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Data Loading Options

• INSERT
• SELECT INTO
• BULK INSERT
• BCP

– DB-Library vs. ODBC
• OLE-DB / DTS (IRowsetFastload)
• Bulk XML (SQLXML)



©Tech Conferences and the Author. All rights reserved worldwide. Reprinted by permission.

SQL Server Magazine LIVE!

Common Issues

• Column NULLABILITY
• Variable columns (VARCHAR vs. CHAR) 
• Constraints
• Triggers
• Indexes 

– Clustered (CI) vs. Non-clustered (NCI)
• Implicit data type conversions
• Locking
• Logged vs. Non (minimal) Logged
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“Non-Logged” Operations 
• Better be named “Minimal Logged" Operations!
• In a "minimal" logged situation only page extents 

are logged, to undo page allocations during 
rollback

• Possible "Non-Logged" Operations:
• SELECT INTO
• BULK INSERT
• CREATE INDEX
• WRITETEXT, UPDATETEXT
• TRUNCATE TABLE
• BCP, IRowsetFastLoad
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Recovery Models
• Full Everything is fully logged
• Bulk_Logged Minimal logging for some operations

• CREATE INDEX
• Bulk Load
• SELECT INTO
• WRITETEXT, UPDATETEXT

– Not settable per operation due to administration impact
• Simple Log truncation on checkpoint
• Comparing sp_dboption vs. recovery models

OnOffOfftrunc. log on chkpt.

OnOnOffselect into/bulkcopy

SimpleBulk_loggedFullRecovery model
sp_dboption
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Minimally Logged Bulk Copy

• Requirements:
1. Recovery model simple or bulk-logged
2. Target table is not being replicated.
3. Target table does not have any triggers.
4. Target table has either 0 rows or no indexes.
5. TABLOCK hint is specified

• If not ALL 5 requirements are met, all 
record inserts are logged!
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INSERT

• INSERT statements are always:
– Logged operations
– Applying defaults
– Firing triggers
– Checking (DRI) constraints

• Controllable parts
– Batch size

• How many INSERT statements are sent in one batch, 
controls roundtrips to server

– Transactions
– SET XACT_ABORT 
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SELECT INTO

• Destination table can not exist
– Therefore no concurrency problems, can 

safely take a TABLOCK!
– Therefore no indexes present

• Inline data conversion possible by using 
CONVERT in column list

• Non-Logged, if the criteria are met, 
otherwise logged as singleton INSERT 
statements
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BCP.EXE

• Using ODBC BCP API in 7.0 and 2000
• Native format is most optimal

– Less parsing efforts/cost
– No string to data type conversions!

• String to: datetime, float, real, decimal etc. are expensive

• Use load hints
– TABLOCK

• Default = table option "table lock on bulk load" 

– ORDER (column [ASC | DESC] [,...n]) 
• Increase packet size to 64KB
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BULK INSERT

• Fastest input into server, everything is local to 
the server

• If table has existing data and is a HEAP, the 
BULK INSERT starts on new extent to provide 
lightweight ROLLBACK

• Ordered input data
– BULK INSERT pubs..authors2 FROM 'c:\authors.txt' 

WITH ( DATAFILETYPE = 'char', 
FIELDTERMINATOR = ',', 
ORDER (au_id ASC) ) 
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SQL 2000 Bulk Insert

• New data types & per column collation
• Optional firing of triggers during load
• Constraint checks

– During loading
– New command to check after loading

• Biggest change is operational…
– Recovery models

• Easy to trade off performance vs. concurrency
• Easy to maintain recoverability 
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BULK INSERT

• Opens file async when OS allows
– Win32 CreateFileW() 

GENERIC_READ, FILE_SHARE_READ,  OPEN_EXISTING, 
FILE_FLAG_OVERLAPPED | FILE_FLAG_NO_BUFFERING

• Reads file 64KB blocks
– Uses Win32 ReadFileEx() in combination with I/O 

completion (MsgWaitForMultipleObjectsEx)
• Shares reader code from BCP.EXE
• Rowset is streamed through Query Processor

– BLOB's are put down directly, txtptr fixed up, after row 
has been layout down
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BCP vs. BULK INSERT

• BCP.EXE
– Import/Export
– Local or Remote

• Always use a Net 
Library

– Version switch for 
down level native and 
char formats

• -V60, -V65 -V70

• BULK INSERT
– Import only
– Server based

• Streams rowset directly 
in to the server

– No support for down 
level version input 
formats 
(no -V)
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Bulk Insert Performance

• Scales linearly with number of CPUs
• Improvement 

nearly 100% 
for each CPU

• Perfmon counters 
– SQL Databases

• Bulk Copy Rows/sec
• Bulk Copy Throughput/sec

BULK INSERT Throughput
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Parallel Data Loads

• SQL Server allows data to be bulk 
copied into a single table from multiple 
clients in parallel using the BCP or BULK 
INSERT

• Steps:
1. Set the database to Bulk-Logged Recovery 

(if you usually use the Full Recovery model)
2. Specify the TABLOCK hint
3. Ensure the table does not have any indexes

SQL Server Magazine LIVE!

Parallel Data Loads…

• Only applications using the ODBC or SQL 
OLE DB-based APIs can perform parallel 
data loads into a single table

• Clustered index should be created before 
creating the non-clustered indexes

• Non-clustered indexes can be created in 
parallel by creating each non-clustered 
index from a different client/connection 
concurrently
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Locking

• If no lock hint is specified, BULK LOAD uses the 
default row-level locks
– sp_tableoption [table], 'table lock on bulk load‘, [on|off]

• Off = Row-level locks used
• On = Table-level lock used
• exec sp_tableoption [sales], 'table lock on bulk load', 'true'

• TABLOCK hint overrides sp_tableoption
• It is not necessary to use the TABLOCK hint to 

bulk load data into a table from multiple clients in 
parallel, but doing will improve performance!
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Bulk XML (SQLXML)

• Added in SQL XML Web Release 1
• Implemented by SQLXMLBulkLoad

• 2 stage process: 
– First, analyzes the mapping schema and prepares the 

necessary execution plan
– Second, applies the execution plan to the XML input 

data encountered in the input stream

set objBL = CreateObject("SQLXMLBulkLoad.SQLXMLBulkLoad")
objBL.ConnectionString = "provider=SQLOLEDB.1;data 

source=MyServer;database=MyDB;uid=MyUID;pwd=MyPWD"
objBL.ErrorLogFile = "c:\error.log"
objBL.Execute "c:\SampleSchema.xml", "c:\SampleData.xml"
set objBL = Nothing
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Data Loading Techniques
Initial load into empty tables

• Load Data
– No indexes
– Use BULK INSERT
– Parallel load from partitioned data files
– One load stream per CPU
– Bulk_Logged or Simple recovery model
– TABLOCK option

• Create indexes
• Switch to appropriate recovery model 
• Perform backups
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Data Loading Techniques
Incremental loads

• Load data with indexes in place
• Performance and concurrency 

requirements determine locking granularity
• Recovery model changes

– Full → Bulk_Logged recovery model…
• Unless need to preserve point-in-time recovery  

– Simple (no change)
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Indexing Strategies

• If no existing data and incoming data stream is 
sorted on CI key
– Create CI before load, no NCI
– Create NCI's after CI is created

• Use CREATE INDEX from multiple sessions to create 
indexes in parallel 

• If data exists in table
– Drop the CI and NCI indexes and load into a HEAP
– Create CI (1.21 times size of CI required)
– Create NCI's after CI is created
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When to drop & recreate?

> 60%Two non-clustered indexes

> 100%Single non-clustered index only

> 25%Clustered and two non-
clustered indexes

> 25%Clustered and one non-
clustered index

> 30%Clustered index only

Amount of data added 
(% of existing data)

Indexes
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CREATE INDEX

• Fillfactor
• SORT_IN_TEMPDB

– Specifies that the intermediate sort results 
used to build the index will be stored in the 
tempdb database. This option may reduce the 
time needed to create an index if tempdb is 
on a different set of disks than the user 
database, but it increases the amount of disk 
space used during the index build.
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Parallel Index Creation

• Fast
• Degree of Parallelism 

Controllable
• How It Works:

– Separate thread builds
a sub-index for each range

– Each thread fed by parallel scan
– Sub-indexes stitched together 

at end
– Optional use of TEMPDB

Parallel
Scans

Sub-index
Per
Range

Complete 
Index
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Index Maintenance

• Index Creation - Parallel or Concurrent?
– Parallel for largest indexes (default for SMP)
– Concurrent for smaller indexes
– Combination for mixed indexes 
– Consider Bulk_Logged recovery model

• Maintenance
– Fast analysis
– Online reorganization at appropriate threshold
– Allow for larger log backups
– Slower than rebuilding index
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TEMPDB specialties

• Recovery mode is always SIMPLE and 
can not be changed.
– Implies: sp_dboption ‘trunc. log on chkpt.’

• Collation & Sort Order are inherited from 
server (based on MODEL)
– For temp table with different collation/ 

sortorder, need to specify during creation to 
prevent conversion and/or data loss

• Auto Create and Update Statistics are by 
default on
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Determine your bottleneck

• Who is using the resources, the Loader 
program or SQL Server?
– CPU, Disk I/O, Memory, Network
– Use PerfMon (use DISKPERF)

• Common problems Loader
– String parsing
– Data Type conversions

• Q102020 : How to Monitor Disk 
Performance with Performance Monitor 
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“The Obvious” part 1

• Pre-size database!
– Prevent (massive) file extends 

• Load on the server, cut out network
– If you have to run over the net:

• Max packet size to 64KB
• Get the fast line between A-B, dedicated 

segments/lines, Giganet

• If data is sorted on CI key
– Load into empty table with clustered index 

and table lock
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“The Obvious” part 2

• If data is not sorted
– Load into empty table with no indexes 
– Build CI first, build NCI second

• Use BULK INSERT in favor of BCP.EXE
– Use BCP.EXE of 7.0 or 2000, not 6.5
– Use the Native Unicode data format for 

moving data between SQL Servers
– Order the data on Export using the BCP 

QueryOut option
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“The Obvious” part 3
• Use TEMPDB for index creation

– Especially when TEMPDB is located on a different 
drive/spindle 

– Pre-size TEMPDB
• Don't put your load file on same drive/ spindle as 

database or t-log files
– Load file is 100% sequential data access

• Don't forget BACKUP or sp_detach_db
– Sometimes it will be faster to:

• Detach, copy files, attaches and select into
• Backup, copy files, restore and select into

– information between two SQL Servers databases
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Data Loading Example
tpcd100m

scenario in secs
loader bulk insert bcp.exe
rec model full full bulk load bulk load full full bulk load bulk load
dbsize autogrow pre-sized autogrow pre-sized autogrow pre-sized autogrow pre-sized
rows 1 2 3 4 5 6 7 8

CUSTOMER 1500000 31 18 10 10 35 12 11 10
ORDERS 1500000 203 146 148 51 224 131 160 65
LINEITEM 6001215 1274 661 630 248 1369 771 722 387
PART 200000 22 19 12 9 23 19 12 11
PARTSUPP 800000 181 99 142 39 208 91 154 47
SUPPLIER 10000 1 2 1 1 4 2 1 1
REGION 5 1 1 1 1 1 1 1 1
NATION 25 1 1 1 1 1 1 1 1

rows inserted/second 1 2 3 4 5 6 7 8
CUSTOMER 1500000 48387 83333 150000 150000 42857 125000 136364 150000
ORDERS 1500000 7389 10274 10135 29412 6696 11450 9375 23077
LINEITEM 6001215 4711 9079 9526 24198 4384 7784 8312 15507
PART 200000 9091 10526 16667 22222 8696 10526 16667 18182
PARTSUPP 800000 4420 8081 5634 20513 3846 8791 5195 17021
SUPPLIER 10000 10000 5000 10000 10000 2500 5000 10000 10000
REGION 5 5 5 5 5 5 5 5 5
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Conclusion

• Many different ways to load data:
– BULK INSERT, if you load from file
– BCP, if you load from file over the network
– DTS, if you need to perform transformations 

and/or load from any other data source(s)
• Know your current and projected data 

scales and volumes 
• Know the rules of the game
• Test before going in production!
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? Questions?

e-mail GertD@SQLDev.Net
http://SQLDev.Net

SAA221
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Thank you!

• Please drop off your 
session evaluations in 
the basket at the back 
of the room!

• Your comments are 
greatly appreciated!

Backup slides
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Example: Bulk XML Schema

• SampleSchema.xml
<?xml version="1.0" ?>
<Schema xmlns="urn:schemas-microsoft-com:xml-data"

xmlns:dt="urn:schemas-microsoft-com:xml:datatypes"
xmlns:sql="urn:schemas-microsoft-com:xml-sql" > 

<ElementType name="CustomerID" dt:type="int" />
<ElementType name="CompanyName" dt:type="string" />
<ElementType name="City" dt:type="string" />

<ElementType name="root" sql:is-constant="1">
<element type="Customers" />

</ElementType>

<ElementType name="Customers"  sql:relation="Cust" >
<element type="CustomerID"  sql:field="CustomerID" />
<element type="CompanyName" sql:field="CompanyName" />
<element type="City"        sql:field="City" />

</ElementType>
</Schema>

SQL Server Magazine LIVE!

Example: Bulk XML Data

• SampleData.xml
<ROOT>
<Customers>

<CustomerID>1111</CustomerID>
<CompanyName>Sean Chai</CompanyName>
<City>NY</City>

</Customers>

<Customers>
<CustomerID>1112</CustomerID>
<CompanyName>Tom Johnston</CompanyName>
<City>LA</City>

</Customers>

<Customers>
<CustomerID>1113</CustomerID>
<CompanyName>Institute of Art</CompanyName>

</Customers>
</ROOT>



 


