped mapreducer, but data is fully sorted instead of hashed on the
keys such that each reducer gets an even range of sorted data. Often used to
<purpose> sort data into an index for RINDEX creation, however this may also be done
Sorted MR with INSERT INTO SELECT which will translate to a sorted mapreducer
execution.

Function that executes on a single core in the cluster.

<purpose>
Local

Function that executes on a single or multiple cores in the cluster and has a
stream both into and out of and MR.DFS file.

<purpose>
Remote

An MR.DFS file or SQL table that has an underlying MR.DFS file.
<content>

Mapreduce Input
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MRI >
Mapreduce Output.
MRO >
Remote Input
RI >
Remote Output
RO >
ADO.NET RSELECT which returns tuples from distributed memory.
— RSELECT——»

—BULK UPDATE—»

ADO.NET BULK UPDATE consisting of an ordered series of INSERTs and
DELETES to apply to and index in distributed memory.

—ADO.NET——»

All other ADO.NET operations besides RSELECT and BULK UPDATE.
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Qizmt Modeling Example

A simplified model to quickly describe the business logic of the Distributed Memory Performance Test might look

something like this:

Clean

Previous Data
Local

——ADO.NET—»
Generate
Graph RO -
Remote
Sort Graph on MRI >
Left ID
Sorted MR MRO
2-Level \——MRI—>»
Graph
Traversal
Grouped MB/ psELECT—»

Distributed Graph
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Qizmt SQL Administration

The Qizmt SQL administration command is available to every machine in the cluster. If you need to run a killall on gizmt
cluster, the Qizmt SQL Extension should be stopped first then restarted afterward. This will prevent ADO.NET request

from being served while the underlying Qizmt cluster is being restarted.

Usage:
RDBMS_admin <action> [<arguments>]
Actions:
killall kill all protocol services
stopall stop all protocol services
startall start all protocol services
version get version of protocol service
viewlog view log entries
clearlog clear logs entries
examples generate built-in examples

rindexfilteringstresstest

[maxPrimary] [maxAssociations]

[maxSharedAssociations] [batchSize]

[-v verbose]

generate and run rindex filtering stress test
rindexbasicstresstest generate a basic rindex stress test
health check health of protocol services
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